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"Perhaps no other area of similar size in Canada has presented so 

manv geological problems as has that which includes and immediately 

Bur*::>unds the city of Saint John, New Brunswick." 

F.J. Alcock, 1938 p. 1. 
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ABSTRACT 

The Brookville terrane of southern New Brunswick consists of the 

Green Head Group, Brookville Gneiss, Dipper Harbour volcanic unit, and 

associated plutonic units. The Mesoproterozoic Green Head Group is 

mainly a low-grade piatformal sequence of carbonate and pelitic rocks 

that is in faulted contact along a ductile shear zone with the low-

pressure/high-teroperature Brookville Gneiss, composed of cordierite-

bearing paragneiss, amphibolite, tonalitic to granodioritic orthogneiss, 

minor marble and quartzite. The paragneiss has a maximum depositional 

age of ca. 641 Ma, the orthogneiss has an igneous crystallization age of 

ca. 605 Ma, and peak regional amphibolite facies metamorphism occurred 

at ca. 564 Ma. Hence, the Brookville Gneiss is younger than the Green 

Head Group and does not represent basement; however, the original 

relationship between these units is unclear. The Green Head Group was 

moderately to intensely folded prior to the Late Neoproterozoic regional 

deformation and amphibolite facies metamorphism associated with the 

prolonged juxtaposition of the Brookville Gneiss with adjacent parts of 

the Ashburn Formation of the Green Head Group. Based on contrasts in 

age and metamorphic conditions, the ca. 610 Ma high-pressure/low-

temperature Hammondvale metamorphic: unit is not a high-grade metamorphic 

equivalent of the Green Head Group and is excluded from the Brookville 

terrane. 

The Late Neoproterozoic Dipper Harbour volcanic unit consists of 

rhyolitic to andesitic tuffs with minor siltstone and marble, preserved 

in a Carboniferous thrust in the southwestern part of the terrane. 

Twenty-six granitoid plutons in the Brookville terrane are broadly 

grouped on the basis of composition into: 1) diorite to granodiorite; 2) 

monzogranite to granodiorite; and 3) Byenogranite to monzogranite 

suites. They have i-type, calc-alkaline characteristics and have 

yielded crystallization and cooling ages from ca. 548 to 500 Ma. They 

are exposed at more shallow crustal levels in the southwest, where they 

are associated with the Dipper Harbour volcanic unit, compared to the 

northeast, where they intruded the Brookville Gneiss and Green Head 

Group. Although the isotopic ages obtained from the Brookville terrane 

span the Neoproterozoic-Cambrian boundary, the tectonothermal history of 

the terrane is not compatible with the transition from Late 

Neoproterozoic magmatic arc to stable Cambrian platform that is recorded 

in the adjacent Caledonia terrane (Avalon terrane sensu stricto). Thus, 

the Brookville terrane is interpreted to have been a distinct tectono-

stratigraphic assemblage in the Neoproterozoic through early Paleozoic. 

It is correlated with the Bras d"0r terrane of Cape Breton Island and 

parts of the Hermitage Flexure of southern Newfoundland. 

xx 
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CHAPTER 1 

INTRODUCTION 

1.1. INTRODUCTION 

In recent years the stratigraphic succession around the Saint John 

area in southern New Brunswick has been regarded as typical of a belt of 

rocks along the southeastern margin of the northern Appalachian orogen 

referred to as the Avalon Zone or Terrane (Fig, 1.1) (Williams, 1978, 

1979; Williams and Hatcher, 1983; Zen, 1983). The generally accepted 

view was that its stratigraphy (Fig. 1.2) consisted of Late Frecambrian 

(Neoproterozoic) volcanic-sedimentary successions (Coldbrook Group) and 

co-genetic plutonic rocks (Golden Grove Suite), overlain by an early 

Paleozoic platformal sequence (Saint John Group) containing Acado-Baltic 

fossils (Skehan et al., 1978; O'Brien et al., 1983; Rast and Skehan, 

1983; Skehan and RaBt, 1983; Keppie, 1985, 1989; Currie, 1986a, 1988a; 

Nance, 1986b, 1987a, 1988, 1990; Fyffe and Fricker, 1987; Skehan, 1988; 

Dallmeyer et al., 1990; Nance et al., 1990, 1991; Keppie and Dostal, 

1991; Keppie et al., 1991; Murphy et al., 1992). 

These unite were interpreted to overlie a Middle Precambrian 

(Mesoproterozoic) platformal sequence (Green Head Group and Martinon 

Formation) of marble, quartzite and metaeiltetone. A gneissic unit 

(Brookville Gneiss) associated with the Green Head Group was variably 

considered to be: a) part of the Golden Grove Suite (Cumming, 1916; 

HayeB and Howell, 1937; Belyea, 1939, 1944, 1945; Ruitenberg et al., 

1975, 1979); b) a high-grade, migmatitic portion of the Green Head Group 

(Alcock, 1938; Leavitt, 1963; Richards, 1971; O'Brien, 1976; Rast et 

al., 1976a, b; Wardle, 1978); c) a deeper crustal level of the Coldbrook 

Group that represents the metamorphic infrastructure of the "Avalon 

Terrane" (Dallmeyer et al., 1990; Keppie et al., 1991; Nance et al., 

1991; Dallmeyer and Nance, 1992); or d) an older, Aphebian to 
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Grenvillian (Palaeoproterozoic to Mesoproterozoic), remobilized and 

partially melted continental basement upon which the remaining 

stratified rocks were deposited (Wardle, 1978; Currie, et al., 1981; 

Currie, 1983, 1984, 1986a, 1987a, b, c, 1988a, b; Olszewski and 

Gaudette, 1982; O'Brien et al., 1983; Nance, 1986b, 1987a, 1988, 1990; 

Nance et al., 1990, 1991). 

The northwest margin of the Avalon Terrane was interpreted to be 

marked by a bimodal dyke swarm and associated plutonic units termed the 

Kingston Complex (Currie, 1984). This zone 1B bordered by the Lubec-

Belleisle and Pocologan mylonite zones (Brown and Helmstaedt, 1970; Rast 

and Dickson, 1982) and was thought to be Late Precambrian 

(Neoproterozoic) based on apparently overlying early Paleozoic 

successions (Fig. 1.2). This zone was interpreted to record the initial 

Late Precambrian (Neoproterozoic) formation of the Iapetue Ocean (Rast 

and Currie, 1976; Rast, 1979; Rast and Dickson, 1982; Dickson, 1983; 

Currie, 1984, 1986a, 1988a, b; Nance, 1987a, 1988, 1990; Nance et al., 

1990). 

Carboniferous units in the Saint John area have traditionally been 

subdivided into three packages: a) coarse conglomerate and arkose of the 

Kennebecasis Formation; b) interbedded volcanic and sedimentary rocks of 

the Mispec Group; and c) sedimentary rocks with plant fragments of the 

Lancaster Formation. Rocks of Triassic age (Lepreau and Quaco 

formations) occur as small fault-bounded basins along the Bay of Fundy 

(Stringer, 1978; Nadon and Middleton, 1985). 

The results of the present study and other recent work in the area 

have demonstrated that the assumption of stratigraphic continuity in 

southern New Brunswick (e.g. Fig. 1.2) is not valid and geological 

interpretations therefore require major revisions. The changes are 

summarized as follows: 

1. The Brookville Gneiss has a maximum detrital zircon age of ca. 640 Ma 

(Bevier et al,. 1990; White et al., 1990a, b, c) and therefore does not 

represent an ancient continental basement to the Green Head Group as 
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previously interpreted. Based on its Neohelikian (Mesoproterozoic) 

stromatolite age (Hofmann, 1974) and ca 1200 Ma detrital zircon ages (D. 

Davis, written communication, 1995), the Green Head Group appears to be 

older than the gneiss previously considered to be its basement. 

2. The Golden Grove Suite intruded only the Green Head Group and 

Brookville Gneiss and is generally younger than plutonic units 

associated with the Coldbrook Group to the southeast (Barr et al., 

1990a; White et al., 1990a, b, c; Bevier et al., 1991; White and Barr, 

1991a, in press; Dallmeyer and Nance, 1992; White, 1994; Barr and White, 

in press) and older than plutonic units in the Kingston complex (e.g. 

McLeod et al., 1994). 

3. The Coldbrook Group is in faulted contact (Caledonia-clover Hill 

Fault) with these units and therefore may not stratigraphically overlie 

the Green Head Group, Brookville Gneiss, and associated plutons (e.g. 

White et al., 1990). 

4. The Kingston Complex and associated mylonite zones to the northwest 

are in faulted contact (New River Beach-Kennebecasis Fault) with the 

Green Head Group, Brookville GneisB, and Golden Grove Suite (Rast and 

Dickson, 1982; Dickson, 1983; Leger and Williams, 1986; Currie, 1988a; 

Eby and Currie, 1993). Recent work indicates a Silurian to Early 

Devonian age for much, if not all, of this Complex (Dallmeyer and Nance, 

1989; Doig et al., 1990; Casseday et al., 1991; McLeod et al., 1994). 

These results led Barr and White (1989, 1991a, 1994, 1996, in 

press) and White and Barr (1991, in press) to propose that the Green 

Head Group, Brookville Gneiss and associated plutonic units comprise a 

"Brookville terrane". The Brookville terrane is distinct from the 

volcanic-sedimentary sequences of the Coldbrook Group, associated 

plutons, and overlying Cambrian to Ordovician units that comprise the 

"Caledonia terrane" to the southeast and older than the Silurian to 

Devonian igneous units of the Kingston Complex to the northwest. 

This study has significant ree -mal implication" because the 

previously accepted but apparently i ecurate interpretation of 
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stratigraphic succession in the Saint John area has been widely cited as 

characteristic of the entire Avalon terrane (Currie, 1983, 1986a, 1988a; 

O'Brien et al., 1983; Keppie, 1985, 1989; Nance, 1986b, 1987a, 1988, 

1990; Murphy and Nance, 1989; Nance et al., 1990, 1991; Keppie and 

Dostal, 1991; Keppie et al.,. 1991; Rast and Skehan, 1991). 

1.2. PREVIOUS WORK AND GEOLOGICAL SETTING 

The literature pertaining to geological investigations in southern 

New Brunswick spans over 150 years. A vast number of contradictory 

views and opinions on the geological features in this area have been 

published. For this reason, a detailed historical account of previous 

work is presented in Appendix A. A summary of recent work and general 

geological setting is presented below. 

1.2.1. Late-1960's to Middle-1970's 

By the late-1960's, the stratigraphy of southern New Brunswick 

appeared to be firmly established (see Appendix A). However, geological 

work in the area continued to better constrain the timing of igneous, 

metamorphic, and deformational events. Rodgers (1967, 1970) described 

the tectonic evolution of the Appalachian region and concluded that the 

Green Head Group was post-Grenville (<1000 Ma) in age. He suggested 

that the Green Head Group was deformed, metamorphosed, and intruded by 

granites prior to the deposition of the Coldbrook Group. The Saint John 

Group was interpreted to unconformably overlie strongly deformed 

volcanic rocks of the Coldbrook Group. He agreed with Poole et al. 

(1964) that certain plutonic rocks associated with the Green Head Group 

are Precambrian in age; however, radiometric dates suggested that the 

majority were Devonian. BaBed on textural and structural evidence 

Helmstaedt (1968) suggested that the Golden Grove Intrusives were 

Devonian and dykes and sills within the Kingston Complex were related to 

1 
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these plutons. 

During the late 1960's the Coldbrook and Saint John groups were 

regarded as part of a widespread belt of rocks that formed the 

southeastern margin of the Canadian Appalachian Orogen. This belt of 

rocks was referred to as the Avalon Platform or Zone (e.g. Poole, 1967; 

Poole et al., 1970) after the "type area" established by Williams (1964) 

in southeastern Newfoundland. 

Although citing considerable evidence supporting an Archean 

(Palaaoproterozoic) age for the Green Head Group, Poole (1967), Poole et 

al. (1970), and Poole and Rodgers (1972) favoured a post-Grenville 

Hadrynian (Neoproterozoic) age. They suggested that the platformal 

deposits of the Green Head Group accumulated on a stable Grenville or 

older basement that is not now exposed, and interpreted the Late 

Hadrynian Coldbrook Group to overlie the Green Head Group, with 

"uncertain relations". These volcanic rocks were interpreted to be 

overlain by a redbed package that graded upward into Late Hadrynian-

Early Cambrian "quartzite" (Glen Falls Formation of Hayes and Howell, 

1937) at the base of the Cambrian-Ordovician Saint John Group. Poole 

(1967) postulated a Middle Ordovician age for the Golden Grove 

Intrusives and Milkish Head Pluton. However, citing numerous K-Ar and 

Rb-Sr radiometric dates, he later concluded that they are middle to late 

Devonian (Poole et al., 1970) and/or Cambrian to Ordovician (Poole and 

Rodgers, 1972). However, the presence of granitic cobbles in 

conglomerates related to both the Coldbrook Group and the redbed package 

suggested that plutonism and/or deformation occurred prior to deposition 

of the Coldbrook Group (Poole, 1967; Poole et al., 1970; Poole and 

Rodgers, 1972; Rodgers, 1972). Gneisses in the Green Head Group were 

interpreted to be the result of Early Paleozoic metamorphism. 

Ruitenberg (1969) described and mapped various mineral occurrences 

throughout the study area. Like Alcock (1948), he interpreted many of 

the mafic sills in the Green Head Group as minor basaltic and andesitic 

flows and concluded that this group is Precambrian or Lower Paleozoic. 

I 
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He recognized a belt of Silurian and/or Lower Devonian sedimentary rocks 

along the coast southwest of Saint John (previously assigned to the 

Carboniferous Mispec Group by Alcock, 1959) and, citing radiometric 

dates, suggested that the Golden Grove Intrusives are Devonian. 

Subhas (1970) carried out a detailed stratigraphical and 

structural investigation in the Musquash-Chance Harbour area. UBing 

structural evidence, he agreed with Ruitenberg (1969) on a Devonian age 

for the Golden Grove Intrusives. He considered the Milkish Head Pluton 

part of the Golden Grove Intrusives, as opposed to the previous 

interpretation of MacKenzie (1964) and Poole (1967). Subhas (1970) 

introduced the names Cranberry and Musquash granites for divisions of 

the Golden Grove Intrusives near the coast, and mapped what he 

interpreted as contact metamorphic aureoles around these plutons. 

Subhas (1970) concluded that the host rocks to these granites should be 

assigned a pre-Middle Devonian age and called them the Musquash Head 

Group (previously Silurian and/or Lower Devonian sedimentary rocks of 

Ruitenberg, 1969 and the Carboniferous Mispec Group of Alcock, 1959). 

He assigned an Archean to Early Paleozoic age to the Green Head Group. 

The Precambrian age assigned to the Coldbrook Group had been based 

on the overlying fossiliferous Lower Cambrian Saint John Group (e.g. 

Hayes and Howell, 1937; Alcock, 1938). Fairbairn et al. (1966) tried to 

date the Coldbrook Group using Rb-Sr whole-rock analyses; however, the 

resulting date of 468 Ma was too young to be Precambrian. Cormier 

(1969) also attempted to verify a Precambrian age using Rb-Sr whole-rock 

analyses. His results indicated an age of ca. 750 Ma for the volcanic 

rocks and a Devonian age (ca. 370 Ma) for regional metamorphism in the 

area. 

Schenk (1971), Williams et al. (1972) and Potter et al. (1972) re

instated the earlier idea of lithological correlation of the Green Head 

Group with the Grenville Province of the Canadian Shield (see Appendix 

A). They concluded that the Hadrynian Coldbrook Group was deposited on 

a deformed Green Head Group basement. However, Potter et al. (1972) 
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suggested that biotite gneiss associated with the marbles might 

represent an even older basement. The Cambrian-Ordovician Saint John 

Group was considered to lie conformably on the Coldbrook Group by Schenk 

(1971) and Williams et al.(J972), whereas Potter et al. (1972) 

postulated a faulted contact. 

According to Schenk (1971) and Williams et al. (1972) Precambrian 

granitic rocks are of two ages in southern New Brunswick. The Golden 

Grove Intrusives and Milkish Head Pluton are Late Hadrynian baBed on K-

Ar ages and the lack of intrusive rocks in the Cambrian Saint John 

Group, whereas the granite gneisses associated with these plutons were 

considered part of a Helikian (Mesoproterozoic) basement intrusive 

sequence. BaBed on K-Ar ages and discordant relationships with foliated 

country rocks, Schenk (1971) and Williams et al. (1972) suggested the 

existence of mid-Devonian granites. Potter et al. (1972) suggested a 

Precambrian and Devonian age for plutonism in the area. 

R. Grant (1972) mapped the northwestern margin of the Btudy area 

including the Kingston Complex. He suggested that the Golden Grove 

Intrusives were pre-tectonic and probably Precambrian in age. GneisseB 

associated with the plutonic rocks were considered to be Green Head 

Group equivalents. The Kingston Complex was interpreted as Precambrian 

in age and grouped with the Coldbrook Group. 

Based on structural relationships, Richards (1971) and Brown 

(1972) inferred that the upper Green Head Group is interlayered with the 

overlying Precambrian Coldbrook Group, and that the Cambrian Saint John 

Group rests conformably on the volcanic rocks. This conformable group 

of units was interpreted to represent a relict continental margin which 

was deformed in post-Early Ordovician time and intruded during the mid-

Devonian and mid-Carboniferous. The presence of granite cobbles in 

conglomerates associated with the Coldbrook Group suggested an 

additional period of plutonism in the Precambrian (Brown, 1972). Based 

on structural evidence, Brown (1972) confirmed a Carboniferous age for 

the sedimentary, volcanic, and plutonic rocks of the Mispec Group. 

I 



I 

8 

RichardB (1971) agreed with Poole et al. (1970) that the gneisses 

associated with the Green Head Group formed as the result of Late 

Paleozoic metamorphism. 

Poole and Rodgers (1972), Patel (1973), and Ruitenberg et al. 

(1973a, b, c) refuted the interpretation of Richards (1971) and Brown 

(1972) for a conformable sequence in the Saint John area and noted that 

contacts between the Green Head Group and Coldbrook Group are everywhere 

faulted. They suggested that the Btratigraphic nature of the contact 

between the Coldbrook Group and Cambrian sedimentary rocks is unclear 

and may be either conformable or disconformable. Ruitenberg et al. 

(1973a) suggested that the Cambrian rocks are mainly in faulted contact 

with the Coldbrook and Green Head groups. Poole and Rodgers (1972) and 

Ruitenberg et al. (1973a) concluded that the Green Head Group 

lithologies pass laterally into achiet and gneiss, although Poole and 

Rodgers inferred that some schist and gneiss may underlie the Green Head 

Group. Based on radiometric dates, they suggested that the igneous 

rocks that intruded the Green Head and Coldbrook groups are Paleozoic in 

age (Ordovician, Devonian, and Carboniferous), whereas Poole (in Wanless 

et al., 1972, 1973) suggested a Late Precambrian and/or Cambrian to 

Ordovician age for plutonism. Rast and Stringer (1974) later suggested 

a Devonian age for plutonism. 

1.2.2. Middle 1970's to Early-1980's 

By the early- to mid-1970'8, the age of the Coldbrook Group 

appeared firmly established as Precambrian; however, the age of the 

Green Head Group was only known as pre-Coldbrook. The only direct 

assessment of the age was that of Hofmann (1974) who proposed a 

Neohelikian or Middle Riphean age (Mesoproterozoic) based on 

stromatolites. However, he also noted that the age of the stromatolites 

could be anywhere in the range from Aphebian to Hadrynian. 

Poole (1976), O'Brien (1976) and Rast et al. (1976a, b) made 
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regional correlations between the Precambrian and Lower Paleozoic rocks 

of the Avalon Zone in the Appalachian Orogen. O'Brien (1976) and Rast 

et al. (1976a, b) concluded that the Neohelikian Green Head Group 

accumulated on a cratonic basement (not now exposed) and was highly 

deformed, metamorphosed, and intruded by variety of syn- to post-

kinemat'.c plutonic rocks in late Neohelikian or early Hadrynian. They 

interpreted gneisses in the Green Head Group to be the result of 

selective metamorphism of clastic horizons prior to deposition of the 

Coldbrook Group, and not a crystalline basement equivalent to the 

Canadian Shield (cf. Poole, 1976), supporting the interpretation of 

Wardle and O'Brien (1973). These rocks were interpreted to be 

unconformably overlain by late Hadrynian volcanic rocks of the Coldbrook 

Group and intruded by a suite of plutonic rocks and mafic dykes and 

unconformably overlain by the Saint John Group. The gross structure of 

the area was thought to be an anticlinorium, co*.?d by the Green Head 

Group tmd flanked by the Coldbrook and Saint John groups. 

Butt (1976) performed the first geochemical study in the area on a 

small intrusion of granite in the Musquash area (portion of the Lepreau 

Pluton of Ruitenberg et al., 1975) termed the Musquash Stock. He 

concluded that the Musquash Stock intruded a metamorphosed complex of 

Precambrian gabbro and diorite and inferred a late Precambrian to mid-

Devonian age for the stock. 

Ruitenberg et al. (1975, 1977, 1979), Giles and Ruitenberg (1977) 

and McCutcheon et al. (1982) provided the first systematic subdivision 

of the Coldbrook Group, and simplified versions of the stratigraphy of 

the Green Head Group following Leavitt and Hamilton (1962). The 

Brookville Gneiss was mapped as intrusive, grouped with the other 

plutons northeast of the Saint John River, and collectively referred to 

as the Golden Grove Intrusive Complex. (This thesis study area broadly 

coincides with their Western Intrusive Belt). Based on K-Ar and Rb-Sr 

dates they concluded that the Golden Grove Intrusive Complex is Late 

Precambrian-Early Paleozoic in age. However, southwest of the river, 
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the plutonic rocks were divided into the Ordovician and older (?) 

granodiorite and quartz diorite of the Musquash Pluton, Upper Silurian 

and younger(?) granodiorite and quartz diorite of the Lepreau and 

Milkish Head plutons, and Carboniferous leucogranite of the Chance 

Harbour Intrusions and the Grand Bay Pluton. They also suggested that 

the Kennebecasis Formation should be included in the uppermost part of 

the Mispec Group and that this group may extend into the Devonian. 

Wardle (1978) described the rock types in the Saint John area in 

detail. He replaced the Ashburn Formation of the lower Green Head Group 

with three stratigraphic units: 1) the Lily Lake Formation, a clastic 

sequence forming the lower part; 2) the Drury Cove Formation, a 

limestone and dolomite sequence in the middle part; 3) the Narrows 

Formation, an interlayered clastic and carbonate sequence forming the 

upper part. These divisions agreed with the informal units previously 

established by Hamilton (1965, 1968) (see Appendix A). Wardle excluded 

the gneisses from the Golden Grove Suite ?nd divided them into three 

geographically separate packages termed the Brookville, Rockwood Park 

and Pleasant Point gneisses, the latter two predominantly orthogneisses. 

Rast et al. (1976a, b) and Wardle (1978) believed that these 

orthogneisses were intrusive diapirs into the Green Head Group and that 

the Brookville GneiBB was a highly metamorphosed equivalent of the upper 

clastic part of the Lily Lake Formation. However, Wardle (1978) and 

Nance (1982) considered that the bulk of the Green Head Group lies 

within the greenschist facies. Wardle (1978) concluded that the 

Coldbrook Group accumulated on a deformed Green Head Group basement and 

both were subsequently intruded by the late Precambrian Golden Grove 

Suite prior to the unconformable deposition of the Cambrian rocks. This 

view was supported by numerous subsequent workers (e.g. Schank, 1978/, 

O'Brien et al., 1983; Rast and Skehan, 1983; Skehan and Rast, 1983). 

Wardle (1978) re-examined the Carboniferous system in the Saint 

John area. He agreed with Alcock (1938, 1959) and van de Poll (1970) 

that the Kennebecasis Formation unconformably overlies the Green Head 

P 
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Group and should be assigned to the Lower Mississippian. Wardle (1978), 

citing structural evidence by Rast and Grant (1973a), suggested that the 

long established internal stratigraphy of the Pennsylvanian-

Mississippian Mispec Group should be reversed with the West Beach 

Formation older than the Balls Lake Formation. The Pennsylvanian 

Lancaster Formation was confirmed to lie unconformably on the Mispec 

Group. These relationships were also confirmed by Strong et al. (1979) 

who conducted a geochemical survey on these inferred Carboniferous mafic 

rocks. The calc-alkaline affinity suggested that subduction may have 

influenced Carboniferous tectonic processes (Strong et al., 1979) and 

Keppie (1982) proposed the closure of a small ocean basin between New 

Brunswick and Nova Scotia in the Carboniferous. 

Rast et al. (1978a) studied the rocks in the southwestern portion 

of the thesis area along the New River Beach Fault. He interpreted the 

rocks northwest of the fault to be related to the Precambrian Coldbrook 

Group, intruded by a dyke swarm, and mylonitized during the latest 

Precambrian. The dykes were interpreted by Rast (1979) and Rast and 

Dickson (1982) to record the initial opening of the lapetus ocean in the 

late Precambrian. 

Rast et al. (1978b) studied the deformed Carboniferous rocks 

southwest of Saint John (Mispec Group of Alcock, 1959) and mapped what 

was interpreted as a series of nappe complexes confirming the earlier 

work of Rast and Grant (1973b). The Chance Harbour nappe complex 

extends southwest from Musquash Harbour to Dipper Harbour. It consists 

of strongly deformed and milc.ly metamorphosed sedimentary rocks of the 

Dipper Harbour and Chance Harbour beds overlain by volcanic rocks of the 

Meadow Cove volcanic unit (Rast et al., 1978b). The Lancaster Formation 

was interpreted to overlie these older units. The Saint John nappe 

complex extends northeast from Musquash Harbour to Lorneville Harbour. 

It consists of sedimentary rocks of the Lorneville Beds, overlain by 

basic volcanics of the Lorneville Volcanica and unconformably overlain 

by the Lancaster Formation. Rast et al. (1978a, b) concluded that these 
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nappes were intruded by Carboniferous plutonic rocks (Chance Harbour 

Intrusions of Ruitenberg et al. 1975, 1979) based on the apparent 

gradation of granite into rhyolite that is interlayered with sedimentary 

rocks of the Lancaster Formation. Deformation associated with these 

nappes has been correlated with the Late Paleozoic Variscan or Hercynian 

orogeny in Europe or the Alleghanian orogeny of the southern Appalachian 

orogen (Rast and Grant, 1973a, b; Rast and Currie, 1976; RaBt et al., 

1978a, b: Ruitenberg and McCutcheon, 1980). This deformation is 

equivalent to the Maritime Disturbance of Poole (1967). Carboniferous 

rocks of the nappe complex were interpreted to be regionally 

metamorphosed to low grades based on the presence of chloritoid, 

biotite, and garnet (Rast et al., 1978b; Murray, 1988). 

Based on structural evidence, Parker (1984) extended the Saint 

John nappe complex of Rast et al. (1978a, b) from Lorneville Harbour to 

east of Saint John. He subdivided the complex into the lower Saint John 

Harbour and Mispec nappes consisting of Carboniferous rocks overthruBt 

by intensely deformed Precambrian rocks of the Tiner Point nappe. He 

disagreed with Rast et al. (1978a, b) on the age of plutonic units in 

the Musquash Harbour area and suggested a Precambrian age for the 

granitic rocks. 

1.2.3. Early-19B0's to present 

Currie et al. (1981) and Currie (1983) re-examined the geology in 

the Saint John area. All the gneisses in the Saint John area were 

grouped under the term Brookville Gneiss and interpreted to represent 

Archean basement, reactivated and diapirically emplaced into the Green 

Head Group during the intrusion of the Golden Grove Suite at ca. 800 Ma. 

Based on cross-cutting dykes in the Green Head Group and Golden Grove 

Suite, Currie (1983) concluded that the late Hadrynian Coldbrook Group 

initially rested unconformably on these units. As a result of U-Pb 

zircon and Rb-Sr whole-rock isotopic dating of the Brookville Gneiss, 
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Olszewski et al. (1980) and Olszewski and Gaudette (1982) concluded that 

the gneiss is older than 800 Ma, and shows inheritance of an older 

component, substantiating the interpretation of Currie et al. (1981). 

Their work alao suggested a major period of deformation, metamorphism 

and intrusion in the Devonian and Carboniferous. Hence, the Brookville 

Gneiss was considered to represent a continental basement upon which the 

overlying Green Head Group accumulated (e.g. Currie, 1983, 1984, 1985, 

1986a, b, 1987a, b, c, 1988a, b, 1989a, b; O'Brien et al., 1983; Keppie, 

1985, 1989; Nance, 1986b, 1987a, 1988, 1990; Murphy and Nance, 1989; 

Nance et al., 1990; Currie and Hunt, 1991; Keppie et al., 1991). 

Currie and Nance (1963), Currie (1984), McCutcheon (1984, 1985), 

Nance (1985, 1986a, 1987b), Caudill and Nance (1986), Caudill (1989) and 

Watters (1993) revised the carboniferous "Mispec Group" stratigraphy, 

southeast of, and within the study area. They suggested that the West 

Beach Formation ("Lorneville Volcanics" of Rast et al., 1978b) is 

lithologically similar to the Coldbrook Group and removed it from the 

Mispec Group. They concluded that the Balls Lake Formation grades 

laterally and vertically into the Lancaster and that these rest 

unconformably on the Hadrynian West Beach Formation. Pickerill et al. 

(1985) suggested that the Kennebecasis Formation was a distal equivalent 

of the Memramcook Formation to the northeast and is Devonian to 

Carboniferous in age. The name Mispec Group was abandoned (Nance, 

1987b) and Currie (1992) resurrected the term "Lorneville Beds" for the 

West Beach Formation which he considered to be of "Eocambrian" age. 

Dickson (1983) mapped and described many of the plutons located 

southwest of Saint John River and subdivided the igneous rocks based on 

age, degree of deformation, lithology and field relations. The Hepburn 

Basin Granite (part of the Chance Harbour Intrusions of Ruitenberg et 

al., 1975, 1979) was interpreted by Dickson (1983) to be of Helikian 

age, baBed on a nonconformable contact with an overlying Green Head 

Group stromatolite-bearing limestone. However, McCvtcheon (1981, 1984, 

1985) suggested that the stromatolitic limestone belongs to the 
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Carboniferous Windsor Group (Parleeville Formation) and is not related 

to the Green Head Group. The Milkish Head Complex, which included the 

Lepreau and Musquash plutons of Ruitenberg et al. (1975, 1979), was 

interpreted to be Precambrian based on the Rb-Sr data of Poole (1980). 

Granitic rocks in the Chance Harbour area were interpreted to have 

intruded Carboniferous sedimentary rocks, based on K-Ar ages. Dickson 

(1983) also agreed with earlier work (e.g. Rast et al., 1978a, b) that 

the associated volcanic and sedimentary rockB should be correlated with 

the Carboniferous Mispec Group of Alcock (1938, 1959). This view was 

supported by Stringer and Burke (1985); however, McCutcheon (1981, 1984, 

1985) and Currie (1987b, 1989a) remapped the volcanic rocks as 

Precambrian. Currie (1983, 1985, 1987b, 1989a) subdivided the Milkish 

Head Complex of Dickson (1983) into a series of Precambrian plutons 

collectively assigned to the Golden Grove Intrusive Suite and placed 

only the Carboniferous sedimentary rocks in the Mispec Group. Based on 

a U-Pb zircon age of ca. 555 Ma, the volcanic rocks (Meadow Cove 

volcanic unit of Rast et al., 1978b) were grouped with the Precambrian 

Coldbrook Group (Zain Eldeen, 1991; Zain Eldeen et al., 1991). The 

Carboniferous plutonic units of Ruitenberg et al. (1975, 1979) and 

Dickson (1983) yielded a U-Pb zircon age of ca. 550 Ma and was 

correlated with the Golden Grove Suite (Currie and Hunt, 1991). 

However, based on field evidence, Rast and Skehan (1991) continued to 

argue for a Carboniferous age for the Meadow Cove volcanic unit and 

associated granitoid rocks. McLeod et al. (1994) changed the name of 

the Meadow Cove volcanic unit to the Dipper Harbour volcanic unit after 

the main area of exposure. 

McCutcheon and Ruitenberg (1987) excluded the Milkish Head and 

Mayflower Lake plutons from the Golden Grove latrusive Complex, because 

"these plutons are geographically separate, appear to have intruded the 

Coldbrook Group, and lack the mafic dykes that are characteristic of the 

Golden Grove suite" in the Kingston Complex. This interpretation led 

McCutcheon and Ruitenberg (1987) to suggest that the Milkish Head and 
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Mayflower Lake plutons may be coeval with the Kingston Complex. 

However, Deveau (1989) and White and Deveau (1989) included these 

plutons in the Golden Grove Suite bo=dd on their petrographic and 

geochemical characteristics. 

Currie (1989b, 1991) mapped sections of the Green Head Group west 

of Saint John and concluded that the Martinon Formation should be 

excluded from this group and, based on lithological grounds, included in 

the Coldbrook Group. 

By the late-1980's and early-1990's the names, lithologies, and 

ages for major units in southern New Brunswick appeared to be firmly 

established (Fig. 1.2) and this stratigraphy was used in numerous models 

to explain the evolution of the "Avalon terrane" (e.g. Keppie, 1989; 

Murphy and Nance, 1989; Keppie et al., 1991; Nance et al., 1991). 

However, as a result of the present study and related work in the Saint 

John area, the Brookville GneiBS, Green Head Group, and associated 

plutonic rocks have been suggested to form a distinct tectono-

stratigraphic belt (Brookville terrane) different from rocks of the 

Caledonia terrane which are more typical of the Avalon Terrane sensu 

atricto. Other workers agree with some of the differences between the 

two terranes (e.g. Keppie et al., 1991; Dallmeyer et al., 1990; 

Dallmeyer and Nance, 1990; Murphy et al., 1990; Nance et al., 1991; 

Nance and Dallmeyer, 1994). However, they suggested that these 

contrasts represent different crustal levels of exposure of the same 

terrane (Avalon Composite Terrane). 

1.3. PURPOSE AND SCOPE OF THIS STUDY 

Although the stratigraphy in southern New Brunswick is widely 

accepted, considerable confusion and debate still exists regarding the 

absolute age of these units and their stratigraphic relationships. Much 

of the published data presented on the geology of southern New Brunswick 

have been repeated and re-interpreted by later workers without 
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contributing any new information, and erroneous and unconfirmed 

conclusions have been perpetuated in the literature and later became 

"fact". 

This project focuses on the Green Head Group, Brookville Gneiss, 

and Golden Grove Suite in the "Brookville terrane". It attempts to 

resolve the relationships within and among these units, as well as their 

relationship to adjacent units of the Caledonia terrane and Kingston 

Complex, by a combination of detailed field mapping, structural studies, 

geochronology, and petrochemistry. The project consists of four 

fundamental components: 

1. Clarification of field relationships and petrological 

characteristics of rock units in and adjacent to this 

terrane. 

2. Determination of the ages of these units and the timing and 

nature of their deformation and metamorphism. 

3. Interpretation of the tectonic significance of igneous and meta-

igneous units. 

4. Comparison of these units to other possibly correlative rocks 

in the northern Appalachian orogen. 

1.4. LOCATION AND ACCESS 

The Green Head Group, Brookville Gneiss and associated plutonic 

units (Brookville terrane) form a narrow, northeast-trending belt that 

is entirely confined to the area between the Caledonia-Clover Hill Fault 

to the southeast and the New River Beach-Kennebecasis Fault to the 

northwest (Fig. 1.3). This belt of rocks is exposed from Maces Bay in 

the southwest to Titusville in the northeast over a distance of 75 km. 

Rare inliers, drill core, and geophysical evidence indicate that the 

terrane can be traced under the Carboniferous cover, northwestward as 

far as Prince Edward Island. The terrane may also extend an additional 

25 km offshore to the southwest to The Wolves islands. The study area 

I t I 
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includes parts of the National Topographic Series map sheets 21G/1 

(Musquash), 12G/8 (Saint John), 21H/5 (Loch Lomond) and 21H/12 (Sussex). 

Access and rock exposure is excellent in and around the city of 

Saint John and includes a number of roads, paths, and power lines. 

Access is more limited northeast and southwest of the city but still 

reasonably good, mainly by secondary roads, streams, paths and power 

lines. The coastline provides excellent outcrop exposure with long 

stretches of near vertical cliffs, however, these sections are 

accessible only by boat, even at low tide. The larger lakes in the area 

also enable access by boat. 

1.5. METHODS OF STUDY 

Detailed field mapping and sampling were conducted during the 1988 

to 1993 field seasons using as base maps orthophotomaps (1:10,000 scale) 

published in 1971 by the New Brunswick Department of Natural Resources. 

Statistical analysis of field orientation data (e.g. bedding, foliation, 

lineation etc.) using the computer software program STEREONET (1993) was 

completed to asBist in the geometric analysis and interpretation of 

field data. 

Mapping was accompanied by the collection of approximately 1100 

rock samples. Slabs of the granitoid rocks, orthogneiss and paragneiss 

were stained for K-feldspar, and modal compositions determined. About 

600 thin sections were prepared for petrographic studies. This includes 

sections used by Deveau (1989) for his B.Sc. Honours thesis and 

GrammatikopouloB (1992) for his M.Sc. thesis. Mineral chemistry on 

polished thin sections was investigated using the JEOL 733 Superprobe at 

the Dalhousie University Regional Electron Microprobe Laboratory, 

Halifax, Nova Scotia. 

Approximately 80 samples were selected from plutonic and related 

rocks for major and trace element analysis using the Regional X-ray 

Fluorescence Laboratory at Saint Mary's University, Halifax, Nova 
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Scotia. These data were supplemented by 28 samples from the study area 

previously analyzed by the same methods (Deveau, 1989; Grammatikopoulos, 

1992). Seven of these samples were then selected for rare-earth element 

analysis by Induced Coupled PlaBma-Maas Spectrometry at Memorial 

University in St. John's, Newfoundland and combined with 10 samples 

previously analyzed by the Bame method (Deveau, 1989; Grammatikopoulos, 

1992; Whalen et al., 1994). 

Seven samples from plutonic and metamorphic rocks were selected 

for ^Ar/^Ar dating and analyzed in an AEI MS-10 mass spectrometer at 

Dalhousie university in Halifax, Nova Scotia. In addition a detailed U-

Pb study of zircon and titanite from 2 plutonic units was completed at 

Memorial University of Newfoundland under the supervision of Dr. G. 

Dunning. 

I 
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Figure 1.1. Distribution of the five pre-Silurian tectonostratigraphic 
zones or terranes in the northern Appalachian Orogen after 
Williams and Hatcher (1983) . Box schematically outlines the 
present study area. 
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Figure 1.2. Schematic stratigraphic succession assumed to exist in the 
Avalon terrane in southern New Brunswick showing facies 
development, tectonism, and nomenclature prior to this study. 
Diagram after Nance (1990). 
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Figure 1.3. Simplified geology map showing the distribution of the 
Brookville terrane and other major rock units and faults in 
southern New Brunswick. 
Units: CT = Caledonia terrane (Barr and White, 1989); HMU = 
Hammondvale metamorphic unit (Barr and White, 1991a); c = Cambrian 
to Ordovician saint John Group; BT « Brookville terrane (Barr and 
White, 1989); KB = Kingston Complex (Currie, 1984); NRB = New 
River Belt (Johnson and McLeod, 1994); OD = Ordovician to Devonian 
stratified rocks; SG = Silurian to Devonian St. George Batholith. 
Faults: CCHF = Caledonia-Clover Hill Fault; NRB-KF = New River 
Beach-Kennebecasis Fault. 
Inliera of Brookville terrane: CI, = Cassidy Lake inlier; PV = 
Pleasantvale inlier; IM = Indian Mountain inlier; MC = Memramcook 
inlier; X * drill core than intersects Brookville terrane (CD = 
Coverdale Pluton). Unpatterned areas are Upper Devonian and 
younger cover units. 
Inset u p : TeconoBtratigraphic terranes in New Brunswick and Nova 
Scotia after Barr and Raeside (1989). BRC = Blair River Complex; 
N = New River Belt; B = Brookville terrane; C = Caledonia terrane. 
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CHAPTER 2 

DEFINITION ADD DESCRIPTION OF NAP UNITS 

2.1. JUSTIFICATION 

Although portions of the study area have been included in regional 

scale mapping (e.g. Leavitt, 1963; Brown, 1972; Ruitenberg et al., 1979; 

Currie, 1985, 1987b, 1989a; Barr and White, 1991b; McLeod et al., 1994), 

as well as in more detailed localized studies (e.g. Hr nilton, 1965, 

1968; Subhas, 1970; Richards, 1971; Wardle, 1978; Dickson, 1983; Deveau, 

1989), the complexity of units and field relationships still remain 

poorly undera cod and controversial. This was largely because of the 

assumption that a continuous stratigraphy existed in southern New 

Brunswick and geological interpretations attempted to conform with this 

framework. Confusion and controversy over the relationships among 

sedimentary, metamorphic, and igneous units led to contradictory 

interpretations that were incorporated into regional tectonic models for 

the Canadian Appalachian Orogen (see Appendix A and section 1.2). 

Detailed mapping to better define map units and establish field 

relations is critical to the understanding and interpretation of the 

area. The purpose of this chapter is to describe the redefined map 

units and their contact relationships with an intent to clarify the 

current controversial aspects of the geology in the Saint John area. 

2.2. GREEN HEAD GROUP 

The Green Head Group extends from Hammond River in the northeast 

to the Musquash Harbour area in the southwest and iB the largest map 

unit in the Brookville terrane (Fig. 2.1, Map A). The Green Head Group 

in the Saint John area was mapped in considerable detail by Leavitt and 

Hamilton (1962), Leavitt (1963), Hamilton (1965, 1968), Wardle (1978), 
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and Nance (1982) and subdivided into two broad lithological units termed 

the Ashburn and Martinon formations. These formations were first 

established by Leavitt and Hamilton (1962) and Leavitt (1963) and 

retained here. 

A small area of schist and marble to the northeast in the 

Hammondvale area (Fig. 1.3) was previously included with the Ashburn 

Formation (McCutcheon, 1978; Ruitenberg et al., 1979) and termed the 

Hammondvale Metamorphic unit by Barr and White (1991a) or the 

Hammondvale Schist (McLeod et al., 1994). These units are described 

below and a summary of the main field characteristics is presented in 

Table. 2.1. 

2.2.1. Ashburn Formation 

Northeast of the Saint John River, the Ashburn Formation is 

located in three linear belts (Fig. 2.1, Map A). The main belt extends 

northeast from Green Head Island to Kennebecasis Bay area. Another 

large belt occurs farther northeaBt, in the Hammond River area where it 

is almost entirely surrounded by granitoid rocks. A thin belt is 

located southeast of the main body and extends northeast from the Saint 

John River along the Caledonia-Clover Hill Fault. Silvers of the 

Ashburn Formation also occur along the Caledonia-Clover Hill Fault to 

the northeast and in drill core that penetrated the Carboniferous 

Moncton Sub-Basin (Fig. 1.3). Clasts of marble interpreted to belong to 

the Ashburn Formation occur in conglomerates of the Devonian to 

Carboniferous Horton Group east of Moncton (St. Peter, personal 

communication, 1992). 

Rocks of the Ashburn Formation also occur Bouthwest of Saint John 

in a belt extending from Green Head Island to MuBguash Harbour, along 

the northwestern margin of the Caledonia-Clover Hill Fault. A thin 

east-trending belt of ABhburn Formation occurs north of the Martinon 

Formation and as fault slivers along the New River Beach Fault (Fig. 



25 

2.1, Map A). 

The Ashburn Formation is dominantly a carbonate unit that consists 

of calcite and dolomite marble with rare marble conglomerate. Other 

lithologies include meta-siltstone, spotted hornfelB, quartzite, and 

mica schist. 

The majority of the calcite marble in the Ashburn Formation is 

white to dark grey to light green, medium- to coarse-grained, and 

generally banded on a scale of 5 to 25 cm (Plate la). Locally the 

marble* are very coarse-grained near intrusive contacts (e.g. French 

Village area) and are clearly the result of contact metamorphism. Very 

fine-grained (locally aphanitic) calcite marbles are common and in 

places exhibit rhythmic layering (1 mm to 1 cm). The banding is 

typically folded into tight and isoclinal structures and locally 

displays sheath fold patterns. These rocks are interpreted to be 

calcite ultramylonites. They occur throughout the Ashburn Formation but 

are best developed proximal to the Caledonia-Clover Hill Fault in Saint 

John and the Musquash Harbour area where they correspond to Unit 3 of 

Wardle (1978). Wardle (1978, p. 37) considered these aphanitic 

"parallel-laminae cherty carbonates" to be algal in origin. The medium-

to coarse-grained marbles are also folded into tight to isoclinal 

structures and locally display sheath fold geometries (Chapter 3). 

Dolomite marbles are less abundant than the calcite marbles. They 

are easily distinguished from calcite marbles by the "cross-hatched" 

fissuring on weathered surfaces and they tend to be more resistant to 

erosion. They are typically massive (up to 50 m), pink to cream-

coloured, lens-shaped, and generally concordant to layering in the 

calcite marbles. Discordant dolomite is locally developed and appears 

to be associated with brittle fault zones and to "cross-cut" the 

layering in the calcite marble. These dolomites are probably secondary 

in origin as described by Leavitt (1963) and Wardle (1978). 

Locally the carbonate rocks contain the stromatolite Archaeozoon 

acadiense (Matthew, 1890a), preserved in low-strain lenses. These 
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columnar stromatolites are commonly highly distorted and difficult to 

recognize in the field. However, on the northwestern tip of Green Head 

Island, pristine examples are preserved (Plate lb) and locally 

interlayered with black meta-siltstone. Hofmann (1974) assigned a 

Neohelikian (Mesoproterozoic) age to these features but suggested they 

could be as young as 750-880 Ma (written communication, 1991). 

Carbonate conglomerates are poorly preserved in the Ashburn 

Formation and have only been found in one location on the west shore of 

South Bay. Here a thin (1-2 m) white to light grey marble pebble 

conglomerate is exposed in banded marble. It contains rounded clasts of 

marble and rare quartzite and is matrix-supported. It is not associated 

with any pelitic material. Carbonate conglomerates are found along the 

east shore in the Narrows of the Saint John River but these are 

associated with Bpotted hornfels and included in the Martinon Formation 

(see Beetion 2.2.2). 

Areas of massive to finely bedded, black to grey to rust brown, 

meta-siltstone occur throughout the Ashburn Formation. They range in 

size from large mappable lens-shaped units to thin (<10 cm) boudinaged 

layers. Graded bedding and slump structures are locally preserved. 

These meta-siltstones are identical to lithologieB in the Martinon 

Formation. 

Like the meta-siltstone, spotted hornfels occurs throughout the 

Ashburn Formation, especially near plutonic contacts. They are also 

abundant in areas adjacent to the Caledonia-Clover Hill Fault, in and 

southwest of Saint John. The hornfels is typically grey, massive to 

moderately banded (5 to 25 cm) and locally interlayered with marble, 

thin (<50 cm) white quartzite, and calcite mylonite. It is intensely 

spotted with small (<1 cm), dark grey, oval patches of cordierite 

commonly retrogressed to large crystals of muscovite. The 

porphyroblasts are concentrated along primary bedding. Wardle (1978) 

reported the presence of andalusite but this was not confirmed in this 

study. 

} 
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Abundant quartzite occurs in the Ashburn Formation adjacent to the 

Caledonia-Clover Hill Fault and Drury Cove area. It is generally white 

to light grey, fine-grained, thinly (5 - 25 cm) to massively (<10 m) 

layered, and locally displays small-scale cross-bedding. Ripple marks 

and graded beds were reported by Wardle (1978) but none were observed 

during the present study. Locally the quartzite is well laminated, with 

laminations defined by alternating biotite-rich and poor layers. These 

rocks were termed gneissic guartzites by Leavitt (1978). Wardle (1978) 

considered the quartzite and hornfels to be the protolith of 

paragneissic units in the Brookville GneiBS. 

Mica schists are not common in the Ashburn Formation and occur 

only in the Drury Cove and Hammond River areas. Mica schists are 

typically grey, well foliated, medium- to rarely coarse-grained, and 

commonly spotted with small (<5 mm) oval patches of cordierite 

retrogressed to sericite. The foliation is usually kinked and defined 

by chlorite, muscovite, and minor biotite. 

All siliciclastic horizons in the Ashburn Formation are highly 

fractured, exhibit little lateral continuity, and occur as variably 

sized boudins in the carbonate rocks. Extreme warping of marble 

layering around these boudins and the local preservation of pristine 

pre-deformation structures and textures indicate the high ductility of 

the marble. 

The grade of metamorphism in the Ashburn Formation is difficult to 

determine because the marble is generally monomineralic. Metamorphic 

grade is best ascertained by studies of the pelitic rocks and is 

generally at albite-epidote hornfels facies; however, close to plutons 

metamorphic grade increases to hornblende-hornfels facies and rarely 

pyroxene-hornfels facies. Mica schist in the Drury Cove and Hammond 

River areas preserve what is interpreted to be a regional greenschist 

facies metamorphism with a well developed cleavage. Greenschist-facies 

metamorphism in the Drury Cove area is associated with the ductile shear 

zone (MacKay Highway shear zone of Nance and Dallmeyer, 1994) that 

| 
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separates the Ashburn Formation from the Brookville Gneiss. 

2.2.2. Martinon Formation 

The main body of the Martinon Formation is located west of Saint 

John and occupies a large area north of Ludgate Lake (Fig. 2.1, Map A). 

Rocks interpreted to be part of the Martinon Formation occur on Green 

Head Island and in the area northeast of the Saint John River (Fig. 2.1, 

Map A, Map B) where they correspond to the Narrows Formation (Unit 8) of 

Wardle (1978). The Martinon Formation consists dominantly of meta-

Biltstone and spotted hornfels, with minor banded calc-Bilicate rocks, 

quartzite, conglomerate and rare marble (Table 2.1). New outcrops of 

the Martinon Formation along Highway 7, southwest of the Saint John 

River, have exposed new units and greatly added to the understanding of 

this formation. 

The meta-siItstone is typically grey to black, fine-grained, and 

featureless. Sedimentary structures are generally difficult to find, 

but on weathered surfaces, primary sedimentary features are recognizable 

(Plate lc). However, some outcrops lack such features, and this 

suggests that the thickness of beds is greater than the dimensions of 

the outcrop. Locally the meta-siltstone is interlayered with light grey 

meta-sandstone. The meta-Bandstone is generally fine-grained and 

commonly forms thin (<10 cm) beds and channel-like structures. 

Associated with the meta-siltstone is minor, white to dark grey, fine

grained, massive quartzite. It typically forms layers less than 2 

metres wide that cannot be traced more than 50 metres along strike. 

Rarely the quartzite has thin (<10 cm), matrix-supported, conglomeratic 

lenses with clasts of quartzite and black meta-siltstone. Other 

sedimentary structures include graded and flaser bedding, cross-

laminations, and channel-fill structures. 

Close to plutonic contacts, the meta-siltstone is hornfelsic and 

spotted with cordierite. These lithologies are identical to those in 
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the Ashburn Formation (Chapter 5). 

Some units (up to several tens of metres thick) have a very 

chaotic appearance and may contain large irregular blocks (up to 10 

metres) of white marble and minor black meta-siltstone. Contacts 

between the large blocks and the matrix are highly irregular and 

commonly interdigitate. Locally it is clear that fragments of marble 

have been detached from the larger blocks. This feature is best exposed 

along Highway 7 near the northern contact with the Ashburn Formation. 

The next most abundant lithology is well banded (1 mm to 1 cm), 

white to light green to dark grey calc-silicate rocks. These are 

abundant in the Green Head Island area. The calc-silicate rocks 

typically have a striped appearance and in the southern part of the 

Martinon Formation, where they have been contact metamorphosed, they 

have been interpreted previously as gneisses (DickBon, 1983). These 

laminated rocks display abundant sedimentary features and preserve soft-

sediment deformation structures. Some of the soft-Bediment folds are 

associated with finely laminated, undisturbed meta-siltstone. These 

small-scale folds are interpreted to be penecontemporaneous with 

slumping or debris flows. Wardle (1978) suggested that this sequence of 

lithologies closely resembles the classical turbidite model proposed by 

Bouma (1962). 

Other lithologies that are characteristic of the Martinon 

Formation include a variety of conglomerates. Quartzite pebble 

conglomerate LB common throughout the formation and is more extensive 

than previously recognized (c.f. Leavitt, 1963; Wardle, 1978; Dickson, 

1983; Currie, 1991). The conglomerate layers are generally 1-2 metres 

in thickness. They are typically unsorted, matrix-supported with 

rounded, white to light grey, fine-grained quartzite clasts (<5 cm in 

diameter) and minor black siltstone and rare fine-grained marble clasts. 

They are commonly set in a dark grey to black meta-siltstone matrix and 

rarely in a carbonate-meta-siltstone matrix. Black meta-siltstone 

associated with the conglomerate is typically chaotically folded. 

' ? I 
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Quartzite-marble pebble to boulder conglomerates are rare and are 

known to occur only on the west coast of Green Head Island, the Narrows 

on the Saint John River, and in the Pokiok area (Leavitt, 1963; Wardle, 

1978; and this study). They range in thickness from 1-2 metres on Green 

Head Island and between 10-50 metres in the Narrows and Pokiok areas 

(Leavitt, 1963; Wardle, 1978). Clast content varies but is dominantly 

well-rounded quartzite with minor slab-like cobbles of calcitic and 

dolomitic marble (Plate Id). The conglomerates on Green Head Island and 

in the Narrows were reported to contain stromatolite cobble and boulder 

debris by Leavitt (1963) and Wardle (1978). The stromatolite clasts in 

the conglomerate on Green Head Island were confirmed in this study but 

were not located in the Narrows. The conglomerate is poorly sorted and 

the matrix varies from light grey to black, fine-grained feldspathic 

sandstone to calcareous sandBtone. The texture varies from clast- to 

matrix-supported. The conglomerates along the Narrows are locally 

interbedded with black laminated meta-siltstone and spotted hornfels 

that are enclosed in marble and may represent large boudins or primary 

channel fills. 

Marble pebble-cobble conglomerate is well exposed on Highway 7 and 

is also associated with the conglomerates in the* Saint John River area. 

The carbonate clasts are mainly sub-rounded and display a 1-5 mm paler-

coloured rind. In places, the clasts are very angular and slab-like and 

the rocks resemble sedimentary breccias. Minor white quartzite and 

black meta-siltstone clasts are well-rounded and pebble-sized. The 

matrix in the conglomerate is grey to buff, carbonate to sandy-carbonate 

and the texture is generally matrix supported. These carbonate 

conglomerates are locally cut by graded sandy channels. Toward the 

northern contact with the Ashburn Formation, the carbonate clasts are 

flattened into the cleavage plane, as noted by Wardle (1978). 

"lasts within the conglomeratic units appear to be intra-

forma* onal in character. No exotic clasts were observed. 

Sedimentary siliciclastic and carbonate breccias are rarely 
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developed in the Martinon Formation and are best exposed near the 

northern contact with the Ashburn Formation along Highway 7. This 

lithology consists of very irregularly shaped fragments of light grey 

carbonate and dark grey-brown meta-siltstone which commonly display 

evidence of soft-sediment deformation. This lithology was considered by 

Leavitt (1963) to be a deformed conglomerate, whereas Wardle (1978) 

interpreted it to represent a submarine slide breccia. Following the 

terminology of Hsu (1974) these chaotic deposits are better classified 

as olistostromes (Plate le) based on two lines of evidence: 

1. the olistoliths show very little variation in composition 

compared to the clasts in conglomerates. Large olistoliths are 

primarily angular white marble with subsidiary black meta-siltstone. 

Smaller olistoliths are commonly rounded and may have been eroded prior 

to incorporation into the basin by debris flows. Following the 

definition of Hsu (1974) many of the conglomerates described in section 

2.2.2. are genetically associated with olistostromes. The lack of 

exotic fragments and the homogeneity of the clasts combined with the 

lack of a sheared matrix suggests that a depositional process was 

involved in the production of the olistostrome, not a tectonic process 

(Hsu, 1974; Bailey et al., 1989; R.H. Bailey, 1992 personal 

communication). 

2. all primary sedimentary features indicate soft sediment 

deformation. Intricate infolding of silt and fine sand with delicate 

wiope of mud along the margins of the olistoliths suggests transport in 

a plastic or cohesive matrix. Following the classification proposed by 

Postma (1986) this is termed a cohesive debris flow deposit. 

A third criterion essential to the definition of an olistostrome 

is that it is stratigraphically concordant on all scales (Hsu, 1974). 

Due to the lack of outcrop exposure this cannot be satisfactorily 

proven. However, along strike northeast and southwest of the 

oliBtoatrome exposed on Highway 7 are numerous quartzite and carbonate-

bearing conglomerates which are interpreted to be correlative. Also 
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isolated outcrops of marble were fou id along strike and may represent 

poorly exposed olistoliths. 

Metamorphic grade in the Martinon Formation 1B generally at 

albite-epidote hornfela facies and increases* to hornblende-hornfels 

facies in proximity to intrusive bodieB (Chapter 5). 

The contact between the Ashburn and Martinon formations has been 

variously interpreted (see Appendix A). Field work in conjunction with 

this study suggests a sheared contact, with marble of the adjacent 

Ashburn Formation commonly deformed into tight (locally sheath) folds 

and containing varied-scale rafts/boudins of dark-coloured pelitic 

rocks. However, along the northeastern contact (Map B) lithologies of 

the Ashburn and Martinon formations are relatively undeformed and 

clearly interlayered. This suggests that the original contacts were 

locally interlayered and the Martinon and Ashburn formations are 

interpreted to be lateral facieB equivalents (section 7.1.1). 

2.2.3. Hammondvale Metamorphic unit 

The Hammondvale metamorphic unit (Barr and White, 1991a) is 

located approximately 15 km south of Sussex and forms a narrow belt 

along the northwestern margin of the Caledonia terrane (Fig. 1.3). Thia 

unit consists of mica-albite schist which is locally garnet-bearing and 

interlayered with minor marble and amphibolite. It 1B faulted against 

sedimentary, volcanic, and igneous rocks of the ca. 550 Ma Coldbrook 

Group. The northwest margin is unconformably overlain by fossiliferous 

limestone of the Carboniferous (Visean) Windsor Group and from drill 

core the schists can be traced under the Carboniferous cover to the 

northwest (McCutcheon, 1978) towards the Caledonia-Clover Hill Fault. 

The schist is generally dark grey, fine- to medium-grained, with a 

well developed foliation. Where garnet is present (<1 mm) the schist 

usually has a pinkish hue. These schists are foliated on a scale of one 

millimetre to one centimetre, being defined by alternating layers of 

I I 
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albite- and muscovite-rich bands. Quartz stringers (<1 cm by <30 cm) 

commonly lie parallel to the foliation. In areas where muscovite is 

absent the rock displays a massive, featureless texture with large (<5 

mm) subidioblastic feldspar porphyroblastB. Locally the schists exhibit 

a strong mineral lineation defined by elongate quartz ribbons and 

asymmetric albite and garnet porphyroclasts. 

Marble bands are locally abundant in the schist. They are 

typically dark to light grey, fine- to medium-grained, and thinly banded 

(<5 mm). The marble occurs as thin (1 to 2 m wide) bands that commonly 

display gradational contacts with associated schist. 

Minor dark grey to black, thin (<1 m) amphibolite layers are fine

grained and thinly laminated (<2 mm) with alternating feldspar and 

amphibole-rich layers and commonly lie parallel to foliations in the 

schist. The amphibolite displays sharp contacts with the schist and the 

original protolith is interpreted to be mafic dykes or Bills. The 

Hammondvale metamorphic unit: displays a unique metamorphic mineral 

assemblage characteristic of a low-temperature/high-pressure 

metamorphism (Chapter 5). 

Fine-grained, pink, syenogranite dykes (<2 m) intrude the 

Hammondvale Metamorphic unit. Although these metamorphic rocks are in 

faulted contact with the Caledonia terrane, the syenogranitic dykes are 

interpreted to be related to the ca. 550 Ma Bonnell Brook Pluton. 

2.3. BROOKVILLE GNEISS 

The Brookville Gneiss is a locally migmatitic (Plate If), biotite-

cordierite-J'-feldspar-bearing paragneiss with minor sillimanite, 

hornblende, and andalusite (Table 2.1). Commonly associated with the 

paragneiBB are minor calc-silicate and marble layers and rare feldspar-

rich quartzite. The paragneiss is generally dark grey to pinky-grey, 

fine- to medium-grained, with a well developed gneissic foliation. The 

paragneiBB is thinly layered (1 mm to 1 cm wide) and defined by 



34 

alternating biotite-rich, and quartzo-feldspathic bands. Where 

hornblende is present it usually defines a moderate to well developed 

lineation. Sillimanite-bearing paragneiss 1B common throughout the 

Brookville Gneiss, but is abundant in the Mackay Highway shear zone 

(Chapter 5). The migmatitic gneiBB has light grey to pink, medium- to 

rarely coarse-grained, generally thin (1 to 10 cm wide) leucosomea and 

melanoBomes, where present, are generally black, fine- to medium-

grained, and thin (1 mm to 1 cm wide). LeucoBomes are typically 

boudinaged parallel to gneissic layering and locally iaoclinally folded 

and discordant to the gneissosity. Following the classification of 

Mehnert (1971) the dominant migmatitic structures are atromatic. 

Calc-silicate layers are not common in the paragneiss. They are 

typically white to light green, coarse-grained, commonly boudinaged 

parallel to the gneissic layering. Marble bands (1 to 2 m wide) are 

typically white to light green, coarse-grained with a granoblastic 

texture, and commonly boudinaged parallel to the gneissosity. Weak 

layering is commonly observed. Feldspar-rich quartzite layers are light 

grey, medium-grained, and relatively thin (<50 cm). These layers are 

commonly parallel to gneissic layering, but locally they are tightly 

folded. 

Metamorphic grade, as determined from the mineral assemblage 

cordierite + biotite + K-feldspar + sillimanite in the paragneiBB, 

indicates low-presBure/high-temperature metamorphism, characteristic of 

the upper amphibolite facies (Chapter 5). 

Associated with the paragneiss are sheets of granodioritic to 

tonalitic orthogneiss. They are typically grey, medium-grained, and 

moderately to strongly foliated. The foliation (<5 mm wide) is defined 

by alternating biotite-rich and quartzo-feldspathic layers. Biotite 

schlieren are.commonly elongate parallel to the foliation. The 

orthogneiss commonly exhibits a strong mineral lineation defined by 

elongate aggregates of feldspar and quartz. 

AmphiboliteB in the Indiantown area are interpreted to be related 
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to the Brookville Gneisa. They are thinly (2 mm) to thickly banded (<10 

cm), medium-grained with alternating hornblende/biotite-rich and 

plagioclase-rich layers. Locally the plagioclase and hornblende define 

a weak eaat-west-trending horizontal lineation. The amphibolite 

contains small (<5 cm x <2 cm), finer-grained, lens-ahaped amphibolite 

inclusions that are interpreted to represent pre-metamorphic mafic 

dykes. The amphibolite is associated with lenses and dykeletB of 

foliated tonalite that generally lie parallel to the foliation but are 

locally croaB-cutting and iaoclinally folded. They are textur-lly and 

ittineralogically identical to the tonalitic varieties in the 

granodioritic to tonalitic orthogneiss. It is unclear if the tonalitic 

stringers represent a metamorphic segregation from the amphibolite or is 

related to the intrusion of the orthogneiss. In the Indiantown area the 

amphibolite is completely enclosed by plutonic units. 

Amphibolite layers within the paragneiss are rare. They are 

commonly dark green, thin (<1 m) and boudinaged parallel to the gneissic 

foliation. They generally have sharp contacts with the gneiss and are 

interpreted to be pre-metamorphic mafic dykes or sills, possibly related 

to the amphibolite in the Indiantown area. 

The paragneiss and orthogneiss are intruded by rare, light grey, 

fine- to medium-grained granodiorite dykes/sills. The dykes are 

generally thin (<2 m), weakly to moderately foliated, and concordant 

with the gneissic foliation but are locally cross-cutting and 

boudinaged. These are interpreted to be pre- to syn-metamorphic and 

correspond to the quartz diorite dykee described by Wardle (1978, p. 

142). The Brookville Gneiss is intruded by unfoliated pink, fine- to 

coarse-grained pegmatite dykes which are locally cut by fine-grained 

mafic dykes. 

Wardle (1978) divided the gneiss in the Saint John area into three 

separate units, termed the Brookville, Rockwood Park, and Pleasant Point 

gneiaaee, based on geographic location. However, subsequent studies 

have grouped these units together under the term Brookville Gneiss (e.g. 

F? 
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Currie et al., 1981; and this study). The geographic locations of 

Wardle (1978) are retained in the following summary only to facilitate 

description of the field relations. 

The gneisses exposed on the southern part of Green Head Island 

(Map B) and southeast of South Bay (Pleasant Point gneisses of Wardle, 

1978) consist of chaotically folded orthogneiss ("swirled orthogneisB" 

of Wardle, 1978). Paragneiss is associated with the orthogneiss along 

its southern margin and also occurs locally with marble as small 

xenoliths. An area previously interpreted as paragneiss along the 

contact with the Fairville pluton (cf. Wardle, 1978) is considered part 

of the Green Head Group (see Chapter 5). A brittle fault forms the 

northwestern contact with marbles of the Ashburn Formation; however, 

large, fractured boudina of paragneiss occur locally in the marble close 

to the contact. On the southeastern margin, the gneisses were intruded 

by the Fairville Granite. Gneissic xenolitha are common in the 

Fairville pluton close to the contact. 

The Rockwood Park gneiss (Wardle, 1978) is exposed in a small 

narrow belt in the Rockwood Park area. It consists of a mixture of 

paragneiss and orthogneiss with minor thin marble layers. The 

northeastern contact with marbles of the Ashburn Formation is marked by 

a linear topographic low and, where exposed, this contact is a brittle 

fault. GneiBsic boudins were not observed in the adjacent marble, 

although biotite schists have been reported there (Wardle, 1978). The 

southern margin of the gneiss has been intruded by dioritic and granitic 

rocks. Within the Rockwood Park gneiss, Wardle (1978) included a belt 

of gneiss and biotite Bchist that extends discontinuously from south of 

Rockwood Park to the Saint John River, This belt of "gneisa and schist" 

was later mapped as highly deformed zone of granitoid rocks with minor 

gneiss, amphibolite, quartzite, and marble (White et al., 1990b, and 

this study). This highly deformed zone is associated with the 

Caledonia-Clover Hill Fault (Chapter 3). 

The Brookville gneiss (as originally defined by Wardle, 1978) is 
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the largest exposure of gneiss. It forms a belt that widens eastward 

from Coldbrook to Rothesay and consists dominantly of paragneiss with 

minor layers of granodioritic to tonalitic orthogneiss, marble, calc-

silicate rocks and feldspar-rich quartzite. On its southeastern margin 

the gneiss is in faulted contact with volcanic rocks of the Caledonia 

terrane (Caledonia-Clover Hill Fault). The eastern margin has been 

intruded by the French Village Quartz Diorite and the Duck Lake Gabbro. 

The northwestern contact with marbles of the Ashburn Formation is well 

exposed along Highway 1 (MacKay Highway), where a wide northeast-

trending ductile shear zone (MacKay Highway shear zone of Nance and 

Dallmeyer, 1994) juxtaposes the gneiBS with marbles of the Ashburn 

Formation (Bee Chapter 3). 

2.4. DIPPER HARBOUR VOLCANIC UNIT 

The Dipper Harbour volcanic unit (McLeod et al., 1994) (previously 

the Meadow Cove volcanic unit of Rast et al., 1978b) is a suite of 

volcanic rocks that outcrops in the Bouthwest part of the Brookville 

terrane in the Dipper Harbour area. Two main areas of volcanic rocks 

have been delineated and subdivided into three distinct lithological 

packages (Table 2.1) that are part of a single thrust sheet. This 

includes: 1) a dominantly rhyolitic unit which consists of rhyolitic ash 

flows, flow-banded rhyolite, and associated lithic-rich tuff; 2) an 

andesitic to dacitic lithic-rich tuff unit and, 3) a mixed andesitic to 

rhyolitic tuff unit with minor sedimentary rock<*. A detailed 

petrographic description of the Dipper Harbour volcanic unit is 

presented in Chapter 4. 

As outlined in Chapter 1, the Dipper Harbour volcanic unit has 

been interpreted to be interlayered with carboniferous sedimentary rocks 

and intruded and metamorphosed by Carboniferous granites, then dissected 

by a series of thrust sheets (e.g. Rast and Skehan, 1991). Others 

suggested the volcanic rocks and associated plutons are Precambrian 
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(Neoproterozoic) and lithologically similar to the Coldbrook Group (e.g. 

Currie and Nance, 1983). 

Detailed mapping during the present study failed to identify any 

contact metamorphic effects from the granitoid plutons. Clear 

unconformities were recognized (most overturned) with basal 

conglomerates that contained fragments of the underlying granite and 

volcanic units. Volcanic rockfl arcs locally interlayered with minor 

sedimentary rocks. However, the sedimentary rocks do not resemble any 

unit in the Carboniferous formations and rare clasta occur in the 

overlying basal conglomerate suggesting that these sedimentary rocks, 

and associated volcanic rocks, are older than Carboniferous. Other 

sedimentary rocks mapped as Green Head Group (e.g. Alcock, 1959; Rast 

and Grant, 1973b; Rast et al., 1978b; Dickson, 1983; Rast and Skehan, 

1991) are also considered to be part of the Dipper Harbour volcanic 

unit. 

TheBe observations are confirmed by recent geochronology. A 

rhyolite ash flow within the Dipper Harbour volcanic unit in the Dipper 

Harbour area has yielded a poorly constrained U-Pb age of ca. 555 Ma. 

(Zain Eldeen et al., 1991; Zain Eldeen- 1991). A U-Pb age of ca. 550 Ma 

(see Chapter 6) was obtained from the Musquash Harbour pluton (Currie 

and Hunt, 1991). This appeared to confirm an affinity with the 

Coldbrook Group in the Caledonia terrane (Currie and Hunt, 1991; Zain 

Eldeen, 1991) which lrd Eby and Currie (1993) to correlate the Dipper 

Harbour volcanic unit and related granite to a Late Proterozoic to 

Ordovician supracrustal package that included the Saint John Group. 

This interpretation is not confirmed in this study. The volcanic rocks 

are clearly associated with the granites; however, these granitic rocks 

locally intrude Cambrian plutons and marbleB interpreted to be 

equivalent to the Ashburn Formation (see Appendix B). This led White 

(1994) and White and Barr (in press) to correlate the volcanic and 

granitic rocks with the Brookville terrane. 



2.5. PLUTONIC UNITS 

Traditionally all the plutonic units in southern New Brunswick, 

together with various gneissic rocks, were included in a single 

assemblage, assumed to be Late Precambrian (Neoproterozoic), termed the 

Golden Grove Intrusives or Golden Grove Intrusive Complex or Suite (see 

Appendix A). White et al. (1990b) proposed that the term Golden'Grove 

Intrusive Suite be abandoned because it is not clear that these plutons 

belong to a single intrusive suite, and suggested the uBe of individual 

pluton names following, as closely as possible, the names established by 

Hayes and Howell (1937). As a result of detailed mapping and 

petrological studies, many of the previously defined plutonic units and 

boundaries have been subdivided, redefined, and renamed following as 

closely as possible the recommendations of the International 

Subcommission on Stratigraphic Classification (1987). Detailed 

descriptions of the redefined plutonic units and dykes are presented in 

Appendix B and detailed petrography in Chapter 4. 

These plutonic units range in composition from gabbro to granite 

(Table 2.2), and have been interpreted to have formed in a continental 

magmatic arc setting (Dickson, 1983; Deveau, 1989; White et al., 1990b; 

White and Barr, in press). These igneous units broadly resemble the 

610-625 Ma plutons of the Caledonia terrane; however, geochronology 

(Chapter 6) indicates that most are considerably younger (< ca. 548-537 

Ma). 

2.6. CAMBRIAN-ORDOVICIAN UNITS 

The Cambrian-Ordovician rocks in the Brookville terrane are 

included in the present study in order to compare their structural and 

metamorphic style with other units in the terrane. The stratigraphy and 

lithological descriptions of Hayes and Howell (1937) and Tanoli and 

Pickerill (1988, 1990) have been only slightly modified (Table 2.3). 
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Sedimentary rocks of the Cambrian-Ordovician Saint John Group lie 

conformably on the Coldbrook Group in the Caledonia terrane. However, 

along the shores of Kennebecasis Bay the Saint John Group occurs as 

small fault Blivers in direct contact with marbles of the Ashburn 

Formation and granitic rocks of the Renforth and Milkish Head plutons. 

Exposed on Kennebecasis Island and Milkish Head are fault-bounded 

slivers of the Middle Cambrian Forest Hills Formation (Tanoli and 

Pickerill, 1988; previously assigned to the Foasil Brook and Porter Road 

formations of Hayes and Howell (1937) and Alcock (1938)). This unit 

consists of highly folded, light to dark grey, laminated siltstone and 

sandstone, massive mudstone, and minor limestone nodules. It contains 

numerous brachiopod and trilobite fragments and trace fossils. 

The Middle to Upper Cambrian King Square Formation (Tanoli and 

Pickerill, 1988; previously assigned to the Hastings Cove and Agnostus 

Cove formations of Hayes and Howell (1937) and Alcock (1938)) outcrope 

on Long iBland and at Sand Point and Hastings Cove. This fault-bounded 

unit consists of thinly interbedded grey fine-grained sandBtone, 

micaceous shale and siltstone, and minor limestone lenses and nodules. 

The King Square Formation also outcrops in the Reversing Falls area 

where it is juxtaposed with the Ashburn Formation along the Caledonia-

Clover Hill Fault. 

Massive sandstone of the Lower Cambrian Glen Falls Formation was 

reported to outcrop in the Hastings Cove area (Hayes and Howell, 1937; 

Alcock, 1938; Wardle, 1978; Tanoli and Pickerill, 1988). However, new 

exposures of conglomerate associated with this poorly indurated 

sandstone contain Renforth and Milkish Head granitic clasts and rare 

plant fragments that led White et al. (1990b; and this study) to exclude 

these rocks from the Glen Falls Formation and asaign them to the 

Devonian to Carboniferous Kennebecasis Formation. A summary of the 

field characteristics is given in Table 2.3. 
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2.7. DEVONIAN TO CARBONIFEROUS UNITS 

In the past, the Devonian to Carboniferous stratigraphy in the 

study area has been very problematic and controversial (see Appendix A 

and section 1.2). However, recent work by Currie and Nance (1983), 

Nance (1985, 1986a, 1987b), Caudill and Nance (1986), Caudill (1989), 

St. Peter (1993) and this study has clarified many of these problems. 

The Devonian to Carboniferous units in the Brookville terrane can be 

divided into a zone that extends northeast from Saint John and another 

zone that extends to the southwest. 

2.7.1. Northeastern zone 

The northeastern zone consists of red to red-brown conglomerate, 

sandstone, siltBtone, minor limestone, and rare white massive sandstone 

of the Devonian to Carboniferous Kennebecasis Formation, and is 

generally restricted to the Kennebecasis Bay area (Table 2.3). This 

formation was interpreted to be preserved in a half-graben (Wardle, 

1978) northwest of Kennebecasis Bay, bounded on the north by the 

Petitcodiac Fault (van de Poll, 1970) (later renamed the Kennebecasis 

Fault) and on the south by the MilkiBh Head Fault (E. Grant, 1972). 

Bedding orientations dip shallowly to the northwest and the rockB are 

folded against the Kennebecasis Fault (E. Grant, 1972; O'Brien, 1976; 

Wardle, 1978). In the Millidgeville area southeast of the half-graben, 

the Kennebecasis Formation rests unconformably on marbles of the Ashburn 

Formation and on the Mayflower Lake pluton and is very gently folded. 

Farther northeast the Memramcook Formation (interpreted to be distal 

equivalent of Kennebecasis Formation defined by Pickerill et al., 1985) 

overlies the Renforth and Hammond River plutons and the Ashburn 

Formation. The southeaetern margin of the Hammond River Granite and the 

Memramcook Formation are in faulted contact (Caledonia-Clover Hill 

Fault) with red to grey mudstone, sandstone and conglomerate of the 

r 
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Upper Carboniferous Hopewell Group (St. Peter, 1993; McLeod et al., 

1994). 

On the wect shore of Grand Bay a small body of Kennebecasis 

Formation (Ruitenberg et al., 1975, 1979) is in faulted contact with the 

Kingston Complex to the north and the Henderson Brook Granite to the 

south; however, locally the conglomerate rests unconformably on the 

granite. These strata were previously considered to be Eocambrian 

(Currie 1986a, b, 1987a, 1988a, 1989a; Currie and Hunt, 1991) and 

related to the Cambrian to Ordovician Saint John Group (McLeod et al., 

1994). A small wedge-shaped area of white quartz sandstone and 

conglomerate that outcrops in the Hastings Cove area is interpreted to 

be equivalent to the Kennebecasis Formation (section 2.6). 

2.7.2. Southwestern zone 

Rocks in the southwestern zone (Musquash-Dipper Harbour thrust 

belt) were traditionally termed the Mispec Group; however, this term has 

since been abandoned and the area divided into three formations. The 

oldest unit, the Lower Mississippian Parleeville Formation of the 

Windsor Group (McCutcheon, 1981, 1964, 1985), consists of grey to red-

grey, stromatolitic and thinly bedded limestone (Table 2.3). This 

formation is best preserved along the west she.:, of Musquash Harbour 

where it unconformably rests on the Musquash Harbour Granite. This 

formation is also reported elsewhere in this zone (e.g. McCutcheon, 

1985) but was not confirmed by the present study. Currie (1987a; 1988a) 

grouped the Parleeville Formation into the basal unit of the BallB Lake 

Formation. 

The Westphalian A to C (Middle to Upper Middle Pennaylvanian) 

Balls Lake Formation (Caudill and Nance, 1986) consists of locally well 

cleaved and folded, polymictic, red conglomerate, sandstone, and 

siltstone with minor slate and rare thin carbonate lenaea (Table 2.3). 

ClastB within the conglomerates appear to be locally derived volcanic 
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and granitic rocks with rare limestone pebbles (Stringer and Wardle, 

1973). The contact with the older Parleeville Formation was not 

observed. However, several unconformable contacts between the Balls 

Lake Formation and the Musquash Harbour Granite and Dipper Harbour 

volcanic unit were observed and these were consistently overturned. 

The Westphalian C Lancaster Formation (Caudill and Nance, 1986) is 

interpreted to gradationally overlie the Balls Lake Formation (Currie, 

1986a, b, 1987a, 1988a). Eased on field observations these contacts are 

always tectonic, marked by thruBt faults, confirming the interpretation 

of Zain Eldeen (1991). The Lancaster Formation consists of locally 

cleaved, grey lithic sandstone and conglomerate with black carbonaceous 

lenses that are locally coal-bearing (Table 2.3) (Wright and Clements, 

1943). This formation is less cleaved and folded than the Balls Lake 

Formation. Palynomorphs collected from the interpreted base of 

Lancaster Formation indicate a Westphalian C age for these rocks (Teng, 

1978 in Ruitenberg et al., 1979). 

Strata similar to the Balls Lake Formation are exposed in a narrow 

belt that extends from West Branch Reservoir Bouthwestward to Lepreau 

Harbour. This belt of rocks is faulted (Lepreau Fault of Dickson, 1983) 

along the northwestern margin with the Lepreau Pluton, whereas the 

southeastern margin rests unconformably on the Lepreau Harbour 

Granodiorite. These rocks are moderately folded and display a weak 

fracture cleavage (Stringer and Wardle, 1973; Sarjeant and Stringer, 

1978; Stringer, 1978; stringer and Burke, 1985). Reptile tracks 

discovered in sandstone were initially interpreted to be Triassic in age 

(Sarjeant and Stringer, 1978); however, palynological studies (Barss, 

1983 in Stringer and Burke, 1985; p. 4) and the presence of 

fossiliferous Visean limestone (written communication, M. McLeod, 1992) 

indicate a Lower Carboniferous age for this unit and suggest that the 

tracks were miBidentified. 

Similar strata are exposed in a discontinuous linear belt along 

the shores of Spruce Lake to Musquash Harbour. This belt of rocks is 
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fault-bounded and locally overturned and contains clasts of the 

underlying lithologies. These strata were previously considered to be 

part of the Lancaster Formation (Rast and Grant, 1973b; Dickson, 1983), 

or an Eocambrian sequence (Currie, 1986a, b; 1987a; 1988a; 1989a; Currie 

and Hunt, 1991), or part of the Lorneville Volcanics (McLeod et al., 

1994). The lithologies appear to be identical to those in the Balls 

Lake Formation and the unit is included here in the Ball Lake Formation. 

Carboniferous sedimentary rocks in the Musquash-Dipper Harbour 

thrust belt were interpreted to reflect deposition that occurred ahead 

of, and was subsequently overridden by, advancing thrust sheets (Currie 

and Nance, 1983; Currie, 1984; Nance, 1985; Caudill and Nance, 1986; 

Caudill, 1989). However, field evidence collected during this study 

suggests that the Parleeville and Balls Lake formations were deposited 

prior to the thrusting event (see Chapter 3). 

2.8. TRIASSIC UNITS 

Rocks of the Middle to Upper Triassic Lepreau Formation occur in 

the extreme southwestern part of the Brookville terrane, along Maces Bay 

(Stringer and Wardle, 1973; Sarjeant and Stringer, 1978; Stringer, 1978; 

Stringer and Burke, 1985). They consist of gently folded, red to red-

brown coarse breccia, conglomerate, and sandstone with clasts of 

adjacent older units (Table 2.3). They are in faulted contact along the 

northeastern margin with older units. Currie (1987a, 1989a) mapped this 

contact as an unconformity in this area but that could not be confirmed 

in this study. 

I 



STRATIFIED UNITS 

LATE DEVONIAN AND YOUNGER 

Sedimentary rocks 

PLUTONIC UNITS 

ORDOVICIAN TO SILURIAN (?) 

BAY OF FUNDY 

Figure 2.1. Simplified geology map of the Brookville terrane. Boxed numbers refer to individual plutons 
(see Table 2.2). Abbreviations: KB = Kennebecasis Bay; GHI = Green Head Island; DG = deformed 
granitoid rocks. 



Table 2.1. Summary of main field characteristics of metamorphic and volcanic units. 

FORMATION 
(MAP QUIT)1 

GENERAL 
LITHOLOGY CONTACTS 

METAMORPHIC 
GRADE 

OTHER FIELD 
OBSERVATIONS 

ASHBURN calcite marbles (grey 
FORMATION to white; f.g. to 

e.g.); minor dolomite 
(pink to cream; m.g); 
minor quartzite, 
siltstone, and 
spotted hornfels 

dominantly faulted; 
locally intruded by 
plutons and dykes; 
unconformably over
lain by Kennebecasis 
Formation. 

albite-epidote to 
rare pyroxene-
hornfels facies; 
minor regional 
greenschist facies 

rare stromatolites; 
boudinaged clastic 
layers and dykes; 
calcite mylonites; 
rare mica schist 

MARTINON pelitic rocks (grey 
FORMATION to black; f.g.); 

minor calc-silicate, 
quartzite, conglomer-
ate, and marble 

dominantly faulted; 
locally intruded by 
plutons and dykes 

albite-epidote 
hornfels facies, 
locally hornblende-
hornfels facies 

sedimentary structures 
preserved; graded and 
crossbedding, channel 
and slump structures, 
olistostromes 

BROOKVILLE 
GNEISS 

paragneiss and 
orthogneiss; locally 
migmatic; minor 
amphibolite, marble 
and calc-silicate 
rocks 

fau'ted; locally 
intruded by plutons 
and dykes 

upper amphibolite 
facies 

garnet absent; 
cordierite common; 
mineral lineation in 
orthogneiss; rare 
quartzite 

DIPPER rhyolitic ash flows, 
HARBOUR lithic and crystal-
VOLCANIC rich tuff; andesitic 
UNIT lithic tuff; minor 

siltstone and marble 

dominantly faulted; 
intruded by plutons 
and mafic dykes; 
unconformably 
overlain by 
Parleeville and Balls 
Lake formations 

sub-greenschisfc 
facies 

quartz and feldspar 
crystals common in 
felsic volcanic rocks; 
siltstone laminated; 
overturned unconform
ities; no mafic flows 
observed 

Refer to Figure 2.1 and Map A for unit distribution. 

en 



Table 2.2a. Characteristics of the dioritic to granodioritic plutons in the Brookville terrane. 

PLCTOH1 

RND AGE2 
GENERAL 
LITHOLOGY TEXTURE CONTACTS 

OTHER FIELD 
OBSERVATIONS 

LUDGATE LAKE 
GRANODIORITE 
ca. 546 Ma 

<D 

grey to grey-green 
granodiorite to 
tonalite 

f.g. to m.g., 
hypidiomorphic 
equigranular 

intrusive into Martinon 
Fm. and faulted against 
Spruce Lake Pluton; 
locally intruded by 
Prince of Wales Granite 

xenoliths of metaBilt-
Btone; enclaves of 
f.g. diorite to 
tonalite; locally 
foliated; aplite dykee 

SPRUCE LAKE 
PLUTON 
ca. 546 Ma? 

(2) 

light grey to black 
quartz diorite to 
tonalite; minor 
granodiorite 

m.g. to e.g., 
hypidiomorphic 
equigranular to 
inequigranular 

generally faulted; 
intrusive into Ashburn 
Fm. and intruded by 
Prince of Wales Granite 

xenoliths of metasilt-
stone and marble; 
dioritic enclaves; 
locally foliated; 
locally phenocrysta of 
quartz and plagioclase 

ROCKWOOD PARK 
GRANODIORITE 
ca. 538 Ma 

ill 

grey tonalite to 
granodiorite 

m.g. foliated, 
hypidiomorphic 
equigranular 

poorly exposed; 
intrusive into Ashburn 
Fm. 

forms two bodies; 
elongate dioritic to 
tonalitic enclaves 

FRENCH VILLAGE 
QUARTZ DIORITE 
and other 
dioritic plutons 
ca. 537 Ma 

<4) 

dark grey to black, 
light grey to white 
diorite to tonalite 

m.g. to e.g., 
hypidiomorphic 
equigranular to 
inequ igiranu 1 ar 

faulted contacts; 
intrusive into 
Brookville Gneiss and 
Ashburn Fm. 

xenoliths of marble, 
quartzite and gneiss; 
dioritic enclaves; 
locally foliated and 
porphyritic with 
phenocrysta of quartz 

BELMONT TONALITE 
>ca. 531 Ma 

(5) 

light to dark grey 
tonalite grada-
tional to quartz 
diorite and 
granodiorite 

m.g., allotri-
morphic to 
hypidiomorphic 
equigranular; 
locally 
inequigranular 

intrusive into Martinon 
Fm.; intruded by 
Henderson Brook Granite 

xenoliths of marble, 
metaailtstone, quart
zite; locally 
foliated; f.g. 
granite/aplite dykeB 

PERCH LAKE 
GRANODIORITE 
>ca. 530 Ma 

(6) 

light to dark grey 
granodiorite 

m.g., hypidio
morphic equi
granular to 
inequigranular 

intrusive into Martinon 
Fm.; intruded by Prince 
of Wales Granite 

dioritic to tonalitic 
enclaves; foliated 
near contacts with 
Martinon Fm. 



Table 2.2a. Continued. 

PLUTON1 

AND AGE2 
GENERAL 
LITHOLOGY TEXTURE CONTACTS 

OTHER FIELD 
OBSERVATIONS 

SHADOW LAKE 
GRANODIORITE 
>ca. 527 Ma 

<7) 

grey granodiorite 
to tonalite 

m.g. to e.g., 
hypidiomorphic 
to allotri-
morphic inequi
granular 

poorly exposed or 
faulted; sharp contact 
with Hanson Stream 
pluton and intruded by 
Harvey Hill pluton 

varied scaled and 
elongate dioritic to 
tonalitic enclaves; 
magma mixing/mingling 
textures; locally 
foliated; f.g. 
granlte/aplite dykes 

TALBOT ROAD 
GRANODIORITE 
>ca. 521 Ma 

(8) 

grey to pink grano
diorite to tonalite 

f.g. to m.g. 
hypidiomorphic 
equigranular to 
locally inequi
granular 

poorly exposed; 
faulted 

locally forms two bodies; 
dioritic to tonalitic 
enclaves; locally 
foliated; f.g. 
granite/apllte dykes 

RENFORTH PLUTON 
(9), MAYFLOWER 
LAKE (10), 
NARROWS (11), 
AND ACAMAC (12) 
TONALITES 
>ca. 511 Ma 

dark grey to red, 
quartz diorite to 
tonalite, locally 
granodioritic 

f.g. to m.g., 
hypidiomorphic 
equigranular; 
locally 
a1lotrimorphic 
inequigranular 

generally faulted; 
intrusive into Ashburn 
Fm. and French Village 
Quartz Diorite; uncon
formably overlain by 
Devonian-Carboniferous 
sedimentary rocks 

dioritic to tonalitic 
enclaves; locally 
porphyrinic with 
phenocryats of 
plagioclase; locally 
mineralized along 
shear zones 

1 Numbers in parenthesis refer to plutons in Figure 1.3 and 2.1. Also refer to Map A for pluton distribution. 
2 AgeB quoted from White et al. (1990), Bevier et al. (1991), Currie and Hunt (1991), Dallmeyer and Nance 

(19S2), and this study. 



Table 2.2b. Characteristics of the monzogranitic to granodioritic plutons in the Brookville terrane. 

PLUTOM1 

AND AGE2 
GENERAL 
LITHOLOGY TEXTURE CONTACTS 

OTHER FIELD 
OBSERVATIONS 

FAIRVILLE 
GRANITE 
ca. 548 Ma 

(13) 

GAYTON GRANITE 
ca. 548 Ma? 

(15) 

pink to orange 
monzogranite to 
granodior ite 

e.g. hypidio
morphic inequi
granular 

strongly deformed 
southeast contacts; 
intrusive into 
Brookville Gneiss and 
Ashburn Fm. 

xenoliths of gneias 
and marble; rare 
dioritic enclaves; 
rnegacrysta of K-
feldapar 

CHALET LAKE 
GRANITE 
ca. 548 Ma? 

(14) 

orange monzogranite 
to granodiorite 

e.g. hypidio
morphic inequi
granular 

poorly exposed; 
intruaive into Ashburn 
Fm. 

megacrysts of K-
feldspar; tectonic 
foliation 

pink to orange 
monzogranite to 
granodiorite 

e.g. hypidio
morphic inequi
granular 

locally faulted; 
unconformably overlain 
by Carboniferous 
sedimentary rocks 

tectonic foliation and 
brecciated; rnegacrysta 
of K-feldspar; 
flourite common 

HAMMOND RIVER 
GRANITE 
<ca. 537 Ma? 

(16) 

pink to orange 
monzogranite to 
granodiorite 

f.g. to e.g. 
hypidiomorphic 
equigranular to 
inequigranular 

intruaive into Ashburn 
Fm. and French Village 
pluton; unconformably 
overlain by Devonian to 
Carboniferous 
sedimentary rocks 

xenoliths of marble, 
amphibolite, and 
gneiss; rare elongate 
dioritic enclaves; 
locally foliated; 
similar to Cassidy 
Lake inlier 

MILKISH HEAD 
PLUTON 
<ca. 531 Ma? 

(17) 

pink to red 
monzogranite to 
granodiorite 

e.g. hypidio
morphic inequi
granular monzo
granite; m.g. 
hypidiomorphic 
equigranular 
granodiorite 

faulted and locally 
mylonitic along 
northern contact 

rare dioritic to 
tonalitic enclaves; 
large phenocrysta of 
quartz common; f.g. 
granite/aplite dykes 



Table 2.2b. Continued. 

PLUTON1 

AND AGE2 
GENERAL 
LITHOLOGY TEXTURE CONTACTS 

OTHER FIELD 
OBSERVATIONS 

HANSON STREAM 
GRANODIORITE 
>ca. 528 Ma? 

(18) 

grey to light grey 
granodiorite to 
monzogranite 

e.g. hypidio
morphic ineqi-
granular 

poorly exposed; 
intruded by Harvey Hill 
pluton 

email rounded dioritic 
to tonalite enclaves; 
phenocrysts of quartz; 
interstitial K-
feldspar; f.g. granite 
aplite dykes 

LEPREAU PLUTON 
>ca.528 Ma? 

<*9> 

grey to black 
quartz diorite to 
monzogranite 

m.g. to e.g. 
hypidiomorphic 
inequigranular 

entirely faulted magma mingling/mixing 
textures present. 

LEPREAU HARBOUR 
GRANODIORITE 
>ca. 528 Ma? 

(20) 

grey to green-grey 
granod ior its 

m.g. hypidio
morphic inequi
granular 

poorly exposed; 
unconformably overlain 
by Carboniferous 
sedimentary rocks 

rare small rounded 
dioritic to tonalitic 
enclaves 

' Numbers in parenthesis refer to plutons in Figure 1.3 and 2.1. Also refer to Map A for pluton distribution. 
2 Ages quoted from White et al. (1990), Bevier et al. (1991), Currie and Hunt (1991), Dallmeyer and Nance 

(1992), and this study. 
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Table 2.2c. Characteristics of the syenogranitic to monzogranitic plutons in the Brookville terrane. 

PLUTON1 

AND AGE2 
GENERAL 
LITHOLOGY TEXTURE CONTACTS 

OTHER FIELD 
OBSERVATIONS 

HENDERSON BROOK 
GRANITE 
ca. 537 Ma? 

(21) 

red to orange 
monzogranite tp 
granodiorite 

m.g. to e.g. 
hypidiomorphic 
to allotri-
morphic equi
granular 

northern contcat 
faulted; intrusive into 
Belmont pluton; 
unconformably overlain 
by Carboniferous 
sedimentary rocka 

leucocratic and 
granophyric; xenoliths 
of marble and 
metasiltetone 

MUSQUASH HARBOUR 
GRANITE 
ca. 537 Ma 

(22) 

pink monzogranite 
to syenogranite; 
grey-green grano
diorite to quartz 
diorite 

m.g. to e.g., 
hypidiomorphic 
inequigranular 
to equigranular 

faulted contacts; 
intrusive into Ashburn 
Fm.; unconformably 
overlain by 
Carboniferous limestone 

composite pluton; 
syenogranite 
granophyric; f.g. 
granite/aplite dykes 
in granodiorite to 
quartz diorite parts 

JARVIES LAKE 
(23) and 
CRANBERRY HEAD 
(24) 
SYENOGRANITE 
ca. 537 Ma. 

pink to maroon to 
oranqe syenogranite 
to monzogranite 

m.g. to e.g. 
hypidiomorphic 
to allotri-
morphic equi
granular to 
equigranular 

thrust faulted; 
interpreted to be 
intrusive into Dipper 
Harbour volcanic unit 

locally highly 
fractured and 
albitized; 
leucrocratic; 
granophyric; aplite 
veins common 

PRINCE OF WALES 
GRANITE 
ca. 537 Ma? 

(25) 

pink monzogranite 
to syenogranite 

m.g., allotri-
morphic to 
hypid iomorphic 
equigranular to 
inequigranular 

locally faulted; 
intrusive into Perch 
Lake, Ludgate Lake, and 
Spruce Lake plutons 

locally tectonic 
foliation; 
leucrocratic and 
granophyric 

HARVEY HILL 
SYENOGRANITE 
<ca. 527 Ma? 

(26) 

pink to maroon 
8yenogran ite 

f.g. allotri-
morphic to 
hypidiomorphic 
inequigranular 

faulted; intrusive into 
Shadow Lake and Hanson 
Stream plutons 

leucrocratic and 
granophyric; locally 
subporphyritic; minor 
muscovite and rare 
garnet 

1 Numbers in parenthesis refer to plutons in Figure 1.3 and 2.1. Also refer to Map A for pluton distribution. 
2 Ages quoted from White et al. (1990), Bevier et al. (1991), Currie and Hunt (1991), Dallmeyer and Nance 

(1992), and this study. 



Table 2.2d. Characteristics of gabbroic and ultramafic unite in the Brookville terrane. 

PLUTON1 

AND AGE2 
GENERAL 
LITHOLOGY TEXTURE CONTACTS 

OTHER FIELD 
OBSERVATIONS 

DUCK LAKE (27), 
INDIANTOWN (28), 
and COVERDALE 
(29) PLUTONS 
ca. 440 Ma? 

black to white, 
varied ultramafic, 
gabbroic, and 
anorthositic rocks 

varied texture; 
inequigranular; 
layered 
intrusion 

poorly exposed; 
intrusive into French 
Village pluton and 
Brookville Gneiss 

undeformed; locally 
pegmatoidal 

1 Numbers in parenthesis refer to plutons in Figure 1.3 and 2. 
2 Age quoted from White and Barr (in press) and this study. 

Also refer to Map A for pluton distribution. 
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Table 2.3. Summary of main field characteristics of sedimentary unite. 

FORMATION 
(MAP UNIT)1 

FOREST HILLS 
FORMATION 

GENERAL 
LITHOLOGY CONTACTS AGP. 

OTHER FIELD 
OBSERVATIONS 

grey, laminated siltstone 
and sandstone, massive 
mudetone, and minor 
limestone 

lower and upper contacts 
faulted 

Middle 
Cambrian 

fossiliferous, 
folded and 
locally cleaved 

KING SQUARE 
FORMATION 

grey, sandstone, silt-
atone, minor limestone 
nodules 

lower and upper contacts 
faulted 

Middle to 
Upper Cambrian 

micaceous, 
mildly folded, 
fossiliferous 

KENNEBECASIS 
FORMATION 

red to red brown, 
conglomerate, sandstone, 
siltstone, minor limestone 
and white sandstone 

generally faulted, locally 
unconformable on older 
units 

Upper Devonian 
to Lower 
Carboniferous 

mildly folded, 
found in the 
Saint John area 

MEMRAMCOOK red conglomerate, 
FORMATION sandstone, and siltstone 

unconformable on older 
units 

Upper Devonian 
to Lower 
Carboniferou a 

folded, found 
northeast of 
Saint John 

PARLEEVILLE 
FORMATION 

grey, stromatolitic, thin 
bedded limestone 

lo«?er contact unconform
able on Musquash Harbour 
Syenogranite and Meadow 
Cove volcanic unit; upper 
contact not exposed 

Lower 
Carboniferous 
(Visean) 

fossiliferous 

BALLS LAKE red to purple 
FORMATION conglomerate, siltstone, 

and ehale, rare carbonate 
lenses 

unconform-able on Musquash 
Harbour Syenogranite and 
Meadow Cove volcanic unit; 
upper contact not exposed 

Westphalian A 
to C 

folded, 
cleaved, and 
typically 
overturned 

LANCASTER 
FORMATION 

grey, lithic sandstone and 
conglomerate, minor 
carbonaceous lenses 

lower contact conformable? 
with Balls Lake Formation; 
upper contact not exposed 

Westphalian C locally coal-
bearing and 
cleaved 

LEPREAU 
FORMATION 

red to red-brown coarse 
breccia/conglomerate and 
sandstone 

faulted contacts Triaaaic gently folded, 
clasts of older 
units 

Refer to Figure 2.1. and Map A for unit distribution. 
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PLATE 1 

Outcrop Bhowing colour and textural heterogeneity typical of marble 
in the Ashburn Formation. Alternating grey and white, fine- to 
medium-grained, subhorizontal layers with numerous small 
siliciclastic and calc-silicate boudina. Photograph faces 
northeast. The hammer is 26 cm long. Outcrop located in Rockwood 
Park. 

The stromatolite Archaeozoon acadiense from relatively undeformed 
marble in the ABhburn Formation along the northwestern tip of 
Green Head Island. Looking perpendicular to long axis of columns. 
Quarter for scale. 

A rare occurrence of finely laminated Biltstone (dark) and Bmall-
scale trough crosa-bedded sandstone (light) in the Martinon 
Formation. Note the lack of cleavage and effects of contact 
metamorphism. Outcrop located north of Menziea Lake. Pen for 
scale. 

A poorly sorted quartzite-marble pebble conglomerate interbedded 
with a thin calcareous sandstone in the Martinon Formation located 
on the west coast of Green Head Island. Clasts consist dominantly 
of well-rounded quartzite with minor tabular marble. Larger 
marble clasts are locally stromatolitic. The chisel is 12 cm 
long. 

A poorly sorted carbonate-siliciclastic sedimentary breccia in the 
Martinon Formation located along Highway 7. Clasts consist 
dominantly of angular marble and minor rounded siltstone. These 
deposits are interpreted as olistostromes. The hammer (center of 
photograph) is 26 cm long. 

Folded, cordierite-bearing migmatitic paragneiss from the 
Brookville Gneiss with thin (10 mm wide), white leucosome and 
thinner (<5 mm wide) black melanoscme layerB. Located south of 
Green Head Island. The marker is 12 cm long. 

I n 
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CHAPTER 3 

STRUCTURAL GEOLOGY 

3.1 INTRODUCTION 

The Brookville terrane has been affected by several periods of 

deformation and is very structurally complex. Detailed mapping to 

better define map unite and establish field relations (Chapter 2) was 

critical to the understanding and interpretation of the structural 

history. This has resulted in the recognition of at least four 

deformational events (Dt to D4) and two metamorphic events (M, ind M2) 

that have affected the rocks of the Brookville terrane. 

The firat epiaode of deformation (Di) can be broadly divided into 

a pre-Late Neoproterozoic and a Late Neoproterozoic event, although 

there is no evidence for a considerable time difference. The pre-Late 

Neoproterozoic deformation resulted in heterogeneous folding in the 

Martinon and Ashburn formations. The Late Neoproterozoic deformation is 

directly related to the prolonged juxtaposition of the Brookville Gneiss 

with the Green Head Group. D, locally coincided with a major period of 

regional metamorphism (M,) and is responsible for the present internal 

structural configuration of the Brookville terrane. ThiB occurred prior 

to Late Neoproterozoic-Cambrian plutonic activity that resulted in broad 

contact metamorphic effects (M2) in the Green Head Group. Younger 

deformations (D2, D3, D4), represented by Middle Paleozoic to Early 

Mesozoic faulting and associated folding, do not appear to have had a 

significant effect on the overall internal geometry of the area. 

The purpose of this chapter is to present the results of the first 

detailed structural mapping project encompassing the entire Brookville 

terrane. Most of the previous structural interpretations were based on 

local areas incorporating what is now considered unreliable radiometric 
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data and no systematic structural analysis was attempted for the entire 

terrane. 

3.2. CRITERIA FOR DISTINGUISHING STRUCTURAL HISTORY 

The identification and classification of structural features were 

based on overprinting criteria combined with geochronology. However, 

the well-established method of uBing intersecting structural features to 

establish a historical record of deformation in pelitic rocks does not 

work well with deformed carbonate rocks. Marbles respond to stress by a 

gradual reshaping of grains, and the reshaping effects may be modified 

by later recrystallization. Despite this apparent complexity, four 

superimposed generations of structures have been established on the 

basis of their mutual geometric relationships, and cross-cutting and 

overlying relationships with units of known age. These structural 

features are described in a D,-D2-D3-D4 framework. 

The methods used to deduce the motion of the faults are largely 

based on oriented thin section observations. Thin sections were cut 

from oriented samples perpendicular to foliation (inferred plane of 

shearing) and parallel to mineral lineation (inferred direction of 

motion). Asymmetric microstructures observed in thin Bection can be 

used to determine sense of shear (e.g. Simpson and Schmid, 1983). 

3.3. PRE-LATE NEOPROTEROZOIC DEFORMATION (Dt) 

Recent structural studies within the Green Head Group and 

Brookville Gneiss (e.g. Nance, 1992; Nance and Dallmeyer, 1994) 

demonstrate that the deformation is heterogeneous and structural 

complexity coincides with higher metamorphic grades. This resulted in a 

variety of fold patterns and foliations (Table 3.1) that reflect the 

contrasting behaviour of the gneissic, carbonate, and siliciclaBtic 

rocks. This is further complicated by the presence of a major ductile 
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shear zone (MacKay Highway shear zone of Nance and Dallmeyer, 1994) that 

separates the Ashburn Formation from the Brookville Gneiss and precludes 

direct correlation of structural events. The exact age of Dj structures 

in the Martinon and Ashburn formation is unknown; however, the age of 

deformation in the Brookville Gneiss is fairly well constrained by 

geochronology (Bection 3.3.7 and chapter 6). Structures in the Green 

Head Group and Brookville Gneiss are cross-cut by Late Neoproterozoic to 

Cambrian plutons which provides a minimum age for regional deformation 

and metamorphism. 

3.3.1. 0;^ Structures in the Martinon Formation 

Bedding (S0) in the Martinon Formation is deformed into a series 

of upright, gently Bouthwest-plunging F^] folds that range from open to 

close (Fig. 3.1), with wavelengths on a scale of 100's of metres (Fig. 

3.2). Folds of this magnitude are evident along Highway 7 near the 

southern contact with the Ashburn Formation. Minor folds (on a scale of 

10's of metres) are not common. 

Folds attributed to soft-sediment deformation are also present in 

the Martinon Formation. They are small (centimetre scale), variably 

oriented and often associated with convolute bedding and sedimentary 

breccias (Chapter 2). TheBe folds were not measured in this study. 

SMP] is not well developed. It occurs as northeast-trending, 

steeply southeast-dipping features (Fig. 3.1) defined by flattened 

carbonate clasts in conglomerate and rare closely-spaced fractures. 

SMFI i B restricted to contacts near the Ashburn Formation and may be 

related to deformation along this contact rather than a regional event. 

As a result rare intersection lineations (L^) are evident only as 

northeast-trending, subhorizontal colour banding on weakly developed 

fracture cleavages or ridges on bedding planes (Fig. 3.1). 

Although the abundant presence of F^i f o l d a w a B noted by Leavitt 
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(1963), his and later structural interpretations (e.g. Wardle, 1978; 

Nance, 1982; Nance and Dallmeyer, 1994) suggested that the Martinon 

Formation formed the core of a U-shaped, southwest-plunging syncline 

(Acamac Syncline) flanked by the older Ashburn Formation and that the 

Martinon Formation is "totally devoid of Fi folds" (e.g. Wardle, 1978; 

Nance, 1982). 

3.3.2. DAF1 Structures in the Ashburn Formation 

Although most of the contacts between the Martinon and Ashburn 

formations are typically strongly sheared, they are interpreted to have 

been originally lateral facies equivalents (Chapter 2) deformed during 

the same D] deformation. However, the structural style differs 

significantly between the two formations, partly due to the lithological 

contrasts. On the basis of overprinting features the fabrics in the 

Ashburn Formation are designated as DAF1, and DAF!b. Although DAFlb may 

record a separate deformational episode, baBed on field evidence these 

structures, like those related to DAFi„ occurred prior to intrusion of 

the Late Neoproterozoic-Cambrian plutons and are here considered to be 

related. 

3.3.2.1. DAP1, Structures 

The predominant D A F U feature is a well developed colour banding in 

carbonate rocks defined by preferred orientation of carbonate, silicate, 

and opaque minerals that is typically subparallel to boudinaged 

Biliciclastic/calc-silicate layers. It is not clear if the colour 

banding is transposed bedding or a secondary layering. However, due to 

the boudinaged character of associated siliciclastic and dolomitic 

material with internal bedding orientations locally at a moderate angle 

to carbonate layering, the carbonate layering is considered to represent 
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a secondary planar feature, here termed SAFU and not original 

sedimentary bedding (Plate 2a, b). SAF1, is northeast-trending, Bteeply 

aoutheast-dipping and is axial planar to rare intrafolial rootlBBB 

(FAFU) folds (see below); however, the intersection lineation (LAF1,) 

between S0 and SAFU is poorly preserved and rarely observed in the hinge 

zones of these folds (Fig 3.1, 3.3). 

SAFU in siliciclastic rocks of the Ashburn Formation is generally 

absent. However, in areas where metamorphic grade is at greenschist 

facies (e.g. Saint John River, Drury Cove, and Hammond River areaa), the 

Biliciclaatic and calc-ailicate rockB become increasingly phyllitic to 

locally schistose. Here SAFU is a Bteep northeast-trending fabric 

defined by a preferred orientation of chlorite, muscovite, and locally 

biotite and ia subparallel S0. 

Large-acale FAFU folda have not been identified in the carbonate 

rocks (cf. Wardle, 1978; Nance, 1982; Nance and Dallmeyer, 1994). 

However, several small (centimetre scale) upright to steeply-inclined, 

subhorizontal to steeply northeast to southwest-plunging, FAF1, folda 

(Fig. 3.1) occur in thinly bedded and laminated calc-silicate and marble 

layers. They are intrafolial and rootless with strongly attenuated and 

boudinaged limbs and range from tight to isoclinal. FAF1, folda in 

siliciclastic units were not observed during the present study, although 

Wardle (1978, p. 168) recorded the presence of one mesoacopic recumbent 

fold in quartzite. 

Sedimentary layering in large mappable siliciclastic units ia 

typically subparallel to SAFU in the carbonate rocks, although there ia 

considerable scatter in these data when compared to those from the 

Martinon Formation (Fig. 3.1). This is likely the result of the 

anastomosing character of the lens-Bhaped units and the oblique 

orientation of some bedding planeB to SAFll. As in the Martinon 

Formation, these structural features are overprinted by contact 

metamorphism (Chapter 5). 
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3.3.3. Northwest to southeast-trending folds in Ashburn Formation 

DAF1 structures in the Ashburn Formation are locally overprinted 

by minor upright, moderate to steeply northwest to southeast-plunging 

folds that range from open to close (Fig. 3.1). Folds of thiB type are 

reported from siliciclastic lithologies in the Drury Cove and Howes Lake 

areas, and northeast of Green Head Island (Leavitt, 1963; Nance, 1982). 

This was not a fabric-forming event, although Nance (1982) reported ar 

axial fracture cleavage in one of these folds. 

Leavitt (1963) attributed these structures to rotational forces 

during the intrusion of Devonian plutons. Nance (1982) and Nance and 

Dallmeyer (1994) concluded that they were related to Late Paleozoic 

dextral faulting whereas Wardle (1978) considered these structures to be 

the result of sinistral strike-slip motion. The northeast-southwest 

compression is not recorded in the Devonian to Carboniferous sedimentary 

rocks that locally overlie theBe northwest-aoutheaBt-trending 

structures. If they are related to fault movement, it is movement that 

occurred prior to the deposition of the Kennebecasis Formation. 

Although these features are minor and of unknown tectonic significance 

they are overprinted by Late Neoproterozoic to Cambrian contact 

metamorphic aureoles suggesting they are related to DAP1, but probably 

late in the history. 

3.3.4. MacKay Highway shear zone 

The Ashburn Formation is separated from the Brookville Gneiss by a 

broad northeast-trending, steeply southeast-dipping ductile shear zone 

(Map C) informally termed the MacKay Highway shear zone by Nance and 

Dallmeyer (1994). This shear zone is exceptionally well exposed along 

the MacKay Highway northeast of Saint John and extends from near 

Renforth in the northeast to Rockwood Park in the southwest (Fig. 3.4). 

In Rockwood Park and on Green Head Island, this zone is strongly 
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MacKay Highway Bhear zone, cross-cut all earlier fabrics, and locally 

preserve sheath fold geometries. 

Kinematic indicators in the shear zone are not common due to 

recryBtallization and are restricted to outcrop-scale features such aB 

asymmetric boudins in marble. These typically yield an inconsistent 

sense of shear throughout the zone (cf. Nance and Dallmeyer, 1994); 

however, rare micro-kinematic indicators such as asymmetric 

porphyroclastB suggest dextral, oblique sense of movement parallel to 

LMH1 a n d SMH1-

Minor kinks and crenulations trend perpendicular to LMHi and are 

interpreted to record late-stage movement parallel to the intersection/ 

stretching lineation. 

3.3.5. Brookville Gneiss 

The Brookville Gneiss was considered to record a complex polyphase 

deformation, largely based on cross-cutting fold generations (e.g. 

Wardle, 1978; Nance and Dallmeyer, 1994). However, in gneissic and 

migmatitic rocks it is not possible to interpret complex structures by 

simple analogy to structures at lower metamorphic grades. The 

development of leucosomes and melanosomes during the same melting event 

will introduce considerable competence contrasts in a layered, partially 

melted system. This can produce structures that geometrically resemble 

polyphase deformation (e.g. McLellan, 1983). 

A prominent northeast-trending, steeply southeast-dipping gneissic 

foliation (S^JJ) is present in the Brookville Gneiss (Fig. 3.4). 

Gneisaosity in the paragneiss is locally folded into small-scale (10's 

of centimetres) upright to steeply southeast-inclined, gently to steeply 

northeast to southwest-plunging FBOi folds (Fig. 3.4) that range from 

tight to isoclinal. They locally display strongly attenuated limbs and 

lack an axial planar fabric. FBtJ1 axes in the paragneiss lie in a 

girdle parallel to axial surfaces and the mean orientation of gneissic 
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3.3.2.2. DAFlb Structures 

Throughout the Ashburn Formation SAFU in the carbonate rocks is 

deformed into upright to steeply southeast-inclined, gently to 

moderately northeast to southwest-plunging FAFib folds that range from 

close va tight and everywhere verge to the northwest (Plate 2c). These 

folds formed at various scales and generally lack an axiail planar 

foliation (cf. Wardle, 1978). However, Nance (1982) noted the presence 

of minor closely Bpaced fractures parallel to axial planets and the 

development of cleavage fans in siliciclastic folds interpreted to be 

equivalent to FAFlb folds. Genera],ly FAFlb folds in marble become tighter 

towards the MacKay Highway shear zone and here a northeast-trending, 

steeply southeast-dipping axial planar SAFlb is developed. As a result, 

subhorizontal to moderately northeast and southwest-plunging 

intersection lineations (LAFlb) are developed as colour banding on SAPlb 

or ridges on SAF1, fold hinges (Fig. 3.3). 

The schistose SAFU in the Drury Cove area is intensely crenulated 

(SAFlb) and as a result a prominent lineation (LAFlb) is developed. This 

feature is parallel to LAFib in the carbonate lithologies. 

FAFlb axes define a girdle distribution that dips steeply to the 

southeast subparallel to SAFU and SAFlb (Fig. 3.3). The orientation of 

FAPlb axes Buggests a sheath fold geometry, and mesoscopic sheath folds 

are present locally in the marble (Plata 2d). However, the fact that 

fold axes of many orientations lie within one common plane ia also a 

reflection of the massive, relatively homogeneous, ductile nature of the 

marble. Here prolonged deformation involved a progressive modification 

of pre-existing structures, rather than the intersecting and 

crosscutting structures commonly observed in pelitic rocks. 

H I 
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overprinted by brittle faults and Bhear zones but relicB of the ductile 

shear zone are locally preserved. 

The shear zone ia composed of finely laminated, rectilinear 

quartzo-feldspathic and carbonate blastomylonite (Plate 3a) and 

coincides with the area of highest metamorphic grade in the adjacent 

Ashburn Formation (Chapter 5). The quartzo-feldspathic blastomylonite 

can be traced into coarse-grained paragneiss and orthogneiss at several 

localities and large lenticular boudins of gneiss are common in marbles 

of this zone. 

On the northweBtern margin of the shear zone in the adjacent 

ABhburn Formation, SAFlb axial fabrics in FAFib folds become more 

prominent (see section 3.3.3) and SAFU and SAFlb become essentially 

parallel in the shear zone (SKIHI). F^H, folds become tight to isoclinal 

and consistently verge to the northwest and are here termed Fum (Plate 

3b). LAFlb intersection lineations aleo become more prominent and in the 

shear zone they are progressively rotated towards the northeast 

(L^mi)(Plate 3c; Fig. 3.4). Asymmetric porphyroclaste, quartz ribbons, 

and pull-apart garnets define a mineral/stretching lineation in some of 

the quartzo-feldspathic blastomylonite that ia subparallel to L^^. 

This suggests that the moderately northeast-plunging L-̂ m ia the slip 

vector. Minor FMHI axes form a girdle distribution that parallels the 

average orientation of Sjmn and F^m axial planeB (Fig. 3.4). 

Boudinaged material, including quartz and pegmatite pods and calc-

silicate layers, is common in this zone (Plate 3a) and occurs at all 

scaleB. Generally the boudins take on a pancake-like shape, giving the 

foliation planes a hummocky appearance. Occasionally the quartz pods 

are elongate and form a weak girdle distribution that parallels the F^^ 

axeB (Fig. 3.4). 

Narrow shear zones considered to be related to this major shearing 

event are locally developed throughout the Ashburn Formation (Plate 3d). 

These coarse-grained marble mylonites parallel the general trend of the 
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foliation. As in the marble, this is a reflection of the massive, 

relatively homogeneous, ductile nature of these gneisses. 

Rare isoclinal rootless folds defined by migmatitic leucosomes 

were interpreted by Nance and Dallmeyer (1994) to be the oldest 

structures recognized in the Brookville Gneiss. However, these 

migmatitic folds geometrically resemble those in the gneiss and are here 

interpreted to be equivalent. These migmatitic folds suggest that 

deformation accompanied amphibolite-facies metamorphism. 

The orthogneiss commonly displays a weak to moderately developed, 

northeast-plunging, mineral lineation (LgQi)(Fig 3.4) defined by aligned 

aggregates of quartz and feldspar, and more rarely recrystallized quartz 

ribbons. Hornblende displays a similar orientation in the paragneiss. 

In larger bodies of orthogneiss the foliation exhibits a "swirled" 

appearance (orthogneiss south of Green Head Island) and the associated 

geometric patterns were interpreted to have no consistent relationship 

(cf. Wardle, 1978). These types of disharmonic folds in gneiss have 

been described elsewhere (e.g McLellan, 1983) and attributed to non-

cylindrical folding during melt flowage. 

The distribution of asymmetric porphyroblasts in the orthogneiss 

suggests a dextral sense of movement parallel to the mineral lineation 

and coplanar with similar structures in the MacKay Highway shear zone. 

3.3.6. Timing of Dl deformation 

Deformational events in the Martinon and Ashburn formations and 

Brookville Gneiss cannot be directly correlated; however, structures in 

all these units are cross-cut by ca. 548-537 Ma plutonic rocks. An 

upper limit foe deformation in the Brookville Gneiss is constrained by 

the ca. 605 Ma zircon crystallization age for the orthogneiss protolith 

(Bevier et al., 1990; Dallmeyer et al., 1990). Peak amphibolite facies 

metamorphism and associated deformation of the Brookville Gneiss likely 

occurred at ca. 564 Mfi /metamorphic titanite age, Bevier e>t al., 1990; 
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see Chapter 6). The minimum age for metamorphism and deformation in the 

Brookville Gneiss is based on abundant *°hr/39At hornblende cooling ages 

of ca. 550-540 Ma (Chapter 6). A hornblende age of ca. 548 Ma 

(Dallmeyer and Nance, 1990) from a strongly linaated paragneiss in the 

MacKay Highway shear zone is considered to date cooling following the 

development of SMHJ and L^m related to the juxtaposition of the 

Brookville Gneiss and the Green Head Group (cf. Nance and Dallmeyer, 

1994). 3y inference, the ca 550-540 Ma thermal event provides an upper 

age limit for the development of sAFlb in the adjacent Ashburn Formation. 

The structures preserved in the Brookville Gneiss, MacKay Highway 

shear zone, and the immediately adjacent Ashburn Formation likely 

represent phases of a single progressive deformation associated with 

oblique dextral transpreseion of the Brookville GneiBs with the Green 

Head Group. However, structures in the remainder of the Ashburn and 

Martinon formations have no obvious counterparts in the MacKay Highway 

shear zone or Brookville Gneiss and are considered to be slightly older. 

3.4. PLUTONISM 

Late Neoproterozoic to Cambrian plutonic rockB intruded deformed 

rocks of the Green Head Group and the Brookville Gneisa and on a map 

scale are generally concordant with the regional structures (Fig. 2.1; 

Map A). However, in detail (outcrop scale) these plutonic units are 

discordant and cut all structures related to Di. 

Many of the plutona are weakly to moderately foliated and it ia 

critical to distinguish whether the foliationB result from magmatic flow 

or later tectonic processes, which will influence the interpretation of 

the age and significance of these structures and metamorphism in the 

adjacent country rock. 

The main criterion of magmatic flow is the preferred orientation 

of primary igneous minerals that show no evidence of plastic deformation 

or recrystallizaticn, either of aligned crystals or of interstitial 
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minerals (cf. Paterson et al., 1989). This feature is common in 

Brookville terrane plutons where the foliation is defined by aligned 

plagioclase and hornblende that are surrounded by anhedral, non-deformed 

quartz grains. Quartz is a sensitive indicator of solid-state flow and 

the lack of a shape preferred orientation eliminates this process as a 

factor. Foliations are also defined by preferred alignment of elongate 

dioritic enclaves. The enclaves show no evidence of plastic deformation 

or recrysfcallization and the orientation is parallel to the enclosing 

foliated granitoid host. These features also indicate magmatic flow 

(Paterson et al., 1989). 

Although most plutons have quartz with unduloae extinction, they 

do not contain recrystallized subgrain structures or quartz ribbons that 

indicate solid-state flow (section 3.5.1.1), and the majority of 

foliations are considered to be igneous in origin. 

Dallmeyer and Nance (1992) suggested magmatic activity was locally 

accompanied by late Dj ductile shear. This ia based on what they 

interpreted as narrow ductile shear zones in the French Village Quartz 

Diorite; however, this could not be confirmed. Locally the French 

Village Quartz Diorite contains thin, fine-grained dioritic enclaves, 

which gives the rock a striped appearance. This feature may have been 

miaidentified as mylonite. 

Because of th<* primary igneous texture in these plutons the 

northeasterly-trending fabric is interpreted to reflect intrusion along 

pre-existing structures, although some of the more foliatad plutons may 

be syn-tectonic (Fig. 3.4). 

3.5. FAULTS 

In southern New Brunswick, there are a number of major northeaat-

trending faults which have all been attributed to Late Paleozoic 

deformation (e.g. Gusaow, 1953; Webb, 1963; van de Poll, 1970; E. Grant, 

1972; Wardle, 1978; Leger and Williams, 2986; McCutcheon and Robinson, 
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1987). However, faulting in Saint John area has had a long and 

complicated history in both the ductile and brittle regimes, and some 

segments have experienced complex histories of motion. Some of these 

can be deduced, but many uncertainties remain. Three major episodes of 

faulting have occurred (Table 3.1). The earliest documented motion, 

here considered D2, occurred some time in the Middle Paleozoic along the 

Spruce Lake and Long Island shear zones. It has long been recognized 

that the Late Devonian and Carboniferous sedimentary rocks were variably 

involved in Late Paleozoic deformation, here termed D3, in which two 

structural styles are recognized, D3-1 and D32. Prominent northeast-

trending, steep brittle faultB and related folds in Devonian to 

Carboniferous sedimentary rocks are the result of D3, and include 1) the 

major terrane-bounding faults such as the New River Beach-Kennebe«—iBis 

and Caledonia-Clover Kill faults, and 2) minor internal faults such as 

the Milkish Head, Ragged Point, Ragged Head, and Lepreau River faults 

(Fig 3.5). On a local scale these faults record conflicting senses of 

movement; however, the regional movement is generally considered to be 

dextral strike-slip (e.g. Leger and Williams, 1986; St. Peter, 1993). 

In comparison, D32 resulted in a slightly younger, narrow, 

basement-involved, northwest-directed, fold and thrust belt along the 

preaent day Bay of Fundy coast (Rast and Grant, 1973a, b; Stringer and 

Wardle, 1973; Rast et al., 1978a, b; Parker, 1984; Nance 1987b; Zain 

Eldeen, 1991). This zone extends from Maces Bay to Musquash Harbour and 

is termed the Musquaah-Dipper Harbour thrust belt (Fig. 3.6). 

Early Mesozcic faulting (D3) produced many steep northweat-

trending faults that reactivated most of the earlier fault structures, 

although some segments still preserve the older deformation. Thus 

detailed structural analysis on different fault segments is used to 

reconstruct some aspects of the structural and tectonic history of the 

Brookville terrane. 
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3.5.1. Middle Pdeozoic Faults and Related Fabrics (D2) 

3.5.1.1. Spruce Lake shear zone 

The Spruce Lake shear zone is a major, northeast-trending, 

subvertical shear zone that extends from Musquash Harbour to Green Head 

Island. Although there is not a prominent topographical expression 

associated with this shear zone it is marked by a strong linear magnetic 

low. In the southwest it .LB a recrystallized (blastomylonite) ductile 

shear zone that separates the Ludgate Lake Granodiorite from the Spruce 

Lake Pluton. To the northeast it is a brittle feature that marks the 

southern boundary between the Martinon and Ashburn formations and 

probably the northern boundary between the Brookville Gneiss and the 

Ashburn Formation on Green Head Island (Fig. 3.5). It also offsets 

contact metamorphic aureoloa and associated isograds in the Martinon 

Formation (Chapter 5). This shear zone is also marked by discontinuous, 

fault-bounded slivers of sedimentary rocks interpreted to belong to the 

Carboniferous Balls Lake Formation. The northeast and southwest 

extensions of this shear zone cannot be traced and may have been 

modified by later deformation. 

In the Spruce Lake area this zone was recognized by Rast and Grant 

(1973b) and Dickson (1983); however, they interpreted the foliated 

granitoid rocks as gneisses and grouped them with the Brookville Gneiss. 

They also suggested that the fault-bounded belt of sedimentary rocks 

belongs to tne Lancaster Formation and Wiis thrust over the Ludgate Lake 

Granodiorite. Dickson (1983) interpreted this area to repreaent the 

terminus of a major northweat-directed thrust package. 

The shear zone ia defined by strongly foliated rocks of the 

Ludgate Lake, Spruce Lake and Prince of Wales plutons. Locally these 

rocks contain a stretching lineation that plunges moderately to the 

south-southwest (Fig. 3.5). These rocks are recrystallized and the 

sense of shear is difficult to determine; however, relict asymmetric 
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porphyroclasts and fractured feldspar grains are preserved that suggest 

an oblique, dextral strike-flip sense of movement for the present 

orient ition of the Bhear zone. 

Numerous foliated granitoid clasts interpreted to be equivalent to 

the Ludgate Lake and Prince of Wales plutonB are in conglomerates of the 

overlying(?) Balls Lake Formation. 

3.5.1.2. Long Island shear zone 

Marbles of the Ashburn Formation on Long Island are strongly 

deformed and contain large boudins of tonalite, interpreted to be 

related to the Renforth Pluton. These calcite mylonitea are thinly 

laminated and display fine-grained to aphsnitic textures. They define a 

northeast-trending, moderately northwest-dipping shear zone with a 

stretching lineations that plunge moderately to the northwest (Fig. 

3.5). These lineations are defined by elongate and asymmetric calcite 

porphyroclasts, mica fish, and elongate titanite. 

Small-scale folds are rare and located close to boudina. 

Kinematic indicators are common; however, they are typically associated 

with the boudins and give conflicting directions of movement. 

Structures away from boudina, such as large-scale shear bands, suggest 

dextral movement, with tops toward the northwest. The contact with the 

younger Devonian to Carboniferous Kennebecasis Formation was not 

observed, although it was interpreted to unconformably overlie the 

marble (cf. Wardle, 1978). However, this zone has many structural 

features that are Bimilar to those in the Muaquaah-Dipper Harbour thruat 

belt (see section 3.5.3). 

Mylonitic marble along the southeastern coast of Kennebecasis Bay 

also contains large boudins of tonalite and these marbles may be related 

to the Long Island shear zone. However, the southeast coast ia strongly 

overprinted by the younger brittle faulta that have obliterated moat of 

the structures related to the earlier deformation (section 3.5.2.4). 

i 



Although this shear zone is a major structural feature it has no 

geophysical expression and its tectonic significance is unknown. 

3.5.1.3. Deformed Granitoid Rocks 

Narrow zones of intensely deformed granitoid rocks are located 

along the Caledonia-Clover Hill Fault in the Saint John area. These 

bound the northwestern margin of the calcite mylonite zone found along 

this fault (section 3.5.2.2) and locally occur aa boudins within the 

marble. These were originally included with the Brookville Gneiss and 

the amphibolite portions of the Indiantown Gabbro (Wardle, 1978; Currie 

et al., 1981). This belt was later recognized as strongly deformed 

equivalent of the granitic rocks that outcrop in Saint John (White et 

al., 1990). 

The strongly foliated granitoid rocks trend northeast and dip 

steeply to the southeast (Fig. 3.5), parallel to the trend of the 

calcite mylonites associated with the Caledonia-Clover Hill Fault. 

However, due the their recrystallized texture compared to the non-

recrystallized texture in calcite mylonites, they are interpreted to 

reflect earlier movements along the Caledonia-Clover Hill Fault. 

3.5.2. Late Paleozoic Faults and Related Fabrics (03.]) 

3.5.2.1. New River Beach - Kennebecasis Fault 

The New River Beach-Kennebecasis Fault separates the Brookville 

terrane from rocks of the Kingston Complex to the northeast (Fig. 2.1, 

Map A). The New River Beach Fault (Rast and Dickson, 1982; Dickson, 

1983) extends from Maces Bay in the southwest to the Saint John River in 

the northeast. It is poorly exposed although it coincides with a 

prominent northeast-trending topographic lineament reflected by elongate 

Iskes and also characterized as a prominent aeromagnetic low. As a 
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result, suitable field data to characterize the fault are not available. 

In the area west of the Saint John River, sedimentary rocks of the 

Devonian to Carboniferous Kennebecasis Formation are deformed by this 

fault. 

Northeast of the Saint John River, this fault extends along the 

northwestern shore of the Kennebecasis River and aeparatea the Kingston 

Complex to the northwest from sedimentary rocks of the Kennebecasis 

Formation in the southeast. In the past this structure was termed the 

Petiticodiac or Peekaboo Fault (e.g. Gussow, 1953; Webb, 1963; van de 

Poll, 1970; E. Grant, 1972), but more recently it has been termed the 

Kennebecasis Fault (e.g. Ruitenberg and McCutcheon, 1982; Leger and 

Williams, 1986; St. Peter, 1993). Still farther northeast the 

Kennebecasis Fault forms the northwestern margin of the Carboniferous 

Moncton Sub-basin where it is termed the Berry Mills Fault (St. Peter, 

1993). This fault cuts rock units aa young as Upper Carboniferous (St. 

Peter, 1993). There also appears to be no history of pre-CarboniferouB 

movement preserved along the entire length of this fault. 

The movament history along the New River Beach-KennebecaaiB 

Faulta ia complex and controveraial and various segments of the faults 

have been interpreted to range from high-angle reverse to both sinistral 

and dextral strike-slip (e.g. Gussow, 1953; Webb, 1963; van de Poll, 

1970; E. Grant, 1972; Wardle, 1978; Leger and Williams, 1986; St. Peter 

and Fyffe, 1990). Currie (1987a) suggested"the New River Beach Fault 

did not exist and mapped a gradational contact between the Pocologan 

mylonite zone and granitoid rocks of the Brookville terrane. However, 

no mylonitic Brookville terrane granitoid rocks were observed in this 

zone. Furthermore, recent geochronology in the area (Doig et al., 1990; 

Dallmeyer and Nance, 1992; Nance and Dallmeyer, 1993) haa indicated that 

the adjacent Pocologan mylonite zone has experienced significant 

Silurian to Devonian tectonothermal activity that ia not recorded in the 

Brookville terrane and therefore the New River Beach Fault appears to be 

a significant younger feature. 
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Due to lack of outcrop, detailed structural and kinematic studies 

of this fault were not completed during the study. However, the overall 

sense of movement is interpreted to dextral strike-slip with later 

(Mesozoic?) normal and reverse movements (cf. Leger and Williams, 1986; 

St Peter, 1.993). 

