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ABSTRACT 

1 

The Deer Lake subbasin is one of two northeast-tren~ing, 

mainly Carboniierous, subba~ins in waster~ NJ~fo~ndland. 

'Within the s ubbasin the Deer ·Lake Group and Howley Formation 

consist entirely of_ non-mar~ne sediments deposited ·in a 

half-graben which : was extensively faulted along its eastern 

sitle. Petrographic investigation of nine drill cores has 

~hpwn that co~rse grained alJuvial fau and fluvi•tile 

~ediments fr~m the Nor~h Brook, Humber Falls, and Howley 
........ . .... , 

Fprmations, and high-grade uranium-mineralized ~ndstone 

boulder s~mples found in Pleistocene tills above the northern 
I 

. body 'of the . Humber Falls Formation, have essentially the same 

detrital and ·diagenetic mineral .assemblag~ and dtsplay the 
. " . 

saiii'e paragenet"ic sequence •. The dominan~ly lacus~rine 'i. 

silicicl~stic 'apd carb<?nate sediment sampl 'es from the Rocky 

Brook Formation have a mineral assem~lage and pa~agenetic 

sequence different from the coarser . grained ' f~rmations. 

Basic mineralogic differen'ces are ' the · absence of d-iagenetic

kaolinite and illite-montmorillQnite, and : the' presen<;.e of 

. "analcime" in the Rocky \rook Formation sediments. The 

_ parag~netic seguebce for th~ North Broo~1 Humber Falls, 
· , . . .. 

'. 

' and 

Howley Formations and the mineralized s~mples reflects an 

acidic to alkaline geothemical envir6nment. The paragenetic 

sequence· for the Rocky ·Brook Formation ·on the other hand 

appears to have d~veloped within a more stab~e a l kaline 

geoch~mical e n~ironment . Correlating pa~eomagneiic data ~ith 

•' 

ii 

1 

... .... 



I 

J 

the derived paragenetic sequen~e for the three coarse gr•ined 

formations sugges~s that the sequence took " mo~e than 40 Ma to 

completely develop. -A postmineraftz~tion episode of hematite 

cemen~ation may mean that economic quantities of uranium n~ 

longer exist in the · sand·stones. 

High-volatile bituminous B and C coaly material and 

diagenetic c~ay minezal a~semblages extracted from the drill 

core _ s-amples suggest that the sediments remained within , the -diag~ne~ic realm aftef deposition, and that maximum 

t em p e r a _ t u r e s be t we e n a b o u t 1 2 5 ° C an d ·1 3 5 • · C w e r e a t t a i 'tl e d 
I 

during coalification and authigenic clay growth. 

-· 
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CHAPTER ONE 

. INTRODUCTION 

1.1 Location and access 

The Deer Lak~ subbasin of w~ste~~ Newfoundland is 

1. 1 4000 km1 appr?x mate y in area, and exhibits an overall 

elliptical shape with a northeast-trending long axis. 

bounded by latitudes 49• 45' and ~8° 45 1 n'orth, and 

longitudes sr• 45' west. 

The towns of Deer Lake and · Pasadena are the main 

It is 

communitiP.9 in the area (Fig. 
; ' 1.1) .. · They are located beside 

the Trans-Ca~ada Highway which follows the trend of the basin 

as it passes through the ar~a. Smaller communities in the 
•' 

area are linked by paved and unpaved secondary roads to the 

Trans-Canada Highway. Regularly scheduled commercial 

air c raft fly from the Deer Lake airport to other cities in 

eastern Canada. Those parts of the Deer Lake subbasin that 

are inaccessible by road can be reached using (1) helic o pter 

~_....--·, 

or float plane from Pasadena, or (2) boat along the Humber 

and Adies Rivers or through one of the major lakes (Fig. 

1. 1). 

1,'2 Physiography 

( 

The Deer Lake subbasin is alao a physiographic baAin, 

except for two - fAult-bounded highland areas: the Fisher 

Hills block between Cran~ Lake and Deer Lake and the Blrchj 
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Ridge - Wh[te Bay block ext~nding from the north side of 

Grand Lake nor'theast to White Bay • . The subbasin is a1mqst 

completely surrounded by highlands underlain by _pre- Upper 

Devonian r·ocks. 

The surrounding highlands and intra-basinal blocks 
' 

control the drainage pat~erQ in the modern basin, pr~d~cing 

northeast-trending lakes and the southweste{ly-flowing Humbe~ 

River. Glacial till ·and recent alluvium and soil overlie 

much of the bedrock, the best exposures being along road and 

brook cuts and 1akeshores. The lowlands are dotted by 

swamps, lakes, and cultivated fields. Otherwise, the ·a rea i s 

dominated by commercial coniferous forests which c o ntinue 

onto th~ surrounding highla~ds. 

1.3 Previous work 

Early work in the Deer Lake s"bbasin focused on ma~ping 

and d e scribing the oil shales (Hatch, 1919; Landell-Hill s , 

1922, 1954; Baird, 1950) and coal (Hayes, 1949). After 

detailed map p ing for Claybar Uranium and Oil Ltd. and 

Newkirk Mining Co ., and as part of his doctoral thesis on the 

geology of the Humber ~ V a l l ey, Werner (1955." 1956) named, 

subdivide·d and described th e De e r Lake Group. B~ird · (1959), 

whi~e mapping the S~ndy Lak e Ar e a, adopted the term AnguilJe 

G'roup (Hayes and Johnson, 1938) f o r th e o ldest se d iments in 

the basin and,correlated ~he overlying De er La k e Group with 

the Windsor Group of the MAritime Provin c es. Spo r es from the 

basi n (Hacquebard et al, 1960) led to the dati n g_ and inform.al 

· -:..,..-.-.-.-~-----------

3 



4 

naming of the youngest sediments in the basin, the Howley 

Beds, later to become the Howley Formation (Hyde, 1978). 

A series of regional studies by Belt (1968a, 1968b, 

1969) incorporated the Deer Lake subbasin sediments in 

discussions of Carboniferous sedimentation patterns and Late 

Paleozoic tectonics in the northern Appalachian-Caledonide 

trend. Popper (1970) completed a doctoral thesis on the 

stratigraphy and structure of the Anguille Group. The same 

year Fleming (1970) published a summary of past petroleum 

exploration in Newfoundland and Labrador in which he showed 

r 
some drill hole logs fro~ the Deer Lake subbasin and 

summarized the significant hydrocarbon showings in the area. 

The Newfoundland Department of Mines and Energy began a 

mapping project of the Carboniferous Deer Lake subbasin in 

1975. The sedimentary sequence has since been mapped and 

formally described by Fong (1976), Hyde (1978, 1979a, b), and 

Hyde and Ware (1980, 1981). Hyde (1979b, 1981, in press) has 

described and discussed the various types of mineralization 

found in the basin. The completion of the mapping project 

has resulted in a 1:100,000 map of the Deer Lake Basin (Hyde, 

1983). The most significant recent economic activity in the 

basin began in 1978 with discovery of high-grade 

uranium-bearing sandstone boulders at Wigwam Brook off the 

Humber River. 



1.4 Scope of present thesis study 

This thesis is part of the Deer Lake Basin Project, a 

composite study conceived in 1981 to investigate the 

geophysical, sedimentological, thermal, and tectonic 

characteristics of the Carboniferous Deer Lake subbasin 

sediments of western Newfoundland. The project is jointly 

sponsored by Westfield Minerals Ltd. (Toronto), Shell 

Resources (Calgary) and Shell Explorer (Houston). 

The aim of this thesis is to describe the petrography 

and diagenesis of the sediments of the Dee~ Lake Group and 

Howley Formation. This is done through complete petrographic 

analyses of drill core, and the measurement of organic and 

inorganic thermal indicators contained within the sediments. 

As well, coaly material and uraniferous sediments found in 

the drill core, and uraniferous sandstone boulders found 

above the Humber Falls Formation, are also described. The 

thesis helps to define some of the sedimentological and 

diagenetic characteristics of the basin fill, and 

petrological characteristics and significance of the local 

uranium mineralization. It is hoped the thesis may also be 

useful as a comparative base for future offshore 

Carboniferous studies. 
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CHAPTER TWO 

PART 1 REGIONAL GEOLOGY 

2.1.1 Introd~ctlon 

The five ' major northern Appalachian zones (Fig. 2.1A), 

as defined hy ~illiama (1976), form a pre-Upper Deyonian 

basement on which the Maritimes Basin (Williams , 1974) fbrmed 

during the .. Alleghanian disturbance. -One of th e s ubbasins to 

form'was the Deer Lake subbasin of western Newfoundland (Fig. 

2.18). 

The Deer (ake subbasin unconformably overlies the two 

most westerly tecton~-stratlgraphic zones of the northern 

Appalachian orogen; namely, the Humber Zone to the west and 

the D~nnage Zone to the ea~t. Seismic surveys (Miller and 

Wright, 1984) indicate t 'hat the Humber Zone basement rocks t 

extend riastward to a position below the axia of the Humber 

syncline in'the c entre of 1the Deer Lake subbasin. The 

subbasin sediments also overlie the Bale Verte - Brompton 

Line, a nariow, polydeformed and metamorphosed zone defined 

by ophiolite complexei, along wbleh the Humber and Dunnage 

Zones were structurally 

Williams and St-Julien, 

juxtaposed (St-Julien et 

l9~2).~he distrib~tion 
al., 1976; 

of these 

tectono-stratigraphic eleaents is shown in Figure 2.1A. 

---=-- .--.-, .,..----~-----------·-
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2.1.2 Pre-Upper Devonian .geology of ~ 

th~ Humber and Dunnage 

Zones in Newfoundland and Labrador \ 

The strattgraphy~f the Humber Zone records 

H a d r y n i a n t o E a r 1 y 0 r d o v-rc· i a n c o n s t r u c t i v e p h a s·e 

a Late 

of a passive 

contin~nt~l margin, fol1dwed by a destructive phase which 

continued into the-iat~ Ordovician. ·The ' constructive and 

destructive phases respectively ~ef1ect the generation and 
\ 

destruction of the Cambro-Ordovician Iapetus oc·ean (W\lson, 

1966; Dewey. 1969; Church and Stevens, 1971;. Williams •. 

1971; Williams and Stevegs, 19'74). · Remnc,nts of Iapetus are 

repres~oted In the transported siliciclastic · sequ~nces, 

ophiolite and ophiolitic melange of the Humber Arm and Hare 

Bay allochthons along the western m~rgin of the Humber Zone·, 

and along the Bale Verte - Brompton L~ne which defines· the 

easiern edge of the zone. 

Grenvillian schists and gneisses of predominantly 

sedimenla~y origin, cut by granitic to anorthosit~c ~nd minor 

mafic intrusives •. constitut~ the basement of the 

autochthonous stratigraphy of the Huaber ,zone (Clifford and 

Baird, 1962; W 11 11 am s • 19 6 4 ) • In .the late Precambrian, 

rifting of the Gre~'llillian basement resulted in mafic dike 

intrusions. mafic volcanism, and deposition of siliciclastic 

sediments in the rift zone (Williams and Stevens, 1974; 

Strong, 1975). Along the ea~tern Margin of the Humber Zon~, 

more highly metamorphos~d and deformed rift zone sediments 

are included in the Fle~r de Lye Supergroup (Williams, 1964). 

-·- ··· - - ··· · _..,.., ___ -- -- .. ··--
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AEter ~he inundation of the rift zone by the Iapetus 

Ocean~ a Lower Cambria~ to Middle Ordovician siliciclastic 

and carbonate passive margin sequence of s~diments developed 

along th~ ancient continental margin of North Ameri~a 

(Rodgers, 196,8) •. This eastward thickening sequence is 

comprised of two siliclclastlc to carbonate ·megacycles (Swett 

and Sl!iit; 1972). 

~he oldest (Early Cambrian) megacycle consists of 

terrestrfal basal _cong•lomerates and sandstones, and overlying 

_shallow-water sandstone8· ~f the Bradore Formation (Hi s cott et . . 
al., in. press), overlain by s~al_low marine, shaly, 

siliciclastic sediments and limestones of the Forteau 

Formation (Schuchert and Dunbar, 1934). Th&~~ younger (E a rly 

Cambrian to Middle Ordovician) megacycle begins with basal, 
/ 

~egr~saive sandstones of ' the Hawk~ Bay Formation (Palmer and 

James, 1980), overlain ~y tidal to shallow subtidal 

argillaceous sil1C1clastic ~ nd c arbonate sediments of the 

March Point and Petit Jardin Formations (Swett and Smit, 

r 
1972 >· Therarbonate section of the upper megacycle 

continues/~th the subtid.al and peritidal blohermal 

limestones a~d dolostones of the Lower Ordovician St. 

Group (Pr/t and James, ·1982). Above the St. George 
/ 
' 

Ge orge 

Group, 

subtida~, bioturbated limestones of the Middle Ordovi c ian 
\ 

\ 
T~ble He~d Group-pass upward into argillaceoua -

siliclclastlcs, limeston e s and minor calcarenites (Klappa et 

The two meg a cycle~ are overlain by 

eas~erly-derived flysch sediments of the Mainland sandstone 

·-- .,;,;·- ' .. . ·~ .-.......-·---~---------·- ·· -........ -
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I (Schillereff and Williams, 1979). 

Overlying the autochthonous strata are easterly-derived 

allochthonous thrust slices. The structurally lowest slices 

contain continental margin and slope sediments includirig the 

Cow Head Group (Williams and Stevens, 1974) •. In this gro,p, 

; 
breccias with shallow~water limestone clasts are interbed d ed 

I 

with deeper-water argfllaceous limestones and silicicl~~tic ., 

sediments (James, 1981). The structurally highest 

allochthonous slices a~e the Humber Arm and Hare Bay 

ophiolite suites (Williams, 1975). 

• The Dunnage Zone is bound by the Baic Verte - Broapton 

Line to the west and by a poorly defined belt of ophiulites 

and ophiolitic melange along i~uthea s t e rn boundary, the 
_,. . 

Gander River Ultramafic Belt . of Jenness (1958). The zon~ has 
.... 

been considered both allochthonous and autochthonous (P~jari 

and Currie, 1978; Hibbard and Williams, 1979; Williams, 

1980; Williams and srlJulien, 1982; Karlstrom, 1983). 

A generalized stratigraphy for the complex Dunna ge Zone 

would show the following sequence. Oceani c c r ust a nd up per 

mantle of Ordovician age, now exposed in steeply dipping, 

e ast-facing ophiolite complexes and as aelange blocks, forms 

th e base of a subaqueous to subaerial island arc seqence 

(Upadhyay e~ al., 1971; Willia~• and Talkington, 1977). 

S ubaqueous, msfic, p~llowed vil...!.._c_anic flows, pelap;ic cherts 
'\ 

and volcanicla~tic turbidites pas~pward into shal l ow water 

and subaerial volcantcla e tlc sediments. in part c alcareous, 

·-·- -·- ... .......... ____ _ 
--~· ~- ~ 
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and felsic volcanic flows and pyroclastic rocks (Kean and 

Strong, 1975; Strong, 1977). Black Caradocian shales then 

blanketed most of the earlier Ordovician stratigraphy, 

indicating a quiescent period in the development of the 

Dunnage Zone island arc sequence. This correlates 1o1ith the 

final emplacement of allochthonous rocks onto the Humber Zone 

(Williams, 1979) but may be related to an episode of global 

sea-levf!1 rise (Leggett. 1978). Rejuvenation of more 

localized centres of igneous activity and successor basin 

sedimentation during the Silurian and D,~vonian produced 

subaqueous and tJubaerial sequences of mor,e felsic volcanic 
'" ... 

flows'-.and pyroclastic rocks intercalated with fll1via1 gray-

and red-beds (Strong, 1977; Cha'ndler, 1982; Arnott, 1983). 

Pun c tuating the Ordovic.an to Devonian sequence are Devonian 

and Carboniferous dioritic to granitic intrusions, with 

lesser ~mounti of·quartz-poor intrusives . (Bell . and 

Blenkinsop 1 1977; Strong, 1980; Wilton, 1983). 

2.1.3 Uppe~ Devonian to Permian geology 1n Atlantic Canada 

..;. 

Between Late Devonian and' Per.mian time. the Alleghanian ' 

disturbance de11eloped the faul. t-controlled northeast-trending 

complex of basins, 1ntrabas1nal horats, and bordering 

'highlands which cut a cros .s every zone in the northern 

Appalac'hlans (Fig. 2.1A and B). T.he entire complex is 

referred to here a s ·the Mariti·mes Bas i n (Wil~iams 1 1974). 
··!t 

The Late ~evonian to Permian A~leghanian 'disturbance and the 

formation of the M;ritimes Basin has been attributed to 

__j_ 
., . . ... - ¥ · ·· ·-·~ • • · . - · · - - - - - · ---- - • .....-. ~ 

---- - ~- ~--

... • •, , I .- I ~ J .< r • '..< "' • · ' ; \ ~ ..o "" ...._ . • • ~o. ' ""' "'""' 4 """"'' ' '-" .,.,.. j, •-• • •"' .-..~ •" 



' I 

wrt!nch faulting and folding (Belt, 1968a; Lock, 1969; Webb;· 
d 

1969; Hy_de, 1979b; Fralick and Schenk, l98lj McMaster -et 

al., 191?0; Sradley, 1982). I n t he Mar 1 t 1111 e s B a s i n , u p t a · 

2 5 0 k m o f d e x t r a 1 A 1 le g h a n 1 a n m o v em e n t h a s l> e e n p o ~ t u 1 a t e d 

along tile major faults (Belt, 1968a; Webb, ).969). 

Paleomagne'tic data for the Late Paleozoic (Irving,· i977, 

1979; Kent and Opdyke, 1979; Diehl and Shive, 198lj · Lefort 

and van der Voo, 1981; Kent, 1982) sugg e st that, during the 

Carboniferous, Newfoundland ~as ·between 17° and 20° 'sout h of 

the paleoequator. 

As the Maritimes Basin developed, ter'restrlal 

siliciclastic sediments were quickly shed into low-lying 

areas, developing thick sequences of alluvial fan, 

fluviatile, and lacustrine sediment (Belt, 1968a, b. , How t'e 

a ru! Bars s , 1 9 7 4 ; . R u.s t , 19 81 ) • These s e quences typically 

,display rapid facies changes fro11 alluvial fans nearest the 

f a ulted basin margins to fluvial, and then basin-centre ... 
lacustrine facies an.lf in places a lake-margin deltai c facles. 

