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ABSTRACT

The Blair River inlier of northern Cape Breton Island, Nova Scotia includes four major Proterozoic
units. The protolith of the tonalitic to dioritic Sailor Brook orthogneiss is no younger than 1217 Ma and
metamorphic zircon associated with granulite-facies metamorphism of this unit crystallised at 1035 +12/-
10 Ma. Igneous zircon in the Lowland Brook Syenite crystallised at 1080 +5/-3 Ma, but this unit was not
significantly affected by Proterozoic metamorphism and deformation. The Red River Anorthosite Suite is
a Proterozoic massif-type anorthosite that contains a central core of massive anorthosite and grades
outward, through leucogabbro and layered mafic rocks, to rare pyroxenite. High-temperature, relatively
low-pressure metamorphism of the suite occurred at 996 +6/-5 Ma, but its effects are rarely
distinguishable due to a strong amphibolite-facies overprint and intense alteration. Charnockitic rocks are
lithologically and chemically gradational with the layered unit, possibly due to contact metamorphism and
metasomatism of the anorthosite suite during intrusion of the charnockite. The biotite-rich, garnet-
bearing, granitoid Otter Brook gneiss yielded an igneous age of 978 +6/-5 Ma.

Silurian thermal activity in the Blair River inlier is recorded by magmatism associatcd with the
undeformed Sammys Barren granite at 435 +7/-3 Ma and by metamorphic mineral ages. U-Pb analysis of
metamorphic titanite from amphibolite-facies overprint assemblages in the Sailor Brook gneiss, Lowland
Brook Syenite, Red River Anorthosite Suite, a gneissic anorthosite, and the Otter Brook gneiss, along with
igneous titanite from the Red River syenite and Fox Back Ridge diorite/granodiorite, all yield cooling ages
of ca. 425 Ma. Lower-temperature cooling ages are provided by hornblende from the Fox Back Ridge unit
(417 £ 6 Ma), rutile from the Red River Anorthosite Suite (410 £+ 2 Ma), muscovite from the Meat Cove
marble (428 + 7 Ma), and phlogopite from a calc-silicate lens in the Otter Brook gneiss (410 + 6 Ma).

The Blair River inlier is interpreted to be a fragment of Grenvillian basement derived from a
promontory on the proto-Atlantic continental margin of North America. Its tectonostratigraphic position
at the western margin of a condensed section of the Appalachian orogen in Cape Breton Island is
confirmed by a host of geophysical data. Similarities in rock types, ages, and isotopic characteristics with
the Grenville Province support a cratonic Laurentian origin for the Blair River inlier and these features
contrast sharply with accreted terranes of the Appalachian orogen. The Blair River inlier preserves no
indication of Taconian (Ordovician) events, and Acadian (Devonian) or Alleghanian (Carboniferous)
events appear to be limited to high-level faulting associated with the amalgamation of the neighbouring
Aspy terrane. Widespread Silurian metamorphism and localised magmatism of this inlier identical in age
to similar events recognised elsewhere in the northern Appalachian orogen, and indicates involvement of

the Blair River inlier in the Silurian culmination of Appalachian orogenesis.
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CHAPTER 1 - Introduction

1.1 Introduction
From the Middle Proterozoic to the mid-Paleozoic, the eastern margin of ancient North

America (Laurentia) was subjected to extremes of tectonic processes; two major orogenic episodes,
both culminating in continent-continent collision, were separated in time by the development of a
passive continental margin. The most extensive record of this period of geological activity is
preserved in a band of basement inliers and their sedimentary cover sequences that extend
discontinuously from Alabama to Newfoundland (Figure 1.1) along the western flank of the
Appalachian orogen. The inliers expose Middle to Late Proterozoic rocks derived from the
cratonic basement of easternmost Laurentia (Hatcher, 1984; Bartholomew and Lewis, 1992;
Rodgers, 1995), which is otherwise buried beneath Paleozoic sedimentary rocks of the Appalachian
foreland basin. East of the band of inliers are outboard terranes accreted to Laurentia during

Paleozoic orogenies.

Laurentian basement inliers in the Appalachian orogen contain distinctive lithologies
including granulite-facies gneiss, anorthosite, charnockite, and mangerite (Bartholomew, 1984 and
papers therein; Owen and Erdmer, 1990). These rock types are common in the Grenville Province,
but are largely absent from the Appalachian outboard terranes. Their ages, where known or
inferred, are comparable to the characteristic ages of plutonism and metamorphism in the
Grenvillian orogen (ca. 1200-960 Ma; e.g., Owen and Erdmer, 1989; 1990; Karabinos and

Aleinikoff, 1990; Currie et al., 1991, Rankin et al., 1989).

The Blair River inlier (formerly Blair River Complex of Barr and Raeside, 1989) of

northwestern Cape Breton Island (Figure 1.1) lies within the Appalachian geological province but
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Figure 1.1 - Distribution of Middle Proterozoic rocks in the Appalachian orogen. Modified after Rankin
(1976) and Bartholomew and Lewis (1992). SLP = St. Lawrence promontory, QR = Quebec re-entrant.
The inferred eastern limit of Laurentia is the positive gravity anomaly (after Rodgers, 1995; Rankin et al.,
1989)



includes granulite-facies gneiss, an anorthosite suite, chamockite, and pyroxene-bearing syenite.
These rocks are distinct from the Appalachian outboard terranes in Cape Breton Island (Barr and
Raeside, 1986; 1989), but similar to rock types in the Grenville Province and in Grenvillian
basement inliers in the Humber Zone of western Newfoundland (e.g., Owen and Erdmer, 1990).
The Blair River inlier has the characteristics of Grenvillian basement to the Appalachian orogen,

and has the potential of preserving a long record of the geological history of eastern Laurentia.

1.2 Tectonic zones in the Appalachian orogen

On a broad scale, the northern and Newfoundland Appalachian orogen comprises three
principal components: 1) remnants of the Laurentian continental margin, including Grenvillian
basement rocks overlain by rift-drift-passive margin sedimentary sequences, 2) the Central Mobile
Belt, a variety of oceanic remx'lants including terranes associated with the Iapetus Ocean, oceanic
arc complexes, and possible microcontinents, and 3) remnants of Gondwana and peri-Gondwanan
arcs. The latter two major components are the generalised “Appalachian outboard terranes™ with
origins outside of, though not necessarily distant from, Laurentia. These crustal fragments form a
variety of lithotectonically discrete terranes and zones (Williams, 1979; Williams and Hatcher,
1982; Horton et al., 1989; Williams et al., 1988; Barr and Raeside, 1989; van Staal and Fyffe,
1991; Colman-Sadd et al., 1992; Keppie, 1993). The deformed Laurentian margin is termed the
Humber Zone in the northern (Canadian) Appalachian orogen, makes up part of the “Taconian”
zone in the central Appalachian orogen (Maine to New Jersey), and in the southern Appalachians
(Pennsylvania to Alabama) its remnants occupy the Blue Ridge Province in the Cumberland zone
of Hibbard and Samson (1995), and Humber Zone equivalents in the subsurface beneath the Inner

Piedmont.
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The Appalachian orogen is classically divided in time and, less discretely, in space (generally

younging outward from the craton) into large-scale orogenic bands designated the Taconian
(Middle and Late Ordovician), Acadian (Late Silurian-Middle Devonian), and Alleghanian
(Carboniferous-Early Permian) orogenies (Rodgers, 1970; Williams and Hatcher, 1982; Bradley,
1983). Detailed studies that integrate precise geochronology with structural and petrologic data,
demonstrate that this paradigm is overly simplistic. Current evidence suggests considerable
diachroneity in the timing, style, and intensity of the once-presumed laterally equivalent tectonic
episodes in different parts of the Appalachian orogen, (e.g., Rodgers, 1970; Dunning et al., 1990a;
Keppie, 1993; Sevigny and Hanson, 1993; Wintsch et al., 1993). Furthermore, considerable

debate exists as to the tectonic significance of the orogenic events.

1.3 Historical perspectives of the relationship between northern Appalachian
tectonic zones and the Blair River inlier

Early workers proposed a lithologic correlation between gneissic and meta-igneous rocks in
northern Cape Breton Island (now separated as the Blair River inlier) and basement rocks of
western Newfoundland (now the Humber Zone; e.g., Neale 1963; 1964; Neale and Kennedy 1965;
Cameron, 1966; Jenness 1966; Brown 1973; Currie 1975; Macdonald and Smith 1979; Smith and
Macdonald, 1983; Dupuy et al., 1986). However, the tectonic significance of the correlation was

poorly understood at the time.

Despite the lithologic correlation with Laurentian rocks in western Newfoundland, early tectonic
zone models considered all of Cape Breton Island to be part of the Gondwanan-affinity Avalon terrane.
These models necessitated a deflection in the strike of terrane boundaries from Newfoundland through
the Cabot Strait and north of Cape Breton Island (Figure 1.2a; Williams, 1978; Williams and Hatcher,
1982; 1983; Nance, 1986; Keppie and Dallmeyer, 1989). The position of the other terrane boundaries in

the Cabot Strait and Gulif of St. Lawrence was a topic that received little discussion. This interpretation



Figure 1.2 - Examples of historical differences in northern Appalachian tectonic zones. (a) Early
interpretations of the tectonic zones in the northern Appalachian orogen that considered Cape Breton
Island part of the Avalon terrane. Zones are after Williams and Hatcher (1983) and Avalon-Gander
terrane boundaries are after authors noted on the figure. (b) Later tectonic zones (from Barr and Raeside,
1986; 1989) that were corroborated, in part, by geophysical data published in the late 1980’s.



of tectonic zones made it easier to discount the significance of Grenvillian-type rocks in northem Cape
Breton Island because, unlike the other basement inliers that were thought to be underlain by
autochthonous Laurentian craton (e.g., Hatcher and Zeitz, 1980), the locations of terrane boundaries in
the Gulif of St. Lawrence (cf., Figure 1.2a) implied that Grenvillian basement did not extend far enough

into the orogen to provide an underlying source region for the Blair River inlier.

A variety of geophysical data became available in the late 1980’s that helped to support a
correlation between the Blair River inlier and the Humber Zone in western Newfoundland. Deep seismic
profiles from Lithoprobe East transects combined with industrial shallow seismic data (Loncarevic et al.,
1989; Marillier et al., 1989; Durling and Marillier, 1990; Stockmal et al., 1990; Langdon and Hall,
1994) showed that autochthonous Laurentian lower crust extends, at depth, much farther into the Gulf of
St Lawrence than was previously thought, to at least as far south and east as northernmost Cape Breton
Island (Figure 1.3). Furthermore, linear gravity and magnetic anomalies, which reflect major lower and
upper crustal structures such as terrane boundaries and tectonic zones (e.g., Loncarevic et al., 1989;
Marillier et al., 1989; Marillier and Verhoef, 1989; Miller, 1990), clearly strike from southern

Newfoundland through the Cabot Strait and into, rather than around, Cape Breton Island (Figure 1.4).

Based primarily on geological considerations, Barr and Raeside (1986; 1989) and Barr et al.
(1987a; 1987Db) revived the correlation of the Blair River inlier with the Humber Zone as part of their
redefinition of tectonic zones in the northern Appalachian orogen and defined more clearly the tectonic
significance of the correlation. Their interpretation has since been used in tectonic models (Stockmal et
al., 1987; 1990, Lin et al., 1994). The repositioned tectonic zones (Figure 1.2b), as constrained partly
by the geophysical data, require that Cape Breton Island contain a condensed section of the Appalachian
orogen (¢.g., Barr and Raeside, 1986; 1989) between the Laurentian Blair River inlier and the Avalonian

Mira terrane, as opposed to the Appalachian zones meandering awkwardly and arbitrarily north of the
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Figure 1.4 - Geophysical data that suggest structural continuity between Cape Breton Island and
southern Newfoundland. (a) Total-field magnetic anomaly map from Loncarevic et al. (1989). (b) Bouguer
anomaly map from Loncarevic et al. (1989).



island. However, some authors have not accepted the Grenvillian affinity and/or the Laurentian
parentage of the Blair River inlier, based partly on the implications for the relations of the other
Appalachian terranes in Cape Breton Island (e.g., Murphy et al., 1989; Keppie et al., 1992; Keppie,
1993; Lin, 1993; Chen et al., 1995; Lynch, 1996). Some of these workers continue to include the Blair
River inlier in the Avalon terrane or in a composite thrust terrane in the Central Mobile Belt of the
Appalachian orogen, whereas others debate the tectonostratigraphic relationships between the Aspy,

Bras d’ Or, and Mira terranes in Cape Breton Island (Figure 1.2).