3.5.2.2. Caledonia-Clover Hill Fault 

Rocks of the Brookville terrane are separated from the Caledonia 

terrane (Avalon Zone sensu strxcto) to the southeast by the Caledonia-

Clover Hill Fault. This fault is a regionally extensive, brittle, 

northeast-trending, steep feature that can be traced by a major 

topographic lineament from Musquash Harbour in the southwest to south of 

Moncton over a distance of 150 kilometres. On aeromagnetic maps the 

Caledonia-Clover Hill Fault is marked by an abrupt change from magnetic 

highs on the northwest side to magnetic Iowa on the southeast. 

At several localities near Saint John the fault plane is well 

exposed. It is locally curvilinear with a steep east-southeast dip. In 

the hanging wall are volcanic and sedimentary rocks of the Coldbrook and 

saint John groups (Caledonia terrane) and rocks in the footwall include 

marble, quartzite, and spotted hornfels of the Ashburn Formation. 

Deformation increases with proximity to this segment of the fault. 

Hanging wall rocks exhibit an anastomosing cleavage, defined by sericite 

and epidote. Cleavage and joint planes contain abundant, variably 

oriented, slickenside striations, although many are horizontal in 

places. The quartzite and hornfels in the footwall display the same 

brittle textures; however, the marbles in this zone are mylonitic. They 

are fine-grained to aphanitic, finely laminated, and locally strongly 

lineated. The marbles contain rare boudins of volcanic and sedimentary 

rocks related to rocks in the hanging wall. All these textures are 

related to movement along this Begment of the fault. 

The northeastern segment of the Caledonia-Clover Hill Fault has 



been variably interpreted as a post-Middle Devonian feature with 

movement that ranges from thrust to high-angle reverse and normal to 

both sinistral and dextral strike-slip (e.g. Gussow, 1953; Webb, 1963; 

Belt, 1968; Bradley, 1982; Ruitenberg and McCutcheon, 1982; McCvitcheon 

and Robinson, 1987). The presence of fanglomerates in the Horton Group 

proximal to this segment suggests it was active in the Late Devonian 

(e.g. St. Peter, 1993). 

The- southwestern segment of the Caledonia-Clover Hill Fault was 

considered to be non-existent (Van de Poll, 1970; Gupta, 1975; 

McCutcheon and Robinson, 1987) or to represent an unconformity (Hayes 

and Howell, 1937; Currie, 1989b) or faulted (normal dip-slip) 

unconformity (Wardle, 1978). 

Folds in ijuirble adjacent to the fault plane are restricted to 

small-scale steeply southeast-inclinefi, gently to steeply northeast to 

southwest-plunging tight structures and crenulations with axes that 

define a girdle distribution. Stretching lineations have a moderate to 

steep southwest plunge (Fig. 3.5), These patterns suggest sheath fold 

geometries but also reflect the ductile nature of the marble (section 

3.3.3). 

Farther northeast along this fault, slivers of Ashburn Formation 

quartzite and rare marble are found. These are overprinted by brittle 

fractures and lack any structures useful for kinematic studies. Still 

farther northeast, the Caledonia-Clover Hill Fault juxtaposes the 

Hammond River pluton with sedimentary rocks of the Upper Carboniferous 

Hopewell Group. Drill core from vertical holes in the Hammond River 

pluton has intersected Upper Carboniferous sedimentary rocks at depth. 

This suggests that the dip of the fault is shallower at depth than its 

vertical character at surface. 

Kinematic indicators along the fault in the Saint John area such 

as C-S fabrics, rotated porphyroclasts, and microscopic secondary 

foliations Buggest a reverse dip-slip to moderately steep sinistral 

oblique dip-slip movement along this small segment of the fault. This 
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zone is further complicated by local normal dip-slip overprinting 

fabrics. Most slickenside orientations are vertical or plunge steeply 

to the southeast (cf. Wardle, 1978). Like the New River Beach-

Kennebecaaia Fault, the overall senae of movement ia interpreted to be 

dextral strike-slip, modified by later (Meaozoic?) normal faults (cf. 

Leger and Williams, 1986). 

The significance of the Caledonia-Clover Hill Fault and the New 

River Beach-Kennebecasi8 Fault aa major terrane-bounding features with a 

long and complicated pre-Carboniferous history has only recently been 

re. jgnized (White et al., 1991). Different senses of movement are 

documented along these faults and have often been attributed by previous 

workers to one period of deformation. In reality, these terrane-

bounding faults record very complex and prolonged hiatories; however, 

evidence of only the last movements are preserved. 

3.5.2.3. Milkish Head Fault 

A northeast-trending splay off the Kennebecasis Fault on MilkiBh 

Head Peninsula, ia termed the Milkish Head Fault (E. Grant 1972; Gupta, 

1975) (Fig. 3.5). It separates the Kennebecasis Formation from strongly 

deformed rocks of the Brookville terrane to the southeast. Farther 

northeast this fault is interpreted to coincide with the Kennebecasis 

River Fault that merges with the Berry Mills Fault (St. Peter, 1993). 

It is distinguished on aeromagnetic maps by a linear feature that 

separates areaB of magnetic lows from magnetic highs. 

Fanglomerates cloae to the fault that contain clasts of granite 

and Saint John Group are interpreted to be talus deposits (E.Grant, 

1972). This led O'Brien (1976) and Wardle (1978) to conclude that a 

period of Devonian to carboniferous normal faulting reaulted in the 

development of a graben or half graben. 

Bedding (S0) orientations in the KennebecasiB Formation dip 

moderately to the northwest (Fig. 3.5) and are rarely deformed into 



upright aubhorizontal folds near the KennebecasiB Fault. Elsewhere the 

KennebecasiB Formation lies unconformably on older rocka and is not 

fault-bounded. The fault plane is locally exposed and has variable 

oriented slickenside BtriationB; its sense of movement is unknown. 

3.5.2.4. Ragged Point Fault 

A northeast-trending, steep fault can be traced along the 

southeastern shore of KennebecasiB Bay. It separates the Kennebecasis 

Formation from the ABhburn Formation in the southweat, although locally 

it appears to be overlain by the Kennebecasis Formation (Wardle, 1978). 

Farther northea&t the fault separates the Ashburn Formation from the 

Renforth Pluton and the Brookville Gneiss from the Renforth Pluton,, It 

appears to terminate in the Renforth Pluton. It has no geophysical 

expression. 

First recognized by Hayea and Howell (1937) and briefly described 

by Wardle (1978), it ia herein termed the Ragged Point Fault. Faulted 

alivera of folded Saint John Group are locally asaociated with this 

fault. Large boudins of very fractured tonalite related to the Renforth 

Pluton and mafic dykes are found in marblea of the Ashburn Formation; 

however, mafic dykea within the tonalitic boudins are not deformed. The 

marbles in this zone are typically brecciated. 

Structures asaociated with this fault indicate a steep southeast 

dip (Fig. 3.5). Folds in unbrecciated marbles are steeply southeast-

inclined, gently northeast-plunging and tight. The long axea of boudins 

are also northeast-trending and sub-horizontal. Based on fold shapes, 

Wardle (1978) concluded that these structures were related to high-angle 

reverse movement; however, the kinematics and amount of movement are 

unknown. 
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3.5.2.5. Ragged Head Fault 

The Ragged Head Fault (Dickson, 19 l is located aouthwest of 

Saint John and can be traced by a strong topographic liweament from 

MaceB Bay to Musquash River (Fig. 3.5) and an abrupt change from 

magnetic highs to lows on aeromagnetic maps. This poorly exposed fault 

separates the Lancaster Formation from plutonic units to the northwest. 

Rocks close to this inferred fault are strongly fractured. It was 

interpreted to represent a fault-modified unconformity with dip-slip 

movement by Stringer and Wardle (1973) and Dickson (1983); however, 

there is no sedimentological evidence to support this interpretation. 

It ha3 also been suggested by Nance (1987b p. 369) to represent a 

dextral strike-slip fault. Rast and Grant (1973b) and Currie (1987a) 

considered it to be an unconformity. Due to lack of outcrop the 

characteristics of this fault are unknown. 

3.5.2.6. Lepreau River Fault 

The Lepreau River Fault (Dickson, 1983) is a northeast-trending, 

vertical to steeply southeast-dipping feature along the northwest coast 

of Lepreau Harbour (Fig. 3.5, 3.6). It separates tho Lepreau Pluton to 

the northwest from the Balla Laks Formation to the southeast and merges 

with the New River Beach Fault to the northeast. Granitoid rockB of the 

Lepreau Pluton cloae to the fault are strongly brecciated. Sedimentary 

rocks are sheared and locally folded. 

The Lepreau River Fault was interpreted to be the northwestern 

boundary fault of a half-graben by Stringer (1978). The presence of 

faulted slivers of Lancaster Formation along the fault and the lack of 

sedimentological evidence for a steep paleoslope suggest that the main 

movement on the fault post-dated deposition of the Carboniferous Balls 

Lake Formation. Detailed kinematic analyses by Stringer (1978) 

suggested that the latest movement was dominantly high-angle reverse. 
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Tha sedimentary rocks of the Balls Lake Formation adjacent to the 

fault are deformed into aeries of upright, subhorizontal to gently 

southweEt plunging folds. Farther to the southeast, folds are less 

prominent and the strata dip moderately to the northwest (Fig. 3.6) and 

rest unconformably on the Lepreau Harbour Granodiorite (Fig. 3.7). 

A waak axial planar fabric, locally well developed in the shaly 

siltBtone beds, is defined by a very closely spaced, northeast-trending 

(Fig. 3.6) anastomosing fracture cleavage (Stringer, 1978). 

Intersection lineations were not observed. 

3.5.3. Musquash-Dippev Harbour thrust belt (D32) 

The Musquash-Dipper Harbour thrust belt lies in a broad area 

extending from Musquash Harbour in the northeast to Dipper Harbour in 

the southwest. This area is equivalent to the southwestern portion of 

the Fundy Coastal Zone of Nance (1987b). These rocks were stronqly 

deformed by Late Carboniferous northweBt-directed compression which 

resulted in a single large thrust sheet tectonically emplaced over the 

Carboniferous sedimentary rocks. The thrust sheet comprises the Late 

Neoproterozoic Dipper Harbour volcanic unit (McLeod et al., 1994) and a 

numbGr of syenogranitic plutons which are locally unconformably overlain 

by Carboniferous sedimentary rocks of the Parleeville, Balls Lake, and 

Lancaster formations (Chapter 2). 

Structures observed in the field indicate that this thrust zone 

represents a progressive period of northwest-directed thrusting. Based 

on croaa-eutting and intersecting criteria an older D32, and a younger 

D32b are recognized (Table 3.1). 

3.5.3.1. D32t structures 

Field observations suggest that folding in the Late Neoproterozoic 

Dipper Harbour volcanic unit and Carboniferous Parleeville, Balls Lake, 
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and Lancaster formations occurred early in the deformation hiBtory, as a 

result of northwest-directed thrusting. These F32l foldB are best 

developed in the well layered sedimentary rocks of the Balls Lake and 

Lancaster lormationa. The volcanic rocks are largely confined to the 

overriding thrust block and therefore folds are poo/ly developed. F32l 

folds in the sedimentary units deform bedding (S0) into moderately 

northwest-inclined, subhorizontal to gently southwest-plunging, tight to 

isoclinal foldB that are commonly overturned to the northwest (Fig. 

3.6). Theei folds typically lack an axial planar fabric, although 

intense fracturing parallel to the axial plane occurs in places. F32t 

folds are not well developed away from the thrust sheets. 

Associated with this deformation is a planar subhorizontal fabric 

(S32l) that ranges from a weak fracture cleavage to a penetrative 

foliation (Fig. 3.6). It is found throughout the sedimentary unite but 

is best developed in sedimentary and volcanic rocks proximal to thrust 

contacts. The fabric is generally a slaty or closely-spaced cleavage 

defined by sericite, fine-grained chlorite, and rare coarae-grained 

muscovite. At thrust contacts the rock is typically a fine-grained v>.}.cti 

phyllite. In places the cleavage iB defined by flattened clasts in the 

sedimentary and volcanic rocks. S32l is subparallel to bedding in the 

Carboniferous units close to thrust contacts and here minor quartz and 

calcite veins occur parallel to the cleavage. L32l intersection 

lineations are well developed. 

The Balls Lake and Parleeville formations originally were 

deposited unconformably on the Dipper Harbour volcanic unit and Musquash 

Harbour syenogranite. These contacts are rarely preserved and where 

recognized are generally overturned unconformities (Fig. 3.7), 

confirming earlier interpretations (e.g. Currie, 1936a, b, 1987a, 1988a; 

Zain Eldeen, 1991). 

Any kinematic indicatora that may have existed have been 

overprinted by later deformation. However, aBymmetric K-feldepar augen 
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and S-C fabrics in the basal mylonite und^r the Cranberry Head 

Syenogranite (Dallmeyer and Nance, 1990) suggest initial northwest-

directed movement. 

3.5.3.2. D32b structures 

As thrusting continued S0, S32t, and quartz and calcite veina are 

deformed into large (10'a of centimetrea) gently aouthweat to southeast-

inclined to recumbent, subhorizontal to gently northeast to southwest-

plunging F32b folds that range from tight to isoclinal. Another 

dominant structure associated with D32b deformation and F32a folds is a 

aubhorizontal axial planar cleavage (S32b) parallel to amall Bcale S32b 

crenulation cleavages (Fig. 3.6). These structures are not regionally 

significant and are restricted to zones proximal to the thrust planea. 

These are well developed in the fine-grained lithologies in the 

sedimentary and volcanic units and are defined by fine-grained muscovite 

and chlorite. 

Fold axes related to the crenulations and folded veins generally 

plunge shallowly to the northeast and southwest and define a 

subhorizontal girdle that is subparallel to S32b. Where both S32l and 

S3 2b are present they commonly look like large scale C-S structures 

(e.g. Dipper Harbour area). 

The intersection of S32a and S32b produces rare L32b lineations 

defined by colour banding on the S32b foliation plane. These structures 

are parallel to the F32b fold axis and are distributed along a 

aubhorizontal girdle (Fig. 3.6). 

Calcite mylonites associated with the thrust planes in the 

Musquash Harbour area display aubhorizontal S32a foliations that are 

parallel to s32l and s32b in the thrust planes to the west (Plate 4a). 

These rocks have a well developed stretching lineation defined by 

asymmetric calcite porphyroclasts that plunge shallowly to the southeast 
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and northweBt. Minor recumbent subhorizontal F32b folds range from 

tight to isoclinal and aj.e restricted to zones around boudins. 

Boudinaged material, common in this zone, consists of granite and 

diorite, mafic dykes/ailla, and quartzite (Plate 4b, c). Long axes of 

these boudina parallel the average orientation of the fold axes (Fig. 

3.6). 

Numerous kinematic structures in this zone include shear bands 

(Plate 4a, d), asymmetric folds and porphyroclasts, and secondary 

foliations all consistently indicate northwestward emplacement of the 

thrust sheet. 

The thrusting event (D32) was considered to be responsible for the 

syntectonic development of northwestward prograding alluvial fans 

recorded by Balls Lake and Lancaster formations (Plint and van de Poll, 

1982; 1984). Further thrusting subsequently caused both formations to 

become tectonically overridden and was responsible for conjugate folding 

and southeast directed back-thrusting (Caudill and Nance, 1986; Nance 

and Warner, 1986; Nance, 1987b; Caudill, 1989). Nance and Warner (1980) 

and Nance (1987b) suggested that these structural features represent a 

positive flower structure that developed above a synthetic, convergent 

wrench fault related to the Cobequid-Chedabucto fault system. 

In the Musquash-Dipper Harbour thrust belt, these structures are 

broadly correlative, but details differ significantly. The southeast-

directed back-thrusts and associated conjugate fold structures were not 

observed. Fold structures all verge to the northwest and all thrusting 

is northwest-directed (Fig. 3.6, 3.7). Syntectonic alluvial fans were 

not recognized in the thrust belt and unconformable contacts between the 

Late Neoproterozoic and Carboniferous rocks are locally preserved on the 

leading edge of these thrust sheets. These contacts are commonly 

overturned (Fig 3.7). This suggests that the Parleeville and Balls Lake 

formations were unconformably deposited upon the Dipper Harbour volcanic 

unit and associated granitic rocks prior to thrusting. As thrusting was 

initiated, the sedimentary rocks in the foot wall were strongly folded 
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and rods on the thrust sheet (hanging wall) were passively carried 

along. This post-sedimentation thrusting event ia confirmed from field 

mapping where the Carboniferous sedimentary units can be traced under 

these thrustB (Fig. 2.1; Map A). 

Although the age and structural interpretation differs somewhat 

from that proposed by Caudill and Nance (1986). Sance and Warner (1986), 

Nance, (1987b), and Caudill (1939) for thr, area southeast of Saint John, 

their proposed model still applies. The Musquash-Dipper Harbour thrust 

belt may represent the leading edge of the northwestern flank of the 

flower structure and record movements that are poat-depoaitional. This 

would account for the sub-horizontal structures observed. Deformation 

in this belt intensifies to the southwest and the steeper structures 

associated with this positive flower structure are probably located just 

offshore. 

A muscovite sample from a mica schist in the basal thrust of the -

Cranberry Head Syenogranite yielded an '•t>Ar/39Ar plateau age of 318 ± 1 

Ma (Dallmeyer and Nance, 1990) consistent with a Late Carboniferous age 

for tectonic emplacement. Based on field evidence, these thrust sheets 

clearly override the WeBtphalian C Lancaster Formation. This suggests 

that this thrusting event was significantly younger than the major 

dextral movement along the Cobequid-Chedabucto fault eyatem and may 

record a deformational event not yet recognized elaewhere in the 

Northern Appalachian orogen. 

ThiB northwest-directed thrusting is interpreted to be responsible 

for folding and faulting in the Balls Lake Formation in the Lepreau 

Harbour area. This would account for the high-angle reverse movement 

postulated by Stringer (1978) for the Lepreau River Fault. Because the 

orientation of the Ragged Head Fault is similar to that of the Lepreau 

River Fault it is interpreted to have the same sense of movement. 

i. 
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3.5.4, Neaozoic Faults and Related Fabrics (D4) 

Deformation related to the Early Meaozoic opening of the North 

Atlantic was long considered to be insignificant and, therefore, the 

effects of extensional faulting during tho Triassic have been generally 

overlooked. CruBtal extension has been attributed to liatric faulting 

(Keen et al., 1991; Roberts and WilliamB, 1993) with northeast-trending 

thrust faults being reactivated with a normal sense of movement. Many 

of the thrust faults in the Dipper Harbour area are cut by minor steeply 

southeast dipping, northeast-trending faults that consistent display i 

normal sense of movement. 

Northwest-trending faultB are common in southern New Brunswick and 

locally offset northeast-trending faults. These show both dextral and 

sinistral strike-slip movements (Leger and Williams, 1986) and are 

considered to be transfer faults (Williams and Hy, 1990). In the study 

area theBe northweat-trending faults do not generally crop out, but are 

marked by strong lineaments and elongated lakes and streams, .lock units 

can generally be correlated across these faults suggesting movement ia 

minimal. 

Associated with the faulting was a period of sedimentation. The 

Middle to Late TriaBaic Lepreau Formation is in faulted contact with 

oldiir units along a northwest-trending fault. Fanglomeratea are 

proximal to thia fault and Stringer (1978) interpreted theBe to be 

related to early movements on this fault. The bedding (S0) is tilted 

moderately to the northwest (Fig. 3.5). Folds are rare but minor 

northeast-trending, upright, subhorizontal open folds are recognized 

northeast of Point Lepreau (Stringer, 1978). These units are not 

penetratively deformed, placing an upper limit on the age of deformation 

in southern New Brunswick. 

Mesozoic faulting played a greater role in the tectonic 

development of southern New Brunswick than previously recognized. This 

event wan responsible for significant normal dip-slip movement on some 
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segments of the Caledonia-Clover Hill Fault as documented by Roberts and 

Williams (1993). They showed that the Visean Windsor Group was strongly 

deformed by reactivation of the Caledonia-Clover Hill Fault as a normal 

fault during the opening of the North Atlantic. 

3.6. DYKES AND DEFORMATION 

Pre-Late Devonian rocks have been intruded by a variety of mafic 

dykes (Appendix B). Dyke orientations ca.i be broadly divided into two 

geometrical domains. One domain includes dykes that intruded competent 

lithologies such as the plutonic unitB and the Martinon Formation and 

the other domain includes dykes that intruded less competent lithologies 

such &B the marblea in the Ashburn Formation. 

Dykes in the Ashburn Formation display a weakly bimodal 

distribution (Fig. 3.6). The dominant orientation strikes northeast, 

dips southwest, and is sub-parallel to the average orientation of S0 and 

S, in the marbles. Also a set of southeast-trending, near-vertical 

dykes 1B present which is oriented perpendicular to the general 

northeast trend. This structural pattern suggests that the northeast-

trending dykes were intruded along pre-existing structures or transposed 

into this fabric. Field observations have confirmed that most of these 

dykes intruded along pre-existing fabrics; however, there appear to be 

earlier dykea that are boudinaged parallel to S,. Based on field 

evidence, dykes that trend southeast appear to be dominantly (but not 

exclusively) composed of microdiorite, gabbro, and porphyries. 

Dyke orientations in more rigid lithologies, such ae the Martinon 

Formation and the plutonic units, display a broadly conjugate pattern 

and may have intruded a pre-existing joint set (Fig. 3.6). However, 

like in the Ashburn Formation, the northeast trend is dominant. These 

dykes are not penetratively deformed and boudinaged dykes were not 

observed in the Martinon Formation. 

In places, the dykes in all lithologies are offset by minor 
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northeast-trending cross-fractures. One such north-northeaat-trending 

mafic dyke on Green Head Island haa been reported to have had several 

offsets of 10 metres or more in a dextral sense of movement (Leavitt, 

1963). 

3.7. SUMMARY 

The following section and Table 3.1 summarize the main points of 

this chapter: 

1. Based on field relations and structural analyses four distinct 

deformational events are recognized in the Brookville terrane (D,-D2-D3-

D 4). 

2a. The oldest deformation (Dt) recognized is pre-Late Neoproterozoic 

in age and is the main fabric-forming event(a) in the terrane. DMF1 

deformed bedding in the Martinon Formation into upright, gently 

southwest-plunging, open to close F^t folda. An axial planar cleavage 

with an associated intersection lineation ia poorly developed. However, 

structural style differs significantly in the associated Ashburn 

Formation and here fabrics are designated as DAFU and DAPlb. 

The most prominent feature in the Aahburn Formation 1B a well 

developed northeaat-trending, steeply southeast-dipping axial planar 

fabric (S A F U). Rare FAF1, folda are upright, to steeply aoutheaat-

inclined, gently to moderately northeast to southwest-plunging, close to 

tight, intrafolial, and rootless. Intersection lineations (LAPtb) are 

rare. DAFlb did not affect the Martinon Formation; however, it deformed 

S A F U in the Ashburn Formation into upright to ateeply aoutheagt-

inclined, gently to moderately northeast to southwest-plunging, close to 

tight FAFib folds. Close to the MacKay Highway ahear zone FAFlb folda are 

locally associated with a northeast-trending, ateeply southeast-dipping 

well developed axial planar fabric (SAFJb) and northeast to southwest-
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plunging intersection lineation (LAFib). 

The exact age of deformation in the Martinon and Ashburn 

formations is unknown but all structures related to D[ are croBs-cut by 

undeformed Late Neoproterozoic to Cambrian plutonic rocks. 

2b, The MacKay Highway shear zone contains a northeast-trending, 

steeply southeast dipping foliation (Sĵ rm) composed of subparallel SAF1, 

and SAFlb. This resulted in a moderately northeast-plunging intersection 

lineation (LMH1) parallel to a prominent stretching lineation in the 

blastomyloniteB. 

Northeast-trending, steeply southeast-dipping gneissic foliation 

(SBOI) in the Brookville Gneiss 1B deformed into upright to steeply 

aoutheaBt-inclined, gently to steeply northeast to southwest-plunging, 

tight to iaoclinal FJQI folds. The orthogneisB displays a weak to 

moderately developed, northeast-plunging mineral lineation (L^i) 

parallel to those in the MacKay Highway shear zone. 

These structures are conaidered to represent several phases of a 

single progressive period of ca. 564-540 Ma deformation related to the 

prolonged dextral, tranBpressional juxtaposition of the Brookville 

Gneisa with the Green Head Group. 

3. The second period of deformation (D2) occurred in the Middle 

Paleozoic after the emplacement of plutonic units and iB asaociated with 

discrete ductile faulting of unknown tectonic significance. 

4. The third major period of deformation (D3) occurred in the Late 

Devonian to Late Carboniferous and was generally not a fabric-forming 

event. Instead it produced steep, northeaat-trending faults that 

locally formed calcite mylonites and folded adjacent sedimentary rocks. 

5. In the Musquash-Dipper Harbour area, inclined to recumbent, 

subhorizontal folds with associated calcite mylonites are consistent 

with sustained or repeated northwest-directed thrusting. This appears 

to be younger than the major dextral movement associated with the 

-obequid-Chedabucto fault system. 
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6. The fourth period of deformation (D4) is interpreted to be 

associated with the development of the Early Mesozoic Fundy Basin, which 

formed during the rifting leading to the opening of the Atlantic Ocean. 

This may have reactivated northeast-trending Carboniferous faults so 

that most of the normal movement on these faults mmy be related to this 

event. It also produced a series of Bteep northwest-trending faults. 
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Figure 3.1. Summary of D M F 1 and D A F l a structural data from the Brookville terrane. Contours on stereonets 
represent 1, 2, 3 ...n% area; * = calculated fold hinge. Cross section A-A' is shown in Figure 
3.2. Legend same as Figure 2.1. a) Martinon Formation; b) siliciclastic units and F A F 1, in the 
Ashburn Formation; c) NW-SE trending F1 folds. 
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Figure 3.3. Summary of DAF1jt, structural data from the Ashburn Formation. Contour intervals and symbols same 
as Figure 3.1 and Legend same as Figure 2.1. Note the increase in LAFlb towards the MacKay Highway 
shear zone and the Brookville Gneiss. 

o 



contoured poles 
to S M H I ("=?2) 

• F M m (n=12)j 

contoured poles to 
flow foliations In 
plutonic units (n=168) 

3AY OF FUNDY 

Figure 3.4. Summary of structural data from a) the MacKay Highway shear zone; 1>) Brookville Gneiss; 
c) plutonic units. Contour intervals and symbols same as Figure 3.1 and Legend same as Figure 
2.1. LAB=long axis of boudins. 



Figure 3.5. Summary of structural data from a) Spruce Lake shear zone; b) Long Island shear zone; c) 
deformed granitoid unit; d) calcite mylonite in the Caledonia-Clover Hill Fault; e) Ragged Point 
Fault; f) Kennebecasis Formation; g) Lepreau Formation. Contour intervals and symbols same as 
Figure 3.1 and Legend same as Figure 2.1. LAB=long axis of boudins; MHF « Milkish Head Fault; 
RPF - Ragged Point Fault; SLSZ - Spruce Lake shear zone. 
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contoured poles to dykes In the 
Martinon Fm. and plutonic units (n=193) 

Figure 3.6. Summary of structural data from the Musquash-Dipper Harbour 
thrust belt. Contour intervals and symbols same as Figure 3.1 
and Legend same as Figure 2.1. LAB»long axis of boudins. a) 
Balls Lake Formation; b) Dipper Harbour volcanic unit; c) Balls 
Lake and Lancaster formations; d) thrust planes; e) calcite 
mylonites; f) dykes. Cross section B-B' and C-C' are shown in 
Figure 3.7. 
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Table 3.1. Summary of major deformations and related structures in the Brookville terrane. 

DEFORMATION 

pre-Dj 
pre-Late 
Precambrian 

FORMATION 

Martinon and 
Ashburn 

FOLDS 

soft sediment folds 

PLANAR FABRICS LINEATIONS 

Martinon 
DMF1 

pre-Late 
Precambrian 

macroscopic, upright, 
gently SW-plunging, open 
to close FMPI folds 

rare, NE-treliding, 
steeply SE-dipping 
»MF1 

rare, NE-trending, 
subhorizontal L̂ g,,, 
intersection of S 0 and 
SMFI 

Ashburn 

"AFU 
pre-Late 
Precambrian 

rare mesoscopic, upright 
to steeply SE inclined, 
gently to moderately NE 
and SW-plunging, close 
to tight, intrafolial 

axial planar, NE-
trending, steeply 
SE dipping SAF1, 

rare L, AFla 

and rootless F AFli f o l d s 

Ashburn 

"AFlb 
pre-Late 
Precambrian 

mesoscopic, upright to 
steeply SE inclined, 
gently to moderately NE 
and SW-plunging, close 
to tight Fjum, folds 

rare to abundant, 
axial planar, NE-
trending, steeply 
SE dipping SAFlb 

minor to abundant, 
subhorizontal to 
moderately NE and SW-
plunging LAFi6 
intersection of S API« and 

s AFlb» c r e n u l a t i o n i n 
p e l i t e 

MacKay Highway 
shear zone 

DMH1 
Late 

Precambrian 

mesoscopic, steeply SE 
inclined, gently to 
moderately NE and SW-
plunging, tight to 
isoclinal F^^ folds 

NE-trending, 
steeply SE dipping 
SMHl 

moderate NE-plunging LMHt 
intersection of SAKU and 
SAFlb in marble; parallel 
to mineral stretching 
lineation in blasto
mylonite 

"BGl 
Late 

Precambrian 

Brookville 
Gneiss 

mesoscopic, upright to 
steeply SE inclined, 
gently to moderately NE 
and SW-plunging, tight 

NE-trending, 
steeply SE-
dipping, gneissic 
S„ 

to isoclinal F, BCH folds 
'BGI 

moderate NE-trending L^j 
stretching lineation 



Table 3.1. Continued. 

DEFORMATION 

»2 
Middle 
Paleozoic 

D3.1 
Late 

Paleozoic 

FORMATION 

Spruce Lake 
shear zone 

Long Island 
shear zone 

FOLDS 

complex folds near 
boudins 

deformed related to the Caledonia-
granitoid rocks Clover Hill Fault 

New River 
Beach-
Kennebecasis 
Fault 

Caledonia-
Clover Hill 
Fault 

Milkish Head 
Fault 

Ragged Point 
Fault 

Ragged Head 
Fault 

Lepreau River 
Fault 

NE-trending, upright 
subhorizontal folds in 
adjacent sedimentary 
rocks 

steeply SE-inclined, 
gently to steeply NE and 
SK-plunging, tight folds 
in calcite mylonites 

steeply SE-inclined, 
gently NE-plunging, tight 
folds in calcite 
mylonites 

upright, subhorizontal to 
gently SW-plunging folds 
in adjacent sedimentary 
rocks 

PLANAR FABRICS 

NE-trending, steeply 
SE-dipping, narrow 
blastomvlcnite zone 

NE-trending, 
moderately to 
shallowly NW-dipping 

NE-trending, steeply 
SE-dipping 

NE-trending poorly 
exposed fault 
surfaces 

NE-trending, vertical 
to steeply SE-dipping 

NE-trending and 
subvertical fault 
surfaces 

NE-trending, vertical 
to steeply SE-dipping 

NE-trending, vertical 

NE-trending, vertical 
to steeply SE-dipping 

LINEATIONS 

moderately S-SW-
plunging stretching 
lineation 

moderately NW- 1 
plunging stretching 
lineation 

moderately to steeply 
SW-plunging 
stretching lineation; 
variably oriented 
slickensides 

<Ti 

1 



Table 3 . 1 . Continued. 

DEFORMATION 

D3.2» 
Late 

Paleozoic 

°3.2b 
Late 

Paleozoic 

°4 

1 Early 
| Mesozoic 

FORMATIONS 

Lancaster 
Balls Lake 
Parleeville 
Dipper Harbour 
volcanic unit 

thrust planes 
associated with 
the Musguash-
Dipper Harbour 
thrust belt 

Lepreau 

faults 

FOLDS 

moderately NW inclined 
subhorizontal to 
gently SW-plunging, 
tight to isoclinal F32» 
folds 

gently SW to SE 
inclined to recumbent. 
subhorizontal to 
gently NE to SW-
plunging, tight to 
isoclinal F32b folds 

rare, NE-trending, 
upright, 
subhorizontal, open 
folds 

PLANAR FABRICS 

minor axial planar 
fracture cleavage; 
subhorizontal S32a 
close to thrust 
planes 

subhorizontal axial 
planar SJ2b 

S0 tilted moderately 
to NW 

reactivated most NE-
trending faults; 
steep NW-trending 
transfer faults 

LINEATIOHS | 

L3 2* n o t well developed 

subhorizontal NE to SW-
plunging L32b 
intersection of S32, and 
S32b; subhorizontal to 
gently SE and NW-
plunging stretching 
lineation in calcite 
mylonites 

to 
- J 

\ 



PLATE 2 

Alternating thin dark fine-grained and lighter coarser-grained 
marble layers in the Ashburn Formation dip steeply to the 
southeast with a dark grey siliciclastic boudin. Marble layering 
anastomoses around boudin. This layering is interpreted to be 
secondary in origin and does not represent original bedding. 
Photograph faces northeast with the northeast-plunging 
intersection lineation perpendicular to photograph. Outcrop 
located in the Brookville Lime Quarry. Quarter for scale. 

Large white dolomite boudins surrounded by light grey anastomosing 
calcite layers in the Ashburn Formation. Photograph faces 
southwest with the southwest-plunging stretching lineation 
perpendicular to photograph. Outcrop located in the Fort Howe 
area. The hammer (center of photograph) is 26 cm long. 

Marble layers in Ashburn Formation deformed into a steeply 
southeaat-inclined, northeast-plunging, tight fold. Photograph 
faces northeast with the northeast-plunging intersection lineation 
perpendicular to photograph and subparallel to fold hinge. 
Outcrop located in the Brookville Lime Quarry. Quarter for scale. 

Cross section through a complex sheath fold in medium-grained 
marble of the Ashburn Formation. Photograph faces northeast with 
the subhorizontal stretching lineation perpendicular to 
photograph. Outcrop located along the west coast of Green Head 
Island near the contact with the Martinon Formation. Height of 
photograph approximately 2 m. 

I 
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PLATE 3 

Roadcut along the MacKay Highway showing a portion of the MacKay 
Highway shear zone. Shear zone composed of finely laminated, 
rectilinear quartzo-feldspathic (dark) and carbonate (light) 
blastomylonite. Large brown calc-silicate boudins in center of 
photograph. Photograph facerj northeast with the northeast-
plunging intersection lineation plunging away from photograph. 
Cliff approximately 6 m high. 

Carbonate blastomylonite in the MacKay Highway shear zone deformed 
into a steeply southeast-inclined, moderately southwest-plunging, 
tight folds. Photograph faces east with the northeast-plunging 
intersection lineation plunging to the left, away from photograph. 
The marker ia 12 cm long. 

Carbonate blastomylonite in the MacKay Highway shear zone showing a 
pervasive moderately northeast-plunging intersection lineation 
that parallels stretching lineation in adjacent orthogneiss. 
Photograph faces southeast with the intersection lineation 
plunging to the left. The hammer is 26 cm long. 

A narrow, northeaat-trending, steeply southeast-dipping, coarse
grained marble shear zone cutting folded marbles of the Ashburn 
Formation. Thea3 features are interpreted to be related to the 
MacKay Highway shear zone. Photograph faces east-northeast. 
Outcrop located near Snowflake Lime Quarry. The marker is 12 cm 
long. 
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PLATE 4 

Finely laminated, shallowly southeast-dipping calcite ultramylonite 
asaociated with the Musquash - Dipper Harbour thrust belt. 
Photograph faces northeast with the stretching lineation parallel 
to the picture plane and plunging slightly to the right. Tops to 
the left. Outcrop located on the east shore of Musquash Harbour 
near Black Beach. Hand lens for scale. 

Finely laminated, shallowly southeast-dipping calcite ultramylonite 
associated with the Musquash - Dipper Harbour thrust belt. 
Numerous asymmetric: quartzite boudins parallel mylonitic layering. 
Long axis perpendicular to photograph. Photograph faces northeast 
with the stretching lineation parallel to the picture plane and 
plunging slightly to the right. Tops to the left. Outcrop 
located on the east shore of Musquash Harbour near Wallace Cove. 
The chisel is 12 cm long. 

Massive to finely laminated, subhorizontal calcite mylonite 
associated with the Musquash - Dipper Harbour thrust belt. Large 
dioritic boudin in marble. Photograph faces northeast with the 
stretching lineation parallel to the picture plane and plunging 
•lightly to the left. Tops to the left. Outcrop located east of 
Musquash Harbour near Black Beach. Height of cliff approximately 
10 m. 

Photomicrograph of calcite ultramylonite with shear bands 
associated with the Musquash - Dipper Harbour thrust belt. 
Section cut parallel to stretching lineation and perpendicular to 
foliation and faces southwest. Tops to the right. Bar scale is 1 
mm. Plane-polarized light. 

I 
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CHAPTER 4 

VOLCANIC AND PLUTONIC ROCKS OF THE BROOKVILLE TERRANE 

4.1. INTRODUCTION 

More the 70% of the Broo'* ille terrane is composed of plutonic 

rocks and minor associated volcanic rocks. TheBe rocks have been 

recognized since the early part of this century (e.g. Cumming, 1916; 

Hayes and Howell, 1937; Alcock, 1938). However, a problem that emerged 

over the laat three decades (Chapter 1; Appendix A) waa the grouping of 

all the granitoid rocks into a single suite, considered to be typical of 

Late Precambrian (Late Neoproterozoic) plutons in southern New 

Brunswick, and collectively referred to as the Golden Grove Suite (e.g. 

Currie, 1986a; Nance, 1986b). Together with volcanic rocks of the 

Coldbrook Group and associated plutons, the plutonic units in the Saint 

John area were considered to be the result of Late Precambrian (ca. 600 

Ma) subduction, characteristic of the Avalon terrane in southern New 

Brunswick and elsewhere (e.g. Keppie et al., 1991; Nance et al., 1991). 

However, based on geochronology (Chapter 6) and field relationships 

(Appendix B), the volcanic and plutonic rocks of the Brookville terrane 

are now known to be younger (mainly ca. 548 to 537 Ma) than the 

characteristic Avalonian units (ca. 620 Ma and 560 to 550 Ma) (Barr et 

al., 1994). Overall, the present study shows chat the Brookville 

terrane includes a complex series of granitoid plutons, the 

characteristics of which had not been adequately described or 

interpreted by previous workers. 

The purpose of this chapter is to describe the petrography, 

mineral chemistry, and petrochemistry of the volcanic and plutonic rocks 

in the Brookville terrane in order to clearly establish the 

characteristic features of these units. The interpretations presented 
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in this chapter are based on the examination of over 600 stained rock 

slabs, 260 thin Bections, mineral analyses in 35 samples, and 121 whole-

rock chemical analyses (Appendix C). 

4.2. VOLCANIC UNITS 

Volcanic rocks of the Brookville terrane occur only in the 

southwest in the Dipper Harbour area (Fig. 2.1, Map A), and have been 

named the Dipper Harbour volcanic unit (McLeod et al., 1994). In the 

present study, the volcanic rocks are subdivided into three distinct 

lithological units: 1) dominantly rhyolitic, 2) andesitic to dacitic 

and, 3) mixed andesitic to rhyolitic rocks with minor sedimentary rockB. 

4.2.1. Rhyolitic unit 

The rhyolitic unit consists dominantly of white-weathered, grey to 

grey-green to maroon, massive to moderately layered (>2 m to <10 cm 

thick), crystal-rich rhyolitic ash flows. They contain small (<5 mm 

maximum diameter) phenocrysta of rounded embayed quartz, euhedral 

anorthoclase, and/or euhedral plagioclase (An35jW) set in a fine-grained 

to aphanitic groundmass of microcrystalline quartz and feldspar. 

Following the classification of Streckeisen (1979) and using the 

relative modal abundances of phenocrysts (Cas and Wright, 1987, p. 18), 

these ash flows are termed pheno-rhyolitic to pheno-rhyodactic (Fig. 

4.1; Appendix C.l). In massive volcanic layers, flow foliation is 

defined by thin, up to 15 cm long and 2 cm wide, fiamme-Bhaped 

structures that were previously interpreted as flattened pumice 

fragments (Rast et al., 1978b; Nance et al., 1990; Zain Eldeen, 1991). 

However, these structures are aggregates of extremely fine-grained 

spherulitic quartz and feldspar and are here considered to be 

lithophysae. These structures result from spherulitic growth around an 

expanding vesicle in a hot flow as it moves (Cas and Wright, 1987, p. 
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84). Pumice fragments were not recognized in any sample. 

Associated with the crystal-rich ash flows are minor maroon to 

purple, or rarely light green, rhyolite flows. Flow banding is defined 

by alternating aphanitic and fine-grained layers up to 2 mm wide. 

Phenocrysta of euhedral, moderately saussuritized plagioclase (An30) and 

B'ibhedral quartz compose less than 5% of the rhyolite and the matrix is 

generally a cryptocrystalline mass of quartz and feldspar. Within these 

flows, thin spherulitic lenses are preserved. Due to poor outcrop 

control, the thickness of the flows is unknown. 

Light grey to purple, rhyolitic to dacitic, lithic-rich tuff is 

commonly associated with the flow-banded rhyolite. Clasts are generally 

subrounded (<5 cm in diameter) and consist of dacitic to rhyolitic tuff 

and flow fragments. Basaltic to andesitic fragments occur rarely. 

ClftBts are locally flattened where a tectonic cleavage is present 

(Chapter 3). Basaltic or andesitic flows, were not observed in this 

unit. 

4.2.2. Andesitic to dacitic unit 

The andesitic to dacitic unit consists dominantly of cleaved, 

green to grey-green, locally maroon, lithic-rich tuff. Clasts of 

andesitic and dacitic tuffs are generally less than 5 cm in diameter and 

commonly flattened parallel to a subhorizontal cleavage. The matrix is 

composed of a well foliated mass of fine-grained epidote, chlorite, and 

sericite. Plagioclase crystals are rare and, where present, are 

typically broken and intensely altered. Volcanic layering is difficult 

to recognize because of the strong foliation (Chapter 3). Minor green-

grey, well cleaved, laminated siltstone is locally interlayered with the 

tuff. Volcanic flows were not observed in this unit. 
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4.2.3. Mixed andesitic to rhyolitic unit 

The mixed andesitic to rhyolitic unit consists of green-grey to 

maroon andesitic lithic-rich tuff and minor purple dacitic to rhyolitic 

lithic-rich and crystal-rich tuff. Clasts are varied and typically 

flattened parallel to a subhorizontal cleavage. Associated with the 

volcanic rocks is well laminated calcareous siltstone that is locally 

interlayered with maroon lithic-rich tuff. Also associated with the 

siltstone is grey laminated marble that is locally mylonitic near 

faults. Because of the presence of marble and siltstone, this unit was 

previously interpreted to be part of the Green Head Group (e.g. Dickson, 

1&83). 

The more mafic lithologieB in the unit are generally altered and 

deformed similar to those in the andesitic to dacitic unit described 

above. The rhyolitic lithic-rich tuff is generally composed of 

subrounded (<2 cm in diameter) dacit-ic tuff and flow fragments that 

comprise up to 80% of the rock. The groundmass is typically a mixture 

of fine-grained quartz and feldspar. The crystal-rich tuffs are pheno-

rhyodacitic and consist of small (<2 mm in diameter) phenocrystB of 

euhedral plagioclase (AnI0) and rounded quartz in a groundmass of 

microcrystalline quartz and feldspar. The sedimentary rocks are 

recrystallized to a mixture of epidote and chlorite and/or calcite. 

4.2.4. Petrochemistry 

Five representative samples for major and trace element analyses 

(Appendix C.2) were collected from rhyolitic aBh flows in the Dipper 

Harbour volcanic unit, from which chemical data have rxot previously been 

reported. Sample locations are shown on Map D. Samples from the 

rhyolite ash flows have a narrow range in silica content from 75 to 77%. 

On silica variation diagrams, the analyzed samples tend to cluster, with 

the exception of K20 and most trace elements which display considerable 
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scatter (Fig. 4.2, 4.3). The only apparent trend is an increase in Zr 

with increaaing SiOj. 

All samples are peraluminous with normative corundum values of 2 

to 3% and aluminum saturation indices (A/CNK=molar Al2O3/CaO+Na2O+K20) 

ranging from 1.3 to 1.4 (Appendix C.2, Fig. 4.4). Differentiation 

indices (Thornton and Tuttle, 1960) are also high, greater than 90 

(Appendix C.2). 

Based on the Na20+K20 verses SiOj diagram (Fig. 4.5) the samples 

are subalkaline, and on the AFM diagram (Fig. 4.6) the compositions plot 

near the Na20+K20 aprx in the calc-alkaline field. 

4.3. PLUTONIC UNITS 

Plutonic units in the Brookville terrane cover an area greater 

than 200 km2 and include numerous lithologies, which, on the basis of 

systematic mineralogical and/or chemical variations, unique textural and 

mineralogical features, and age (Chapter 6) are grouped into 29 plutons 

and 2 orthogneissic units (Map A, Fig. 1.3, 2.1). Each pluton defines a 

distinct intruaive pulse and may vary in complexity from homogeneous to 

composite. The apparent size of each pluton (at the present level of 

erosion) also varies considerably from <1 to >20 km2. 

Three temporally and lithologically distinct plutonic groups are 

recognized: 1) ca. 605 Ma orthogneiss associated with the Brookville 

Gneiss, 2) ca. 548 to 537 Ma set of varied granitoid plutons, and 3) a 

younger aet of gabbroic to ultramafic plutons. Most of these unite are 

cut by numerous younger mafic dyke rocks. 

Plutonic units are named following as closely as possible the 

recommendations of the International SubcommiBsion on Stratigraphic 

Classification (1987) and the classification scheme of Streckeisen 

(1976) (Appendix B), as well as the geographic names used by earlier 

workers (e.g. Hayes and Howell, 1937; Belyea, 1945; Ruitenberg et al., 
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4.3.1. Orthogneiss 

Two distinct orthogneissic units are recognized in the Brookville 

Gneiss and include amphibolite and tonalitic to granodioritic 

orthogneiaB (Fig. 4.1). Modal analysis suggests that the amphibolites 

are quartz diorite in composition; however, much of the quartz is 

probably metamorphic in origin and the protolith is interpreted to be 

gabbroic or dioritic in composition. Baaed on field evidence the 

amphibolite and tonalitic to granodioritic orthogneiss are considered to 

be coeval but it is unclear if they are cogenetic (Chapter 2 and 5). 

Because the petrography and mineral chemistry reflects an upper 

amphibolite-facies metamorphic overprint, these features are described 

in Chapter 5. However, the grade of metamorphism is interpreted to have 

little effect on the original petrochemical characteristics of the 

orthogneiss. 

4.3.1.1. Petrochemistry 

Seven representative samples from the tonalitic to granodioritic 

orthogneiss and two from hornblende-bearing paragneiss were collected to 

characterize and classify these units based on major and selected trace 

elements. SampleB from the amphibolite were not analyzed. The 

geochemical data, CIPW normative mineralogies, and statistical data are 

tabulated in Appendix C.2. Analyses of samples collected by other 

workers in the area are integrated with data from this study and noted 

in Appendix C.2. Sample locations are plotted on Map D. 

Although the orthogneiss has a narrow range in silica content (66 

to 70%) it still shows a negative correlation with Ti02, A1203, Fe203
T, 

MnO, MgO, CaO, and P205 and a weak positive correlation with Na2o (Fig. 

4.2). Most of the trace elements show no correlation with silica (Fig. 
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4.3). Compared to the ca. 548 to 537 Ma plutons the orthogneiss ia 

• lightly enriched in TiC^, MgO, CaO, Nb, Ni, Th, and Cr, and depleted in 

IĈ O. The two aamplea of hornblende-bearing paragneiss have silica 

contents less than 61% and typically plot on the same trend as the 548 

to 537 Ma plutons. They are slightly enriched in Ti02, MnO, Nb, Zr, and 

Cr, and slightly depleted in Ba and Sr. Ni contents are considerably 

higher. 

The orthogneiss is quartz-normative and peraluminoua with A/CNK 

ranging from 0.96 to 1.31 (Appendix C.2, Fig. 4.4). Differentiation 

indices diaplay a poaitive correlation with ailica and from 69 to 79 

(Appendix C.2). The orthogneiBS samples are subalkaline and calc-

alkaline and are slightly discordant to the main ca. 548 to 537 Ma 

plutonic trend (Fig.4.5, 4.6). 

4.3.2. Granitoid Plutons 

Twenty-six separate granitoid plutons are recognized based on the 

present study combined with earlier work. The individual plutons are 

described in Appendix B. They are broadly grouped into three main 

packages based on lithology, grain size characteristics, and the 

abundance of mafic minerals: 1) medium-grained, diorite to granodiorite 

with over 20% biotite and hornblende (see Table 2.2a); 2) generally 

coarse-grained, locally megacrystic, monzogranite to granodiorite 

typically containing less than 10% biotite and hornblende (see Table 

2.2b); and 3) medium- to fine-grained, locally porphyritic, syenogranite 

to monzogranite with less than 5% mafic minerals (see Table 2.2c). All 

three groups are considered to be coeval and oogenetic based on field 

relations, geochronological data (Chapter 6), and petrochemical 

continuity. Hence, the petrography, mineral chemiBtry, and 

petrochemistry of the three groups of plutons are described together. 

Significant differences, specific to a set of plutons or individual 

plutons, are noted as appropriate. 
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Plutonic rockB assigned to the dioritic to granodioritic group are 

widespread throughout the terrane but are most abundant southwest of 

Saint John. They include the Ludgate Lake, Rockwood Park, Perch Lake, 

Shadow Lake, Talbot Road, Spruce Lake, Belmont, and Renforth plutons, 

including the smaller Mayflower Lake, Narrows, and Acamac plutons. Most 

of the plutons are gradational between tonalite and granodiorite, except 

the Spruce Lake, Belmont, and Renforth plutonB which range from quartz 

diorite to granodiorite and the French Village Quartz Diorite which 

ranges from diorite to granodiorite (Fig. 4.1; Appendix C.l). They 

typically form the largest plutons (>10 km2) and most are elongate 

northeast. Flow foliations, where present, are defined by elongate 

mafic enclaves that are generally oriented parallel to the long axis of 

plutona. A diatinctive characteristic of many of the plutonB in this 

group is the abundance of dioritic to tonalitic enclaves. The majority 

of these enclaves are interpreted to represent cognate material of 

earlier consolidated variants of the host (e.g. Pitcher, 1994). 

However, locally they display minor magma mingling/mixing textureB (e.g. 

Shadow Lake Granodiorite and Lepreau Pluton). Here the dioritic 

enclaves are interpreted to have crystallized from blebs of immiBcible 

mafic melt within the larger granitoid pluton (e.g. Barbarin and Didier, 

1992). 

Plutonic units in the monzogranite to granodiorite group are the 

Fairville, Chalet Lake, Gayton, Milkish Head, Hammond River (and 

associated Cassidy Lake Inlier), Hanson Stream, Lepreau, and Lepreau 

Harbour plutons. They are generally smaller (<10 km2) and less 

abundant than the dioritic to granodioritic plutona, and occur scattered 

throughout the terrane. They typically consist of granodiorite and 

monzogranite (Fig. 4.1; Appendix C.l). However, a few of the very 

coarse-grained samples in the Chalet Lake pluton and Cassidy Lake inlier 

are classified as Byenogranite, whereas the Lepreau Harbour pluton is 

entirely granodioritic in composition. Some parts of the composite 

Lepreau pluton are tonalitic to quartz dioritic and locally display 
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magma mingling textures with the monzogranitic portions. In contrast to 

the dioritic to granodioritic plutona, these units generally lack 

foliations or abundant enclaves. Granophyric textures are common in 

these units. 

Plutons aBsigned to the syenogranitic to monzogranitic group are 

more limited in their geographical distribution than the other two 

groups and generally occur southwest of Saint John in the Musquash 

Harbour area. The Jarvies Lake, Cranberry Head, Prince of Wales, and 

Harvey Hill plutons all ahow compoaitional gradations from syenogranite 

to monzogranite (Fig. 4.1; Appendix C.l); however, aome parts of the 

composite Muaquash Harbour Pluton are granodioritic to tonalitic. The 

Henderson Brook pluton is dominantly monzogranitic, although a few 

samples are granodioritic. These plutons lack dioritic enclaves, or 

flow foliations, and are typically leucocratic, granophyric, and highly 

fractured. Because of intense alteration, no mineral analyses were done 

for these plutons. 

4.3.2.1. Mineralogy 

The major mineral phases present in all three groups of plutonB 

are essentially the same, although the relative abundance varies 

(Appendix C.l). They include plagioclase, potassium feldspar, quartz, 

hornblende, and biotite. Accessory minerals include titanite, apatite, 

zircon, magnetite, and rare allanite. Garnet and muscovite were 

obssrved only in the Harvey Hill syenogranite. 

Plagioclase in the dioritic to tonalitic plutons (e.g. French 

Village, Renforth, Belmont, Talbot Road, granodioritic to quartz 

dioritic units of the Musquash Harbour pluton, and dioritic enclaves) 

have compositions ranging from An31 to AnS3, with averages greater than 

An^ (Fig. 4.7; Appendix C.3). The more granodioritic plutons in this 

group (e.g. Rockwood Park, Perch Lake, Shadow Lake, and Ludgate Lake 

plutons), as well as the granodioritic parts of the Renforth pluton, 



113 

have plagioclase with average compositions less than An40. In contrast, 

average plagioclase compositions in the monzogranitic and syenogranitic 

plutona are generally less than An30 (Fig. 4.7; Appendix C.3). In some 

samples plagioclase grains have narrow rims with more albitic 

compositions (<An10), probably as a result of subaolidus re-

equilibration. Normal and oscillatory zoning is common; however, 

plagioclase in the Byenogranitic plutons is not as well zoned as in 

other units. In the Shadow Lake, Ludgate Lake, and Lepreau plutons, 

complex plagioclase zoning patterns are more common, and include partly 

reBorbed cores and zones. In addition, some plagioclase grains in the 

Shadow Lake pluton display reverse zoning. Several processes may result 

in the formation of complex and reverse zoning at the magmatic stage 

(e.g. Barbey, 1991); however, the likely mechanism involves increasing 

the temperature of the magma through mixing of melts of different 

temperatures (e.g. Hibbard, 1991). The Or component in plagioclase is 

typically less than 3% but some analyses have K20 as high as 8%, 

probably due to incipient sericitic alteration. Myrmekite is common in 

most plutons, with the exception of the syenogranites, and appears to be 

a texture that evolved during cooling as opposed to incipient 

deformation or later alteration. 

In most of the plutonB, potassium feldspar is typically anhedral, 

interstitial perthitic microcline; however, in the syenogranitic units, 

perthitic orthoclaae is common and locally forms subhedral phenocrysta. 

Microcline is generally cryptoperthitic and ranges in composition from 

Or9j to Or98, with Ab contents <9% and only trace amounts of An (Fig. 

4.7). However, aome potassium feldspar in the Shadow Lake pluton varies 

in composition from Or62 to Or85 with Ab contents up to 38%. Sodic 

lamellae in perthitic grains have only trace amounts of Or and Ab 

contents up to 98%. Inclusions in the potassium feldspar include 

plagioclase, hornblende, quartz, and biotite. Granophyric quartz 

inclusions are common in K-feldspar in the syenogranitic and 

r 
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monzogranitic plutona. 

In all the plutona, quartz typically forma anhedral interstitial 

grains with small inclusions of plagioclase, biotite, and hornblende. 

In the Hanson Stream, Milkish Head, and some samples of the Fairville 

and Chalet Lake plutons, quartz also occurs as single, subhedral rounded 

aubporphyritic grains or aggregated of very fine-grained sutured grains 

up to 10 mm in diameter. In most of the granitic units, quartz iB 

typically embayed. Rare inclusions of muscovite occur in quartz in the 

Gayton, Milkish Head, Hammond River, Hanson Stream, and Harvey Hill 

plutona. 

Hornblende, like plagioclase, was mainly an early crystallizing 

phase in these plutons; however, some grains in the Renforth and French 

Village plutons, as well as in the dioritic enclaves, are anhedral, 

poikilitic, and locally interstitial in relation to plagioclase, and 

appear to have crystallized later. Hornblende commonly displays optical 

and compoaitional zoning in the dioritic to granodioritic plutona 

whereaa in the granitic unite it ia not obviously zoned. Remnant 

clinopyroxene coreB were observed only in some samples from the French 

Village and Spruce Lake plutons, and from dioritic enclaves in the 

Shadow Lake pluton. Hornblende is rare in the syenogranite, and ia 

typically chloritized. All the analyzed hornblende grains belong to the 

calcic amphibole group as defined by Leake (1978), and the majority are 

magnesio-hornblende (Fig. 4.8). Core to rim variations in Si, Ti, Fe, 

Na, and K in individual grains are irregular and vary only alightly 

between samples. However, there is a consistent increase in AlT, Mn, 

and Ca and a slight decrease in Mg from core to rim (Appendix C.3). 

Some hornblende cores in the French Village pluton are compoaitionally 

distinct from their rims and the other hornblende compositions. These 

cores have significantly higher A1T, Ti, and Na and lower Si, Mn, and K 

and are ferroan paragasite (Fig. 4.8). High-Al and low-Si hornblende 

cores have been described elsewhere (e.g. Hammarstrom and Zen, 1986) and 

attributed to hornblende crystallizing prior to quartz in the melt. 
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However, the presence of vermicular quartz in the cores of these 

hornblende grains, interpreted to be the result of early symplectic 

growth, combined with the high-Ti contents indicates higher temperatures 

and/or pressures during early crystallization of the melt (Anderson, 

1980). Hornblendes from the Fairville and Chalet Lake plutons are 

distinctly different from compoaitions in the dioritic to granodioritic 

plutona. They typically contain high Fe and low Mg, si-^.lar to 

associated biotite compositions (see below), and are ferro-edinitic in 

composition (Fig. 4.8). This is consistent with the whole rock 

compositions for these samples. 

Biotite typically occurs as subhedral intergranular grains, 

commonly poikilitic and partially altered to chlorite. Biotite in the 

syenogranitic plutons is commonly entirely altered to chlorite. Biotite 

compositions (Appendix C.3) from most of the plutons are generally very 

reBtricted in terms of Mg/(Mg+Fe) and AlVI and plot approximately midway 

between phlogopite and annite (Fig. 4.9). Average FeO/MgO 1B about 1.5 

and consistent with a calc-alkaline host rock (Abdel-Rahman, 1994). In 

contrast, biotite compositions from the Fair.llle and Chalet Lake 

plutona have lower Mg/(Mg+Fe) and FeO/MgO greater than 5.0 which 

suggests an alkaline host according to the criteria of Abdel-Rahman 

(1994). However, they lack other mineralogical characteristics such as 

alkali amphibole to confirm this interpretation. 

Magnetite iB the most common accessary mineral in the plutonic 

units and ilmenite waa not observed (Appendix C.l, C.3). 

4.3.2.2. Petrochemistry 

Representative samples from most of the plutons were collected to 

characterize and claaaify theBe units baaed on major, Belected trace, 

and rare earth elements. Ninety-six samples were analyzed, 51 samples 

from dioritic to granodioritic plutons, 24 samples from monzogranitic to 

granodioritic plutons, and 21 aamplea from syenogranitic to 
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monzogranitic plutons. Twelve of these samples were also analyzed for 

rare earth elements. The geochemical data, CIPW normative mineralogies, 

and statistical data are tabulated in Appendix C.2. Analyses of samples 

collected by other workers in the area are integrated with data from 

this study and also noted in Appendix C.2. Sample locations are plotted 

on Map D. 

The plutons range in silica content from a low of 47% in dioritic 

rocks (e.g. French village pluton) to 78% in the syenogranitic rocks 

(e.g. Harvey Hill pluton). Silica content shows a negative correlation 

with Tio^ Al2o3, We203
r, MnO, MgO, CaO, and P20< and a positive 

correlation with Na20 and K20 (Fig. 4.2). These trends are consistent 

with decreasing abundances of hornblende, biotite, and calcic 

plagioclase and increasing proportions of quartz and potassium feldspar 

in the more silicic samples. Systematic chemical and mineralogical 

variations of this type are commonly attributed to fractional 

crystallization processes (e.g. Tindle and Pearce, 1981). However, 

Chappell and White (1991) suggest that similar compositional trends may 

result from different degrees of partial melting of the crust "reatite 

hypothesis". In addition, similar trends have bean noted from mafic and 

felsic magma mixing (e.g. Pitcher, 1994), a model favoured by Whalen et 

al. (1994) for the origin of plutonic units in the Brookville terrane. 

Major and trace element variations in the syenogranitic plutons 

(e.g. Jarvies Lake and Musquash Harbour) are generally parallel to those 

in the rhyolitic samples from the Dipper Harbour Volcanic unit, with the 

exception of considerably lower Na20 and higher Ba in the rhyolite (Fig. 

4.2, 4.3). 

Variations in major oxide concentrations in some of the plutons in 

the monzogranitic to granodioritic group (e.g. Fairville, Chalet Lake, 

and Gayton plutons) display trends distinctly different from other 

plutons of similar ailica content. These plutons are slightly enriched 

in TiOj, Fe203
T, MnO, and P20s and have steeper slopes on the silica 

variations diagrams relative to the other plutons. They are also 

s 'W 
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8lightly depleted in A1203 and MgO. 

All of the aamplea are quartz-normative and, with the exception of 

the more mafic samples, most are corundum-normative. The aluminum 

saturation index generally increases from 0.75 to greater than 1.5 with 

increasing Bilica content (Fig. 4.4) but the majority are greater than 

1.0. The increase in A/CNK from the metaluminous to peraluminoua rocks 

is interpreted to be the result of progressive decrease in CaO due 

primarily to the removal of hornblende (Cawthorn et al., 1976). The 

differentiation index also displays a positive correlation with silica 

and increases from 29 in the dioritic enclaves to 96 in the 

Byenogranites. 

The granitoid plutons are dominantly aubalkaline (Fig. 4.5) and 

display a typical calc-alkaline trend (Fig. 4.6). The chemical 

dissimilarity between many of the monzogranitic to granodioritic units 

and the other plutons is clear on this diagram. Samples from the 

Fairville, Chalet Lake, Gayton, Hammond River, and Milkish Head plutons 

parallel the Na20+K20-FeO
T join, similarly, the QAP diagram of normative 

mineral contents (not shown) displays the same pattern, with the 

Fairville and Chalet Lake more orthoclase-rich. 

Most of the trace elements show "normal" variations with Si02, 

generally attributable to fractional crystallization processes; however 

these variations are not as smooth as those in the major oxides. With 

increasing Si02 in the granitoid plutons, abundances of Rb and Ba 

increase and Sr decreases. Rubidium, and to a lesser extent Ba, mimic 

the variations in K20 due to their similar chemical characteristics. 

This is also the case for the similar trendB in Sr and CaO which 

suggests fractional crystallization of alkali feldspar and plagioclase. 

Barium contents are enriched in the Fairville and Chalet Lake plutona, 

possibly due to the presence of Ba-rich megacrystic potassium feldspar. 

The Y and Zr contents in the low ailica units (<65%) display a 

moderate positive correlation with SiĈ . In aamplea with silica 
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contents greater than 65%, both x and Zr contents are quite varied and 

•how no systematic trend with silica. This scatter may be the result of 

preferential fractionation of zircon in certain plutons and not others. 

Because Nb values are generally low and close to the detection limit of 

10 ppm, the abundance patterns are not considered significant. 

Zinc and V contents display good negative correlations with Si02. 

Zinc is attributed to the fractionation of hornblende and/or biotite 

which can both host Zn (Gill, 1981). Hornblende and biotite can also 

host V; however, the negative trend is probably due mainly to magnetite 

fractionation. Nickel, Cr, and Ga contents have weak negative 

correlations that probably reflect the fractionation of mafic mineral 

phases, mainly hornblende. 

Chondrite-normalized rare earth element (REE) distribution 

patterns have moderate light rare earth element (LREE) enrichment, 

Blight negative or no Eu anomalies, and relatively flat heavy rare earth 

element (HREE) patterns (Fig. 4.10). However, granodiorite from the 

Renforth Pluton is more enriched in LREE and granite from the Hammond 

River pluton ia depleted in HREE. The lack of a Eu anomaly and flat 

HREE suggestB minimal feldspar fractionation or, more likely, 

simultaneous fractionation of subequal amounts of plagioclase and 

hornblende, as indicated by the major and trac« element patterns 

(Hanson, 1980). Total REE contents generally increase with increaaing 

silica content. The syenogranitic and mor.v.ogranitic plutons have the 

highest total REE values with the most prominent negative Eu anomalies. 

The syenogranite sample has a slightly lower total REE content than the 

monzogranite, probably due to the fractional crystallization of small 

amounts of titanite, allanite, or apatite. 

4.3.3. Gabbroic to Ultramafic Plutons 

Three layered gabbroic to ultramafic plutons occur in the 

Brookville terrane: Duck Lake, Indiantown, and Coverdale (see Table 

X I 
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2.2d; Appendix B). The Duck Lake pluton is a small, irregular-shaped 

body that outcrops about 10 km northeast of the centre of the city of 

Saint John. It consists of gabbro, orthopyroxene gabbro, gabbronorite 

to olivine gabbronorite, and anorthosite, with minor ultramafic rocks 

such as dunite and wehrlite (Fig. 4.11; Appendix C.l). Numerous small 

gebbroic bodies in and around the French Village Quartz Diorite to the 

northeaat are interpreted to be related to the Duck Lake pluton. The 

poorly exposed Indiantown pluton outcrops in the Indiantown area of 

Saint John. It is essentially composed of anorthosite and orthopyroxene 

gabbro (Fig. 4.11; Appendix C.l). The Coverdale pluton ia located 2 km 

aouth of Moncton and is interpreted to be the largest (30 km2 in area) 

gabbroic pluton in the terrane. However, this pluton does not crop out 

and is covered by carboniferous sedimentary rocks. Based on limited 

drill core data it is lithologically siv'lar to the Duck Lake pluton; 

however, it contains more anorthosite and the ultramafic rockB are 

oxide-apatite-clinopyroxenitea (Fig. 4.11; Appendix c.l). 

The gabbroic and ultramafic rocks in the Duck Lake and Coverdale 

plutona are favourable hosts for nickel sulphides, titanium, and 

platinum-group elements and have been staked and prospected in detail 

(e.g. PGE Resource Corp. and Noranda). 

4.3.3.1. Mineralogy 

The Duck Lake, Indiantown, and Coverdale plutons are dominantly 

medium- to coarse-grained, inequigranular, and hypidiomorphic to 

allotriomorphic and commonly display cumulate textures. Mineral 

chemistry was obtained only from the Duck Lake pluton and not from the 

Indiantown or Coverdale plutons. 

Subhedral, generally unzoned and unaltered plagioclase 1B the main 

cumulate phase in all the plutona. In the Duck Lake pluton plagioclase 

compositions range from bytownite (An8J) to almost pure anorthite (An?8) 

in the olivine gabbronorite and labradorite (AnJg) to bytownite (An74) in 
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the gabbroic lithologies (Deveau, 1989; Grammatikopoulos, 1992). 

Plagioclase in anorthosite from the Duck Lake pluton rangea from An$s.70 

(Carlsbad-albite combined twin method) where it forms adcumulate 

textures. Based on optical determinations, plagioclase compositions 

from similar lithologies in the Indiantown and Coverdale plutons are 

similar to those in the Duck Lake pluton. Plagioclase grains are 

typically incluBion-free and clearly crystallized prior to other phaseB. 

However, plagioclase from orthopyroxene-bearing gabbro in the Duck Lake 

pluton displays moderately developed reverse zoning (Grammatikopoulos, 

1992), and here the plagioclase contains Bmall laths of clinopyroxene 

and apatite which suggests co-crystallization. In the Coverdale pluton, 

plagioclase in the gabbroic samples is typically altered to sauasurite 

and minor carbonate minerals. 

Like plagioclase, olivine is a dominant cumulate phase. It 

generally occurs aB discrete euhedral to subhedral grains in the Duck 

Lake gabbronorite and the Coverdale clinopyroxenite; however, in dunite 

and wehrlite samples from the Duck Lake pluton it forms massive, 

interlocking grains. Olivine is typically highly fractured and 

completely replaced by serpentine with minor amounts of chlorite and 

opaque minerals. Compositions obtained from one sample of gabbronorite 

in the Duck Lake pluton show little variation 0̂75.77) (Grammatikopoulos, 

1992). Olivine in some gabbronorite samples from the Duck Lake pluton 

displays kelyphitic textures with overgrowtha of clinopyroxene and 

amphibole. 

In all plutonB clinopyroxene ia generally anhedral and 

intercumulate, although locally in a few gabbroic samples from the Duck 

Lake pluton it 1B subhedral and suggests that it crystallized with 

asaociated subhedral plagioclase. Clinopyroxene ia commonly rimmed by 

amphibole and/or chlorite or ia entirely replaced by amphibole or a 

mixture of chlorite, fibroua actinolite, epidote, and calcite. 

Clinopyroxenes in the orthopyroxene-bearing gabbro and olivine 

gabbronorite from the Duck Lake pluton are aalitic to augitic in 
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composition (Deveau, 1989; Grammatikopoulos, 1992) and similar to 

clinopyroxene compositions in the Coverdale pluton (D.R. Boyle personal 

communication, 1994). 

Orthopyroxene ia leas common than clinopyroxene and is typically 

anhedral and interstitial. Locally in the Indiantown pluton it is 

aubhedral and poikilitic. It displays the same alteration patterns aa 

clinopyroxene. Orthopyroxene in unaltered samples of orthopyroxene-

bearing gabbro and olivine gabbronorite from the Duck Lake pluton are 

bronzite to hypersthene (Grammatikopoulos, 1992). 

Amphibole appears to be secondary in most of the samples, commonly 

replacing the rims of some pyroxenes. Primary amphibole is rare and ia 

restricted to one oample of olivine gabbronorite from the Duck Lake 

pluton where it is intercumulate to clinopyroxene, plagioclase, and 

olivine. In thia aample the compoBition rangea from magnesio-hornblende 

to tschermakite (Fig. 4.8). Secondary amphibole from the Duck Lake 

orthopyroxene-bearing gabbro is magnesio-hornblende with higher 

Mg/(Mg+Fe) compared to hornblende compositions in the dioritic to 

monzogranitic plutonB (Fig. 4.8). Because the secondary amphibole ia 

not actinolitic in composition it is not interpreted to be the result of 

greenachist facies metamorphism but probably the result of Bubeolidus 

equ i1ibrat ion. 

In the Duck Lake and Indiantown plutons, fine-grained opaque 

minerals are anhedral, locally exhibit skeletal texture, and are 

commonly associated with chlorite and titanite, suggesting that some of 

the opaque minerals are aecondary in origin. In the Coverdale pluton, 

larger opaque minerals are also anhedral but commonly occur aa discrete 

amoeboid shapes or complex intercumulate grains. Mineral analyses 

indicates that magnetite is the dominant phase in the Duck Lake pluton 

(Deveau, 1989; Grammatikopoulos, 1992) and both magnetite and ilmenite 

are present in the Coverdale pluton (Boyle and Stirling, 1994). 

Euhedral grains of apatite tend to be concentrated within the 

oxide phases of the Coverdale pluton and a small volume of apatite ia 
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enclosed in clinopyroxene. Samples of olivine gabbronorite from the 

Duck Lake pluton contain subhedral spinel as inclusions in 

clinopyroxene. 

4.3.3.2. Petrochemistry 

A total of 10 samples from gabbro, gabbronorite, olivine 

gabbronorite, orthopyroxene gabbro, and anorthosite in the Duck Lake and 

Indiantown plutons were analyzed for major and trace elements. In 

addition, four samples were analyzed for rare earth elements (Appendix 

C.2). Sample locations are plotted on Map D. The Coverdale pluton was 

not: sampled for chemistry because of the lack of surface outcrop and 

limited access to available drill core. 

Gabbroic rocks range from 34.9 to 47.0% Si02. Positive 

correlations with SiOj are shown by Ti02, A1203, CaO, and Na20 and 

negative correlations by Fe203
T, MnO, and MgO. K20 and P205 have very low 

values and display weak negative correlations with Si02 (Fig. 4.2). 

Most of the trace elements show no correlation with silica; however, Sr 

ia the exception,, and increases with increasing Bilica to about 45% Si02 

and then sharply decreases (Fig. 4.3). The olivine gabbronorite samples 

have the highest Fe203
T, MgO, Ni, and Cr contents due to the apparent 

accumulation of olivine and pyroxene. 

Most of the analyzed samples are diopside-normative with the 

exception of four of the more ailica-poor samples which are slightly 

corundum-normative (Appendix C.2). A/CNK values range from 0.6 to 1.1 

and are independent of lithology but dirplay a weak negative correlation 

with silica (Fig. 4.4). Differentiation indices are typically less than 

26. 

The gabbroic rocka are generally aubalkaline, with the exception 

of a few samples that appear alkaline (Fig. 4.5). The Zr/Ti02 vs. Nb/Y 

diagram of Winchester and Floyd (1977) (not Bhown) also indicates 
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aubalkaline affinity. Clinopyroxene compositions plotted on the 

discrimination diagrams of Leterrier et al. (1982) (rot shown) also 

suggests they are aubalkaline, but transitional to alkalic (Deveau, 

1989; Grammatikopoulos, 1992) and formed in an orogenic setting. On the 

AFM diagram the gabbroic rocks display tholeiitic affinity (Tig. 4.6). 

Chondrite-normalized rare earth element (REE) distribution 

patterns for samples from the Duck Lake pluton have total REE values 

considerably lower than samples from the dioritic to syenogranitic 

plutonB and are largely controlled by the cumulus phase present. Two 

distinct REE patterns are present (Fig. 4.10). Two samplea of olivine 

gabbronorite have nearly parallel, relatively steep LREE enrichment, a 

moderate positive Eu anomaly, and a depleted HREE pattern. The other 

two samplea of Indiantown anorthosite and Duck Lake gabbronorite have a 

flat LREE pattern with little or no Eu anomaly and slightly depleted, 

relatively flat HREE. The positive Eu anomalies suggest that 

plagioclase is an important cumulate phase which is supported by the 

presence of abundant anorthosite. LREE enrichment with Ce <10 ppm in 

the Duck Lake and Indiantown plutons is typical in rocks which lack 

cumulus apatite (e.g. Hanson, 1980). 

4.4. DYKES 

Although a minor component in the Brookville terrane, dykes have 

long been recognized in the Saint John area and were first described in 

detail by W.D. Matthew (1895); later workers expanded on his 

observations (Cumming, 1916; Hayes and Howell, 1937; Alcock, 1938; 

Wardle, 1978; Dickson, 1983). The dykes were generally considered to be 

Late Precambrian (Late Neoproterozoic) in age and used to imply a coeval 

relationship with the adjacent Caledonia terrane (e.g. Currie, 1983; 

Dickson, 1983). Therefore a thorough description is warranted here 

(Appendix B). 

Because of their subvolcanic character, the dykea are named 

} 
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following the volcanic rock classification of Streckeisen (1979), with 

amendments from Cas and Wright (1987). More than 90% of the dykes are 

basaltic to andesitic in composition. Dacitic to rhyodactic dykes are 

rare. Aplitic and pegmatitic dykes are only slightly more common and 

because of their granitoid compoeition are named following the plutonic 

rock classification scheme of Streckeisen (1976). 

The age(s) of the dykee are poorly constrained. All the dykes 

appear to be younger than the plutonic rocks because they intrude both 

the plutons and their associated contact aureoles. The youngest pluton 

dated at ca. 537 Ma (French Village pluton; U-Pb zircon) (Chapter 5) 

provides a maximum age for dyke emplacement and the lack of dykes in the 

Devonian to Carboniferous sedimentary rocks provides a minimum age. 

Muscovite extracted from a pegmatite dyke haB yielded an 40Ar/39Ar 

cooling age of ca. 510 Ma (Dallmeyer and Nance, 1992) which gives a 

minimum age for pegmatite and associated aplite dyke emplacement. 

Similar pegmatite and aplite dykes are locally cut by basaltic and 

andesitic dykes which suggests that many of the mafic dykes are younger 

than ca. 510 Ma. 

4.4.1. Basaltic to andesitic dykes 

The basaltic to andesitic dykes are typically 1 to 2 m wide, fine-

to medium-grained and equigranular to locally inequigranular and 

porphyritic, with well developed chilled margins. They consist of 

plagioclase and amphibole, with varying, but minor, amounts of quartz, 

potassium feldspar, clinopyroxene, titanite, apatite, and opaque 

minerals (Fig. 4.12; Appendix B). 

Plagioclase laths commonly display pilotaxitic texture, although 

trachyoidal textures are locally developed near the interiors of larger 

dykes. Saussuritization and sericitization of plagioclase ia locally 

intense, although some of the coarser grained samples display unaltered, 

normally zoned, acicular laths with compositions that range from An25.35. 

| 
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Amphibole locally occurs aa a secondary replacement on the rims of 

clinopyroxene, but more commonly it forms randomly oriented, weakly 

zoned, prismatic grains interstitial to plagioclase, with no obvious 

igneous precursor. Clinopyroxene occurs as subhedral to anhedral, 

poikilitic grains with inclusions of altered plagioclase. Amphibole and 

clinopyroxene are commonly partially to entirely altered to biotite 

and/or chlorite. 

Anhedral quartz and potassium feldspar are rare and tend to be 

restricted to interstices and appear to be the last minerals to have 

crystallized in theBe dykes. Euhedral apatite laths are common 

inclusions in the plagioclase, quartz, and potassium feldspar. 

Orthopyroxene and olivine were not observed in any samples. 

The secondary mineral assemblage (amphibole, biotite,and chlorite) 

ia probably the reault of deuteric alteration as opposed to the regional 

metamorphism suggested by Dickson (1983). Igneous textures are well 

preserved in all samples as well as primary igneous zoning in 

plagioclaae. 

4.4.2. Patrochaaistry 

Ten sampleB for major and trace element analyses were collected 

from the basaltic and andesitic dykee (Appendix C.2). Sample locations 

are plotted on Map D. The samples range in silica content from 46.2 to 

52.3% and the major and trace element contents show considerable 

scatter. The narrow range in ailica contents and relatively low LOI 

values (generally less than 3%) Buggest that the scatter is not a 

product of alteration. Some trends appear to be present in the data, 

although the range in silica ia email. With increasing silica, MgO, 

CaO, Sr, and Ni decrease, and Na20, P205, and Ga increase (Fig. 4.2, 

4.3). These trends are similar to those obtained by Dickson (1983) for 

mafic dykes in the Musquash area. He attributed these patterns to 

pyroxene and olivine fractionation. 



126 

The mafic dykes contain normative quartz and corundum and are 

metaluminous (Fig. 4.4). Differentiation indices range from 21 to 43 

(Appendix C). They are dominantly aubalkaline (Fig. 4.5) and the iron 

enrichment trend along the MgO-FeOT join indicates a tholeiitic affinity 

(Fig. 4.6). 

4.4.3. Dacitic to rhyodactic dykes 

Dacitic to rhyodactic dykes are typically aphanitic and 

inequigranular with subhedral to euhedral phenocryBts of plagioclase and 

quartz set in a matrix of anhedral quartz, plagioclase, microcline, and 

euhedral muscovite (Fig. 4.12; Appendix C.l). These dykes are generally 

leBB altered than the basaltic to andesitic dykes and show little 

textural or mineralogical variation from margins to interiors. 

Plagioclase phenocrysts are locally altered to sericite; however, 

composition determined on unaltered grains is about An,5.20. Plagioclase 

in the groundmass has sericitized cores and clear albitic(?) rims. 

Quartz phenocrysta commonly display embayed boundaries and weak undulose 

extinction. Rare phenocrysta of biotite are partially altered to 

chlorite and calcite. Microcline is restricted to the groundmass. 

4.4.4. Pegmatite and aplita ...ykss 

Pegmatite dykeB are typically coarse-grained, allotriomorphic, and 

inequigranular, whereas aplite dykes are aphanitic to fine-grained and 

locally Bubporphyritic. Both contain the same minerals as the 

syenogranite plutons but in different proportions. However, based on 

their ca. 510 Ma muscovite age, many are not considered to be oogenetic 

with the plutons. 

Microcline ia the moat prominent mineral (Fig. 4.12; Appendix C.l) 

and is typically anhedral, finely to coarsely perthitic, and generally 

occurs in interstitial granophyre or as separate grains. It commonly 

• 
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has serrated marginB with numerous angular and rounded inclusions of 

quartz and plagioclase. 

Plagioclase occurs as weakly zoned, moderately sericitized, 

anhedral grains with compositions of An10_20. Grain boundaries are 

typically Btrongly serrated; however, phenocrysts in the aplite dykee 

are subhedral to euhedral. Plagioclase may contain inclusions of 

rounded quartz and microcline and are partially enclosed by larger 

microcline grains. 

Anhedral quartz displays the same serrated boundaries and occurs 

as interstitial grains in the granophyre and, rarely, as large (up to 1 

cm) subhedral grains in pegmatite. The serrated quartz and plagioclase 

grain boundaries appear to be a primary crystallization textures as 

opposed to a deformational feature. 

Muscovite and biotite form large, locally kinked single graina or 

"books" with minor alteration to chlorite along cleavage traces. 

Accessory minerals include rosetteB of pleochroic blue euhedral 

tourmaline with apatite, titanite, zircon, and rare garnet. 

4.5. CONDITIONS OF CRYSTALLIZATION IN THB ca. 548 TO 537 Ma PLUTONS 

Understanding the evolution of granitoid plutons requires 

knowledge of the depth at which the various minerals crystallized. 

Estimation of crystallization preasurea in the ca. 548 to 537 Ma plutonB 

was based on the empirical calibrations of Hammaratrom and Zen (1986) 

and Holliater et al. (1987) using the Al content of hornblende 

coexisting with quartz, plagioclase, K-feldspar, biotite, titanite, and 

magnetite. Estimation of crystallization temperatures was largely baBed 

on the plagioclase geothermometer of Blundy and Holland (1990). 

Complicating factors such as iron substitution in amphibole, effects of 

< -/gen fugacity, and volatile and magma compositions (e.g. Hammaratrom 

-ind Zen, 1986; Hollister et al., 1987; Rutherford et al., 1989; Holland 

and Blundy, 1994; Anderson and Smith, 1995) are important considerations 
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in the crystallization of magma; however, aa a firat approximation these 

factors are considered negligible. 

Calculation of rim and core crystallization pressures for an 

average of spots in individual hornblende samples using the calibrations 

of Hammarstrom and Zen (1986) (PI) and Holliater et al. (1987) (P2) are 

similar and typically within error (Table 4.2). However, calculated 

pressures obtain from the equation of Hammarstrom and Zen (1986) are 

typically lower and more compatible with inferred P-T conditions from 

associated contact aureoles (Chapter 5). 

The application of the amphibole-plagioclase geothermometer is 

complicated by zoning in plagioclase and hornblende and uncertainties as 

to which part of the plagioclase crystallized in equilibrium with the 

co-existing amphibole. For the most part amphibole and plagioclase that 

share a common grain boundary were selected and here it is assumed that 

the cores of both minerals constitute a pair, as does the rims. 

There is a positive correlation between the calculated rim 

pressure and temperature estimates with the highest values from the 

dioritic to tonalitic plutons (Fig. 4.13; Table 4.2). The exceptions 

are the Fairville and Chalet Lake granites and French Village Quartz 

Diorite that yield relatively higher pressures (3.5 to 5.3 kbar) and 

temperatures (734 to 800oC). Calculated core pressure and temperature 

estimates subparallel thia trend; however, compared to their respective 

rim P-T estimates there is considerable scatter (Table 4.2). However, 

some hornblende cores are compositionally distinct from their rims (e.g. 

sample CW88-246; section 4.3.2.1) and are attributed to early 

crystallization of hornblende cores in the melt under higher pressure 

and temperature conditions. 

Many of these plutons crystallized under relatively vapour-

underaaturated conditions where Pmo was on the order of 0.75 to 2.0 

kbar (Fig. 4.13). However, the abundance of local pegmatites in some of 

the plutons requires that some portions of the magma became water-

saturated during the final stages of crystallization. However, from 

I 
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field evidence dyke emplacement occurred after many of the plutons had 

solidified and may not be related to the main magmatic event. 

The positive correlation (Fig. 4.13) is likely a cooling trend 

(cf. Blundy and Holland, 1990) which represents near and sub-solidus re-

equilibration of amphibole and plagioclase, and is consistent with an 

upper mesozonal to epizonal depth of emplacement. Thia ia confirmed by 

field relations where the associated country rocks are typically contact 

metamorphosed to hornblende-hornfels facies (Chapter 5) and 

geochronology which indicates rapid cooling and crystallization of most 

igneous units (Chapter 6). However, the calculated pressures and 

temperatures are the highest for samples from the French Village, chalet 

Lake, and Fairville plutona which iB broadly consistent with pyroxene-

hornfels facies metamorphism in the adjacent Green Head Group (Chapter 

5) and indicates a deeper level of emplacement. 

4.6. TECTONIC SETTING 

A detailed investigation of the petrogeneais of the various 

igneous units is beyond the scope of this study; however, some 

inferences can be made with regard to genetic classification and 

tectonic setting. The close spatial and temporal characteristics 

between the dioritic to syenogranitic plutons and the rhyolite of the 

Dipper Harbour volcanic unit suggest a genetic relationship between 

them. The petrochemical trends in the major and trace elements and 

normal variations in the A/CNK and differentiation indices suggest 

chemical continuity between these groups. This, combined with 

geochronology (Chapter 6), indicates that theae plutonic and volcanic 

units were emplaced during the same magmatic event, and provides 

compelling evidence that they are genetically related. 

The systematic chemical variations in these units can be explained 

by plagioclase and hornblende fractionation. The progressive removal of 

hornblende with increasing silica explains the systematic decrease in 
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TiOj, Fe^ 1, MnO, and V and the relative absence of hornblende in the 

syenogranitic plutona. Plagioclase fractionation is indicated by the 

negative Eu anomaly and the decrease in CaO and Sr and the marked 

increase in Rb and Ba. Although magma mixing is evident in a few 

plutons, it is a minor, outcrop-acale feature that ia not regionally 

extensive and therefore can not account for the all the systematic 

chemical variations. 

All the dioritic plutonB have Ni contents Bignificantly lower than 

40 ppm and are therefore unlikely to have been derived from a mantle 

peridotite (Gill, 1981). The relatively undepleted, flat HREE patterns 

sugges'-, that the source was dominantly amphibole-bearing and not garnet-

bearing (Nicholls and Harris, 1980). 

The major differences in major, trace, and rare earth elements 

abundances between the dioritic to ayenogranitic plutonB and the 

gabbroic plutons are not compatible with an origin from the same source. 

The presence of spinel and anorthosite layers, low total REE abundances, 

and positive Eu anomalies suggests that these gabbroic rocks may 

represent cumulates possibly derived from fractional crystallization of 

magma derived from a mantle (ultramafic) source. 

The basaltic and andesitic dykes have major and trace element 

compositions that are distinctly different, and combined with field 

relations, it is clear that they lack a comagmatic relationship with the 

other mafic intrusions in the Brookville terrane. The consistently high 

Ni content suggests derivation from a mantle peridotite (Gill, 1981). 

It is obvious from the modal QAP plotB (Fig. 4.1) that the 

dioritic to syenogranitic plutona, mafic enclaves, rhyolitic units, and 

to a \esBer extent the orthogneiss define a compoBitionally expanded, 

calc-alkaline distribution (Lameyre and Bowden, 1982) typical of I-type 

granitoid rocks. 

On the discrimination diagrams of Whalen et al. (1987) using the 

concentration of high field strength elements, samples from the 

orthogneiss, and cogenetic plutonic and volcanic rocks plot mostly 

file:///esBer
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within the fields for I-type and fractionated felsic granite types. 

However, samples from the Fairville, Chalet Lake, and Gayton plutons 

tend to overlap with the A-type field. An example of this ia shown on 

the FeOT/MgO versus Zr+Nb+Ce+Y plot (Fig. 4.14). The Fairville, Chalet 

Lake, and Gayton plutons could on their own be classified as having an 

A-type affinity, but their association with the dioritic to 

granodioritic plutons that display a trend back towarda "normal" granite 

compositions suggests they are more likely to be fractionated I-type 

granites. The distinctive S-ohaped trend, and alight overlap into the 

A-type field is interpreted to be the result of late fractionation of 

zircon from the melt. 

On the widely used Rb verses Nb+Y tectonic setting discrimination 

diagram of Pearce et al. (1984) for felsic samples (siOj >65%) the 

orthogneiss and a majority of the plutons lie within the field occupied 

by granitoid rocks formed in volcanic arcs (Fig. 4.15). Some samplea 

from the Fairville, Chalet Lake, Gayton, and syenogranite plutonB plot 

in the volcanic arc field but most plot in the within plate field with 

the rhyolite samples. The trend from volcanic arc to within plate 

granites Bimply reflects the relatively incompatible character of the 

elements concerned (Rb,Y,Nb) and such behaviour is typical of 

fractionated I-type granites emplaced above a aubduction zone along an 

active continental margin (Pearce et al., 1984). 

The orthogneias, and cogenetic granitoid plutona and associated 

volcanic rocka are marginally metaluminous to dominantly peraluminoua 

(Fig.4.4) which is in contrast to chemical criteria that I-type 

granitoid rocks are metaluminous with A/CNK < 1.1 (e.g. Chappell and 

White, 1974). However, peraluminoua granitoid rocks can form by a 

variety of mechaniama (e.g. Halliday et al., 1981) and in I-type 

granitoid rocka fractional crystallization of amphibole can reault in 

peraluminoua chemical characteriaticB (Cawthorn et al., 1976). 

Determining tectonic setting and geochemical signature for 

gabbroic rocks is difficult and has been questioned by many authors 

••J 



132 

(e.g. Arculus, 1987). ThiB is a particular problem when dealing with 

layered intrusions where the usual tectonic setting discrimination 

diagrams for mafic rocka are not intended for cumulates (e.g. Shervais, 

1977; Pearce and Cann, 1973; Meachede, 1986). Grammatikopouloa (1992) 

used these diagrams to indicate a volcanic arc tectonic setting for the 

Duck Lake pluton; however, it iB unclear if all the gabbroic to 

ultramafic rocks in the Brookville terrane formed this way. 

The basaltic to andesitic dykes are mainly aubalkaline and display 

a tholeiitic trend. On the Ti-Zr-Y tectonic Betting diagram of Pearce 

and Cann (1973) they dominantly plot in the volcanic-arc tholeiites 

(VAT)-mid-ocean-ridge basalts (MORB) with some overlap in the calc-

alkaline basalt field (CAB) (Fig. 4.16). This indicates that many of 

these dykes formed in a volcanic arc setting. However, the emplacement 

age(s) of these dykes, a key element in deciphering their tectonic 

significance, is unknown. 

4.7. SUMMARY 

1. Detailed systematic pluton mapping, combined with 

geochronology, petrography, and petrochemistry has resulted in the 

aubdiviaion of the Brookville terrane into geologically meaningful 

unite. The plutonic and volcanic rocks are subdivided into 4 distinct 

groups: a) an older (ca. 605 Ma) tonalitic to granodioritic orthogneiss 

and amphibolite interlayered with paragneiseic rocks of the Brookville 

Gneisa; b) a set of 26 relatively undeformed granitoid plutons that are 

grouped into dioritic to granodioritic plutons, monzogranitic to 

granodioritic plutons, and syenogranitic to monzogranitic plutons; c) 

the Dipper Harbour volcanic unit which ia subdivided into a dominantly 

rhyolitic unit, an andesitic to dacitic unit, and a mixed andesitic to 

rhyolitic unit with minor sedimentary rocka; d) a younger set gabbroic 

to ultramafic rocka that comprise 3 plutons. An extensive set of dykes 

intrude all these units and are subdivided into basaltic to andesitic 
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dykes, dacitic to rhyodactic dykes, and pegmatite and aplite dykes. 

2. The tonalitic to granodioritic orthogneiss exhibit 

petrographic (Chapter 5) and chemical characteristics typical of I-type 

granitoid rocks. They define a tight cluster on all variation diagrams, 

indicating they are probably part of a single petrogenetic suite. 

3. The geological setting and age of the dioritic to 

syenogranitic plutons and associated volcanic rocks indicate that they 

may represent a single continuum (or punctuated episodes) of calc-

alkaline, subduction-related magmatism in the latest Neoproterozoic to 

Cambrian. Chemical characteristics indicate that hornblende and 

plagioclase were the dominant fractionating phases. The apparent A-type 

affinity of the Fairville, Chalet Lake, and Gayton plutonB may be the 

result of accessory phases (e.g. zircon) not fractionating from the 

melt. Many of the silica-rich granitoid rocks have Alumina Saturation 

Indices >1 and are peraluminoua with quartz in the norm. The silica-

poor rocka have Alumina Saturation Indices <l and are metaluminous with 

diopside in the norm. 

The I-type chemistry in the granitoid rocks is reflected by the I-

type mineralogy. Most of the plutons contain hornblende and rare relict 

clinopyroxene and lack diagnostic s-type minerals such aa cordlerite, 

muscovite, and garnet (except for the Harvey Hill pluton). The 

occurrence of abundant mafic enclaves in many of the plutonB ia also 

typical of I-type plutona. 

BaBed on geothermobarometry and field relations many of theae 

plutons crystallized under upper mesozonal to epizonal conditions. 

4. The tholeiitic layered gabbroic to ultramafic plutona are 

younger, not related to the main period of plutoniem, and are of unknown 

age and tectonic affinity. 

5. Although minor, the dykes are the youngeat igneous rocks in 

the Brookville terrane and appear to be of two ages. Pegmatite and 

aplite dykes are older than ca. 510 Ma but younger then ca. 537 Ma and 

are of unknown tectonic setting. Tholeiitic baaaltic to andesitic dykes 
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appear to be younger than ca. 510 Ma and older than Devonian and formed 

in a volcanic arc Betting. 
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quartz 

potassium feldspar plagioclase 

Figure 4.1. Ternary plots of modal quartz-plagioclase-potassium 
feldspar compositions of samples from the volcanic and plutonic 
units in the Brookville terrane. Fields and nomenclature from 
Streckeison (1976). a) Dipper Harbour rhyolite; b) Brookville 
Gneiss orthogneiss; c) Brookville Gneiss amphibolite and 
associated tonalitic dykelets; d) Ludgate Lake Granodiorite; 
e)Spruce Lake Pluton; f) Rockwood Park Granodiorite; g) French 
Village Quartz Diorite and related dioritic plutons; h) Belmont 
Tonalite. 
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quartz 

potassium feldspar plagioclase 

Figure 4.1. Continued, i) Perch Lake Granodiorite; j) Shadow Lake 
Granodiorite; k) Talbot Road Granodiorite; 1) Renforth Pluton 
and Mayflower Lake, Narrows, and Acamac tonalites; m) mafic 
enclaves. 
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potassium feldspar plagioclase 

Figure 4.1. Continued, n) Fairville, Chalet Lake, and Gayton granites; 
o) Hammond River Granite and Cassidy Lake Inlier; p) Milkish 
Head Pluton; q) Hanson Stream Granodiorite; r) Lepreau 
Granodiorite; s) Lepreau Pluton. 
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© Jarvies Lake Syenogranite 
$ Cranberry Head Syenogranite 
O Harvey Hill Syenogranite 
® Prince of Wales Granite 

potassium feldspar plagioclase 

Figure 4.1. Continued, t) Henderson Brook Granite; u) Musquash Harbour 
Granite; v) Jarvies Lake, Cranberry Head, and Harvey Hill 
syenogranites, and Prince of Wales Granite. 
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symbols used in figures 4.2 and 4.3. 

Dioritic to Granodioritic Plutons 

Ludgate Lake Granodiorite * 
Spruce Lake Pluton + 
Rockwood Park Granodiorite * 
French Village Quartz Diorite • 
Belmont Tonalite EB 
Perch Lake Granodiorite M 

Monzogranitic to Granodioritic Plutons 

Fairville Granite 
Chalet Lake Granite 

O Gayton Granite 
<$> Hammond River Granite 
A Milkish Head Pluton 
A Hanson Stream Granodiorite 
A Lepreau Harbour Granodiorite 
$ Lepreau Pluton 

• Deformed Granitoid Rocks 

Syenogranitic to Monzogranitic Plutons and related volcanic rocks 

*& Henderson Brook Granite 
• Musquash Harbour Pluton 
® Jarvies Lake Syenogranite 
* Cranberry Head Syenogranite 
<S> Prince of Wales Granite 
O Harvey Hill Syenogranite 
+ Dipper Harbour rhyolitic units 

Gabbroic to Ultramafic Plutons 

Duck Lake Pluton 
Indiantown Pluton 

<• Coverdale Pluton 

Brookville Gneiss 

* Orthogneiss 
S3 Hornblende-bearing gneiss 

Dykes 

ic Basalt to andesite 
<D Pegmatite and aplite 
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Shadow Lake Granodiorite 
Shadow Lake enclave 
Talbot Road Granodiorite 
Renforth Pluton 
Mayflower Lake Tonalite 
Narrows Tonalite 
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Figure 4.2b. Continued. Plots of Ve20^ and MnO against SiOa• 
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Figure 4.4. A/CNK against SiC^ variation diagram for analyzed Bamples 
from the study area. A/CNK = molar Al203/(CaO + KjO + Na20). Line 
separating peraluminous and metaluminous fields from Shand (1947). 
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Figure 4.5. Na20 + K20 against Si02 variation diagram for analyzed 
samples from the study area. Line separating alkaline from 
aubalkaline fields is from Irvine and Baragar (1971). 
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Table 4.1. Estimation of pressure and temperature of crystallization in 
the ca. 548 to 537 Ma plutonic units based on the hornblende 
geobarometer and amphibole-plagioclase geothermometer. Pressure in 
kbar and temperature in °C. N = number of samples; C = core; R * 
rim; PI = calibration of Hammarstrom and Zan (1986); P2 = 
calibration of Hollister et al. (1987); T •» calibration of Blundy 
and Holland (1990). 
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CHAPTER 5 

METAMORPHIC ROCKS OF THE BROOKVILLE TERRANE 

5.1. INTRODUCTION 

The most characteristic units of the Brookville terrane, the 

metasedimentary rocks of the Green Head Group, gneissic rocks of the 

Brookville Gneiss, and associated blastomylonitic rocks of the MacKay 

Highway shear zone show evidence of a complex geological history that 

included episodes of metamorphism. Despite the potential importance of 

these metamorphic events, the current published knowledge of the 

metamorphic history in these units is limited to the petrological 

descriptions of Leavitt (1963) and Wardle (1978) and the age 

determinations of Bevier et al. (1990), Dallmeyer et al. (1990), and 

Nance and Dallmeyer (1994). In addition, a separate area of high-grade 

metamorphic rocks, termed the Hammondvale metamorphic unit, was 

interpreted to be a metamorphic equivalent to the Green Head Group (e.g. 

Ruitenberg et al., 1979; McLeod et al., 1994); however, this area also 

lacks detailed petrological studies. Therefore, the purpose of this 

chapter is to provide detailed description and interpretation of 1) 

mineral textures and assemblages, 2) the spatial distribution of mineral 

assemblages, and 3) mineral chemistry, to better constrain the 

conditions under which they were metamorphosed. Constraints on the 

timing of these metamorphic events are presented in detail in Chapter 6. 

The. data presented here are based on more than 500 samples 

collected from representative lithologies in the Brookville Gneiss, 

Green Head Group, MacKay Highway shear zone, and Hammondvale metamorphic 

unit. Two hundred and seventy five thin sections were examined and 

mineral analyses were done in 27 samples. 
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5.2. PETROGRAPHY AND MINERAL ASSEMBLAGES 

A wide variety of rock types is present in the metamorphic units 

of the study area, largely due to the heterogeneous character of the 

original sedimentary protoliths. Therefore, each of these different 

rock types has a diagnostic mineral assemblage reflecting its particular 

chemical system. The pelitic lithologies are the most informative in 

describing the metamorphic evolution of the area, whereaB the 

metacarbonate rocks are extremely sensitive to bulk rock composition and 

variations in H?0 and C02 and are therefore leBs reliable indicators of 

metamorphic grade. However, some inferences can be made about the 

mineralogical and textural development of the metacarbonate assemblages 

by examination of associated pelitic rocks and vice versa. Mineral 

assemblages in orthogneissic lithologies are less diagnostic in 

indicating metamorphic grade. 

5.2.1. Brookville Gneiss 

The Brookville Gneiss displays a uniformly high-grade amphibolite-

facies metamorphism throughout. However, based on field and 

petrological criteria, several distinct lithologies with characteristic 

mineral assemblages are recognized: biotite paragneiss, biotite-

cordierite paragneiss, hornblende paragneiss, arkosic paragneiss, 

cordierite-sillimanite migmatite, granodioritic to tonalitic 

orthogneiss, and amphibolite. Marble and calc-silicate rocks are also 

present, although less common and interlayered with the paragneiss and 

migmatitic paragneiss. Field relationships of these various lithologieB 

were outlined in section 2.3. 

5.2.1.1. Paragneiss 

The most common paragneissic lithology is semi-pelitic biotite 

M 



gneisa which contains the assemblage plagioclaae-quartz-biotite-

K-feldspar (as also noted by Wardle, 1978). Andalusite and sillimanite 

are locally developed. The second most common lithology is pelitic 

biotite-cordierite gneiss with the assemblage plagioclase-quartz-

biotite-cordierite-K-feldBpar ± andalusite k sillimanite (Plate 5a). 

Minor lithologies include hornblende gneiss with the assemblage 

plagioclase-quartz-biotite-hornblende (Plate 5b) and feldBpar-rich 

quartzite with the assemblage quartz-K-feldspar-plagioclase-biotite ± 

hornblende. Associated with these assemblages are accessory apatite, 

Fe-Ti oxides, tourmaline, zircon, titanite, and rare rutile (Table 5.1). 

Garnet was not observed in the paragneissic component of the Brookville 

Gneiss, although Wardle (1978) reported its occurrence in what he 

interpreted aB paragneiss from the Pleasant Point area. Although the 

rocks in the Pleasant Point area have a gneissic appearance, based on 

lithological association and thin section petrography they are here 

interpreted to represent a high-grade portion of a contact metamorphic 

aureole around the Fairville Granite (see below). 

Gneissic banding in the paragneiss is defined by well foliated 

biotite-rich layers alternating with granular quartz and feldspar-rich 

layers. Granoblastic textures are not well developed. Most of the 

grains are elongate and have sutured boundaries, with local development 

of recrystallized subgrains. This texture was noted by Wardle (1978; p. 

140) in migmatitic leucosomes and attributed to ductile shear during 

cooling of the gneiss. However, the lack of deformation in the biotite 

suggests that this deformation may have been relatively synchronous with 

metamorphism. The foliation is defined by subidioblastic biotite that 

typically displays moderately to well developed uniform crystallographic 

orientation. The rims and cleavage planes of some biotite grains are 

chloritized. 

Plagioclase is generally subidioblastic to xenoblastic and 

concentrated in the leucocratic layers where it is strongly twinned and 

weakly zoned. Unlike biotite. plagioclase appears to have random 
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distribution, although it is rarely elongate parallel to the regional 

stretching lineation. The grain margins are commonly myrmekitic and 

contain small inclusions of rounded quartz. Plagioclase may occur as 

aggregates of small granoblastic grains associated with quartz in 

asymmetric augen. These may represent original pebbles in the 

sedimentary rock or metamorphic segregations that were later deformed. 

Sericite and/or saussurite commonly have replaced plagioclase cores 

and/or twin-planes and locally grains are entirely replaced by sericite. 

Xenoblastic microcline and perthitic microcline are less common 

than plagioclase but are also associated with the leucocratic layers. 

Grain boundaries are more irregular than in plagioclase and the grains 

typically have numerous rounded quartz inclusions. Both plagioclase and 

microcline are less common in biotite-rich layers. Microcline is 

relatively fresh in appearance, although patches of sericite are locally 

developed. 

Quartz is xenoblastic and generally elongate parallel to layering 

and the regional stretching lineation. It also occurs as small rounded 

grains in all other minerals. Like the other felsic minerals, quartz 

has irregular boundaries and inclusions of small subgrains. 

Cordierite is present in the pelitic paragneisses. It iB 

typically ovoid and poikiloblastic with inclusions of rounded quartz, 

biotite, minor Fe-Ti oxides, and rare andalusite. Cordierite is 

restricted to the biotite-rich layers where the biotite inclusions 

display the same crystallographic orientation as biotite outside the 

grain. Twinning is not common. The cordierite is commonly entirely to 

partially altered to pinite or a combination of pinite on the rim and 

coarse-grained muscovite in the core. 

Andalusite and sillimanite are not abundant in the pelitic gneiss. 

Andalusite occurs in some biotite-rich layers as small distinctive 

square idioblastic grains that are typically entirely altered to 

sericite or muscovite. More rarely andalusite occurs as small, 

unaltered, embayed grains associated with cordierite or clusters of 
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biotite. Sillimanite occurs as small fibrolitic knots in biotite or 

minute needles in the cores of quartz and plagioclase. Sillimanite and 

andalusite rarely occur together, although both are locally associated 

with cordierite. 

Hornblende is relatively uncommon and restricted to the hornblende 

gneiss and feldspar-rich quartzite. It typically occurs as large 

idioblastic poikiloblasts with inclusions of prismatic apatite and 

rutile with xenoblastic biotite, quartz, plagioclase, and Fe-Ti oxides. 

The rims are locally replaced by chlorite. The hornblende defines a 

moderate to strong lineation parallel to the regional Btretching 

lineation. Hornblende also occurs as smaller, unoriented, 

inclusion-free, lobe-shaped grains in the matrix. In contrast to the 

other paragneisses, the hornblende-bearing gneiss typically displays 

well developed granoblastic texture. 

Fe-Ti oxides occur throughout the felsic and mafic layers but are 

concentrated in the biotite-rich layers. They are typically xenoblastic 

lobe-shaped grains that are locally inclusion-rich and appear to be 

elongate parallel to the stretching lineation. Microprobe analysis 

indicates that magnetite is the dominant phase, with minor ilmenite. 

Muscovite is common in the paragneiss. It typically occurs as 

large, Bubidioblastic, relatively inclusion-free grains that are 

uniformly oriented at high angles to compositional banding. It 

partially to entirely pseudomorphs plagioclase, K-feldspar, andalusite, 

sillimanite, and cordierite and is interpreted to be a product of 

retrograde metamorphism. 

5.2.1.2. Migmatitic Paragneiss 

The nomenclature used here for describing migmatites is that of 

Johannes (1988). The mesosome is the mesocratic lithology of a 

migmatitic suite that is metamorphic in appearance and resembles 

paragneiss. The leucoeome is the leucocratic layer formed during 
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migmatization and typically has an igneous appearance, and the 

melanosome is the dark-coloured selvage between the leucosome and 

mesosome. 

Mineralogically, the migmatitic paragneiss is similar to the 

paragneiBB; however, there is an increase in modal sillimanite and 

decrease in modal andalusite. The common assemblage is plagioclaae-

quartz-biotite-cordierite-K-feldspar ± sillimanite ± andalusite ± spinel 

(Table 5.1). However, texturally the migmatitic paragneiss is distinct 

from the other paragneissic lithologies. Other than the meaoBome, the 

texturally homogeneous original gneissic banding is replaced by well 

developed, commonly contorted and folded leucosomes that are in places 

bordered by narrow discontinuous rims of melanosome. In places, 

melanosomes occur as wispy lenses within the leucosome. 

The melanosome consists dominantly of foliated, brown to green-

brown biotite, with minor plagioclase, quartz, cordierite, and rare 

microcline and sillimanite. Accessory minerals include titanite, 

apatite, Fe-Ti oxides, zircon, and rare tourmaline. Locally the 

melanosome is almost entirely composed of biotite. Biotite is 

subidioblastic, well aligned, weakly chloritized, and displays a uniform 

crystallographic orientation similar to biotite in the paragneiss. 

Plagioclase and quartz are both subidioblastic to xenoblastic and 

elongate parallel to the foliation. Microcline, where present, 

typically occurs as amall xenoblastic, evenly distributed grains or as 

large grains concentrated along the melanosome-leucosome contact. 

Feldspar grains are moderately altered to sericite and/or saussurlte. 

Cordierite occurs as xenoblastic elongate grains throughout the 

melanosome but in a few samples it is concentrated along the contact 

with the leucosome. Although generally altered to muscovite and pinite, 

it has fewer inclusions of biotite, quartz, snd Fe-Ti oxides compared to 

cordierite in the paragneissic rocks, sillimanite, where present, is 

idioblastic and appears to be concentrated toward the centre of the 

melanosome where it is generally inclusion-free and randomly oriented. 
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Andalusite is rare and occurs as minute embayed grains typically 

intergranular to biotite. It is interpreted to be relict from lower 

temperature metamorphic conditions. 

The contact between melanosome and leucosome is typically aharp 

and marked by an abrupt change in grain size and modal mineralogy. The 

leucosome is mineralogically inhomogeneouB. It commonly consists of 

varying amounts of plagioclase and quartz; however, some leucosomes have 

a high concentration of microcline. The leucosome can display a 

substantial difference in modal composition (Fig. 5.1) over very short 

distances from tonalitic to more syenogranitic varieties. This type of 

compositional variation has been attributed to inhcmogeneous chemical 

composition of the hoBt rock, with the high microcline content probably 

due to a high content of K-feldspar in the parent rock (cf. Maaloe, 

1992). However, these differences can also be attributed to fluid 

infiltration and/or migration of minerals during metamorphism. 

The leucosome generally displays granoblastic texture, although in 

detail most grain boundaries are serrated with the development of 

subgrains similar to those in the leucocratic layers in the paragneiss. 

Compared to the other gneissic lithologies, myrmekitic intergrowths are 

not as well developed. Plagioclase in the leucosome is typically 

subidioblastic to rarely idioblastic Quartz and microcline are 

xenoblastic and elongated parallel to the foliation. Microcline also 

occurs as large, highly poikilitic grains with rounded inclusions of 

plagioclase, quartz, biotite, and cordierite. Feldspar grains are less 

altered than those in the melanosome and paragneissic samples. Biotite 

is less common and is generally xenoblastic; however, it still displays 

the same uniform crystallographic orientation as in the melanosome. 

Cordierite is not common in the leucoBoma; however, locally it is 

quite abundant and occurs as lobe-shaped or clusters of grains with rare 

inclusions of biotite, Fe-Ti oxides, and spinel. This is in marked 

contrast to their poikiloblastic habit in the paragneiss and melanosome. 

The lack of abundant inclusions in leucosome cordierites suggests they 
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grew from the melt (cf. Ellic and Obata, 1992). Cordierite is commonly 

altered to muscovite and pinite. 

Sillimanite is also not common in the leucosomes, and compared to 

the melanosome typically form Bwarms of tiny fibrolite needles in the 

cores of plagioclase and quartz and more rarely microcline and 

cordierite. Andalusite was not observed in the leucosome. 

As in the paragneissic lithologies, muscovite is common and for 

the same reasons is also interpreted to be a product of retrograde 

metamorphism. 

5.2.1.3. Marble and Calc-silicate Gneiss 

Associated with the Brookville Gneiss are coarse-grained, 

granoblastic, massive to moderately layered marble and fine- to medium 

grained, thinly layered calc-silicate boudins. The typical mineral 

assemblage in the marble XB calcite/dolomite-phlogopite-plagioclase-

tremolite/actinollte-diopside-forsterite ± K-feldspar-plagioclase, 

whereas the assemblage in the calc-silicate rocks is diopside-calcite/ 

dolomite-quartz-K-feldspar-plagioclase ± tremolite ± phlogopite k 

forsterite. Accessory minerals common to both assemblages include 

titanite, apatite, magnetite, rutile, and rare tourmaline (uvite) (Table 

5.1). A rare occurrence of chondrodite was reported by Wardle (1978) 

associated with forsterite from a calc-silicate band. Monomineralic 

calcite marbles are rare. 

Marbles are typically medium- to coarse-grained with granoblastic 

calcite comprising >75% of the rock (Plate 5c). Dolomite is lass common 

and typically occurB as small rounded to lobe-shaped inclusions in 

calcite or more rarely as separate grains. Many of the silicate 

minerals are concentrated in discrete layers. IdioblaBtic to 

subidioblastic tremolite is the dominant silicate mineral and occurs as 

randomly oriented grains parallel to compositional banding. Locally 

tremolite occurs as radiating fibrous clusters associated with diopside. 
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Phlogopite iB typically idiobiastic, inclusion-free, and parallel to 

layering, but unlike the biotite in the paragneismc host, does not 

display uniform crystallographic orientation. Tremolits *.d phlogopite 

rims are locally replaced by chlorite. Untwined and inclusion-free 

plagioclase (anorthite) occurB as small, unaltered, rounded grains 

throughout the marble. Microcline is more abundant than plagioclase and 

also occurB aa Bmall, unaltered, rounded inclusion-free grains. 

However, locally in some silicate-rich layerB it forms large poikilitic 

grains with inclusions of Fe-Ti oxides, tremolite, titanite and apatite. 

Diopsids occurs as subidioblastic grains concentrated along the 

compositional banding. It is locally partially replaced by serpentine, 

actinolite, and chlorite. 

Forsterite occurs as small scattered grainB throughout the marble 

anc* is rarely concentrated in the silicate-rich bands. It is typically 

partially to entirely pseudomorphed by serpentine or a mixture of 

serpentine and dolomite. The larger forsterite grains locally contain 

inclusions of tremolite and diopside. 

Prograde actinolite is rare, and like tremolite, typically forms 

well developed prismatic grains that parallel compositional banding 

Prograde actinolite was not observed with tremolite. 

Titanite and magnetite are typically minor accessory minerals in 

the marble, comprising let.3 than 1%. IdioblaBtic apatite is abundant 

and forms large randomly oriented grains throughout the marble. 

Calc-Bilicate rocks are less common than marble. Calcite 

typically comprises <5% of the rock and diopside is the dominant 

silicate mineral phase. It typically forms massive, polygonal granular 

textureB. The other less abundant mineral phases form randomly oriented 

subidioblastic grains. However, microcline iB xenoblastic and highly 

poikilitic. Plagioclase (An3&.35) is subidioblaBtic, strongly twinned, 

and partially altered to sericite and/or saussurite. Titanite is 

typically quite abundant with local concentrations up to about 5%. 

I I 
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5.2.1.4. Orf-.ogneiss 

Orthogneisaic rocks, interlayered with paragneiss and migmatitic 

paragfteitiB, include two distinct lithologies: homogeneous tonalitic to 

granodioritic orthogneiss and relatively heterogeneous amphibolite. The 

tonalitic to granodioritic orthogneiss contains the assemblage 

plagioclase-quartz-biotite ± K-feldspar with accessory apatite, 

titanite, zircon, and Fe-Ti oxides (Table 5.1). Although hornblende has 

been reported from the Pleasant Point area (e.g. Wardle, 1978; Nance and 

Dallmeyer, 1994) it was not recognized in roc'̂ s herein defined as 

orthogneiss. The orthogneiss is mineralogically and texturally very 

similar to the biotite paragneiss, with elongate quartz grains with 

numerous rounded quartz inclusions, and well developed mymerkitic 

textures. However, compared to the paragneiss the orthogneiss is 

typically more leucocratic and compositional banding is typically less 

than mm-Bcale, giving the orthogneiss a texturally homogeneous 

appearance. As in the paragneiss, biotite displays a uniform 

crystallographic orientation. With the exception of some orthogneisses 

at Pleasant Point, moat of the samples display a moderately to strongly 

developed Btretching lineation comprising elongated quartz and 

asymmetric lens-Bhaped aggregates of quartz and plagioclase. 

The orthogneiss lacks significant migmatite; however, it is 

locally intruded by both concordant and cross-cutting syenogranitic 

dykelets that may represent partial melts from the orthogneiss or 

adjacent migmatitic paragneiss. The orthogneiss lacks melanosomes. 

Compared to the paragneissic lithologies, the orthogneiss is more 

altered, with most feldspar grains totally replaced by sericite and/or 

saussurite, and biotite pseudomorphed by chlorite. Secondary muscovite 

is generally lacking. 

The other major orthogneissic lithology in the Brookville Gneiss 

is amphibolite with the assemblage hornblende + plagioclase + biotite + 

quartz ± clinopyroxene with accessory titanite, apatite, and Fe-Ti 
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oxidea (Plate 5d). In some eiairplea titanite forms discrete layers (0.2 

mm wide) comprising up to 5% of the rock. The amphibolites are 

texturally heterogeneous. Layering ranges from less than 1 cm to 

greater than 10 cm and consists of alternating hornblende/biotite-rich 

and plagioclase -rich layers. Hornblende is the dominant mineral pUase 

and forms subidioblastic to xenoblastic, inclusion-rich grains that 

locally preserve a uniform crystallographic orientation. Inclusions in 

the hornblende typically include idioblastic to xenoblastic plagio\_.aaa, 

biotite, quartz, titanite, apatite, and Fe-Ti oxides. Where the cores 

are actinolitic, inclusions of vermicular quartz and rutile are common 

suggesting retrogression. 

Subidioblastic biotite is commonly associated with the hornblende. 

It is the dominant phase in some layers associated with minor 

plagioclase and quartz and may also form small clusters. It locally 

displays preferred crystallographic orientation. Hornblende and biotite 

are locally partially replaced by chlorite. 

Plagioclase (An3j^o) is typically unaltered, subidioblastic to 

granoblaBtic and is weakly zoned. Quartz is a minor phase and occurs ae 

small intergranular or elongated grains with serrated margins. 

Clinopyroxene ia rare. It is xenoblastic, inclusion-rich, and variably 

replaced by hornblende. Inclusions are rounded plagioclase, quartz, and 

Fe-Ti oxides. The amphibolite generally lacks K-feldspar. 

5.2.2. MacKay Highway shear zone 

The northwest boundary between the Brookville Gneiss and Green 

Head Group is marked by the recrystallized MacKay Highway ductile shear 

zone (Chapter 3). This zone waB also referred to aa the MacKay Highway 

salient by Wardle (1978). The shear zone brings amphibolite-facies 

rocks of the Brookville Gneiss over greenschiat-facies lithologies of 

the Green Head Group. This results in a regional zone of high strain 

that affects the entire Brookville Gneiss and about 500 metres of the 

I 
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structurally lower Green Head Group in the Brookville area (Chapter 3; 

Map A). Toward the aouthweat the shear zone thins and ia cut out by 

younger faults. The ductile deformation is inhomogeneoualy distributed 

in the foot-wall rocks of the Green Head Group and is characterized by 

large tectonic blocks or megahoudins of paragneiss and orthogneiBB of 

the Brookville Gneiss that grade into finer grained, flaggy 

blaatomylonitic schists. The boudins are enclosed in coarse-grained 

carbonate blastomylonitss that are interpreted to have originated as 

carbonate rocks of the Green Head Group. The term blastomylonite is 

typically used to denote a mylonitic rock that has undergone syntectonic 

recrystallization (e.g. Yardley, 1989). However, here the term iB used 

to describe a mylonitic rock that has been late syn- to post-

tectonically recryEtallized. 

5.2.2,1. Gneissic Boudins 

The paragneissic and orthogneissic boudins generally have 

mineralogical and textural characteristics similar to those in the 

Brookville Gneisa. However, the presence of abundant sillimanite and 

andalusite and the general lack of muscovite distinguishes the 

paragneissic boudins from paragneiss in the Brookville GneisB. The 

diagnostic mineral assemblage in the paragneiss is plagioclase-quartz-

K-feldopar-biotite-cordierite ± sillimanite k andalusite with accessory 

tourmaline, apatite, titanite, zircon, rutile, and Fe- Ti oxides (Plate 

6a) (Table 5.1). 

sillimanite typically occurs in the biotite-rich layers as wispy 

fibrous knots and as small acicular grains in K-feldspar, quartz, and 

plagioclase. Fibrolite locally forms thin monomineralic layers bordered 

by biotite and andalusite. AndaluBite associated with sillimanite is 

commonly embayed and xenoblastic and separated from the sillimanite by 

thin quartz rims. However, in the absence of sillimanite, andalusite 

forms atubby moderately poikilitic grains with rounded inclusions of 

f 
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quartz and microcline. Andalusite and sillimanite grains define a 

preferred orientation parallel to the regional stretching lineation 

observed in the Brookville Gneiss. Cordierite is also associated with 

the biotihe-rich layers and is typically xenoblastic with minor biotite, 

Fe-Ti Oxide, and sillimanite inclusions. It is commonly replaced by 

pinite. Biotite is typically unaltered and displays the same uniform 

crystallographic orientation as in the Brookville GneisB. Muscovite, 

where present, typically pseudomorphB sillimanite and cordierite, and is 

interpreted to be secondary. 

5.2.2.2. Pelitic Blastomylonitic Schists 

The gneissic layering can be traced from the interior of the 

boudins into blastomylonitic rocks that bound the boudins, indicating 

that mineral assemblages in the sheared rocks were derived from 

recrystallization of pre-existing assemblages in the interior of the 

gneissic boudins. The blastomylonitic foliation generally parallels the 

gneissic layering in the boudin interiors. The mylonite zone is 

characterized by grain size reduction, extreme thinning and attenuation 

of gneissic layering, and recrystallization of textural and mineral 

assemblages (Plate 6b). This results in a fine-grained, well laminated, 

granoblastic phyllonite, herein termed blastomylonite, with a mineral 

assemblage similar to that in the gneissic boudins (plagioclase-quartz-

K-feldspar-biotite ± sillimanite k cordierite ± andalusite). However, 

it differs from the boudins in that it contains rare garnet and prograde 

muscovite. Titanite, apatite, tourmaline, clinozoisite, rutile, and 

Fe-Ti oxides are accessory minerals (Table 5.1). 

Sillimanite is not abundant and occurs as fine-grained, uniformly 

oriented needles intergrown in biotite-rich layers or as discrete grains 

in quartz and K-feldspar. Cordierite occurs as small elongate, grains 

enclosed in sillimanite or as xenoblastic, highly poikilitic, 

intergranular grains that are partially to entirely altered to sericite 

• • 



179 

end pinite. Garnet, whire present, occurs aa xenoblastic broken grains 

parallel to foliation (as noted by Wardle, 1978, p. 217), but they are 

also elongate parallel to the regional stretching lineation. Inclusions 

in the garnet include elongate quartz, Fe-Ti oxide, and biotite. 

Compared to the Brookville Gneiss, biotite is typically red to orange, 

probably due to relati/ely high Fe content" (e.g. Lalonde and Rstnard, 

1993) and displays a well developed uniform crysta^Aographic 

orientation. Andalusite is not common and typically occurs as small 

lobate grains intergrown with biotite. As in the boudins, muscovite is 

not common and generally replaces cordierite; however, locally it is 

intergrown with biotite and appears to be prograde. ^c-Ti oxides and 

titanite are commonly broken and elongate parallel to foliation. 

Due to the recrystallized texture of the blastomylonite, any 

previous geometric evidence of the high Btrain related to thiB shear 

zone has been obliterated. However, the orientation of elongate, broken 

garnet parallel to the regional stretching lineation and the presence of 

quartz ribbons, now recrystallized, are features that resulted from high 

Btrain prior to recrystallization. 

The pelitic blastomylonite schists are generally unaltered. 

Secondary muscovite is not common, some biotite grains are slightly 

chloritized, and a few feldspars are sericitized. 

5.2.2.3. Calc-silicate Blastomylonites 

Associated with the pelitic blastomylonites are numerous thin, 

commonly boudinaged, calc-silicate layers. The typical assemblage is 

actinolite/tremolite-biotite/phlogopite-guartz-K-feldspar-plagioclase-

diopside t calcite/dolomite with accessory tourmaline, titanite, 

apatite, zircon, clinozoisite, and Fe-Ti oxides (Plate 6c) (Table 5.1). 

Like the pelitic blastomylonites, these rocks are fine-grained, 

granoblastic, well laminated, and relatively unaltered. However, 

recrystallized porphyroclasts of actinolite/tremolite are generally 

« I I I 
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coarser grained than the rrutrix and occur as elongate poikiloblasts with 

numerous randomly oriented inclusions of rounded quartz and biotite. 

The foliation is draped around these features. The matrix actinolite/ 

tremolite is idioblastic and typically lineated and parallel to 

folittion. Here the actinolite/tremolite displays a preferred 

crystallographic orientation. Diopside is typically fine-grained and 

subidioblastic but alBO occurs as large broken porphyroclasts in 

boudins. As in the pelitic blastomylonite, biotite is idioblastic, red 

to orange, and typically displays a strong preferred crystallographic 

orientation. Recrystallized quartz ribbons are common as are 

monomineralic laminations of idioblastic tourmaline and titanite. Some 

Fe-Ti oxides are brokan and parallel to foliation. 

5.2.2.4.. Marble Blastomylonites 

In contrast to the pelitic and calc-silicate blastomylonites, the 

associated carbonate rocks are typically coarse-grained and 

granoblastic. The only evidence of their earlier mylonitic history ia 

the presence of numerous boudinaged clastic/calc-silicate layerB with 

"pull-apart" features and sheath folds. Two mineral assemblages are 

present: 1) calcite/dolomite-diopside-garnet k K-feldspar k quartz ± 

plagioclase (Plate 6d) and 2) calcite/ dolomite-diopside-phlogopite-

K-feldspar-quartz-plagioclase ±' tremolite, both with accessory titanite, 

apatite, and Fe-Ti oxides. Carbonate blastomylonites are generally 

layered on a centimetre-scale with alternating carbonate-rich and 

silicate-rich layerB. Diopside is typically subidioblastic to 

xenoblastic, relatively inclusion-free, and randomly oriented in some 

layers. Garnet (grossular?) poikiloblasts are generally idioblastic 

with numerous inclusions of rounded diopside and caicite/dolomite. In 

one sample, inclusions of fibrous tremolite were identified. Garnet is 

locally xenoblastic, highly fractured, and apparently stretched along 

compositional layering. Phlogopite iB subidiobJaatic to xenoblastic 
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near tremolite and displays a uniform preferred crystallographic 

orientation. Tremolite occurs as subidioblastic to xenoblastic grains 

that are weakly oriented parallel to compositional banding. Phlogopite 

md tremolite are locally replaced by chlorite along cleavage planes. 

orsterite waa not observed, 

5 r.3. Green Head Group 

The intrusion of numerous plutons into the Ashburn and Martinon 

formations produced extensive contact aureoles that are locally 

superimposed on regional greenschist-facies mineral assemblages and 

textures. In the absence of pelitic rock, it is difficult to 

distinguish regional from contact metamorphism in carbonate lithologies. 

However, scattered throughout the Ashburn Formation are minor pelitic 

rocka that locally contain a strong foliation interpreted to be the 

result of regional greenschist-facies metamorphism. The presence or 

absence of thia fabric was used here to delineate the extent of regional 

and contact metamorphism. The main area of regional metamorphism is in 

the Ashburn Formation that borders the MacKay Highway shear zone and 

extendB northwest to Drury Cove (Fig. 5.2). A second area of regional 

metamorphism is located in the Hammond River area (Fig. 5.3) where 

strongly cleiaved mica schists are locally associated with carbonate 

rocks. Phyllites and mica schists are also present near the Caledonia-

Clovar Hill Fault in the Saint John River area (Fig. 5.2). Evidence of 

extensive regional greenschist-facies metamorphism was not observed in 

the Martinon Formation. 

Contact metamorphism is generally characterized by hornblende-

hornfels-facies mineral assemblages, although peak metamorphic grades 

locally reached pyroxene hornfels conditions. Contact metamorphic 

assemblages are divided into three main groups: low-grade, medium-grade, 

and high-grade assemblages. 

Because there are minor marble and calc-silicate lithologies in the 
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mainly clastic Martinon Formation and minor pelitic lithologies in the 

mainly carbonate Ashburn Formation, they are described together in the 

following sections. 

5.2.3.1. Regional metamorphic rocks 

Pelitic metasedimentary rocks that do -ot appear to be modified by 

contact metamorphism have the mineral assemblage muscovite-chlorite-

quartz-K-feldspar-plagioclase k biotite ± clinozoisite with accessory 

tourmaline, titanite, apatite, zircon, and Fe-Ti oxides (Table 5.1). 

These rocks are fine-grained and have a moderata to well developed, 

near-vortical schistosity defined by alignment of subidioblastic 

muscovite, chlorite, and rarely biotite. Schistosity iB typically 

subparallel to bedding and this results in a moderately developed, 

relatively shallow intersection lineation (Chapter 3). Metapelitic 

rocks with a high proportion of sheet silicates are coarse-grained, the 

schistosity is intensely crenulated, and the original sedimentary 

structures are mainly obliterated (Plate 7a). Quartz-rich rocks have 

large amounts of angular quartz with minor K-feldspar, and are weakly 

foliated. 

The main mineral assemblage in carbonate rocks is calcite/dolomite-

phlogopite ± tremolite ± quartz ± plagioclase ± K-feldspar with 

accessory titanite, apatite, and Fe-Ti oxides (Table 5.1). These rocks 

are typically coarse- to medium-grained, granoblastic, and moderately 

layered. Compositional layering is defined by variations in carbonate 

grain size and abundance of silicate minerals. Locally the marble 

displays a weakly developed foliation defined by dimensionally preferred 

calcite/dolomite grains that is subparallel to colour banding and 

results in shallow intersection lineations similar to those in the 

associated pelitic rocks. The granoblastic texture is probably the 

result of contact metamorphism (see below); however, the intersection 

lineation is still preserved. 
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5.2.3.2a. Low-grade rockB (Zone A) 

The first evidence of contact metamorphism in the pelitic rocks is 

the development of small (<1.0 mm diameter) randomly oriented 

clinozoisite, chlorite and muscovite porphyroblasts. In addition, the 

associated calc-Bilicate lithologies generally have randomly oriented 

tremolite porphyroblasts (Table 5.1.). 

Original sedimentary structures are Btill well preserved in the 

pelitic and calc-silicate lithologies and in thin section relatively 

coarBe-grained, angular to rounded quartz, K-feldspar (typically 

microcline), and plagioclase (albite and labradorite) are set in a very 

fine-grained chlorite and clinozoisite matrix. Xenoblastic to 

subidioblastic clinozoisite, muscovite, and tremolite poikiloblasts 

generally form intergrowths with many of the matrix minerals. 

Inclusions are generally randomly oriented, although chlorite in the 

matrix is commonly aligned parallel to bedding. Tremolite is associated 

with quartz-rich layerB. The range in size and shape of many of the 

quartz and microcline grains, together with the range in plagioclase 

compositions suggest that their origin is detrital, and that they have 

survived contact metamorphism. Based on textural evidence, these 

low-grads rockB did not have a penetrative cleavage prior to contact 

metamorphism. 

The mineral assemblage clinozoisite-chlorite-muscovite probably 

formed from the conversion of clay minerals of diagenetic origin. 

However, the presence of tremolite in calc-silicate rocks of this 

metamorphic grade is not common (e.g. Turner, 1980). The growth of 

tremolite is inferred to have formed by the hydration-decarbonation 

reaction (e.g. Yardley, 1989): 

CI. 5 dolomite + 8 quartz + H20 = tremolite + 3 calcite + 7 COj. 

The associated marbles typically display well developed 
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granoblastic texture with 120° triple-point junctions, although locally 

they are strongly deformed and mylonitic in the Sai:»t John area (Chapter 

3). ExBolution lamellae were not observed. The marble typically 

consists entirely of dolomite or calcite or a fixture of both, vcitt' 

trace amounts of detrital quartz, feldspar, and Fe-Ti oxides (Tab).s 

5,1). Minute clusters of idioblastic chlorite and muscovite are not 

common, but occur in marbles with relatively abundant detrital minerals. 