In areas of extension·, Devonian and Carboniferous ba s altic_ 

1 a v a f 1 ow e d f r om f a u l t s a nd J. n t e r f 1 ~ g e r e d w 1 t h t h e 

t.errestr1al sediments (Kepple et al., 1978;. Ra,st et al., in 

pre.ss). . . 
G r a n i t o·i a· · 1 n t r u s 1 v e a o f s 1m 11 a r a g e . we r ·e .f Q c u s s e d 

a 1 o n g z on e a . o f t e n a 1 o n · o r c r u s t a 1 t h i a k e n. 1 n g ' ( C 1 a r k e e t a 1 • , 

198 0; Strong, 1980). S o-m e o f t h e C a r bon 1 f e r o. u s 1 g n e o !l s . . 

rocks are indicated on 'Figure 2.1B. 

---- - --- - -r- · 
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' 
A Late Misais,sippian marine incursion penetrated the 

1 tortuously interconnected subbasins of the Maritimes Basin, 

locally ~overing earlier terrestrial sediments with th1ck 

~arine sandstone-shale sequences and thinner 

argillite~carbpuate-sulphate/chloride evaporite cycl?thems. 

This transgression did not reach the Deer Lake subbasin. In 

marine areas, bi.ohermal co111munit1es e .ventually developt!d on I . 

to p o g r a p h 1 c h i g h s ( s c he n k , _ l 9 6 9 ,.rTr;..z_. 5 ; , G e 1 d s e t z e ·r • · 1 9 7 7 , 

I 1978; Giles et al., 1979; Hollie, 1979; Knight, 1983). 

These marine deposits laterally 1nterf1ngered with various 

terrestrial red-bed sediments. 

A final marine. regresa{on occurred tolofard the end of 

Visean time allowed the system to return to terrestrial 

sedimentation. Mixed alluvial fan - -. fluvial deposits gave 

way to only-fluvial ' depoaits as fire~ the subbasins filled 

and ~ t h e n t he 1 r f a u 1 t e d 111 a r g 1 n s w-e r e o v e r at e p p e d ( F i g • 2,.. 1 B). 

D u r -in g t h e La t e C a r b o n 1 f e r o u s a " s a g g i n g p 1 a t f o r m " s t a g e 

(Belt, 1968b), or "ther111al subsidence" stage (Bradley, 1982) 

of the Alleg-hanian disturbance, allowed a low reli·ef ):>lanket-

of more mature sediment to _spread out over pre-Up~er Devonian 

basement rocks.· Organic material was then {lble to accumulate 

in topographically low floodplain regions. (L-egun and Rust, 
I 

1982) and in paralic environments alon~ the northern margin 

of a regressed Hercynian O<.:ean (Duff et al., 1982). 
/ 
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In Newfoundland, onland exposures of Upper Devonian to 

Upper Carboniferous marine and non-marine sediments crop out 

in two major northeast-trending, fault-controlled subbasins, 

the Bay St ·. George and Deer Lake subbasins (Belt, 1969; 
'> 

Hyde, 1979b; Knight, 1983), and in smaller -isolated 

exposures Ln central Newfoundland (Belt, 1969) and on the 

Burin Peninsula (Strong etval., 1978; 
,.. Laracy and Hiscott, 

1982). · Stmilar Devonian to Carboniferous sediments form an 

ext~nslve offshore apron around much of Newfoundland (Howie 

and Bare s , 1974; Sanford et al., 1979). 1he strati~raphic 
a'ges, subdivisiQna and regional correla·tforis for the 

sedi~entary rocks of the Maritimes Basin are given in Figure 

z • 2. 

The two western Newfdundland subbasins formed along the 

narrow riortheaatern extension ?f the H,!!.ritimes Basin (Fig. _ 

2 .lB), A topographic high near present-day Corner Brook 

probably separated the two subbasins. Granitic to tonalitic 

plutonism, east of both White Bay and the Bay St. George 

subbasin, coincided with Late Devonian .;.. Early Carboniferous 

sedimentation in the subbasins (Bell ta Blenkinsopo, 197?; 

Wilton, 1983). 

14 
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PART 2 GEOLOG~ OF THE DEER LAKE SUBBASIN 

2.2.( Introduction 

The dominantly Carboniferous Deer Lake subbasin and the 

larger Bay St. George subbasin of western Newfo~ndland are 

the two largest in Newfoundland. In the past, the Deer Lake 

subbasin has also be~rt called the Hampden Basin (Belt, 

19-68b), the North-Central Basin (Belt, 1968a, 1"969), and the 

' Deer Lake - · WhJte Bay Basin (Fong, 1976); the White Bay area 

ill considere·d here to be part of the, Deer Lake subbasin. 

·-
The stratigraphy of the subbasin consists of alluvial 

fan, fluifiatile, and lacustrine lithologies~ · These . sediments 

are now di.spoaed . ln elongate northeast-trending units (Ylg .. 

2 • 3 ) , i n p a r t f au 1 t - b o u n d e d , f r om G 1 o v e r I s l .a n d o n G,r a n d . La k e · 

to White-Bay, where they continue offshore (Haworth et al., 

197 6; Ayde, 1983). The age of ~hese sediments has been ... 
obtained f~om spore aeaemblages, and fish and plant re~ains 

found within the sediments. Figure 2.4 shows the 

stratigraphy, eatiaated thickness. and dat~d fossils ·of the 

Deer Lake · subbasin sediments. 

Cross sections by Hyde (1983) indicate that th~ Anguille 

Group (Fig. 2 • 4) a 1 one m 1 g h t reach a t h 1 ~ k n e 's of i . 2 k m 

below th~ Th~riy-ninth Brook syncline west of Grand L•te. 
J 

Gr~vity measure11ents by Mil·le,r and Wright (1984) ' show-. 

\ 
~om~ara~le base~ent ~epth estimates of 1.5 km for the Howley 

·Forma~.1on ~n the Howley· area, and 1.2 km for · the Dee~ Lake 
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Group along the Humber syncline. 

2.2.2 Anguille Group 

The Anguille Group (H~yes and Johnson, 1938; Ba·ird, 

1959) is confined to tvo largely faul~-bounded, 

northeast-trending highland blocks in the ·Deer Lake subbasin: 

the Fisher Rills block between Deer Lake and Grand Lake, and 

the Birchy Ridge•- White Bay block extendi~g from Sandy Lake 

northeast to at least the town of Conche on the Northern 

Peninsula. Lithologic correlation, and dating of spore 

' assemblages, and' plant and fish remains (Heyl, 1937; Baird 

and Cote, 1964; Baird, 1966; Belt, 1969) suggest a 

Tournaislan age for the Anguille Group. In the Bay St. 

George subbasin the base of the Anguille droup is int~rpreted 

as Fame'nnian ag~ {Belt, 1969; Knight, 1983). In the Deer 

Lake subbasin the lowermo•t units of the Anguille Group, the 

Slue Gulch and Gold Cove Formations, are undated. "It is 

possible th~refore that . the stratigraphy of the Deer Lake 

subbasin also ranges into the Upper Devonian. The 

unconformabie contact with the pre-Anguille Group- basement 

can bnly be seen on G~oais Isl•nd near Conche (Belt, 1969). 

~ 
The Anguille Crou~ is dominated by gray indqrated 

. J 

sandstone, siltstone, and mud~ton~ lithologies, arranged in 

both fini~g- and coarsening-upward sequences that contain 

some turbidites. The sequences were de~osited in lake or 

lake-margin deltaic environments. Lesser am6unts of 

conglomerate r~presentlng delta ~1stributary chann~l and 

19 



. basin-margin alluvial fan deposits, and micritlc lacustrine 

carbonate rocks are also present in the Anguille Group 

(Popper, 1970; Hyde, 1978, 1979b). , The Angu1lle Group 

sediments also show varying amounts of carbonate nodules, 
\ 

orga~lc mate~ial includin~ fossil trees (Popper, 1970), and 

detrital flakes of mica. Paleocurre~t measurements by Popper 

( l 9 7 0 ) a n··d H y d e ( 1 9 7 9 b ) g e n e r a 11 y 1 n d 1 c a t e a t r a n s p o r t 

direction away from peripheral highlands, into a large 

centril lake, and then northeast and southwest along the 

basin axis. Informal subdivisions of the Anguille Group by 
.I 

Popper (1970) arid Hy~e (1979b) are now replaced by the forma[ 

~ubdi~isions of Hyde (1983). 

2.2.3 Wetstone Point and Wigwam Brook Formations 

Both of these Tournalsian-age formations have only 

recently been delineated by Hyde ·(1983). They lie above the 

Anguille Group and below the Deer Lake Group. The two 

formation8 ~re only seen in fault-contact.vith other 

lithologies except where the Wigvaa Srook Po~mation 

unconformably onlapa granitic basement rocks along its 

northe~ster~ ma~gin (Fig. 2. 3). The Wigwa~ Brook Formation 

fl ' cona~sts of coarse to medium grained sandstones and pebble 
e 

conglomerate containing lenses of micritic limestone. Dr. 

R. Hyde (pers. comm. 1983) considers the limestones to 

have beeri inorganically precipitated in yool~ on floodplain 

surfaces. This format 1 on 1 s ·p 1 aced s t rat 1 graph 1 c a 11 y above 

the Anguille Group as it contains ~edimentary clasts of the 
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Saltwater Cove Formation (Dr. 

c 
R. Hyde, pers. c 0111111. 1982); 

it probably was develop~d due to upfaulting and erosion of 

the Saltwater Cove Formation, which is now east of and in 

fault-contact with the Wigwam ~rook Formation. 

The Wetstone Point Formation contains interlayered gray 

pebble conglomerates and pebbly sandstones; and gray, red, 

and green sandstones, siltstones, and ahaly claystones. 

These show a northward paleoflow direction and are 

interpreted as fluvial deposits. This formation is placed 

stratigraphically above the Anguille Group because, unl'ike 

the Anguille Group, it is semi-lithified and has a well 

preserved spore assemblage {Dr. R. Hyde, pers. comm. 

1983). 

2.2~4 Dee~ Lake Group 

North Brook F~rmation 

The North Brook Formation (Werner, 1955) is the basal 

red-bed formation Df the Deer Lak,e Group, and La the most 

"·widespread stratigraphic unit in the D-eer Lake subbasin (Fig. 

2. 3). The North Brook Formation is undated, but has been 

correlated str~tigraphically with Vis~an rri~ks of the 

Maritime Province• by Belt ·(l968b). Although the lower 

contact is never observed, _it is consid-ered by Hyde (1979b) 

to unconformably overlie t~e Anguill~ Qroup. The formation 

is eit_he..r in fault contact with various basement lithologies 

or unconf'*mably onlaps them along the wesfern margin. of the 

-=::;...-.:::::;-..... __ - ... ··------------"--~- .... .. . . - ----------- ___ _... ___ -Ill 
. . -- - --
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subbasin. 

The North Broqk Foimatlon cpnsists mainly of red to 
p 

gray, interbedded, polymict pebble to boulder conglomerates, 

and cross-stratified sandstones, with lesser amounts of 

siltstone, mudstone, and micrit'c limestbne. These 

lithologies form a f1n1ng-upw~rd me gasequence comprised of 

smaller, fini~g-upward sequences of metre-scale.conglomerate 

or pebbly/sandstone to siltstone. The 

found ab{ve the basement un~onformity. 
coar4es( sediments are 

Finer grained sandstone and siltstone units oft e n 

exhibit calcareous nodules and caliche beds. Silicified wood 

fragments and rhizoliths locally occur, respectively, in 
. r"'· 

. • . ... :;.1 ' 
conglo~erate beas and in fine~-grained sandston e anft 

siltstone layers. On Lanes Brook jus~ east of Deer Lake, a 
l 

few calcareous layers resembling he~lspherical stromatolites 

occur ~ithin thicker conglomerate debris flows. These 

possihly formed in organic-rich pools on alluvial-fan 

surfaces (Hyde, 1979b). Another feature of the subbasin 

~tratlgraphy, particularly well demonstrated in the North 

Brook Formation, is the direct correlation between the 

dominant rock fragment type in the songlomerate~ and the most 

· proximal basement litholO..gy. For example, north of Deer Lake 

where the North Brook For~atfon onlaps Ordovician carbonate 

• 
rocks, l_imestone and limest.one breccia rock fragments are 

dominant; near Adies Pond. where the formation onlaps 

Grenville basement, granitoid rock fragments are · dom.inant' 

(Dr. Hyde, pers. comm. 1982). Raleoc~rrent indicators -

22 
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show sediment movement away from highland basement terrains 

surroinding the basin toward the basin centre (Werner, 1956; 

& Hyde, 1979b). 

The North Brook Formatio n has"been interpreted by Belt 

(1968b),· Hyde (l979b), and H.yde_ and Ware (1981) as 

basin-margin alluvial-fan deposits, c.ha nging- to fluviatile 

sediments and possibly ephemeral lake deposits, toward the 

centre of the basin. 

.. 
Rocky Brook ¥ormation 

The Rocky Brook ~ormation (Werner, 1955) gradationally 

overlies the North .Brook Formation, and local l y onlaps 

c arbonate basement rocks northwest of Deer Lake. tt too is 

\olidely distributed within the Deer Lake subb_a sin, but to a 

lesser extent than tbe North Brook Formation (Fig. 2. 3). 

Based on spore ~ssemblage ident~fication by S. Barss (Dr • • 

R • . , Hyde, pers. c:omm. 1982), a Visean age has been assigned 

to it., Its base is defined as the first a ~pearance of green 

oi gtay siltstones or mudstones (Hyde and Ware, 1981). 

The formation h~s been divided by-Hyde (1983) into the 

lover Spillway Member, and the upper Squires Park Member. 

The Spillway Member is dominated by.calcareeus red siltstones 

and minor sandstone~, green and gray siJtstones and . 
. . 

mudstones, and micritic carbonate ~ocks. These fine grained 

sedimeqts are found as intercalated thin beds and laminae, . 

c ommonly with desiccation cracks • . In this member, generally 



' 
• 

gradational cycles are developed on a metre scale, showing 

gray limestone passing upvard into gray to green mudstone, 

vhich in turn is overlain by red siltstone. The Squires Park 

Member contains similar lithologies and structures, but is 

dominantly ~reen, gray or black in colour with no red strata. 

More common in the upper member are various orthochemical and 

allochemical carbonate rocks containing fish remains, ' 

ostracods, branchiop_ods, plant remains, and carbonate nod-ules 

which coalesce in places into continuous layers. 

Belt (1968b) included the Rocky Brook Formation in his 

lacustrine and mixed fluvial-lacustrine facies ~atagories. 

The presence of lacustrine facies sequences (Hyde, 1979b; 

Hyde and Ware, 1981), typical lacustrine st~omatolltes (Dr. 

R. Hyde, per a. comm. 1983), and "analciS!ew, and the lack 

of marine fossils, suggest that the Rocky Brook Formation 

developed within a restricted alkaline ·~e environment which 
. I 

was fringed by low gradient delta complexes and alluvial 

plai~s. 

Humber Falls and Little Pond Brook Formations 

The Humber Falls Formation (Hayes, 1949) and Litt l e 'Pond 

Brook Formation < .. f$}~e, 1983) are the highest stratigrapltic 

• ~FJ :f;.j;~ -
units of th~ Deer e Group. Vis€an spores have been · 

identified in both by s. Bares (Dr. R. Hyde, pers. cosm,, 

1982). The Little Pond Brook Formation gradationally 

overlies the Rocky Brook Formation and onlaps volcanic 

basement rocks at Grand Lake (Fig •. 2.3). Vari'coloursd 

24 
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p e b b 1 e c o n g 1 om e r a C'e s , c r o s s - s t r a t 1 f i e d ' s a n d s t o n e s and 

organic-ri.ch siltstones arranged in crude fining-upliard 

sequences are the main rock. types. Paleocurrent indicators 

suggest westward fluvial transport of sediment. 

The Humber. Fall$ Formation outcrops in two areas about ~ 

the geographical centre of the subbasin (Fig. 2. 3). It has 

a sharper, possibly unconformable contact with the underlying 

Rocky &rook Formation, but essentially contains lithologies . ' ) . 

similar to the Little Pond Brook Formation. It does appear 

to contain more carbonate nodules, c~lified wood fragments, 

and fining-upward fluvial sequences (Hiscott, 1979), Coarse 

sediment vas deposited by rivers flowing from highlands to 

the north and northeast (Werner, 1956; Belt, 1968b; Hyde. 

l979b). 

2.2.5 Howley Formation 

" The youngest sediments in the Deer Lake subbasin belong 

to the Howley Formation (Hyde, 1978). Spore assemblages from 

the H<rt..ley Formation have been dated as Westphalian A 

(Hacquebard et al. • 1960). The formation crops out along the 

eastern margin of the subbasin near the shores of Sandy Lake 

and north of Grand,Lak.e (Fig. 2.3), and has a ·total · 

thickness of approximately 3.1 km (Hyde, l979b; Fig. ? . 4) • 

The depth to basement below the Howley Formation eapt of 

Sandy Lake is about 1.5 km (Miller and Wright. 1984). It is 

only seen in fault contact with older units. 

------- -~, --· --~---..-.-C!ro--_,-...._. ..... ---------- - ·--·-
~ ~ -
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The Howley Formation consists of interbedded gray co red 

polymict pebble conglomerates, cross-stratified sands t ones, 

siltstones, and mudstone s . These often contain carbonate aud 

ironstone nodules and coalified .wood deb r is. Rock fragments 

in the formation indicate highland basement sources to the 

east and northeast. Coal seams, iqterbedded wj.th 

pyritiferous and carbonaceous gray sandstones and siltstones, 

are ·also found within this formation. 

Hyde (1979b) proposed ,anlinformal three-.fold subdivision · 

o f t h e f o r m a t ion : ( 1 ) a b a s a r· , r e d ; s a n d s t o n e - d o m i n a t e d 

unit; ( .2 ) a m 1 d d 1 e , g r a y , s a n d s t o n e - c o o g 1 o 111 e r a t e u n i t ; and 

(3) an uppe.r co8l-bearing unit . In p 1 aces , me t re-t hick 

fining-upward sequenc ~· s ar e developed within thes~ . uriits. 

The formation has been. i nterpreted as dominant l y fluvial 

(Belt., 1968b; Hyde, 1979b), with the coal probably 

developin.g in s.wamps .on alluvial plains during a late stage 
· ~ 

o f peneplanatiod. 

