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ABSTRACT 

The Upper Ordovician (Ashgillian) to Middle Silurian (Wenlockian) 

graptolitic carbonates and cherts of the Cape Phillips Formation accu­

mulated in the deep water basinal environment of the Hazen Trough. 

The coeval platform carbonates of the Allen Bay Formation developed 

to the east in a shelf environment. Nineteen stratigraphic sections 

were measured in order to obtain data on the lithological variation 

within this facies transition, specifically within the Cape Phillips 

Formation. Integrated petrological and x-ray diffraction analyses of 

the samples collected indicates the presence of seven distinct litho­

facies, six in the _Cape Phillips and one in the Allen Bay Formation. 

These lithofacies are; 1) laminated limestone, 2) calcareous 

m'9-dstone, 3) laminated argillaceous limestone, 4) lttassive limestone 

and rudaceous graded limestone, 5) chert, 6) laminated dolomite, and 

7) massive dolomite. 

The distribution of these lithofacies is strongly related to 

the paleogeography and water depth. The shallow water carbonate 

buildup of the Allen Bay Formation is composed of massive dolomite. 

The slope carbonates of the Phillips Formation consist of 

laminated dolomite and laminated limestone with minor massive lime­

stone and rudaceous graded limestone. The basin is dominated by 

calcareous mudstone and displays a significant development of chert. 

To explain the distribution and origin of the lithofacies, a 

model is proposed whereby the carbonate grains and mud were produced 

on a shelf platform and carried basinward by wave - and tide - generated 
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currents.. Hassive limestone ~d rudaceous graded limestone are the 

proximal deposits of gravity flows. Laminated limestone and laminated 

argillaceous limestone are the distal deposits of gravity flows. 

Calcareous mudstone and radiolarian chert were deposited from 

hemipelagic and pelagic suspensions and turbid layers. Replacement 

chert resulted from the silicification of carbonates, Doloraiti?!atio,n 

.of the platform carbonate buildup and the adjacent upper slope 

succession created the massive dolomite and laminated dolomite litho­

facies respectively. Dolomitization may have occurred in a 

schizohaline environment. 

The dominance of calcareous mudstone in the upper Cape Phillips 

compared to laminated limestone, which is dominant in the lower Cape 

Phillips, suggests a deepening of the basin aDd a general transgression 

during the accumulation of the Cape Phillips Formation. It appears 

to have been deposited in relatively deep water, at least below wave 

base and generally above the carbonate compensation depth, between 

about lOOm and 5400m deep. 
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CHAPTER 1 

INTRODUCTION 

Lower Paleozoic strata are well exposed in the west-central part 

o£ Ellesmere Island in the Canadian Arctic (Fig. l-1). The region is 

notable for an interesting facies transition from shelf carbonates in 

the east to deep-water carbonates and cherts in the west. The purpose 

of this study is to: l) examine the lithofacies of the lateral tran­

sition of the Allen Bay - Cape Phillips Formations; 2) describe the 

origin of the lithofacies; and 3) propose a depositional model for 

the Cape Phillips Formation. 

STUDY AREA AND FIELD METHODS 

The study area lies in the west-central part of Ellesmere Island 

between approximately 79°01' and 78°11' north latitude, and 82°09' and 

85°18' west longitude (Fig. 1-2). The center of the study area is 

about l90km southeast of Eureka .. 

The nearest airline terminal is located 510km to the southwest 

at Resolute, Cornwallis Island. Resolute receives regular passenger 

flights from both Calgary and Montreal. Aircraft can be chartered 

there for further transportation to Ellesmere Island. Small STOL 

airplanes such as the de Havilland Twin otter can land near some 

sections but most require a helicopter for access. The field season 

runs from mid-June to the end of August. 

The topography of the area is characterized by low mom1tains up 

to about 900m. Host of these are underlain by Lower Paleozoic carbonate 

rocks. Some of the low mountains have small glaciers however, the 

main ice cap of central Ellesmere Island is situated to U1e east of 
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the study area. The coast is incised with bays and fiords. These 

and the low mountains are generally aligned parallel to the major south­

west to northeast structural trend. 

This report is based on a total of nineteen days field work during 

the summer of 1982 while the author was an employee of Petro-Canada 

Exploration Inc. Nineteen stratigraphic sections were measured in 

an area of approximately 4500km
2 

(Fig. 1-2). The sections were 

measured with a 30m chain. Surface mapping at a scale of 1:59322, 

was used to delineate stratigraphic, structural and spatial relation­

ships within the study area. Representative samples of the lithologies 

and fauna were collected for laboratory analysis and identification. 
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Figure 1-2: Ellesmere Island (Trettin, 1978). Location of 
study area is shown by the box. 
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CHAPTER 2 

REGIONAL GEOLOGICAL SETTING 

From late early Cambrian to earliest Devonian time, Ellesmere 

Island formed part of three tectonic provinces (Fig. 2-1): the 

Arctic Platform in the southwest, the Franklinian Geosyncline in the 

center, and the Pearya Geanticline in the northwest (Thorsteinsson 

,and Tozer, 1960, 1970; Trettin et al., 1972; and Trettin, 1973). 

The Arctic Platform on Ellesmere Island is the northernmost extent 

of the Canadian Shield. It is characterized by a high-grade meta­

morphic basement overlain by a relatively thin succession of shelf 

carbonates and smaller amounts of t~r~igenous clastics and 

The boundary with the Franklinian Geosyncline is defined in a structural 

sense as the limit of folding (Thorsteinsson and Tozer 1 1960) and 

in a stratigraphic sense as a hinge from which time-rock units 

thicken progressively to the northwest (Kerr, l967d). Trettin (1978) 

suggested that the latter is more difficult to locate and therefore 

the limit of folding is generally used. 

The Pearya Geanticline was a major source of clastic sediments 

for the Hazen Trough (Trettin 1 1978 1 1979). It was the site of 

intermittent metamorphism, uplift, plutonism and volcanism. It has 

been interpreted as a continental margin-type magmatic arc (Trettin 

et al. , ·197 2) • The core of the geanticline consist·s of Proterozoic 

gneisses which are presently exposed along the north coast of 

Ellesmere Island (Frisch, 1974, 1976). 

From Cambrian to Late Devonian time 1 the Franklinian Geosyncline 

underwent subsidence and continual sedimentation. On Ellesmere Isla.nd, 

the geosyncline can be partitioned into three major belts (Fig. 2-1): 
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a southeastern shelf; the Hazen Trough; and in the northwest a complex 

belt of shelf and coastal plain deposits with volcanic arcs (Trettin, 

1978, 1979). The southeastern shelf received mainly carbonates with 

minor evaporitic and clastic sediments. The study area consists of 

adjacent parts of the southeastern shelf and. the Hazen Trough. 

The Middle Ordovician to Lower Devonian Hazen Trough was a 

submarine furrow which may have extended from northeastern Greenland 

to Melville or Banks Islands (Trettin et al., 1972; Dawes, 1976). 

Trettin (1979) has divided the depositional history of the Hazen 

Trough into three diachronous depositional phases: pre-flysch; 

flysch and post-flysch. The pre-flysch phase is characterized by 

the occurrence of redeposited carbonate sediments, chert and 

graptolitic mudstone. The pre-flysch phase includes the Cape 

Phillips Formation. The flysch phase consists of alternating 

dolomitic and calcareous siltstones and sandstones with Bouma 

sequences and massive bedding (Imina Formation) . The post-flysch 

phase (lower part of the Eids Formation) consists of laminated 

dolomitic and calcareous siltstones with minor flysch deposits 

(Trettin, 1979). 

The Hazen Trough probably originated by subsidence rather than 

rl 
by seafloor spreading because the base of the succession comformably 

overlies carbonates and siliclastic sediments of shallow water 

origin instead of submarine volcanic rocks. 

Thorsteinsson (1958) assigned the name Cape Phillips Formation 

to a Late Ordovician to Early Devonian succession of limestone, 

argillaceous limestone, chert, calcareous shale and dolomite on 

Cornwallis Island. The names Allen Bay Formation and Read Bay 
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Formation were given to a succession of carbonates on Cornwallis 

Island which are stratigraphically adjacent to the Cape Phillips 

Formation (Thorsteinsson, 1958). These units have since been ex­

tended in to central Ellesmere Is land by many workers ( Tozt~r, in 

Fortier et al., 1963; Thorsteinsson and Kerr, 1963; Kerr, l967b, 

1976, Kerr and Thorsteinsson, l972b, c). Kerr (l967a, b, 1968, 1976) 

~nvestigated the upper Proterozoic to Upper Devonian succession of 

central Ellesmere Island in order to erect a coherent stratigraphic 

framework for the area. This stratigraphic framework serves as the 

basis for this report with the following revisions. The Upper 

Ordovician to Lower Devonian Cape Phillips Formation in the study 

area has since been subdivided into two units: Upper Ordovician to 

Middle Silurian Cape Phillips Formation and Middle Silurian to Lower 

Devonian Devon Island Formation (Thorsteinsson, pers. comm., 1982). 

The name Devon Island Formation was given to a succession on Devon 

Island consisting of dark graptolitic calcareous shale ill1d shale with 

minor interbeds of argillaceous limestone (Thorsteinsson, in Fortier 

et al., 1963). In addition 1 the Allen Bay and Read Bay Formations 

cannot be distinguished in the study area and so are referred to as 

Undivided Allen Bay-Read Bay Formations by Thorsteinsson (1972a, b). 

Hereafter the Undivided Allen Bay-Read Bay Formations will be referred 

to as the Carbonate Buildup. 

The geology of southwestern Ellesmere Island, adjacent to the 

study area has been investigated by McGill (1974) and Mayr (1974) . 

In contrast to these studies the emphasis of the present work is on 

the Cape Phillips Formation. 'l'rettin (1979) investigated the Middle 

Ordovician to Lower Devonian succession in the Canon Fiord area, to 
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the north of the present study area. Based on the litho logical and 

paleontological characteristics of the Cape Phillips Formation in the 

canon Fiord area, he concluded that the unit was deposited on the 

southeastern slope and marginal bottom environments of the Hazen 

Trough, and in a back-reef basinal setting. Some of his ideas have 

been adopted in the present study. 

The paleogeography of the Carbonate Buildup and the Cape Phil 

Devon Island Formations during the Lower Devonian are shown in Figure 

2-2. Locations of measured sections and lines of section are also 

shown. The carbonate buildup is dolomitized, resistant, light 

colored and forL~ bluffs to low mountains. It grades vertically and 

laterally into beds of breccia which in turn grade laterally into the 

recessive, dark-colored and graptolitic carbonates, cherts and shales 

of the Cape Phillips and Devon Island Formations. The actual location 

of the facies transition of the Carbonate Buildup into the Cape 

Phillips Formation is not exposed. However, intercalation of the 

upper of the Carbonate Buildup and the Devon Island Formation can 

be seen in the field. The Carbonate Buildup and Phillips Formation 

conformably overlie the Irene Bay Formation in the study area. Figure 

2-3 illustrates these stratigraphic relationships. The study uses the 

shelf to slope model shown in Figure 2-4 as a frame\vork to interpret 

origin and distribution of the lithofacies of the Carbonate Buildup­

Cape Phillips Formation facies transition. 

STRUCTURE 

The p~incipa1 structure of the Franklinian Geosyncline in the 

west-central Ellesmere Island area is the Central Ellesmere Fold Belt. 



Figure 2~2A: Paleogeographic map showing the distribution of the Carbonate Buildup 
and the Cape Phillips - Devon Island Formations during the early 
Lockkovian (Modified from Trettin, 1978). 
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Within this fold belt northeasterly-striking normal faults, folds 

and thrust faults are present. The folds may be recumbent in the 

direction of the craton. The thrust faults generally dip towards 

the northwest at moderate to steep angles, are commonly in echelon, 

and extend for more than 160 km. These rocks have been faulted and 

folded by two deformational events: the Upper Devonian Ellesmerian 

Orogeny and the Cenozoic Eurekan Orogeny (Thorsteinsson and Tozer, 

1970). However, the relative effects of each orogeny are difficult 

to determine. Thorsteinsson and Tozer (1970) suggested that the 

major episode of recumbent folding and normal faulting resulted from 

the Ellesmerian t:.1rogeny, whereas the thrust faulting was associated 

with the Eurekan Orogeny. 
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OIAPTER 3 

LITHOFACIES 

METHODS OF IDENTIFICATION 

Methods of mineral identification and rock description 

included whole rock X-ray diffraction, thin section and 

hand sample observation. Thin sections were obtained from seventy-

one samples. However, the fine-grained and fissile nature of fourteen 

samples precluded thin sectioning. These and nineteen 

thin-sectioned samples were crushed to 63~ or less and by 

X-ray diffraction. The diffractograms were a~alysed by methods 

adopted from Griffin (1971) and Cook et al. (1975). This '.vork was 

"\ 0 
done at Dalhousie University and the radiation used was CuKa, A=l. 54050A. 