Cubea of pyrite are commonly concentrated along fractures. Talc is not 

abundant and was only observed near the contact with the Acamac pluton; 

however, other occurrences have been documented (e.g. Wardle, 1978) in 

the contact aureole of the Narrows Pluton and a smill dioritic intrusion 

east of Green Head Island (Indiantown Gabbro contact aureole of Wardle, 

1978). Talc is associated with quartz and inferred to have formed by 

the reaction (e.g. Holness, 1992): 

C2. 4 quartz + 3 dolomite + Ĥ O = talc + 3 calcite + 3 CO2. 

5.2.3.2b. Low-grade rocks (Zone B) 

With an increase in temperature in this zone, biotite/phlogopite 

developed and there is a general increase; in matrix grain size, although 

sedimentary structures are still preserved. The transition from lower 

grade (Zone A) rocks is evident in small and fewer inclusions and the 

sharper porphyroblast boundaries. The fine-grained matrix of quartz and 

feldspar in pelitic and calc-silicate rocks ia typically granoblastic, 

although larger fragments still preserve angular to rounded boundaries 

(Plate 7b). Biotite, muscovite, and chlorite typically occur as small 

decussate grains or aggregates of grains in the matrix. However, 

muscorite and chlorite also occur as larger subidioblastic 

poikiloblasts. In this zone clinozoiBite is less abundant and is mainly 

fine-grained, xenoblastic, and associated with biotite in the matrix. 

Biotite/phlogopite in calc-ailicate lithologies is typically 
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subidioblastic and inclusion-free, and occurs as weakly oriented grains 

parallel to compoaitional layering. Idioblastic tremolite is more 

abundant but remains randomly oriented and inclusion-rich. 

Marbles are texturally and mineralogically similar to those in the 

lower-grade rocks; however, the major difference is the occurrence of 

idioblastic phlogopite and a general decrease in the amount of chlorite. 

Phlogopltfe is typically concentrated in quartz and feldspar-rich layers 

and oriented parallel to compositional layering. 

A number of reactions may lead to the generation of biotite (e.g. 

Mather, 1970) and some common reactions (Thompson, 1979) that could 

apply to these rocks ares 

C3. In pelitic rocks: chlorite + phengite = biotite + phengite-poor 

muscovite + quartz + H20. 

C4. In semipelitic rocksJ K-feldspar + chlorite = biotite + muscovite + 

quartz + H20. 

CS. In calc-silicate rocks and marble: 3 dolomite + microcline + H20 = 

phlogopite + 3 calcite + 3C02 

Reaction (C4) can also be applied to some calc-silicate rocks. 

At this metamorphic grade, marbles lack muscovite and are depleted 

in chlorite possibly through the reaction proposed by Ferry (1983): 

C6. uscovite + calcite + chlorite + quartz + albite = 

biotite + (Ca-plagioclase) + H20 +CO2 

However, the absence of muscovite and chlorite can be interpreted in two 

ways; both may have been completely consumed by the continuous reactions 

cited above or may be absent due to whole rock compositions. 

I 
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The mineral assemblages in zones A and B are typical of the 

chlorite and biotite zones in many regionally metamorphosed greenschist 

facies rocks (cf. Turner, 1980; Yardley, 1989). However, the lack of 

well developed cleavage and the random orientation of many- of the 

poikiloblasts suggests that mineral growth was the reault of contact 

metamorphism. The pelitic, calc-silicate, and carbonate mineral 

assemblages in this zone are characteristic of the albite-epidote 

hornfels facies (e.g. Yardley, 1989). 

5.2.3.3. Medium-grade rocks 

The medium-grade assemblages are generally developed in the inner 

part of the contact aureole within a zone approximately 1000 m from the 

exposed plutonic contacts. They are characterized by the first 

appearance of cordierite in pelitic rocks (Plate 7c). The grain size is 

slightly coarser than in the low-grade rocks but many of the sedimentary 

structures are still preserved. 

Cordierite first appears concentrated in mica-rich layerB as small 

ovoid, highly poikilitic, randomly oriented grains with numerous small 

inclusions of muscovite, quartz, Fe-Ti oxides, biotite, and matrix 

accessories. In the cores of some cordierite grains are small, 

poikilitic spinel grains on which the cordierite appears to have 

nucleated. Cordierite is partially to entirely replaced by sericite. 

The matrix is typically granoblastic; however, where fine-grained 

muscovite and biotite are abundant, a moderately developed, bedding-

parallel foliation exi.Bts which is commonly draped around the 

porphyroblasts. This foliation is not common in these hornfels. 

Shelley (1993) reported similar features in contact aureoles and 

suggested that they are a result of strain associated with the 

emplacement of the adjacent pluton, rather than some earlier (or later), 

separate regional metamorphic event. 

However, in areas of regional greenschist facies metamorphism 
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(e.g. Drury Cove area) large ovoid patches of sericite, interpreted to 

have been cordierite grains, are locally abundant close to contacts with 

the tonalitic parts of the Renforth Pluton (Map A; Fig. 5.2). They 

commonly have crnnulated inclusion trails similar in orientation to 

those outside the cordierite. Cordierite in this area ia locally 

associated with large xenoblastic, randomly oriented biotite that also 

overgrows the crenulated foliation. The cordierite and associated 

biotite are interpreted to be the result of contact metamorphism by the 

Renforth Pluton. 

In hornfels, chlorite and muscovite are still present as small 

grains associated with biotite in the matrix; however, locally they 

occur as subidioblastic, randomly oriented poikiloblasts. 

The Inferred reaction that introduced cordierite iB similar to 

that proposed by Pattison and Harte (1985): 

C7. muscovite + chlorite + quartz = cordierite + biotite + H2o 

This reaction continues as temperature increases until chlorite is 

consumed and the resulting assemblage muscovite-biotite-quartz-

cordierite becomes abundant. This assemblage exists over a wide area. 

Reactions involving spinel and cordierite at this grade of metamorphism 

are unclear. 

In calc-silicates and marbles, medium-grade metamorphism iB marked 

by the appearance of diopside, although many of the marbles in the Green 

Head Group are monomineralic and are difficult to characterize in terms 

of metamorphic grade. 

Subidioblastic to idioblastic diopside and tremolite are typically 

concentrated in thin discrete layers associated with rounded microcline, 

quartz, and minor plagioclase. In some calc-silicate rocks diopside may 

form large coarse clusters. The rims of tremolite and diopside are 

locally replaced by chlorite. Phlogopite is common in these layers. 

Idioblastic titanite and apatite are also concentrated in these layers. 
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From thin section observations, the presence of diopside in the 

metacarbonate rock* involved reactions with tremolite similar to those 

outlined by Peters and Wickham (1994): 

C8. tremolite + calcite = diopside + dolomite + COj + H20 

C9. tremolite + calcite + microcline = diopside + phlogopite + COj 

+ H20 

CIO. tremolite + calcite + quartz = diopside + CĈ  + H20 

Although phlogopite is generally in textural equilibrium with 

diopside, it is responsible for some diopside production by the 

reaction (Peters and Wickham, 1994): 

Cll. phlogopite + calcite + quartz = diopside + microcline + C02 

+H20 

The mineral assemblages in the medium-grade part of the contact 

aureole are characteristic of the hornblende-hornfelB facies (e.g. 

Yardley, 1989). ThiB facies forms the greater part of the outcrop width 

of the contact aureole and continues up to many of the plutonic contacts 

(Fig. 5.2 and 5.3). A typical feature of many hornblende-hornfels 

facies contact aureoles is the presence of andalusite (e.g. Turner, 

1980). Abundant andalusite was reported by Wardle (1978, p.218 and Fig. 

30) in many of the pelitic rocks of the Green Head Group; however, based 

on petrography these occurrences are now known to be cordierite. 

Prismatic rectangular grains occur in the contact aureole around the 

Acamac Pluton but due to abundant sericite replacement, they were not 

clearly identifiable as andalusite. The lack of andalusite may be the 

result of Al-poor bulk rock compositions. 
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5.2.3.4. High-grade rocks 

Within a narrow (<100 metres wide), discontinuous zone around some 

plutona (e.g. Fairville, Spruce Lake, and French Village), all minerals 

have been totally recrystallized and most primary sedimentary textures 

have been obliterated. The pelitic and semi-pelitic rocks are generally 

characterized by coarse-grained texture, a lack of chlorite, a general 

depletion of muscovite, and an increase in K-feldspar. These rocks are 

typically composed of alternating granoblastic quartzo-feldspathic and 

biotite-rich layers which, in outcrop, give the rock a gneissic 

appearance (e.g. Pleasant Point Paragneiss of Wardle, 1978). 

Distinctive mineral assemblages involving cordierite and 

hornblende in the semi-pelitic rocks and sillimanite-cordierite ± garnet 

in the pelitic rocks are present in thiB zone (Table 5.1.). Cordierite 

in the aemi-pelitic rocks is typically subidioblastic to xenoblastic, 

moderately to strongly pinitized, and associated with the quartzo-

feldspathic layers (Plate 7d). It locally appears to be intergranular 

and contains fewer matrix inclusions than in the medium-grade rocks. 

Cordierite grains in the pelitic rocks are relatively unaltered and 

larger than those in the semi-pelites. They occur as subidioblastic 

poikiloblasts with inclusions of biotite, K-feldspar, Fe-Ti oxides, and 

rare chlorite. Biotite inclusions are coarser in the rims of most 

cordierite grains compared to the cores and similar in size to those in 

the matrix. Spinel is locally associated with unaltered cordierite in 

pelitic and semi-pelitic rocks. 

Sillimanite is rare and occurs only in the pelitic rocks. It 

forms fine, needle-like grains in biotite and in the cores or rims of 

some cordierite and quartz grains. Garnet is also rare and only 

observed in one sample from the pelitic rocks. It occurs as small, 

relatively inclusion-free, xenoblastic porphyroblasts. 

Blue-green hornblende is present in the relatively biotite-

depleted semi-pelitic lithologieB, where it occurs as subidioblastic, 

^ I 
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moderately poikilitic grains. Cordierite and hornblende were not 

observed together in the same sample. Granoblastic microcline to 

perthitic microcline commonly has small rounded inclusions of quartz and 

plagioclase and, when in contact with plagioclase and quartz, mymrekite 

is well developed. 

Biotite in this zone is typically coarser grained than in lower-

grade compositionally equivalent rocks and generally concentrated in 

distinct layers. Although these rocka appear to have a gneissic texture 

(e.g. Pleasant Point Paragneiss of Wardle, 1978), biotite is randomly 

oriented and does not have a uniform crystallographic orientation aB it 

does in Brookville Gneiss biotite. 

The reaction that accounts for the depletion of mica and the 

incoming of K-feldspar with cordierite in the semi-pelitic rocks may 

have been (e.g. Pattison and Harte, 1985) : 

C12. muscovite + biotite + quartz = cordierite + K-feldspar + H20 

The appearance of sillimanite with K-feldspar in pelitic rocks is 

inferred to be similar to the reaction of Pattison and Harte (1985): 

C13. muscovite + quartz = sillimanite + K-feldBpar + H20 

and the inferred reaction that accounts for the presence of spinel and 

cordierite in theBe high-grade rockB is (e.g. Xu et al., 1994): 

C14. muscovite + biotite = cordierite + K-feldspar + spinel + H20 

The formation of garnet is restricted to pelitic rocks and the 

inferred reaction ia similar to that of Pattison and Harte (1985): 

C15. sillimanite + biotite + quartz - garnet + K-feldapar + H20 
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Marbles and calc-silicate lithologies within this high-grade zone 

are typically very coarae-grained and characterised by the development 

of forsterite, followed by garnet, and periclase (Table 5.1.). 

Forsterite appeaira to have formed first and typically occurs as isolated 

rounded grain* or clusters associated with diopside and typically rimmed 

or completely replaced by serpentina. Tremolite is not commonly 

associated with forsterite. Forsterite appears to be in textural 

equilibrium with diopside in the calc-silicate rocks and probably formed 

by the reaction (e.g. Yardley, 1989): 

C16. tremolite + calcite = diopside + forsterite + H20 +CO2. 

In marble, forsterite is associated with calcite and appears to have 

formed from the breakdown of diopside by the reaction (e.g. Yardley, 

1989): 

C17. diopside + dolomite = forsterite + calcite + C02 

Garnet grains (grossular?) are subidioblastic to xenoblastic and 

typically highly poikiloblastic with inclusions of diopside, 

calcite/dolomite, anorthite, and rare quartz. Forsterite is rarely 

associated with garnet, but where present occurs as inclusions in garnet 

rims. Locally garnet is associated with copper mineralization and 

abundant Fe-Ti oxides. Here the assemblage can be extremely altered 

with most minerals partially to entirely pseudomorphed by actinolite, 

serpentine, chlorite, and other indistinguishable minerals. These 

skarne are extremely limited in their distribution and significant only 

within 2-5 m of the contact with portions of the Renforth Pluton in the 

Kennebecasis Bay area (e.g. Leavitt, 1963). The reactions that formed 

garnet in non-skarn marbles is not clear but its close association with 

diopside, forsterite, anorthite, and calcite/dolomite suggests that 

these minerals might be involved (see section 5.4.2). 

r 
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Periclase is rare and commonly completely pseudomorphed by of 

brucite. It haa been observed in marble xenoliths in the French Village 

Quartz Diorite and waa also documented in contact aureoles around 

plutons in the Saint John area (Leavitt, 1963). Periclase is locally 

associated with serpentinized forsterite and minute diopside grains. Aa 

in garnet, the reaction!s) that formed periclase are not clear (see 

section 5.4.2). 

The mineral assemblages in this zone are characteristic of the 

pyroxene-hornfels facies (e.g. Turner, 1980). However, the first 

appearance of forsterite in carbonate rocks coincides with cordierite 

(prior to the development of sillimanite) in the pelitic rocka and could 

therefore be assigned to the upper hornblende-hornfels facies or 

transitional pyroxene-hornfels facies. Although temperatures were high 

enough to produce new K-feldspar and some rocks have a gneiBsic 

appearance, there is no evidence of partial melting (e.g. leucosome 

development) in the pelitic hornfelB. 

5.2.4. Hammondvale metamorphic unit 

The Hammondvale metamorphic unit is a fault-bounded block located 

along the northwestern margin of the Caledonian Highlands in the 

Hammondvale area (Chapter 2). It was previously considered part of the 

Aghburn Formation of the Green Head Group (e.g. Ruitenberg et al., 1979; 

McLeod et al., 1994). This unit has been interpreted to provided a 

direct link between the Caledonia and Brookville terranes (e.g. 

Ruitenberg et al., 1979). However, a detailed petrological description 

of this unit haa not been conducted to evaluate this correlation. 

The Hammondvale metamorphic unit consists dominantly of albite and 

garnet porphyroblastic mica schist with minor marble and amphibolite. 

The main mineral assemblage in the mica schist is quartz-muacovite-

albite k garnet ± biotite ± calcite ± K-feldspar with abundant apatite, 

titanite, tourmaline, Fe-Ti oxides, epidote, and a small amount of 

r 
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zircon and rare rutile as accessory minerals (Table 5.1). These rocks 

have a well developed schistosity and a local stretching lineation. The 

foliation ia defined by alignment of muscovite and minor biotite and is 

draped around porphyroblasts, whereas the lineation is defined by 

recrystallized quartz ribbons and asymmetric albite and garnet 

porphyroblasts. Asymmetric quartz-rich pressure shadows are common on 

the margins of many of the porphyroblasts. 

Albite porphyroblasts are small (<5 mm in diameter), 

subidioblastic, and highly poikilitic (Plate 8a, b). They contain well 

developed sigmoidal and straight inclusion trails defined by idioblastic 

epidote, titanite, tourmaline and xenoblastic to subidioblastic 

muscovite, quartz, Fe-Ti oxideB, and rare biotite, chlorite, and rutile. 

Quartz inclusions are coarser grained toward the rims compared to the 

coraB. Albite is usually unaltered and has well developed simple twins. 

Rare oligoclase patches occur in the albite grains. These are typically 

well twinned and partially altered to sericite. The internal foliation 

ia subparallel to, or commonly truncated against the main external 

foliation. K-feldspar is not common. It occurs in the pressure shadows 

of some albite porphryoblastB or more rarely as altered patches in the 

albite with oligoclase. Only two samples had asymmetric K-feldspar 

porphyroblasts with the same inclusion trailB as in the albite. 

Subidioblastic, highly poikilitic garnet porphyroblasts display the same 

type of inclusion trail as the albite; however, they are defined by 

quartz, titanite, and Fe-Ti oxides. In addition, tiny, idioblastic, 

inclusion-free garnet occurs as inclusions in albite poikiloblasts and 

in the matrix. 

Marble associated'with the mica schist is well banded with thin 

(1-2 mm wide) alternating calcite-rich and muscovite-rich layers (Plate 

8c). Prismatic apatite, titanite, tourmaline, epidote, and Fe-Ti oxides 

are associated with the muscovite layers. Locally, fine-grained 

chlorite develops along muscovite rims and cleavage pi iiss. Apatite is 

typically zoned with dark cores and clear rims. 
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Amphibolite is alBo well layered, alternating between plagioclaae-

rich and hornblende-rich layers (Plate 8 d ) . Albite porphyroblasts are 

not common in the amphibolite, but where present are elongate parallel 

to banding. They typically contain straight inclusion trails defined by 

elongated quartz and titanite parallel to the external foliation. Blue-

green hornblende ia elongate parallel to banding and is inclusion-free. 

It is typically partially to entirely replaced by actinolite and 

chlorite. Quartz is not present. 

Limited detailed structural studies indicate that ail the 

porphryoblasts overgrew an earlier crenulation cleavage and continued to 

grow after a coarsening of the matrix minerals. The main episode of 

deformation occurred after porphyroblast growth which resulted in the 

local development of mylonitic textures such as quartz ribbonB and 

asymmetric porphyroclasts. Based on lithological differences alone, 

correlation between the Ashburn Formation in the Green Head Group and 

the Hammondvale metamorphic unit appears unlikely. 

5.3. MINERAL CHEMISTRY 

Mineral compositions were determined by electron microprobe in 

representative samples from: 1) paragneissic, orthogneissic, and marble 

lithologies in the Brookville Gneiss, 2) gneissic boudins and 

blastomylonites in the MacKay Highway shear zone, 3) marble and pelitic 

lithologies in the Ashburn Formation of the Green Head Group, and 4) 

mica schistr in the Hammondvale metamorphic unit. These data are used 

here to assess variations in mineral chemistry and chemical equilibrium, 

and for pressure-temperature estimates. Analytical data are presented 

in Appendix D. 

In the following section mineral compositions from the Brookville 

Gneiss and the MacKay Highway shear zone are described together because 

of their inferred similar protoliths. 

T?Ks 
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5.3.1. Brookville Gneiss and MacKay Highway shear zone 

5.3.1.1. Biotite 

In general, the range of biotite compositions in aamplea of 

paragneiss, melanoaomes in the migmatitic paragneiss, orthogneiss, and 

asaociated marble ia typical of thoBe in amphibolite facies rocks (e.g. 

Guidotti, 1984), with paragneiss and orthogneiss samples having Mg/Mg-t-Fe 

of about 0.50 and relatively enriched Ti contents (Fig. 5.4a). 

Orthogneiss samplea typically have Al contents that are considerably 

lower. 

A negative correlation between A1VI and Mg/Mg+Fe contents for 

biotite in the orthogneiss (Fig. 5.4a) may be due to more variable 

degrees of retrograde resorption by chlorite, during which the biotite 

became more enriched in Fe and Mg. This is consistent with patterns 

predicted by Xu et al. (1994) where lower-temperature re-equilibration 

results in MgO enrichment, whereas bulk rock compositional differences 

generally cause variations in both Mg/(Mg+Fe+Mn) and Tschermak's 

substitution. However, biotite in the pelitic samples is less 

chloritized and does not display this trend. Instead the compositions 

ahow a positive correlation between A1VI and Mg/Mg+Fe contents. Biotite 

samplea from the migmatitic melanosome are enriched in Al and Mg and 

depleted in Fe compared to the biotite from paragneissic samples, and 

both are significantly enriched in Al^ compared to orthogneissic 

biotite (Fig. 5.4 and 5.5; Appendix D). Similar trends are reported 

from the experimental results on biotite involved in partial melting 

reactions where biotite samples from melanosome are depleted in Fe and 

biotite from leucosome samples is enriched (Patino Douce and Johnston, 

1991). 

Biotite compositions from pelitic blastomylonite and gneissic 

boudin samples from the MacKay Highway shear zone are similar; however, 

they are distinct from other gneissic biotite compositions, being 

I 
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relatively high in Al and low in Mg/Mg+Fe contents (Fig. 5.4a). Thia 

may be due to bulk composition and Al-saturation which can be confirmed 

by the relatively high abundance of sillimanite in the boudina. 

However, sillimanite is a minor phaBe in the pelitic blaatomylonitea and 

therefore the high Al^ contents may possibly be attributed to higher 

gradea of metamorphism (e.g. Guidotti, 1984). 

Mica in the marbles is typically phlogopite (Fig. 5.4a). 

5.3.1.2. Cordierite 

Most of the analyzed cordierite samples appear to be relatively 

unaltered, with pinitized rims and pale yellcw cores; however, 

microprobe data indicate that they are moderately to intensely altered. 

The altered cordierite is similar in composition to those analyzed by 

Jamieson (1984). The altered cordierites have K2o values up to 8 wt.% 

and are relatively depleted in Feo and MgO (Fig. 5.5; Appendix D) and 

are similar to some clay minerals described by Deer et al. (1992). 

Pinitization is more widespread in samples from the blastomylonite zone, 

paragneiBB and melanosome than from the leucosome. Cordierite from an 

unaltered migmatitic paragneiss contains a uniform composition from 

leucosome to melanosome with the approximate formula Al3Mg! 4Feo.6AlSi5018 

and Fe/Fe+Mg values of about 0.30. Relatively unaltered cordierite 

grains from paragneissic samples have distinctly higher Fe/Fe+Mg values 

of greater than 0.50. 

5.3.1.3. Feldspar 

Plagioclase grains in samples of paragneiss and orthogneiss 

display a relatively narrow range in composition from about An30 to An^, 

with identical averages of 34% (Fig 5.6; Appendix D). They are 

typically unzoned, and contain only minor K20. Analyses from leucosome 

samplea ahow a similar, although slightly higher, range in An 
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compositions with an average of 39% (Fig.5.6). Potassium feldspar 

(microcline) from paragneiBB, leucosome, and orthogneiss samples also 

diaplaya a narrow range in compositions with average or contents greater 

than 90%. The relative uniformity of feldspar compositions (e.g. An^.^) 

suggests that these grains probably grew/recrystallized during 

amphibolite grade metamorphism, 

Plagioclase in marble is nearly pure anorthite, with An contents 

greater than 99% and only trace amounts of Ab (Fig 5.6; Appendix D). 

Potassium feldspar (microcline) in marble has compositions of Or^ with 

minor amounts of Ab (Fig. 5.6). 

Plagioclases in the MacKay Highway shear zone are more albite-rich 

than those from the gneiss with an average of about An18. Plagioclase 

compositions from gneissic boudins have trace amounts of Or, whereas 

compositions from the associated pelitic blastomylonite are moderately 

enriched in Or (Fig. 5.6; Appendix D). Potassium feldspar (microcline) 

compositions are similar to those in the gneiss with a slightly lower 

average of Or88. Lower An contents in shear zone plagioclase 

compositions compared to their host rocks have been observed by numerous 

workers (e.g. Kneller and Leslie, 1984) and commonly attributed to 

re-equilibration of the shear zone during a lower-grade ambient 

metamorphism. 

5.3.1.4. Garnet 

Garnet in the blastomylonite is dominantly an Fe-Mg solid solution 

(Appendix D). The relatively inclusion-rich garnet cores are higher in 

Mg, whereas the inclusion-free rims are high in Fe (Fig. 5.5). The Ca 

and Mn contents show a slight increase from core to rim. This is also 

true for garnet fragments in the matrix which suggests that each 

fragment probably behaved as an individual grain during 

re-equilibration. Average analyses give (Fe252. oiMgo.36Ca0,,)Al196Si2tt7Oi2 
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and (I'«2ijgMn0>o2Mg02gCa<)12)Al199Sl2,9g012 for cores and rims. Relative 

enrichment of Fe and the depletion of Kg from garnet cores to rims are 

commonly assumed to be the result of some type of retrograde 

modification (e.g. Tracy, 1982; Spear, 1991), probably Fe-Mg exchange of 

garnet rims with adjacent biotite. 

5.3.1.5. Clinopyroxene 

Clinopyroxene in samples of marble from the Brookville Gneiss is 

nearly pure diopside (Fig. 5.7a). However, some of the pyroxene grains 

appear to be more complex than the three component Ca-Fe-Mg series and 

are significantly more aluminous. Clinopyroxenes from marble samples 

with amphibole as a major mineral phase have higher proportions of Al/>3 

(>5 wt.%) and TiOj (>1.5 wt.%) than clinopyroxenes from samples with 

minor amphibole. TheBe relations probably reflect bulk compositional 

differences. 

5.3.1.6. Amphibole 

Ca-amphibole is one of the most abundant silicate minerals in the 

marbles of the Brookville Gneiss. The composition rmges from tremolite 

to magnesio-hornblende, although some are actinolitic in uomposition 

(Fig. 5.8; Appendix D). The close spatial relationship of these marbles 

in the uniformly high-grade gneiss suggests that metamorphic grade (P-T) 

was not an important factor in the formation of different amphibole 

compositions. The variation in compositions is probably a result of 

differences in bulk rock chemistry and/or metamorphic fluid composition; 

however, in some samples it appears to be the result of retrograde 

metamorphism. 
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5.3.1.7. Muscovite 

Baaed on textural evidence muscovite 1B interpreted to have formed 

as a result of retrograde metamorphism. The composition is essentially 

that of the muscovite (aensu atricto) end member, but also contains 

minor paragonite component (Fig. 5.9a; Appendix D). Muscovite generally 

displays uniform composition from sample to sample; however, Fe varies 

considerably between 0.10 to 0.38 (for 22 oxygen). Large muscovite 

grains that are the product of cordierite retrogression are generally 

high in Fe, whereas muBcovite replacing sillimanite has much lower Fe 

content. No zoning was detected within individual grains. Sericite 

after cordierite and feldspar was not analyzed. 

5.3.1.8. Other phases 

Calcite has low Fe (<0.02) and Mg (<0.10) contents (for 6 oxygen); 

however, in samples with coexisting dolomite, Mg contents are typically 

higher (>0.10). In dolomite-free marbles, some calcite is nearly pure 

CaC03 with Fe+Mg £0.04 (Appendix D). Andalusite samples from the MacKay 

Highway shear zone and gneissic boudins are greater than 99% pure 

end-member compositions with minor FeO, MgO, and CaO. Tourmaline in the 

paragneiss is magnesium-rich and approaches dravite compositions whereas 

those in marble samples are dominantly uvite. Apatite in the marble is 

greater than 99% pure end-member with minor NiO and ZnO. The dominant 

opaque phase in the paragneiss, migmatitic paragneiss, orthogneiss, and 

marble is magnetite which is greater than 98% pure end-member 

composition. Ilmenite occurs only in the paragneiss and is generally 

98% pure end-member vith minor hematite component. 
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5.3.2.1. Mica 

Muscovite compositions are very similar to those in the Brookville 

Gneiss (Fig. 5.9b). Muscovite from a sample of spotted cordierite 

schist generally has relatively constant A1T values, with Fe+Mg varying 

between 0.23 and 0.31 (for 22 oxygen). The composition is essentially 

that of muscovite {sensu stricto), but also contains minor paragonite 

(Appendix D). The one analyzed sample with a higher Fe+Mg value (0.47) 

is in contact with altered cordierite and is probably affected by this 

sericitic retrogression. 

Biotite from marble in the Ashburn Formation has high Mg contents 

and, like that in the Brookville Gneiss marbles, is of phlogopite 

composition (Fig. 5.4b). 

5.3.2.2. Amphibole 

As in marble in the Brookville Gneiss, Ca-amphibole is one of the 

most abundant silicate minerals in the Ashburn Formation. It has 

constant Mg/Mg+Fe values with Al17 varying between 0.08 and 0.69 and 

therefore composition ranges from tremolite to magnesio-hornblende (Fig. 

5.8). Compared to marble in the Brookville Gneiss, theBe amphiboles are 

more restricted in their compositional range; however, within individual 

samples there is wide variation in composition (Appendix D), which may 

reflect alteration. 

5.3.2.3. Clinopyroxene 

Clinopyroxene analyzed in two samples of marble is very close to 

pure diopside (Fig. 5.7b). It has a more "normal" composition compared 

to diopside in the Brookville Gneiss with only trace amounts of Al and 



Ti, and higher Na (Appendix D). The compoaitional variability within 

individual aamplea ia negligible. 

5.3.2.4. Plagioclase 

Plagioclase compositions from the spotted schist are spread from 

albite (AOQ) to oligoclase (An25) (Fig. 5.6). mese compositions are 

considerably different from those in the Brookville Gneisa and are 

typical of lower grade rocks. However, the relatively large range for 

this grade of metamorphism probably reflects a diverBe provenance of 

detrital grains that were only partially modified during regional and/or 

contact metamorphism. The wide variations in grain size and shape of 

plagioclase also suggests that their origin is detrital, and that they 

have survived textural modification. Plagioclase is not present in the 

analyzed marble Bamples. 

5.3.2.5. Other phases 

Calcite and dolomite in marble samples have variable Fe contents 

from 0 to 0.05 (for 6 oxygen). Dolomites in dolomite-rich marbles have 

considerably higher Mg contents (>3.02) than those coexisting in 

calcite-rich samples (<2.95), although calcite with or without dolomite 

has similar Mg values (Appendix D). In calcite-free marbles, the 

dolomite ia nearly pure MgC03 (Appendix D). 

Tourmaline in the schist is near end-member dravite whereas that 

in the marble is close to uvite composition. Apatite is also near 

end-member composition with minor CI values (<0.7 wt.%). The dominant 

opaque phase in the schist and marble is magnetite which is greater than 

98% pure. 

I 
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5.3.3. Hammondvale metamorphic unit 

5.3.3.1. Mica 

White mica from the Hammondvale metamorphic unit contains 

relatively high, although variable, Fe+Mg values between 0.52 and 0.98 

(for 22 oxygen) and iB typically phengitic in composition (Fig. 5.9c). 

Muscovite coexisting with garnet has the highest and most constant Fe+Mg 

values, whereas that not associated with garnet has lower and more 

variable Fe+Mg values. It also has Na/(Na+K+Ca) values that are 

consistently low (Appendix D). Muscovite is subject to electron beam 

damage which will result in some elements "burning-off" and therefore 

remain undetected (e.g. McMullin, 1991). Sodium is especially 

susceptible to this, resulting in unusually low paragonite contents. It 

is necessary to use large beam diameters (about 10 /urn) to obtain 

muscovite compositions. However, the spot size used for muscovite 

analysis in this study was considerably narrower (about 2 /um) and 

therefore the Na contents are considered minimum values. This 

assumption is significant when using TWEEQU calculations for this unit 

(section 5.4.3). 

The muscovite differs significantly from that in the low-grade 

Green Head Group in increased Fe+Mg values and lower XNa. The higher 

Fe+Mg values could reflect bulk rock compositions (e.g. Guidotti, 1984); 

however, phengitic musccvites are common in high pressure - low 

temperature metamorphic environments (e.g. Shelly, 1980). 

Biotite 1B not common in the Hammondvale metamorphic unit, and 

where present, is typically partially altered to chlorite or replaced by 

muscovite. Two fresh biotite grains yielded "normal" compositions 

(Fe/Fe+Mg = 0.53; Al^ = 0.69, for 22 oxygen) (Fig. 5.4a). 
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5 . 3 . 3 . 2 . Garnet 

Small, i d i o b l a s t i c , inc lus ion- free garnet grains that occur as 

incluaione in a l b i t e porphyroblastB (CW88-115A) have an average 

composition of (Fej^sMnossMggjiCaosoJAl^S^O^. Other larger , 

aubidioblaatic , r e l a t i v e l y inc lus ion-r ich garnet (NB87-4090) have 

s imilar core-rim compositions of (Fej^MnQ^Mgg.nCa079)Al2WSi29jOi2 and 

(Pe1>75Mn0i21Mg0>1|Ca0>96)Al2,oiSi2>9s012r respect ive ly , although they display a 

decrease in spessartine and pyrope contents and increase in andradite 

content compared with the garnet inc lus ions . 

5.3.3.3. Plagioclase 

Highly poikiloblastic plagioclase porphyroblasts typically display 

a very restricted range in composition, from An0 to An2 with trace Or 

components, and are generally unzoned. However, rare patches of 

twinned, partially aericitized plagioclase occur in some albite 

porphyroblasts. These patches typically have compositions of An29 (Fig. 

5.6; Appendix D). Similar observations were noted by Jamieson and 

O'Beirne-Ryan (1991) in albite schists of the Fleur de Lys Supergroup. 

Here the growth of oligoclase was attributed to retrogression and the 

breakdown of garnet. Based on textural evidence it is unclear if 

oligoclase formed during prograde or retrograde metamorphism in the 

Hammondvale metamorphic unit. 

5.3.3.4. Other phases 

Epidote inclusions do not differ significantly from those in the 

matrix and have similar average composition of 

Caj9jFe065Al23(yO(SiO4) (Si2C7) (OH) (Appendix D). They do not appear to be 

zoned. Calcite ia nearly pure CaC03 with negligible amounts of Fe, Mn, 
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and Mg (Appendix D). Tourmaline is dravite. 

5.4. METAMORPHIC CONDITIONS 

5.4.1. Introduction 

In spite of the textural evidence for extensive retrograde 

metamorphiom in the metamorphic units of the Brookville terrane, the 

limited ai.iount of chemical variation in most minerals on the scale of a 

thin section indicates that at some time all samples had approached 

relatively homogeneous intergrain mineral compositions, presumably 

during peak metamorphic conditions. Most of the major compositional 

variations observed between samples appear to be controlled by bulk rock 

compositions; however, variations on a millimetre scale are interpreted 

to be the result of post-peak retrograde re-equilibration. 

Pressure and temperature can be estimated using the TWEEQU 

software (version 1.02) of Berman (1991). This program calculates the 

location of reaction equilibria in P-T space using the internally 

consistent thermodynamic data set of Berman (1988; 1991) for end-member 

phases. Ideal solution models were used for pyroxene and amphibole and 

the solution modelB of Berman (1990), Fuhrman and Lindsley (1988), and 

McMullin et al. (1991) for garnet, plagioclase, and biotite, 

respectively. 

5.4.2. Brookville Gnoiss and MacKay Highway shear son* 

5.4.2.1. Paragneiss and migmatitic paragneiss 

The pelitic mineral assemblages in the paragneiss and migmatitic 

paragneiss are not well suited to treatment by TWEEQU, largely due to 

poorly calibrated thermodynamic properties of Fe-rich cordierite. This 

results in unstable cordierite reactions (negative pressures) on the P-T 

I 
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grid. However, information about the relative orientation in P-T space 

can be obtained from the KFMASH petrogenetic grid of Spear and Cheney 

(1989) which ia largely based on the same database as TWEEQU. For the 

purpose of thia study, cordierite-producing reactions of Holdaway and 

Lee (1977) and Hoffer (1976) are incorporated to account for the 

presence of Fe-rich cordierite. The location of the Al2Si05 triple 

point ia similar to that of Holdaway (1971). 

The absence of primary muscovite in the paragneiss and migmatitic 

paragneiss can be used to constrain the minimum P-T conditions in the 

Prookville Gneiss based on the reaction: 

1. muscovite + quartz = Al2Sio5 + K-feldspar + H2o. 

This reaction also accounts for the production of andalusite in 

assemblages containing plagioclase-quartz-biotite-K-feldspar-andalusite 

(without sillimanite). This assemblage constrains the pressure 

estimates (52.2 kbar) at relatively low temperatures (Fig. 5.10). 

The occurrence of minor assemblages of andalusite-sillimanite-

K-feldspar-biotite in the paragneiss indicates that metamorphic 

conditions were near those of the andalusite-sillimanite phase boundary: 

2. andalusite = sillimanite. 

Cordierite in the assemblage containing inclusions of biotite 

probably formed by the reaction calibrated by Holdaway and Lee (1977): 

3. biotite + Al2Si05 + quartz = cordierite + K-feldspar + H20. 

Metamorphic conditions for this assemblage are close to the intersection 

of reaction (2) and reaction (3) at approximately 625°C and 1.9 kbar 

(Fig. 5.10). This assumes the Fe content of cordierite in the 

paragneiss iB 100%, although analyzed cordierite in this assemblage 
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typically has Fe contents greater than 50%, none are 100% (Appendix D). 

For this assemblage to plot on the P-T grid, Fe contents should be at 

least 75%, therefore assuming Fe at 100% results in minimum pressure 

estimates. The absence of andalusite and the presence of sillimanite in 

this assemblage implies that metamorphic conditions were above the 

Al2SiOs phase boundary and parallel to reaction (3). 

Partial melting of the paragneiBB typically resulted in the 

formation of leucosome and melanosome with quartz-K-feldspar-

cordierite-sillimanite-biotite-bearing assemblages, although cordierite 

is not present in all samples. The composition (similar Fe contents of 

30%) and texture of cordierite co-existing in the leucosome and 

melanosome suggest that they are in equilibrium (cf. sample CW88-218). 

Andalusite forms rare, Bmall, embayed grains in the melanosome and, 

based on this textural evidence, it is considered relict from lower 

temperature conditions. This assemblage indicates peak metamorphic 

conditions close to the intersection of the minimum temperature hydrous 

melting curve and reaction (3) at approximately 675°C and 4.0 kbar, 

using the reaction of Holdaway and Lee (1977) (Fig. 5.10). The 

cordierite reaction of Hoffer (1976) for Fe contents of 30% increases 

the temperature to 685°C and lowers the pressure to 3.1 kbar. 

Fluid composition and pressure will affect the position of these 

reactions. The activity of H20 in metamorphic rocks largely dependB on 

the composition of the fluid, whether or not H20 exists as a free fluid 

phase, and the CC^ component. Although marble and calc-Bilicate rocks 

occur in the Brookville Gneiss, carbonate minerals were not observed in 

the pelitic assemblages which may argue against significant C02 in the 

metamorphic fluid. However, it is likely that activity of HzO was 

locally quite variable. 
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Given appropriate activity-corrected T-XCO2 diagrams uaing actual 

mineral chemiatry, the observed mineral assemblages in the marble can be 

uaed to constrain temperature and fluid composition in the Brookville 

Gneiss. The analyzed calc-silicate minerals developed in the marbles 

are vary close to pure end-member compositions (section 5.3.1.). 

Activity modela are thoae uaed in TWEEQU for diopside and amphibole (see 

above). Calcite, dolomite, and titanite were assumed to be pure 

end-member compositions. A pressure of 3.1 kbar is assumed in all 

calculated reactions (aee section 5.4.1.1). Phlogopite, K-feldspar, and 

quartz were eliminated from the calculations for clarity. 

The typical mineral assemblage in the marble is calcite-

dolomite-phlogopite-tremolite-diopside-K-feldspar ± forsterite ± 

plagioclase +. quartz. Some assemblages include actinolite instead of 

tremolite. Two separate samples with tremolite-bearing assemblages and 

one with actinolite were used in the calculation. Mineral chemistry of 

this assemblage requires the use of the 10-component system Si02-Ti02-

A^OS-FeO-MgO-CaO-Nap-^O-CC^-fyO to describe the reactions involving 

these phaaes. There are 16 possible activity-corrected reactions (Table 

5.3) for the selected end-member phases (diopside, tremolite-actinolite, 

foraterite, rutile, titanite, calcite, dolomite, H20, and CCh) assuming 

activities for rutile and H20 at about 0.94 and 0.96, respectively. The 

intersections of these reactions yield similar results and constrain the 

T-XcOj conditions experienced by the tremolite-bearing assemblages 

between 638-642°C and 0.54-0.58 XCO2 at 3.1 kbar (Fig. 5.11a, b). 

The assemblage containing actinolite is defined by similar 

activity-corrected reactions, assuming the activity of rutile at 0.99 

and H20 at 0.65. The results are slightly high than the tremolite-

bearing assemblages at 654°C and 0.66 Xco2 at 3.1 kbar (Fig. 5.11c). 
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The mineral assemblage in the paragneissic boudins ia similar to 

that in the Brookville Gneias, although modal abundances may vary. The 

diagnoatic mineral assemblage in the boudins is quartz-K-feldapar 

-aillimanite-biotite-cordierite-andalusite. This assemblage indicates 

metamorphic conditions above the muscovite breakdown curve at the 

intersection of reactions (2) and (3) at approximately 625°C and 1.9 

kbar (Fig. 5.10). This is identical to metamorphic conditions inferred 

from samples of the Brookville Gneiss. 

The mineral assemblage in the pelitic blastomylonite that beat 

represents peak recrystallized metamorphic conditions is similar to the 

mineralogy in the boudins, except that it locally contains garnet and 

prograde muscovite. The most notable feature of the shear zone is the 

general lack of retrograde metamorphism and many of the minerals appear 

unaltered. These features, together with the mineral assemblage, are 

consistent with re-equilibration under amphibolite facies conditions. 

The peak recrystallized mineral assemblage (excluding garnet) lies on 

the andalusite-sillimanite phase boundary between reaction (1) and (3) 

(Fig. 5.10). 

The presence of garnet in the shear zone and the lack of garnet in 

the host gneiss require explanation. Variations in mineral assemblages 

in shear zones compared to the surrounding rocks are commonly attributed 

to increased fluid flow in an open system (e.g. Beach, 1980) or 

re-equilibration under high-grade conditions in a closed system (e.g. 

White and Clarke, 1994). However, in each case, the resulting minerals 

are typically neoblastic and undeformed, whereas garnet from the MacKay 

Highway shear zone preserves broken and stretched textures that parallel 

the regional stretching lineation. This suggests that the garnet 

existed in the hoBt rock prior to deformation. However, due to the 

recrystallized textures, it 1B not clear what reaction(s) initially 

produced garnet in the gneiss. If those of Holdaway and Lee (1977) are 

I 
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uaad, then minimum metamorphic conditions for the production of garnet 

in the gneiss and/or migmatitic paragneiss could be about 740°C and < 

3.0 kbar (Fig. 5.10). This would imply that higher grade rocks were 

exhumed along the shear zone but this is highly speculative. 

5.4.2.4. Geothermobarometry 

Lithologies in the Brookville Gneiss do not contain many 

assemblages suitable for quantitative geothermobarometry. The 

solubility of Mg in calcite in the assemblage calcite + dolomite has 

been calibrated as a geothermometer (e.g. Powell et al., 1984; Anovitz 

and Essene, 1987) and applied to a sample of marble from the Brookville 

Gneisa (Table 5.2). Calcite with dolomite exsolution lamellae were not 

used and only those with granoblastic (120° triple-point junctions) were 

intergrated in the calculation (e.g. Anovitz and Essene, 1987). 

Temperatures obtained from the calibration of Anovitz and Essene (1987) 

are consistently low with an average of 382 ± 26°c. Applying their Fe-

correction only raiseB the average temperature by 2°C. The low 

temperatures are the direct result of low Mg values (section 5.3.1h). 

Retrograde equilibration produces calcite grains with Mg contents lower 

than those defined at peak metamorphic temperatures (cf. Cook and 

Bowman, 1994). 

The two-feldspar geothermometer is based on the partitioning of 

NaAlsi3o8 between plagioclase and alkali feldspar (e.g. Stormer, 1975; 

Haselton et al., 1983). This method was applied to paragneiss, 

migmatitic paragneiss, gneissic boudins, and orthogneiss. Temperature 

estimates obtained from both two-feldspar calibrations give comparable 

results from sample to sample; however, like the calcite-dolomite 

geothermometer the results are consistently low (Table 5.2). The 

calibration of Stormer (1975) yields on average temperature of 422 ± 

69°C and that of Haselton et al. (1983) gives 397 ± 87°C. This suggests 
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significant subsoliduB re-equilibration, likely due to retrograde 

metamorphism or cooling. 

Three calibrations of the garnet-biotite Fe-Mg exchange 

thermometer have been applied to determine the temperatures during 

metamorphism. ThiB includes the empirical calibration of Thompson 

(1976), the experimentally calibrated, ideal ionic model of Ferry and 

Spear (1978), and the model of Hodges and Spear (1982) which 

incorporates an empirical correction factor for the effects of Ca in 

garnet. These results are compared to temperatures calculated with 

TWEEQU employing the activity models of Berman (1990) and McMullin et 

al. (1991). 

Five coexisting garnet-biotite pairs were analyzed in a sample 

from the pelitic blastomylonite. Where possible both garnet core and 

rim were analyzed, together with adjacent biotite and one inclusion of 

biotite. Temperature estimates obtained using the different 

calibrations yield comparable results within 30°C, although estimates 

from TWEEQU are generally slightly higher. Temperatures from garnet 

cores and adjacent biotite or inclusions of biotite are systematically 

higher (up to 170°C) than estimates from the rims of adjacent minerals 

(Table 5.2). The average temperature obtained by TWEEQU using garnet 

core compositions iB 668 ± 19°C at 3.0 kbar. 

Pressure estimates based on calibrations of the anorthite 

breakdown reaction (e.g. Ghent et al., 1979; Newton and Haselton, 1981; 

Koziol and Newton, 1988; TWEEQU) were used in an attempt to evaluate 

pressure conditions during metamorphism. However, the only suitable 

assemblage (garnet-plagioclase-andalusite/Billimanite-quartz) is 

restricted to lithologies in the shear zone. Pressure estimates 

obtained by these methods are inconsistent with the observed petrography 

and result in overeBtimation of pressures (e.g. 5 to >10 kbar). 

Applying an Mn correction to garnet activity (e.g. Ganguly and Saxena, 

1984) lowers many of the pressure estimates (lowest at 4.2 kbar) but 

they still appear to be too high. It appears that the garnet is not in 
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equilibrium with other minerals in thia sample. Thia ia not surprising 

given the recrystallized character of many of the minerals in the shear 

zone. There does not appear to be a way to quantify the pressure 

conditions. 

5.4.2.5. Summary of metamorphic conditions 

The absence of prograde muscovite and the presence of andalusite 

paragneiss and cordierite-bearing migmatitic paragneiss limits the P-T 

conditions for the mineral assemblages developed in the Brookville 

Gneisa (Fig. 5.10). At lower temperatures the P-T trajectory accounts 

for the disappearance of muscovite and the presence of andalusite before 

the andalusite-sillimanite phase boundary was reached. With an increase 

in temperature, cordierite co-exists with andalusite and sillimanite in 

the paragneiss near the Al2sios and cordierite-in reactions. From this 

point two trajectories are possible. Based on the cordierite-forming 

reactions of Holdaway and Lee (1977) and the decrease in Fe contents in 

migmatitic cordierite, peak metamorphic conditions could be 675°C and 

4.0 kbar. However, a more realistic estimate, consistent with the 

observation that anatexis is closely associated with cordierite, is 

685°C and 3.1 kbar based on the reaction of Hoffer (1976). 

Equilibration temperatures of 638-654°C for the tremolite and 

actinolite-bearing assemblages in carbonate rocks represent peak 

metamorphic conditions that are consistent with estimates based on 

paragneiss and migmatitic paragneiss phase equilibria (Fig. 5.10). 

The results of thermobarometric calculations are generally 

incompatible with peak metamorphic temperature and pressure estimates on 

the basis of the petrogenetic grid. However, calibrations of the 

calcite-dolomite (Anovitz and Essene, 1987) and two feldspar 

geothermometer (Stormer, 1975; Haselton et al., 1983) yielded similar 

results of about 400°C. The low temperature suggests significant 

re-equilibration under greenschist facies conditions following the peak 
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of metamorphism. 

Temperaturea determined by applying TWEEQU calibration of the 

garnet-biotite geothermometer to garnet core and biotite grains in the 

shear zone yielded results that are compatible with peak metamorphic 

conditions (ca. 670°C). However, garnet rim temperatures are lower (ca. 

550°C) and consistent with retrograde garnet zoning during post-peak 

re-equilibration. The high temperature results from garnet core 

analyses are surprising given the highly recrystallized textures in the 

shear zone. It iB unclear if the garnet and biotite preserve their 

pre-deformation peak metamorphic geochemical signature or are partially 

"reset". Given these uncertainties the interpretation of this 

temperature should be treated with caution. 

Taking into account all available data, the preferred peak 

metamorphic conditions in the Brookville Gneiss are between 585-700°C 

and 1.5-3.5 kbar. 

5.4.3. Oram Head Group 

No systematic chemical data were obtained from the various mineral 

assemblages related to contact metamorphism in pelitic lithologies of 

the Green Head Group. This is largely due to the fine-grained textureB 

and variable degrees of retrograde metamorphism. However, mineral 

chemistry waa obtained from some relatively unaltered carbonate 

assemblages in this zone. Here a T-XC02 phase diagram can be 

constructed using TWEEQU to characterize the metamorphic history of the 

aureole(s), but several assumptions must be made. The first is that 

bulk rock compositions are similar from low- to high-grade, the second 

is that they are in chemical equilibrium at all times (cf. Holness, 

1992), and the third is that the system iB closed to infiltration of 

fluids (cf. Peters and Wickham, 1994), especially those rich in F 

and/or NaCl from the intruding pluton(B). Evidence for chemical 
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equilibration is the presence of concentric zones with mineral 

assemblages appropriate to the inferred P-T conditions and the general 

presence of both reactants and products, which suggests that reactions 

were internally buffered (except for the garnet and periclase 

assemblages). With these assumptions in mind, the equilibrium approach 

can be useful aa a firat approximation of metamorphic conditions (Fig. 

5.12). A pressure of 1 kbar is assumed in the construction of the 

T-XCC<2 phase diagram. A pressure estimate of 2 kbar increases the 

temperature of the invariant points by about 50°C. 

Two reaction paths exist in the contact aureoles: marbles develop 

the sequence talc-phlogopite-tremolite-diopside-forsterite ± periclase 

(Fig. 5.12a) whereas the calc-silicate rocks show the sequence 

tremolite-phlogopite-diopBide-forsterite ± garnet (Fig. 5.12b). 

In calc-silicate lithologies reaction begins with the growth of 

subidioblastic tremolite associated with quartz in phlogopite-free rocks 

by the reaction: 

01. 8 quartz + 5 dolomite + H20 = tremolite + 3 calcite + 7 COj. 

At low grades, K-feldspar grains are scattered through the 

metaBedimentary rocks and these react in the temperature range 300-400°C 

to form phlogopite (HolnesB, 1992). The lack of phlogopite in this 

assemblage suggests temperatures below the range 300-400°C for the 

formation of tremolite and associated muscovite and clinozoisite 

(section 5.2.4.1.) and indicates that the associated fluids were 

extremely CC^-depleted (Fig. 5.12). 

The reaction for the formation of talc in marble is uncertain 

(5.2.4.1.) but is commonly attributed to the breakdown of quartz and 

dolomite by the reaction: 

!1 02. 4 quartz + 3 dolomite + H20 = talc + 3 calcite + 3 CC^. 

! 
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The lack of phlogopite in the talc-bearing assemblages (Wardle, 1978) 

suggests that the associated fluids, as in the tremolite assemblages, 

were CC^-depleted (Fig. 5.12). 

The two reaction paths meet at the invariant point A (T=412°C and 

XC02=0.63). The nature of the reaction after this point ia related to 

the amount of quartz and talc remaining in the rock. If talc is present 

further reaction can only take place by: 

G3. 2 talc + 3 calcite = tremolite + dolomite + H20 + CO2. 

Talc is not common (e.g. Wardle, 1978) and this reaction probably does 

not occur; however, quartz is relatively abundant and reaction will 

continue take place by reaction (Gl). By invariant point A phlogopite 

and biotite have probably developed in the carbonate and clastic rocks, 

respectively. 

After an increase in temperature, invariant point B (T=466°C and 

XCO2=0.98) is reached and diopside appears. If quartz is Btill present, 

as in most calc-silicate rocks, the reaction will proceed: 

G4. 2 quartz + 3 calcite + tremolite = 5 diopside + 3 CO2 + H20. 

In most marbles quartz is exhausted and further reaction will continue 

by: 

G5. tremolite + 3 calcite = 4 diopside + dolomite + H20 + CCj. 

After quartz is eliminated from calc-silicate lithologies via 

reaction (04), they undergo no further reaction until the temperature 

reaches that of reaction (G5). This relatively long period of annealing 

can result in large coarse clusters of diopside. 

Point B also coincides with the appearance of small ovoids of 
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cordierite in pelitic lithologies associated with the carbonate rocks 

and marks an important isograd (cordierite and diopside-in). 

Both calc-ailicates and marbles appear to form forsterite at 

invariant point C (T»553°C and XCP2=0.69). If calcite and tremolite 

remain in calc-silicate rocks, forsterite forms by the reaction: 

06. 5 calcite + 3 tremolite = 2 forsterite + 11 diopside + 3 H20 + 

5 C02 

and to account for the co-existence of forsterite and calcite in marble, 

forsterite forms by the reaction: 

07. diopBide + 3 dolomite = 2 forsterite + 4 calcite + 2 C02 

These are common assemblages in the carbonate rockB of the Ashburn 

Formation adjacent to many plutons and therefore appears to record peak 

metamorphic conditions. The equivalent mineral assemblages in the 

pelitic units contain cordierite and rare hornblende, but sillimanite 

and garnet are not present. This suggests that the minimum contact 

temperature in many of the plutonic units was about 570°C (Fie-. 5.12), 

although samples in direct contact with plutonic units were r.ot sampled. 

Minor areas in the contact aureole(s) preserve the highest grade 

assemblages as shown by the presence of periclase in ra&rble and garnet 

in calc-silicate lithologies. With increasing temperature invariant 

point D (T=575°C and XC02=0.99) is reached which accounts for the 

mineral assemblage periclase-forsterite-diopside-calcite. Periclase 

forms from the reaction: 

08. 2 calcite + tremolite = periclase + 4 diopside + H20 + 2 C02 

until calcite is gone. The maximum temperature reached by this reaction 

I I 
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ia 645°C with XCO2 at 0.67. It is unclear if periclase formed by the 

dissociation of dolomite by the reaction: 

G9. dolomite = periclase + calcite + CO2 

because there is no direct evidence for thiB reaction. If this reaction 

took place it waB apparently not buffered along a univariant curve but 

was subject to control by externally derived fluidB. 

Based on limited textural evidence garnet probably initially 

formed by the reaction: 

G10. 13 anorthite + 18 dolomite + 4 tremolite = 

13 garnet + 19 forsterite + 4 H20 + 36 CO2 

and with an increase in temperature after the consumption of dolomite 

garnet is interpreted to form by the reaction: 

Oil. 11 anorthite + 18 calcite + 2 tremolite = 11 garnet + 5 forsterite 

+ 2 H20 + 10 C02 

Garnet and periclase were not observed in the same rock, although there 

reactions cross in T-XC02 space (invariant point E on Fig. 5.12). 

The peak metamorphic assemblages containing garnet and periclase 

probably formed in the temperature range 575-650°C; although 

temperatures may have locally exceeded 750°C (Fig. 5.12). The 

associated pelitic units contain cordierite, sillimanite, and rare 

garnet and, based on carbonate phase equilibria, formed at equivalent 

temperatures. This broadly coincides with temperature estimates from 

associated plutonic units (Chapter 4). 
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5.4.4. Hammondvale metamorphic unit 

Microprobe analyses of mineral assemblages in this unit were 

conducted at a reconnaissance scale and therefore conclusions based on 

these data are considered preliminary. 

The mineral assemblages in the albite and garnet schist (Table 

5.1) are similar to those described by Jamieson (1990) and Jamieson and 

O'Beirne-Ryan (1991) from the Fleur de Lys Supergroup in western 

Newfoundland. However, the Hammondvale metamorphic unit has a 

restricted mineral assemblage that lacks chloritoid and staurolite, and 

biotite and chlorite are not common. Most of the minerals appear to be 

in textural and chemical disequilibrium which makes qualitative P-T 

estimates difficult. Also, the lack of biotite, Al2Si05, and the 

extremely low An-content of albite porphyroblasts makes most 

geothermobarometers unreliable. However, some constraints on the P-T 

conditions can be obtained by comparison with other areas with similar 

assemblages and inferred metamorphic conditions (e.g. Jamieson, 1990) 

and using reaction boundaries calculated using TWEEQU. 

Assuming similarity with the Fleur de Lys Supergroup, the lack of 

chloritoid and the general absence of biotite could be consistent with 

the reaction of Spear and Cheney (1989): 

HI, chloritoid + biotite + quartz + H20 = garnet + chlorite + 

muscovite. 

This reaction occurs over a wide pressure range with peak temperatures 

consistently less than 510°C. This reaction places a lower temperature 

limit on the Hammondvale metamorphic unit. 

A TWEEQU P-T plot can be constructed for sample NB87-4090 with 

mineral compositions using the end-member phases: albite-anorthite, 

grossular-almandine, muscovite-paragonite, annite, clinozoisite, quartz, 

and H20. There are 14 possible equilibria resulting in 3 independent 
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reactions (Fig. 5.13) that can be written for the selected end-member 

phases (Table 5.4). However, several assumptions must firat be made to 

construct the P-T plot. The first assumption concerns the analytical 

problems associated with muscovite analysis already noted (aection 

5.3.3.). Sodium contents in analyzed muscovite grains are considered 

minimum values and therefore the most Na-rich muscovite compoaition were 

uBed in the TWEEQU calculations. 

A tacond problem iB that the TWEEQU data base lacks essential 

thermochemical information for epidote. Therefore, aa a substitute, the 

clinozoisite end-member was used, assuming an activity of epidote baaed 

on the equation [activity = (AlT/AlT + Fe)3 (e.g. 0.47)). 

A third assumption deals with the activity of H20. Assuming an 

ideal activity of 1 increases the pressure and temperature constraints 

of the assemblage. Although F and Cl were not analyzed, the presence of 

carbonate minerals in this assemblage will lower the activity and 

therefore a value of 0.93 is considered a reasonable estimate for these 

rocka. 

Based on these assumptions, and using average garnet, biotite, and 

epidote compositions and the most oligoclase-rich plagioclase, the 

assemblage in sample NB87-4090 yields an extremely tight temperature and 

pressure interaection at 586°C and 8.9 kbar, respectively (Fig. 5.13). 

Using the less Na-rich muscovite results in a difference in pressure up 

to 5 kbar and temperature in excess of 600°C. Using albite yields less 

constrained intersections with temperature ranging from 2O0-6OO°C and 

pressure from 6->15 kbar. The elimination of H20 from the calculations 

results in four activity corrected equations and 2 independent reactions 

that yield identical results. 

Whether or not H20 is used in the TWEEQU calculations does not 

significantly change the resulting pressure and temperature estimates 

and indicates that oligoclase waB in equilibrium with co-existing 

garnet-biotite-muscovite-epidote-quartz at about 586°c and 9.0 kbar. 
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Jamieson and O'Beirne-Ryan (1991) interpreted the growth of oligoclase 

on albite in similar rocks in the Fleur de Lys Supergroup as a product 

of retrogreaaion. If the oligoclaae-bearing assemblages in the 

Hammondvale metamorphic unit are similar in origin then the P-T 

estimates do not represent peak metamorphic conditions but likely re-

equilibration after the peak of metamorphism. 

5.5. SUMMARY 

With varying degrees of confidence, the metamorphic P-T conditions 

for the Brookville Gneiss, Green Htad Group, and the Hammondvale 

metamorphic unit have been estimated. 

The low-pressure/high-temperature mineral assemblages developed in 

various lithologies of the Brookville Gneiss indicate peak metamorphic 

conditions of 645 ± 50°C and 2.5 ± 1 kbar, within the upper amphibolite 

facies. This resulted in the formation of sillimanite-cordierite-

bearing migmatitic paragneiBB and forsterite-diopside-bearing marbles. 

In contrast, most of the Green Head Group underwent contact 

metamorphism generally ranging from albite-epidote to hornblende-

hornfels facieB which is locally superimposed on regional greenschist 

faciea metamorphic textural and mineral assemblages. Contact 

metamorphism resulted in cordierite-bearing hornfels in the pelitic 

rocks and diopaide-tremolite-bearing assemblages in the carbonate rocks. 

Locally peak metamorphic temperatures and pressures reached pyroxene-

hornfels facies conditions which are broadly similar to peak conditions 

in thy Brookville Gneiss. However, cordierite-sillimanite-bearing 

hornfels of the Green Head Group is not migmatitic, and in contrast to 

the Brookville Gneisa, locally contains garnet. Also the carbonate 

rocks contain garnet and periclase-bearing assemblages that are not 

present in the Brookville Gneiss. 

The Green Head Group and Brookville Gneiss are tectonically 

separated by a major ductile shear zone (MacKay Highway shear zone) that 

I 
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coincidea with an area of greenschist faciea metamorphism in the Green 

Head Group. Thia zone is extensively recrystallized and overprinted by 

lower amphibolite faciea metamorphism that reaulted in the development 

of carbonate and pelitic blastomylonites with sillimanite, cordierite, 

andalusite, and local garnet-bearing assemblages. 

The Hammondvale metamorphic unit was considered to be a metamorphic 

equivalent of portions of the Green Head Group (Ruitenberg et al., 1979; 

McLeod et al., 1994). However, this unit diaplaya a higher pressure 

metamorphism distinct from that in the Green Head Group and Brookville 

Gneiss. This metamorphism resulted in muscovite-garnet-albite-bearing 

assemblages that developed at conditions of about 9.0 kbar. 

The Brookville Gneiss records pressures and temperatures that 

indicate extremely high, near-surface geotherms which requires 

metamorphism to be driven by an extremely large magmatic heat flux (cf. 

Wickham and Oxburgh, 1987; Lux et al., 1986; Golderg and Leyreloup, 

1990). In contrast, data from the Hammondvale metamorphic unit are 

incompatible with a high-heat flow type of metamorphism. It is 

consistent with high-pressure/low-temperature metamorphism typically 

associated with major tectonic boundaries (cf. Jamieson, 1990). 
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quartz 

potassium feldspar plagioclase 

Figure 5.1. Modal mineralogy of leucosome samples in the Brookville 
Gneiss. Tie-lines (dashed) connect two most extreme modal 
mineralogies in the same leucosome sample (n=40). 
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Figure 5.3. A simplified geological map of the Hammond River area showing the distribution of isograds in 
marbles (pelitic rocks are not common) of the Ashburn Formation surrounding plutonic units. Note 
the lack of continuity of the garnet isograd. 
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Figure 5.4. Plot of biotite compositions on an "ideal biotite plane" 
(after Guidotti, 1984). 
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o paragneiss 
• melanosome in migmatite 
V paragneissic boudins 
A pelitic blastomylonite 
•frieucosome 

Figure 5.5. A'F'M' projections of co-existing phases (projection point 
from K-feldspar). a) Prograde phases in the Brookville Gneiss. 
Note overlap of leucosome and melanosome cordierite 
compositions, b). Prograde phases in the MacKay Highway shear 
zone. Solid tie-lines for gneissic boudin samples. (Note: 
cordierite present but not analyzed, therefore assumed ideal 
composition. Dashed tie-lines for samples from pelitic 
blastomylonite. 
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Figure 5.7. Compositional ranges and nomenclature of clinopyroxenes 
(after Deer et al., 1992), a) pyroxene samples from marble 
in the Brookville Gneiss; b) pyroxene samples from marble in 
the Ashburn Formation. 
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Figure 5.8. Modified version of the recommended plot for naming 
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Figure 5.9. Plot of white mica compositions (after Guidotti, 1984) for a) Brookville Gneiss; b) schist in 
the Ashburn Formation; c) Hammondvale metamorphic unit. FPh = ferriphengite; FMu = ferri-
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Figure 5.10. Simplified petrogenetic grid for the system KFMASH after 
Spear and Cheney (1989) with addition of "granite minimum melt" 
curve from Johannes (1984) (using plagioclase composition from 
the leucosomes of An39%). Small dashed lines indicate the 
upper stability of cordierite (Spear and Cheney, 1989). High 
temperature products written on right-hand side of equation. 
Reaction A: Fe-cordierite = garnet + sillimanite + quartz + 
water (Holdaway and lee, 1977). Reaction B: biotite + 
sillimanite + quartz = cordierite + garnet + K-feldspar + water 
(Holdaway and Lee, 1977). Reaction C: biotite + aluminum 
silicate + quartz = Fe-cordierite + K-feldspar + water (at 
100%, 60%, and 30% mol % Fe)(Holdaway and Lee, 1977) . Long 
dashed lines is reaction of Hoffer (1976): biotite + 
sillimanite + quartz = cordierite (34 mol % Fe) + K-feldspar + 
water. Inferred peak metamorphic conditions estimated on the 
basis of phase relations are indicated by shaded area. Arrows 
indicate possible prograde P-T trajectories (see text). 



800 

o 
o^700 

ca 
CD 
Q. 
E 600 

.CD 

500 
0 

a 

\ ^ ^ 

— 1 -

•\lff/ 
^2 

- T -

M 

v10 

13 

CW89 - 629C 
3 IR 
Temp = 638°C 
Xco2 = 0.54 

14 5 6 ^ 

3 \ \ 8 \ X \ \ 
\ \X/W\ 
\ 9 A\ W \ 15\\ W 

b 

9 ^ 

6 
4 

2 

13 

10 \ 
70 

CW89 
3IR 
Temp = 
Xco2 = 

\ 1 1 

3 V\; 

1 

-598C 

=642°C 
= 0.58 

m^\ 
^ 
\8 VA l 

CW89 - 596C 
3IR 
Temp = 654°C 
Xco2 = 0.66 

8 10 0 2 4 6 8 10 0 2 4 6 

Mole Fraction C0 2 

8 10 

Figure 5.11. 1-X diagrams with activity corrected curves (TWEEQU) which constrain corditions recorded by 
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Figure 5.13. Petrogenetic grid for the Hammondvale metamorphic unit 
using the TWEEQU program applying the assumptions cited in the 
text. The reactions are listed in Table 5.4. IR = number of 
independent reactions. 
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Table 5.1. Observed mineral assemblages in metamorphic rocks of the 
Brookville terrane. 

BROOKVILLB GNEISS 

B2. 
B3. 
B4. 

B6 

B7 

B8. 

biotite 
biotite 
biotite 

biotite 
biotite 

K-feldspar 
K-feldspar 
K-feldspar 
K-feldspar 

cordierite 
cordierite 

Semi-pelitic to pelitic paraanelag 
Bl. plagioclase + quartz + biotite 

plagioclase + quartz 
plagioclase + quartz 
plagioclase + quartz 

sillimanite 
Pelitic paragneiBB 
B5. plagioclase + quartz 

plagioclase + quartz 
+ andalusite 

plagioclase + quartz + biotite + cordierite + 
+ sillimanite 

plagioclase + quartz + biotite + cordierite + 
+ andalusite + sillimanite 

Hornblende paragneiBB 
B9. plagioclase + quartz + biotite + hornblende 
Arkosic paragneiss 
BIO. quartz + K-feldspar + plagioclase + 
Migmatitic paragneiss 
Bll. plagioclase + quartz + biotite + cordierite 

± andalusite (••lanosoiae) 
quartz + biotite + cordierite 
± spinel (leucosoM) 

andalusite 
sillimanite 
andalusite + 

K-feldspar 
K-feldspar 

K-feldBpar 

K-feldspar 

biotite ± hornblende 

B12. 

K-feldapar 

K-feldspar 
sillimanite 

plagioclase + 
sillimanite 

Marble 
B13. calcite/dolomite + phlogopite + tremolite + diopside + forsterite k 

plagioclase ± K-feldspar 
B14. calcite/dolomite + phlogopite + actinolite + diopside + forsterite 

k plagioclase ± K-feldspar 
Calc-silicate rocks 
B15. diopBide + calcite/dolomite + quartz + K-feldspar + plagioclase ± 

tremolite ± phlogopite ± forsterite ± chondrodite(?) 
Orthogneiss 
B16. plagioclase + quartz + biotite k K-feldspar 

HacKAY HIGHWAY SHEAR ZONE 

Paragneissic boudins 
Ml. plagioclase + quartz + biotite + K-feldspar + cordierite ± 

andalusite 
M2. plagioclase + quartz + biotite + K-feldspar + cordierite ± 

sillimanite 
M3. plagioclase + quartz + biotite + K-feldspar + cordierite ± 

sillimanite i andalusite 

Pelitic blastomylonite 
M4. plagioclase + quartz + biotite + K-feldspar + cordierite + 

sillimanite + andalusite + muscovite ± clinozoisite 
M5. plagioclase + quartz + biotite + K-feldspar + cordierite + 

sillimanite ± muscovite ± garnet (rare) 
Calc-silicate blastomylonite 
M6. actinolite/tremolite + biotite/phlogopite + quartz + K-feldspar + 

plagioclase + diopside ± calcite/dolomite 
Marble blastomylonite 
M7. calcite/dolomite + diopside + garnet k K-feldspar k quartz k 

plagioclase 
M8. calcite/dolomite + diopside + phlogopite + K-feldBpar + quartz + 

plagioclase k tremolite 
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Table 5.1. Continued. 

GREENSCHIST FACIES ROCKS 

Pelitic schiBt 
Gl. muscovite + chlorite + [quartz + K-feldspar + plagioclase] ± biotite 

± clinozoisite 
Carbonate rockB 
G2. calcite/dolomite + phlogopite ± tremolite k [quartz + K-feldspar + 

plagioclase] 

CONTACT AUREOLE ASSENBLAGES 

Low-grade (Zone A) 
Pelitic hornfels 
Cl. muscovite + chlorite + clinozoisite + [quartz + K-feldspar + 

plagioclase] 
Calc-silicate hornfels 
C2. muscovite + chlorite + clinozoisite + tremolite ± calcite/dolomite + 

[quartz + K-feldBpar + plagioclase] 
Marble 
C3. calcite/dolomite k muscovite ± chlorite ± talc ± [quartz + 

K-feldspar + plagioclase] 

Low-grade (Zone B) 
Pelitic hornfels 
C4. muscovite + chlorite + biotite ± clinozoisite + [quartz + K-feldspar 

+ plagioclase] 
Calc-silicate hornfels 
C5. muscovite + chlorite + biotite/phlogopite + clinozoisite + tremolite 

± calcite/dolomite + [quartz + K-feldspar + plagioclase] 
Marble 
C6. calcite/dolomite + phlogopite + [quartz + K-feldspar + plagioclase] 

Madiius-grade 
Pelitic hornfelB 
C7. muscovite •*• biotite + chlorite + cordierite ± spinel + [quartz + 

K-feldspar + plagioclase] 
C8. muBcovite + biotite + cordierite ± spinel ± andalusite(?) + [quartz 

+ K-feldspar + plagioclase] 
Carbonate hornfels 
C9. calcite/dolomite + diopside + tremolite + phlogopite ± [quartz + 

K-feldspar + plagioclase] 

High-grade 
Semi-pelitic hornfela 
CIO. biotite + cordierite + K-feldspar + plagioclase + quartz ± 

muscovite i. spinel 
Cll. hornblende + biotite + K-feldspar + plagioclase + quartz 
Pelitic hornfels 
C12. biotite + cordierite + K-feldspar + plagioclase + quartz ± spinel ± 

sillimanite ± garnet (rare) 
Calc-silicate hornfels and marble 
C13. calcite/dolomite + diopside + forsterite ± tremolite ± phlogopite ± 

K-feldspar ± plagioclase ± quartz 
C14. diopside + garnet k plagioclase k K-feldspar ± quartz ± calcite/ 

dolomite ± forsterite 
C15. calcite/dolomite + periclase ± forsterite ± diopside 

F 
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Table 5.1. Continued. 

HAMMONDVALE METAMORPHIC UNIT 

Pelitic Bchist 
HI. quartz + muBcovite + plagioclase ± biotite ± epidote ± K-feldspar ± 

chlorite ± calcite 
H2. quartz + muscovite + plagioclase + garnet ± biotite ± epidote ± 

K-feldspar k chlorite ± calcite 
Marble 
H3. calcite + muBcovite + [quartz] 
Amphibolite 
H4. hornblende + plagioclase ± quartz 

All assemblages contain variable amounts of accessory titanite, apatite, 
tourmaline, Fe-Ti oxides, zircon, and rutile. Minerals in parentheses 
are detrital minerals and appear not to be part of the equilibrium 
assemblage. 

I 
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Table 5.2. Estimates of temperature in the Brookville Gneiss based on 
calcite-dolomite, two-feldspar, and garnet-biotite 
geothermometers. Temperature in °C. 

Calcite-doloaite CW89-S96C 

Pair 1 
2 
3 
4 

5 

TI 
400 
398 
337 
384 

391 

T2 
402 
400 
339 
385 
393 

Tl = Anovitz and Essene (1987) 
T2 = with Fe-correction 

Averaqa 382 ± 26 384 ± 26 

Two-feldspar 
Paragneiss 
CW88-181C 
CW89-569 
CW89-622A 
Orthogneiss 
CW88-132A 
CW88-178 
CW88-181A 
CW89-629A 

Average 

Garnet-biotite 

garnet core-1 
garnet core-2 
garnet core-3 
garnet core-4 
garnet core-5 

Average 
garnet rim-4 
garnet rim-5 

Average 

Tl 
422 
475 
469 

459 
281 
427 
430 
423 ± 66 

T2 
398 
463 
453 

444 
220 
402 
409 
398 ± 

Tl = Stormer (1975) 
T2 = Haselton et al. (1983) 

83 

NB92-9097B 
Tl T2 
638 642 
650 659 
647 654 
622 621 
672 689 
646 ± 18 653 
576 561 
518 489 
547 525 

± 25 

T3 
662 
674 
667 
638 
705 
669 
576 
501 
539 

± 24 

T4 
669 
680 
660 
641 
689 
668 ± 
577 
518 
548 

19 

Tl « Thompson (1976), T2 = Ferry and Spear (1078), 
T3 = HodgeB and Spear (1982), T4 = TWEEQU 
Temperature and pressure estimates calculated at 650°C and 3 kbar, 
respectively. 



I 

238 

Table 5.3. Reactions used in the TWEEQU intersection diagrams (Fig. 
5.11) for marbles in the Brookville Gneiss. Assemblages on the 
left are stable on the high Bide of the Y-axis or the high side of 
the X-axis for vertical reactions. 

1. 2 rutile + diopside + 2 calcite = dolomite + 2 titanite 

2. forBterite + 3 titanite + CO2 = 3 rutile + 2 diopside + calcite 

3. 2 rutile + 5 diopside + H2o + C02 = calcite + 2 titanite + tremolite 

4. 2 forBterite + 4 titanite + 2 CĈ  = 4 rutile + dolomite + 3 diopside 

5. rutile + forsterite + 3 calcite + C02 = 2 dolomite = titanite 

6. 4 calcite + 2 forsterite + 2 C02 = 3 dolomite + diopside 

7. 6 rutile + 11 diopBide + 2 H20 + 2 COj = dolomite + 6 titanite + 

2 tremolite 

8. 8 titanite + 5 dolomite + H20 + CO; = 11 calcite + 8 rutile + 

tremolite 

9. dolomite + 4 diopside + H20 + C02 = 3 calcite + tremolite 

10. 7 diopside + 5 rutile + H20 = tremolite + 5 titanite + forsterite 

11. 5 forsterite + 11 titanite + 7 COj + 2 H20 = 2 tremolite + 11 rutile 

+ 7 calcite 

12. 2 forsterite + 11 diopside + 3 H20 + 5 CO2 = 5 calcite + 3 tremolite 

13. 9 diopside + 5 dolomite = 2 H20 = 2 tremolite + 2 forsterite + 

10 calcite 
14. 11 forsterite + l,w titanite + 14 CO2 + 3 H20 = 3 tremolite + 

13 rutile + 7 dolomite 

15. 6 forsterite + 13 diopside + 4 H20 = 10 CC^ = 5 dolomite + 

4 tremolite 

16. 13 calcite + 8 forsterite + 9 CO, + H,0 = tremolite + 11 dolomite 

P 
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Table 5.4. Reactions used in the TWEEQU intersection diagrams (Fig. 
5.13) for an albite+garnet-bearing schist in the Hammondvale 
metamorphic unit. Assemblages on the left are stable on the high 
Bide of the Y--axis or the high side of the X-axis for vertical 
reactions. 

1. 4 clinozoisite + quartz = 5 anorthite + groBBular + 2 H20 

2. 4 clinozoisite + quartz + muscovite + almandine = annite + 

8 anorthite + 2 H20 

3. 2 clinozoisite + 2 quartz + paragonite = albite + 4 anorthite + 2 H2o 

4. almandine + grossular + muscovite = 3 anorthite + annite 
5. 5 muscovite + 8 grossular + 5 almandine + 6 H20 = 5 annite + 3 quartz 

+ 12 clinozoisite 

6. albite + 2 clinozoisite = quartz + paragonite + grossular + anorthite 

7. albite + 6 clinozoisite = paragonite + 2 groBsular + 6 anorthote + 

2 H20 

8. 4 groBsular + 5 paragonite + 6 quartz = 6 clinozoisite + 5 albite + 

2 H20 

9. 3 quartz + 2 paragonite + grossular = 2 albite + 3 anorthite + 2 H20 

10. albite + almandine + muscovite + 2 clinozoisite = quartz 

+ paragonite + 4 anorthite + annite 

11. albite + 2 almandine + 2 muscovite + 6 clinozoisite = paragonite + 

12 anorthite + 2 annite + 2 H20 

12. 3 quartz + 2 paragonite + annite = 2 albite + almandine + muscovite 

+ 2 H20 

13. 3 quartz + 3 paragonite + muscovite + 4 grossular + almandine = 

3 albite + annite + 6 clinozoisite 

14. paragonite + 2 muscovite + 4 grossular + 2 almandine + 2 H20 = 

albite + 2 annite + 6 clinozoisite 



240 

PLATE 5 

Photomicrographs taken from thin sections cut perpendicular to 
foliation and, where present, parallel to mineral lineation. Bar 
scale for all photomicrographs is in the lower left corner of 5a 
and is 1 mm in length. 

Typical quartzo-feldspathic and biotite-rich layers in paragneiss 
of the Brookville Gneiss. Xenoblastic cordierite (c) is partially 
to entirely altered to pinite and/or sericite and is associated 
with the biotite (b). Larger cordierite grains along the 
biotite/quartzo-feldspathic contact. Cross-polarized light. 
Sample CW88-220. 

Typical mineralogy of hornblende-bearing paragneiBB in the 
Brookville Gneisa. Light green subidioblastic hornblende (h) is 
typically inclusion-rich, associated with biotite (b), and 
strongly lineated. Quartzo-feldspathic layers are coarser. Note 
relatively uniform crystallographic orientation of biotite. 
Plane-polarized light. Sample CW89-667. 

Medium-grained marble from the Brookville Gneiss consists of 
granoblastic calcite with randomly oriented subidioblastic 
phlogopite (p) and diopside (d). Forsterite not in field of view. 
Plane-polarized light. Sample CW89-658. 

Medium-grained amphibolite from the Brookville Gneiss consists 
dominantly of subidioblastic hornblende (h) with minor xenoblastic 
clinopyroxene (cp) and biotite (b). Biotite is entirely replaced 
by chlorite. Idioblastic titanite (t) is associated with 
hornblende-rich layers. Plane-polarized light. Sample CW88-223. 

,te* 
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PLATE 6 

Photomicrographs taken from thin sections cut perpendicular to 
foliation and, where present, parallel to mineral lineation. Bar 
Bcale for all photomicrographs is in the lower left corner of 6a 
and is 1 mm in length. 

Medium-grained, foliated, paragneissic boudin in MacKay Highway 
shear zone. Xenoblastic cordierite (c) is partially replaced by 
pinite. Subidioblastic andalusite (a) is asaociated with biotite 
(b) and the rims of cordierite. Fine sillimanite needles in the 
cores of biotite. Note the orange colour of biotite compared to 
those in the Brookville Gneiss (Plate 5a and b). Plane-polarized 
light. Sample NB93-9303. 

Fine-grained, strongly foliated, granoblastic pelitic 
blaatomylonite from the margin of a gneissic boudin in the MacKay 
Highway shear zone. Note the strong crystallographic orientation 
of orange biotite. Plane-polarized light. Sample CW89-662C. 

Medi"3i-grained calc-silicate blastomylonite from the MacKay Highway 
shear zone that conaists dominantly of subidioblastic diopside (d) 
with minor granoblastic calcite (low relief minerals) and 
idioblastic phlogopite (p). Cross-polarized light. Sample CW88-
160B. 

Medium-grained marble blastomylonite that consists dominantly of 
granoblastic calcite (low relief minerals) with minor 
subidioblastic diopside (d), garnet (g), and rounded quartz (q). 
Subidioblastic garnet contains inclusions of diopside. Cross-
polarized light. Sample CW89-581. 

PP 
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PLATE 7 

Photomicrographs taken from thin sections cut perpendicular to 
foliation or bedding. Bar scale for all photomicrographs is in 
the lower left corner of 7a and 1B 1 mm in length. 

Medium-grained, strongly foliated and crenulated mica schist from 
the Ashburn Formation in the Drury Cove area. Foliation defined 
by subidioblastic muscovite and elongate quartz and feldspar. 
Xenoblaotic cordierite (c) ia totally replaced by Bericite and 
appears to be associated with the muBCOvite-rich layers. It is 
interpreted to be the product of contact metamorphism. Biotite is 
not well preserved in this sample. Cross-polarized light. Sample 
NB92-9107. 

Fine-grained, well laminated siltstone from Zone B in the ABhburn 
Formation. Fine-grained biotite and minor chlorite throughout the 
sample displays a decussate texture. Note the lack of a pre
existing foliation. Plane-polarized light. Sample CW90-797. 

Spotted hornfels from the Martinon Formation. Cordierite forms 
rounded, inclusion-rich porphyroblasts in a matrix of fine-grained 
quartzo-feldspathic minerals and decussate biotite and rare 
chlorite. Note the lack of a pre-existing foliation. CroBs-
polarized light. Sample NB91-8548. 

Medium-grained, cordierite-bearing schiBt from the Ashburn 
Formation close to the contact with the Fairville Granite. 
Xenoblastic cordierite (c) is partially replaced b̂  pinite. 
Biotite (b) is sparse and randomly oriented compared to those in 
paragneissic sampleB from the Brookville Gneiss. Fibrolite is 
present in some biotite but not obvious in this section. CroBs-
polarized light. Sample CW89-542B. 

I 
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PLATE 8 

Photomicrographs taken from thin sections cut perpendicular to 
foliation and, where present, parallel to mineral lineation in 
samples from the Hammondvale metamorphic unit. Bar scale for all 
photomicrographs is in the lower left corner of 8a and is 1 mm in 
length. 

Large albite porphyroblast with inclusions of elongate quartz, 
biotite, opaque minerals, epidote, and muscovite that define a 
straight inclusion trail. Small idioblastic garnet also occurs aa 
inclusions. Cross-polarized light. Sample NB87-4090. 

Smaller albite porphyroblast with curved inclusion trail defined by 
elongate quartz and epidote. External foliation of subidioblaBtie 
muscovite and minor biotite at a high angle to internal folia-l "on. 
CroBB-polarized light. Sample CW88-115A. 

Medium-grained muscovite-rich marble with randomly oriented 
subidioblastic muscovite. Apatite is common but not obvious in 
thiB sample. 

Strongly foliated amphibolite defined by alternating hornblende-
and plagioclaBe-rich layerB. Titanite is common. 
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CHAPTER 6 

GEOCHRONOLOGY 

6.1. INTRODUCTION 

A detailed geochronological study was undertaken using U-Pb dating 

techniques on zircon and titanite in conjunction with 40Ar/39Ar dating on 

hornblende and mica from units in the Brookville terrane. These data 

are uBed to place constraints on the timing of key events in the 

evolution of the Brookville terrane including plutonism, volcanism, 

metamorphism, and deformation. These data also provide the first direct 

evidence for the age of the Brookville terrane and has regional 

implications for the configuration of the Avalon Zone in southern New 

Brunswick. 

Geochronological investigation in the study area began in the 

early 1960's using K-Ar and Rb-Sr, and later U-Pb techniques. Although 

most of these early data are considered unreliable by today's analytical 

standards, the interpretations that developed from these dates remain 

firmly entrenched in the literature. The early geochronological data 

are summarized and reassessed in this chapter and compared to the 

results from more precise analytical techniques used during the present 

study and concurrent studies on the same rock units. 

Parallel geochronological study by other workers (e.g. Dallmeyer 

et al., 1990; Dallmeyer and Nance, 1992; Nance and Dallmeyer, 1994) 

complement the present study. Much of the U-Pb data from this study has 

been published by the author (e.g. White et al., 1990a, b, c; Bevier et 

al., 1990, 1991) and noted throughout the Chapter; however, the details 

of additional U-Pb and '•"Ar/̂ Ar data are presented here. 

248 
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Results of previous geochronological studies are summarized in 

Table 6.1. The early attempts to interpret these ages were largely 

baaed on the assumption that a continuous stratigraphic succession 

exists in southern New Brunswick. Most of the resulting "ages" were 

considered to be inconsistent with the assumed field relations and led 

to conflicting geological interpretations (Bee section 1.2). All the 

early data have large errors associated with them and because of this 

have limited geological significance. 

(.2.1. K-Ar Data 

Ruitenberg et al. (1973a, b, 1975, 1977, 1979) and Giles and 

Ruitenberg (1977) used K-Ar dates (Table 6.1) exclusively to subdivide 

the plutonic and gneissic units into four groups; Precambrian and 

younger, Ordovician and older, upper Silurian and younger, and 

Carboniferous and older. 

The complexity of interpretations surrounding these dates is 

obvious from the literature. Many contemporary workers in the area 

argued that these K-Ar ages were much too young based on the absence of 

plutonic material in the Cambrian to Ordovician Saint John Group and the 

lack of any evidence for contact metamorphism. Others (e.g. Rast et 

al., 1976b; Schenk, 1978) did not include the available K-Ar dates in 

their interpretation of the study area. 

Poole et al. (1964) suggested that the anomalously young ages are 

the result of radiogenic argon loss during the Devonian Acadian Orogeny. 

Poole (1967) later regarded these K-Ar ages as reliable and postulated a 

Middle Ordovician age for the plutonic units. However, based on field 

relations Poole and others concluded that the plutons are middle to late 

Devonian (Poole et al., 1970) or Cambrian to Ordovician (Poole and 

Rodgers, 1972). Poole (1980) later suggested that the young ages are 

" I 
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probably cooling ages following an intrusive event at the Hadrynian -

Cambrian boundary (or earlier). 

Wardle (1978) suggested that the Ordovician K-Ar ages could be 

related to depth of intrusion. He argued that granites that intruded 

the Green Head Group at depth may never have reached the crustal levels 

where deposition of the Cambrian to Ordovician Saint John Group was 

occurring. Based on geological field evidence he proposed that the 

plutonic units are Precambrian in age. 

6.2.2. Rb-Sr Data 

By the late 1970's to early 1980's, the Rb-Sr whole rock method of 

dating plutonic rocke became the technique of choice of many geologists 

in southern New Brunswick. The K-Ar method was considered to be too 

restrictive and unreliable, and the resulting ages too young and 

uninterpretable. The Rb-Sr method allowed for collection and analyses 

of several samples from geographically separate plutonB that were 

assumed to be cogenetic. If the samples did not define an isochron the 

plutons were assumed to be of different ages (Table 6.1). 

It was generally believed that the absence of plutonic unitB in 

the Cambrian to Ordovician Saint John Group clearly indicated a 

Precambrian age for the igneous event. The Precambrian age was also 

confirmed by earlier Rb-Sr work by Fairbairn et al. (1966) and Cormier 

(1969) based on numerous volcanic and plutonic rock analyses from 

southern New Brunswick. This late Precambrian age also appeared tc 

confirm the reliability of the Rb-Sr technique. 

Poole (1980) collected samples from several plutonic units 

southwest of Saint John for Rb-Sr analyses which yielded 4, 6, and 7 

point isochron ages of ca 546 Ma, 526 Ma, and 439 Ma, respectively. 

These ages were younger than the Rb-Sr age of 615 ± 37 Ma obtained on 

the Ludgate Lake pluton by Olszewski and Gaudette (in Poole, 1980, p. 

171). Poole (1980) argued that some of his dated plutons are 
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Precambrian; however, he alBo concluded that they may be cogenetic with 

Cambrian volcanic rocks found elsewhere in the Avalon Zone [e.g. 

Bourinot Group in Cape Breton Island (HutchinBon, 1952)]. 

Olszewski and Gaudette (1982) produced a Beries of Rb-Sr ages from 

the Brookville Gneiss which yielded & combined isochron age of ca. 771 

Ma, considerably older than previous Rb-Sr ages. This was interpreted 

to represent a major early period of high grade metamorphism and 

deformation in the gneiss. The Musquash Harbour Granite yielded a Rb-Sr 

age of ca. 392 Ma which was considered to represent a second igneous 

and/or deformational event (Olszewski and Gaudette, 1982). 

6.2.3. Early U-Pb Data 

The U-Pb method of dating was firBt applied in southern New 

Brunswick by Olszewski and Gaudette (1982) as a means of correlation 

with similar rock types elsewhere in the Avalon terrane (Table 6.1). 

They restricted their work to analyses of the Brookville Gneiss. U-Pb 

detrital zircon analyses on multi-grain samples from the paragneiss did 

not plot on a single discordia and a curved line was fitted interpreted 

to represent two Pb-loss events at ca. 783 and 369 Ma (Olszewski and 

Gaudette, 1982; Fig. 3, p. 2163). The upper intercept of this curved 

line is ca. 1641 Ma and based on detrital zircon morphology, was 

interpreted to date the source area. A single concordant zircon yielded 

an age of ca. 814 Ma and was interpreted to be metamorphic in origin. 

U-Pb resultB from the orthogneiss defined a two point discordia with an 

upper intercept of ca. 827 Ma and a lower intercept of ca. 333 Ma. 

Olszewski and Gaudette (1982) collectively interpreted the U-Pb 

and Rb-Sr data to indicate that the maximum age for the Brookville 

Gneiss and the Green Head Group is about ca. 1640 Ma. These data also 

suggested a major period of metamorphism and deformation at ca. 880 Ma 

to form the Brookville Gneiss either by metamorphism of the Green Head 

Group (Wardle, 1978) or by complex remobilization of a tonalitic 

I 
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basement gneiss and subsequent intrusion into the Green Head Group (e.g 

Currie et al., 1981; Currie, 1983). 

Unfortunately, the early analytical techniques associated with the 

unrefined U-Pb method are considered primitive by today's standards (e.g 

unabraded zircon samples and relatively high Pb-blanks) anu ae a result 

the significance of these ages, if any, is uncertain. 

6.3. PRESENT GEOCHRONOLOGY 

This study represents the first attempt to decipher the complex 

geochronology as described by previous workers, by applying more precise 

analytical techniques combined with essential detailed field control. 

Concurrently with this study, additional dates have been obtained by 

other workers (e.g. Dallmeyer et al., 1990; Zain Eldeen, 1991; Currie 

and Hunt, 1991; Dallmeyer and Nance, 1992; Nance and Dallmeyer, 1994) 

and thiB chapter integrates all available data (Table 6.2). 

In this Btudy U-Pb and ̂ Ar/^Ar isotopic dating was undertaken to 

help constrain: 1) the protolith age and subsequent metamorphic age of 

the Brookville Gneiss and Green Head Group, and 2) the original 

crystallization and cooling ages for many of the plutonic unita. The 

ages can be used to place constraints on geological events in the 

terrane. A significant amount of data have already been published and 

only new data are presented in detail here. 

U-Pb and 40Ar/39Ar geochronological analytical techniques employed 

in the study are summarized in Appendices E.l and E.2, respectively; 

also described there are criteria for sample selection, and location and 

description of samples. 

6.3.1. U-Pb Data fro* Plutonic Units 

AB part of this study several U-Pb ages from the Brookville 

terrane were obtained by Dr. M.L. Bevier using the Geochronology 
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Laboratory at the Geological Survey of Canada (Ottawa). They include a 

detailed zircon and titanite study on: 1) the paragneissic and 

orthogneiBsic components from the Brookville Gneiss (Bevier et al., 

1990; White et al., 1990, b, c), and 2) the Rockwood Park and French 

Village plutons (White et al., 1990; Bevier et al., 1991). An 

independent U-Pb study on the orthogneissic parts of the Brookville 

Gneiss was undertaken by Dallmeyer et al. (1990). The following 

sections summarize new U-Pb data from this study on the Fairville and 

Ludgate Lake plutons obtained using the Geochronology Laboratory at 

Memorial University of Newfoundland, St. John's, Newfoundland, under the 

supervision of Dr. G. Dunning. 

6.3.1.1. Fairville Granite 

Sample NB92-9012 from the Fairville Granite (Fig. 6.1, 6.2) 

contains one morphologically heterogeneous population of zircon. These 

ara colourless to very pale yellow with a minor rust-brown coating on 

some tips, euhedral simple prisms with a dipyramid, having an average 

length/breath (L/B) ratio of 3.3 (Plate 9a, b). These grains have good 

to excellent clarity with rare translucent fractures near tips. Clear 

tubes and bubbles are the only types of inclusions present, and there is 

no visible evidence for inherited core material. No titanite was 

present in this sample. 

Two abraded zircon fractions (Zl, Z3) were hand picked avoiding 

any obvious inclusions and one fraction (Z2) contained minor inclusions. 

Analyses Zl and Z2 are slightly discordant (< 3.3 %) with 207Pb/206Pb ages 

of ca. 570 Ma and 560 Ma, respectively (Appendix E.l.3). One other 

analysis (Z3) is 11.4% discordant and has a significantly older 

2O7Pb/206Pb age of ca. 631 Ma (Appendix E.l.3). These fractions define a 

simple discordia line with lower and upper intercept ages of 548 ± 2 and 

1997 +280/-215 Ma, respectively (Fig. 6.3). The lower intercept age is 

the best estimate of the emplacement age of the Fairville Granite, and 
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the upper intercept indicates the presence of a significant component of 

inherited zircon with an Palaeproterozoic average age. 

6.3.1.2. Ludgate Lake Granodiorite 

Sample NB91-9010 from the Ludgate Lake Granodiorite (Fig. 6.1) 

contains two morphologically distinct zircon populations. The most 

abundant grains (>60% by volume) include colourless, euhedral, needle-

shaped simple prisms with a dipyramid, and an average L/B ratio of 6.2. 

(Plate 9c). They exhibit excellent clarity with minor clear tubes and 

bubbles as inclusions. No visible cores were observed. 

The other 40% of the zircons are Btubby to slightly elongate, 

euhedral, colourless with rare brown staining on tips, multifaceted 

dipyramids with short to only incipiently formed prisms, with an average 

L/B ratio of 2.2 (Plate 9d). These grains have good to excellent 

clarity with rare cloudy cross-fractures. Clear tubes and bubbles are 

the only types of inclusions present, and there is no visible core 

material. 

Titanite in this Bample forms light amber to dark brown, clear to 

slightly cloudy, anhedral to subhedral grains (Plate 9e, f). No visible 

inclusions or cores were detected in theie grains. 

Three fractions of zircon were analyzed (Appendix E.l.3), one from 

the needle-shaped population (Zl) and two from the stubby set (Z2 and 

Z3). Isotopic ratios are strongly clustered, Blightly discordant (< 2%) 

and yield 207Pb/206Pb ages of ca. 548 Ma to 544 Ma. Two fractions of 

titanite were analyzed (Appendix E.l.3); one fraction (Tl) was more 

abraded than the second fraction (T2). The zircon and titanite 

fractions define a discordia line with an upper intercept age of 546 k 2 

Ma considered to be the age of crystallization for the Ludgate Lake 

Granodiorite (Fig. 6.3). The lower intercept, at ca. 30 Ma, is very 

uncertain due to the length of the projection but probably reflects 

recent Pb loss. 
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Both fractions of titanite are slightly discordant; however Tl 

yields a 207Pb/20liPb age of ca. 545 Ma, in agreement with the upper 

intercept age, suggesting relatively rapid cooling, at least through the 

closure temperature of titanite. 

6.3.2. nhx/39Ar Data fro* Plutonic Units 

The following sections summarize new 40Ar/39Ar data from this study 

obtained from the argon laboratory in the Earth Sciences Department at 

Dalhousie University, Halifax, Nova Scotia. Six hornblende fractions 

and one biotite fraction were analyzed from the Fairville, French 

Village, Rockwood Park, Renforth, and Shadow Lake plutons. The 40Ar/39Ar 

analytical data for six hornblende fractions from the plutonic units are 

listed in Appendix E.2.3. and ages are summarized in Table 6.2. The 

data are presented as incremental release age spectra with 37Ar/39Ar 

ratios (Fig. 6.4). 

Most of the six hornblende fractions display slightly discordant 

40Ar/39Ar age spectra of variable complexity which probably result from 

intrasample variations aB reflected in the 37Ar/39Ar ratios. Most of the 

age spectra display considerable variation in apparent ages at lower 

temperatures which are matched by irregularities in 37Ar/39Ar ratios. 

These variations have been attributed to slight impuritj.es, sample 

contamination, 39Ar recoil effects, or a combination of all three 

factors (e.g. McDougall and HarriBon, 1983), which reeult in the 

expulsion of argon from relatively non-retentive phases. Turner (1968) 

suggested that the apparent low ages at the low temperature portions of 

the spectra develop as a result of partial, intracrystalline, diffusive 

loss of radiogenic ^Ar during a superimposed thermal event. Rex at al. 

(1993) suggested that initial low-age stepB, typical of hornblende 

spectra, are due to degassing of minor, submicroscopic biotite 

contaminant rather than Diffusive argon loss (see Section 6.4.9.). 

' I 
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Intermediate and high temperature steps generally display less 

variation in the age spectra and 37Ar/39Ar ratios. Thia suggests that 

the experimental evolution of gas occurred from compositionally uniform 

intracrystalline sites. 

In the high temperature steps some hornblende concentrates display 

anomalously narrow low apparent age increments (mini saddle-shaped). 

Larger saddle-shaped spectra have been reported from biotite analyses 

(e.g. Lo and Onstott, 1989) and rarely from hornblende (e.g. Plint and 

Ross, 1993) but they have never been satisfactorily explained. Small 

saddle shapes are commonly attributed to 39Ar recoil (Faure, 1986; 

McDougall and Harrison, 1988), probably into intergrown chlorite during 

irradiation (Lo and Onstott, 1989), or have been attributed to 

experimentally induced fractionation (Dalrymple and Lanphere, 1974). In 

any case, the amount of argon gas involved is very small and theBe 

"burps" are considered geologically insignificant. 

6.3.2.1. Fairville Granite 

A hornblende concentrate (sample CW89-611) from the Fairville 

Granite (Fig. 6.2) yields a total gas age of ca. 527 Ma with a slightly 

disturbed age spectrum (Fig. 6.4a). The first three low-temperature 

increments cover a wide range of ages and constitute <5% of the total 

gas released. This wide variation in age is also indicated in the 

37Ar/39Ar ratio. The intermediate and high temperature portion of the 

age spectrum do not display a wide variation except the temperature 

increments at 1025°C and 1050°C which define a small saddle. This 

variation is also reflected in the 37Ar/39Ar ratio. 

The apparent age baBed on the intermediate to high temperature 

increments (950°C to 1100°C), the most Ar-retentive steps, iB 536 k 3 Ma. 

The averate 37Ar/MAr ratio for the segment used in the age calculation is 

4.2 ± 0.4 which agrees (within error) with the ratio of 4.7 ± 0.9 
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(Appendix E.3) calculated from electron microprobe data on the same 

hornblendes. Excluding the saddle temperature increments (1025°C and 

1050°C; <8% of wAr released) an integrated age of 540 ± 3 Ma iB obtained 

which 1B not significantly different from the intermediate to high-

temperature age. The best estimate of the maximum cooling age of this 

Bample is 536 i 3 Ha. 

6.3.2.2. French Village Quartz Diorite 

A hornblende concentrate (sample CW88-246) from the French Village 

Quartz Diorite (Fig. 6.5) yields a relatively flat age spectrum which 

generally conforms to the shape expected for a relatively undisturbed 

sample with no significant excess Ar effects (Fig. 6.4b). However, the 

37Ar/MAr ratios display an internally discordant spectrum which is also 

observed in the large error (13.8 ± 3.2) associated with the Ca/K ratio 

measured from microprobe data. The total gas age for this sample ia ca. 

527 Ma. The stepped shape of the early part of the spectrum is closely 

matched by the irregularities in the 37Ar/MAr ratio. This sample doeB 

not strictly define a plateau (cf. Fleck et al. 1977) but based on 

intermediate to high temperature Bteps (975CC to 1375"C; 86% of 3,Ar 

released) it defines a "near plateau" at 540 i 5 Ha which is interpreted 

as the cooling age of this sample. 

6.3.2.3. Rockwood Park Granodiorite 

A hornblende concentrate (sample CW89-509A) from the Rockwood Park 

Granodiorite (Fig. 6.2) yields an age spectrum very similar in shape to 

that for the Fairville Granite, including the same small saddle-shape in 

the high temperature stepB (Fig. 6.4c). Total gas age for this sample 

is ca. 527 Ma. The intermediate to high temperature steps (975°C to 

1400°C; 90% of NAr released) yield an average age of 538 ± 5 Ma, which 

is considered the best estimate of the cooling age. The average 37Ar/39Ar 
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ratio for these steps is 8.2 ± 1.4, which ia higher but within error of 

the value (5.9 ± 1.4) inferred from Ca/K measurements. Exclusion of the 

saddle temperature steps (1100°C, 1125°C, and 1150°C; <8% of MAr 

released) yields an integrated age of 540 i 5 Ha, which is not 

significantly different from the intermediate to high-temperature age. 

In addition to the hornblende sample, a biotite concentrate 

(Bample CW89-509A) was prepared from the same sample of Rockwood Park 

Granodiorite. The sample displays an age spectrum that is typical of a 

biotite in an undisturbed geological environment, although there is a 

slight internal discordance in the low-temperature steps (Fig. 6.4d). 

This sample has a total-gas age of ca. 496 Ma. The age spectrum 1B 

fairly flat and defines a plateau (750°C to 950°C; 51% of 3,Ar released) 

of 511 ± 3 Ma; however, a "near plateau" age of 509 ± 3 Ma ia defined by 

intermediate to high temperature increments (700°C to 1050°C; 86% of MAr 

released). This age does not differ significantly from the plateau age. 

The best estimate of the cooling age for this sample 1B 511 i 3 Ma. 

6.3.2.4. Renforth Pluton 

A hornblende concentrate (sample CW88-169) from the tonalitic 

portion of the Renforth Pluton (Fig. 6.5) yields an age spectrum very 

similar to hornblende from the Fairville and Rockwood Park plutons, 

although portions of the high temperature increments (1100°C and 1125°C; 

7% of wAr released) define a much more pronounced saddle (Fig. 6.4e). 

T'ML. ;otal gas age for this sample is ca. 502 Ma. The intermediate to 

hv... h temperature increments (1000°C to 1300°C; 85% of MAr released) 

yields an average age of 511 k 5 Ma. The 37Ar/wAr ratio, 6.4 ± 0.9, is 

similar to that deduced from Ca/K microprobe data of 6.2 k 0.7 for theBe 

steps. Excluding the saddle temperature steps (1100°C and 1125°C; <8% of 

^Ar released) an integrated age of 516 ± 5 Ma is obtained. The 

preferred estimate of the cooling age is 511 ± 5 Ma. 

I I 
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6.3.2.5. Shadow Lake Granodiorite 

Hornblende concentrates were prepared from two samples of the 

Shadow Lake Granodiorite (Fig. 6.1): sample NB91-8599, from a medium-

grained granodiorite, and sample NB91-8597, from a tonalitic enclave 

near the same exposure. Sample NB91-8599 yields a disturbed, U-shaped 

spectrum (Fig. 6.4f). The firat four steps have high ages constituting 

about 20% of gas released. Apparent ages drop to a minimum and level 

off, then rise again. ThiB form of spectrum ia attributed to the 

presence of excess Ar, and the apparent age minimum is generally assumed 

to be the maximum age of the sample (Harrison and McDougall, 1981). 

However, recent workers (e.g. Faure, 1986; McDougall and Harrison, 1988) 

suggest that ages calculated from these types of profiles overestimate 

the age of the sample and are therefore not geologically valid. The 

four lowest apparent age increments (1025°C to 1090°C; 63% of 3,Ar 

released) define a plateau age of 543 i 5 Ma, The absolute minimum in 

the age Bpectrum (increment 1050°C) is 542 ± 3 Ma. The 37Ar/35Ar ratio, 

7.0 ± 0.1, is similar to that deduced from Ca/K microprobe data of 7.4 k 

0.5 for these steps. This suggests that the excess Ar was probably 

evenly distributed throughout the sample. 

Due to the presence of excess Ar in this sample the steps that 

define the plateau age are plotted on an isotope correlation diagram 

(McDougall and Harrison, 1988). The resulting isochron yields an age of 

544 t 5 Ma which is identical to the plateau age. The geological 

significance of this age is uncertain and interpreted with caution 

because other ^Ar/^Ar dates in the immediate area are considerably 

younger (see Table 6.2). 

Sample NB91-8597 displays an internally discordant age spectrum 

defining a total-gaa age of ca. 523 Ma (Fig. 6.4g). Intermediate and 

high temperature increments (1000°c to 1350°C; 92% of 3,Ar releaaed) 

record a similar apparent age of oJ.7 ± 5 Ma corresponding to a flat 

37Ar/39Ar spectrum. A "near plateau" age is defined from temperature 
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increments 1000°C to 1100°C (51% of MAr released) of 529 i S Ma which ia 

not aignificantly different from the intermediate to high temperature 

age. The average "Ar/^Ar ratio for these steps is 7.5 k 0.5, which ia 

lower but within error of the value (9.4 i 1.9) inferred from Ca/K 

microprobe measurements. The best estimate of the cooling age for this 

sample ia 527 ± 5 Ma. 

6.3.3. **Ar/MAr Data fro* the Brookville Onaisa 

Phlogopite concentrates were prepared from two separate coarse

grained marble layers within the paragneiBB of the Brookville Gneiss 

(Fig. 6.6). ""Ar/̂ Ar analytical data, locations, and descriptions of 

samples are listed in Appendix E.2 and are portrayed as incremental 

reloaae spectra in Figure 6.7. 

The phlogopite concentrates display similar, internally 

discordant, *)Ar/39Ar age spectra corresponding to total-gas ages of ca. 

513 Ma (CW89-598C) and ca. 530 Ma (CW89-629). The character of the age 

spectrum discordance is identical for the low-temperature portions of 

each analysis (<10% of ̂ Ar released) with very low initial ages that 

rise abruptly to very high ages and back down to geologically reasonable 

ages. The intermediate and high temperature increments for sample CW89-

598C gradually step up from about 512 Ma to 544 Ma. Due to this age 

gradient (see Appendix E.2.1), the most Ar-retentive steps (1020°C to 

1200°C) aie interpreted to record the minimum age of this sample. Theae 

high temperature stepB yield an age of 541 ± 5 Ma. 

Intermediate to high temperature increments for sample CW89-629 

(830"C to 1300°C; 95% of MAr released) yield an age of 536 k 5 Ma? 

however, the higher temperature BtepB (1070"C to 1300°C; 75% of MAr 

released) define a plateau age of 534 ± 5 Ma which ia interpreted to be 

the minimum age for this sample. These two ageB do not differ 

significantly and agree well with the total gae age. 

I ' i 
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The high temperature ages recorded by theae two phlogopite aamplea 

are within error and are interpreted to record the minimum time since 

cooling through phlogopite closure temperatures of ca. 390 Ma. 

6.3.4. **Ar/MAr Data from the Graen Head Group 

Phlogopite concentrates have been prepared from coarse-grained 

marbles at three locations in the Green Head Group and in addition, a 

muscovite concentrate was prepared from a mica schist (Fig. 6.6, 6.8). 

*Ar/3,Ar analytical data, locations, and descriptions of the mica 

concentrates are listed in Appendix E.2 and are shown as incremental 

release spectra in Figure 6.9. 

Two of the phlogopite concentrates (CW90-764 and CW90-812) display 

internally discordant ^Ar/^Ar age spectra corresponding to total-gaa 

ages of ca. 515 Ma and ca. 511 Ma, respectively. However, the 

characteriatics of the age spectra are identical to phlogopite analyzed 

from the marble in the Brookville Gneiss. The relatively small volume 

low-temperature gaB fractions {<7% of 3,Ar released) dieplay the same 

variation in apparent age, with very low initial values followed by a 

high apparent age peak which lowers and levels off. Although little 

work haa been done on phlogopite aystematics (e.g. Kaneoka and Aoki, 

1978; Harrison et al., 1985) the spectra associated with theae micaa 

appear to be characteristic. 

The intermediate and high temperature steps (860°C to 1300°C; <93% 

of 35Ar released) for sample CW90-764 display an age gradient with an 

average apparent age of 525 ± 5 Ma; however, the higher temperature 

ateps (980°C to 1300°C; 65% of MAr released) define a "near-plateau" aga 

of 530 k 5 Ma. Both apparent ages are slightly older than the total-gas 

age; however, 530 ± 5 Ma is considered the minimum cooling age for this 

sample (Fig. 6.9a). 

Similar intermediate to high temperature increments for sample 

CW90-812 (830°C to 1200°C; 94% of 3,Ar releaaed) yield an average apparenr 
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age similar to the total-gas age of 518 ± 5 Ma. The higher temperature 

steps (1040"C to 1200°C; 54% of MAr released) define a "near-plateau" age 

of 51b ± 5 Ma (Fig. 6.9b). This is considered to be the beat estimate 

of the minimum cooling age. 

The third phlogopite sample (CW88-204) displays a very internally 

discordant *Ar/wAr age spectrum with a total-gas age of ca. 547 Ma (Fig. 

6.9c). No plateau ia observed in thia aample, but the intermediate to 

high temperature incrementa (870°C to 1200°C; <89% of NAr releaaed) yield 

an average apparent age of 556 1 6 Ma similar to the total gas age. 

This age is incompatible with other *Ar/MAr hornblende and U-Pb zircon 

agea from the area. The character of this phlogopite age spectrum, 

weakly convex upwards, does not conform to the pattern acquired from 

other phlogopite analyses. The relatively high age and the overall 

shape of the spectrum suggest excess Ar is probably present (McDougall 

and Harrison, 1988, p.116-117). However, the higher temperature steps 

(1120°C to 1200°C; 16% of wAr released) yield an age of 538 k 6 Ma which 

is compatible with other '"Ar^'Ar hornblende and U-Pb zircon ageB from 

the area. 538 ± 6 Ma is interpreted to be the minimum cooling age of 

thiB sample (Fig. 6.9c). 

A concentrate of coarse-grained muscovite (CW90-767) from a 

muscovite-biotite Bchist of the Green Head Group displays an internally 

discordant ^Ar/^Ar age Bpectrum with a slight age gradient (Fig. 6.9d). 

The intermediate to high temperature increments (750°C to 1130°C; 92% of 

^Ar released) record an average apparent age of 505 ± 5 Ma, 

corresponding very well to the total-gas age of ca. 503 Ma. The high 

temperature incrementa (870°C to 1130°C; 64% of MAr released) yield a 

plateau age of 507 ± 5 Ma interpreted to be the minimum cooling age. 

6.3.5. MAr/MAr Data fro* the Hasutondvale setaaarphic unit 

Muacovite concentrates have been analyzed from mica schists 
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collected at three locations in the Hammondvale metamorphic unit (Fig. 

1.3, 6.10). The Hammondvale metamorphic unit was previously considered 

to be a metamorphic equivalent of the Ashburn Formation of the Green 

Head Group (McCutcheon, 1978; Ruitenberg et al., 1975, 1979; McLeod et 

al., 1994). However, baBed on field relations and petrography (Chapter 

5) this unit ia considered to be part of the Caledonia terrane. To test 

this interpretation muscovite concentrates were analyzed to determine 

their Brookville or Caledonia terrane affinity. *Ar/3'Ar analytical data 

are listed in Appendix E.2 and the resulting incremental release spectra 

are shown in Figure 6.11. 

The three muscovite concentrates display very similar internally 

discordant "Ar/^Ar age spectra corresponding to total-gas ages of ca. 

613 Ma (sample NB87-4090), ca. 598 Ma (sample CW88-101), and ca. 590 Ma 

(sample CW88-115A). The shape of the age spectra discordance is marked 

by ages that systematically increase throughout the low-temperature 

portion of each analysis. In the intermediate to high temperature steps 

the sharp increase in ages is less dramatic although an age gradient is 

Btill present. 

Intermediate and high temperature increments (835°C to 1120°C; <87% 

of MAr released) in the muscovite concentrate from sample NB87-4090 

yield an average apparent age of 611 ± 6 Ma similar to the total-gas age 

(Fig. 6.11a). The muscovite alBo defines two similar plateau ages of 

609 ± 6 Ma and 611 t 6 Ha (835°C to 950°C; 67% of MAr released and 860°C 

to 980°C; 63% of MAr released, respectively). The high temperature 

incrementa (980"C to 1070°C; <19% of MAr released) yields an age of 617 ± 

6 Ma which is within error of the plateau ages and is interpreted to 

represent the minimum cooling age of thia sample. 

Sample CW88-101 yields an intermediate to high temperature (825°c 

to 1120°C; 77% of "Ar released) average apparent age of 608 ± 6 Ma but 

also defines a plateau age (825°C to S60°C; 50% of "Ar released) of 605 ± 

6 Ma (Fig. 6.11b). The high temperature increments (960°C to 1120°C; 
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<37% of "Ar released) yields an age of 613 t 6 Ma which is interpreted 

to represent the minimum cooling age of thia sample. 

Muscovite .c'rom sample CW88-115A yields a nearly flat spectrum but 

does not define a plateau (Fig. 6.11c). The high temperature increments 

(950°C to 1400; 47% of "Ar releaaed) define an average apparent age of 

603 i 6 Ha. This age ia considered to represent the minimum cooling age 

for thia aample. 

6.4. INTERPRETATION 

6.4.1. Previous Age Determinations 

Much of the Rb-Sr work undertaken in this region is now considered 

to have uncertain geological significance. ThiB waB fii-st noted by 

Stukas (1977) who regrouped and recalculated the Rb-Sr data of Fairbairn 

et al. (1966) and Cormier (1969) as a result of his reinterpretation of 

the geology in southern New Brunswick. He divided the large Rb-Sr data 

set, which included units of various ages, into more restricted 

geographic locationa which locally corresponded to specific map units 

(Table 6.1.) and suggested that the Rb-Sr systematica are highly 

disturbed. Subsequent workers (e.g. Poole, 1980; Olszewski and 

Gaudette, 1982; Dickson, 1983} largely ignored this new data set because 

it was difficult to interpret many of these "new" Ordovician to Devonian 

dates in light of the assumed stratigraphic succeaaion in southern New 

Brunswick. 

In addition, Poole (1980) and Olszewski and Gaudette (1982) 

produced analytically precise Rb-Sr isochron ages of 526 ± 13 Ma (MSWD » 

0.5), 771 ± 55 Ma (MSWD = 0.4), and 392 ± 55 Ma (MSWD = 0.01) for 

plutonic units aouthweat of Saint John. They suggested that the low 

MSWD added credibility to these ageB and the Rb-Sr method. However, Rb-

Sr isotopic syatema have been demonstrated to have been disturbed 

elsewhere within similar units of the Northern Appalachian Orogen 
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(Reynolds et al., 1989; Barr et al., 1990) and based on present 

geochronology, it is considered that these generally young isochron ages 

may result from disturbances in the isotopic systems, and do not record 

the true age of emplacement. 

The U-Pb data of Olszewski and Gaudette (1982) on the Brookville 

Gneiss were collected using what are now considered outdated techniques 

and therefore most of their data are considered unreliable. There have 

been major advances in U-Pb microchemistry, mass spectrometry, and 

sample preparation that have resulted in increasingly more precise 

analyaea of amaller aamplea (e.g. Parrish et al. 1987) and many of these 

analytical techniques were unavailable to Olszewski and Gaudette (1982). 

K-Ar age determinations on mica, hornblende and whole rock samples 

from granitic and gneissic rocks in the Brookville terrane range from 

340 Ma to 531 Ma, recalculated using the decay constants of Steiger and 

Jager (1977). However, with a few exceptions, ca. 473 Ma to 508 Ma ages 

predominate (Table 6.1). In the past these K-Ar ages were interpreted 

to measure the time since emplacement of plutons or to date peak 

metamorphism; however, these ages yield information more relevant to the 

cooling rather than the emplacement history. 

However, even as cooling ages the results appear to be too young, 

with the exception of the ca. 531 Ma on biotite from the Brookville 

Gneiss (Table 6.1). It has long been recognized (e.g. Roddick et al., 

1992) that incorrect K-Ar ageB are a reflection of low K contents in the 

sample. Obradovich and Cobban (1975) showed that altered biotiteB with 

K contents below 5% yielded K-Ar ages that are usually too young. 

Clearly radiogenic Ar and to a lesser degree K has been lost from these 

samples, probably the result of reactions during chloritization of 

biotite (Lo and Onstott, 1989) and hornblende. 

Where ^Ar/^Ar methods have been applied to the same rock units 

dated by K-Ar, the *Ar/3'Ar ages are consistently older. This is evident 

from the pre-1975 K-Ar analyses; however, analyses after this date are 

within error of many of the *Ar/3,Ar ages (cf. Table 6.1 and 6.2) and are 
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probably due to better aample preparation resulting in less chlorite 

contamination. However, the very large errors associated with many of 

these K-Ar ages renders them useless for constraining detailed thermal 

hiatorieB. 

6.4.2. Closure Taaparaturas 

The age calculated for a mineral from an accumulated radioactive 

decay product 1B the time when the chemical system of that mineral 

became effectively closed to diffusion of that particular radioactive 

decay product. Diffusion is dominantly controlled by temperature (cf. 

Heaman and Parrish, 1991) and to a lesser extent by cooling rateB 

(Dodson, 1973), chemical composition (cf. Harrison et al., 1985; 

Scaillet et al., 1992; Dahl, 1994) and strain history (cf. Gromet, 1991; 

Getty and Gromet, 1992). Specifically, each mineral haa a 

characteristic closure temperature for diffusion of a given element and 

itB apparent age meaaureB the time when the mineral cooled through thia 

temperature. The closure temperature is higher for relatively fast 

cooling (e.g. 100°C/Ma) and iB lower if cooling is Blow (e.g. l°C/Ma) 

(cf. Onatott and Peacock, 1987). Cloaure temperatures adopted in this 

study are compiled in Table 6.3. 

Closure temperatures for minerals dated using the U-Pb method are 

discussed and summarized by Heaman and Parrish (1991). In their Btudy 

on U-bearing accessory minerals, they concluded that the beBt estimate 

of the cloaure temperature in zircon is in exceBB of 800°C. Tucker et 

al. (1987) and Heaman and Parrish (1991) considered 600°c a reasonable 

estimate for the maximum closure temperature for titanite. This differs 

slightly from the closure temperature used by Ghent et al. 

(1988) quoted in Bevier et al. (1990) at 550°C. A value of 600 k 25°C 1B 

used in the present study. 

An isothermal-hydrothermal diffusion study by Harrison (3^81) 

suggested a closure temperature of 500-550°C (McDougall and Harrison, 

I l •m 



tl 

267 

1988) for argon in hornblende at a geologically fast cooling rate 

(100°C/Ma). Many of the hornblendes dated in thia study are from 

igneous units, that based on field evidence and petrography, cooled 

rapidly after emplacement. If significant exsolution (e.g. 

cummingtonite from hornblende) is present in the sample, the closure 

temperature may be lower (Harrison and Fitz Gerald, 1986). A detailed 

petrological examination of the hornblende samples used in this study 

indicates that exsolution is not present and the closure temperature for 

these hornblende ia asaumed to be 525 ± 25°C. 

The cloBu,:e temperature of biotite may be strongly dependent on 

composition (HarriBon et al., 1985), with a tendency for Mg-rich biotite 

(phlogopite) to be more Ar-retentive than Fe-rich biotite (annite). 

Phlogopites used in this study have Mg/(Mg+Fe) ratios of 0.96 ± 0.02 and 

annite has Mg/(Mg+Fe) ratios of 0.51 ± 0.01. Assuming a cooling rate of 

10°C/Ma (and other parameters established by Yu and Morse, 1992) the 

estimated closure temperatures for phlogopite [with Mg/(Mg+Fe) = 0.77] 

are from 355°C to 365°C. Because the Mg# is much higher in phlogopite 

used in this study an estimate of 380°C to 400°C has been adopted for the 

closure temperature. The composition of the annite is similar to that 

used by Harrison et al. (1985) and Yu and Morse (1992), and therefore a 

closure temperature of 300°C to 320°C is assigned. 

The closure temperature for argon diffusion in muacovite is not 

well known. It haa been quoted as high as 375-400°C (Dallmeyer and 

Nance, 1990; 1992) or as low as 270-285°C (Snee et al., 1988). Based on 

literature research Snee (1982) estimated muscovite closure temperature 

to be 320° k 40°C. Harrison and McDougall (1980) suggested that the 

cloaure temperature iB similar to strontium diffusion in biotite at 

approximately 320°C. Using temperatures estimated from fluid inclusion 

studies, Snee et al. (1988) suggested that muscovite closed to diffusion 

of argon at approximately 325°c. A value of 325 k 10°C is adopted in 

this study. 
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A detailed U-Pb geochronologic study on various morphological 

populations of zircon from the Brookville Gneiss waa undertaken by 

Bevier et al. (1990). Baaed on single grain analysis of detrital 

zircons from the paragneiss, a maximum depositional age of ca. 641 Ma is 

suggested (youngest zircon analyzed). Other detrital zircona from the 

paragneiss cluster in the ranges 640-1640 Ma and 2260-2700 Ma (Fig 

6.12a, b). Olszewski and Gaudette (1982) were correct in their 

interpretation that their upper intercept age of ca. 1641 Ma (average 

age of several bulk zircon fractions) repreaents the age of source area 

for the paragneiss. 

ZirconB from the orthogneiss (Fig. 6.6) yielded an igneous 

cryBtallization age of ca. 605 Ma (Bevier et al. 1990; Dallmeyer et al. 

1990) and a metamorphic titanite age of ca. 564 Ma (Bevier et al., 

1990). The latter is interpreted to date cooling after peak 

amphibolite-facies metamorphism (Fig. 6.12c). 

Hornblende concentrates extracted from orthogneiss, hornblende 

paragneiBB, and amphibolite in the Brookville Gneiss (Dallmeyer and 

Nance, 1989; Dallmeyer et al., 1990; Nance and Dallmeyer, 1994) (Fig. 

6.2, 6.6) have yielded *Ar/3,Ar plateau and "near-plateau" ages of ca. 

543-552 Ma (Table 6.2) with an average age of ca. 547 Ma. However, 

theae workerB considered the younger, corresponding iaotopic correlation 

ages of ca. 538-542 Ma to be more geologically significant because the 

age calculation doeB not require assumption of a present-day "'hr/^Ar 

ratio. Their calculations showed that *Ar/36Ar ratios did not differ 

significantly from present-day atmosphere which suggests little or no 

intracrystalline contamination with extraneous argon. Based on this, 

the plateau and "near-plateau" hornblende ages are herein considered to 

better repreaent the laBt cooling (525°C) following amphibolite facies 

metamorphism in the Brookville Gneias. 

The phlogopite concentratea from marble layers within the gneisB 
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(Fig. 6.6) yield Blightly younger *>Ar/MAr ages of 541 1 5 Ma (CW89-598C) 

and 534 i 5 Ma (CW89-629). The phlogopite data are simply interpreted 

as cooling ages poet-dating thermal peak conditions and indicates that 

the gneiss cooled relatively quickly to 390°C. These ages are slightly 

older that a K-Ar biotite age of 531 ± 17 Ma obtained by Stevens et al. 

(1982) from a paragnoiss at the sama location that yielded the *Ar/3,Ar 

phlogopite age of 541 ± 5 Ma. The low chloritic alteration (<9%) of the 

biotite in this sample probably rendered the resulting K-Ar age 

geologically significant. Another biotite from a paragneias in the 

Brookville Gneiss defined a K-Ar age of ca. 508 Ma; however, this 

concentrate contained 22% chlorite (Leach et al., 1963) and is 

considered to be unreliable. 

One muscovite concentrate from a paragneiss (Fig. 6.6) yielded a 

plateau age of ca. 516 M?. (Nance and Dallmeyer, 1994). Based on 

petrography much of the muscovite present defines the gneissic 

foliation; however, randomly oriented large flakes of muscovite commonly 

pseudomorph feldspar and may be secondary in origin (Nance and 

Dallmeyer, 1994; Chapter 5). If the muscovite age does not represent a 

reset age (Bee Section 6.5) then the data suggest that the last cooling 

of the Brookville Gneiss through 325°C following amphibolite facies 

metamorphism (and associated retrograde metamorphism) occurred at ca. 

516 Ma. 

The U-Pb and *>Ar/39Ar data indicate that the Brookville Gneiss is 

much younger than previously interpreted and does not represent 

remobilized Grenvillian (or older) continental basement aa interpreted 

by Currie et al. (1981). Furthermore, the gneisBBB appear to be younger 

than the Green Head Group and cannot be considered "basement" to the 

Green Head Group (cf. Currie, 1983; Olszewski and Gaudett, 1982; Nance, 

et al., 1991) or its higher grade equivalent (cf. Alcock, 1938; O'Brien, 

1976; Wardle, 1978). 
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6.4.4. Plutonic Units 

Based on available geochronological data there appear to be 

several episodes of plutonic activity in the Brookville terrane. The 

oldest dated pluton 1B the granodioritic to tonalitic orthogneiss in the 

Brookville Gneiss which has yielded U-Pb zircon crystallization ages of 

ca. 605 Ma (Bevier et al., 1990; Dallmeyer et al., 1990); this waa 

oubsequently metamorphosed at ca. 564 Ma (see Section 6.4.3.). 

The Brookville Gneiss and Green Head Group were intruded by 

numerous lithologically varied plutonic units (Chapter 4). The ca. 605 

Ma igneous age and the ca. 564 Ma metamorphic age of the Brookville 

GneiBB suggest that the other plutonB intruding the gneiss are younger. 

The oldest dated pluton that intrudes the Brookville Gneiss is the 

Fairville Granite (Fig. 6.2) which yields a U-Pb crystallization age for 

zircon at 548 ± 2 Ma (NB92-9012), similar to a ""Ar^Ar isotope 

correlation hornblende age of ca. 547 Ma obtained by Dallmeyer and Nance 

(1992) (Table 6.2). This date is much older than the ̂ Ar/^Ar hornblende 

age of 535 i 3 Ma (CW89-611) obtained from this study (Table 6.2). 

Baaed on petrography and hornblende geobarouietry (Chapter 4) the 

Fairville Granite appears to have cooled slowly and the sa. 536 Ma 

hornblende age ia considered to better date the cooling of this pluton 

through the closure temperature of hornblende (525°C). K-Ar biotite and 

hornblende ages are considerably younger (Table 6.1) (Wanless et al., 

1970, 1972, 1973). 

The Ludgate Lake Granodiorite (Fig. 6.1) has yielded a U-Pb upper 

intercept age of 546 t 2 Ma (NB92-9010) for the crystallization of the 

zircon and titanite and, by inference, the emplacement of the pluton 

(Table 6.2). This age is identical to the age of the Fairville Granite. 

No mineralB suitable for "Ar/^r analyses were obtained from this 

pluton. Previous K~Ar whole-rock and biotite analyses (Table 6.1) are 

significantly younger at ca. 473 - 493 Ma; however, there are no 

published data on the sample quality to appraise these dates. The 
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Ludgate Lake Granodiorite formed a broad high temperature-low pressure 

contact metamorphic aureole in the adjacent Martinon F- xtion and the 

similarity in the zircon and titanite ages auggests ". • pluton initially 

cooled very rapidly. A ca. 530 Ma hornblende plateau age (Dallmeyer and 

Nance, 1992) from the adjacent Perch Lake Granodiorite auggests the 

pluton cooled more slowly from 600°C to 525°C (Table 6.2). 

The major period of plutonism in the Brookville terrane appears to 

have occurred from ca. 527 Ma to 538 Ma. A concordant zircon and 

titanite age of ca. 538 from the Rockwood Park Granodiorite (Fig. 6.2, 

6.13a) ia interpreted to date the crystallization of this pluton (White 

et al., 1990). ThiB age is identical to a ""Ar/̂ Ar hornblende age of 538 

± 5 Ma (CW89-509A) obtained in this study. The similarity of these ages 

(Table 6.2) indicates that the pluton cooled extremely faat from 800°C 

to 525°C. A "Ar/^Ar biotite plateau age of 511 ± 3 Ma may auggest that 

the pluton cooled alowly through the range 525°C to 310°C or is reset by 

a younger thermal event (see Section 6.5). Previous *Ar/3,Ar analyses of 

hornblende concentrates frcm this pluton (Table 6.2) yielded plateau 

ages of ca. 550 Ma with corresponding isotope correlations ages of ca. 

523 Ma and 529 Ma (Dallmeyer and Nance, 1992). They interpreted the 

isotope correlation ages to date the last cooling through hornblende 

argon retention temperatures. The spectra associated with theae 

analyses are highly discordant and display a decreasing age gradient, 

therefore the quoted "ages" are interpreted with caution. However, the 

high temperature increments of these spectra yield consistent ages of 

ca. 538 Ma, identical to •'Ar/̂ Ar hornblende age obtained in this study. 

The French Village Quartz Diorite (Fig. 6.5) has yielded a U-Pb 

zircon age of ca. 537 Ma (Fig. 6.13b; Appendix E.l.3) (Bevier et al., 

1991), essentially identical to the U-Pb age from the Rockwood Park 

Granodiorite. "'Ar/̂ Ar hornbltmde analyses by Dallmeyer and Nance (1992) 

have yielded plateau ages of ca. 537 Ma (aample 1) and ca. 532 Ma 

(sample 3) with similar corresponding isotope correlation ageB of ca. 

537 Ma and 530 Ma, respectively. TheBe are similar to a "near-plateau" 
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hornblende age of 540 t 5 Ma (CW88-246) obtained in thia atudy. A third 

hornblende concentrate (sample 2 of Dallmeyer and Nance, 1992) displays 

a spectrum typical of excess argon with a plat-sau age of ca. 564 Ma. 

Tba isotope correlation yields an age of ca. 539 Ma and iB considered to 

be mora reliable. The youngest age (ca. 532 Ma) was interpreted to date 

the cooling of a narrow syn-plutonic mylonite zone (Dallmeyer and Nance, 

1992). Thia age is slightly younger than the other analyses and may be 

due to argon loaa during mylonitization (cf. Gromet, 1991; Getty and 

Gromet, 1992) and thus underestimate the true age. The zircon and 

hornblende ages suggest that the French Village Quartz Diorite cooled 

quickly through the range 800°C to 525°C (Table 6.2). 

The only other pluton dated by U-Pb methods is the Musquash 

Harbour Granite (Fig. 6.1). This pluton yielded a ^ P b / ^ b age of 550 ± 

15 Ma (Table 6.2) which was considered by Currie and Hunt (1991) to be 

the beat estimate of the time of emplacement. However, the large 

associated error and the abundance of inherited zircon grains makes the 

interpretation of this age uncertain and the age is also incompatible 

with ^Ar/^Ar analyses from the area. It is considered a maximum age. 