I 
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2.2~6 Summary o~ the depositional environments and trends in 

the -- Deer Lake subbasin 

Sedimentation patterns within the Deer Lake s"bbasin 

varied throughout its development. During initiation of the 

northeast-trending western Newfoundland wrench zone (the rift 

stage of Belt ,1968b; and Bradley, 1982), the Upper Devonian 

(?)to Lower ~ississtppian Anguille Group was rapidly 
I 

deposited into a newly cr'eated subbasin, as sugges.ted by both 

,/ 
east and west pa~ct·~ow indicators from opposite sides of th·e _,--

inferred subbasin. The Anguille Group changes upward from 

alluvial fanglomerate'and braided fluviatile conglomerate and .. 
· sandstone sedimentation, to finer :·grained, dominant-ly 

lacustrine sediments·, possibly reflec-ting· a deep.ening .basin 

forming under humid conditions. · In places, contemporan·eous 

fining- and coarsening-up"-ard trends are evident (Hyde, 

1979b). I 

Contrasti~g . attftude_s of the Angu i lle .Group and the 

o v e r 1 y i n g No r t h - B r o o It F o r m a t 1 o n .1 n t h e F is he r H 1 11 s b 1 o c k 

suggests an uncohformity between them. As well, the Anguille 
~ 

Group ls general~y ·darker gray, more . indurated, and is more 

deformed than the overlying Deer Lake Group and Howley 

Formation (Popper, 1970). 

The Deer iake Group is _ an ~rtosic red-bed sequ~rice t~at 

show-~ major shift~ in the prevailing depositional 

environment. A .scarcity of Anguil,~e Group clasts · i.n the 

baa~l sediments of the North Brook Formation (Hyde; l979b) 
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suggests that the Anguille Group was deformed but not 

s~bstantially uplifted before all~vial fans and braided 

streams of the .North Brook Formation spread out over 

pr'eviously deposited sedi:ments a·nd exposed basement 

lithologies .• A tectonic•lly quiescent period allowed a large 
. <....)' 

restricted lake to ~evelop in t.he subbasin; · ted by low 

gradient stre-ams via fringing deltas. .. 
Reactivation of local 

faults appear.s to have caused a sharp sedimentary 

discontinuity in the central basin area, wher'e coarse fluvial 

sediments of the Humber Falls Formation overlie fine grained 
/ 

Rocky Brook Formation sediments • 
\ 

. , 

The position of the Howley Formation and its Westphalian 

A age, suggest that it may have been deposited in a low-,~'Yin_g 

region along 'the eastern margin of the Deer Lake subbasin. 

and may represent a local manifestation of t.he ·"sagging 

" p 1 a t form· s t a g e ( B li.t , 
~ .. 

(Bradley, 1982) of the 

1968b) 1 or "thermal subsidence" ·stage 

Alleghanian disturbance. 

There seems to have been a climat.ic shift from semi-arid .. 
to humid conditions during the development of the ~eer Lake 

s~bbasin. Red~bed sequences may form under ~umid or arid 

conditions (Kryni'n,e. 1950; VanHouten. 1961; Walker, i974; " ... 

Hubert and P.eed. 1978), but their abundance and i'8sociation 

with rhizoliths. caliche beds, and~ on a regional scale
1 

with 

evaporites. points to an arid to semi-arid climate (Folk, 

1976; Schenk. 1969; Glennie, 1970; Le.e de r • 19 7 S; 

CoLlinson. 1978). Such conditions prevail'ed during the 

Vlst;an in the Deer Lake subbasin and in the rest of. the 
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Maritimes Basin. Th~ coal-bearing Howley Formation, and 

eq~ivalent Pennsylvan~an sediments throughout th~ Maritimes 

BasiR, indicat'e a change to humid conditions with the 

widespread development of fluvial systems and peat bogs. 

2.2.7 Carboniferous ~eformation within the Deer Lake subbasin 

As mentioned earlier, the Anguille and Deer La~e Groups 

display con~rasting degrees of,deformation . The Anguille 

Group rocks show tight to open, upright to west-verging 

folds. Thes~ · are generally a.rranged as shallow 
... 

doubly-plunging · !...!:. echelon fol .ds (Popper, 1970; Hyde, 1979b) 

with axial-surface traces oriented . at a low angle to the main 

northeast trend of the subbasin (Fig. 2. 3). Tensional 

faults a r developed perpendicular io the axial surface trace 

of the en (Phair, 1949; ~elt; 1969; Lo c k, 

1969). helon folds and tensional faults are typical • 

-f eatures develop~d during early stages of strike-slip motio~ 

(Cloos, · 1955; ' Moody 'and Hill, 1956; Wilcox et al., 1973). 

The ~ e c helon folds in the Anguille Group are the strongest 

evide~ce for dextral strik~-slip faulting in the Deer Lake 

subbasin. 

The Deer Lake Group 1and Howley Formation rocks ~how 

open, shallowly-plunging folds excep t adjac•nt to faults 

where they become tightly f~lded and cataclastic. The folds 

have a long wavelength, parasi%1c folder and an axial surface 

trace_ .nearly parallel to the subbasin (wr~nch zone) trend. 

This is pa):..tic.ularly evident in the Humber syncline, the 

__ .. ._ ........ 
-
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major -structural f~ature along the western -side of the 

subbasin (Fig. 2.3). 

From the above the Deer Lake subbasin ~eems to have 

developed in · two stages. Th~ first stage · resulted in 

depositi~n of the Angui~ Group adjacent to steeply-dipping, 

active, strike-slip f/ults (~ echelol\ folds, tensional 

faults perpendicular tb the folds, subhorizontal 

slickensides, Hyde, 1979b), whereas the second stage resulted · 

in th~ development of the Deer Lake Group during normal and 

r e v'e r s e · f a u 1 t 1 n g ( f o 1 d a par a 11 e 1 t o f a u 1 t s , £ i n i n g-u p war d 

megasequences, v~rtieal slickensides, Hyde, 1979b). /"\. . 

Development as pull-apart basins has been prpposed for 

some of the subbasins within the Maritimes Basin (McCabe et 
~ 

al., 1980; Mc:H~ster et al., 1980; Frahlick and Schenk, 

1981") including the Deer ·Lake (Br~dley, 1982). Pull-apart 

basins imply that specific geologic features are present • . 

J 

Hor s t s and grabens in and _ around a major pull-apart b~sin are 

rhombic in plan geometr:.. (Aydin . and Nur, 1982). Pull-~ part 

basins are extensional features which ~ommonly form ~heQ the 

tnrough-going wrench fault has a double bend, or a major 

stru c tural offset, allowing a gap, and therefore a pull-apart 

b,asin to form (Burchfiel _and Stewart, 1966; Crowell, 1974). 

Sedimentologioally, overall coarsening- ~nd then 

f1nlng ~upward, large-sca~e cycles in pull-apart basins ~how 

th~ respective effects of vertical and then lateral movement 

on the basin margin faults (Steel and Cloppen, 1980). The 
.. 

progressiv e imbric~tion of large-scale seque~ces along the 
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,basin floor as the ba•ln ~rows is ariother feature of some 

pull-apart basins (Crowell, 1975; Steel and Aasheim, 1978). 

In the Deer Lake subbasin the evidence for pull-a~art 
' 

origin ia not coupelling. Rather 1 differential subsidence . 

along sinuous strike-sli~ faults may be suffi~ient to exp~iin 

the history of sedimentation in the Anguille Group. The 

pr-esent disposition of the ' Deer Lake G.roup ·sediments 'suggests 
. . 

t h a t t h e y may h a v e · b e e n d e p o s 1 t e d 1 ,-t. a h a 1 f - g r a be n , 

ddwnthrown along its highly faul~ed eastern m•rgin. 

.. ' 



CHAPTER THREE 

DRILL HOLE STRATIGRAPHY A~D PETROGRAPHY 

3.l ' Analy~ical methods 
I 

1/ 3.1.1 Stratigraphy 

Between 1978 and 1980 numerous - one-inch diameter cored . 
holes ~ere drilled into the stratigraphic units of the Deer 

Lake s~bbasin by Northgat~ Exploratio~ Co. and . 'Westfield 

.Minerals Ltd. Nine o~ these drill holes were systematically 

sampled and s~udied. Two holes were sampled from each of . the 

North Brook; Rocky Brook·, and Howley Fo.rmation~t, and thr.ee 

' ' 

holes fro~ the Hbmber Falls Formation. The Humber F·alls 

--.Formaton was sampled more thoroughly, not only due to · its 

location in two geographically distinct areas (Fig. 2.3, 

P• 17), but also to investigate any rela .tionship vtth the 

~ 

anom~lous uranium-be~ring sandstone boulders found above the 

northern body of th~ formation. Figure 2. 3 _shows the 

disposition of the drill holes in the Deer Lake subbasin a~d 

'their.abbreviated dri-ll ho.le number. 

Reprea e ntat.ive' drill holes through the four formations 

met the f o llowing criteria: they conta.ined the spectrum of 
. .. , · . 

l~thologies typically found in tne formation; they were from 

widely_ sp'aced, esaentiall'y undeformed areas; the ,cores were 

the longest and moat complete available. 

vere chosen had been dri } led verti~ally. 

All the holes that 

.> 
Each drill hole was 

sa•pled ~very ten metres . starting at th~ top of the drill 
~ ' .. 

32. 



·.hole; 1n places, samples of particularly unusual features 

(e.g., calcareous nodules, ur•nium anomalies) wef~ also taken 

between the ten metre intervals. Most of the drill core ~s~d 

in th1~ study h~d been stored out - of-doors for approximately 

• three years. However, the only change which may be 

attributed to recent · weathering is the increase of late 

secondary porosity. The stratigraphic columns pr~sented in 

this chapter are deriv~d both from personal field notes aad 

~rom drill bole logs prepared by employees of Westfield 

Minerals Ltd. · and Nor.thgate ' Exploration Co. 

3.1.2 Colouration. 

The fresh surface colour of the co~e was recorded using 

names an~ colour codes of the Mu11.sell colour system • . Th..e 

code - has fo~r ~omponents: hue, colour ·, value.· and chroma; 

these are recorded in similar order. The hue destgnations 

zero and ten indicate the boundary between one colour and "the 

next· . The basic rock co~ours o f the sampled cor~ were: 

green (G), red (R), black (N). and yellow (Y). The value, or 

lightness number. inc·reases from tvo to eight with in:creasing 

lightness-. The chroma numb~r indi c ates the ·degree ' of "coiour 

saturation fr~m dark (one) to vivid (six). Where a rock . 
sample displayed ·sore than one colour due to redox effects, 

weathering. or large propo~tion~ of conglomerate clasts, the 

dominant fresh ·sandstone or conglomerate matrix colour vas 

recorded. 
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.3.1.3 Porosity 

Estimations of ~~tal·porosity were made on every 

possible sample. The poor _ consolidation bf some s~mples 

pr!;!vented \ 
p9rosity measurements. , Total poroRity was 

estimated during systematic point counting of thin secti ons. 

This was facilitated by t~e impregnation of t~e heated sample 

with blue-tinted epoxy resin before thin se t tioni qg _. The 

effective porosity vas obtained using a BeckmAn 930.air 

comparison pycnometer and premeasured cylinders ~f core 

approximately one centimetre high. 

All the porosity measurements are included with modal 

compositions ln Appenaix I. InAthis chapier, the total and 

effectiv e porosities will be presented as line graphs. Total 
\ ( 

porosity is also included in modal composition graphs within 

' the 'others' category. The_ porosity measured' 18 referred to 

as 'pres e nt·' bec a use it is almost impossible to iden t ify and 

quantify any, primary porosity. or th; amount of - porosity 

prese~t a~ any point during diagenesis, becs.use of ~he 
\ 

ensuing stage•· of dissolution and precipitation. 

!h~ criteria and terminology of Schmfdt et al. (1977) 

are used to de scribe the seconda r y porosity seen in the 

sand~tones. Choquette and Pray's (1970) porosity 
. ,•j 

clasaification has been used for the carbonate -~lch sediments 

of the Rocky Brook Formation. 

\ 3.1.4 Mineral:ogy 

.. 
\ {' 
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. The modal composition of the samples _was obtained by 

counting 250 points in thin sections'cut perpendicular to the 

"drill-hole aKis. Due to the friability of th~ line grained 

sediments and 8\ain size of the conglomerates, thin 

sectioning, and therefore petrographic description, was only 

pog.gible with the sandstones and a fe'w of the more indurated 

finer grained. samples.· Mineral identification was made using 

conventional petrographic microscopy on thin sec~ions stained 

with alizarin red S and sodium cobaltinitrite (Friedman, 

1971) for carbonate and potassium feldspar identification 

respectively. 

QRF ternary plots (Q , ·. mon~crystslltne ~nd 

polycry~talline quartz, R • all rock fragments inc1uding 

chert, F - all feldspars) were ma~e for the North Brook, , 

Humber Falls, and Howl~y Formations. Due to the fine grained 

nature of the Rocky Brook Formation sediments, classification 

of these sediments was based on Picard's-(1971) scheme. 
.• 

The identification of clay minerals was not · always 
. / 

pos~ible through petrographi~ mic~oscopy alone. / Therefor-e, 
/ / / 

characteriStic_ basal X-ra~ diffraction peaks, and mine_,.al 

morphology revealed by scann.tng electro. n micrc:>sco.py ,-/ were 
_.,. ' 

used to help identify the cl~y minerals. I 
Unless /<itherwise 

/ 
Stated, the word clay is used to deserihe detr .ft al and 

/ 
..-/ 

/ 
/ 

diagenetic minerals less than two microns io/ size. Illite is 
/ used for · clay size minerals belonging to ~he mica . group (Grim 

' / 

/ 
Brown, 1955; - Yoder and/ Eugster, 1955; 

/ ;/_ 

In some cases, arlneral identification was 

/ 
/ 

/ 

e t al., 1937; Hower 

a nd Mowatt, 1966). 

- - -- -·-----._-.. -:._ .......... _-. ------~----·-· · --- -·~ -
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aided by electron microprob,e an~lyses using ·a JEOL JXA-50A 

, electron pr~be microanalyser ~ith Krisel Control, Jnterfaced 

to a PDP-1) microcomputer. \ 
' / 

3.1 X-ray diffractometry 

X-ray diffraction"analyses assisted in the 

ide~tiflcation .of the clay minerals, and in estimating the 

relative · percentages of kaolinite, chlorite, illite, a~d 

montmorillonit~. The analyses were carried out in' three 

stages. 

(1) Separation of the < 2 p fraction from each c ore 

sample; removal ' of amorphous iron (Mehra and· Jackson, 1960) ; _ 

and· mounting Qf three, .02 gm: oriented clay aliquots from 

each sample ont~ glass slides. One aliq~ot was spi~~d with a 

talc internal lttandard; the second was treated W.ith a.cid ·to 
./ 

.::: 

remove the chlorite diffraction peaks th~t overlap the 

kaolinite peaks, and then spi~ed with talc1 the,third was 

• expanded with e~hylen~ glycol vapours. Montmorillonite •nd 

montmorillonite-bearing aixed-layer clays undergo a p_eak 

s h i f t t o ~ owe r 2 9 a o g 1 e s a f t e r e x p o a u r e t o e t h y 1 en e g 1 y co 1 • ........-· 

Flocculation of th~ clay suspension using magnesium c~loride 

resulted in magnesium-satur~ted- aa'mple,. 

was selectively (2) Each Mg-sa~urated. a'riented ~1\_uo~ 
\ . 

scanned using a Philips X-ray diffractometer ~ith . a graphite 

monochromator and ~he !ollo~lng operating conditions: Cu ~ 

radiation, 40 kv, 20 ma, 1/4.29 per 11inute goniometer rate, 1 

' ' 
' \ ' 

, 
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em per minute ~hart speed, rate meter of 2000 cps, time 

I . / . 
constant of 4, !•divergent slit, 1 receiving slit. Teletapes 

~ecording total coun~s for each 10 second increment were 

simultaneously made. 

(3) Teletype ~ata was entered into a HP984SB desk~op 

biagrams of relati~~ clay percentages and of 

~epresentative diffractograms of the mi~erals typically found 

" in the clay fractio~ were produced for eac~ drill hole and 

formation respectively. The i dent i f i c a t 1 o.n o·f . t he 

diffractogram peaks is based on mineral X-ray powder data 

'presented in Bayliss et al. (1980), Brindley and Brown 

(1980), Carroll (19.70), and standard mineral diffractograms 

belonging to the Department of Earth Scie~ces at Memorial 

University. 

'-· 
R•searchers have found that the methods of clay mineral 

quantification are in fact only semi-quantitativ~ estimates, 

and that, even----when the analytical' techniques are ~onsistent' 

and carried out ~it~ ~s muc~ precision as possible~ the 

results may only be accurate to± ten percent of the amount 

. ' .. 
prese;o,.t (Johns et al., 1954; . Pierce·and -Siegel, 1969; 

l .... 

Carroll, 1970). Errors in measuring· the relati.,ve abundance 

37 



, 
of clay minerals may -be due to different mounting techniques 

(Gibbs, 1968), different~ ~ample,weights (Stokke and Carson, 

1973; Kodama et . alj.,<',::l977),- or different mineral mass 
.. -~~, .. _r~·,r -·~ ~ 

absorption coefficients (Carroll, 1970). . . . Problems also arise 

when choosing the particular method for determining the 

relative amounts of clay minerals, particulRrly when attempts 

are made to compare data which have used disimilar methods 

(Pierce and Siegel, 1969; Kodama et al., 1977). For 

38 

example, Biecaye (l965) questioned the validity of the peak \__ 

height method. Scafe and Kunze (1971) on ~he other hand 

found that, for their purposes, ·the peak height method gave 

bet~results than the peak area method. A third view was 

taken by Harlan (1966, cited in Scafe and Kunze, 1971) who 

suggested that both methods supply comparable results. 

Pierce and Siegel (1969) sfate-~ that "It must be noted that 

although calculation methods differ and glve~ignificantly 

different results if used with the same diffractograms, each 

method is internally consistent 'tor ·a given study and can 
~. 

glve results that suggest meaningful geologic trendsM. This 

is perhaps the safest and most realistlc statement o~ clay 

·mineral quantification methods. 

3.1.6 Scanning electron m'croscopy 

The inspection of small pieces of sandstone using 

scanning elelctron microscopy (S~M) permitted ~he 
I' . --. ... __../ 

morphological identification of v~rious minerals, and also 

allowed iome of thei~ physical interrelationships to be 

.~ 
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determined. Small fragments- of sands tone containing both 

framework grains and pore material \Were mounted on aluminum 

stubs with silver paint and·then gold coated in an Edwards 

Sl50A splutter coater. The specimens were then viewed in a 

CambridgeStereoscan Mark 2A scanning electron microscope. . r::,. ... 
operating at 5 or 10 kv and various apert,ure settings. • .. · 

Records of any interesting features were made on Polaroid 

Type 6&5 film. 