1.4 Grenvillian basement exposures in the Appalachian orogen

Middle Proterozoic basement rocks and late Proterozoic to mid-Paleozoic volcanic and
sedimentary cover rocks in the Appalachian orogen preserve an extensive record of geological
activity along the eastern margin of ancient North America. These rocks record the effects of
Grenvillian orogenesis on the North American craton, break-up of a Proterozoic supercontinent
(Hoffiman, 1991), development of a passive margin, and Appalachian orogenesis on the eastern

margin of Laurentia.

Exposures of Grenvillian basement rocks in the Appalachian orogen form a discontinuous
band of fault- or unconformity-bounded inliers between Alabama and Newfoundland (Figure 1.1).
The band of inliers in the northemn and central Appalachian orogen cﬁincides closely with a
prominent regional positive gravity gradient (Figure 1.1; Hatcher and Zeitz, 1980; Cook and
Oliver, 1981; Haworth et al., 1981; Rodgers, 1995) located near the core of the Appalachian
orogen. The Blue Ridge anticlinorium is displaced to the north and west of the gravity gradient but

the, probably more closely autochthonous, Pine Mountain block is adjacent to the gradient. Only
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the, controversially Laurentian, Goochland terrane (Farrar, 1984; Rankin et al., 1993; Hibbard and

Samson, 1995) is exposed east of the gravity gradient.

The gravity gradient is thought to mark the eastern extent of the Laurentian craton beneath
the Appalachian orogen (Hatcher and Zietz, 1980) and its sinuous trend reflects the shape of late
Proterozoic to early Paleozoic continental break-up, perhaps along zones of extension linking hot-
spot generated triple junctions (Burke and Dewey, 1973; Rankin, 1976). The trend of the gravity
gradient outlines a series of promontories and re-entrants in the buried edge of Laurentia (Thomas,
1977; Rankin, 1976). The northern, central, and southern segments of the Appalachian orogen
each contain a major promontory/re-entrant pair. The northern Appalachian orogen contains the
largest pair, the St. Lawrence promontory and the Quebec re-entrant (Figure 1.1). The Blair River

inlier is exposed at the apex of the promontory.

Oroclinal bends in the trend of the band of Grenvillian basement inliers broadly coincide
with the promontories and re-entrants, although the curvature is somewhat muted compared to that
of the gravity gradient (Figure 1.1). These observations are widely interpreted to indicate that the
shape of the inherited Laurentian continental margin had a strong influence on the geometry and
development of Paleozoic orogenic events, including emplacement of basement inliers (Hibbard,
1982; Hatcher, 1984; Bartholomew and Lewis, 1988; Rodgers, 1995). But only the southern Blue
Ridge Province was thrust a large distance (>100; Hatcher, 1978; Bartholomew, 1983) over the

cratonic edge during the Paleozoic.

The Blair River inlier has all the necessary characteristics to be included in the band of
inliers. The inlier contains Grenvillian rock types, it lies near the western flank of the Appalachian

orogen adjacent to the positive gravity gradient that marks the eastern extent of Laurentia, and to
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the south and east are accreted Appalachian outboard terranes. The Blair River inlier is unique,

however, in that it directly overlies the apex of the largest and sharpest promontory of the buried

Laurentian cratonic edge.

1.5 Research justification and purpose of study

The Grenville orogen in eastern North America is nearly twice as long and half-again as
wide as its exposure in the Grenville Province; most of the orogen is buried beneath Paleozoic
sedimentary rocks or the Appalachian orogen (Figure 1.1). The basement inliers in the
Appalachian orogen, therefore, provide important constraints on the pre-Paleozoic shape of, and a
broader understanding of the ages and compositions of the rocks that comprised, a large area
eastern Laurentia. For example, the primarily orthogneissic inliers in the Blue Ridge Province are
probably not an extension of the Central Granulite Belt of the Grenville Province, but may
comprise a previously unrecognised Grenvillian subdivision (Rankin et al., 1993). The basement
inliers in New England may be a continuation of the Adirondack Mountains (part of the Central
Granulite Belt) but lack distinctive igneous rocks like anorthosite and charnockite. The lithologies,
ages, and metamorphic conditions in the Long Range Inlier correspond closely to the Grenvillian
rocks in eastern Labrador and northern Quebec (Owen and Erdmer, 1989; 1990; Owen, 1991).
Moore (1986) suggested that the recognition of oceanic rocks and suture zones between the
allochthonous terranes and parts of the opposing continént could resolve the debate (at that time)
over the continent-continent collision versus intracratonic nature of the Grenvillian orogeny. He
further speculated that the suture zone might be located in (or under) the Appalachian orogen and
that the Central Metasedimentary Belt may be a klippe rooted southeast of the Grenville Province.
If so, the basement inliers may preserve a clearer record of Grenvillian continent-continent collision

and may contain the only remnants of the opposing continent. The Blair River inlier, being located
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at, and most likely derived from, the apex of the largest protrusion from cratonic North America is

an important sample of Grenvillian rocks with which to test the hypotheses of Moore (1986). The
Blair River inlier can also provide important constraints for extending the understanding of
lithological variations and the timing of Proterozoic thermal events in parts of the Grenville orogen

that are exposed only in the Appalachian inliers.

Despite the potential of basement inliers to preserve an extensive record of the history of
tectonic processes along the eastern margin of Laurentia, “...a number of them have yet to receive
anything but cursory work as geologists have pursued what seemed like more timely and
momentous geological problems in the Appalachians” (Bartholomew, 1984; pg. v). In the twelve
years since the comprehensive compilation of Bartholomew (1984), most workers in the western
flank of the Appalachian orogen have focused on the Paleozoic sedimentary sequences, and the

basement rocks have received relatively little study. As Rankin et al. (1993; pg. 397) noted,

“Our understanding of Grenvillian history of the Laurentian Appalachians is
very limited. Recognition of many of the rocks as pre-Appalachian basement alone is
a major accomplishment in many areas where Paleozoic redeformation has been
intense. Where sufficiently well-studied and uncomplicated by later events, the
Laurentian basement records a very complex sequence of events in the 1.35-Ga to

900-Ma time period.”

Although a Paleozoic thermal overprint is evident from petrographic studies, the age of
Appalachian metamorphism is poorly constrained in most of the inliers, allowing for ambiguities
and apparent contradictions in the timing of orogenesis along the strike of the orogen.

Furthermore, some inliers (or units within an inlier) are defined as “Grenvillian” on the basis of
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rock type alone (e.g., Drake, 1984; Piasecki, 1991; Valiéres et al., 1978), inferred geologic

correlations and imprecise or questionable radiometric ages (e.g., Rb-Sr whole-rock; Davis et al.,

1962; Fullagar and Odom, 1973; Helenek and Mose, 1984).

Despite lingering contradictory tectonic models, the Blair River inlier, as one of the
Grenvillian basement blocks in the Appalachian orogen, can provide important constraints on the
geometry and timing of northern Appalachian tectonic events, and thereby constrain tectonic
models. However, the Blair River inlier had not been mapped systematically as a discrete
lithotectonic unit, bounding and internal structures were not well documented, both Grenvillian and
Appalachian metamorphic conditions were poorly constrained, and the ages of units could only be
inferred from geological correlations and one imprecise radiometric age. Therefore, the specific

objectives of this thesis dissertation are to:

1) present the results of 1:10,000 scale mapping in the Blair River inlier, subdividing and
redefining previously described units where necessary (presented at 1:50,000 scale,

Map A in back pocket)

2) document rock types, field relations, compositional variations, chemistry, and structure

of the units that comprise the Blair River inlier and its bounding fault zones (Chapter 2)
3) describe the geochemical characteristics of gneissic and plutonic rocks (Chapter 3)

4) determine the ages of major units in order to test the Grenvillian affinity of the Blair
River inlier, and to evaluate the timing and degree of involvement in Appalachian

orogenesis (Chapter 4)

5) provide constraints on metamorphic conditions of major units (Chapter 5)



6) compile new and existing data on the Blair River inlier to provide a synthesised
interpretation of its relationship to the Grenvillian orogeny and its role in northern

Appalachian orogenesis (Chapter 6).

14
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CHAPTER 2 - Lithologic Units, Field Relations, Petrography, and Structure

2.1 Introduction and previous work

The Blair River inlier consists of the pre-Middle Devonian rocks in the crystalline core of the
northwestern Cape Breton Highlands. The inlier is flanked to the north and west by Carboniferous
sedimentary units of the Horton and Windsor groups and by rhyolite, basalt, and sedimentary rocks
of the Devonian to Early Carboniferous (Barr et al., 1995; Smith and Macdonald, 1981) Fisset
Brook Formation (Figure 2.1). The contact between the Blair River inlier and the cover rocks is
locally interpreted as a nonconformity (Bradley and Bradley, 1984), but is faulted in most
locations. The Blair River inlier is separated from the Aspy terrane to the southwest by the Red

River fault zone and to the southeast by the Wilkie Brook fault zone (Figure 2.1).

The most detailed published map of the Blair River inlier prior to this study was that of
Raeside and Barr (1992). Their map formed the basis for the present project and their unit names
are followed here as closely as possible. The present study, however, recognises lithologic
subdivisions within previously undivided units, repositions the boundaries of some units. and
suggests new or more appropriate unit names in order to describe more precisely the association
between, and lithologic variation within, the inlier. The Blair River inlier is so named in order to
retain, as a single lithotectonic entity, the pre-Devonian units north of the Red River fault zone and

west of the Wilkie Brook fault zone.

As mapped here, the Blair River inlier consists of eight major lithologic units that comprise
about 85% of the map area. The major units in the complex are the Sailor Brook gneiss, Otter
Brook gneiss, Polletts Cove River gneiss, Lowland Brook Syenite, Red River Anorthosite Suite and

an associated charnockite unit, and the Fox Back Ridge diorite/granodiorite. Smaller units include
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Figure 2.1 - Generalised geologic map of the Blair River inlier. Inset: BRI = Blair River inlier, A = Aspy
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the Delaneys Brook, High Capes, and Salmon River anorthosite bodies, Sammys Barren granite,
Red Ravine syenite, small bodies and dikes of coarse grained metagabbro, marble and calc-silicate
rocks, relatively undeformed and unmetamorphosed fine-grained mafic and felsic dikes, and

various fault zone rocks (Figure 2.1).

A significant change from the map of Raeside and Barr (1992) is the identification of the
Sailor Brook gneiss and Otter Brook gneiss as distinct map units and the separation of these units
from the Polletts Cove River Group. The remainder of the Polletts Cove River Group is here
renamed the Polletts Cove River gneiss. This unit is heterogeneous, consisting of variably deformed
igneous rocks and gneisses of many different compositions and states of deformation with inferred
igneous protoliths that are not further divisible at the present map scale and are not recognisably

stratified.

In the southeastern part of the map area, Smith and Macdonald (1983) included anorthosite
and gabbroic rocks in the Red River Anorthosite Complex. However, the term “suite” is more
appropriate than “complex” because this large-scale map unit comprises lithologically distinctive
and separable igneous subunits that are interpreted to be genetically related (Macdonald and Smith,
1979; Dupuy et al., 1986; Bekkers, 1993). Therefore, this unit is here termed the Red River
Anorthosite Suite. The suite as now mapped includes some of the rocks mapped as diorite by
Neale (1964), thought to be metasedimentary or metavolcanic rocks by Jenness (1966), considered
country rock by Mitchell (1979), and mapped as gabbro, gneiss, and granulite by Smith and

Macdonald (1983).

Raeside and Barr (1992), following the work of Smith and Macdonald (1983), combined

monzodiorite, diorite, and dioritic gabbro in the southern part of the map area into a unit they
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termed the Red River monzodiorite. The present study recognises that their map unit includes

amphibolite, massive and layered gabbro, and metagabbro, all of which are here interpreted to be
part of the Red River Anorthosite Suite. The recognition of preserved or relict orthopyroxene-
bearing “monzodiorite and related rocks™ associated with, but not part of, the anorthosite suite are
here defined as chamockite. The diorite and remaining monzodiorite and granodiorite are here
considered a separate unit termed the Fox Back Ridge diorite/granodiorite. Undeformed granite and
syenogranite layers, dikes, veins, and small pods in the Fox Back Ridge diorite/granodiorite were
mapped by Smith and Macdonald (1983) and are probably related to a small body of granite that

is here termed the Sammys Barren granite.

The Aspy Fault escarpment is the most prominent topographic feature in northern Cape
Breton Island (Figure 2.2a), and some early workers considered it to be a major geologic boundary
(Neale, 1963; Cameron, 1966; Wiebe, 1972). Neale and Kennedy (1975), however, recognised the
similarity of basement and cover rocks across this fault and suggested that the major lithologic
boundary exists elsewhere, possibly unexposed. Macdonald and Smith (1979) and Smith and
Macdonald (1983) mapped fault and mylonite zones sub-parallel to, but west of, the Aspy Fault.
Raeside et al. (1986) interpreted these structures as a major fault system. the Wilkie Brook fault
zone, separating the then unnamed Blair River inlier from the Aspy terrane. They also defined the

Red River fault zone as the southern boundary of the Blair River inlier.