The other plutonic units in the Brookville terrane do not have U-

Pb data to constrain their emplacement age(a). ^Ar/^Ar results from the 

Belmont, Shadow Lake, and Hanson Stream plutonB aouthweat of Saint John 

(Fig. 6.1, Table 6.2), all yield hornblende plateau or "near-plateau" 

ages of ca. 527 Ma to 531 Ma (Dallmeyer and Nance, 1989, 1992; this 

study). The corresponding isotope correlation ages are considerably 

younger than the plateau ageB (Table 6.2) and are not used in this 

interpretation, it is clear that many of the ^Ar/^Ar ages obtained from 

the Brookville terrane are identical to, or slightly younger than, their 

corresponding U-Pb ages. This suggests that all of the plutons were 

emplaeed at relat.ive.ly shallow levels in the crust and experienced rapid 

cooling. This is evident from the mineral assemblages in the contact 

metamorphic aureoles around these plutons. The hornblende cooling ages 

obtained could then be interpreted to approximate the time of pluton 
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emplacement. 

Tha exceptions to the main period of igneous activity in the 

Brookville terrane may be the younger Talbot Road and Renforth plutons 

(Table 6.2). ^Ar/^Ar results from the Talbot Road pluton yield a 

hornblende plateau and iaotopic correlation age of ca. 520 Ma, The 

Renforth Pluton yielded a *Ar/wAr hornblende cooling age of 511 ± 5 Ma 

(CW88-169). This appears to confirm field evidence (Appendix \ that it 

intruded the French Village Quartz Diorite. if thia hornblende age 

repreaents the time oZ emplacement, the Renforth Pluton is the youngeBt 

dated pluton in the t&rrane. The significance of theae younger plutona 

is discussed in section 6.4.6. 

Pegmatites are common in most plutonic units and the Brookville 

GneisB but also occur in the Ashburn Formation. Muscovite concentrate 

from a pegmatite that intruded the Brookville Gneiss (Fig. 6.6) yielded 

a plateau age of ca. 510 Ma, interpreted to date the pegmatite 

emplacement (Dallmeyer and Nance, 1992). 

6.4.5. Dipper Harbour volcanic unit 

Previous interpretations of the age of the Dipper Harbour volcanic 

unit included this unit with the Carboniferous Mispec Group based on 

field relations (Appendix A; Section 1.2). The first radiometric age 

determination of this volcanic unit was conducted by StukaB (1977) using 

regrouped and recalculated Rb-Sr data of Cormier (1969). The resulting 

isochron yielded an age of 443 1 6 Ma (Table 6.1). However, subsequent 

workers (e.g. McCutcheon, 1984, 1985; Currie, 1986a, b; 1987a, b; Nance, 

1986a, 1987b) mapped the volcanic unit as Precambrian; although, Rant 

and Skehan (1991) continued to map the volcanic and associated plutonic 

rocks as Carboniferous. 

A rhyolite ash flow in the Dipper Harbour volcanic unit (Fig. 6.1) 

has yielded two diacordant ^Pb/^b zircon ages of ca. 554 Ma and 556 Ma 

(Zain Eldeen et al., 1991; Zain Eldeen, 1991) which auggests a 
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correlation with the younger volcanic units in the Caledonia terrane 

(Zain Eldeen, 1991; Dallmeyer and Nance, 3992). However, the ca. 555 Ma 

age (Table 6.2) is only based or. two analyses and is therefore 

considei>d to be of dubious quality and is not used in the 

interpretation. Furthermore, based on field evidence, these volcanic 

units ara interpreted to represent th<3 extrusive equivalents of the 

Musquash Harbour Granite that locally intrudes the Ashburn Formation. 

6.4.6. Grean Head Group 

The Green Head Group iB interpreted to be the oldest unit exposed 

in the Brookville terrane, based on the presence of the stromatolite 

Arc/iaeozoon acadiense in marbles of the ABhburn Formation to which 

Hofmann (1974) assigned a mid-Riphean (Meeoproterozoic) age. This is 

considered to be the maximum age of the Green Head Group; the only 

assessment of the minium age is based on the oldest U-Pb dated pluton 

that clearly intruded the unit (Fairville Granite at 548 i 2 Ha and 

Ludgate Lake Granodiorite at 547 ± 2 Ma). Recent U-Pb analysis on 

detrital zircons from quartzite in the Ashburn Formation yielded several 

single concordant zircon grains. The youngest at ca. 1230 Ma (D. Davis, 

personal communication, 1995) appears to confirm the stromatolite age 

(Table 6.2). 

The Green Head Group is locally metamorphosed to greanschist 

facies near the Saint John River, east of Drury Cove, and in the Hammond 

River area (Fig. 5.2, 5.3). However, the Green Head Group ia dominantly 

contact metamorphosed to albite-epidote hornfels facies and grade 

increasee to hornblende-hornfels facies and locally pyroxene-hornfels 

facies in proximity to intrusive bodies (Chapter 5). This contact 

metamorphism locally overprints the cleaved greenschist facies rocks. 

Several *Ar/MAr muscovite and phlogopite ages have been obtained 

from pelite and marble in the Ashburn Formation of the Green Head Group 

(Table 6.2). The three ^Ar/^Ar muscovite plateau ages obtained by Nance 
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and Dallmeyer (1994) of ca. 509 Ma. 509 Ma, and 519 Ma were interpreted 

to provide cooling ages for regional metamorphism in the Green Head 

Group. These muscovite samples yielded analytically precise dates; 

however, field and petrological studies related to this study suggest 

that the significance of these datea is unclear. 

Samples 2 and 3 of Nance and Dallmeyer (1994) are from a cleaved, 

well crenulated spotted schist that preserves two or three major 

foliations in the Drury Cove area (Fig. 6.6). Thin section examination 

indicates two generations of muscovite growth. Smaller muscovite grains 

define an earlier foliation whereas the larger grains define the major 

foliation. Some larger grains of muscovite appear to pseudomorph 

cordierite. However, the age spectra acquired from these two samplea do 

not ahow the typical pattern of mixed mica ages (cf. HaneB, 1991) and 

define identical plateau ages of ca. 509 Ma. This suggestB that the 

different populations of muBcovite cooled together from aome temperature 

higher than their argon closure temperature, or that they were affected 

by a thermal overprint that was intense enough to reset their plateau 

ages totally. Although the ca. 511 Ma Renforth Pluton is in faulted 

contact to the northeast with these spotted schists, it may have 

originally been responsible for the source of the thermal overprint. In 

contrast to the interpretation of Nance and Dallmeyer (1994) the ca. 509 

Ma ages probably reflect resetting of the greenochiBt facies muacovite 

and subsequent cooling following contact metamorphism. 

A muscovite concentrate from a sparsely spotted, cordierite-

bearing Bchist (CW90-767) from the Ashburn Formation northeast of 

Hammond River (Fig. 6.8) yielded an age of 507 t 5 Ha. The ca. 511 Ma 

Renforth Pluton outcropB to the west and may project under the Ashburn 

Formation in this area. The ca. 507 Ma age is similar to the ca. 509 Ma 

ages from the Drury Cove area. Both are interpreted to reflect resetting 

of the greenschist facies muscovite and subsequent cooling following 

contact metamorphism by the Renforth Pluton. 

A phlogopite concentrate from a greenschiat grade Ashburn 
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Formation marble (CW90-812) just east of Drury Cove (Fig. 6.6) yielded 

an age of 515 t 5 Ma, similar to the ca. 519 Ma muscovite age obtained 

by Nance and Dallmeyer (1994) from the Saint John River area (Fig. 6.2). 

These are Interpreted to reflect resetting following contact 

metamorphism in the Ashburn Formation by the ca. 511 Ma Renforth Pluton. 

These agaa are alBo identical to a 516 t 1 Ha muacovite »c,e from the 

Fxookville Gneiss (Nance and Dallmeyer, 1994) which suggests that 

muscovite ages from both the ABhburn Formation and Brookville Gneisa may 

have been reset. 

Two phlogopite samples (CW90-764 and CW88-204) are from the 

Aahburn Formation marble in the contact metamorphic aureole of the ca. 

537 Ma French Village Quartz Diorite (Fig. 6.8). They yielded ages of 

530 ± 5 Ma and 538 k 6 Ma, respectively and are interpreted to date the 

cooling of the contact zone through the phlogopite argon retention 

temperature (390°C). 

6.4.7. MacKay Highwsy Shear Zone 

The MacKay Highway shear zone (Map C) separates the Green Head 

Group from the Brookville Gneiss (Fig. 6.19). A ^Ar/^Ar hornblende age 

ODtained from strongly deformed and lineated gneisses in the margin of 

this zone (Dallmeyer and Nance, 1989; Dallmeyer et al., 1990) suggests 

that the gneiss was juxtaposed with the Green Head Group prior to ca. 

548 Ma. The Fairville Granite intruded both the Green Head Group and 

the Brookville Gneiss at ca. 548 Ma which confirms the minimum age on 

the time of juxtaposition. 

The presence of deformed and boudinaged pegmatite dykes 

interpreted to be equivalent to the ca. 510 Ma (''Ar/̂ Ar muscovite) 

pegmatite was interpreted by Nance and Dallmeyer (1994) to indicate that 

the MacKay Highway shear zone was locally reactivated subsequent to ca. 

510 Ma (assuming the pegmatite crystallized at ca. 510 Ma). However, 

the muscovite age is interpreted here to be a cooling age which suggests 
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that the pegmatite may have crystallized and been locally deformed prior 

to cooling through 325°C at ca. 510 Ma. A muBcovite age of ca. 502 Ma 

wa& obtained from the mylonitic margins of a large gneiss boudin in the 

MacKay Highway shear zone (mylonitic iteta-paammite of Nance and 

Dallmeyer, 1994). This age ie interpreted to date, the time sines 

amphibolite facies recrystallization of the mylonite zone and may 

provide a minimum age for the MacKay Highway shear zone. However, 

muscovite from the pegmatite and gneissic boudin may also represent a 

reset age from the intrusion of younger plutonB (see Section 6.5). 

6.4.8. H&MKindvalu Metamorphic Unit 

The •'Ar/^Ar muscovite ages of ca. 617 Ma, 613 Ma, and 603 Ma from 

the Hammondvale metamorphic unit (Fig. 6.10) arv> interpreted to date 

post-metamorphic cooling through the closure temperature of muscovite. 

They provide minimum ages for regional high-preseure/low-temperature 

metamorphism in thia unit. The ages, field relations, and metamorphic 

petrology indicate ^hat this unit is part of the Caledonia terrane, not 

the Brookville terrane. 

Thia correlation is further substantiated by ^Ar/^Ar ageB of 

detrital muscovite from the late Precambrian to early Paleozoic cover 

sequence (Saint John Group) on the Caledonia terrane. 

In an attempt to better define the sediment Bource of thiB cover 

sequence Dallmeyer and Nance (1990) dated several detrital muacovite 

concentrates from the Precambrian-Cambrian unite of the Saint John Group 

exposed in southern New Brunswick. The detrital muscovite concentrates 

yielded plateau ages ranging from ca. 600 to 620 Ma (Dallmeyer and 

Nance, 1990; Nance, personal communication, 199*). These muscovites 

were considered to be derived from muscovite-bearing schists within the 

Green Head Group and Brookville Gneiss (cf. Wardle, 1978) and the age 

range was interpreted to date a period of late Precambrian metamorphiem 

in the Green Head Group and Brookville Gneiss. 
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The *Ar/wAr rQBults of this study and Nance and Dallmeyer (.1994) 

clearly show that muscovites within the Green Head Group and Brookville 

Gneiss are younger than ca. 520 Ma. The muscovite ages in the Saint 

John Group are consistent with derivation from the Hammondvale 

metamorphic unit and are not consistent with derivation from the 

BrookvMle terrane. 

6.4.9. Partial Argon Loss from *Ar/MAr Minerals 

The muscovite and phlogopite age spectra increase in age upward 

from low-temperature extraction increments to intermediate temperature 

extraction incrementa. The increasing age with increasing temperature 

closely mimica the pattern predicted by Turner (1968) to result from 

partial, intracrystalline, diffusive loss of radiogenic *Ar during a 

superimposed thermal event. This type of phenomenon was also observed 

in hornblende spectra (Harrison, 1981). Thia led many workers (e.g. 

Dallmeyer and Nance, 1990, 1992, 1994; Nance and Dallmeyer, 1994) to 

speculate that meaningful ages of geological events or conditions could 

be obtained from theae low-temperature release spectra. 

Taken together, the muscovite and hornblende low-temperature 

increments record several age groups: 325 Ma to 329 Ma; 400 Ma to 426 

Ma; and 476 Ma to 512 Ma. However, several low-temperature hornblende 

ageB are considerably older than ca. 500 Ma. The younger age range was 

interpreted to be related to nearby faults (Nance and Dallmeyer, 1994). 

However, thesa faults have long movement histories which are not just 

confined to the Carboniferous (Leger and Williams, 1986; Chapter 3) and 

can hardly bv- considered major thermal events. Late Paleozoic overprint 

ageB documented in muscovite from the basal Saint John Group in the 

Caledonia terrane (Dallmeyer and Nance, 1990) are consistent with 

resultB from the Brookville terrane. 

The slightly older low-temperature overprint is similar to the 

range (ca. 390 Ma to 416 Ma) recorded by *Ar/39Ar ages associated with 
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the mylonite zones in the Kingston Complex (Nance and Dallmeyer, 1993). 

This range is alao broadly coincident with ca. 400 Ma low-temperature 

overprint ages on muscovite from metatuff in the Broad River Group of 

the Caledonia terrane (Dallmeyer and Nance, 1994). These similar Late 

Silurian to Early Devonian ages, common to the Kingston Complex and 

Brookville and Caledonia terranes, suggest that these units have been 

affected by the same middle Paleozoic event. This may record the 

accretion of terranes to the northern Appalachian Orogen. 

The significance of the older 476 Ma to 512 Ma overprint range in 

the Brookville terrane is unknown. This range is identical to the low-

temperature mnscovite age range (477 Ma to 519 Ma) from the Hammondvale 

metamorphic unit. 

Low-temperature age increments from phlogopite samples are 

consistently younger than all other low-temperature increments ah about 

50 Ma. There are no known thermal events in southern New Brunswick that 

correspond to this age and the reason for the low age compared to the 

biotite is unknown. The 50 Ma age therefore appears to have no 

geological significance. 

The geological significance of these low-temperature "ages" 1B 

unclear. Southern New Brunswick has experienced several geological 

events since the Cambrian and the fact that the low age data coincide 

approximately with these events may be just coincidental, Caution 

should be used when interpreting the low temperature increments as 

representing younger "overprinting ages" due to diffusive Ar loss as 

predicted by Turner et al. (1966) and Harrison and McDougall (1980). 

The "step-up" lower temperature spectra can be controlled by many 

factors including excess Ar (e.g. Heizler and HarriBon, 1988), MAr 

recoil artifacts (e.g. Lo and Onstott, 1989) or expulsion of wAr in 

nonretentive sites (e.g. Scaillet et al., 1992). One of the major 

factors controlling the pattern in the low temperature release 

increments may be contamination. Berger (1975) and Rex et al. (1993) 

have shown that amphiboles displaying "diffusive loss profiles" are 
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actually contaminated by biotite or other phases which release Ar at low 

•xtraction temperatures. They argued that steps below 900"C should be 

discarded from a hornblende age calculation. 

It is clear that all samples should be examined under the SEM, 

especially if any conclusions are to be drawn from the low-temperature 

steps of the age spectrum. 

6.5. THERMAL HISTORY 

The radiometric data presented in this chapter are used to date 

the plutonic activity and development of metamorphic minerals associated 

with specific structures and events which provide important new 

constraints on the thermal history of the Brookville terrane. 

Many of the individual age spectra appear to be complex; however, 

a pattern of similar ageB within and among the group of samples has 

emerged from this study and related work. U-Pb and ^Ar/^Ar ageB 

constrain the timing of at least two major tectonothermal events in the 

Brookville terrane at ca. 564-527 Ma and ca. 521-502 Ma (Table 6.2, Fig. 

6.14). 

The oldest documented events in the Brookville terrane are 

recorded in samples from the Brookville Gneiss. The tonalitic to 

granodioritic orthogneisB has a igneous protolith ages of ca. 605 Ma 

(Bevier et al., 1990; Dallmeyer et al., 1990). The ca. 564 Ma 

metamorphic titanite age (Bevier et al., 1990) from the orthogneiss is 

interpreted to date cooling (<600°C) following peak upper amphibolite 

facies metamorphism of the unit. Baaed on mineral assemblage and 

geothermometry, peak metamorphic conditions likely exceeded 650°c at a 

pressure of 3 kbar. ^Ar/^Ar hornblende results (543-552 Ma) from the 

Brookville Gneiss indicate that cooling following amphibolite facies 

metamorphism (525°C) occurred at ca. 547 Ma (Fig. 6.15). This indicatea 

a Blow cooling rate of 4°c/Ma over a span of 17 Ma (564-547 Ma). 

The ca. 547 Ma is also broadly synchronous with a major period of 
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ductile deformation associated vith the juxtaposition of the high-grade 

Brookville Gneiss over the relatively cool Green Head Group along the 

MacKay Highway shear zone. By inference, the ca. 547 Ma hornblende ages 

indicate the minimum age for local amphibolite facies metamorpi'jlfcsi in 

the MacKay Highway shear zone and the approximate age for greenschist 

facies metamorphism in the adjacent Ashburn Formation. 

Intrusion of the undeformed Fairville Granite (ca. 548 Ma) and 

Ludgate Lake Granodiorite (ca. 546 Ma) appears to be broadly coeval with 

the average hornblende cooling age (ca. 547 Ma) in the Brookville 

Gneiss. The age and undeformed character of theee plutons suggest th*t 

major deformation associated with the MacKay Highway shear zone had 

ceased at this time. 

U-Pb zircon and titanite results from other plutonic units in the 

Brookville terrane suggest that the many of the plutons are slightly 

younger than ca. 547 Ma and were emplaced after ca. 538 Ma. *Ar/39Ar 

hornblende ages of ca. 527 Ma to 538 Ma indicate that many of these 

plutons cooled very rapidly to 525°C (Fig. (3.15), *Ar/3,Ar phlogopite 

ages of ca. 530 Ma and 538 Ma from contact metamorphic aureoles of theBe 

plutona also indicate that they cooled relatively rapidly from 

hornblende to phlogopite closure temperatures. 

The ca. 534 Ma and 541 Ma *Ar/MAr phlogopite ages from the 

Brookville Gneiss coincide with phlogopite ages from the contact 

aureoles in the Ashburn Formation. This suggests that the country rooks 

were relatively cool during this period of igneous activity contributing 

to the rapid cooling of the ca. 527 Ma to 538 Ma plutonic units. 

A second intrusive event and associated metamorphism appears to 

have occurred at ca. 502-521 Ma (Fig. 6.14). Younger ca. 515 Ma to 519 

Ma "*Ar/wAr phlogopite and muscovite ages from the Brookville Gneiss and 

Ashburn Formation may represent uniform cooling in theae two units 

following the earlier peak metamorphism and plutonism. However, the 

Talbot Road Granodiorite yielded a *Ar/3,Ar hornblende age of ca. 520 Ma 

interpreted by Dallmeyer and Nance (1992) to closely date the 
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crystallization age of this pluton. If this interpretation is correct 

the younger ca. 515 Ma to 519 Ma *Ar/wAr ages likely record cooling 

following emplacement of ca. 520 Ma plutona rather than a cooling from 

earlier thermal events. The similarity of the ages indicate that these 

later plutons also cooled rapidly. 

The youngest plutonic event is recorded in a "Ar/^Ar hornblende 

analysiT from the Renforth Pluton which suggests emplacement occurred at 

ca. 511 Ma. *Ar/MAr muscovite ages of ca. 507 Ma to 509 Ma from the 

Ashburn Formation cloae to the contact Buggeata that this pluton coolod 

extremely quickly and strengthens the evidence for a younger thermal 

event in the Brookville terrane. A *Ar/3,Ar biotite age of ca. 509 Ma 

from the ca. 538 Ma Rockwood Park Granodiorite is probably a reset age 

following the intrusion of the Renforth Pluton. The ca. 502 *)Ar/39Ar 

muacovite age from the MacKay Highway shear zone can also be interpreted 

as a cooling age related to this younger intrusion. 

The intrusion of the Renforth Pluton may record the final period 

of magmatic activity in the Brookville terrane. 

Based on the present distribution of radiometric ages (Fig. 6.14) 

several discrete tectonothermal events can be distinguished in the 

Brookville terrane. However, additional radiometric analyses are 

required to rule out the possibility that nearly continuous 

tectonothermal activity from ca. 500 Ma to 550 Ma affected the region. 

6.6, SUMMARY 

1. Based on geochronology, fossil control, and cross cutting 

relationships, the Green Head Group is interpreted to be the oldest unit 

in the Brookville terrane. 

2. U-Pb and *Ar/MAr data indicate that the Brookville Gneiss iB much 

younger (<ca. 641 Ma) than the Green Head Group and clearly does not 

represent basement to the Avalon terrane or a higher grade equivalent of 
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the Green Head Group. 

3. Amphibolite facies metamorphism in the Brookville Gneiss occurred 

shortly before ca. 564 Ma at temperatures in excess of 600°C and did not 

cool to 390°C (phlogopite closure temperature) until ca. 534 Ma. 

4. Present U-Pb and ^Ar^Ar results indicate that the plutonic unitB 

and associated contact metamorphism can be divided into distinct 

tectonothermal events at ca. 605 Ma, ca. 550-525 Ma, and ca. 520-500 Ma. 

It also indicates that many of the plutons cooled extremely quickly. 

5. On the basis of field relations, metamorphic petrology, and ca. 603-

617 Ma muscovite cooling ages, the Hammondvale metamorphic unit is not a 

metamorphosed equivalent of the Ashburn Formation but may have 

affinities to the Caledonia terrane. 
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Figure 6.1. Geological map of the Brookville terrane showing locations of figures used in this chapter and 
geochronology samples. Legend as in Figure 2.1. Numbers in brackets after age refers to reference 
cited in Table 6.2. Z = zircon; T = titanite; H = hornblende; P = phlogopite; B = biotite; 
M = muscovite. 
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Figure 6.2. Detailed geological map of the Saint John River area showing sample locations and 
corresponding ages. Abbreviations as in Figure 6.1. 
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Figure 6.5. Detailed geological map of the Renforth area showing sample 
locations and corresponding ages. Abbreviations as in Figure 
6.1. 
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Figure 6.6. Detailed geological map of the Drury Cove area showing 
sample locations and corresponding ages. Abbreviations as in 
Figure 6.1. 
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Figure 6.8. Detailed geological map of the Hammond Rj"er area showing locations, corresponding ages, and 
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Figure 6.10. Detailed geological map of the Hammondvale area showing 
sample locations and corresponding - Tes. See Figure i.3 for 
location. Abbreviations as in Figui 5.1. 
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Table 6.1. Summary of early age determinations for units within the 
Brookville terrane. 

ROCK UNIT 

ASHBURN FORMATION 
marble 

BROOKVILLE GNEISS 
paragneiss 
orthogneiss 
paragneiss 

both gneisses 
orthogneiss 

paragneiss 

pegmatite 

paragneiss 

ALL PLUTONIC AND 
VOLCANIC UNITS 

PLUTONIC UNITS 
SOUTHWEST Of 
SAINT JOHN 

FAIRVILLE GRANITE 

J FRENCH VILLAGE 
| QUARTZ DIORITE 

ROCKWOOD PARK 
GRANODIORITE 

LUDGATE LAKE 
GRANODIORITE 

MUSQUASH HARBOUR 
GRANITE 

dyke of HARVEY 
HILL SYENOGRANITE 
in shadow Lk Gd 

MEADOW COVE 
VOLCANIC UNIT 

WOLVES ISLAND 
GRANITE 

DRILL CORE: 
WESTMORELAND 1 

AGE (Ma)* 

Aphebian -
Hadrynian 

508" 
804 ± 97 
767 ± 55 
771 ± 55 
827 ± 40 
333 ± 40 
1641 k 60 
783 k 40 
369 ± 45 
814 
466 
485 ± 30 
531 k 17 

776 ± 80b 

546 ± 75 
526 ± 13 
ca. 439 
ca. 525b 

479 k 20* 
486 ± 20' 
482 ± 20* 
508 k 20* 

443 ± 6 

395 ± 30 

473 ± 26 
474 ± 27 
493 ± 15 
615 ± 37 

392 ± 55 

340 k 18 

443 k 6 

411* 

376 ± 17" 

METHOD 

stromatolite morphology 

K-Ar biotite 
Rb-Sr whole rock 

whole rock 
whole rock 

U-Pb zircon (UI) 
(LI) 

U-Pb zircon (UI) 
(LI) 
(LI) 
(SG) 

U-Pb zircon (UI) 
U-Pb zircon (UI) 
K-Ar biotite 

Rb-Sr whole rock 

Rb-Sr whole rock 
Rb-Sr whole rock 
Rb-Sr whole rock 
Rb-Sr whole rock 

K-Ar biotite 
K-Ar biotite 
K-Ar biotite 
K-Ar hornblende 

Rb-Sr whole rock 

Rb-Sr whole rock 

K-Ar whole rock 
K-Ar whole rock 
K-Ar whole rock/biotite 
Rb-Sr whole rock 

Rb-Sr whole rock 

K-Ar biotite 

Rb-Sr whole rock 

K-Ar biotite 

K-Ar mica 

SOURCE 

8 

1 
15 
15 
14,15 
14,15 
14,15 
14,15 
14,15 
14,15 
14,15 
14 
16 
17 

3 

12 
12 
12 
12 

4 
5,6 
6 
6 

10 

10 

7 
7 
9,11 
13 

15 

11 

10 

1 

2 

I 
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* Locations of samples used in age determinations are re-evaluated based 
on rock units in this study. In most cases, this unit name will differ 
from the source (see Table A2.1). 

* Recalculated age baBed on the omission of samples outside of present 
study area. 

* Recalculated with decay constants employed by Steiger and Jager (1977). 

(UI) = Upper intercept age 
(LI) = Lower intercept age 
(SG) = Single Grain 

Sources: 

1. Leftch et al. (1963) 
2. Waialess et al. (1966) 
3. Cormier (1969) 
4. Wanless et al. (1970) 
5. Wanlesa et al. (1972) 
6. Wanless et al. (1973) 
7. ShafiqualL.h in Ruitenberg et al. (1973a) 
8. Hofmann (1974) 
9. ShafiguLllah in Giles and Ruitenberg (1977) 
10. data from Cormier (1969) regroup and recalculated by Stukas (1977) 
11. Shafiguallah in Ruitenberg et al. (1979) 
12. Poole (1980) 
13. Olszewski and Gaudette in Poole (1980) 
14. Olszewski et al. (1980) 
15. Olszewski and Gaudette (1982) 
16. Currie in Stevens et al. (1982) 
17. Stevens et al. (1982) 

• 



302 

Table 6.2. Recent age determinations for units in the Brookville terrane. 

| ROCK UNIT 

I ASHBURir FORMATION 
1 mica schist 
1 mica schist 

mica schist 
marble 
marble 
marble 

mica schist 
quartzite 

MacKAY HIGHWAY 
SHEAR IONE 

BROOKVILLE GNEISS 
paragneiss 
orthogneiss 

paragneiss 
paragneiBB 

amphibolite 

orthogneiss 
paragneiBB 
orthogneiss 

9 orthogneiss 

1 marble 
1 marble 

pegmatite 

FAIRVILLE GRANITE 

FRENCH VILLAGE 
I QUARTS DIORITE 

ROCKWOOD PARK 
GRANODIORITE 

9 RENFORTH PLUTON 

AGE (Ma) 

s;9 k x 
509 ± 1 
509 k 1 
538 ± 6 
530 ± 5 
515 i 5 
507 ± 5 
ca. 1230 

502 ± 1 

548 ± 5 
605 k 3 
564 ± 6 
641 ± 3 
542 k 4 
548 ± 5 
538 ± 2 
552 ± 2 
ca. 603 
516 ± 1 
540 k 1 
ca. 543 
540 ± 1 
ca. 544 
541 ± 5 
534 ± 5 

510 k 1 

547 ± 1 
550 k 2 
548 ± 2 

1997+280/ 
-215 

536 ± 3 

537 ± 2 
537 ± 1 
537 ± 2 
539 ± 2 
561 ± 4 
530 ± 2 
532 ± 3 
540 ± 5 

538 ± 1 
523 ± 4 
551 ± 2 
ca. 538 
529 ± 2 
547 ± 2 
ca. 538 
538 k 5 
511 ± 3 

511 k 5 

METHOD 

Ar/Ar muscovite (PD) 
Ar/Ar muscovite (PD) 
Ar/Ar muscovite (PD) 
Ar/Ar phlogopite (H) 
Ar/Ar phlogopite (IH) 
Ar/Ar phlogopite (H) 
Ar/Ar muBcovite (PF) 
U-Pb zircon (SG) 

Ar/Ar muscovite (PD) 

Ar/Ar hornblende (PD) 
U-Pb zircon (UI) 
U-Pb titanite 
U-Pb zircon (SG) 
Ar/Ar hornblende (IC) 
Ar/Ar hornblende (PD) 
Ar/Ar hornblende (IC) 
Ar/Ar hornblende (PD) 
U-Pb zircon 
Ar/Ar muacovite (PD) 
Ar/Ar hornblende (IC) 
Ar/Ar hornblende (IH) 
Ar/Ar hornblende (IC) 
Ar/Ar hornblende (IH) 
Ar/Ar phlogopite (H) 
Ar/Ar phlogopite (PF) 

Ar/Ar muscovite (PD) 

Ar/Ar hornblende (IC) 
Ar/Ar hornblende (PD) 
U-Pb zircon (LI) 
U-Pb zircon (UI) 

Ar/Ar hornblende (IH) 

U-Pb zircon 
Ar/Ar hornblende (IC) 
Ar/Ar hornblende (PD) 
Ar/Ar hornblende (IC) 
Ar/Ar hornblende (PD) 
Ar/Ar hornblende (IC) 
Ar/Ar hornblende (PD) 
Ar/Ar hornblende (IH) 

U-Pb zircon and titanite 
Ar/Ar hornblende (IC) 
Ar/Ar hornblende (PD) 
Ar/Ar hornblende (H) 
Ar/Ar hornblende (IC) 
Ar/Ar hornblende (PD) 
Ar/Ar hornblende (H) 
Ar/Ar hornblende (IH) 
Ar/Ar biotite (IH) 

Ar/Ar hornblende (IH) 

SOURCE 1 

u 
11 
11 
13 
13 
13 
13 
12 

4 

1 
2 
2 

I 
4 
4 
4 
4 
11 
11 
11 

I 
10 

10 
10 
13 
13 

13 | 

6 8 
10 E 
10 1 
10 
10 
10 
10 
13 

5 I 
io g 
10 I 
10 I 
io y 
10 1 
io B 
13 0 
13 1 
13 | 

I 
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Table 6.2. Continued. 

| ROCK UNIT 

I BELMONT TONALITE 

LUDGATE LAKE 
GRANODIORITE 

PERCH LAKE 
GRANODIORITE 

SHADOW LAKE 
GRANODIORITE 
tonalitic enclave 

HANSON STREAM 
GRANODIORITE 

TALBOT ROAD 
GRANODIORITE 

MUSQUASH HARBOUR 
GRANITE 

DIPPER HARBOUR 
VOLCANIC UNIT 

HAMMONDVALE 
METAMORPHIC UNIT 

AGE (Ma) 

520 ± 2 
531 ± 3 

546 k 2 

526 ± 2 
530 ± 2 

543 ± 5 
544 ± S 
527 ± 5 

518 ± 2 
528 ± 3 

520 ± 3 
519 ± 2 
521 ± 3 

550 ± 15 
ca. 537 

ca. 555 

617 ± 6 
612 ± 6 
613 ± 6 
605 ± 6 
603 k 6 

METHOD 

Ar/Ar hornblende (IC) 
Ar/Ar hornblende (PD) 

U-Pb zircon and 
titanite (UI) 

Ar/Ar hornblende (IC) 
Ar/Ar hornblende (PD) 

Ar/Ar hornblende (PF) 
Ar/Ar hornblende (IC) 
Ar/Ar hornblende (IH) 

Ar/Ar hornblende (IC) 
Ar/Ar hornblende (PD) 

Ar/Ar hornblende (PD) 
Ar/Ar hornblende (IC) 
Ar/Ar hornblende (PD) 

U-Pb zircon 

U-Pb zircon 

Ar/Ar muscovite (H) 
Ar/Ar muacovite (PF) 
Ar/Ar muscovite (H) 
Ar/Ar muacovite (PF) 
Ar/Ar muscovite (H) 

SOURCE 

10 
10 

13 

10 
10 

13 
13 
13 

10 
10 

1 
10 
10 

7 
7 

8,9 

13 
13 
13 
13 
13 

Sources: 
1. Dallmeyer and Nance (1989) 
2. Bevier et al. (1990) 
3. Dallmeyer and Nance (1990) 
4. Dallmeyer et al. (1990) 
5. White et al. (1990) 
6. Bevier et al. (1991) 
7. Currie and Hunt (1991) 
8. Zain Eldeen (1991) 
9. Zain Eldeen et al. (1991) 
10. Dallmeyer and Nance (1992) 
11. Nance and Dallmeyer (1994) 
12. D. Davis (personal communication, 1995) 
13. This study 

Abbreviations: 
Ar/Ar «= ̂ Ar/^Ar 
(IH) * Intermediate to high temperature age 
(H) = High temperature age 
(PF) = Plateau age as defined by Fleck et al. (1977) 
(PD) = Plateau age aB defined by Dallmeyer et al. (1990) 
(IC) " Isotope correlation age 
(UI) « Upper intercept age 
(LI) * Lower intercept age 
(SG) * Single grain analysis 

Underlined ages are used in interpretations (see text). 
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Table 6.3. Closure temperatures used in this Btudy. 

1 MINERAL 

zircon 

titanite 

hornblende 

phlogopite 

muscovite 

biotite (annite) 

CLOSURE 
TEMPERATURE 

> 800°C 

600 k 25°C 

525 ± 25°C 

390 ± 10°C 

325 ± 10°C 

310 ± 10°C 

METHOD 1 

U-Pb (e.g. Heaman 
and Parrish, 1991) 

U-Pb (e.g. Heaman 
and Parrish, 1991) 

"Ar^Ar (e.g. 
McDougall and 
Harrison, 1988) 

•"Ar/^Ar (e.g. Yu and 
Morse, 1992) 

"•Ar/^Ar (Snee et 
al., 1988) 

*Ar/wAr (e.g. Yu and 
Morse, 1992) 
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PLATE 9 

Photomicrographs of picked aliquots of zircon and titanite from U-
Pb dated plutonB in this study. Bar scale for all 
photomicrographs is in the lower right corner of 9K and is 0.5 mm 
in length. 

9a. A typical aliquot of unabraded, acicular zircons (Z2) from the 
Fairville Granite (Sample NB92-9012). Most zircons contain 
rounded and tubular transparent inclusions. 

9b. Same aliquot of zircon abraded about 80%. 

9c. An aliquot of unabraded, acicular zircons (Zl) from the Ludgate 
Lake Granodiorite (Sample NB92-9010). Most zircone contain 
rounded and tubular transparent inclusions. 

9d. An aliquot of much leas abundant, unabraded, equant zircons (Z2) 
from the Ludgate Lake Granodiorite (Sample NB92-9010). Like Zl, 
most zircons contain rounded and tubular transparent inclusions. 

9e. An aliquot of unabraded titanite (Tl) from the Ludgate Lake 
Granodiorite (Sample NB92-9010). 

9f. Same aliquot of titanite abraded about 80%. 

I 
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CHAPTER 7 

DISCUSSION 

7.1. COMPARISONS WITH PREVIOUS INTERPRETATIONS 

Conflicting and often controverpial models have been previously 

proposed to explain the tectonic evolution of rocks in the Saint John 

area of southern New Brunswick. Discrepancies can be attributed to lack 

of detailed field mapping, structural analysis, and reliable radiometric 

ages of critical units, combined with the assumption that a continuous 

stratigraphic relationship exists among units in the area. The purpose 

of this section is to summarize previous interpretations and compare 

them to a tectono-stratigraphic model that is more consistent with the 

observed field relationships and present structural, geochronological, 

and geochemical data. 

7.1.1. GREEN HEAD GROUP 

One of the moat important results of thia study is the recognition 

of the widespread, highly mobile (mylonitic) nature of carbonate rocks 

in the Ashburn Formation of the Green Head Group. In contrast, previous 

workers interpreted many of the features in theBe rocks in terms of 

processes related to primary deposition (e.g. Leavitt, 1963; Wardle, 

1978; O'Brien et al., 1983). The inferred "sedimentary" origin of these 

features led to the subdivision of the Ashburn Formation into 

lithostratigraphic units (e.g. Hamilton, 1968) and finally replacement 

of the Ashburn Formation by three formations: 1) a lower clastic 

sequence (Lily Lake Formation); 2) a middle limestone and dolomite 

sequence (Drury Cove Formation); 3) an upper interbedded clastic and 

carbonate sequence (Narrows Formation) (Wardle, 1978). However, this 

study has demonstrated that the ductility of the marble and associated 
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structural complexity precludes the establishment of these formations, 

although some of the siliciclastic divisions established by Leavitt 

(1963) and Wardle (1978) locally exist as mappable units. Hence, the 

original subdivision of the Green Head Group into the Martinon and 

Ashburn formations (Leavitt, 1963) is retained. 

Previous workers (e.g. Leavitt 1963; Wardle, 1978; Currie, 1991) 

restricted the Martinon Formation to the west side of the Saint John 

River, and included siliciclastic rocks east of the river in the Ashburn 

Formation. However, the siliciclastic rocks east of the river are 

identical to lithologies in the Martinon Formation, and hence the 

Martinon Formation is here extended eaBt of the river to include large 

areas of these rocks (Map A). Smaller siliciclastic units in the 

Ashburn Formation are typically lens-shaped on a scale of a few metres 

to about 1 kilometre and are interpreted to represent megaboudins, 

although loc&lly they are not deformed and are clearly interlayered with 

marble along their margins. 

New road cuts along New Brunswick Highway 7 have better exposed 

the northern and southern contacts between the Ashburn and Martinon 

formations. The contacts are mainly tectonic with zones of tightly 

folded marble and large boudins of siliciclastic and mafic dyke material 

in the Ashburn Formation. However, the original relationship between 

the two formations is preserved locally along the northeasternmost 

contact, where lithologies similar to the Martinon Formation are 

interlayered with the Ashburn Formation. Sedimentary siliciclastic and 

carbonate conglomerate and breccia occur throughout the Martinon 

Formation but are best exposed at the northern contact with the Ashburn 

Formation along Highway 7, where they are associated with complexly 

folded siltstone and large blocks of marble. These chaotic deposits are 

oliBtoatromea and associated turbidite deposits within the Martinon 

Formation, previously recognized as submarine slide breccias Ly Wardle 

(1978). These relationships suggest that the Ashburn and Martinon 

formations may have originally been interlayered, and could represent 
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lateral facies equivalents (Fig. 7.1a). 

In contrast, Leavitt (1963) and Hamilton (1965, 1968) interpreted 

the olistostrome to be a basal conglomerate in the Martinon Formation, 

which they considered to overlie the Ashburn Formation. However, the 

Martinon Formation was not considered to be significantly younger than 

the Ashburn Formation (e.g. Leavitt, 1963). Wardle (1978) and O'Brien 

et al. (1983) interpreted the contact to be gradational, with the upward 

transition from carbonate-rich to siliciclastic-rich representing a 

transgressive sequence. 

Currie (1984, 1986a, 1987a, 1991) agreed with the interpretation 

of Leavitt (1963) and Hamilton (1965, 1968) that a carbonate 

conglomerate forms the base of the Martinon Formation. He suggested 

that the Ashburn Formation is considerably older than the Martinon 

Formation based on what he interpreted as: 1) deformed Ashburn Formation 

clasts in the conglomerate and 2) volcanic flows in the Martinon 

Formation that were lacking in the Ashburn Formation. Based on this 

interpretation, Currie (1984) and subsequent workers (e.g. Nance and 

Dallmeyer, 1994) excluded the Martinon Formation from the Green Head 

Group (Fig. 7.1b) and concluded that this formation was deposited in an 

active volcanic arc setting like some units in the Coldbrook Group (e.g. 

Currie, 1991). However, this study failed to identify any volcanic 

flows in the Martinon Formation. 

The presence of abundant carbonate rocks and local stromatolite 

fosBils indicates that the Ashburn Formation was deposited in shallow 

water. The presence of olistostrome and turbidite deposits in the 

Martinon Formation suggests deposition in deeper water, probably 

penecontemporaneously with the Ashburn Formation. The lack of 

associated volcanic units or detritus indicates that both formations 

were deposited at a passive stable continental margin. 

Although the absolute age of the Green Head Group is not well 

constrained, it is interpreted to be the oldeBt unit in the Brookville 

terrane (Fig. 7a). Hofmann (1974) originally assigned a Neohelikian 
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(Mesoproterozoic) age based on stromatolite fossils in the Ashburn 

Formation; however, later he suggested they could be as young as 750-880 

Ma (written communication, 1991). The youngest detrital zircon 

extracted from a quartzite in the Ashburn Formation yielded a concordant 

age of 1230 Ma (D. Davis personal communication, 1995) which provides a 

maximum age for the deposition of the Green Head Group. 

Pre-Late Neoproterozoic deformation produced a series of large-

scale, upright, gently plunging, open to close folds in the Martinon 

Formation. In contrast, smaller scale, upright to steeply inclined, 

gently to steeply plunging, close to isoclinal folds were developed in 

the Ashburn Formation. Thus, the structural styles differ in the two 

formations, which precludes a direct correlation of specific structures 

and tectonic events. Parts of the Ashburn Formation, closest to the 

Brookville Gneiss, were later deformed by Late Neoproterozoic ductile 

juxtaposition of these two units along the MacKay Highway shear zone. 

Structures in Green Head Group are cross-cut by ca. 548-537 Ma plutonic 

rocks which constrains the minimum age for their deformation. 

Previous structural interpretations of the Green Head Group 

(Leavitt, 1963; Wardle, 1978; Nance, 1982; Currie, 1984) suggested that 

the distribution of the Martinon and most of the Ashburn formation was 

controlled by a major syncline (Acamac Syncline of Wardle, 1978). The 

Martinon Formation was interpreted to form the core of a U-shaped, 

southwest-plunging syncline flanked by older carbonate rockB (e.g. 

Leavitt, 1963). Although Wardle (1978) noted the presence of folds in 

the Martinon Formation, based on facing directions, he considered the 

Acamac Syncline to be a multiply hinged fold with a U-shaped profile. 

Based on detailed structural examination, the Martinon and Ashburn 

formations are folded into a series of folds that do not define a simple 

syncline (e.g. Fig. 3.2). 

The main period of deformation was considered to be post-intrusion 

and Late Paleozoic, not Neoproterozoic. This was largely based on 

comparisons with structures in the Cambrian to Ordovician Saint John 
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Group, which were interpreted to overlie the Green Head Group (Richards, 

1971; Leavitt, 1963; Wardle, 1978), an interpretation no longer 

considered valid (see section 7.2). However, Wardle (1978) and Nance 

(1982) suggested that some deformation in the carbonate rocks may be as 

old as Neohelikian (Mesoproterozoic). 

Metamorphism in the Green Head Group is largely the result of 

contact metamorphism by the ca. 548-537 Ma plutonic unitB; in contrast 

to the suggestion by Currie (1984) that basaltic Bills were responsible 

for much of the metamorphism. This widespread contact metamorphism 

ranges from albite-epidote to hornblende-hornfels facies, with local 

areas of pyroxene-hornfels facies. Contrary to the interpretations of 

Leavitt (1963), Wardle (1978), Nance (1982), and Nance and Dallmeyer 

(1994), evidence of an older, regionally extensive greenBchist-facies 

metamorphism is lacking. The Martinon Formation and most of the Ashburn 

Formation are hornfelsic and unfoliated. The only areaB that preserve 

evidence of greenschist facies metamorphism are apparently deeper parts 

of the terrane near the MacKay Highway shear zone (Drury Cove area) and 

the Hammond River area; however, the mica schists in these areas are 

also overprinted by younger contact metamorphism and yield 40Ar/39Ar 

muscovite ages of ca. 510 Ma. 

Although the principal exposure of the Green Head Group is in the 

Saint John area, Wardle (197S) extended the group to include a small 

fault-bounded sliver of marble and mica schist in the Hammondvale area 

70 km to the northeast. This sliver was considered to be a higher 

metamorphic grade equivalent of the Ashburn Formation (McCutcheon, 1978; 

Ruitenberg et al., 1979; McLeod et al., 1994), and was named the 

Hammondvale metamorphic unit by Barr and White (1991a). This study has 

shown that the lithological assemblage in the Hammondvale metamorphic 

unit is distinct from that in the Ashburn Formation, and that the unit 

experienced high-pressure/low-temperature metamorphism at ca. 600 Ma 

C^Ar/^Ar muscovite ages) that is not present in the Green Head Group. 

TheBe differences, combined with the presence of Byenogranite dykes 
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related to the Bonnell Brook Pluton, suggest that this unit is part of 

the Caledonia terrane (see section 7.2). 

7.1.2. BROOKVILLE GNEISS 

The Brookville Gneiss is a locally migmatitic, cordierite-

sillimanite-biotite-K-feldspar-bearing paragneiss with granodioritic to 

tonalitic orthogneiss and amphibolite. To categorize all these 

lithologies as tonalitic (cf. Currie et al., 1981 to Currie, 1991) is an 

over-simplification. The Brookville paragneiss contains detrital 

zircona ranging in age from Neoproterozoic to Mesoarchean. The youngest 

zircon (ca. 641 Ma) is interpreted to constrain the maximum age for the 

sedimentary protolith (Bevier et al., 1990). Zircon from the 

orthogneiss indicates an igneous crystallization age of ca. 605 Ma 

(Bevier et al., 1990; Dallmeyer et al., 1990). The orthogneiss and 

associated amphibolite are interpreted to represent pre-metamorphic 

intrusions in the protolith of the paragneiss. Amphibolite-facies 

metamorphism in the gneiss was of a low-pressure/high-temperature type 

with an anomalously steep geothermal gradient on the order of 75°C/km. 

Metamorphiam and deformation were initiated in the Late Neoproterozoic 

(ca. 564 Ma) and continued up to juxtaposition with the Ashburn 

Formation along the MacKay Highway shear zone at ca. 548 Ma. Although 

the MacKay Highway shear zone has locally conflicting ahear-sense 

Indicators, the gneiss is strongly deformed with locally well developed 

mineral lineations and asymmetric porphyroclasts, suggesting an overall 

dextral tranBpressional sense of movement for this zone. This event may 

h&ve been broadly synchronous with regional greenschist-facies 

metamorphism in the immediately adjacent Ashburn Formation (Fig. 7.1a). 

The relationship between the Brookville Gneiss and the Green Head 

Group prior to ca. 548 Ma is still unknown; however, many 

interpretations have been proposed, dimming (1916), Hayes and Howell 

(1937), Belyea (1939, 1944, 1945), and Ruitenberg et al. (1975, 1979) 
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considered the Brookville gneiss to be entirely igneous in origin and 

intrusive into the Green Head Group. Alcock (1938) and Leavitt (1963) 

recognized both orthcgneissic and paragneissic components; they 

considered the orthogneiss to be intrusive into the Green Head Group and 

the paragneiss to be metamorphosed Green Head Group. Leavitt (1963) 

also suggested that some of the paragneiss may represent basement on 

which the Green Head Group accumulated. O'Brien (1976), Rast et al. 

(1976a, b), and Wardle (1978) alao recognized orthogneiBB and 

paragneiss; however, Wardle (1978) further suggested that the 

orthogneiss originated as a metamorphic aegregation from a "mobilized 

basement" that intruded syn-metamorphically into paragneiss of the Green 

Head Group during the Grenville Orogeny. He alao suggested that this 

event amphibolitized the margins of the Indiantown Gabbro. The tectonic 

character of the MacKay Highway shear zone was noted "*-•" Wardle (1978) 

but he interpreted it as a "gneiss front", where gneisses exhibit a 

rather abrupt change to weakly metamorphosed biotite schist over a very 

short distance. 

The paragneiss and orthogneiss ware both interpreted to represent 

a remobilized Aphebian to Grenvillian "tonalitic" basement unconformably 

overlain by the Green Head Group (Currie et al., 1981; Currie, 1983, 

1984, 1986a, 1987a, b, c, 1988a, b; Olszewski and Gaudette, 1982; Nance, 

1986, 1987a, 1988, 1990; Nance et al., 1990, 1991). These authors 

suggested that "remobilization" occurred several times corresponding to 

intrusion of plutonic units. This resulted in "mutually intrusive 

contacts" between the Green Head Group and Brookville Gneisa (Fig. 7.1). 

Superficially, the Brookville Gneiss and Green Head Group appear 

to have a basement-cover relationship (e.g. Wardle, 1978). The 

Brookville Gneiss waa considered to have an older, more complex 

structural history than the Green Head Group and the metamorphic grade 

contraets sharply between the two units. However, the "complex" 

structural history in the Brookville Gneisa 1B interpreted here to be 

the result of several phaBeB of a single progressive period of ca. 564-
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540 Ma deformation with associated amphibolite faciea metamorphism, 

related to the juxtaposition of the Brookville Gneiss with the Green 

Head Group along the MacKay Highway shear zone. In addition, if the 

Neohelikian (Meaoproterozoic) stromatolite age of Hofmann (1974) is 

correct, then the Green Head Group is older than the Brookville Gneiss, 

which precludes a basement-cover relationship (Fig. 7.1a). 

The presence of marble and feldBpar-rich quartzite is consistent 

with a sedimentary protolith for the paragneiss in the Brookville 

Gneisa. Although the gneiss contains abundant pelite and minor marble 

suggesting a depositional environment similar to that of the Martinon 

Formation, the age difference demonstrated during the present study is 

inconsistent with th'? interpretation that the paragneiss is a high-grade 

metamorphic equivalent of parts of the Green Head Group. 

The tectonic setting for low-pressure/high-temperature 

metamorphism of the Brookville Gneiss is unclear but is attributed to 

regional high heat flow that may be the result of mafic intrusions at 

shallow depths (e.g. Wickham and Oxburgh, 1987; Lux et al. 1986; 

Rothatein and Hoiach, 1994) or extreme crustal attenuation (e.g. Golderg 

and Leyreloup, 1990). The spatially limited outcrop exposure of the 

Brookville Gneiss and the lack of igneous material similar in age to the 

amphibolite-faciea metamorphism preclude identification of any one of 

these above processes. However, the narrow time span between inferred 

peak amphibolite-facies metamorphism (ca. 564 Ma) and cooling (<ca. 548 

Ma) is consistent with an intrusive model. 

7.1.3. PLUTONIC AND VOLCANIC UNITS 

The main magmatic event in the Brookville terrane occurred in the 

Late Neoproterozoic to Cambrian. It involved emplacement of numerous 

calc-alkaline plutons and associated pegmatite/aplite dykes. Systematic 

examination of the plutons on the basis of mineralogical and chemical 

variations, unique textural and mineralogical features, and age led to 
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the recognition of 29 diBtinct plutonic units (Map A). Theae are 

broadly grouped into four main packages: 1) medium-grained diorite to 

granodiorite; 2) coarse-grained monzogranite to granodiorite; 3) medium-

grained syenogranite to monzogranite; 4) coarae-grained gabbro and 

ultramafic rocks. The expanded I-type character of these plutonic unitB 

is consistent with generation at a continental margin subduction zone. 

The Dipper Harbour volcanic unit is interpreted to be an eruptive 

equivalent of syenogranitic plutonB in the terrane, and together they 

are interpreted to represent a chemically evolved part of thia Late 

Neoproterozoic to Early Cambrian volcanic arc. Evidence from *°Kr/39kr 

data and the restriction of volcanic and ayenogranitic rocks to the 

aouthweatern part of the Brookville terrane suggests that this area 

represents a higher level of exposure compared to the rest of the 

terrane. However, radiometric data from across the terrane suggest that 

many of the plutons were emplaced at relatively high crustal levels and 

cooled rapidly. 

It ia not clear if magmatic activity waa continuous between ca. 

550-500 Ma or if two discrete episodes occurred at ca. 550-525 Ma and 

ca. 520-500 Ma (Fig. 7.1a). Even though the plutons cooled rapidly, 

they were responsible for widespread contact metamorphism in the Green 

Head Group. 

Traditionally, all of the plutonic units in southern New 

Brunswick, together with the Brookville Gneiss, were included in a 

single assemblage, termed the Golden Grove Intrusives or Golden Grove 

Intrusive Complex (e.g. Hayes and Howell, 1937). The age(a) of theBe 

plutona were variably considered to be Late Proterozoic, Ordovician, or 

Carboniferous, baaed largely on what 1B now considered unreliable 

radiometric data (e.g. Ruitenberg et al., 1979; Olszewski and Gaudette, 

1982), and their tectonic significance was not known. Sufficient 

detailed mapping, and related geochronological, chemical, and 

petrological studies have now been completed (e.g. Barr and White, 1988, 

1996; White et al., 1990b; Barr et al., 1994; and this atudy) to enable 
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a clear understanding of the relationships among many of the plutonic 

units in southern New Brunawick. 

Plutonic unita in the Brookville terrane were previously 

correlated with a similar compositionally expanded, calc-alkalic, I-type 

plutona of the Caledonia terrane (e.g. Deveau, 1989). However, plutonB 

in the Caledonia terrane are typically deformed and metamorphosed to 

greenachiBt facieB (White and Barr, 1991). In addition U-Pb dates show 

that they were emplaced at ca. 625-615 Ma (Barr et al., 1994), and hence 

are considerably older than Brookville terrane plutons. Younger ca. 

560-550 Ma plutona in the Caledonia terrane, although more similar in 

age to plutonB of the Brookville terrane, are bimodal syenogranite-

gabbro/diorite suites that are related to a major rifting event, and 

hence not petrochemically similar to the Brookville terrane plutons. 

The Dipper Harbour volcanic unit was previously interpreted to be 

Carboniferous in age, interlayered with fossiliferous sedimentary rocks, 

regionally metamorphosed, intruded by Carboniferous granite, and 

subsequently deformed by a major Carboniferous thrusting event (Rast and 

Grant, 1973a, b; Ruitenberg et al., 1979; Dickson, 1983; Rast and 

Skehan, 1991). Other workers (McCutcheon, 1984, 1985; Currie, 1986a, b; 

1987a, b; Currie and Hunt, 1991; Nance, 1986a, 1987b; Eby and Currie, 

1993) considered the volcanic and associated plutonic rocks to be 

Precambrian (Neoproterozoic) in age, but correlated them with the 

Coldbrook Group of Barr and White (1988). 

Detailed examination of this area during this study confirms a 

Late Neoproterozoic age for the volcanic and plutonic unitB and a 

Carboniferous age for the fossiliferous sedimentary racks, but failed to 

confirm the existence of a regional metamorphic event. The Dipper 

Harbour volcanic unit and associated syenogranite plutons form a large 

single thrust sheet that was thrust over Carboniferous sedimentary rocks 

in the Late Carboniferous. Present U-Pb dates are not sufficiently 

precise to resolve any age differences between the Dipper Harbour 

volcanic unit and associated syenogranite plutons and the Coldbrook 
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Group. However, chemical data suggest that the former have affinity 

with the Brookville terrane and not with the distinctly bimodal 

Coldbrook Group and related plutonB that formed in an extensional 

environment (e.g. Barr and White, 1988, 1996; Barr et al., 1994). 

7.2. RELATIONSHIP OF THE BROOKVILLE TERRANE TO ADJACENT AREAS 

In addition to the Brookville terrane, three other distinct 

tectonostratigraphic terranea or belta have been recognized in southern 

New Brunawick, all of which have been traditionally included in the 

Avalon Zone or Terrane (compare Fig 1.1 to 1.3). These include the 

Caledonia terrane (Barr and White, 1989, 1991), the Kingston Complex 

(Currie, 1984), and the New River belt (Johnson and McLeod, 1994) (Fig. 

1.3, 7.2). 

7.2.1. Caledonia terrane 

The Caledonia terrane comprises rocks of two main ages (Bevier and 

Barr, 1990; Barr et al. 1994; Barr and White, 1996, in press) (Fig. 

7.2). The older (ca. 635-600 Ma) volcanic and sedimentary rocks have 

been regionally metamorphosed to greenschist facies and contain epidote, 

chlorite, and muscovite-bearing mineral assemblages. The associated 

plutonic units (ca. 625-615 Ma) are calc-alkaline and formed during 

subduction at a continental margin (Barr and White, 1988). The younger 

volcanic-sedimentary group (ca. 560-550 Ma) is unmetamorphosed and 

intruded by a ca. 560-550 Ma suite of bimodal plutons typical of post-

orogenic extension (Barr and White, 1988). These unitB are overlain by 

Bhallow to deep-water sedimentary rocks of the Cambrian to Ordovician 

Saint John Group that contain an Acado-Baltic fauna (Tanoli and 

Pickerill, 1988, 1990). On the basis of character and age of rock 

units, the Caledonia terrane is considered part of the Avalon terrane 

sensu stricto, like the area east of the Dover-Hermitage Bay fault 
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ayatem in Newfoundland (e.g. O'Brien et al., 1983). The Caledonia 

terrane ia separated from the Brookville terrane by the Caledonia-Clover 

Hill Fault (Fig. 1.3). 

The Brookville terrane experienced ca. 564-548 Ma low-

preaaure/high-temperature amphibolite-faciea metamorphism that ia not 

preaent in the Caledonia terrane. Although the calc-alkaline plutons in 

the Brookville terrane are compositionally similar to ca. 625-615 Ma 

plutons in the Caledonia terrane, they have yielded considerably younger 

crystallization and cooling ages (ca. 550-510 Ma). 

The radiometric data from the Brookville terrane indicate that 

temperatures remained elevated (>300°C) from 550 to 500 Ma, coincident 

with the tectonic juxtaposition of the high-grade Brookville Gneiss with 

the low-grade Green Head Group, and with emplacement of numerous calc-

alkaline plutons. This age range coincides with passive platformal 

conditions in the Caledonia terrane and the deposition of the Saint John 

Group. 

The existence of separate Brookville and Caledonia terranes in 

southern New Brunswick was not supported by Dallmeyer and Nance (1992) 

and Nance and Dallmeyer (1994). They agreed that the Brookville and 

Caledonia "assemblages" had separate tectonothermal histories in the 

latest Neoproterozoic through Late Paleozoic but argued that they were 

proximal tectonic elements prior to ca. 550 Ma. This assumption was 

based on magmatism of similar age and composition in the Brookville 

terrane (referring to the ca. 605 Ma orthogneiss in the Brookville 

Gneisa) and regional metamorphism of broadly similar age in both the 

Brookville and Caledonia "assemblages". They suggested that the 

Brookville and Caledonia "assemblages" were subsequently separated by 

extension or strike-slip movements prior to 550 Ma. Magmatic activity 

ceased in the Caledonia "assemblage" and was followed by the deposition 

of shallow to deep-water marine strata (Saint John Group), whereas 

subduction in the Brookville "assemblage" continued well into the 

Cambrian. 
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Although the age and chemical affinity of ca. 605 Ma orthogneiss 

in the Brookville Gneiss is similar to that of the older igneous units 

in the Caledonia terrane, it ia apatially and compositionally much more 

restricted. The orthogneissic protoliths are tonalitic to granodioritic 

or gabbroic in composition, whereas tonalitic to granodioritic plutons 

in the Caledonia terrane have ages of ca. 625-615 Ma. The host rocks to 

the ca. 605 Ma orthogneisB in the Brookville terrane are also 

aignificantly different from those that host the ca. 625-615 Ma plutons 

in the Caledonia terrane. The Brookville Gneisa consists predominantly 

of a pelitic protolith with minor calc-silicate, carbonate, and 

quartzite, whereas the units in the Caledonia terrane are dominantly 

volcanic tuffs with subordinate slate and arkosic rocks (Barr and Whits, 

1988, 1996, in press). 

The minimum age of regional metamorphism in the Hammondvale 

metamorphic unit ia established by 40Ar/39Ar muacovite ages of ca. 600 

Ma. By comparison, regional metamorphism in the 635-600 Ma part of the 

Caledonia terrane may be of similar age. This metamorphism is both 

older and different in Btyle from the ca. 564-548 Ma low-preBsure/high-

temperature metamorphism in the Brookville Gneiss and associated 

greenschist-facies metamorphism in the Green Head Group. The younger 

ca. 560-550 Ma units in the Caledonia terrane have not been 

metamorphosed. 

7.2.2. Kingston Complex 

The Kingston Complex (Currie, 1984; Nance and Dallmeyer, 1993) is 

a northeast-trending belt of volcanic and plutonic rocks intruded by a 

suite of mafic and felsic dykes that display varying degrees of 

metamorphism and mylonitization (e.g. Pocologan mylonite zone). 

Geochronological and geochemical data indicate that the plutonic-

volcanic units and associated dykes were emplaced in an Early Silurian 

sinistral transtensional setting (Doig et al. 1990; Eby and Currie, 
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1993; McLeod et al. 1994). Most of the complex in the southwest waB 

subaequently metamorphosed to lower amphibolite faciea and deformed 

during Late Silurian to Early Devonian dextral transpression (Fig. 7.2) 

(e.g. Leger and Williams, 1986; Nance and Dallmeyer, 1993). The 

Kingston Complex haB been interpreted to reflect either accretion of the 

Avalon terrane to cratonic North America (e.g. Nance and Dallmeyer, 

1993) or magmatic activity along a major transcurrent fault near the 

edge of the Avalon terrane (Eby and Currie, 1993). The Kingston Complex 

is separated from the Brookville terrane by the New River Beach-

Kennebecasis fault (Pig. 1.3). 

In contrast to the Kingston Complex, no Silurian to Early Devonian 

unite have been recognized in the Brookville terrane, although the 

abundant mafic dykeB have been correlated with those in the Kingston 

Complex (e.g. Nance et al., 1990). The age of dyke emplacement in the 

Brookville terrane is poorly constrained between ca. 510 Ma and 370 Ma, 

so a Silurian age is possible. However, they are not bimodal or 

metamorphoaed (even those close to the Kingston Complex), and they 

typically display a volcanic arc affinity in contrast to the extensional 

affinity of the Kingston Complex dykes (cf. Eby and Currie, 1993). 

Currie (1987a), McLeod et al. (1994), and Park et al. (1994) 

considered the Pocologan mylonite zone in the southwest to be the 

ductile equivalent of the Kennebecasis Fault to the northeast, and 

interpreted it to affect plutonic rocks of the Brookville terrane. Eby 

and Currie (1993) further argued that some truncated plutons appear on 

opposite BideB of the complex without significant displacement. 

However, mylonites were not observed in units adjacent to this fault in 

the Brookville terrane, and the Kingston Complex and associated 

Pocologan mylonite zone are separated from the Brookville terrane by the 

brittle New River Beach-Kennebecasis fault along their entire boundary. 

Furthermore, contrary to the interpretation of Dallmeyer and Nance 

(1990) and Nance and Dallmeyer (1994), there is no evidence in the 

Brookville terrane for a thermal event younger than ca. 500 Ma. 
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7.2.3. New River Belt 

The New River Belt or terrane (Johnson and McLeod, 1994; Barr et 

al.; 1995) includes a suite of calc-alkaline Late Neoproterozoic plutons 

and minor cogenetic felsic volcanic rocks overlain by Early Cambrian to 

Late Ordovician volcanic and sedimentary units that locally contain 

Acado-Baltic fauna (Greenough et al., 1985). Minor Silurian Bedimentary 

and volcanic rocks are asaociated with these units (McLeod et al. 1994). 

Units in the New River Belt are locally contact metamorphosed by Late 

Devonian plutons (Fig. 7.2). The New River Belt is in faulted contact 

against the Kingston Complex along its southeastern margin (BelleiBle 

Fault) and against the Annidale belt (McLeod et al., 1992} along its 

northwestern margin (Wheaton Brook Fault) (Fig. 1.3). 

Based on present data the New River Belt displays some 

similaritiea to both the Caledonia and Brookville terranes. The 

Cambrian sedimentary units in the New River Belt are equivalent in age 

to sedimentary rocka of the Saint John Group and contain similar Acado-

Baltic fauna. However, abundant rift-related volcanic rocks are 

associated with the sedimentary unite in the New River Belt whereas 

Cambrian sedimentary units in the Caledonia terrane lack volcanic rocks 

and were deposited in a passive margin setting. Compared to the 

Brookville terrane, the New River Belt displays similar Late 

Neoproterozoic to Cambrian magmatic/volcanic activity and hence may 

contain the extrusive equivalents of many plutonic units in this terrane 

(Fig. 7.2). If correct, this implies that the New River Belt may be 

part of the Brookville terrane, physically separated from it by Silurian 

transtension and magmatism represented by the Kingston Complex. 

Volcanism and sedimentation continued sporadically in the New 

River Belt wel\ into the Silurian, in contrast to the Brookville and 

Caledonia ter 'les where magmatism, volcanism, and sedimentation 

generally ceased by Early Ordovician time. However, in the Caledonia 

terrane there iB evidence of minor Ordovician and Devonian volcanism 
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(Barr et al., 1994) (Fig. 7.1). 

7.2.4. Timing of Terrane Amalgamation 

The timing of initial juxtaposition of the Brookville terrane with 

the Caledonia terrane is poorly constrained by the available data. It 

clearly post-dated the deposition of the Cambrian to Ordovician Saint 

John Group in the Caledonia terrane. Dallmeyer and Nance (1990) and 

Nance and Dallmeyer (1994) suggested that the low-temperature ^Ar/^Ar 

release atepa from muscovite defined a major thermal event at ca. 400 Ma 

in the Brookville terrane and Saint John Group. They speculated that 

this recorded the initial juxtaposition of the Brookville and Caledonia 

terranes in the middle Paleozoic. This appeared to be further 

aubatantiated by ca. 420 Ma *°hr/39Ar whole-rock phyllite ages from low-

grade metavolcanic unite in Caledonia terrane (Dallmeyer and Nance, 

1994). A major tectonothermal event of similar Silurian-Devonian age 

has been documented in the Kingston Complex (Nance and Dallmeyer, 1993). 

Dallmeyer and Nance (1990) and Nance and Dallmeyer (1994) suggested that 

the development of the Kingston Complex during the early Silurian, and 

its deformation and metamorphism during the Late Silurian to Early 

Devonian, may be related to the initial juxtaposition of terranes in 

southern New Brunswick with the outboard Meguma terrane. 

Although the Caledonia terrane and Kingston Complex may have 

shared a thermal event at ca. 400 Ma, this event is not evident in the 

Brookville terrane. The only stratigraphic unit that unequivocally 

links these terranes is the Late Devonian to Carboniferous Horton Group 

(Fig. 7.2) (St. Peter, 1993; McLeod et al. 1994). Late Carboniferous 

thrust faults in the southwestern Brookville terrane are related to the 

Cobequid-Chedabucto fault system and the juxtaposition of the Meguma 

terrane with the Caledonia and Brookville terranes in southern New 

Brunswick. All the northeaat-trending, terrane-bounding faults deform 

theae Late Devonian to Late Carboniferous sedimentary strata suggesting 
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that movements may have continued well into the Mesozoic (e.g. Roberts 

and WilliamB, 1993). 

7.3. REGIONAL CORRELATIONS 

Rocks of the Brookville terrane are lithologically similar to 

assemblages documented in the Bras d'Or terrane of central Cape Breton 

Island (Barr and Raeside, 1986, 1989; Raeside and Barr, 1990). The Bras 

d'Or terrane is in faulted contact on the southeast with the Mira 

terrane, a series of volcanic and sedimentary belts similar to the 

Caledonia terrane (Barr and White, in press). The Bras d'Or terrane is 

characterized by a suite of low-pressure/high-temperature cordierite-

bearing gneiss and migmatite (e.g. Jamieson, 1984) collectively termed 

the Bras d'Or metamorphic suite (Raeside and Barr, 1990). The protolith 

age(a) for the Bras d'Or gneiss is unknown; however, limited 

geochronological data indicate that amphibolite-facies metamorphism 

occurred at ca. 550-540 Ma (Keppie et al., 1990; Sangster et al., 1990; 

Davis, 1994) and ca. 500 Ma (Keppie and Dallmeyer, 1989; Dunning et al., 

1990). The gneiBB is typically in faulted contact with mainly low-grade 

(locally medium- to high-grade) siliciclastic, carbonate, and volcanic 

rocks that have been interpreted to be equivalent to the Green Head 

Group (e.g. Poole, 1967). The depositional age of these unitB is 

uncertain, although the youngest detrital zircon extracted from a 

quartzite in the Creigniah Hills yielded an age similar to that from the 

Green Head Group at ca. 1200 Ma (Davis, 1994). Armitage (1989) and 

Campbell (1990) suggested that an unconformable relationship originally 

existed between the Bras d'Or metamorphic suite and the low-grade rocks. 

Both the Braa d'Or metamorphic suite and the stratified units are 

intruded by a compositionally expanded suite of Late Neoproterozoic (ca. 

565-555 Ma) calc-alkaline plutons, slightly older than comparable 

plutons in the Brookville terrane (Dunning et al., 1990; Farrow and 

Barr, 1992; Dallmeyer and Keppie, 1993). 
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The Bras d'Or terrane is also intruded by a younger suite of ca. 

500 Ma granitic plutons, the result of crustal melting during post-

orogenic uplift (e.g. Barr, 1990) or localized extension (White et al., 

1994). In the southeastern part of the Bras d'Or terrane, these 500 Ma 

plutonic unite: are associated with a fault-bounded belt of Middle 

Cambrian to Early Ordovician sedimentary and volcanic rocks (Bourinot 

belt of White et al., 1994) that contain an Acado-Baltic fauna 

(Hutchinson, 1952). Similar Middle Cambrian to Early Ordovician 

sedimentary and volcanic rocks exist in the New River Belt and hence may 

provide an early Paleozoic link between this belt and the Brookville and 

Bras d'Or terranes. In the Brookville terrane, ca. 500 Ma plutonic 

units have not been recognized, although '"'Ar/̂ Ar data indicate a 510-

500 Ma tectonothermal event that may have been related to plutonism. 

Lithologies like those of the Brookville terrane also occur in the 

Hermitage Flexure of southern Newfoundland. The most characteristic 

elements in this zone are Late Neoproterozoic (ca. 578-563 Ma) plutonic 

units that intruded undated amphibolite-facies gneiss (Cinq Cerf Gneiss) 

and a greenBchist-facies sedimentary and volcanic succession (Whittle 

Hill Sandstone-Third Pond Tuff) (Dunning and O'Brien, 1989; O'Brien et 

al., 1991; O'Brien et al., 1993). Orthogneiss(?) of the Grey River 

Gneisa, interpreted to be equivalent to the Cinq Cerf Gneiss, yielded a 

crystallization age of ca. 686 Ma and a metamorphic age of ca. 579 Ma 

(Dunning and O'Brien, 1989). Although these ages have relatively high 

errors associated with them, they are still considerably older than 

equivalent ages from the Brookville Gneiss. Associated with the Grey 

River Gneiss is a narrow zone of low-grade ca. 544 Ma volcanic and 

sedimentary rockp (Dunning and O'Brien, 1989). This unit ia similar in 

age to older parts of the New River Belt; however, Acado-Baltic fauna 

have not been reported in the Newfoundland sequence which makes this 

correlation speculative. The Whittle Hill-Third Pond succession, 

although apparently lacking carbonate rocks, contains quartzite, 

sandstone, turbidite, olistostrome, and tuff lithologies similar to some 

I " 
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low-grade units in the Bras d'Or terrane and to the Martinon Formation 

of the Brookville terrane. Although these units are in faulted contact 

with the Cinq Cerf Gneiss, O'Brien et al. (1993) suggested that they 

were originally deposited on the gneiss. All of these unitB experienced 

high-grade Early Cambrian (ca. 543 Ma) regional metamorphism of as yet 

undefined character (O'Brien et al., 1993), and were intruded by ca. 500 

Ma plutons (Dunning and O'Brien, 1989; O'Brien et al., 1991). The rocks 

in the Hermitage Flexure have had a long and complex geological history; 

however, the broad similarities in lithologies, style of plutonism and 

metamorphism, and age to the Brookville and Bras d'Or terranes suggest 

that all of these areas may be correlative. 

7.4. IMPLICATIONS FOR PALINSPASTIC RESTORATION 

The Avalon terrane in Atlantic Canada ia characterized by Late 

Neoproterozoic (ca. 620 Ma) calc-alkalic volcanic and plutonic unitB and 

varied younger (ca. 575-550 Ma) tholeiitic to calc-alkalic to alkaline 

and peralkaline bimodal volcanic and plutonic rocks (e.g. Barr and 

White, in press; Barr and Kerr, in press). These units are overlain by 

latest Neoproterozoic to Early Paleozoic sequences that contain an 

Acado-Baltic fauna considered to be distinct from the Laurentian fauna 

(e.g. Neuman, 1994). 

Based on regional similarities (Bection 7.3), the Brookville and 

Bras d'Or terranes, and parts of the Hermitage Flexure have been 

correlated and collectively referred to as Bras d'Oria (e.g. Barr and 

White, in preBS). In the Late Neoproterozoic and Early Late Paleozoic, 

most of Bras d'Oria was experiencing deformation, subduction-related 

plutonism and associated thermal overprinting, and uplift, whereas 

sedimentary rocks were being deposited in tectonically quiet basins in 

the Avalon terrane. However, the presence of volcanic and sedimentary 

rocks containing Acado-Baltic fauna in the Bras d'Or terrane (Bourinot 

belt of White et al., 1994) and the New River Belt appears to provide a 

a 
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link in the Late Neoproterozoic and Early Palaeozoic between Bras d'Oria 

and other areas with such fauna, including the Avalon terrane sensu 

stricto (e.g. Landing, 1991a, b, 1994). The significance of this link 

ia controversial (White et al., 1994). The presence of Acado-Baltic 

fauna in the New River belt has been used to provide evidence of a 

direct, contiguous link with the Avalon terrane (e.g. Greenough et al., 

1985); however, it may also be interpreted to mean that both of these 

terranes, although separate, were formed on the non-Laurentian margin of 

the lapetus Ocean. 

Although many of the detrital and xenocrystic zircon ages have 

large errors associated with them, they can be used as a first 

approximation in broad comparisons between terranes in the Northern 

Appalachian orogen. Many of the plutonic and volcanic units in the 

Avalon terrane contain abundant xenocrystic zircons that range in 

2ff7Pb/206Pb and upper intercept ages from ca. 700 to 3500 Ma (Bevier and 

Barr, 1990; Bevier et al., 1993; Barr et al., 1994; Samson, in press); 

however, many cluster at ca. 925, 1025, 1500, and 2500 Ma. Detrital 

zircons from the Georgeville Group in the Avalon terrane around 

Antigonish range from ca. 600 to 2606 Ma and cluster at ca. 625, 1200, 

and 1525 Ma (Keppie and Krogh, 1990; Davis, 1993, 1994). Detrital 

zircons from the Brookville Gneiss and Green Head Group and correlative 

units in the Creignish Hills of the Bras d'Or terrane have a similar 

range in ages to those of the Avalon terrane (ca. 641 to 2830 Ma; Bevier 

et al., 1990; Davis, 1993, 1994; D. Davis personal communication, 1995), 

but cluster at ca. 675, 1200, 1625, 1850, and 2700 Ma. Orthogneissic 

units in the Brookville Gneiss and the Lime Hill Gneisa in the Bras d'Or 

terrane contain a minor component of xenocrystic zircons which have ages 

that range from ca. 1329 to 2330 Ma; however, most are older than 1.9 Ga 

(Bevier et al., 1990; Sangster et al., 1990). In contrast, the Late 

Neoproterozoic to Cambrian plutonic units in Bras d'Oria contain even 

less xenocrystic zircon and are typically devoid of inheritance (e.g. 

Barr et al., 1990b; Dunning et al., 1990; White et al., 1990; Bevier et 
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al., 1991). However, where present (e.g. Fairville Granite), upper 

intercept agea are greater than 1.9 Ga. It is possible that the lack of 

abundant ancient zircon inheritance in Bras d'Oria indicates a 

fundamental difference between the two terranes and is evidence against 

a direct link. 

The distinction between Bras d'Oria and the Avalon terrane ia 

further supported by isotopic data which suggeBt that they evolved on 

crust with significantly different isotopic signatures (e.g. Barr and 

Hegner, 1992; Fryer et al., 1992; Whalen et al., 1994; AyuBO et al., in 

press). Lithologies in the Brookville terrane all have negative eNli and 

elevated 180 suggesting involvement of more ancient and weathered 

crustal material than thoBe in the Avalon terrane (cf. Whalen et al., 

1994). 

Because the detrital zircon dates from Bras d'Oria and the Avalon 

terrane are similar to cratonic provinces in the Amazonian craton, not 

the WeBt African Craton (e.g. Nance and Murphy, 1994) a peri-Amazonian 

(or peri-Gondwana) (Murphy and Nance, 1991) position has been inferred 

for these terranes during the Neoproterozoic. Nd isotopic data and 

xenocrystic zircon dates support this interpretation for the Avalon 

terrane because the crustal material that fulfills the isotopic 

requirements ia exposed in the Amazonian Craton (Pimental and Fuck, 

1992). However, Nd isotopic data and xenocrystic zircon dates (>1.9 Ga) 

for Bras d'Oria suggest that thia terrane formed on ancient crust 

similar in age and isotopic composition to that exposed in the West 

African Craton (Nance and Murphy, 1994). It is proposed that BraB 

d'Oria formed on crust typical of the WeBt African Craton but it was 

close enough to derive sediments from the exposed ancient crust of the 

Amazonian Craton. This interpretation suggests considerable 

palinspastic separation between the Brookville and Caledonia terranes 

until the Late Paleozoic. 
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CHAPTER 8 

CONCLUSIONS 

1. The Brookville terrane of southern New Brunswick conaists of the 

Green Head Group, Brookville Gneiss, Dipper Harbour volcanic unit, and 

associated plutonic units. 

2. The Green Head Group ia the oldest unit in the Brookville terrane 

and conaiata of the Ashburn Formation, a dominantly carbonate sequence, 

and tha Martinon Formation, a siliciclastic sequence. These formations 

represent lateral faciea equivalents that were deposited at a passive 

stable continental margin. Baaed on stromatolite fossils and detrital 

zircon agea, the depositional age of the Green Head Group ia interpreted 

to be Meaoproterozoic with a maximum age of 1230 Ma. The Green Head 

Group waa moderately to intensely folded after deposition and prior to 

contact metamorphism by ca. 548-537 Ma plutonic units. Contact 

metamorphism rangea from albite-epidote to hornblende-hornfela faciea, 

with local areas of pyroxene-hornfels facies. Older greenschist-facies 

regional metamorphiam is preaent only in the northeast where deeper 

parte of the Ashburn Formation are exposed. 

3. The Brookville Gneiss is a locally migmatitic, cordierite-

sillimanite-biotite-K-feldspar-bearing paragneiss with granodioritic to 

tonalitic orthogneiss and amphibolite. Based on detrital zircon, the 

maximum age for the sedimentary protolith of the paragneiss is ca. 641 

Ma. The orthogneiss has an igneous crystallization age of ca. 605 Ma. 

Amphibolite-facies metamorphism in the gneiss was of low-pressure (2.5 ± 

1 kbar)/high-temperature (645 ± 50°C) type that was initiated at ca. 564 

Ma. 
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4. The Brookville Gneiss in not basement to the Green Head Group. The 

two units were juxtaposed along the Late Neoproterozoic MacKay Highway 

shear zone, which records a significant dextral transpressional aenae of 

movement. Thia movement waa responBible for intense deformation in the 

Brookville Gneiss and overprinted structural featurea in the adjacent 

Ashburn Formation of the Green Head Group. 

5. The main plutonic event and associated volcanism (Dipper Harbour 

volcanic unit) occurred in the Late Neoproterozoic to Early Cambrian. 

The plutons are compositionally expanded, calc-alkalic, and I-type, 

emplaced in a continental margin subduction zone. They are broadly 

grouped into four main packages: 1) medium-grained diorite to 

granodiorite; 2} coarse-grained monzogranite to granodiorite; 3) medium-

grained syenogranite to monzogranite; and 4) coarse-grained gabbro and 

ultramafic rockB. They are exposed at more shallow crustal levels in 

the southeast, where they are associated with the Dipper Harbour 

volcanic unit, compared to the northeast, where they intruded the 

Brookville Gneiss and Green Head Group. Even though the plutons cooled 

quickly, they were responsible for wide-apead contact metamorphiam in 

the Green Head Group. 

6. The Brookville terrane was deformed by ateep, northeaat-trending, 

dextral strike-slip faults and associated foldB in the Middle to Late 

Paleozoic. The two prominant faults include the terrane-bounding 

Caledonia-Clover Hill Fault on the southeast and the New River Beach-

Kennebecasia Fault on the northeast. 

7. The southwestern part of the terrane was strongly deformed by Late 

Carboniferous northwest-directed compression which thrust a single large 

sheet of Brookville terrane volcanic and plutonic rocks over 

Carboniferous sedimentary rocks. This thrusting is interpreted to have 

occurred after dextral transpression asaociated with the Cobequid-
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Chedabucto fault ayatem and the juxtaposition of the Meguma terrane. 

Many of the northeast-trending Carboniferous faulta were reactivated 

with a normal aenae of movement during the development of the Early 

Meaozoic Fundy Basin. This event also produced a series of steep, 

northwest-trending faulta. 

8. The Brookville terrane ia considered to be closely related to the 

New River Belt to the northeast, from which it is now separated by the 

Silurian Kingston Complex. Together these areaB are correlated with the 

Bras d'Or terrane of Cape Breton Island and parts of the Hermitage 

Flexure of southern Newfoundland. These elements have a 

tectonostratigraphic assemblage that is separate and distinct from that 

in the Avalon terrane sensu stricto, as represented in southern New 

Brunswick by the Caledonia terrane. However, like the Avalon terrane 

aenau atricto, the Brookville terrane and related areas formed on the 

periphery of Gondwana in the Late Neoproterozoic to Early Cambrian. 

I 
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APPENDIX A 

A.l. HISTORICAL PERSPECTIVE (pra-1966) 

The following historical review provides the geological background 

for more recent interpretations (see section 1.2). As one reviewB the 

voluminous literature pertaining to southern New Brunswick it is clear 

that the geology in this area is extremely complex and difficult to 

decipher and that the geological complexity may have been inadvertently 

compounded by the numerous geologists who have worked in the area. This 

review compiles numerous stratigraphic interpretations and 

classification hiariachies devised by early workers in southern New 

Brunswick as outlined in Table Al.l (in back pocket). The age 

terminology used here is based on the time scale of that era and haB not 

been upgraded to todays terminology. 

Geological investigations in southern New Brunswick began with the 

appointment of Dr. Abraham Gesner as the first Provincial Geologist. He 

published five annual reports from 1839 to 1843 that included geological 

studies from most areas of the province. In his first report Gesner 

(1839) divided southern New Brunswick (and thia Btudy area) into three 

simple classes: 1) granite and other crystalline rockn aferred to as 

the "Primary Series"; 2) Carboniferoua and Triassic sandstones and 

conglomerates termed the "Secondary Formations" and 3) the remainder of 

the rocks in southern New Brunswick called the "Transition Series" or 

"Greywacke System". 

In his second and third reportB, Gesner (1840, 1841) subdivided 

the Primary Series into granite, syenite (felsic volcanic rocka) and 

trap (basalt and gabbro) and described these as the oldest rocka exposed 

in New Brunswick. He also made important fossil discoveries in the 

Transition SerieB enabling him to divide this unit into an Older 

Greywacke Group consisting of unfossiliferous schists and an overlying 

Newer Greywacke Group consisting of a basal limestone, trap and 
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fosailiferoua alatea of Lower Silurian age. The Carboniferous Secondary 

Formations were divided into the Old Red Sandstone (Kennebacasia 

Formation), the Coal Measures (Lancaater Formation), and the New Red 

Sandstone (Triassic Lepreau Formation). Gesner (1841) provided the 

first geological map of New Brunswick (reproduced by Matthew in 1897). 

Robb (1841) uaed the terminology established by Gesner to describe the 

geological features along the Saint John River. 

In his fourth and fifth reportB, Gesner (1842, 1843) concluded 

that the fossil assemblages in the Newer Greywacke System are Cambrian 

in age and placed the granite, syenite and trap of the "Primary Series" 

in an older unit termed "Unstratified Rocks". 

After his dismissal from the provincial government, Gesner 

continued independent geological work in New Brunswick. Gesner (1847) 

further subdivided the diatribution of the granitea, syenite and trap 

and referred to the Older Greywacke Group as "Metamorphic Rocka". He 

alao discovered plant fossils in the Secondary Formation and suggested 

that portions of thiB formation are Devonian in age. 

The task of geological investigation fell to Robb who in 1850 

produced the second geological map of New Brunswick. Although Robb's 

map is baBed partly on Gesner's data he discounts much of the earlier 

work aa "unwarrantable exaggerations"'. Robb mapped Gesner's "trap" as 

"Blatea altered and disturbed by igneoua action" and divided the Primary 

Formations into trap, ayenite, feldspar rocks and porphyry. He also 

placed the Metamorphic Rocks and Greywacke Group in the Lower and Upper 

Silurian, respectively. 

Dawaon (1855) waa the next to work in southern New Brunswick and 

baaed much of hia work on Robb'a earlier interpretations. Dawson was 

concerned with the age of the crystalline limestone in the Greywacke 

Group. He auggeated that it could represent metamorphosed Lower 

carboniferous beds or may belong to an older Precambrian formation. 

However, on hia geological map he assigned an Upper Silurian to Devonian 

age to this crystalline limestone and included it as part of the Coast 

I 
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Metamorphic belt. Dawaon suggested that the igneous rocka are older 

than Devonian and poaaibly Laurentian (Precambrian) in age, but could be 

aa young aa Lower Silurian. He grouped theae rocka into the Granite 

Metamorphic District becauae of their similarities with igneous rocks in 

Nova Scotia. 

Dawaon (1861) made detailed subdivisions of the pre-Carboniferous 

rocks in Saint John and mapped conformable contacts among the marble, 

granitoid and volcanic rocks and shales. He grouped theae rocks into 

one stratigraphic package termed the Devonian Saint John group. In 1862 

Dawaon further subdivided the Saint John group into eight numerical 

packages and suggested that the age of the lower members (No. 7 and 8) 

may be Silurian. He grouped the plutonic rocks with the lower gneissic 

member. 

Matthew (1863) substituted local names for the numerical divisions 

of Dawson and provided a geological map showing the distribution of 

formations. He agreed with Dawson and did not separate the crystalline 

limestones and gneisses from the fossiliferous "Devonian". He named the 

lowest unit of limestone and gneiss the Portland Series and assigned 

this horizon to the upper part of the Silurian. He placed the Coldbrook 

Group (a lower Devonian sequence of green and red volcanic rocks and 

conglomerates) above this series, The Coldbrook Group was interpreted 

to be overlain by fossiliferous shales of the Saint John Group, followed 

by the Bloomsbury Group, largely of volcanic origin with an upper 

section of unfoBsiliferous sedimentary rocks. Overlying thia are the 

Little River and Mispec groups, largely comprising sedimentary rocks 

with abundant plant and rare insect fosBils. The red conglomerates of 

the Lower Carboniferous overlie these unita. Red conglomerates of the 

Triassic age were not recognized as such but included with the Devonian 

Mispec Group. 

Bailey (1865), Bailey et al. (1865) and Matthew (1865, 1868) did 

reconnaissance mapping east of Saint John and found a much wider 

distribution of the Portland, Coldbrook and Saint John groups. A very 



important reault of their work waa the discovery of distinctive fauna 

near the baae of tha Saint John Group that Hartt (1865) placed in the 

Lower Silurian. (Note: the Ordovician System waa not established until 

1879 by Lapworth). They assigned a Laurentian or Azoic age (early 

Precambrian) to the Portland Group baaed on stratigraphic position 

(below the Saint John Group) and similarity of rock types to the 

Laurentian (Grenville) in Ontario (Logan, 1858a, b). The presence of 

graphite in the crystalline limestone of the Portland Group was regarded 

as evidence of life. The Coldbrook Group was interpreted to lie 

unconformably on the Portland Group and atratigraphically below the 

Saint John Group and waa assigned a Huronian age (late Precambrian). 

Matthew (1865) split the Coldbrook Group into a lower, mainly volcanic 

division and an upper, dominantly sedimentary division. Volcanic and 

sedimentary rocka of the Devonian Bloomsbury Group were placed above the 

Saint John Group. Bailey et al. (1865) mapped a belt of gneiss, 

felsite, slates and "interstratified" diorite on the Kingston Peninsula 

that extended eastward toward Sussex and southwest to Beaver Harbour. 

This belt of rocks was described under the provisional name of the 

Kingston Series (Kingston complex) and was interpreted as Upper Silurian 

based on fossils. Granites associated with this belt were interpreted 

to be Devonian, whereaB the granites in the Saint John area were 

considered Laurentian in age. The youngest rocks in the present study 

area were conaidered to be the coarse conglomerate and sandstone of the 

Carboniferous Kennebacasis Conglomerate. 

Dawson (1868) summarized the previous work in southern New 

Brunswick and provided more detailed descriptions of rock units along 

with a geological map of the Maritime Provinces. He also renamed the 

Saint John Group the Acadian Group and considered all granites in 

southern New Brunawick to be Devonian. 

Matthew and Bailey (1869a, b, 1870) compared the metamorphic rocks 

in the Saint John area to those in Maine and concluded that the upper 

part of the Laurentian Series, containing "feldspar rock", should be 
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referred to as the Labrador series, and that the Huronian Series may be 

Cambrian in age. Baaed on metaaedimentary xenoliths, granitic rocka 

were interpreted to be altered sediments and were mapped as gradational 

into fossiliferous Upper Silurian and/or Devonian strata. 

After Confederation (1867), the Geological Survey of Canada 

systematically mapped the province and produced a aeriea of annual 

reports and maps. The first reports dealing with the geology of 

southern New Brunswick were by Bailey (1872) and Bailey and Matthew 

(1872). They subdivided the Portland Group into a lower, dominantly 

gneiss and syenite aeries with asaociated diorite, and an overlying 

crystalline limestone and quartzite series with minor beds of gneisa. 

The Lower Coldbrook Group was confirmed to rest upon the Portland Group; 

however, the Upper Coldbrook Group was thought to represent an 

unfosailiferoua portion of the lower Saint John Group. Upon a more 

detailed examination of the Mispec and Bloomsbury groups they recognized 

that the volcanic rocks were lithologically similar to the Huronian in 

the Saint John area. This led to the removal of the volcanic units from 

the Devonian Bystem and their placement in the Huronian under the title 

of Coastal Group. Based on stratigraphy and lithology, the Kingston 

Group was placed in the Huronian System, equivalent to the Coldbrook 

Group. The Coldbrook Group was considered to be the oldest member in 

the Huronian system, and the Coastal Group the youngest. The Kingston 

Group was considered to be transitional in age between the two. Igneous 

rocka in the area were considered to be of two ages: l) Devonian 

granitea aaaociated with the Kingston Group and 3) Laurentian granites 

in the Saint John area. Matthew (1878) extended the Coastal and 

Kingston groupB to the southwestern portion of the present study area. 

However, he suggested that the coaBtal Group in this area may be related 

to the Laurentian system. 

DawBon (1878) and Ells (1879) generally agreed with the previous 

geological work done in southern New Brunswick. However, Dawson 

suggested that the Saint John Group (Acadian Series) is Cambrian in age, 
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based on the fossil assemblage. He also discovered stromatolites 

(previously interpret3d as fossilized tree trunks) in the Upper Portland 

Group that appeared to confirm a Laurentian age. 

Bailey (1879, 1881) and Bailey et al. (1880) attempted to define 

more precisely the contact relationships between units in the area. 

They dropped the formal names of each group because these names were 

applied to a variety of rocks not originally included under that name 

and substituted numerical and lithological nomenclature. They also 

dropped the Laurentian and Huronian designation for age and used the 

term Precambrian. They placed the Precambrian Coastal and Bloomsbury 

groups into one division. However, Bailey (1881) divided the Kingston 

Group into a lower, dominantly volcanic division of Huronian age and an 

upper, sedimentary unit of Lower Silurian age. They agreed with Dawson 

that the saint John Group was Cambrian or Primordial Silurian 

(Ordovician). They regrouped the Devonian System into their previous 

divisions of 1865. Bailey (1881) considered the granitic rocks to be 

intrusive or "exotic" in origin, whereas the dioritic and syenitic rocks 

are "highly altered forms of sedimentary beds". He also concluded that 

the intrusive rocks of New Brunswick and Maine are Laurentian in age or 

older. 

Subsequent workers throughout the late 1880's continued to use the 

established local names for unit nomenclature in the study area, 

although most of the work was centred around the "Silurian", Devonian 

and Carboniferous formations. The rocks of the Devonian System were 

divided into five groups (Ells, 1886; Bailey, 1890a, b). The Bloomsbury 

Group (at the base) consists of conglomerate sandstone and shale 

associated with great masses of "diabase". These pass upward into 

plant-rich grey sandstone and shales of the Dadoxylon Sandstone. 

Overlying this unit are green to purple shales and sandstones of the 

Cordate Shale and the overlying purple-tinted conglomerates of the 

Mispec Group. The Perry Group is the youngest in the system and 

consists of red-brown conglomerate and sandstone and included what was 

I 
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previously the Lower Carboniferous Kennebacasis Conglomerate and the 

present-day Triassic Lepreau Formation. 

Matthew (1890a,b) mapped stromatolite localities and discovered 

what he interpreted as fossil Bponge spicules (later discredited) within 

the Upper Portland Group that enabled him to subdivide this package into 

three horizons. The Lower Division consisted of unfossiliferous 

limestone and gneiss, overlain by sponge spicule-bearing quartzites and 

siliceouB schistB of the Middle Division. The Upper Division consisted 

of a series of argillite, limestone and graphitic shales containing 

stromatolites and spicules. 

Dawson (1891) briefly summarized recent work in southern New 

Brunswick and correlated pre-Devonian rocks of New Brunswick and Nova 

Scotia with those in New England, Newfoundland and Western Europe. 

Van Hise (1892), in a review of the literature on southern New 

Brunswick geology, inferred that many of the supposed conclusions and 

facte were open to doubt and pointed out numerous inconsistencies. He 

suggested that there was no evidence for correlating the Portland and 

Coldbrook groups with the Laurentian and Huronian of Upper Canada. He 

noted that the Lower Portland Group more closely resembles the Archean 

of western Canada and suggested that this unit may also represent 

younger intrusive rocks, metamorphosed equivalents of the Upper Portland 

Group or an older basement complex. He placed a major unconformity 

between the Coldbrook and Portland groups. This unconformity 

represented a considerable epoch of time during which the Portland Group 

was deformed and eroded prior to the deposition of the Coldbrook Group. 

Detailed petrographic studies were carried out by W.D. Matthew 

(1894a, b; 1895; 1896) on the Precambrian rocka in the Saint John area. 

He determined that much of the Lower Portland Group is igneous in origin 

and intrusive into the Upper Portland Group. He divided the igneous 

unit into an older gabbro and a younger granite-diorite series and 

suggested that they are Precambrian in age, although the granite-diorite 

may be as young as Devonian. The volcanic rocka of the Coldbrook Group 
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ware interpreted to represent the surface equivalents of these intrusive 

rocka; however, Matthew still considered them to be Huronian in age. He 

also determined that great portions of the Huronian System in southern 

New Brunswick are igneoua in character instead of sedimentary as 

previously thought. 

G.F. Matthew (1896) mapped the Lepreau Basin in the southwestern 

portion of the study area. The northern boundary of the basin coincided 

with quartz diorites and gneiBBes of the Lower Laurentian whereas the 

southern boundary consisted of quartzite and limestone of the Upper 

Series rocks. The basin consists of sandstones of the Little River and 

Mispec groups overlain by conglomerates and sandstones considered to be 

lower Carboniferous (Triassic Lepreau Formation). 

Ami (1900), referring to unpublished work of Matthew, and Bailey 

(1899) described the geology throughout the city of Saint John. They 

agreed with previous workers and placed the Lower Portland Group in the 

Laurentian system of Archean age (Bailey, 1899); however, because of a 

"marked discordance of stratification", Ami (1900) suggested that the 

overlying Upper Portland Group be assigned a Grenvillian age. Ami 

agreed with Matthew (1899) on the term "Etcheminian" to describe a 

redbed succession above the Coldbrook Group and beneath the Cambrian 

(previously the Upper Coldbrook Group of Matthew, 1865). Ami (1900), 

Bailey (1904) and Ells (1905) placed this unit in the Precambrian; 

however, they describe the fauna as essentially Cambrian. 

Ells (1906, 1907) remapped much of southern New Brunswick, 

including the present study area, and provided a complete review of the 

literature to date (Ells, 1907). He concluded that the Upper Portland 

Group is conformable with the overlying Saint John Group and should be 

placed in the Lower Cambrian system due to similarities between the 

quartzites and slates. He observed that granites and gneisses of the 

Lower Portland Group intruded the Saint John Group, and are therefore 

younger than Laurentian (i.e. Cambrian or possibly Devonian in age). 

Ells (1907, 1908) also considered the Coastal Group, east and west of 
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Saint John, to be Carboniferous in age and placed it with the Mispec 

Group. Parts of the Kingston Group were considered to be igneous in 

origin and therefore post-Huronian in age, whereas the Coldbrook Group 

still retained a Huronian age. 

Matthew (1908a, b) believed that rocks of the Portland Group 

repreaented an ancient (Archean) metamorphic terrane, locally intruded 

by ayenite, gneiaa and diorite, upon which the Coldbrook and Saint John 

groupa accumulated. The Coldbrook Group was previously thought to be 

Huronian in age, however, equivalent rocks in cape Breton Island are 

associated with fossiliferous Lower Cambrian Btrata (Matthew, 1903). In 

southern New Brunswick the Coldbrook Group was therefore placed at the 

base of the Cambrian, below the Saint John Group. Matthew considered 

the Kingeton Group to be Upper Huronian in age. He assigned all the 

Devonian sedimentary rocks with plant fossils to the Upper Silurian, 

whereaB Ells (1907, 1908) agreed with Dawson (1891) on a Devonian age. 

Matthew considered the conglomerates related to the Upper Devonian Perry 

Group (Kennebacasis Formation) to be the youngest rocks exposed in the 

area. In 1911, Matthew suggested that the gneisses of the Laurentian 

Series are the result of chemical changes in ancient clay and mud and 

are not intrusive in character. 

Young (1913) suggested that the Precambrian Portland and Coldbrook 

groups are of greatly differing ages but both were deformed, intruded 

and eroded prior to deposition of the Cambrian Saint John Group. He 

agreed with Stopea (1914) that moat of the plant-bearing sedimentary 

rocks in the area are Carboniferoua in age, including a red conglomerate 

with marble and granite clasts that he termed the Red Head formation 

(Kennebacasis Formation). 

Hayes (1914) proposed a numerical classification for rock units in 

the area and suggested a tentative stratigraphic succession. Series 1 

through 5 included plutonic unitB considered to be pre-Carboniferous and 

post-Precambrian. Series 1 and 2 (gabbro and granite-diorite of Matthew 

1894b) intruded the limestone series only, and therefore were considered 
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the oldest plutonic rocka. Series 6 included non-plutonic(?) gneisses 

of the Portland Group (gneissic rocks of Matthew, 1911) and Series 7 

included the sedimentary portion. Series 8 (Kingston Group) was 

considered Precambrian in age whereas Series 9, the Coldbrook Group, WAS 

placed in the Lower Cambrian in agreement with Matthew (1908a). Series 

10 included the Cambro-Ordovician Saint John Group. Hayes (1914) 

conaidered Series 11, the Bloomsbury and Little River groups (previously 

the Cordate and Dadoxylan units), to be Carboniferous. Overlying this 

unit is Series 12 (Mispec Group) and Series 13 (Kennebecasis and Red 

Head formations) 

Cumming (1916), working as Hayes' assistant, considered that the 

limeatoneB and quartizeB in the Portland Group were deformed and eroded 

prior to the eruption of the Coldbrook and Kingston groups. He 

diaagreed with HayeB (1914) that the Coldbrook Group was Cambrian and 

concluded that the volcanic rocks were folded and eroded before 

deposition of the Lower Cambrian aedimentary rocks. 

Cumming (1916) also performed the first "modern" petrological and 

geochemical study in the Saint John area. Based on this work he 

subdivided and named eight individual plutonic and gneissic units and 

considered them to be the result of "primary differentiation" in the 

Devonian to Early Carboniferous. Thia included Granite and Biotite 

gneiss, Indiantown gabbro, Fairville granite, Rockwood Park 

granodiorite, Duck Lake gabbro, Mayflower Lake quartz diorite and the 

Kennebecasis granite and granodiorite. 

Bailey and Matthew (1919) and Matthew (1921) made only minor 

changes in the stratigraphy of the Saint John area from Matthew (1908). 

They removed the volcanic rocks from the Mispec Group and placed them in 

the Precambrian Coastal Group. They also suggested that major 

unconformities exist between each package of rockB. They remained 

unconvinced of a Carboniferoua age for plant-bearing unitB (e.g. Young, 

1913; Hayes, 1914; Stopes, 1914) and used the degree of metamorphism and 

development of slaty cleavage to define a Silurian age for these 
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sedimentary rocka. 

Hayes and Howell (1937) produced a map and report on the geology 

of the Saint John area based predominantly on the stratified units. 

Descriptions of the igneous rocks were incorporated from Cumming (1916). 

They proposed the term Green Head formation for the sedimentary portion 

of the Portland Group and concluded that the Green Head formation was 

Early Proterozoic in age and severely deformed prior to the intrusion of 

the Golden Grove Intrusives. They believed that the lower portion of the 

Kingston Group was the same age as the upper portion of the Coldbrook 

Group and proposed the term Saint John Volcanics for theae Late 

Proterozoic unitB (in full agreement with the unpublished work of 

Cumming 1916). The Golden Grove Intruaivea were interpreted to have 

been emplaced during two separate eventB in the Precambrian. The Green 

Head formation and Golden Grove Intruaivea were eroded prior to the 

deposition of the Saint John Volcanics. The oldest Cambrian beds lie 

unconformably on these eroded volcanic rocks with a basal conglomerate 

containing volcanic detritua. Syenites that intrude the Saint John 

Volcanics on Hayes and Howell's map are described in their text as 

granophyric flows, presumably the same age as the volcanic rocks. Hayes 

and Howell dropped the formal name Saint John Group for the Cambro-

Ordovician sedimentary rocks and established a number of new unit nameB. 

They completely revised the Carboniferous stratigraphy of the area and 

concluded that no Devonian sedimentary rocks were present. They 

considered the Lower Carboniferous to include the Kennebacasis, Boars 

Head and Red Head formations. The Mispec Series was interpreted to 

overlie these unitB and included the sedimentary rocks of the Little 

River and Balls Lake formations, sandstones and volcanic rocks of the 

Cranberry Point Formation and volcanic rocks of the Partridge Island 

Formation. The Courtenay Bay Formation consisted of intrusive and 

extrusive diabase and was interpreted to overlie the Mispec Series. 

Hayes and Howell (1937) agreed with Ells (1908) and placed volcanic 

rocks of the Coastal Group back into the Mispec Series. 
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Alcock (1938) produced a geological map and report that did not 

differ greatly from Hayes and Howell (1937). He upgraded the Green Head 

formation to group statua and suggested an Archean age. He uaed the 

term Coldbrook Group to refer to all volcanic rocks in the area and 

becauae of its unconformable relations with the Green Head Group, it was 

conaidered to be Early Precambrian. He reatored the term Saint John 
i 

Group for the Cambro-Ordovician Btrata and revised Carboniferous 

stratigraphic terminology. He referred to the Lower Carboniferoua 

conglomerates at! the Horton Seriea which included the Kennebecasis and 

Boara Head formations. The Miapec Series, above the Horton Series, 

included the Balls Lake Formation and West Beach Formation (Red Head, 

Cranberry Point, Courtenay Bay and Partridge IBland formations of Hayes 

and Howell, 1937). Resting on these units was the Little River Series 

which included the Lancaster Formation (Little River Formation of Hayes 

and Howell). He dropped the Golden Grove intrusive designation and used 

local names established by Cumming (1916) and Hayes and Howell (1937) 

for the plutons. Alcock (1938) suggested that granite and gneiss 

pebbles in a conglomerate within the Coldbrook Gj.oup suggested plutonism 

during deformation of the Green Head Group in the early Precambrian. He 

also suggested that plutonism was associated with volcanism related to 

the Coldbrook Group. In addition, he considered that the Coldbrook 

Group was intruded by granites of Middle Devonian age and the West Beach 

Formation by Carboniferous granites. Alcock (1941) later concluded that 

the Kingston Group was Silurian in age, based on fossils, and excluded 

it from the Coldbrook Group. 

Belyea (1939, 1944, 1945) mapped and divided the plutonic rocks 

southwest of Saint John into five units and considered them to be an 

extension of the Golden Grove intrusives. The oldest unit was 

considered to be the Lepreau Diorite which is intruded by the Milkish 

Head granitic rocks and cut by the Musquash Granite. The Chance Harbour 

Granite, the fourth unit, was considered to be Carboniferoua based on 

its inferred intrusive contact with mid-Carboniferous sedimentary rocks. 
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The fifth unit, a gneisa of unknown age and origin (Pocologan Mylonite), 

waa correlated with the Lepreau and Milkish Head granitoids. She agreed 

with Cumming (1916) on a mid-Devonian age for the majority of the 

plutona. Belyea (1939) considered the sedimentary and volcanic rocks in 

the area to be pre- and poat-plutonic; however, she was the firBt to 

recognize TriaBsic sedimentary rockB in the Point Lepreau area and 

termed them the Point Lepreau Formation (previously considered to be 

Horton Seriea by Alcock in 1938). Lepreau Formation was introduced to 

replace Point Lepreau Formation by Wright and Clements (1943). They 

subdivided the Carboniferous rocks in the Lepreau-Musquash area into a 

younger (Pennsylvanian) sedimentary sequence, containing coal deposits 

termed the Lancaster Formation and an older pre-Lancaeter Formation 

(MisaisBippian) sequence of sedimentary and volcanic rocks. 

Alcock (1948) summarized tha major problems earlier workers faced 

in the Saint John area and provided only limited updated stratigraphic 

data from his previous work in 1938. On lithological and structural 

evidence he correlated the Green Head Group with the Grenville rocks of 

eastern Ontario and western Quebec; however, he continued to consider 

the Green Head Group as Archean in age. Alcock (1948) also reported the 

presence of minor volcanic rocks in the Green Head Group. He suggested 

that the Coldbrook Group, including the Kingston Group, may be early 

Lower Cambrian in age, but concluded that they should be referred to as 

Proterozoic. He suggested that the Coldbrook and Green Head group 

aupplied various types of detritus to the Saint John Group; however, he 

never Bucceed in finding a single granite pebble in the conglomerates 

Alcock (1948) supported the interpretation of Hayes and Howell (1937) 

and Alcock (1938) of two igneous events in the Precambrian. He excluded 

the Red Head Formation from the Carboniferous and pieced it in the 

Triassic, equivalent to the Lepreau Formation. He reinstated the old 

name "Little River Group" for the Lancaster Formation. 

Weeks (1957) described the geology of the Appalachian region 

including rocks in the study area. He considered the Green Head Group 

i 1 
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to be Archean in age and overlain, with angular unconformity, by the 

Proterozoic volcanic rocka of the Coldbrook Group. The gneiaa of Belyea 

(1939, 1944, 1945) waa conaidered by Weeks (1957) to more closely 

resemble the Green Head Group than the volcanic rocka of the Coldbrook 

Group. The Saint John Group waa interpreted to rest conformably on the 

coldbrook Group with a basal conglomerate that consisted of volcanic 

Coldbrook Group pebbles and boulders and minor granitic clasts. Weeks 

(1957) agreed with Alcock (1938, 1948) on a Carboniferous age for the 

sedimentary and volcanic rocka of the Mispec Group and a Triassic age 

for red conglomerates at Red Head and Point Lepreau. Based on 

radiometric determinations, the majority of granitic rocks in southern 

New Brunswick are considered to be Devonian. BaBed on field evidence, 

the only Carboniferous granitea in the area intruded the MiBpeck Group. 

Weeks (1957) suggested that the granitic clasts in the Saint John Group 

indicated a Precambrian intrusive event, possibly Archean. 

Alcock (1959) nuipped the same area aB Belyea and concluded that 

the granites are Silurian or older. He grouped the associated volcanic 

rocks (previously the Coastal Group of Bailey and Matthew, 1872 and the 

Misaiaaippian rocks of Wright and Clements, 1943) with the Carboniferous 

Mispec Group and considered the Green Head Group to be Archean in age. 

Alcock (1959) and Alcock and Perry (1960) considered the gneiss of 

Belyea (1939, 1944, 1945) to be acid and basic volcanic rocks related to 

the Coldbrook Group as opposed to Weeks (1957) interpretation. 

Feale et al. (1961) produced the first tectonic map of the 

Canadian Appalachian region based on age of folding. They considered 

the Green Head Group to represent Grenvillian basement that was involved 

in subsequent Paleozoic orogenies. Based on K-Ar and Rb-Sr dates they 

concluded that most of the granites in southern New Brunswick are 

Devonian. No granitic rocks of Carboniferous age were positively 

identified, except those that intruded the Mispec Group. 

The Green Head Group was mapped in conaiderable detail by Leavitt 

and Hamilton (1962) and divided into the Ashburn Formation and a younger 
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Martinon Formation. Both Leavitt (1963) and Hamilton (1965, 1968) 

suggested that structural complexity in the Ashburn Formation and the 

lack of marker beds have precluded the establishment of formal 

stratigraphic members. Hamilton (1965, 1968) later subdivided the 

Aahburn Formation into three informal unita: 1) the lower part -

predominantly claatic rocka; 2) the upper part - limeetone and dolomite; 

3) the middle part - a transition zone of clastic and calcareous rocka. 

The Martinon Formation consisted of various quartzites, argillite, minor 

schist and gneiBB with a basal conglomerate and was interpreted to 

overlie the Ashburn Formation with an angular unconformity or 

disconformity (Leavitt, 1963; Hamilton, 1965). The Green Head Group is 

complexly folded and waa interpreted to form a broad southwesterly 

plunging aynclinorium. The age of the Golden Grove Intrusives, 

including the gneiss, were considered to be post-Green Head Group and 

pre-Carboniferous although Leavitt (1963) and Poole et al. (1964) 

believed that some of the plutons were late Precambrian and the gneiaseB 

might represent an older basement. The Coldbrook-Green Head group 

contact was mapped by Leavitt and Hamilton (1962) and Leavitt (1963) as 

partly faulted and they suggested that an original unconformable 

relationship exiBted. The Cambro-Ordovician Saint John Group was 

consistently faulted against the Green Head Group; however, it is 

reported by Leavitt (1963) to rest unconformably on the Coldbrook Group. 

MacKenzie (1951, 1964) mapped the area northwest of Saint John. 

He considered the dykes that intrude the Milkish Head granite were 

related to the Precambrian Coldbrook Group and therefore the granite was 

pre-Coldbrook Group in age. He suggested that the remainder of the 

Golden Grove Intrusives are Devonian based on the lack of cross-cutting 

dykes. 

Smith (1966) agreed with earlier workers that the Green Head Group 

ia Precambrian; however, he suggested that it is Archean and hence 

considerably older than the Proterozoic Coldbrook Group. He alao 

auggeated that the age of the Kingston Group had not been satisfactorily 
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resolved and therefore assigned a Precambrian to Silurian age. He 

interpreted the Cambrian-Ordovician Saint John Group to conformably 

overlie the Coldbrook Group, and considered plutonic rocks that intruded 

the Green Head and Coldbrook groups to range in age from late 

Precambrian to Devonian. He agreed with the Carboniferous aubdivisions 

eatabliahed by Alcock (1938, 1959). By the late 1960'a, the 

atratigraphy of the Saint John area appeared to be firmly established 

(Table Al.l). The Green Head Group represented a metamorphoBed basement 

complex, overlain by the Coldbrook and Saint John groups. The age of 

the plutonic rocks waa variably conaidered to be late Precambrian or 

Paleozoic. 

Thia historical perspective illustrates the immaturity of geology 

aa a acience during thia period. These early geologists were trained 

before many of the basic geological concepts and principles were 

formulated. As the science evolved so did the ability to understand and 

interpret the geology of southern New Brunswick; however, this also 

added to the complexity of geological interpretations in the area. As 

aptly stated by G.F. Matthew in 1897 on previous geological work in the 

area "We are not to expect from a geologist living in that early period, 

the exact methods of the modern trained specialist". 
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APPENDIX B 

PLUTONS AND THEIR FIELD RELATIONSHIPS 

B.l. INTRODUCTION 

Plutons are described below in order of oldest to youngest, 

inferred from intrusive relationships observed in the field and 

geochronology (Chapter 6). The geographic distribution of individual 

plutons is shown in Figure 2.1 and Map A. Granitoid nomenclature 

follows Streckeisen (1976) and the recommendations of the International 

SubcommisBion on Stratigraphic classification (1987). Previous names 

used for plutonic units are listed in Table B.l. 

B.2. DIORITIC TO GRANODIORITIC PLUTONS 

B.2.1. Ludgate Lake Granodiorite 

The Ludgate Lake Granodiorite (Currie, 1986b) is located south of 

the Martinon Formation and outcrops around the shore of Ludgate Lake and 

along numerous powerlinea and roada to the weBt. It extends as far 

southwest as the Musquash River and has an estimated surface area of 

approximately 11 km2. It is characterized by grey to grey-green, fine-

to medium-grained granodiorite to tonalite with numerous rounded 

dioritic xenoliths. It is intrusive into the Martinon Formation along 

its northern margin, based on the presence of a wide contact metamorphic 

aureole and numerous metasedimentary xenoliths. Along its southwestern 

margin it appears to be intruded by pink granite of the Prince of Wales 

pluton. Fine-grained red granite/aplite dykes are throughout the 

granodiorite. The Ludgate Lake Granodiorite becomes increasing more 

foliated and tonalitic toward the southeastern margin where it is in 

faulted contact with the Spruce Lake Tonalite and Prince of Wales 
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Granite. Thia ahear zone ia marked by a discontinuous, narrow belt of 

red conglomerate and siltstone (Devonian-Carboniferous Kennebecasis 

Formation (?)) that extends from Spruce Lake to Musquash Harbour. The 

granodiorite haa yielded a zircon and titanite crystallization age of 

ca. 548 Ma. (see Chapter 6). 

B.2.2. Spruce Lake Pluton 

The Spruce Lake Pluton (Wardle, 1978) occurs in a narrow 

northeast-trending belt southeast of Spruce Lake and extends to 

Lorneville Harbour. It also occurs as a small body to the northeast in 

Manawagonish Cove and has a total surface area of approximately 5 km2. 

It ia a texturally and compoBitionally varied unit that ranges from 

diorite to tonalite to granodiorite. The wide range in the abundance of 

mafic minerals reaultB in a variation in the colour from black to white. 

The texture alao varies considerably from medium-grained and 

equigranular to porphyritic with large quartz and plagioclase 

phenocrysts. The southeastern margin of this pluton is in faulted 

contact with the Ashburn Formation; however, to the northeast a broad 

contact metamorphic aureole is preserved with marble and rare meta-

siltstone xenoliths common in the pluton close to contacts. The 

southwestern margin appears to be intruded by pink granite of the Prince 

of Wales pluton. Granodiorite within the Spruce Lake Pluton is 

identical to the Ludgate Lake Granodiorite and are therefore the plutons 

are considered coeval and cogenetic. 

B.2.3. Rockwood Park Granodiorite 

The Rockwood Park Granodiorite (White et al., 1990) forms two 

bodieB separated by a band of marble in the vicinity of Rockwood Park, 

north of Saint John. As defined by White et al. (1990) and this study, 

the pluton is much more geographically restricted than previous!! 
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defined (see Table B.l) and covers an area slightly greater than 1 km2. 

In conaiata of grey, medium-grained granodiorite gradational to tonalite 

and ia characterized by the presence of a moderate to strongly developed 

foliation defined by aligned euhedral hornblende grains and ellipsoidal 

dioritic enclaves. Contacts with adjacent units were not observed. 

However, the sliver of marble dividing the pluton is coarse-grained, 

suggesting a contact metamorphic effect from the pluton. An intrusive 

contact is also supported by U-Pb zircon and titanite crystallization 

ages of ca. 538 Ma (White et al., 1990). Hornblende and biotite 

fractions have yielded ^Ar/^Ar ages of ca. 538 Ma and ca. 511 Ma. 

respectively (see Chapter 6). Dallmeyer and Nance (1992) also obtained 

two hornblende *°Ar/39Kr ages of ca. 538 Ma (see Chapter 6). 

B.2.4. French Village Quartz Diorite 

and other dioritic plutona 

The French Village Quartz Diorite (White et al., 1990) occurs in 

the northeastern part of the terrane and consists of diorite gradational 

to quartz diorite and tonalite with a surface area of approximately 20 

km2. The wide range in the abundance of mafic minerals results in a 

variation in the colour from black to white. The texture also varies 

considerably from medium-grained and equigranular to porphyritic with 

large quartz and plagioclase phenocrysts. In the northeast the 

tonalitic portions of the pluton contain numerous small fine-grained 

dioritic enclaves. Smaller dioritic bodies (<1 km2) occur throughout 

the study area and are interpreted to be correlative. This includes 

rocks previously included in the Indiantown Gabbro and Rockwood Park 

amphibolite (Hayes and Howell, 1937; Wardle, 1978) (Table B.l). 

The southeastern margin of the pluton is strongly sheared and is 

in faulted contact (Caledonia-Clover Hill Fault} with the Caledonia 

terrane. The northwestern margin of the pluton has an intrusive contact 

with the Ashburn Formation. This is baaed on a well developed contact 
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metamorphic aureole in the French Village area and the presence of 

numerous marble and quartzite xenoliths of Ashburn Formation affinity. 

The pluton probably also has intrusive contacts with the Brookville 

Gneiss, based on the presence of a small dioritic intrusion (Chalet Lake 

Gabbro of Wardle, 1978) and dioritic dykes in the gneiss, probably 

related to the French Village Quartz Diorite. The pluton is in contact 

with the Duck Lake Pluton which is inferred to be younger because 

gabbroic and anorthositic dykes and plugs, interpreted to be related to 

the Duck Lake Gabbro, have intruded the pluton. The Renforth Pluton to 

the northwest intruded the French Village Quartz Diorite and this 

contact is well exposed in roadcuts on Highway 111. 

The French Village Quartz Diorite has yielded a U-Pb zircon 

crystallization age of ca. 537 Ma (Bevier et al., 1991) and a ^At/^hr 

hornblende age of ca. 540 Ma. (see Chapter 6). These ages agree well 

with ^Ar/^Ar hornblende ages of ca. 532-539 Ma obtained by Dallmeyer 

and Nance (1992). 

Contacts of the smaller dioritic intrusions in Saint John are 

generally strongly sheared and the relative age is not known from field 

evidence. However, locally the Fairville Granite ia intruded by 

dioritic rockB that are interpreted to be correlative with the French 

Village Quartz Diorite. 

B. 2 .5 . Balwont Tonalite 

The pluton is herein termed the Belmont Tonalite (previously Red 

Bridge Pluton of Currie, 1937b; Table B.l) after its principle area of 

outcrop. It occurs north of the Martinon Formation and extendt from 

Belmont, on the west coaBt of Grand Bay, westward to just past Hfnderson 

Lake with a surface area of about 13 km2. It conaists of relatively 

homogeneous, light to dark grey, medium-grained tonalice gradational to 

granodiorite and quartz diorite and is locally porphyritic and foliated. 

The southern contact with the Martinon Formation is generally faulted; 
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however, in the Belmont area it is clearly intrusive because a contact 

metamorphic aureole is well developed. In addition, numerous marble and 

metasedimentary xenoliths are common in the pluton close to the contact. 

Fine-grained red granite dykelets are common within the tonalite near 

the northern contact with the Henderson Brook Granite (see below). The 

Belmont Tonalite has yielded an 40Ar/3'Ar hornblende age of ca. 531 Ma 

(Dallmeyer and Nance, 1992) (see Chapter 6). 

B.2.6. Parch Lake Granodiorite 

The name Perch Lake Granodiorite is proposed for pluton that 

occurs in a north-trending belt and outcrops in the Perch Lake area west 

of the Martinon Formation and extends southward to Musquash River. Its 

exposed surface area is approximately 8 km2. It is intruded by red 

granite of the Prince of Wales pluton. It is dominantly a light to dark 

grey, medium-grained (rarely coarse-grained) granodiorite with fine- to 

coarse-grained dioritic enclaves of varied size (10 cm to 20 m). The 

Perch Lake Granodiorite is intrusive into the Martinon Formation along 

its eastern margin where a foliation is locally developed. Its southern 

margin is not exposed but is inferred to be separated from Carboniferous 

sedimentary rocks by the Ragged Head Fault (DickBon, 1983). The western 

contact with the Shadow lake Granodiorite is not exposed and therefore 

the relative ages are not known. Mineralogically the Perch Lake 

Granodiorite is very similar to the Ludgate Lake Granodiorite; however, 

texturally it is quite distinct. The Perch Lake Granodiorite haB 

yielded an ^Ar/^Ar hornblende age of ca. 530 Ma (Dallmeyer and Nance, 

1992) (see Chapter 6). 

B.2.7. Shadow Lake Granodiorite 

The Shadow Lake Granodiorite is a new name proposed for one of the 

largest plutons west of Saint John with a Burface area of approximately 
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15 km2. It occurs in a northeast-trending unit from East Branch 

Musquash River in the Bouth to northeaBt of East Branch Reservoir in the 

northeast and is beBt exposed in the Shadow Lake area. It is 

characterized by grey, medium- to locally coarse-grained, granodiorite 

to tonalite with large Bubhedral quartz grains. It is locally foliated 

and contains numerous elongated, varied-scaled dioritic to tonalitic 

enclaves. It also locally displays magma mingling textures. It is in 

faulted contact (Ragged Head Fault) with Carboniferous sedimentary rocks 

along the southern boundary. Also in this area fine-grained red 

Byenogranite of the Harvey Hill pluton is clearly intrusive into the 

pluton. This 1B based on numerous dykes related to this granite that 

occur near the contact. Small bodies of pink granite porphyry occur 

throughout the pluton and may be related to the Musquash Harbour and 

Harvey Hill plutonB. The northern margin ia in contact with strongly 

deformed Green Head Group lithologieB along the New River Beach Fault 

(Rast and Dickson, 1982; Dickson, 1983). The western contact with the 

Hanson Stream Granodiorite appears to be sharp and in places it is 

faulted. The Shadow Lake Granodiorite has yielded a 40Ar/39Ar hornblende 

age of ca. 527 Ma. (see Chapter 6). 

B.2.8. Talbot Road Granodiorite 

The name "Talbot Road" (Currie, 1987a) is a local name and not a 

geographic location on the 1:50,000 NTS map and therefore contravenes 

codes of stratigraphic nomenclature; however, there is no other 

geographic location that can be used satisfactorily and the name "Talbot 

Road" is retained. The Talbot Road Granodiorite consists of grey to 

pink, fine- to medium-grained granodiorite gradational to tonalite. It 

1B locally foliated and inequigranular with large plagioclase grains. 

It alao contains email rounded to elongated dioritic xenolitha. This 

pluton differs from other granodioritic units in its relatively high 

mafic mineral content. It outcrops in the central part of the West 
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Branch Reservoir northwest of the Hanson Stream Granodiorite, where it 

ia separated from the Pocologan mylonite zone to the north by the New 

River Beach Fault. Currie (1987a) mapped a gradational contact between 

the Pocologan Mylonite Zone and the Talbot Road Granodiorite, but this 

could not be confirmed. The tonalite is inferred to be unconformably 

overlain by carboniferous Balls Lake Formation(?) on its northwestern 

margin. A second body of granodiorite to tonalite exposed along Highway 

790, southwest of the Hanson Stream Granodiorite, is interpreted to be 

correlative. The Talbot Road Granodiorite has a total area of 

approximately 10 km2. Contacts with the Hanson Stream Granodiorite were 

not observed. 

Like the Hanson stream Granodiorite, this pluton is cut by pink 

syenogranite dykes presumably related to the Harvey Hill pluton. The 

pluton haa yielded a 40Ar/39Ar hornblende age of ca. 521 Ma. (Dallmeyer 

and Nance, 1992) (see Chapter 6). 

B.2 .9 . Renforth Pluton 

The Renforth Pluton (Currie et al., 1981) is the largest pluton in 

the Brookville terrane with a surface area of approximately 25 km2. It 

is best exposed in the area southeast of Kennebecasis Bay and extends 

northeastward to the lower reaches of the Hammond River. It consists of 

dark grey to red, medium-grained quartz diorite and tonalite that 

locally contain fine-grained diorite xenoliths. It appears to grade 

i,;1-... grey to grey-pink, medium- to coarse-grained granodiorite along its 

; - -ciwest margin in the Quispamsis area. Three smaller intrusions to 

the southwest, the Mayflower Lake, Narrows, and Acamac plutons (Hayes 

and Howell, 1937; Wardle, 1978) are considered to be related because of 

their similar mineralogy and texture to the more mafic portions of the 

Renforth Pluton (Deveau, 1989; White et al., 1990). Although the Acamac 

Pluton is poorly exposed, it appears to be finer grained and 

inequigranular. 
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Contacts between the Renforth pluton and adjacent unite are 

generally faultad; however, an intrusive contact with the French Village 

Quartz Diorite ia exposed along Highway 111. At thia contact dioritic 

xenolitha, inferred to be related to the French Village Quartz Diorite, 

are more numeroua and tonalitic dykes of the Renforth Pluton cut the 

pluton. In Drury Cove, the Renforth Pluton is faulted against foliated 

spotted mica schist of the Ashburn Formation. Contacts between the 

three smaller intrusions and the country rockB were not observed but 

Wardle (1978) reported the presence of contact metamorphic aureoles in 

the Green Head Group around these plutons. Locally Devonian-

Carboniferous conglomerate of the Memramcook and/or Kennebecasis 

formations unconformably overlie the Renforth and Mayflower Lake plutons 

(McLeod et al., 1994). 

Small deformed bodies of tonalite are tectonically interlayered 

with marble on Long Island and other small islands in the Kennebecasis 

Bay. These are interpreted to be correlative with the Renforth Pluton. 

The Renforth Pluton has yielded an "^Ar/^Ar hornblende age of ca. 511 Ma 

(see Chapter 6). 

B.2.10. Enclaves 

Many of the dioritic to granodioritic plutons contain mafic 

enclaves that generally consist of black to grey, fine- to coarse

grained diorite to tonalite. Locally quartz phenocrysts are common. 

The size of the enclaves vary from a few centimetres to several 100's of 

metres. The morphology of the enclaves are also variable, from small, 

well rounded shapes to lenticular shapes. 

Enclave contacts are commonly straight and sharp; however, lobate 

and cuspate contacts were only obBerved in the Lepreau Pluton. Rarely 

the enclaves are bordered by thin (<1 cm) biotite-rich rims but chill 

margins were not obaerved. Local]y lenticular banded structures (<5 cm) 

over 10's of metres occur in contact zones, especially in the Shadow 
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B.3. NONIOORANITIC TO GRANODIORITIC PLUTONS 

B.3.1. Fairville Granite 

The Fairville Granite (Cumming, 1916; Hayes and Howell, 1937) is a 

pink to orange, generally coarse-grained monzogranite gradational to 

granodiorite that typically displays megacrystB (<3 cm) of potaBBium 

feldspar. Locally phenocrysts include quartz and plagioclase. The 

pluton iB best exposed south of Green Head Island in the Pleasant Point 

area and can be traced southwest to the Manawagonish Covfa area and 

northeastward as far as Rockwood Park and has a total raurface area of 

approximately 4 km2. It includes portions of the Rockwood Park Pluton 

of Hayes and Howell (1937) and Wardle (1978) and the poorly-defined 

Fisher Lakes Pluton of Currie et al. (1981) (see Table B.l). Although 

moat exposed contacts are faulted, it locally contains elongated 

xenoliths of amphibolite, gneiss, and marble and is therefore 

interpreted to be intrusive into the Brookville Gneisses and Ashburn 

Formation. The pluton also contains rare elongate enclaves of fine 

grained dioritic rocks. The Fairville Granite is locally intruded by 

dioritic rocks assumed to be related to the French Village Quartz 

Diorite. The Fairville granite has yielded a U-Pb zircon 

crystallization age of ca. 548 Ma and an ̂ Ar/^Ar hornblende age of ca. 

536 Ma. These ages are discussed in more detail in Chapter 6. 

B.3.2. Chalet Lake Granito 

The Chalet Lake Granite (Deveau, 1989; White ec al., 1990) forme 

two small bodies in the Golden Grove Mountain area near Chalet Lake with 

a total surface area of about 1 km2. It is mineralogically and 

texturally similar to the Fairville Granite and is therefore interpreted 

•\ 
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to be correlative. Contacts with the surrounding rocks are poorly 

exposed and the relationship is therefore not clear; however, the 

aouthwesterly body intrudes calc-silicate lithologies of the Ashburn 

Formation. Locally the aouthweat body ia strongly foliated due to ita 

proximity to the Caledonia-Clover Hill Fault. 

B.3.3. Gayton Granita 

The Gayton Granite is a new name proposed for a small granitic 

pluton (<4 km2 in area) located approximately 30 km east of Moncton. 

ThiB pluton 1B interpreted to represent the most northeasterly exposure 

of pre-Carboniferous rocks related to the Brookville terrane. It ia 

pink to orange and coarse-grained with large megacrystB (< 6 cm) of K-

feldspar with minor phenocrysts of plagioclase. It is texturally 

similar to the Fairville and Chalet Lake granites; however, it generally 

has leas quartz and locally more foliated. It iB intruded by pink 

aplite and fine-grained granitic dykeB, Fluorite is common along 

fracture surfaces and forms the matrix to many brecciated zones in the 

granite. 

The granite la unconformably overlain by conglomerate and 

sandstone of the Upper Carboniferous Cumberland Group; however, it is 

faulted along its southern contact against conglomerates of the Devonian 

to Lower Carboniferous Horton Group (St. Peter, 1993). Lithologies 

similar to the Gayton pluton have been intersected in drill core south 

of Moncton (D. Boyle, personal communication, 1994) which indicates that 

this pluton is much more extensive than its outcrop distribution 

suggests. 

B.3.4. Haaaond River Granite 

The Hammond River Granite (Deveau, 1989; White et al., 1990) 

outcrops in the extreme northeastern part of the terrane and covers an 

I I ! ' 
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area of approximately 13 km2. It is similar to portions of the 

Fairville Granite; however, the grain size varies from medium- to 

coarse-grained. The pluton appears to be granodioritic in the 

southwestern portions and grades to more monzogranitic varieties towarda 

the northeaat. The southeastern margin the granite ia in fault contact 

(Caledonia-Clover Hill Fault) with conglomerate and Bandatone of the 

Upper Carboniferoua Hopewell Group (St. Peter, 1987, 1993) and Lower 

Carboniferous Windaor Group (McLeod et al., 1994). This faulted contact 

is also observed in drill core, which suggests that the fault dips 

steeply northwest, under the granite. Along itB northeastern margin the 

granite is unconformably overlain by conglomerate and sandstone of the 

Devonian-Carboniferous Memramcook and Kennebecasis formation (St. Peter, 

1987; McLeod et al., 1994). The presence of numeroua dioritic xenolitha 

along the southwestern margin suggests an intrusive contact with the 

French Village Quartz Diorite. The Hammond River Granite iB interpreted 

to have intruded the ABhburn Formation and the Brookville Gneisa, based 

on the presence of gneisa, marble, amphibolite, and quartzite xenoliths. 