3.1.7 Cathodoluminescence 

· A few thin sections from the four formations iiere 

examined under cathodoluminescence so that petrographic 

features not seen by conventional microscopy or SEM could be 
\ 

revealed. A Nuclide luUJinoscope was linked to a Wild M400 

Photomat microphotometry .System. Uncovered. unstained thin 

sec.-t;ions ·were illuminated by a 60 ma electron beam achieved · 

by using a vacuum of 50 millitorr and a voltage of 

- approximately 12 kv. Photomicrographs were taken using Kodak 

ASA 1000 film; exposure tlm~s were between one half and ten 

minutes. Detrital feldspars and earbonate cement were the 

most f luorettcent minerals~ The only new infor!Dation revealed 

by cathodoluminescence.pertained to carbon~te cements. 

3.2 North Brook Forma<~'· 

3.2.1 Introduction 
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Two representiJ.tive drill holes · were.selected from · the· 

North !)rook Formation; 79A-007 (abbr. A7) and 798-003 

(abbr. 83) • The location of each d.rill hole . \ . . is shown in 

Figure 2.3, p • 1 7 • 0 ri g i n a ~ \ y A 7 w a.s d r i 11 e .d to locate the 

Carbonif~rous-basement unconformity, which it failed to 

reach; B3 was drilled to sample the North Brook Formation 

stratigraphy. Drill hole A7 has · also been s•ampl~d for 

paleomagnetic studies (Irving and Strong, in press). 

3.2.2 Drill hole 79A-007 (A7) 
. ~\ 

Stratigraphy 

This drilf core is c o m p r 1 s e d o f '1 n t e r 1 a y e r e d 

·conglomerates, sandstones, siltstones, and mudstones. with 

sandstones being the do~lnant lithology (Fig. 3. 1). 

'F~ning-u
4

pward conglomerate to siltstone fluvial sequences, up 

to 15 m thick, are present. In Figure 3.2, c·onglomeratea 

t e n d t o be p al e r f! d o r 1 i g h t g r a y • · s a.n d s t one s a r e 

pred'!minantly red, and siltstones and mudstones are more 

friable and a deeper brownish-red . colour. The red 

colouration and llght gray to green bands and spots are 

diagenetic redox features. 

Conglomerates are dominated by lithologically il!lmature, 

pebble-size framework c•lasts. derived from plutonic. 

me.tam.orphic and carbonate sedimentary sources • and supported 

by a calcareous granul_~.:- t:o sand-size aatrix. ,., Very coarse to 

very fine grained sandstone units are crudely 
,.. 
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' 

( 

I 

I 

cross-s£ratifJed and display sharp or gradational ~ontacts 

with t~e conglomerate and siltstone-mudstone _layers. 

Siltstones and mudstones are poorly preservec,l, but do -exibit 

some laminations,. _Both the fine grained sediments and 
\ 

sandstones contain calcareous nodules. 

Petrography 

, 
The arkosic sandstones have a relatively uriiform ..... 

mineralogy (Figs •. 3.1 and 3.4 and AppendLx I). The dominant 

detrital minerals, in order of abundance, are as follows: 

feldspars (plagioclase • orthoclase ) mlcrocline. > 

p e r ~ h.i t e s ) , q u a r t z ( m o n o c r y 8 £ a lli n e > p o 1 y c r y 8 t a 1 11 n e ) , r o-c k 

fragments (plutonic >metamorphic > ·sedimentary • volcanic), 

with mi 'no~r amounts .of muscovite, biotite, chlorite, 

magnetite, and epidote. The detrital minerals are generally 

well sorted, subangular to subrounded grains, bound together 

by lliinor amounts of diagenetic clay, carbonate_ and he_matite 

cements. The diagenetic mineral assemblage consists of 

calc·ite, hemAtite, kaolinite, chlorite, illite, 

montmorillonite,- and lesser amounts of mixed-layer 

i ·llite-montmorillonite, pyrite, quartz overgrowths, and 

limonite· . 

.., 
j 

Plagioclase and mlcrocline have been generally Bltered 

more - than orthoclase, s.o that they now exibit extensive 

dl'ssolution features and, 1lltt1zation · (Fig. 3. 3) • Felda par 

in rof:k f'ragments, especially in granitoid fragm·ents, may 

show progressive diuolution and illithation as well. 

··__,- ··-· 
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, Figure 3.2. Representative drill core from hole A7 
(61.5-87.2 m). The transition from dark brownish-red t9 
light gray follows i change in grain size £rom silt to 
conglomerate respectively. 

Figure 3.3. Illitized feldspar grain partly masked by 
late-stage hematite cement. Bar scale 0.25 mm. 
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Detrital mica grains are mechanically bent around larger 

s 111 cat e g r a 1 n s , w 1 t h b 1 o tit e o ~ t ~ n pe in g he a v 11 y oxidized~ 
~ . 

and chloriti~ed, parti~ularly along cleavage planes. 

Monocrystalline and polycrystalli.ne quartz grains exhibit 

both straight and undulose extinction. Quartz overgrowths 

are suggested by ~ague oxidized dust rims within quart~ 

crystals. I 

The large amounts of illi.te (F'igs. 3.1 and 3.i) are a 

combination of both clay-sized detrital mica grains and 

diage~etic illite~ R~cognitirin of diagenetic illite is based 

on the criteria of Wilson and · Pittman (1977). The main 

criteria are (and this applies - to diag~netic ~lllte in the 

other d~ill holes as well): (1) th·e illi r { is. seen at all 

stages of gro~th, partly repla cing feldspars; (2) some 

crystals bridge grain·s nes.r points of grain contact (Fig. 

3.6); · (3 ) detr~tal micas are generally larger and show signs 

of alterat{~n (oxidati~n. chlorit~ z ation, bending, and frayed 

or corroded grain edges). Illite crystallinity measurements 

(chapter five, section 5.3.4) also suggest the presence of 
.,( 

detrital and dia_Jgenetic micas. The only mixed-layer clay 

mineral identified in the diffractograms f~r this drill hole 

is a mixed-layer illit~-~on~iorillonite mineral. 

Diffractogram inspection indicat~s that 

ill1te-~ontmor1llonite is only present in a Jew of the 

sandstone samples. Vety few grains of detrital chlorite w~re 

observed in thin section. 

\ 
.I 

46 



45 

NORTH BROOK· FM. 0 
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• 798-003 
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Figure 3.4 QRF classification diagram for sandstone samples from 

the North Brook Formation drill holes 79A-007 and 79B-003. 
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Figure J.6. Laths. of diagenetic illite have g,·t'own 
across detrital grain boundaries prior to a late stage of 
hematite cementation. Bar scale 0.25 mm. 

Figure 3.7. Late-stage hematite cement (opaque) 
c orrodes and impregnat e s detrital grains and yartly fills 
pore sp~ c e (blue) . Bar ~cale 0.25 mm. 

\ 

. I 

\. 
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,, 

.__ so ... -
Calcite cement partly masks earlier matrix ~aterial and · 

appears to change from coarser to finely c rystalline cement .. -
with a decrease 1n detrital grain size. Late-stage h~matite 

cement penetrates. and rims all previously deposited or 

developei minerals and pore space, including the calcite 

cement (Figs. 3.6 and 3.7). Minor limonite is also 

developed on opaque minerals • 

The total porosity rang~s from 5-7 %, with most of it 

being effective porosity (Fig. 3.1). · Dissolution has 

created enlarged in~ergranular and intragranular secondary 

porosity. No stro.ng correlations c an be, made between 

porosity. lithologt and mineralogy. However, in the u pper 

20 m of the diill hole, total porosity varies inversely with 

the relative amount of kaolinite. 

, r 

, 
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3.~.3 Drill hole 79B-003 (B3) 

Stratigraphy 

With the exception of the top and bottom 40 m, wh~ch are 

dominated by sandstones, this drill hole is comprised of 

subequal amounts of interlayered gray t o pale red 

conglomerates, and light gray to brownish-red sandstones, 

with minor thin layers of brownish-red siltstone ~nd mudstone 

(Figs. 3.8 and 3.9). 

The conglomerate contains poorly to we ll sort e d~ 

- . 
subrounded, granitic, felsic volcanic, schistose carbonate, 

quartz, and chert pebbles, with~~· an arkosic sandstone 

ma t:rix. The.submature to mature. very coarse to fi.e grained 

sandstones are arkosic in composition (Fig. 3 . 4), and 

contain variable amounts of hema~ite and carbonate ceme n ts 

(a~ do~s the conglomerate mat~ix). Redox fronts sometimes 
... ( :':;J . 

follow cross-bed foresets devel6ped in the sandstones. · The 

sandstone units are usually in gradational contact with the 

fi n er and coarser grained sediments. Siltstones and 

mudston~s are us~ally poorly indurated, less calcareous and 

mica c eous, and contain a f~w mud chips and calcareous 

nodules. 

Petrography 
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-. 

,. 
Figure 3.9. Repce::;enta t ive drill core from hole B3 

(76.5-94.1 m). Note the friable nature of the brownish-red 
siltstones and mudstones and the unoxidized gray spot s in t h e 
coherant sandstones. 

Figur e 3.10. Partial dissolution of a plagioclase 
grain. Arrows indicate original grain boundaries. Blue 
epoxy fills voids. Bar scale 0.25 mm. 

' I 
' 
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-~ Drill hole 83 has identical detrital and diagenetic 

mineral assemblages to drill hole~A7 (Fig. .. 
3.8 and Appendix 

l), Relative mineral abundances, their interrelationships • 

and the textural maturity of the · sandstones are very similar 

to A7 as well, excep,t that B3'is generally less oxidized and 

micaceous, and contains 111ore kaolinite and mixe4-layer 

1111 t e -mont mo r i 11 on it e. 

Detrital quartz and feldspa~ are again corroded. 

M_icrocline and pl.agioclase in particular have undergone 

extensive dissolution, . faciiitating the development of 

secondary intra'gran.ular _porosity (Figs. 3.10) • . Plagioclase 

was locally partly replaced by caleite rhomba (Fig. 3.11). 

· E u he d r a 1 q u a r t 2: o v e r g r o vt h s on d e t r 1 t a 1 s l1 i c a t e g r a i n s 

(commonly quartz) are visible outside oxidized dust rias, and 

appear in SEM photog.;raphs to predate montmorillonite and 

calcite (Fig. 3.12). Intergranular kaolinite booklets 

• clearly display 4 vermiform · morphology (Fig. 3.13). 

All t~e corrosive c_alcite cements appeared coarsely 

cryst~lline and twinned · (Fig. 3.14). Cathodoluminescence 

reveals the · presence of two zoned generations of calcite · 

cementation (Figs. 3.15 ~nd 3.16). '!'he calcite ceaents 

display a dark brown and a bright ·.reddish-orange fluorescence 

~our. The darker colour . ia developed in · the. coarsely 

crystalt-ine poikilotopic cement, which is typically located 

in the centre of the ~nteretitial spacE!. The more brightly 

coloured calcite cemen.t is locally zoned and occurs- around 

,the margins of the coars.ely crys~alline calcite and in 

~ ·-- .. --.......--~~---~··· 
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Figure 3.11. Calcite rhombs (ar;rows) have grown into 
s•all, interconnected dissolution pores (blue) within a 
plagioclase g~ain. Bar scale 0.05 mm. 

Figure 3.12. SEM photo of quartz overgrowths (Q) .which 
appear to predate '~tornflake' montmorillonite (M) (c .• f., 
Sachdev, 1980, p.l{J5). Bar scale 10 Jl• 
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Figure 3.13. SEM photo of tightly bunched interstitia l 
vermicular kaolinite (c.f·1 Keller .• 1978, p.7) . Bar scale 10 
)1· 

Figure 3.14. Twinned "calcite ceme~t (Cc) has partly 
corroded detrital grains .(G). Bar scale O.ZS am . 
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Figure 3.15. First (1) and second (2) generation zoned 
cal~ite cement revealed by cathodoluminescence. Bar s c ale 
0. 2 5 mm. 

Figure 3.16. Cathodoluminescen c e reveals da~k . btown 
calcite (1) cut by mi c rdfractures containing a second 
gener~tion of reddish-orang~ c a lcite (2). Bar ~c~le 0.25 mm. 
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microfractures developed within the coarser calcite., Both 

phases of calcite are twinned. The sharp contrast in 

fluorescence colour, and the revelation of calcite-filled 

microfractures within the coarse'ly crystalline calcite, 

suggest that ther~ were two consecutive s~ages of calcite 
j 

cementation, an iron-rich stage (dark ~rown) followed by an 

iron-poor stage (reddish-or~nge). The most reasonable 

tentative eq»lsnation for the colour difference is the 

quenching of activator ions {u~ually ~!valent manganese) by 

trivalent iron in the darker, coarsely crystallin~ calcite 

(Sippel and Glover, 1965). Hematite cement cuts into and 

rims both detrital grains and calcite cement, and heavily 

ox~diz~s any ferro-silicate minerals. 

iotal porosity occupies 9-19 % of t~e total rock volume; 

w~ere measured, moat of the porosity again appears to be 

effective (Fig. 3.8) ~ Much of the porosity appears to be 

due to extensive feldspar dissolution prior to carbonate 

ceaentation. '\ 

3.3 Rocky Brook Formation 

3.3.1 Introduction 

The two r~presentative Rocky Brook Formation drill 

holes, 79A-003 (abbr. A3) and 79A~005 (abbr~ A5), were 

choaen p~imazily because th~y were the least wea~hered and 

•because they sampl~d - the. Spil)way Meaber (A3) and the Squl~es 

Park Member (A5) of the Rocky Brook Foraatlon. A3 also 

~enetratea red siltstones froa the upper part of the North 
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Brook Formation. Figure 2~3 (p~ 17) shows the . lo"cation of 

these drill holes along the relatively undisturbed west side 

of the Deer Lake subbasin. Apart from the plethora of 

·alloche•t~al carbonate rocks (Hyde, 1979b; Hyde and Ware, 

1980, 1981), all important Rocky Brook Formation lithologies 

were sample.d. 

Du~ to the fine grained nature of these aedime~ts. their 

modal composition. ternary classification plot, and point 

count results (Appendix I) use clay, silt, and carbonate as 

the main components. Fvrthermore, due to the lack of 

sand-size grains and the abtindance of carbonates in the Rocky · 

Brook Formation, carbonate is su~stitut~d for sand in 

Picard's (1971) clasaifi~ation f6r fine grained sediments 

(Fig. 3.18), and Folk 1 a (1962) classification foi carbonate 

rocks is adopted when there is a dominant carbonate 

component. 

3.3.2 Drill hole 79A-003 (AJ) 

Stra.tigraphy 

The ~ajo~ity ~£ the A3 drill core (Fig. 3.17) is 

compr~sed of int~rlayered and laminated gray, .. : 
green. and 

brow<fnudstones anji clayatones, . \and var1ous micritic. 

carbonate rocks from the lower Spillway Meabef. Those 

examined in thin $ectlon and plo~ted in F~gure 3.18 were' 

classified as c~lcareous claystones, clayey and silty 

/ 

.-

mudstones. and an intra~icrudite. White. and lese commonly 
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A 79A-003 (A North Brook fm.) 
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CLAY 
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SILT 
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Figure 3.18 Carbona te - silt-clay classification diagram for the 
fine grained sediment sampl es from the Rocky Brook 
Formation drill holes 79A-003 a nd 79A-005 . ... 
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Figure 3.19. Representative drill core from hole AJ 
(48.7-73.1 m). Note the fiss111ty of the interlayered 
mudstones, claystones, and carbonates. 

( 

Figure 3.20 •. Late-stage coarsely crystalline calcite ~· · '- . 
cement within an intra~icrudlte. Note the•small "analcime· 
c r y s .t e1 ls ( a r r ow s ) an d t he c o r r o s i o n · o f s om e o f t h e ~ y s t a 1 s 
by caictte. Bar scale 0.2~ mm. 

; 
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purple, calcite stockwork is found throughout the A3 drill 

core, as are calcareous nodules and rhizoliths. Figure 3.19 

shows a representative drill core section of the shaly, 

varicoloured lacustrine sediments from dr 111 hole A3. 

Toward the bottom of the hole, there is a gradational ' 

contact between reddish-b_rown .mudston~s of" th~ Rocky Brook 

Formation and red and b"rown siltstones of the North Brook 

Formation. Company drill core logs show the co_ntact between 

the .two formations was placed at the top of the sandstone 

beds. seen in Figure 3_.17. On the suggestion of Dr. R, Hyde 
.• i ' 

(pers. coam •. 1983), the conformable contact has been placed 

higher up in the drill hole at the top of a red and brown 

silty sequence. 

Gallma-ray drill-hole logging by Westfield Minerals 

revealed thin anomalous uraniferous .horizons in dark. 

mudstones and carbonates · (see chapter four section 4.2.2) • 

• 

68 

Petrography ~ 

Thi-n section inspection (Fig. 3.17 and Appendix I) and 

X-ray diffractometry (Fig. 3.23) reveal that the tva main -, 
groups of minerals in the core samples are carbonatee and 

clays • The res.t of the samples contain variable aaounts of . 
silt size clasts, "anal.cime", pyrite and organic Ja'"aterial. 

These coaponents are usually homogeneously diatribu~ed, but 

silt- and carbonate-rich patches, or contorted laainae, ar,e \ 
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Figure 3.21. A mJcrofracture filled with late coarse 
calcite ·· is ~;ross-cui: by later 'ope.n' microfracture porosity. 
Note the oxidized margins of the 'open' m1crofracture. Bar 
scale 0. 25 mm. 

Figure 3.22. Cross-section of a rhizolith showing t)lree 
concentric zjnes (numbered): (1) outer h.e aatized silty 
calcite env~lope; (2) clay- and organic-rich ring; (3) 
inner coarsely crystalline calcite-"analcime· (arrow) core. 
Bar scale 0.5 mm. 
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Fine to medium cryst~lline calcite and dolomite are the 

.two carbbnate minerals. In plices, dolomite c~yst~ls appear 

s~ightly larger than the crystalline calcite. No dissolution 

or replacement features were apparent between the two. A 

later stage of calctie p~ecipitation is also present as 

me~ium %o coarsely crystalline irregular patches ~nd 

microfracture fillings (~lgs. 3.20 arid 3.21). , The euhedral 

crystal form, 
1
clear' nature of the patches of ~alcite 

crystals. their con.nection to calcite~fllled .mi~rofractures, 

i and an occasional decrease in crystal size avay r from the 

centre of the patches suggest that the medium to c~arsely 

crystalline patches of calcite are solution-cavity filling~ 

(Folk, 1965) rather than being neomorphic in origin. 