Field mapping in northern Cape Breton Island was conducted by the author at a scale of
1:10,000 in the summers of 1990 and 1991. During the two field seasons, 519 samples were

collected from throughout the Blair River inlier wich were added to the 739 samples collected by
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Figure 2.2 - Photographs illustrating the physiography of northwestern Cape Breton Island.

(a) Aspy Fault escarpment which was, at one time, considered a major geological boundary but is now
known to be a Carboniferous or younger normal fault that does not greatly offset the geology of the Aspy
terrane.

(b) aerial photograph of McEvoys Barren. Similar barrens in the central portion of the Blair River inlier
make further subdivision of the Polletts Cove River gneiss difficult due to lack of outcrop.

(c) deeply incised tributaries of Blair River.

(d) examples of the types of outcrops in many of the smaller brooks and tributaries.



Figure 2.2
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R. Raeside, S. Barr, C. White, and F. Dennis between 1985 and 1989. Thin sections were made

from 375 of these samples, selected to represent the lithological diversity of the complex.

The central strip of the Blair River inlier, the Polletts Cove River gneiss, could not be further
divided due to sparse outcrop and difficult access. Bogs and spruce forests cover much of the
highlands plateau (Figure 2.2b) and outcrops are restricted largely to deeply incised gorges (Figure
2.2¢c). Few field photographs are included here because many exposures are along gorge walls, are
small moss- or lichen-covered outcrops, or are submerged in poorly illuminated brooks (e.g.,

Figure 2.2d).

The units in the Blair River inlier are described below, in order of their known or inferred

ages.

2.2 Rock types, petrography, and contact relations
Sailor Brook gneiss

The Sailor Brook gneiss (Figure 2.1) is a heterogeneous unit distinguished as a granular,
granulite-facies gneiss that is hard, massive, and locally migmatitic. Some of the characteristic
rock types are shown in Figure 2.3a,b and include fine- to medium-grained granular gneiss with
compositions of tonalite, quartz diorite, and granodiorite (~60%). Minor rock types include
granular or foliated amphibolite (~20%), granoblastic one- and two-pyroxene banded gneiss
(~8%), granular and foliated granitic gneiss (~5%), chlorite-epidote-muscovite schist (~5%), and
subophitic metagabbro (~1%). These lithologies are intimately mixed and it is not possible to
subdivide them at the 1:10,000 scale of field mapping of the present study. Granular gneiss
contains weak metamorphic banding defined by the concentration of equant mafic minerals, but in

many samples granular mineral relicts are discernible in lensoid patches in the dominant gneissic
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Figure 2.3 - Representative samples from the Sailor Brook gneiss.

(a) examples of Sailor Brook gneiss coarse-granular granodioritic gniess (top-left, BVM91-526), weakly
banded diorite gneiss with granitic leucosomes (top-right, BVM91-773), coarse granular diorite (bottom-
left, RR85-2047a), and weakly foliated granodiorite gneiss (bottom-right, BVM91-527).

(b) boulder of migmatitic gneiss.

(c) intrusion breccia in Sailor Brook gneiss near the (now faulted) contact with the Lowland Brook
Syenite. This photograph is of a boulder, but the same relationship is seen in several, less photogenic,
nearby outcrops.

(d) examples of mafic xenoliths in the Lowland Brook Syenite (BVM91-753, CW85-103, SB85-1048).
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foliation. Granular gneiss is most common in the centre of the unit on the southern branch of
Sailor Brook and near the contact with, or as xenoliths in, the Lowland Brook Syenite (Map A).
The Sailor Brook gneiss is a mappable unit only in the northwestern portion of the Blair River

inlier, but similar intermediate to mafic granulite gneiss is present in the Polletts Cove River gneiss.

Samples of mafic and intermediate granular gneiss are medium-grained and unfoliated but
weakly compositionally banded, with granoblastic plagioclase, quartz, hornblende, clinopyroxene,
and orthopyroxene. Several mafic samples preserve two-pyroxene metamorphic mineral
assemblages. Two-pyroxene granulites contain pale-green augite (15-20%), hypersthene (8-15%),
plagioclase' (An_33.42, 30-40%), K-feldspar (~15%), quartz (8%), radiating acicular rims of
orange-brown biotite (~2%) around Fe-Ti oxide minerals, and large blocky grains of olive-green to
brown hastingsitic homblende (~5%). A secondary fibrous pale-green hornblende (magnesio-
hornblende or actinolite) is commonly an epitaxial overgrowth on pyroxenes. Zircon and apatite
are rare accessory minerals. Augite grains are roughly equant, range from 0.25 to 0.75 mm in
diameter, and are the best preserved of the two pyroxenes, although they are commonly partly
altered to fine-grained amphibole (uralitized) with or without exsolved rutile concentrated in
discrete lamellae. Rutile and/or ilmenite are exsolved evenly throughout 0.25-0.75 mm equant
orthopyroxene (schillerization), giving it the lustre typical of bronzite (Figure 2.4a). Both

alteration textures are distinguishable even in highly altered and moderately deformed rocks,

! Plagioclase compositions were determined on grains from a wide variety of samples by electron microprobe
analysis, others were determined by standard optical techniques. Applied to the same grain both methods agree
within <10% An.



Figure 2.4 - Examples of mineral textures in the Sailor Brook gneiss (PP = plane polarized light, XP =
crossed polars)

(a) two-pyroxene granulite containing orthopyroxene (with schiller texture), clinopyroxene (with coarser
rutile exsolution), and Fe-Ti oxide minerals with radial acicular biotite BVM91-527; PP, Scalebar =1
mim).

(b) granoblastic hypersthene-granulite with banding defined by pyroxene-rich layer (SB85-1048; PP,
Scale bar = 1 mm).

(c) macroscopically well foliated, but microscopically granoblastic, amphibolite. (SB85-1109; PP, Scale
bar = 1 mm).

(d) granular amphibolite with Hbl+Qtz mosaics (left half, BVM91-535; PP, Scale bar = 1 mm) and
foliated amphibolite with flattened mosaics and recrystallised massive amphibole grains (right half,
CW85-107; PP, Scale bar = 1 mm). Titanite, instead of orange brown-biotite, rims Fe-Ti oxide minerals
in these amphibolite samples.
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allowing for the identification of pre-existing mineral assemblages in many of the samples from this
unit. Olive-green to brown homblende grains appear to be derived from altered pyroxene because
they are similar in shape and size to the pyroxenes, have poorly developed amphibole cleavage, and

contain many small opaque inclusions that mimic Ti-oxide exsolution textures in the pyroxenes.

Migmatitic leucosome contains large (up to ~2.5 mm; ~20%) anhedral quartz grains, smaller
(~0.2-0.5 mm) subhedral plagioclase (An-5, ~40%) and K-feldspar (~30%) with a granitic
texture. Both types of feldspar are highly altered. Mafic minerals are few (<1% total), but include
homblende xenocrysts from the melanosome, biotite, epidote and chlorite. The leucosomes have

diffuse edges but are parallel to the granular layering (Figure 2.3b).

Granulite xenoliths in the Lowland Brook Syenite preserve fresh, to slightly altered,
hypersthene (Enss), augite (Di-7s), plagioclase (Ang7), Fe-Ti oxide minerals and quartz, all

comprising a granoblastic texture with a weak layering defined by the concentration of pyroxenes
(Figure 2.4b). They occur near or within undeformed nebular melt pods, and appear to be the
melanosome residuum of extreme migmatization. These samples contain up to 50% coarse-grained
orange-brown biotite, granoblastic polygonal microperthitic feldspars (25%), equant clinopyroxene

(10%), and a coarse, dark-yellow epidote-group mineral (5%).

Granitic lithologies in the Sailor Brook gneiss are rare, but where present have a granular
foliation with a slight foliation defined by clusters of Fe-Ti oxide minerals, zones of recrystallized
feldspar, and recovered quartz ribbons. These felsic gneisses contain large (0.75-1.25 mm), equant

perthitic and antiperthitic feldspar (~50%), smaller (~0.25 mm) separate microcline (~7%) and
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plagioclase (~7%) forming a recrystallized matrix, xenoblastic, lensoid, or ribbon quartz (25%),

Fe-Ti oxide minerals (~3%), and large (0.25-0.8 mm) apatite grains (~2%).

Most samples from the Sailor Brook gneiss contain amphibolite-facies assemblages, and
many preserve textures, relict mineral proportions, and pseudomorphic grain sizes and shapes
comparable to those of the high-grade rocks. Several amphibolite samples are macroscopically
foliated with anastomosing lensoid mafic clots or polycrystalline augen, but in thin section contains
very fresh-looking green-brown hornblende and a granoblastic texture (Figure 2.4c). More
commonly, amphibole-rich samples are altered pyroxene granulites. Mosaics of amphibole, quartz,
and in some cases plagioclase are pseudomorphous after clinopyroxene (Figure 2.4d), which is
preserved rarely as fragments or cores in the mosaics. Massive amphibole grains retain vestiges of
pyroxene cleavage, or contain Fe-Ti oxide inclusions that mimic pyroxene cleavage. Amphibole in
these samples makes up ~30-50% of the rock and is complexly zoned in irregular patches.
Separate grains within the same mosaic, or differently pleochroic parts of massive grains, range in
composition from tschermakite to actinolite. Feldspars are highly aitered but retain a granular
texture. Brown to tan biotite is rare in the overprinted granulites, occurring mainly as a tertiary
alteration mineral along laie fractures, and is commonly partly altered to chlorite. Titanite
commonly rims Fe-Ti oxides and, in some samples, appears to be pseudomorphous after the rims

of orange-brown biotite in the high-grade rocks (Figurc 2.4). Felsic bands (relict leucosomes?)
consist of recrystallized and xenoblastic, highly to moderately sericitized, plagioclase (Anj3.34),
minor non-perthitic K-feldspar, and quartz.

Highly foliated mafic rocks are located near or in shear zones and contain a strong schistose

foliation defined by chlorite and biotite altering to chlorite. Low-strain zones in some samples
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preserve hornblende partly altered to chlorite and relict mosaic textures. Feldspars are highly

sericitized and saussuritized but retain equant grain shapes from their presumed high-grade
precursors. Quartz grains are deformed into polycrystalline ribbons or oblate lenses and subgrains

have sutured subgrain boundaries.

Where exposed, the contact between the Sailor Brook gneiss and the Lowland Brook Syenite
is a series of brittle faults. However, on Sailor Brook there are several outcrops of intrusion
breccia consisting of mafic granular gneiss intruded by syenite (Figure 2.3c) near the faulted
contacts. Mafic granoblastic xenoliths (Figure 2.3d) of texturally and mineralogically similar
gneiss are present in the syenite as far as 1.5 km from the contact with the Sailor Brook gneiss.
Several outcrops in the syenite contain lineated, but not highly foliated, micaceous mafic enclaves
(biotite-epidote-plagioclase) in massive, undeformed syenite. The intrusion breccia suggests an
originally intrusive contact between the Lowland Brook Syenite and the Sailor Brook gneiss and
the xenoliths in the syenite are here correlated with the Sailor Brook gneiss based on lithological

similarities.

Zones of highly sheared chlorite-epidote-albite schist and localised mafic mylonite (sheared
Sailor Brook gneiss?) separate the Sailor Brook gneiss from the Polletts Cove River gneiss. On
Sailor Brook, a weli exposed 50 m wide zone of straight gneiss (blastomylonite) is located within
the Sailor Brook gneiss, but is extrapolated to separate the Delaneys Brook anorthosite and the

Lowland Brook Syenite and to link with the McEvoys Barren shear zone (Map A).

Polletts Cove River gneiss

An area of undivided gneissic and plutonic rocks forms the core of the Blair River inlier

(Polletts Cove River gneiss, Figure 2.1) and is exposed along Polletts Cove River, Blair River,
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their tributaries, and along sea cliffs in the High Capes area. There is no exposure over large areas

of the highlands plateau (e.g., Polletts Cove River gneiss east of the Otter Brook gneiss and
McEvoys Barren shear zone; see Figure 2.2b), making detailed mapping difficult and correlations
between exposures in widely separated brooks difficult. The unit is heterogeneous and includes
rocks with a wide range of compositions, metamorphic grades, and states of deformation that are
intimately mixed and that could not be included in the major gneissic or plutonic units or further
subdivided at the present scale of mapping. Some of the rocks may have a semipelitic sedimentary
protolith as inferred by Raeside and Barr (1992). The Polletts Cove River gneiss includes rare

calc-silicate lenses associated with shear zones and one sample that contains Ath+Phl+PI.

The characteristic lithologies on Polletts Cove River are quartzofeldspathic and both massive
and foliated amphibolite gneisses intruded by granitic dikes and network veins (Figure 2.5a,b) as
well as variably deformed and altered rocks presumed to be the equivalents of the amphibolites.