The Hammond Rivar Granite is interpreted to be younger than the 

Fairville Granite becauae of the intrusive contact with the ca. 537 Ma 

French Village Quartz Diorite to the southwest. 

Small inliera of coarse-grained syenogranite to monzogranite occur 

to the northeast along the Caledonia-Clover Hill Fault. A Bmall inlier 

(<3 km2 in area) located approximately 15 km to the northeast of the 

Hammond River Granite (herein termed the Cassidy Lake inlier) ia 

interpreted to be related to the Hammond River Granite. It is 

unconformably overlain by the Devonian to Carboniferous Memramcook 

Formation on its northwestern margin (St. Peter, 1987) that contain 

claata of the granite, although McLeod et al. (1994) and St. Peter 

(1993) later mapped a faulted contact. The southeastern margin the 

granite iB in fault contaut (Caledonia-Clover Hill Fault) with 

conglomerate and sandstone of the Upper Carboniferous Hopewell Group 

(St. Peter, 1987, 1993; McLeod et al., 1994). 
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A second poorly exposed inlier of granite ia located approximately 

10 km to the northeaat of the CaBsidy Lake inlier in the Jeffrey Corner 

area (McCutcheon, 1978; McCutcheon personal communication 1994). 

Contact relationahipa with the Devonian to Carboniferoua Memramcook 

Formation are not exposed and the granite ia highly fractured due to its 

proximity to the Caledonia-Clover Hill Fault. Thia grajiite is 

interpreted to be related to the Hammond River Granite and Cassidy Lake 

Inlier. 

B.3.5. Milkish Head Pluton 

The name "Milkish Head" is a local name and not a geographic 

location on the 1:50,000 NTS map and therefore contravenes codes of 

atratigraphic nomenclature. However, the name "Milkish Head Pluton" is 

entrenched in the literature and hence the name is retained. The 

Milkish Head Pluton, as herein defined, is confined to the Kennebecasis 

Island and Summerville area northwest of Kennebecasis Bay and has a 

surface area of approximate 5 km2. It consists of pink-green to red, 

coarse-grained monzogranite with large quartz grains that grades into 

medium-grained granodiorite to the southwest. Locally the pluton 

contains small elongate dioritic enclaves. Commonly associated with the 

Milkish Head Pluton are numerouB pink to red fine-grained to aplitic 

granite dykes. Previoua workera included the K-feldspar-poor plutonic 

rocks to the southeast (Renforth Pluton of Currie et al., 1981; and this 

Btudy) in the Milkish Head Pluton (e.g. Hayes and Howell, 1937; Wardle, 

1978; Deveau, 1989; White et al., 1990). However, detailed mapping 

suggests that, although the Renforth Pluton locally grades into 

granodiorite, it ia texturally distinct from the Milkiah Head Pluton. 

Contacts between the pluton and adjacent units to the southeast 

are not exposed; however, a northeast-trending fault is inferred to 

exist in Kennebecasis Bay. On Kannebecasis Island the pluton ia in 

faulted contact on the northwest with marble of the ABhburn Formation 
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and sedimentary rocka of the Saint John Group. Rocka aimilar to the 

Milkiah Head Pluton alao occurs aa tectonic alivera within the marble. 

Near Summerville the northwestern margin of the pluton ia in tectonic 

contact with the Saint John Group and sedimentary rocka of the 

Kennebecasia Formation along the Milkiah Head Fault (Grant, 1972); 

however, claata of granodiorite in the conglomerate attest to an 

originally unconformable contact. Locally the pluton exhibits a 

mylonitic texture near the contact with the KennebecasiB Formation. 

B.3.6. Hanson Straaa Granodiorite 

The Hanaon Stream Granodiorite (Currie, 1987a) ia a large (15 km2 

in area) northeaat-trending pluton that consists of a distinctive grey 

to light grey, coarBe-grained granodiorite to monzogranite with 

distinctive large quartz grains. It differs from the Fairville Granite 

and related plutons in that the K-feldspar is interstitial and not 

megacrystic. The pluton contains numerous small dioritic xenoliths in 

contrast to the larger map-scale ones in the Shadow Lake Granodiorite 

(see below). The northern contact is faulted against rocks of the 

Pocologan mylonite zone and Kingston Complex along the New River Beach 

Fault. The southern contact is faulted along the Ragged Head Fault 

against Carboniferous sedimentary rockB. Also along the southern margin 

red syenogranite dykes related to the Harvey Hill Granite are abundant. 

Small granite porphyry bodies are common throughout the pluton but the 

relationship to the coarse-grained granodiorite is unknown. The contact 

with the Talbot Road Granodiorite to the west is not exposed. ThiB 

pluton has yielded an 40Ar/39Ar hornblende age of ca. 518 Ma. (Dallmeyer 

and Nance, 1992). 

B. 3.7 . Lepreau Pluton 

The Lepreau Pluton (Belyea, 1939, 1944, 1945), as herein defined, 
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1B much more geographically restricted than previously defined (Bee 

Table B.l). It ia confined to a narrow, northeaat-trending, faulted-

boundad area northwest of Lepreau Harbour with a surface are of about 5 

km2, lfe is a texturally and mineralogically varied unit that ranges in 

compoaition from quartz diorite and tonalite to monzogranite and is 

considered to be a composite pluton. The granodioritic varieties are 

medium- to coarse-grained and closely resemble rock types in the Hanson 

Stream and Milkiah Head plutons whereas the dioritic to tonalitic rocks 

are grey to black, medium-grained, with plagioclase and/or quartz 

phenocrysts. The Lepreau Pluton commonly exhibit magma mixing/mingling 

textures between the granodioritic and tonalitic lithologies. 

B.3.8. Lepreau Harbour Granodiorite 

The Lepreau Harbour Granodiorite is a new name proposed for a 

small (3 km2 in area) granodioritic body in the extreme southwestern 

part of the terrane exposed on the southeastern shore of Lepreau 

Harbour. It consists of grey-green, medium-grained granodiorite that is 

locally weakly foliated. Texturally it appears identical to the medium-

grained granodiorite parts of the Milkish Head Pluton. Its eastern 

contact with the Talbot Road Granodiorite is not exposed and it is in 

faulted contact (New River Beach Fault) with the Carboniferous Lancaster 

Formation to the south. It is unconformably overlain by the 

Carboniferous Balls Lake Formation along its northwestern margin. 

B.4. SYENOGRANITIC TO MONZOGRANITIC PLUTONS 

B. 4.1. Henderson Brook Granite 

The Henderson Brook Granite is a new name proposed for a 

relatively small body (3 km2 in area) exposed in the Martinon area and 

along the west coast of Grand Bay. It consists of red to orange, 
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unfoliated, medium- to coarse-grained monzogranite to granodiorite. It 

is interpreted to be intrusive into the Ashburn Formation baaed on the 

presence of rare quartzita xenolitha. Along its southern margin the 

pluton appears to be locally chilled againBt the Belmont Tonalite and 

numerouB fine-grained dykes related to this granita occur in the 

tonalite close to the contact. The northern margin is faulted along the 

New River Beach Fault with volcanic rocks of the Kingston Complex. It 

is also in faulted contact with sedimentary rocks of the Devonian to 

Carboniferous Kennebecasis Formation; however, locally the conglomerate 

unconformably overlies the granite. The Henderson Brook Granite differs 

from the coarse-grained granite in the Milkish Head Pluton in its low 

abundance of mafic minerals and its equigranular texture. 

B.4.2. Musquash Harbour, Jarvies Lakes, Cranberry Bead, 

Prince of Wales, and Harvey Hill granites 

The Musquash Harbour Granite (Olszewski and Gaudette, 1982) 

outcrops principally around Musquash Harbour and extends to the 

southwest beyond Little Musquash Cove along the Bay of Fundy. It has a 

surface area of about 9 km2. It dominantly consists of pink to grey-

green, medium- to coarse-grained monzogranite gradational to 

syenogranite. Distinct from the granite are large areas of grey-green 

to dark grey, medium-grained granodiorite to tonalite. This pluton is 

conaidered to be compoaite; however, based on the presence of 

syenogranite dykeleta, these more mafic granitoid rockB are interpreted 

to be slightly older. 

Locally the Musquash Harbour pluton is intrusive into marbles of 

the Ashburn Formation; however, this contact is generally modified by 

thrust faults aa evident along the east and southwest coast of Musquash 

Harbour. Along the northern margin the Muaquash Harbour pluton it ia 

locally unconformably overlain by the Balla Lake Formation and iB in 

thrust contact with both the Balls lake and Lancaster formations. 
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Locally atromatolitic limeetone of the Carboniferous Parleeville 

Formation unconformably overlies the pluton (e.g. Hepburn Basin area). 

The Muaguaah Harbour Granite haa yielded a aomewhat poorly constrained 

U/Pb zircon age of ca. 550 Ma. that ia interpreted by Currie and Hunt 

(1991) to date the time of intrusion. However, this is here conaidered 

to be a maximum age for the emplacement of thia pluton (see Chapter 6). 

A email, thruat-bound body of fine- to medium-grained granodiorite 

outcropa to the weat of t-he Musquash Harbour pluton and is correlated 

with the more granodioritic portions of the pluton. 

The Jarvies Lakes Syenogranite is a new name proposed for a 

homogeneous, pink to maroon, unfoliated, medium- to coarse-grained 

Byenogranite that outcrops in a northeast-trending body north of Chance 

Harbour in the Jarvies Lakes area with a surface area of about 6 km2. 

Locally the granite is highly fractured and sheared and albitized. 

Aplitic pods and veins are common. The southern margin is marked by a 

major thrust zone where it overrides Carboniferous aedimentary rocks. 

Although the eastern contact with Carboniferous aedimentary rocka is not 

expoBed it ia interpreted to be a steep, north-trending fault. The 

northwestern contact with the Meadow Cove volcanic unit does not appear 

to exhibit a chill margin and the granite is highly fractured and 

characterized by numerous zones of quartz veins. Although thia contact 

may have originally been intruaive, it ia now a faulted contact. Currie 

and Hunt (1991) suggested a gradational contact between the granite and 

volcanic rockB but this could not be confirmed. A Bmall isolated body 

of granite outcrops within the volcanic rocks to the west and iB 

texturally similar to the Jarvies Lakes Granite. 

The Cranberry Head Syenogranite (Dickson, 1983) outcrops east of 

Chance Harbour and conaists of highly-fractured, pink to pale orange, 

medium-grained syenogranite identical to the Jarvies Lakes Granite. It 

ia a small pluton with a aurface area of about 1 km2. The Cranberry 

Head Granite ia bounded by a thrust fault along its contacts with 

Carboniferous aedimentary rocks, except on the northwestern margin where 
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it ia in contact with a email thrust-bound alivar of volcanic rocka, 

Similar red granite ia found in the Lepreau Harbour area but its 

relationship to the Burrounding units ia not known. 

A large (5 km2 in area), red granite body appears to intrude the 

Perch Lake and the Ludgate Lake plutons and is herein named the Prince 

of Wales Granite after its principle area of outcrop. The southeastern 

contact is strongly foliated in proximity to the. Spruce Lake shear zone. 

It consists of pink, medium-grained monzogranite gradational to 

syenogranite and locally contains tonalitic enclaves. Thia pluton 

reaembleB portions of the Musquash Harbour pluton and is interpreted to 

be correlative. 

The Harvey Hill Syenogranite (Currie, 1987a) outcrops southwest of 

West Branch Reservoir north oi: the Ragged Head Fault and a surface area 

of about 3 km2. It consisto dominantly of pink to maroon, fine-grained 

subporphyritic syenogranite along its contacts that becomes increasing 

medium-grained away from these zones. Miarolitic cavities are present. 

Although this pluton resembles portions of the other syenogranite to 

monzogranite plutons in the area, it differs in that it locally containa 

garnet and muscovite. It ia clearly intrusive into the Shadow Lake and 

Hanson Stream plutons where numerous syenogranite dykes occur CIOBB to 

the contact and can be from the pluton. Its southern margin is 

inferred to be faulted against Carboniferous Lancaster Formation. 

B.5. DEFORMED GRANITOID ROCKS 

A belt of pervasively deformed granitoid rockB extends from the 

Saint John River south of the Fairville Granite to the southeastern 

margin of the Rockwood Park Granodiorite, and alao along the southern 

margin of the Brookville Gneiss southwest of the chalet Lake area. It 

consists dominantly of strongly deformed grey, fine- to medium-grained 

monzogranite to granodiorite that locally preBerve large lense-ahaped 

graina of feldapar and quartz. ThiB belt probably represents strongly 
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deformed equivalents of the Fairville Granite and to a lesser extent the 

Rockwood Park Granodiorite; however, due to the extent of deformation it 

is difficult to assign them with certainty to one pluton. Locally it 

appears to have strongly deformed paragneiss intercalated with it and 

these may represent original xenoliths in the granite. In the Saint 

John River area this belt of rocka appears to be intruded by the 

undeformed Indiantown Gabbro (see below). 

These strongly foliated granitoid rocks occur in close proximity 

to the terrane-bounding Caledonia-Clover Hill Fault and aleo occur as 

small boudina within marbles of the Ashburn Formation (see Structure 

Chapter). In the past these rocks were included with the Brookville 

Gneiss and the amphibolitic portions of the Indiantown Gabbro (Wardle, 

1978; Currie et al., 1981). 

B.6. GABBROIC TO ULTRAMAFIC PLUTONS 

Three gabbroic to ultramafic plutonB are recognized in the 

Brookville terrane and include the Duck Lake, Indiantown, and Coverdale 

plutons. The Duck Lake pluton is a Bmall (1.5 km2 in area), undeformed, 

layered intrusion located southeast of Rothesay. It iB mainly within 

the Brookville Gneiss, except on its eastern margin where it haB an 

inferred intruBive contact with the French Village and Renforth plutonB. 

The gabbroB are medium- to coarse-grained, and range in composition from 

gabbroic to ultramafic (Deveau, 1989; Grammatikopoulos, 1992). Small 

gabbroic bodies to the northeast within the Aahburn Formation and French 

Village pluton are interpreted to be related to the Duck Lake pluton. 

A email body (<0.5 km2 in area) of pyroxene-bearing gabbro and 

anorthosite outcrops near the Saint John River and was previously 

included into a much larger unit termed the Indiantown Gabbro (Hayea and 

Howell, 1937; Wardle, ,1978). Detailed mapping during this study shows 

that moat of the rocka included in the Indiantown Gabbro are dioritic 

and are here correlated with the French Village Quartz Diorite. AIBO 

F I 
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previously included in the Indiantown Gabbro wtre foliated amphibolite 

rocka which are interpreted to be part of the Brookville Gneiss. It 

intrudes the strongly deformed granitoid unit and is considered to be 

equivalent in age to the Duck Lake pluton. In this study the name 

Indiantown pluton ia restricted to the undeformed gabbro and anorthosite 

body on the Saint John River. 

The Coverdale pluton or the Coverdale BaBic Intrusive Complex of 

Boyle and Stirling (1994) is located 2 km south of Moncton, under 50 to 

100 m of Upper Carboniferous sedimentary rock cover. Based on 

aeromagnetic and drill core data the pluton has an inferred area of 

approximately 30 km2 and is lithologically and texturally Bimilar to the 

Duck Lake pluton. Contacts with the surrounding host rocks are not 

exposed and the relationship is therefore not clear. 

Based on field relationships the gabbroic and ultramafic rocks are 

interpreted to be the youngest plutonic units in the terrane and baaed 

on companions with similar mafic plutons elsewhere in southern New 

Brunswick and Maine (e.g. West et al., 1992) and in the Bras d'Or 

terrane of Cape Breton Island (D. Davis, personal communication, 1994) 

it is interpreted to be Ordovician to Silurian in age. 

B.7. DYKE ROCKS 

B.7.1. Basaltic to andeaitic dykea 

Mafic dykea in the Saint John area intrude the Green Head Group, 

Brookville Gneiss, and all plutonic unitB; however, they have not been 

observed in units younger than Early Devonian. Based on modal 

mineralogy (Appendix C) and texture mafic dykes in the area can be 

subdivided into three groups: 1) basalte to quartz basalts; 2) quartz 

basalts and; 3) quartz andesites to andesites. Basaltic to quartz 

basaltic dykes are the most abundant and are typically fine-to medium-

grained, equigranular, and range in colour from green to grey-green to 

I I 
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light rusty-brown on weathered surface. Locally these ",,-kee are 

porphyritic with phenocryBts of plagioclase and/or hr „_>iende (replaced 

clinopyroxene) and display a weak flow foliation, i. se dykea vary ir; 

thickneaa from about 2 centimetrea to over 10 metres but are commonly 1 

to 2 raetrea wide. Dyke contacts are generally parallel with well 

developed chill margins and a direct corrrlation between crystal size 

and dyke width is often evident. In places, dykes are bifurcated and 

thin (<2 cm) offahoota are common. Most of the basaltic dykes trend 

northeast, with a subordinate set trending northwest (see chapter 6). 

Baaaltic dykea that intruded marbles of the Ashburn Formation are 

commonly fractured with poliehed and alickensided joint planes, and are 

generally conformable with carbonate layering. Locally the dykss are 

extremely aheared and boudinaged parallel to marble layering. Some of 

the porphyritic varietieB crosscut the non-boudinaged diabase dykea but 

are interpreted to be of similar age. 

Basaltic dykeB that intruded the Martinon Formation are generally 

dark grey to green and in places are difficult to distinguish from the 

massive dark grey siltstone on fresh surfaces. They are undeformed and 

generally have well developed chill margins. Basaltic dykes in the 

plutonic units are similar. 

Andesitic dykes are light grey-green, fine-grainod, and very 

difficult to diatingui-.ih from the fine-grained basaltic dykes in the 

field. Their relationship to the baBaltic dykea is unknown but are 

interpreted to be of similar age. 

Quartz basaltic dykea are generally light to dark grey, fine- to 

medium-grained and equigranular and were informally termed microdiorite 

dykea in the field. Theae dykes are lesB than 5 metres wide and are 

texturally very homogeneoua with thin chilled margins. Locally they 

contain hornblende phenocrystu (replaced clinopyroxene) and may display 

a flow texture. Theae are less common than the baBaltic and andeBitic 

dykee and are morft pristine. Local crosscutting relationships indicate 

that the theae dykee cut the older basaltic and andeaitic dykes. 

I • 



I 

369 

H.7.2. Dacitic io rhyodacitic dykea 

Dyke rocka that are intermediate (dacitic to rhyodactic) in 

composition are rare and have been observed only in the Green Head Group 

and the Henderson Brook and Perch Lake plutona. These are typically 

aphanitic, light grey to light green-grey, and less than 5 metres in 

width with well developed chill-margina. They are locally porphyritic 

with phenocrysta of feldapar, quartz, and rarely biotite and may display 

a weak flow texture. Like the basaltic and andesitic dykes in the 

marblea they are highly fractured and are therefore interpreted to be of 

similar age. 

B.7.3. Pegaatitaa and aplites 

Pegmatites and aplites are associated with all of the plutonic 

units and Brookville Gneiss. They also occur in the Green Head Group 

but have only be observed close to plutonic contacts. The dykes are 

fine- to coarse-grained, and range in colour from pink to brick red to 

white. Aplite dykea are commonly associated with and locally grade into 

pegmatite dykes. They typically have a granitic compoaition and may 

contain rosettes of tourmaline and patches of muscovite and/or biotite. 

Garnet ia rarely present. Pegmatites associated with the Brookville 

Gneiss are both concordant and discordant to the gneissoaity and are 

locally foliated. The pegmatites in the MacKay Highway shear zone are 

aimilar; however, theae are locally deformed into boudina. Aplite 

lensea are common throughout the gneiss. In the igneous units the 

pegmatites and aplites form discrete dykes and veins. These pegmatites 

and aplites are locally cut by mafic dykes. 

Muscovite extracted from a pegmatite dyke in the Brookville Gneiss 

yielded an *°Ar/39Ar cooling age of ca. 510 Ma (Dallmeyer and Nance, 

1992). Based on this age the pegmatites and aplites are interpreted to 

be younger than the main plutonic event. 

I! 
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Table B.l. Previoua namea uaed for plutonic units in the preaent atudy. 

PLUTONIC UNIT 

FAIRVILLE 
GRANITE 

CHALET LAKE 
GPANITE 

HAMMOND RIVER 
GRANITE 

FRENCH 
VILLAGE 
QUARTZ 
DIORITE 

ROCKWOOD PARK 
GRANODIORITE 

RENFORTH 
PLUTON 

MAYFLOWER 
LAKE 
TONALITE 

NARROWS 
SONALITE 

PREVIOUS,PLUTONIC UNIT lilMES 

-Fair ille Granite and part of 
Rockwood Park Granodiorite 

-Fairville Granite and part of 
Rockwood Park Granite 

-Fairville Granite and part of 
Rockwood Park Granite and 
Granodiorite 

-Fairville Pluton 
-Fairville Pluton, part of Rockwood 
Park Pluton, Fisher Lake Pluton 

-Rockwood Park Pluton 
-Fairville Granite 

-Fairville Granite 
-undivided gneiss and granite 
-Chalet Lake Pluton 
-Chalet Lake Granite 

-undivided Golden Grove Intrusives 
-undivided gneiss and granite 
-granodiorite (Golden Grove Suite) 
-Hammond River Pluton 
-Hammond River Granite 

-Indiantown Gabbro, Fairville 
Granite, Rockwood Park 
Granodiorite 

-undivided gneisa and granite 
-Brookville GneiBS 
-French Village Pluton 
-French Village Quartz Diorite 

-Rockwood Park 
Granodiorite 

-Rockwood Park Granite 
-Rockwood Park Granite and 
Granodiorite 

-Rockwood Park Pluton 

-Kennebecasis Granodiorite 
-Milkiah Head Granodiorite 
-Milkiah Head Granite 
-Milkiah Head Granite and 
Granodiorite 

-Eaat Milkiah Head Pluton 
-Milkiah Head Pluton 
-Renforth Pluton 
-Fairville-Renforth Pluton 

-Mayflower Lake Quartz 
Diorite 

-Quartz Diorite 
-Mayflower Lake Pluton 
-Milkiah Head Pluton 
-Mayflower Lake Tonalite 

-Mayflower Lake Quartz Diorite 
-Quartz Diorite 
-Narrowa Pluton 
-Narrowa Tonalite 

SOURCE 

1,2,18 

3,7,11 

9,10 
17 

19 
32 
26,34,36,37 

1,2 
3,18,19 
32 
34,36 

2 
3,18 
23,24,26 
32,37 
34,36 

1,2 
3,18,19 
23,24,26,27,31 
32 
34,36,37 

1,2,18,26,34, 
36,37 
3/7,11 

9,10 
17,19 

1 
2,25 
3,7,11 

9,10 
17 
18,32,34,36,37 
26,19 
31 

1,2,9,10,18,25 
26,37 
3,7,11 
17,19 1 
32 
34,36 

1,2,9,10,18 
3,11 
17 
34,36 
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Table B.l. Continued. 

PLUTONIC UNIT 

ACAMAC 
TONA- TIE 

MILKISH HEAD 
PLUTON 

DUCK LAKE 
PLUTON 

INDIANTOWN 
PLUTON 

BELMONT 
TONALITE 

LUDGATE LAKE 
GRANODIORITE 

SPRUCE LAKE 
TONALITE 

PREVIOUS PLUTONIC UNI! NAMES 

-Milkiah Head Granite and Granodiorite 
-Acamac Pluton 

-Kennebecaaia Granite 
-Milkiah Head Granodiorite 
-Milkish Head 
Granite 

-Milkiah Head Granite and Granodiorite 
-East Milkiah Head Pluton 
-Milkiah Head Pluton 
-Fairville-Renforth Pluton 
-Milkiah Head Quartz Diorite 

-Duck Lake 
Gabbro 

-Gabbro and Hornblende Schist 
-Duck Lake Pluton 

-Indiantown 
Gabbro 

-Gabbro and Hornblende Schist 

-Kennebecasis Granodiorite 
-Milkish Head Granodiorite 
-Milkiah Head Granite 
-Milkiah Head Granite and Granodiorite 
-»«23t Milkiah Head Pluton 
-Milkiah Head Pluton 
-diorite (Golden Grove Suite) 
-Renforth Pluton 
-MuaquaBh Pluton 
-Red Bridge Pluton 
-Milkiah Head Quartz Diorite 

-Milkiah Head Granitics 
-granite, diorite, and allied rocks 
-Rockwood Park Granite and 
Granodiorite 

-Spruce Lake Pluton 
-Muaquaah Pluton 
-undivided MilkiBh Head Complex 
-granodiorite (Golden Grove Suite) 
-Ludgate Lake 

Pluton 

-Rockwood Park Granodiorite 
-Milkish Head Granitica 
-granite, diorite, and allied rocka 
-Granite Complex 
-Spruce Lake Pluton 
-MuaquaBh Pluton 
-undivided Milkiah Head Complex 
-Spruce Lake Plutonic Complex 
-granodiorite (Golden Grove Suite) 
-Ludgate Lake Pluton 

SOURCE 

9,10 
17 

1 
2,25 
3,7,11,13,14 
26 
, . » 

18,19,34,36 
31 
37 

1,2,3,9,10, 
18,26,34,36 
7,11 
32,37 

1,2,3,9,10, 
17,19,26 
7,11 

1 
2,25 
3,7,11 
9,10 
17 
18 
23,24 
26 
28 
29,30,35 
37 

4,5,6 
8 

9,10 
17 
18 
21 
23,24 
28,29,30,31, 
36,37 

1,2,3 
4,5,6 
8 
15 
17 
18 
21 
22 
23,24 
27 

F 
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Table B.l . Continued. 

PLUTONIC UNIT 

PERCK LAKE 
GRANODIORITE 

SHADOW LAKE 
GRANODIORITE 

HANSON STREAM 
j GRANODIORITE 

TALBOT ROAD 
GRANODORITE 

LEPREAU 
HARBOUR 
GRANODIORITE 

LEPREAU 
PLUTON 

PREVIOUS PLUTONIC UNIT NAMES 

-Kilkiah Hnad Granitica 
-granite, diorite, and allied rocks 
-Milkiah Head Granite and 

Granodiorite 
-Granite Complex 
-Muaquaah Pluton 
-undivided Milkiah Head complex 
-eaat part of Prince of Walea Pluton 

a-d East Muaquaah Pluton 
-east part of Prince of Wales Pluton 

and East Branch Pluton 
-east part of Prince of Walea Pluton 

-Milkiah Head Granitica and Lepreau 
Diorite 

-granite, diorite. and allied rocka 
-Granite Complex 
-Musquash Stock 
-Lepreau Pluton 
-undivided Milkish Head Complex 
-Musquash Pluton 
-Prince of Wales Pluton 
-Prince of Wales Pluton and Muaquaah 
Reaervoir Pluton 

-Milkiah Head Granitica 
-granite, dicrite, and allied rocka 
-Granite Complex 
-Lepreau Pluton 
-undivided Milkiah Head Complex 
-MuaquaBh Pluton 
-Hansen Stream 

Pluton 

-Milkiah Head Granitica 
-granite, diorite, and allied rockB 
-Granite Complex 
-Lepreau Pluton 
-undivided Milkiah Head Complex 
-Muaquaah Pluton 
-Talbot Road Pluton and Lepreau 
Pluton 

-Milkiah Head GraniticB 
-granite, diorite, and allied rockB 
-Lepreau Pluton 
-undivided Milkiah Head Complex 
-Hansen Stream 

Pluton 

-Lepreau Diorite 
-granite, diorite, and allied rockB 
-Red Head Pluton 
-undivided Milkiah Head Complex 
-Muaquaah Pluton 
-Talbot Road Pluton 

_ | 

4,5,6 
8 

9,10 
15 
18,26,28 
21 

29,35 

30 
31,37 

4,5,6 
8 
15 
16 
18,26 
21 
28 
29,30,35 

31,37 

4,5,6 [ 8 U 
15 1 
18 
21 
28 
29,30,31,35 
37 

4,5,6 
8 
15 
18 
21 
28 
29,30,31,35 
37 

4,5,6 
8 
18 
21 
29,30,31,35 
37 

4,5,6,26 
8 
18,37 
21 
28 
29,30,31,35 

i m 
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Table B.l. Continued. 

PLUTONIC XiUXT 

HENDERSON 
BROOK GRANITE 

I MUSQUASH 
HARBOUR 
GRANITE 

JARVIES LAKE 
SYENOGRANITE 

CRANBERRY 
HEAD 
SYENOGRANITE 

HARVEY HILL 
SYENOGRANITE 

PRINCE OF 
WALES GRANITE 

PREVIOUS PLUTONIC UNIT NAMES 

-KennebecasiB Granite 
-Milkiah Head Granite 
-Milkiah Head Granite and 
G.ranodiorite 

-Martinon Pluton 
-Grand Bay Pluton 
-granodiorite (Golden Grove srite) 
-Milkiah Head Granodiorite 
-Ludgate Lake Pluton(?) 
-rienderBon Lake Pluton 
-Milkiah Head Quartz Diorite 

-MuaquaBh Granite 
-granite, diorite, and allied rocks 
-Chance Harbour Intrusion 
-Musquash Harbour Granite 
-Hepburn Baain Granite 
-Ludgate Lake Pluton(?) 
-MuaquaBh Pluton 

-Musquash Granite 
-granite, diorite, and allied rocks 
-Chance Harbour Intrusion 
-Chance Harbour Granite 
-Musquash Pluton 

-Chance Harbour Granite 
-granite, diorite, and allied rocks 
-Cranberry Granite 
-Chance Harbour Intrusion 
-Cranberry Head Granite 
-MuaquaBh Pluton 

-Musquash Granite 
-granite, diorite, and allied rocks 
-Chance Harbour Intrusion 
-foliated granite in Milkish Head 
Complex 

-Harvey Hill Pluton 
-Harvey Hill Granite 

-Milkish Head Granitics 
-granite, diorite, and allied rocks 
-Milkish Head Granite 
-Granite Complex 
-Chance Harbour Intrusion and part of 
the Musquash Pluton 

-Milkish Head Complex 
-parta of Ludgate Lake and Musquash 
plutonB 

-part of Ludgate Lake and Prince of 
Wales plutons 

SOURCE f 

1 
2,3,7,11,26 

9,10 
17 
IS 
23,24 
35 
28 
29,30,35 
37 

4,5,6,12,26 
8 
18 
20,22 
21 
28 
29,30,31,35 
37 

4,5,6,26 
8 
18 
21 
29,30,35 

4,5,6,37 
8 
12 
18 
21,33 
30 

4,5,6 
8 
18 

21 
29,30,31,35 
37 

4,5,6 
8 
12 
15 

18 
21 

28 
29,30,31,35 
37 
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1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

Cumming (1916) 
Hayes and Howell (1937) 
Alcock (1938) 
Belyea (1939) 
Belyea (1944) 
Belyea (1945) 
MacKenzie (1951) 
Alcock (1959) 
Leavitt and Hamilton (1962) 
Leavitt (1S63) 
MacKenzie (1964) 
Subhaa (1970) 
Richarda (19 71) 
Grant E. (1972) 
Grant R. (1972) 
Butt (1976) 
Wardle (1978) 
Ruitenbera et al. (1979) 
Currie et al. (1991) 

20. Olazewaki and Gaudetts (1982) 
21. Dickaon (1983) 
22. Parker (1984) 
23. Currie (1984) 
24. Currie (1985) 
25. McCutcheon ̂ nd Ruitenberg (1985) 
26. Williams et al. (1985) 
27. Currie {1986a) 
28. Currie (1986b) 
29. Currie (1987a) 
30. Currie (1987b) 
31. Currie (1989a) 
32. Deveau (1989) 
33. Dallmeyer and Nance (1990) 
34. White et al. (1990) 
35. Currie and Hunt (1991) 
26. White and Barr (1991) 
37. McLeod et al. (1994) 
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APPENDIX C.l 

MODAL ANALYSES 

Means (Mean), standard deviations (Std.), maxima (Max.), minima (Min.), 
and number of sample (n) for modal analyses from the rhyolitic and 
plutonic units and d^xes in the Brookville terrane. 

DIPPER HARBOUR 
plagioclase 
quartz 
K-f( .dspar 
groundmass 
biotite 
opaque minerals 

Mean Std. Max. 
RHYOLITIC UNIT (n= 
3.2 

13. E 
6.7 

75.2 
--
-

1.6 
4.0 
2.2 
6.1 
-
-

5.3 
20.8 
11.5 
80.8 
-
-

Min. 
=11) 

1.5 
9.0 
4.1 
63.6 
-
-

Mean Std. 
ORTHOGNEISS 
49.4 
34.6 
6.1 
-
9.5 
0.3 

8.2 
6.2 
4.2 
-
4.8 
0.4 

Max. 
(n=26) 
62.9 
51.8 
15.8 
-

18.7 
1.2 

Min. 

34.5 
23.9 
0.2 
-
0.0 
0.0 

DIORITIC TO GRANODIORITIC PLUTONS 

Mean Std. Max. Min. 
Ludgate Lake Granodiorite (n=29) 
plagioclase 48.5 4.4 56.2 40.1 
quartz 28.5 4.5 37.1 18.0 
K-feldBpar 10.1 4.9 25.0 3.7 
hornblende 6.2 4.5 16.3 0.0 
biotite 6.3 4.7 21.0 0.0 
titanite 0.0 0.0 0.0 0.0 
opaque minerals 0.3 0.5 1.6 0.0 

Rockwood Park Granodiorite (n=14) 
plagioclase 49.9 6.4 62.7 
quartz 27.1 
K-feldspar 6.7 
hornblende 9.1 
biotite 6.9 4. 
clinopyroxene 0.0 0. 
titanite 0.1 0. 
opaque minerals 0.3 0. 

6.4 
4.7 
5.1 
5.9 
6 
0 
1 
7 

62.7 
35.9 
14.7 
21.4 
21.5 
0.0 
0.4 
2.7 

Balaont Tonalite (n=15) 
plagioclase 
quartz 
K-feldepar 
hornblende 
biotite 
titanite 
opaque minerals 

18.9 
3.7 
16.8 
7.7 
0.0 
0.4 

28.9 
9.4 
29.6 
17.0 
0.0 
1.7 

Shadow Lake Granodiorite (n=22) 
plagioclase 50.6 5.6 
quartz ?9.2 6.8 
K-feldspar 6.5 4.1 
hornblende 6.0 4.1 
biotite 7.2 7.0 
titanite 0.1 0.1 
opaque minerals 0.6 0.5 

Renforth Pluton (n=48) 
plagioclase 55.4 7.7 
quartz 21.8 7.7 
K-feldspar 4.6 5.3 
hornblende 10.5 8.1 
biotite 6.2 3.9 
opaque minerals 1.1 1.6 

58.3 
40.8 
12.2 
19.3 
35.7 
0.6 
1.6 

75.0 
34.1 
26.2 
40.0 
18.8 
3.3 

42.9 
20.5 
0.9 
0.0 
2.0 
0.0 
0.0 
0.0 

52.3 10.4 06.9 32.7 
5.9 
0.0 
8.7 
0.0 
0.0 
0.0 

35.7 
12.2 
0 
1 
2 
0 
0 

42.6 
10.8 
0.0 
0.0 
0.0 
0.0 

Mean Std. Max. Min. 
Spruce Lake Pluton (n=22) 
59.0 8.5 78.6 
19.4 
1.6 

13.1 
5.5 
0.1 
1.1 

10.1 
3.6 
11.6 
3.5 
0.2 
1.9 

34.8 
16.6 
41.7 
12.4 
0.9 
7.8 

44 
0 

7 
1 

0.0 
0.0 
0.0 
0.0 
0.0 

French Village Pluton (n=55) 
53.0 
11.1 
1.4 

29.0 
4.0 
6.0 
0.0 

10.3 
9.3 
2.9 
17.1 
4.8 
2.2 
0.0 

72.2 
34.8 
18.3 
67.3 
15.5 
11,3 
0.0 

18.9 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1.0 1.6 10.1 0.0 

Parch Lake Granodiorite (n=ll) 
51.1 
23.2 
9.7 
8.0 
7.4 
0.2 
0.4 

4.4 59.1 44.1 
4.3 
2.4 
7.5 
4.5 
0.4 
0.6 

30. 
12. 
23. 
16. 
1. 
1. 

16.2 
4.6 
0.0 
0.0 
0.0 
0.0 

Talbot Road Granodiorite (n=15) 
49.8 
21.7 
8.0 
12.4 
7.1 
0.1 
0.9 

56.5 
28.1 
15.2 
26.1 
15.8 
0.7 
6.5 

41.1 
16.0 
1.2 
6.1 
1.6 
0.0 
0.0 

Mayflower Lake Toanlite (n=7) 
53.5 
18.2 
1.1 

17.8 
7.8 
1.5 

5.0 
3.6 
1.8 
4.1 
1.5 
1.0 

62.0 
24.1 
4.7 

23.2 
10.0 
3.1 

46.6 
13.1 
0.0 
11.1 
5.0 
0.0 
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Appendix c.l. continued. 

N u n Std. Max. Min. 
Narrows and Acaaac tonalites (n=5) 
plagioclase 54.2 4.7 59.8 48.2 
quartz 18.5 6.8 28.0 9.8 
K-feldspar 0.0 0.0 0.0 0.0 
hornblende 15.0 12.1 33.6 0.0 
biotite 8.6 2.3 10.7 4.8 
titanite 0.0 0.0 0.0 0.0 
opaque minerals 1.2 0.5 1.9 0.4 

Mean Std. Max. Min. 
Dioritic Enclaves (n=20) 

52.3 9.6 68.8 29.2 
7.5 5.8 18.5 0.0 
0.3 0.6 2.1 0.0 
34.7 14.8 69.9 13.6 
4.6 3.8 11.3 0.0 
0.1 0.2 0.7 0.0 
0.6 0.6 2.2 0*0 

MONZOGRANITIC TO GRANODIORITIC PLUTONS 

6.4 
4.8 
8.3 
3.2 
5.9 
0.5 
0.8 

Fairville Granite (n=35) 
plagioclase 37.2 6. 
quartz 29.8 
K-feldspar 22.8 
hornblende 1.9 
biotite 7.6 
titanite 0.2 
opaque minerals 0.6 

Gaytor Granite ^n=9) 
plagioclase 45.0 3.7 
quartz 18.3 2.4 
K-feldspar 24.5 4.2 
hornblende 3.6 1.6 
biotite 6.4 4.1 
titanite 0.8 0.7 
apatite 0.6 0.4 
opaque minerals 0.9 0.9 

49.1 
40.3 
38.5 
12.7 
15.2 
1.6 
3.0 

50.7 
21.0 
30.4 
5.9 
16.7 
2.2 
1.5 
2.3 

28.0 
22.0 
10.8 
0.0 
0.0 
0.0 
0.0 

Chalet Lake Granite (n=12) 

39, 
14 
15, 
1 
3 
0 

33.6 
26.9 
25.7 
7.0 
6.1 
0.0 
0.8 

9.1 
4.9 
11.1 
6.9 
5.4 
0.0 
0.9 

46.5 
35.0 
40 0 
24.5 
15.3 
0.0 
3.0 

18.0 
18.6 
9.8 
0.6 
1.0 
0.0 
0.0 

Hammond River Granite (n=»21) 

0.2 
0.0 

36.8 
33.7 
21.9 
2.8 
4.3 
0.1 
0.0 
0.5 

6.5 
6.4 
9.4 
4.4 
3.4 
0.3 
0.0 
0.6 

51.1 
41.6 
38.5 
17.2 
11.5 
1.2 
0.0 
1.9 

26.9 
17.7 
8.7 
0 
0 
0 
0 
0 

Cassidy Lake Inlier (n=3) 
20.4 4.4 24.6 15.9 plagioclase 

quartz 30.6 4.6 35.1 
K-feldspar 46.7 2.1 48.3 
hornblende 1.3 1.1 2.0 
biotite 0.6 0.8 2.0 
titanite 0.0 0.0 0.0 
opaque minerals 0.0 0.0 0.0 

Milkish Head Plutcn (n=15) 

30.9 
44.4 
0.0 
0.0 
0.0 
0.0 

41.0 
31.8 
16.3 
3.9 
6.3 
0.1 
0.6 

7.9 
6.5 
5.3 
3.1 
3.0 
0.3 
0.5 

56.8 
44.6 
23.2 
10.0 
13.4 
1.2 
1.8 

28.5 
22.1 
3.7 
0.0 
1.4 
0.0 
0.0 

Hanson Streaa Granodiorite (n=14) 
plagioclase 43.2 
quartz 32.2 
K-feldspar 16.6 
hornblende 3.7 
biotite 4.0 
titanite 0.0 
opaque minerals 0.4 

6.9 
6.9 
6.1 
2.8 
2.5 
0.0 
0.5 

59.0 
40.0 
27.5 
10.6 
9.1 
0.0 
1.2 

32.0 
18.1 
8.8 
0.0 
0.9 
0.0 
0.0 

Lepreau Pluton (n=15) 
45. 
29. 
14. 
3. 
6. 
0, 
0.1 

7.1 
5.7 
9.9 
3.9 
6.8 
0.4 
0.1 

55.6 
36.6 
33.9 
12.6 
26.4 
1.6 
0.3 

31.0 
13.5 

0.0 

Lepreau Harbour Granodiorite (n=6) 
plagioclase 45.9 5.5 55.7 
ouartz 26.6 
K-feldspar 15.8 
hornblende 7.8 
biotite 3.2 
titanite 0.3 0.5 
opaque minerals 0.5 0.4 

•35.7 
33.7 
23.4 
10.8 
6.7 
1.2 
1.2 

39.0 
20.2 
10.4 
5.0 
1.5 
0.0 
0.0 
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Appendix C.l. Continued. 

SYENOGRANITIC TO MONZOGRANITIC PLUTONS 
Mean Std. Max. Min. 

Henderson Brook Granite (n=8) 
Mean Std. Max. Min. 

Muaquaah Harbour Granite (n=28) 
plagioclase 
quartz 
K-feldBpar 
hornblende 
biotite 
titanite 
opaque minerals 

36.1 
34.5 
26.4 
1.2 
1.4 
0.0 
0.2 

4.0 
2.7 
5.1 
1.4 
1.6 
0.0 
0.3 

40.9 
40.0 
32.6 
3.7 
4.7 
0.0 
0.9 

Muaquaah Harbour Granite tonalite 
plagioclase 
quartz 
K-feldapsr 
hornblende 
biotite 
titanite 
opaque minerals 

Cranberry Head < 
plagioclaae 
quartz 
K-feldapar 
biotite 
titanite 
opaque minerals 

Prince of Wales 
plagioclase 
quartz 
K-feldapar 
hornblende 
biotite 
titanite 
opaque minerals 

51.1 
25.0 
8.7 
9.6 
6.2 
0.1 
0.7 

Sranite 
25.6 
31.3 
38.7 
4.2 
0.0 
0.0 

6.3 
6.4 
6.5 
6.7 
3.0 
0.2 
1.2 

(n'5 
2.2 
5.7 
6.8 
4.4 
0.0 
0.0 

Granite (n= 
27.7 
35.7 
32.6 
0.9 
2.9 
0.1 
0.3 

7.3 
5.7 
8.2 
1.3 
2.1 
0.4 
0.4 

64.8 
36.0 
23.7 
19.9 
11.3 
0.6 
3.9 

) 
28.6 
39.7 
50.8 
9.1 
0.0 
0.0 

27) 
40.5 
50.7 
51.4 
5.8 
8.9 
1.7 
1.4 

30.2 
31.4 
18.6 
0.0 
0.0 
0.0 
0.0 

(n=ll) 
42.2 
14.9 
0.6 
1.6 
2.2 
0.0 
0.0 

23.5 
24.4 
34.3 
0.0 
0.0 
0.0 

11.7 
27.7 
17.6 
0.0 
0.0 
0.0 
0.0 

24.5 
36.4 
36.1 
0.5 
2.0 
0.1 
0.4 

Jarvies 
15.6 
39.9 
43.7 
0.0 
0.6 
0.0 
0.0 

Harvey 
18.4 
35.8 
44.6 
0.5 
0.2 
0.5 

8.5 
5.8 
7.0 
1.1 
2.3 
0.2 
0.6 

Lake 
4.4 
5.8 
6.1 
0.0 
1.0 
0.0 
0.0 

39.7 
45.4 
49.0 
4.4 
8.0 
0.9 
2.0 

6.0 
26.8 
24.9 
0.0 
0.0 
0.0 
0.0 

Granite (n=l 
23.4 
47.1 
52.7 
0.0 
2.9 
0.0 
0.0 

Hill Granite 
2.6 
1.9 
2.9 
0.6 
0.3 
0.8 

20.4 
39.0 
49.4 
1.1 
0.7 
2.0 

10.1 
24.6 
33.4 
0.0 
0.0 
0.0 
0.0 

(n-6) 
15.0 
33.6 
40.4 
0.0 
0.0 
0.0 

GABBROIC TO ULTRAMAFIC PLUTONS 

Duck Lake Pluton (n=25) Indiantown Pluton (n=4) 
plagioclase 
quartz 
olivine 
hornblende 
biotite 
ort hopyroxene 
clinopyroxene 
titanite 
spinel 
opaque minerals 

41.7 
0.2 
17.0 
1.6 
0.5 
5.8 
31.8 
0.2 
0.4 
0.8 

21.1 
0.5 

27.9 
21.7 
1.1 
8.0 
10.7 
0.9 
0.9 
1.1 

Coverdala Pluton (n-6) 
plagioclase 
quartz 
orthopyroxene 
clinopyroxene 
apatite 
ilmenite 

45.2 
0.4 
0.5 
35.3 
7.9 
10.7 

46.3 
0.6 
1.3 
32.7 
9.2 
12.1 

74.8 
2.0 

94.0 
67.6 
4.4 
2.5 
36.0 
4.8 
3.0 
4.4 

100.0 
1.2 
3.3 
73.6 
40.1 
40.0 

1.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

63.7 
2.1 
0.0 
0.3 
1.1 
5.6 
24.7 
0.0 
0.0 
2.6 

23.7 
2.6 
0.0 
2.9 
2.2 
11.1 
22.4 
0.0 
0.0 
5.2 

90.0 
5.2 
0.0 
6.1 
4.3 

22.2 
43.7 
0.0 
0.0 
10.4 

37.5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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Appendix C.l. Continued. 

DYKES 
Mean Std. Max. Min. 

Basaltic to andesitic dykes (n-30) 
plagioclaae 51.4 10.6 65.8 29.0 
quartz 3.6 3.9 12.7 0.0 
K-feldapar 4.5 8.2 33.7 0.0 
hornblende 36.1 15.8 66.1 0.0 
titanite 0.2 0.7 2.5 O-.O 
clinopyroxene 1.6 6.8 3.2 0.0 
opaque minerals 2.5 '2.7 8.2 0.0 

Dacitic to rhyodacitic dykea (n=8) 
plagioclase 42.C 15.6 61.5 18.8 
quartz 31.2 8.5 45.5 20.3 
K-feldspar 11.8 7.3 23.6 2.8 
hornblende 13.9 14.3 45.1 0.0 
biotite 1.0 2.4 6.8 0.0 

Pegmatite and aplita dykes (n=25) 
plagioclase 25.8 8.8 42.3 10.1 
quartz 33.7 4.5 42.5 25.1 
K-feldspar 38.0 11.8 63.1 20.0 
biotite 2.1 1.9 5.8 0.0 
muscovite 0.2 0.5 2.1 0.0 
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APPENDIX C.2 

GEOCHEMICAL DATA 

Table C.2.1. Geochemical data from igneous and metamorphic units in 
the study area. 

P l u t o n 

Sample 

D i o r i t i c t o G r a n o d i o r i t i c 
Ludgate Lake 
G r a n o d i o r i t e 

NB91- NS91- NB91- NB91-
8590 8622 8624 8634 

P l u t o n s 

NB92- NB92-
9195b 9251 

Spruce Lake 
P l u t o n 

NB91- NB92-
8629 9111 

NB91-
8588 

Major elements (wt. %) 

Si0 2 
TiOj 
A1203 

Fe203
T 

MnO 
MgO 
CaO 
Na20 
Kp 
P A 
LOI 
TOTAL 

Q 
C 
Or 
Ab 
An 
Di 
Hy 
Mt 
11 
Ap 

Ba 
Rb 
Sr 
Y 
Zr 
Nb 
Th 
Pb 
G' 
Zn 
Cu 
Ni 
V 
Cr 

64. 
0. 

16. 
5. 
0. 
2 . 
3 . 
3 . 
2 . 
0. 
1. 

100. 

75 
49 
17 
00 
10 
30 
58 
33 
65 
15 
50 
02 

66 .15 
0 . 4 4 

16 .09 
4 . 7 4 
0 .09 
1 .93 
4 . 0 8 
3 . 3 4 
2 . 1 7 
0 . 1 3 
1 .20 

100 .36 

CIPW Mormative 

24. 
1. 

15. 
28. 
17. 

0. 
7. 
3 . 
0. 
0. 

419 
69 

266 
22 

135 
5 

10 
10 
14 
40 
78 

8 
95 
15 

33 
70 
93 
67 
07 
00 
30 
69 
95 
35 

2 6 . 8 2 
1.15 

1 2 . 9 6 
28 .57 
19 .60 

0 . 0 0 
6 .27 
3 .47 
0 .85 
0 . 3 0 

6 5 . 7 1 
0.4B 

16 .29 
4 . 8 3 
0 . 1 0 
2 . 0 1 
3 .57 
3 . 5 5 
2 . 2 2 
0 . 1 3 
1 .60 

100 .49 

67 .65 
0 .49 

16 .27 
4 . 2 7 
0 .07 
1 .66 
3 . 4 1 
3 . 1 0 
2 . 3 1 
0 .13 
1 .60 

100 .96 

Mineralogy (0 

2 6 . 0 1 
1.89 

1 3 . 3 0 
3 0 . 4 5 
17 .09 

0 . 0 0 
6 .48 
3 . 5 5 
0 .92 
0 . 3 1 

3 1 . 1 4 
2 . 8 1 

13 .77 
26 .45 
1 6 . 2 1 

0 .00 
5 .26 
3 .12 
0 . 9 4 
0 .30 

Trace e l ements (ppm) 

345 
50 

220 
15 

103 
5 

10 
10 
15 
38 

5 
7 

81 
9 

393 
44 

212 
17 

113 
5 

10 
10 
12 
46 

5 
6 

80 
14 

458 
64 

261 
23 

175 
7 

10 
10 
13 
43 

8 
14 
75 
22 

65 .74 
0 . 4 4 

16 .34 
4 .25 
0 .09 
1 ,81 
3 . 5 3 
3 . 0 0 
2 . 3 9 
0 .13 
1.20 

98 .92 

6 5 . 5 1 
0 .45 

1 5 . 9 3 
4 . 2 8 
0 .09 
1 .80 
3 . 2 6 
3 . 1 0 
2 . 6 4 
0 .12 
1 .70 

9 8 . 8 8 

.5 Fe r a t i o ) 

2 9 . 4 4 
2 . 7 8 

14 .48 
2 6 . 0 3 
17 .09 

0 .00 
5 .85 
3 .16 
0 .86 
0 . 3 1 

311 
62 

200 
17 

116 
7 

10 
10 
15 
42 

8 
9 

78 
15 

2 8 . 3 7 
2 . 4 1 

16 .09 
2 7 . 0 5 
15 .87 

0 .00 
5 .85 
3 . 2 0 
0 .88 
0 .29 

394 
61 

216 
16 

104 
5 

10 
10 
15 
42 

5 
5 

76 
13 

6 8 . 7 9 
0 . 7 7 

1 3 . 3 3 
5 . 0 2 
0 . 0 7 
2 . 0 5 
2 . 0 6 
1 .93 
2 . 7 0 
0 . 1 6 
3 . 8 0 

1 0 0 . 6 8 

4 1 . 1 8 
4 . 0 1 

1 6 . 5 1 
1 6 . 9 0 

9 . 4 9 
0 . 0 0 
6 .25 
3 . 7 7 
1 . 5 1 
0 . 3 8 

398 
92 
45 
24 

210 
S 

10 
10 
14 
52 

5 
19 
89 
54 

6 5 . 0 7 
0 . 9 4 

14 .19 
6 .32 
0 . 1 1 
2 . 2 2 
2 . 2 4 
3 . 0 0 
2 . 7 6 
0 . 2 3 
1 .80 

9 8 . 8 8 

3 0 . 0 0 
2 . 8 4 

16 .85 
2 6 . 2 3 

9 .93 
0 .00 
7 .02 
4 . 7 4 
1.85 
0 .55 

617 
70 

180 
47 

267 
15 
14 
10 
16 
86 
37 
12 

102 
43 

5 9 . 4 2 
0 .78 

1 7 . 5 2 
7 .18 
0 .10 
2 . 9 1 
4 . 7 1 
2 . 9 8 
1 .78 
0 . 2 0 
2 . 3 0 

9 9 . 8 8 

2 1 , 1 5 
2 . 6 8 

1 0 . 8 2 
2 5 . 9 3 
2 2 . 6 9 

0 . 0 0 
9 .37 
5 .35 
1.52 
0 . 4 8 

448 
60 

281 
22 

222 
7 

10 
16 
18 

109 
25 
40 

138 
51 

Note: KC samples from K. Currie (written communication, 
1995); DL samples from Grammatikopoulos (1992); samples 
in bold from Deveau (1989). 
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Table C.2.1. Continued. 

Pluton 

Sample 

Dioritic to granodioritic 
Spruce 
Lake 
NB91-
8644 

Rockwood Park 
Granodiorite 

CW89- CWB9- CW89-
509A 552 654 

Plutons 
French Village 
Quartz Diorite 

CW88- CW88- CW88-
144 153 246 

CW89-
503A 

CW89-
506 

Major elements (wt. %) 

Si02 
Ti02 
Alfl, 
F6j03

T 

MnO 
MgO 
CaO 
Nap 
KjO 
P A 
LOI 
TOTAL 

Q 
c 
Or 
Ab 
An 
Di 
Hy 
Mt 
11 
Ap 

Ba 
Rb 
Sr 
Y 
Zr 
Nb 
Th 
Pb 
Ga 
Zn 
Cu 
Ni 
V 
Cr 

48.75 
1.64 

15.01 
15.48 
0.17 
6.04 
7.24 
2.01 
1.38 
0.31 
2.40 

100.43 

64.02 
0.49 

16.32 
5.00 
0.10 
2.51 
4.92 
4.18 
1.90 
0.13 
0.90 

100.47 

CIPW Normative 

7.83 
0.00 
8.3B 

17.49 
28.64 
4.95 

17.23 
11.54 
3.20 
0.74 

18.73 
0.00 

11.30 
35.61 
20.29 
2.72 
6.45 
3.65 
0.94 
0.30 

Trace elementE 

325 
41 
196 
20 
60 
5 
10 
10 
21 
105 
164 
68 

451 
53 

454 
51 

269 
21 
177 

5 
17 
10 
18 
60 
17 
8 
93 
16 

62.40 
0.63 

17.13 
5.49 
0.14 
2.99 
3.05 
3.91 
1.94 
0.13 
2.20 

100.01 

58.10 
0.66 

17.03 
6.95 
0.14 
3.53 
5.36 
3.98 
1.60 
0.15 
2.50 

100.00 

Mineralogy (0 

21.46 
3.45 

11.75 
33.92 
14.64 
0.00 
9.16 
4.08 
1.23 
0.31 

(ppm) 

478 
79 

189 
21 
145 
8 
24 
10 
18 
88 
22 
8 

104 
23 

12.30 
0.00 
9.73 

34.66 
24.58 
1.42 

10.48 
5.19 
1.29 
0.36 

416 
53 

272 
23 
177 

5 
14 
10 
18 
85 
50 
10 
159 
29 

58.51 
0.69 

17.23 
7.35 
0.13 
3.55 
6.55 
3.42 
1.24 
0.18 
0.70 

99.55 

49.96 
0.67 

19.74 
8.67 
0.13 
4.78 
9.72 
2.79 
1.06 
0.09 
1.60 

99.21 

.5 Fe ratio) 

15.03 
0.00 
7.44 

29.38 
28.43 
2.68 
9.87 
5.41 
1.33 
0.42 

267 
28 
269 
25 
153 
9 
10 
10 
20 
77 
5 

10 
144 
19 

2.86 
0.00 
6.45 

24.29 
39.32 
7.71 

11.38 
6.47 
1.31 
0.22 

169 
27 

304 
15 
54 
8 
10 
10 
18 
84 
70 
34 

243 
43 

46.60 
1.78 

17.10 
13.14 
0.15 
5.65 
9.43 
2.84 
0.86 
0.12 
1.50 

99.17 

0.41 
0.00 
5.24 

24.77 
32.34 
11.96 
11.69 
9.82 
3.49 
0.29 

132 
29 

297 
26 
86 
5 
12 
10 
21 
96 
103 
9 

523 
12 

60.89 
0.73 

16.66 
6.02 
0.16 
3.02 
3.63 
4.20 
1.69 
0.20 
1.90 

99.10 

18.12 
1.86 

10.31 
36.67 
17.24 
0.00 
9.39 
4.50 
1.43 
0.48 

406 
73 

193 
32 

275 
8 
24 
10 
16 

118 
39 
10 
104 
18 

51.60 
0.79 

17.31 
8.98 
0.16 
4.96 
7.85 
2.98 
2.02 
0.38 
2.00 

99.03 

4.16 
0.00 

12.36 
26.11 
28.88 
7.05 

12.24 
6.74 
1.55 
0.91 

355 
86 

406 
33 
141 
5 
19 
10 
20 
106 
68 
21 
277 
25 
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Table C.2.1. Continued. 

Pluton 

Sample 

Dioritic to Granodioritic Plutona 
FVQD 

CW89-
571 

Belmont 
T o n a l i t e 

NB91- NB91-
8513A B522 

NB91-
8530 

Perch Lake 
Granodior i te 
NB92- NB92-
9025 9027 

Shadow Lake 
G r a n o d i o r i t e 

NB91- NB91- NB91-
8564 8565 8569 

Major elements (wt.%) 

SiOj 
TiO, 
A 1 A 
Fe203

T 

MnO 
MgO 
CaO 
Na,0 
KjO 
PA 
LOI 
TOTAL 

Q 
C 
Or 
Ab 
An 
Di 
Hy 
Mt 
11 
Ap 

Ba 
Rb 
Sr 
Y 
Zr 
Nb 
Th 
Pb 
Ga 
z» 
Cu 
Ni 
V 
Cr 

5 1 . 7 1 
0 . 6 4 

1 6 . 8 3 
9 . 5 5 
0 . 1 8 
6 . 1 2 
7 .55 
2 . 3 4 
1 .91 
0 . 0 8 
1 .80 

9 8 . 7 1 

61 .39 
0 . 5 9 

1 5 . 7 1 
6 .52 
0 . 1 2 
3 . 7 3 
5 . 1 1 
2 . 8 3 
2 . 1 4 
0 . 1 2 
2 . 7 0 

100 .96 

CIPW Normative 

b .01 
0 .00 

11 .70 
2 0 . 5 3 
3 0 . 8 8 

5 .89 
16 .35 

7 .18 
1.26 
0 .19 

2 0 . 2 6 
0 . 0 0 

1 2 . 9 1 
2 4 . 4 5 
2 4 . 3 5 

0 . 5 9 
11 .19 

4 . 8 3 
1 .14 
0 . 2 8 

Trace e lemente 

315 
72 

291 
24 
58 

5 
20 
10 
19 
98 
92 
17 

295 
32 

378 
77 

239 
24 

125 
7 

10 
10 
14 
80 
34 
39 

156 
102 

62 .88 
0 .53 

15 .62 
5 . 9 0 
0 . 1 1 
3 . 7 9 
5 . 0 0 
2 . 5 3 
2 . 4 6 
0 .12 
1 .60 

100 .54 

63 .60 
0 .52 

15 .64 
5 .86 
0 . 1 1 
3 .65 
3 . 7 8 
2 .62 
2 .70 
0 . 1 1 
2 . 1 0 

100.69 

Mineralogy (C 

2 2 . 2 3 
0 . 0 0 

14 .74 
2 1 . 7 0 
2 4 . 3 3 

0 .02 
11 .35 

4 . 3 4 
1.02 
0 .28 

(ppm) 

487 
83 

228 
12 

109 
5 

10 
10 
13 
63 
73 
37 

127 
90 

24 .41 
1.83 

16 .23 
22 .55 
18.35 

0 .00 
11 .04 

4 .32 
1 .01 
0 .26 

490 
98 

227 
27 

105 
7 

10 
10 
14 
68 
51 
39 

141 
124 

6 1 . 1 1 
0 .62 

16 .68 
6 .10 
0 . 1 1 
3 . 1 4 
4 . 4 1 
2 .84 
2 .58 
0 .14 
1.50 

99 .23 

5 9 . 3 6 
0 .59 

16 .76 
6 .09 
0 . 1 1 
3 . 1 1 
5 .59 
2 .79 
2 .60 
0 .13 
1 .00 

9 8 . 1 3 

>,5 Fe r a t i o ) 

20 .75 
1.57 

15.65 
24 .66 
21 .52 

0 .00 
9 .77 
4 .54 
1.21 
0 .33 

328 
58 

235 
26 

120 
6 

10 
10 
17 
56 
12 
26 

133 
49 

16 .97 
0 .00 

1 5 . 8 7 
2 4 . 3 8 
2 6 . 3 7 

1 .11 
9 .28 
4 . 5 6 
1.16 
0 . 3 1 

356 
71 

224 
29 

114 
7 

12 
10 
17 
54 
33 
24 

129 
49 

66 .65 
0 .43 

1 6 . 7 1 
4 . 6 0 
0 .07 
2 . 0 1 
3 .39 
4 . 1 0 
1 .22 
0 .12 
1 .70 

1 0 1 . 0 0 

2 7 . 8 7 
2 . 8 0 
7 .28 

3 5 . 0 2 
1 6 . 1 8 

0 . 0 0 
6 .39 
3 . 3 7 
0 .82 
0 . 2 8 

184 
34 

271 
7 

124 
5 

10 
10 
12 
32 
34 

5 
96 
13 

6 6 . 1 4 
0 .52 

1 6 . 2 8 
5 .36 
0 . 1 1 
1 .95 
3 . 1 9 
4 . 1 5 
1 .06 
0 . 1 4 
1 .70 

1 0 0 . 6 0 

2 8 . 2 8 
2 . 8 8 
6 .35 

3 5 . 6 0 
1 5 . 1 2 

0 . 0 0 
6 . 5 1 
3 . 9 4 
1 .00 
0 .33 

269 
31 

282 
16 

152 
5 

10 
10 
14 
60 
16 

6 
99 
10 

6 6 . 0 4 
0 .46 

1 6 . 5 3 
5 . 0 1 
0 .09 
2 . 3 2 
1 .72 
4 . 5 0 
2 . 0 8 
0 . 1 4 
2 . 2 0 

101 .09 

2 4 . 8 3 
4 . 1 4 

12 .46 
3 8 . 6 0 

7 .72 
0 . 0 0 
7 .36 
3 . 6 8 
0 .89 
0 .33 

362 
52 

258 
18 

145 
5 

10 
10 
13 
52 
46 

8 
97 

9 



I 
382 

Table c.2.1. Continued. 

Pluton 

Sample 

D i o r i t i c t o G r a n o d i o r i t i c P l u t o n s 
Shadow Lake G r a n o d i o r i t e 

NB91- NB92- NB92- NB92- NB92-
8599B 9033 9096 9258A 9260 

enclavea 
NB91- NB92-
8597 9095 

Talbot Road 
G r a n o d i o r i t e 
NB92- NB92-
9045 9115 

Major elements (wt.%) 

Si0 2 
Ti02 

A 1 A 
Fe2Os

T 

MnO 
MgO 
CaO 
Na20 
KjO 
P A 
LOI 
TOTAL 

Q 
c 
Or 
Ab 
An 
Di 
Hy 
Mt 
11 
Ap 

Ba 
Rb 
Sr 
Y 
Zr 
Nb 
Th 
Pb 
Ga 
Zn 
Cu 
Ni 
V 
Cr 

5 9 . 7 4 
0 . 6 8 

1 7 . 7 2 
6 . 0 6 
0 . 1 1 
2 . 8 7 
5 . 3 4 
3 . 3 0 
1 .78 
0 .17 
1 .50 

9 9 . 2 7 

68 .27 
0 .42 

16 .07 
3 . 5 9 
0 .09 
1 .32 
2 . 9 3 
3 . 9 1 
1 .73 
0 .13 
0 . 9 0 

9 9 . 3 6 

CIPW Normative 

1 8 . 2 4 
1 .09 

1 0 . 7 9 
2 8 . 6 5 
2 6 . 0 4 

0 . 0 0 
8 . 9 6 
4 . 5 1 
l.""\ 
0 . ,„ 

3 1 . 1 3 
2 . 8 0 

1 0 . 4 0 
3 3 . 6 6 
1 3 . 9 3 

0 . 0 0 
4 . 3 2 
2 . 6 5 
0 . 8 1 
0 . 3 1 

Trace e lements 

327 
72 

280 
26 

209 
6 

10 
10 
18 
71 
29 
19 

124 
40 

256 
48 

219 
14 

172 
7 

10 
10 
17 
41 

5 
5 

46 
9 

6 9 . 8 3 
0 .38 

15 .92 
3 .02 
0 .06 
1.22 
1.72 
3 . 4 8 
2 . 2 0 
0 .10 
1.40 

99 .33 

6 8 . 7 3 
0 . 3 8 

15 .49 
3 .37 
0 .09 
1.37 
2 . 7 8 
3 . 3 1 
1 .78 
0 . 1 4 
1.40 

9 8 . 8 4 

Mineralogy (0 

3 6 . 4 3 
5 .04 

13 .29 
3 0 . 1 1 

8 .06 
0 .00 
3 .86 
2 .24 
0 . 7 4 
0 .24 

(ppm) 

392 
52 

202 
6 

120 
5 

10 
10 
16 
40 

5 
5 

53 
15 

3 5 . 6 1 
3 . 5 0 

1 0 . 8 1 
2 8 . 7 9 
13 .24 

0 ,00 
4 .47 
2 . 5 1 
0 . 7 4 
0 .33 

316 
51 

282 
5 

135 
5 

10 
10 
15 
39 

5 
5 

62 
15 

70 .05 
0 .32 

15 .35 
2 .74 
0 .06 
1.07 
2 .95 
3 . 4 1 
1.69 
0 .10 
0 .90 

9 8 . 6 4 

5 6 . 0 5 
0 . 6 3 

1 7 . 5 8 
7 .82 
0 .15 
4 . 2 0 
8 .38 
2 . 5 4 
1.05 
0 .18 
0 .70 

99 .28 

. 5 Fe r a t i o ) 

36 .67 
2 . 8 6 

10 .23 
2 9 . 5 6 
14 .32 

0 .00 
3 .46 
2 .04 
0 .62 
0 .24 

269 
40 

278 
7 

139 
5 

10 
10 
14 
31 

5 
5 

36 
10 

14 .18 
0 .00 
6 .32 

2 1 . 8 9 
3 4 . 0 8 

5 .62 
10 .50 

5 .77 
1.22 
0 .43 

146 
26 

393 
21 

100 
5 

10 
10 
18 
62 
23 
18 

233 
22 

5 0 . 0 9 
0 . 4 8 

1 7 . 9 4 
7 . 0 3 
0 .15 
6 .99 

10 .32 
1 .62 
1 .73 
0 .07 
2 . 5 0 

9 8 , 9 2 

3 . 8 4 
0 . 0 0 

10 .64 
14 .27 
38 .07 
11 .64 
1 5 . 1 3 

5 . 3 1 
0 .95 
0 .17 

209 
47 

283 
13 
51 

5 
10 
10 
17 
60 

6 
31 

173 
94 

6 1 . 0 0 
0 . 5 5 

1 6 . 6 6 
6 .25 
0 . 1 1 
2 . 9 2 
5 . 3 0 
2 . 7 8 
2 . 4 5 
0 . 1 3 
1 .20 

9 9 . 3 5 

19 .69 
0 . 1 1 

1 4 . 8 0 
2 4 . 0 4 
2 6 . 0 1 

0 .00 
9 .35 
4 . 6 3 
1 .07 
0 . 3 1 

264 
52 

260 
20 
99 

5 
10 
10 
16 
47 
16 
12 

143 
25 

6 0 . 5 2 
0 . 5 6 

1 7 . 3 2 
5 .96 
0 . 1 1 
2 . 9 0 
4 . 3 5 
3 . 1 6 
2 . 4 7 
0 . 1 4 
1 .60 

9 9 . 0 9 

19 .19 
1 .93 

15 .02 
2 7 . 5 1 
2 1 . 2 6 

0 . 0 0 
9 .22 
4 .45 
1.09 
0 .33 

292 
67 

249 
19 

118 
5 

10 
10 
18 
52 
16 
12 

133 
35 



I 

Table C.2.1. Continued. 

Major elementB (wt.%) 

383 

P l u t o n 

Sample 

Dior i t i c t o 
T a l b o t Road 
G r a n o d i o r i t e 

NB92- NB92-
9153 9082 

G r a n o d i o r i t i c Plutona 
R e n f o r t h P l u t o n 

CW88- CW88- CW88- CW88-
152 169 183 267 

CW88-
268 

CW89-
648 

NB92-
9131 

S i0 2 
TiOj 
Alj03 

F e A T 

MnO 
MgO 
CaO 
Na20 
KjO 
P A 
LOI 
TOTAL 

Q 
c 
Or 
Ab 
An 
Di 
Hy 
Mt 
11 
Ap 

Ba 
Rb 
Sr 
Y 
Zr 
Nb 
Th 
Pb 
Ga 
Zn 
Cu 
Ni 
V 
Cr 

6 2 . 0 0 
0 . 5 0 

1 6 . 2 3 
5 .87 
0 . 1 1 
2 . 6 9 
5 . 0 5 
2 . 9 1 
1.80 
0 . 1 2 
1.60 

9 8 . 8 8 

59 .06 
0 . 6 5 

17 .06 
6 .59 
0 . 1 1 
3 ,47 
5 .54 
2 . 9 7 
1.97 
0 .14 
1.40 

9 8 . 9 6 

5 7 . 2 5 
0 . 5 9 

17 .46 
7 .37 
0 . 1 4 
4 . 1 2 
6 .20 
3 .09 
1.63 
0 . 1 3 
1.70 

9 9 . 6 8 

6 0 . 0 0 
0 . 6 8 

16 .67 
6 . 6 1 
0 . 1 1 
3 .96 
4 . 4 8 
2 . 6 8 
1.93 
0 . 1 1 
2 . 3 0 

9 9 . 5 3 

CIPW Norma t ive M i n e r a l o g y i 

23 .59 
0 . 6 2 

10 .97 
25 .39 
25 .02 

0 . 0 0 
8 .77 
4 . 3 9 
0 . 9 8 
0 . 2 9 

T r a c e 

194 
42 

251 
18 
95 

5 
10 
10 
17 
45 
17 
11 

132 
26 

1 7 . 2 3 
0 . 3 1 

11 .97 
2 5 . 8 4 
27 .32 

0 . 0 0 
10 .79 

4 . 9 1 
1.27 
0 . 3 3 

e lement 

289 
57 

210 
30 

133 
7 

10 
10 
17 
60 
49 
23 

150 
42 

1 3 . 4 5 
0 . 0 0 
9 .87 

2 6 . 7 8 
2 9 . 6 7 

0 . 7 8 
1 2 . 5 3 

5 .47 
1.15 
0 . 3 1 

s (ppm) 

292 
43 

302 
21 

117 
8 

10 
10 
19 
78 
33 
13 

194 
16 

2 1 . 6 8 
2 . 3 6 

11 .77 
2 3 . 4 0 
2 2 . 1 9 

0 . 0 0 
12 .05 

4 . 9 5 
1.33 
0 . 2 6 

379 
55 

255 
15 
94 

5 
11 
10 
18 
69 
35 
12 

191 
21 

59 .29 
0 .62 

16 .44 
7 .06 
0 . 1 3 
4 . 1 1 
3 .82 
3 .18 
2 . 2 5 
0 . 1 3 
2 .70 

9 9 . 7 3 

0 . 5 Fe 

17 .86 
2 . 2 1 

13 .75 
2 7 . 8 3 
18 .72 

0 .00 
12 .80 

5 .29 
1.22 
0 . 3 1 

333 
62 

306 
23 

138 
10 
10 
10 
15 
72 
30 
13 

176 
11 

5 7 . 4 9 
0 .70 

16 .59 
7 .42 
0 .15 
3 .94 
3 .57 
3 .96 
1.89 
0 .15 
5 .20 

101 .06 

r a t i o ) 

13 .75 
1.99 

11 .70 
35 .09 
17 .52 

0 .00 
12 .57 

5 .63 
1.39 
0 .36 

123 
68 

142 
24 

137 
5 

10 
10 
17 
80 
19 
12 

187 
18 

6 6 . 1 7 
0 . 3 5 

1 5 . 4 3 
3 .47 
0 . 0 8 
2 .32 
2 . 3 0 
4 . 5 2 
2 . 3 3 
0 . 0 9 
3 . 2 0 

100 .26 

2 3 . 0 9 
1.56 

1 4 . 2 1 
3 9 . 4 7 
1 1 . 1 7 

0 . 0 0 
7 .00 
2 . 6 0 
0 .69 
0 . 2 2 

504 
76 

187 
14 

116 
7 

10 
10 
15 
35 
28 

8 
72 
11 

5 6 . 7 9 
0 . 7 3 

1 6 . 9 1 
7 . 9 3 
0 . 1 4 
4 . 0 7 
5 . 6 4 
3 . 4 1 
1.50 
0 . 1 5 
1.80 

9 9 . 0 7 

1 2 . 9 6 
0 . 0 0 
9 . 1 5 

2 9 . 7 8 
2 7 . 2 6 

0 . 4 9 
1 2 . 6 4 

5 . 9 3 
1.43 
0 . 3 6 

288 
45 

764 
28 

174 
5 

16 
10 
18 
83 
76 
11 

214 
19 

5 7 . 3 6 
0 . 6 1 

18 .97 
6 .74 
0 . 1 8 
4 . 0 0 
2 . 8 4 
3 . 2 8 
1.57 
0 . 1 8 
3 .30 

9 9 . 0 3 

2 0 . 7 3 
7 .49 
9 . 7 3 

2 9 . 0 9 
1 3 . 5 4 

0 . 0 0 
1 2 , 6 6 

5 .12 
1.22 
0 . 4 4 

479 
48 

370 
25 

119 
7 

10 
52 
16 

175 
25 
29 

206 
66 
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384 

Table C.2.1. Continued. 

P l u t o n 

Sample 

D i o r i t i c t o 
R e n f o r t h 
P l u t o n 
CW88- CW88-
189 191 

G r a n o d i o r i t i c P lutona 
Mayflower Lake 
T o n a l i t e 

CW88- CW89- XC79-
266 664 044 

Narrows 
T o n a l i t e 

CW89-
616 

sio2 
Ti0 2 
A1203 

Fe203
T 

MnO 
MgO 
CaO 
Na20 
KjO 
PA 
LOI 
TOTAL 

Q 
c 
Or 
Ab 
An 
Di 
Hy 
Mt 
11 
Ap 

Major e 

6 7 . 8 3 
0 . 3 5 

1 5 . 5 4 
3 . 6 5 
0 . 0 9 
2 . 0 9 
3 .12 
4 . 0 4 
2 . 3 8 
0 . 1 1 
1.10 

1 0 0 . 3 0 

l e m e n t a 

6 5 . 2 7 
0 . 4 0 

1 6 . 2 5 
4 . 1 6 
0 . 0 8 
2 . 0 9 
2 . 9 1 
3 . 9 0 
2 . 7 6 
0 . 1 5 
1.50 

9 9 . 4 7 

(wt.%) 

5 6 . 6 6 
0 . 6 4 

1 6 . 8 1 
7 .19 
0 . 1 3 
4 . 7 5 
7 .40 
2 . 5 0 
1 .21 
0 .20 
1.70 

9 9 . 1 9 

5 8 . 0 6 
0 . 6 6 

1 6 . 7 4 
6 .95 
0 .12 
4 . 2 7 
5 .25 
2 . 9 1 
1.56 
0 . 1 8 
2 . 7 0 

9 9 . 4 0 

CIPW N o r m a t i v e M i n e r a l o g y { 

2 5 . 4 9 
0 . 9 2 

1 4 . 2 0 
3 4 . 5 2 
1 4 . 9 1 

0 . 0 0 
6 .37 
2 . 6 7 
0 . 6 7 
0 . 2 6 

2 3 . 0 7 
1.96 

1 6 . 6 8 
3 3 . 7 5 
1 3 . 7 6 

0 . 0 0 
6 . 5 6 
3 .09 
0 . 7 8 
0 . 3 6 

15 .52 
0 . 0 0 
7 .36 

2 1 . 7 8 
3 1 . 9 9 

3 . 5 3 
1 2 . 7 3 

5 .37 
1.25 
0 . 4 8 

17 .80 
1.19 
9 .57 

2 5 . 5 5 
2 5 . 8 1 

0 .00 
13 .12 

5 .23 
1.30 
0 .43 

5 7 . 7 5 
0 .69 

1 5 . 4 0 
8 .46 
0 .13 
5 . 0 0 
7 .24 
2 . 6 5 
1.16 
0 .24 
2 . 0 0 

100 .72 

0 . 5 Fe 

16 .36 
0 . 0 0 
6 .97 

2 2 . 8 1 
2 7 . 1 6 

6 .18 
1 2 . 3 8 

6 .24 
1.33 
0 .57 

5 1 . 3 3 
0 . 6 4 

1 7 . 5 7 
8 . 3 4 
0 . 1 4 
6 . 0 0 
8 . 3 0 
3 . 0 0 
1.39 
0 . 1 3 
2 . 7 0 

9 9 . 5 4 

r a t i o ) 

3 . 2 6 
0 . 0 0 
8 .52 

2 6 . 3 2 
3 1 . 5 0 

8 . 1 8 
1 4 . 3 8 

6 .27 
1.26 
0 . 3 1 

Trace elements (ppm) 

Ba 
Rb 
Sr 
Y 
Zr 
Nb 
Th 
Pb 
Ga 
Zn 
Cu 
Ni 
V 
Cr 

383 
53 

263 
15 

124 
8 

10 
10 
14 
40 

5 
5 

61 
5 

449 
102 
273 

21 
132 

9 
20 
10 
18 
51 
16 

5 
61 

5 

291 
36 

378 
22 

123 
8 

10 
10 
19 
75 
37 
40 

174 
104 

356 
55 

330 
20 

127 
7 

21 
10 
17 
76 
76 
29 

188 
77 

237 
35 

341 
23 

152 
7 . 8 
3 . 8 

5 
14 
51 
28 
22 

215 
96 

324 
41 

444 
17 
75 

5 
16 
10 
17 
81 

171 
50 

246 
148 

I 



Table C.2.1. Continued. 

Major Elements (wt.%) 

385 

Pluton 

Sample 

Monsograni t i c t o G r a n o d i o r i t i c P lutona 
F a i r v i l l e 
Gran i te 

CW88- CW89- CW89- CW89- CW89- CW89-
272 523 525 543A 589 611 

NB92-
9215A 

KC79-
069 

Si0 2 
Ti02 

A l A 
Fe203

T 

MnO 
MgO 
CaO 
Na :0 
KjO 
P A 
LOI 
TOTAL 

Q 

c 
Or 
Ab 
An 
Di 
Hy 
Kt 
11 
Ap 

Ba 
Rb 
Sr 
Y 
Zr 
Nb 
Th 
Pb 
Ga 
Zn 
Cu 
Ni 
V 
Cr 

6 8 . 4 6 
0 . 5 6 

1 4 . 3 6 
4 . 0 2 
0 . 0 6 
1 .42 
1 .45 
3 . 3 0 
4 . 9 6 
0 . 1 5 
1 .20 

9 9 . 9 4 

68.0C 
0 . 6 0 

1 4 . 5 8 
4 . 2 7 
0 . 0 8 
1 .96 
1 .43 
2 . 8 6 
3 . 9 7 
0 . 0 8 
1 .70 

9 9 . 5 3 

68 .57 
0 .58 

14 .62 
4 .13 
0 .08 
2 . 0 6 
0 .93 
3 .19 
3 .66 
0 .13 
2 .00 

99 .95 

6 8 . 2 1 
0 .67 

14 .53 
4 ,55 
0 . 1 0 
1 .57 
2 .37 
3 .22 
3 .72 
0 .19 
1 .00 

100 .13 

CIPW Normative Mineralogy ( 0 . 

2 5 . 4 7 
1 .31 

2 9 . 7 4 
2 8 . 3 3 

6 . 3 1 
0 . 0 0 
4 . 4 5 
2 . 9 6 
1 .08 
0 . 3 5 

3 0 . 7 3 
3 . 2 5 

2 4 . 0 3 
2 4 . 7 9 

6 .73 
0 . 0 0 
5 .95 
3 . 1 7 
1 .17 
0 .19 

Trace Elements 

1030 
139 
158 

43 
326 

17 
30 
19 
16 
40 

5 
8 

23 
5 

522 
174 
131 

38 
189 

16 
11 
10 
17 
59 
14 
17 
72 
42 

31 .62 
4 .12 

22 .13 
2 7 . 6 1 

3 .85 
0 .00 
6.17 
3 .06 
1.13 
0 ,31 

(ppm) 

485 
161 

91 
35 

187 
17 
15 
10 
19 
65 
17 
14 
66 
46 

2 8 . 2 4 
3 .37 

22 .22 
27 .55 
10 .63 

0 .00 
4 . 9 2 
3 . 3 4 
1.29 
0 .45 

820 
123 
138 

61 
303 

23 
39 
10 
20 
54 
20 

7 
37 
21 

67 .12 
0 . 7 4 

14 .27 
4 . 6 3 
0 .08 
2 . 0 5 
2 . 2 7 
3 . 1 8 
3 . 9 6 
0 .13 
1.60 

100 .03 

6 5 . 6 2 
0 .80 

14 .35 
5 .75 
0 . 1 2 
1 .60 
2 . 8 3 
3 . 0 4 
3 . 8 2 
0 . 2 3 
1 .00 

9 9 . 1 6 

5 Fe r a t i o ) 

2 6 . 0 0 
0 .95 

2 3 . 8 3 
2 7 . 4 0 
10 .60 

0 .00 
6 .05 
3 .42 
1.43 
0 . 3 1 

2 5 . 4 8 
0 .6? 

2 3 . 0 6 
2 6 . 2 8 
1 2 . 8 1 

0 . 0 0 
5 . 3 8 
4 . 2 6 
1 .55 
0 . 5 4 

579 1152 
155 
184 

40 
225 

14 
13 
10 
18 
50 
14 
19 
89 
42 

118 
187 

50 
400 

18 
33 
10 
21 
74 
16 

8 
37 
18 

70 .85 
0 . 4 1 

13 .47 
3 . 4 1 
0 .06 
0 . 5 8 
1 .08 
2 . 4 2 
4 . 6 8 
0 . 1 0 
1 .40 

98 .46 

3 6 . 7 3 
2 .79 

2 8 . 5 4 
2 1 . 1 3 

4 . 8 6 
0 .00 
2 .36 
2 .55 
0 .80 
0 .24 

418 
187 

89 
95 

246 

6 5 . 1 0 
0 . 9 9 

1 4 . 4 5 
7 .47 
0 . 1 4 
1 .20 
3 . 9 2 
3 . 2 5 
2 . 9 3 
0 . 2 9 
0 .75 

100 .49 

2 5 . 2 9 
0 . 0 0 

1 7 . 4 2 
2 7 . 6 7 
1 6 . 2 9 

1 .12 
4 . 1 9 
5 . 4 5 
1 .89 
0 . 6 8 

683 
81 

166 
81 

397 
22 2 8 . 6 
29 
18 
19 
32 
15 

6 
19 

7 

6 .2 
17 
21 
81 

0 
0 

53 
0 
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Table C.2.1. Continued. 

P l u t o n 

Sample 

Monaogranit ic t o G r a n o d i o r i t i c P l u t o n s 
C h a l e t Lake 
G r a n i t e 

CW88- CW88- CW88-
243 254 263 

Gayton 
G r a n i t e 
NB91-
8108A 

Hammond 
R i v e r 
CW88-
200 

M i l k i a h Head 
P l u t o n 
NB90- NB92- NB92-
7012 9101B 9104A 

Majcr Elements (wt.%) 

SiOj 
TiOj 
A l A 
FejO/ 
MnO 
MgO 
CaO 
Na20 
KjO 
P A 
LOI 
TOTAL 

6 7 , 8 0 
0 . 6 6 

1 4 . 0 6 
5 .52 
0 .09 
1.22 
1.59 
2 . 9 3 
4 . 7 0 
0 . 1 7 
1.00 

9 9 . 7 4 

6 7 . 7 1 
0 . 6 0 

13 .79 
5 .14 
0 . 1 0 
1.22 
1.75 
3 .46 
4 . 8 9 
0 .15 
0 . 8 0 

9 9 . 6 1 

65 .19 
1.00 

1 3 . 7 3 
7 .13 
0 . 1 3 
1.91 
2 .35 
2 .90 
3 .00 
0 .28 
2 . 0 0 

99 .62 

6 2 . 6 1 
0 . 8 5 

1 5 . 7 1 
5 .00 
0 .07 
1.96 
3 . 0 8 
4 . 3 0 
3 .92 
0 .34 
2 . 9 0 

100 .74 

74 .84 
0 .16 

1 3 . 9 1 
1.33 
0 .07 
1.08 
0 .97 
3 .95 
3 .27 
0 .03 
0 .40 

1 0 0 . 0 1 

6 8 . 7 0 
0 .34 

1 5 . 4 3 
3 .19 
0 .07 
1.05 
2 . 4 8 
3 .44 
2 . 8 8 
0 .09 
1.20 

98 .87 

71 .17 
0 .22 

14 .90 
2 .22 
0 ,06 
0 ,82 
1.17 
3 .47 
3 .25 
0 . 0 8 
1.50 

98 .86 

7 1 . 3 6 
0 . 2 5 

1 4 . 9 3 
2 . 4 7 
0 . 0 7 
0 . 9 8 
1.50 
3 . 4 3 
2 . 8 4 
0 . 0 8 
1.20 

9 9 . 1 1 

CIPW Normative Mineralogy (0.5 Fe ratio) 

Q 
c 
Or 
Ab 
An 
Di 
Hy 
Mt 
11 
Ap 

27.84 
1.70 

28.20 
25.18 

6.88 
0.00 
4.46 
4.06 
0.27 
0.40 

Trace 

23.48 
0.00 

29.32 
29.70 

7.77 
0.04 
4.40 
3.78 
1.16 
0.35 

29.87 
2.17 

18.22 
25.23 
10.10 

0.00 
6.47 
5.31 
1.95 
0.67 

Elements (ppm) 

14.25 
0.00 

23.73 
37.28 
12.28 

0.87 
5.40 
3.71 
1.65 
0.81 

35.72 
2.19 

19.41 
33*57 

4.64 
0.00 
3.12 
0.97 
0.31 
0.07 

31.43 
2.42 

17.45 
29.85 
12.01 

0.00 
3.59 
2.37 
0.66 
0.21 

35.73 
3.84 

19.75 
30.19 

5.43 
0.00 
2.78 
1.66 
0.43 
0.19 

36.57 
3.76 

17.16 
29.68 

7.08 
0.00 
3.25 
1.83 
0.49 
0.19 

Ba 
Rb 
Sr 
Y 
Zr 
Nb 
Th 
Pb 
Ga 
Zn 
Cu 
Ni 
V 
Cr 

794 
133 
114 

64 
388 

21 
44 
10 
24 
83 

5 
7 

24 
5 

764 
168 
118 

60 
340 

21 
15 
10 
19 
99 

5 
8 

21 
14 

909 
81 

151 
45 

433 
21 
13 
10 
17 
76 

9 
11 
52 
17 

1178 576 339 389 320 
101 
562 

30 
344 

17 
10 
12 
19 
59 

6 
13 
66 
23 

95 
144 

18 
84 
11 
31 
10 
15 
38 

5 
5 

13 
8 

78 
180 

15 
122 

5 
10 
10 
14 
29 
38 

5 
50 

8 

98 
119 

10 
90 

5 
10 
36 
14 
36 

6 
5 

38 
17 

72 
230 

12 
98 

5 
10 
10 
13 
27 

7 
6 

41 
12 
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P l u t o n 

Sample 

Monaogranit ic t o G r a n o d i o r i t i c Plutona 
M i l k i a h Head 
P l u t o n 

NB92- NB92-
9144 9149 

Hanaon S t ream 
G r a n o d i o r i t e 

NB92 NB92- NB92- NB92-
9039 9044 9050 9154 

NB92-
9218 

Lepreau Har . 
G r a n o d i o r i t e 

NB92-
9084 

Major ElementB (wt.%) 

Si0 2 
Ti0 2 
A1203 
Fe203

T 

MnO 
MgO 
CaO 
Na20 
KjO 
P205 

LOI 
TOTAL 

Q 
C 
Or 
Ab 
An 
Di 
Hy 
Mt 
11 
Ap 

Ba 
Rb 
Sr 
Y 
Zr 
Nb 
Th 
Pb 
Ga 
Zn 
Cu 
Ni 
V 
c r 

6 5 . 6 0 
0 . 4 6 

1 5 . 4 9 
4 . 4 3 
0 . 0 9 
2 . 2 9 
3 . 3 4 
2 . 4 9 
3 . 2 8 
0 . 1 1 
1.90 

9 9 . 4 8 

6 9 . 7 3 
0 . 3 3 

1 5 . 7 5 
3 .14 
0 . 0 8 
1.10 
1 .73 
3 .62 
3 .07 
0 . 1 0 
1.30 

9 9 . 9 5 

6 5 . 1 3 
0 . 4 1 

1 6 . 4 0 
4 . 6 3 
0 . 1 0 
2 . 1 4 
3 . 6 5 
3 . 3 6 
1.64 
0 . 1 2 
1.60 

9 9 . 1 8 

67 .82 
0 . 3 9 

1 6 . 1 9 
4 . 8 6 
0 . 0 7 
1.64 
1.12 
4 . 1 9 
1 .63 
0 . 1 0 
1.80 

9 9 . 8 1 

CIPW Normat ive M i n e r a l o g y | 

2 8 . 5 0 
2 . 0 9 

1 9 . 9 1 
2 1 . 6 4 
1 6 . 2 8 

0 . 0 0 
7 . 1 3 
3 . 3 0 
0 . 9 0 
0 . 2 6 

T r a c e 

414 
125 
183 

29 
133 

11 
17 
11 
16 
59 
40 
21 

101 
61 

3 1 . 9 3 
3 .62 

18 .42 
3 1 . 1 0 

8 .05 
0 . 0 0 
3 . 7 0 
2 . 3 1 
0 . 6 4 
0 . 2 4 

2 8 . 7 6 
2 . 8 2 
9o95 

2 9 . 2 0 
1 7 . 7 9 

0 . 0 0 
6 . 9 4 
3 . 4 5 
0 . 8 0 
0 . 2 9 

e l e m e n t s (ppm) 

347 
83 

190 
14 

117 
5 

10 
10 
16 
40 

5 
5 

53 
10 

222 
38 

297 
11 
74 

5 
10 
10 
15 
52 

5 
6 

93 
16 

3 2 . 7 0 
5 .87 
9 . 8 5 

3 6 . 2 6 
5 .02 
0 .00 
5 . 7 1 
3 . 6 0 
0 .7 6 
0 . 2 4 

156 
45 

180 
11 
94 

5 
14 
13 
16 
57 

5 
6 

86 
12 

6 6 . 4 8 
0 .34 

1 6 . 3 1 
3 . 7 3 
0 . 0 8 
1.49 
3 .76 
3 .25 
2 . 6 8 
0 .10 
1.20 

99 .42 

0 .5 Fe 

27 .35 
1.50 

16 .15 
2 8 . 0 5 
18 .36 

0 .00 
4 . 9 4 
2 .76 
0 .66 
0 .24 

306 
71 

222 
10 
82 

5 
13 
10 
16 
32 

6 
5 

72 
11 

6 7 . 4 3 
0 .35 

15 .72 
3 . 8 0 
0 . 0 8 
1.55 
3 .69 
3 .12 
2 . 3 9 
0 .09 
0 .30 

98 .52 

r a t i o ) 

30 .25 
1.54 

1 4 . 4 1 
2 6 . 9 3 
18 .07 

0 .00 
5 .10 
2 . 8 1 
0 .68 
0 . 2 1 

193 
73 

207 
11 
76 

5 
10 
10 
17 
37 

6 
7 

72 
13 

69 .73 
0 . 3 3 

15 .65 
2 .79 
0 .07 
1.30 
2 . 4 8 
3 .6S 
2 .36 
0 .09 
1.00 

99 .46 

32 .63 
2 . 8 3 

14 .18 
31 .50 
1 1 . 9 1 

0 .00 
4 . 0 4 
2 .06 
0 .64 
0 . 2 1 

341 
57 

209 
9 

111 
5 

10 
11 
17 
37 

5 
5 

42 
10 

6 5 . 8 1 
0 .46 

15 .59 
4 . 5 0 
0 .09 
1.96 
2 . 8 1 
3 .37 
2 .90 
0 . 1 1 
1.40 

9 9 . 0 0 

2 6 . 6 0 
2 .12 

1 7 . 6 0 
2 9 . 2 8 
1 3 . 5 8 

0 .00 
6 . 3 1 
3 .35 
0 .90 
0 .2 6 

315 
91 

156 
23 

120 
7 

12 
10 
16 
45 
23 
10 
79 
18 
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P l u t o n 

Sample 

Si0 2 
TiOj 
A120, 
Fe203

T 

MnO 
MgO 
Cao 
Na2o 
vip 
PzOj 
LOI 
TOTAL 

Q 
c 
or 
Ab 
An 
Di 
Hy 
Mt 
11 
Ap 

Ba 
Rb 
Sr 
Y 
Zr 
Nb 
Th 
Pb 
Ga 
Zn 
Cu 
Ni 
V 
Cr 

Syenogranitic t o 
Henderson Brook 
Gran i te 
NB91-
8517 

Major 

74.89 
0.16 

13.72 
1.62 
0.02 
0.35 
0.70 
3.43 
4.05 
0.03 
1.40 

100.37 

NE91-
8532B 

element 

72.93 
0.20 

14.23 
1.95 
0.07 
0.57 
1.09 
4.16 
3.53 
0.05 
1.20 

99.98 

Monaogranitic Plutons 

NB92-
9141B 

a (wt. 

7 6 . 
0 . 

1 3 . 
1 . 
0 . 
0 . 
0 . 
3 . 
2 . 
0 . 
0 . 

99 . 

37 
21 
02 
77 
05 
54 
14 
67 
57 
06 
70 
10 

MuBquaah Harbour 
Pluton 

NB92-
9158 

*) 

70.12 
0.57 

13.74 
3.38 
0.04 
1.25 
0.97 
2.97 
4.08 
0.14 
1.90 

99.16 

NB92-
9160 

68,82 
0.59 

13.80 
3.51 
0.04 
0.B2 
1.72 
2.17 
4.74 
0.14 
3.00 

99.35 

CIPW Normative Mineralogy (0.5 

37.72 
2.52 

24.20 
29.35 

3.31 
COO 
1.33 
1.19 
0 .31 
0.07 

32.33 
1.73 

21.14 
35.67 

5.15 
0.00 
2.05 
1.43 
0.39 
0.12 

44. 
4. 

15 . 
31 

0 
0 
1 
1 
0 
0 

Trace elamentB 

336 
114 

58 
13 
81 

5 
10 
10 
12 
14 

5 
5 

13 
17 

332 
106 
148 

19 
88 

6 
10 
10 
13 
30 

5 
5 

21 
5 

390 
68 
61 

9 
97 

6 
10 
10 
12 
33 

5 
5 

15 
7 

79 
16 
45 
58 
31 
00 
85 
31 
41 
14 

34.45 
3.10 

24.83 
25.88 

4.01 
0.00 
3.75 
2.52 
1.12 
0.33 

(ppm) 

653 
137 

84 
39 

263 
15 
17 
14 
15 
48 

8 
6 

44 
9 

34.62 
2.40 

29.12 
19.09 

7.92 
0.00 
2.70 
2.65 
1.17 
0.34 

664 
176 

86 
39 

259 
15 
17 
12 
15 
33 

5 
6 

51 
16 

NB92-
9200 

76.45 
0.25 

11.82 
1.50 
0.02 
0.06 
0.35 
2.76 
4.70 
0.03 
0.50 

98.44 

NB92-
9203 

76.33 
0.24 

12.26 
1.39 
0.02 
0.09 
0.16 
2.80 
4.73 
0.04 
O.iO 

98.36 

Fe r a t i o ) 

42.45 
1.66 

28.38 
23.86 

1.57 
0.00 
0.40 
1.11 
0.49 
0.07 

603 
190 

56 
38 

174 
14 
20 
21 
16 
25 

5 
5 
5 
9 

42.33 
2.39 

28.52 
24.18 

0.54 
0.00 
0.45 
1.03 
0.47 
0.10 

507 
180 

42 
38 

178 
14 
16 
15 
14 
19 

5 
5 
5 

28 

NB92-
9156B 

74.15 
0.30 

13.03 
1.58 
0.03 
0.43 
0.66 
2.78 
5.00 
0.05 
0.80 

98.81 

37.61 
2.01 

30.17 
24.02 

3.01 
0.00 
1.31 
1.17 
0.58 
0.12 

518 
173 

57 
30 

153 

KC85-
021 

78.20 
0.19 

12.00 
0.92 
0.02 
0.30 
1.33 
3.65 
2.00 
0.03 
1.90 

100.54 

46.72 
1.51 

11.99 
31.32 

6.49 
0.00 
0.86 
0.68 
0.37 
0.07 

240 
84 
79 
40 

153 
11 14.4 
18 15.5 
13 
14 
27 

5 
5 

16 
7 

16 
0 

57 
1 
8 
4 
4 

w 
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Table C.2.1. Continued. 

Pluton 

Sample 

Syenogranitic to Monzogranitic Plutona 
Muaquaah Harbour J a r v i e a Lake 
P l u t o n S y e n o g r a n i t e 
NB92- NB92- NB92- NB91- NB92- NB92-
9162B 9202A 9204 8643A 9065A 9222 

P r i n c e of Walea 
G r a n i t e 

NB92- NB92- NB92-
9177 9196 9199A 

S i0 2 
Ti0 2 

A l A 
F e A T 

MnO 
MgO 
CaO 
NajO 
KjO 
P A 
LOI 
TOTAL 

Major 

6 2 . 9 1 
1.04 

15 .22 
7 .37 
0 . 1 0 
2 . 1 3 
2 . 8 5 
2 . 9 5 
2 . 8 0 
0 . 2 8 
2 . 2 0 

99 .85 

e l emen t 

5 3 . 7 9 
0 . 8 2 

1 7 . 0 0 
9 .17 
0 . 1 6 
4 . 5 6 
7 . 2 9 
2 . 0 6 
1.30 
0 . 1 4 
3 . 0 0 

9 9 . 2 9 

s (w t . 

55 .95 
0 . 7 9 

17 .36 
8 .12 
0 . 1 5 
3 .84 
5 .72 
2 . 5 8 
2 . 0 0 
0 .1 6 
2 . 5 0 

99 .17 

%) 

76 .70 
0 . 2 3 

11 .97 
0 .7 6 
0 . 0 3 
0 .04 
0 . 6 7 
3 .13 
3 . 8 8 
0 . 0 3 
1.00 

9 8 . 4 4 

77 .95 
0 . 1 8 

1 1 . 5 1 
1.23 
0 . 0 3 
0 . 0 6 
0 .12 
2 . 7 7 
4 . 9 2 
0 .02 
0 .30 

99 .09 

7 7 . 9 5 
0 . 2 0 

1 1 . 5 1 
1.16 
0 . 0 1 
0 . 1 1 
0 . 0 5 
3 . 1 1 
4 . 0 5 
0 . 0 3 
0 . 5 0 

9 8 . 6 8 

7 2 . 8 1 
0 . 4 1 

13 ,72 
1.79 
0 . 0 3 
0 .65 
1.23 
2 . 5 9 
- . 4 7 
0 .09 
2 . 3 0 

99 .09 

CIPW Normative Mineralogy (0.5 Fe ratio) 

Q 
c 
Or 
Ab 
7m 
Di 
Hy 
Mt 
11 
Ap 

26.58 
2.90 

17.01 
25.66 
12.65 
0.00 
7.01 
5.49 
2.03 
0.67 

Trace 

14.60 
0.00 
8.02 

18.19 
34.75 

1.62 
13.93 

6.94 
1.63 
0.34 

element 

15.27 
0.97 

12.28 
22.68 
28.39 

0.00 
12.35 

6.12 
1.56 
0.39 

s (ppm) 

43.36 
1.51 

23.54 
27.19 

3.21 
0.00 
0.10 
0.55 
0.45 
0.07 

43.15 
1.48 

29.45 
23.74 

0.47 
0.00 
0.42 
0.90 
0.35 
0.05 

44.95 
2.03 

24.39 
26.82 

0.05 
0.00 
0.45 
0.86 
0.39 
0.07 

42.46 
3.81 

21.20 
22.66 

5.70 
0.00 
1.80 
1.34 
0.81 
0.22 

Ba 
Rb 
Sr 
Y 
Zr 
Nb 
Th 
Pb 
Ga 
Zn 
Cu 
Ni 
V 
Cr 

619 
118 
159 

47 
227 

14 
12 
10 
20 
77 
28 
14 

129 
36 

218 
47 

224 
22 
75 

5 
10 
11 
18 
88 
68 
31 

222 
59 

353 
67 

255 
28 

113 
7 

10 
11 
19 
91 
52 
22 

196 
48 

414 
109 

48 
54 

171 
15 
20 
10 
16 
12 

5 
5 
7 

10 

325 
205 

26 
61 

158 
17 
30 
15 
15 
32 

5 
5 
5 
8 

473 
129 

41 
44 

159 
15 
20 
10 
15 
13 

5 
5 
5 
5 

222 
143 

37 
42 

207 
18 
24 
10 
16 
20 

5 
5 

29 
14 

582 
174 

92 
38 

236 
19 
25 
16 
17 
31 

5 
5 

23 
6 

550 
129 

74 
34 

187 
11 
16 
12 
14 
75 
10 

5 
28 
13 

I 

72.70 
0.44 
13.64 
2.49 
0.04 
0.48 
0.77 
3.02 
4.65 
0.09 
0.70 
99.02 

35.70 
2.50 

27.98 
26.02 

3.29 
0.00 
1.60 
1.84 
0.85 
0.21 

73.02 
0.36 

13.71 
1.85 
0.04 
0.64 
0.84 
3.11 
4.17 
0.08 
1,50 

99.32 

37.18 
2.81 

25.21 
26.93 

3.73 
0.00 
1.88 
1.37 
0.70 
0.19 



Table C.2.1. Continued. 

Pluton 

Sample 

Harvey Hill 
Syenogranite 
NB92- NB92- NB92-| 
9041 9042 9217 

Dipper Harbour Volcanic Unit 

rhyolite ash flows 
NB91- NB92- NB92- NB92- NB92-
9073 9190 9191C 9243A 9248 

Major elements (wt. %) 

Si0 2 
TiOj 
A l ^ , 
Fe 20 3

T 

MnO 
MgO 
CaO 
Na20 
KjO 
P A 
LOI 
TOTAL 

Q 
C 
Or 
Ab 
An 
Di 
Hy 
Mt 
11 
Ap 

Ba 
Rb 
Sr 
Y 
Zr 
Nb 
Th 
Pb 
Ga 
Zn 
Cu 
Ni 
V 
Cr 

76 . 
0 . 

12 . 
1 . 
0 . 
0 . 
0 . 
3 . 
4 . 
0 . 
0 . 

100 

05 
34 
74 
98 
04 
23 
64 
14 
68 
06 
30 
20 

CIPW 

38 
1 

27 
26 

2 
0 
0 
1 
0 
0 

511 
175 

27 
63 

271 
21 
26 
17 
15 
39 

5 
5 

11 
5 

26 
49 
71 
62 
79 
00 
91 
44 
65 
14 

7 8 . 2 4 
0 . 1 5 

1 2 . 2 0 
1.01 
0 . 0 1 
0 . 0 3 
0 . 1 4 
2 . 9 3 
4 . 6 7 
0 . 0 2 
0 . 4 0 

9 9 . 8 8 

7 3 . 4 3 
0 .42 

1 3 . 1 5 
2 . 2 9 
0 . 0 4 
0 .55 
0 . 4 8 
2 . 7 1 
5 .05 
0 .07 
0 . 9 0 

9 9 . 0 9 

7 6 . 8 1 
0 . 2 0 

1 2 . 1 1 
1.79 
0 . 0 3 
0 . 1 1 
0 . 3 3 
2 . 4 5 
4 . 1 2 
0 .02 
0 . 7 0 

9 8 . 6 7 

Normat ive M i n e r a l o g y 

4 3 . 1 9 
2 . 1 3 

2 7 . 7 5 
2 4 . 9 3 

0 .57 
0 . 0 0 
0 . 3 0 
0 . 8 0 
0 . 2 9 
0 . 0 5 

37 .26 
2 . 5 7 

30 .42 
2 3 . 3 8 

1.96 
0 .00 
1.73 
1.69 
0 . 8 1 
0 .17 

4 6 . 7 6 
3 .14 

2 4 . 8 7 
2 1 . 1 8 

1.54 
0 . 0 0 
0 . 7 6 
1.33 
0 . 3 9 
0 .05 

T r a c e e l e m e n t a (ppm) 

40 
184 

5 
103 
180 

24 
29 
17 
19 
15 

5 
5 
6 
8 

528 
189 

37 
76 

314 
26 
28 
15 
16 
37 

7 
5 

14 
14 

612 
140 

33 
51 

208 
17 
23 
10 
15 
37 

5 
5 
5 
7 

7 4 . 9 8 
0 . 1 9 

12 .67 
1 .81 
0 . 0 4 
0 . 1 6 
0 . 9 0 
2 . 1 4 
4 . 5 2 
0 . 0 4 
1.30 

9 8 . 7 5 

( 0 . 5 Fe 

44 .12 
2 . 7 9 

2 7 . 4 3 
1 8 . 6 0 

4 . 3 2 
0 . 0 0 
0 . 9 3 
1.35 
0 . 3 7 
0 . 1 0 

682 
164 

35 
57 

198 
16 
21 
16 
15 
43 

5 
5 
5 
5 

7 6 . 2 2 
0 . 2 0 

1 2 . 0 8 
1.65 
0 . 0 4 
0 . 2 8 
0 . 8 3 
2 . 3 2 
3 . 8 5 
0 . 0 4 
1.80 

9 9 . 3 1 

r a t i o ) 

4 6 . 9 2 
2 . 7 5 

2 3 . 3 5 
2 0 . 1 5 

3 . 9 6 
0 . 0 0 
1.15 
1.23 
0 . 3 9 
0 . 1 0 

726 
117 

49 
52 

206 
17 
16 
16 
14 
40 

5 
5 
5 
7 

7 6 . 7 0 
0 . 2 1 

1 2 . 2 6 
1 .61 
0 . 0 1 
0 .24 
0 . 0 1 
2 . 0 1 
4 . 8 9 
0 . 0 2 
0 . 6 0 

9 8 . 5 6 

4 6 . 8 1 
3 .77 

29 .52 
17 .37 

0 . 0 0 
0 . 0 0 
0 . 9 6 
1.19 
0 . 4 1 
0 . 0 5 

868 
168 

33 
54 

220 
18 
23 
24 
17 
48 
29 

5 
7 

11 

7 6 . 0 8 
0 .20 

12 .32 
1.64 
0 . 0 3 
0 .0 6 
0 .37 
2 . 5 1 
4 .52 
0 . 0 3 
0 .70 

9 8 . 4 6 

4 4 . 2 3 
2 . 7 6 

2 7 . 3 4 
2 1 . 7 4 

1.68 
0 .00 
0 .57 
1.22 
0 .39 
0 .07 

700 
157 

33 
50 

206 
18 
20 
10 
14 
31 

5 
5 
5 
5 



Table C.2.1. Continued. 

Pluton 

Sample 

G«bbroic Plutona 
Duck Lake 
P l u t o n 
CW88- CW88- CW88-
224 256 259 

DL91-
02 

DL91-
07 

DL91-
09 

DL91-
13 

CW90-
836C 

Major elemente (wt. %) 

sio2 
TiOj 
A l A , 
Fe2Oa

T 

MnO 
MgO 
CaO 
N a p 
KjO 
P A 
LOI 
TOTAL 

Q 
C 
Or 
Ab 
An 
Ne 
Di 
Hy 
01 
Mt 
11 
Ap 

Ba 
Rb 
Sr 
Y 
Zr 
Nb 
Th 
Pb 
Ga 
Zn 
Cu 
Ni 
V 
Cr 

43.10 
0.15 

18.91 
6.32 
0.10 

11.37 
14.86 

1.29 
0.11 
4.70 
0.01 

100.92 

42.64 
0.07 

22.49 
7.50 
0.11 

10.86 
11.63 

1.28 
0.31 
4.10 
0.03 

1*^.02 

47.00 
0.28 

21.17 
4.62 
0.09 
6.31 

17.97 
1.63 
0.15 
1.40 
0.01 

100.63 

45.68 
0.24 

17.72 
7.08 
0.12 

11,00 
13.10 

0.73 
0.16 
2.80 
0.00 

98.63 

CIPW Normative Mineralology 

0.00 
0.00 
0.68 
5.36 

47.42 
3.26 

23.08 
0.00 

15.10 
4.78 
0.30 
0.02 

Trace 

18 
5 

338 
5 

38 
5 

10 
10 
16 
56 

5 
233 

75 
559 

0.00 
0.00 
1.90 

11.22 
56.66 

0.00 
2.28 
2.34 

19.77 
5.63 
0.14 
0.07 

0.00 
0.00 
0.90 
8.69 

50.51 
2.84 

31.05 
0.00 
2.08 
3.38 
0.54 
0.02 

0.00 
0.00 
0.99 
6.47 

46.71 
0.00 

16.79 
21.94 

1.25 
5.38 
0.48 
0.00 

elements (ppm) 

51 
7 

330 
5 

36 
5 

10 
10 
15 
58 
13 

218 
18 

140 

26 
5 

342 
8 

40 
5 

10 
10 
17 
31 

121 
45 

140 
49 

42 
5 

259 
9 

13 
5 

10 
10 
12 
49 
19 
76 

136 
198 

41.01 
1.36 

18.08 
15.39 
0.15 
7.55 

10.81 
1.81 
0.40 
2.30 
0.03 

99.89 

38.10 
0.05 

13.57 
12.84 

0.21 
21.75 

6.69 
0.30 
0.06 
7.80 
0.01 

101.38 

34.91 
0.16 
5.36 

19.21 
0.19 

28.35 
1.53 
0.00 
0.01 

11.10 
0.00 

100.82 

(0.5 Fe r a t i o ) 

0.00 
0.00 
2.44 

15.83 
41.36 

0.00 
11.04 

2.19 
12.13 
12.28 

2.67 
0.07 

72 
9 

304 
21 
33 

5 
10 
10 
19 
80 

209 
59 

437 
36 

0.00 
0.94 
0.38 
2,73 

35.64 
0.00 
0.00 

15.94 
34.23 
10.02 

0.10 
0.03 

23 
5 

179 
5 
6 
5 

10 
10 

9 
78 

6 
592 

37 

0.00 
2.89 
0,07 
0.00 
8.55 
0.00 
0.00 

33.34 
39.12 
15.69 

0.34 
0.00 

13 
5 

41 
5 
5 
5 

10 
10 

7 
66 

6 
838 
111 

750 2926 

43.51 
0.10 

24.86 
5.17 
0.08 
8.83 

11.70 
0.98 
0.15 
3.30 
0.00 

98.68 

0.00 
1.91 
0.93 
8.72 

61.02 
0.00 
0.00 

18,32 
4.97 
3.94 
0.20 
0.00 

55 
5 

438 
5 
6 
5 

10 
10 
11 
30 

5 
144 

47 
354 
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Table C.2.1. Continued. 

P l u t o n 

Sample 

I n d i a n t o w n 
P l u t o n 
CW89- CW90-
529C 835B 

B a s a l t i c and A n d e s i t i c Dykes 

CW90- CW90- CW90- CW90- CW90-
776 779 791 821B 822B 

CW90-
834 

NB91-
8038 

Major elementa (wt. %) 

Si0 2 
Ti0 2 

A l A 
F e A T 

MnO 
MgO 
CaO 
Na20 
KjO 
P A 
LOI 
TOTAL 

Q 
C 
Or 
Ab 
An 
Ne 
Di 
Hy 
01 
Mt 
11 
Ap 

Ba 
Rb 
Sr 
Y 
Zr 
Nb 
Th 
Pb 
Ga 
zn 
Cu 
Ni 
V 
Cr 

4 6 . 5 5 
0 . 2 3 

1 8 . 3 2 
7 . 0 8 
0 . 1 9 
9 . 3 1 

1 1 . 2 7 
1.60 
1.94 
3 . 4 0 
0 . 0 1 

9 9 . 9 0 

4 3 . 3 2 
0 . 1 5 

2 7 . 6 4 
4 . 2 6 
0*07 
4 . 4 4 

13 .47 
1.07 
0 . 4 5 
3 . 4 0 
0 . 0 0 

98 .27 

51 .89 
0 .8 6 

18 .29 
8 .82 
0 . 1 5 
4 . 7 1 
7 .17 
2 . 9 4 
1.55 
0 .2 6 
2 . 4 0 

99 .04 

4 7 . 2 1 
0 . 6 8 

1 4 . 9 3 
9 . 4 1 
0 .17 

11 .56 
8 .96 
1.29 
1 .61 
0 .15 
3 .60 

99 .57 

4 8 . 2 6 
1.50 

1 3 . 9 7 
1 4 . 0 3 

0 . 2 1 
6 .89 
9 . 7 1 
2 . 0 0 
0 .92 
0 .20 
2 . 1 0 

99 .79 

CIPW Normat ive M i n e r a l o l o g y ( 0 . 

0 . 0 0 
0 . 0 0 

11 .92 
1 4 . 0 8 
3 8 . 5 6 

0 . 0 0 
15 .39 

0 . 4 6 
13 .77 

5 . 3 4 
0 . 4 5 
0 . 0 2 

0 . 0 0 
0 . 9 5 
2 . 8 1 
9 .56 

70 .59 
0 . 0 0 
0 .00 

1 0 . 3 1 
2 . 2 0 
3 .26 
0 . 3 0 
0 . 0 0 

6 .70 
0 .00 
9 .52 

2 5 . 8 6 
3 3 . 4 0 

0 .00 
1.44 

1 4 . 1 1 
0 .00 
6 .65 
1.70 
0 .63 

0 .00 
0 .00 
9 .96 

1 1 . 4 3 
3 1 . 6 1 

0 .00 
10 .94 
2 4 . 6 8 

2 .52 
7 .14 
1.35 
0 .3 6 

T r a c e e l e m e n t s (ppm) 

250 
129 
158 

12 
17 

5 
21 
18 
15 

248 
31 

123 
117 
366 

32 
21 

358 
5 
7 
5 

10 
11 
12 
42 
19 
60 
62 
54 

220 
60 

389 
16 
83 

5 
10 
10 
19 
94 
44 
30 

168 
33 

180 
82 

206 
18 
80 

5 
10 
10 
14 
92 
80 

213 
253 
729 

5 .49 
0 .00 
5 . 6 1 

17 .45 
2 7 . 2 4 

0 .00 
16 .74 
13 .57 

0 .00 
10 .49 

2 .94 
0 .48 

153 
29 

212 
38 

112 
5 

10 
10 
18 
97 

118 
64 

406 
134 

5 1 . 5 1 
1.63 

1 3 . 5 2 
1 4 . 5 8 

0 .25 
5 .42 
7 .39 
2 . 9 8 
0 . 6 2 
0 . 2 1 
1.50 

9 9 . 6 1 

5 2 . 3 1 
1.78 

1 3 . 4 0 
14 .29 

0 . 2 1 
4 . 5 0 
7 .07 
2 . 6 5 
1.27 
0 . 2 3 
1.90 

9 9 . 6 1 

5 Fe r a t i o ) 

9 .96 
0 .00 
3 .76 

2 5 . 8 9 
2 2 . 2 7 

0 .00 
11 .15 
12 .44 

0 .00 
1C.85 

3 . 1 8 
0 .50 

153 
19 

173 
39 

117 
5 

10 
10 
21 

138 
96 
37 

461 
30 

1 2 . 4 1 
0 .00 
7 .74 

23 .12 
21 .57 

0 . 0 0 
1 0 . 4 3 
10 .03 

0 .00 
1 0 . 6 8 

3 .49 
0 .55 

261 
41 

1S9 
47 

181 
9 

10 
22 
22 

132 
41 
20 

428 
21 

4 6 . 2 2 
3 .16 

1 3 . 3 4 
15 .39 

0 . 2 6 
5 .69 
9 . 9 3 
2 . 3 9 
0 . 9 4 
0 . 5 1 
1.60 

9 9 . 4 3 

4 . 7 8 
0 .00 
5 .72 

2 0 . 8 3 
2 3 . 5 9 

0 . 0 0 
18 .69 

7 .49 
0 . 0 0 

11 .49 
6 .18 
1.22 

344 
28 

246 
46 

235 
17 
10 
18 
21 

13B 
68 
61 

361 
110 

4 8 . 7 1 
1.24 

1 5 . 5 3 
12 .24 

0 .22 
8 . 0 1 
8 . 1 1 
1.75 
1.92 
0 . 1 5 
2 . 9 0 

100 .78 

3 .07 
0 .00 

11 .66 
15 .22 
29 .66 

0 .00 
8.47 

20 ,02 
0 .00 
9 .12 
2 .42 
0 .36 

296 
66 

143 
31 
85 

5 
10 
10 
16 
91 
87 

113 
284 
256 
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Table C.2.1. Continued. 

Pluton 

Sample 

Dykea 

NB91- NB91-
8507B 8554 

NB91-
8619 

Orthognaiss 

CW88- CW88-
132A 178 

CW88-
181A 

CW89-
537 

CW89-
598B 

NB89-
62 9A 

S i0 2 

Ti0 2 

A l A 
F e p 3

T 

MnO 
MgO 
CaO 
Na20 
KjO 
P205 
LOI 
TOTAL 

Major 

5 0 . 2 9 
1.49 

13.53 
14.59 

0.24 
6.74 
8.19 
1.89 
0.88 
0.23 
2.40 

100.47 

element 

50.44 
0.88 

15.50 
10.95 

0.20 
8.17 

10.50 
2.11 
0.53 
0.11 
1.60 

100.99 

a (wt. 

50.72 
0.98 

15.58 
11.34 

0.22 
7.24 
9.87 
2.02 
0.87 
0.12 
1.60 

100.56 

%) 

67.69 
0.51 

15.44 
3.83 
0.08 
2.38 
3.55 
3.83 
1.60 
0.10 
1,20 

100.21 

65.38 
0.65 

15.77 
4.06 
0.07 
2.23 
3.20 
3.39 
2.17 
0.17 
1.90 

99.99 

67.82 
0.44 

14.55 
3.29 
0.08 
2.09 
3.23 
4.45 
1.83 
0.10 
1.40 

99.28 

67.62 
0.55 

15.57 
3.66 
0.07 
2.33 
3.78 
3.62 
1.44 
0.13 
1.20 

99.97 

CIPW Normative Mineralogy (0.5 Fe ratio). 

Q 
c 
Or 
Ab 
An 
Ne 
Di 
Hy 
Ol 
Mt 
11 
Ap 

10.30 
0.00 
5.34 

16.43 
26.54 

0.00 
10.87 
16.20 

0.00 
10.87 
2.91 
0.55 

4,61 
0.00 
3.17 

18.06 
31.62 

0.00 
16.10 
16.46 

0.00 
8.03 
1.69 
0.26 

6.30 
0.00 
5,23 

17.37 
31,38 

0.00 
13.95 
15.26 

0.00 
8.36 
1.89 
0.28 

28.35 
1.21 
9.57 

32.79 
17.16 
o.co 
0.00 
6.90 
0.00 
2.81 
0.98 
0.23 

28.94 
2.49 

13.10 
29.30 
15.08 
0.00 
0.00 
6.42 
0,00 
3.01 
1.26 
0.40 

25.64 
0.00 

11.07 
38.53 
14.66 

0.00 
0.85 
5.73 
0.00 
2.44 
0.86 
0.24 

29.94 
1.52 
8.63 

31.07 
18.16 

0.00 
0.00 
6,63 
0.00 
2.69 
1.06 
0.31 

Trace elements (ppm) 

Ba 
Rb 
Sr 
Y 
Zr 
Nb 
Th 
Pb 
Ga 
Zn 
Cu 
Ni 
V 
Cr 

474 
36 

164 
37 

122 
5 

10 
10 
17 

134 
141 

66 
415 
145 

87 
16 

175 
22 
50 

5 
10 
10 
17 
90 

152 
81 

287 
236 

242 
24 

170 
21 
54 

5 
10 
10 
19 
90 
97 
61 

300 
192 

294 
84 

136 
37 

180 
12 
25 
14 
16 
49 

8 
22 
70 
43 

461 
91 

170 
24 

188 
5 

15 
10 
17 
59 
10 
22 
85 
48 

378 
71 

194 
17 

177 
14 
28 
12 
16 
42 
18 
13 
62 
28 

226 
76 

141 
27 

181 
10 
24 
10 
16 
46 
27 
20 
68 
34 

396 
94 

192 
27 

174 
13 
23 
10 
15 
42 
11 
13 
60 
34 

314 
70 

144 
21 

172 
13 
20 
10 
14 
39 

8 
14 
57 
30 

69.56 
0.40 

14.90 
3.11 
0.08 
1.92 
2.13 
4.09 
2.20 
0.09 
1.60 

100.08 

69.64 
0.43 

15.28 
3.16 
0,07 
1.92 
3.47 
3.87 
1.58 
0.09 
0.80 

100.31 

30.34 
2.17 

13.22 
35.19 
10.15 

0.00 
0.00 
5.65 
0.00 
2.29 
0.77 
0.21 

30.91 
1.12 
9.40 

32.96 
16.73 

0.00 
0.00 
5.54 
0.00 
2.31 
0.82 
0.21 

R 



Table C.2.1. Continued. 

P l u t o n 

s amp le 

O r t h o g n e i s s 

KC79- NB91-
097 8551 

h o r n b l e n d e 
- m e i s s 

CW89- NB92-
531 9080 

Major elementa (wt. %) 

Si0 2 

TiOj 
AljO, 
Fe203

T 

MnO 
MgO 
CaO 
N a p 
up 
P A 
LOI 
TOTAL 

Q 
c 
Or 
Ab 
An 
Ne 
Di 
Hy 
0 1 
Mt 
11 
Ap 

Ba 
Rb 
Sr 
Y 
Zr 
Nb 
Th 
Pb 
Ga 
Zn 
Cu 
Ni 
V 
Cr 

6 6 . 4 5 
0 . 6 0 

1 5 . 8 5 
4 . 0 7 
0 . 0 7 
2 . 0 0 
3 . 9 6 
3 .55 
1.76 
0 . 1 4 
2 . 1 0 

1 0 0 . 5 5 

6 9 . 4 8 
0 .44 

1 5 . 0 5 
3 .64 
0 .07 
2 . 0 8 
2 . 6 1 
2 . 9 4 
1.73 
0 .09 
1.90 

1 0 0 . 0 3 

6 0 . 8 3 
0 . 9 7 

1 5 . 8 5 
7 .47 
0 . 1 6 
3 . 8 3 
4 , 9 7 
1.80 
2 . 1 1 
0 . 1 6 
1,30 

9 9 . 4 5 

CIPW Norma t ive Mi 

2 8 . 1 2 
1.26 

1 0 . 5 8 
3 0 . 5 7 
1 9 . 0 6 

0 . 0 0 
0 . 0 0 
5 . 9 1 
0 . 0 0 
3 . 0 0 
1.16 
0 . J 3 

3 7 . 6 8 
3 .89 

10 .44 
2 5 . 4 0 
12 .62 

0 . 0 0 
0 . 0 0 
6 .22 
0 . 0 0 
2 . 6 9 
0 .85 
0 . 2 1 

2 6 . 1 5 
2 . 0 0 

1 2 , 7 5 
1 5 . 5 8 
2 4 . 1 5 

0 . 0 0 
0 . 0 0 

1 1 . 5 8 
0 . 0 0 
5 .54 
1.88 
0 . 3 8 

5 6 . 8 7 
1.04 

1 6 . 9 1 
8 .04 
0 . 1 6 
4 . 6 2 
6 .32 
2 . 7 4 
1.05 
0 .17 
1.20 

99 .12 

n e r a l o 

1 6 . 5 1 
0 .19 
6 .36 

23 .77 
3 1 . 0 1 

0 .00 
0 .00 

1 3 . 7 5 
0 .00 
5 .98 
2 . 0 3 
0 .40 

T r a c e e l e m e n t a (ppm) 

467 
65 

236 
19 

139 
8 
7 
2 
0 

24 
10 
41 
80 
32 

355 
61 

157 
13 

172 
11 
10 
10 
15 
41 

8 
24 
63 
26 

338 
86 

158 
41 

184 
11 
10 
16 
19 
81 
24 
52 

149 
84 

104 
39 

196 
36 

233 
10 
10 
10 
18 
78 
18 
57 

167 
94 



APPENDIX C.3 

MICROPROBE DATA FROM PLUTONIC UNITS 

Table C.3.1. Amphibole analyses from plutonic units in the Brookville Terrane. 

Dioritic to Granodioritic Plutona 
P l u t o n 
S a m p l e 

S i 0 2 

T i 0 2 

A1 2 0 3 

FeO 
MnO 
MgO 
CaO 
Na 2 0 
KjO 
Cr203 

T O T A L 

s i 
A l " 
A l * 
T i 
c r 
F e 
Mn 
Mg 
Ca 
Na 
K 
Mg/Mg+Fe 

L u d g a t e L a k e 
N B 9 1 - 8 5 9 0 

1 

4 8 . 7 8 
0 . 8 6 
5 . 5 7 

1 3 . 4 3 
0 . 7 3 

1 4 . 4 6 
1 1 . 1 7 

1 . 2 6 
0 . 5 2 
0 . 0 0 

9 6 . 7 8 

Number 

7 . 2 1 
0 . 7 9 
0 . 1 8 
0 . 1 0 
0 . 0 0 
1 . 6 6 
0 . 0 9 
3 . 1 9 
1 . 7 7 
0 . 3 6 
0 . 1 0 
0 . 6 6 

2 

5 0 . 2 8 
0 . 5 7 
4 . 3 6 

1 2 . 7 8 
0 . 7 6 

1 4 . 7 9 
1 1 . 3 3 

0 . 7 9 
0 . 2 6 
0 . 0 0 

9 5 . 9 2 

G r a n o d i o r i t e 

3 

4 7 . 7 7 
0 . 9 6 
6 . 2 7 

1 3 . 7 9 
0 . 6 9 

1 3 . 8 6 
1 0 . 9 6 

1 . 4 8 
0 . 3 7 
0 . 0 0 

9 6 . 1 5 

4 1 
4 7 . 8 8 

1 . 0 4 
6 . 1 3 

1 3 . 8 0 
0 . 7 0 

1 3 . 9 6 
1 0 . 9 2 

1 . 3 0 
0 . 3 4 
0 . 0 0 

9 6 . 0 7 

o f i o n a o n t h e b a s i s 

7 . 4 3 
0 . 5 7 
0 . 1 9 
0 . 0 6 
0 . 0 0 
1 . 5 8 
0 . 1 0 
3 . 2 6 
1 . 8 0 
0 . 2 3 
0 . 0 5 
0 . 6 7 

7 . 1 2 
0 . 8 8 
0 . 2 3 
0 . 1 1 
0 . 0 0 
1 . 7 2 
0 . 0 9 
3 . 0 8 
1 . 7 5 
0 . 4 3 
0 . 0 7 
0 . 6 4 

7 . 1 4 
0 . 8 6 
0 . 2 2 
0 . 1 2 
0 . 0 0 
1 . 7 2 
0 . 0 9 
3 . 1 0 
1 . 7 4 
0 . 3 8 
0 . 0 7 
0 . 6 4 

NB91-8622 
1 

4 7 . 7 9 
1 . 0 2 
6 . 1 0 

1 3 . 9 5 
0 . 8 5 

1 3 . 7 9 
1 1 . 7 1 

1 . 2 0 
0 . 4 8 
0 . 0 0 

9 6 . 8 9 

o f 23 

7 . 1 0 
0 . 9 0 
0 . 1 7 
0 . 1 1 
0 . 0 0 
1 . 7 3 
0 . 1 1 
3 . 0 5 
1 . 8 6 
0 . 3 5 
0 . 0 9 
0 . 6 4 

2 

4 7 . 9 1 
1 . 0 4 
6 . 6 8 

1 3 . 9 2 
0 . 6 4 

1 3 . 8 8 
1 1 . 6 4 

1 . 3 2 
0 . 4 3 
0 . 0 0 

9 7 . 4 6 

o x y g e n . 