The minerals or mineral groups were identified by the presence of a 

single diagnostic peak and bt~o secondary (Appendix l). 

Semiquantitative determination of mineral abundances were obtained 

by multiplying the principal height of each mineral by its intensity 

factor (Table Al-l) . 

Distinction between dolomite and calcite in thin section was 

enhanced by the p.lizarin Red S staining technique (Dickson, 1965). 

Valuable information was also derived from megascopic examination of 

hand specimens, particularly the cut surfaces. 

CLASSIFICATION 

The general carbonate rock classification by Dunham (1962) 

and modified by Embry and Kloxan {1971) has been adopted for this study. 

Pore terminology has been taken from Choquette and (1970). 

Compositional and textural modifiers are used to more accurately 
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3-1a. BEDDil:s TlliCKHESS SCJ..LE b. PARTH!G 'l'HI CiC~ESS SS!cLE 

Thin Laninc::ted <. 2 !L1l1 Papery < 1 r::m 
':['hick Lar.:inated 2 - 10-r:m Fissile 1 .- 5 f:'if!l 

Thin Bedded 1 10 en P18.ty 5 - 10 nm 
Hcdimn Bedd'}d 10 - 5C> en Flae;gy 1 - 10 em 
Thick Bedded < 50 Cr:J Slabby 10 - 30 CT:i 

Blocky 
Hassive 

30 - 100 em 
< 1 m 

(From 'petro-C:anada Field Guide to s~utheastern British Colu::sla, 

..Fig. 3-2., CRYS~·.~~L G?.;:.r:; SIZE CLASSIFICr TIO:; 

2-1 mm •••••••••••••••••••••• .. ••·••••••••o 
1 - 0. 5 IDr\ • t I t t t e 0 • t t o t t e t • • t • • • t • t • • • e t 11t e t 

0.5 - o. ::~ .............................. . 

very conrscl : yst~llin8 
coarsely cry ~ l~no 

mediu~ cryst ,, ~~ 

0. 2 5 - 0. r:.r: ••••••••• ~ • • • • • • • • • • • •• 0 ••• 0. • fine ,. 
Ool2 - Oo06 mm· ......................... , ••• o very finely crys~~ line 
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represent the lithofacies types. For example, a laminated argillaceous 

wackestone is a fine-grained, laminated limestone with significant 

argillaceous content. Bedding and parting thickness scales used here 

are shown in Figures 3-lA and-lB. Crystal grain size is classified 

according to Figure 3-2. 

LITHOFACIES TYPES 

A combination of field observation, X-ray diffraction and 

petrological examination of the samples collected that the 

lateral transition of the Carbonate Buildup-Cape Phillips Formation 

consists of seve~ lithofacies. Six of these are present in the Cape 

Phillips Formation: 1) laminated limestone; 2) laminated argillaceous 

limestone; 3) massive limestone and rudaceous graded limestone; 

4) mudstone; 5) cherti and 6) laminated dolomite. The Carbonate 

Buildup contains the seventh lithofacies, massive dolomite, and minor 

amounts of massive limestone and mudstone. The characteristic features 

of each lithofacies are summarized in Table 3-1. 

1) LAMINATED LIMESTONE 

Laminated limestone is characterized by the predominance of calcite 

rom-scale planar lamination and wackestone to packstone textures. In 

outcrop the lithofacies consists of resistant, thin to very thick bedded, 

laminated 1 buff brown to medium grey \veathering :Limestone (Fig. 3-3A, B). 

It also occurs locally as spherical oval nodules up to 30 em in 

diameter. 

The lithofacies consists of 49-100% calcite, 0-24% dolomite, 0-~4% 

quartz, 0-10% mica , 0-20% pyrite and trace to relatively low amounts 

of organic matter. t-1icrocrys talline calcite composes the: raatrix. 



Table 3-1: 

",f;;.;.;.'Jtr !>:t,il.'N TO 
~;:::m.rM :..'Lvt 

T•Kwii.'M 3?.0'·~ 
TO X;;:JL"X 
ORO' 

\1•~.:.~::. G/\ti IV 
T>At.:: r':;·.,;; 

f=M: :.::i w:'!'l";;; TO 
PAw; fJ:.(/,':1 

Characteristics of the lithofacies. 

7111:: TO V~Y 7!:ICY. !3':'::::.:> 
1,;:::> 1 . .\TI·:nALLY :o:rrnn::t:5. 

rHr:: tv '/!:RI 7KI:::?; ll!:l:Jm 
AlrD LIT!::RALLY ~O~r!X".'::''C'S 

V'..RY 111:c;; l>EI:>OC.IJ, xc:,?:,y 
M~;~rf": 

l'<:LOI!:lS/!l!L'ClA::Jrz./ 
u:·Hoc:.-..n·;; 

rt~·:::-: ~)4,\;:T. 
=~.::~1 . .'~7~'.!:::0 
D'! I7.:i '!J:;'J 
::r~;;-r,,I::-



• 

• 

- 19 -

Fig. 3-3. Laminated limestone in outcrop • 

A~ Section 3, Huff Ridge Cape Phillips Belto Foregro­
una is about 50m thick • 

B. Section 6, north of Trold Fiord. Hammer for scale 
(30cm). 
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Fig. "5-4Ao Hend specimen of lami­
nated limestone showing mm-scele 
planer lamination (dime for scele, 
about 17m~ in diameter) . 

Fig. 3-4B. Photograph of a thin 
section of laminated limestone 
showing mm-scale planar and cr­
oss lamination (bar is about lcm) 

Fig . 3-4G. Photograph of a thin section of laminat­
ed limestone showing mm-scale wispy lamination (b­
ar is about 0.5mm long). 
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Fig. 3-5. Photomicrograph of peloids in laminated 
Limestone (bar is about O.lmm long) • 
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Calcitic cement accounts for approximately 10%, and consists of medium 

crystalline. and anhedral crystals. Dolomite rhombohedra are very 

finely crystalline and float in the calcitic matrix. Quartz is 

present in two forms: angular microcrystalline to very f 

crystalline grains, and as a replacement of calcite. 

The predominant structure of the lithofacies is mm-scale planar 

lamination defined by vertical variation in organic matter, calcite 

and quartz (Fig. 3-4A 1 B 1 C). Other structures present include 

stylolites and calcite veins. 

Clast types include peloids and bioclasts with minor lithoclasts. 

Peloids are predom~nant and compose up to 60% of the rocks (Fig. 

3-5). Bioclasts are mostly fragments of ostracods and echinoderms 

w.ith minor molluscs, bryozoa, brachiopods, sponges and trilobites. 

Lithoclasts, when present, are 0.5 mm to 1.0 mm fragments of poorly 

sorted peloidal packstone. 

2) L&~INATED ARGILLACEOUS LIMESTONE 

Laminated argillaceous limestone differs from laminated limestone 

in containing quart~, clay and mica in significant 

outcrop (Fig. 3-6), the lithofacies occurs as resistant, thin to 

medium bedded, orange-brown to grey-green weathering and 

laminated limestone. 

In 

It consists of 50-60% calcite, 25-30% quartz, 15-16% mica-illite. 

Organic matter is present in trace to relatively low amounts. 

Microcrystalline ca:lcite composes the matrix. Cement consists of 

medium to coarsely crystalline and anhedral grains of calcite. Quartz 

is present as microcrystalline to very finely crystalline angular, 
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Fig. 3-6. Photograph of laminated argillaceous lim­
_estone in outcrop (left side of picture), section 3, 
Huff Ridge Cape Phillips Belt. Section is about 50m 
'thick • 

Figo 3-7. Photomicrograph of mm-scale lamination in 
laminPted argillaceous limestone (bar is about 0.6mm 
long) o 
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detrital grains. When present, dolomite consists of finely crystalline 

rhombohedra. Microcrystalline to very finely crystalline elongate mica 

flakes are oriented parallel to bedding. 

Mm-scale planar lamination is the predominant structure. It re­

sults from vertical variations in calcite, quartz, chlorite, mica, 

pyrite and organic matter contents (Fig. 3-7). 

Wackestone and packstone textures are present. Peloids and bio­

clasts are the primary clasts with minor lithoclasts. Bioclasts are 

mostly fragments of echinoderms and sponge spicules with minor 

molluscs, brachiopods and ostracods. 

3) MASSIVE LIMESTONE AND RUDACEOUS 

GRADED LIMESTONE 

Massive limestone beds are unstratified (Fig. 3-8) while those of 

rudaceous graded limestone are coarsely graded (Fig. 3-9, -10). 

Massive limestone and rudaceous graded iimestone are combined as one 

lithofacies because of their coarse-grained nature, spatial association 

(see Chapter 4) and relative rarity within the Cape Phillips Formation. 

In outcrop, the lithofacies is resistant, medium to thick bedded 

and weathers a pale grey. 

The lithofacies consists of 85-100% calcite, and 

0-15% quartz. Organic matter is present in trace amounts. The matrix 

is composed of microcrystalline to very finely crystalline calcite 

crystals. Dolomite may occur as very finely crystalline subhedral to 

euhedral rhombohedra. Quartz is present both as very finely crystalline 

angular grains and as a replacement of calcite. 

Grainstone, floatstone and rudstone textures are present. Clast 

types include lithoclasts (up to 30mm) and bioclasts (up to 15mm) 
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Fig. 3-8. Photograph of e hand specimen of massive 
limestone. Dime for scale (diameter "::: 17mm ) • 

Fig. 3-9. Hand specimen 
of rudac eous graded li­
mestone (dime for scale). 

Fig. 3-lOo Photograph of 
a thin section of rudac­
eous graded limestone ( 
bar is about lcm long). 
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with minor peloids, up to lmm in diameter. The lithoclasts are frag­

ments of peloidal and bioclastic packstone. Bioclasts are echinoderms 

with minor mollusc, brachiopod, bryozoan and trilobite fragments. 

4) MUDSTONE 

The diagnostic features of this lithofacies include its fine­

grained nature, graptolitic fauna, recessiveness, dark color and fissile 

to platy parting (Fig. 3-lB). Mm-scale planar lamination, where present, 

is usually disrupted by the parting or cleavage. 

Petrological examination of this lithofacies is not possible 

because of its fissility. However, compositions and semiquantitative 

estimates of mineral abundance were obtained using X-ray diffraction. 

Calcareous and quartzose mudstone are present. Calcareous 

mudstone comprises a major proportion of the Cape Phillips Fo:t:mation 

and is described below. Quartzose mudstone is present in the Devon 

Island Formation and in the extreme upper of ti1e Carbonate Build-

up. 

Calcareous mudstone consists of 66-87% calcite, 10-26% quartz, 

2-18% dolomite and 5-7% K-feldspar. The proportion of organic matter 

could not be estimated using X-ray diffraction. However, the dark 

color and ubiquitous carbonaceous graptolites suggest that organic 

matter is a relatively important constituent. 

5) OIERT 

Extreme hardness and predominant siliceous composition characterize 

this lithofacies. In outcrop, chert is resistant, dark grey to black 

and thin to medium bedded (Fig. 3-12). Planar rom-scale lamination is 

generally disrupted by brecci3.tion. Two sub-lithofacies are recognized: 
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l•'ig. 3-11. Photograph of ca1cereous mudstone in out­
crop, section 6, north of Tro1d Fiordo foreground is 
ebout 25m thick • 
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radiolarian chert and replacement chert. These are indistinguishable 

in outcrop. However, hand specimen and thin section study indicate 

that the two types occur in separate beds within interbedded successions. 