On Blair River, the Polletts Cove River gneiss is generally characterised by monotonous green-grey
mafic gneiss and chloritic schist with deformed granitic pegmatites, locally as sheared asymmetric
boudins (Figure 2.5¢,d). In detail, however, the rock types are more variable; some examples of
the gneissic rocks from the Polletts Cove River gneiss are shown in Figure 2.6a,b. The gneissic
rocks on both Polletts Cove River and Blair River lack any recognisable stratigraphy or identifiable

metasedimentary layering.

Several generations of small gabbro bodies and diabase dikes intruded the Polletts Cove
River gneiss. The latest generation is an undeformed fine-grained diabase that cuts gneissic and
schistose fabrics and is probably related to the Fisset Brook Formation. Rarer metagabbroic rocks

are coarse grained and preserve relict subophitic textures (Figure 2.6c). Outcrops and samples that



Figure 2.5 - Outcrops of gneissic rocks in the Polletts Cove River gneiss.
(a) massive amphibolite cut by thin granitic veins

(b) banded amphibolite gneiss; both (a) and (b) are typical of the Polletts Cove River gneiss on Polletts
Cove River

(c) green-grey gneiss with asymmetric pegmatite boudin
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Figure



Figure 2.6 - Hand samples illustrating the lithological variation in the Polletts Cove River gneiss.
(a) amphibolite gneiss (RR85-2049, CW85-118a, CW85-119, BVM91-637, CW85-148, BVM90-141)

(b) examples of the lithologic variation of gneissic rocks (BVM90-092, BVM91-701, BVM91-691,
BVM90-093, BVM91-704, SB85-1099)

(c) metagabbro (RR85-2105, BVM91-545)
(d) boulders of sheared anorthosite and leucogabbro
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appear to be similar to the Sailor Brook gneiss and Otter Brook gneiss are either too small or too
isolated to be shown separately at the present map scale. Small highly sheared outcrops of
anorthosite and leucogabbro (Figure 2.6d) are present throughout the Polletts Cove River gneiss
and some coarse-grained feldspathic gneisses are similar to altered samples from the Lowland

Brook Syenite.

Contacts between the Polletts Cove River gneiss and other units are either faulted or not
exposed. The contact with the Fox Back Ridge diorite/granodiorite is constrained only by widely
separated outcrops of each unit. The contact with the Red River Anorthosite Suite is a zone of
breccia and chlorite-epidote schist that is 20-50 m wide and dips gently southeast. Although other
workers (Mitchell, 1979; Dupuy et al., 1986) considered this to be a sheared intrusive contact, no
xenoliths, intrusion breccia, or anorthosite apophyses in the “country rock” were observed. The

contact is here interpreted as a fault, with no implications as to original relationships.

Many small shear zones are present in the Polletts Cove River gneiss, but only a few are
extensive enough to map over large distances. Lineaments on contoured orthophoto maps help to
constrain the trace of some shear zones, but only those lineaments that are also reasonably
constrained by field observations are mapped as faults (Figure 2.1 and Map A). Known and
inferred shear zones trend approximately N to NNE and include the boundary shear zone with the
Otter Brook gneiss, the McEvoys Barren shear zone, the High Capes shear zones, and a small band
of chloritic schist and phyllonite on Blair River. The McEvoys Barren shear zone is here
interpreted to link with the zone of mylonite or blastomylonite (described above) between the
Lowland Brook Syenite and the Delaneys Brook anorthosite, but this extrapolation requires

projection across a large area devoid of outcrop and is, therefore, speculative. The High Capes
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shear zone separates a western coastal block that includes a small anorthosite body, coarsely

perthitic felsic gneisses, and subophitic metagabbro from the remainder of the Polletts Cove River

gneiss.

Amphibolites in the Polletts Cove River gneiss are medium- to fine-grained and contain
variable amounts of hornblende, quartz, and feldspar. Most commonly, they contain large (~0.75
mm) olive-green magnesio-hornblende (~50-75%), some of which are poikiloblastic with
equigranular inclusions of quartz and plagioclase, in a matrix of xenoblastic plagioclase (15%,
Anys.35) and quartz (10%), multigranular clusters of titanite (<5%), and accessory minerals
including Fe-Ti oxide with titanite rims and apatite. Alteration to chlorite, epidote, and sericite is
common along fractures. Highly foliated amphibolites contain the same mineral assemblage, but
with up to 20% green-brown, preferentially aligned biotite replacing homblende. The granitic
network veins in the amphibolite contain large (2.5 mm) grains of coarse-patch antiperthite (15%)
in a finer grained (0.25-0.75 mm) recrystallized matrix of microcline (30%) and subequigranular

plagioclase (20% An~22) with elongate xenoblastic quartz (35%).
Metagabbroic rocks in the Polletts Cove River gneiss occur as dikes and small bodies. They

have an altered subophitic texture in which randomly oriented plagioclase (Angg) laths are

inclusions in or intergrown with multigranular aggregates of hornblende pseudomorphous after
clinopyroxene. Aggregates are separated by coarse plagioclase laths giving a spotted appearance

in outcrops and hand samples. Skeletal clinopyroxene grains are rarely preserved in the centres of

the aggregates.
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Granular intermediate gneisses contain slightly to highly sericitized equigranular plagioclase

(30-55%) and quartz (10-25%), and either blocky olive-green homblende, Hbl-Qtz mosaics after
pyroxene, or Act+Chl+Qtz mosaics pseudomorphous after Hbl-Qtz mosaics. The textures and
grain sizes are similar to those of the Sailor Brook gneiss, and these rocks appear to have been

similar high-grade gneisses overprinted by amphibolite-facies metamorphic mineral assemblages.

Anorthosite in the Polletts Cove River gneiss is ubiquitously altered. Large (1-2.5 mm)
plagioclase porphyroclasts are surrounded by fine-grained saussurite and sericite that has
preferentially replaced recrystallized matrix plagioclase. Fe-Ti oxide minerals in the altered matrix
have titanite rims, but lack rims where they are inclusions in plagioclase porphyroclasts. Other
anorthosite samples are altered throughout to sericite and saussurite. One sample preserves,
between highly altered patches, medium-grained (0.3 mm) equigranular plagioclase with straight
120° grain boundaries that are similar to the cumulate textures described below. Wispy, pale-

green mafic layers contain aligned fibrous chlorite and epidote.

Other leucocratic rocks of uncertain origin contain significant quartz (40-60%), two
feldspars (albite and orthoclase), little or no mafic minerals (chlorite and one sample with gamet)
and are commonly highly sheared and altered. One sample is a coarse graphic granite and another
is a microcline syenogranite with euhedral titanite. A sample from Lockhart Brook contains
xenoblastic oligoclase (80%), coarse prismatic anthophyllite (10%), phlogopite (5%), and an

opaque oxide mineral (5%).

Most of the leucocratic or granitic rocks occur in Greys Hollow Brook or Wilkie Brook (in
or near the Wilkie Brook fault zone) where they may be related to granites in the Aspy terrane.

The least altered foliated biotite-homblende amphibolites are also from near or in the Wilkie Brook
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fault zone and may also be derived from the Aspy terrane where these rock types are common in

the Cape North Group (Wunapeera, 1992). Foliated amphibolites from well within the Blair River
inlier are typically highly to partly altered with sericitized plagioclase and ragged amphibole partly
replaced by (rather than coexisting stably with) biotite and partly altered to chlorite and epidote

along late fractures.

Red River Anorthosite Suite

The Red River Anorthosite Suite (Figure 2.1) is the largest of several anorthosite bodies and
tectonite slivers in the Blair River inlier. Ashwal (1993) classified the Red River Anorthosite Suite
as a Proterozoic massif-type anorthosite based on reports from earlier workers (Jenness, 1966;
Dupuy et al., 1986). The suite contains a central core of massive meta-anorthosite that grades into
more mafic meta-leuconorite, anorthositic diorite, or leucogabbro and is bordered to the west by
interlayered meta-anorthosite, metatonalite, meta-leucogabbro, amphibolite, pyroxenite, and rocks
of charnockitic affinity. To the east, the suite is truncated by the Wilkie Brook fault zone. All
units in, or associated with, the suite are metamorphosed and altered, and rarely preserve primary
igneous textures, but many samples preserve relict igneous mineralogies from which an estimate of

the protolith composition may be inferred®.

Notably absent from the Red River Anorthosite Suite are olivine, massive oxides or
sulphides, chromite, and significant apatite. Thus, the suite lacks troctolitic lithologies commonly
associated with some, particularly labradorite-type, massif anorthosite suites (e.g., Anderson and
Morin, 1968; Emslie, 1985). The mafic rocks in the suite, notably the layered unit, do not appear

to have the economic metals potential of some layered gabbro bodies (e.g., Gross, 1968; Anderson,

2 Following convention, the metamorphosed igneous rocks of the Red River Anorthosite Suite are hereafter referred
to by their inferred igneous protolith name for simplicity and clarity.
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1968) or phosphorous ore as in some intermediate rocks associated with anorthosite bodies (e.g.,

Kolker, 1982).

Bekkers (1993) distinguished five lithologic subdivisions in the Red River Anorthosite Suite;
anorthosite, anorthositic gabbro and gabbro, layered unit, Greys Hollow chamockite, and Wilkie
Brook charnockite. However, most workers separate charnockite from spatially associated
anorthosite and gabbro units in order not to imply a comagmatic relationship, and this convention
is followed here; the chamockites are described in a subsequent section. The Red River
Anorthosite Suite here includes rocks ranging from anorthosite to leucogabbro to pyroxenite and
their inferred metamorphosed equivalents. These lithologies are separated into map units of

massive anorthosite, leucogabbro, layered rocks, and pyroxenite (Map A).

A steep escarpment marks the northwestern edge of the anorthosite suite, producing a

distinct (on contoured orthophoto maps) topographic expression that is outlined by the two large
eastern branches of Polletts Cove River. Both branches contain large (up to 3 m3) boulders of

anorthosite that were derived from steep cliffs above the river, but sheared and catacastic mafic
rocks of the Polletts Cove River gneiss crop out in the river bed. Small brooks to the south and
east of Polletts Cove River and its southem tributary flow across the escarpment and the contact
between the Red River Anorthosite Suite and the Polletts Cove River gneiss is exposed or can be
constrained closely in these brooks. In these tributaries, the contact veers upstream from the trend
of the escarpment, producing a lobate map pattern as the result of deeply incised stream valleys
intersecting a gently dipping contact with the Polletts Cove River gneiss. The small brooks to the

north and west of Polletts Cove River and its southern tributary expose the undivided gneissic unit.



40
Where the contact with the Polletts Cove River gneiss is exposed, it is a 20-50 m wide,

gently southeast-dipping zone of breccia and chlorite-epidote schist. Some workers interpreted this
to be a sheared intrusive contact (Mitchell, 1979; Smith and Macdonald, 1983; Dupuy et al.,
1986), but neither xenoliths in the anorthosite, nor intrusion breccia, nor anorthosite apophyses in
the “country rock” were recognised. Therefore, the contact is here interpreted to be a low-angle
fault with no implications as to prior relationships. None of the contacts with the Fox Back Ridge
diorite/granodiorite are exposed. In the southernmost tip of the Blair River inlier several units,
including the Red River Anorthosite Suite, are complexly interleaved by shearing associated with

convergence of the Wilkie Brook and Red River fault zones.

Plagioclase compositions in the Red River Anorthosite Suite appear to be controlled partly

by lithology, and to a greater extent by the degree of alteration and metamorphism. Anorthosite

and leucogabbro contain calcic andesine or labradorite (An_4¢.50) and in the layered unit and

pyroxenites, plagioclase is more sodic (An-3045). In general, labradorite and bytownite

compositions are preserved in the least altered anorthosite near the centre of the body and the
lowest An-content plagioclase is concentrated nearer the edges where rocks are more commonly

sheared and highly altered.

Anorthosite
Massive anorthosite crops out in the central portions of the Red River Anorthosite Suite and

is most commonly buff-white or pale-pink. Anorthosite is commonly so thoroughly altered that
individual grains cannot be identified at the hand-sample scale (Figure 2.7a). Bands of alteration
and cataclasis, characterised by thin (0.5 to 2 cm) zones of intense sericitization along fractures

and by cracks filled with either epidote-group minerals or coarse tremolite and phlogopite, trend
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Figure 2.7 - Anorthosite samples and mineral textures in the Red River Anorthosite Suite.

(a) altered pale pink or buff white massive anorthosite (RB91-025, RB91-063, RB91-060, RR85-2047,
RB91-080).

{b) least altered massive anorthosite with pink or blue spots of iridescent labradorite and streaky or lensoid
mafic mineral clusters (RB91-052, BVM91-584, RB91-076).

(c) massive anorthosite with flattened mafic mineral clusters (probably recrystallized orthopyroxene
megacrysts) .