7 . 0 6 
0 . 9 4 
0 . 2 2 
0 . 1 2 
0 . 0 0 
1 . 7 2 
0 . 0 8 
3 . 0 5 
1 . 8 4 
0 . 3 8 
0 . 0 8 
0 . 6 4 

3 

4 8 . 4 7 
1 . 0 1 
5 . 7 5 

1 3 . 6 6 
0 . 6 9 

1 4 . 2 4 
1 1 . 8 4 

1 . 0 5 
0 . 4 8 
0 . 0 0 

9 7 . 1 9 

7 . 1 5 
0 . 8 5 
0 . 1 5 
0 . 1 1 
0 . 0 0 
1 . 6 9 
0 . 0 9 
3 . 1 3 
1 . 8 7 
0 . 3 0 
0 . 0 9 
0 . 6 5 

4 1 

4 7 . 9 6 
1 . 0 2 
6 . 0 2 

1 4 . 4 1 
0 . 7 0 

1 4 . 1 4 
1 1 . 9 0 

1 . 2 3 
0 . 4 3 
0 . 0 0 

9 7 . 8 1 

7 . 0 7 
0 . 9 3 
0 . 1 2 
0 . 1 1 
0 . 0 0 
1 . 7 8 
0 . 0 9 
3 . 1 1 
1 . 8 8 
0 . 3 5 
0 . 0 8 
0 . 6 4 

NB92-9195D 
C - l 

5 0 . 8 4 
0 . 5 4 
3 . 6 1 

1 3 . 2 1 
0 . 9 2 

1 5 . 7 2 
1 2 . 0 3 

0 . 7 3 
0 . 2 3 
0 . 0 0 

9 7 . 8 3 

7 . 4 1 
0 . 5 9 
0 . 0 3 
0 . 0 6 
0 . 0 0 
1 . 6 1 
0 . 1 1 
3 . 4 1 
1 . 8 8 
0 . 2 1 
0 . 0 4 
0 . 6 8 

R - i 

5 0 . 7 2 
0 . 7 0 
3 . 7 1 

1 2 . 9 7 
0 . 8 2 

1 5 . 6 1 
1 1 . 5 6 

0 . 9 3 
0 . 2 6 
0 . 0 0 

9 7 . 2 8 

7 . 4 2 
0 . 5 8 
0 . 0 6 
0 . 0 8 
0..00 
1 . 5 9 
0 . 1 0 
3 . 4 0 
1 . 8 1 
0 . 2 6 
0 . 0 5 
0 . 6 8 

C - 2 

4 9 . 5 5 
0 . 7 0 
5 . 0 9 

1 3 . 6 3 
0 . 8 1 

1 4 . 4 7 
1 1 . 9 3 

1 . 0 2 
0 . 3 5 
0 . 0 0 

9 7 . 5 5 

7 . 2 7 
0 . 7 3 
0 . 1 5 
0 . 0 8 
0 . 0 0 
1 . 6 7 
0.1Q 
3 . 1 6 
1 . 8 8 
0 . 2 9 
0 . 0 7 
0 . 6 5 

R - 2 

4 7 . 7 1 
0 . 9 2 
6 . 2 7 

1 3 . 7 9 
0 . 9 0 

1 3 . 9 9 
1 1 . 2 1 

1 . 3 8 
0 . 2 9 
0 . 0 0 

9 6 . 4 6 

, . 1 0 
0 . 9 0 
0 . 2 0 
0 . 1 0 
0 . 0 0 
1 . 7 2 
0 . 1 1 
3 . 1 0 
1 . 7 9 
0 . 4 0 
0 . 0 6 
0 . 6 4 

C - 3 

4 8 . 3 2 
1 . 0 0 
6 . 7 2 

1 3 . 1 9 
0 . 8 6 

1 5 . 2 1 
1 0 . 5 7 

1 . 6 4 
0 . 2 6 
0 . 0 0 

9 7 . 7 7 

7 . 0 6 
0 . 9 5 
0 . 2 1 
0 . 1 1 
0 . 0 0 
1 . 6 1 
0 . 1 1 
3 . 3 1 
1 . 6 5 
0 . 4 6 
0 . 0 5 
0 . 6 7 

R - 3 

5 0 . 3 7 
0 . 8 8 
4 . 9 3 

1 3 . 1 3 
1 . 1 1 

1 5 . 0 9 
1 0 . 8 6 

1 . 1 8 
0 . 1 8 
0 . 0 0 

9 7 . 7 3 

7 . 3 3 
0 . 6 7 
0 . 1 7 
0 . 1 0 
0 . 0 0 
1 . 6 0 
0 . 1 4 
3 . 2 7 
1 . 6 9 
0 . 3 3 
0 . 0 3 
0 . 6 7 

C = core; R = rim 



Table C.3.1. Continued. 

Pluton 
Sample 

Dioritic to Granodioritic Plutons 
Ludgate Lake Granodiorite 
NB92-9251 
1 2 3 4 

Rockwood Park Granodiorite 
CW89-509A 
C-l R-l C-2 R-2 C-3 C-4 

French Village Pluton 
CW88-144 
C-l R-l C-2 R-2 

S i 0 2 

T i 0 2 

A1 2 0 3 

FeO 
MnO 
MgO 
CaO 
Na 2 0 
KjO 
C r A 
TOTAL 

S i 
A l * 
A l " 
T i 
Cr 
F e 
Mn 
Mg 
Ca 
Na 
K 
Mg/Mg+Fe 

5 0 . 2 1 
0 . 7 5 
3 . 9 7 

1 3 . 2 7 
0 . 8 9 

1 5 . 3 2 
1 1 . 6 8 

0 . 8 5 
0 . 3 4 
0 . 0 0 

9 7 . 2 8 

Number 

7 . 3 7 
0 . 6 4 
0 . 0 5 
0 . 0 8 
0 . 0 0 
1 . 6 3 
0 . 1 1 
3 . 3 5 
1 . 8 4 
0 . 2 4 
0 . 0 6 
0 . 6 7 

5 0 . 0 4 
0 . 6 7 
4 . 4 0 

1 3 . 4 8 
0 . 7 1 

1 5 . 2 0 
1 1 . 6 9 

1 . 0 9 
0 . 3 4 
0 . 0 0 

9 7 . 6 2 

4 8 , 9 5 
0 . 7 3 
5 . 6 3 

1 3 . 2 7 
0 . B 6 

1 4 . 6 2 
1 1 . 6 2 

1 . 0 4 
0 . 3 6 
0 . 0 0 

9 7 . 0 8 

4 9 . 3 6 
0 . 6 2 
5 . 3 7 

1 3 . 5 7 
0 . 7 4 

1 5 . 0 9 
1 1 . 2 6 

1 . 3 7 
0 . 2 7 
0 . 0 0 

9 7 . 6 5 

o f i o n s o n t h e b a s i s 

7 . 3 2 
0 . 6 8 
0 . 0 8 
0 . 0 7 
0 . 0 0 
1 . 6 5 
0 . 0 9 
3 . 3 1 
1 . 8 3 
0 . 3 1 
0 . 0 6 
0 . 6 7 

7 . 2 1 
0 . 8 0 
0 . 1 8 
0 . Q 8 
0 . 0 0 
1 . 6 3 
0 . 1 1 
3 . 2 1 
1 . 8 3 
0 . 3 0 
0 . 0 7 
0 . 6 6 

7 . 2 2 
0 . 7 8 
0 . 1 5 
0 . 0 7 
0 . 0 0 
1 . 6 6 
0 . 0 9 
3 . 2 9 
1 . 7 7 
0 . 3 9 
0 . 0 5 
0 . 6 7 

4 6 . 8 4 
1 . 7 1 
7 . 3 3 

1 5 . 2 5 
0 . 6 1 

1 2 . 3 6 
1 1 . 8 4 

1 . 2 3 
0 . 6 4 
0 . 0 0 

9 7 . 8 1 

o f 2 3 

6 . 9 4 
1 . 0 6 
0 . 2 2 
0 . 1 9 
0 . 0 0 
1 . 8 9 
0 . 0 8 
2 . 7 3 
1 . 8 8 
0 . 3 5 
0 . 1 2 
0 . 5 9 

4 3 . 9 5 
1 . 3 4 
8 . 6 7 

1 7 . 2 2 
0 . 6 5 

1 0 . 4 9 
1 2 . 0 2 

1 . 2 0 
1 . 1 1 
0 . 0 0 

9 6 . 6 5 

o x y g e n . 

6 . 7 1 
1 . 2 9 
0 . 2 7 
0 . 1 5 
0 . 0 0 
2 . 2 0 
0 . 0 8 
2 . 3 9 
1 . 9 7 
0 . 3 6 
0 . 2 2 
0 . 5 2 

4 3 . 9 9 
1 . 3 1 
8 . 9 1 

1 6 . 8 2 
0 . 5 7 

1 1 . 0 3 
1 2 . 1 4 

1 . 0 9 
1 . 0 8 
0 . 0 0 

9 6 . 9 4 

6 . 6 8 
1 . 3 2 
0 . 2 8 
0 . 1 5 
0 . 0 0 
2 . 1 4 
0 . 0 7 
2 . 5 0 
1 . 9 8 
0 . 3 2 
0 . 2 1 
0 . 5 4 

4 2 . 9 4 
1 . 3 5 
9 . 1 8 

1 7 . 2 0 
0 . 5 5 

1 0 . 3 6 
1 1 . 9 1 

1 . 2 3 
1 . 1 5 
0 . 0 0 

9 5 . 8 7 

6 . 6 2 
1 . 3 8 
0 . 2 9 
0 . 1 6 
0 . 0 0 
2 . 2 2 
0 . 0 7 
2 . 3 8 
1 . 9 7 
0 . 3 7 
0 . 2 3 
0 . 5 2 

4 4 . 7 6 
1 . 4 6 
8 . 0 0 

1 5 . 8 2 
0 . 6 3 

1 1 . 5 3 
1 2 . 0 2 

1 . 1 1 
0 . 9 1 
0 . 0 0 

9 6 . 2 4 

6 . 8 0 
1 . 2 0 
0 . 2 4 
0 . 1 7 
0 . 0 0 
2 . 0 1 
0 . 0 8 
2 . 6 1 
1 . 9 6 
0 . 3 3 
0 . 1 8 
0 . 5 7 

4 6 . 1 6 
1 . 2 9 
7 . 3 9 

1 5 . 7 0 
0 . 6 2 

1 1 . 8 8 
1 2 . 0 1 

1 . 0 3 
0 . 8 2 
0 . 0 0 

9 6 . 9 0 

6 . 9 4 
1 . 0 7 
0 . 2 4 
0 . 1 5 
0 . 0 0 
1 . 9 7 
0 . 0 8 
2 . 6 6 
1 . 9 3 
0 . 3 0 
0 . 1 6 
0 . 5 7 

4 6 . 1 2 
1 . 3 8 
7 . 2 8 

1 3 . 7 4 
0 . 6 0 

1 3 . 2 6 
1 1 . 9 3 

1 . 1 8 
0 . 6 2 
0 . 0 6 

9 6 . 2 2 

6 . 9 2 
1 . 0 9 
0 . 2 0 
0 . 1 6 
0 . 0 1 
1 . 7 2 
0 . 0 8 
2 . 9 6 
1 . 9 3 
0 . 3 4 
0 . 1 2 
0 . 6 3 

4 2 . 6 0 
1 . 3 5 
9 . 6 1 

1 7 . 1 3 
0 . 5 8 

1 0 . 0 7 
1 2 . 0 3 

1 . 2 4 
1 . 0 8 
0 . 0 7 

9 5 . 7 6 

6 . 5 8 
1 . 4 2 
0 . 3 3 
0 . 1 6 
0 . 0 1 
2 . 2 1 
0 . 0 8 
2 . 3 2 
1 . 9 9 
0 . 3 7 
0 . 2 1 
0 . 5 1 

4 5 . 3 5 
1 . 2 0 
7 . 7 3 

1 5 . 4 5 
0 . 6 1 

1 1 . 9 7 
1 1 . 9 6 

1 . 0 4 
0 . 7 8 
0 . 0 4 

9 6 . 1 3 

6 . 8 7 
1 . 1 3 
0 . 2 5 
0 . 1 4 
0 . 0 1 
1 . 9 6 
0 . 0 8 
2 . 7 0 
1 . 9 4 
0 . 3 1 
0 . 1 5 
0 . 5 8 

4 3 . 5 4 
1 . 4 0 
8 . 6 7 

1 6 . 1 4 
0 . 5 7 

1 0 . 4 4 
1 1 . 7 7 

1 . 1 3 
1 . 1 5 
0 . 0 5 

9 4 . 8 6 

6 . 7 4 
1 . 2 6 
0 . 3 2 
0 . 1 6 
0 . 0 1 
2 . 0 9 
0 . 0 8 
2 . 4 1 
1 . 9 5 
0 . 3 4 
0 . 2 3 
0 . 5 4 



Table C.3.I. Continued. 

Pluton 
Sample 

Dioritic to Granodioritic Plutona 
French Village Pluton 

CW88-153 
C-l R-l C-2 R-2 C-3 R-3 C-4 R-4 

CW88-246 
C-l R-l C-2 R-2 C-3 R-3 

sio2 
TiOj 
A l A 
FeO 
MnO 
MgO 
CaO 
Na20 
KjO 
C r p , 
TOTAL 

S i 
Al1" 
A l " 
T i 
Cr 
F e 
Mn 
Mg 
Ca 
Na 
K 
Mg/Mg+F 

4 3 . 7 0 
1 . 2 6 
9 . 3 1 

1 4 . 8 8 
0 . 4 2 

1 1 . 7 4 
1 1 . 7 3 

1 . 3 0 
0 . 7 3 
0 . 0 5 

9 5 . 1 2 

Number 

6 . 6 8 
1 * 3 2 
0 . 3 6 
0 . 1 5 
0 . 0 1 
1 . 9 0 
0 . 0 5 
2 . 6 8 
1 . 9 2 
0 . 3 9 
0 . 1 4 

e 0 . 5 8 

4 3 . 8 9 
1 . 2 8 
9 . 1 1 

1 5 . 3 4 
0 . 4 5 

1 1 . 6 5 
1 1 . 9 5 

1 . 3 9 
0 . 7 0 
0 . 0 5 

9 5 . 8 1 

4 3 . 6 1 
0 . 8 7 
9 . 3 0 

1 5 . 0 8 
0 . 4 2 

1 0 . 8 1 
1 1 . 9 1 

1 . 1 2 
0 . 7 2 
0 . 0 2 

9 3 . 8 6 

4 3 . 9 2 
0 . 9 4 
9 . 1 0 

1 5 . 5 1 
0 . 4 0 

1 1 . 3 6 
1 1 . 5 4 

1 . 3 7 
0 . 7 1 
0 . 0 7 

9 4 . 9 2 

o f i o n s o n t h e b a s i s 

6 . 6 8 
1 . 3 2 
0 . 3 2 
0 . 1 5 
0 . 0 1 
1 . 9 5 
0 . 0 6 
2 . 6 4 
1 . 9 5 
0 . 4 1 
0 . 1 4 
0 . 5 8 

6 . 7 6 
1 . 2 4 
0 . 4 6 
0 . 1 0 
0 . 0 0 
1 . 9 6 
0 . 0 6 
2 . 5 0 
1 . 9 8 
0 . 3 4 
0 . 1 4 
0 . 5 6 

6 . 7 4 
1 . 2 6 
0 . 3 9 
0 . 1 1 
0 . 0 1 
1 . 9 9 
0 . 0 5 
2 . 6 0 
1 . 9 0 
0 . 4 1 
0 . 1 4 
0 . 5 7 

4 4 . 6 0 
1 . 1 6 
9 . 1 3 

1 4 . 6 9 
0 . 3 8 

1 1 . 7 9 
1 1 . 9 4 

1 . 2 4 
0 . 6 6 
0 . 0 6 

9 5 . 6 5 

o f 2 3 

6 . 7 6 
1 . 2 4 
0 . 3 9 
0 . 1 3 
0 . 0 1 
1 . 8 6 
0 . 0 5 
2 . 6 6 
1 . 9 4 
0 . 3 6 
0 . 1 3 
0 . 5 9 

4 6 . 0 1 
0 . 9 5 
7 . 9 6 

1 3 . 8 0 
0 . 4 3 

1 2 . 4 5 
1 1 . 9 9 

0 . 9 4 
0 . 4 9 
0 . 0 3 

9 5 . 0 5 

o x y g e n . 

6 . 9 6 
1 . 0 4 
0 . 3 8 
0 . 1 1 
0 . 0 0 
1 . 7 5 
0 . 0 6 
2 . 8 1 
1 . 9 4 
0 . 2 8 
0 . 1 0 
0 . 6 2 

4 3 . 8 0 
1 . 3 8 
8 . 9 8 

1 5 . 2 8 
0 . 4 3 

1 1 . 9 4 
1 0 . 7 9 

1 . 4 4 
0 . 5 6 
0 . 0 4 

9 4 . 6 4 

6 . 7 2 
1 . 2 8 
0 . 3 5 
0 . 1 6 
0 . 0 1 
1 . 9 6 
0 . 0 6 
2 . 7 3 
1 . 7 7 
0 . 4 3 
0 . 1 1 
0 . 5 8 

4 4 . 1 3 
0 . 9 5 
9 . 6 7 

1 5 . 5 4 
0 . 4 0 

1 0 . 7 4 
1 1 . 8 6 

1 . 1 6 
0 . 7 1 
0 . 0 7 

9 5 . 2 3 

6 . 7 4 
1 . 2 6 
0 . 4 9 
0 . 1 1 
0 . 0 1 
1 . 9 9 
0 . 0 5 
2 . 4 5 
1 . 9 4 
0 . 3 4 
0 . 1 4 
0 . 5 5 

4 3 . 9 0 
2 . 0 4 

1 2 . 2 2 
1 2 . 0 7 

0 . 2 1 
1 3 . 1 9 
1 2 . 2 5 

1 . 4 5 
0 . 3 6 
0 . 0 0 

9 7 . 6 9 

6 . 4 2 
1 . 5 8 
0 . 5 3 
0 . 2 3 
0 . 0 0 
1 . 4 8 
0 . 0 3 
2 . 8 8 
1 . 9 2 
0 . 4 1 
0 . 0 7 
0 . 6 6 

4 5 . 2 8 
1 . 8 2 
9 . 8 6 

1 3 . 6 6 
0 . 2 9 

1 3 . 0 2 
1 2 . 1 2 

1 . 0 6 
0 . 6 0 
0 . 0 2 

9 7 . 7 3 

6 . 6 7 
1 . 3 3 
0 . 3 8 
0 . 2 0 
0 . 0 0 
1 . 6 8 
0 . 0 4 
2 . 8 6 
1 . 9 1 
0 . 3 0 
0 . 1 1 
0 . 6 3 

4 3 . 9 1 
1 . 3 0 

1 2 . 2 5 
1 3 . 1 5 

0 . 3 1 
1 2 . 7 6 
1 2 . 0 1 

1 . 4 5 
0 . 4 0 
0 . 0 6 

9 7 . 6 0 

6 . 4 6 
1 . 5 4 
0 . 5 9 
0 . 1 4 
0 . 0 1 
1 . 6 2 
0 . 0 4 
2 . 8 0 
1 . 8 9 
0 . 4 1 
0 . 0 8 
0 . 6 3 

4 7 . 5 3 
1 . 4 6 
7 . 7 4 

1 3 . 2 2 
0 . 3 4 

1 4 . 4 2 
1 1 . 5 9 

1 . 0 2 
0 . 3 7 
0 . 0 2 

9 7 . 7 1 

6 . 9 4 
1 . 0 6 
0 . 2 8 
0 . 1 6 
0 . 0 0 
1 . 6 2 
0 . 0 4 
3 . 1 4 
1 . 8 1 
0 . 2 9 
0 . 0 7 
0 . 6 6 

4 2 . 2 3 
3 . 0 8 

1 0 . 6 4 
1 5 . 5 6 

0 . 3 5 
1 2 . 1 4 
1 1 . 7 5 

1 . 0 5 
0 . 5 7 
0 . 0 3 

9 7 . 4 0 

6 . 3 4 
1 . 6 7 
0 . 2 2 
0 . 3 5 
0 . 0 0 
1 . 9 5 
0 . 0 4 
2 . 7 1 
1 . 8 9 
0 . 3 1 
0 . 1 1 
0 . 5 8 

4 6 . 1 9 
1 . 1 0 
9 . 2 7 

1 2 . 8 2 
0 . 2 9 

1 3 . 9 3 
1 2 . 0 6 

1 . 0 4 
0 . 4 3 
0 . 0 5 

9 7 . 1 8 

6 . 7 9 
1 . 2 1 
0 . 4 0 
0 . 1 2 
0 . 0 1 
1 . 5 8 
0 . 0 4 
3 . 0 5 
1 . 9 0 
0 . 3 0 
0 . 0 8 
0 . 6 6 

VO 



Table C.3.1. Continued. 

Pluton 
Sample 

Dioritic to Granodioritic Plutona 
French Village Pluton I Belmont Tonalite 
CW88-246 NB91-8513 
C-4 R-4 R-5 R-6 1 2 3 

NB91-8522 
1 2 

S i O j 
T i 0 2 

A l A 
F e o 
MnO 
MgO 
CaO 
Na 2 0 
K20 
C r ^ j 
TOTAL 

S i 
Al™ 
A l * 
T i 
Cr 
F e 
Mn 
Mg 
Ca 
Na 
K 
Mg/Mg+F 

4 3 . 1 0 
1 . 7 0 

1 2 . 7 4 
1 3 . 0 0 

0 . 2 6 
1 2 . 7 9 
1 2 . 1 3 

1 . 6 2 
C . 2 7 
0 . 0 3 

9 7 . 6 4 

Number 

6 . 3 5 
1 . 6 5 
0 . 5 6 
0 . 1 9 
0 . 0 0 
1 . 6 0 
0 . 0 3 
2 . 8 1 
1 . 9 1 
0 . 4 6 
0 . 0 5 

e 0 . 6 4 

4 6 . 9 2 
1 . 7 8 
8 . 3 8 

1 2 . 1 2 
0 . 2 4 

1 3 . 1 8 
1 2 . 7 6 

0 . 8 4 
0 . 3 7 
0 . 0 0 

9 6 . 5 9 

4 7 . 6 5 
1 . 1 1 
8 . 4 2 

1 3 . 4 3 
0 . 2 7 

1 3 . 6 2 
1 2 . 0 2 

0 . 9 4 
0 . 4 1 
0 . 0 5 

9 7 . 9 2 

4 6 . 7 6 
0 . 9 6 
8 . 4 1 

1 3 . 0 3 
0 . 2 7 

1 3 . 8 3 
1 2 . 1 3 

0 . 9 1 
0 . 3 4 
0 . 0 3 

9 6 . 6 7 

o f i o n s o n t h e b a s i s 

6 . 9 2 
1 . 0 8 
0 . 3 7 
0 . 2 0 
0 . 0 0 
1 . 4 9 
0 . 0 3 
2 . 9 0 
2 . 0 2 
0 . 2 4 
0 . 0 7 
0 . 6 6 

6 . 9 5 
1 . 0 5 
0 . 4 0 
0 . 1 2 
0 . 0 1 
1 . 6 4 
0 . 0 3 
2 . 9 6 
1 . 8 8 
0 . 2 7 
0 . 0 8 
0 . 6 4 

6 . 9 1 
1 . 0 9 
0 . 3 7 
0 . 1 1 
0 . 0 0 
1 . 6 1 
0 . 0 3 
3 . 0 5 
1 . 9 2 
0 . 2 6 
0 . 0 6 
0 . 6 5 

4 7 . 4 0 
0 . 8 0 
6 . 7 3 

1 4 . 7 3 
0 . 5 6 

1 3 . 1 2 
1 1 . 3 0 

0 . 9 5 
0 . 6 4 
0 . 0 0 

9 6 . 2 3 

o f 32 

7 . 0 9 
0 . 9 1 
0 . 2 8 
0 . 0 9 
0 . 0 0 
1 . 8 4 
0 . 0 7 
2 . 9 3 
1 . 8 1 
0 . 2 8 
0 . 1 2 
0 . 6 1 

4 6 . 9 2 
0 . 8 7 
6 . 8 9 

1 4 . 6 2 
0 . 6 4 

1 3 . 0 1 
1 1 . 5 1 

0 . 9 4 
0 . 5 9 
0 . 0 0 

9 5 . 9 9 

o x y g e n . 

7 . 0 5 
0 . 9 5 
0 . 2 7 
0 . 1 0 
0 . 0 0 
1 . 8 4 
0 . 0 8 
2 . 9 1 
1 . 8 5 
0 . 2 7 
0 . 1 1 
0 . 6 1 

4 6 . 3 1 
0 . 6 9 
7 . 6 2 

1 5 . 1 0 
0 . 3 6 

1 2 . 5 3 
1 1 . 4 4 

1 . 0 8 
0 . 7 9 
0 . 0 0 

9 5 . 9 2 

6 . 9 8 
1 . 0 2 
0 . 3 4 
0 . 0 8 
0 . 0 0 
1 . 9 0 
0 . 0 5 
2 . 8 * 
1 . 8 5 
0 . 3 2 
0 . 1 5 
0 . 6 0 

4 8 . 2 0 
0 . 5 6 
6 . 3 7 

1 3 . 3 7 
0 . 5 2 

1 3 . 8 9 
1 1 . 7 2 

0 . 9 3 
0 . 5 2 
0 . 0 0 

9 6 . 0 8 

7 . 1 7 
0 . 8 3 
0 . 2 9 
0 . 0 6 
0 . 0 0 
1 . 6 6 
0 . 0 7 
3 . 0 8 
1 . 8 7 
0 . 2 7 
0 . 1 0 
0 . 6 5 

4 6 . 4 1 
0 . 7 8 
7 . 6 1 

1 5 . 2 4 
0 . 5 4 

1 2 . 5 4 
1 1 . 3 1 

1 . 0 9 
0 . 8 0 
0 . 0 0 

9 6 . 3 2 

6 . 9 8 
1 . 0 3 
0 . 3 2 
0 . 0 9 
0 . 0 0 
1 . 9 2 
0 . 0 7 
2 . 8 1 
1 . 8 2 
0 . 3 2 
0 . 1 5 
0 . 6 0 

4 8 . 3 5 
0 . 7 5 
6 . 2 8 

1 3 . 6 1 
0 . 4 3 

1 3 . 9 4 
1 1 . 4 2 

1 . 0 3 
0 . 4 9 
0 . 0 0 

9 6 . 3 0 

7 . 1 7 
0 . 8 3 
0 . 2 7 
0 . 0 8 
0 . 0 0 
1 . 6 9 
0 . 0 5 
3 . 0 8 
1 . 8 2 
0 . 3 0 
0 . 0 9 
0 . 6 5 

4 7 . 9 8 
0 . 7 1 
6 . 6 8 

1 3 . 8 7 
0 . 5 0 

1 3 . 8 6 
1 1 . 5 0 

0 . 9 9 
0 . 5 9 
0 . 0 0 

9 6 . 6 8 

7 . 1 1 
0 . 8 9 
0 . 2 8 
0 . 0 8 
0 . 0 0 
1 . 7 2 
0 . 0 6 
3 . 0 6 
1 . 8 3 
0 . 2 9 
0 . 1 1 
0 . 6 4 

4 7 . 8 2 
0 . 9 5 
6 . 6 6 

1 4 . 3 7 
0 . 6 9 

1 3 . 5 1 
1 0 . 8 3 

1 . 1 4 
0 . 6 2 
0 . 0 0 

9 6 . 5 9 

7 . 1 1 
0 . 8 9 
0 . 2 8 
0 . 1 1 
0 . 0 0 
1 . 7 9 
0 . 0 9 
2 . 9 9 
1 . 7 3 
0 . 3 3 
0 . 1 2 
0 . 6 3 

4 8 . 3 1 
0 . 6 5 
6 . 0 3 

1 3 . 9 5 
0 . 2 5 

1 3 . 8 1 
1 1 . 4 7 

0 . 9 0 
0 . 5 2 
0 . 0 0 

9 5 . 8 9 

7 . 2 1 
0 . 8 0 
0 . 2 7 
0 . 0 7 
0 . 0 0 
1 . 7 4 
0 . 0 3 
3 . 0 7 
1 . B 3 
0 . 2 6 
0 . 1 0 
0 . 6 4 

u 
vo 
oo 



Table C.3.1. Continued. 

Pluton 
Sample 

Dioritic to Granodioritic Plutona 
Perch Lake Granodiorite 

NB92-9027 
C-l R-l C-2 R-2 C-3 R-3 C-4 R-4 

Shadow Lake Granodiorite 
NB91-8565 

1 2 3 4 
NB91-85S9-S 

1 2 

S i 0 2 

TiOj 
A l A 
FeO 
MnO 
MgO 
CaO 
Na 2 0 
Kfi 
CrjQa 
TOTAL 

S i 
A l " 
A l " 
T i 
Cr 
F e 
Mn 
Mg 
Ca 
Na 
K 
Mg/Mg+Fe 

4 4 . 9 4 
1 . 4 6 
7 . 3 8 

1 7 . 0 4 
0 . 4 9 

1 1 . 4 9 
1 2 . 0 1 

1 . 3 7 
0 . 8 6 
0 . 0 0 

9 7 . 0 4 

Number 

6 . 8 2 
1 . 1 9 
0 . 1 4 
0 . 1 7 
0 . 0 0 
2 . 1 6 
0 . 0 6 
2 . 6 0 
1 . 9 5 
0 . 4 0 
0 . 1 7 
0 . 5 5 

4 6 . 3 3 
0 . 9 5 
7 . 2 7 

1 6 . 8 6 
0 . 5 2 

1 1 . 9 3 
1 2 . 0 7 

1 . 1 1 
0 . 7 2 
0 . 0 0 

9 7 . 7 6 

4 5 . 3 2 
1 . 3 8 
7 . 5 3 

1 7 . 0 3 
0 . 3 5 

1 1 . 7 9 
1 1 . 7 8 

1 . 3 3 
0 . 8 0 
0 . 0 0 

9 7 . 3 1 

4 5 . 3 3 
0 . 9 2 
7 . 6 4 

1 7 . 2 1 
0 . 5 3 

1 1 . 7 3 
1 1 . 7 4 

1 . 1 5 
0 . 8 6 
0 . 0 0 

9 7 . 1 1 

of ions on the b a s i s 

6 . 9 3 
1 . 0 7 
0 . 2 1 
0 . 1 1 
0 . 0 0 
2 . 1 1 
0 . 0 7 
2 . 6 6 
1 . 9 4 
0 . 3 2 
0 . 1 4 
0 . 5 6 

6 . 8 3 
1 .17 
0 . 1 7 
0 . 1 6 
0 . 0 0 
2 . 1 5 
0 . 0 5 
2 . 6 5 
1 . 9 0 
0 . 3 9 
0 . 1 5 
0 . 5 5 

6 . 8 5 
1 . 1 5 
0 . 2 2 
0 . 1 1 
0 . 0 0 
2 . 1 8 
0 . 0 7 
2 . 6 4 
1 . 9 0 
0 . 3 4 
0 . 1 7 
0 . 5 5 

4 6 . 2 2 
1 . 3 2 
7 . 1 6 

1 6 . 8 6 
0 . 5 9 

1 2 . 1 0 
1 1 . 6 7 

1 . 2 6 
0 . 7 4 
0 . 0 0 

9 7 . 9 2 

o f 23 

6 . 9 1 
1 . 0 9 
0 . 1 7 
0 . 1 5 
0 . 0 0 
2 . 1 1 
0 . 0 8 
2 . 7 0 
1 . 8 7 
0 . 3 7 
0 . 1 4 
0 . 5 6 

4 6 . 3 1 
0 . 9 8 
6 . 7 3 

1 6 . 7 5 
0 . 5 5 

1 2 . 3 2 
1 1 . 8 7 

1 . 2 1 
0 . 7 9 
0 . 0 0 

9 7 . 5 1 

oxygen. 

6 . 9 5 
1 . 0 5 
0 . 1 4 
0 . 1 1 
0 . 0 0 
2 . 1 0 
0 . 0 7 
2 . 7 6 
1 . 9 1 
0 . 3 5 
0 . 1 5 
0 . 5 7 

4 5 . 1 8 
1 . 0 9 
7 . 8 5 

1 6 . 9 4 
0 . 5 1 

1 1 . 2 8 
1 1 . 6 9 

1 . 3 6 
0 . 7 6 
0 . 0 0 

9 6 . 6 6 

6 . 8 5 
1 . 1 5 
0 . 2 6 
0 . 1 2 
0 . 0 0 
2 . 1 5 
0 . 0 7 
2 . 5 5 
1 . 9 0 
0 . 4 0 
0 . 1 5 
0 . 5 4 

4 5 . 4 9 
0 . 9 8 
7 . 4 8 

1 6 . 9 2 
0 . 4 4 

1 1 . 5 9 
1 1 . 8 3 

1 . 4 4 
0 . 7 8 
0 . 0 0 

9 6 . 9 5 

6 . 8 8 
1 .12 
0 . 2 2 
0 . 1 1 
0 . 0 0 
2 . 1 4 
0 . 0 6 
2 . 6 1 
1 .92 
0 . 4 2 
0 . 1 5 
0 . 5 5 

4 7 . 8 7 
0 . 9 9 
6 . 0 2 

1 3 . 6 8 
0 . 6 0 

1 3 . 9 2 
1 1 . 4 7 

0 . 8 8 
0 . 5 4 
0 . 0 0 

9 5 . 9 7 

7 . 1 5 
0 . 8 5 
0 . 2 1 
0 . 1 1 
0 . 0 0 
1 . 7 1 
0 . 0 8 
3 . 1 0 
1 . 8 4 
0 . 2 6 
0 . 1 0 
0 . 6 5 

4 5 . 7 8 
1 . 2 1 
7 . 6 4 

1 4 . 9 6 
0 . 7 1 

1 2 . 7 1 
1 1 . 0 8 

1 . 1 5 
0 . 7 0 
0 . 0 0 

9 5 . 9 4 

6 . 9 1 
1 . 0 9 
0 . 2 7 
0 . 1 4 
0 . 0 0 
1 . 8 9 
0 . 0 9 
2 . 8 6 
1 . 7 9 
0 . 3 4 
0 . 1 4 
0 . 6 0 

4 7 . 2 1 
1 . 3 4 
6 . 9 8 

1 4 . 2 1 
0 . 7 1 

1 3 . 2 9 
1 1 . 3 0 

1 . 0 6 
0 . 5 9 
0 . 0 0 

9 6 . 6 9 

7 . 0 2 
0 . 9 8 
0 . 2 5 
0 . 1 5 
0 . 0 0 
1 . 7 7 
0 . 0 9 
2 . 9 5 
1 . 8 0 
0 . 3 1 
0 . 1 1 
0 . 6 3 

4 6 . 9 3 
1 . 3 2 
6 . 5 6 

1 4 . 3 3 
0 . 7 5 

1 3 . 5 1 
1 1 . 2 0 

1 . 3 0 
0 . 4 9 
0 . 0 0 

9 6 . 3 9 

7 . 0 2 
0 . 9 8 
0 . 1 8 
0 . 1 5 
0 . 0 0 
1 . 7 9 
0 . 1 0 
3 . 0 1 
1 . 8 0 
0 . 3 8 
0 . 0 9 
0 . 6 3 

4 6 . 5 5 
1 . 1 1 
6 . 8 2 

1 6 . 5 1 
0 . 6 0 

1 2 . 0 2 
1 2 . 0 8 

1 . 3 2 
0 . 7 1 
0 . 0 0 

9 7 . 7 2 

6 . 9 6 
1 . 0 4 
0 . 1 7 
0 . 1 3 
0 . 0 0 
2 . 0 7 
0 . 0 8 
2 . 6 8 
1 . 9 4 
0 . 3 8 
0 . 1 4 
0 . 5 7 

4 6 . 3 4 
1 . 2 0 
6 . 7 1 

1 6 . 6 7 
0 . 5 5 

1 1 . 9 6 
1 1 . 8 2 

1 . 1 2 
0 . 7 2 
0 . 0 0 

9 7 . 0 9 

6 . 9 8 
1 . 0 2 
0 . 1 7 
0 . 1 4 
0 . 0 0 
2 . 1 0 
0 . 0 7 
2 . 6 8 
1 . 9 1 
0 . 3 3 
0 . 1 4 
0 . 5 6 



Table C.3.1. Continued. 

Pluton 
Sample 

Dioritic to Granodioritic Plutons 
Shadow Lake Granodiorite Enclave 

NB91-8599-B I NB92-9033 NB91-8597 
3 4 1 2 3 C-l R-l C-2 R-2 

Talbot Road Granodiorite 
NB92-9045 
C-l R-l C-2 R-2 C-3 

S i 0 2 

T i O j 
A l A 
F e O 
MnO 
MgO 
CaO 
NazO 
KjO 
C r p j 
TOTAL 

S i 
A l " 
A l * 
T i 
C r 
F e 
Mn 
Mg 
Ca 
Na 
K 
Mg/Mg+ 

4 6 . 5 2 
1 . 1 9 
7 . 0 8 

1 6 . 7 0 
0 . 4 0 

1 2 . 0 3 
1 1 . 9 7 

1 . 3 0 
0 . 7 3 
0 . 0 0 

9 7 . 9 2 

Number 

6 . 9 4 
1 .06 
0 . 1 9 
0 . 1 3 
0 . 0 0 
2 . 0 8 
0 . 0 5 
2 . 6 8 
1 . 9 1 
0 . 3 8 
0 . 1 4 

Fe 0 . 5 6 

4 5 . 9 4 
0 . 9 6 
7 . 1 4 

1 6 . 6 6 
0 . 5 3 

1 1 . 8 0 
1 2 . 0 4 

1 . 2 1 
0 . 6 6 
0 . 0 0 

9 6 . 9 4 

4 6 . 3 7 
0 . 9 4 
6 . 2 5 

1 6 . 2 4 
1 .14 

1 2 . 2 4 
1 1 . 5 7 

1 .52 
0 . 5 7 
0 . 0 0 

9 6 . 8 4 

4 6 . 4 1 
0 . 9 0 
6 . 7 1 

1 6 . 8 4 
1 .13 

1 1 . 8 0 
1 1 . 6 3 

1 .27 
0 . 7 0 
0 . 0 0 

9 7 . 3 9 

of ions on the basis 

6 . 9 3 
1 .07 
0 . 2 0 
0 . 1 1 
0 . 0 0 
2 . 1 0 
0 . 0 7 
2 . 6 5 
1 .95 
0 . 3 5 
0 . 1 3 
0 . 5 6 

7 . 0 1 
0 . 9 9 
0 . 1 2 
0 . 1 1 
0 . 0 0 
2 . 0 5 
0 . 1 5 
2 . 7 6 
1 .87 
0 . 4 5 
0 . 1 1 
0 . 5 7 

6 . 9 9 
1 . 0 1 
0 . 1 8 
0 . 1 0 
0 . 0 0 
2 . 1 2 
0 . 1 4 
2 . 6 5 
1 .88 
0 . 3 7 
0 . 1 3 
0 . 5 6 

4 7 . 0 5 
0 . 8 6 
5 . 6 6 

1 6 . 2 4 
1 . 0 9 

1 2 . 4 2 
1 1 . 4 3 

1 . 1 6 
0 . 5 2 
0 . 0 0 

9 6 . 4 3 

o f 23 

7 . 1 1 
0 . 8 9 
0 . 1 2 
0 . 1 0 
0 . 0 0 
2 . 0 5 
0 . 1 4 
2 . 8 0 
1 . 8 5 
0 . 3 4 
0 . 1 0 
0 . 5 8 

4 7 . 0 5 
0 . 9 1 
6 . 9 0 

1 5 . 3 6 
0 . 0 0 

1 2 . 8 9 
1 1 . 5 7 

1 .04 
0 . 4 9 
0 . 0 0 

9 6 . 2 1 

oxygen. 

7 . 0 5 
0 . 9 5 
0 . 2 7 
0 . 1 0 
0 . 0 0 
1 .93 
0 . 0 0 
2 . 8 8 
1 .86 
0 . 3 0 
0 . 0 9 
0 . 6 0 

4 6 . 2 3 
1 . 1 9 
7 . 5 7 

1 5 . 4 3 
0 . 4 7 

1 2 . 2 6 
1 1 . 4 5 

1 .07 
0 . 4 7 
0 . 0 0 

9 6 . 1 4 

6 . 9 6 
1 .04 
0 . 3 0 
0 . 1 4 
0 . 0 0 
1 .94 
0 . 0 6 
2 . 7 5 
1 .85 
0 . 3 1 
0 . 0 9 
0 . 5 9 

4 6 . 7 9 
0 . 9 3 
6 . 7 9 

1 4 . 7 1 
0 . 3 6 

1 2 . 8 4 
1 1 . 4 9 

1 .02 
0 . 5 5 
0 . 0 0 

9 5 . 4 8 

7 . 0 6 
0 . 9 4 
0 . 2 7 
0 . 1 1 
0 . 0 0 
1 .86 
0 . 0 5 
2 . 8 9 
1 .86 
0 . 3 0 
0 . 1 1 
0 . 6 1 

4 5 . 8 7 
1 .24 
7 . 5 9 

1 5 . 4 2 
0 . 5 7 

1 2 . 3 3 
1 1 . 4 8 

1 .07 
0 . 7 6 
0 . 0 0 

9 6 . 3 3 

6 . 9 1 
1 .09 
0 . 2 6 
0 . 1 4 
0 . 0 0 
1 .94 
0 . 0 7 
2 . 7 7 
1 .85 
0 . 3 1 
0 . 1 5 
0 . 5 9 

4 5 . 9 0 
1 . 8 8 
7 . 4 2 

1 4 . 6 6 
0 . 4 1 

1 3 . 1 9 
1 1 . 7 7 

1 .26 
0 . 8 7 
0 . 0 0 

9 7 . 3 6 

6 . 8 4 
1 .16 
0 . 1 4 
0 . 2 1 
0 . 0 0 
1 .P3 
0 . 0 5 
2 . 9 3 
1 .88 
0 . 3 6 
0 . 1 7 
0 . 6 2 

4 6 . 1 5 
1 . 0 3 
7 . 3 5 

1 6 . 4 9 
0 . 5 9 

1 2 . 4 6 
1 1 . 8 2 

1 .19 
0 . 7 0 
0 . 0 0 

9 7 . 7 8 

6 . 8 9 
1 . 1 1 
0 . 1 9 
0 . 1 2 
0 . 0 0 
2 . 0 6 
0 . 0 8 
2 . 7 7 
1 .89 
0 . 3 5 
0 . 1 3 
0 . 5 7 

4 5 . 8 4 
1 . 9 0 
7 . 4 2 

1 5 . 7 8 
0 . 5 2 

1 2 . 4 6 
1 1 . 5 8 

1..44 
0 . 8 2 
0 . 0 0 

9 7 . 7 6 

6 . 8 4 
1 .16 
0 . 1 4 
0 . 2 1 
0 . 0 0 
1 .97 
0 . 0 7 
2 . 7 7 
1 .85 
0 . 4 2 
0 . 1 6 
0 . 5 9 

4 5 . 3 7 
1 . 5 4 
7 . 4 1 

1 6 . 0 3 
0 . 7 0 

1 2 . 0 5 
1 1 . 7 2 

1 .29 
0 . 8 3 
0 . 0 0 

9 6 . 9 4 

6 . 8 5 
1 .16 
0 . 1 6 
0 . 1 8 
0 . 0 0 
2 . 0 2 
0 . 0 9 
2 . 7 1 
1 .90 
0 . 3 8 
0 . 1 6 
0 . 5 7 

4 5 . 8 4 
1 . 7 4 
7 . 3 4 

1 6 . 3 3 
0 . 5 6 

1 2 . 4 7 
1 1 . 3 7 

1 . 5 1 
0 . 7 9 
0 . 0 0 

9 7 . 9 5 

6 . 8 4 
1 . 1 6 
0 . 1 3 
0 . 2 0 
0 . 0 0 
2 . 0 4 
0 . 0 7 
2 . 7 7 
1 . 8 2 
0 . 4 4 
0 . 1 5 
0 . 5 8 

o 
O 



Table C.3.1. continued. 

Pluton 
Sample 

Dioritic to Granodioritic Plutons 
Talbot Road Granodiorite 
NB92-9045 I NB92-9153 
R-3 C-4 C-5 R-5 C-l R-l C-2 R-2 R-3 

Renforth Pluton 
CW88-169 
C-l R-l C-2 R-2 C-3 

S i Q 2 

T i A 
A l A 
FeO 
MnO 
MgO 
CaO 
N a p 
KjO 
C r p 3 

TOTAL 

S i 
A l " 
A l * 
T i 
cr 
F e 
Mn 
Mg 
Ca 
Na 
K 
Mg/Mg+ 

4 5 . 8 5 
1 . 5 6 
7 . 2 6 

1 5 . 2 7 
0 . 5 9 

1 3 . 1 7 
1 1 . 6 2 

1 . 4 0 
0 . 7 9 
0 . 0 0 

9 7 . 5 1 

Number 

6 . 8 4 
1 . 1 6 
0 . 1 2 
0 . 1 8 
0 . 0 0 
1 . 9 1 
0 . 0 8 
2 . 9 3 
1 . 8 6 
0 . 4 1 
0 . 1 5 

F e 0 . 6 1 

4 6 . 5 6 
1 . 6 9 
6 . 9 1 

1 3 . 8 2 
0 . 3 1 

1 3 . 7 5 
1 1 . 6 0 

1 . 3 7 
0 . 6 9 
0 . 0 0 

9 6 . 7 0 

4 8 . 1 3 
0 . 9 4 
6 . 0 6 

1 5 . 4 1 
0 . 5 1 

1 3 . 1 5 
1 2 . 3 0 

0 . 9 3 
0 . 6 0 
0 . 0 0 

9 8 . 0 3 

4 6 . 0 2 
1 . 4 4 
7 . 0 3 

1 6 . 6 4 
0 . 6 1 

1 2 . 3 4 
1 1 . 6 1 

1 . 3 7 
0 . 7 0 
0 . 0 0 

9 7 . 7 6 

o f i o n s o n t h e b a s i s 

6 . 9 4 
1 . 0 6 
0 . 1 5 
0 . 1 9 
0 . 0 0 
1 . 7 2 
0 . 0 4 
3 . 0 5 
1 . 8 5 
0 . 4 0 
0 . 1 3 
0 . 6 4 

7 . 1 1 
0 . 8 9 
0 . 1 6 
0 . 1 0 
0 . 0 0 
1 . 9 0 
0 . 0 6 
2 . 8 9 
1 . 9 5 
0 . 2 7 
0 . 1 1 
0 . 6 0 

6 . 8 9 
1 . 1 1 
0 . 1 3 
0 . 1 6 
0 . 0 0 
2 . 0 8 
0 . 0 8 
2 . 7 5 
1 . 8 6 
0 . 4 0 
0 . 1 3 
0 . 5 7 

4 6 . 3 4 
1 . 4 3 
7 . 3 6 

1 3 . 9 8 
0 . 4 0 

1 3 . 4 3 
1 1 . 7 1 

1 . 2 9 
0 . 6 9 
0 . 0 0 

9 6 . 6 3 

o f 2 3 

6 . 9 2 
1 . 0 9 
0 . 2 1 
0 . 1 6 
0 . 0 0 
1 . 7 5 
0 . 0 5 
2 . 9 9 
1 . 8 7 
0 . 3 7 
0 . 1 3 
0 . 6 3 

4 6 . 8 4 
0 . 9 7 
7 . 0 0 

1 4 . 9 9 
0 . 5 0 

1 3 . 2 6 
1 1 . 8 4 

1 . 2 9 
0 . 6 9 
0 . 0 0 

9 7 . 3 8 

o x y g e n . 

6 . 9 7 
1 . 0 3 
0 . 2 0 
0 . 1 1 
0 . 0 0 
1 . 8 7 
0 . 0 6 
2 . 9 4 
1 . 8 9 
0 . 3 7 
0 . 1 3 
0 . 6 1 

4 8 . 7 3 
0 . 8 4 
5 . 1 2 

1 4 . 5 6 
0 . 5 0 

1 4 . 1 0 
1 1 . 9 1 

0 . 8 6 
0 . 4 2 
0 . 0 0 

9 7 . 0 4 

7 . 2 2 
0 . 7 8 
0 . 1 1 
0 . 0 9 
0 . 0 0 
1 . 8 0 
0 . 0 6 
3 . 1 1 
1 . 8 9 
0 . 2 5 
0 . 0 8 
0 . 6 3 

4 6 . 5 3 
0 . 8 4 
6 . 8 2 

1 5 . 7 0 
0 . 6 5 

1 2 . 6 0 
1 1 . 7 7 

1 . 2 0 
0 . 6 4 
0 . 0 0 

9 6 . 7 5 

6 . 9 9 
1 . 0 1 
0 . 2 0 
0 . 1 0 
0 . 0 0 
1 . 9 7 
0 . 0 8 
2 . 8 2 
1 . 9 0 
0 . 3 5 
0 . 1 2 
0 . 5 9 

4 6 . 0 0 
1 . 1 8 
7 . 0 8 

1 5 . 9 7 
0 . 5 6 

1 2 . 2 9 
1 1 . 7 7 

1 . 2 0 
0 . 6 3 
0 . 0 0 

9 6 . 6 8 

6 . 9 3 
1 . 0 7 
0 . 1 9 
0 . 1 3 
0 . 0 0 
2 . 0 1 
0 . 0 7 
2 . 7 6 
1 . 9 0 
0 . 3 5 
0 . 1 2 
0 . 5 8 

4 6 . 0 3 
1 . 5 6 
7 . 7 7 

1 5 . 8 3 
0 . 5 4 

1 1 . 7 6 
1 1 . 8 8 

1 . 1 6 
0 . 9 2 
0 . 0 0 

9 7 . 4 5 

6 . 8 8 
1 . 1 2 
0 . 2 5 
0 . 1 8 
0 . 0 0 
1 . 9 8 
0 . 0 7 
2 . 6 2 
1 . 9 0 
0 . 3 4 
0 . 1 8 
0 . 5 7 

4 7 . 7 7 
0 . 9 3 
7 . 2 0 

1 5 . 2 9 
0 . 4 5 

1 2 . 6 6 
1 2 . 3 1 

0 . 9 4 
0 . 7 6 
0 . 0 0 

9 8 . 3 1 

7 . 0 3 
0 . 9 7 
0 . 2 8 
0 . 1 0 
0 . 0 0 
1 . 8 8 
0 . 0 6 
2.**8 
l . * , 4 
0 . 2 7 
0 . 1 4 
0 . 6 0 

4 5 . 0 4 
1 . 8 3 
7 . 8 5 

1 5 . 5 5 
0 . 5 0 

1 1 . 6 6 
1 2 . 1 7 

1 . 1 4 
0 . 9 8 
0 . 0 0 

9 6 . 7 2 

6 . 8 0 
1 . 2 0 
0 . 2 0 
0 . 2 1 
0 . 0 0 
1 . 9 6 
0 . 0 6 
2 . 6 2 
1 . 9 7 
0 . 3 3 
0 . 1 9 
0 . 5 7 

4 5 . 3 9 
1 . 6 9 
8 . 0 0 

1 5 . 4 4 
0 . 5 3 

1 1 . 8 4 
1 2 . 0 9 

1 . 1 3 
0 . 9 3 
0 . 0 0 

9 7 . 0 - * 

6 . 8 2 
1 . 1 8 
0 . 2 4 
0 . 1 9 
0 . 0 0 
1 . 9 4 
0 . 0 7 
2 . 6 5 
1 . 9 5 
0 . 3 3 
0 . 1 8 
0 . 5 8 

4 4 . 5 7 
1 . 2 0 
7 . 8 3 

1 5 . 5 9 
0 . 4 5 

1 2 . 1 8 
1 2 . 4 1 

0 . 8 9 
0 . 7 8 
0 . 0 0 

9 5 . 9 0 

6 . 7 9 
1 . 2 1 
0 . 1 9 
0 . 1 4 
0 . 0 0 
1 . 9 9 
0 . 0 6 
2 . 7 7 
2 . 0 3 
0 . 2 6 
0 . 1 5 
0 . 5 8 

o 



Table C.3.1. Continued. 

Pluton 
Sample 

Dioritic to Qr&nodiori-tlc Plutona 
Renforth Pluton 

I CW88-189 I CW88-192 
R-3 I 1 2 j 1 2 3_ 

S i O i 
T i O j 
A l A 
FeO 
MnO 
MgO 
CaO 
N a p 
KjO 
C r p , 
TOTAL 

S i 
A l " 
A l * 
T i 
Cr 
F e 
Mn 
Mg 
Ca 
Na 
K 

5 6 . 1 5 
1 . 5 7 
7 . 7 7 

1 6 . 0 0 
0 . 4 1 

1 1 . 8 1 
1 2 . 1 0 

1 . 0 9 
0 . 9 3 
0 . 0 0 

9 7 . 8 3 

Number 

6 . 8 8 
1 . 1 2 
0 . 2 4 
0 . 1 8 
0 . 0 0 
1 . 9 9 
0 . 0 5 
2 . 6 2 
1 . 9 3 
0 . 3 2 
0 . 1 8 

5 1 . 4 9 
0 . 5 0 
3 . 5 6 

1 1 . 6 0 
0 . 9 7 

1 6 . 1 4 
1 1 . 9 6 

0 . 7 6 
0 . 2 4 
0 . 0 0 

9 7 . 2 2 

5 1 . 2 9 
0 . 5 1 
4 . 0 5 

1 1 . 9 0 
0 . 9 7 

1 6 . 1 8 
1 1 . 8 8 

0 . 9 1 
0 . 2 7 
0 . 0 0 

9 7 . 9 6 

5 0 . 5 0 
0 . 5 8 
4 . 4 3 

1 2 . 1 6 
0 . 8 4 

1 5 . 9 9 
1 1 . 7 4 

0 . 8 7 
0 . 2 5 
0 . 0 0 

9 7 . 3 6 

o f i o n s o n t h e b a s i s 

7 . 4 8 
0 . 5 2 
0 . 0 9 
0 . 0 6 
0 . 0 0 
1 . 4 1 
0 . 1 2 
3 . 5 0 
1 . 8 6 
0 . 2 1 
0 . 0 4 

7 . 4 1 
0 . 5 9 
0 . 1 0 
0 . 0 6 
0 . 0 0 
1 . 4 4 
0 . 1 2 
3 . 4 8 
1 . 8 4 
0 . 2 6 
0 . 0 5 

7 . 3 5 
0 . 6 5 
0 . 1 1 
0 . 0 6 
0 . 0 0 
1 . 4 8 
0 . 1 0 
3 . 4 7 
1 . 8 3 
0 . 2 5 
0 . 0 5 

5 1 . 0 6 
0 . 4 8 
3 . 9 6 

1 2 . 1 9 
0 . 8 2 

1 5 . 9 9 
1 1 . 6 0 

0 . 8 5 
0 . 2 5 
0 . 0 2 

9 7 . 2 2 

o f 2 3 

7 . 4 3 
0 . 5 7 
0 . 1 1 
0 . 0 5 
0 . 0 0 
1 . 4 8 
0 . 1 0 
3 . 4 7 
1 . 8 1 
0 . 2 4 
0 . 0 5 

4 9 . 3 7 
0 . 7 5 
4 . 4 0 

1 2 . 8 6 
0 . 7 2 

1 4 . 4 8 
1 1 . 8 6 

0 . 6 8 
0 . 3 1 
0 . 0 2 

9 5 . 4 5 

o x y g e n 

7 . 3 7 
0 . 6 4 
0 . 1 4 
0 . 0 8 
0 . 0 0 
1 . 6 0 
0 . 0 9 
3 . 2 2 
1 . 9 0 
0 . 2 0 
0 . 0 6 

Mg/Mg+Fe 0.57 0.71 0.71 0.70 0.70 0.67 

Narrows Tonalite 
CWB9-616 
C-l R-l C-2 R-2 

5 0 . 2 6 
0 . 8 5 
6 . 4 3 

1 1 . 6 6 
0 . 4 4 

1 5 . 8 7 
1 1 . 7 1 

0 . 9 0 
0 . 1 8 
0 . 0 6 

9 8 . 3 6 

4 7 . 9 6 
1 . 3 4 
7 . 5 1 

1 2 . 1 4 
0 . 3 8 

1 5 . 3 3 
1 1 . 4 9 

0 . 9 5 
0 . 2 5 
0 . 0 6 

9 7 . 4 1 

4 9 . 0 7 
0 . 9 3 
6 . 8 1 

1 2 . 6 0 
0 . 3 9 

1 5 . 5 1 
1 1 . 1 2 

0 . 8 6 
0 . 1 9 
0 . 0 4 

9 7 . 5 2 

4 6 . 4 0 
1 . 5 3 
8 . 0 7 

1 2 . 2 7 
0 . 3 1 

1 5 . 2 3 
1 1 . 5 9 

1 . 1 0 
0 . 2 9 
0 . 0 0 

9 6 . 7 9 

7 . 2 0 
0 . B 0 
0 . 2 9 
0 . 0 9 
0 . 0 1 
1 . 4 0 
0 . 0 5 
3 . 3 9 
1 . 8 0 
0 . 2 5 
0 . 0 3 
0 . 7 1 

6 . 9 8 
1 . 0 2 
0 . 2 7 
0 . 1 5 
0 . 0 1 
1 . 4 8 
0 . 0 5 
3 . 3 3 
1 . 7 9 
0 . 2 7 
0 . 0 5 
0 . 6 9 

7 . 1 2 
0 . 8 8 
0 . 2 9 
0 . 1 0 
0 . 0 1 
1 . 5 3 
0 . 0 5 
3 . 3 6 
1 . 7 3 
0 . 2 4 
0 . 0 4 
0 . 6 9 

6 . 8 3 
1 . 1 7 
0 . 2 3 
0 . 1 7 
0 . 0 0 
1 . 5 1 
0 . 0 4 
3 . 3 4 
1 . 8 3 
0 . 3 1 
0 . 0 5 
0.G9 

C-3 R-3 C-4 R-4 

4 8 . 2 3 
1 . 4 5 
7 . 7 7 

1 1 . 8 2 
0 . 2 8 

1 5 . 3 8 
1 1 . 6 3 

1 . 0 6 
0 . 2 8 
0 . 0 3 

9 7 . 9 3 

4 6 . 4 1 
1 . 8 0 
8 . 5 3 

1 2 . 7 5 
0 . 3 0 

1 4 . 1 8 
1 2 . 0 1 

0 . 8 0 
0 . 3 2 
0 . 0 8 

9 7 . 1 8 

4 9 . 5 7 
0 . 6 5 
5 . 7 9 

1 1 . 4 6 
0 . 3 1 

1 6 . 3 8 
1 1 . 4 0 

0 . 8 7 
0 . 1 5 
0 . 3 3 

9 6 . 9 1 

4 8 . 6 4 
1 . 2 0 
7 . 5 1 

1 1 . 9 0 
0 . 3 3 

1 5 . 5 7 
1 1 . 4 6 

0 . 9 1 
0 . 2 7 
0 . 0 7 

9 7 . 8 6 

6 . 9 7 
1 . 0 3 
0 . 3 0 
0 . 1 6 
0 . 0 0 
1 . 4 3 
0 . 0 3 
3 . 3 1 
1 . 8 0 
0 . 3 0 
0 . 0 5 
0 . 7 0 

6 . 8 2 
L I S 
0 . 2 9 
0 . 2 0 
0 . 0 1 
1 . 5 7 
0 . 0 4 
3 . 1 0 
1 . 8 9 
0 . 2 3 
0 . 0 6 
0 . 6 7 

7 . 2 1 
0 . 7 9 
0 . 2 0 
0 . 0 7 
0 . 0 4 
1 . 3 9 
0 . 0 4 
3 . 5 5 
1 . 7 8 
0 . 2 5 
0 . 0 3 
0 . 7 2 

7 . 0 3 
0 . 9 7 
0 . 3 1 
0 . 1 3 
0 . 0 1 
1 . 4 4 
0 . 0 4 
3 . 3 5 
1 . 7 7 
0 . 2 6 
0 . 0 5 
0 . 7 0 

o 
rJ 



Table C . 3 . 1 . Continued. 

Pluton 
Sample 

SiO, 
Ti02 
Aipj 
FeO 
MnO 
MgO 
CaO 
Nap 
K p 
crpj 
TOTAL 

Si 
Al" 
Al* 
Ti 
cr 
Fe 
Mn 
Mg 
Ca 
Na 
K 
Mg/Mg+Fe 

Narrowa Tonalite 
CW89-616 
R-5 

48.20 
1.09 
7.05 
11.96 
0.35 
15.50 
11.36 
0.96 
0.23 
0.08 

96.78 

Number 

7.05 
0.95 
0.27 
0.12 
0.01 
1.46 
0.04 
3.38 
1.78 
0.27 
0.04 
0.70 

5-6 

46.86 
0.42 
8.94 
14.40 
0.43 
12.83 
12.32 
0.78 
0.04 
0.12 
97.14 

Monaogranitic to Granodioritic Plutona 
Fairville Granite 
CW89-611 

1 

42.17 
1.62 
8.77 
25.55 
0.69 
5.39 

10.03 
1.61 
0.95 
0.00 
96.78 

2 

41.33 
1.80 
8.97 

25.02 
0.62 
5.41 
9.55 
1.72 
0.95 
0.02 

95.39 

of ions on the basis of 

6.92 
1.08 
0.47 
0.05 
0.01 
1.78 
0.05 
2.82 
1.95 
0.22 
0.01 
0.61 

6.68 
1.32 
0.32 
0.19 
0.00 
3.39 
0.09 
1.27 
1.70 
0.5U 
0.19 
0.27 

6.64 
1.37 
0.33 
0.22 
0.00 
3.36 
0.08 
1.29 
1.64 
0.54 
0.20 
0.28 

3 

42.73 
0.85 
8.20 

26.14 
0.75 
5.32 
9.68 
1.59 
0.73 
0.01 

96.00 

4 

42.94 
1.89 
9.03 

22.91 
0.42 
6.92 
9.90 
1.69 
1.18 
0.02 

96.90 

23 oxygen. 

6.82 
1.18 
0.37 
0.10 
0.00 
3.49 
0.10 
1.27 
1.66 
0.49 
0.15 
0.27 

6.69 
1.31 
0.35 
0.22 
0.00 
2.99 
0.06 
1.61 
1.65 
0.51 
0.24 
0.35 

Chalet Lake Granite 
CW88-254 
C-l 

40.63 
1.26 
9.69 

25.16 
0.84 
4.56 

10.11 
1.50 
1.31 
0.10 

95.66 

6.55 
1.45 
0.40 
0.15 
0.01 
3.39 
0.12 
1.10 
1.83 
0.47 
0.27 
0.24 

C-2 

40.44 
2.09 
9.25 
24.87 
0.86 
4.37 
10.18 
1.99 
1.44 
0.12 
95.61 

6.54 
1.47 
0.30 
0.25 
0.02 
3.36 
0.12 
1.05 
1.76 
0.62 
0.30 
0.24 

R-2 

40.28 
1.87 
9.40 

24.66 
0.87 
4.28 
10.41 
2.05 
1.29 
0.09 

95.20 

6.53 
1.47 
0.33 
0.23 
0.01 
3.35 
0.12 
1.04 
1.81 
0.65 
0.27 
0.24 

Milkiah Head 
NB92-9144 

1 

49.51 
0.56 
4.57 
13.40 
o.eo 
14.83 
11.65 
1.15 
0.32 
0.00 

96.79 

7.31 
0.69 
0.12 
0.07 
0.00 
1.66 
0.09 
3.27 
1.84 
0.32 
0.07 
0.66 

2 

48.25 
0.70 
5.94 

14.31 
0.67 

14.34 
11.5.2 
1.01 
0.56 
0.00 

97.31 

7.13 
0.87 
0.17 
0.07 
0.00 
1.77 
0.09 
3.15 
1.82 
0.30 
0.12 
0.64 

Pluton 

3 

48.22 
1.29 
6.56 
11.96 
0.45 
15.36 
11.37 
1.23 
0.50 
0.00 

96.94 

7.06 
0.94 
0.19 
0.14 
0.00 
1.47 
0.05 
3.36 
1.79 
0.35 
0.09 
0.70 

4 

46.82 
1.59 
6.74 
13.60 
0.52 
14.11 
11.38 
1.50 
0.60 
0.00 

96.85 

6.95 
1.05 
0.12 
0.18 
0.00 
1.68 
0.07 
3.13 
1.82 
0.44 
0.12 
0.65 

o 



Table C.3.1. Continued. 

Pluton 
Sample 

Monaogranitic to Granodioritic Plutona 
Hanson Stream Granodiorite 
NB92-9039 
C-l R-l C-2 R-2 R-3 R-4 

NB92-9050 
C-l R-l C-2 R-2 C-3 R-3 R-4 R-5 

SiOj 
T i 0 2 
A i p 3 
F e e 
MnO 
MgO 
CaO 
N a p 
K p 
C r A 
TOTAL 

S i 
Al" 
Al* 
T i 
cr 
Fa 
Mn 
Mg 
Ca 
Na 
K 
Mg/Mg+Fe 

4 7 . 3 9 
1 . 4 5 
6 . 7 2 

1 3 . 7 1 
0 . 6 2 

1 4 . 1 7 
1 1 . 3 9 

1 . 2 4 
0 . 4 1 
0 . 0 0 

9 7 . 1 0 

Number 

7 . 0 0 
1 . 0 0 
0 . 1 8 
0 . 1 6 
0 . 0 0 
1 . 7 0 
0 . 0 8 
3 . 1 2 
1 . 8 0 
0 . 3 6 
0 . 0 8 
0 . 6 5 

4 6 . 9 9 
1 . 4 0 
6 . 7 9 

1 5 . 2 9 
0 . 9 3 

1 2 . 7 5 
1 1 . 1 1 

1 . 2 3 
0 . 4 6 
0 . 0 0 

9 6 . 9 5 

o f i o n s 

7 . 0 2 
0 . 9 9 
0 . 2 1 
0 . 1 6 
0 . 0 0 
1 . 9 1 
0 . 1 2 
2 . 8 4 
1 . 7 8 
0 . 3 6 
0 . 0 9 
0 . 6 0 

4 7 . 8 9 
1 . 0 8 
6 . 3 1 

1 4 . 0 1 
0 . 5 6 

1 4 . 3 1 
1 1 . 4 7 

1 . 2 4 
0 . 5 3 
0 . 0 0 

9 7 . 4 0 

on t h e 

7 . 0 7 
0 . 9 4 
0 . 1 6 
0 . 1 2 
0 . 0 0 
1 . 7 3 
0 . 0 7 
3 . 1 5 
1 . 8 1 
0 . 3 6 
0 . 1 0 
0 . 6 5 

4 7 . 3 2 
0 . 7 9 
6 . 2 7 

1 5 . 0 7 
0 . 6 4 

1 3 . 1 9 
1 1 . 9 8 

1 . 0 0 
0 . 5 8 
0 . 0 0 

9 6 . 8 4 

b a s i s 

7 . 0 7 
0 . 9 3 
0 . 1 8 
0 . 0 9 
0 . 0 0 
1 . 8 8 
0 . 0 8 
2 . 9 4 
1 . 9 2 
0 . 2 9 
0 . 1 1 
0 . 6 1 

4 6 . 6 9 
0 . 9 7 
6 . 7 2 

1 5 . 4 2 
0 . 7 1 

1 2 . 6 3 
1 1 . 8 7 

1 . 0 4 
0 . 6 2 
0 . 0 0 

9 6 . 6 7 

4 6 . 7 1 
0 . 9 4 
6 . 7 1 

1 6 . 3 5 
0 . 6 3 

1 2 . 5 7 
1 1 . 7 8 

0 . 1 0 
0 . 5 9 
0 . 0 0 

9 6 . 3 8 

o f 23 o x y g e n . 

7 . 0 1 
0 . 9 9 
0 . 2 0 
0 . 1 1 
0 . 0 0 
1 . 9 4 
0 . 0 9 
2 . 8 3 
1 . 9 1 
0 . 3 0 
0 . 1 2 
0 . 5 9 

7 . 0 3 
0 . 9 7 
0 . 2 3 
0 . 1 1 
0 . 0 0 
2 . 0 6 
0 . 0 8 
2 . 8 2 
1 . 9 0 
0 . 0 3 
0 . 1 1 
0 . 5 8 

4 7 . 6 4 
1 . 1 9 
6 . 6 8 

1 3 . 9 4 
0 . 7 3 

1 4 . 2 3 
1 2 . 0 2 

1 . 3 4 
0 . 6 3 
0 . 0 0 

9 8 . 4 0 

6 . 9 8 
1 . 0 2 
0 . 1 4 
0 . 1 3 
0 . 0 0 
1 . 7 1 
0 . 0 9 
3 . 1 1 
1 . 8 9 
0 . 3 8 
0 . 1 2 
0 . 6 5 

4 7 . 6 7 
1 . 0 4 
6 . 5 6 

1 4 . 0 8 
0 . 8 5 

1 4 . 0 2 
1 2 . 0 6 

1 . 1 7 
0 . 5 5 
0 . 0 0 

9 8 . 0 0 

7 . 0 2 
0 . 9 9 
0 . 1 5 
0 . 1 2 
0 . 0 0 
1 . 7 3 
0 . 1 1 
3 . 0 8 
1 . 9 0 
0 . 3 3 
0 . 1 0 
0 . 6 4 

5 0 . 3 9 
0 . 4 4 
4 . 6 0 

1 3 . 2 5 
0 . 6 7 

1 5 . 2 1 
1 2 . 1 2 

0 . 9 5 
0 . 2 8 
0 . 0 0 

9 7 . 9 1 

7 . 3 4 
0 . 6 6 
0 . 1 3 
0 . 0 5 
0 . 0 0 
1 . 6 1 
0 . 0 8 
3 . 3 0 
1 . 8 9 
0 . 2 7 
0 . 0 5 
0 . 6 7 

5 0 . 7 2 
0 . 4 6 
4 . 7 8 

1 3 . 4 7 
0 . 9 1 

1 4 . 9 6 
1 2 . 2 8 

0 . 8 8 
0 . 4 0 
0 . 0 0 

9 8 . 8 6 

7 . 3 3 
0 . 6 7 
0 . 1 4 
0 . 0 5 
0 . 0 0 
1 . 6 3 
0 . 1 1 
3 . 2 2 
1 . 9 0 
0 . 2 5 
0 . 0 7 
0 . 6 6 

5 1 . 1 8 
0 . 2 4 
3 . 9 8 

1 3 . 3 9 
0 . 6 9 

1 5 . 4 0 
1 2 . 3 8 

0 . 8 9 
0 . 2 3 
0 . 0 0 

9 8 . 3 8 

7 . 4 1 
0 . 5 9 
0 . 0 9 
0 . 0 3 
0 . 0 0 
1 . 6 2 
0 . 0 9 
3 . 3 3 
1 . 9 2 
0 . 2 5 
0 . 0 4 
0 . 6 7 

5 0 . 6 3 
0 . 5 5 
4 . 1 4 

1 3 . 2 0 
0 . 7 4 

1 5 . 2 9 
1 2 . 3 3 

0 . 8 4 
0 . 2 6 
0 . 0 0 

9 7 . 9 8 

7 . 3 7 
0 . 6 3 
0 . 0 8 
0 . 0 6 
0 . 0 0 
1 . 6 1 
0 . 0 9 
3 . 3 2 
1 . 9 2 
0 . 2 4 
0 . 0 5 
0 . 6 7 

4 7 . 4 9 
1 . 0 9 
6 . 7 8 

1 3 . 8 7 
0 . 7 1 

1 4 . 4 1 
1 1 . 5 8 

1 . 4 5 
0 . 5 9 
0 . 0 0 

9 7 . 9 7 

6 . 9 8 
1 . 0 2 
0 . 1 6 
0 . 1 2 
0 . 0 0 
1 . 7 1 
0 . 0 9 
3 . 1 6 
1 . 8 2 
0 . 4 1 
0 . 1 1 
0 . 6 5 

4 8 . 2 1 
1 . 1 0 
6 . 1 2 

1 3 . 2 4 
0 . 6 2 

1 4 . 9 3 
1 1 . 6 1 

1 . 4 3 
0 . 5 3 
0 . 0 0 

9 7 . 7 9 

7 . 0 7 
0 . 9 3 
0 . 1 2 
0 . 1 2 
0 . 0 0 
1 . 6 2 
0 . 0 8 
3 . 2 6 
1 . 8 2 
0 . 4 1 
0 . 1 0 
0 . 6 7 

o 



Table c.3.1. Continued. 

Pluton 
Sample 

Monaogranitic to Granodioritic Plutona 
HanBon Stream Granodiorite 

NB92-9154 
C-l R-l C-2 R-2 R-3 R-4 

Si02 
TiOj 
Aipj 
FeO 
MnO 
MgO 
CaO 
Nap 
Kp 
Crpj 
TOTAL 

Si 
Al" 
Al* 
Ti 
cr 
Fe 
Mn 
Mg 
Ca 
Na 
K 
Mg/Mg+Fe 

47.13 
0.88 
6.29 

14.65 
0.74 
13.26 
11.90 
1.12 
0.56 
0.00 
96.53 

Number 

7.06 
0.94 
0.17 
0.10 
0.00 
1.84 
0.09 
2.96 
1.91 
0.33 
0.11 
0.62 

49.02 
0.83 
5.15 

13.46 
0.34 
14.15 
12.03 
0.99 
0.38 
0.00 

96.85 

of iona 

7.25 
0.75 
0.15 
0.09 
0.00 
1.67 
0.11 
3.12 
1.91 
0.28 
0.07 
0.65 

47,38 
1.09 
6.76 

14.51 
0.75 
13.09 
12.22 
1.14 
0.52 
0.00 

97.46 

on the 

7.02 
0.98 
0.21 
0.12 
0.00 
1.80 
0.09 
2.89 
1.94 
0.33 
0.10 
0.62 

48.65 
0.73 
5.06 
14.13 
0.78 
13.80 
12.03 
1.04 
0.46 
0.00 

96.68 

basis 

7.24 
0.76 
0.13 
0.08 
0.00 
1.76 
0.10 
3.06 
1.92 
0.30 
0.09 
0.64 

48.35 
0.97 
5.97 

13.96 
0.77 
13.86 
11.79 
1.26 
0.53 
0.00 

97.46 

48.16 
0.79 
5.83 

14.43 
0.57 
13,88 
11.95 
1.02 
0.47 
0.25 

97.35 

of 23 oxygen 

7.13 
0.87 
0.17 
0.11 
0.00 
1.72 
0.10 
3.05 
1.86 
0.36 
0.10 
0.64 

7.13 
0.87 
0.14 
0.09 
0.03 
1.79 
0.07 
3.06 
1.90 
0.29 
0.09 
0.63 

R-5 

Syenogranitic to Monsogranitic Plutona 
Muaquaah Harbour Pluton (tonalite) 
NB92-9202A 

1 2 3 4 5 6 

49.65 
0.73 
5.08 
13.50 
0.75 
14.74 
12.15 
1.02 
0.39 
0.00 
98.01 

7.25 
0.75 
0.12 
0.08 
0.00 
1.65 
0.09 
3.21 
1.90 
0.29 
0.07 
0.66 

47.31 
1.16 
6.56 

16.03 
0.47 
12.94 
11.44 
0.96 
0.52 
0.00 

97.39 

7.04 
0.96 
0.19 
0.13 
0.00 
2.00 
0.06 
2.87 
1.82 
0.28 
0.10 
0.59 

46.32 
1.34 
7.22 

16.96 
0.37 
11.96 
11.35 
1.10 
0.63 
0.00 
97.25 

6.95 
1.05 
0.22 
0.15 
0.00 
2.13 
0.05 
2.67 
1.82 
0.32 
0.12 
0.56 

46.02 
1.31 
6.93 

16.51 
0.27 
12.15 
11.59 
1.12 
0.66 
0.00 
96.56 

6.95 
1.05 
0.18 
0.15 
0.00 
2.09 
0.04 
2.73 
1.88 
0.33 
0.13 
0.57 

47.98 
0.66 
5.84 

15.58 
C-53 
12.93 
11.76 
0.94 
0.38 
0.00 
96.60 

7.18 
0.82 
0.21 
0.07 
0.00 
1.95 
0.07 
2.88 
1.89 
0.27 
0.07 
0.60 

46.52 
1.19 
7.15 
16.29 
0.39 
12.95 
11.56 
1.30 
0.73 
0.00 
98.08 

6.91 
1.09 
0.16 
0.13 
0.00 
2.02 
0.05 
2.87 
1.84 
0.37 
0.14 
0.59 

48.12 
0.98 
8.01 

15.80 
0.33 
13.20 
10.44 
1.04 
0.51 
0.00 

98.43 

7.02 
0.98 
0.40 
0.11 
0.00 
1.93 
0.04 
2.87 
1.63 
0.29 
0,10 
0.60 

O 
UI 



APPENDIX C.3. Continued. 

Table C.3.2. Biotite analyses from plutonic units in the Brookville terrane. 

Pluton 

Sample 

Dioritic to Granodioritic Plutona 
Ludgate Lake Granodiorite 

NB91-8622 j NB91-9195B 
1 2 3 4 1 1 2 3 

Rockwood Park 
Granodiorite 
CW89-509A 

1 2 3 

French Village 
Pluton 
CW88- CW88-
144 153 

Belmont 
Tonalite 
NB91-8513 
1 2 

SiOj 
TiOj 
A l A 
FeO 
MnO 
MgO 
CaO 
Nap 
Kp 
Crp3 
TOTAL 

Si 
Al" 
Al* 
Ti 
Cr 
Fe 
Mn 
Mg 
Ca 
Na 
K 

36.06 
3.80 

14.11 
18.35 
0.52 
12.36 
0.00 
0.36 
8.98 
0.00 

94.54 

Number 

5.55 
2.46 
0.10 
0.44 
0.00 
2.36 
0.07 
2.83 
0.00 
0.11 
1.76 

Mg/Mg+Fe 0.55 

36.62 
4.01 

14.26 
17.53 
0.48 

12.24 
0.00 
0.31 
9.28 
0.00 

94.73 

36.56 
4.03 
13.65 
17.58 
0.53 
12.55 
0.00 
0.44 
9.38 
0.00 

94.72 

of ions on th 

5.59 
2.41 
0.16 
0.46 
0.00 
2.24 
0.06 
2.79 
0.00 
0.09 
1.81 
0.55 

5.60 
2.40 
0.07 
0.46 
0.00 
2.25 
0.07 
2.87 
0.00 
0.13 
1.83 
0.56 

36.91 
4.10 
13.76 
17.11 
0.39 

12.76 
0.00 
0.37 
9.45 
0.00 

94.85 

e basis 

5.63 
2.38 
0.10 
0.47 
0.00 
2.18 
0.05 
2.90 
0.00 
0.11 
1.84 
0.*>7 

36.40 
3.79 
13.38 
18.27 
0.57 

12.60 
0.00 
0.43 
9.18 
0.00 

94.62 

of 22 

5.6C 
2.40 
0.03 
0.44 
0.00 
2.35 
0.07 
2.89 
0.00 
0.13 
1.80 
0.55 

36.32 
3.55 
13.77 
18.88 
0.45 

12.78 
0.27 
0.35 
8.66 
0.00 

95.03 

oxygen. 

5.56 
2.44 
0.05 
0.41 
0.00 
2.42 
0.06 
2.92 
0.04 
0.10 
1.69 
0.55 

36.59 
3.58 
13.82 
18.06 
0.46 
13.01 
0.00 
0.35 
8.98 
0.00 
94.85 

5.59 
2.41 
0.08 
0.41 
0.00 
2.31 
0.06 
2.96 
0.00 
0.10 
1.75 
0.56 

36.39 
2.68 

14.43 
19.52 
0.47 

11.67 
0.18 
0.C7 
8.37 
0.00 

93.78 

5.64 
2.36 
0.27 
0.31 
0.00 
2.53 
0.06 
2.69 
0.03 
0.02 
1.65 
0.52 

35.87 
3.29 

15.05 
19.53 
0.45 

11.22 
0.34 
0.04 
8.15 
0.00 

93.94 

5.54 
2.46 
0.29 
0.38 
0.00 
2.52 
0.06 
2.58 
0.06 
0.01 
1.61 
0.51 

34.88 
2.80 
15.42 
20.09 
0.51 

11.70 
0.06 
0.06 
7.60 
0.00 

93.12 

5.45 
2.55 
0.29 
0.33 
0.00 
2.62 
0.07 
2.72 
0.01 
0.02 
1.51 
0.51 

32.68 
1.79 

15.83 
19.79 
0.44 

12.23 
0.17 
0.19 
7.40 
0.07 

90.59 

5.27 
2.73 
0.28 
0.22 
0.01 
2.67 
0.06 
2.94 
0.03 
0.06 
1.52 
0.52 

35.25 
3.13 
15.34 
15.97 
0.25 
12.01 
0.09 
0.31 
9.68 
0.06 

92.09 

5.52 
2.48 
0.36 
0.37 
0.01 
2.09 
0.03 
2.80 
0.02 
0.09 
1.94 
0.57 

28.33 
0.00 
17.16 
21.05 
0.55 

18.91 
0.00 
0.00 
0.00 
0.00 

86.00 

4.68 
3.32 
0.02 
0.00 
0.00 
2.91 
0.08 
4.65 
0.00 
0.00 
0.00 
0.62 

27.75 
0.00 

17.36 
21.44 
0.44 

18.69 
0.00 
0.25 
0.00 
0.00 

85.93 

4.60 
3.40 
0.00 
0.00 
0.00 
2.98 
0.06 
4.62 
0.00 
0.08 
0.00 
0.61 
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Table C.3.2. Continued. 

Pluton 

Sample 

Dioritic to Granodioritic 
Belmont Tonalite 

NB91-8522 
1 2 3 4 

Plutona 
Perch Lake Granodiorite 

NB92-9027 
1 2 3 4 

Shadow Lake 
Granodiorite 
NB92-9033 
1 2 3 

Enclave 

NB91-B597 
1 2 3 

Si02 
TiOj 
A l A 
FeO 
MnO 
MgO 
cao 
Nap 
KjO 
crp3 
TOTAL 

Si 
Al" 
Al* 
Ti 
cr 
Fe 
Mn 
Mg 
Ca 
Na 
K 
Mg/Mg+l 

34.46 
3.26 

14.74 
17.80 
0.45 
14.08 
0.17 
0.19 
6.82 
0.00 

91.97 

Number 

5.38 
2.62 
0.10 
0.38 
0.00 
2.33 
0.06 
3.28 
0.03 
0.06 
1.36 

ê 0.59 

35.30 
2.78 
14.45 
17.69 
0.23 

13.25 
0.39 
0.29 
7.45 
0.00 

91.83 

36.14 
2.73 

14.50 
17.75 
0.26 

13.04 
0.00 
0.24 
9.19 
0.00 

93.85 

34.83 
2.69 
14.93 
17.44 
0.36 
14.58 
0.13 
0.34 
6.86 
0.00 

92.16 

of ions on the basis 

5.53 
2.47 
0.19 
0.33 
0.00 
2.32 
0.03 
3.09 
0.07 
0.09 
1.49 
0.57 

5.58 
2.43 
0.21 
0.32 
0.00 
2.29 
0.03 
3.00 
0.00 
0.07 
1.81 
0.57 

5.41 
2.59 
0.15 
0.31 
0.00 
2.27 
0.05 
3.38 
0.02 
0.10 
1.36 
0.60 

35.44 
3.66 
14.05 
19.64 
0.30 

11.74 
0.00 
0.23 
8.65 
0.00 

93.71 

of 22 

5.52 
2.48 
0.11 
0.43 
0.00 
2.56 
0.04 
2.73 
0.00 
0.07 
1.72 
0.52 

36.44 
3.70 
13.75 
18.91 
0.00 
11.84 
0.00 
0.22 
9.29 
0.00 
94.15 

oxygen. 

5.63 
2.37 
0.14 
0.43 
0.00 
2.44 
0.00 
2.73 
0.00 
0.07 
1.83 
0.53 

36.03 
3.81 
14.45 
19.28 
0.36 

11.08 
0.00 
0.27 
9.55 
0.00 

94.83 

5.56 
2.44 
0.19 
0.44 
0.00 
2.49 
0.05 
2.55 
0.00 
0.08 
1.88 
0.51 

36.45 
3.73 

13.86 
19.15 
0.25 

11.61 
0.00 
0.42 
9.37 
0.00 
94.84 

5.61 
2.39 
0.13 
0.43 
0.00 
2.47 
0.03 
2.66 
0.00 
0.13 
1.84 
0.52 

36.15 
3.82 
13.96 
19.56 
0.57 
11.09 
0.00 
0.26 
9.53 
0.00 

94.94 

5.58 
2.42 
0.13 
0.44 
0.00 
2.53 
0.08 
2.55 
0.00 
0.08 
1.88 
0.50 

36.44 
4.04 
13.95 
18.97 
0.44 

11.13 
0.00 
0.29 
9.60 
0.00 

94.86 

5.61 
2.39 
0.15 
0.47 
0.00 
2.44 
0.06 
2.55 
0.00 
0.09 
1.89 
0.51 

37.07 
3.35 

13.40 
18.17 
0.56 
12.34 
0.00 
0.27 
8.63 
0.00 
93.79 

5.72 
2.29 
0.15 
0.39 
0.00 
2.34 
0.07 
2.84 
0.00 
0.08 
1.70 
0,55 

36.30 
3.73 
14.19 
18.19 
0.23 

11.86 
0.00 
0.31 
9.60 
0.00 
94.41 

5.59 
2.41 
0.17 
0.43 
0.00 
2.34 
0.03 
2.72 
0.00 
0.09 
1.89 
0.54 

36.17 
3.27 

14.21 
17.72 
0.26 
11.86 
0.00 
0.30 
9.53 
0.00 

93.32 

5.63 
2.38 
0.23 
0.38 
0.00 
2.31 
0.03 
2.75 
0.00 
0.09 
1.89 
0.54 

35.60 
3.40 
14.50 
19.33 
0.28 
11.09 
0.00 
0.23 
9.31 
0.00 
93.74 

5.55 
2.45 
0.22 
0.40 
0.00 
2.52 
0,04 
2.58 
0.00 
0.07 
1.85 
0.51 
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Table C.3.2. Biotite analyses from plutonic units in 

Pluton 

Sample 

Dioritic to Granodioritic Plutona 
Talbot Road Granodiorite 

NB92-9045 1 NB92-9153 
1 2 3 4 1 1 2 3 

Si02 

TiCj 
AlPs 
FeO 
MnO 
MgO 
CaO 
Nap 
K p 
C r ^ 
TOTAL 

Si 
Al" 
Al* 
Ti 
Cr 
Fe 
Mn 
Mg 
Ca 
Na 
K 
Mg/Mg+l 

36.19 
4.04 
14.23 
18.57 
0.34 
11.80 
0.00 
0.23 
9.56 
0.00 

94.96 

Number 

5.55 
2.45 
0.13 
0.47 
0.00 
2.38 
0.04 
2.70 
0.00 
0.07 
1.87 

'e 0.53 

35.27 
2.98 
14.27 
19.64 
0.27 

12.36 
0.17 
0.19 
7.91 
0.00 

93.06 

35.74 
3.83 
13.90 
19.09 
0.21 

11.84 
0.13 
0.34 
8.78 
0.00 

93.86 

29.28 
0.78 
16.44 
24.20 
0.29 
16.26 
0.35 
0.25 
0.50 
0.17 

88.52 

of ions on the basis 

5.51 
2.49 
0.14 
0.35 
0.00 
2.57 
0.04 
2.88 
0.03 
0.06 
1.58 
0.53 

5.55 
2.45 
0.09 
0.45 
0.00 
2.48 
0.03 
2.74 
0.02 
0.10 
1.74 
0.53 

4.78 
3.17 
0.00 
0.10 
0.02 
3.31 
0.04 
3.96 
0.06 
0.08 
0.10 
0.55 

30.40 
3.25 
14.76 
21.61 
0.41 
13.93 
1.83 
0.35 
2.95 
0.00 

89.49 

of 22 

4.95 
2.83 
0.00 
0.40 
0.00 
2.94 
0.06 
3.38 
0.32 
0.11 
0.61 
0.54 

34.49 
3.56 

13.78 
19.49 
0.27 
11.97 
0.38 
0.29 
7.54 
0.00 

91.77 

oxygen. 

5.48 
2.52 
0.06 
0.43 
0.00 
2.59 
0.04 
2.83 
0.07 
0.09 
1.53 
0.52 

32.88 
3.22 
14.41 
20.05 
0.55 

12.88 
0.68 
0.00 
5.59 
0.00 

90.26 

5.29 
2.71 
0.02 
0.39 
0.00 
2.70 
0.08 
3.09 
0.12 
0.00 
1.15 
0.53 

Brookville terrane. 

Renforth 
Pluton 
CW88-
189 

Narrows Tonalite 

NB91-8513 
1 2 3 

34.42 
3.10 
14.09 
17.07 
0.64 

14.45 
0.17 
0.07 
8.15 
0.07 

92.23 

5.40 
2.60 
0.00 
0.37 
0.01 
2.24 
0.09 
3.38 
0.03 
0.02 
1.63 
0.60 

37.04 
3.17 

14.83 
15.69 
0.21 

13.68 
0.17 
0.11 
8.73 
0.00 

93.63 

5.64 
2.37 
0.29 
0.36 
0.00 
2.00 
0.03 
3.10 
0.03 
0.03 
1.69 
0.61 

35.65 
2.71 
15.53 
16.51 
0.24 

14.35 
0.28 
0.09 
7.25 
0.00 

92.61 

5.48 
2.53 
0.29 
0.31 
0.00 
2.12 
0.03 
3.28 
0.05 
0.03 
1.42 
0.61 

37.83 
2.57 

15.45 
15.72 
0.19 

13.76 
0.25 
0.10 
8.05 
0.00 

93.92 

5.69 
2.31 
0.44 
0.29 
0.00 
1.98 
0.02 
3.09 
0.04 
0.03 
1.55 
0.61 
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Table C.3.2. Biotite analyses from plutonic units in the Brookville terrane. 

Pluton 

Sample 

Si02 

Ti02 
A I P J 
FeO 
MnO 
MgO 
CaO 
Nap 
K p 
Crp3 
TOTAL 

Si 
Al" 
Al* 
Ti 
Cr 
Fe 
Mn 
Mg 
Ca 
Na 
K 
Mg/Mg+Fe 

Monaogranitic to Granodioritic Plutona 
Fairville Granite 

CW89-
1 

34.87 
3.79 
13.52 
28.26 
0.41 
5.40 
0.01 
0.06 
9.17 
0.00 

95.49 

Number 

5.59 
2.41 
0.14 
0.46 
0.00 
3.79 
0.06 
1.29 
0.00 
0.02 
1.88 
0.25 

611 
2 

34.99 
3.89 
13.57 
28.62 
0.33 
5.28 
0.04 
0.09 
9.25 
0.00 

96.06 

3 

31.30 
2.35 
14.20 
30.32 
0.39 
6.41 
0.25 
0.06 
6.58 
0.02 

91.88 

4 

33.45 
4.83 
13.01 
27.39 
0.28 
5.39 
2.36 
0.05 
6.21 
0.02 

92.99 

of ions on the basis 

5.58 
2.42 
0.13 
0.47 
0.00 
3.82 
0.05 
1.26 
0.01 
0.03 
1.88 
0.25 

5.26 
2.75 
0.07 
0.30 
0.00 
4.26 
0.06 
1.60 
0.05 
0.02 
1.41 
0.27 

5.46 
2.50 
0.00 
0.59 
0.00 
3.74 
0.Q4 
1.31 
0.41 
0.02 
1.29 
0.26 

Hammond River 
Granite 
CW88-200 

1 

33.39 
2.83 

17.87 
19.05 
0.77 
9.01 
0.06 
0.12 
8.24 
0.00 

91.34 

of 22 

5.32 
2.68 
0.68 
0.34 
0.00 
2.54 
0.10 
2.14 
0.01 
0.0A 
1. 6o 
0.46 

2 

35.19 
2.92 
17.77 
18.99 
0.81 
9.10 
0.00 
0.11 
9.78 
0.00 

94.67 

oxygen 

5.43 
2.57 
0.66 
0.34 
0.00 
2.45 
0.11 
2.09 
0.00 
0o03 
1.92 
0.46 

3 

30.54 
3.28 

18.13 
21.55 
0.94 
9.87 
2.59 
0.02 
1.00 
0.00 

87.92 

4.98 
3.02 
0.46 
0.40 
0.00 
2.94 
0.13 
2.40 
0.45 
0.01 
0.21 
0.45 

Hanson Stream 

NB92-9154 
1 

35.89 
3.88 

13.72 
18.39 
0.57 
12.56 
0.00 
0.32 
8.81 
0.00 

94.14 

5.55 
2.46 
0.04 
0.45 
0,00 
2.38 
0.08 
2.89 
0.00 
0.10 
1.74 
0.55 

2 

33.95 
2.35 

15.37 
19.30 
0.76 

13.41 
0.31 
0.35 
5.23 
0.00 

91.03 

5.36 
2.64 
0.22 
0.28 
0.00 
2.55 
0.10 
3.15 
0.05 
0.11 
1.05 
0.55 

Granodiorite 

3 

36.46 
4.02 
13.51 
18.28 
0.43 
12.57 
0.00 
0.33 
9.50 
0.00 
95.10 

5.59 
2.42 
0.03 
0.46 
0.00 
2.34 
0.06 
2.87 
0.00 
0.10 
1.86 
0.55 

4 

36.56 
3.90 

13.47 
17.97 
0.53 
12.61 
0.00 
0.22 
9.49 
0.00 

94.75 

5.61 
2.39 
0.05 
0.45 
0.00 
2.31 
0.07 
2.88 
0.00 
0.07 
1.86 
0.56 

Syenogranite Plutona 
Muaquaah Harbour 
Pluton 

NB92-9202A 

26.71 
0.00 
18.57 
23.60 
0.65 

17.14 
0.00 
0.31 
0.00 
0.00 

86.98 

4.44 
3.56 
0.08 
0.00 
0.00 
3.28 
0.09 
4.25 
0.00 
0.10 
0.00 
0.56 
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APPENDIX C.3. Continued. 

Table C.3.3. Plagioclase analyses from plutonic units in the Brookville terrane. 

P l u t o n 

Sample 

S i O j 
TiOi 

A l A 
FeO 
MnO 
MgO 
CaO 
N a p 
K p 
Cr2Oj 
TOTAL 

S i 
A l 
T i 
Cr 
F e 
Mn 
Mg 
Ca 
Na 
K 

Or 
Ab 
An 

L u d g a t e L a k e 

N B 9 1 - 8 5 9 0 
l r 

6 2 . 7 9 
0 . 0 0 

2 2 . 7 5 
0 . 3 1 
0 . 0 0 
0 . 0 0 
2 . 4 4 
7 . 1 1 
1 . 1 8 
0 . 0 0 

9 9 . 5 8 

Number 

1 1 . 4 0 
4 . 8 7 
0 . 0 0 
0 . 0 0 
0 . 0 5 
0 . 0 0 
0 . 0 0 
0 . 4 7 
2 . 5 0 
0 . 2 7 

l c 

6 2 . 5 3 
0 . 0 0 

2 3 . 0 6 
0 . 0 0 
0 . 0 0 
0 . 0 0 
4 . 6 1 
8 . 1 3 
0 . 3 2 
0 . 0 0 

9 8 . 6 5 

G r a n o d i o r i t e 

2 c 

5 9 . 9 6 
0 . 0 0 

2 4 . 0 7 
0 . 3 3 
0 . 0 0 
0 . 0 0 
6 . 0 5 
7 . 3 1 
0 . 4 7 
0 . 0 0 

9 8 . 1 9 

2 r 

6 1 . 0 9 
0 . 0 0 

2 4 . 0 3 
0 . 0 0 
0 . 0 0 
0 . 0 0 
5 . 4 0 
7 . 8 9 
0 . 3 3 
0 . 0 0 

9 8 . 7 4 

o f i o n a o n t h e b a s i s 

1 1 . 2 0 
4 . 8 6 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 8 8 
2 . 8 2 
0 . 0 7 

1 0 . 8 6 
5 . 1 4 
0 . 0 0 
0 . 0 0 
0 . 0 5 
0 . 0 0 
0 . 0 0 
1 . 1 7 
2 . 5 7 
0 . 1 1 

M o l e p r o p o r t i o n s 

0 . 0 8 
0 . 7 7 
0 . 1 5 

0 . 0 2 
0 . 7 5 
0 . 2 3 

c * c o r e ; r * 

0 . 0 3 
0 . 6 7 
0 . 3 1 

r i m ; i 

1 0 . 9 8 
5 . 0 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 0 2 
2 . 7 5 
0 . 0 6 

0 . 0 2 
0 . 7 1 
0 . 2 7 

3 

5 7 . 5 7 
0 . 0 0 

2 6 . 0 2 
0 . 0 0 
0 . 0 0 
0 . 0 0 
7 . 9 1 
6 . 7 9 
0 . 2 8 
0 . 0 0 

9 8 . 6 7 

o f 3 2 

1 0 . 4 6 
5 . 5 7 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 5 4 
2 . 4 0 
0 . 0 6 

0 . 0 2 
0 . 6 0 
0 . 3 9 

= i n t e r m e d i a t e 

N B 9 1 -
l c 

5 7 . 4 5 
0 . 0 0 

2 6 . 3 0 
0 . 2 0 
0 . 0 0 
0 . 0 0 
8 . 3 6 
6 . 7 0 
0 . 2 7 
0 . 0 0 

9 9 . 2 8 

o x y g e n s 

1 0 . 3 7 
5 . 6 0 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
1 . 6 3 
2 . 3 4 
0 . 0 6 

0 . 0 2 
0 . 5 8 
0 . 4 0 

8 6 2 2 
l r 

5 9 . 2 4 
0 . 0 0 

2 5 . 4 7 
0 . 2 0 
0 . 0 0 
0 . 0 0 
7 . 5 1 
7 . 3 7 
0 . 1 7 
0 . 0 0 

9 9 . 9 7 

1 0 . 5 9 
5 . 3 8 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
1 . 4 4 
2 . 5 6 
0 . 0 3 

0 . 0 1 
0 . 6 3 
0 . 3 6 

( b e t w e e n c o r e 

2 

6 1 . 7 1 
0 . 0 0 

2 4 . 0 9 
0 . 0 0 
0 . 2 0 
0 . 0 0 
5 . 6 6 
8 . 3 1 
0 . 2 4 
0 . 0 0 

1 0 0 . 2 0 

1 0 . 9 4 
5 . 1 6 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 3 

o.r/ 
1.C9 
2 . 8 5 
0 . 0 6 

0 . 0 1 
0 . 7 2 
0 . 2 7 

3 

6 2 . 0 5 
0 . 0 0 

2 3 . 6 6 
0 . 2 1 
0 . 0 0 
0 . 0 0 
5 . 3 9 
8 . 0 2 
0 . 3 3 
0 . 0 0 

9 9 . 6 6 

1 1 . 0 4 
4 . 9 6 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
1 . 0 2 
2 . 7 5 
0 . 0 6 

0 . 0 2 
0 . 7 2 
0 . 2 7 

and rim) 

4 

6 1 . 3 3 
0 . 0 0 

2 3 . 6 6 
0 . 0 0 
0 . 0 0 
0 . 0 0 
5 . 5 6 
8 . 1 7 
0 . 2 3 
0 . 0 0 

9 8 . 9 4 

1 1 . 0 1 
4 . 9 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 0 6 
2 . 8 5 
0 . 0 6 

0 . 0 1 
0 . 7 2 
0 . 2 7 

1 NB92-

1 lc 
6 3 . 7 3 

0 . 0 0 
2 2 . 6 1 

0 . 0 0 
0 . 0 0 
0 . 0 0 
4 . 0 9 
9 . 0 2 
0 . 1 9 
0 . 0 0 

9 9 . 6 5 

1 1 . 3 0 
4 . 7 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 7 7 
3 . 1 0 
0 . 0 3 

0 . 0 1 
0 . 7 9 
0 . 2 0 

9 1 9 5 3 
l r 

6 3 . 8 2 
0 . 0 0 

2 2 . 5 2 
0 . 2 5 
0 . 0 0 
0 . 0 0 
3 . 9 2 
8 . 9 2 
0 . 1 9 
0 . 0 0 

9 9 . 6 2 

1 1 . 3 0 
4 . 7 0 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
0 . 7 4 
3 . 0 7 
0 . 0 3 

0 . 0 1 
0 . 8 0 
0 . 1 9 

2 

6 4 . 7 1 
0 . 0 0 

2 1 . 8 6 
0 . 0 0 
0 . 0 0 
0 . 0 0 
3 . 3 0 
9 . 0 9 
0 . 2 8 
0 . 0 0 

9 9 . 2 5 

1 1 . 4 6 
4 . 5 8 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 6 4 
3 . 1 4 
0 . 0 6 

0 . 0 2 
0 . 8 2 
0 . 1 6 

3 

6 4 . 7 4 
0 . 0 0 

2 1 . 7 2 
0 . 0 0 
0 . 0 0 
0 . 0 0 
3 . 3 5 
9 . 4 9 
0 . 3 2 
0 . 0 0 

9 9 . 6 0 

1 1 . 4 6 
4 . 5 4 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 6 4 
3 . 2 6 
0 . 0 6 

0 . 0 2 
0 . 8 2 
0 . 1 6 

at. 
M 
O 



T a b l e C. 

P l u t o n 

Sample 

S i 0 2 
T i O j 
A l A 
FeO 
MnO 
MgO 
CaO 
N a p 
K p 
C r p , 
TOTAL 

S i 
A l 
T i 
c r 
F e 
Mn 
Mg 

ca 
Na 
K 

o r 
Ab 
An 

3 . 3 . C o n t i n u e d . 

D i o r i t i c t o G r a n o d i o r i t i c P l u t o n a 
L u d g a t e L a k e 

4 

6 1 . 0 9 
0 . 0 0 

2 4 . 0 0 
0 . 2 7 
0 . 0 0 
0 . 0 0 
5 . 7 9 
7 . 9 2 
0 . 2 9 
0 . 0 0 

9 9 . 3 5 

1 0 . 9 1 
5 . 0 6 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
o.oc 
1 .12 
2 . 7 5 
0 . 0 6 

G r a n o d i o r i t e 

| NB92-9251 
1 lr 

6 8 . 0 8 
0 . 0 0 

2 0 . 3 4 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 6 6 

1 1 . 3 9 
0 . 0 0 
0 . 0 0 

1 0 0 . 4 7 

Number 

1 1 . 8 4 
4 . 1 6 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 3 
3 . 8 4 
0 . 0 0 

2 r 

6 8 . 2 6 
0 . 0 0 

1 9 . 3 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 3 

1 0 . 8 0 
0 . 0 0 
0 . 0 0 

9 8 . 4 9 

3 r 

6 8 . 0 2 
0 . 0 0 

1 9 . 9 3 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 2 0 

1 1 . 0 3 
0 . 0 0 
0 . 0 0 

9 9 . 1 9 

4 

6 2 . 4 5 
0 . 0 0 

2 3 . 0 5 
0 . 0 0 
0 . 0 0 
0 . 0 0 
4 . 4 6 
8 . 1 1 
0 . 5 6 
0 . 0 0 

9 8 . 6 3 

of i o n s on t h e b a s i e 

1 2 . 0 6 
4 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 3 
3 . 7 1 
0 . 0 0 

Mole p r o p o r t i o n s 

0 . 0 2 
0 . 7 0 
0 . 2 8 

0 . 0 0 
0 . 9 7 
0 . 0 3 

0 . 0 0 
0 . 9 9 
0 . 0 1 

1 1 . 9 4 
4 . 1 3 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 3 
3 . 7 4 
0 . 0 0 

0 . 0 0 
0 . 9 9 
0 . 0 1 

1 1 . 2 0 
4 . 8 6 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 8 6 
2 . 8 2 
0 . 1 3 

0 . 0 3 
0 . 7 4 
0 . 2 3 

5 

6 0 . 7 9 
0 . 0 0 

2 3 . 7 8 
0 . 0 0 
0 . 0 0 
0 . 0 0 
5 . 7 4 
7 . 9 0 
0 . 3 5 
0 . 0 0 

9 8 . 5 5 

of 32 

1 0 . 9 4 
5 . 0 6 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1.12 
2 . 7 5 
0 . 0 6 

0 . 0 2 
0 . 7 0 
0 . 2 8 

Rockwood P a r k 

CW89-509A 
l c 

5 9 . 0 4 
0 . 0 3 

2 6 . 3 0 
0 . 2 0 
0 . 0 0 
0 . 0 0 
8 . 5 7 
6 . 8 4 
0 . 2 2 
0 . 0 0 

1 0 1 . 2 0 

o x y g e n s 

1 0 . 4 6 
5 . 4 9 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
1 .63 
2 . 3 5 
0 . 0 5 

0 . 0 1 
0 . 5 8 
0 . 4 0 

l r 

5 9 . 0 6 
0 . 0 1 

2 5 . 1 1 
0 . 2 1 
0 . 0 0 
0 . 0 1 
7 . 4 6 
7 . 5 1 
0 . 1 9 
0 . 0 0 

9 9 . 5 6 

1 0 . 6 1 
5 . 3 2 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
1 .44 
2 . 6 2 
0 . 0 4 

0 . 0 1 
0 . 6 4 
0 . 3 5 

G r a n o d i o r i t e 

2 c 

5 6 . 0 3 
COO 

2 6 . 0 2 
0 . 1 5 
0 . 0 0 
0 . 0 1 
8 . 4 9 
6 . 7 5 
0 . 1 7 
0 . 0 0 

9 7 . 6 2 

1 0 . 3 1 
5 . 6 4 
0 . 0 0 
0 . 0 0 
0 . 0 2 
0 . 0 0 
0 . 0 0 
1 .67 
2 . 4 1 
0 . 0 4 

0 . 0 1 
0 . 5 8 
0 . 4 1 

2 r 

5 9 . 6 1 
0 . 0 0 

2 5 . 3 4 
0 . 1 6 
0 . 0 0 
0 . 0 0 
7 . 2 6 
7 . 3 7 
0 . 3 5 
0 . 0 0 

1 0 0 . 0 8 

1 0 . 6 4 
5 . 3 3 
0 . 0 0 
0 . 0 0 
0 . 0 2 
0 . 0 0 
0 . 0 0 
1 .39 
2 . 5 5 
0 . 0 8 

0 . 0 2 
0 . 6 4 
0 . 3 5 

3 r 

6 1 . 8 4 
0 . 0 0 

2 4 . 9 2 
0 . 1 3 
0 . 0 0 
0 . 0 0 
7 . 0 9 
7 . 7 4 
0 . 1 5 
0 . 0 0 

1 0 1 . 8 8 

1 0 . 8 1 
5 . 1 4 
0 . 0 0 
0 . 0 0 
0 . 0 2 
0 . 0 0 
0 . 0 0 
1 . 3 3 
2 . 6 2 
0 . 0 3 

0 . 0 1 
0 . 6 6 
0 . 3 3 

F r e n c h 
P l u t o n 

V i l l a g e 

CW88-144 
l c 

5 6 . 2 7 
0 . 0 3 

2 6 . 3 4 
0 . 1 5 
0 . 0 1 
0 . 0 0 
8 . 5 5 
7 . 5 7 
0 . 1 5 
0 . 0 2 

9 9 . 0 8 

1 0 . 2 4 
5 . 6 5 
0 . 0 0 
0 . 0 0 
0 . 0 2 
0 . 0 0 
0 . 0 0 
1 .67 
2 . 6 7 
0 . 0 4 

0 . 0 1 
0 . 6 1 
0 . 3 8 

l r 

5 7 . 1 6 
0 . 0 0 

2 6 . 1 7 
0 . 1 9 
0 . 0 0 
C O O 
7 . 9 4 
7 . 7 1 
0 . 1 6 
0 . 0 0 

9 9 . 3 3 

1 0 . 3 4 
5 . 5 8 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
1 .54 
2 . 7 1 
0 . 0 4 

0 . 0 1 
0 . 6 3 
0 . 3 6 

2 c 

5 5 . 3 5 
0 . 0 0 

2 7 . 0 1 
0 . 2 6 
0 . 0 2 
0 . 0 0 
9 . 4 4 
6 . 6 2 
0 . 2 0 
0 . 0 1 

9 8 . 9 1 

1 0 . 1 0 
5 . 8 1 
0 . 0 0 
0 . 0 0 
0 . 0 4 
0 . 0 0 
0 . 0 0 
1 .85 
2 . 3 4 
0 . 0 5 

0 . 0 1 
0 . 5 5 
0 . 4 4 



Table Co3.3. Continued. 

Pluton 

Sample 

Dioritic to Granodioritic Plutona 
French Village Pluton 

CW88-144 
2r 3c 3r 4c 4r 

CW88-153 
1 2 

CW88-246 
lc lr 2c 2r 3c 

SiOj 
TiOj 
A l A 
FeO 
MnO 
MgO 
CaO 
N a p 
K p 
C r A 
TOTAL 

S i 
A l 
T i 
Cr 
F e 
Mn 
Mg 
Ca 
Na 
K 

Or 
Ab 
An 

5 5 . 6 7 
0 . 0 1 

2 7 . 1 2 
0 . 2 2 
0 . 0 2 
0 . 0 0 
9 . 2 2 
8 . G 9 
0 . 5 5 
0 . 0 0 

1 0 0 . 8 9 

Number 

1 0 . 0 0 
5 . 6 7 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
1 . 7 8 
2 . 8 3 
0 . 1 3 

5 6 . 0 7 
0 . 0 0 

2 6 . 6 8 
0 . 2 3 
0 . 0 1 
0 . 0 0 
8 . 9 2 
7 . 0 9 
0 . 1 9 
0 . 0 2 

9 9 . 2 0 

o f i o n s 

1 0 . 1 9 
5 . 7 2 
0 . 0 0 
0 . 0 0 
0 . 0 4 
0 . 0 0 
0 . 0 0 
1 . 7 4 
2 . 5 0 
0 . 0 4 

5 6 . 8 3 
0 . 0 0 

2 6 . 5 5 
0 . 1 8 
0 . 0 0 
0 . 0 0 
8 . 4 6 
6 . 8 8 
0 . 1 9 
0 . 0 0 

9 9 . 0 9 

o n t h e 

1 0 . 3 0 
5 . 6 7 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
1 . 6 4 
2 . 4 2 
0 . 0 4 

M o l e p r o p o r t i o n s 

0 . 0 3 
0 . 6 0 
0 . 3 8 

0 . 0 1 
0 . 5 8 
0 . 4 1 

0 . 0 1 
0 . 5 9 
0 . 4 0 

5 6 . 3 9 
0 . 0 2 

2 6 . 8 4 
0 . 1 9 
0 . 0 4 
0 . 0 0 
9 . 1 1 
6 . 5 0 
0 . 1 7 
0 . 0 1 

9 9 . 2 7 

b a a i s 

1 0 . 2 2 
5 . 7 3 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
1 . 7 7 
2 . 2 8 
0 . 0 4 

0 . 0 1 
0 . 5 6 
0 . 4 3 

5 6 . 7 2 
0 . 0 2 

2 6 . 1 5 
0 . 1 9 
0 . 0 0 
0 . 0 0 
8 . 4 2 
7 . 2 5 
0 . 2 2 
0 . 0 1 

9 8 . 9 7 

5 3 . 7 9 
0 . 0 0 

2 7 . 3 9 
0 . 2 7 
0 . 0 0 
0 . 0 0 

1 0 . 9 7 
6 . 7 5 
0 . 3 0 
0 . 0 3 

9 9 . 4 8 

o f 3 2 o x y g e n s 

1 0 . 3 1 
5 . 6 0 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
1 . 6 4 
2 . 5 6 
0 . 0 5 

0 . 0 1 
0 . 6 0 
0 . 3 9 

9 . 8 5 
5 . 9 1 
0 . 0 0 
0 . 0 0 
0 . 0 4 
0 . 0 0 
0 . 0 0 
2 . 1 5 
2 . 4 0 
0 . 0 7 

0 . 0 2 
0 . 5 2 
0 . 4 7 

5 8 . 7 5 
0 . 0 1 

2 5 . 2 2 
0 . 1 5 
0 . 0 0 
0 . 0 0 
7 . 1 8 
8 . 0 8 
0 . 1 5 
0 . 0 0 

9 9 . 5 4 

1 0 . 5 7 
5 . 3 5 
0 . 0 0 
0 . 0 0 
0 . 0 2 
0 . 0 0 
0 . 0 0 
1 . 3 8 
2 . 8 2 
0 . 0 3 

0 . 0 1 
0 . 6 7 
0 . 3 3 

5 2 . 9 6 
0 . 0 0 

2 8 . 4 0 
0 . 1 8 
0 . 0 3 
0 . 0 0 

1 0 . 8 6 
5 . 7 3 
0 . 1 1 
0 . 0 2 

9 8 . 2 8 

9 . 6 8 
6 . 1 7 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
2 . 1 5 
2 . 0 5 
0 . 0 3 

0 . 0 1 
0 . 4 9 
0 . 5 1 

5 6 . 5 3 
0 . 0 0 

2 5 . 8 8 
0 . 1 5 
0 . 0 0 
0 . 0 0 
8 . 2 2 
8 . 4 5 
0 . 1 0 
0 . 0 2 

9 9 . 3 4 

1 0 . 2 8 
5 . 5 5 
0 . 0 0 
0 . 0 0 
0 . 0 2 
0 . 0 0 
0 . 0 0 
1 . 6 0 
2 . 9 B 
0 . 0 2 

0 . 0 1 
0 . 6 5 
0 . 3 5 

5 4 . 2 7 
0 . 0 1 

2 8 . 0 9 
0 . 1 2 
0 . 0 0 
0 . 0 1 

1 0 . 9 1 
5 . 4 1 
0 . 0 8 
0 . 0 0 

9 8 . 9 1 

9 . 9 1 
6 . 0 5 
0 . 0 0 
0 . 0 0 
0 . 0 2 
0 . 0 0 
0 . 0 0 
2 . 1 3 
1 . 9 2 
0 . 0 2 

0 . 0 1 
0 . 4 7 
0 . 5 3 

5 7 . 8 2 
0 . 0 0 

2 6 . 6 6 
0 . 0 7 
0 . 0 0 
0 . 0 1 
9 . 1 6 
6 . 4 5 
0 . 0 5 
0 . 0 0 

1 0 0 . 2 2 

1 0 . 3 4 
5 . 6 2 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 0 
1 . 7 6 
2 . 2 4 
0 . 0 1 

0 . 0 0 
0 . 5 6 
0 . 4 4 

5 4 . 6 5 
0 . 0 3 

2 7 . 9 5 
0 . 0 0 
0 . 0 0 
0 . 0 1 

1 0 . 5 2 
5 . 8 6 
0 . 0 5 
0 . 0 0 

9 9 . 0 5 

9 . 9 5 
6 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
2 . 0 5 
2 . 0 7 
0 . 0 1 

0 . 0 0 
0 . 5 0 
0 . 5 0 

5 5 . 7 4 
0 r 0 1 

2 7 . 5 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 

1 0 . 1 9 
5 . 8 6 
0 . 0 4 
0 . 0 0 

9 9 . 4 4 

1 0 . 0 8 
5 . 8 8 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 9 8 
2 . 0 6 
0 . 0 1 

0 . 0 0 
0 . 5 1 
0 . 4 9 

5 4 . 1 9 
0 . 0 2 

2 8 . 3 6 
0 . 1 0 
0 . 0 0 
0 . 0 0 

1 1 . 0 5 
5 . 5 7 
0 . 0 7 
0 . 0 0 

9 9 . 3 7 

9 . 8 6 
6 . 0 8 
0 . 0 0 
0 . 0 0 
0 . 0 2 
0 . 0 0 
0 . 0 0 
2 . 1 5 
1 . 9 7 
0 . 0 2 

0 . 0 0 
0 . 4 8 
0 . 5 2 



Table C.3.3. Continued. 

Pluton 

Sample 

Dioritic to Granodioritic Plutona 
Belmont Tonalite 

NB91-8513 | NB91-8522 
3 r l 2 3 | 1 2 3 4 

Perch Lake Granodiorite 

NB92-2027 
1 2 3 4 

Shadow Lake 
Granodiorite 
NB91-8565 

1 2 

SiQj 
Ti02 

Alp3 
FeO 
MnO 
MgO 
CaO 
Nap 
K p 
Crp3 
TOTAL 

Si 
Al 
Ti 
Cr 
Fe 
Mn 
Mg 
Ca 
Na 
K 

Or 
Ab 
An 

55.92 
0.01 

27.90 
0.11 
0.00 
0.00 
10.47 
5.71 
0.06 
0.00 

100.17 

Number 

10.05 
5.91 
0.00 
0.00 
0.02 
0.00 
0.00 
2.02 
1.99 
0.01 

58.05 
0.00 
27.12 
0.00 
0.00 
0.00 
8.81 
6.15 
0.15 
0.00 

100.28 

57.69 
0.00 

26.97 
0.00 
0.00 
0.00 
8.43 
6.64 
0.12 
0.00 

99.84 

57.96 
0.00 

26.35 
0.27 
0.18 
0.00 
7.24 
6.57 
0.62 
0.00 

99.17 

of ions on the basis 

10.34 
5.70 
0.00 
0.00 
0.00 
0.00 
0.00 
1.70 
2.11 
0.03 

Mole Proportii 

0.00 
0.50 
0.50 

0.01 
0.55 
0.44 

10.34 
5.70 
0.00 
0.00 
0.00 
0.00 
0.00 
1.63 
2.30 
0.03 

3ns 

0.01 
0.58 
0.41 

10.46 
5.60 
0.00 
0.00 
0.00 
0.00 
0.00 
1.41 
2.30 
0.13 

0.04 
0.60 
0.37 

59.01 
0.00 

24.85 
0.00 
0.00 
0.00 
6.62 
7.06 
0.14 
0.00 

97. 6B 

of 32 

10.72 
5.31 
0.00 
o.oc 
0.00 
0.00 
0.00 
1.28 
2.50 
0.03 

0.01 
0,65 
0.34 

56.54 
0.00 

27.09 
0.00 
0.00 
0.00 
8.79 
6.38 
0.12 
0.00 

98.91 

oxygens 

10.24 
5.79 
0.00 
0.00 
0.00 
0.00 
0.00 
1.70 
2.24 
0.03 

0.01 
0.56 
0.43 

56.06 
0.00 
27.51 
0.00 
0.00 
0.00 
9.32 
5.79 
0.14 
0.25 
99.07 

10.14 
5.86 
0.00 
0.03 
0.00 
0.00 
0.00 
1.82 
2.05 
0.03 

0.01 
0.53 
0.47 

59.67 
0.00 

25.39 
0.00 
0.00 
0.00 
6.74 
7.17 
0.23 
0.00 

99.20 

10.69 
5.38 
0.00 
0.00 
0.00 
0.00 
0.00 
1.28 
2.50 
0.06 

0.01 
0.65 
0.34 

56.91 
0.00 

26.50 
0.00 
0.00 
0.00 
9.16 
6.33 
0.00 
0.00 
98.90 

10.30 
5.66 
0,00 
0.00 
0.00 
0.00 
0.00 
1.79 
2.21 
0.00 

0.00 
0.56 
0.44 

59.70 
0.00 

24.97 
O.CO 
0.00 
0.00 
7.08 
7.50 
0.16 
0.00 

99.41 

10.69 
5.28 
0.00 
0.00 
0.00 
0.00 
0.00 
1.34 
2.59 
0.03 

0.00 
0.66 
0.34 

59.35 
0.00 

24.94 
0.00 
0.00 
0.00 
6.93 
6.11 
2.27 
0.00 

99.60 

10.69 
5.31 
0.00 
0.00 
0.0G 
0.00 
0.00 
1.34 
2.14 
0.51 

0.13 
0.54 
0.34 

59.22 
0.00 
25.76 
0.00 
0.00 
0.00 
7.72 
7.25 
0.18 
0.00 

100.13 

10.56 
5.41 
0.00 
0.00 
0.00 
0.00 
0.00 
1.47 
2.50 
0.03 

0.01 
0.62 
0.37 

59.91 
0.00 

24.71 
0.00 
0.00 
0.00 
6.32 
7.33 
0.19 
0.00 

98.45 

10.82 
5.25 
0.00 
0.00 
0.00 
0.00 
0.00 
1.22 
2.56 
C.03 

0.01 
0.67 
0.32 

58.45 
0.00 

25.56 
0.26 
0.00 
0.00 
7.36 
7.09 
0.23 
0.00 

98.95 

10.56 
5.44 
0.00 
0.00 
0.03 
0.00 
0.00 
1.41 
2.50 
0.06 

0.01 
0.63 
0.36 

M 
U> 



Table C.3.3. Continued. 

Pluton 

Sample 

Dioritic to Granodioritic Plutona 
Shadow Lake Granodiorite 

NB91-8599B 
1 2 

NB92-9033 
1 2 

NB92-9258A 
lc li lr 2c 21 2r 

SiQ2 
TiOj 
A l A 
FeO 
MnO 
MgO 
CaO 
Nap 
Kp 
Crp, 
TOTAL 

Si 
Al 
Ti 
Cr 
Fe 
Mn 
Mg 
Ca 
Na 
K 

Or 
Ab 
An 

59.30 
0.00 
25.51 
0.29 
0.00 
0.00 
7.18 
7.28 
0.20 
0.00 

99.76 

Number 

10.62 
5.38 
0.00 
0.00 
0.03 
0.00 
0.00 
1.38 
2.53 
0.03 

60.37 
0.00 
24.63 
0.00 
0.00 
0.00 
6.53 
7.88 
0.25 
0.00 

99.65 

59.93 
0.00 

24.68 
0.00 
0.00 
0.00 
6.71 
7.63 
0.17 
0.00 

99.12 

58.21 
0.00 

26.16 
0.20 
0.00 
0.00 
8.38 
6.74 
0.16 
0.00 

99.85 

of ions on the basis 

10.78 
5.18 
0.00 
0.00 
0.00 
0.00 
0.00 
1.25 
2.72 
0.06 

10.75 
5.22 
0.00 
0.00 
0.00 
0.00 
0.00 
1.28 
2.66 
0.03 

Mole proportions 

0.01 
0.64 
0.35 

0.01 
0.68 
0.31 

0.01 
0.67 
0.32 

10.43 
5.54 
0.00 
0.00 
0.03 
0.00 
0.00 
1.60 
2.34 
0.03 

0.01 
0.59 
0.40 

61.51 
0.00 

23.73 
0.23 
0.00 
0.00 
5.59 
7.77 
0.48 
0.00 

99.31 

of 32 

11.01 
4.99 
0.00 
0.00 
0.03 
0.00 
0.00 
1.06 
2.69 
0.10 

0.03 
0.70 
0.28 

61.06 
0.00 

23.76 
0.00 
0.00 
0.00 
5.73 
7.72 
0.35 
0.00 

98.61 

oxygens 

10.98 
5.02 
0.00 
0.00 
0.00 
0.00 
0.00 
1.09 
2.69 
0.06 

0.02 
0.70 
0.29 

60.99 
0.00 
23.76 
0.00 
0.00 
0.00 
5.78 
7.80 
0.50 
0.00 
98.83 

10.98 
5.02 
0.00 
0.00 
0.00 
0.00 
0.00 
1.12 
2.72 
0.13 

0.03 
0.69 
0.28 

60.95 
0.00 

23.81 
0.26 
0.00 
0.00 
5.72 
7.83 
0.46 
0.00 

99.04 

10.94 
5.02 
0.00 
0.00 
0.03 
0.00 
0.00 
1.09 
2.72 
0.10 

0.03 
0.69 
0.28 

61.37 
0.00 

24.03 
0.31 
0.00 
0.00 
5.87 
7.99 
0.24 
0.00 

99.81 

10.94 
5.06 
0.00 
0.00 
0.03 
0.00 
0.00 
1.12 
2.75 
0.06 

0.01 
0.70 
0.29 

59.79 
0.00 

24.89 
0.21 
0.00 
0.00 
6.87 
7.59 
0.33 
0.00 

99.67 

10.72 
5.25 
0.00 
0.00 
0.03 
0.00 
0.00 
1.31 
2.62 
0.06 

0.02 
0.65 
0.33 

66.69 
0.00 

20.66 
0.00 
0.00 
0.00 
1.44 

10.01 
0.00 
0.00 

98.81 

11.78 
4.29 
0.00 
0.00 
0.00 
0.00 
0.00 
0.29 
3.42 
0.00 

0.00 
0.93 
0.07 

61.17 
0.00 

23.94 
0.00 
0.00 
0.00 
5.35 
7.92 
0.39 
0.00 

98.77 

10.98 
5.06 
0.00 
0.00 
0.00 
0.00 
0.00 
1.02 
2.75 
0.10 

0.02 
0.71 
0.27 

59.92 
0.00 
24.57 
0.00 
0.00 
0.00 
6.70 
7.46 
0.31 
0.00 

98.96 

10.73 
5.22 
0.00 
0.00 
0.00 
0.00 
0.00 
1.28 
2.59 
0.06 

0.02 
0.66 
0.33 

66.79 
0.00 

20.72 
0.00 
0.00 
0.00 
1.41 

10.37 
0.00 
0.00 

99.28 

11.74 
4.29 
0.00 
0.00 
0.00 
0.00 
0.00 
0.26 
3.55 
0.00 

0.00 
0.93 
0.07 
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Table C.3.3. Continued. 

Dioritic to Granodioritic Plutona 
P l u t o n 

S a m p l e 

S i 0 2 

T i O j 
A l A 
FeO 
MnO 
MgO 
CaO 
N a p 
KjO 
C r p 3 

TOTAL 

S i 
A l 
T i 
Cr 
F e 
Mn 
Mg 
ca 
Na 
K 

or 
Ab 
An 

3 c 

6 0 . 6 1 
0 . 0 0 

2 4 . 2 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
6 . 0 8 
7 . 9 7 
0 . 1 7 
0 . 0 0 

9 9 . 0 4 

Number 

1 0 . 8 8 
5 . 1 2 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 1 8 
2 . 7 8 
0 . 0 3 

E n c l a v e 

N B 9 1 - 8 5 9 7 
1 

5 5 . 4 8 
0 . 0 0 

2 7 . 5 6 
0 . 0 0 
0 . 0 0 
0 . 0 0 
9 . 6 9 
5 . 8 6 
0 . 1 9 
0 . 0 0 

9 8 . 7 7 

2 

5 6 . 5 0 
0 . 0 0 

2 7 . 0 8 
0 . 0 0 
0 . 0 0 
0 . 0 0 
8 . 8 0 
6 . 3 1 
0 . 1 4 
0 . 0 0 

9 8 . 8 3 

3 

5 5 . 6 3 
0 . 0 0 

2 7 . 6 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
9 . 3 1 
6 . 0 5 
0 . 0 0 
0 . 0 0 

9 8 . 5 9 

o f i o n s o n t h e b a s i s 

1 0 . 0 8 
5 . 9 2 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 8 9 
2 . 0 8 
0 . 0 3 

1 0 . 2 0 
5 . 7 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 7 0 
2 . 2 1 
0 . 0 3 

M o l e p r o p o r t i o n s 

0 . 0 1 
0 . 7 0 
0 . 2 9 

0 . 0 1 
0 . 5 2 
0 . 4 7 

0 . 0 1 
0 . 5 6 
0 . 4 3 

1 0 . 1 1 
5 . 9 2 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 8 2 
2 . 1 4 
0 . 0 0 

0 . 0 0 
0 . 5 4 
0 . 4 6 

4 

5 6 . 5 7 
0 . 0 0 

2 6 . 9 6 
0 . 0 0 
0 . 0 0 
0 . 0 0 
8 . 9 8 
6 . 0 1 
0 . 2 2 
0 . 0 0 

9 8 . 7 5 

o f 3 2 

1 0 . 2 7 
5 . 7 6 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 7 6 
2 . 1 1 
0 . 0 6 

0 . 0 1 
0 . 5 4 
0 . 4 5 

T a l b o t R o a d G r a n o d i o r i t e 

N B 9 2 - 9 0 4 5 
1 

5 8 . 0 0 
0 . 0 0 

2 6 . 3 3 
0 . 0 0 
0 . 0 0 
0 . 0 0 
8 . 5 5 
6 . 8 9 
0 . 9 2 
0 . 0 0 

1 0 0 . 6 9 

o x y g e n s 

1 0 . 4 0 
5 . 5 7 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 6 3 
2 . 4 0 
0 . 0 3 

0 . 0 5 
0 . 5 6 
0 . 3 9 

2 

5 8 . 5 4 
0 . 0 0 

2 5 . 4 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
7 . 7 5 
7 . 0 9 
0 . 2 4 
0 . 0 0 

9 9 . 1 1 

1 0 . 5 6 
5 . 4 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 5 0 
2 . 4 6 
0 . 0 6 

0 . 0 1 
0 . 6 2 
0 . 3 7 

3 

5 8 . 7 3 
0 . 0 0 

2 5 . 9 6 
0 . 2 2 
0 . 0 0 
0 . 0 0 
7 . 8 8 
7 . 0 5 
0 . 1 0 
0 . 0 0 

9 9 . 9 3 

1 0 . 5 0 
5 . 4 7 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
1 . 5 0 
2 . 4 3 
0 . 0 3 

0 . 0 1 
0 . 6 2 
0 . 3 8 

N B 9 1 - 9 1 5 3 
1 

5 7 . 6 6 
0 . 0 0 

2 5 . 5 6 
0 . 2 0 
0 . 0 0 
0 . 0 0 
8 . 2 8 
6 . 7 9 
0 . 1 8 
0 . 0 0 

9 8 . 6 8 

1 0 . 4 6 
5 . 4 7 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
1 . 6 0 
2 . 4 0 
0 . 0 3 

0 . 0 1 
0 . 5 9 
0 . 4 0 

2 

5 8 . 5 6 
0 . 0 0 

2 5 . 4 7 
0 . 0 0 
0 . 0 0 
0 . 0 0 
7 . 4 9 
7 . 1 6 
0 . 1 3 
0 . 0 0 

9 8 . 8 2 

1 0 . 5 6 
5 . 4 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 4 4 
2 . 5 0 
0 . 0 3 

0 . 0 1 
0 . 6 3 
0 . 3 6 

3 

5 6 . 0 2 
0 . 0 0 

2 6 . 3 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
9 . 1 7 
6 . 0 1 
0 . 2 2 
0 . 0 0 

9 7 . 7 3 

1 0 . 2 7 
5 . 7 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 7 9 
2 . 1 4 
0 . 0 6 

0 . 0 1 
0 . 5 4 
0 . 4 5 

4 

5 7 . 1 0 
0 . 0 0 

2 6 . 3 1 
0 . 2 5 
0 . 0 0 
0 . 0 0 
8 . 9 3 
6 . 4 8 
0 . 1 2 
0 . 0 0 

9 9 . 1 7 

1 0 . 3 4 
5 . 6 0 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
1 . 7 3 
2 . 2 7 
0 . 0 3 

0 . 0 1 
0 . 5 6 
0 . 4 3 

R e n f o r t h 
P l u t o n 
C W 8 8 - 1 6 9 

1 

5 7 . 8 2 
0 . 0 3 

2 6 . 3 9 
0 . 2 2 
0 . 0 0 
0 . 0 1 
8 . 9 3 
6 . 4 8 
0 . 3 8 
0 . 0 0 

1 0 0 . 2 5 

1 0 . 3 6 
5 . 5 7 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
1 . 7 1 
2 . 2 5 
0 . 0 9 

0 . 0 2 
0 . 5 6 
0 . 4 2 

2 

5 5 . 6 4 
0 . 0 2 

2 7 . 7 0 
0 . 1 7 
0 . 0 0 
0 . 0 2 

1 0 . 2 7 
5 . 6 8 
0 . 2 1 
0 . 0 0 

9 9 . 7 1 

1 0 . 0 6 
5 . 9 0 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 1 
1 . 9 9 
1 . 9 9 
0 . 0 5 

0 . 0 1 
0 . 4 9 
0 . 4 9 
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Table C.3.3. Continued. 