Radiolarian chert consists of 56-96% silica, 4-44% calcite and 0-15% 

dolomite. In thin section, cryptocrystalline to microcrystalline 

silica is masked by a relatively high concentration of black and brown 

structureless organic matter. Calcite crystals are microcrystalline. 

Dolomite occurs as subhedral to euhedral microcrystalline to medium 

crystalline rhombohedra. The larger dolomite crystals are extensively 

corroded. 

Mm-scale planar laminae are mostly bent, broken and disrupted as 

a result of brittle deformation. The lamination is defined by vertical 

variation in the concentrations of calcit~, silica and organic matter. 

Other structures present include calcite and quartz veins. 

Mudstone and wackestone textures are exhibited. Clasts consist 

mostly of microscopic spheres, spherical rings and irregular-shaped 

walls which surround organic matter (Fig. 3-13). These bodies have 

diameters of 0.02mm to O.lmm and compQse up to 20% of the rocks. The 

small size and spherical shape of these bodies suggests that they are 

poorly preserved radiolaria. Silicified ostracod fragments and sponge 

spicules are present locally. 

Replacement chert is characterized by replacement and void in­

filling fabrics {terminology from Orme, 1974). These rocks consist of 

54-90% silica, 5-46% calcite and 0- 5% dolomite. Organic matter is 

present in trace to low amounts. Microcrystalline silica is a re­

placement after a microcrystalline calcitic matrix (Fig. 3-14, 16) and 

bioclasts may also show partial or complete replacement (Fig. 3-15). 
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Fig. 3'"-"12. Photogre_ph of chert in outcrop, section 6, 
north of Trold Fiord. Laminated limestone bed in cen­
ter of picture is about 2m thick • 
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Figo 3-l3A 9 Photomicrographs of spherical rings and 
irregular shaped walls enclosing organic matter (bar 
is about 0.05mm long) in radiolarian chert • 

Fig. 3-l3B. Photomicrograph of poorly preserved rad­
iolaria (bar is about Oo04mm long) in radiolarian ch-
ert .. 
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Flg. 3-14. Photomicrograph of silicified peloids in 
replacement chert (bar is about lo5mm long) • 

Fig. 3-15. Void-infilling textures in replacement c­
hert (bar is about Oo5mm long) • 

-I 
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Fig. 3-16o Photomicrograph of wholly and partially 
silicified echinoderm fragments in replacement chert 
(bar is about 0.5mm long)o 

-
Fig. 3-l?o Mm-scale planar laminEJtion in replacement 
chert (bar is about 0 .5mm long)o 
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void-infilling chalcedony forms spherical to oval radiating aggregates 

(Fig. 3-15) within pores of the matrix or bioclasts. Dolomite occurs 

as very finely crystalline to medium crystalline subhedral to euhedral 

rhombohedra. The larger dolomite crystals are extensively corroded. 

Planar mm-scale lamination is well preserved. Calcareous-and 

organic-rich laminae alternate with silica-rich laminae. 

Ghosts of peloids (Fig. 3-14) and bioclasts (Fig. 3-16) suggest 

that the rocks were lime packstones, grainstones 1 floatstones and 

rudstones before silicification. Bioclasts include echinoderms 

(Fig. 3-15) and ostracods with minor molluscs, brachiopods, bryozoa 1 

sponge spicules and radiolaria. 

6) LA}fiNATED DOLOMITE 

Planar rum-scale lamination and the predominance of dolomite 

characterize laminated dolomite. It outcrops as resistant, thin to 

very thick bedded, buff brown to grey weathering and laminated 

dolomite (Fig. 3-18). 

Laminated dolomite consists of 77-96% dolomite, 0-14% calcite and 

0-9% quartz. Organic matter and pyrite are present in trace amounts. 

Dolomite is present as very finely crystalline, anhedral to subhedral 

and well sorted rhombohedra. Microcrystalline calcite and organic 

matter compose. the matrix. Quartz is present both as microcrystalline 

to very finely crystalline/ angular detrital grains and as a replacement 

of microcrysta~line calcite. 

Most beds show a planar mm-scale lamination which is caused by 

vertical variations in organic matter content (Fig. 3-19). Convolute 

and \vavy laminae are rarely present. 
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.F'ig. 3-18. Laminated dolomite in outcrop, section 2, 
West Irene Bay Cape Phillips Belto J:t'oreground section 
is about 20m thicko 

Fig. 3-19o Photograph of a thin section of lPminBted 
dolomite showing mm-scale planar laminAtion (bar is 
about l.Omm longJ • 
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Ghosts of peloids are present. Bioclasts are rare and include 

ostracod and echinoderm fragments. 

7) MASSIVE DOLOMITE 

Massive dolomite crops out as resistant, cliff-or bluff-forming, 

pale grey to pale brown weathering dolomite. It comprises most of 

tlte carbonate Buildup. Three sub-lithofacies are recognized: 

1) vuggy massive dolomite; 2) intraclastic dolomi~e; and 3) bioclas-: 

tic dolomite. 

Vuggy massive dolomite comprises about 80% of the carbonate 

Buildup. It is characterized by its low mountain-forming topography 

and the presence of large solution cavities up to 2m in diameter 

(Fig. 3-20). Vuggy and moldic pores account for 5-15% of hand 

specimens (Fig. 3-21). Moldic pores may often be unidentified fossils. 

In thin section, very finely to finely crystalline anhedral to sub­

hedral dolomite crystals are seen. 

Intraclastic dolomite occurs as a bedded breccia unit which 

gradationally overlies vuggy massive dolomite. The base of the unit 

consists of very thick bedded and resistant clast-supported beds of 

breccia. The clasts are angular and up to 2m in diameter . 3-22). 

Up section, the beds become progressively thinner, matrix-supported 

and the clast size decreases (Fig. 3-23). The lithoclasts consist 

of non vuggy massive dolomite, and fragments of peloidal and bio­

clastic-peloidal packstone and grainstone (Fig. 3-24) . The matrix 

consists of finely crystalline to medium crystalline dolomite rhombo­

hedra with minor angular, detrital quartz grains. Locally the matrix 

is laminated. 
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Fig. 3-20. Photograph of vuggy massive dolomite in 
outcrop showing large cavities. Cavity in the center 
of the photo is about 2m in diameter. Photograph 
is from section 1 of the earbonate Buildupo 

Fig. 3-2lo Hand specimen of vuggy massive dolomiteo 
Note the vuggy and moldic porosity (dime for scale) 
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Fig. 3-22. Photograph of intraclastic dolomite in ou­
tcrop, section 1, Carbonate Buildup (lens cap for sc• 
ale). 

Fig. 3-23. Hand specimen of 
intraclastic dolomite (dime 
for scale) o 

Fig. 3-24. Photomicrograph of intraclestic dol ... · 
omite showing intraclast of peloidal grainston 
e in a dolomitic matrix. Note patch of silica 
replecement in the center of the picture (bar 
is about 0.5mm long). 
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Bioclastic dolomite is mostly present in the upper part of the 

Carbonate Buildup. It is milky white. and exhibits 5-10% vuggy porosity. 

Partially dolomi tized echinoderm fragments and intraclasts float in a 

dolomitic matrix. 
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CHAPTER 4 

LITHOFACIES DISTRIBUTION 

NAJOR SECTIONS 

Four of the nineteen stratigraphic sections measured were sampled 

in detail. Comprehensive descriptions of the four sections are pre­

sented in Appendix 2. Each of the four major sections is described 

below to illustrate vertical lithofacies variation within the study area. 

SECTION l (FIGURE 4-l) 

This is the only section measured through the Carbonate Buildup. 

It is relatively thick and predominantly massive dolomite with minor 

quartzose mudstone, laminated limestone and massive limestone near the 

top. Proportions of lithofacies comprising the section are shown in 

Figure 4-l .. 

Nost of the fossils have been rendered unrecognizable by dolo­

mitization. However, the graptolite Monograptus dubius (Fig. A3-l, 

Appendix 3) initially occurs at 1140m. 

The spatial relationships between the Carbonate Buildup and the 

Cape Phillips-Devon Island Formations in the area of section 1 are 

shown in Figure .A2-l (Appendix 2) • The upper part of the Carbonate 

Buildup interfringers with the Devon Island Formation south of the 

measured section. The facies transition into the Cape Phillips 

Formation is not exposed. To the northeast, the entire section is 

progressively removed by the unconformity beneath the Lower Devonian 

Vendom Formation. 

SECTION 2 {FIGURE 4-2) 

This section corresponds to the eastward extent of the Cape 
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Vendom Fiord For~ation 

Carbonate ~~ldup 

Irene Bay Formation 
- - -

·WVN - Unconf or:Ji ty 

~ - ::a.ssi-;e :i::estons (2%) 

L2.::estone ( 1 ~;) 

Hassive :Uolo.:::..ite 

· !-:assivc Dolo~i tc (S1.~:.) 

Figure 4-1: Section 1. Approximate proportions of lithofacies included. 
Recessive and resistant weat:hering patterns shown on column. 
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Figure 4-2: Section 2. Approximate proportions of lithofacies included. 
Recessive and resistant weathering patterns shown on column. 
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Phillips Formation in the study area {see Fig·. 2-2 and Fig. A2-l). 

Laminated dolomite is predominant and it gradually gives way to minor 

laminated limestone, calcareous mudstone and massive limestone up 

section. 

Graptolites are abundant in calcareous mudstone. This fauna is 

more abundant and diverse than in section l. 

SECTION 3 (FIGURE 4-3) 

This is the thickest section measured in the Cape Phillips 

Formation. Laminated limestone is predominant. Calcareous mudstone 

constitutes a significant proportion while chert and laminated lime­

stone are minor.· Geology of this area is shown in Figure Al-2. 

A distinctive and monotonous bedding sequence consisting of 

65-75% medium to thick bedded laminated limestone interbedded witl1 

25-35% thin bedded calcareous mudstone, is well developed in section 3, 

particularly in the basal 105m. "Rhythmite" is a general term that 

has been applied to this particular type of bedding sequence (vli lson, 

1969) . 

Graptolites are abundant throughout the section in calcareous 

mudstone. The trilobite Pseudogygites (Fig. A3-8) 

occurs abundantly in the lowest 50m of the section. The trilobite 

fossils are not abraded, rarely whole and found randomly oriented on 

bedding planes of laminated and unlaminated limestone. 

From 155m to 164m a distinctive bed of laminated limestone occurs 

between two thin chert successions. The graptolite Rastrites 

(Fig. A3-2) occurs above and below the bed. This bed can be found at 

this stratigraphic horizon in almost every section west of section 2 
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7 Jevon Island Formation 
,~ 2 

Cape Phillips Formation 

_2 

7 
• 1 

Irene Bay For~a~ion 

F 7- M. priodon 

0 -:Lamina ted Iimest:-me :~:::iule 

§-La:d.nate-1 :~re;illacco:J.s Li::cstor:e 

~-chert (5;) 

Figure 4-3: Section 3. Approximate proportions of lithofacies included. 
Recessive a..""ld resistant weathering patterns shown on column. 
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Fig. 4-4. The marker limestone bed. 
A. Section 3, Huff Ridge Cape Phillips Belt. Foregro­
und is about 20m thick. 
B. Section 6, north of Trold Fiord. Section is about 
50m thick. 
c. Section 6, north of Trold Fiord. Hammer For scale 
(a bout 30cm long). 
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(Fig. 4-4). Therefore, this bed can be used as a significant lithologi~ 

marker and henceforth it is referred to as the marker limestone. 

SECTION 6 (FIGURE 4-5) 

This is the most westerly of the major sections (Fig. 2-2}. 

Geology of the area is shown in Fig. Al-3. Calcareous mudstone com­

prises the largest proportion of the section. Laminated limestone is 

also important. The relative proportion of chert is greater than in 

section 2 and laminated argillaceous limestone is minor. 

A poorly developed rhythmite succession is present relative to 

section 3. Comparatively, the marker limestor3 is thinner, ungraded 

and enclosed by thicker chert sequences. 

Graptolites are V?ry abundant in calcareous mudstone but tri­

lobite fossils are ra:. .. :e. 