Cathodoluminescence did not reveal any zoning of the calcite. 

In places, the calcite-filled microfracturea are cross-cut by 

'open' microfractures with hematized margins (Fig. 3. 21). 

Clay minerals occur in three settings: (1) as clay-rich 

laminae; (2) as diffuse, connected and unconnected clots; 

and (3) as lntraclasts · and peloids. Figures 3.17 and . 3.23 

show that illite, chlorite, and montmorillonite are the major 

clay minerals. ~nd that kaolinite ia absent, or only present 

within the coarser North Brook Formation sediments. 1~e 

visual identification of detrital mica and the presence of 

clay-rich intracla1ta and peluida, SUJ&eats that aome o~ the 

clay-•ize mineral• are detrital. 
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The silt component Is made up of quartz\ plagioclase, . 

orthoclase, microcline and muscovite grains. The 'silt grains 

are usually rounded to subrounded, and . are heavily rimmed by. 

hematite cement. This is particular~y so in the calcareous 

siltstones at the top of the North Brook Formation. · 

Silt-size dark brown to opaque organic material occurs as 

dispersed rod-shaped or equant grains. Di&genetic pyrite 

occurs as both euhedral crystals and small crystal 

aggregate.s. 

"Analcime" ~ was identified in thin section and by X-tay 

diffraction (Fig. 3.23), by characterf,tlc peak positions 

and by its absence, in the acid-treated clay samples. 

Microscopic examination.found the / 

"analcime• developed in the' 

coarsely crystalline cores of rhizoliths, an~ in the medium 

to coarsely crystalline patch.es of calcite. In both cases, 

the crystals are hexagonal and weakly anisotropic. The 

crystals typically occur singly; they are engulfed in. agd . 

locally corrode<f, by. the calcite, or form border ph&!leS both 

in the rhizoli th .corea (Figs. 3.22 and 3.24) ~nd in the 

coarsely ~rystalline patches ; In both situations the 

"analcime" has retained aoat of ita euhedral natur~. These 

relationships suggest formation before the coarsely 

crystalline calcite. The crystals are referred to as 

·analcia·e ... .; ~· they p-roduCe X-ray diffraction peak.a very 

similar to ~nalctae (Fig. 3.23) which characteriatlcally 

dlaappear. froa d.lffraetosr•.•• upon acid treataent- (Brindley 

aad lrovo. l980). 
'! \ 

I 

The petroa~ap~lc properties of these 
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Figure 3,24. Zane~ 2 and 3 (numbered) of the same 
rbizolith cross-section. Bar scale 0.25 mm. 

Figure 3.25. Late mesovug porosity (blue) developed in 
a calcareous claystone. Opaques are both organic matter ana 
authigenic pyrite. Bar scale 6.25 mm. 
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crystals are 'also very slm1J,.ar to analcime (Deer et al., 

1966; Dr. s. Papezik, pe~s. comm. 1983; Dr. R. Hay, 

pers. ·comm. 1984). Microprobe analyses of a few ·analcime" 

crystals are tabulated in Appendix II. The anal1ses are 

anomalous (but consistent), in . thi~ they di~play a 

composition between analcime and - albite. · Unfortunately no 

mineral has been found which satisfies the X-ray, 

petrographic and microprobe results, therefore the mineral is 

referred to as ·analcime·. 

In thin section the rhizoliths display partial 

replacement of, and cementation within, what appears to be a 

cross-se~tlon through a plant root. They look very similar 

to the rhizoliths. defined and described by Kl~ppa (1980). A 

complete cross-section of one of the Rocky Brook Formation 

rhizoliths shows three mal~, crudely concentric zones (Figs. 

3.22 and 3.24): (1) an outer envelope of hematized, 

micrite-cemented silt grains; {2) an organic-rich ring, in 

places very finely laminated,, tha.t aay represent the ~r1g1nal 

epithelial root walls; and (3) an inner core of coarsely 

crystalline ·analcime" and c•lcite. "Analcime· and the 

micritic zone 1 calcite appear to have crystallized before 

the coarsely crystalline zone 3 calcite. ~he core minerals 

have irregular o u ter cry1tal boundaries and long euhedral 

interior boundaries. 



~- A claystone sample from drill hole A3 contains a 

rhizolith, approximately 3 em in diameter, exhibiting 

concentric calcite laminae around a coarser core. Ado:jacent 
\ 

claystoni laminae ·draped over the rhlzolith. This is simil~r 

to the type 1 con~r~tione of Raiswell (1971), which suggest 

an early prelithification growth of the rhizoliths. ~he 

outer calcite-rich envelope may develop due to the release of 

HCO~ iona or organic acids from living or decaying organic 

m a t t t! r ~ t he c om b i n a t 1 o n o f t h e H Co; i on s w i t h c a 1 c 1 u m , an d t he 

subsequent precipitation of calcite (Johnson, 1967; Gray and 

Williams, 1971). Theoretically, further decay of internal 

organic material could increase the a~kalinity of the 

microenvironment (Klappa, 1980), thus possibly encouraging 

the precipitation of~·anslcime~ in the core zone. 

Three types of porosity can be identified in these 

sed 1 men t s: microintercrystal and mesovug porosity (Fig. 

3.·25) (Choquette and Pray, 1970), and microfracture porosity 

(Fig. 3.21). Figure 3.17 indicates an increase in effective 

porosity in the sili- and sand-rich lithologies. The total 

porosity measurements that could be aade were not recorded, 

as they often sh~wed values below the effectife porosity 

meaeurementa, and th@refore were not considered reliable. 

One reason for this ma1 be the inability to easily detect 

alcroporosit:y in" thin section. 

3.3.3 Drill hole 79A-005 (A5) 
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Stratigraphy .. 

Drill hole· A5, sampled only the upper Squire"s Park Membe.r 

of the Rocky Brook Formation. The lithologies_are unifor~ly 

fiqe grained, with a paucity of sand-size material (F1g. 

3.26). Weathering and the fisslllty of the fine grained 
i 

sediments, made ~ t impossible to study some sections of the 

drill core in det;at.l. 
; 

Drill co~e inspection and thin-section 

p o 1 n t c o u n t in g ( P'i g • 3.18 and Appendix I), showed that the 

main lithologies are interlayered, massive to laminated, 
I 

calcareous to sil~y claystones and micritic limestones. The ., 
sediments range from dark gray, to dark greenish- and 

brownish-gray · in colour; unlike drill hole A3, there is a 

i ' 
definite lack of red strata (Fig. 3.27). 

Mottled, oubro~nded nodules and rhizolitho, and pyrite 

crystals can easily \be seen in hand sample. Calcite 

stockwork i~ also de~eloped but not to the extent seen ' in 

drill hole A3. A fe~ dark shaly samples ~rodu~ed a slight 

oily od~ur when rubb,d, and also gave a brown streak. These 
! 

features are charact~ristic of oil shale samples found in 

i ·-
outcrop (Dr. R. Hyde, pers. coma. 1982). Company gamma 

i 

ray logs and el~dge Jseaya indicate alight uranltim anomalies 
I 

from 4ark calcareous claystones and mud~ton~s. 

Petrdgraphy 

-----.. ·- --- -··· . 
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Figure 3.27. Representative drill core from hole A5 
(51.3-74.8 m). Note the lack of red strata, 

• ' . 

Figure 3.28. Opaque pyrite. crystal aggregates seem to 
have encroached on neighbouring minerals and pore space 
(blue) within a calcareous claystone. 'Bar scale 0.25 mm. 

· .. 

() 

/ ' 
( · 
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In thin section there i s a fairly uniform distribut i 'on 

of c 1 a y and carbon ate m 1 n era 1 s , w 1 t h 1 e sa e r , varia b 1 e amount a 

of silt-size quartz, feldspar, and mica grains, pyrite, and 

organic material (Fig. 3. 26 and Appendix I). A few 

"analcime" crystals were seen in patches of coarsely 

crystalline calcite; the calcite had partly corroded and 

engulfed the -analcime". X-ray diffractograms show that 

"an a 1 c i me " i s present i n m o s t s a a p 1 e s . 

Clay minerals appear as either evenly distributed dark 

material, locally disrupted by late-stage calcite-filled 

microfractures, or as irregularly shaped clots mixed with, 

and separated by, carbonate minerals. X-ray analyses show 

t h a t the r e are sub e qua 1 amount s of illite and 

montmorillonite, less chlorite and negllgable amounts of 

kaolinite. 

Calcite and dolomite are present as fine- to medium-size 

crystals intermixed with the clay minerals; calcite is also 

found in a few coarsely crystalline patches and ramifying 

microfractures. This distribution of carbonate minerals is 

therefore ess e ntially t:he sa me as that found in the samples 
I 

from drill hole A3. As in drill hole A3, the calcite-filled 

microfracturea are in turn cross-cut by 'open' 

micro f r a c t u ·r e s. 

Silt-sized, subrounded to subangular grains of quartz, 

potassic feldspars, micas, and organic material are dispersed 

or form thin arkosic laminae. Diagenetic euhedral to 
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subhedral pyrite crystals or crystal aggregates have 

encroached on. ~eighbourlng minerals (Fig. 3.28). Pyrite, in .. 
minor- amounts, is also associated with calcite in the 

late- s tag e m i .e r o fractures ( Fig • 3.29). 

Barite, chalcedony and chert have also been found wit h in 

the 4 Squires Park. Memb-er. The barite was found in a claystone . 

sample from Sir Richard Squires Memorial Park. Fractures in 

the calcareous claystone sample were llned with purple 

calcite (possible reflecting contamina~ion by the claystone 

h·ost rock). followed by white calcite <l..!)!__:_~~n white barite 

toward the centre of the fracture, where . some void space was 

preserved. Both calcite and barite were identified by X-ray 

diffraction smear mounts. Hyde and Ware (1981) describe 

t h e s e f r a c t u r e 8 a 8 s h.r i n k a g e c r a c k. s • Even though not found 

in any drill hole samples. dLscussions with Dr. R. Hyde a n d 

inspection of surface samples supplied by him, reveal that 

chalcedony and chert can also be found within the Squires 

Park Member. T h t n s e c t i o n s s h o \1 e d t h a t c he r t u s u.a 1 1 y r i m m e d 

the length-fast chalcedony, · Yhich appeared· to ·· be a If\ 

·pore-closing phase. The chalcedony and c hert Yere cut by th ~ 

late -stage, coarsely crystalline calc ite- and dolomite- f illed 

microfractures. 

Microinte r particle, mesovug, and mlcrofracJ:ure porosity 

are aga.i n ev .\, dent. Effective porosity mea s u''rements indicate 

a slight i ncrease ~n porosity with lnc.reased amounts of silt 

(Fig. 3.26). 
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Figure 3.29. 
filling late-stage 

Opaque pyrite and calcite cement (Cc) 
microfractures. Bar scale 0.25 mm. 

., 
' . -

Figure 
(14-37 m). 

3.30. Represent~tive drill core from hole 79-69 · 
Note the brownish-red friable siltstones compared 

to the coherent coarser sediments. 
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3.4 Humber Falls Formation 

3.4.1 Introduction 

d 

~hree drill holes wete sampled and studied from the two 

large bodies of the Humber Falls Formation: DDH 79-69 (abbr • 

79-.69), DOH 79-29 (abbr. 79-29) and DDH 80-70 (abbr. 

80-70) • . Th~ir exact locations are shown in Figure 2.3 

(p. 17); The discovery of uranium-rich boulders in the 

northern body of the. formation led. to a concentrated drilling 

program there. Two drill holes from this area were sampled 
I 

primarily to see if petrographic similarities .existed between 

the sediments of the H~mber Falls Formation and the 

mineralized sandstone boulders, and to see if signs of 

mineralization could be seen in subsurface. Drill holes 

7~-29 and 80-70 were also chosen because they· penetrated the 

Humber Falls Formation - Rocky Brook Formation unconformity. 

Further data on these drill. holes, not included in this 

chapter, inc~ude modal point-count percentages (Appendix[), 

and coal maceral reflectograms for co~ly mat~rial found in 

holes 80-70 and 79-29, and for similar coaly material 

collected from surface trenches in the area by Dr. D. F • 

Strong (chapter four, section 4.3). 

3.4.2 Drill hole DDH 79-69 (79-69) 

Stratigraphy 

Rn 

• 



.:· 

, 
Drill hole 79-69 (Fig. 3.30) consists of 1~terlayered-

gra~elly sandston~s, aa~dstones, siltstones _aod mudstones. 

and a single nine-metre-thick co~glomerate unit. The top 

half of the drill ~ole is dominated by sandstones and the 

tonglo~erate unit, while the bottom half' is do11inated by the 

flnef irained sediments (Yig. 3.31). 

The conglomerate and gravelly patches within the 

sandstones consist of subrounded to rounded, granule- to 

pebble-size clasts An an arkosic ~andstone matrix. Granitoid 

plutonic, felsic volcanic, and chert rock fragments form the 

gravel component. with the granitoid clasts being the largest 

and most abundant. The sandstones are generally s~bmature to 

immature, medium to coarse grained arkoses (Fig. 3.32). 

They are light gray to pale red in colour. ·Large · flakes of 

detrital white mica, an.d larg-e crystals of authigeni-c 

kaolinite. can easily be seen in drill ~ore. Some 

cross-stratification and mud rip-ups a're also present. 

Arkosic si~tones and mudstones are 

depending a\ the state of oxidation, 

also mi.caceous and, 

they are red to g~ay in 

colour. Calcareous . nodules are sometimes developed in these 

fine~ grained aedimeftts. 

Petrography 

The distribution of the minerals .and mineral groups in 

the drill hole sediments are sfiown in Figure 1.31. Detrital 

feldspars, quart~ and rock -fragments comprise . the largest _, 
1 • <~ v o 1 u me o f m a t e r 1 a 1 1 n t h e s e · s e d i me n ~'";\ w i t h f e 1 d s p a r be 1 n g 

--') 

\.. . 
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moat abundant (Fig. 3. 3 2). Clay cement, and lesser amounts 

of calc,.Lte and hematite .cement, comprise t"he bulk of the 

intergranular material. Secondary porosi~y, developed from 

two stages of mineral dissolution, accounts . for the rema~ning 

volume of rock. 

O~iginal subrounded to subangulpr clasts of feldspars, 

quartz and rock fragments haye been extensively altered by 
' 

dia&enetic mineral development, and secondary dlsso~ution . 

Monocrystabline and polycrystalline quartz grains with 
"J. 

straig~t and undulose extinction l~cal l y exhibit quartz 

overgrowths delineated by oxidized dust rims. 

Fig~~e 3.33 La a composite, representative 
,--

diffra c togram, whieh shows th~ typical clay-fraction miner•l 

assemblages from the Humber Falls Formation drill holes. The 

clay mineral~ ar~ predominantly authigenic kaolinite and both 

detrital and diag.enetic illite fFig. 3.31). The presence of 

diageneti c illite is sugg~sted by illite crystallinity 

mea·surements (chapter five-;· aectlon S.3.4) . J!ighly 

b i refringent, 1 
interst1~1al, fibrous material which is 

colourless in plane light (Fig. 

illite. Montmorillonite and mixed-layer 

illite-montmorl~)onite are also minor constituent& tn both 

sandstone and finer grained samples • 

..!....!!. situ dissoluti·on of det/rital quartz and feldspar 

grains probably COQtributed the elements necessary to develop 

diagenetic kaolinite and possibly Oth~r diagenetic minerale, 
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before an influx of coarsely crystalline calcite cement 

corroded the clay minerals and-grain edges and locally 

fractu~ed and infilled the detrital grain~ (Figs. 3.35 and 

~ 3.36). 

It appears that diagenesis proceeded in the following 

order: (1) early develo~ment of secondary porosity from 

silicate grain dissolution, (2) diagenetic growth of 

kaolinite, illite, chlorite, and lesser amounts of 

montmor~lloniie and mixed-layer Illite-montmorillonite, and 

(3) calcite cementation. This sequence is suggested br the 

following observations: (a) the diagenetic clay minera}s are 
.• . ' 

consistently adjacent to detrital grains and in places appear 

to blend into them (Fig. 3.37) and are in turn partly or 

wholly masked by calcite cement; (b) in one example (Fig. 

3.38) kaolinite grew in an intragranular dissolution pore • 

within a plagioclage grai~, and then calcite cement 

precipitated and masked parts of both the plagioclase and 

kaolinite. 

A late stage of hematite ce~nt generally penetrates all 

other primary and secondary (diagenetic) minerals. The 

calcite cement in particular has been corroded and hematized • 
• 

Interestingly, t ·he hematite cement has attacked the interior 

of calcite crystals rather than the crystal edges. Figures 

3.39 and 3.40 show how dissolution and the hematite cement 

pr e ferentially followed the internal lattice structure of the 

calcite crystals. Cathodoluminescence of a few t hin sections 

iailed to detect any calcite zoning. 
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.Figure 3.34. Radiating sheaves of highly birefringent 
illite cement . Bar scale 0.05 m~. 

\ 

Figure 3.35. Calcite (Cc) has engulfed and corroded an 
orthoclase grain (G). Bar scale 0.25 mm. 

• 
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Figure 3. 36. A piece of a detrital grain (G) has been 
detached by the later stage of calcite cementation (Cc). Bar 
scale 0.05 rnm. 

Figure 3. 37. Authigenic vermicular kaolinite (K) blends 
into the., neighbouring feldspar grains (G) and fill s adjacent 
1 n t e r s t i t '. i a 1 p o r e t:1 p a c e • B a r s c a 1 e 0 • 0 S m m • 

] 
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" Figure· 3.38, Pr oof for an early stage of porosity 
development. K<iolinite (K) has grown within an 1ntragranular 
dissolution pore in a plagioclase grain (G) and has in turn 
been partly masked by calcite cement (Cc). Bar scale 0.25 
mm. 

Figure 3.39. Late-stage hematite cement (opaque) has 
· preferentially follow e d the internal lattice stru c ture of th e 
cal c itP cement crystals (arrow) and has attacked the ce ntral 
areas of the crystals ra t hP.T than the C!xteriors. Bar scale 
0.25 mm. 