Pluton 

Sample 

Dioritic to Granodioritic Plutona 
Renforth Pluton 

VJ88-189 
1 2 

j» 8 8 - 1 9 2 
1 2 

Narrowa Tonal i te 

CW89-616 
1 2 3 

Monaogranitic to Granodioritic 
Fairville Granite 

"W88-272 
1 2 £1 89-611 

S i 0 2 
TiOj 
A l A 
FeO 
MnO 
MgO 
CaO 
N a p 
Kp 
Crpj 
TOTAL 

S i 
Al 
T i 
Cr 
Fe 
Mn 
Mg 
Ca 
Na 
K 

Or 
Ab 
An 

5 5 . 9 9 
0 . 0 3 

2 7 . 9 7 
0 . 1 5 
0 . 0 0 
0 . 0 2 

1 0 . 6 6 
5 . 6 0 
0 . 1 6 
0 . 0 0 

1 0 0 . 5 8 

Number 

1 0 . 0 4 
5 . 9 1 
0 . 0 0 
0 . 0 0 
0 . 0 2 
0 . 0 0 
0 . 0 1 
2 . 0 5 
1 . 9 5 
0 . 0 4 

5 8 . 7 8 
0 . 0 0 

2 4 . 9 7 
0 . 0 9 
0 . 0 0 
0 . 0 0 
6 . 1 8 
8 . 6 5 
0 . 3 2 
0 . 0 0 

9 8 . 9 7 

6 4 . 6 7 
0 . 0 0 

2 1 . 4 3 
0 . 1 2 
0 . 0 2 
0 . 0 0 
2 . 6 8 

1 1 . 0 1 
0 . 1 2 
0 . 0 0 

1 0 0 . 0 5 

5 9 . 0 3 
0 . 0 1 

2 5 . 0 8 
0 . 1 8 
0 . 0 0 
0 . 0 0 
7 . 0 8 
7 . 8 2 
0 . 3 3 
0 . 0 2 

9 9 . 5 5 

o f i o n s on t h e b a s i s 

1 0 . 6 3 
5 . 3 2 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 0 
1 . 2 0 
3 . 0 3 
0 . 0 7 

1 1 . 4 6 
4 . 4 7 
0 . 0 0 
0 . 0 0 
0 . 0 2 
0 . 0 0 
0 . 0 0 
0 . 5 1 
3 . 7 8 
0 . 0 3 

Mole p r o p o r t i o n s 

0 . 0 1 
0 . 4 8 
0 . 5 1 

0 . 0 2 
0 . 7 1 
0 . 2 8 

0 . 0 1 
0 . 8 8 
0 . 1 2 

1 0 . 6 2 
5 . 3 2 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
1 . 3 6 
2 . 7 3 
0 . 0 8 

0 . 0 2 
0 . 6 5 
0 . 3 3 

6 1 . 7 1 
0 . 0 0 

2 3 . 8 0 
0 . 1 2 
0 . 0 0 
0 . 0 0 
5 . 4 8 
9 . 4 0 
0 . 2 1 
0 . 0 0 

1 0 0 . 7 2 

o f 32 

1 0 . 9 3 
4 . 9 7 
0 . 0 0 
0 . 0 0 
0 . 0 2 
0 . 0 0 
0 . 0 0 
1 . 0 4 
3 . 2 3 
0 . 0 5 

0 . 0 1 
0 . 7 5 
0 . 2 4 

5 9 . 5 9 
0 . 0 0 

2 5 . 2 1 
0 . 1 3 
0 . 0 0 
0 . 0 0 
6 . 8 8 
8 . 1 0 
0 . 2 6 
0 . 0 0 

1 0 0 . 1 6 

o x y g e n s 

1 0 . 6 4 
5 . 3 1 
0 . 0 0 
0 . 0 0 
0 . 0 2 
0 . 0 0 
0 . 0 0 
1 . 3 2 
2 . 8 0 
0 . 0 6 

0 . 0 1 
0 . 6 7 
0 . 3 2 

5 8 . 4 8 
0 . 0 3 

2 5 . 5 4 
0 . 1 5 
0 . 0 0 
0 . 0 0 
8 . 3 0 
7 . 1 1 
0 . 0 5 
0 . 0 0 

9 9 . 6 6 

1 0 . 5 1 
5 . 4 1 
0 . 0 0 
0 . 0 0 
0 . 0 2 
0 . 0 0 
0 . 0 0 
1 . 6 0 
2 . 4 8 
0 . 0 1 

0 . 0 0 
0 . 6 1 
0 . 3 9 

6 1 . 5 5 
0 . 0 0 

2 4 . 3 2 
0 . 2 1 
0 . 0 0 
0 . 0 1 
6 . 2 9 
7 . 8 5 
0 . 0 9 
0 . 0 0 

1 0 0 . 3 2 

1 0 . 9 0 
5 . 0 8 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
1 . 1 9 
2 . 7 0 
0 . 0 2 

0 . 0 1 
0 . 6 9 
0 . 3 1 

5 5 . 9 4 
0 . 0 1 

2 7 . 5 8 
0 . 3 7 
0 . 0 0 
0 . 0 2 
9 . 9 5 
5 . 8 3 
0 . 0 8 
0 . 0 0 

9 9 . 8 0 

1 0 . 0 9 
5 . 8 7 
0 . 0 0 
0 . 0 0 
0 . 0 6 
0 . 0 0 
0 . 0 1 
1 . 9 2 
2 . 0 4 
0 . 0 2 

0 . 0 1 
0 . 5 1 
0 . 4 8 

6 0 . 4 7 
0 . 0 0 

2 4 . 7 8 
0 . 0 7 
0 . 0 0 
0 . 0 0 
6 . 3 8 
8 . 7 3 
0 . 0 6 
0 . 0 0 

1 0 0 . 4 9 

1 0 . 7 4 
5 . 1 9 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 0 
1 . 2 1 
3 . 0 1 
0 . 0 1 

0 . 0 0 
0 . 7 1 
0 . 2 9 

5 9 . 2 6 
0 . 0 0 

2 6 . 2 9 
0 . 1 0 
0 . 0 0 
0 . 0 0 
6 . 8 1 
7 . 7 9 
0 . 1 3 
0 . 0 0 

1 0 0 . 3 8 

1 0 . 5 3 
5 . 5 1 
0 . 0 0 
0 . 0 0 
0 . 0 2 
0 . 0 0 
0 . 0 0 
1 . 3 0 
2 . 6 9 
0 . 0 3 

0 . 0 1 
0 . 6 7 
0 . 3 2 

5 9 . 4 4 
0 . 0 3 

2 5 . 8 8 
0 . 1 5 
0 . 0 3 
0 . 0 1 
8 . 1 0 
6 . 9 2 
0 . 2 2 
0 . 0 0 

1 0 0 . 7 8 

1 0 . 5 5 
5 . 4 2 
0 . 0 0 
0 . 0 0 
0 . 0 2 
0 . 0 0 
0 . 0 0 
1 . 5 4 
2 . 3 8 
0 . 0 5 

0 . 0 1 
0 . 6 0 
0 . 3 9 

6 3 . 9 1 
0 . 0 0 

2 3 . 6 0 
0 . 0 9 
o.oo 
0 . 0 1 
5 . 1 8 
8 . 0 2 
0 . 2 4 
0 . 0 0 

1 0 1 . 0 5 

1 1 . 1 7 
4 . 8 6 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 9 7 
2 . 7 2 
0 . 0 5 

0 . 0 1 
0 . 7 3 
0 . 2 6 

5 9 . 3 9 
0 . 0 0 

2 5 . 7 8 
0 . 0 0 
0 . 0 0 
0 . 0 0 
6 . 8 2 
7 . 1 2 
0 . 0 6 
0 . 0 0 

9 9 . 1 7 

1 0 . 6 4 
5 . 4 5 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 3 1 
2 . 4 7 
0 . 0 1 

0 . 0 0 
0 . 6 5 
0 . 3 5 
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Table C.3.3. Continued. 

Pluton 

Sample 

Monaogranitic 
Chalet Lake 
Granite 
CW88-254 

1 2 

to Granodioritic Plutona 
3ammond River Granite 

2W88-200 
1 2 3 4 

Milkish Head Pluton 

NB92-9144 
lc lr 2c 2r 3r 4r 

Fianaon Stream 
Granodiorite 
VJB92-9039 
1 2 

Si02 
TiOj 
Aip3 

FeO 
MnO 
MgO 
CaO 
Nap 
K p 
C r A 
TOTAL 

Si 
Al 
Ti 
Cr 
Fe 
Mn 
Mg 
Ca 
Na 
K 

Or 
Ab 
An 

61.56 
0.00 

23.58 
0.18 
0.00 
0.00 
4.73 
9.81 
0.12 
0.00 

99.98 

Number 

10.97 
4.95 
0.00 
0.00 
0.03 
0.00 
0.00 
0.90 
3.39 
0.03 

61.19 
0.00 

23.74 
0.27 
0.00 
0.00 
4.96 
9.46 
0.11 
0.01 

99.74 

60.52 
0.00 

23.03 
0.08 
0.00 
0.00 
4.38 

10.58 
0.34 
0.00 

98.93 

63.78 
0.00 

21.96 
0.10 
0.00 
0.00 
3.17 
10.80 
0.32 
0.00 

100.13 

of ions on the basis 

10.93 
5.00 
0.00 
0.00 
0.04 
0.00 
0.00 
0.95 
3.28 
0.03 

10.94 
4.91 
0.00 
0.00 
0.01 
0.00 
0.00 
0.85 
3.71 
0.08 

Mole proportions 

0.01 
0.79 
0.21 

0.01 
0.77 
0.22 

0.02 
0.80 
0.18 

11.30 
4.59 
0.00 
o.oc 
0.02 
0.00 
0.00 
0.60 
3.71 
0.07 

0.02 
0.85 
0.14 

62.47 
0.00 

22.64 
0.08 
0.00 
0.00 
4.09 

10.06 
0.25 
0.00 

99.59 

Of 32 

11.15 
4.76 
0.00 
0.00 
0.01 
0.00 
0.00 
0.78 
3.48 
0.06 

0.01 
0.81 
0.18 

63.04 
0.00 

22.87 
0.11 
0.00 
0.00 
4.08 

10.13 
0.18 
0.01 

100.42 

oxygens 

11.15 
4.77 
0.00 
0.00 
0.02 
0.00 
0.00 
0.77 
3.47 
0.04 

0.01 
0.81 
0.18 

65.12 
0.00 

21.23 
0.00 
0.00 
0.00 
2.48 
9.19 
0.32 
0.00 

98.34 

11.61 
4.45 
0.00 
0.00 
0.00 
0.00 
0.00 
0.47 
3.18 
0.07 

0.02 
0.85 
0.13 

67.81 
0.00 

20.45 
0.00 
0.00 
0.00 
1.12 

10.02 
0.00 
0.00 
99.40 

11.88 
4.22 
0.00 
0.00 
0.00 
0.00 
0.00 
0.21 
3.40 
0.00 

0.00 
0.94 
0.06 

62.29 
0.00 

23.65 
0.00 
0.00 
0.00 
4.99 
8.25 
0.47 
0.00 
99.65 

11.07 
4.96 
0.00 
0.00 
0.00 
0.00 
0.00 
0.95 
2.84 
0.11 

0.03 
0.73 
0.24 

68.75 
0.00 
19.41 
0.00 
0.00 
0.00 
0.18 

10.78 
0.00 
0.00 

99.12 

12.06 
4.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.03 
3.67 
0.00 

0.00 
0.99 
0.01 

67.41 
0.00 

20.49 
0.00 
0.00 
0.00 
1.25 
9.63 
0.21 
0.00 

98.99 

11.86 
4.26 
0.00 
0.00 
0.00 
0.00 
0.00 
0.24 
3.29 
0.05 

0.01 
0.92 
0.07 

67.10 
0.00 

19.74 
0.00 
0.00 
0.00 
0.82 
9.16 
0.13 
0.00 

96.95 

12.00 
4.16 
0.00 
0.00 
0.00 
0.00 
0.00 
0.16 
3.18 
0.03 

0.01 
0.95 
0.05 

58.61 
0.00 

25.27 
0.31 
0.00 
0.00 
7.83 
6.88 
0.28 
0.00 

99.18 

10.57 
5.37 
0.00 
0.00 
0.05 
0.00 
0.00 
1.51 
2.41 
0.06 

0.02 
0.60 
0.38 

59.28 
0.00 
25.22 
0.30 
0.00 
0.00 
7.31 
7.28 
0.21 
0.00 
99.60 

10.63 
5.33 
0.00 
0.00 
0.05 
0.00 
0.00 
1.41 
2.53 
0.05 

0.01 
0.64 
0.35 



Table C.3.3. Continued. 

Plutor 

Sample 

I Monzogranitic to Granodioritic Plutona 
Hanson Stream Granodiorite 

NB92-9039 
3 4 r B92-9050 lc lr 2c 2r J: B92-9154 lc 2c 

Syenogranitic Plutona 
Musquash Harbour Pluton 

WB92-9202A 
l c l r 2c 

S i O j 
T i O j 
A l A 
FeO 
MnO 
MgO 
CaO 
N a p 
K p 
C r A 
TOTAL 

S i 
A l 
T i 
Cr 
F e 
Mn 
Mg 
Ca 
N a 
K 

Or 
Ab 
An 

5 8 . 5 0 
0 . 0 0 

2 5 . 3 5 
0 . 0 0 
0 . 0 0 
0 . 0 0 
7 . 8 1 
7 . 0 7 
0 . 2 6 
0 . 0 0 

9 8 . 9 9 

Number 

1 0 . 5 6 
5 . 4 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 5 1 
2 . 4 8 
0 . 0 6 

5 6 . 8 4 
0 . 0 0 

2 6 . 6 5 
0 . 0 0 
0 . 0 0 
0 . 0 0 
9 . 1 8 
6 . 5 2 
0 . 1 8 
0 . 0 0 

9 9 . 3 7 

6 2 . 1 7 
0 . 0 0 

2 3 . 2 4 
0 . 0 0 
0 . 0 0 
0 . 0 0 
4 . 8 3 
8 . 2 5 
0 . 2 8 
0 . 0 0 

9 8 . 7 7 

6 8 . 7 3 
0 . 0 0 

1 9 . 3 2 
0 . 0 0 
0 . 0 0 
0 . 0 0 

1 0 . 6 5 
0 . 0 0 
0 . 0 0 
0 . 0 0 

9 8 . 7 0 

o f i o n s o n t h e b a s i s 

1 0 . 2 7 
5 . 6 8 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 7 8 
2 . 2 9 
0 . 0 4 

1 1 . 1 3 
4 . 9 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 9 3 
2 . 8 6 
0 . 0 6 

M o l e p r o p o r t i o n s 

0 . 0 2 
0 . 6 1 
0 . 3 7 

0 . 0 1 
0 . 5 6 
0 . 4 3 

0 . 0 2 
0 . 7 4 
0 . 2 4 

1 2 . 0 2 
3 . 9 8 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
2 . 0 0 
0 . 0 0 
0 . 0 0 

0 . 0 0 
1 . 0 0 
0 . 0 0 

6 0 . 8 8 
0 . 0 0 

2 2 . 8 3 
0 . 0 0 
0 . 0 0 
0 . 0 0 
4 . 9 9 
8 . 0 0 
0 . 1 3 
0 . 0 0 

9 6 . 8 3 

o f 3 2 

1 1 . 1 1 
4 . 9 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 9 8 
2 . 8 3 
0 . 0 2 

0 . 0 1 
0 . 7 4 
0 . 2 5 

6 8 . 8 0 
0 . 0 0 

1 9 . 6 5 
0 . 0 0 
0 . 0 0 
0 . 0 0 

1 0 . 7 2 
0 . 0 0 
0 . 0 0 
0 . 0 0 

9 9 . 1 7 

o x y g e n s 

1 1 . 9 8 
4 . 0 3 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
2 . 0 0 
0 . 0 0 
0 . 0 0 

0 . 0 0 
1 . 0 0 
0 . 0 0 

6 1 . 8 6 
0 . 0 0 

2 4 . 0 0 
0 . 2 4 
0 . 0 0 
0 . 2 2 
5 . 4 1 
8 . 3 7 
0 . 2 6 
0 . 0 0 

1 0 0 . 3 6 

1 0 . 9 5 
5 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 4 
0 . 0 0 
0 . 0 6 
1 . 0 3 
2 . 8 7 
0 . 0 6 

0 . 0 2 
0 . 7 3 
0 . 2 6 

6 1 . 4 8 
0 . 0 0 

2 3 . 2 4 
0 . 0 0 
0 . 1 8 
0 . 0 0 
5 . 3 3 
8 . 2 5 
0 . 2 6 
0 . 0 0 

9 8 . 7 4 

1 1 . 0 6 
4 . 9 3 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 0 3 
2 . 8 8 
0 . 0 6 

0 . 0 2 
0 . 7 3 
0 . 2 6 

5 9 . 7 3 
0 . 0 0 

2 4 . 5 3 
0 . 2 2 
0 . 0 0 
0 . 0 0 
6 . 6 6 
7 . 5 5 
0 . 4 6 
0 . 0 0 

9 9 . 1 5 

1 0 . 7 5 
5 . 2 1 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
1 . 2 9 
2 . 6 4 
0 . 1 1 

0 . 0 3 
0 . 6 6 
0 . 3 2 

6 3 . 5 7 
0 . 0 0 

2 2 . 5 8 
0 . 0 0 
0 . 0 0 
0 . 0 0 
3 . 8 1 
9 . 3 2 
0 . 0 0 
0 . 0 0 

9 9 . 2 8 

1 1 . 2 9 
4 . 7 3 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 7 3 
3 . 2 1 
0 . 0 0 

0 . 0 0 
0 . B 2 
0 . 1 8 

5 7 . 4 4 
0 . 0 0 

2 6 . 8 7 
0 . 2 9 
0 . 0 0 
0 . 0 0 
8 . 9 7 
6 . 5 3 
0 . 1 9 
0 . 0 0 

9 9 . 9 8 

1 0 . 3 0 
5 . 6 3 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
1 . 7 3 
2 . 2 7 
0 . 0 3 

0 . 0 1 
0 . 5 6 
0 . 4 3 

6 8 . 3 5 
0 . 0 0 

1 9 . 9 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 4 

1 0 . 3 4 
0 . 0 0 
0 . 0 0 

9 9 . 9 5 

• * . 

1 2 . 0 0 
4 . 1 3 
0 . 0 0 
0 . 0 0 

o.co 
0 . 0 0 
0 . 0 0 
0 . 0 6 
3 . 5 2 
0 . 0 0 

0 . 0 0 
0 . 9 8 
0 . 0 2 

5 8 . 0 9 
0 . 0 0 

2 6 . 1 7 
0 . 3 1 
0 . 0 0 
0 . 0 0 
8 . 3 6 
6 . 8 2 
0 . 2 0 
0 . 0 0 

9 9 . 9 6 

1 0 . 4 3 
5 . 5 4 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
1 . 6 0 
2 . 3 7 
0 . 0 3 

0 . 0 1 
0 . 5 9 
0 . 4 0 



APPENDIX C.3. Continued. 

Table C.3.4. K-feldspar analyses from plutonic units in the Brookville terrane. 

Pluton 

Sample 

Dioritic to Granodioritic Plutons 
Ludgate Lake Granodiorite 

NB91-8590 1 NB91-8622 1 NB92-9195B 
1 2 1 1 2 | 1 2 3 4 

! NB92-9251 
1 1 2 3 

Rockwood Park 
Granodiorite 
CW88-509A 
1 2 3 

Si02 

TiOj 
Alp3 
FeO 
MnO 
MgO 
CaO 
Nap 
Kp 
Crp3 
BaO 
TOTAL 

Si 
Al 
Ti 
Cr 
Fe 
Mn 
Mg 
ca 
Na 
K 
Ba 

Or 
Ab 
An 

64.05 
0.00 
17.94 
0.00 
0.00 
0.00 
0.00 
0.30 
15.66 
0.00 
0.00 

97.95 

64.40 
0.00 
18.27 
0.00 
0.00 
0.00 
0.00 
0.27 
16.19 
0.00 
0.00 

99.13 

64.82 
0.00 
18.37 
0.00 
0.00 
0.00 
0.00 
0.71 
15.83 
0.00 
0.00 

99.73 

64.87 
0.00 

18.51 
0.00 
0.00 
0.00 
0.00 
0.46 

15.96 
0.00 
0.00 

99.81 

64.31 
0.00 
18.09 
0.00 
0.00 
0.00 
0.00 
0.32 
16.16 
0.00 
0.00 

98.88 

64.31 
0.00 

18.27 
0.19 
0.00 
0.00 
0.00 
0.48 
15.43 
0.00 
0.00 

98.68 

64.81 
0.00 
18.00 
0.00 
0.00 
0.00 
0.00 
0.51 

16.03 
0.00 
0.00 

99.3* 

Number of ions on the basis of 32 oxygens 

12.06 
3.97 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.10 
3.74 
0.00 

12.00 
4.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.10 
3.B4 
0.00 

11.94 
4.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.26 
3.71 
0.00 

Mole proportions 

0.97 0.98 
0.03 0.02 
0.00 0.00 

0.94 
0.06 
0.00 

12.00 
4.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.16 
3.78 
0.00 

0.96 
0.04 
0.00 

12.03 
4.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.13 
3.84 
0.00 

0.97 
0.03 
0.00 

12. 
4. 
0. 
0. 
0, 
0. 
0. 
0. 
0. 
3. 
0. 

00 
03 
00 
00 
03 
00 
00 
00 
16 
68 
00 

0 . 9 6 
0 . 0 5 
0 . 0 0 

1 2 . 0 3 
3 . 9 4 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 9 
3 . 8 1 
0 . 0 0 

0.95 
0.05 
0 .00 

6 4 . 6 9 
0 . 0 0 

1 8 . 1 4 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 6 9 

1 5 . 8 6 
0 . 0 0 
0 . 0 0 

9 9 . 3 7 

1 2 . 0 3 
3 . 9 4 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 2 6 
3 . 7 4 
0 . 0 0 

0 . 9 4 
0 . 0 6 
0 . 0 0 

6 4 . 5 7 
0 . 0 0 

1 8 . 1 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 2 9 

1 6 . 2 6 
0 . 0 0 
0 . 0 0 

9 9 . 3 1 

1 2 . 0 0 
4 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 0 
3 . 8 7 
0 . 0 0 

0.97 
0.03 
0.00 

6 4 . 2 1 
0 . 0 0 

1 8 . 1 3 
0 . 0 0 
0 . 0 0 
0 . 1 3 
0 . 0 0 
0 . 4 5 

1 5 . 8 3 
0 . 0 0 
0 . 0 0 

98 .76 

1 2 . 0 0 
4 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 1 6 
3 . 7 8 
0 . 0 0 

0 . 9 6 
0 . 0 4 
0 . 0 0 

6 3 . 2 2 
0 . 0 0 

1 8 . 4 2 6 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 3 2 

1 5 . 6 1 
0 . 1 8 
1 . 3 0 

9 9 . 0 5 

6 5 . 2 0 
0 . 0 0 

1 8 . 6 7 
0 . 0 8 
0 . 0 0 
0 . 0 1 
0 . 0 2 
0 . 6 4 

1 5 . 6 4 
0 . 0 0 
n . d . 

1 0 0 . 2 6 

1 1 . 9 0 
4 . 1 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 

00 
00 
13 
74 
10 

0.97 
0 .03 
0 .00 

1 1 . 9 8 
4 . 0 5 
0 . 0 0 
nd 
0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 2 3 
3 . 6 7 
nd 

0 . 9 4 
0 . 0 6 
0 . 0 0 

6 6 . 5 7 
0 . 0 4 

1 8 . 3 6 
0 . 0 6 
0 . 0 1 
0 . 0 1 
0 . 0 0 
0 . 5 7 

1 5 . 9 4 
0 . 0 0 
n . d . 

1 0 1 . 5 6 

1 2 . 0 7 
3 . 9 3 
0 . 0 1 
nd 
0 . 0 1 

00 
00 
00 
20 

3 . 6 9 
nd 

0.95 
0.05 
0 .00 

6 5 . 9 1 
0 . 0 4 

1 8 . 3 6 
0 . 1 1 
0 . 0 2 
0 . 0 1 
0 . 0 3 
0 . 5 1 

1 6 . 0 1 
0 . 0 0 
n . d . 

1 0 0 . 9 9 

1 2 . 0 4 
3 . 9 5 
0 . 0 1 
nd 
0 . 0 2 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 1 8 
3 . 7 3 
nd 

0 . 9 5 
0 . 0 5 
0 . 0 0 

H 
VO 



Table C.3.4. Continued. 

Dioritic to Granodioritic Plutona 
Pluton 

Sample 

SiOz 
TiOj 
A l A 
FeO 
MnO 
MgO 
CaO 
Nap 
K p 
Crp, 
BaO 
TOTAL 

Si 
Al 
Ti 
Cr 
Fe 
Mn 
Mg 
Ca 
Na 
K 
Ba 

Or 
Ab 
An 

Belmont Tonalite 

NB91-8522 
1 

64.53 
0.00 
18.38 
0.00 
0.00 
0.00 
0.00 
1.02 

15.08 
0.00 
0.87 

99.88 

Number 

11.97 
4.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.35 
3.58 
0.06 

2 

64.54 
0.00 
18.32 
0.00 
0.00 
0.00 
0.00 
0.67 
15.94 
0.00 
0.00 

99.48 

3 

64.30 
0.00 
18.45 
0.00 
0.00 
0.00 
0.00 
0.59 
15.79 
0.00 
0.53 

99.65 

Perch Lake 
Granodiorite 
NB92-9027 

1 

64.53 
0.00 
18.27 
0.00 
0.00 
0.00 
0.00 
1.00 

15.31 
0.00 
0.38 

99.48 

of ions on the basis 

12.00 
4.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.26 
3.78 
0.00 

11.97 
4.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.22 
3.74 
0.03 

Mole Proportions 

0.91 
0.09 
0.00 

0.94 
0.06 
0.00 

0.95 
0.05 
0.00 

12.00 
4.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.35 
3.62 
0.03 

0.91 
0.09 
0.00 

2 

64.18 
0.00 
18.30 
0.00 
0.00 
0.13 
0.00 
0.30 
15.92 
0.00 
0,33 

99.16 

of 32 

11.97 
4.03 
0.00 
0.00 
0.00 
0.00 
0.03 
0.00 
0.10 
3.78 
0.03 

0.97 
0.03 
0.00 

3 

64.66 
0.00 

18.44 
0.00 
0.00 
0.00 
0.00 
0.44 
16.08 
0.00 
0.41 

100.02 

oxygenr 

11.97 
4.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.16 
3.81 
0.03 

0.96 
0.04 
0.00 

Shadow Lake Granodiorite 
(perthite) 

NB91-
1 

67.73 
0.00 
19.52 
0.00 
0.00 
0.00 
0.43 
10.18 
0.00 
0.00 
0.00 

97.86 

12.03 
4.10 
0.00 
0.00 
0.00 
0.00 
0.00 
0.10 
3.49 
0.00 
0.00 

0.00 
0.98 
0.02 

8565 
2 

68.47 
0.00 
19.61 
0.00 
0.00 
0.00 
0.32 
10.88 
0.00 
0.00 
0.00 

99.28 

11.94 
4.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.06 
3.68 
0.00 
0.00 

0.00 
0.98 
0.02 

3 

66.83 
0.00 

20.72 
0.00 
0.00 
0.00 
1.50 
9.59 
0.00 
0.00 
0.00 

98.65 

11.81 
4.32 
0.00 
0.00 
0.00 
0.00 
o.on 
0.29 
3.30 
0.00 
0.00 

0.00 
0.92 
0.08 

1 NB91-

1 1 
64.60 
0.00 

18.42 
0.00 
0.00 
0.00 
0.00 
0.56 
15.65 
0.00 
0.44 

99.68 

12.00 
4.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.19 
3.71 
0.03 

0.95 
0.05 
0.00 

8599B 
2 

64.66 
0.00 
18.64 
0.00 
0.00 
0.00 
0.00 
0.37 

16.11 
0.00 
0.88 

100.66 

11.94 
4.06 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.13 
3.78 
0.06 

0.97 
0.03 
0.00 

3 

64.59 
0.00 
18.56 
0.00 
0.00 
0.00 
0.00 
0.61 
15.69 
0.00 
0.72 

100.17 

11.97 
4.06 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.22 
3.71 
0.06 

0.94 
0.06 
0.00 

4 

64.84 
0.00 

18.43 
0.00 
0.00 
0.00 
0.00 
0.23 
15.55 
0.00 
0.55 

99.60 

12.03 
4.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.10 
3.68 
0.03 

0.98 
0.02 
0.00 

NB92-
9033 
1 

63.94 
0.00 

IB.25 
0.00 
0.00 
0.00 
0.00 
1.00 

14.99 
0.00 
0.00 

98.19 

12.00 
4.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.35 
3.58 
0.00 

0.91 
0.09 
0.00 ^ 

to 

o 

I 



Table C.3.4. Continued. 

Pluton 

Sample 

Dioritic to Granodioritic Plutona 
Shadow Lake Granodiorite 

NB92-9033 
2 ' 

NB92-9258 
1 2 

S i 0 2 
TiOj 
A l A 
FeO 
MnO 
MgO 
CaO 
N a p 
K p 

crp3 BaO 
TOTAL 

S i 
A l 
T i 
Cr 
F e 
Mn 
Mg 
Ca 
Na 
K 
Ba 

Or 
Ab 
An 

6 4 . 6 5 
0 . 0 0 

1 7 . 9 3 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 6 8 

1 3 . 6 9 
0 . 0 0 
0 . 0 0 

9 7 . 9 5 

Number 

1 2 . 0 6 
3 . 9 4 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 6 1 
3 . 2 5 
0 . 0 0 

6 4 . 0 0 
0 . 0 0 

1 8 . 2 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 5 6 

1 5 . 7 2 
0 . 0 0 
0 . 0 0 

9 8 . 4 9 

o f i o n s 

1 2 . 0 0 
4 . 0 3 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 , 0 0 
0 . 0 0 
0 . 1 9 
3 . 7 4 
0 . 0 0 

6 3 . 8 9 
0 . 0 0 

1 8 . 2 4 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 4 6 

1 5 . 9 3 
0 . 0 0 
0 . 3 4 

9 8 . 8 5 

o n t h e 

1 1 . 9 7 
4 . 0 3 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 6 
3 . 8 1 
0 . 0 3 

M o l e p r o p o r t i o n s 

0 . 8 4 
0 . 1 6 
0 . 0 0 

0 . 9 5 
0 . 0 5 
0 . 0 0 

0 . 9 6 
0 . 0 4 
0 . 0 0 

6 4 . 6 6 
0 . 0 0 

1 8 . 4 3 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 8 5 

1 3 . 9 3 
0 . 0 0 
0 . 3 0 

9 9 . 1 7 

b a s i s 

1 1 . 9 7 
4 . 0 3 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 6 7 
3 . 3 0 
0 . 0 3 

0 . 8 3 
0 . 1 7 
0 . 0 0 

6 6 . 0 4 
0 . 0 0 

1 8 . 6 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 5 1 

1 4 . 3 3 
0 . 0 0 
0 . 0 0 

9 9 . 4 7 

6 4 . 8 6 
0 . 0 0 

1 8 . 4 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 2 2 

1 6 . 3 4 
0 . 0 0 
0 . 0 0 

9 9 . 8 2 

o f 3 2 o x y g e n . 

1 2 . 1 0 
4 . 0 3 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 9 
3 . 3 6 
0 . 0 0 

0 . 9 5 
0 . 0 5 
0 . 0 0 

1 2 . 0 0 
4 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 6 
3 . 8 7 
0 . 0 0 

0 . 9 8 
0 . 0 2 
0 . 0 0 

Enclave 

NB91-8597 
1 2 

66.46 
0.00 
18.92 
0.00 
0.00 
0.00 
0.00 
4.43 

11.07 
0.00 
0.00 

100.88 

64.75 
0.00 

18.27 
0.00 
0.00 
0.00 
0.00 
0.63 

15.90 
0.00 
0.55 

100.10 

64.14 
0.00 
18.37 
0.00 
0.00 
0.00 
0.00 
0.66 

15,68 
0.00 
0.61 

99.45 

Talbot Road Tonalite 

NB92-9045 
1 2 3 

NB92-9153 
1 2 

6 4 . 6 6 
0 . 0 0 

1 8 . 2 7 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 0 3 

1 5 . 4 6 
0 . 0 0 
0 . 0 0 

9 9 . 4 2 

6 5 . 0 4 
0 . 0 0 

1 8 . 4 7 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 5 4 

1 6 . 0 5 
0 . 0 0 
0 . 0 0 

1 0 0 . 1 0 

6 4 . 4 5 
0 . 0 0 

1 8 . 1 3 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 7 9 

1 5 . 7 6 
0 . 0 0 
0 . 0 0 

9 9 . 1 2 

6 4 . 3 6 
0 . 0 0 

1 8 . 1 8 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 8 4 

1 5 . 6 4 
0 . 0 0 
0 . 0 0 

9 9 . 0 2 

6 4 . 8 0 
0 . 0 0 

1 8 . 4 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 5 6 

1 5 . 7 0 
0 . 0 0 
0 . 0 0 

9 9 . 4 7 

1 1 . 9 7 
4 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
1 . 5 4 
2 . 5 3 
0 . 0 0 

1 2 . 0 0 
4 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 2 2 
3 . 7 4 
0 . 0 3 

1 1 . 9 7 
4 . 0 3 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 2 2 
3 . 7 4 
0 . 0 3 

1 2 . 0 0 
4 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 3 8 
3 . 6 5 
0 . 0 0 

1 2 . 0 0 
4 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 9 
3 . 7 8 
0 . 0 0 

1 2 . 0 0 
3 . 9 7 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 2 9 
3 . 7 4 
0 . 0 0 

1 2 . 0 0 
4 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 

,00 
,32 
.71 
.00 

1 2 . 0 0 
4 . 0 3 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 9 
3 . 7 1 
0 . 0 0 

0 . 6 2 
0 . 3 8 
0 . 0 0 

0 . 9 4 
0 . 0 6 
0 . 0 0 

0 . 9 4 
0 . 0 6 
0 . 0 0 

0 . 9 1 
0 . 0 9 
0 . 0 0 

0 . 9 5 
0 . 0 5 
0 . 0 0 

0.93 
0.07 
0.00 

0.92 
0 .08 
0 .00 

0.95 
0.05 
0.00 

to 



I 

Table C.3.4. Continued. 

Pluton 

Sample NB92-
9153 

Renforth 
Pluton 
CW88-
189 

Monzogranite to Granod 
Fairville Granite 

CW88-272 1 CW89-6?1 
1 2 1 1 

Lorit 

2 

SiOz 
Ti02 

A I P J 
FeO 
MnO 
MgO 
CaO 
Nap 
K p 
c»*A 
BaO 
TOTAL 

Si 
Al 
Ti 
cr 
Fe 
Mn 
Mg 
Ca 
Na 
K 
Ba 

Or 
Ab 
An 

64.69 
0.00 
17.93 
0.00 
0.00 
0.00 
0.00 
0.36 
16.07 
0.00 
0.00 

99.05 

64.15 
0.03 
18.90 
0.18 
0.02 
0.00 
0.20 
1.59 

14.83 
0.03 
n.d. 
99.93 

Number of ions on 

12.00 
3.94 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.13 
3.81 
0.00 

11.86 
4.12 
0.00 
0.00 
0.03 
0.00 
0.00 
0.04 
0.57 
3.50 
n.d. 

Mole proportions 

0.97 
0.03 
0.00 

0.85 
0.14 
0.01 

64.02 
0.00 

18.22 
0.09 
0.00 
0.00 
0.03 
0.67 
16.55 
0.00 
n.d. 

99.58 

63.94 
0.00 

18.25 
0.00 
0.00 
0.00 
0.04 
0.52 
16.74 
0.00 
n.d. 

99.49 

the basis of 

11.94 
4.01 
0.00 
0.00 
0.01 
0.00 
0.00 
0.01 
0.24 
3.94 
n.d. 

0.94 
0.06 
0.00 

11.94 
4.02 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.19 
3.99 
n.d. 

0.95 
0.05 
0.00 

67.09 
0.02 
18.34 
0.04 
0.00 
0.01 
0.01 
0.28 
16.57 
0.00 
n.d. 

102.36 

65.70 
0.00 

18.74 
0.00 
0.00 
0.00 
0.00 
0.41 
16.29 
0.00 
n.d. 

101.14 

32 oxygen. 

12.09 
3.90 
0.00 
0.00 
0.01 
0.00 
0.00 
0.00 
0.10 
3.81 
n.d. 

0.97 
0.03 
0.00 

11.99 
4.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.15 
3.79 
n.d. 

0.96 
0.04 
0.00 

c Plutona 
Chalet Lake Granite Hammond River Granite 

CW88-254 CW88-200 
1 2 3 1 1 2 3 4 

63.22 
0.05 

18.43 
0.14 
0.04 
0.00 
0.03 
0.51 
16.59 
0.04 
n.d. 
99.05 

11.88 
4.08 
0.00 
0.00 
0.02 
0.00 
0.00 
0.01 
0.19 
3.98 
n.d. 

0.95 
0.05 
0.00 

63.25 
0.05 

18.17 
0.10 
0.00 
0.00 
0.03 
0.48 

16.73 
0.03 
n.d. 

98.84 

11.91 
4.04 
0.00 
0.00 
0.02 
0.00 
0.00 
0.01 
0.18 
4.02 
n.d. 

0.96 
0.04 
0.00 

63.97 
0.02 

18.59 
0.16 
0.04 
0.00 
0.07 
0.71 
16.57 
0.00 
n.d. 

100.13 

11.88 
4.07 
0.00 
0.00 
0.03 
0.00 
0.00 
0.01 
0.26 
3.93 
n.d. 

0.94 
0.06 
0.00 

63.59 
0.01 

18.73 
0.13 
0.05 
0.00 
0.02 
0.27 
15.25 
0.02 
n.d. 
98.07 

11.94 
4.15 
0.00 
0.00 
0.02 
0.00 
0.00 
0.00 
0.10 
3.65 
n.d. 

0.89 
0.11 
0.00 

64.21 
0.00 

18.58 
0.12 
0.02 
0.00 
0.01 
1.06 

15.31 
0.04 
n.d. 

99.35 

11.93 
4.07 
0.00 
0.00 
0.02 
0.00 
0.00 
0.00 
0.38 
3.63 
n.d. 

0.90 
0.10 
0.00 

62.95 
0.00 

18.40 
0.09 
0.00 
0.00 
0.00 
0.50 
16.59 
0.02 
n.d. 
98.55 

11.88 
4.09 
0.00 
0.00 
0.01 
0.00 
0.00 
0.00 
0.18 
3.99 
n.d. 

0.96 
0.04 
0.00 

64.21 
0.00 
19.70 
0.09 
0.00 
0.00 
0.05 
1.92 

14.25 
0.00 
n.d. 

100.22 

11.79 
4.26 
0.00 
0.00 
0.01 
0.00 
0.00 
0.01 
0.68 
3.34 
n.d. 

0.83 
0.17 
0.00 



Table C.3.4. Continued. 

Pluton 

Sample 

Monaogranitic to Granodioritic Plutona 
Milkish Head 
Pluton 

NB92-9144 
1 2 3 

Hanson Stream Granodiorite 

NB92-9039 
1 2 3 4 

NB92-9050 
1 2 3 4 

1 NB92-9154 

1 1 2 3 

Si02 

TiOj 
A l A 
FeO 
MnO 
MgO 
CaO 
Nap 
K p 
crp3 
BaO 
TOTAL 

Si 
Al 
Ti 
Cr 
Fe 
Mn 
Mg 
Ca 
Na 
K 
Ba 

Or 
Ab 
An 

64.80 
0.00 

18.28 
0.00 
0.00 
0.00 
0.00 
2.27 
14.26 
0.00 
0.00 

99.61 

Number 

11.97 
3.97 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.81 
3.36 
0.00 

64.29 
0.00 
18.19 
0.00 
0.00 
0.00 
0.00 
0.41 
15.97 
0.00 
0.00 

98.86 

of ions 

12.01 
4.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.15 
3.81 
0.00 

64.49 
0.00 
18.31 
0.00 
0.00 
0.00 
0.00 
0.33 

16.08 
0.00 
0.00 

99.21 

on the 

12.00 
4.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.12 
3.82 
0.00 

Mole proportions 

0.81 
0.20 
0.00 

0.96 
0.04 
0.00 

0.97 
0.03 
0.00 

64.08 
0.00 
18.01 
0.00 
0.00 
0.00 
0,00 
0.48 
15.87 
0.00 
0.00 

98.44 

basis 

12.02 
3.98 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.18 
3.80 
0.00 

0.96 
0.04 
0.00 

63.78 
0.00 

18.11 
0.00 
0.00 
0.00 
0.00 
0.64 

15.05 
0.00 
0.00 

97.58 

65.11 
0.00 
18.32 
0.00 
0.00 
0.14 
0.00 
0.80 
15.51 
0.00 
0.00 

99.88 

of 32 oxygen. 

12.02 
4.02 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.23 
3.62 
0.00 

0.94 
0.06 
0.00 

12.01 
3.98 
0.00 
0.00 
0.00 
0.00 
0.04 
0.00 
0.29 
3.65 
0.00 

0.93 
0.07 
0.00 

64.82 
0.00 
18.44 
0.00 
0.00 
0.14 
0.00 
0.58 
15.96 
0.00 
0.00 

99.94 

11.98 
4.02 
0.00 
0.00 
0.00 
0.00 
0.04 
0.00 
0.21 
3.76 
0.00 

0.95 
0.05 
0.00 

64.95 
0.00 
18.31 
0.00 
0.00 
0.00 
0.00 
0.42 
15.87 
0.00 
0.00 

99.55 

12.03 
4.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.15 
3.75 
0.00 

0.96 
0.04 
0.00 

64.18 
0.00 

18.18 
0.00 
0.00 
0.00 
0.00 
0.24 
15.99 
0.00 
0.00 

98.59 

12.01 
4.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.09 
3.82 
0.00 

0.98 
0.02 
0.00 

64.61 
0.00 
18.20 
0.00 
0.00 
0.00 
0.00 
0.22 
16.34 
0.00 
0.00 

99.37 

12.02 
3.99 
0,00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.08 
3.88 
0.00 

0.98 
0.02 
0.00 

64.43 
0.00 
18.29 
0.00 
0.00 
0.20 
0.17 
0.25 
16.16 
0.00 
0.00 

99.50 

11.97 
4.01 
0.00 
0.00 
0.00 
0.00 
0.06 
0.03 
0.09 
3.83 
0.00 

0.97 
0.02 
0.01 

64.71 
0.00 
18.19 
0.00 
0.00 
0.00 
0.00 
0.51 
16.04 
0.00 
0.00 
99.45 

12.02 
3.98 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.18 
3.80 
0.00 

0.95 
0.05 
0,00 

64.52 
0.00 

18.22 
0.00 
0.00 
0.00 
0.00 
0.75 
15.20 
0.00 
0.00 

98.69 

12.03 
4.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.27 
3.61 
0.00 

0.93 
0.07 
0.00 

64.29 
0.00 

18.34 
0.00 
0.00 
0.00 
0.00 
0.47 
15.95 
0.00 
0.00 

99.05 

11.99 
4.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.17 
3.79 
0.00 

0.96 
0.04 
0.00 

to 
UI 

r 



APPENDIX C.3. Continued. 

Table C.3.5. Opaque mineral analyses from plutonic units in the Brookville terrane. 

Pluton 

Sample 

Dioritic to Granodioritic Plutons 
Ludgate Lake Granodiorite 

NB91- 1 NB91-8622 1 NB92-9195B 1 NB92-
8590 j 1 2 | 1 2 1 9251 

French Village 
Pluton 
CW88-153 

1 2 

Belmont Tonalite 

NB91-8513 1 NB91-8522 
1 2 1 1 2 3 

SiOj 
Ti02 
Alp3 

Feo 
MnO 
MgO 
CaO 
Nap 
Kp 
CrA 
TOTAL 

Magnetite 
Mg-Ferrite 
Jacobsite 
Chromite 
Spinel 
Hercynite 
Ulvospinel 

0.20 
0.23 
0.00 

90.71 
0.00 
0.00 
0.00 
0.41 
0.00 
0.00 

91.55 

0.15 
0.00 
0.00 

90.66 
0.00 
0.00 
0.00 
0.27 
0.00 
0.00 

91.08 

0.23 
0.00 
0.00 

91.08 
0.00 
0.00 
0.00 
0.36 
0.00 
0.00 

91.67 

0.18 
0.00 
0.00 

91.75 
0.00 
0.00 
0.00 
0.43 
0.00 
0.00 

92.36 

0.21 
0.00 
0.00 

91.88 
0.00 
0.00 
0.00 
0.26 
0.00 
0.00 

92.36 

Number of ions on the basis of 6 

0.99 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 

1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.19 
0.00 
0.00 

91.93 
0.00 
0.00 
0.00 
0.37 
0.00 
0.00 

92.49 

oxygen. 

1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.10 
0.19 

30.25 
68.86 
0.24 
0.28 
0.20 
0.33 
0.00 
0.16 

100.61 

0.42 
0.00 
0.01 
0.00 
0.01 
0.56 
0.01 

0.00 
0.00 

31.87 
67.51 
0.00 
0.25 
0.30 
0.02 
0.01 
0.12 

100.08 

0.40 
0.00 
0.00 
0.00 
0.01 
0.59 
0.00 

0.00 
0.00 
0.00 

91.23 
0.00 
0.00 
0.00 
0.31 
0.00 
0.47 

92.01 

1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

90.57 
0.00 
0.00 
0.00 
0.35 
0.00 
0.74 

91.76 

1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.15 
0.00 
0.00 
86.97 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

87.13 

1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

87.29 
0.00 
0.00 
0.11 
0.41 
0.00 
0.83 

88.63 

1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1.52 
1.66 
0.95 

84.07 
0.00 
1.11 
0.10 
0.37 
0.00 
0.00 

89.78 

0.88 
0.04 
0.00 
0.00 
0.02 
0.00 
0.05 

c = core; r = -rim 



Table C.3.5 . Continued. 

Pluton 

Sample 

Dioritic to Granodioritic Plutona 
Perch Lake 
Granodiorite 
NB92-9027 
1 2 

Shadow Lake Granodiorite 

NB91-8565 1 NB91-8599B 
1 2 1 1 2 

1 NB92-9033 
1 X 2 

| NB92-9258 
1 1 2 

Enclave 

NB91-
8597 

Talbot Road 
Granodior ite 
NB92-9045 1 NB92-
lc lr 1 9153 

sio2 
Ti02 

Alp, 
FeO 
MnO 
MgO 
CaO 
Nap 
Kp 
Crpj 
TOTAL 

Magnetite 
Mg-Ferrite 
Jacobaite 
Chromite 
Spinel 
Hercynite 
Ulvoapinel 

0.22 
0.39 
0.00 

91.19 
0.00 
0.00 
0.17 
0.50 
0.00 
0.00 

92.48 

0.23 
0.00 
0.00 
91.14 
0.00 
0.00 
0.00 
0.36 
0.00 
0.22 

91.94 

0.25 
0.23 
0.00 

89.54 
0.00 
0.00 
0.00 
0.39 
0.00 
0.00 

90.41 

0.21 
0.36 
0.22 
87.26 
0.00 
0.00 
0.00 
0.35 
0.00 
0.00 

88.40 

0.00 
0.00 
0.00 

92.00 
0.00 
0.00 
0.00 
0.41 
0.00 
0.00 

92.41 

Number of ions on the basis of 6 

0.99 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 

1.00 
O.OC 
0.00 
0.00 
0.00 
0.00 
0.00 

0.99 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 

0.98 
0.00 
0.00 
0.00 
0.00 
0.01 
O.t/1 

1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.23 
0.23 
0.00 
92.15 
0.00 
0.00 
0.00 
0.39 
0.00 
0.27 

93.26 

oxygen. 

1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.17 
0.00 
0.17 
91.32 
0.00 
0.00 
0.00 
0.34 
0.00 
0.00 

92.00 

1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.27 
0.00 
0.00 
92.04 
0.00 
0.00 
0.00 
0.40 
0,00 
0.00 

92.71 

1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.23 
0.00 
0.00 

90.47 
0.00 
0.00 
0.11 
0.51 
0.00 
0,00 

91.32 

1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.18 
0.00 
0.00 
91.42 
0.00 
0.00 
0.11 
0.50 
0.00 
0.00 

92.21 

1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.21 
0.00 
0.00 
91.15 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

91.35 

1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

90.34 
0.00 
0.00 
0.00 
0.35 
0.00 
0.00 

90.69 

1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.25 
0.21 
0.00 
90.54 
0.00 
0.00 
0.00 
0.41 
0.00 
0.00 

91.40 

0.99 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 

0.00 
0.00 
0.00 

90.78 
0.00 
0.00 
0.00 
0.39 
0.00 
0.16 

91.33 

1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

to 
in 



Table C .3 .5 . Continued. 

P l u t o n 

S a m p l e 

N a r r o w s 
T o n a l i t e 
CW89-
6 1 6 

M o n a o g r a n i t i c t o G r a n o d i o r i t i c P 
F a i r v i l l e G r a n i t e 

C W 8 8 - 2 7 2 I CW89-
1 2 | 6 1 1 

Hammond R . 
G r a n i t e 
C W 8 8 - 2 0 0 

1 2 

S i 0 2 

T i O j 
A l A 
F e o 
MnO 
MgO 
CaO 
N a p 
K p 
C r A 
TOTAL 

M a g n e t i t e 
M g - F e r r i t e 
J a c o b s i t e 
C h r o m i t e 
S p i n e l 
H e r c y n i t e 
U l v o s p i n e l 

0 . 0 0 
0 . 1 6 
0 . 0 0 

9 2 . 1 6 
0 . 1 3 
0 . 0 2 
0 . 0 9 
0 . 0 1 
0 . 0 4 
0 . 0 0 

9 2 . 6 1 

N u m b e r 

0 . 9 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 

0 . 0 0 
0 . 1 6 
0 . 1 7 

8 9 . 9 5 
0 . 3 1 
0 . 0 0 
0 . 0 7 
0 . 0 0 
0 . 0 5 
0 . 1 9 

9 0 . 9 0 

o f i o n s 

0 . 9 8 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 

0 . 0 0 
0 . 1 6 
0 . 0 9 

9 2 . 3 5 
0 . 1 0 
O.CO 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 4 

9 2 . 8 4 

o n t h e 

1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 

0 . 2 5 
0 . 0 0 
0 . 0 0 

9 2 . 0 8 
0 . 0 0 
0 , 0 0 
0 . 0 0 
0 . 2 1 
0 . 0 0 
0 . 0 1 

9 2 . 5 5 

0 . 0 0 
0 . 4 0 
0 . 1 4 

8 5 . 5 1 
0 . 3 3 
0 . 0 0 
0 . 0 8 
0 . 0 0 
0 . 0 5 
0 . 1 6 

8 6 . 6 5 

0 . 0 0 
0 . 1 8 
0 . 0 9 

9 2 . 3 6 
0 . 3 1 
0 . 0 3 
0 . 0 8 
0 . 1 7 
0 . 1 0 
0 . 1 8 

9 3 . 5 0 

b a s i s o f 4 o x y g e n . 

1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 

0 . 9 7 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 

0 . 9 8 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 

M i l k i s h H . 
P l u t o n 
N B 9 2 - 9 1 4 4 

1 2 

H a n s o n S t r e a m G r a n o d i o r i t e 

N B 9 2 - 9 0 3 9 1 N B 9 2 - 9 0 5 0 1 N B 9 2 - 9 1 5 4 
1 2 1 1 2 1 1 2 

0 . 1 5 
0 . 2 8 
0 . 1 8 

9 1 . 2 5 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 4 2 
0 . 0 0 
0 . 3 8 

9 2 . 6 6 

0 . 9 8 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 1 

0 . 0 0 
0 . 2 6 
0 . 0 9 

9 2 . 3 0 
0 . 0 8 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 4 2 

9 3 . 1 8 

0 . 9 8 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 1 

0 . 2 0 
0 . 0 0 
0 . 0 0 

9 1 . 1 4 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 4 4 
0 . 0 0 
0 . 1 8 

9 1 . 9 6 

1 .00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 

0 . 1 5 
0 . 0 0 
0 . 0 0 

9 3 . 0 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 5 7 
0 . 0 0 
0 . 0 0 

9 3 . 8 0 

1 .00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 

0 . 1 6 
0 . 0 0 
0 . 0 0 

9 1 . 4 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 3 2 
0 . 0 0 
0 . 0 0 

9 1 . 8 8 

1 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 

0 . 0 0 
0 . 2 1 
0 . 0 0 

9 1 . 7 7 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 5 0 
0 . 0 0 
0 . 0 0 

9 2 . 4 8 

0 . 9 9 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 0 
0 . 0 1 

0 . 1 9 
0 . 0 0 
0 . 0 0 

9 1 . 8 5 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 4 4 
0 . 0 0 
0 . 0 0 

9 2 . 4 9 

1 .00 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 

0 . 1 8 
0 . 2 5 
0 . 0 0 

9 1 . 5 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 4 9 
0 . 0 0 
0 . 0 0 

9 2 . 4 3 

0 . 9 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 

to 
Ol 



APPENDIX D 

MICROPROBE DATA FROM METAMORPHIC UNITS 

Table D.l. Biotite analyses. 

Rock 
Sample 

Sio2 
TiOj 
A l A 
FeO 
MnO 
MgO 
CaO 
Nap 
Kp 
Crp3 

TOTAL 

Si 
Al" 
Al* 
Ti 
Cr 
Fe 
Mn 
Mg 
Ca 
Na 
K 

Mg/Mg-t-Fe 

Brookville Gneiaa 
migmatite 

CW88-181B 
1 

34.86 
2.67 
18.87 
18.94 
0.20 
9.64 
0.00 
0.13 
9.61 
0.00 

94.92 

Number 

5.34 
2.66 
0.74 
0.31 
0.00 
2.42 
0.03 
2.20 
0.00 
0.04 
1.88 

0.48 

2 

34.88 
2.77 
19.06 
19.18 
0.19 
9.41 
0.00 
0.15 
9.83 
0.03 

95.50 

3 

35.21 
2.79 
18.80 
19.08 
0.17 
9.50 
0.00 
0.11 
9.69 
0.04 

95.39 

4 

34.48 
2.77 
18.57 
18.10 
0.15 
10.00 
0.01 
0.14 
9.60 
0.04 

93.86 

of ions on the baBis 

5.32 
2.68 
0.74 
0.32 
0.00 
2.45 
0.03 
2.14 
0.00 
0.04 
1.91 

0.47 

5.36 
2.64 
0.74 
0.32 
0.01 
2.43 
0.02 
2.16 
0.00 
0.03 
1.88 

0.47 

5.33 
2.68 
0.71 
0.32 
0.01 
2.34 
0.02 
2.30 
0.00 
0.04 
1.89 

0.50 

paragneiss 
CW88-181C 

1 

34.76 
3.15 

17.80 
20.34 
0.34 
8,97 
0.00 
0.08 
9.75 
0.06 

95.25 

of 22 

5.36 
2.64 
0.59 
0.37 
0.01 
2.62 
0.04 
2.06 
0.00 
0.02 
1.92 

0.44 

2 

34.57 
2.92 
17.63 
20.14 
0.27 
9.55 
0.00 
0.09 
9.93 
0.03 

95.13 

oxygen. 

5.34 
2.66 
0.55 
0.34 
0.00 
2.60 
0.04 
2.20 
0.00 
0.03 
1.96 

0.46 

3 

34.67 
3.27 

17.55 
20.21 
0.23 
9.30 
0.00 
0.08 
9.87 
0.00 

95.18 

5.35 
2.65 
0.54 
0.38 
0.00 
2.61 
0.03 
2.14 
0.00 
0.02 
1.94 

0.45 

migmatite 
CW88-218 

1 

36.03 
1.07 

19.54 
16.08 
0.34 
12.79 
0.00 
0.16 
9.35 
0.00 

95.36 

5.39 
2.61 
0.83 
0.12 
0.00 
2.01 
0.04 
2.85 
0.00 
0.05 
1.78 

0.59 

2 

36.14 
2.81 
19.24 
16.28 
0.48 
11.00 
0.00 
0.16 
9.57 
0.00 

95.68 

5.40 
2.60 
0.79 
0.32 
0.00 
2.04 
0.06 
2.45 
0.00 
0.05 
1.83 

0.55 

paragneiss 
CW88-220 

1 

34.36 
3.63 

18.49 
18.94 
0.26 
9.61 
0.00 
0.12 
9.43 
0.02 

94.86 

5.27 
2.73 
0.62 
0.42 
0.00 
2.43 
0.03 
2.20 
0.00 
0.04 
1.85 

0.48 

2 

34.76 
3.90 
18.12 
19.61 
0.20 
9.07 
0.00 
0.07 
9.81 
0.04 

95.58 

5.32 
2.69 
0.58 
0.45 
0.01 
2.51 
0.03 
2.07 
0.00 
0.02 
1.91 

0.45 

3 

35.32 
3.06 

18.97 
18.33 
0.24 
9.88 
0.00 
0.18 
9.77 
0.04 

95.79 

5.34 
2.66 
0.72 
0.35 
0.01 
2.32 
0.03 
2.23 
0.00 
0.05 
1.89 

0.49 

migmatite 
CW88-
1 

35.38 
2.54 
19.13 
17.80 
0.36 
10.50 
0.00 
0.18 
9.51 
0.01 

95.41 

5.35 
2.65 
0.76 
0.29 
0.00 
2.25 
0.05 
2.37 
0.00 
0.05 
1.83 

0.51 

240 
2 

35.21 
3.32 

18.28 
19.26 
0.28 
9.22 
0.00 
0.08 
9.96 
0.03 

95.64 

5.37 
2.63 
0.65 
0.38 
0.00 
2.46 
0.04 
2.10 
0.00 
0.02 
1.94 

0.46 

to 
-o 



Table D.l. Continued. 

R o c k 

S a m p l e 

S i 0 2 

TiQ 2 

A l A 
FeO 
MnO 
MgO 
CaO 
N a p 
K p 
C r p 3 

TOTAL 

S i 
A l " 
A l * 
T i 
Cr 
F e 
Mn 
Mg 
Ca 
Na 
K 

B r e o k v i : 
m i g m a 
t i t e 
CW88 
- 2 4 0 

3 

3 3 . 8 7 
3 . 2 1 

1 7 . 9 6 
1 9 . 5 1 

0 . 3 1 
9 . 2 6 
0 . 0 0 
0 . 0 7 
9 . 9 3 
0 . 0 0 

9 4 . 1 2 

Number 

5 . 2 8 
2 . 7 2 
0 . 5 8 
0 . 3 8 
0 . 0 0 
2 . 5 4 
0 . 0 4 
2 . 1 5 
0 . 0 0 
0 . 0 2 
1 . 9 8 

L i e One i a a 

p a r a g n e i s s 

CW89-
1 

3 4 . 0 5 
3 . 2 8 

1 7 . 2 4 
1 9 . 6 2 

0 . 3 2 
9 . 6 9 
0 . 0 0 
0 . 0 8 
9 . 6 9 
0 . 0 3 

9 4 . 0 0 

5 3 4 A 
2 

3 4 . 0 9 
2 . 7 8 

1 7 . 3 7 
2 0 . 3 9 

0 . 2 5 
1 0 . 2 7 

0 . 0 0 
0 . 1 2 
8 . 8 7 
0 . 0 5 

9 4 . 1 9 

3 

3 3 . 7 9 
3 . 2 9 

1 7 . 6 3 
1 9 . 6 8 

0 . 2 9 
9 . 6 9 
0 . 0 0 
0 . 1 3 
9 . 7 3 
0 . 0 0 

9 4 . 2 3 

o f i o n s o n t h e b a s i s 

5 . 3 2 
2 . 6 9 
0 . 4 9 
0 . 3 9 
0 . 0 0 
2 . 5 6 
0 . 0 4 
2 . 2 5 
0 . 0 0 
0 . 0 2 
1 . 9 3 

5 . 3 0 
2 . 7 0 
0 . 4 9 
0 . 3 3 
0 . 0 1 
2 . 6 5 
0 . 0 3 
2 . 3 8 
0 . 0 0 
0 . 0 4 
1 . 7 6 

5 . 2 7 
2 . 7 4 
0 . 5 0 
0 . 3 9 
0 . 0 0 
2 . 5 7 
0 . 0 4 
2 . 2 5 
0 . 0 0 
0 . 0 4 
1 . 9 3 

CW89-
1 

3 4 . 2 5 
3 . 6 9 

1 8 . 5 2 
1 9 . 2 0 

0 . 2 2 
8 . 4 8 
0 . 0 9 
0 . 1 4 
9 . 3 5 
0 . 0 3 

9 3 . 9 7 

o f 2 2 

5 . 3 1 
2 . 6 9 
0 . 6 9 
0 . 4 3 
0 . 0 0 
2 . 4 9 
0 . 0 3 
1 . 9 6 
0 . 0 2 
0 . 0 4 
1 . 8 5 

•569 
2 

3 3 . 7 3 
3 . 0 3 

1 8 . 5 1 
2 0 . 2 9 

0 . 1 9 
8 . 9 8 
0 . 0 4 
0 . 1 3 
9 . 0 1 
0 . 0 1 

9 3 . 9 2 

o x y g e n . 

5 . 2 6 
2 . 7 4 
0 . 6 6 
0 . 3 6 
0 . 0 0 
2 . 6 4 
0 . 0 3 
2 . 0 9 
0 . 0 1 
0 . 0 4 
1 . 7 9 

3 

3 4 . 6 8 
3 . 2 9 

1 6 . 6 1 
1 9 . 2 1 

0 . 2 2 
8 . 9 6 
0 . 0 0 
0 . 1 2 
9 . 7 8 
0 . 0 5 

9 4 . 9 2 

5 . 3 3 
2 . 6 7 
0 . 7 0 
0 . 3 8 
0 . 0 1 
2 . 4 7 
0 . 0 3 
2 . 0 5 
0 . 0 0 
0 . 0 4 
1 . 9 2 

4 

3 4 . 8 7 
3 . 4 6 

1 8 . 2 0 
1 9 . 8 1 

0 . 2 3 
8 . 8 8 
0 . 0 0 
0 . 1 2 
9 . 9 0 
0 . 0 0 

9 5 . 4 7 

5 . 3 4 
2 . 6 6 
0 . 6 3 
0 . 4 0 
0 . 0 0 
2 . S 4 
0 . 0 3 
2 . 0 3 
0 . 0 0 
0 . 0 4 
1 . 9 4 

CW89-
1 

3 6 . 3 6 
1 . 6 4 

1 9 . 6 1 
1 6 . 1 3 

0 . 3 4 
1 2 . 1 7 

0 . 0 4 
0 . 1 2 
9 . 6 3 
0 . 0 0 

9 6 . 0 4 

5 . 4 0 
2 . 6 0 
0 . 8 4 
0 . 1 8 
0 . 0 0 
2 . 0 0 
0 . 0 4 
2 . 7 0 
0 . 0 1 
0 . 0 4 
1 . 8 3 

6 4 4 
2 

3 4 . 9 0 
2 . 6 6 

1 8 . 6 8 
2 0 . 3 1 

0 . 2 4 
8 . 9 2 
0 . 0 0 
0 . 1 2 
9 . 6 7 
0 . 0 2 

9 5 . 5 2 

5 . 3 5 
2 . 6 5 
0 . 7 2 
0 . 3 1 
0 . 0 0 
2 . 6 0 
0 . 0 3 
2 . 0 4 
0 . 0 0 
0 . 0 4 
1 . 8 9 

3 

3 2 . 2 4 
1 . 6 2 

1 8 . 4 2 
2 1 . 3 9 

0 . 2 S 
1 0 . 2 9 

0 . 0 0 
0 . 0 2 
8 . 3 1 
0 . 0 0 

9 2 . 5 7 

5 . 1 3 
2 . 8 7 
0 . 5 9 
0 . 1 9 
0 . 0 0 
2 . 8 5 
0 . 0 4 
2 . 4 4 
0 , 0 0 
0 . 0 1 
1 . 6 9 

4 

3 3 . 3 5 
1 . 4 5 

1 8 . 8 3 
2 1 . 4 3 

0 . 2 6 
9 . 6 6 
0 . 0 0 
0 . 0 5 
8 . 9 7 
0 . 0 0 

9 4 . 0 0 

5 . 2 2 
2 . 7 8 
0 . 7 0 
0 . 1 7 
0 . 0 0 
2 . 8 1 
0 . 0 3 
2 . 2 5 
0 . 0 0 
0 . 0 2 
1 . 7 9 

5 

3 3 . 7 7 
2 . 0 9 

1 8 . 2 0 
2 0 . 5 9 

0 . 2 8 
9 . 3 8 
0 . 0 0 
0 . 0 6 
9 . 6 2 
0 . 0 2 

9 4 . 0 1 

5 . 2 9 
2 . 7 1 
0 . 6 5 
0 . 2 5 
0 . 0 0 
2 . 7 0 
0 . 0 4 
2 . 1 9 
0 . 0 0 
0 . 0 2 
1 . 9 2 

o r t h o -
g n e i a a 
CW88 
- 1 3 2 A 

1 

3 4 . 9 7 
3 . 3 8 

1 4 . 8 0 
1 7 . 7 4 

0 . 5 1 
1 1 . 7 0 

0 . 0 4 
0 . 0 8 
9 . 0 6 
0 . 0 0 

9 2 . 2 8 

5 . 5 0 
2 . 5 0 
0 . 2 5 
0 . 4 0 
0 . 0 0 
2 . 3 4 
0 . 0 7 
2 . 7 4 
0 . 0 1 
0 . 0 2 
1 . 8 2 

Mg/Mg+Fe 0.46 0.47 0.47 0.47 0.44 0.44 0.45 0.44 0.57 0.44 0.46 0.45 0.45 0.54 

CD 



Table D.l. Continued. 

Brookville Gneiaa 
Rock orthogneias 
Sample CW88-132A 

2 3 4 5 

SiOj 
TiOj 
Alp, 
FeO 
MnO 
MgO 
CaO 
Nap 
K p 
Crp, 
TOTAL 

Si 
Al" 
Al* 
Ti 
Cr 
Fe 
Mn 
Mg 
ca 
Na 
K 

Mg/Mg+Fe 

35.98 
3.28 

14.52 
18.03 
0.53 
11.60 
0.05 
0.11 
9.30 
0.00 
93.40 

Number 

5.60 
2.41 
0.26 
0.38 
0.00 
2.35 
0.07 
2.69 
0.01 
0.03 
1.85 

0.53 

36.75 
3.24 
14.25 
17.98 
0.49 
11.98 
0.04 
0.10 
9.19 
0.00 
94.02 

37.07 
2.90 

14.62 
17.67 
0.52 
12.50 
0.00 
0.12 
9.59 
0.00 

94.99 

27.25 
0.15 
18.94 
20.96 
0.74 
18.69 
0.04 
0.01 
0.04 
0.00 

86.82 

of ions on the basis 

5.66 
2.34 
0.25 
0.38 
0.00 
2.32 
0.06 
2.75 
0.01 
0.03 
1.81 

0.54 

5.65 
2.35 
0.27 
0.33 
0.00 
2.25 
0.07 
2.84 
0.00 
0.04 
1.86 

0.56 

4.46 
3.54 
0.12 
0.02 
0.00 
2.87 
0.10 
4.56 
0.01 
0.00 
0.01 

0.61 

CW88-178 
6 1 2 3 4 

31.60 
1.28 

16.88 
20.30 
0.63 
16.14 
0.06 
0.03 
1.83 
0.00 

88.75 

of 22 

5.05 
2.96 
0.22 
0.15 
0.00 
2.71 
0.09 
3.84 
0.01 
0.01 
0.37 

0.59 

33.75 
2.65 
16.61 
20.42 
0.32 

10.73 
0.09 
0.05 
7.40 
0.00 

92.02 

oxygen. 

5.34 
2.66 
0.44 
0.32 
0.00 
2.70 
0.04 
2.53 
0.02 
0.02 
1.49 

0.48 

32.85 
2.51 
17.25 
21.45 
0.33 
11.24 
0.14 
0.02 
6.01 
0.00 

91.80 

5.20 
2.80 
0.42 
0.30 
0.00 
2.84 
0.04 
2.65 
0.02 
0.01 
1.21 

0.48 

29.08 
1.35 
17.78 
22.88 
0.40 
14.23 
0.51 
0.01 
0.83 
0.00 

87.07 

4.80 
3.20 
0.25 
0.17 
0.00 
3.16 
0.06 
3.50 
0.09 
0.00 
0,18 

0.53 

33.18 
0.77 
18.54 
20.98 
0.31 
11.40 
0.14 
0.01 
3.70 
0.00 

89.03 

5.30 
2.70 
0.80 
0.09 
0.00 
2.81 
0.04 
2.72 
0.02 
0.00 
0.76 

0.49 

CW880181A CW89-629A 
1 2 3 1 2 

36.52 
2.87 
15.86 
19.11 
0.48 
10.91 
0.00 
0.05 
9.62 
0.00 

95.42 

37.19 
2.86 

15.59 
18.56 
0.50 
11.07 
0.00 
0.05 
9.55 
0.00 

95.37 

36.86 
2.94 
15.84 
18.60 
0.46 
10.84 
0.00 
0.05 
9.41 
0.00 
95.00 

36.54 
2.66 
15.92 
18.81 
0.48 
10.92 
0.00 
0.10 
9.57 
0.00 
95.00 

35.63 
2.70 
15.72 
18.99 
0.51 
10.88 
0.02 
0.08 
9.83 
0.00 
94.36 

5.57 
2.43 
0.42 
0.33 
0.00 
2.44 
0.06 
2.48 
0.00 
0.02 
1.87 

0.50 

5.65 
2.35 
0.44 
0.33 
0.00 
2.36 
0.06 
2.51 
0.00 
0.02 
1.85 

0.52 

5.62 
2.38 
0.47 
0.34 
0.00 
2.37 
0.06 
2.46 
0.00 
0.02 
1.83 

0.51 

5.59 
2.41 
0.46 
0.31 
0.00 
2.41 
0.06 
2.49 
0.00 
0.03 
1.87 

0.51 

5.52 
2.48 
0.39 
0.32 
0.00 
2.46 
0.07 
2.51 
0.00 
0.02 
1.94 

0.51 



Table D.l. Continued. 

Brookville Gneiaa 
Rock orthogneiss paragneissic boudin 
Sample CW89-629A CW89-662A 

3 4 1 2 3 4 

S i O j 
TiOj 
A l A 
FeO 
MnO 
MgO 
CaO 
N a p 
K p 
C r p , 
TOTAL 

S i 
A l " 
A l * 
T i 
Cr 
F e 
Mn 
Mg 
Ca 
Na 
K 

Mg/Mg+Fe 

3 5 . 0 4 
2 . 7 2 

1 5 . 8 0 
1 9 . 3 1 

0 . 5 0 
1 1 . 2 4 

0 . 0 1 
0 . 0 4 
9 . 2 7 
0 . 0 0 

9 3 . 9 3 

Number 

5 . 4 5 
2 . 5 5 
0 . 3 5 
0 . 3 2 
0 . 0 0 
2 . 5 1 
0 . 0 7 
2 . 6 1 
0 . 0 0 
0 . 0 1 
1 . 8 4 

0 . 5 1 

3 1 . 1 1 
1 . 4 8 

1 7 . 4 8 
2 2 . 1 6 

0 . 6 5 
1 3 . 6 9 

0 . 4 4 
0 . 0 3 
3 . 1 6 
0 . 0 0 

9 0 . 2 0 

3 4 . 7 0 
2 . 4 7 

2 0 . 0 2 
1 9 . 8 0 

0 . 1 5 
8 . 5 4 
0 . 0 0 
0 . 1 6 
9 . 6 2 
0 . 0 0 

9 5 . 4 6 

3 5 . 2 6 
2 . 1 5 

2 0 . 0 9 
1 9 . 3 3 

0 . 1 5 
8 . 9 7 
0 . 0 0 
0 . 1 1 
9 . 4 0 
0 . 0 3 

9 5 , 4 9 

o f i o n s o n t h e b a s i s 

4 . 9 8 
3 . 0 2 
0 . 2 8 
0 . 1 8 
0 . 0 0 
2 . 9 7 
0 . 0 9 
3 . 2 7 
0 . 0 8 
0 . 0 1 
0 . 6 5 

0 . 5 2 

5 . 2 9 
2 . 7 1 
0 . 8 9 
0 . 2 8 
0 . 0 0 
2 . 5 3 
0 . 0 2 
1 . 9 4 
0 . 0 0 
0 . 0 5 
1 . 8 7 

0 . 4 4 

5 . 3 5 
2 . 6 5 
0 . 9 4 
0 . 2 5 
0 . 0 0 
2 . 4 5 
0 . 0 2 
2 . 0 3 
0 . 0 0 
0 . 0 3 
i . 8 t 

0 . 4 5 

3 4 . 5 4 
3 . 1 3 

1 9 . 6 7 
2 0 . 3 6 

0 . 1 5 
7 . 9 9 
0 . 0 0 
0 . 1 5 
9 . 4 1 
0 . 1 0 

9 5 . 5 0 

Of 2 2 

5 . 2 8 
2 . 7 2 
0 . 8 3 
0 . 3 6 
0 . 0 1 
2 . 6 0 
0 . 0 2 
1 . 8 2 
0 . 0 0 
0 . 0 4 
1 . 8 4 

0 . 4 1 

3 5 . 0 8 
2 . 2 3 

2 0 . 0 7 
1 9 . 2 7 

0 . 1 6 
8 . 8 8 
0 . 0 0 
0 . 1 3 
9 . 7 1 
0 . 0 0 

9 5 . 5 3 

o x y g e n 

5 . 3 3 
2 . 6 7 
0 . 9 2 
0 . 2 6 
0 . 0 0 
2 . 4 5 
0 . 0 2 
2 . 0 1 
0 . 0 0 
0 . 0 4 
1 . 8 8 

0 . 4 5 

5 

quartzo-feldspathic blastomylonite 
NB92-9079B 
1-G1 2-G2 3-G3 4-G4r 5-G4C 6-G5c 7-G5r 

3 5 . 2 1 3 3 . 6 3 
0 . 7 2 1 . 4 2 

2 0 . 7 4 1 9 . 5 0 
1 8 . 4 6 2 1 . 6 0 

0 . 1 5 0 . 0 0 
1 0 . 3 3 7 . 7 3 

0 . 0 0 0 . 1 3 
0 . 1 6 0 . 4 7 
9 . 5 7 8 . 5 9 
0 . 0 0 0 . 0 0 

9 5 . 3 4 9 3 . 0 5 

5 . 3 3 
2 . 6 7 
1 . 0 3 
0 . 0 8 
0 . 0 0 
2 . 3 4 
0 . 0 2 
2 . 3 3 
0 . 0 0 
0 . 0 5 
1 . 8 5 

0 . 5 0 

5 . 3 0 
2 . 7 0 
0 . 9 3 
0 . 1 7 
0 . 0 0 
2 . 8 5 
0 . 0 0 
1 . 8 2 
0 . 0 2 
0 . 1 4 
1 . 7 3 

0 . 3 9 

3 4 . 3 1 3 5 . 5 0 
1 . 2 3 1 . 2 7 

1 9 . 8 7 2 0 . 5 5 
2 2 . 4 2 2 2 . 3 3 

0 . 0 0 0 . 0 0 
8 . 0 2 8 . 4 9 
0 . 0 0 0 . 0 0 
0 . 4 8 0 . 4 6 
8 . 5 1 8 . 5 2 
0 . 5 6 0 . 3 9 

9 5 . 4 0 9 7 . 5 1 

5 . 2 8 
2 . 7 2 
0 . 8 9 
0 . 1 4 
0 . 0 7 
2 . 8 9 
0 . 0 0 
1 . 8 4 
0 . 0 0 
0 . 1 4 
1 .67 

0 . 3 9 

5 . 3 2 
2 . 6 8 
0 . 9 4 
0 . 1 4 
0 . 0 5 
2 . 8 0 
0 . 0 0 
1 . 9 0 
0 . 0 0 
0 . 1 3 
1 . 6 3 

0 . 4 0 

3 4 . 4 4 3 4 . 1 2 
1 . 6 3 1 . 4 6 

2 0 . 0 5 2 0 . 0 8 
2 1 . 9 7 2 2 . 1 6 

0 . 0 0 0 . 0 0 
7 . 7 1 7 . 4 7 
0 . 0 0 0 . 0 0 
0 . 4 6 0 . 4 9 
8 . 6 9 8 . 9 3 
0 . 0 0 0 . 2 1 

9 4 . 9 5 9 4 . 9 2 

5 . 3 1 
2 . 6 9 
0 . 9 6 
0 . 1 9 
0 . 0 0 
2 . 8 3 
0 . 0 0 
1 . 7 7 
0 . 0 0 
0 . 1 4 
1 . 7 1 

0 . 3 9 

5 . 2 9 
2 . 7 2 
0 . 9 5 
0 . 1 7 
0 . 0 3 
2 . 8 7 
0 . 0 0 
1 . 7 3 
0 . 0 0 
0 . 1 5 
1 . 7 7 

0 . 3 8 

3 4 . 7 7 3 5 . 3 4 
2 . 4 1 1 . 4 5 

1 8 . 8 6 1 9 . 8 3 
2 1 . 9 0 2 0 . 0 4 

0 . 0 0 0 . 0 0 
8 . 0 3 9 . 7 0 
0 . 0 0 0 . 0 0 
0 . 4 2 0 . 5 0 
9 . 0 5 8 . 6 6 
0 . 0 0 0 . 0 0 

9 5 . 4 3 9 5 . 5 3 

5 . 3 5 5 . 3 6 
2 . 6 5 2 . 6 4 
0 . 7 7 0 . 9 0 
0 . 2 8 0 . 1 7 
0 . 0 0 0 . 0 0 
2 . 8 2 2 . 5 4 
0 . 0 0 0 . 0 0 
1 . 8 4 2 . 1 9 
0 . 0 0 0 . 0 0 
0 . 1 2 0 . 1 5 
1 . 7 8 1 . 6 8 

0 . 4 0 0 . 4 6 

G# indicates associated garnet (Table D.6); 
c = inclusion in core; r = inclusion in rim 



Table D . l . Cont inued . 

Rock 
Sample 

S i O j 
T i 0 2 

A l A 
F e o 
MnO 
MgO 
CaO 
N a p 
K p 
C r p 3 

TOTAL 

S i 
A l " 
A l * 
T i 
C r 
F e 
Mn 
Mg 
Ca 
Na 
K 

Mg/Mg+Fe 

B r o o k v i l l e Gneiaa 
m a r b l e i n p a r a g n e i s s 

CW89-59ec 
1 

4 0 . 8 5 
0 . 4 8 

1 3 . 8 9 
1 .24 
0 . 0 0 

2 6 . 9 0 
0 . 0 0 
0 . 0 7 

1 0 . 2 1 
0 . 0 0 

9 3 . 6 4 

Number 

5 . 8 1 
2 . 1 9 
0 . 1 4 
0 . 0 5 
0 . 0 0 
0 . 1 5 
0 . 0 0 
5 . 7 0 
0 . 0 0 
0 . 0 2 
1 .85 

0 . 9 8 

2 

4 1 . 6 0 
0 . 2 4 

1 2 . 2 9 
1 .14 
0 . 0 0 

2 8 . 2 1 
0 . 0 0 
0 . 0 2 
9 . 6 5 
0 . 0 0 

9 3 . 1 5 

3 

4 0 . 9 0 
0 . 3 2 

1 3 . 5 6 
1 .46 
0 . 0 0 

2 7 . 4 6 
0 . 1 3 
0 . 0 5 
9 , 3 8 
0 . 0 4 

9 3 . 3 0 

CW89-629C 
1 

3 9 . 4 9 
0 . 7 1 

1 6 . 9 2 
1.87 
0 . 0 0 

2 5 . 7 9 
0 . 2 5 
0 . 4 1 
9 . 9 6 
0 . 0 0 

9 5 . 3 9 

o f i o n s on t h e b a s i s 

5 . 9 3 
2 . 0 6 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 1 4 
0 , 0 0 
5 . 9 9 
0 . 0 0 
0 . 0 1 
1 . 7 5 

0 . 9 8 

5 . 8 2 
2 . 1 8 
0 . 0 9 
0 . 0 3 
0 . 0 0 
0 . 1 7 
0 . 0 0 
5 . 8 2 
0 . 0 2 
0 . 0 1 
1 .70 

0 . 9 7 

5 . 5 3 
2 . 4 7 
0 . 3 3 
0 . 0 8 
0 . 0 0 
0 . 2 2 
0 . 0 0 
5 . 3 9 
0 . 0 4 
0 . 1 1 
1 .78 

0 . 9 6 

2 

3 9 . 9 3 
0 . 3 7 

1 6 . 8 0 
1 . 8 4 
0 . 0 0 

2 6 . 1 1 
0 . 0 0 
0 . 3 2 

1 0 . 0 0 
0 . 0 0 

9 5 . 3 7 

o f 22 

5 , 5 9 
2 . 4 1 
0 . 3 6 
0 . 0 4 
0 . 0 0 
0 . 2 2 
0 . 0 0 
5 . 4 4 
0 . 0 0 
0 . 0 9 
1 .79 

0 . 9 6 

3 

3 9 . 4 0 
0 . 5 1 

1 7 . 4 5 
1 .92 
0 . 0 0 

2 6 . 0 3 
0 . 2 2 
0 . 3 5 
9 . 9 9 
0 . 0 0 

9 5 . 8 7 

o x y g e n . 

5 . 5 0 
2 . 5 1 
0 . 3 6 
0 . 0 5 
0 . 0 0 
0 . 2 2 
0 . 0 0 
5 . 4 1 
0 . 0 3 
0 . 1 0 
1 . 7 8 

0 . 9 6 

4 

3 9 . 4 6 
0 . 4 3 

1 8 . 0 5 
1 .96 
0 . 0 0 

2 5 . 9 8 
0 . 0 0 
0 . 3 5 

1 0 . 2 3 
0 . 0 0 

9 6 . 4 6 

5 . 4 7 
2 . 5 3 
0 . 4 2 
0 . 0 5 
0 . 0 0 
0 . 2 3 
0 . 0 0 
5 . 3 7 
0 . 0 0 
0 . 1 0 
1 . 8 1 

0 . 9 6 

5 

3 9 . 5 6 
0 . 4 9 

1 7 . 8 9 
2 . 0 1 
0 . 0 0 

2 5 . 9 9 
0 . 0 0 
0 . 3 2 

1 0 . 1 2 
0 . 0 0 

9 6 . 3 8 

5 . 4 9 
2 . 5 2 
0 . 4 1 
0 . 0 5 
0 . 0 0 
0 . 2 3 
0 . 0 0 
5 . 3 7 
0 . 0 0 
0 . 0 9 
1 .79 

0 . 9 6 

6 

3 9 . 8 2 
0 . 4 5 

1 7 . 3 3 
1 .96 
0 . 0 0 

2 6 . 0 2 
0 . 1 9 
0 . 3 3 

1 0 . 2 4 
0 . 0 0 

9 6 . 3 2 

5 . 5 3 
2 . 4 7 
0 . 3 7 
0 . 0 5 
0 . 0 0 
0 . 2 3 
0 . 0 0 
5 . 3 9 
0 . 0 3 
0 . 0 9 
1 . 8 1 

0 . 9 6 

Aahburn Format ion 
m a r b l e 

CW88-204 
1 

3 7 . 6 9 
0 . 9 6 

1 6 . 8 7 
3 . 3 4 
0 . 0 0 

2 6 . 2 0 
0 . 1 1 
1 .20 
7 . 5 9 
0 . 0 0 

9 3 . 9 6 

5 . 3 6 
2 . 6 4 
0 . 1 9 
0 . 1 0 
0 . 0 0 
0 . 4 0 
0 . 0 0 
5 . 5 6 
0 . 0 2 
0 . 3 3 
1 . 3 8 

0 - 9 3 

2 

3 8 . 3 1 
0 . 3 1 

1 2 . 8 0 
2 . 7 1 
0 . 0 0 

3 1 . 0 7 
0 . 0 0 
0 . 3 3 
5 . 4 6 
0 . 0 0 

9 0 . 9 8 

5 . 5 4 
2 . 1 8 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 3 3 
0 . 0 0 
6 . 7 0 
0 . 0 0 
0 . 0 9 
1 . 0 1 

0 . 9 5 

3 

3 7 . 8 0 
0 . 5 6 

1 4 . 9 9 
3 . 8 6 
0 . 0 0 

2 8 . 7 7 
0 . 0 9 
0 . 3 3 
6 . 5 1 
0 . 0 0 

9 2 . 9 0 

5 . 4 1 
2 . 5 3 
0 . 0 0 
0 . 0 6 
0 . 0 0 
0 . 4 6 
0 . 0 0 
6 . 1 4 
0 . 0 1 
0 . 0 9 
1 . 1 9 

0 . 9 3 

4 

3 7 . 3 0 
0 . 5 3 

1 5 . 4 5 
3 . 7 3 
0 . 0 0 

2 8 . 6 0 
0 . 0 0 
0 . 5 3 
6 . 6 0 
0 . 0 0 

9 2 . 7 3 

5 . 3 6 
2 . 6 2 
0 . 0 0 
0 . 0 6 
0 . 0 0 
0 . 4 5 
0 . 0 0 
6 . 1 2 
0 . 0 0 
0 . 1 5 
1 . 2 1 

0 . 9 3 

5 

3 8 . 1 4 
0 . 6 8 

1 6 . 1 3 
3 . 9 1 
0 . 0 0 

2 6 . 9 2 
0 . 0 0 
0 . 8 3 
8 . 0 8 
0 . 0 0 

9 4 . 6 9 

5 . 4 1 
2 . 5 9 
0 . 1 0 
0 . 0 7 
0 . 0 0 
0 . 4 6 
0 . 0 0 
5 . 6 9 
0 . 0 0 
0 . 2 3 
1 . 4 6 

0 . 9 3 

U I 



Table D.l. Continued. 

Ashburn 
Formation 

Rock marble 
Sample CW88-204 CW90-764 

6 7 8 9 10 11 

S i 0 2 

T i 0 2 

A l A 
FeO 
MnO 
MgO 
CaO 
N a p 
K p 
c r p 3 

TOTAL 

S i 
A l " 
A l * 
T i 
Cr 
F e 
Mn 
Mg 
Ca 
Na 
K 

Mg/Mg+Fe 

3 8 . 5 1 
0 . 7 4 

1 6 . 9 7 
3 . 4 4 
0 . 0 0 

2 5 . 5 6 
0 . 0 0 
1 . 0 7 
8 . 5 7 
0 . 0 0 

9 4 . 8 5 

Number 

5 . 4 5 
2 . 5 6 
0 . 2 7 
0 . 0 8 
0 . 0 0 
0 . 4 1 
0 . 0 0 
5 . 3 9 
0 . 0 0 
0 . 2 9 
1 . 5 S 

0 . 9 3 

3 9 . 8 3 
0 . 5 9 

1 5 . 3 1 
3 . 1 3 
0 . 0 0 

2 6 . 5 3 
0 . 0 0 
1 . 0 5 
8 . 6 7 
0 . 0 0 

9 5 . 1 1 

4 1 . 9 6 
0 . 7 1 

1 3 . 9 9 
1 . 4 7 
0 . 0 0 

2 7 . 4 7 
2 . 7 9 
0 . 2 8 
6 . 4 4 
0 . 0 0 

9 5 . 1 1 

3 9 . 1 5 
0 . 6 3 

1 4 . 5 7 
2 . 3 3 
0 . 1 8 

2 7 . 7 7 
0 . 0 0 
0 . 0 0 
8 . 3 7 
0 . 0 0 

9 2 . 9 9 

o f i o n s o n t h e b a s i s 

5 . 6 1 
2 . 4 0 
0 . 1 5 
0 . 0 6 
0 . 0 0 
0 . 3 7 
0 . 0 0 
5 . 5 6 
0 . 0 0 
0 . 2 9 
1 . 5 6 

0 . 9 4 

5 . 8 0 
2 . 2 0 
0 . 0 7 
0 . 0 7 
0 . 0 0 
0 . 1 7 
0 . 0 0 
5 . 6 6 
0 . 4 1 
0 . 0 8 
1 . 1 3 

0 . 9 7 

5 . 6 0 
2 . 4 0 
0 . 0 6 
0 . 0 7 
0 . 0 0 
0 . 2 8 
0 . 0 2 
5 . 9 2 
0 . 0 0 
0 . 0 0 
1 . 5 3 

0 . 9 6 

4 0 . 0 8 
0 . 9 1 

1 4 . 3 7 
1 . 3 1 
0 . 0 0 

2 7 . 2 5 
0 . 0 0 
0 . 1 6 
9 . 7 3 
0 . 0 0 

9 3 . 8 0 

o f 2 2 

5 . 6 9 
2 . 3 1 
0 . 0 9 
0 . 1 0 
0 . 0 0 
0 . 1 6 
0 . 0 0 
5 . 7 7 
0 . 0 0 
0 . 0 4 
1 . 7 6 

0 . 9 7 

3 9 . 2 5 
0 . 9 7 

1 5 . 6 8 
1 . 4 1 
0 . 0 0 

2 6 . 3 3 
0 . 0 0 
0 . 2 9 
9 . 7 4 
0 . 0 0 

9 3 . 6 8 

o x y g e n 

5 . 5 9 
2 . 4 2 
0 . 2 2 
0 . 1 0 
0 . 0 0 
0 . 1 7 
0 . 0 0 
5 . 5 8 
0 . 0 0 
0 . 0 8 
1 . 7 7 

0 . 9 7 

CW90-I 
12 1 

3 9 . 3 2 4 0 . 6 5 
^ - 6 7 0 . 5 3 

1 4 . 9 7 1 6 . 0 8 
2 , 4 4 0 . 9 0 
0 . 0 0 0 . 0 0 

2 7 . 5 2 2 7 . 0 6 
0 . 1 2 0 . 0 0 
0 . 1 6 0 . 2 6 
7 . 5 6 9 . 3 8 
0 . 0 0 0 . 0 0 

9 2 . 7 7 9 4 . 8 5 

5 . 6 1 
2 . 3 9 
0 . 1 2 
0 . 0 7 
0 . 0 0 
0 . 2 9 
0 . 0 0 
5 . 8 5 
0 . 0 2 
0 . 0 5 
1 . 3 8 

5 . 6 7 
2 . 3 3 
0 . 3 1 
0 . 0 6 
0 . 0 0 
0 . 1 0 
0 . 0 0 
5 . 6 2 
0 . 0 0 
0 . 0 7 
1 . 6 7 

0.95 0.98 

2 3 

40.87 39.25 
0.75 0 .60 

1 5 . 8 8 1 7 . 3 4 
1 . 0 1 0 . 9 4 
0 . 0 0 0 . 0 0 

2 6 . 1 2 2 6 . 8 8 
0 . 0 0 0 . 1 2 
0 . 2 2 0 . 2 9 
9 . 6 3 8 . 5 8 
0 . 0 0 0 . 0 0 

9 4 . 4 8 9 4 . 0 0 

5 . 7 2 5 . 5 1 
2 . 2 8 2 . 4 9 
0 . 3 5 0 . 3 8 
0 . 0 8 0 . 0 6 
0 . 0 0 0 . 0 0 
0 . 1 2 0 . 1 1 
0 . 0 0 0 . 0 0 
5 . 4 5 5 . 6 2 
0 . 0 0 0 . 0 2 
0 . 0 6 0 . 0 8 
1 .72 1 . 5 4 

0.98 0 .98 

4 5 

4 0 . 8 0 4 1 . 3 4 
0 . 6 3 0 . 8 1 

1 6 . 1 0 1 5 . 8 3 
0 . 7 8 0 . 9 2 
0 . 0 0 0 . 0 0 

2 6 . 1 2 2 6 . 4 7 
0 . 0 0 0 . 1 1 
0 . 0 0 0 . 2 5 
9 . 7 0 9 . 8 7 
0 . 0 0 0 . 0 0 

9 4 . 1 3 9 5 . 6 1 

5 . 7 3 5 . 7 3 
2 . 2 8 2 . 2 7 
0 . 3 9 0 . 3 1 
0 . 0 7 0 . 0 8 
0 . 0 0 0 . 0 0 
0 . 0 9 0 . 1 1 
0 . 0 0 0 . 0 0 
5 . 4 6 5 . 4 7 
0 . 0 0 0 . 0 2 
0 . 0 0 0 . 0 7 
1 . 7 4 1 . 7 4 

0.98 0 .98 

Hammondvale 
metamorphic 
unit 
mica achiat 
NB87-4090 
1 2 

3 5 . 7 5 3 6 . 0 2 
1 . 8 1 1 . 7 3 

1 8 . 5 4 1 7 . 7 4 
1 8 . 0 9 1 8 . 1 0 

0 . 1 6 0 . 1 5 
1 1 . 0 5 1 1 . 5 0 

0 . 0 0 0 . 0 2 
0 . 2 9 0 . 2 4 

1 0 . 1 0 9 . 1 9 
0 . 0 5 0 . 0 0 

9 5 . 6 4 9 4 . 6 9 

5 . 4 0 5 . 4 8 
2 . 6 0 2 . 5 2 
0 . 7 1 0 . 6 7 
0 . 2 1 0 . 2 0 
0 . 0 1 0 . 0 0 
2 . 2 9 2 . 3 0 
0 . 0 2 0 . 0 2 
2 . 4 9 2 . 6 1 
0 . 0 0 0 . 0 0 
0 . 8 5 0 . 0 7 
1 . 9 5 1 . 7 9 

0.52 0.53 

U) 



APPENDIX D. Continued. 

Table D.2. Plagioclase analyses. 

Rock 

Sample 

Si02 
Ti02 

Alp3 

FeO 
MnO 
MgO 
CaO 
Nap . 
K p 
Cr203 
TOTAL 

Si 
Al" 
Al* 
Ti 
Cr 
Fe 
Mn 
Mg 
Ca 
Na 
K 

Or 
Ab 
An 

Brookville Gneisa 
migmatite 

CW88-181B 
1 

57.01 
0.00 
27.40 
0.00 
0.00 
0.00 
8.80 
6.55 
0.00 
0.00 

99.76 

Number 

10.23 
5.80 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.69 
2.28 
0.00 

2 

57.89 
0.00 

27.17 
0.00 
0.00 
0.00 
8.46 
6.51 
0.08 
0.00 

100.11 

3 

56.72 
0.00 

27.40 
0.00 
0.00 
0.00 
9.12 
6.70 
0.00 
0.00 
99.94 

4 

56.21 
0.00 

27.95 
0.00 
0.00 
0.00 
9.77 
6.25 
0.00 
0.00 

100.18 

of ions on the basis 

10.33 
5.72 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.62 
2.25 
0.02 

10.19 
5.80 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.76 
2.33 
0.00 

Mole proportions 

0.00 
0.57 
0.43 

0.01 
0.58 
0.42 

0.00 
0.57 
0.43 

10.08 
5.91 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.88 
2.17 
0.00 

0.00 
0.54 
0.46 

paragneiss 

CW88-181C 
1 

58.28 
0.00 

25.47 
0.00 
0.00 
0.00 
6.44 
7.80 
0.00 
0.00 

97.99 

of 32 

10.59 
5.46 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.25 
2.75 
0.00 

0.00 
0.69 
0.31 

2 

60.91 
0.00 

24.64 
0.00 
0.00 
0.00 
5.54 
8.44 
0.00 
0.00 

99.53 

oxygen. 

10.86 
5.18 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.06 
2.92 
0.00 

0.00 
0.73 
0.27 

3 

60.97 
0.00 

25.12 
0.00 
0.00 
0.00 
6.07 
7.42 
0.07 
0.00 

99.65 

10.83 
5.26 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.16 
2.56 
0.02 

0.00 
0.69 
0.31 

migma 
tite 
CW88 
-218 

1 

53.72 
0.00 

26.01 
0.00 
0.00 
0.00 
7.13 
7.47 
0.00 
0.00 

99.33 

10.54 
5.50 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.37 
2.60 
0.00 

0.00 
0.66 
0.35 

paragneiss 

CW88-220 
1 

57.05 
0.00 

26.96 
0.00 
0.00 
0.00 
7.90 
6.99 
0.02 
0.00 

98.92 

10.31 
5.75 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.53 
2.45 
0.01 

0.00 
0.62 
0.38 

2 

59.72 
0.00 

26.53 
0.00 
0.00 
0.00 
7.38 
7.16 
0.04 
0.00 

100.83 

10.54 
5.52 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.40 
2.45 
0.01 

0.00 
0.64 
0.36 

3 

59.42 
0.00 

25.91 
0.00 
0.00 
0.00 
7.35 
7.29 
0.26 
0.00 

100.23 

10.58 
5.44 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.40 
2.52 
0.06 

0.02 
0.63 
0.35 

migmatite 

CW88-240 
1 

59.69 
0.00 

25.95 
0.00 
0.00 
0.00 
7.30 
7.03 
0.03 
0.00 

100.01 

0.00 
5.44 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.39 
2.42 
0.01 

0.00 
0.63 
0.36 

2 

57.21 
0.00 

26.04 
0.00 
0.00 
0.00 
7.22 
7.23 
0.03 
0.00 

97.73 

10.45 
5.61 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.41 
2.56 
0.01 

0.00 
0.64 
0.36 

3 

58.15 
0.00 

26.27 
0.00 
0.00 
0.00 
7.28 
7.44 
0.04 
0.00 

99.18 

10.47 
5.57 
0.00 
0.0(3 
0.00 
0.00 
0.00 
0.00 
1.40 
2.60 
0.01 

0.00 
0.65 
0.35 

U) 
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APPENDIX D. continued. 

Table D.2. Plagioclase analyses. 

Rock 

Sample 

SiOs 
Ti02 
Alp3 
FeO 
MnO 
MgO 
CaO 
Nap 
K p 
Crp, 
TOTAL 

Si 
Al" 
Al* 
Ti 
Cr 
Fe 
Mn 
Mg 
Ca 
Na 
K 

Or 
Ab 
An 

Brookville Gneiaa 
migma
tite 
CW88 
-240 

4 

58.91 
0.00 

25.85 
0.02 
0.00 
0.00 
7.45 
7.41 
0.06 
0.00 

99.70 

Number 

10.55 
5.46 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.43 
2.57 
0,01 

paragneiss 

CW89-534A 
1 

58.82 
0.00 

25-88 
0.00 
0.00 
0.00 
6.64 
7.38 
0.14 
0.00 

98.86 

2 

59.85 
0.00 

25.61 
0.01 
0.00 
0.00 
6.18 
7.61 
0.13 
0.00 

99.39 

3 

58.13 
0.00 

26.03 
0.00 
0.00 
0.00 
6.83 
7.06 
0.06 
0.00 

98.11 

of ions on the basis 

10.59 
5.49 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.28 
2.58 
0.03 

10.69 
5.40 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.18 
2.64 
0.03 

Mole proportions 

0.00 
0.64 
0.36 

0.01 
0.66 
0.33 

0.01 
0.69 
0.31 

10.54 
5.56 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.33 
2.48 
0.01 

0.00 
0.65 
0.35 

CW89-569 
1 

58.18 
0.00 

26.76 
0.06 
0.00 
0.00 
7.39 
6.85 
0.00 
0.00 

99.24 

of 32 

10.44 
5.66 
0.00 
0.00 
0.00 
0.01 
0.00 
0.00 
1.42 
2.38 
0.00 

0.00 
0.63 
0.37 

2 

58.55 
0.00 

26.47 
0.00 
0.00 
0.00 
7.40 
6.95 
0.06 
0.00 

99.43 

oxygen. 

10.49 
5.59 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.42 
2.41 
0.01 

0.0Q 
0.63 
0.37 

3 

57.87 
0.00 

26.54 
0.00 
0.00 
0.00 
7.53 
7.04 
0.10 
0.00 

99.08 

10.43 
5.64 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1,45 
2.46 
0.02 

0.01 
0.63 
0.37 

CW89-664 
1 

60.35 
0.00 

24.88 
0.00 
0.00 
0.00 
6.75 
8.08 
0.00 
0.00 

100.06 

10.74 
5.22 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.29 
2.79 
0.00 

0.00 
0.68 
0.32 

2 

60.66 
0.00 
25.57 
0.04 
0.00 
0.00 
6.88 
8.09 
0.00 
0.00 

101.24 

10.68 
5.31 
0.00 
0.00 
0.00 
0.01 
0.00 
0.00 
1.30 
2.76 
0.00 

0.00 
0.68 
0.32 

3 

59.48 
0.00 

25.41 
0.00 
0.00 
0.00 
6.89 
7.91 
0.00 
0.00 
99.69 

10.64 
5.36 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.32 
2.74 
0.00 

0.00 
0.68 
0.33 

orthogneiss 

CW88-132A 
1 

60.54 
0.01 

24.80 
0.14 
0.00 
0.01 
7.03 
7.22 
0.26 
0.00 

100.01 

10.78 
5.21 
0.00 
0.00 
0.00 
0.02 
0.00 
0.00 
1.34 
2.49 
0.06 

0.02 
0.64 
0.35 

2 

58.81 
0.02 

25.21 
0.17 
0.00 
0.02 
7.28 
6.91 
0.25 
0.00 
98.67 

10.63 
5.37 
0.00 
0.00 
0.00 
0.03 
0.00 
0.01 
1.41 
2.42 
0.06 

0.02 
0.62 
0.36 

3 

60.17 
0.00 

24.89 
0.16 
0.00 
0.00 
7.18 
7.35 
0.21 
0.00 
99.96 

10.73 
5.23 
0.00 
0.00 
0.00 
0.02 
0.00 
0.00 
1.37 
2.54 
0.05 

0.01 
0.64 
0.35 

4 

60.76 
0.00 

25.17 
0.10 
0.00 
0.00 
6.59 
7.39 
0.56 
0.00 

100.57 

10.76 
5.26 
0.00 
0.00 
0.00 
0.02 
0.00 
0.00 
1.25 
2.54 
0.13 

0.03 
0.65 
0.32 
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APPENDIX D. Continued. 

Table D. 

RocK 
Sample 

sio2 
TiOj 
Aipj 
FeO 
MnO 
MgO 
CaO 
Nap 
Kp 
Crp3 
TOTAL 

Si 
Al" 
Al* 
Ti 
Cr 
Fe 
Mn 
Mg 
Ca 
Na 
K 

Or 
Ab 
An 

,2. Plagioclase analyses. 

Brookville Gneiss 
orthogneiss 
CW88-178 

1 

59.17 
0.00 

26.05 
0.04 
0.00 
0.01 
8.10 
7.15 
0.18 
0.00 

100.70 

Number 

10.51 
5.45 
0.00 
0.00 
0.00 
0.01 
0.00 
0.00 
1.54 
2.46 
0.04 

2 

58.68 
0.03 

26.09 
0.05 
0.00 
0.01 
8.06 
7.13 
0.12 
0.00 

100.17 

of ion 

10.48 
5.49 
0.00 
0.00 
0.00 
0.01 
0.00 
0.00 
1.54 
2.47 
0.03 

3 

60.24 
0.00 

24.93 
0.06 
0.01 
0.00 
7.45 
7.37 
0.19 
0.00 

100.25 

on the 

10.72 
5.23 
0.00 
0.00 
0.00 
0.01 
0.00 
0.00 
1.42 
2.54 
0.04 

Mole proportions 

0..01 
p.61 
0.38 

0.01 
0.61 
0.33 

0.01 
0.64 
0.36 

4 

59.72 
0.01 

25.73 
0.00 
0.00 
0.00 
7.76 
7.48 
0.11 
O.OC 

100.81 

CW88-181A 
1 

61.17 
0.01 

24.50 
0.09 
0.00 
0.00 
6.45 
7.87 
0.19 
0.00 

100,28 

2 

60.32 
0.00 

25.08 
0.12 
0„00 
0.01 
6.78 
7.41 
0.24 
0.00 
99.96 

basis of 32 oxygen. 

10.58 
5.38 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.47 
2.57 
0.03 

0.01 
0.63 
0.36 

10.85 
5.12 
0.00 
0.00 
0.00 
0.01 
0.00 
0.00 
1.23 
2.71 
0.04 

0.01 
0.68 
0.31 

10.74 
5.27 
0-00 
0.00 
0.00 
0.02 
0.00 
0.00 
1.29 
2.56 
0.06 

0.01 
0.66 
0.33 

3 

61.69 
0.00 

24.50 
0.12 
0.00 
0.01 
6.42 
7.86 
0.22 
0.00 

100.82 

10.88 
5.09 
0.00 
0.00 
0.00 
0.02 
0.00 
0.00 
1.21 
2.69 
0.05 

0.01 
0.68 
0.31 

4 

61.97 
0.02 

24.64 
0.08 
0.00 
0.00 
6.39 
7.78 
0.23 
0.00 

101.11 

10.89 
5.10 
0.00 
0.00 
0.00 
0.01 
0.00 
0.00 
1.20 
2.65 
0.05 

0.01 
0.68 
0.31 

5 

61.96 
0.02 

24.36 
0.08 
0.01 
0.01 
6.37 
7.80 
0.18 
0.00 

100.79 

10.92 
5.06 
0.00 
0.00 
0.00 
0.01 
0.00 
0.00 
1.20 
2.67 
0.04 

0.01 
0.68 
0.31 

CW89-629A 
1 

61.66 
0.01 

25.01 
0.14 
0.00 
0.00 
6.81 
7.62 
0.30 
0.00 

101.55 

10.81 
5.17 
0.00 
0.00 
0.00 
0.02 
0.00 
0.00 
1.28 
2,59 
0.07 

0.02 
0.66 
0.33 

2 

61.62 
0.01 

24.71 
0.19 
0.00 
0.01 
6.87 
7.58 
0.27 
0.00 

101.26 

10.83 
5.12 
0.00 
0.00 
0.00 
0.03 
0.00 
0.00 
1.29 
2.58 
0.06 

0.02 
0.66 
0.33 

3 

59.97 
0.02 

2S.34 
0.11 
0.00 
0.00 
7.08 
7.72 
0.03 
0.00 

100.27 

10.67 
5.31 
0.00 
0.00 
0.00 
0.02 
0.00 
0.00 
1.35 
2.66 
0.01 

0.00 
0.66 
0.34 

4 

60.11 
0.01 

25.00 
0.10 
0.00 
0.00 
6.87 
7.67 
0.22 
0.00 
99.98 

10.72 
5.26 
0.00 
0.00 
0.00 
0.02 
0.00 
0.00 
1.31 
2.65 
0.05 

0.01 
0.66 
0.33 
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APPENDIX D. Continued. 

Table D. 

Rock 
Sample 

Si02 
Ti02 

A l A 
FeO 
MnO 
MgO 
CaO 
Nap 
Kp 
Crp3 

TOTAL 

Si 
Al" 
Al* 
Ti 
Cr 
Fe 
Mn 
Mg 
Ca 
Na 
K 

Or 
Ab 
An 

,2. Plagioclase analyses. 

Brookville Gneiaa 
paragneissic 
CW89-662A 

1 

62.51 
0.00 

23.87 
0.00 
0.00 
0.00 
4.85 
8.75 
0.00 
0.00 

99.97 

Number 

11.06 
4.98 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.92 
3.00 
0.00 

2 

65.78 
0.00 

22.20 
0.00 
0.00 
0.00 
3.09 
8.91 
0.05 
0.00 

100.03 

of ion 

11.52 
4.58 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.58 
3.02 
0.01 

boudin 

3 

65.51 
0.00 

22.12 
0.00 
0.00 
0.00 
2.98 
9.56 
0.00 
0.00 

100.17 

blastomylonite 
NB92-9079B 

1 

62.42 
0.00 
24.62 
0.20 
0.00 
0.15 
3.73 
7.56 
1.15 
0.12 

99.94 

s on the basis 

11.48 
4.57 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.56 
3.25 
0.00 

Mole proportions 

0.00 
0.77 
0.23 

0.00 
0.84 
0.16 

0.00 
0.85 
0.15 

11.05 
5.14 
0.00 
0.00 
0.00 
0.03 
0.00 
0.04 
0.71 
2.60 
0.26 

0.07 
0.73 
0.20 

2 

60.84 
0.00 

26.15 
0.57 
0.00 
0.18 
3.51 
6.27 
1.52 
0.00 

99.04 

of 32 

10.85 
5.50 
0.00 
0.00 
0.00 
0.09 
0.00 
0.05 
0.67 
2.17 
0.35 

0.11 
0.68 
0.21 

3 

63.86 
0.00 

23.10 
0.37 
0.00 
0.19 
1.84 
6.21 
2.49 
0.00 

98.05 

oxygen. 

11.43 
4.88 
0.00 
0.00 
0.00 
0.06 
0.00 
0.05 
0.35 
2.16 
0.57 

0.19 
0.70 
0.12 

marble 
CW89-5 

1 

43.20 
0.00 
37.00 
0.00 
0.00 
0.00 

20.75 
0.00 
0.00 
0.00 

100.95 

7.94 
8.02 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
4.09 
0.00 
0.00 

0.00 
0.00 
1.00 

96B 
2 

42.99 
0.00 

37.31 
0.00 
0.00 
0.00 

20.62 
0.00 
0.00 
0.00 

100.92 

7.90 
8.09 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
4.06 
0.00 
0.00 

0.00 
0.00 
1.00 

CW89-629C 
1 

43.01 
0.00 

37.23 
0.00 
0.00 
0.00 

20.85 
0.14 
0.00 
0.00 

101.23 

7.90 
8.06 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
4.10 
0.05 
0.00 

0.00 
0.01 
0.99 

2 

43.26 
0.00 

37.40 
0.00 
0.00 
0.00 

20.52 
0.00 
0.00 
0.00 

101.18 

7.93 
8.08 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
4.03 
0.00 
0.00 

0,00 
0.00 
1.00 

Ashburn Formation 
mica schist 

CW90-767 
1 

64.41 
0.00 

22.32 
0.00 
0.00 
0.00 
3.34 
9.42 
0.11 
0.00 

99.60 

11.38 
4.65 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.63 
3.23 
0.03 

0.01 
0.83 
0.16 

2 

68.54 
0.00 
19.78 
0.00 
0.00 
0.00 
0.11 

11.40 
0.00 
0.00 

99.83 

11.97 
4.07 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.02 
3.86 
0.00 

0.00 
1.00 
0.00 

3 

65.83 
0.00 

23.o; 
0.00 
0.00 
0.00 
3.40 
8.51 
0.05 
0.00 

100.80 

11.43 
4.71 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.63 
2.87 
0.01 

0.00 
0.82 
0.18 

4 

66.42 
0.00 

21.02 
0.00 
0.00 
0.00 
2.22 

10.19 
0.00 
0.00 

99.85 

11.66 
4.35 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.42 
3.47 
0.00 

0.00 
0.89 
0.11 

u 
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APPENDIX D. Continued. 

Table D.2. Plagioclase analyses. 

Ashburn 
Formation 

Rock mica schist 
Sample CW90-767 

5 6 

Hs—nndvale metamorphic unit 
mica schist 
NB87-4090 NB87-4107 CW88-115A 

1 2 1 2 1 2 

Si02 
TiOj 
Alp3 
FeO 
MnO 
MgO 
CaO 
Nap 
Kp 
crp3 
TOTAL 

Si 
Al" 
Al* 
Ti 
cr 
Fe 
Mn 
Mg 
Ca 
Na 
K 

Or 
Ab 
An 

66.02 
0.00 

21.56 
0.00 
0.00 
0.00 
1.67 
9.75 
0.09 
0.00 

99.09 

Number 

11.64 
4.48 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.32 
3.33 
0.02 

62.56 
0.00 

24.69 
0.00 
0.00 
0.00 
4.88 
8.09 
0.10 
0.00 

100.32 

67.53 
0.00 

20.06 
0.02 
0.00 
0.00 
0.40 
12.02 
0.22 
0.00 

100.25 

61.49 
0.00 

24.80 
0.03 
0.00 
0.00 
6.00 
8.69 
0.09 
0.00 

101.10 

of ions on the basis 

11.01 
5.12 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.92 
2.76 
0.02 

11.82 
4.14 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.08 
4.08 
Q.05 

Mole proportions 

0.01 
0.91 
0.09 

0.01 
0.75 
0.25 

0.01 
0.97 
0.02 

10.82 
5.15 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.13 
2.97 
0.02 

0.01 
0.72 
0.28 

60.91 
0.00 

24.71 
0.00 
0.00 
0.00 
6.32 
8.33 
0.19 
0.00 

100.45 

of 32 

10.80 
5.17 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.20 
2.86 
0.04 

0.01 
0.70 
0.29 

68.87 
0.00 
19.83 
0.02 
0.00 
0.00 
0.09 
12.76 
0.00 
0.00 

101.57 

oxygen. 

11.89 
4.04 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.02 
4.27 
0.00 

0.00 
1.00 
0.00 

68.61 
0.00 
19.79 
0.00 
0.00 
0.00 
0.25 
11.32 
0.00 
0.00 

100.17 

11.98 
4.06 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.05 
3.82 
0.00 

0.00 
0.99 
0.01 

69.29 
0.00 
19.77 
0.00 
0.00 
0.00 
0.12 
10.31 
0.14 
0.00 
99.63 

12.07 
4.06 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.02 
3.48 
0.03 

0.01 
0.99 
0.01 

68.90 
0.00 

19.47 
0.00 
0.00 
0.00 
0.13 
10.00 
0.10 
0.00 

98.60 

12.11 
4.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.02 
3.41 
0.02 

0.01 
0.99 
0.01 

68.80 
0.00 

19.72 
0.00 
0.00 
0.00 
0.11 
11.10 
0.00 
0.00 

99.73 

12.01 
4.06 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.02 
3.76 
0.00 

0.00 
1.00 
0.01 

UI 



APPENDIX D. Continued. 

Table D.3. Potassium feldspar analyses. 

Rock 
Sample 

S i 0 2 

TiOj 
A l A 
FeO 
MnO 
MgO 
CaO 
N a p 
KjO 
C r A 
TOTAL 

S i 
A l " 
A l * 
T i 
C r 
F e 
Mn 
Mg 
Ca 
Na 
K 

O r 
Ab 
An 

B r o o k v i l l e Gneiaa 
m i g m a t i t e 
CW88-181C 

1 

6 4 . 1 9 
0 . 0 1 

1 8 . 2 9 
0 . 0 1 
0 . 0 1 
0 . 0 0 
0 . 0 0 
1 .08 

1 4 . 4 4 
0 . 0 0 

9 8 . 0 3 

Number 

1 2 . 0 1 
4 . 0 4 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 3 9 
3 . 4 5 

2 

6 2 . 7 4 
0 . 0 0 

1 8 . 8 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 5 0 

1 5 . 8 0 
0 . 0 0 

9 7 . 9 3 

3 

6 3 . 6 1 
0 . 0 0 

1 8 . 9 2 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 7 8 

1 5 . 4 7 
0 . 0 0 

9 8 . 7 8 

p a r a g n e i a s 
CW89-569 

1 

6 4 . 9 0 
0 . 0 1 

1 8 . 9 4 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 3 
1 .07 

1 4 . 8 0 
0 . 0 0 

9 9 . 7 5 

o f i o n s o n t h e b a s i s 

1 1 . 8 5 
4 . 2 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 8 
3 . 8 1 

1 1 . 8 8 
4 . 1 7 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 2 8 
3 . 6 9 

Mole p r o p o r t i o n 

0 . 9 0 
0 . 1 0 
0 . 0 0 

0 . 9 5 
0 . 0 5 
0 . 0 0 

0 . 9 3 
0 . 0 7 
0 . 0 0 

1 1 . 9 5 
4 . 1 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 3 8 
3 . 4 8 

0 . 9 0 
0 . 1 0 
0 . 0 0 

2 

6 5 . 1 1 
0 . 0 0 

1 8 . 8 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 8 8 

1 5 , 6 9 
0 . 0 0 

1 0 0 . 5 7 

o f 32 

1 1 . 9 4 
4 . 0 8 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 3 1 
3 . 6 7 

0 . 9 2 
0 . 0 8 
0 . 0 0 

o r t h o g n e i s s 
CW88-132A 

1 

6 5 . 1 1 
0 . 0 4 

1 8 . 4 3 
0 . 0 9 
0 . 0 1 
0 . 0 0 
0 . 0 2 
0 . 9 8 

1 5 . 1 8 
0 . 0 0 

2 

6 6 . 2 7 
0 . 0 3 

1 8 . 4 1 
0 . 0 5 
0 . 0 0 
0 . 0 1 
0 . 0 4 
0 . 7 1 

1 5 . 6 1 
0 . 0 0 

3 

6 5 . 9 5 
0 . 0 2 

1 8 . 5 5 
0 . 0 6 
0 . 0 0 
0 . 0 1 
0 . 0 5 
0 . 9 8 

1 5 . 3 9 
0 . 0 0 

4 

6 5 . 7 0 
0 . 0 4 

1 8 . 2 6 
0 . 0 6 
0 . 0 3 
0 . 0 1 
0 . 0 0 
0 . 8 7 

1 5 . 4 2 
0 . 0 0 

CW88-178 
1 

6 8 . 1 3 
0 . 0 3 

1 8 . 1 4 
0 . 0 8 
0 . 0 1 
0 . 0 1 
0 . 0 0 
0 . 1 6 

1 6 . 6 3 
0 . 0 0 

2 

6 8 . 2 7 
0 . 0 0 

1 8 . 0 8 
0 . 0 4 
0 . 0 1 
0 . 0 1 
0 . 0 0 
0 . 1 9 

1 6 . 2 4 
0 . 0 0 

3 

6 7 . 0 6 
0 . 0 4 

1 8 . 3 3 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 2 5 

1 6 . 4 1 
0 . 0 0 

99.86 101.13 101.01 100.39 103.19 102.84 102.10 

oxygen. 

12.01 12.06 12.02 12.05 12.17 12.20 12.11 
4 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 3 5 
3 . 5 7 

0 . 9 1 
0 . 0 9 
0 . 0 0 

3 . 9 5 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 2 5 
3 . 6 2 

0 . 9 3 
0 . 0 7 
0 . 0 0 

3 . 9 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 3 5 
3 . 5 8 

0 . 9 1 
0 . 0 9 
0 . 0 0 

3 . 9 5 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 3 1 
3 . 6 1 

0 . 9 2 
0 . 0 8 
0 . 0 0 

3 . 8 2 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 6 
3 . 7 9 

0 . 9 9 
0 . 0 1 
0 . 0 0 

3 . 8 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 7 
3 . 7 0 

0 . 9 8 
0 . 0 2 
0 . 0 0 

3 . 9 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 9 
3 . 7 8 

0 . 9 8 
0 . 0 2 
0 . 0 0 

CD 



APPENDIX D. Cont inued . 

Table D 

Hock 
Sample 

Si02 
Ti02 
AlPj 
Feb 
Mno 
MgO 
CaO 
Nap 
Kp 
Crp3 
TOTAL 

Si 
Al" 
Al* 
Ti 
Cr 
Fe 
Mn 
Mg 
Ca 
Na 
K 

Or 
Ab 
An 

3. Potassium 

Brookville On 
orthogneiss 
CW88-181A 

1 

66.35 
0.04 
18.44 
0.09 
0.01 
0.00 
0.00 
0.73 
15.77 
0.00 

101.43 

Number 

12.05 
3.95 
0.00 
0.00 
0.00 
0.01 
0.00 
0.00 
0.00 
0.26 
3.66 

2 

66.06 
0.03 
18.39 
0.00 
0.00 
0.00 
0.00 
0.74 
15.75 
0.00 

100.97 

ieldspai 

eisa 

3 

66.51 
0.05 
18.47 
0.09 
0.00 
0.01 
0.00 
0.80 
15.53 
0.00 

101.46 

: analy aes. 

CW89-629A 
1 

65.26 
0.02 
18.31 
0.02 
0.00 
0.00 
0.00 
0.78 
15.50 
0.00 

99.89 

of ions on the basis 

12.05 
3.96 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.26 
3.67 

12.06 
3.95 
0.00 
0.00 
0.00 
0.01 
0.00 
0.00 
0.00 
0.28 
3.59 

Mole proportions 

0.93 
0.07 
0.00 

0.93 
0.07 
0.00 

0.93 
0.07 
0.00 

12.03 
3.98 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.28 
3.65 

0.93 
0.07 
0.00 

2 

64.98 
0.03 
18,58 
0.06 
0.00 
0.01 
0.00 
0.72 
15.66 
0.00 

100.04 

of 32 

11.98 
4.04 
0.00 
0.00 
0.00 
0.01 
0.00 
0.00 
0.00 
0.26 
3.68 

0.94 
0.07 
0.00 

3 

65.54 
0.00 
18.50 
0.03 
0.00 
0.00 
0.00 
0.76 
15.97 
0.00 

100.80 

oxygen. 

12,00 
3.99 
0.00 
0.00 
0.00 
0.01 
0.00 
0.00 
0.00 
0.27 
3.73 

0.93 
0.07 
0.00 

paragneissic 
CW89-662A 

1 

67.42 
0.00 
18.90 
0.00 
0.00 
0.00 
0.00 
1.58 

14.36 
0.00 

102.26 

12.06 
3.98 
0,00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.55 
3.28 

0.86 
0.14 
0.00 

2 

66.19 
0.00 
18.88 
0.00 
0.00 
0.00 
0.00 
0.93 
15.65 
0.00 

101.65 

11.99 
4.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.33 
3.62 

0.92 
0.08 
0.00 

boudin 

3 

67.46 
0.00 
18.77 
0.00 
0.00 
0.00 
0.00 
1.65 

14.28 
0.00 

102.16 

12.07 
3.96 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.57 
3.26 

0.85 
0.15 
0.00 

marble 
CW89-596B 

1 

64.21 
0.00 
17.48 
0.00 
0.00 
0.00 
0.05 
0.42 
16.10 
0.01 

98.27 

12.08 
3.88 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.15 
3.87 

0.96 
0.04 
0.00 

2 

66.26 
0.00 
17.25 
0.00 
0.00 
0.00 
0.06 
0.43 
16.41 
0.00 

100.41 

12.19 
3.74 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.15 
3.85 

0.96 
0.04 
0.00 

CW89-629C 
1 

65.30 
0.00 

17.31 
0.00 
0.00 
0.00 
0.04 
0.41 
16.30 
0.00 
99.36 

12.15 
3.80 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.15 
3.87 

0.96 
0.04 
0.00 

u> 
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APPENDIX D. Continued. 

Table D. 

Rock 
Sample 

SiC^ 
TiOj 
Alp3 

FeO 
MnO 
MgO 
CaO 
Nap 
Kp 
Crp3 
TOTAL 

Si 
Al" 
Al* 
Ti 
Cr 
Fe 
Mn 
Mg 
Ca 
Na 
K 

4. Amphibole analyses 

Brookville Gneiaa 
marble 
CW89-596B 

1 

52.44 
0.12 
5.93 
9.53 
0.03 
16.48 
12.26 
0.74 
0.47 
0.02 

98.02 

Number 

7.43 
0.57 
0.42 
0.01 
0.00 
1.13 
0.00 
3.48 
1.86 
0.20 
0.09 

Mg/Mg+Fe 0.76 

2 

56.24 
0.08 
2.61 
7.61 
0.00 
18.73 
12.53 
0.33 
0.08 
0.01 

98.42 

3 

58.22 
0.00 
1.67 
6.92 
0.00 

19.55 
12.64 
0.17 
0.00 
0.00 

99.17 

• 

4 

56.79 
0.04 
2.03 
8.12 
0.00 

18.87 
12.62 
0.25 
0.07 
0.02 

93.81 

of ions on the basis 

7.81 
0.19 
0.27 
0.01 
0.00 
0.88 
0.00 
3.88 
1.86 
0.09 
0.01 

0.81 

7.97 
0.03 
0.24 
0.00 
0.00 
0.79 
0.00 
3.99 
1.85 
0.05 
0.00 

0.83 

7.87 
0.13 
0.20 
0.00 
0.00 
0.94 
0.00 
3.90 
1.87 
0.07 
0.01 

0.81 

5 

53.52 
0.21 
5.23 
8.82 
0.01 

17.17 
12.34 
0.68 
0.29 
0.02 

98.29 

of 23 

7.52 
0.48 
0.39 
0.02 
0.00 
1.04 
0.00 
3.60 
1.86 
0.19 
0.05 

0.78 

6 

59.05 
0.00 
0.69 
6.38 
0.01 
20.34 
12.75 
0.08 
0.00 
0.00 

99.30 

oxygen. 

8.05 
0.00 
0.16 
0.00 
0.00 
0.73 
0.00 
4.13 
1.86 
0.02 
0.00 

0.85 

7 

55.00 
0.08 
3.44 
8.30 
0.00 

18.22 
12.51 
0.43 
0.15 
0.03 

98.16 

7.70 
0.30 
0.27 
0.01 
0.00 
0.97 
0.00 
3.80 
1.88 
0.12 
0.03 

0.80 

8 

55.64 
0.07 
3.46 
7.97 
0.01 
18.19 
12.50 
0.42 
0.15 
0.03 

98.44 

7.75 
0.25 
0.31 
0.01 
0.00 
0.93 
0.00 
3.77 
1.87 
0.11 
0.03 

0.80 

9 

58.06 
0.00 
1.13 
8.63 
0.04 
18.46 
12.71 
0.09 
0.00 
0.00 

99.12 

8.02 
0.00 
0.20 
0.00 
0.00 
1.00 
0.01 
3.80 
1.88 
0.02 
0.00 

0.79 

10 

55.62 
0.04 
3.43 
8.16 
0.02 

17.98 
12.66 
0.39 
0.13 
0.06 

98.49 

7.75 
0.25 
0.31 
0.00 
0.01 
0.95 
0.00 
3.73 
1.89 
0.11 
0.02 

0.80 

11 

56.62 
0.05 
1.85 
9.85 
0.00 

17.54 
12.50 
0.25 
0.02 
0.03 

98.71 

7.91 
0.09 
0.21 
0.01 
0.00 
1.15 
0.00 
3.65 
1.87 
0.07 
0.00 

0.76 

12 

56.08 
0.00 
3.13 
8.01 
0.00 

18.32 
12.53 
0.37 
0.07 
0.00 

98.51 

7.79 
0.21 
0.31 
0.00 
0.00 
0.93 
0.00 
3.79 
1.87 
0.10 
0.01 

0.80 

a> 
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APPENDIX D. Continued. 

Table D.4. Amphibole analyses. 

Brookville Gneiaa 
Rock marble 
Sample CW89-598C CW89-629C 

1 2 3 1 2 3 

S i O z 

T i 0 2 

A l A 
FeO 
MnO 
MgO 
CaO 
N a p 
K p 
C r p 3 
TOTAL 

S i 
A l " 
A l * 
T i 
Cr 
F e 
Mn 
Mg 
Ca 
Na 
K 

Mg/Mg+Fe 

5 9 . 3 6 
0 . 0 0 
0 . 3 5 
0 . 6 3 
0 . 0 0 

2 4 . 4 1 
1 2 . 6 3 

0 . 1 4 
0 . 0 0 
0 . 0 0 

9 8 . 0 2 

Number 

8 . 0 6 
0 . 0 0 
0 . 1 1 
0 . 0 0 
0 . 0 0 
0 . 0 7 
0 . 0 0 
4 . 9 0 
1 . 8 2 
0 . G 4 
0 . 0 0 

0 . 9 9 

5 9 . 5 4 
0 . 0 9 
0 . 7 3 
0 . 6 3 
0 . 0 0 

2 4 . 1 4 
1 3 . 0 7 

0 . 2 8 
0 . 0 0 
0 . 0 1 

9 8 . 4 9 

5 7 . 9 4 
0 . 1 1 
1 . 7 7 
0 . 7 1 
0 . 0 0 

2 3 . 5 3 
1 2 . 8 2 

0 . 5 1 
0 . 0 0 
0 . 0 4 

9 7 . 4 3 

5 5 . 4 8 
0 . 0 0 
4 . 1 3 
1 . 0 1 
0 . 0 0 

2 3 . 6 5 
1 4 . 2 7 

0 . 6 0 
0 . 1 0 
0 . 0 0 

9 9 . 2 4 

o f i o n s o n t h e b a s i s 

7 . 9 9 
0 . 0 1 
0 . 1 1 
0 . 0 1 
0 . 0 0 
0 . 0 7 
0 . 0 0 
4 . 8 3 
1 . 8 8 
0 . 0 7 
0 . 0 0 

0 , 9 9 

7 . 8 8 
0 . 1 2 
0 . 1 6 
0 . 0 1 
0 . 0 0 
0 . 0 8 
0 . 0 0 
4 . 7 7 
1 . 8 7 
0 . 1 3 
0 . 0 0 

0 . 9 6 

7 . 4 9 
0 . 5 1 
0 . 1 5 
0 . 0 0 
0 . 0 0 
0 . 1 1 
0 . 0 0 
4 . 7 6 
2 . 0 7 
0 . 1 6 
0 . 0 2 

0 . 9 8 

5 6 . 1 9 
0 . 0 0 
3 . 4 9 
1 . 4 1 
0 . 0 0 

2 3 . 8 5 
1 3 . 6 8 

0 . 4 8 
0 . 1 9 
0 . 0 0 

9 9 . 2 9 

o f 2 3 

7 . 5 8 
0 . 4 2 
0 . 1 3 
0 . 0 0 
0 . 0 0 
0 . 1 6 
0 . 0 0 
4 . 7 9 
1 . 9 8 
0 . 1 3 
0 . 0 3 

0 . 9 7 

5 1 . 8 8 
0 . 2 3 
5 . 9 6 
1 . 3 8 
0 . 0 0 

2 1 . 9 2 
1 5 . 3 3 

0 . 7 8 
0 . 2 1 
0 . 1 7 

9 7 . 8 7 

o x y g e n 

7 . I S 
0 . 8 1 
0 . 1 6 
0 . 0 2 
0 . 0 ' 
0 . 1 6 
0 . 0 0 
4 . 5 3 
2 . 2 8 
0 . 2 1 
0 . 0 4 

0 . 9 7 

I 

Ashburn Formation 
marble 
CW88-204 

4 1 2 3 4 5 

57.16 
0.00 
2.53 
1.18 
0.00 

24.58 
13.95 
0.44 
0.08 
0.00 

99.91 

7.65 
0.35 
0.05 
0.00 
0.00 
0.13 
0.00 
4.90 
2.00 
0.11 
0.01 

0.97 

53.91 
0.00 
3.52 
2.23 
0.00 

23.54 
13.67 
1.72 
0.08 
0.00 

98.66 

7.41 
0.57 
0.00 
0.00 
0.00 
0.26 
0.00 
4.82 
2.01 
0.46 
0.01 

0.95 

57.90 
0.00 
0.66 
1.89 
0.00 

24.46 
13.58 
0.59 
0.00 
0.00 

99.06 

7.83 
0.10 
0.00 
0.00 
0.00 
0.21 
0.00 
4.93 
1.97 
0.16 
0.00 

0.96 

54.25 
0.00 
3.19 
2.07 
0.00 

24.29 
13.10 
2.00 
0.10 
0.00 

98.99 

7.42 
0.51 
0.00 
0.00 
0.00 
0.24 
0.00 
4.95 
1.92 
0.53 
0.02 

0.95 

56.62 
0.00 
1.05 
1.67 
0.00 

24,79 
13.50 
1.14 
0.06 
0.00 

98.84 

7.70 
0.17 
0.00 
0.00 
0.00 
0.19 
0.00 
5.03 
1.97 
0.30 
0.01 

0.96 

58.26 
0.00 
0.51 
1.60 
0.00 

24.""I 
13.62 
0.51 
0.00 
0.00 

99.21 

7.85 
0.08 
0.00 
0.00 
0.00 
0.18 
0.00 
4.96 
1.97 
0.13 
0.00 

0.97 



APPENDIX D. Continued. 

Table D.4. Amphibole analyses. 