CORRELATION BETivEEN STRATIGRAPHIC 

SECTIONS 

Vertical and lat.eral distribution of the lithofacies in the 

nineteen sections of the study area can be examined using the graptolites 

for correlation. Graptolites were collected and identified in the field 

for the purpose of· correlation between sections. In particular, Mono­

graptus dubius (Fig. A3-l) 1 Monograptus priodon (Fig. A3-2), 

sp. (Fig. A3-3), Monograptus 

latus (Fig. A3-5) 1 Rastrites 

(Fig. A3-4), Monograptus turricu­

(Fig. A3-6) , and diplograptids 

(Fig. A3-7) were used with great success {Fig. 4-6) • 

Both the Cape Phillips Formation and the Carbonate buildup are 

conformably underlain in the study area by the Irene Bay Formation. The 

contact between the Cape Phillips and Devon Island Formation is marked 
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3 
Devon Island ?or8~tion 
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Figure 4-5: Section 6. Approximate proportions of liti1ofacies given. 
Recessive m1d resistant weathering patterns shown on column. 
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R.sp. - Rastrites ~-

C. sp. - Cyrtograptus ~· 



- 48 -

by the presence of quartzose mudstone and coincides with the occurrence 

of M-dubius in the absence of M. priodon. To better facilitate dis­

cussion and comparison, the Cape Phillips Formation is conformably 

divided into lower and upper parts (e.g. Fig. 4-7) based on the dis-

Figure 4-7 shows that there are major westward changes in the 

strata which include: 1) a facies transition between sections 1 and 2; 

2) thinning of the stratai and 3) lithofacies variations. 

Correlations based on the occurrence of M. dubius shows that section 

2 is about a seventh as thick as the age equivalent portion of section 1. 

This, plus its darker color, finer-grained nature and relatively 

abundant graptolite fauna suggests that section 2 is west of the facies 

front between shelf and basinal sediments. 

Overall, the thickness of strata of Ashgillian to Wenlockian age 

decreases from ll40m in the east to 175m in the west. Section 2 is 

anomalous because it is only half as thick as section 3. Most of this 

difference is due to a five-fold increase in the thickness of the upper 

Cape Phillips in section 3. 

Westward of section 3 most of the thickness decrease occurs in the 

lower Cape Phillips. The rhythmite in section 3 is 105m thick but 

decreases to 56m in section 6 and its age equivalent in section 7 is 

only 15m. Furthermore, the marker limestone decreases from 9m in 

section 3 to 2m in section 6. Meanwhile, the thickness of the upper 

Cape Phillips remains fair~y constant. 

While dolomite predominates in sections 1 and 2, it virtually 

disappears westwards of section 2 at the gain of laminated limestone, 

chert and mudstone. In turn, the proportions of mudstone and chert 
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increase at the expense of laminated limestone. In the upper Cape 

Phillips, mudstone is predominant west of section 3 and it is the 

major rock type in sections .4and 6. Section 7 represents a resur­

gence of laminated limestone at the expense of calcareous mudstone 

and chert on the west side of Trold Fiord. 

Hajor north-south changes in the strata are illustrated in 

Figures 4-8, 9 and 10. These changes are similar to those described 

above. Figure 4-8 is a section along the strike of the Huff Ridge 

Cape Phil Belt (Fig. 2-2). From north to south the thickness of 

the strata decreases slightly. Southward the proportion of calcareous 

mudstone increases at the expense of laminated limestone, particularly 

in the upper Cape Phillips. The proportion of chert increases slightly 

while the marker limestone thins and is not graded south of section 3. 

A minor resurgence of laminated dolomite is shown in sections 18 and 19. 

A section along the strike of the East Trold Fiord Phillips 

(Fig. 2-2) is shown in Figure 4-9. Southwards the strata decreases 

from 246m in section 6 to 140m in section 12 and the proportions of 

calcareous mudstone and chert increase to the south at the expense of 

laminated limestone. 

The section in Figure 4-10 is drawn parallel to the strike of the 

West Trold Fiord Cape Phillips Belt. The strata here are comparatively 

coarser grained and more resistant_. Figure 4-11 illustrates the 

contrasting character of the Cape Phillips Formation on each side of 

Trold Fiord. This change is due to a resurgence of laminated lime­

stone, and massive and rudaceous graded limestone at the expense of 

both calcareous mudstone and chert. In contrast to the other Cape 
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Fig. 4-11. Outcrops of the Cape Phillips Formation . 

- - -
A. Sec~ion 11, East Trold Fiord Cape Phillips Belt. 
Sectio'n shown is about 200m thick. Note the verticel 
orientAtion of the beds and the recessive nature of 
the outcrop • 

B. Photograph of the West Trold Fiord Cape Phillips 
Belt . The fiord is about 7km across and the relief 
on the far side is about 350m. The steep upper part 
of the hills consists largely of the Cape Philli~s 
Formation. The strata here are overturned. 
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Phillips belts, the proportion of calcareous mudstone decreases south­

wards and the thickness of the strata increases. The lower Cape 

Phillips is comparatively underdeveloped here but rhythmite successions 

are present in the upper Phil 

LITrlOFACIES ASSOCIATIONS 

Each Cape Phillips belt described is characterized by a particular 

lithofacies association. These associations are summarized in Table 

4-l and discussed in detail in Chapner 6. 



TABLE 4-1. Lithofacies Associations 

Measured I Lithofacies 
Sections . .J fvl.Jor >lO% Minor 

-West Irene 2 Laminateci Dolomite Laminated Limestone 
Bay Calcareous Mudstone 

Massive Limestone -
Huff Ridge 17, 3, 18, 19 Laminated Limestone d1ert 

/ Calcareous Mudstone Laminated Argillaceous 
Limestone 

East Trold 6, 8, 9, 10, Calcareous Hudstone Chert 
Fiord 11, 12 Laminated Limestone Laminated Argillaceous 

Limestone 

West Trold 7, 13, 14, 15, Laminated Limestone Hassive Limestone 
Fiord 16 Ca:i..careous Hudstone and Rudaceous 

Graded Limestone 

Carbonate 1 Massive Dolomite Quartzose = Hudstone 
Buildup Massive Limestone 

Laminated Limestone 
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OIAPTER 5 

ORIGIN OF LITHOFACIES 

The origin of the lithofacies is interpreted in terms of: 1) 

sedimentary constituents and textures; and 2) stratigraphic distribution 

in relation to the shelf-slope model outlined in Chapter 2 (Fig. 2-4). 

LAMINATED LIMESTONE 

Features exhibited by this lithofacies include 

1) Thin planar laminae are common 

2) Wavy and small-scale cross laminae are present but rare 

3) Bed thickness decreases direc.tly with a decrease in grain size 

4) Sorting is moderate to poor 

5) Clasts include shallower water marine benthos. Deeper water 

benthos (Trilobites) are locally abundant. Pelagic organisms 

such as graptolites are rare 

6) Lithoclasts may be present 

7) Graded bedding is present but uncommon 

8) Basal and upper bed contacts are sharp 

9) General absence of sole marks or erosional marks of any kind. 

These features suggest that the laminated limestone are limestone 

turbidites (see Flugel, 1982). The lack of erosional marks associated 

with these turbidites precluded paleocurrent determinations in the 

field. The differences between limestone and siliceous turbidites 

are examined by Flugel (1982, p. 510) and will not be elaborated here. 

Rare beds of laminated limestone contain graptolites which seemingly 

have been hydrodynamically aligned approximately east-west, suggesting 

that the turbidity currents were coming from the east or west. 
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There were two potential source areas of limestone turbidites of 

the Cape Phillips Formation: 1) a shallow-water carbonate platform 

(banks, reefs and atolls), or 2) forereef and upper slope 

environments. The forereef and particularly the upper slope source 

is suggested by the paucity of typical reefal bioclasts of this time 

frame, namely corals 1 algae and stromatoporoids (Wilson, 1975). Flugel 

(1982) pointed out that the most common internal structure of limestone 

turbidites is horizontal lamination. In addition, graded units are 

rare and the pelitic division E. ·is never present. 

At outcrop scale, the beds are planar and of uniform thickness 

along strike. However 1 on a regional scale (Figs. 4-7, 8, 9) the beds 

thin and become finer_ grained. Flugel (1982) and Davies (1977) indicate 

that turbidi~e beds should thin and become fL~er grained away from the 

source area. This suggests easterly and northerly sources for the 

turbidites of the Cape Phillips Formation east and north of Trold Fiord. 

Westerly and southerly sources are suggested for the West Trold Fiord 

Cape Phillips Belt. 

Events such as periodic storms, earthquakes or due to· over-

steepening triggered movements of unconsolidated and semi-consolidated 

sediment and generated downslope moving gravity flows such as turbidites, 

The minimally abraded nature of the trilobite fauna of the Huff 

Ridge Cape Phillips Belt suggests that they represent parautochthonous 

benthos indigenous to this part of the basin. Turbidity currents probably 

originated in oxygenated water and the oxygen brought down into the 

basin during the Ashgillian must have been sufficient to support 

benthic life here. Elsewhere in the study area, trilobites are rare. 
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LAMINATED ARGILLACEOUS LIMESTONE 

The depositional mechanisms were probably quite similar to those 

described above for laminated limestone. The argillaceous nature of 

these rocks, as well as that of the interbedded calcareous and 

quartzose mudstone, reflects a general increase of terrigenous input 

in to the basin during the upper Wenlockian and Ludlovian. The beds 

of laminated argillaceous limestone are not noticeably thicker or 

coarser grained toward the east or north. Graptolites are generally 

absent from these rocks. It is assumed that the echinoderm and ostracod 

fragments, and s:;>onge spicules were transported to the site of deposition 

as they are aligned parallel to bedding. It is concluded that this 

lithofacies was deposited by distal turbidity currents derived from 

an upper slope environment. 

MASSIVE LIMESTONE M~D RUDACEOUS 

GRADED LIJ:-1ESTONE 

Significant features of these rocks are listed below: 

1) Thick massive beds with planar bases 

2) Matrix support. Partial clast support in some beds 

3) Little or no preferred orientation of clasts 

4) Very poor sorting 

5) Mixtures of angular and ·rounded clasts 

6) Graded bedding (Rudaceous graded limestone only) 

7) Irregular tops may be present 

These data suggest two origins for this lithofacies: 1) massive 

limestone was deposited by debris flows and grain flows; and 2) rudaceous 

graded limestone Here de_t:X)sited by turbidity currents (Fig. 5-l). 
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Fig. 5-l. Bhotogreph of e thin section of a limestone 
turbidite. The lower pert is noticeably greded and 
consists of poorly sorted echinoderm fragments and 
lithoclastso The upper part is better sorted end con­
sists of fine-grained cerbonate with angular lithoc­
lasts and convolute lamination (bar is about Oo75cm 
long )o 
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11.assive limestone forms lenticular sheets and rarely channel 

deposits. A channel deposit in section 14 (Fig. 4-9) is a maximum 

of 7m thick and up to 20m wide along strike. 

Flugel (1982) indicated that calcareous debris flows and grain 

flows are mostly found proximally to their source areas. Hassive 

limestone is most prevalent in sections 2, 7 (Fig. 4-6) and 14 

(Fig. 4-9) . 

Rudaceous graded limestone is coarser grained than laminated 

limestone, and is less prevalent in the study area. It occurs in 

sections 17 (Fig. 4-7), 7 and 16 (Fig. 4-~) and may be the proximal 

equivalent of laminated limestone. For example, the marker limestone 

in Section 17 is rudaceous graded limestone. However, in section 3 

the marker limestone is graded grainstone (laminat~d "limestone litho­

facies) and in section 6, upgraded wackestone. 

These gravity flo;..;rs v1ere probably triggered by the same 

mechanisms discussed above for laminated limestone. Indeed, debris 

flows and grain flows may have been pre cursors of many if not all of 

the turbidity currents (see Cossey and Ehrlick, 1979). 

MUDSTONE 

The dark 1 laminated and graptolitic calcareous muds tone was 

deposited by settling from hemipelagic and pelagic suspension and 

from turbid (nepheloid) layers. Studies on the origin of lime mud 

in Florida Bay, the Bahamas, Campeche Bank, and the Persian Gulf 

suggest that modern lime mud forms in large quantities in very shallow 

water (<30m) and that the rate of production is very high (Wilson, 

1969) . 
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Lime mud is mostly of organic origin, resulting from abrasion 

and disintegration of organisms and from inorganic precipitation. It 

can be carried into deeper water or shorewards. Currents generated by 

waves and tides may produce turbid layers which can occur at different 

levels in the water column. Moore (1969) suggested that turbid layers 

which form close to the sea bottom in outer shelf environments move 

down slope under the influence of gravity to form low density and low 

velocity turbidity currents which are not related to slumps or slides. 