• 

' 
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Figure 3.40. SEH"photo showing that dissolution pits 
(arrow) in calcite cement follow the regular internal 
structure of the calcite. · Bar scale 5 p• 

! 

Figu re 3.41. Representative drill core f r om hole 79-29 
(107-186 m). Note the friable nature of the dark siltstones 
compared to thP pink and gray sandstones and con g lo me rates . 

\ 

.. 
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Total por?sity measurements range from 4-25 % of the 

rock volume, with at least half of that being effective 

porosity (Fig. 3.31). The highest porosities occur in the 

coarse grained top ~alf of the drill hole. The low 

porosities recorded at approximately 39 m and 64 m may 

reflect relative increases in diagenetic clay and hematite 

cements. 

3.4.3 Dri11 hole DOH 79 - 29 (79-29) 

Stratigraphy 

In this drill hole, 1nterlayered conglomerates, gravelly 

.. . sandstones and sandstones, and siltstones and mudstones o f 

the Humber Falls Fo rmation overlie mixed siltstones and 

mudstones of the 'Rocky Brook. Formation (Fig. 3. 4 2). At the 

erosional unconformity, gray gravelly sandstones of the 

Hum~er Falls Formation sharply o verlie patchy greeniah-gray 

and red mudstones. In the Humb e r Falls Formation, gravelly 

sandstones and a~ndatones dominate the section. Metre-scale 

units · contribute~to a single, approximately 24 m thick 

c ongl~m.rate to siltstone fining-upward sequen c e near the top 

of the .,. sequence. Figure 3 . 41 show~ pinkish-gray sands t ones 

and conglo~erate and greenish-gray siltstones fr o m t h e middle 

~f drill hole 79-29. 
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The conglomerates are light gray to grayish-red, with 

!~regular red oxidation patches. The pebble- to granule-size 

framework clasts are -subangular to subrounded, and bot h 

poorly and moderately sorted. The most common ·framework 

tlast types are granitoid plutonic (some c last~ are 

granophyri c ). followed by felsic volcanic, schistose 

metamorphi c . and chert rock fr a gmen t s. Grains of fel~spar 

and quartz al~o reach granule size. The matrix component is 

a carbonate-cemented quartz-feldspar sand. 

The medium to c oArse grained sandstone and sr:avelly 

sandstone units are generally gray to dark red ii colour, a nd 

display submature to immature --textures. Commonly, large pink 

potassic feld8par, white feldspar and macrokaolinite 

(sand-size kaolinite~ Isphording and Lodding. 1973). and 

frosted quartz grains give the sandst6ne a very~ graniti c 

appearance. QRF plots for some of the sandston~s indicate 

b o th arkose and lithlc arkose compositions (Fig. 3. 32). 

These sandstones ~lso show the widest range of c omposition 

compared with sandstones from the other two Humb~r Falls 

Formation drill holes. Large flakes of detri t al whit ~ mica 

and ca lcit e -filled vuga are easily seen in hand s ample. 

Locally, faint cross-stratification is developed in medium 

" 
grained sandstones, as are very thin laminlle of c oa1'ified 

organi c ma te rial. 

" 
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• 
The finer grained siltstones and mudstones are similar 

to those from the underlying Rocky Broa k Fo~mation, in that 

they are reddish-brown and gray to dark Ereenish-gray in 

colour, and their silt fraction is arkoRic in composition. 

The fine grained Humber Falls Formation sediments co ntain 

faint ripple laminae, calcareous nodules and rootlets. These 

primary features are not seen in the underlying fines of the 

Rocky Brook F o rmation. 

Petrography 

Subangular to subrounded monocrystallin e quart z a nd 

subequal amounts of plagioclase and ortho c lase compris e mo s t 

o f th e d e trital grains in the sandstones~ Thi v•rtous lit h i c 

c lasts are g e n e r a lly larger but le s s abwndant than tKe qua r t z 

and f eld s par grains. The margins and interior of feldspar 

grains, espe c ially microcline and plagio c lase, have be e n 

ex t ens i vely lea c he d. 

Th e lar~er clasts are surr o unded by detrit ~ l mus covit e 

a nd bi o tite, di a gen e ti c kaolinite, illite , montmorillonite, 

mixed - lay e r 1llite-montmor1llon1te, cal~ite and hemat ite; 

and ac c essory amounts of detrital organ ic mater i al, 

magnetite, e pidote , sph e ne, and ~ircon. The relative amount s 

o( mos t of these minerals are sho~n i n Figure 3 . 42 and 

Appendix I. 

/ 
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Diagenetic 

pseudohexagonal 

vermicular kaolinite composed of books of 

plates is tfpicall y d~velop along quart1 

potassic feldspar grain boundaries, commonly completely 

and 

filling the adjacent pore space. Kaolinitt1 is the daminatl t 

clay mineral in the Humber Falls Formation se c tion of this 

drill hole (Fig. 3.42 ) , b~t quickly decreaseu to very minor 

amounts in the underlying Rocky Brook Formation. Dia g eneti c 

illite is found both as a fibrous int e rstitial clay min e ral, 

and as larger lamellae on detrital feldspar o r rock fragment 

grains. M on t m or 1 11 on i t e a n'd m 1 xed -1 aye r 

illite-montmorillonite were pr e sent in minor amounts in 

sandstone ~nd siltstone samples. 1nterst1tial material in 

the sandstones has been partly destroyed and masked by the 

la t er stages of cal c ite and hematit e c e mentation. 

Finely to coarsely crystalline carbonate cements bo t h 

corroded and fractured grains. Dolomite has been identified 

in on e s andstone samplP . --- ·""""\ 

c a rbonate c eme_nt i~ Th e in turn 

affected hy extensive hematit e c emdnt~tion. 
I 

The hemat:1te 
/ 

corroded and engulfed the caro~~e ceaent, and penetrated 

along c a rbonate-grain boundarieR (Fig. 3. 4 3). ln places, 

the hematite totally surrounds t he detr1tal grains, occluding 
I 

any fntergranular porosity. 

To tal porosity ranges from approximately 9-18 %. Most 

' of the porosity is effe c tive in the sandstones (Fig. 3.42), 

while the finer grained sedlment8 show much leas effe c tive 

porosity. This may be due to the higher p'roportions of 

diag e neti c and detrital clay minerals in the fin e r grained 
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Figure 3.43. ·Late-stage hematite (opaq~e) has 
precipitated within earlier calcl~e cem~nt (arrow A), an~ 
along carbonate-grain boundari~s and fractures within grains 
(arrow B). Bar scale 0.2) mm. 

• 

Figure 3.44. A late stage of pervaslv~ dissolution and 
pore development (blue), has even de s troyed the h ematite 
cement (opaque). Bar scale 0.2) mm. 

\ ,_ 
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I OH 
sediments. The porosity in the sandstones can be attributed 

to the dissolution of silicate grains, especially feldspars, 

and to a late stage o f pervasive dissolution which has even 

affected the he111at.ite cement (Fig. 3.44). It is difficult 

to tell holt' much porosity was developed prior t o the influx 

of calcite and then hematite cement. 

3.4.4 Drill hole DOH 80-70 (80-70) 

Stratigraphy 

( 

Drill hole 80-70 penetrates into the top of the Rocky 

Brook Format ion (Fig. 3.45). The contact may be an 

erosional unconformity, as it shows greenish-gray calcareous 

siltstones of the Rocky Brook Formation overla-in by green 

pebbly conglomerate and · sandstones of the Humber Fa].ls 

·- ' 
Formation. The Humber Falls Formation in this drill hole 

·' 
consists ·:bf inter layered conglomerates, gravelly sandstones 

attd sandstones, and s~ltstones (Figs. 3.45 and 3.46). They 

are ell generally uno'!rcidized and gray in co l our, except for a 

few reddish-brown siltstone layers. 

The pebble to granule conglomerate has a moderate to 

well sorted· clast framework dominated by subrounded granitoid 

plutonic rock fragments. The matri11 material is . 

calcite-ceaented sand-size quartz, feldspar, and a fell 
~ 

rock-fragment gr,ains. Gravell)r sandstones and coarse to fine 

grained sandstones comprise most of drill hole 80-70. They 

a r e -~ e n e r a 11 y s u b m a t u r e a·r k o s e a a n d 1 i t h i c a r k o s e s ( F 1 g • 
• 



3.32) boufld by calcite and clay cements. 

Cross-stratification is more common in the coarser 

sandstones, lihile fine grained sandstones are com monly more 

micaceous. The brownish-red to greenish-gray arkosic 

siltstones are too friable to show any internal structures. 

More coalified organic material lias found in this drill 

hole than in any of the other drill holes studied. The 

material occurs as thin laminae and irregular pebble-size 

fragments in gi"ay sandstones. The coaly material is 

discussed further in chapter four section 4.3. Large 

irregular masses of pyrite line and fill pores in the 

sandstones, particularly near the coaly material. 

Petrography 

Sandstones from drill hole 80-70,contain the following 

detrital grains, in order o'f abundance (Fig. t:3. 45 and 

Appendix I): feldspars (orthoclas e > plagioclase > 

microcline > perthites) , subequal a mounts of monocrystalline 

and polycrystalline quartz. rock fragments (plutonic> 

metamorphic > chert > other sedimentary), IDica, and biotite. 

Quartz- and feldspar-rich plut-onic rock fragments are the 

largest clasts prese•t· Microcline, perthites and 

plagioclase grains c ommonly display dissolution pits and 

illitiz;ation. These .}r;;lrge detrital grains also show denta t e 

or diffuse grain boundaries when ln contact with one another . 

Muscovite and chloritized biotit e grains are also present. 
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Figure 3.46. Representl!.tive drill core 
(32-60 m) displaying gray arkosic sandstones 
finer grained sediments. 

0 
/ 

from hole 80-70 
and dark friable 

Figure 3.47. 
c hlorite (arrows) 
overgrowths. Bar 

SEM photo of edge-to-face and rosette 
P.artly covering euhedral quartz 
scal e 10 )1· 

\ 
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Locally, quartz overglfowths part!~ envelop quartz 

grains, and in turn are masked by authigenic minerals such as 

chlorite (Fig. 3.47) • . The chlorite typically foims rosettes 

made up of individual chlorite platelets, whi c h coalesce and 

cover grain ~urfaces (Fi~. 3 •• 4 8). Vermicular kaolinite aod 

fine flakes of illite can aiso be seen in the interstitial 

mat~ r 1 a 1. Mo~tm~rilloniti ha& )een identified in moat 

samples (Fig. 3.45). Mixed-layer illite-montmorillonite has 

only been identified in three sandstone an~ siltstone 

sa m.p le s. 

Medium to coarsely crystalline calcite cement corrodes 

detrital _grain ~dges and locally engulfs smaller grains. In 

s om e a a in p 1 e s , t h e c a 1 c i t e c fi! me n t , a n d ·p r e vi o u s 1 y d e v e 1 o p e d 

detrit'al or d·tagenetic minerals, are· co·rr~ded and· disrupted 

.by irregular patch_es of pyrite cement. The pytite rima or 

completly fills pores, indiscriminantly fr~~turlns ~nd 
.. 

corroding detrital grains and interstitial material (Fig. 

3. 49). SEM r ~ vea~ s two forms of pyrite in this drill hole~ 

(1) framboidal pyrite (Fig. 3.50); and (2) large coalesced 

pyrite cubes. (Fig •. 3.51). Fig~: ].H also ' shows small 

disrupted clumps of matrix mater_ial caught up in the pyrite 

crystals. L.o c a 11 y , f 1 a t t e n e d r h o 111 b s o f s i d e r i t e a r e 

aHsociated with areas of reduction (Fig. 3.52). 

develo~ed, he~at~te cement corrodes and partli mask~ detrital . ' 

grains add the calcite cement, and fords 6x1dJzed halos 

ar~und the patchee of p~rite cement. 

~····-- - ----------· ·~ •. ,-.- ~ ~-----------

' ' 
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Figure 3.48. SEM photo of chlorite rosettes (C) partly 
covering a feldspar graln (G) ~hlch has undergone dissolution 
( c • f,, H L c k s e t a 1. , 1 9 8 0 , p • 2 1 L ) • B a r s c a 1 e 1 0 }I • 

Figure 3 • 4 9 . - 0 p a que p y r "i t e fractures , eng u 1 f s 
1 

and 
pattly c~rr6dea detrital grains and interstitial material~ 
~ar scale 0.25 mm, 

I 
' ) 



115 



116 

• 

Figure 3.50. 
of the p o re space 
p. 

SEH photo of pyrite framboids lining part 
( c • f., S c h o 11 e • 1 9 7 9 • p • 1 5 3 ) . Bar s c a 1 e 1 0 

Figure 3.51. SEH ph6to of coale s ced, intergranular 
pyrite c ubes . Bat scale 100 P• 
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Figure 3.52.~ Siderite rhombs overgrowing c hlori~e after 
biot~te (C) and. altered plagioclase grains (G). Bar scale 
0. 2 5 mm. 

Figure 3.53. Representative drill core from hole 04 
(12.3-37.5 m) showing the dovn hole transition from gray 
sandstone into badly weathered reddish-brown siltstone. 

·,. . 

. ··- .-· ._, ..;;..;.::--::;:..-··------------- ---.. . --



119 



I 

Total porosity in these rocks is approximately 8-19 ~ 

(Fig. 3.45 and Appendix I). The effective porosity shows an 

inverse relationship with the total porosity. The ·reason for 

such variability is not obvious. Signs of Qetrital silicate 

grain dissolution prior to authigenic mineral growth and 

cementation indicates that ~t least part of the total 

porQsity can be attributed to early diagenetic grain 

dissolution. 

3.5 Howley Formation 

3.5.1 Introduction 

Two Jrill holes west of Sandy Lake (Fig. 2.3, P• 17) 

were chosen to represent the Howley Formation: 790-004 

(abbr. 04) and )90-005 (abbr. 05). Unforr'unately, there 

are two problems with these drill holeg, Firstly, the 

Recent friable natu~e 6f the rock led to poor core recovery. 

weathering also accentuated the frailty of the core. , 

Seco~dJy, no age-diagnostic fossils were found in the 

vicinity of the t~o holes, nor did e .lther hole reveal any of 

the coaly material typical of the Ho~ley Formation. 

Nevertheless, the two drill holes were the best available for 

this study, and aapping by Hyde (1979a, 1983) and Hyde and 

Ware (1960,, 1981) indicates that the two holes had t>,een 

drilled into the Howley Formation. 

1 20 
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Figure 3. 55 QRF classification diagram for sandstone samples from 
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Evidence in these holes of the informal three-fold 

subdivision of the Howley Formation (Hyde, 1979b) is 

llncertain. The lack of coarse basal siliciclastics and coaly 

material, and the abundance of finer grained material in the 

two drill holes, may permit a rough correlation ;;.ith Hyde's 

middle, dominantly gray unit. A better local correlation can 

be made. between the two drill holes themselves. In both 04 

and DS, the top third is dominated by grayish sandstones, 

whereas t)le bottom two-thirds of the holes is dominated by 

brownish-red siltstones. 

conglomerate. 

Also, neither drill hole contains 

3.5.2 Drill hole 79D-004 (04) 

Stratigraphy 

Drill hole 04 consists of approximately 45 m of 

greenish-gray sands t ones overlying a thicker unit of pale t o 

grayish-red siltstones and mudstones (Fig. 3.54). Figure 

3.53 shows the top half of the drill hole, the sandstone to 

siltstone transition, and the general state of the core. 

The sandstones are homogeneous medium to fine grained 

arkoses (Fig. 3.55). They contain scattered flakes of 

detrital white mica, pin-prick oxidation spots, and a few red 

coloured mu·d chips. The intermixed siltstones and mudstones 

are also micaceous, but al:"e generally dark brownish-red in 

colour with small greentah-gray unoxidized patches. The 

friable n~Sture of the finer grained sediments .precluded any 
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detailed descriptions. 

Petrography 

S a n d s t o n e s f r o m ,rh': t o p o f · t h e d r i 1 1 c o r e h a v e a 
i 

detrital component cortsisting mostly of quartz and feldspars 

grains, with. lesser amounts of rock fragments, muscovite, 
p 

biotite, epidote, and sphene (Fig. 3.54 and Appendix I). 

The 'others' category in Figure 3.54 includes/ total porosity 

and accessory amounts of epidot·e and sphefl;, Subangular tn 

subrounded clasts of monocrystalline quartz and orthoclase 

are by far the most abundaRt minerals. Me ·t amorphi c , chert , 

plutonic, and volcanic rock fragments are found in subequal 

amounts. Some compaction of these grains is suggested by 

intact concavo- c onvex grain boundaries, and bent muscovite 

and biotite grains. Quartz overgro~ths (Fig. 3.56) may have 

received silica from nearby points of pressure solution. 

Three types of d 1 age n'e t 1 c c h lor it e were identified : ( 1 ) 

verMicular chlo-rite, perhaps pseudomorphous after kaolinite 

(only found in one sample, Figures 1'.57 and 3.58); (2) 

highly birefringent chlorite'rose_ttes ('Figs. 3.59, and 

3. 60); and (3) individual platelets of chlorite growing on 

grain surfaces and exhibiting rounded edges (Fig. 3. 56)..... ' 

Montmorillonite was also identified with SEM b.y its 

interconnected 'cornflake' morphology (Figs. 3.61 and 3.62). 

Diagenetic kaolinite and illite are also pres~nt. Many of 

the above minerals were also identified by K-ray diffraction 

(Fig. 3.63). 

:· 
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Figure 3.56. SEM photo showing euhedral quartz 
overgrowth (Q) partly engulfed by individual platelets of 
chlorite (C). Chlorite may be growing at the expense of 
quartz (c.~Tillman and Almon, 1979, p.368). Bar scale 5 V• 
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mm • 

• 

Bat: 

Figure 3.57. 

'Figure 3.58. 
scale 0.05 mm. 

'•· 

Vermicular chlorite (C). Bat: scale 0. 05 

' 

I 
3.57 but in plane light. 
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Figure 3.59. Highl y birefringent chlorite rosettes 
appear to blend into the adjacent detrital grains (G). Bar 
scale o. os ' mm. 

Figur e 3.60. Same as figure 3.59 but in plane light~ 
Bar scale 0.05 111m. 

\ 
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Figure 3.61. SEM photo of diagenetic . montmorillonite 
(M) which appears to shroud earlier quartz overgrowths ~ 
(arrow) • Bar s t a l ·e 10 p. "' 

.. 
~ .. 