R o c k 
S a m p l e 

S i 0 2 

T i 0 2 

A l A 
FeO 
MnO 
Mgo 
CaO 
N a p 
K p 
C r p 3 

TOTAL 

S i 
A l " 
A l * 
T i 
Cr 
F e 
Mn 
Mg 
Ca 
Na 
K 

A s h b u r n F o r m a t i o n 
m a r b l e 
C W 9 0 - 7 6 4 

1 

5 3 . 7 8 
0 . 2 6 
3 . 7 5 
1 . 0 8 
0 . 0 0 

2 3 . 7 1 
1 3 . 5 8 

1 . 1 4 
0 . 1 1 
0 . 0 0 

9 7 . 4 1 

Number 

7 . 4 3 
0 . 5 7 
0 . 0 4 
0 . 0 3 
0 . 0 0 
0 . 1 2 
0 . 0 0 
4 . 8 8 
2 . 0 1 
0 . 3 0 
0 . 0 2 

2 

5 5 . 4 0 
0 . 2 0 
2 . 4 0 
0 . 9 5 
0 . 0 0 

2 4 . 3 3 
1 3 . 8 4 

0 . 9 3 
0 . 0 7 
0 . 0 0 

9 8 . 1 2 

3 

5 7 . 3 1 
0 . 1 8 
0 . 8 3 
0 . 8 5 
0 . 0 0 

2 4 . 9 4 
1 3 . 7 5 

0 . 5 0 
0 . 0 0 
0 . 1 5 

9 8 . 5 1 

4 

5 4 . 1 4 
0 . 2 6 
3 . 5 2 
1 . 0 3 
0 . 0 0 

2 4 . 2 5 
1 3 . 8 2 

1 . 2 5 
0 . 1 4 
0 . 0 0 

9 8 , 4 1 

o f i o n s o n t h e b a s i s 

7 . 5 3 
0 . 3 9 
0 . 0 0 
0 . 0 2 
0 . 0 0 
0 . 1 1 
0 . 0 0 
4 . 9 6 
2 . 0 3 
0 . 2 5 
0 . 0 1 

7 . 7 7 
0 . 1 3 
0 . 0 0 
0 . 0 2 
0 . 0 2 
0 . 1 0 
0 . 0 0 
5 . 0 4 
2 . 0 0 
0 . 1 3 
0 . 0 0 

7 . 4 1 
0 . 5 7 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 1 2 
0 . 0 0 
4 . 9 5 
2 . 0 3 
0 . 3 3 
0 . 0 2 

5 

5 3 . 1 6 
0 . 5 6 
4 . 2 5 
1 . 1 1 
0 . 0 0 

2 3 . 9 5 
1 3 . 8 4 

1 . 6 6 
0 . 1 5 
0 . 0 0 

9 8 . 6 9 

o f 2 3 

7 . 2 9 
0 . 6 9 
0 . 0 0 
0 . 0 6 
0 . 0 0 
0 . 1 3 
0 . 0 0 
4 . 8 9 
2 . 0 3 
0 . 4 4 
0 . 0 3 

6 

5 4 . 7 6 
0 . 1 8 
1 . 1 7 
0 . 4 6 
0 . 0 0 

2 3 . 1 2 
1 7 . 0 4 

0 . 1 3 
0 . 0 0 
0 . 0 0 

9 6 . 8 5 

o x y g e n . 

7 . 6 3 
0 . 1 S 
0 . 0 0 
0 . 0 2 
0 . 0 0 
0 . 0 5 
0 . 0 0 
4 . 8 0 
2 . 5 4 
0 . 0 4 
0 . 0 0 

C W 9 0 - 8 1 2 
1 

5 7 . 2 5 
0 . 2 5 
1 . 8 1 
0 . 4 4 
0 . 0 0 

2 4 . 8 0 
1 4 . 2 8 

0 . 1 4 
0 . 0 0 
0 . 0 0 

9 8 . 9 8 

7 . 7 1 
0 . 2 9 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 0 5 
0 . 0 0 
4 . 9 8 
2 . 0 6 
0 . 0 4 
0 . 0 0 

2 

5 4 . 4 0 
0 . 1 5 
1 . 6 0 
0 . 8 2 
0 . 0 0 

2 3 . 8 8 
1 0 . 4 3 

0 . 1 5 
0 . 0 0 
0 , 0 0 

9 1 . 4 4 

7 . 8 5 
0 . 1 5 
0 . 1 2 
0 . 0 2 
0 . 0 0 
0 . 1 0 
0 . 0 0 
5 . 1 3 
1 . 6 1 
0 . 0 4 
0 . 0 0 

3 

5 5 . 9 9 
0 . 1 9 
3 . 7 5 
0 . 3 1 
0 . 0 0 

2 4 . 1 9 
1 4 . 0 9 

0 . 4 6 
0 . 1 2 
0 . 0 0 

9 9 . 1 0 

7 . 5 4 
0 . 4 6 
0 . 1 3 
0 . 0 2 
0 . 0 0 
0 . 0 3 
0 . 0 0 
4 . 8 5 
2 . 0 3 
0 . 1 2 
0 . 0 2 

4 

5 7 . 3 6 
0 . 1 7 
1 . 4 4 
0 . 6 4 
0 . 0 0 

2 4 . 2 9 
1 4 . 0 6 

0 . 2 2 
0 . 1 5 
0 . 0 0 

9 8 . 3 0 

7 . 7 8 
0 . 2 2 
0 . 0 1 
0 . 0 2 
0 . 0 0 
0 . 0 7 
0 . 0 0 
4 . 9 1 
2 . 0 4 
0 . 0 6 
0 . 0 3 

Mg/Mg+Fe 0.98 0.98 0.98 0.98 0.98 0.99 0.99 0.98 0.99 0.99 

to 
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Table D.5. Clinopyroxene analyses. 

R o c k 

S a m p l e 

S i 0 2 

T i O j 

A l A 
FeO 
MnO 
MgO 
CaO 
N a p 
K p 
C r p 3 

TOTAL 

S i 
A l " 
A l * 
T i 
c r 
F e 
Mn 
Mg 
Ca 
Na 
K 

Wo 
En 
F s 

B r o o k v i l l e G n e i a a 
m a r b l e 

C W 8 9 - 5 9 6 B 
1 

5 1 . 0 4 
1 . 0 3 
5 . 0 5 
0 . 9 0 
0 . 1 6 

1 6 . 8 0 
2 6 . 3 7 

0 . 0 0 
0 . 0 0 
0 . 0 0 

1 0 1 . 3 5 

N u m b e r 

1 . 8 4 
0 . 1 6 
0 . 0 5 
0 . 0 3 
0 . 0 0 
0 . 0 3 
0 . 0 1 
0 . 9 0 
1 . 0 2 
0 . 0 0 
0 . 0 0 

2 

4 9 . 0 8 
1 . 5 5 
5 . 4 6 
1 . 0 6 
0 . 0 0 

1 6 . 1 2 
2 7 . 3 6 

0 . 0 0 
0 . 0 0 
0 . 0 0 

1 0 0 . 6 3 

CW89-
5 9 8 C 

1 

5 4 . 0 1 
O.OC 
1 . 2 7 
1 . 2 0 
0 . 0 0 

1 8 . 5 0 
2 5 . 5 8 

0 . 0 0 
0 . 0 0 
0 . 0 0 

1 0 0 . 5 6 

C W 8 9 - 6 2 9 C 
1 

5 3 . 6 4 
0 . 2 2 
1 . 6 0 
1 . 0 4 
0 . 0 0 

1 8 . 9 9 
2 5 . 0 1 

0 . 0 0 
0 . 0 0 
0 . 1 5 

1 0 0 . 6 4 

o f i o n s o n t h e b a s i s 

1 . 7 9 
0 . 2 1 
0 . 0 3 
0 . 0 4 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 8 8 
1 . 0 7 
0 . 0 0 
0 . 0 0 

1 . 9 5 
0 . 0 5 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 4 
0 . 0 0 
1 . 0 0 
0 . 9 9 
0 . 0 0 
0 . 0 0 

M o l e p r o p o r t i o n s 

0 . 4 9 
0 . 4 9 
0 . 0 2 

0 . 5 1 
0 . 4 7 
0 . 0 2 

0 . 4 8 
0 . 5 0 
0 . 0 2 

1 . 9 3 
0 . 0 7 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 3 
0 . 0 0 
1 . 0 2 
0 . 9 7 
0 . 0 0 
0 . 0 0 

0 . 4 7 
0 . 5 2 
0 . 0 2 

2 

5 4 . 8 1 
0 . 0 0 
0 . 9 9 
1 . 2 0 
0 . 0 0 

1 8 . 2 0 
2 6 . 5 8 

0 . 0 0 
0 . 0 0 
0 . 1 7 

1 0 1 . 9 4 

A s h b u r n Forma 
m a r b l e 

C W 8 8 - 2 0 4 
1 

5 4 . 7 8 
0 . 0 0 
0 , 2 9 
1 . 5 6 
0 . 0 0 

1 8 . 4 3 
2 6 . 2 3 

0 . 2 0 
0 . 0 0 
0 . 0 0 

1 0 1 . 4 8 

o f 6 o x y g e n . 

1 . 9 6 
0 . 0 4 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 4 
0 . 0 0 
0 . 9 7 
1 . 0 2 
0 . 0 0 
0 . 0 0 

0 . 5 0 
0 . 4 9 
0 . 0 2 

1 . 9 7 
0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 5 
0 . 0 0 
0 . 9 9 
1 . 0 1 
0 . 0 1 
0 . 0 0 

0 . 5 0 
0 . 4 9 
0 . 0 2 

2 

5 4 . 9 4 
0 . 2 3 
0 . 9 4 
1 . 6 2 
0 . 0 0 

1 8 . 0 4 
2 6 . 2 9 

0 . 3 0 
0 . 0 0 
0 . 0 0 

1 0 2 . 3 5 

1 . 9 6 
0 . 0 4 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 5 
0 . 0 0 
0 . 9 6 
1 . 0 0 
0 . 0 2 
0 . 0 0 

0 . 5 0 
0 . 4 9 
0 . 0 1 

t i o n 

3 

5 4 . 3 5 
0 . 0 0 
1 . 1 1 
1 .86 
0 . 0 0 

1 8 . 1 6 
2 5 . 8 3 

0 . 2 8 
0 . 0 0 
0 . 0 0 

1 0 1 . 5 9 

1 .95 
0 . 0 5 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 6 
0 . 0 0 
0 . 9 7 
0 . 9 9 
0 . 0 2 
0 . 0 0 

0 . 4 9 
0 . 4 9 
0 . 0 2 

4 

5 5 . 2 6 
0 . 0 0 
0 . 4 6 
1 .43 
0 . 0 0 

1 8 . 4 6 
2 6 . 3 5 

0 . 3 1 
0 . 0 0 
0 . 0 0 

1 0 2 . 2 6 

1.97 
0 . 0 2 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 4 
0 . 0 0 
0 . 9 8 
1 . 0 1 
0 . 0 2 
0 . 0 0 

0 . 5 0 
0 . 4 9 
0 . 0 1 

5 

5 5 . 3 7 
0 . 0 0 
0 . 0 0 
1 .36 
0 . 1 3 

1 8 . 7 2 
2 6 . 0 8 

0 . 2 8 
0 . 0 0 
0 . 0 0 

1 0 1 . 9 4 

1 .98 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 4 
0 . 0 0 
1 .00 
1 .00 
0 . 0 2 
0 . 0 0 

0 . 4 9 
0 . 4 9 
0 . 0 1 
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Table D.6. Garnet analyses. 

Rock 
Sample 

SiOj 
TiOj 
AIP3 
FeO 
MnO 
MgO 
CaO 
Nap 
K p 
Crp3 
TOTAL 

Si 
Al" 
Al* 
Ti 
Cr 
Fe5 

Fe2 

Mn 
Mg 
Ca 
Na 

Aim 
Sp 
Py 
Gr 
And 

Brookville Gneiss 
blastomylonite 

NB92-9079B 
lc 

36.94 
0.00 

20.92 
37.44 
0.00 
2.93 
1.47 
0.24 
0.00 
0.00 

99.94 

Number 

5.95 
0.05 
3.92 
0.00 
0.00 
0.20 
4.84 
0.00 
0.70 
0.25 
0.07 

2c 

36.99 
0.00 

20.97 
37.33 
0.21 
3.04 
1.18 
0.24 
0.00 
0.00 
99.95 

3c 

37.00 
0.00 

21.14 
38.11 
0.17 
3.17 
0.97 
0.23 
0.00 
0.00 

100.79 

4c 

36.B7 
0.00 

21.28 
37.93 
0.19 
2.71 
1.40 
0.31 
0.00 
0.00 

100.67 

of ions on the basis 

5.96 
0.04 
3.94 
0.00 
0.00 
0.18 
4.85 
0.03 
0.73 
0.20 
0.07 

5.91 
0.09 
3.89 
0.00 
0.00 
0.27 
4.83 
0.02 
0.75 
0.17 
0.07 

Hole proportions 

0.84 
0.00 
0.12 
0.01 
0.03 

0.84 
0.00 
0.12 
0.01 
0.03 

0.84 
0.00 
0.13 
0.00 
0.03 

5.90 
0.10 
3.92 
0.00 
0.00 
0.28 
4.80 
0.03 
0.65 
0.24 
0.10 

0.84 
0.00 
0.11 
0.01 
0.03 

4r 

36.88 
0.00 

21.37 
38.06 
0.38 
2.17 
1.44 
0.00 
0.00 
0.00 

100.29 

of 24 

5.96 
0.04 
4.03 
0.00 
0.00 
0.01 
5.14 
0.05 
0.52 
0.25 
0.00 

0.86 
0.01 
0.09 
0.04 
0.00 

5c 

36.90 
0.00 

20.98 
37.33 
0.00 
3.26 
1.13 
0.24 
0.00 
0.00 
99.85 

oxygen. 

5.94 
0.06 
3.92 
0.00 
0.00 
0.21 
4.81 
0.00 
0.78 
0.19 
0.07 

0.83 
0.00 
0.13 
0.00 
0.03 

5r 

36.68 
0.00 

20.64 
38.04 
0.16 
2.48 
1.35 
0.22 
0.00 
0.00 

99.59 

5.96 
0.04 
3.91 
0.00 
0.00 
0.20 
4.96 
0.02 
0.60 
0.23 
0.07 

0.85 
0.00 
0.10 
0.01 
0.03 

Hammondvale m 
mica e ichiat 
NB87-4090 

lc 

36.58 
0.07 
21.52 
26.32 
4.94 
0.94 
9.12 
0.00 
0.00 
0.06 
99.55 

5.89 
0.11 
3.97 
0.01 
0.01 
0.12 
3.43 
0.67 
0.23 
1.57 
0.00 

0.59 
0.11 
0.04 
0.26 
0.00 

lr 

37.12 
0.14 
21.45 
26.40 
3.05 
0.90 

11.27 
0.06 
0.00 
0.03 

100.42 

5.90 
0.10 
3.91 
0.02 
0.00 
0.17 
3.34 
0.41 
0.21 
1.92 
0.02 

0.58 
0.07 
0.04 
0.32 
0.00 

etamorphic un; 

CW88-115A 
1 

37.25 
0.00 

20.76 
25.96 
8.11 
1.74 
5.80 
0.24 
0.00 
0.00 

99.86 

5.99 
0.01 
3.92 
0.00 
0.00 
0.17 
3.32 
1.10 
0.42 
1.00 
0.07 

0.57 
0.19 
0.07 
0.13 
0.04 

2 

37.31 
0.00 

20.70 
26.02 
8.07 
1.79 
5.85 
0.21 
0.00 
0.00 

99.95 

5.99 
0.01 
3.91 
0.00 
0.00 
0.16 
3.33 
1.10 
0.42 
1.01 
0.07 

0.57 
0.19 
0.07 
0.13 
0.04 

c = core; r = rim ab 
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Table D.7. Muscovite analyses. 

Brookville Gneisa 
R o c k 
S a m p l e 

S i 0 2 

T i 0 2 

A l A 
FeO 
MnO 
MgO 
CaO 
N a p 
K p 
C r p 3 

TOTAL 

S i 
A l " 
A l * 
T i 
C r 
F e 
Mn 
Mg 
Ca 
Na 
K 

Muac 
P a r a 
Marg 

p a r a g n e i a a 
CW88-181C 

1 

4 7 . 1 8 
1 . 0 1 

3 3 . 5 6 
3 . 3 6 
0 . 0 0 
0 . 6 3 
0 . 0 0 
0 . 2 6 

1 0 . 5 1 
0 . 0 0 

9 6 . 5 1 

Number 

6 . 2 6 
1 . 7 5 
3 . 5 0 
0 . 1 0 
0 . 0 0 
0 . 3 7 
0 . 0 0 
0 . 1 2 
0 . 0 0 
0 . 0 7 
1 . 7 8 

2 

4 6 . 2 4 
0 . 9 4 

3 3 . 6 1 
3 . 4 6 
0 . 0 0 
0 . 6 2 
0 . 0 0 
0 32 

1 0 . 5 5 
0 . 0 6 

9 5 . 8 0 

3 

4 7 . 5 4 
1 . 2 5 

3 3 . 5 7 
3 . 2 2 
0 . 0 0 
0 . 5 8 
0 . 0 0 
0 . 2 5 
9 . 9 1 
0 . 0 0 

9 6 . 3 2 

m i g m a t i t e 
C W 8 8 - 2 1 8 

1 

4 8 . 6 9 
0 . 2 5 

3 4 . 1 5 
3 . 1 6 
0 . 0 0 
0 . 7 9 
0 . 0 0 
0 . 4 0 
9 . 8 1 
0 . 0 0 

9 7 . 2 5 

o f i o n s o n t h e b a s i s 

6 . 1 9 
1 . 8 1 
3 . 5 0 
0 . 1 0 
0 . 0 1 
0 . 3 9 
0 . 0 0 
0 . 1 2 
0 . 0 0 
0 . 0 8 
1 . 8 0 

6 . 2 8 
1 . 7 2 
3 . 5 2 
0 . 1 2 
0 . 0 0 
0 . 3 6 
0 . 0 0 
0 . 1 1 
0 . 0 0 
0 . 0 6 
1 . 6 7 

M o l e p r o p o r t i o n s 

0 . 9 6 
0 . 0 4 
0 . 0 0 

0 . 9 6 
0 . 0 4 
0 . 0 0 

0 . 9 6 
0 . 0 4 
0 . 0 0 

6 . 3 5 
1 . 6 5 
3 . 6 1 
0 . 0 3 
0 . 0 0 
0 . 3 5 
0 . 0 0 
0 . 1 5 
0 . 0 0 
0 . 1 0 
1 . 6 3 

0 . 9 4 
0 . 0 6 
0 . 0 0 

2 

4 7 . 6 1 
0 . 2 5 

3 4 . 3 3 
3 . 3 5 
0 . 0 0 
0 . 7 9 
0 . 0 0 
0 . 4 3 

1 0 . 2 9 
0 . 0 0 

9 7 . 0 5 

o f 2 2 

6 . 2 6 
1 . 7 4 
3 . 5 9 
0 . 0 3 
0 . 0 0 
0 . 3 7 
0 . 0 0 
0 . 1 6 
0 . 0 0 
0 . 1 1 
1 . 7 3 

0 . 9 4 
0 . 0 6 
0 . 0 0 

p a r a g n e i s s 
C W 8 9 - 6 4 4 

1 

4 7 . 9 8 
0 . 0 0 

3 5 . 0 7 
2 . 4 3 
0 . 0 0 
0 . 6 5 
0 . 0 0 
0 . 5 5 

1 0 . 0 1 
0 . 0 0 

9 6 . 6 9 

o x y g e n . 

6 . 2 9 
1 . 7 1 
3 . 7 0 
0 . 0 0 
0 . 0 0 
0 . 2 7 
0 . 0 0 
0 . 1 3 
0 . 0 0 
0 . 1 4 
1 . 6 7 

0 . 9 2 
0 . 0 8 
0 . 0 0 

2 

4 7 . 4 7 
0 . 8 8 

3 4 . 1 7 
2 . 4 3 
0 . 0 0 
0 . 6 4 
0 . 0 0 
0 . 4 8 
9 . 9 6 
0 . 0 0 

9 6 . 0 3 

6 . 2 7 
1 . 7 3 
3 . 6 0 
0 . 0 9 
0 . 0 0 
0 . 2 7 
0 . 0 0 
0 . 1 3 
0 . 0 0 
0 . 1 2 
1 . 6 8 

0 . 9 3 
0 . 0 7 
0 . 0 0 

Ashburn Formation 
p a r a g n e i s s i c b o u d i n m i c a a c h i a t 
CW89-662A CW90-767 

3 1 2 3 1 2 3 

4 8 . 1 8 
0 . 5 7 

3 4 . 9 2 
2 . 5 9 
0 . 0 0 
0 . 5 3 
0 . 0 0 
0 . 4 9 
9 . 9 5 
0 . 0 0 

9 7 . 2 3 

6 . 2 8 
1 . 7 2 
3 . 6 5 
0 . 0 6 
0 . 0 0 
0 . 2 8 
0 . 0 0 
0 . 1 0 
0 . 0 0 
0 . 1 2 
1 . 6 6 

0.93 
0 .07 
0.00 

4 7 . 9 2 
0 . 1 4 

3 6 . 4 7 
0 . 9 9 
0 . 0 0 
0 . 6 9 
0 . 0 0 
0 . 4 2 

1 0 . 3 0 
0 . 0 0 

9 6 . 9 3 

6 . 2 2 
1 . 7 8 
3 . 8 1 
0 . 0 1 
0 . 0 0 
0 . 1 1 
0 . 0 0 
0 . 1 3 
0 . 0 0 
0 . 1 1 
1 . 7 1 

0 . 9 4 
0 . 0 6 
0 . 0 0 

4 7 . 0 2 
0 . 0 3 

3 6 . 0 1 
0 . 9 3 
0 . 0 0 
0 . 6 6 
0 . 0 0 
0 . 3 5 

1 0 . 1 1 
0 . 0 0 

9 5 . 1 1 

6 . 2 2 
1 . 7 8 
3 . 8 4 
0 . 0 0 
0 . 0 0 
0.1Q 
0 . 0 0 
0 . 1 3 
0 . 0 0 
0 . 0 9 
1 . 7 1 

0.95 
0.05 
0 .00 

4 7 . 2 6 
0 . 0 3 

3 6 . 3 2 
1 . 0 2 
0 . 0 0 
0 . 6 2 
0 . 0 0 
0 . 3 8 
9 . 9 6 
0 . 0 0 

9 5 . 5 9 

6 . 2 2 
1 . 7 9 
3 . 8 5 
0 . 0 0 
0 . 0 0 
0 . 1 1 
0 . 0 0 
0 . 1 2 
0 . 0 0 
0 . 1 0 
1 . 6 7 

0 . 9 5 
0 . 0 5 
0 . 0 0 

47.28 
0.84 

3 5 . 4 6 
1 . 2 2 
0 . 0 0 
0 . 5 4 
0 . 0 0 
1 . 1 3 

1 0 . 1 7 
0 . 0 4 

9 6 . 6 8 

6 . 1 9 
1 . 8 1 
3 . 6 7 
0 . 0 8 
0 . 0 0 
0 . 1 3 
0 . 0 0 
0 . 1 1 
0 . 0 0 
0 . 2 9 
1 . 7 0 

0 . 8 6 
0 . 1 4 
0 . 0 0 

4 9 , 2 3 
0 . 4 9 

3 2 . 9 7 
1 . 8 3 
0 . 0 0 
1 . 3 8 
0 . 0 0 
0 . 5 0 

1 0 . 5 3 
0 . 0 0 

9 6 . 9 3 

6 . 4 4 
1 . 5 6 
3 . 5 2 
0 . 0 5 
0 . 0 0 
0 . 2 0 
0 . 0 0 
0 . 2 7 
0 . 0 0 
0 . 1 3 
1 . 7 6 

0.93 
0.07 
0 .00 

4 6 . 6 3 
1 . 1 1 

3 5 . 3 1 
1 . 1 4 
0 . 0 0 
0 . 5 7 
0 . 0 0 
0 . 9 5 

1 0 . 0 3 
0 . 0 5 

9 5 . 7 9 

6 . 1 6 
1 . 8 4 
3 . 6 6 
0 . 1 1 
0 . 0 1 
0 . 1 3 
0 . 0 0 
0 . 1 1 
0 . 0 0 
0 . 2 4 
1 . 6 9 

0 . 8 7 
0 . 1 3 
0 . 0 0 
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Table D.7. Muscovite analyses. 

Rock 
Sample 

S i 0 2 
TiOj 
A l A 
FeO 
MnO 
MgO 
CaO 
N a p 
K p 
C r A 
TOTAL 

S i 
A l " 
A l * 
T i 

cr 
F e 
Mn 
Mg 

ca 
Na 
K 

Or 
Ab 
An 

A s h b u r n F o r m a t i o n 
m i c a s c h i s t 
CW90-767 

4 

4 6 . 7 3 
1 . 1 6 

3 5 . 3 6 
1 . 2 5 
0 . 0 0 
0 . 4 7 
0 . 0 0 
1 . 1 5 
9 . 8 8 
0 . 0 5 

9 6 . 0 5 

Number 

6 . 1 6 
1 . 8 4 
3 . 6 5 
0 . 1 2 
0 . 0 1 
0 . 1 4 
0 . 0 0 
0 . 0 9 
0 . 0 0 
0 . 2 9 
1 . 6 6 

5 

4 7 . 2 5 
1 . 1 8 

3 5 . 2 5 
1 . 2 4 
0 . 0 0 
0 . 5 4 
0 . 0 0 
1 . 0 5 
9 . 8 2 
0 . 0 0 

9 6 . 3 3 

6 

4 6 . 9 5 
1 . 0 2 

3 4 . 8 1 
1 . 4 6 
0 . 0 0 
0 . 5 8 
0 . 0 0 
0 . 9 8 
9 . 8 2 
0 . 0 5 

9 5 . 6 7 

7 

4 6 . 8 6 
0 . 9 3 

3 4 . 0 7 
1 . 4 9 
0 . 0 0 
0 . 7 1 
0 . 0 0 
0 . 9 2 
9 . 6 0 
0 . 0 0 

9 4 . 5 8 

o f i o n s o n t h e b a s i s 

6 . 2 0 
1 . 8 0 
3 . 6 5 
0 . 1 2 
0 . 0 0 
0 . 1 4 
0 . 0 0 
0 . 1 1 
0 . 0 0 
0 . 2 7 
1 . 6 4 

6 . 2 1 
1 . 7 9 
3 . 6 4 
0 . 1 0 
0 . 0 1 
0 . 1 6 
0 . 0 0 
0 . 1 1 
0 . 0 0 
0 . 2 5 
1 . 6 6 

M o l e p r o p o r t i o n 

0 . 8 5 
0 . 1 5 
0 . 0 0 

0 . 8 6 
0 . 1 4 
0 . 0 0 

0 . 8 7 
0 . 1 3 
0 . 0 0 

6 . 2 6 
1 . 7 4 
3 . 6 3 
0 . 0 9 
0 . 0 0 
0 . 1 7 
0 . 0 0 
0 . 1 4 
0 . 0 0 
0 . 2 4 
1 . 6 4 

0 . 8 7 
0 . 1 3 
0 . 0 0 

8 

4 6 . 1 1 
1 . 3 5 

3 5 . 2 3 
1 . 2 2 
0 . 0 0 
0 . 4 6 
0 . 0 0 
0 . 8 1 
9 . 3 6 
0 . 0 0 

9 4 . 5 4 

o f 2 2 

6 . 1 5 
1 . 8 5 
3 . 6 9 
0 . 1 4 
0 . 0 0 
0 . 1 4 
0 . 0 0 
0 . 0 9 
0 . 0 0 
0 . 2 1 
1 . 5 9 

0 . 8 8 
0 . 1 2 
0 . 0 0 

F a m a o n d v a l e m 
m i c a s c h i s t 
N B 8 7 - 4 0 8 6 

1 

5 1 . 3 3 
0 . 1 9 

3 0 . 4 5 
1 . 9 8 
0 . 0 0 
3 . 0 2 
0 . 0 0 
0 . 3 0 
9 . 1 9 
0 . 0 0 

9 6 . 4 6 

o x y g e n . 

6 . 6 8 
1 . 3 2 
3 . 3 5 
0 . 0 2 
0 . 0 0 
0 . 2 2 
0 . 0 0 
0 . 5 9 
0 . 0 0 
0 . 0 8 
1 . 5 3 

0 . 9 5 
0 . 0 5 
0 . 0 0 

2 

5 1 . 3 9 
0 . 4 5 

3 2 . 8 3 
1 . 7 6 
0 , 0 0 
2 . 4 5 
0 . 0 0 
0 . 6 9 
8 . 5 1 
0 . 0 0 

9 8 . 0 8 

6 . 5 5 
1 . 4 6 
3 . 4 8 
0 . 0 4 
0 . 0 0 
0 . 1 9 
0 . 0 0 
0 . 4 7 
0 . 0 0 
0 . 1 7 
1 . 3 8 

0 . 8 9 
0 . 1 1 
0 . 0 0 

e t a m o r p 

3 

5 1 . 9 3 
0 . 0 7 

2 9 . 1 5 
1 . 8 6 
0 . 0 0 
3 . 1 5 
0 . 0 0 
0 . 4 4 
9 . 5 1 
0 . 0 0 

9 6 . 1 1 

6 . 7 9 
1 . 2 1 
3 . 2 8 
0 . 0 1 
0 . 0 0 
0 . 2 0 
0 . 0 0 
0 . 6 1 
0 . 0 0 
0 . 1 1 
1 . 5 9 

0 . 9 3 
0 . 0 7 
0 . 0 0 

h i e u n i 

4 

5 0 . 0 3 
0 . 4 3 

3 1 . 8 3 
1 . 6 1 
0 . 0 0 
2 . 2 4 
0 . 0 0 
0 . 7 4 
9 . 9 4 
0 . 0 3 

9 6 . 8 5 

6 . 5 2 
1 . 4 8 
3 . 4 1 
0 . 0 4 
0 . 0 0 
0 . 1 8 
0 . 0 0 
0 . 4 4 
0 . 0 0 
0 . 1 9 
1 . 6 5 

0 . 9 0 
0 . 1 0 
0 . 0 0 

t 

5 

5 1 . 8 7 
0 . 0 9 

2 8 . 0 7 
1 . 9 7 
0 . 0 0 
3 . 1 6 
0 . 0 0 
0 . 3 6 

1 0 . 1 9 
0 . 0 5 

9 5 . 7 6 

6 . 8 4 
1 . 1 6 
3 . 2 1 
0 . 0 1 
0 . 0 1 
0 . 2 2 
0 . 0 0 
0 . 6 2 
0 . 0 0 
0 . 0 9 
1 . 7 2 

0 . 9 5 
0 . 0 5 
0 . 0 0 

N B 8 7 - 4 0 9 0 
1 

4 7 . 9 7 
0 . 5 5 

3 1 . 2 7 
3 . 5 5 
0 . 0 0 
1 . 7 5 
0 . 0 0 
0 . 7 9 
9 . 9 9 
0 . 0 1 

9 5 . 8 8 

6 . 4 0 
1 . 6 0 
3 . 3 3 
0 . 0 6 
0 . 0 0 
0 . 4 0 
0 . 0 0 
0 . 3 5 
0 . 0 0 
0 . 2 0 
1 . 7 0 

0 . 8 9 
0 . 1 1 
0 . 0 0 

2 

4 8 . 8 4 
0 . 3 7 

3 1 . 2 8 
3 . 4 1 
0 . 0 0 
1 . 8 0 
0 . 0 0 
0 . 6 0 

1 0 . 1 7 
0 . 0 0 

9 6 . 4 7 

6 . 4 7 
1 . 5 3 
3 . 3 5 
0 . 0 4 
0 . 0 0 
0 . 3 8 
0 . 0 0 
0 . 3 6 
0 . 0 0 
0 . 1 5 
1 . 7 2 

0 . 9 2 
0 . 0 8 
0 . 0 0 

3 

4 8 . 9 2 
0 . 4 4 

3 1 . 8 1 
3 . 3 2 
0 . 0 0 
1 . 5 8 
0 . 0 0 
0 . 5 4 

1 0 . 7 6 
0 . 0 3 

9 7 . 4 0 

6 . 4 3 
1 . 5 7 
3 . 3 6 
0 . 0 4 
0 . 0 0 
0 . 3 7 
0 . 0 0 
0 . 3 1 
0 . 0 0 
0 . 1 4 
1 . 8 1 

0 . 9 3 
0 . 0 7 
0 . 0 0 

4 

4 9 . 2 9 
0 . 5 1 

3 1 . 0 1 
3 . 6 5 
0 . 0 0 
1 . 8 1 
0 . 0 0 
0 . 7 2 

1 0 . 4 2 
0 . 0 0 

9 7 . 4 1 

6 . 4 8 
1 . 5 2 
3 . 2 9 
0 . 0 5 
0 . 0 0 
0 . 4 0 
0 . 0 0 
0 . 3 6 
0 . 0 0 
0 . 1 8 
1 . 7 5 

0 . 9 0 
0 . 1 0 
0 . 0 0 

Ov 



APPENDIX D. C o n t i n u e d . 

Table D. 

Rock 
Sample 

Si02 
Ti02 
Alp, 
FeO 
MnO 
MgO 
CaO 
Nap 
Kp 
Crp, 
TOTAL 

Si 
Al" 
Al* 
Ti 
Cr 
Fe 
Mn 
Mg 
Ca 
Na 
K 

>r 
Ab 
An 

.7. Muscovite i analyses • 

Hammondvale metamorphic unit 
mica ai chiat 
NB87-4090 

5 

49.00 
0.49 

32.80 
3.70 
0.00 
1.73 
0.00 
0.50 
9.26 
0.00 

97.48 

Number 

6.39 
1.61 
3.43 
0.05 
0.00 
0.40 
0.00 
0.34 
0.00 
0.13 
1.54 

6 

49.18 
0.48 

33.34 
3.56 
0.00 
1.69 
0.00 
1.08 
8.50 
0.00 

97.83 

7 

46.81 
0.53 

33.70 
3.19 
0.00 
0.92 
0.00 
0.66 
10.16 
0.00 

95.97 

8 

49.05 
0.45 

31.77 
3.20 
0.00 
1.49 
0.00 
0.51 
10.42 
0.04 

96.93 

of ions on the basis 

6.36 
1.64 
3.45 
0.05 
0.00 
0.39 
0.00 
0.33 
0.00 
0.27 
1.40 

6.24 
1.77 
3.53 
0.05 
0.00 
0.36 
0.00 
0.18 
0.00 
0.17 
1.73 

Mole proportion 

0.92 
0.08 
0.00 

0.84 
0.16 
0.00 

0.91 
0.09 
0.00 

6.46 
1.54 
3.39 
0.05 
0.00 
0.35 
0.00 
0.29 
0.00 
0.13 
1.75 

0.93 
0.07 
0.00 

NB87-4107 
1 

50.90 
0.38 

28.03 
3.97 
0.01 
2.63 
0.00 
0.13 
11.19 
0.00 

97.24 

of 22 

6.73 
1.27 
3.10 
0.04 
0.00 
0.44 
0.00 
0.52 
0.00 
0.03 
1.89 

0.98 
0.02 
0.00 

2 

49.84 
0.30 

28.32 
3.72 
0.00 
2.46 
0.00 
0.23 
11.10 
0.01 

95.98 

oxygen. 

6.67 
1.33 
3.14 
0.03 
0.00 
0.42 
0.00 
0.49 
0.00 
0.06 
1.90 

0.97 
0.03 
0.00 

3 

50.39 
0.41 

30.33 
4.03 
0.00 
2.46 
0.00 
0.16 
9.20 
0.00 

96.98 

6.60 
1.41 
3.28 
0.04 
0.00 
0.44 
0.00 
0.48 
0.00 
0.04 
1.54 

0.97 
0.03 
0.00 

4 

51.40 
0.45 
29.55 
3.77 
0.00 
2.57 
0.00 
0.22 
9.77 
0.00 

97.73 

6.69 
1.32 
3.22 
0.04 
0.00 
0.41 
0.00 
0.50 
0.00 
0.06 
1.62 

0.97 
0.03 
0.00 

5 

50.87 
0.28 

28.18 
3.93 
0.00 
2.53 
0.01 
0.29 
9.37 
0.00 

95.46 

6.77 
1.23 
3.19 
0.03 
0.00 
0.44 
0.00 
0.50 
0.00 
0.08 
1.59 

0.95 
0.05 
0.00 

marble 
CW88-101 

1 

48.49 
0.54 
31.87 
1.11 
0.00 
2.59 
0.00 
0.59 
8.87 
0,00 

94.05 

6.46 
1.54 
3.46 
0.05 
0.00 
0.12 
0.00 
0.51 
0.00 
0.15 
1.51 

0.91 
0.09 
0.00 

2 

49.63 
0.24 
30.91 
1.09 
0.00 
3.13 
0.00 
0.20 
9.19 
0.00 

94.38 

6.58 
1.42 
3.41 
0.02 
0.00 
0.12 
0.00 
0.62 
0.00 
0.05 
1.55 

0.97 
0.03 
0.00 

3 

49.68 

30.66 
0.99 
0.00 
3.27 
0.00 
0.22 
9.47 
0.00 

94.28 

6.60 
1.40 
3.41 
0.00 
0.00 
0.11 
0.00 
0.65 
0.00 
0.06 
1.61 

0.97 
0.03 
0.00 

4 

49.47 
0.39 
31.47 
1.15 
0.00 
3.09 
0.00 
0.64 
8.39 
U.00 

94.59 

6.53 
1.47 
3.43 
0.04 
0.00 
0.13 
0.00 
0.61 
0.00 
0.16 
1.41 

0.90 
0.10 
0.00 

5 

48.92 
0.23 
31.81 
1.03 
0.00 
2.75 
0.00 
0.25 
9.43 
0.00 
94.42 

6.50 
1.50 
3.48 
0.02 
0.00 
0.12 
0.00 
0.55 
0.00 
0.06 
1.60 

0.96 
0.04 
0.00 

•Ca. 

•ta. 

• o 



APPENDIX D. Continued. 

Table D.7. Muscovite analyses. 

Hammondvale metamorphic unit 
Rock marble mica schist 
Sample CW88-101 CW88-115A 

6 7 8 9 1 2 

S i 0 2 

T i 0 2 

A l P j 
F e o 
MnO 
MgO 
CaO 
N a p 
K p 
C r p , 
TOTAL 

S i 
A l " 
A l * 
T i 
Cr 
F e 
Mn 
Mg 
Ca 
Na 
K 

4 9 . 6 0 
0 . 2 3 

3 0 . 6 3 
1 . 0 5 
0 . 0 0 
3 . 2 4 
0 . 0 0 
0 . 5 0 
8 . 7 7 
0 . 0 0 

9 4 . 0 1 

Number 

6 . 5 9 
1 . 4 1 
3 . 3 9 
0 . 0 2 
0 . 0 0 
0 . 1 2 
0 . 0 0 
0 . 6 4 
0 . 0 0 
0 . 1 3 
1 . 4 9 

5 0 . 0 0 
0 . 2 7 

3 1 . 8 4 
0 . 6 9 
0 . 0 0 
2 . 2 7 
0 . 0 0 
0 . 1 1 
8 . 9 3 
0 . 0 0 

9 4 . 1 1 

o f i o n 

6 . 6 1 
1 . 3 9 
3 . 5 7 
0 . 0 3 
0 . 0 0 
0 . 0 8 
0 . 0 0 
0 . 4 5 
0 . 0 0 
0 . 0 3 
1 . 5 1 

4 8 . 5 0 
0 . 4 9 

3 2 . 4 4 
0 . 9 8 
0 . 0 0 
2 . 3 8 
0 . 0 0 
0 . 6 0 
9 . 0 3 
0 . 0 0 

9 4 . 4 1 

5 0 . 1 8 
0 . 2 0 

3 0 . 6 7 
1 . 1 1 
0 . 0 0 
3 . 2 1 
0 . 0 0 
0 . 3 2 
8 . 8 9 
0 . 0 0 

9 4 . 5 7 

B o n t h e b a s i s 

6 . 4 4 
1 . 5 7 
3 . 5 1 
0 . 0 5 
0 . 0 0 
0 . 1 1 
0 . 0 0 
0 . 4 7 
0 . 0 0 
0 . 1 5 
1 . 5 3 

6 . 6 3 
1 . 3 7 
3 . 4 0 
0 . 0 2 
0 . 0 0 
0 . 1 2 
0 . 0 0 
0 . 6 3 
0 . 0 0 
0 . 0 8 
1 . 5 0 

4 7 . 8 9 
0 . 7 9 

2 8 . 8 9 
5 . 1 1 
0 . 0 0 
1 . 9 5 
0 . 0 0 
0 . 3 3 
8 . 5 1 
0 . 0 0 

9 3 . 4 7 

o f 22 

6 . 5 5 
1 . 4 6 
3 . 2 0 
0 . 0 8 
0 . 0 0 
0 . 5 8 
0 . 0 0 
0 . 4 0 
0 . 0 0 
0 . 0 9 
1 . 4 8 

4 9 . 2 7 
0 . 7 3 

2 8 . 9 5 
4 . 3 1 
0 . 0 0 
2 . 0 7 
0 . 0 0 
0 . 2 1 
8 . 4 3 
0 . 0 0 

9 3 . 9 7 

o x y g e n 

6 . 6 5 
1 . 3 5 
3 . 2 5 
0 . 0 7 
0 . 0 0 
0 . 4 9 
0 . 0 0 
0 . 4 2 
0 . 0 0 
0 . 0 6 
1 . 4 5 

Mole proportion 

Or 0.92 0.98 0.91 0.95 0.94 0.96 
Ab 0.08 0.02 0.09 0.05 0.06 0.04 
An 0.00 0.00 0.00 0.00 0.00 0.00 

3 4 

47.98 
0.85 
29.38 
4.84 
0.00 
2.11 
0.00 
0.45 
8.92 
0.00 

94.53 

6.50 
1.51 
3.18 
0.09 
0.00 
0.55 
0.00 
0.43 
0.00 
0,12 
1.54 

0.93 
0.07 
0.00 

46.61 
0.37 
30.20 
5.33 
0.00 
1.78 
0.44 
0.53 
8.53 
0.00 

93.79 

6.38 
1.62 
3.25 
0.04 
0.00 
0.61 
0.00 
0.36 
0.07 
0.14 
1.49 

0.88 
0.08 
0.04 



APPENDIX D. Continued. 

Table D.8. Cordierite and epidote analyses. 

R o c k 
S a m p l e 

S i 0 2 

T i 0 2 

A l p 3 

F e O 
MnO 
MgO 
CaO 
N a p 
K p 
C l - p 3 

TOTAL 

S i 
A l " 
A l * 
T i 
C r 
F e 
Mn 
Mg 
C a 
Na 
K 

B r o o k v i l l e G n e i s s 
C o r d i e r i t e 

m i g m a t i t e 
CW88-181B 

1 

5 0 . 3 2 
0 . 0 3 

2 7 . 6 6 
5 . 0 2 
0 . 0 8 
3 . 8 3 
0 . 2 0 
0 . 0 5 
7 . 8 6 
0 . 0 0 

9 5 . 0 5 

Number 

5 . 4 9 
0 . 5 1 
3 . 0 6 
0 . 0 0 
0 . 0 0 
0 . 4 6 
0 . 0 1 
0 . 6 2 
0 . 0 2 
0 . 0 1 
1 .10 

2 

5 0 . 6 6 
0 . 0 2 

2 7 . 8 4 
4 . 4 4 
0 . 0 0 
3 . 5 2 
0 . 2 6 
0 . 1 0 
8 . 0 8 
0 . 0 0 

9 4 . 9 2 

3 

4 9 . 5 9 
0 . 0 2 

2 7 . 4 7 
5 . 3 4 
0 . 0 8 
3 . 8 6 
0 . 2 6 
0 . 0 7 
7 . 8 7 
0 . 0 0 

9 4 . 5 6 

l e u c o s o m e 
CW88-218 

1 

4 7 . 2 8 
0 . 0 0 

3 3 . 0 9 
6 . 9 4 
0 . 6 7 
8 . 7 4 
0 . 0 0 
0 . 2 1 
0 . 0 0 
0 . 0 0 

9 6 . 9 3 

o f i o n s on t h e b a s i s 

5 . 5 2 
0 . 4 8 
3 . 1 0 
0 . 0 0 
0 . 0 0 
0 . 4 1 
0 . 0 0 
0 . 5 7 
0 . 0 3 
0 . 0 2 
1.12 

5 . 4 6 
0 . 5 4 
3 . 0 3 
0 . 0 0 
0 . 0 0 
0 . 4 9 
0 . 0 1 
0 . 0 3 
0 . 0 3 
0 . 0 2 
1 . 1 1 

4 . 9 3 
1 . 0 7 
3 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 6 1 
0.GS 
1 .36 
0 . 0 0 
0 . 0 4 
0 . 0 0 

2 

4 7 . 8 6 
0 . 0 0 

3 3 . 3 3 
6 . 7 1 
0 . 7 1 
8 . 9 9 
0 . 0 0 
0 . 1 9 
0 . 0 0 
0 . 0 0 

9 7 . 7 9 

o f 18 

4 . 9 4 
1 .06 
2.9^9 
0 . 0 0 
0 . 0 0 
0 . 5 8 
0 . 0 6 
1 .38 
0 . 0 0 
0 . 0 4 
0 . 0 0 

melanos 

1 

4 7 . 4 0 
0 . 0 0 

3 3 . 1 9 
7 . 2 0 
0 . 7 1 
8 . 8 1 
0 . 0 0 
0 . 2 0 
0 . 0 0 
0 . 0 0 

9 7 . 5 1 

o x y g e n . 

4 . 9 2 
1 .08 
2 . 9 8 
0 . 0 0 
0 . 0 0 
0 . 6 3 
0 . 0 6 
1 .36 
0 , 0 0 
0 . 0 4 
0 . 0 0 

paragneiss migmatite 
CW88-220 CW88-240 

1 2 3 1 2 3 

4 7 . 4 7 
0 . 0 0 

3 3 . 2 4 
7 . 2 5 
0 . 6 7 
8 . 7 5 
0 . 0 0 
0 . 2 3 
0 . 0 0 
0 . 0 0 

9 7 . 6 1 

4 . 9 2 
1 .08 
2 . S 8 
0 . 0 0 
0 . 0 0 
0 . 6 3 
0 . 0 6 
1 .35 
0 . 0 0 
0 . 0 5 
0 . 0 0 

4 7 . 4 7 
0 . 0 0 

3 0 . 3 8 
5 . 6 7 
0 . 0 3 
2 . 8 9 
0 . 3 9 
0 . 0 6 
7 . 1 0 
0 . 0 0 

9 3 . 9 9 

5 . 2 5 
0 . 7 5 
3 . 2 1 
0 . 0 0 
0 . 0 0 
0 . 5 2 
0 . 0 0 
0 . 4 8 
0 . 0 5 
0 . 0 1 
1 .00 

47.88 
0.00 

3 0 . 5 0 
5 . 4 6 
0 . 0 4 
2 . 7 8 
0 . 3 8 
0 . 1 1 
7 . 5 0 
0 . 0 0 

9 4 . 6 5 

5 . 2 6 
0 . 7 4 
3 . 2 2 
0 . 0 0 
0 . 0 0 
0 . 5 0 
0 . 0 0 
0 . 4 6 
0 . 0 5 
0 . 0 2 
1 .05 

4 8 . 0 1 
0 . 0 0 

3 0 . 5 3 
5 . 2 5 
0 . 0 3 
2 . 5 4 
0 . 3 6 
0 . 0 8 
7 . 6 9 
0 . 0 0 

9 4 . 4 9 

5 . 2 8 
0 . 7 2 
3 . 2 4 
0 . 0 0 
0 . 0 0 
0 . 4 8 
0 . 0 0 
0 . 4 2 
0 . 0 4 
0 . 0 2 
1 .08 

4 7 . 0 1 
0 . 0 0 

2 8 . 5 8 
5 . 8 5 
0 . 0 4 
4 . 1 1 
0 . 5 4 
0 . 0 7 
6 . 0 9 
0 . 0 0 

9 2 . 2 9 

5 . 2 8 
0 . 7 2 
3 . 0 7 
0 . 0 0 
0 . 0 0 
0 . 5 5 
0 . 0 0 
0 . 6 9 
0 . 0 7 
0 . 0 2 
0 . 3 7 

4 4 . 4 0 
0 . 0 0 

2 8 . 1 6 
6 . 7 7 
0 . 0 9 
5 . 5 7 
0 . 5 7 
0 . 0 4 
5 . 4 5 
0 . 0 0 

9 1 . 0 5 

5 . 1 0 
0 . 9 0 
2 . 9 1 
0 . 0 0 
0 . 0 0 
0 . 6 5 
0 . 0 1 
0 . 9 5 
0 . 0 7 
0 . 0 1 
0 . 8 0 

4 8 . 1 7 
0 . 0 0 

2 8 . 4 3 
5 . 6 0 
0 . 0 5 
4 . 1 0 
0 . 5 4 
0 . 0 5 
6 . 7 4 
0 . 0 0 

9 3 . 68 

5 . 3 4 
0 . 6 6 
3 . 0 6 
0 . 0 0 
0 . 0 0 
0 . 5 2 
0 . 0 1 
0 . 6 8 
0 . 0 6 
0 . 0 1 
0 . 9 5 



APPENDIX D. Continued. 

Table D.8. Cordierite and epidote analyses. 

Rock 

Sample 

Si02 
TiOj 
Alp3 
FeO 
MnO 
MgO 
CaO 
Nap 
Kp 
Crp3 

TOTAL 

Brookville Gneiss 
Cordierite 
paragneissic 

CW89-662A 
1 

45.09 
0.00 

36.77 
3.67 
0.00 
2.18 
0.21 
0.02 
1.59 
0.00 

89.53 

2 

45.72 
0.00 

35.27 
3.70 
0.00 
1.75 
0.41 
0.04 
2.79 
0.04 

89.72 

boudin 

3 

41.19 
0.00 

35.04 
5.94 
0.03 
4.28 
0.27 
0.01 
0.64 
0.01 
87.41 

4 

41.38 
0.00 

34.96 
5.79 
0.02 
4.20 
0.28 
0.02 
0.69 
0.00 

87.34 

Epidote 
mica schist 
inclusion 
CW88-115A 

1 

37.83 
0.00 

24.38 
10.86 
0.36 
0.00 

22.95 
0.17 
0.00 
0.00 

96.53 

in albite 

2 

37.69 
0.00 

24.12 
10.66 
0.55 
0.00 

22.15 
0.15 
0.00 
0.00 

95.31 

lie unit 

matrix 

3 

37.72 
0.00 

24.30 
10.69 
0.41 
0.00 

22.57 
0.15 
0.00 
0.00 

95.84 

Number of ions in the basis 
of 18 oxygen. 

Number of ions on the basis 
of 12.5 oxygen. 

Si 
Al" 
Al* 
Ti 
Cr 
re 
Mn 
Mg 
Ca 
Na 
K 

4.99 
1.01 
3.78 
0.00 
0.00 
0.34 
0.00 
0.36 
0.03 
0.00 
0.22 

5.09 
0.91 
3.71 
0.00 
0.00 
0.34 
0.00 
0.29 
0.05 
0.01 
0.40 

4.74 
1.26 
3.49 
0.00 
0.00 
0.57 
0.00 
0.73 
0.03 
0.00 
0.09 

4.76 
1.24 
3.50 
0.00 
0.00 
0.56 
0.00 
0.72 
0.04 
0.00 
0.10 

3.03 
0.00 
2.30 
0.00 
0.00 
0.65 
0.02 
0.00 
1.97 
0.03 
0.00 

3.05 
0.00 
2.30 
0.00 
0.00 
0.65 
0.04 
0.00 
1.92 
0.05 
0.00 

3.04 
0.00 
2.31 
0.00 
0.00 
0.65 
0.03 
0.00 
1.95 
0.02 
0.00 

U! 
O 
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APPENDIX D. Continued. 

Table D.9. Calcite analyses. 

Brookville Gneiss 
Rock marble 
Sample CW89-596B CW89-598C 

1 2 3 4 1 2 

S i O j 
T i 0 2 

A i p 3 

FeO 
MnO 
MgO 
CaO 
N a p 
up 
TOTAL 

S i 
A l 
T i 
F e 
Mn 
Mg 
Ca 
Na 
K 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 4 
0 . 0 2 
0 . 2 0 

5 7 . 1 3 
0 . 0 0 
0 . 0 0 

5 7 . 4 8 

Number 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 3 
5 . 9 6 
0 . 0 0 
0 . 0 0 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 7 
0 . 0 4 
0 . 1 2 

5 5 . 1 5 
0 . 0 0 
0 . 0 0 

5 5 . 4 8 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 6 
0 . 0 4 
0 . 1 0 

5 8 . 5 7 
0 . 0 0 
0 . 0 0 

5 8 . 8 7 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 9 
0 . 0 4 
0 . 1 1 

5 5 . 9 7 
0 . 0 0 
0 . 0 0 

5 6 . 3 1 

o f i o n s o n t h e b a a i s 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 2 
0 . 0 0 
0 . 0 2 
5 . 9 6 
0 . 0 0 
0 . 0 0 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 2 
5 . 9 7 
0 . 0 0 
0 . 0 0 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 2 
0 . 0 0 
0 . 0 2 
5 . 9 6 
0 . 0 0 
0 . 0 0 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 8 
0 . 0 0 
1 . 2 8 

5 7 . 2 6 
0 . 0 0 
0 . 0 0 

5 8 . 6 2 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 6 
0 . 0 0 
1 . 0 8 

5 7 . 6 4 
0 . 0 0 
0 . 0 0 

5 8 . 7 8 

o f 6 o x y g e n . 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 1 8 
5 . 8 1 
0 . 0 0 
0 . 0 0 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 1 5 
5 . 8 4 
0 . 0 0 
0 . 0 0 

CW89-629C 
3 4 5 6 7 1 2 3 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 6 
0 . 0 0 
0 . 8 9 

5 7 . 4 0 
0 . 0 0 
0 . 0 0 

5 8 . 3 5 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 8 
0 . 0 0 
0 . 8 0 

5 8 . 4 6 
0 . 0 0 
0 . 0 0 

5 9 . 3 4 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 9 5 

5 4 . 4 6 
0 . 0 0 
0 . 0 0 

5 5 . 4 4 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 5 
0 . 0 0 
0 . 6 7 

4 9 . 1 2 
0 . 0 0 
0 . 0 0 

4 9 . 8 4 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 9 
0 . 0 0 
1 . 2 2 

5 3 . 8 6 
0 . 0 0 
0 . 0 0 

5 5 . 1 7 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 7 3 

5 7 . 4 9 
0 . 0 0 
0 . 0 0 

5 8 . 2 2 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 6 
0 . 0 0 
0 . 7 3 

5 4 . 9 7 
0 . 0 0 
0 . 0 0 

5 5 . 8 6 

0 . 1 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 2 

5 8 . 2 0 
0 . 1 1 
0 . 0 0 

5 8 . 5 2 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 1 3 
5 . 8 7 
0 . 0 0 
0 . 0 0 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 1 1 
5 . 8 8 
0 . 0 0 
0 . 0 0 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 4 
5 . 8 5 
0 . 0 0 
0 . 0 0 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 1 1 
5 . 8 8 
0 . 0 0 
0 . 0 0 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 1 8 
5 . 8 1 
0 . 0 0 
0 . 0 0 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 0 
5 . 9 0 
0 . 0 0 
0 . 0 0 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 1 1 
5 . 8 8 
0 . 0 0 
0 . 0 0 

0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 2 
5 . 9 3 
0 . 0 2 
0 . 0 0 
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APPENDIX D. Contini --i. 

Table D.9. Calcite analyses. 

R o c k 
S a m p l e 

sio2 
T i O j 
A l A 
F e O 
MnO 
MgO 
CaO 
N a p 
K p 
TOTAL 

S i 
A l 
T i 
F e 
Mn 
Mg 
Ca 
Na 
K 

B r o o k v i l l e 
G n e i s s 
m a r b l e 

C W 8 8 - 6 2 9 C 
4 

0 . 1 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 7 0 

5 8 . 7 4 
0 . 0 0 
0 . 0 6 

5 9 . 6 0 

N u m b e r 

0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 0 
5 . 8 8 
0 . 0 0 
0 . 0 1 

5 

0 . 0 0 
0 . 0 0 
0 . 0 8 
0 . 1 6 
0 . 0 0 
0 . 6 0 

57 = 2 8 
0 . 0 0 
0 . 0 0 

5 8 . 1 1 

A s h b u r n 

m a r b l e 

F o r m a t i o n 

C W 8 8 - 2 0 4 
1 

0 . 2 5 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 3 

5 7 . 5 2 
0 . 0 0 
0 . 0 0 

5 7 . 8 9 

o f i o n s o n t h e 

0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 8 
5 . 8 9 
0 . 0 0 
0 . 0 0 

0 . 0 2 
0 . 0 0 
0 , 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 2 
5 . 9 3 
0 . 0 0 
0 . 0 0 

2 

0 . 2 8 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 5 

5 1 . 8 4 
0 . 1 4 
0 . 0 0 

5 2 . 4 1 

b a s i s 

0 . 0 3 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 2 
5 . 9 0 
0 . 0 2 
0 . 0 0 

3 

0 . 9 7 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 5 1 

5 7 . 6 6 
0 . 0 0 
0 . 0 0 

5 9 . 1 4 

4 

0 . 1 6 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 

5 8 . 3 2 
0 . 0 0 
0 . 0 0 

5 8 . 4 9 

o f 6 o x y g e n . 

0 . 0 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 7 
5 . 7 4 
0 . 0 0 
0 . 0 0 

0 . 0 2 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
5 . 9 7 
0 . 0 0 
0 . 0 0 

5 

0 . 1 0 
0 . 0 0 
0 . 0 0 
0 . 2 9 
0 . 0 0 
1 . 2 5 

5 6 . 5 9 
0 . 0 0 
0 . 0 0 

5 8 . 2 3 

0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 2 
0 . 0 0 
0 . 1 8 
5 . 7 8 
0 . 0 0 
0 . 0 0 

6 

0 . 1 4 
0 . 0 0 
0 . 0 0 
0 . 3 8 
0 . 0 0 
1 . 4 7 

5 5 . 6 6 
0 . 0 0 
0 . 0 0 

5 7 . 6 5 

0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
0 . 2 1 
5 . 7 3 
0 . 0 0 
0 . 0 0 

7 

0 . 0 8 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 

5 5 . 9 6 
0 . 0 0 
0 . 0 0 

5 6 . 0 4 

0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
5 . 9 8 
0 . 0 0 
0 . 0 0 

C W 9 0 - 7 6 4 
1 

0 . 0 8 
0 . 0 0 
0 . 0 0 
0 . 1 7 
0 . 0 0 
0 . 3 1 

5 8 . 7 0 
0 . 0 0 
0 . 0 0 

5 9 . 2 5 

0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 4 
5 . 9 3 
0 . 0 0 
0 . 0 0 

2 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 9 3 

5 7 . 4 6 
0 . 0 0 
0 . 0 6 

5 8 . 4 6 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 3 
5 . 8 6 
0 . 0 0 
0 . 0 1 

3 

0 . 1 7 
0 . 0 0 
0 . 0 0 
0 . 1 6 
0 . 0 0 
1 . 3 6 

5 7 . 3 8 
0 . 0 0 
0 . 0 0 

5 9 . 0 7 

0 . 0 2 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 1 9 
5 . 7 7 
0 . 0 0 
0 . 0 0 

4 

0 . 5 1 
0 . 0 0 
0 . 0 0 
0 . 1 9 
0 . 0 0 
0 . 2 8 

5 8 . 0 5 
0 . 0 0 
0 . 0 0 

5 9 . 0 3 

0 . 0 5 
0 . 0 0 
0 . 0 0 
0 . 0 2 
0 . 0 0 
0 . 0 4 
5 . 3 5 
0 . 0 0 
0 . 0 0 
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APPENDIX D. Continued. 

Table D, 

Rock 
Sample 

Si02 
TiOj 
Alp, 
FeO 
MnO 
MgO 
c=o 
NaP 
Kp 
TOTAL 

Si 
Al 
Ti 
Fe 
Mn 
Mg 
Ca 
Na 
K 

.9. Calcite analyses. 

Ashburn Formation 
marble 
CW90-812 

1 

0.16 
0.00 
0.00 
0.00 
0.00 
1.10 

55.48 
0.00 
0.00 
56.74 

Number 

0.02 
0.00 
0.00 
0.00 
0.00 
0.16 
5.79 
0.00 
0.00 

2 

0.15 
0.00 
0.11 
0.00 
0.00 
2.01 

57.05 
0.00 
0.00 
59.31 

3 

0.00 
O.CO 
0.00 
0.00 
0.00 
1.26 

56.77 
0.00 
0.00 
58.03 

4 

0.09 
0.00 
0.00 
0.00 
0.00 
0.37 

56.93 
0.00 
0.00 
57.39 

ot ions on the basis 

0.01 
0.01 
0.00 
0.00 
0.00 
0.28 
5.66 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.18 
5.82 
0.00 
0.00 

0.01 
0.00 
0.00 
0.00 
0.00 
0.05 
5.91 
0.00 
0.00 

marble 
CW88-101 

1 

0.00 
0.00 
0.00 
0.00 
0.00 
0.16 

57.91 
0.00 
0.00 
58.08 

2 

0.00 
0.00 
0.00 
0.00 
0.25 
0.00 

58.60 
0.00 
0.00 
58.86 

of 6 oxygen. 

0.00 
0.00 
0.00 
0.00 
0.00 
0.02 
5.98 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.02 
0.00 
5.98 
0.00 
0.00 

3 

0.10 
0.00 
0.00 
0.17 
0.00 
0.21 

57.80 
0.00 
0.00 
58.29 

0.01 
0.30 
0.00 
0.01 
0.00 
0.03 
5.93 
0.00 
0.00 

tamorphic unit 



APPENDIX D. Continued. 

Table D.10. Dolomite analyses. 

R o c k 
S a m p l e 

S i O i 
T i 0 2 

A l A 
FeO 
MnO 
MgO 
CaO 
N a p 
K p 
TOTAL 

S i 
A l 
T i 
F e 
Mn 
Mg 
Ca 
Na 
K 

B r o o k v i l l e G n e i s s 
m a r b l e 

C W 8 9 - 5 9 8 C 
1 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 3 2 
0 . 0 0 

1 0 . 7 2 
4 4 . 3 3 

0 . 0 0 
0 . 0 0 

5 5 . 3 7 

N u m b e r 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
1 . 5 0 
4 . 4 7 
C O O 
0 . 0 0 

2 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 4 5 
0 . 0 0 

2 0 . 8 3 
2 9 . 9 5 

0 . 0 0 
0 . 0 0 

5 1 . 2 3 

3 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 5 6 
0 . 0 0 

1 9 . 9 3 
3 0 . 9 9 

0 . 0 0 
0 . 0 0 

5 1 . 4 8 

4 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 5 5 
0 . 0 0 

2 1 . 2 4 
2 9 . 8 4 

0 . 0 0 
0 . 0 0 

5 1 . 6 3 

o f i o n s o n t h e b a s i s 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 4 
0 . 0 0 
2 . 9 3 
3 . 0 3 
0 - 0 0 
O.OO 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 4 
0 . 0 0 
2 . 8 1 
3 . 1 4 
0 . 0 0 
0 . 0 0 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 4 
0 . 0 0 
2 . 9 6 
2 . 9 9 
0 . 0 0 
0 . 0 0 

5 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 4 7 
0 . 0 0 

2 0 . 9 1 
3 0 . 1 1 

0 . 0 0 
0 . 0 0 

5 1 . 4 9 

6 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 4 6 
0 . 0 0 

2 1 . 3 2 
2 8 . 9 7 

0 . 0 0 
0 . 0 0 

5 0 . 7 5 

o f 6 o x y g e n . 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 4 
0 . 0 0 
2 . 9 3 
3 . 0 3 
0 . 0 0 
0 . 0 0 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 4 
0 . 0 0 
3 . 0 2 
2 . 9 5 
0 . 0 0 
0 . 0 0 

7 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 5 4 
0 . 0 0 

2 0 . 9 2 
2 9 . 4 9 

0 . 0 0 
0 . 0 0 

5 0 . 9 5 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 4 
0 . 0 0 
2 . 9 6 
3 . 0 0 
0 . 0 0 
0 . 0 0 

8 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 4 8 
0 . 0 0 

2 1 . 0 4 
2 9 . 5 6 

0 . 0 0 
0 . 0 0 

5 1 . 0 8 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 4 
0 . 0 0 
2 . 9 7 
3 . 0 0 
0 . 0 0 
0 . 0 0 

A s h b u r n F o r m a t i o n 
m a r b l e 
C W 8 9 - 6 6 3 

1 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 

2 3 . 3 3 
3 1 . 8 3 

0 . 0 0 
0 . 0 0 

5 5 . 1 6 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
3 . 0 3 
2 . 9 7 
0 . 0 0 
0 . 0 0 

2 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 

2 1 . 5 3 
2 9 . 5 5 

0 . 0 0 
0 . 0 0 

5 1 . 0 9 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
3 . 0 2 
2 . 9 8 
0 . 0 0 
0 . 0 0 

3 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 

2 1 . 9 4 
2 9 . 3 6 

0 . 0 0 
0 . 0 Q 

5 1 . 3 3 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
3 . 0 6 
2 . 9 4 
0 . 0 0 
0 . 0 0 

4 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 

2 1 . 4 9 
2 9 . 5 8 

0 . 0 0 
0 . 0 0 

5 1 . 0 7 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
3 . 0 2 
2 . 9 8 
0 , 0 0 
0 . 0 0 

5 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 

2 1 . 8 6 
2 9 . S 6 

0 . 0 0 
0 . 0 0 

5 1 . 5 2 

0 . 0 0 
0 - 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
3 . 0 4 
2 . 9 6 
0 . 0 0 
0 . 0 0 

CW90 
- 7 6 4 

1 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 7 2 
0 . 0 0 

2 1 . 5 5 
3 1 . 2 9 

0 . 0 0 
0 . 0 0 

5 3 . 5 6 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 5 
0 . 0 0 
2 . 9 1 
3 . 0 4 
0 . 0 0 
0 . 0 0 
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APPENDIX D. C o n t i n u e d . 

T a b l e D . 1 0 . D o l o m i t e a n a l y s e s . 

Ashburn Format ion 
Rock m a r b l e 
Sample CW90-812 

1 2 3 

S i 0 2 

TiC 2 

A l A 
F e O 
MnO 
MgO 
CaO 
N a p 
K p 
TOTAL 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 3 9 
0 . 0 0 

2 2 . 1 6 
3 1 . 5 4 

0 . 0 0 
0 . 0 0 

5 4 . 1 0 

0 . 1 2 
0 . 0 0 
0 . 0 0 
0 . 3 9 
0 . 0 0 

2 2 . 1 5 
3 1 . 5 8 

0 . 0 0 
0 . 0 0 

5 4 . 2 5 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 1 8 
0 . 0 0 

2 1 . S O 
3 2 . 1 9 

0 . 0 0 
0 . 0 0 

5 4 . 2 7 

0 . 1 2 
0 . 0 0 
0 . 0 0 
0 . 4 3 
O. '-O 

2 1 . 9 7 
3 1 . 5 4 

0 . 1 2 
0 . 0 0 

5 4 . 1 7 

N u m b e r o f i o n s o n t h e b a s i s o f 6 

S i 
A l 
T i 
F e 
Mn 
Mg 
C a 
Na 
K 

0.00 
0.00 
0.00 
0.03 
0.00 
2.95 
3.02 
0.00 
0.00 

0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
2 . 9 4 
3 . 0 1 
0 . 0 0 
0 . 0 0 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
2 . 9 1 
3 . 0 8 
0 . 0 0 
0 . 0 0 

0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 3 
0 . 0 0 
2 . 9 2 
3 . 0 1 
0 . 0 2 
0 . 0 0 

at. 
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APPENDIX E 

E.l. U-PB ANALYTICAL TECHNIQUES 

U-Pb data presented in this study were acquired at the 

geochronology laboratory in the Earth Sciences Department at Memorial 

University of Newfoundland under the supervision of Dr. G. R. Dunning. 

Minerals dated were zircon and titanite. These minerals were 

separated from samples weighing approximately 25 to 30 kg by standard 

crushing, grinding, Wilfley table, heavy liquid, and magnetic techniques 

(Hutchison, 1974). Mineral separates were then sieved into a number of 

size fractions. Zircon and titanite were selected from the -100/+200 

mesh size for analysis and hand picking in ethyl alcohol under a 

microscope. 

The criteria used for selection of zircon included optimum 

clarity, uniform morphology, lack of cracks and inclusions, and the 

absence of obvious "cored" grains. Zircon grains from the Ludgate Lake 

Granodiorite (NB92-9010) were mounted and polished, then analyzed using 

the backscatter and catholuminescence images on the electron microprobe. 

This was done to document morphological characteristics which are used 

in the interpretation of the U-Pb results. 

The criteria for selection of titanite are similar to those for 

zircon; however, grains that were very dark in colour were picked 

because of their high U content, ThiB reduces the uncertainties 

associated with the common Pb correction. 

All zircon and titanite fractions were air abraded following the 

technique of Krogh (1982), using pyrite as an abrasion medium, and re-

picked to further purify the concentrates. All fractions were then 

washed with 3N HN03, water, and acetone, spiked with a mixed ^pb/^'u 

tracer and dissolved with HF and HN03 in Teflon capsules (zircon) at 

220°C for 5 days or in Savillex screw-top capsules (titanite) at 90"C for 

3 to 5 days. U and Pb were collected using ion-exchange chemistry, 

'I I 
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modified aftar Krogh (1973) and Parrish et al. (1987), loaded on a Re 

filament, and analyzed on a Finnigan MAT 262 mass spectrometer. 

Measured isotopic ratios were corrected for fractionation in the 

mass apectrometer, and corrected for Pb and U blank (5-15 pg), and 

further corrected for common Pb using the isotopic composition predicted 

by the model of Stacey and Kramers (1975). Linear regression and 

calculation of intercepts and errors (95% confidence level) were carried 

out using the method of Davis (1982). 

fP I 1 1 



Table E.l. U/Pb data 

Mineral 
fraction 

Weight 
(mg) 

U Pb 
(ppm) 

FRENCH VILLAGE OUARTZ DIORITE 

Zl N+149abr 
Z2 W+149abr 
Z3 N+149abr 

FAIRVILLE GRANITE 

Zl long euh abr 
Z2 long euh abr 
Z3 gem prism abr 

0.064 
0.026 
0.107 

0.153 
0.221 
0.173 

LUDGATE LAKE GRANODIORIT] 

Zl long euh abr 
Z2 stubby abr 
Z3 clr gem abr 
Tl brown abr 
T2 brown abr 

0.136 
0.421 
0.246 
0.345 
0.176 

161 
104 
208 

182 
143 
196 

2 

161 
159 
168 
385 
307 

16.6 
10.3 
21.6 

17.2 
13.5 
18.8 

15.3 
14.9 
15.9 
40.2 
33.2 

Pb 
(pg) 

12 
4 

23 

86 
49 
60 

111 
103 
66 

526 
365 

»«Pb 
=«Pb 

4591 
3476 
5206 

1829 
3448 
3254 

1098 
3577 
3436 
1376 
823 

Corrected Atomic Ratios1 

^Pb m p b 
238U 23Ja 

7pb 

0.08687±0.09 
0.08701*0.11 
0.08681±0.08 

0.08949±0.32 
0.08896±0.30 
0.09114±0.38 

0.08731±0.46 
0.08732±0.32 
0.08711±0.30 
0.08585±0.30 
0.08686±0.42 

0.6971±0.10 
0.6981±0.12 
0.6974±0.10 

0.7291±0.30 
0.7214±0.26 
0.7637±0.34 

0.7041±0.40 
0.7043±0.28 
0.7013±0.26 
0.6913±0.28 
0.7011±0.40 

"'Pb 

Age (Ma) 
"'Pb 222pb "*"' 
M l 

2fb ^ P b 
"U 235„ 206pfa 

0.05820±0.04 
0.05819±0.07 
0.05827±0.04 

0.05909±0.10 
0.05882±0.08 
0.06078±0.12 

0.05849±0.14 
0.05B50±0.08 
0.05B39±0.08 
0.05840±0.08 
0.05855±0.14 

552 
549 
562 

540 
540 
538 
531 
537 

556 
552 
576 

541 
541 
540 
534 
539 

537 
537 
540 

570 
560 
631 

548 
54B 
544 
545 
550 

1 Ratios corrected for blank Pb and U and common Pb; errors are 1 sigma for French Village quartz diorite and 
2 sigma for all others. 

ABBREVIATIONS: N=non-magnetic at <1°, 1.7 amps on Franz magnetic separated; W=non-magnetic at <2°, 1.7 amps; 149 
refers to size in microns; euh=euhedrai; clr=clear; abr=abraded. 



APPENDIX Et Continued. 

E.2. "Ar/^Ar ANALYTICAL TECHNIQUES, ERROR ANALYSIS, INTERPRETATION OF 

AGE SPECTRA, AND D&TA 

^Ar/^Ar data were obtained at the argon laboratory in the Earth 

Sciences Department at Dalhousie University, Halifax, Nova Scotia under 

the supervision of Dr. P.H. Reynolds. 

Samples selected for this study were based on the following 

criteria: 

1) SampleB were fresh and unaltered to avoid grains which may 

have lost or gained K (e.g. chloritized biotite and hornblende). Grains 

that are deformed were also avoided (e.g. fractured hornblende and 

kinked mica). 

2) Grains with intergrown phases were avoided. A small amount of 

high K-phase (biotite) may produce enough radiogenic Ar to obBcure that 

produced by the phase (hornblende) intended for dating. 

3) In metamorphic rocks it is important to recognized different 

generations of mineral phases so they can be separated or used in the 

interpretation of the resulting spectrum. 

Hornblende, phlogopite, biotite, and muscovite were obtained by 

crushing 5 kg of sample, sieved to various size fractions and hand-

picked. Concentrates from finer-grained samples were obtained by 

standard magnetic and heavy-liquid techniques. All concentrates were 

then ultrasonically washed in distilled water and hand-picked under a 

binocular microscope to increase purity. Small sample volumes of 10 mg 

were obtained and analyzed by the VG3600 Mass Spectrometer. 

The standard techniques used in ^Ar/^Ar dating are well known. A 

detailed discussion of modern technical aspects are outlined in 

McDougall and Harrison (1988) and analytical procedures for the argon 

laboratory at Dalhousie University are summarized by Haggart (1991). 

The standard flux monitor used in this study was MMhb-1 

R 
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(hornblende) with a calculated K-Ar age of 519.4 ± 3.2 (Alexander et 

al., 1978). These were placed at regular intervals in the irradiation 

canister, allowing the determination of the irradiation parameter, J. 

J-values were measured for each standard and plotted against position in 

the canister. A best-fit line using the York (1969) method was employed 

and J-valueB each sample were determined by interpolation along the 

line. Error in J 1B the major source of error in the final age assigned 

to the sample. The errors on the J-values are quoted at 1 sigma and are 

noted on their data summary sheets in Appendix 4.3. 

Errors on individual steps (quoted at 1 sigma in Appendix 4.3) are 

based on uncertainties in the correction for atmospheric argon and 

measurement of *Ar and 3,Ar peaks. In addition, step errors are 

dependent on corrections in mass discriminations and interfering 

isotopes. The final age calculation incorporates errors in the J value 

and "mass spectrometer" measurements and 1B quoted at 2 sigma. The 

final age does not incorporate errors associated with the hornblende 

standard which are less than 1%. 

The *"Ar/MAr step heating approach provides considerable 

information on the distribution of Ar in a sample. The original theory 

of Ar diffusion (Turner, 1968) predicted that thermally undisturbed 

samples will yield perfectly flat age spectra (plateau) that correspond 

to the time of closure to argon diffusion. Samples that are thermal 

disturbed are predicted to exhibit age gradients depending on the 

intensity of the event. 

In reality there is considerable deviation from the theoretical 

model of Turner (1968) probably due to violations in the assumptions of 

the model. This led to the establishment of various criteria for 

spectrum interpretation. The most common assumption is that the data 

exhibit a plateau before a geologically meaningful age can be assigned. 

This resulted in various definitions of a "plateau" (cf. Dalrymple and 

Lanphere, 1974; Fleck et al., 1977; Lanphere and Dalrymple, 1978; Berger 

and York, 1981; Snee et al., 1988; Dallmeyer and Nance, 1990). However, 

• 1 I 
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the presence or abaence of a plateau ia not considered a valid criterion 

for acceptance or rejection of an analysis (cf. Lee, 1993). 

Many of the samples dated in this study display age spectra that 

have irregular shapes; however, all samples have been tested for the 

presence of a "plateau" in their spectra using the criteria established 

by Fleck et al. (1977). Plateau ages quoted by Dallmeyer and Nance 

(1989, 1990, 1992), Dallmeyer et al. (1990) and Nance and Dallmeyer (in 

press) are calculated similar to the criteria of Fleck et al. (1977), 

However, an additional intralaboratory uncertainty of ± 1% is introduced 

in their calculations that results in a less stringent definition of the 

"plateau" age. 

Relatively flat spectra that do not statistically define a plateau 

yet yield reasonable ages are interpreted to define a "near-plateau" age 

(Schermer et al., 1990). Many of the mica analyses display age 

gradients or stepped spectra and geologically meaningful ages can be 

acquired from the high temperature steps (most argon retentive) that are 

interpreted to reflect a minimum age for the sample. 



APPENDIX E: Continued. 

ANALYTICAL DATA 

CW89-169 HB CAN L SUMMARY 

oC mV 39 % 39 AGE (Ma) % ATM 37/39 36/40 39/40 % IIC 

750 

850 

900 

950 

975 

1000 

1025 

1050 

1075 

1100 

1125 

12u0 

1300 

1350 

12.5 

15.5 

10.9 

23.2 

19.1 

25.3 

78.3 

154.3 

84.1 

26 

18.1 

95.6 

23.8 

5.3 

2.1 

2.6 

1.8 

3.9 

3.2 

4.2 

13.2 

26 

14.1 

4.4 

3 

16.1 

4 

.9 

507.2 

418.4 

402.6 

440.1 

475.1 

516.4 

523.8 

516.9 

511.9 

480.3 

426.7 

513.1 

507.9 

484.6 

+/-

+/-

+/-

+/-

+/-

+/-

+/" 

+/-

+/-

+/-

+/-

+/-

+/-

+/-

20.5 

10.4 

4.4 

2.9 

3.4 

2.8 

2.3 

2.2 

2.3 

3.5 

8.8 

2.9 

3.3 

11.4 

72.2 

57.3 

15 

8.2 

8.1 

4.8 

2.1 

1.4 

1.6 

4.2 

14 

3.2 

6.2 

21.8 

13.15 

4.88 

4.48 

6.12 

7.68 

7.39 

6.5 

6.01 

5.62 

5.3 

5.93 

7.8 

6.25 

6.39 

.002443 

.00194 

.00051 

.00028 

.000276 

.000164 

.000074 

.00005 

.000057 

.000145 

.000474 

.000108 

.00021 

.000738 

.001912 

.003652 

.007588 

.007416 

.006809 

.006412 

.006487 

.006633 

.006693 

.00701 

.0072 

.006574 

.006443 

.005669 

1.54 

.63 

.59 

.77 

.93 

.85 

.75 

.69 

.65 

.63 

.76 

.9 

.73 

.76 

TOTAL GAS AGE = 502.4 Ma 

J = .002235 

ERROR ESTIMATES AT ONE SIGMA LEVEL 

37/39,36/40 AND 39/40 Ar RATIOS ARE CORRECTED FOR INTERFERING ISOTOPES 

% IIC - INTERFERING ISOTOPES CORRECTION 



CW88-246 HB SUMMARY 

463 

OC mV 39 % 39 AGE (Ma) % ATM 37/39 36/40 39/40 % IIC 

750 12.8 2.8 

850 19.7 4.3 

900 11.6 .' 5 

950 15.5 

975 10.9 

1000 13.8 

1025 18.6 4.1 

1050 49.6 10.9 

1075 65.2 14.4 

1100 46.5 10.2 

1140 23 5 

1200 126.5 27.9 

1300 26.5 5.8 

1375 11 2.4 

3 . 4 

2 . 4 

3 

381.4 + / - 12 .5 

468.3 + / - 5 .8 

426.3 + / - 3.7 

459.5 + / - 3 .6 

520.8 + / - 5.9 

5 3 3 . 1 + / - 4 .8 

528.8 + / - 3.4 

533 .5 + / - 2 .5 

536.3 +/•• 2.4 

540 + / - 2.4 

541.7 + / - 3.3 

543.7 + / - 2 .3 

545.1 +/- 3.4 

569.2 +/- 10.5 

62.7 

30.3 

13.5 

9.9 

13.5 

10.4 

5.9 

3.7 

1.7 

2.4 

5 

2.6 

14.8 

45.5 

3.27 

2.63 

1.29 

1.74 

3.79 

7.48 

8.62 

9.13 

9.52 

11.04 

9.81 

9.38 

9.59 

9.6 

.002122 

.001028 

.000458 

.000336 

.000458 

.000353 

.0002 

.000125 

.00006 

.000083 

.000169 

.00009 

.000503 

.001542 

.003537 

.005247 

.007236 

.006937 

.005771 

.005819 

.006171 

.006251 

.006339 

.006245 

.00606 

.006183 

.00539 

.003277 

.44 

,32 

.16 

.21 

.43 

.85 

.99 

1.04 

1.08 

1.25 

1.11 

1.06 

1.08 

1.06 

TOTAL GAS AGE = 526.8 Ma 

J = .002235 

ERROR ESTIMATES AT ONE SIGMA LEVEL 

37/39,36/40 AND 39/40 Ar RATIOS ARE CORRECTED FOR INTERFERING ISOTOPES 

% IIC - INTERFERING ISOTOPES CORRECTION 

I 
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CW88-509A HB SUMMARY 

oC mV 39 % 39 AGE (Ma) % ATM 37/39 36/40 39/40 % IIC 

750 

850 

900 

950 

975 

1000 

1025 

1050 

1075 

1100 

1125 

1150 

1200 

1250 

1300 

1350 

1400 

13.9 

22.4 

15.7 

19.4 

13.6 

34.4 

107.8 

273.8 

134.3 

2H 

16.2 

24.2 

82.6 

15.5 

14 

7.1 

2.3 

1.6 

2.7 

1.9 

2.3 

1.6 

4.1 

13.1 

33.3 

16.3 

2.9 

1.9 

2.9 

10 

1.8 

1.7 

.8 

.2 

425 

363 

401 

442 

542 

554 

549 

538 

533 

503 

515 

519 

540 

526 

541 

545 

544 

7 

8 

2 

5 

.4 

3 

1 

5 

+/-

+/" 

+/-

+/" 

+/-

+/-

+/-

+/-

+/- 2 

4 

1 

2 

2 

S 

8 

5 

6 

+/-

+/-

+/-

+/" 

+/-

+/-

+/-

+/-

3.9 

2.5 

3.9 

4.1 

4.9 

2.8 

2.4 

2.2 

.3 

2.7 

3.3 

4.2 

2.6 

5.3 

6.3 

10.2 

54.8 

22.3 

13.7 

16.6 

11.6 

11.4 

5.4 

2.2 

1.1 

1 

4.8 

7.4 

9.2 

4.4 

19.7 

22.5 

39 

58.5 

1 

.91 

3.75 

6.41 

10.13 

7.11 

6.28 

6.4 

6.77 

7.21 

9.5 

10.33 

8.22 

9.08 

8.8 

6.88 

7.58 

.000755 

.000467 

.000564 

.000394 

.000388 

.000183 

.000074 

.000039 

.C00037 

.000163 

.000252 

.000313 

.000151 

.000668 

.000763 

.001321 

.001981 

.00652 

.008621 

.007473 

.007101 

.005638 

.005874 

.006141 

.006349 

.006429 

.006607 

.006256 

.00608 

.006113 

.005287 

.004939 

.003856 

.002628 

.12 

.12 

.49 

.8 

1.14 

.79 

.7 

,72 

.77 

.84 

1.1 

1.19 

.93 

1.04 

.99 

1 

.85 

TOTAL GAS AGE <= 526.6 Ma 

J - .002235 

ERROR ESTIMATES AT ONE SIGMA LEVEL 

3 7 / 3 9 , 3 6 / 4 0 AND 3 9 / 4 0 Ar RATIOS ARE CORRECTED FOR INTERFERING ISOTOPES 

% IIC - INTERFERING ISOTOPES CORRECTION 



CW89-611 SUMMARY 

,1 

465 

oC mV 39 % 39 AGE (Ma) % ATM 37/39 36/40 39/40 % IIC 

650 6.2 .8 47.3 +/- 28.7 

750 11.7 1.6 351.1 +,'- 8.4 

850 17.8 2.4 405.9 +/- 5.5 

950 162 22.4 552.6 +/- 1.2 

975 148 20.5 534.8 +/- 1.1 

1000 119.8 16.6 537.9 +/- 1.1 

1025 16.1 2.2 514.7 +/- 2.3 

1050 40.4 5.6 493.5 +/- 1.2 

1100 194.4 26.9 533.7 +/- 1.1 

1225 4 .5 525.9 +/- 9.2 

98.5 

75.6 

62.5 

4 

2.2 

2.2 

6.6 

4.7 

2.7 

65.3 

5.68 

2.31 

4.32 

4.58 

3.89 

3.7 

4.06 

4.83 

4.24 

6.3 

.003336 

.002559 

.002115 

.000137 

.000076 

.000077 

.000224 

.000159 

.000092 

.002212 

,001248 

.002654 

.003475 

.006261 

.006625 

.006579 

.006615 

.007084 

.00661 

.002392 

4.15 

.34 

.58 

.52 

.45 

.43 

.48 

.58 

.49 

.74 

TOTAL GAS AGE = 526.6 Ma 

J = .00234 

ERROR ESTIMATES AT ONE SIGMA LEVEL 

37/39,36/40 AND 39/40 Ar RATIOS ARE CORRECTED FOR INTERFERING ISOTOPES 

% IIC - INTERFERING ISOTOPES CORRECTION 
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NB91-d597 Hb STUMARY 

466 

oC mV 39 % 39 AGE (Ma) % ATM 37/39 36/40 39/40 % IIC 

750 8.5 

950 10.1 

975 3.7 

1000 10.8 

1025 109.2 

1045 26.8 

1065 15.8 

1100 12.9 

1150 32.9 

1200 40.3 

1250 45.6 

1300 19.2 

1350 8.4 

2.4 418.2 + / - 11.3 

2 .9 504 .1 + / - 7.9 

1 482.9 + / - 17.7 

3 .1 521.9 + / - 7.4 

31.6 527.7 + / - 2 .3 

7.7 524.8 + / - 3.8 

4.5 525.6 +/- 5.1 

3.7 540.7 +/- 6.6 

9.5 527 +/- 2.6 

11.6 533.2 +/- 2.5 

13.2 520.3 +/- 2.6 

5.5 529.2 +/- 3.4 

2.4 498.5 +/- 12.1 

29.4 

21 

31.3 

8.2 

1.3 

5.1 

7.3 

10.2 

3.7 

3.9 

4.5 

12.2 

41.7 

2 

4 

5 

6 

7 

7 

7 

7 

8 

7 

8 

7 

8 

52 

34 

14 

72 

82 

21 

07 

54 

11 

54 

83 

01 

.000998 

.000714 

.001061 

.000279 

.000044 

.000173 

,000249 

,000347 

.000126 

.000134 

.000153 

.000414 

.001412 

.006241 

.005651 

.005164 

.006316 

.006706 

,006489 

.006324 

.005929 

.006551 

.006448 

.006594 

.005944 

.004226 

.33 

.51 

.62 

.78 

.91 

.84 

.82 

.86 

.94 

.87 

.94 

.91 

.96 

TOTAL GAS AGE = 522.9001 Ma 

J = .00231 

ERROR ESTIMATES AT ONE SIGMA LEVEL 

37/39,36/40 AND 39/40 Ar RATIOS ARE CORRECTED FOR INTERFERING ISOTOPES 

% IIC - INTERFERING ISOTOPES CORRECTION 
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NB91-8599 HORNBLENDE SUMMARY 

467 

oC mV 39 % 39 AGE (Ma) % ATM 37/39 36/40 39/40 % IIC 

750 3.5 1.2 8272.9 +/- 1017.6 
.3 7.62 .000011 .000023 .49 

950 21 7.6 597.4 +/- 6.9 34.4 10.36 .001164 .003861 1.13 

975 7.9 2.8 586.2 +/- 14 25.5 8.81 .000863 .004483 .97 

1000 23.1 8.3 io7.9 +/- 3.1 7.P 7.58 .000266 .005875 .85 

1025 70.8 25.7 543.8 +/- 2.5 3.9 7.09 .000132 .006311 .81 

1050 54.7 19.8 541.9 +/- 2.7 3.2 6.94 .000111 .00638 .79 

1070 33.4 12.1 543.3 +/- 2.9 5.1 6.85 .000172 .006241 .78 

1090 15 5.4 542.1 +/- 5 16.4 7.17 .000555 .005511 .82 

1115 13.1 4.7 556.1 +/- 4.7 12 7.34 .000407 .005631 .83 

1150 13.3 4.8 552 +/- 8.2 17.2 7.78 .000585 .00534 .88 

1200 19.2 6.9 568.5 +/- 5.5 17.9 7.24 .000607 .00512 .81 

TOTAL GAS AGE = 1727 Ma 

J = .002312 

ERROR ESTIMATES AT ONE SIGMA LEVEL 

37/39,36/40 AND 39/40 Ar RATIOS ARF CORRECTED FOR INTERFERING ISOTOPES 

% IIC - INTERFERING ISOTOPES CORRECTION 
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CW88-509 BIOTITE SUMMARY 

oC mV 39 % 39 AGE (Ma) 

600 

650 

700 

750 

800 

850 

900 

950 

1000 

1050 

30 

99 

156 

187 

33 

73 

111 

81 

97 

73 

3.1 

10.5 

16.5 

19.8 

3.5 

7.7 

13.8 

8.6 

10.3 

7.7 

399.5 

408.6 

508.5 

510.4 

511.3 

514.6 

509.9 

509.5 

506.3 

504.5 

+/" 

+/-

+/-

+/-

+/" 

+/-

+/-

+/-

+/-

+/-

2.1 

1.8 

2.1 

2.1 

2.3 

2.1 

2.1 

2.1 

3.1 

2.1 

TOTAL GAS AGE = 495.5 Ma 

J = .00234 

ERROR ESTIMATES AT ONE SIGMA LEVEL 

37/39,36/40 AND 39/40 Ar RATIOS ARE CORRECTED FOR INTERFERING ISOTOPES 

% IIC - INTERFERING ISOTOPES CORRECTION 

% ATM 37/39 36/40 39/40 % IIC 

11.3 

3.9 

1 

.8 

2.6 

1.4 

.8 

.6 

.8 

1.6 

1.41 

1.16 

.S8 

.36 

1.31 

.66 

.68 

.4 

.55 

2.4 

.000385 

.000133 

.000036 

.000029 

.00009 

.00005 

.000028 

.00002 

.000027 

.000057 

.00836 

.008839 

.007108 

.007091 

.006949 

.006981 

.007101 

.007125 

.007162 

.007126 

.19 

.15 

.07 

.04 

.15 

.07 

.08 

.04 

.06 

.23 

I I 
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CW88-204 PHLOGOPITE SUMMARY 

oC mV 39 % 3fl AGE (Ma) 

650 23.7 

720 16.4 

300 14.9 

840 26.6 

870 39.6 

900 73 

930 83.8 

960 104 

990 98.2 

1020 94.4 

1070 88.2 

1120 94.4 

1200 34 

1300 5.8 

1400 1.2 

% ATM 37/39 36/40 39/40 % IIC 

2 . 9 4 4 . 8 + / - 3 7 7 . 7 

2 7 8 . 3 + / - 4 . 8 7 5 . 5 

1 .8 4 9 6 . 8 + / - 1 0 . 9 4 8 . 3 

3 . 3 5 0 3 . 4 + / - 3 . 2 

4 . 9 5 4 9 . 2 + / - 3 . 1 

9.1 559.9 +/- 2.7 

10.4 557.5 +/- 2.5 

13 559 +/- 2.3 

12.3 572.3 +/- 2.4 

11.8 566.4 +/- 2.4 

11 546 +/- 2.3 

11.8 537.5 +/- 2.4 

4.2 540.4 +/- 3.4 

.7 1674.2 +/- 170.2 

15 

9 

5.2 

1.9 

1.6 

1.5 

2 

1.4 

2.3 

18.8 

.13 

.25 

.07 

.02 

.01 

.01 

0 

0 

0 

.01 

.01 

.01 

12.2 .03 

.1 2354.2 +/- 278.6 
40.5 

.08 

.64 

00263 

002555 

001637 

00051 

000307 

000176 

000065 

000056 

000053 

00007 

000049 

00008 

000414 

.019691 

.012268 

.00362 

.005867 

.005683 

.005793 

.0060"4 

.006022 

.005863 

.005905 

.006201 

.006255 

.005588 

.1 

.11 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.000636 .00118 

.001373 .000491 .04 

TOTAL GAS AGE = 547.2 Ma 

J - .002225 

ERROR ESTIMATES AT ONE SIGMA LEVEL 

37/39,36/40 AND 39/40 Ar RATIOS ARE CORRECTED FOR INTERFERING ISOTOPES 

% IIC - INTERFERING ISOTOPES CORRECTION 

H 



CW89-598C PHLOGOPITE SUMMARY 

470 

OC mV 39 % 39 AGE (Ma) % ATM 37/39 36/40 39/40 % IIC 

650 24.8 

720 19.6 

800 16.5 

840 11.9 

870 7.3 

900 17.7 

930 76 

960 136.1 

990 99.4 

1020 85.3 

1050 79.6 

1100 70.7 

1150 68.3 

1200 29.1 

1250 6.5 

1300 1.2 

1400 .7 

3.3 

2.6 

2.2 

1.5 

.9 

2.3 

10.1 

18.1 

13.2 

11.3 

10.5 

9.4 

9 

3.8 

.8 

.1 

.1 

52.2 +/- 1.4 

123.4 +/- 2.6 

584.1 +/- 7.3 

600.4 +/- 7.4 

569.4 +/- 14.3 

533.9 +/- 4.5 

522.1 +/- 2.4 

511 +/- 2.3 

525.8 +/- 2.2 

536.2 +/- 2.4 

540.2 +/- 2.5 

542.8 +/- 2.5 

541.2 +/- 2.6 

543.3 +/- 4 

770.4 +/- 30.6 

1188 +/- 243 

-11.6 +/—972.1 

52,7 

37.6 

8.9 

9.3 

13.6 

7.1 

.6 

,9 

1.1 

1.6 

2.5 

3.5 

4.2 

12 

12.4 

62.6 

100.1 

.01 

.04 

.04 

.02 

.03 

.01 

0 

0 

0 

0 

.01 

.02 

.01 

.02 

.12 

.84 

.001736 

.001272 

.000301 

.000317 

.000462 

.000241 

.000022 

.00003 

.00004 

.000055 

.000086 

.00012 

.000143 

.000406 

.00042 

.002121 

.C35776 

.019594 

.005299 

.005104 

.005174 

.005998 

.006583 

.006731 

.006495 

.006322 

.006208 

.00611 

.006089 

.005569 

.003656 

.00089 

.01 

.01 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.01 

.07 

2.13 .003389 .0006 5.49 

TOTAL GAS AGE = 512.2 Ma 

J = .002225 

ERROR ESTIMATES AT ONE SIGMA LEVEL 

37/39,36/40 AND 39/40 Ar RATIOS ARE CORRECTED FOR INTERFERING ISOTOPES 

% IIC - INTERFERING ISOTOPES CORRECTION 
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CW89-629 PHLOGOPITE SUMMARY 

oC mV 39 % 39 AGE (Ma) % ATM 37/39 36/40 39/40 % IIC 

650 

700 

765 

800 

830 

860 

890 

930 

960 

990 

1020 

1070 

1120 

1200 

1300 

1400 

30.2 

10.9 

17.8 

22.2 

14.5 

13. E 

23.1 

57.9 

67.5 

91.2 

147.5 

291.3 

435.4 

584.7 

235 

16.3 

1.4 

.5 

.8 

1 

7 

.6 

1.1 

2.8 

3.2 

4.4 

7.1 

14.1 

21.1 

28.3 

11.4 

.7 

70.1 4 

322 +/ 

629 +/ 

603 +/ 

541 +/ 

519.2 

537.9 

534.9 

541.5 

547.4 

547.3 

537.5 

533.2 

532.5 

531.5 

539.5 

•/- 1.2 

'•- 4.1 

'- 5.9 

- 4.2 

'- 7.3 

+/- 7.1 

+/- 4.8 

+/- 2.6 

+/- 2.4 

+/- 2.6 

+/- 2.4 

+/- 2.2 

+/- 2.2 

+/- 2.2 

+/- 2.3 

+/- 13.1 

39.7 

20.6 

7 

.2 

8.8 

12 

8.7 

4.3 

2.3 

1.6 

1.1 

.7 

.7 

1 

4.1 

52 

.03 

.05 

.03 

.03 

.06 

.05 

.05 

.01 

.01 

.01 

0 

0 

0 

0 

.01 

.1 

.001346 

.000699 

.000237 

.000006 

.000299 

.000407 

.000294 

.000146 

.000078 

.000057 

.000038 

.000023 

.000026 

.000035 

.000141 

.00176 

.033752 

009028 

.004958 

.005593 

.005797 

.005866 

.005846 

.006164 

.006205 

.006168 

.006203 

.006353 

.006417 

.00641 

.00622 

.003061 

.01 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.01 

TOTAL GAS AGE = 530 Ma 

J = .002225 

ERROR ESTIMATES AT ONE SIGMA LEVEL 

3 7 / 3 9 , 3 6 / 4 0 AND 3 9 / 4 0 Ar RATIOS ARE CORRECTED FOR INTERFERING ISOTOPES 

% I I C - INTERFERING ISOTOPES CORRECTION 

\ 



CW90-764 P-LOGOPITE SUMMARY 
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OC mV 39 % 39 AGE (Ma) % ATM 37/39 36/40 39/40 % IIC 

65'" 11.3 

700 17.2 

750 9.3 

800 13.2 

830 35.9 2.7 

860 50.5 3.8 

890 73.4 

920 103 

950 135 

980 160.8 12.4 

1010 209.2 16.1 

1040 185.8 14.3 

1070 113.8 8.7 

1120 102.2 7.8 

1200 69.2 5.3 

1300 5.2 .4 

1400 1.6 ,1 

.8 

1.3 

.7 

1 

5.6 

7.9 

10.4 

55.7 +/- 4 

46.1 +/- 2 

225.8 +/- 7 

543.6 +/- 6.3 

532.4 +/- 3.7 

497.3 +/- 2.9 

510 +/- 2.6 

518.1 +/- 2.5 

519.8 +/- 2.3 

527.2 +/- 2.3 

528.1 +/- 2.2 

529.9 +/- 2.3 

534.6 +/- 2.4 

532.1 +/-• 2.4 

533.6 +/- 2.9 

530.6 +/- 70.3 

1031.5 +/- 289.1 

71.4 

61.2 

45.7 

23.5 

6.9 

4.3 

2.9 

2 

1.6 

1.2 

1 

1.1 

1.5 

2.7 

10.7 

66.3 

74.9 

.14 

.13 

.11 

.04 

0 

0 

0 

0 

0 

-.01 

0 

0 

0 

.01 

.06 

.55 

1.73 

.002417 

.002073 

.001549 

.000796 

.000234 

.000147 

.000099 

.000068 

.000054 

.000043 

.000035 

.000037 

.000053 

.000093 

.000363 

.002244 

.002535 

.02024S 

.033266 

.009054 

.004842 

.006039 

.006711 

.006617 

.00656 

.006562 

.006477 

.006479 

.006449 

.006355 

.006313 

.005776 

.002192 

.000723 

.08 

.09 

.02 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.06 

.15 

TOTAL GAS AGE = 5X5.3 Ma 

J = ,002228 

ERROR ESTIMATES AT ONE SIGMA LEVEL 

37/39,36/40 AND 39/40 Ar RATIOS ARE CORRECTED FOR INTERFERING ISOTOPES 

* IIC - INTERFERING ISOTOPES CORRECTION 



CW90-812 PHLOGOPITE SUMMARY 
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OC ffiV 39 % 39 AGE (Ma) % ATM 37/39 36/40 39/40 % IIC 

650 

700 

760 

800 

830 

860 

890 

920 

950 

980 

1010 

1040 

1070 

1120 

1200 

1300 

1400 

16.5 

10.6 

14.4 

15.7 

12.9 

17.9 

44.5 

88.3 

96.9 

102.8 

144.4 

199.5 

212.5 

165.3 

114 

14.6 

1.9 

1.2 

.8 

1.1 

1.2 

1 

1.4 

3.4 

6.9 

7.6 

8 

11.3 

15.6 

16.6 

12.9 

8.9 

1.1 

.1 

96.5 +/- 3.1 

245.7 +/-

478 +/- 5 

543.7 +/-

510.3 T/-

512.5 +/-

513.1 +/-

517.7 +/-

520.4 +/-

525 +/- 2 

524.9 +/-

518.8 +/-

514.5 +/-

511.9 +/-

51'4.3 +/-

529.1 +/-

521.8 +/-

6 

3 

4.6 

8.5 

6.2 

3.4 

2.5 

2.3 

.3 

2.2 

2.2 

2.2 

2.2 

2.4 

10.5 

104.7 

51.5 

38.2 

16.7 

10.5 

11.3 

9.6 

3.6 

1.5 

1.1 

.9 

.6 

.5 

.7 

1.3 

3.3 

26.6 

78.4 

.03 

.07 

.02 

.03 

.01 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.07 

.21 

001745 

001294 

000567 

000358 

000385 

000326 

G'0123 

000051 

000037 

000031 

000022 

000016 

000024 

000044 

000111 

0009 

002655 

.01961 

.009418 

.006107 

.005659 

.006034 

.006121 

.00652 

.006596 

.006583 

.006529 

.006548 

.006648 

.006697 

.006696 

.006525 

.004794 

.001429 

.01 

.01 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.02 

TOTAL GAS AGE = 510.6 Ma 

J = .002227 

ERROR ESTIMATES AT ONE SIGMA LEVEL 

37/39,36/40 AND 39/40 Ar RATIOS ARE CORRECTED FOR INTERFERING ISOTOPES 

% IIC - INTERFERING ISOTOPES CORRECTION 
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CW88-101 MUSCOVITE SUMMARY 
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OC mV 39 * 39 AGE (Ma) % ATM 37/39 36/40 39/40 % IIC 

650 71.9 4.8 483 +/- 2.3 2.5 .01 

700 42.3 2.8 559.5 +/- 2.9 1.9 0 

750 81.7 5.4 573.8 +/- 2.6 1.7 0 

800 117.6 7.8 593.2 +/- 2.5 .7 -.01 

825 153.8 10.2 603.9 +/- 2.6 .6 0 

850 108.3 7.2 605.6 +/- 2.5 .7 0 

875 118.9 7.9 601.7 +/- 2.6 .6 -.01 

900 113 7.5 602.8 +/- 2.6 .4 0 

930 105,9 7 605.2 +/- 2.6 .6 0 

960 156.1 10.4 607.4 +/- 2.5 .3 0 

990 134.1 8.9 611 +/- 2.7 .4 -.01 

1020 118 7.8 615.2 +/- 2.6 .7 0 

1070 129.1 8.6 614 +/- 2.7 .4 0 

1120 22.5 1.5 609.1 +/- 5.2 3.5 .01 

1200 14.2 .9 620.5 +/- 6.4 10.8 .01 

1400 9.8 .6 628.1 +/- 20.2 61.4 1.37 

000086 

000064 

000058 

000025 

000021 

000026 

000023 

000015 

000021 

000012 

000014 

000026 

000015 

000119 

000365 

002079 

.007339 

.006236 

.006067 

.005895 

.00578 

.005751 

.0058 

.005802 

.005763 

.005755 

.005711 

.005644 

.005677 

.005554 

.005023 

.00214 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.14 

TOTAL GAS AGE = 597.7 Ma 

J = .002313 

ERROR ESTIMATES AT ONE SIGMA LEVEL 

37/39,36/40 AND 39/40 Ar RATIOS ARE CORRECTED FOR INTERFERING ISOTOPES 

% IIC - INTERFERING ISOTOPES CORRECTION 



CW88-115A PHLOGOPITE SUMMARY 

.1 

OC mV 39 % 39 AGE (Ma) % ATM 37/39 36/40 39/40 % IIC 

650 

700 

750 

800 

830 

860 

890 

920 

950 

980 

1010 

1040 

1070 

1120 

1200 

1400 

24.8 

16.3 

37.6 

52.1 

76.6 

167.7 

194.9 

191.1 

175.4 

143.1 

130.5 

102.5 

65.8 

34.2 

19.9 

17.7 

1.7 

1.1 

2.5 

3.5 

5.2 

11.5 

13.4 

13.1 

12 

9.8 

8.9 

7 

4.5 

2.3 

1.3 

1.2 

477.2 +/-

541.4 +/-

536.8 +/-

546.3 +/-

570.5 +/-

586.9 +/-

590.7 +/-

596.1 +/-

601.8 +/-

600 +/- 2, 

603.6 +/-

604.2 +/-

602.8 +/-

607.7 +/-

598.8 +/-

600 +/- 7 

4. 

5. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

.6 

2 

2. 

3 

4 

4 

.1 

,7 

6 

.9 

8 

5 

,5 

,5 

,5 

,5 

.6 

.6 

.1 

.6 

.8 

7.4 

6.3 

3.4 

2.1 

1.3 

.6 

.5 

.4 

.5 

.6 

.7 

.8 

1.8 

2.6 

5.4 

20.3 

.09 

.04 

.02 

.04 

.03 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.02 

.05 

.11 

.09 

.000252 

.000216 

.000118 

.000071 

.000044 

.00002 

.000017 

.000016 

.000019 

.000021 

.000024 

.0000^9 

.000061 

.00009 

.000184 

.000688 

.006798 

.005949 

.006194 

.00615G 

.005901 

.00575 

.005712 

.005652 

.005586 

.0056 

.005557 

.005543 

.005504 

.005405 

.005343 

.00449 

.01 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.01 

.01 

TOTAL GAS AGE = 590.1 Ma 

J = .002225 

ERROR ESTIMATES AT ONE SIGMA LEVEL 

37/39,36/40 AND 39/40 Ar RATIOS ARE CORRECTED FOR INTERFERING ISOTOPES 
•I 

% IIC - INTERFERING ISOTOPES CORRECTION 
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CW89-767 SUMMARY 

oC mV 39 % 39 AGE (Ma) % ATM 37/39 

650 

700 

750 

775 

810 

840 

870 

900 

930 

960 

990 

1020 

1070 

1130 

1200 

1300 

16.9 

16.3 

23.2 

21.7 

37.6 

86.3 

10B.9 

56.8 

43.3 

41.3 

26.6 

28.3 

40.6 

38.6 

8.6 

2.8 

2.8 

2.7 

3.8 

3.6 

6.2 

14.4 

18.1 

9.4 

7.2 

6.9 

4.4 

4.7 

6.7 

6.4 

1.4 

.4 

410.3 +/-

478.3 +/-

496.1 +/-

501.3 +/-

504.2 +/-

498.9 +/-

505.7 +/-

508.9 +/-

505.8 +/-

503.9 +/-

510.6 +/-

508.7 +/-

508.7 +/-

509.7 +/-

548.1 +/-

3.7 

5.9 

4.1 

3.7 

3 

2.2 

2.2 

2.4 

3 

2.9 

3.1 

3 

3.5 

2.5 

14.9 

661 +/- 68.7 

5.8 

5.3 

2.1 

2 

.9 

.5 

1.3 

1.7 

3.8 

6.2 

6 

5.6 

3.5 

4 

20.6 

48.8 

.12 

.04 

.04 

.02 

.01 

0 

0 

.01 

.01 

.04 

.05 

.08 

.13 

.12 

.34 

.93 

TOTAL GAS AGE « 503.1 Ma 

J = .002315 

ERROR ESTIMATES AT ONE SIGMA LEVEL 

37/39,36/40 AND 39/40 Ar RATIOS ARE CORRECTED FOR INTERFERING ISOTOPES 

% IIC - INTERFERING ISOTOPES CORRECTION 

36/40 39/40 % IIC 

000198 

000181 

000072 

00007 

000032 

000018 

000044 

000057 

00013 

000213 

000205 

000192 

000118 

000137 

000699 

001653 

.008531 

.007214 

.007155 

.007073 

.007108 

.007224 

.0G7059 

.00698 

.006875 

.006729 

.006644 

.0067 

.006855 

.006801 

.00517 

.002674 

.01 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.01 

.01 

.01 

.03 

.09 



NB87-4090 MUSCOVITE SUMMARY 

477 

oC mV 39 % 39 AGE (Ma) % ATM 37/39 36/40 39/40 % IIC 

650 34.4 2.4 

700 35.1 2.4 

750 45.8 3.2 

800 54.8 3.8 

835 198.2 13.9 

860 223.8 15.7 

890 243.3 17 

920 146,9 10.3 

950 143.1 10 

980 143.8 10 

1010 81.8 5.7 

1040 32.5 2.2 

1070 14.9 1 

1120 10.5 .7 

1200 8.2 .5 

1300 5.4 .3 

1400 1.2 0 

519.4 

574.9 

583.3 

597.4 

605.9 

609.4 

610.3 

609.4 

611.2 

616.3 

617.7 

616.8 

616.9 

619.1 

838.7 

850.3 

2896.' 

+/-

+/-

+/-

+/-

+/-

+/-

+/" 

+/-

+/-

+/-

+/-

+/-

+/-

+/-

+/-

+/" 

7 +/ 

3.7 

2.9 

3.2 

3.4 

2.5 

2.5 

2.5 

2.6 

2.6 

2.6 

3.1 

3.5 

6.7 

7 

33.6 

33.6 

- 160. 

2.9 

2.6 

2.2 

1.5 

.6 

.3 

.3 

.4 

.4 

.4 

.8 

2.2 

5.2 

12.1 

23 

50.8 

4 

.01 

.01 

0 

0 

-.01 

0 

-.01 

0 

0 

0 

-.01 

.01 

.01 

0 

.05 

.11 

.000098 

.000089 

.000077 

.00005 

.000021 

.000012 

.000011 

.000015 

.000014 

.000016 

.000027 

.000074 

.000178 

.000411 

.000778 

.001722 

.006477 

.005775 

.005698 

.005586 

.005542 

.005519 

.005512 

.005514 

.005496 

.005441 

.005408 

.005341 

.005172 

.004777 

.002896 

.001815 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.01 

49 1.2 .001661 .000284 .08 

TOTAL GAS AGE = 612.9 Ma 

J = .002227 

ERROR ESTIMATES AT ONE SIGMA LEVEL 

37/39,36/40 AND 39/40 AT RATIOS ARE CORRECTED FOR INTERFERING ISOTOPES 

% IIC - INTERFERING ISOTOPES CORRECTION 
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APPENDIX E. Continued. 

E.3. CONVERSION OP (J7Ar/"Ar) TO (Ca/K) 

During irradiation of a sample, 37Ar and MAr are produced in 

amounts proportional to Ca and K, respectively. However, neutron flux 

spectra can differ for variouB reactors and a conversion factor is 

needed. This is achieved using the relationship K = (Ca/K)/(37Ar/wAr). 

The reactor used in this study is the McMaster University nuclear 

reactor in Hamilton, Ontario. 

On the basis of whole-rock bulk geochemical analyses, Stukas 

(1977) reported an average value of 2.3 ± 0.2. Later work by Onstott 

and Peacock (1987) reported a coefficient of 1.82 ± 0.17. Recent work 

using internal standards from the Ar laboratory at Dalhousie University 

suggest that a factor of 1.93 should be quoted (P.H. Reynolds, personal 

communication, 1994). This value is used in this study. 

Knowing the irradiation parameter typical of the nuclear reactor 

used, the Ca/K ratios for each temperature increment can be calculated 

from the ̂ Ar/^Ar ratios. This can then be compared to the Ca/K of the 

phase in question as determined by electron microprobe analyses as an 

independent che'jk on the data. In this study the "Ar/^Ar ratios were 

uaed on the age spectrum plots, therefore the microprobe data was 

converted by the 1.93 factor and plotted on these diagrams. 
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APPENDIX E: Continued. 

E.4.1. LOCATION AND DETAILED DESCRIPTION OF U-Pb SAMPLES 

Sample NB92-9012 ~ Fairville Granite (Wardle, 1978) 

Location: long W = 66°06'19" lat N • 45°15'40" 

Description: Coarse-grained, unfoliated, hypidiomorphic, 

inequigranular biotite monzogranite. Sample comprises plagioclase 

(37%), quartz (29%), K-feldspar (24%), biotite (7%), and hornblende 

(2%). Accessory minerals include apatite, zircon, and opaque minerals 

(1%). No titanite. Plagioclase (<5 mm) forms subhedral, zoned grains 

of oligoclase to andesine (An 25.35) partially altered to sericite. It-

feldspar (<10 mm) is euhedral to subhedral and commonly comprises 

microperthite microcline. Quartz (<5 mm) exhibits undulose extinction 

and is interstitial. Myrmekite is common along plagioclase-K-feldspar 

contact*- Pleochroic (green to brown) biotite (2 mm) is interstitial, 

extensively chloritized with inclusions of small epidote and apatite 

grains and lens-shaped unstrained muscovite. Euhedral hornblende (<5 

mm) forms entirely chloritized discrete grains with numerous inclusions 

of opaque minerals. 

Age; Lower intercept U-Pb zircon age of 548 k 2 Ma; upper 

intercept U-Pb zircon age of 1997 + 260/-215 Ma. 

Sample NB92-9010 - Ludgate Lake Granodiorite (White and Barr, 1991) 

Location: long W = 66°13'56" lat N = 45°12'02" 

Description: Medium-grained, unfoliated, hypidiomorphic, 

inequigranular biotite granodiorite. Sample comprises plagioclase 

(53%), quartz (27%), K-feldspar (9%), biotite (7%), and hornblende (3%). 

Accessory minerals include apatite, zircon, titanite, and opaque 

minerals (1%). Plagioclase (<5 mm) forms subhedral, zoned grainB of 

oligoclase to andesine (An 25-35) partially to entirely altered to 

sericite and saussurite. Commonly rimmed by thin, unaltered albite. 
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Quartz (<4 mm) is rounded with embayed and serrated grain margins and 

exhibits undulose extinction. K-feldBpar (3 mm) is microperthite and is 

interstitial. Pleochroic (green to brown) biotite (<2 mm) is 

extensively chloritized with inclusions of epidote and quartz grains, 

opaque minerals, and lens-shaped unstrained muscovite. Pleochroic 

(light to dark green), commonly twinned hornblende are partially altered 

to chlorite and form laths (<4 mm) and fine-grained aggregates 

associated with biotite, apatite and opaque minerals. Titanite is 

commonly twinned and is either interstitial or forms small laths (<2 

mm). 

Age." Upper intercept U-Pb zircon and titanite age of 546 t 2 Ma. 

Sample CW89-509A - Rockwood Park Granodiorite (White et al. 1990) 

Location: long W = 66°04'53" lat N = 45°17'00" 

Description: Medium- to coarse-grained, foliated, hypidiomorphic, 

inequigranular hornblende-biotite granodiorite. Sample comprises 

plagioclase (44), quartz (31%), K-feldspar (9%), biotite (9%), and 

hornblende (7%). Accessory minerals include apatite, zircon, titanite, 

and opaque minerals (1%). Plagioclase forms large (5 mm), weakly 

aligned euhedral to subhedral zoned grains of andesine (An 35) partially 

altered to sericite and sauBsuritf/. Quartz (<5 mm) and microcline are 

interstitial to plagioclase. Pleochroic (light to dark brown) biotite 

(<4 mm) is commonly inclusion-free and locally chloritized along 

cleavage planes. Light to dark green hornblende form euhedral, twinned 

laths (5 mm) that are aligned parallel to foliation and contain 

inclusions of opaque minerals, quartz, and rare altered plagioclase. 

Hornblende cleavage planes are locally partially replaced by chlorite. 

Euhedral titanite (2 mm) are located at grain boundaries between 

hornblende and other minerale. 

Age: Concordant U-Pb zircon and titanite age of 538 i 1 Ha. 

\ pr-
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Sample CW88-246 - French Village Quartz Diorite (White et al. 1990) 

Location: long W = 65°57'47" lat N = 45°22'34" 

Description: Medium- to coarse-grained, unfoliated, 

subporphyritic quartz diorite. Sample comprises plagioclase (47%), 

quartz (8%), hornblende (39%), and biotite (4%). Accessory minerals 

include apatite, zircon, and opaque minerals (2%). Plagioclase forms 

subhedral Btubby lathB (2.0-2.5 mm) of weakly zoned andesine to 

labradorite (An so) variably altered to sericite and sauBsurite. These 

grains are set in a fine-grained (<1 mm) matrix of interlocking, 

unaltered, subhedral plagioclase. Quartz forms minor rounded grains 

((<0.5 mm) that exhibit undulose extinction. Large (1 cm) euhedral 

hornblende are pleochroic (green to light yellow-green), twinned and 

optically zoned. Cores contain very small (<0.1) inclusions of opaque 

minerals, biotite, apatite, and epidote. The rims are mottled, 

relatively inclusion-free with the exception of rare altered plagioclase 

grains and biotite. Smaller (<2 mm) grains are untwined and inclusion-

free. Pleochroic (light green to brown) biotite is chloritized along 

grain margins and cleavage pianos with inclusions of small epidote and 

lens-shaped unstrained muscovite. 

Age: Concordant U-Pb zircon age of 537 k 2 Ma. 

Sample CW88-181A - Orthogneiss = (MLNB-726 of Bevier et al. 1990) 

Location: long W = 66°01'59" lat N = 45°18'52" 

Description: Strongly foliated, relatively homogeneous tonalitic 

orthogneiss consisting of plagioclase (An 39.35) (41%), quartz (39%), K-

feldspar (4%), and biotite (15%). Accessory minerals include apatite, 

zircon, titanite, and opaque minerals (2%). Gneissic layering is 

defined by alternation biotite-rich and quartzofeldspathic layers. 

Weak mineral lineation defined by elongate quartz and feldspar and 

quartz aggregates. Plagioclaae (<2 mm)(partially sericitized and 

sausauritized), quartz (1 mm), and microcline (<3 mm) form, xenoblastic 

and poikiloblastic grains of with numerous inclusions of rounded quartz 
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and biotite in the plagioclase. Pleochroic (light to dark brown), 

subidioblastic biotite (<1 mm) is locally replaced by chlorite and 

epidote. Titanite occur as inclusions in the biotite. 

Age: Upper Intercept U-Pb zircon age of 605 ± 3 Ma. Pb/Pb 

titanite age of 564 ± 6 Ma. 

Sample CW8B-181B - Migmatitic Paragneiss = (MLNB-727 of Bevier et al. 

1990) 

Location: long W = 66°02'03" lat N = 45°18'54" 

Description: Fine- to medium-grained migmatitic paragneiss with a 

moderately well developed banding defined by thin (2-5 mm) alternating 

biotite-rich and quartzofeldspathic layers consisting of plagioclase (An 

30) (35%), quartz (35%), biotite (25%), and K-feldspar and cordierite 

(<5%). Accessory minerals include apatite, titanite, zircon, and opaque 

minerals. Concordant leucosome bands (up to 10 mm wide) consist of 

quartz (50%), plagioclase (40%), and minor K-feldspar (10%). Thin (< 5 

mm) biotite-rich melanosome layers border leucosomes. Plagioclase 

(altered to sericite), quartz, cordierite, and K-feldspar are 

xenoblastic and locally poikilitic with inclusions of biotite and 

quartz. Subidioblastic biotite is replaced by chlorite and epidote. 

Myrmekite is common. Muscovite replaces K-feldspar, plagioclase cores, 

and cordierite. 

Age: Youngest detrital zircon age of 641 k 3.2 Ma. 

Sample CW88-181C - Paragneiss = (MLNB-728 of Bevier et al. 1990) 

Location: long W = 66°02'07" lat N = 45°18'54" 

Description: Fine- to medium-grained paragneiss with a well 

developed gneissic banding defined by thin (2-5 mm) alternating biotite-

rich and quartzofeldspathic layers. Gneiss consists of plagioclase (An 

35) (35%), quartz (35%), biotite (20%), and K-feldspar and cordierite 

(<10%). Accessory minerals include apatite, titanite, zircon, and 

opaque minerals. Texturally similar to sample CW88-181B without the 



leucosome and melanosome layers. 

Age: Youngest detrital zircon age of 943 ± 3 Ma. 

E.4.2. LOCATION AND DETAILED DESCRIPTION OF *Ar/MAr SAMPLES 

A4.2.1. Plutonic Units 

Sample CW88-169 - Renforth Pluton (Currie et al., 1981) 

Location: long W = 65°58'21" lat N = 45°23'21" 

Description: Medium-grained, unfoliated, hypidiomorphic, 

inequigranular hornblende tonalite. Sample comprises plagioclase (57%) 

quartz (23%), hornblende (13%), biotite (4%), and K-feldepar (2%). 

Accessory minerals include apatite, titanite, zircon, and opaque 

minerals (1%). Plagioclase (<4 mm) forms subhedral, moderately zoned 

grains of andesine (An 45) partially altered to sericite. K-feldspar 

(<2 mm) is anhedral, interstitial, and microcline. Quartz (2 mm) is 

subhedral to anhedral. Hornblende (<3 mm) 1B typically anhedral, green 

to green-brown, with inclusions opaque minerals and biotite and 

plagioclase near the rims. However, larger euhedral hornblende (5 mm) 

form entirely chloritized grains with numerous inclusions of opaque 

minerals. Myrmekite is common along plagioclase-K-feldspar contacts. 

Brown biotite (<2 mm) is subhedral and chloritized with inclusions of 

small epidote and apatite grains and lens-shaped unstrained muscovite. 

Age: "̂ Ar/̂ Ar hornblende age of 511 ± 5 Ma 

Sample CW88-246 - French Village Quartz Diorite 

Location: long W = 65°57'47" lat N = 45°22'34" 

Description: Same as U-Pb sample CW88-246 

Age: ^Ar/^Ar hornblende age of 540 i 5 Ma. 

! 
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Sampla CW89-S09A - Rockwood Park Granodiorite 

Location: long W « 66°04'53" lat N = 45°17'00" 

Description: Same as U-Pb sample CW89-509A 

Age: ^Ar/^Ar J-ornblende age of 538 k 5 Ma. 

""'Ar/̂ Ar biotite plateau age of 511 ± 3 Ma. 

Sample CW89-611 - Fairville Granite 

Location: long W = 66°06'02" lat N = 45°15'55" 

Description: Coarse-grained, unfoliated, hypidiomorphic, 

inequigranular hornblende monzogranite. Sample comprises plagioclase 

(38%), quartz (25%), K-feldspar (23%), hornblende (9%), and biotite 

(4%). Accessory minerals include apatite, zircon, titanite, and opaque 

minerals (1%). Plagioclase (5 mm) forms aubhedral, zoned grains of 

andeeine (An 35) with rare albite rims partially altered to sericite. 

K-feldspar (<10 mm) is euhedral to subhedral and commonly comprises 

perthitic microcline. Quartz (<5 mm) exhibits undulose extinction and 

is interstitial. Myrmekite is common along plagioclase-K-feldspar 

contacts. Green to brown biotite iB interstitial, partially 

chloritized. Euhedral green hornblende (<5 mm) forms partially 

chloritized discrete grains with numerous inclusions of opaque minerals. 

Age: mAr/39Ar hornblende age of 536 k 3 Ma. 

Sample VB91-8597 - Shadow Lake Granodiorite "enclave" 

Location: long W = 66°20'39" lat N = 45°11'22" 

Description: Medium-grained, unfoli.ated, allotriomorphic, 

inequigranular quartz diorite. Sample comprises plagioclase (52%), 

quartz (13%), hornblende (24%), and biotite (11%). Accessory minerals 

include apatite, titanite, zircon, and opaque minerals (<1%). 

Plagioclase forms typically unaltered subhedral to anhedral laths (2.0-

2.5 mm) of patchy zoned labradorite (An 5 0 ) . Quartz forms minor 

interstitial grains (<0.5 mm) that exhibit undulose extinction. 

I 
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Anhedral hornblende (0.5 mm) are pleochroic (green to light blue), 

twinned, relatively inclusion-free with mottled zoning. Pleochroic 

brown biotite is chloritized along grain margins and claavac,a planes. 

Age: •"Ar/^Ar hornblende age of 527 ± 5 Ma. 

Sample NB91-8599B - Shadow Lake Granodiorite 

Location: long W = 66°22'45" lat N = 45°10'49" 

Description: Medium-grained, hypidiomorphic, inequigranular 

hornblende granodiorite. Sample comprises plagioclase (52%), quartz 

(12%), K-feldBpar (4%), biotite (11%), and hornblende (19%). Accessory 

minerals include apatite, zircon, titanite, and opaque minerals (<1%). 

Plagioclase formB small (3 mm), euhedral to subhedral zoned grains of 

andesine (An 35) partially altered to sericite and savar,urite. Quartz 

(<5 mm) and microcline are interstitial to plagioclase. Pleochroic 

green biotite (<4 mm) is commonly inclusion-free and locally chloritized 

along cleavage planes. Light to dark green hornblende form euhedral, 

twinned laths (5 mm) that contain inclusions of opaque minerals, quartz, 

and rare altered plagioclase. Hornblende cleavage planes are locally 

partially replaced by chlorite. 

Age: ^Ar/^Ar hornblende age of 543 k 5 Ma. 

A4.2.2. Green Head Group 

Samp It. CW88-204 - Marble 

Location: long W = 65°53*09" lat N « 45°26'22" 

Descriptiont Medium-grained, layered, marble. Sample comprises 

calcite (95%), phlogopite (3%), tremolite (<1%), and diopside (<1%). 

Rounded quartz, plagioclase, and microcline are rare. Accessory mineral 

include titanite, apatite, tourmaline, and opaque minerals (<1%). 

Calcite (<4 mm) is slightly elongate parallel to layering and typically 

haB serrated boundaries. Phlogopite (<1 mm) is unaltered, inclusion-

free, idioblastic, and elongate parallel to layering. Tremolite and 

I 
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diopside (<0.5 mm) are subidioblastic to xenoblastic and scattered 

throughout the thin section. Tremolite locally replaces the diopside 

rims. Titanite, apatite, and tourmaline are idioblastic and typically 

strongly zoned. 

Age: ^Ar/^Ar phlogopite age of 538 1 6 Ma. 

Sample CW90-764 - Marble 

Location: long W - 65°52'16" lat N = 45°27'54" 

Description: Coarse-grained, weakly layeret^ granoblastic marble. 

Sample comprises calcite (95%), phlogopite (2%), tremolite (<1%), 

diopside (<1%), and forsterite (<1%). Rounded quartz, plagioclase, and 

microcline are rare. Accessory mineral include titanite, apatite, and 

opaque minerals (<1%). Calcite (5 mm) is typically granoblastic with 

locally developed serrated boundaries. Phlogopite (<1 mm) 1B relatively 

unaltered, idioblastic, inclusion-free, and parallel to layering. 

Locally it is partially chloritized near tremolite. Tremolite and 

diopside (<0.5 mm) are subidioblastic to xenoblastic, locally 

pseudomorphed by chlorite and associated epidote. Rounded forsterite is 

entirely replaced by serpentine and/or chlorite. Titanite and apatite 

are idioblastic. 

Age: 40Ar/39Ar phlogopite age of 530 ± 5 Ma. 

Sample CW90-767 - Mica schist 

Location: long W = 65°52'34" lat N = 45°27'48" 

Description: Medium-grained, strongly foliated mica schist. 

Sample comprises muscovite (30%), quartz (<35%), feldspar (<35%), and 

cordierite (<1%). Accessory minerals include opaque minerals and 

apatite. Foliation is locally strongly crenulated. Muscovite (<4 mm) 

is unaltered, idioblastic, and inclusion-free. Quartz and feldspar 

(<0.5 mm) form granoblastic layers and pods parallel to foliation. 

Cordierite (<0.5 mm) is xenoblastic and skeletal and entirely replaced 

by sericite and rare coarse muscovite. It is interpreted to be the 
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result of contact metcmorphism. 

Age: "^Ar/^Ar muscovite age of 507 ± 5 Ma. 

Sample CW90-812 - Marble 

Location: long W = 66°01'07" lat N = 45°20'47" 

Description: Medium-to fine-grained, strongly layered, marble. 

Sample comprises calcite (95%), phlogopite (4%), and tremolite (<1%). 

Accessory mineral include titanite, apatite, and opaque minerals (<1%). 

Calcite (2 mm) is typically granoblastic in the medium-grained layers 

but is slightly elongate with serrated boundaries in the coarse-grained 

layers (<4 mm). Phlogopite (<1 mm) is relatively unaltered, idioblastic 

to subidioblastic, inclusion-free, and elongate parallel to layering. 

Tremolite (<2 mm) is subidioblastic to xenoblastic and ia locally 

replaced by chlorite. Titanite and apatite are idioblastic. Opaque 

minerals are cubic. 

Age: "^Ar/^Ar phlogopite age of 515 ± 5 Ma. 

A4.2.3 Brookville Gneiss 

Sample CW89-598C - Marble 

Location: long W = 66°01'59" lat N = 45°18'52" 

Description: Coarse-grained granoblastic marble. Sample comprises 

calcite and dolomite (95%), phlogopite (1%), tremolite (1%), forsterite 

(1%), and diopside (1%). Accessory minerals include titanite, apatite, 

tourmaline, and opaque minerals (1%). Calcite and dolomite (5 mm) are 

granoblastic with moderately developed serrated boundaries. Phlogopite 

(<2 mm) is randomly oriented, idioblastic, inclusion-free, and typically 

unaltered. Tremolite (2 mm) and diopside (<1 mm) are subidioblastic to 

xenoblastic and commonly replaced by chlorite and associated epidote. 

Forsterite (<0.5 mm) is partially pseudomorphed by serpentine. 

Age: ^Ar/^Ar phlogopite age of 541 ± 5 Ma. 

I I 



Sample On89-629C - Marble 

Location: long W = 66°01'38" lat N = 45°19'25" 

Daacription: Same as for sample CW89-598C, although diopside and 

forsterite is rare and completed replaced by serpentine and/or chlorite. 

Rounded anorthite (<0.5 mm) common. 

Age: '"'Ar/̂ Ar phlogopite age of 534 ± 5 Ma. 

A4.2.4. Hammondvale Metamorphic Unit 

Sample HB87-4090 - Mica schist 

Loc&tio.,: long W = 65°28'32" lat N >-- 45°34'45" 

Description: Coarse-grained, well foliated mica schist. Sample 

comprise comprises muscovite (40%), albite (40), quartz (<15%), garnet 

(<5%J, orthoclase (<1%), and biotite (<1%). Accessory minerals include 

opaque minerals, tourmaline, apatite, titanite, epidote, and zircon. 

Albite and garnet form large (<10 mm) subidioblastic porphyroblasts with 

straight to curved inclusion trails defined by elongate quartz, 

tourmaline, epidote, opaque minerals, muscovite, chlorite, and biotite. 

Coarse muscovite (<10 mm) defines the main external schistosity and is 

commonly draped around porphyroblasts. It is relati.^ly inclusion-free 

and unaltered. Orthoclase forms small patches on albite, especially 

near pressure shadows. It also occurs as small (<5 mm) porphyroblasts 

in the matrix with inclusions of elongate quartz. Biotite (<2 mm) is 

associated with the matrix muscovite and inclusions in albite. It is 

typically partially altered to chlorite. 

Age: '"'Ar/̂ Ar muscovite age of 617 ± 6 Ma. 

Sample CW88-101 - Marble 

Location: long W = 65°29'03" lat N = 45o35'20,, 

Description: Medium-grained muse; 'ite-bearing marhle. Sample 

comprises muscovite (50%) and calcite ( • % ) , with accessory apatite, 

titanite, tourmaline, and opaque minerals (<1%). Muscovite (5 mm) 

I 
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defines the foliation and is locally crenulated. It is typically 

idioblastic, unaltered, inclusion-free, and locally intensely 

crenulated. Calcite (<5 mm) is locally granoblastic with serrated 

boundaries. With the exception of the opaque minerals all accessory 

minerals are idioblastic. Apatite and tourmaline are typically well 

zoned. 

Age: 40Ar/39Ar muscovite age of 613 k 6 Ma. 

Sample CW88-115A - Mica schist 

Location: long W = 65°29'17" lat N = 45°33'53" 

Description: Same as for sample NB87-4090, although this sample is 

more deformed with well developed asymmetric albite porphyroblasts and 

quartz ribbons. 

Age: *°Kr/39Ar muscovite age of 603 ± 6 Ma. 

f 
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