The characteristic structure of their deposits is thin, planar lamination 

due to vertical variations in organic carbon content. Turbid layers 

well above the bottom of the sea are underlain by denser water which pre­

vents settling, and sedimentation occurs at the margin of the supporting 

layers (Harlett and Kuln, 1973) . It is at p1.esent· difficult to 

separate deposits formed by hemipelagic setting from those of nepheloid 

'layers. Deposition rates of mudstone were comparatively less than that 

of other lithofacies as shown by the abundance of graptolite fauna. 

Increased terrigenous and clastic input into the basin during upper 

Wenlockian and Ludlovian times resulted in the deposition of quartzose 

muds tone by the me-chanisms described above. 

CHERT 

Settling from pelagic and hemipelagic suspensions resulted in the 

deposition of radiolarian chert. The secondary and void-infilling tex­

tures of the replacement chert suggests an origin from silicification 

of calcite in laminated and massive limestone. 

Today, while radiolaria are not restricted to deep water environ-· 

ments; radiolarian sedimentation is slow and effective only where other 

types of deposition are comparatively insignificant. These deposits 
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may also be preserved in deeper water environments where calcium 

carbonate is dissolved or is not deposited due to the distance from 

source areas. 

Radiolarian chert occurs in early to middle Llandoverian 

time over an extensive region from section 3 westwards (Fig. 4-6). 

This implies that carbonate sedimentation was periodically reduced 

during this time. The East Trold Fiord Cape Phillips Belt contains the 

maximum development of radiolarian cher.t which suggests that this was 

the deepest and most remote part of the basin. The relatively high 

proportion of carbonaceous organic matter ~n these rocks indicates 

very slow deposition in an environment of low oxygen tension where 

the organics would be preserved. 

The radiolarian chert is locally fractur0d and brecciated. Steinitz 

(1970) described brecciation in Upper Cretaceous cherts of Israel and 

suggested that it was due to diagenesis. He made a convincing case 

for siliceous sediments remaining unlithified for much longer than the 

surrounding carbonates. Significant lithostatic pressure would have been 

exerted by the column of overlying sediments at the of deformation. 

Plastic and nonplastic deformation events would result from an inter­

layer diagenetic volume growth under conditions of considerable con­

fining pressure. In the initial stages of this process, active plastic 

deformation would occur. This may account for folded laminae in Figure 

S-2. As the volume growth continues in the remaining unlithified parts 

of the sediment, non plastic or brittle deformation of the lithified 

parts would occur. The expanding siliceous sediment may intrude between 

the fragments to form siliceous veins, the emplacement of which may in 

part represent forceful injection of sediment. Steinitz {1970) indicated 
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.Figo 5-2. Photomicrograph -of deformed laminae in rad:.. 
iolarian cherto Note the folding and juxtaposition of 
the laminae in the center of the picture, and the ext­
reme brecciation (bar is about lmm long) 0 
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that the mechanisms for this volume growth during lithification was 

unknown at the time of writing. Alternatively, much of the brecciation 

may have occurred in response to tectonic deformation during the 

Devonian and Cenozoic orogenic events. 

Replacement chert was probably derived from dissolution and 

reprecipitation of silica from opaline radiolaria and possibly siliceous 

sponge spicules. Replacement of carbonate by silica is indicated by 

the presence of silicified ghosts of calca·reous matrix and bioclasts. 

Replacement must have occurred relatively in the c 

history of the sediments before fluid flow was strongly impeded. The 

model of silicification presented here is based on the studies of 

es (1959, 1967), Emery and Rittenberg (1952) 1 Krauskopf (1959), 

Nemel et al. (1953) 1 and Siever (1962). Decay of carbonaceous matter 

within the sediment lowered the pH of the pore water resulting in the 

·dissolution of carbonate and precipitation of silica. Movement of sil-., 

icification solutions was probably promoted by compaction and over­

burden pressure. The source of the silica may have been opaline-A 

radiolarians and perhaps sponge spicules. Dissolution of these would 

yield a pore solution supersaturated with quartz and cristobalite. 

Volcanic activity in the Pearya Geanticline during Upper Ordovician 

and Silurian time (Trettin, 1973) may in part have been the ultimate 

source of silica. 

Most of the chert in section 6 is radiolarian, whereas most of 

the chert in section 3 is replacement chert. This suggests that 

silicification solutions migrated up dip from the 

basin. 

parts of the 
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MASSIVE AND LAMINATED DOLOMITE 

These lithofacies reflect diagenetic dolomitization of the 

Carbonate Buildup and its associated breccias. 

The Carbonate Buildup may have been a reefal belt. Evidence for 

this includes its massive nature, and the presence of colonial corals 

(Favosites) and stromatoporoids in the breccia beds of the Devon Island 

Formation which interfinger with the Carbonate Buildup. McGill (1974) 

and Mayr (1974) reported the presence of dolomitized reefal buildups 

west of Vendorn Fiord, southeast of the study area. 

The subhedral, angular and well sorted crystals in laminated 

dolomite suggest that it is not detrital. The presence of calcitic 

fossil fragments and lamination implies that dolomitization of 

laminated limestone produced laminated dolomite. 

The distribution of dolomite is important in attempting to ex­

plain its origin. The occurrence of dolomite within the Carbonate 

Buildup and in the adjacent Cape Phillips Formation represented by 

section 2 contrasts with the calcite-dominated Cape Phillips Fol~ation 

of the deeper water basin to the west. ~1is implies that dolomitization 

was a process related to Upper Ordovician to Middle Silurian paleo­

geography in the study area. 

At present, three models of dolomitization have been proposed: 

1) bu~ial compaction; 2) refluxing brines; and 3) mixing waters. 

The relative absence of significant quantities of dolomite in the 

deeper water sections suggests that dolomitization was not 

promoted by solutions derived from the burial compaction of the 

Cape Phillips Formation~ The reflux model is also inappropriate because 
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evaporitic minerals were not observed. Furthermore, features such as 

collapse breccias, evaporitic pseudomorphs, silicified or calcified 

evaporite nodules and crystal molds are absent. 

The schizohaline model has been proposed by Land et al. (1975), 

Morrow and Kerr (1977) and Sodero and Hobson (1979) to account for 

dolomitization of the Allen Bay Formation. In the study area, the 

Carbonate Buildup does not display caliche zones, fenestral fabrics or 

desiccation cracks. However, huge solution cavities are present 

(Fig. 3-19). These may indicate that parts of the reefal belt were 

subaerially exposed for short periods of time. In addition, dolo­

mitization must have preceded deep burial in order for the sediments 

to be porous enough to allow dolomitizing fluids to pass. These 

assumptions suggest that the schizohaline model is applicable to the 

study area. The major dolomitizing event took place as a result of the 

mixing of meteoric-derived groundwater and marine pore-water in the 

manner described by Dunham and Olson (1977) • Substantial freshwater 

lenses may have formed beneath subaerially exposed parts of the car­

bonate platform. Lateral and vertical movement of these into the 

subtidally deposited sediment of the Cape Phillips Formation resulted 

in dolomitization. The maximum extent of dolomitization is marked by 

the dolomite to limestone lateral transition between section 2 and 3 

(Fig .. 4-6) . The deeper water limestone was beyond the reach of the 

dolomitizing solutions. The lateral and vertical extent of dolomiti­

zation was probably controlled by the porosity, position of sea level 

and amount of hydraulic head available. The proximal distribution of 

laminated dolomite suggests that the porous and dolomitized breccias pro­

vided the principal distribution channels for the dolomitizing solutions. 
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Although the schizohaline model seems appropriate, the validity 

of its application can be questioned. .For example, the solution cavi-

ties in the carbonate buildup are uncertain indicators of subaerial 

exposure. In addition, section 2 was further west before tectonic 

deformation brought it to within l.Skm of the Carbonate buildup. For 

it to have been dolomitized, the processes described above should have 

been operative over a lateral scale of several kms or :even tens of 

kms. This is difficult to envisage. 

To account for the presence of dolomite within the radiolarian 

and replacement cherts, and mudstone in th~ deeper water sections to 

the west, the model of Baker and Kastner (1981) is invoked. Dolomite 

in these sections is associated with recrystallized biogenic silicai 

it is a significant component of organic-rich marine s·ediments in 

modern deep sea environments (Baker and Kastner,l98l). Based on 

experimental evidence, they propose that dolomite can precipitate 

2-
rapidly when so

4 
concentrations are low. Microbial reduction in 

2-
organic-rich sediments reduces so

4 
concentrations. Baker and Kastner 

(1981} indicated that SO~- reduction fermentation or methanogenesis 

-
would provide HC0

3 
for the formation of dolomite in organic~rich and 

carbonate-poor sediments. Experimentally, they showed that the trans-

2+ 
formation of opal-A to Opal-CT may produce Mg and OH - containing 

nuclei that are taken up during Opal CT formation. 

Dolomite is then formed in chert.when opal CT transforms to quartz 

2+ 
and releases Mg 
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OIAPTER 6 

SYNTHESIS 

The Carbonate Buildup - Cape Phillips Formation facies transition 

can be subdivided into five major zones from east to west; 1) carbonate 

platform; 2) upper slope; 3) lower slope; 4) basin; and 5) lower 

slope (Fig. 6-1). These zone distinctions are based on the lithofacies 

associations presented in Chapter 4 (see table 4-1) . Each lithofacies 

group is characteristic of an environment of deposition within the shelf­

slope model framework of Figure 2-4. 

CARBONATE PLATFORM 

This zone is characterized by a massive and dolomitized reefal 

belt and associated fcre-reef breccias. The westward boundary of this 

zone coincides with the facies transition into the basinal-rocks of 

the Cape Phillips Formation. 

Only minor amounts of terrigenous material were deposited vli thin 

the basin during the accumulation of the Cape Phillips Formation. 

Regional mapping did not indicate the presence of submarine fans, major 

channels or canyons within the basin. These features were not developed 

because the Carbonate Buildup was a line source of sediments. The ex­

tensive carbonate reefal belt prevented significant quantities of 

terrigenous material from entering the basin until upper Wenlockian 

and Ludlovian times when the Devon Island Formation v.ras accumulating. 

UPPER SLOPE 

The upper slope zone is characterized by a relatively thin and 

coarse-grained succession predominantly of laminated dolomite, which is 

diagenetic after laminated limestone of turbiditic origin. These rocks 
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are assumed to interfinger with breccia beds of the carbonate plat-

_ form zone to the east. Debris flow deposits (massive limestone) 

contain fragments of peloidal and bioclastic packstone probably de­

rived from the forereef area. The relatively minor mudstone and 

chert here suggest that sedimentation from pelagic and hemipelagic 

suspension or turbid layers was relatively unimportant. 

In Chapter 4, it was concluded that the upper slope area was a 

source of gravity flows. The slumping and· sliding of sediment basin­

ward may account for the thinness of the strata here, particularly in 

the upper Cape Phillips. 

Graptolites are fairly abundant in the upper of the succession. 

However diversity is relatively restricted compared to deeper water 

zones to the west. 

LOWER SLOPE 

Lower slope lithofacies associations occur in two locations {Fig. 

6-l) . The eastern lower slope zone consists mostly of laminated 

limestone with calcareous mudstone (usually rhythmically interbedded) 

and minor chert. Massive limestone and rudaceous graded limestone are 

relatively rare. 

The lower Cape Phillips is predominantly a thick rhythmite sequence. 

The upper cape Phillips contains thinner rhythmite sequences and cal~ 

careous mudstone becomes increasingly predominant near the top. The 

Cape Phillips Formation is thickest in this zone. The abundance of 

laminated limestone and calcareous mudstone suggests that distal 

gravity flows and settling from suspensions were both volumetrically 

important processes. 
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Figure 6-1: Paleogeographic map showing the depositional zones of the Carbonate 
Buildup-Cape Phillips Formation Facies Transition (Modified from 
Trettin, 1978} . 
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Graptolitic fauna is both abundant and diverse. Benthic 

trilobites were abundant during the Ashgillian in this area. 