. i. 

Figure 3.62. "SEM photo of montmorill~nite showing its 
typical 'cornflake' .morphology. (c.f.,Wilson· and Pittman, 1979, 
p.64). Bar scale 2 P• 
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Calcite cement is medium to coa~se~y crystallin~ and 

-commonly'- corrodes the edg_es of detrital grains. 
\ 

cement is intergranular and relatively minor~-

Hematite 

In thin section, secondary porosity is evident as 

dissolut~on voids left in mi~rocline and plagioclase grains 

an& in the interstitial diagenetic nement·s. The few 

sandstone porosity measurements that wer• made (Fig. 3. 54) 

show a total poro~ity range of approximately 8-27 %, and also 

show that 'mo st of the pore space is effective. The increase 

in porosity with depth c~n not easily be correla~ed with any 

particular mineral tre~d, as there is a down-h6le decrease in 

the relative amounts of mQntmorlllonite, quartz grains, rock 
n 

fragm~nts, calcite -and hematite cement,· any one of which 

could ac c ount for such a porosity change. 

) 

\ 
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3.5.3 Drill hole 790-005 (05) 

Stratigraphy 

Drill hole D5 coosls~s of an upper section of sandstones 

overlain by thinner units of'siltstone. and a lover sectio~ 

dominated by siltstones and mudstones wl~h scattered thin 

units of sandstone (Fig. 3.64). Figure 3.65 shows some of 

the·mixe~ sandstone-siltstone section near the top of the 

drill hole. /; 

The greenish-gray to gray sandstones are arkosic in 

composition (Fig. 3.55), and generally medium to coarse 

grained and texturally immature. The intermixed s 'iltstoneg 

and mudstones have a mottled c6lour due to patchy oxidation. 

The finer grained sediments are usually cr9ss-1aminafed~ 

Both the sandstones and finer grained sediments are poorly 

consolidated due to degradation before, during, and after 

drilling. Tha deteriorated state of the drill core prevented 

complete petrographic description. 

Petrography 

The detrital component ~f the sandstones consists 

dominantly of angular to subangular orthoclase and 

monocrystalline quartz grains, with lesser amounts of 

plagioclase, polycrystalline quartz, chert and plutonic rock 

. .J ;, 
fragment~, biotite, muscovite, and acce~sory epidot~ grains 

(Fig. 3.64 and Appendix I). The grains have been ~ompacted, 

' ' 
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Figure·3.65. Representative drill core from hole D5 
(21-44.8 m). displaying cross-strat1f1ed, interlayered 
sandstones and siltstones, and the extensive recent 
weathering of part of the core. 

Figure 3.66. Concavo-convex g_rain boundaries and quartz 
overgrowths (Q) accentuated by an o·xidized dust rim (arrows). 
Bar s c a 1 e 0. 2 5 mm. 
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Figure 3 . 67.. SEH photo of vermicular pore-filling 
macrokaolinite. Bar scale 20 P· 

\ 

Figure 3.68: SEM pho t o show1.ng partial dissolution 
(arrow) of the macrokaol1nite has resulted in an accordion' 
morphology. Bar scale · 5.5 )1• 

i 
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Figure'3.69. Calcite cement (Cc) has corroded a 
detrital silicate grain to the point where only the relic 
grain remains (arro~s). Bar ~cale 0.25 mm. 

:~ . 

Figure 3. 70. Part of the paragenetic sequence is 
revealed here. Vermiform kaolinite (arrows) is enveloped and 
masked by a later stage of calcite cementation (c.f.JScholle, 
1 9 1 9 , p • 6 7 (l n d l 3 8 ) • B a r s c a 1 e 0 • 2 5 mm • 

_, 
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resulting in concavo-convex and sutured grain bo~ndaries. 

Quartz overgrowths also occur (Fig .• 3.66). 

' the interstitial material in the sandstones consists of 

a highly &ir~fringent clay cement, kaolinite, illite, and 

/ 
minor silt-size, quart!z and f~ldspar grains. The highly 

birefringent cl~y cement may be finely divided illite, 

chlorite, or montmori l lonite. Hontmorilloni~e has only been 

~dentified by X-ray diffraction, and although it is possible 

some may have developed 1.n the sandst~nes, · Figure 3.64 

i~Uicates a strong correlation of montmorillonite with the 
\ 

siltstone-mudstone part of the sequence. Some· of the highly 

birefringent clay matrix may be illite, but illite can be 

seen more rea~ily as larger blades, growing on feldspars or 

interstitially. Therefore by elimination, a larg~ psrt of 

the ' highly birefringent clay .cement is inferred to be 

diagenetic chlorite, a c6nclusion supported by SEM study. 

In thin section, vermicular booklets of maciokaolinite 

are intfmately associated vith votaa ~ ic feldspar and quartz 

grains and ~ommorlly have A ~iffuse conta~t with the silicate 

grains. SEM photographs (Figs. 3.67 and 3.68) highlight the 

vermicular morphology of the kaolinite, and reveal that some 

of the kaolin 1 t e 'h a a been . . - ~ 
selectively leached, , resulti~g in 

an ··accordion' mo~phology of alternaeing plates and pillars. 
' 

~ . 
Coarsely crystalline calcite ceaent corrodes and 

disrupts the detrital graioa, ao that in pla~es on~y . relics 

of the origin•l grain remain (Fig. 3.69). Development of 
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kaolinite and other diagenetic minerals prio\ to calcite 

cementation is su~ges~ed by ~he envelbpment ~d m~sking :f 
the vermiform kaollnit·e by calcite (Fig •. 3.H).), and by the 

. . 
corroded nature of the clay cements in general when 1~ 

con.tact with the calc.ite -cement. Some corrosion and staining 
I . 

of all the previously mentioned minerals by hematite c~ment 

is ev.ident_. 

_) Pervasive secondary porosity appears to have been 

d~v~loped from the dissolution of feldspar grains~ clay and 

calcite cements, and locally the late-stage hematite cement. 

F i g u r e 3 • 6 4 8 how s t h a t . t h e t o t a 1 p o r o 8 . i t y r a n g !i! s f r o Ill ) - 1 8 % , 

and that approximately half of that is effective porosity_: .. ' 

The sandstones ~how slightly highet t6tal porosities than the 

finer grained sediments, p·robably .due to their coar.ser 

nature. 

·' 
3.6 General discussion 

The systematic analysis and description a f the 

Carboniferous sedi•ents from
1
nine drill holes in the Deet 

Lake subba$ln lndi~ates ~hat the s•dlments are general~y 

lithologically and petrographically very similar. This i s 

particularly true for the North Brook, Hu~ber Falls, and 

Howley Formations; the ahaly Rocky Brook Formation shows 

different characteristics", . These s,tratigraphic and 

petrographic similaritlea allow so~e co•mo~ traifa a~d 

to be established. A dia~uaalon on the origin of each 

trends 

diagen~tlc mineral in the four formations ia defe r red until 
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the chapter on diagenesis. 

The coarse grained North Brook, Humber Falls, and Howl~y · 

' Formations consist of interlayered polymi~t pebble 

I 
conglomerates; texturally immature to submature s 'andstones; 

and sil,tstones, mudstones, and claystones. Grain size 

decreases up,from the North Brook Formation (most 

conglomerate and least fine grained sediments) to the Ho~ley 

Fdrmation (no conglom~rat~ and mas~ fi~e grained sediments). 

~his trend may refle c t a general Late Carboniferous tectonic 

quiegcen~e in the De er Lake subbasin and the Maritimes BasLn 

. &~nerally~ or, ii may be an apparent trend controlled by 

local facies variati~ns a~d drill hole location~ Patchy 

diagepetic reddenlng of these terrestrial siliciclastic 

sediments is due largely io diagenetic oxidation and hematite 

cementation, ~nd permits them to b~ referred tb as red-beds. 

An earlier st~ge of oxidation (dust rims) ~nd natural mirterat 
. ' 

colouration, also played a role · in the pigmentation of the~e 

sediments. 

Sandstones of the North Brook, Humber Falls, and Howley 

FormAtions are composed of quartz, feldspar, rock fragment~, 

muscovite, .. bioiite ·and chlorite, and accessory amounts of 

e p 1 d o t e , ·a ph e n e , z. i r c o n , a n d m a g n e t i t e ( A p p e n d 1 x , I ) • 

TernaTy QRF plots show that sand~tones of the North Brook and 

Humber Falls ~ormationa are arkoses and lithic arkosesi while 

the Howl e y Formation contains only arkoses. The majority of 

the rock fragments fou~d in ~he sandstones and congloaerate~ 

are of ~ r anitoid intrusive. fe~sic volcanic. and metaaor~i c 
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origin, and can ~e ~raced to local basement lithologies. 

Diagenetic minerals, a quarter of the ~ock . volume, Include 

calcite, he~~tite, dolomite, quartz overgrowths, kaolinite, 

illite, chlorite, montmorillonite, and minor amounts of 

siderit~, limonite and mi~ed-layer illite ; montmorillonite. 

Illite-montmorillonit:e was only fouttd. in the North Brook and 

Humber Falls formations. · 

The following generalities can also be ~ade about the 

mineralogy bf the thTee coarse grained formations. Detrital 

biotite is ~ommonly bent, frayed, hema%iz~d or chloritized. . ' 

Quartz cement consists of euhedral overgrowths on quartz 

grains, which grew before or during the develop~ent of the 

clay cement. Kaolinite occurs as large pore-filling 

vermicular books of attach~d face-to-face pseudohexagonal 

plates. It is also commonly associated with deirital quartz 

and potassic feldspar grains. Illite developed as blades ·or 

fibers from the alteration of feldspars or .primary 

. interstitial material. Tht"ee forms· of diagenetic chlorite 

have been recognized: (1) individual platelets perpendicular 

and tangential to grain surfaces; 
; .. ·~ (2) rosettes filling or 

lining pores; and (3) vermiform booklets within pores. 

Hontmorillonit~ was only discernible a~ 

'cornflake'-structured pore lining using ~!H. Mixed-layer 

illite-montmorillonite was only detected by x-ray 

diffraction. 
,; First destruct(ve ~arbonate and then hematite 

cementation occurred after clay cement development. 5iderit.e 
. \ 

and limonite are mioor coaponents. The North Brook Formation 

L 



contains more carbonate and hematite cement than the other 

two formations. 

,--

Unlike the coarse grained formations, the Rocky Brook 

Formation contains predominantly fine grained siliciclastic 

sedimeuts and orthochemical and allochemical c~rbonate 

sediments. No conglomerates are present. Dominant minerals 

in~lllde calcite, dolomite. chlorite, illite, and 

montmorillonite. Dr. R. Hyde (pers. comm. 1983) has 

recently identified mixed-layer chlorite-montmorillonit~ in 

the Roc~y Brook Formation. It is difficult to say how much 

of the clay minerals have been diagenetically developed. 

Illite crystallinity measurements (chapter five, section 

5.3.4) suggest that most of the illite in the Rocky Brook 

Formation (a diagenet1~ Lesser amounts of detrital silt 

(quartz >feldspar > muscovite > biotite > organic material), 

and dtagenetic "analcime", cbalcedony, chert and barite are 

also present. 

The major.mineralogical differences from the three 

coarse grained formations are: ~ the pr•sence of "analcime"; 

and .the absence, or near absence, of kaolinite in the Rocky 

Brook Formation. 

An early and late stag~~ secondary porosity 

development can be identified in the three coarse grained 

formations. The early stage 1s due to silicate grain 

dissolution, especially plagioclase and microcline, whereas a 

later stage of pervaai~e dissolution has even affe c ted ~he 
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late hematite cement. Because of late pervasive dissolution, 

it is not clear how much o~ the porosity can be attributed to 

eadh of the two stages of porosity development. Nor is it 

clear what controls the relationship between effective 

porosity and total porosity. Perhaps successive stages of 

c ementation occlu~ed the early pore spa c e in the sandstones, 

and the present effective porosity is equal to the amount of 

late pervasive dissolution which followed. In the two Rocky 

Brook Formation drill holes a late-stage secondary 

• 1 n t e r c r y s t a 1 , v u g an d 1 o p e n ' m 1 c r o f r a c t u r e ·p o r o s i t y i s 

evident. Total porosity values for a ll four fo~mations have 

a range of 5-25 %, with most of that being effectively 

c onnected. 
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CHAPTER FOUR 

ECONOMIC GEOLOGY 

4.1 Introduction 

Geologic interest in the Carbori~ferous Deer Lake 

Subbasin hi'!S centred around· the discovery and economic 

assessment of ~oal, oil shales, ur~nium, and base metal 

potential (chapter one, section 1.3). Jhis chapter examine~ 

the uranium-mineralized drill core and boulder samples, and 

coaly material found in drill core and surface trenches. 

Emphasis has been placed on the uranium-mine~alized and coal 

samples fot the following reasons: (1) a number of uranium 

anomalies were found in th~ two sampled Rocky Brook Formation 

drill holes; (2) whlle the geochemistry of the high grade 

uranium-mineralized sandstone boulder s has been adequately 

investigated (Elips, 1981), it was felt that a more complete 
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petrographic descrilftion of the boulder samples was needed; : ~ 

(3) coal was frequen t ly f ound in the Humber Falls Formation 

drill core and in surface trenches; {4) vitrinite 

reflectance ranking of the coal c an help determine diagenetic 

paleotemperatures. General di;cussi~n of the uranium 

minerali z ation and coal can be found in Fleming {1970), Hyd e 

(1979b, 1981, in press), and Howse and Fleischmann (1982). 

A recent &ummary of world uranium deposits by Derry 

(1980) demonstrates the , importance of uranium mineralization 

in sedimentary rocks and along unconformities associated,with 

sedim.entary rocks. Uranium 1llineraliza t ion as·sociated with 
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~he Carboniferous rocks of the Maritimes Basi n are examples 

of th~ Late Paleozoic to Early Tertiary 'sandstone' and 

'unconformity' types ,of uranium depos i ts. The most 

significant deposits in the Maritimes Basin are associated 

with fluviatile sandstones and the Harten - Windsor 
\ 

unconfo\mity (Prest et a 1., 1969; Dunsmore, l977a, b· , 
--:, 

Charbonneau and Ford, 1978; Kirkham , 1978; Hyde, 1981; 

Hyde and Ware, 1981; Knight, 1983). In the Deer Lake 

subbasin, Hyde (in press) has identified three types of 

' uranium mineralization: (1) mineralization associated with 

the unconformity between the Deer Lake Group and 

Cambro -0 r do v 1 cia n car bon ate f"o·c k s ; (2) stratiform 

mineralizati~n in the lacustrine Rocky Brook Formation; and 

(3) mineralized sandstone boulders overlying the northern 

body of the Humber Falls Formation. Only the last two types 

are discussed here. 

4.2 Uranium mineralization 

4.2.1 Mineralized sandstone bouldets 

The discovery in 1978 of high-grade uranium-~ineralized 

sandstone boulders in basal till above the more northern body 

'\ I 

of the Humber Falls Formation at Wigwam Brook led to 

extensive surface .e xploratlon and drilling in that area. 

Minor .!.!!_ si,tu uranium mine.ralizat;l-on has been found (Northern 

Miner, 1~78), but because no such samples were available, 

only the boulder . sam~les are described here. Figures 4 . 1, 

149 



( 

4.2A and B, and 4.3 are based on thin section point count i ng 

and clay- f raction X-ray diffractograms from all the available 

high-grade mineralized boulder samples. Point count data are 

presented in Appendix l. 

According to Elias (1981), all the mineralized samples 

repo~ted here are high-grade samples collected from the 

Birchy, Wigwam, and Goose a nomalies above the northern body 
0 

of the Humber Falls Formation. Due to their close 

p e t r o g r a phi c simi 1 a r 1 t i e s , the f o 11 awing hand s am p 1 e and t h i n 

section des c riptions can be used to de s cribe 

uranium-mineralized boulder samples from all three anomal.i f s. 

All the samples are coarse to fine grained sandstones . 

The majority of th e samples are grayish- or blackish-red in 

colour due to a late st a ge o f heuatite cementation around and 
I 

within the opaque mineralization. The samples commonl y show 

a paler, light gray or red weathered surface. Acco11pany i ng 

t h e s u r f a c e we a t he r 1 n g .L s a v 1 s 1 b 1 e 1 n c r e a a e 1 n p o r o s 1 t y • I n · 

~ 
hand sample the most noticeable fe a ture of the boulde r 

s a m p 1 e s i s t h}i r v e r y h 1 g h d e g r e e o f 1 n d u r a t i o n • This is du e 

t o extensive cementation by uraninite and hematite. No 

pr·imary or s ec ondary structures were seen in the hand 

sampl e s. 

~ t h i n a ect ~n the detrital grains, · in .or.der of 

abundance. are as follows: feldspars (orthoclase > 

p l ag i o clase > microcline > perthi.tes), qua r tz 

(monocrystalline > polycrystalline), ro c k. f r a gments (plutonic 

. - - - - · ----- - - -

1.50 



ANOMALV' SAMPLE 

9irchy 40523 
.o524 
L0525 

"'52'6 
I.Osn , 

LV!> 18 

40519 

1.0522 
/,()£71 

(;oost' 40513 

40514 

40515 
405!E 
40517 
5161 
516) 

LITHOLOGY' COlOUR 

f\::m 
~ 
~ 
~ 

m:TIJ . 