(d) plagioclase textures in Type 1 anorthosite (RB91-063)
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Figure 2.7 (continued)
(e) plagioclase textures in Type 2 anorthosite (RB91-076; XP, scale bar = lmm)
(f) photomicrograph of textures in Type 3 anorthosite (SB86-3139a; XP, scale bar = lmm)

(g) photomicrograph of textures in Type 4 anorthosite (SB86-3139a; PP, scale bar = Imm)
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broadly parallel to the Wilkie Brook fault zone. Altered massive anorthosite locally contains
streaky-green, polymineralic clots of chloritized mafic minerals. The mafic clots are oblate,
defining a weak gneissic foliation that is Broadly parallel to the Wilkie Brook fault zone. Unaltered
and undeformed massive anorthosite is a rare, but distinctive, white-weathering rock with pink,
blue, or purple spots of partly recrystallized labradorite are the least deformed anorthosite
observed. The spots are large (0.5-1 cm diameter) grains of iridescent-blue labradorite in a matrix
of sugar-texture, pearl-white, medium to fine-grained recrystallized plagioclase (Figure 2.7b).
Some less deformed anorthosite samples contain either large (up to 2-5 cm) partly recrystallised
megacrysts, augen, or polymineralic clusters of orthopyroxene that are recognisable in hand sample

by their bronze lustre (Figure 2.7c).

Centimetre-scale flattened orthopyroxene megacrysts are only preserved in the least
deformed, least altered, and most plagioclase-rich central portions of the Red River Anorthosite
Suite. Larger (decimetre-scale) orthopyroxene megacrysts, like those commonly reported in other
massif-type anorthosite bodies (e.g., Ashwal, 1993; Owens and Dymek, 1995), were not observed
in the suite. If they were ever present, large megacrysts and their host rocks would probably be
deformed and altered beyond recognition due to the lower competency and higher degree of

alteration and metamorphism that have affected the more mafic rocks in the suite.

In the field it is difficult to distinguish weathered Qtz+Pl+Mc, here termed “white rock™

(leucotonalite?, meta-anorthosite?) from anorthosite. “White rock” is fine-grained (~0.25-0.5 mm)

and equigranular, composed of highly sericitized plagioclase (An-3;) and quartz (generally 10-25%

but up to ~50%; one sample contains more Si0O; than normal igneous rocks) and minor microcline
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(<10%). It commonly occurs together with massive anorthosite, and in particular near
metagabbro. Some of the quartz may have been produced from either metamorphism accompanied
by alteration of primary pyroxene (e.g., see layered unit description below; and Rousell, 1981), or
contamination by country rocks during intrusion (Ashwal, 1993). Myrmekitic plagioclase is only
rarely observed in the Red River Anorthosite Suite and, therefore, recrystallization of myrmekitic
feldspar seems an unlikely source of quartz. Some samples of highly altered massive anorthosite
also contain appreciable quartz (<5%) but are otherwise identical to “white rock”. Therefore,
quartz-bearing leucocratic rocks are provisionally included in the massive anorthosite unit. These
ambiguous rocks, along with indisputable anorthosite, were mapped by early workers as quartzite

of the George River Group (Nova Scotia Department of Mines and Energy Open File Map, 1965).

Dupuy et al. (1986) reported size-sorted plagioclase grains aligned parallel to the (implied
primary) layering in anorthosite. In the present study, similar textures were not recognised in the
field, in hand samples, or in thin sections. Very few samples of massive anorthosite preserve
primary igneous textures of any type. Most samples are either highly altered or show incipient
granulation at plagioclase grain boundaries and lack any obvious alignment of twin planes or of

long dimensions of grains.

Massive anorthosite in the Red River Anorthosite Suite contains 90-97% plagioclase at the

outcrop scale. Due to coarse grain size, hand samples and thin sections range up to 100%

plagioclase. The least altered anorthosite samples contain calcic andesine (Ang3.50) and rarely

labradorite (Ansg.s¢). Plagioclase grades to Angg in reaction zones with Fe-Mg silicate minerals.
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Where plagioclase compositions could be determined from intensely altered samples, none were

lower than Anjg.

Mafic minerals are a minor constituent of anorthosite. Mafic clots or augen comprise
biotite, chlorite, epidote and opaque oxide minerals and some preserve relict pyroxene cores. Some

augen are recrystallized orthopyroxene draped by rims of hornblende, quartz, and calcic
plagioclase (An7s5.gg). Clinopyroxene is extensively altered to zoned amphibole aggregates that

range from tschermakitic to magnesio-hornblende. Altered samples contain actinolite and chlorite.
Orange-brown biotite occurs only in association with altered pyroxene where it forms either
acicular rims around Fe-Ti oxide minerals or separate unoriented grains. Rutile grains in quartz-
bearing altered anorthosite resemble, in size and distribution, Fe-Ti oxide minerals in other
anorthosite samples and some rutile grains have a titanite rim separating them from epidote and

sericite.
Four types of massive anorthosite are recognised based mainly on differing textures:

Type 1) Randomly oriented massive - Type 1 anorthosite contains coarse-grained unzoned,
subequigranular and semi-tabular plagioclase grains locally with straight 120°, grain boundaries
(Figure 2.7d). Plagioclase in these samples is Angs.s9. Some samples are sericitized either

thoroughly, or in patches, but the texture can be recognised through the alteration. Plagioclase
grains range in size from 1 mm to 4 mm (long dimension) and are broadly elongate or blocky, but
grain boundaries are irrational or are rarely tabular parallel to twin lamellae. Both the lack of
zoning and subhedral grain shapes are characteristic of undisturbed primary textures in massive

adcumulate anorthosite, but this texture is also very similar to published examples of partly
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recrystallized anorthosite (Ashwal, 1993; Kehlenbeck, 1972). Regardless, the coarse grain size

and lack of recrystallization to clearly metamorphic textures (see below) suggest that these samples

represent the least recrystallized and deformed anorthosite in the Red River Anorthosite Suite.

Type 2) Porphyroclastic granular - This type of anorthosite ranges from incipient

granulation of Type 1 to well developed mortar-texture of large (2 mm to 4 mm), rounded,
primary(?) porphyroclasts (Angs.ss) in a finer-grained (0.25 mm) matrix of polygonal plagioclase
(Angg_s0) aggregates (Figure 2.7d). Kehlenbeck (1972) demonstrated that further recrystallization

produces augen textures and gneissic anorthosite. No plagioclase augen were noted in the Red
River Anorthosite Suite, although large (1-4 cm) mafic mineral clusters associated with Type 2
samples are lensoid. Ashwal (1993) interpreted this texture as suggestive of deformation by
magmatic ascent as a crystal mush or by later intrusion of surrounding plutons (charnockitic

rocks?); recrystallization associated with metamorphism is plausible as well.

Type 3) Granular - This anorthosite is finer grained (~0.3 mm) throughout and is almost
perfectly equigranular with straight 120° grain boundaries (Figure 2.7¢). Granular anorthosite
may be the end product of complete recrystallization from Type 2, or a perfect adcumulate. The
two are indistinguishable except where adcumulate plagioclase preserves igneous zoning patterns
(as in the Delaneys Brook body - see below). Only two samples preserve granular textures in the

Red River Anorthosite Suite and both are partially altered.

Type 4) Highly altered - These rocks are so thoroughly sericitized and saussuritized that
pre-alteration textures cannot be recognised in thin section (Figure 2.7f). Fine-grained muscovite

(sericite) is distributed uniformly throughout the rock, but chlorite and epidote-group minerals are
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confined to intergranular aggregates, where they appear to have replaced mafic minerals, and in

veins. Quartz blebs, within or between plagioclase grains, are a minor constituent, but are more
prevalent than quartz in Types 1-3. Carbonate with or without quartz fills small fractures.
Varying degrees of cataclasis are common in these rocks. Highly altered rocks comprise the bulk

of the anorthosite unit in the Red River Anorthosite Suite.

Gabbro
Dupuy et al. (1986, p. 139) noted that on a north-flowing tributary of Red River, “...the

transition from anorthositic gabbro through gabbroic anorthosite to anorthosite is generally
gradual, although the contact between neighbouring units is often sharp”. Examination of the same
area during field mapping for this study confirmed that anorthosite does locally grade into
leucogabbro ar:d gabbro over a distance of a few to tens of metres, and that the lithology changes
abruptly at faults. Lithologies in the gabbro unit include compositions from leucogabbronorite to
gabbro and also pyroxene-hornblende gabbronorite. These rock types are locally intermixed and

could not be separated into subunits at the present scale of mapping.

In contrast to the large isolated clusters or megacrysts of mafic minerals in anorthosite,
mafic minerals in gabbro and leucogabbro contain smaller (0.5-1 mm) individual grains (or
alteration aggregates) and are either massive or gneissic. Massive gabbro is coarse-grained and
preserves relict subophitic texture, but hornblende and actinolite have replaced pyroxene. Gneissic
gabbroic rocks are foliated, compositionally banded, and commonly highly altered to amphibole-

biotite-chlorite assemblages (Figure 2.8a,b).

Typical gabbro contains granular plagioclase (~20-50%, Anys in less altered, and An3; in

highly altered samples), partly or entirely altered pyroxenes (<10% preserved), brown (ferroan- to
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Figure 2.8 - Examples of leucogabbro and layered rocks in the Red River Anorthosite Suite.
(a) hand samples of massive gabbro and leucogabbro (BVM90-056, RB91-012, RB91-030)

(b) hand samples of gneissic and massive gabbro and leucogabbro (RB91-074, BVM90-114, RR85-2017,
BVM91-621)

(c) outcrop of layered leucogabbro.

(d) slab sample of layered gabbro with deformed and metamorphosed rhythmic-type layering defined by
ambiguously graded mafic bands and quartz-rich felsic bands (BVM91-774).






Figure 2.8 (continued)

(e) hand samples of layered unit (RB91-041, BVM91-651, RB91-047).
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magnesio-) homblende (~15-75%), biotite (~5-15%), Fe-Ti oxide minerals (2-5%) and accessory
apatite. Highly altered gabbro contains significant (~5%) quartz relative to fresh varieties.
Leucogabbronorite contains the same minerals, textures, and variable degrees of alteration, but has

a lower percentage of mafic minerals than does gabbro.

Gabbronorite is distinguished from gabbro by the distinctive alteration textures of
orthopyroxene (schillerized) and clinopyroxene (uralitized) and by amphibole-plagioclase-quartz
mosaics. Several of the more mafic samples preserve macroscopic gabbroic texture, but pyroxenes
are almost completely recrystallized to brown hornblende aggregates. Only rare clinopyroxene and
orthopyroxene fragments preserved in the aggregates allow these to be recognised as metagabbros.
Otherwise, the well formed textures and fresh-looking hornblende and plagioclase might be
mistaken for granular amphibolite or anorthositic diorite. More commonly, pyroxenes are highly
altered to fine-grained acicular actinolite and chlorite. Brown or green granular homblende is
preserved within or as partial rims around altered pyroxene. In these cases, granular homblende
appears to be a relict from an earlier alteration episode rather than part of the low-grade alteration

assemblage.

One sample located near the boundary with the chamockite has a (presumed) oxide-rich
gabbronorite protolith and contains large (up to 5 cm) metamorphic garnets that are now highly
corroded, relict orthopyroxene, both igneous and granular recrystallized metamorphic
clinopyroxene, Fe-Ti oxides, and large apatite grains. This is the only sample that may be an
oxide-apatite gabbronorite (jotunite), a rock type commonly associated with the latest-crystallising

portions of massif-type anorthosite complexes (e.g., Owens et al., 1993; McLelland et al., 1994).



Layered Rocks
Massive gabbroic rocks either change abruptly across faults, or grade, through various

scales of layering and degrees of compositional segregation, into the layered unit. The layered unit
is characterised by sharply defined, black and white, centimetre-scale rhythmic layering. More
cryptic layering in some anorthosite and leuconorite is defined by bands, tens of centimetres thick,

of Type 1 anorthosite with centimetre-scale bands of up to ~10% unoriented mafic minerals.

Rhythmical layers are commonly 3-6 centimetres thick, but locally up to 1 m thick, and are
laterally extensive. Individual centimetre-scale layers can be traced across entire outcrops (up to
30 m) without pinching out (Figure 2.8c). The layers are generally flat-lying and are locally gently
folded. Some samples contain a mineral lineation that is oblique to the layering. In places,
alteration has produced a pink-red staining that, in the field, makes these rocks very difficult to

distinguish from layered or deformed parts of the charockite unit.