In contrast, the western Trold Fiord lower slope zone consists 

of a thinner, more proximal assemblage. Laminated limestone is comr 

paratively common here, and massive limestone and rudaceous graded 

limestone are significant. This implies that proximal and distal 

gravity flows are comparatively more important in this western zone. 

The lower Cape Phillips is thin and underdeveloped. Rhythmite 

sequences occur in the upper Cape Phillips but mudstone predominates 

near the top of the succession. In the eastern zone, the strata 

thinned and fined southward. Here the opp9site occurs. 

Graptolite fauna is comparatively less abundant and diverse, while 

trilobites are extremely rare. 

Differences between east and west lower slope zones can be attributed 

~o different source areas. Strata to the west are proximal to western 

or southern source areas. 

BASIN 

The basinal assemblage is characterized by ~1e predominance of 

calcareous mudstone with laminated limestone and a thick development 

of chert. Massive limestone and rudaceous graded limestone are very 

rare. The assemblage emphasizes the importance of settling of fine­

grained carbonate and siliceous detritus over sedimentation from distal 

gravity flows, which accounts for the relative thinness of the strata. 

The abundance of mudstone and thick development of chert reflects 

maximum depths and distances from source areas. Graptolite fauna here 

are most abundant and very diverse while trilobites are rare. It is 
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concluded that the axis of the paleobasin passed almost north-south 

through this zone • 

The cross-section in Figure 6-2 is a schematic illustration of the 

proposed depositional model of the Cape Phillips Formation. 

RATES OF DEPOSITION 

Characteristics such as rom-scale lamination, relatively high 

organic content and slow deposition at a rate of 6rnrn/1000 yrs. or less 

are typical of sediment-starved basins {Lineback, 1968, 1969; Conant 

and Swanson, 1961). Rates of deposition per stage of the cape Phillips 

Formation were calculated using absolute ages from Braziunas (1975) • 

Thicknesses of strata, based on the distribution of trilobites and 

graptolites (Morganti, 1979) were derived from section 3 for two reasons: 

1) the Ashgillian here is well defined by the abundance of trilobites; 

and 2) it is one of the four major sections that were sampled in detail. 

The results are shown in Table 6-1. These show that the Hazen Trough 

may have been a sediment-starved basin only during the Wenlockian. 

EVIDENCE OF DEEP WATER CONDITIONS 

The regional .zonal distribution indicates increasing water depths 

westward followed by an abrupt shallowing across what is now Trold Fiord. 

The following lines of evidence indicate that the Cape Phillips Formation 

was deposited in deep water: 

1) The relatively high concentration of organic carbon suggests 

deposition from poorly oxygenated waters below wave base (Wilson, 1969). 

2) The presence of beds with characteristics of turbidites and 

debris flows. 

3} The Cape Phillips is a condensed age equivalent of the Carbona·te 



TABLE 6-1. 

Stage 

Ashgillian 

Llandoverian 

Wnelockian 

Total 

Calculated Rates of Deposition of the Cape Phillips Formation 

Duration Thickness of Strata (m) Deposition Rate 
(million yrs.) (mm/1000 yrs.) 

2.5 110 44 

10 140 14 

10 55 5.5 

22.5 305 12 

....,} 

U'! 

I 
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Buildup. 

4) The indigenous fauna is generally pelagic. The presence of 

rom-scale planar lamination indicates bottom conditions of low oxygen 

tension, precluding the existence of benthos throughout most of the 

deposition of the Cape Phillips Formation. The presence of paraut­

ochthonous trilobites in the eastern lower slope zone suggests that 

the onset of poorly oxygenated conditions here was post-Ashgillian. 

The isolated nature of the Hazen Trough precluded total mixing with the 

open sea which induced anoxicity in the basin. 

DEPTHS 

The absence of current structures, from those of turbidites, 

in the Cape Phillips Formation indicates that it was below 

wave base. Taking wave base to be about lOOm, this suggests that the 

shallowest portion of the basin edge was than lOOm. The 

stratigraphic relief between sections 1 and 2, based on the occurrence 

of the graptolite~· dubius, is 945m. This indicates water depths of 

at least 845m at the top of the Cape Phillips Formation in section 2. 

It is emphasized that this is only a crude estimate. This method was 

used by YurevTicz (1977) to estimate water depth during the deposition 

of the Rancl1eria Formation of New Mexico and West Texas. The maximum 

depth of the Hazen Trough during deposition of the Cape Phillips 

Formation was probably above the carbonate compensation depth of 

about 5,400m {Pettijohn, 1975). 

The predominance of the distal basinal assemblage in the upper 

Cape Phillips, overlying the proximal lower and upper slope 

of the lower Cape Phillips is the result of both basin deepening and an 
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eastward migration of the basinal lithofacies· across the shelf. This 

transgression of the Cape Phillips - Devon Island Formation shelfward 

has been reported west of Vendorn Fiord by McGill (1974) and Mayr (1974) • 
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UIAPTER 7 

CONCLUSIONS 

1) The Cape Phillips Formation-Carbonate Buildup lateral faci~s 

transition can be subdivided into seven lithofacies. Six of these 

constitute the Cape Phillips Formation: laminated limestone 1 mudstone, 

massive limestone and rudaceous graded limestone, laminated dolomite, 

chert and laminated argillaceous limestone. The seventh,massive 

dolomite, comprises most of the Carbonate Buildup. 

2) Laminated limestone, argillaceous laminated limestone and 

rudaceous graded limestone were deposited by turbidity currents. 

Massive limestones are debris and grain flow phenomena. Mudstone and 

radiolarian-chert were deposited from hemipelagic and pelagic suspensions 

and turbid layers. Replacement chert formed by the dissolution and 

reprecipitation of silica, after calcite. Dolomitization of the 

carbonate reefal belt and the adjacent cape Phillips Formation formed 

massive dolomite and laminated dolomite respectively. Dolomitization may 

have occurred in a schizohaline environment. 

3) Overall the strata thins and fines westvlard and southward, 

east of Trold Fiord. These changes reflect increasing distance from 

source areas to the east and north. On the west shore of Trold Fiord 

the strata is comparatively coarse, and fines and thins- northward. This 

trend reflects increasing distance from source areas to the west and 

south. 

4) Five depositional zones are recognized which run parallel to the 

axis of the paleobasin. From east to west these are: carbonate plat­

form, upper slope, 10\ver slope, basin and lower slope. Each zone is 

defined on the basis of distinctive lithofacies associations. Graptolite 
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fauna indicate that these zones are laterally equivalent. 

5) The average rate of accumulation of the Cape Phillips Formation 

was 12mrn/l000 yrs. Therefore the Hazen Trough probably was not a 

starved-sediment basin during this time. 

6) The Cape Phillips Formation accumulated in 

lOOm and 5, 400m. 
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and the final manuscript was typed by Debbie. 



REFERENCES 

Baker, P ·~·, and Kastner, M., 1981, Constraints on the formation of 
sedimentary dolomite: Science, v. 213, p. 214-216. 

Braziunas, T.F., 1975, A geological duration chart: Geology, v. 3, 
p. 341-343. 

Choquette, P.W., and Pray, L.C., 1970, Geological nomenclature and 
classification of porosity in sedimentary carbonates: Amer. 
Assoc. Petrol. Geol. Mem. 19, p. 57-75. 

Cook, H.E., Johnson, P.D., Hatti, J.C. and Zemmels, I., 1975, Methods 
of sample preparation and X-ray diffraction data analysis: 
Initial Reports of the Deep Sea Drilling Project, v. 28, 
p. 999-1007. 

Conant, L. C., and Swanson, V.E., 1961, Chattanooga shale and related 
rocks of central Tennessee and nearby area: U.S. Geol. Surv. 
Prof. Paper. 357-9lp. 

Cossey, S.P.J., and Ehrlich 1 R., 1979, A conglomerate carbonate flow 
deposit, northern Tunisia: A link in the genesis of pebbly 
mudstone: J. Sediment Pet., v. 49, p. 11-22. 

Dapples, E.C., 1959, The behaviour of silica in diagenesis, 1U H.A. 
Ireland ed., Silica in sediments.: Soc. Econ. Paleontol. 
Mineral., Spec. Pub. 7, p. 36-54. 

Dapples 1 E.C., 1967, Silica as an agent in diagenesis, rN G. Larson 
and G.Y. Chilingar eds., Developments in sedimentology, v. 8, 
Elsevier, Amsterdru~, p. 323-342. 

Davies, G.R., 1977, Turbidites, debris sheets, and truncation structures 
in Paleozoic carbonate of the Sverdrup Basin,-
Arctic Archipelago 1 IN H.E. Cook and P. Enos eds., Deep-water 
carbonate environments: Soc. Econ. Paleontol:-Mineral, Spec. 
Pub. 25, p. 221-248. 

Dawes, P.R., 1976, Precambrian to Tertiary of northern Greenland, !N 
A. Escher and id. S. Watt eds. , Geology of Greenland: Geol. Surv. 
Greenland, p. 248-303. 

Dickenson, J.A.D., 1965, A modified staining technique for carbonates 
in thin section: Nature, v. 205, p. 587. 

Drummond, J . .H., 1963, Carbonates and 
Geol., v.2, p. 33-53. 

size.: Bull. Can. Petrol. 



- 83 -

Dunham, R.J., 1962, Classification of carbonate rocks according to 
depositional texture: Mem. Amer. Ass. Petrol. Geol., v. l, 
p. 108-121. 

Dunham, J.B., and Olson, E.R., 1980, Shallow subsurface dolomitization 
of subtidally deposited carbonate sediments in the Hawson 
Creek Formation (Ordovician-Silurian) of Central Nevada, !N 
D. H. Zenger, J .B. Dunham and R. L. Ethington eds. , Cancel_~ ts 
and models of dolomitization: Soc. Econ. Pale on tol. Hineral. , 
Spec. Pub. 28, p. 139-162. 

Eley, B.E., and Jull, R.K., 1982, Chert in the Middle Silurian Fossil 
Hill Formation of 1>1anitoulin Island, Ontario: Bull. Can . 

. Petrol. C~ol., v. 30, p. 208-215. 
: 

Embry, A.F., and Klovan, J.E., 1971, A Late Devonian Reef Tract on 
Northeastern Banks Island, Northwest Territories: Bull. Can. 
Petrol. C~ol., v. 19, P~ 730-781. 

I 

Emery, K.O., and Rittenberg, S.C., 1952, Early diagenesis of California 
Basin sediments in relation to oil: Bull. Geol. Soc. Arner., 
v. 36, p. 735-785. 

Flugel, E., 1982, l~crofacies Analysis of limestones: Springer­
Verlag, New York, 633p. 

Fortier, Y.O., Blackadar, R.G. 1 Glenister, B.F., Greiner, H.R., 
MbLaren, D.J., McMillan, N.J., Norris, A.W., Roots, E.F., 
Souther 1 J. G. , Thorsteinsson, R. 1 and Tozer 1 E. T. , Geology of 
the norLh-central part of the Arctic Archipelago, Northwest 
Territories (Operation Franklin): Geol. Surv. Can., Mem. 320, 
67lp. 

Frisch, T., 1974, Metamorphic and plutonic rocks of northernmost 
Ellesmere Island, Canadian Arctic Archipelago: Geol. Surv. Can., 
Bull. 229, 87p. 

Frisch 1 T., 1976_, Igneous and metamorphic rocks, Northern Ellesmere 
Island: Geol. Surv. Can., Paper 76-lA, p. 429-490. 

Griffin, G. M., 1971, Interpretation of X-ray diffraction data, IH 
R.E. Carver ed. 1 Procedures in sedimentary petrology: h'iley­
Interscience, p. 541-570. 

Barlett, J.C., and Kulm, L.D. 1 1973, Suspended sediment transport on 
the northern Oregon continental shelf: Bull. Geol. Soc. Amer. 1 

v. 84, p. 3815-3826. 

Horwitz 1 A. S. 1 and Potter 1 P. E. 1 1971, Introductory petrography of 
fossils: Springer-Verlag, 302p. 



- 84 -

Kerr, J.W., 1967a, Stratigraphy of central and eastern Ellesmere 
Island, Arctic Canada, Part 1. Proterozoic and Cambrian: 
Geol. Surv. Can., Paper 67-27, 63p. 

Kerr, J.W., 1967b, Devonian of the Franklinian ~iogeosyncline and 
adjacent Stable Region, Arctic Canada, IN D.H. Oswald ed., 
Intern. Symp. on the Devonian stem: Alberta Soc. Pet. Geol. 1 

v. 1, p. 677-69~. 

Kerr, J.W., 1967c, Nares submarine rift valley and L~e relative 
rotation of north Greenland: Bull. Can. Petrol. Geol., v. 15 1 

p. 483-520. 

·Kerr, J .W. 1 1968, Stratigraphy of central and eastern Ellesmere Island 1 

Arctic Canada, Part II. Ordovician: Geol. Surv. Can., 
67-27, 92p. 

Kerr, J.W., 1976 1 Stratigraphy of central and eastern Ellesmere 
Island, Arctic Canada 1 Part III. Upper OrdoviciaD (Richmondian), 
Silurian and Devonian: Geol. Surv'. Can., Bull. 260 1 

Kerr 1 J .W., and Thorsteinsson, R., 1972, , Baumann Fiord, 
District of Franklin: Geol. Surv. Can., Map 1312A. 

Krauskopf, K.B. 1 1959, The geochemistry of silica in sedimentary 
environments, IN H. A. Ireland ed., Silica in sediments: Soc. 
Econ. Paleontol. Hineral., Spec. Pub. 7, p. 4-19. 

Land 1 L.S., Salem, M.R.I. 1 and Morrow, D.W., 1975, Paleohydrology 
of ancient dolomites: Geochemical evidence: Bull. Amer. 
Assoc. Petrol. Geol. 1 v. 59, p. 1602-1625. 

Leighton, !'-1. W. , and Pen dexter 1 C. 1 1962, Carbonate rock 1 IN 
W .E. Ham ed., Classification of carbonate rocks 1 a symposium: 
Amer. Assoc. Petrol. Geol. I r1em. 11 p. 33-61. 

Lenz, A.C., 1982, Llandoverian of the Northern Cw1adian 
Cordillera: Petalograptus, Cephalograptus, Rl-)asphidograpt.us 1 

Dimorphograptus, Retiolitidae, and .!vlonograptidae: Royal 
Ontario Huseum, n. 130, 154p. 

Lineback. J.A., 1968, Subdivisions and depositional environments of 
New Albany Shale (Devonian-Hississippian) in Indiana: Bull. 
Amer. Assoc. Petrol. Geol., v. 52, p. 1291-1303. 

Lineback, J. A. 1 1969, Illinois Basin-sediment-starved deeping during 
Hississippian: Bull. Amer. Assoc. Petrol. Geol. 1 v. 53 1 p. 
112-126 



- 85 -

Mayr 1 U. 1 1974, Lithologies and depositional environments of the Allen 
Bay-Read Bay Formations {Ordovician-Silurian) on Svendsen 
Peninsula, central Ellesmere Island, IN J.D. Aitken and D.F. 
Glass eds., Proceedings of the symposium on the geology of the 
Canadian Arctic: Geol. Assoc. Can. and Can. Soc. Petrol. Geol., 
p. 143-157. 

McGill, P.C., 1974, The stratigraphy and structure of the Vendonn Fiord 
area: Bull. Can. Petrol. Geol., v. 22, p. 361-386. 

Moore, D.G., 1969, Reflection profiling studies of the California 
continental borderland: structure and Quaternary turbidite 
basins: Geol. Soc. Amer., Spec. Paper 107, 142p. 

Morganti, J.M., 1979, The geology and ore deposits of the Howard's 
Pass area, Yukon and Northwest Territories: the origin of 
basinal sedimentary stratiform sulphide its: unpubl. 
Ph.D. thesis, University of British Columbia, Victoria, 317~p. 

Morrow, D.W., and Kerr, J.W., 1979, Stratigraphy and sedimentology 
of lower Paleozoic formations near P~ince Alfred , Devon 
Island (59B): Geol. Surv. can., Bull. 254, 122p. 

Mullins, H.T., and Neumann, A.C. 1 1979, Deep carbonate bank margin 
structure and sedimentation in the northern Bahamas, IN 
L.J. Doyle a11.d O.H. Pilkey eds .. , Geology of con·tinental slopes: 
Soc. Econ. Paleontol. ltineral., Spec. Pub. 27, p. 165-192. 

Newell, N.D., Rigby, J.K., Fischer, A.G., Whiteman, A.J., Hickox, J.E., 
and Bradly, J.S., 1953, The Permian reef complex of the 
Guadelupe Hountains Region, Texas and New Hexico: vJ.H. 

Freeman and Company, San Francisco, 236p. 

Orme, G.R., 1974, Silica in the Visean limestones of Derbyshire, 
England: Proc. Yorkshire Geological Soc., v. 40, p. 63-104. 

Pettijohn, F.J. 1 1~75 1 Sedimentary rocks: Harper and Row, New York, 
628p. 

Scholle, P.A., 1978, Carbonate rocks, constituents, textures, cements 
and porosities: Arner. Assoc. Petrol. Geol., Hem. 27 1 24lp. 

Siever 1 R., 1962, Silica solubility, 0-200°C, and the diagenesis of 
siliceous sediments: J. Geo1. 1 v. 70, p. 121-150. 

Sodero, D.E., and Hobson, Jr., J.P., 1979 1 Depositional facies of 
Lo\\'er Paleozoic Allen Bay carbonate rocks and contiguous shelf 
and basin strata, Cornwallis and Griffith Islands, Northwest 
Territories, Canada: Bull. Amer. Assoc. Petrol. Geol. 1 v. 63, 
p. 1059-1091. 



- 86 -

Steini tz, G., 1970, Chert "dike" structures in Senovian chert beds, 
southern Negev, Israel, IN E. F. McBride ed. , Silica in sediments:­
Nodular and bedded chert: Soc. Econ. Paleontol. Mineral., 
Reprint series 8 (1979), p. 45-58. 

Swanson, V.E., 1961, Geology and geochemistry of uranium in marine 
black shales, a review: U.S. Geol. Surv., Prof. Paper, 356-
C, p. C6 7-Cll2. 

Thorsteinsson, R., 1958, Cornwallis and Little Cornwallis Islands 1 

District of Franklin, Northwest Territories: Geol. Surv. Can., 
Mem. 294, l34p. 

Thorsteinsson, R., l972a, Geology, Canon Fiord, District of Franklin: 
Geol. Surv. Can. , Hap l308A. 

Thorsteinsson, R., l972b, Geology 1 Strathcona Fiord, District of 
Franklin: Geol. Surv. Can., Map 1307A. 

~norsteinsson, R., l972C 1 Geology, Eureka'SoQ~d South, District of 
· Franklin: Geol. Surv. Can., Map l300A. 

Thorsteinsson, R., and Kerr, J.W., 1963, Geology, selected areas of 
Ellesmere Island, District of Franklin: Geol. Surv. Can., 
Map 39-1962. 

Thorsteinsson, R., and Tozer, E.T., 1960, Summary account of 
structural history of the Canadian Arctic Archipelago since 
Precambrian time: Geol. Surv. Can. 1 Paper 60-7, 25p. 

Thorsteinsson, R. and Tozer, E.T., 1970, Geolo~j of the Arctic 
Archipelago 1 IN R.J.W. Douglass ed., Geology and economic minerals 
of Canada: Geol. Surv. Can., Econ. Geol. l, p. 547-590. 

Trettin, H.P., 1973, Early Paleozoic evolution of northern parts of 
Canadian Arctic Archipelago, IN M.G. Pitcher ed., Arctic geology: 
Amer. Assoc. Petrol. Geol., Mem. 19, p. 57-75. 

Trettin, H.P., 19]8, Devonian Stratigraphy, west-central Ellesmere 
Island, Arctic Archipelago: Geol. Surv. Can., Bull. 302, ll9p. 

Trettin, H.P., 1979, ~liddle Ordovician to Lower Devonian deep-water 
succession at southeastern margin of Hazen Trough, Canon Fiord, 
Ellesmere Island: Geol. Surv. Can., Bull. 272, 84p. 

Trettin, H.P., Frisch, T.O., Sobczak, L.W., Weber, J.R., Niblett, E.R., 
Law, L.K., Delaurier, J .M., and Whitman, K . ., 1972, The Innuitian 
Province, IN R.A. Price and R.J.\\1. Douglas eds., Variations in 
tectonic styles in Canada: Geol. Assoc. Can., Spec. Paper 11, 
p. 83-179. 



- 87 -

Wilson, J.L., 1969, Hicrofacies and sedimentary structures in 
"deeper water" lime mudstones, IN G.M. Friedman ed., 
Depositional environments in carbonate rocks, a symposium: 
Soc. Econ. Paleontol. Hineral., ·Spec. Pub. 14, p. 4-19. 

Wilson, J.L., 1975, Carbonate facies in geologic history: Springer­
Verlag, New York, 47lp. 

Yurewicz, D.A., 1977, Sedimentology of Mississippian basin carbonates, 
New Mexico and v1est 'I'exas - the Rancheria Formation, IN H .E. 
Cook and P. Enos eds., Deep~water carbonate environments: 
Soc. Econ. Paleontol. Mineral., Spec. Pub. 25, p. 203-220. 



- 88 -

APPENDIX 1 

ROCK ANALYSES 

A total of 74 specimens were analysed for the present study. 

Quantitative and nonquantitative observations are tabulated in Table 

Al-2. 

X-RAY ANALYSIS 

Whole-rock X-ray diffractograms were -obtained for those 

specimens indicated in Table Al-2. These diffractograms were 

analysed as obtained and it was found that seven minerals or mineral 

groups are present. These minerals and their values of 2 theta are: 

calcite 29 .. 4° 

dolomite 30 .. -9° 

quartz 26 .. 8° 

mica/illite 8.8° 

chlorite 12.6° 

K-feldspar 27° to 27.5° 

plagioclase 28° 

The percentages listed for individual minerals or mineral groups 

in Table Al-2 reflect the height of the principal peak of that mineral 

multiplied by the corresponding intensity factor from Table Al-l. 

These percentages are related to the relative abundance of the minerals 

or mineral groups but not equal to it. 

THIN SECTION ANALYSIS 

Compositional w1alysis was carried out either by visual estimate in 

conj~~ction with X-ray diffraction for fine-grained samples or by visual 

estimate alone for coarser-grained samples. The relative abundances of 
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Table Al!l: Intensity factors for semiquantitative 
analysis of diffractograms (Cook 
e t al , 19 7 5 ) • --

TADLE J 
J.tincr:~ls ·\clivcly Scui:h{ in Difiraction DJtJ An::tlysis 

Window Ran~e of lr1tt: n~i~y 
Minrr:il (20, Ct.; he~ R2Ji2tion) 0-Sp.:u.:in~~s (:\) F::L:tor J 

Ampbib::;le )0.30-10.70 • 8.59- 8.27 2.50 
An;J:ci!e 15.60-l G.?O 5.68- 5.4? L79 
An::tj;C 25.17-25 . .; 7 3.54- 3.50 0.73 
Anhycriie 25.30-25.70 3.52- 3.4G 0.90 
Apalite 31.£C!-32.l 5 2.81- 2. 78 3.10 
ArJpnite 45.65-~6.0~ 1.%- 1.97 9.30 
Augitt' 29.70-30.0') 3.00- 2.98 5.00 
JJari:c: 28.65-:9.0:) 3.11- 3.08 3.10 
Cal;:ite 29.25-:~9.60 3.0-t- 3.01 )_:_(~~ .-
Ch!uri~e 18.50-J~UO 4.79- 4.(14 4 .~' • J-' 