Boundaries between centimetre-scale layers are commonly marked by a sharp thin (~3-5§
mm) black rind on one or both sides of a mafic layer. Mafic layers with black rinds on both sides
show grain-size and modal gradation from both rinds toward the centre of the band (Figure 2.8d).
Those with black rinds on only one side show grain-size and modal grading away from the black
rind. In the same hand sample, however, other mafic bands grade in the opposite direction. Where
bounded by two black rinds, felsic bands grade from being relatively rich in mafic minerals and
feldspars at both edges to quartz-rich at the centre. In some cases, a thin (~5 mm) band almost
entirely of quartz divides the felsic layer in half. Where bounded by only one black rind, felsic
bands grade progressively into the next mafic band and quartz is disseminated throughout. In

other, unmetamorphosed and better exposed, layered gabbro complexes (e.g., Skaergaard; Conrad
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and Naslund, 1989) cumulate layers are marked by an orthopyroxene-rich basal lithology grading

upward into anorthosite. Such cumulate criteria (i.e., modal grading direction) to determine “way

up” are ambiguous when applied to the layered unit in the Red River Anorthosite Suite.

An oblique mineral lineation is defined in mafic bands by elliptical black granules
(amphibole-quartz mosaics in thin section) inclined at an angle of <10-30° to the layering (Figure
2.8¢). The mineral lineation in felsic bands is defined by elongate quartz blebs with an angle of
~25° to the layering. Metamorphic and deformational overprints have obscured trough cross bed-
type criteria for determining “way up”. In the black rind, mafic mineral clusters and shape

preferred orientations are parallel to the layering.

Mafic layers consist of relict pyroxene (up to 50% but gradational depending on position in
the layer and degree of alteration), light-green and olive-green amphibole (up to 75% in highly
altered samples), biotite (~10-20%), plagioclase (An3g-35), and minor quartz, epidote, and chlorite.

Clinopyroxene appears to have been the predominant primary mafic mineral in the layered unit, but
it is now preserved only as skeletal and relict grains or recognisable by its distinctive alteration
textures. In mafic layers, clinopyroxene is altered along cleavage planes to green (magnesio-)
homblende and has a reaction rim of actinolitic hornblende that is, in turn, rimmed by fine-grained
epidote-group minerals. Quartz blebs are present between the actinolite and epidote alteration
rims. Taken to further stages, pyroxene alters completely to mosaics of granular amphibole-
quartztplagioclase. Individual amphibole granules are compositionally zoned with actinolitic
compositions in the centres of the granule, grading outward to more tschermakitic compositions.
Radial acicular brown biotite is common toward the centres of mafic bands and is associated with

Fe-Mg oxide minerals. The black rinds that separate some mafic layers from felsic layers are
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devoid of biotite although Fe-Mg oxide minerals are present. Amphibole mosaics in the rinds are

either monomineralic granular aggregates or they contain minor quartz. Quartz is concentrated
outside of the amphibole aggregates adjacent to or within the felsic band. These textures appear to
record the progressive production of quartz during pyroxene alteration (cf., Rousell, 1981), its

expulsion from amphibole mosaics, and concentration in felsic bands.

Felsic layers are composed predominantly of plagioclase (Anzg-32, 60-70%), quartz (30-

40%) and rare relict clinopyroxene or monomineralic amphibole aggregates. Plagioclase is
xenoblastic with scalloped or embayed grain boundaries against quartz and has straight or partly

recrystallized grain boundaries against, or a granular texture with, other plagioclase grains.

In the field, the scale and general style of layering is similar to that in layered gabbro
commonly associated with massif-type anorthosite or layered mafic intrusions (e.g., Morse, 1968;
1982; Woussen et al., 1988). However, the layering is distinctly different in detail. Common
cumulate layering in massif-type anorthosite is consistently asymmetric (i.e., has a “way up”) in
mode and grain-size gradation and is generally at a larger scale (0.5 m or greater). Rhythmic
layering is common in massif-type anorthosite, but centimetre-scale layers do not have great lateral
extent (Wiebe, 1988; 1990; Ashwal, 1993). Lamination due to flow, cumulation in a convecting
magma chamber, or crystal compaction can produce centimetre-scale sharply defined layers and a
preferred orientation of crystals (e.g., Higgins, 1991), but does not explain the edge-centre
symmetrical distribution of mafic minerals in some mafic bands or the concentration of quartz in
the centres of felsic bands. Quartz is concentrated in the centres of felsic bands and may have been

remobilzed from the mafic bands during metamorphism/deformation. A combination of igneous
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layering, enhanced by deformation and metamorphism is a possible explanation for the observed

details of the layering.

Pyroxenites are rare but distinctive massive and dark green to black, rusty-weathering rocks
Figure 2.9. They occur as 0.5-1 m thick, sharply bounded layers associated with centimetre-scale
anorthosite-leuconorite layers. They are mostly concordant with the finer layering, but one well
exposed example of a pyroxenite dike clearly cross-cuts the anorthosite-leuconorite layering.
Pyroxenite consists mainly of coarse-grained (up to 4 mm) schillerized orthopyroxene, less
abundant and less altered clinopyroxene, Fe-Ti oxide minerals with rims of dark brown biotite, and
granular plagioclase. Two samples contain about 10% Fe-Ti oxides and thus may be considered
oxide-rich gabbro (e.g., McLelland et al., 1994). The freshest orthopyroxene contains many small
rutile inclusions giving it the brown sheen characteristic of bronzite, but more commonly it is

altered to amphibole and opaque oxide minerals. Plagioclase compositions in pyroxenite are more

closely comparable to metamorphic compositions in the layered rocks at An_3s than that of the

freshest massive anorthosite, which is generally An_45.50.

Other anorthosite bodies

The Blair River inlier contains many small bodies of anorthosite apart from the Red River
Anorthosite Suite; four of the larger bodies are shown on Figure 2.1. Raeside et al. (1986)
recognised the Delaneys Brook and Salmon River anorthosite units, and two additional bodies, the
High Capes and Polletts Cove River anorthosite units are named here. All four of these bodies are
poorly exposed and sparsely sampled. Their boundaries are inferred from outcrops in rivers and
brooks, sparse outcrops on the highlands plateau, the presence of locally derived boulders on steep

hillsides, and large boulders in ponds and barrens.



Figure 2.9 - Hand samples of pyroxenite from the Red River Anorthosite Suite (BVM91-733, BVM91-
756, BVM91-757, RR85-2062b).
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The Delaneys Brook body comprises almost entirely massive fine- to medium-grained buff
white anorthosite and minor leuconorite. Raeside and Barr (1992) described a clearly intrusive
relationship where thin sheets of anorthosite intruded adjacent mafic gneiss (Sailor Brook gneiss).
They also reported gneissic xenoliths in the anorthosite. In several localities, for example in the

small tip of the body north of Delaneys Brook (Map A) fine- to medium-grained (~0.2-0.5 mm)
equigranular polygonal plagioclase (~Ansg) grains show diffuse normal igneous zoning patterns

(Figure 2.11a). The fine grain size and sharply defined zoning patterns suggests rapid cooling
siniilar to anorthosite dikes from other massif-type bodies (Wiebe, 1979) and this is supported by

reports of chilled margins on the thin anorthosite sheets (S. Barr, pers. comm., 1991).

In the centre of the body, medium-grained granular anorthosite contains blocky or tabular
plagioclase grains with rational grain boundaries and irregularly shaped patches of poikilitic
plagioclase (Figure 2.11b). The patches contain numerous inclusions of quartz and Fe-Ti oxide
minerals. Each plagioclase patch is a single crystal but is bounded by the rational grain boundaries
of adjacent grains. Albite-law twin lamellae are wider and extinction angles higher at the edges of
the patch, suggesting reverse zoning. These poikilitic plagioclase patches may represent trapped
intercumulus liquid in an otherwise nearly perfect adcumulate. Rare orthopyroxene megacrysts

(1.5 cm diameter) have highly schillerized bronzite cores rimmed by clinopyroxene and hornblende

(Figure 2.11c).

The Polletts Cove River anorthosite contains a straight or swirled gneissic foliation defined
by wispy blue-grey bands of chlorite and epidote. Judging from the proportions of white (altered
plagioclase) and blue-grey (epidote and chlorite) bands, the Polletts Cove River gneissic

anorthosite was probably a leucogabbro prior to deformation and intense alteration. The High
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Capes anorthosite forms white ridges and sea cliffs in the west-central Blair River inlier. Itis

composed primarily of highly altered massive anorthosite. The Salmon River anorthosite is located
in the most remote region of the Blair River inlier. Its shape is poorly constrained due to poor

exposure and limited mapping, and all samples from this body are very highly sericitized. Less

altered patches contain granular zoned plagioclase (An_s5g) grains.

Charnockite

Charmnockitic rocks®, as mapped here, crop out discontinuously from Red River to Wilkie
Brook as a thin band adjacent to the Red River Anorthosite Suite and as sheared lenses in the
Wilkie Brook fault zone. Charnockite rocks are not associated with the smaller anorthosite bodies,
although there are some altered two-pyroxene granitoid rocks in the Polletts Cove River gneiss
which may have been chamockite. In the field, charnockite displays a greasy green lustre (a
common characteristic of fresh charnockite in other areas) in only the freshest outcrops in areas of
least alteration. More commonly, the charnockitic rocks are tan or pink, moderately to highly
altered, and either weakly layered or foliated (Figure 2.10). Varieties lacking pyroxene (monzonite
and granodiorite) are considered part of the charmmockite unit because they can be traced into, and

are texturally similar to, charmockite. Highly altered rocks of intermediate composition that, based

3 By definition (Streckeisen, 1976) charnockitic rocks contain >5% hypersthene, but the usage is not rigorous and
two-pyroxene rocks with <5% hypersthene, rocks with no pyroxene, and high-grade granitic metamorphic rocks are
described as “chamockite™. The term “chamockite™ as used here includes lithologies that range in composition
from (charockite terms in parentheses) diorite (norite), monzodiorite (jotunite; this term is also used, incorrectly
according to Ashwal, 1993, to describe oxide-apatite gabbronorite), granodiorite (opdalite), monzonite and
monzogranite (mangerite), and granite (chamockite).
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Figure 2.10 - Hand samples of charnockite (BVM91-602, BVM91-614, BVM90-073. BVM91-610,

BVM91-057, BVM91-600, CW85-057).
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Figure 2.11 - Examples of textures and minerals in the Delaneys Brook Anorthosite.
(a) normal zoning in equigranular plagioclasé grains (SB85-1070; scale bar = | mm).

(b) zoned, inclusion-rich, plagioclase patch bounded by crystal faces of surrounding grains. This may
represent a pocket of trapped intercumulus liquid (CW85-117; scale bar = 1 mm).

(c) orthopyroxene megacryst (highly schillerized and partly plucked from slide) rimmed consecutively by
clinopyroxene, hornblende, and biotite (RB91-018; scale bar = 1 mm).
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on relict mineral textures, are thought to have once contained pyroxene are also included in the

charnockite unit.

Charnockite occurs adjacent to and appears to be gradational with the layered unit, although
rocks in the transition zone are commonly altered and it is, in places, difficult to distinguish the two
in the field. Rocks in both units have a red or pink tint where altered along late fractures and
deformation of the chamockite enhances the layered appearance to very similar to that of the
layered unit (Figure 2.10). Ashwal (1993) noted that the apparent lithological gradation between
charnockite and anorthosite suites can, in some cases, be attributed to the smearing of contacts
during high-grade metamorphism, and this appears to be the case in the Blair River inlier. The
relationship is obscured further by the additional effects of a second, amphibolite-facies,

metamorphic event and by low-grade alteration associated with faulting.

Charnockite contains large (up to 12 mm) plagioclase (An3040) grains, some of which have

myrmekitic exsolution and are partly recrystallized into granular domains along grain boundaries,
and coarsely perthitic K-feldspar. Both orthopyroxene and clinopyroxene are present, the former
being dominant. Orthopyroxene is commonly severely schillerized and contains clinopyroxene
exsolution lamellae. Separate clinopyroxene grains are partly to completely altered to light-brown
to green poikiloblastic or mosaic texture hornblende. Brown to olive green, coarse-grained
hornblende is distributed throughout the rock, and appears to be stable with both pyroxenes.
Medium- to coarse-grained dark-brown biotite is present as inclusions in orthopyroxene and as

separate matrix grains. Fine-grained tan biotite is associated with hornblende in alteration patches.
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Recrystallized and deformed chamockite rocks contain the best preserved high-grade

metamorphic mineral assemblages of any unit in the Blair River inlier. They commonly have a
gneissic foliation defined by highly elongate hypersthene (2-7%, individual grains are 1x5 mm or
longer), more equidimensional or slightly ovoid clinopyroxene (salite, 0-5%), preferentiaily
oriented biotite (<5%), annealed quartz ribbons (14-20%), perthitic K-feldspar (~30%) and

plagioclase (An-35, ~30%), all in a fine-grained recrystallized feldspathic matrix. Some samples

contain granular magnesio- to ferroan pargastic hornblende and others lack Fe-Mg silicate minerals
entirely. Fe-Ti oxides (rimmed by titanite only in metamorphosed samples), zircon, and apatite are

ubiquitous accessory minerals.