Clino;::tiloll tc 9./0- S.99 9.11- S.84 l.SG 
CJislob<!!itc 21.50-22.05 4.13- ·1.05 9.00 
Do!on;ile 30.£0--31.15 2.90- :..87 1 
Erio::itc 7.50- 7SO 11.70-11.20 3. 0 
Gocth:te 36.45-37.05 2.46- 2.4 3 7.00 
Grps:.i~n 11.30-1 !.SO 7.83- 7.50 o . ..:o 
) ia!ite- 45.30-..;5.65 2.00- 1.99 2.00 
Hl'n·,Jtite 33.(!0-33.~0 2.71- 2.68 J.:u 
K:~o!ir:ilt~ 12.20-1260 7.15- 7.02 :?.25 
K-retd~:'.:J.I 27.35-".:.7.79 3.26- 3.21 4.30 
!>bgrn.'lit~· 35.30-35.70 2.54- 2.51 2.10 
1-!i.:-a 8.70- 9.10 10.20- S.72 G.OCJ 
Mor.t1:10ril:onitc ~.:o- 5.20 1 s.so-17 .no 3.00 
Paln:orski!L' 8.20-S.SO J 0. 70-1 0. ·10 9.::0 
Phi!:;p)it\.' 1 7.5 0- J ~.00 .S.OG- 4.93 17.01) 

Pla~:·xbs~ 2?.sc~:s.Is 3.21- 3.16 2.80 
Pyrit:.- 56.20-56 . .:5 1.6.3- 1.62 2.30 
Rhododno~ite 3l.:'G-3l.SO 2.S6- 2 -~~~ 3.4) 
Q:JJ!t7. 2t..~s-:c. 95 3.37- 3.31 1.00 
St'pic·iite 7.00- 1AO 11.60- J l. 90 ~.tlO 

Sid.: rile 31.9•}-32.40 2.80- 2. 76 J.] 5 
TJI.:- 9.20- 9.:-s 9.61- 9.:5 2.56 
1 ri.lyr::itc 20.5•~-::(1. 7 5 4 .. '3- ~ ..,., 

.• ·:> J.OO 
Glt•b,itt' J S.C0-l ~ ~·) 4.93- 4. 79 0.9S 
---~- ... --~~"----- -·--

3 Tlh· i:.t~·n~if) L~t~-!~ '":r ~-:t~·;~:!i;·_.J i; 1: l mixturt·~ \\:!l: qii::ill l·:.· ;,l•· 
uit~ir•r. th.· rJli.; of !lie diJ:·:.o<;ti~· r~.·.Jk int~.·.~:dly ot \':.Jch mln~·t.d wit!. r!1l" 

inVn:>i:y ~..f !!:·: J!.:!·;:~_,-,:1: r-·.·~. cf <;·:::::t, wJ.;,h i;; as~i!•n,·J 3 r;dut: ot' l.lt(). 
'lltt' c~·;cc:i~·n :::~·.!: 1:' '.\ ·: I ; ~·~~-·::{ P! lh.' r:liii~'!Jb Ill ;I '.i!il·nll!) \\[ c.d· 
orr():l:> f:L•:ri:\ t.Jn h· el·t:..:;1;, J i·) ~i;d!ip:y~r;t; th~· inin:~iry 1 ~>.:ttH !ty II. I: 



Table Al-2: Summary X-ray diffractional e1in section analysis. 
- ~ ~~ --,--·--- . ---- -----· ··-·---··-

r: 

~- Section Hcrl.lh t (m) P'Ontll t1 on A~e Method ot A.na.l.ylllia Calc! te% Dolollli te ~ l·.;jwU't..a :( [-foldspta.r_ l : 
I 1 6 0 Iren!lll Bay Aehgilllt~.n Thin &>cUon 100 - - -
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of organic matter listed in Table Al-2 were estimated visually, and 

roughly correspond to the color of the·fresh surface of the rocks. 

Black or dark grey rocks have relatively high concentrations of organic 

matter .v1hile pale grey or white rocks have only trace amounts. 
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APPENDIX 2 

11AJOR STRATIGRAPHIC SECTIONS 

Four stratigraphic sections were systematically sampled and 

these are described in detail below. 

SECTION l CAFBONATE BUILDUP 

The geolo~J of the area around sections l and 2 is shown in 

Figure A2-l. 

Thickness Interval 
(m) 

0-1015 

1015-1100 

1100-1105 

Lithology 

- Cliff-forming, off-white to pale buff 

weathering, grey to off-white a~d light 

brown colored coarse grained and vuggy massive 

dolomite. Vuggy and moldic porosities 

account for 10-15% of hand specimens. 

Large fragments of dolomite are present near 

the top of this interval. 

- Intraclastic dolomite succession. At base, 

angular fragments up to 2m in diameter but 

average closer to 30cm. The matrix is grey-

green in color and locally laminated. 

Up section, the proportion and size of the 

fragwents decreases, and becomes more calcitic. 

In the upper 20m, the clasts average about Scm 

.in diameter and float in a lime mud matrix. 

-Thin bedded and platy greenish-grey weathering 

mudstone which is interbedded with thin beds 

of medium grey weathering, fine grained lime-
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Figure A2-l: Regional geology of sections 1 and 2. 
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1105-1132.5 

1132. 5-1157 .0 

1157.0-1167.0 

1167.0-1225.0 

1225-1251 

SECTION 2 

Thickness Inverval 
(rn) 

0-60 

- Y7 -

stone (25- 30%) 

- Very thick bedded massive limestone: the beds 

are clast supported with 10-15% cobbles of 

dolomite and 5-lOcm sized fragments of 

colonial corals, rugosa and crinoids. 'l.'he 

upper 6m appears to be discontinuous. 

- Platy, grey-green weathering quartzose mud-

stone with pyritic rusty spots. There are 

10% interbeds of massive limestone and thin 

to medium beddedi fine-grained dolomite. 

Rare M. dubius. 

Thick to very thick bedded massive limestone. 

- 90% platy to intensely f.ractured grey-green 

quartzose mudstone. The parting thickness of 

the mudstone decreases up section. Rusty 

are present. Medium bedded limestone 

beds (10%) are present; ~· dubius is co~~on. 

- Buff to yellow weathering thick to massive 

bedded 1 coarse-grained bioclastic dolomite. 

Common colonial corals and rugosa. Angular 

unconformity at 125lm. 

WEST IRENE BAY CAPE PHILLIPS BELT 

Li tholO~JY 

- Very thick bedded, buff weathering, brown 

colored and fine-grained dolomite with 

low porosity. Very resistant in outcrop 
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and poorly laminated. 

60-115.5 - Grey to buff_ weathering, petroliferous, 

medium to very thick bedded laminated 

dolomite. Thickness of bedding decreases 

up section. Diplograptids seen at about 84m. 

115.5-135 - Consists of 65% thin to medi urn bedded, medium 

grey weathering laminated dolomite which is 

interbedded with 35% laminated limestone. 

135-147 - Platy pale grey to grey-green weathering, 

dark grey colored calcareous mudstone with 

common M. priodon. 

147-156 - Platy pale grey to grey-green weathering, 

dark grey colored c~lr.areaus mudstone with 

common M. The mudstone is inter-

bedded with 15%, medium to very thick bedded, 

grey-brovm weathering, matrix supported beds 

of massive limestone. 

SECTION 3 HUFF:-RIDGE CAPE PHILLIPS BELT 

The geology of the area around section 3 is shown in Figure A2-2. 

Thickness Interval 
{m) 

Lithology 

Dark brown to medium grey weathering, medium 

. grey colored laminated limestone with 15-30% 

interbeds of platy to fissile black vJeathering, 

dark grey colored calcareous mudstone. 

Laminated limestone is thin to medium bedded. 

The trilobite Pseudogygites 
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Figure A2-2: Regional geology of section 3. 
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105-142 

142-152 

152-153.6 

153.6-155.5 

155.5-164.5 
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is very common and is found on the bedding 

planes of limestone. These beds are usually 

unlaminated. Diplograptids seen at 105m. 

- Recessive dark brown to black weathering, dark 

grey colored fissile calcareous mudstone {30-

40%) interbedded with thin to medium bedded 

laminated limestone (60-70%). Hard and 

brittle, black weathering chert occurs at 

129m. The proportions of chert and mudstone 

increase up section at the expense of laminated 

limestone. Last trilobites seen at 105m. 

- Platy to flaggy, laminated to thin bedded 

chert {20%) is interbedded with black 

weathering calcareous mudstone (50%) and 

brown weathering laminated limestone (30%). 

The proportion of chert increases to 70% at 

the very top of the interval. 

- Resistant, buff weathering thick bedded 

laminated limestone bed. 

Resistant black chert (85-90%) with minor 

interbeds of fissile to platy calcareous 

mudstone. 

- Marker limestone bed. Laminae are convolute 

at the base and become increasingly more 

planar up section. There are large fragments 

of chert present whose size decreases up section. 



164.5-251.3 

251.3-275.5 

275.5-305 

SECTION 6 

- 101 -

In the basal 10m, chert is predominant. 

Up section the proprotion of laminated lime­

stone and fissile to platy calcareous mud­

stone increases at the expense of chert. 

Laminated limestone comprises 60% of the 

succession and is medium to very thick bedded. 

calcareous mudstone comprises 35% and is dark 

grey to black weathering and dark grey colored. 

M. ~1. and M. 

are corr~on. Nqdular laminated limestone 

horizons are present at 178m and 179m. 

_ Fissile to platy carbonaceous, black 

weathering, black colored calcareous mud­

stone (75%) interbedded with thin and medium 

bedded laminated limestone (25%) . Cyrtograp-

tus . and M. common. 

- Black, intensely fissile calcareous mudstone 

· (95%) and minor thin bedded laminated lime­

stone (5%) M· priodon common. Mudstone and 

laminated limestone become less calcareous up 

section. 

NORTH OF TROLD FIORD 

The geology around section 6 is shown in Figure A2-3. This is a 

composite section. The initial 155m was measured at locality A and 

the rest of the section at locality B· 
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Figure A2-3: Regional geology of section 6. 
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Thickness Interval 
(m) 

locality A 0-54 

54-76.5 

76.5-78.5 

78. 5-84 

84-115 

- 103-

Lithology 

- The succession consists of 65-75% medium 

bedded, buff to grey weathering laminated 

limestone interbedded with platy, black 

weathering, dark grey colored calcareous mud-

stone (25-35%). First tiolobite seen at 18m 

but they are relatively rare. 

- Interval from 54 to 63m shows an increase in 

the proportion of calcareous mudstone at the 

expense of laminated limestone. At 63m, chert 

occurs. Up section the proportion of black 

weathering, dark grey colored chert increases 

to 95% at 76.5m. Chert is extremely 

brecciated and crumbles easily. Diplograptids 

present. . near the top. 

- Marker limestone bed. Brown to buff weathering, 

well laminated and dark grey colored limestone. 

- 90% chert with thin and discontinuous beds of 

laminated limestone. Chert is thin bedded 

and brecciated. Nodules of laminated lime-

stone at 79.5m. Rastrites sp. common at base. 

- 60% platy, black calcareous mudstone inter-

bedded with about 40% medium to thick bedded; 

buff to grey weathering laminated limestone. 

The lower 15m of this interval contains several 

horizons of laminated limestone nodules. M. 



115-160 

locality B 160-246 
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conunon. 

- Fissile to platy black calcareous mudstone 

(60-80%) interbedded with medium to thick 

bedded, buff to grey weathering laminated 

limestone (20-39%) • Minor chert laminae (1%) • 

The proportion of calcareous mudstone increases 

upwards. 

common. 

- Fissile to platy, black carbonaceous, cal­

careous mudstone (80-95%) interbedded with 

medium to thick.bedded, buff to grey weathering, 

laminated limestone or laminated argillaceous 

limestone (above 2.16m) '\:~·lich weathers an 

orange-brown color,(S-19%). Minor chert 

laminae occur in the lower 30m of this interval 

(about l%) . Up section laminated limestone 

and mudstone become less calcareous, and the 

proportion of mudstone increases. M. priodon 

is common. 
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APPENDIX 3 

IDENTIFICATIONS 

Graptolite and trilobite fossils were collected in the field and 

tentatively identified in base camp for the purpose of relative age 

dating and correlation. The relative ages of the graptolites were 

derived f:rom Lenz (1982) and :Morganti (1979) • The fossils identified 

and corresponding illustrations are listed below. 

Monograptus dubi.us 

Honograptus 

Cyrtograptus 

is 

Monograptus turriculatus 

Rastrites sp. 

These photographs are all to scale. 

A3-l 

A3-2 

A3-3 

A3-4 

A3-5 

A3-6 

A3-7 

A3-8 
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A3-2 A3-3 
A3-l 

• 
A3-6 

/ A3-4 A3-5 

A3-7 
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