Lowland Brook Syenite
The Lowland Brook Syenite (Figure 2.1) is a large crescent-shaped body of syenite in the

northwestern part of the Blair River inlier. It is typically brick red, medium to coarse grained, and
most commonly contains an anastomosing gneissic foliation. Layers of mafic minerals and zones
of fine-grained recrystallized feldspars wrap around coarsely perthitic feldspar clasts or augen in
gneissic syenite. In several low-strain zones on the order of tens of metres wide, relatively
undeformed syenite is massive, equigranular, and dark red. Mafic enclaves, xenoliths, and
intrusion breccia of granular and migmatitic gneiss are preserved in massive syenite in the low-

strain zones.

Compared to massive syenite, gneissic syenite (Figure 2.12b) contains a higher proportion of
mafic minerals (up to ~25%), quartz (up to ~10%), large plagioclase phenocrysts (1 cm; up to
~20%), and large and abundant (up to 0.4 mm diameter and 1.5 mm long) subhedral zircon. In

gneissic samples, large (0.8-5 mm) perthitic feldspar porphyroclasts are wrapped by mafic layers
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Figure 2.12 - Field occurrence and hand samples of the Lowland Brook Syenite.
(a) marble in highly sheared and faulted syenite in sea cliffs near Sailor Brook.

(b) gneissic syenite from the Lowland Brook Syenite, yellow slabs are stained for K-feldspar (Hutchinson,
1974).

(c) gneissic syenite; white (unstained) spots are recrystallized plagioclase porphyroclasts.
(d) massive syenite from the Lowland Brook Syenite; slab on the right is stained for K-feldspar
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rich in green magnesio- to actinolitic hornblende and blocky brown ferro-edenitic hornblende in
flattened elongate mosaics, preferentially oriented biotite partly altered to Chi+Kfs, and Fe-Ti

oxide minerals rimmed by titanite. Titanite is also present as separate spindle-shaped grains.

Coarse perthitic and antiperthitic feldspar porphyroclasts (1-5 mm) in gneissic syenite
samples are highly recrystallized to an equigranular matrix of separate feldspars and comprise
about 40-60% of the rock. Perthitic feldspars contain lamellae of orthoclase (rarely microcline)
and oligoclase (An)s5-22). Recrystallized matrix grains are orthoclase and andesine (An-3g). All
feldspars are moderately to highly sericitized but plagioclase is more highly altered than K-
feldspar. Rare large (2.5 mm to 1 cm), probably normally zoned, plagioclase phenocrysts are

recrystallized into ~2.5-4 mm subgrain aggregates. A central patch of calcic plagioclase (Angg)

subgrains is highly sericitized and surrounded by a rim of unaltered, less calcic (Anyg) subgrains.
In stained hand samples these aggregates appear to be large plagioclase porphyroclasts, but they
are recrystallized plagioclase aggregates in thin section (Figure 2.12c).

Massive syenite (Figure 2.12d) comprises mostly coarse-grained (1-5 mm), anhedral,

orthoclase microperthite (~80-95%). Zircon grains are relatively abundant, but smaller (~0.25 mm

diameter, ~0.5 mm long) than in the deformed syenite. Plagioclase lamellae in microperthite are
albite (Ang.jg). Perthitic feldspars are recrystallized at grain edges into mortar-texture mantles or
fine-grained (0.1-0.3 mm) granular aggregates of separate K-feldspar (orthoclase and, rarely,

microcline) and plagioclase (An.3s5). Plagioclase grains and lamellae are commonly more highly
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sericitized than K-feldspars. Quartz is a minor constituent (<2%) and is most common in mafic

patches with altered clinopyroxene.

Sparse mafic patches make up less than 8% of massive syenite. They are interstitial to large
perthitic feldspars and contain relatively fresh (salite) or partly altered (ferroaugite) clinopyroxene,
Fe-Ti oxide minerals that lack titanite rims, biotite partly altered to chlorite, and large (0.1-0.25
mm) zircon grains. Titanite is not present in these samples, but rutile is common as exsolution
lamellae in pyroxene. Olive-green to brown (ferro-edenitic) hornblende grains are blocky with well
defined crystal faces and cleavages. Pale-green (actinolitic) hornblende occurs in fibrous or
irregularly zoned amphibole patches replacing clinopyroxene. The olive-green to brown
hormblende appears to have been stable with (now mostly altered) clinopyroxene, and may have

been a primary igneous mineral.

One of the low-strain lenses preserves undeformed irregular syenitic pegmatoid patches of
cryptoperthite or microperthite megacrysts (1-6 cm) with straight, rational grain boundaries.
Interstitial to the feldspar grains are coarsely crystalline quartz, large (2 mm) apatite grains, mafic

patches with Fe-Ti oxide minerals, and chlorite and epidote pseudomorphous after clinopyroxene.

The northern and eastern portions of the Lowland Brook Syenite are flanked by
Carboniferous sedimentary rocks, the Fisset Brook Formation and marble, calc-silicate, and skarn
of the Meat Cove marble (described below). At a few well exposed localities, the contacts are
complex zones of sinuous cataclastic to mylonitic fault zones that interleave syenite, basalt,
rhyolite, granite, conglomerate, sandstone, and skarn. On Lowland Brook, the contact between the
Lowland Brook Syenite and the Fisset Brook Formation is a 1.5 m wide fracture zone between

relatively undeformed rhyolite and syenite. This zone may be a slightly sheared nonconformity.
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Near a tributary of French Brook, an exploration trench in the Meat Cove Zn occurrence (Sangster

et al., 1990) exposes brecciated rhyolite and syenite, mylonitic syenite, and highly foliated marble
in the area of the contact with the Fisset Brook Formation. In sea cliffs near Sailor Brook, marble
blocks occur in highly sheared, faulted, and mylonitic syenite (Figure 2.12a). These marbles may
be related to the Meat Cove marble (described below), but they cannot be demonstrated to be
xenoliths in the syenite. On a tributary of Lower Delaneys Brook, a coarse-grained metagabbroic
dike separates the Lowland Brook Syenite and Sailor Brook gneiss. On Lower Delaneys Brook,
the same (or a similar) dike is sheared along both contacts, yet preserves relict igneous textures
toward the centre. On Sailor Brook the contact between the Lowland Brook Syenite and Sailor

Brook gneiss is interpreted to be a faulted intrusive contact (as described above).

Otter Brook gneiss

The Otter Brook gneiss (Figure 2.1) is a heterogeneous unit of predominantly intermediate
quartzofeldspathic to mafic gneiss. The dominant lithology (~80%) is a tan to brown, biotite-rich,
locally garnet-bearing quartzofeldspathic augen to flaser gneiss (Figure 2.13a). More mafic
variants include foliated amphibolite (~15%) and metagabbroic amphibolite (~8%), the latter
recognised by a relict subophitic texture. Several small (<2 m wide) highly foliated lenses of calc-
silicate rock in the Otter Brook gneiss crop out in shear zones and adjacent to faults. Boulders of
anorthosite are present in several stream beds, along the steep banks of brooks, and in a narrow
zone of the upland plateau between brooks. The boulders are likely derived from a local
undiscovered outcrop source. In a tributary of Otter Brook, one small outcrop of brecciated and
highly altered anorthosite (first recognised by Neale, 1964) coincides with the upstream limit of

anorthosite boulders. The distribution of calc-silicate and anorthosite lenses is shown on Map A.
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Figure 2.13 - Representative hand samples and mineral textures from the Otter Brook gneiss.

(a) slabbed hand samples; clockwise from upper left - intermediate quartzofeldspathic biotite-rich garnet-
bearing flaser gneiss (BVM91-695), biotite-hornblende quartzofeldspathic gneiss (BVM91-714),
intermediate biotite-hornblende quartzofeldspathic augen gneiss, and hornbiende-gamet amphibolite
intruded by small pegmatite.

(b) gamet porphyroclast separated from matrix Fe-Mg silicate minerals by a Kfs+Pl+Ms reaction zone, draped by the
amphibolite-facies foliation, and with relict clinopyroxene grains in the strain shadow. The large black inclusion is
biotite that also is separated from gamet by a reaction zone, but smaller biotite inclusions that are not connected to
the matrix lack the reaction zone. (scale bar = 1 mm)

(c) thin mafic band of broken up clinopyroxene, partly altered to a green homblende mosaic. These alteration
minerals enclose a blocky brown homblende grain, presumably of an earlier generation. (scale bar = 1 mm)

(d) calc-silicate from a sheared lens in the Otter Brook gneiss. Phlogopite defines the foliation and wraps
around augen of diopside and tremolite. (scale bar = 1 mm)



Figure 2.13
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Granite pegmatite dikes are common in the biotite-garnet quartzofeldspathic gneiss and
foliated amphibolite lithologies, but are absent from the metagabbro and calc-silicates. The
pegmatites range from ~2 centimetres up to ~0.5 m wide and both cross-cut and are transposed
parallel to the gneissic foliation. In several localities, a garet-rich rind is developed in the foliated

amphibolite adjacent to granitic pegmatites (Figure 2.13a).

Within the limits imposed by the generally poor exposure, the lithological variants in the
Otter Brook gneiss are not recognisably layered at the unit or outcrop scale. At the scale of stream
bed or small gorge-wall outcrops (up to about 10 m), the quartzofeldspathic gneiss is
homogeneous. No compositional banding or layering occurs at scales greater than the 0.5-1
centimetre scale of the gneissic foliation as defined by the preferred shape orientation of amphibole
and biotite. The Otter Brook gneiss is here considered to be a complexly deformed, intermediate
quartzofeldspathic to mafic orthogneiss interleaved along fault zones with the various other minor
lithologies. Rock types similar to the Otter Brook gneiss are also present in the Polletts Cove River

gneiss, but could not be separated at the present map scale.

A narrow but highly foliated shear zone separates the eastern side of the Otter Brook gneiss
from the Polletts Cove River gneiss. To the north the two units are separated by a brittle fault
(Map A). Minor brittle faults, perhaps a faulted unconformity, separate the Otter Brook gneiss
from Carboniferous conglomerate and rhyolite to the west. The contact between the Otter Brook
gneiss and the Fox Back Ridge diorite/granodiorite is interpreted to be the extension of a late fault

that cuts, and forms a distinctive gorge in, the nearby Carboniferous units.
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Intermediate to mafic portions of the Otter Brook gneiss most commonly contain

Kfs+Hbd+Bt+PI+0Ox+Ttn+Grt. In more felsic samples, K-feldspar and plagioclase (Ana3-30)
porphyroclasts are large (1.5-3 cm) and grain boundaries are recrystallized into mortar-texture
subgrain mantles. K-feldspar grains contain irregular exsolved plagioclase in coarse patches (as
opposed to spindle-lamellae perthite in many other igneous units in the Blair River inlier) and some
plagioclase grains are myrmekitic. Recrystallized matrix plagioclase is generally fresh, but where
plagioclase is in contact with amphibole, compositional zoning is recognised by concentric

extinction and by the concentration of sericitic alteration.

Garmnet grains are xenoblastic and many contain inclusions of plagioclase, quartz, biotite,
zircon, and Fe-Ti oxides without titanite rims. K-feldspar, hornblende, and titanite are part of the
amphibolite-facies matrix assemblage and help to define the foliation, but do not occur as
inclusions in gamet. The amphibolite-facies foliation drapes around garnet porphyroblasts, and
Fe-Ti oxide minerals commonly have titanite rims. Gamet grain boundaries are corroded and
separated from amphibolite-facies Fe-Mg silicate matrix minerals (biotite and homblende) by a
reaction zone comprising primarily K-feldspar, but with small amounts of plagioclase and

muscovite.

Amphibole (10-22%) in mafic layers of intermediate gneissic samples is mostly pale- to
olive-green (pargasitic) hornblende (hereafter “green hornblende™), has ragged grain boundaries,
erratic compositional zoning, numerous tiny dusty inclusions, and poorly developed cleavage
except where enhanced by shearing, and is commonly intergrown with biotite. Green hornblende in
less sheared portions of the mafic layers preserves poikiloblastic or mosaic textures that are typical

of altered pyroxene. Rare (generally <2%) grains of dark-green to brown (hastingsitic) hornblende
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(hereafter “brown hornblende”) are partly altered to biotite but appear to have once been clean,

blocky grains with sharp, well defined cleavages. In foliated amphibolite samples, green
homblende is the only amphibole present and contains volumetrically significant (up to about 35-
40%) inclusions of epidote and distinctive spindle-shaped K-feldspar. Dark brown biotite grains in
these rocks show similar textures, with the same distinctive spindle-shaped K-feldspar, but with

chlorite as inclusions.

Biotite is a common constituent (15-20%) of intermediate gneiss. Large dark brown grains
help to define the foliation and smaller biotite grains are pleochroic in shades of green and tan to
brown. Green hornblende appears to be stable with biotite but biotite appears to have replaced
brown homblende. Many garnet porphyroblasts contain inclusions of biotite, but the two minerals
are separated by a reaction zone of Ms+PI+Kfs. In many altered samples of the Otter Brook
gneiss, biotite is partly broken down into Chl+Kfs. K-feldspar grains forms lozenges completely
enclosed by biotite that is partly altered to chlorite. A few samples contain large (~8 mm) mafic
mineral clusters in which the alteration of brown hornblende to biotite is associated with significant
amounts (~25% of the biotite-hornblende cluster) of a carbonate mineral. Carbonate is not present
in the felsic layers or in association with resorbed gamet but appears to be associated with

alteration in the mafic mineral clusters.

Felsic layers of the intermediate gneiss comprise coarse-grained K-feldspar (~5-20%, 0.5-2
mm, Org3.9s5) with serrated grain boundaries, plagioclase (~10-30%, 0.45-1.5 mm, An33_30), and
recrystallized quartz (~4-8%, aggregates of 0.3-1.5 mm). Both types of feldspar are partly
recrystallized along grain boundaries and in irregular internal patches into mortar-texture subgrains

(0.1-0.5 mm). Plagioclase and K-feldspar are both altered to fine-grained micas (sericite) and
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saussurite. Plagioclase is locally myrmekitic and is zoned adjacent to Fe-Mg silicate minerals. K-

feldspar occurs as separate grains and as irregular exsolved patches in plagioclase (coarse-patch
antiperthite, distinct from the spindle or lamellar perthite in the Lowland Brook Syenite and
charnockite). The feldspar alteration, recrystallization, and exsolution textures are typical of most
Otter Brook gneiss samples and complicate recognition of primary textures. Rarely preserved in
the centres of polycrystalline augen are large (0.75-1.5 mm) blocky feldspar grains with interstitial
biotite laths that are less altered and recrystallized and have straight and rational grain boundaries.

These may be relict igneous textures.

Clusters of xenoblastic almandine-rich garet grains (<2% in intermediate gneiss and up to
~7% in mafic gneiss) are concentrated in mafic layers, but smaller individual grains are also
present in felsic layers. Gamnet grains in mafic layers are large (0.5-1.2 mm), generally occur in
clusters, and are ubiquitously corroded adjacent to, and separated by a Kfs+PI+Ms reaction zone
from, Fe-Mg silicate minerals. Large garnet grains contain incll.xsions of quartz, plagioclase,
biotite, zircon, apatite, and Fe-Ti oxide minerals without titanite overgrowths. Inclusion minerals
do not preserve pre-metamorphic textural relationships and there is no core-edge variation in
inclusion concentration. Garnet grains in the felsic layers are <0.4 mm, and occur mostly along
feldspar grain boundaries and rarely as inclusions in plagioclase, perthitic K-feldspar, and
polycrystalline quartz. The foliation defined by amphibole and biotite is slightly draped around
gamet grains. In foliated amphibolite samples, large (up to 3.5 mm) gamet porphyroblasts are
commonly broken apart and the assemblage PI+Kfs+Hbl+Ox fills the fractures. Gamet grains are
more abundant in foliated amphibolite, but show the same reaction textures and also lack

inclusion/matrix mineral relationships.
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Rare relict clinopyroxene (ferrosilite) are broken into small fragments in felsic layers and are

highly altered to green homblende in mafic layers. Uralitized and relict clinopyroxene fragments
are also present in mosaic-textured patches of green horblende and quartz and in strain shadows

provided by gamet porphyroblasts (Figure 2.13b,c).

One of the more conspicuous petrographic features of the Otter Brook gneiss is the presence
of large and abundant (up to ~2% combined) accessory minerals. Zircon grains are large and
abundant up to 1 mm in diameter, but most are between 0.25-0.4 mm. Zircon grains appear ovoid
in thin section due to their orientation in the section, but those separated for geochronology were
dominantly semi-prismatic with slightly rounded corners and tips and lacked obvious abrasion,
frosting, or rounding typical of detrital zircon grains in metasedimentary units (e.g., van Breemen
et al, 1990; Heaman and Parrish, 1991). Clusters of spindle-shaped titanite grains are also
abundant (~0.5%), commonly strung out parallel to the foliation, and are restricted to mafic layers
in association with Fe-Ti oxide minerals, biotite, and green hornblende. Titanite also occurs as
rims around Fe-Ti oxide minerals in mafic layers. Mcdium to large (0.3-0.8 mm) apatite grains
are distributed throughout the rock and occur as inclusions in all other minerals. Small grains
(~0.1 mm) of allanite and other epidote-group minerals are the least abundant accessory mineral

and are distributed throughout the rock.

Several calc-silicate lenses are present in the Otter Brook gneiss, but are associated with
internal faults or shear zones and one lens is in the boundary shear zone. These rocks consist
almost entirely of diopside, tremolite, and phlogopite with minor amounts of calcic plagioclase

(Figure 2.13d).
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It is uncertain whether the intermediate and mafic gneisses have a plutonic, volcanic, or

sedimentary protolith. The calc-silicate samples may be metasedimentary or metasomatic, but they
are tectonically interleaved lenses near late fault zones, and do not necessarily imply a supercrustal
origin for the remainder of the unit any more than the presence of anorthosite (presumably
tectonically interleaved lenses) would confirm an igneous protolith. Furthermore, small outcrops
of marble and calc-silicate rocks occur throughout the Blair River inlier, but are everywhere
associated with shear zones, and most commonly in faulted boundary zones between major units.
No major metasedimentary source occurs in the Blair River inlier for these calc-silicate rocks and
marbles. Within the intermediate augen to flaser gneiss, there are no sharply bounded
compositional layers that might represent bedding, such as are common in metasedimentary units.
Accessory minerals are consistently abundant in many samples from a wide area and are
distributed throughout the gneissic compositional layers in individual samples. Dense detrital
minerals might be expected to be concentrated in discrete layers or zones in sedimentary rocks.
The igneous-type zircon morphology and lack of scatter in U-Pb systematics are consistent with an
igneous protolith for the dated intermediate gneissic sample (Chapter 4). The coarse-grained,
blocky feldspar and biotite textures preserved in the centres of augen in samples of intermediate
composition are also consistent with an igneous protolith. Based on these observations, at least the
intermediate flaser to augen quartzofeldspathic gneiss is here interpreted to have a plutonic

protolith of approximately hornblende granodiorite composition.

Fox Back Ridge diorite/granodiorite
The Fox Back Ridge diorite/granodiorite forms much of the southern part of the map area

between the Red River fault zone and the Red River Anorthosite Suite (Figure 2.1). The Fox Back

Ridge unit consists of mixed porphyritic diorite and granodiorite to monzodiorite. It lacks a
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pervasive gneissic foliation, but is deformed by numerous brittle faults and small anastomosing

shear zones. The unit is intruded dikes and small bodies of diabase, rhyolite, syenite, pegmatite,
and medium-grained granite. The granite is similar, and probably related, to the Sammys Barren

granite (Figure 2.14a).

The northern boundary of the Fox Back Ridge unit is constrained only by widely separated
outcrops of the Polletts Cove River gneiss and the diorite/granodiorite. To the south, deformation
increases progressively to form chlorite-epidote schist and phyllonite, and locally massive black
mylonite and ultramylonite in the Red River fault zone. The lack of outcrop in the area of Sammys
Barren obscures contact relations with the Red River Anorthosite Suite, but in one tributary of Red
River, the contact is marked by a large, well exposed brittle fault. Highly deformed equivalents of
the two units are intimately interleaved along anastomosing faults in the southernmost Blair River

inlier.

Porphyritic diorite in the Fox Back Ridge unit contains actinolitic to magnesio-hornblende
(60%) as small (0.1-0.25 mm) anhedral matrix grains with ragged edges and as recrystallized
subgranular aggregates that are pseudomorphous after primary phenocrysts (0.1-0.25 mm each

grain, 1-3 mm aggregates). Also present are plagioclase (An-30, 20%), orthoclase or microcline

(15%), and quartz (5%). Where the unit grades to more granodioritic lithologies, the textures and
minerals are the same, but with less hornblende (~40%) and more quartz (up to ~15%). Titanite is
an abundant accessory mineral in some samples, and most samples contain minor amounts of Fe-Ti
oxide minerals. Near late brittle fault zones and along individual fractures, amphiboles are highly
altered to epidote and chlorite and feldspars are highly sericitized. Near the Red River fault zone,

these same rocks become progressively more deformed with foliations defined by chlorite bands



Figure 2.14 - Field occurrences of, and textures in, late granite and syenite.
(a) dike of Sammys Barren granite intruded into Fox Back Ridge diorite/granodiorite.

(b) large yellow igneous titanite grains in coarse-grained, relatively undeformed Sammys Barren granite
(CW85-034; scale bar = 1 mm)

(c) dike of undeformed granite intruded into the Sailor Brook gneiss and both are cut by a diabase dike,
probably related to the Fisset Brook Formation.

(d) thin section of sample from the Red Ravine syenite showing microcline, and large yellow igneous
titanite that is very similar to those of the Sammys Barren granite (BVM90-121; scale bar = 1 mm)
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replacing amphibole, and by disaggregated epidote bands; quartz shows incipient ribbon formation
and feldspars are fractured and highly altered. Significant structures in the Fox Back Ridge

diorite/granodiorite are related to deformation along the Red River fault zone and are discussed in

section 2.2 4.

Sammys Barren granite
The Sammys Barren granite (Figure 2.1) is an undeformed, medium- to coarse-grained, red

or pink granite. The main granite body is located on Red River, and a tributary system. Similar
granite also occurs as dikes and small bodies intruded into the Fox Back Ridge diorite/granodiorite.
All of these granites contain subhedral microcline (generally non-perthitic) as the dominant K-
feldspar (~50%), subhedral to euhedral plagioclase (Anys, ~25%), quartz (25%), and distinctive
large (up to 2 mm) yellow, euhedral igneous titanite (Figure 2.14b). The only mafic minerals
(<10%) are chlorite and epidote, which are pseudomorphous after biotite. These features contrast
with the typically gneissic syenitic rocks of the Lowland Brook Syenite and chammockites, which
commonly contain perthitic K-feldspar, amphibole or pyroxene, spindle-shaped (metamorphic)

titanite or titanite as rims around Fe-Mg oxide minerals.

The boundaries of the Sammys Barren granite are poorly constrained. On Red River the
boundary is marked by a highly fractured zone where granite dikes and pods in the Fox Back Ridge
diorite/granodiorite gradually become more abundant than diorite and granodiorite. Granite,
diorite, and granodiorite are intimately mixed on a tributary system of Red River, and the contact is

placed somewhat arbitrarily where granite becomes the dominant lithology.
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Small bodies or dikes of similar granite are also present in the Otter Brook gneiss, the Sailor

Brook gneiss, and the Polletts Cove River gneiss. A granitic dike in the Sailor Brook gneiss s, in

turn, cut by a mafic dike, probably related to the Fisset Brook Formation (Figure 2.14c).

Red Ravine syenite

The Red Ravine syenite (Figure 2.1) is medium to coarse grained, brick-red to pink, and
commonly lacks a pervasive gneissic foliation. It crops out west of thé Red River Anorthosite
Suite and adjacent to charnockite unit. Although few contacts are exposed, no obvious textural or
compositional gradation was observed from the charnockite to more K-feldspar-rich lithologies
toward the syenite. The only observed contact between the Red Ravine syenite and the charnockite
unit is a brittle (normal?) fault (Map A). On Red River, the contact between the syenite and the
Fox Back Ridge diorite/granodiorite is a 15 metre-wide brittle fault zone. Dikes and veins of
syenite and syenogranite intruded the Fox Back Ridge diorite/granodiorite and are mineralogically

and texturally similar to the Sammys Barren granite (Figure 2.14d).

The dominant feldspars in the Red Ravine syenite are subhedral microcline (up to 70%), and
anhedral plagioclase (An32, 15%). Quartz is a constituent (up to 15%) in some samples, but most

contain very little quartz. Rare mafic minerals are predominantly chlorite and epidote. Titanite
grains are large yellow blades with well developed crystal faces and cleavages, and zircon grains
are small and prismatic with sharp comers and flat crystal faces; both minerals appear to be
magmatic in origin with no subsequent alteration of crystal habit. These minerals and textures are

similar to those of the Sammys Barren granite but differ from those in the Lowland Brook Syenite.



Gabbro and Diabase

At least two generations of gabbroic dikes or small bodies are recognised in the Blair River
inlier. An early set intruded the Sailor Brook gneiss, Lowland Brook Syenite, Otter Brook gneiss,
Red River Anorthosite Suite, and Polletts Cove River gneiss. These gabbroic rocks are coarse
grained and metamorphosed, and are distinctive in that they are only locally deformed, preserving
subophitic textures, yet are commonly altered