~ 
r;:s:;:J 
c::J 
c:::::J 

~ 
~ 
~ 
~ 
~ 
~ 
c:::::J 

(Mun••ll 
5RLI1 

s lltl/2 

SR2/2 

5R4/2 

SR412 

IOYR5/4 
IORS/ 4 
lORS/ 4 

lORl/4 

IOYRS/ 4 

IOYR"2 

IOYR,/ 6 

SVRU4 
N6 

'I)R4/2 

IOYR514 

MINERAL :ZEO SAMPLES 

MODAl COMPOSITIO~' Cl A VS' POROSITY URANI\.)o( 

sy•hm) o{%) 20 40 60 80 100 O{% ) 2!l 40 60 10 IOC {Pr~tnl toto! %) (ppm) 

[; \\.< l• •; • ;xr :.:,'1·-·-<---11 f!'!il~'~i~~~l ~s~s~S~S~S~\;'3 o8 30.4-'I c~.:j .'.:-'l• • + . .. ... t:-:-: :-:-:.:-:-:-:@ '], ~,,os, 
, _,._,_, . . , .... • .. r•,"':·:s--·:_•!ijl 16 JS.on 
t ··· · J" .. +. + .«. • ,,.:,..r------2 tu{J 4 \ s \ \ s s s \ 1 co J9,sot 

1: : Pt+*'"•!<·:·Ft-----1 llltl\.\ S S S s S S S \\S J oo 18,8J7 

(. :··· ·:-f+ t 1' t +.,. .... , .. • • •f'~' 3 ll l~lt~i~ i !i!lii! ~liiv~z~z~~ iiii~)~\~Sl 10 -CJ )+ ... +*+t il ••8--------;t~;~J lll ttVZ?<• 6SSSSSSSSSJ ta o 
-I. + + + *.,. ff•i•. • ;e,. • il)~ · ll JIJIIIIIIIEi3$SSSSSSSSS:S 4 ' 

~\-':Ft *'t= + + ••·'·1-:-:-:-:R!O tllliiii ! !IIII I IIIPZZl 'SSJ 72 

g . : 1. + • r.~. ~~ii~(; l/ lll ll/lll l l lll !l ll//ll llllij?Vzzza 136 
:;. . >)+ + ;J o 0f lllllllllll l/1/lliiiiiiii!IIII/L "J 15& 

I . )'+ + + t + t +j, I •• Qlii! III!I /!1/II!!IIIIJ!Iq- 00 

[. . > I• +. + d•·l·t-::I•t:;;;! Rllllt!!iillii i!IAI !!II/ IPI 1\SSJ 128 

-1+ if+ I• · -· F~'~::~(~~:j l ! !l llli!III! !IIIIJ!Ve iSSS$1 ra 4 

f."> ··)+'t¥+i>t4'<H,IM[~q>' ll iiii! IIII!i ilkb§'>SS$S$S$$'i 1) 3 

r . · P • +. + • l•ll!&s ::o" tJII II!IkfS2""issssssssssss, 10 

10 ,.461 

150 

t1S 
?3,272 

754 

271 

130 
210 

n 
21J 

292 
1 Elias,P. 1"1- Priv t rtporl for Westfitld MiMrals 

> • Sondst!Jnt : coCir :.~ l'ne'dium,...~ 0 f ine 

• Ouortz D .. t:.t"p.ar S 1 R cnt @ ; Cements: colcite: EJ , h•matitlf! El, urcr\inite t;l,MctriJ: lil ~ Ot...,.s ~ 
.. J<oolinitt WI; Chl01""1te [J ) lll i11 ~ , Mol'ltt'l"'oriltonih t:9 

Figure 4.1 Petrographic details for the uranium rniner~lized boulder samples . 
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Figure 4.2 QRF classification diagrams showing: 
(A) the arkosic composition of all the mineralized boulder samples; 
(B) a comparative plot delineating ~ compositional fields for all the groups of 

sandstone samples which were studi~ -
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>metamorphic) chert), minor muscovite and biotite, and 

accessory amounts of epidote and zircon (Fig. 4.1). These 

detrital grains are subangular and subrounded sand-sized 

grains. The Wigwam anomaly samples show better sorti·ng on 

the whole than the samples from the other anomalies. The 

sandstones are texturally submature to immature (Folk, 1980). 

As shown in Figure 4.2A, the mineralized samples consist of 

arko~es ani lithic arkoses, with the Wigwam anomaly samples 

being generally more feldspathic. Plagiocla~e and orthoclase 

grains are typically illitized a~d kaol~n~tized and show the 

most eKtensive development of in·tragranular dissolu·tion 

porosity. D~t~ital mica grains have been crushed and bent by 

compaction around. the larger grains. 

The intersti~ial material is composed of clay minerals 

and minor amounts of silt-size detrital quartz and felds~ar 

' grains. Medium crystalline calcite was only observed in the 

Birchy anomaly samples. Kaolinite, illite, chlorite, and 

montmorillonite are present in varying amounts (Figs. 4.1 

and 4.3). In many samples, diagenetic iermiform kaolinite is 

developed adjacent to the larger detrital grains, and is 1DOSt 

abundant in the Goo~e anomaly samples. Illite appears as 

very small fibres in degraded plagioclase and microcline 

grains, or within the interstitial cement. Kaolinite 

co111.moDly intervenes between the illite and detrital framewoy;k 

grains. This relationship suggests that the diagenetic 

illite formed just after the kaolinite. Some of the illite 

depicted in Fig~res 4.1 and 4.3 represents detrital mieas, 
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Very fine fibres of chlorite were also identified within the 

matrix material; no larger flakes of chl~rite we~e seen in 

the thin sections. Montmorillonite was only identified by 

X-ray diffraction (Fig. 4. 3). 

A yellow mineral, possibly uranophene, was associated 

with the uraninite in many of the thin sections (Fig. 4. 4). 

It ippeared to disrupt some of the detrital framework grains 

and stained some of the other 1nterst~t1al minerals yellow. 

The uraninite, analysed and identified by Elias (198l)J 

commonly fills all the interstitial space, disrupts and 

fractures the detrital grains (Fig. 4.5), and corrodes 

previously devel~ped interstitial material, including the 

c ·a 1 c i t e c e me n t • An article in the Northern Mine~ (1978) 

reports that four boulder samples _were assayed a~ 7.6i 28, 

34.2, and 230 lb u}~r .ton. Assays up to 890 'oz per ton 

Ag, in the form of acanthite, have also been noted in some of 

the boulders (Vanderveer and Tuach, 1982). 

Locally, pyrite has developed interstitially, where it 

partly replaces previously developed Lnterstitial material • 

. Many of the pyrite cubes are rimmed by hematite which in turn 

has stained the matrix material red. The uraninite is also 

rimmed by hematite (Fig. 4.6). Ella• (1981) states that 

"The ura?inite appears to be intimately intergrown with ... 
hematite, suggesting co-precipitation". Instead, it appears 

that hematite cementation occurred after th~ ' mineralitat~on 

snd not"during mineralization as proposed by Elias (1961). 

No organic material was seen in thin aec~, although some 



156 

F i g u r e _4 • 4 • U r a no ph an e ( y e 11 o w ) h a a f r a c t u r e d a n d 
corroded the silicate grain (G) and has in tu~~ been rimmed 
by hematite cement (arrow). Bar scale 0.25 mm. 

Figure 4.5. Opaque uraninite filling pore space and 
fractures in detrital sili c ate grains. Bar scale 0.25 mm. 
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Figure 4.6. 
grain (G) and has 
dark red hematite 

Opaque uraninite has corroded a feldspar 
in turn been rimmed by a later stage of 
cement (arrow). Bar scale 0.25 mm. 

158 



159 

has been found in the boulders (J. Tuach, pers. comm. 

1983). 

Tot~l porosity ranges from approxi~at~Jy 0-18.4 % in the 

mineralized boulder ~mple~ (Fig. 4. l). From thin section .. 
inspection, the majority of the porosity appears to be -;due to 

extensive feldspar dissolution. In some feldspar grains the 

dissolution has been extensive enough to give the grain a 

dellcate cobweb appearance. Effectiv~ porosity was not 

recorded as only some high-grade hand ~amples were available, 

l 

and those that were available were in poor physical 

condition. It is worth noting how similar in composition and 

texture the mineralized boulder samples are to the sandstone 
~ .. . 

samples from the Deer Lake Group and Howley Fo(~ation that 

wer e described in,chapter three (Figs. 4.1 at~d 4.2). 

4.2.2 Uranium-mineralized drill core 

Both Rocky Brook Formation drill holes (A3 and _AS) " \ 

contain th•n radioactive horizons less than five centimetres - -

thick. These horizons occur in laminated gray to 

greenish-sray calcareous claystones, calcareous mudstones, ' 

and argillaceous limestone. In thin section, the radioactive 

samples sonsist of crystals of ~pyrite and flakes of or$&n1c 

material disseminated throughout the mottled, fine grained 

clay and carbonate minerals. These samples have essentially 

the same petrographic properties as' the unmineralized Rocky 

Brook Formation samples. Consequently, the petrographic 

description in chapte~ three for the fine g~ained sediments 

~..._-.,~._:--.·--"""""--:--------, ---·-- ·-·"· 
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in drill holes A3 and A5 can also b~ used to describe the 

uranium-mfner~Jized samples in the Rocky Brook !ormati~n. 

Uranium mineralization is not visible in these fine grained 

sediments.· A few trice element analyses (Appendix II) of 

mineralized and unmineralized samples from the two drill 

holes indicate that·the radioactivity is largely due to 

uranium with sowe contribution from its daughter products. 

Similar radioactive stratiform hor i zons have been 

described by Hyde (l979a, b) from the Spillway and Squires 

Park Members of the Rocky Brook Fotmation. He has identified 

five or six low-grade zones up to 1.1 m thick. 

Mineralization was again too E"ine grained to be dis'frned. A 

feature seen by Hyde, but not seen Ln the drill hol~ 

anomalies, was urani f erous solid hydrocarbon nodules . 

4.2.3 Discussion 

' The uraniferous fine grained siliciclastic and carbonate 

sediments of the Rocky Brook Formation have a dis a emi n·a ted 

stratiform distribution. The uranium mineralization has not 

been found within fractures. This sugiests to Hyde {in 

press) and the writer that the uranium minerali~ation in the 

Rocky Brook Formation is syngenetic or very early diagenetic. 

In discussing the type and origin of the uranium in the 

lacustrine sediments, it is constructive to in c lude the most 

plausible source, and mode of transport and dep.osition. 

During the time of development of the Rocky Brook Formation 
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lake, both eKternal and internal sources for the uranium may 
u 

have existed. Externally, Siluro-Devonian felsic volcanic 

and granitic rocks to th~ north and east of the Deer Lake 

subbasin most likely contained many possible uranium-beaiing 

minerals that c~uld have released uranium or uranyl complexes 

upon leaching (Stuckless and Ferreira, ..J.976; Rich et al., 

19 77 i Komarov et al., L982; Ford and Ballantyne, 1983). 

u ·ranium may also have'come , from granitoid ,rocks of the Long 

Range inl~er, where uraniferous pegm~~ites have been reported 

(Fritts, 1953). Leaching of. uranium by ground waters movfng 

through the ~nderlying North Broo~ Formation m~y have 

constituted an important internal source ~or the uranium. An 

early stage of silicate dissolution in th~ North Brook 

Formatt"on , sediments supports this possibility. 

It is difficult to state in what chemical form the 
\ 

uranium was transported and then deposited in. The presence 

of uraniferous carbonates in the Rocky Brook Formation 

suggests transportation in di- or tri-carbonate complexes 

under basic conditions, perhaps with the aid of evaporitic 

"pumping (Rich et al., 1977; . Langmuir, 1978). The 

association of min~ralization with organic-bearing and 

clay-rich siliciclastic sedtments raises the additional 

possibility that transportation of uranyl complexes may have 

t~ken place through leaching and chelation by organic acids 

(Huang and Keller, 1972; Fitch, 1980), or by adsorption onto 

detrital clays, especially aontmorillonite (Davey and Scott, 

1956; Tsunashima et al., 1981). 
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Uranyl ion& are typicaily taken out of solution at 

reduced sites in th~ sediment or at the sediment-wat~r 

interface. In the dark coloured. siliciclastic sediments of 

the Rocky Brook Formation, organic material, pyrite, 

hydrocarbons, an~H~S could have acted as reducing agents. 

r 
The presence of uraniferous bitumen nodules ifdicates that 

hydrocarbons wer~ an influence in fixing uranium (c.£,Curiale 

et al., 1983). Apparently, fluctuations in pH may influence 

uranium solubility and precipitation as much as 'Eh (La n gmuir, 

1978). Thus it is apparent that several mechanisms could 

have led to th' disseminated, stratiform distribution of 

uranium mineralization in the Rocky Brook Formation. 

The uranium-mineralized boulders, and few exposures of 

in situ mineralized Humber Falla Formation, show many 

similarities to sandstone-type uranium deposita as described 

by Garrels and Larsen (1959), Harshman (1970), Fischer 

(1974). and Adams et al. (1973). • T.he following are some of 

the more direct similarities between the mineralized 

sandstones in the Deer Lake subbasin and sandstone-type 

deposits: (1) on a regional scale, the deposits are located 

in tectonically active intermontane continental basins; (2) 

the deposita are flanked by felsic volcanic and granitic 

highlands. likely \ 
sources for the uranium; (3) the uranium 

mineralization is _/ 
in fluviatile arkoses; (4) these sediments 

are interlayered with finer grained sediment forming a 

red-bed sequence, in which the sandstone may act as a 

permeable conduit for mineralizing fluids; (5) as ln many of 



the Colorado Plateau deposits, pore-filling uraninite is a 

major uranium-bearing mineral, and is commonly associat~d 

with organic material and pyrite. 

A study of glacial till to the Deer Lake subbasin by 

Rogerson (1981) showed that ice transport was from the 

northeast or the southwest along the subbasin axis, and that 

the till was immature and had not t~avelled more than ten 

in an attempt to determine a local ~~~s. Thetefore, 

' source ~tr the boulders~ a comparative QRF diagram was made 

(Fig. 4.28), including the compositional fields for arkosic 

sandstones of the Deer Lake Group and Hawley Formation and 

the minerali~ed boulder samples. The minerali~ed samples are 

.mos~ similar to the Humber Falls Formation sandstones. 

Magnetic susceptibility measurements from the mineralized 

boulders also show greatest similarity to sandsto~e sa6ples 

from the Humber Falls Formation (Dr. H. Hiller, pers. 

comm. 1983). Both of these independent results, and 

d i~s c o v e r y o f t h e m 1 n e r a 1 L z e d b o \oil de r s 1 n t ill a b o v e t h e 

northern body of the Humber Falls Formation, strongly ~uggest ,• 
that the boulders were locally eroded from the Humber Fall• 

Formation by glacial ice. The mineralized bedrock may, 

however, have been an isolated o c currence. and may have been 

entirely removed by glacial erosion. 

There are two po'ssible sources for the uranium found in 

the mineralized sandstone bouldefs and in the in situ 

mineralized strata in the northern body of the Humber Falls 

Formation. Externally, there are the same source terranes 

.. 
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proposed for the · Rocky Brook Formation mineralization. A 

second. internal, source for the uranium has been pr-oposed by 

Hyde (in press), who contends that the Wigwam Fault, which 

"delimits the eastern margin of the northern body of the 
.'~. 

Humber Falla Formation, may_ penetrate the underlying Rocky 

Brook Formation.· If this is so then reductants in the Rocky 

·Brook Formation (e.g •• H~S gas) may have migrated up along 

the fault and then out into the overlying porous Humber Falls 

Format ion sands·tone s. A later upwelling of uranium-bearing 

fluids from the Rocky Brook Formation alon.g the faul~s may 

have brought about uranium precipitation within the tongue . of 

reduced •ndotooos in 
0

the ov~<lying Humber~on. 
This situation would be similar to the stacking of uranium 

ore bodies along faults as described by Fitch ( 1980). This 
<:.·· 

hypothesis is supported by the pre-sence of a reduced tongue 

of sediment within the Humber Falls Formation that extends 

' westward away from · the W~gwam Fault {Hiscott, 1980). As 

well, , there are pores and f.raetures filled by pyrite in the 

if.t 

sediments adjacent to the fault, which ma'y have been 

' developed with. the aid of reductant& . escaping fro&.. the Wigwam 
' ~ 

Fault. Uraniferous" coalified tre·e fragments have also been 

f .ound by · surface trenching within the same area~ The tongue 

of unQxldiz:ed sediment ' also correlates "'.ith a magnetic tdngue 

(Dallex_, 1982_), and some U-Cu-Ho anomalies (Furey, 1982) • 

. The ·ailver in one of the 11andstone boulders 1a also of 

econo•ic ini:ereat • . Silver vlll .undergo 

diaaolutioa-traa•portation-preclpitatioa in •uch the aaae vay 
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a _s uranium (Boyle, 1968; Rich et al., 1977). That is, 

s11 v e r can be mob i 1 i zed and transported in an oxygenated 

state by acidic and alkaline solutions and then precipita t ed 

by decomplexing in relatively reduced ·ar·eas (e.g., by 

carbonaceous material). Most U-Ag mineral deposits have been 

classified as hydrogenic (McMillan, 1979). Generally these 

d e p o ·s 1 t s a r e a s s o c 1 a t e d w i t h v e i n s , u nco n f o r m i t i e s , o r t he 

minerals are disseminated in dark, fine grained sediments· 

(McMillan, 1979; Rich et al., 1977). In the Carboniferous 

sediments of the .Maritimes Basin, the writer is only aware of 

one other occurrence of acanthite, but there is no uranium 

associated with this deposit. The Ba-Pb-Zn-Cu-Ag .. r 

mineralization within the Wilton Formation in Nova Scotia is 

found in lenses of reduced sandstone and brecciated 

sediments, respectively, adjacent to and within a fault zone 

(Royle, 1.963). Boyle (1963) believes that the silver 

migrated. along·the faults after being mobilized froe 

underlying Carboniferous sediments, , and/or was leached from 

overlying mafic intrusives. The silver in the uraniferous 

boulders in the Deer Lake subbasin may have been derived from 

similar sources. Internally the silver aay have been 

mobilized from the argillaceous lacustrine sediments of the 

Rocky Brook Formation along faults, such as the 'Wigwam Fault; 

the silver may also 'have been leached from felsic vol.canic or 

plutonic rocks by meteoric vatera or by solutions within 

"'-..\ 
faults where the faults cut both the Carboniferous sedi•ents 

and underl7ina fehic 1aneoua country rocks .• Both fine 

araioed •edlaentl and felaic iaoeoua roct.a are known to 

-
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contain h' 1 g her than norma 1 s 1 1 v e i v a 1 u e s (Boyle , 1 9 6 8 ) • 

The general diagenetic sequence does not instill ·

optimism that signific ant amounts of uranium ore will be 

found in the Humber Fsl:'ls Formation. Late-stage oxidation 

and hematite .cementation' in the mineralized and unmineralized 

sandstones s!-lggests that some of the uranium that was present 

may have been. remobilized by the oxygenated fluids. Some' of 

t he u-r a n i u m f 1 u a he d o·u t o f t h e s e d i me n t s b y t he o x y g e n a t e d 

fluids may have been deposited along the unconformity between 

the Deer Lake Group and Cambro-Ordoviciaq car 'bonate basement 

rocks, where minor mineralization now exists (i.e., Hyde's 

type ! • deposit, in press). It is pro b.a b 1 e that on 1 y 1 so 1 ate d 

pods of uranium mineralization still exist in the northern 

body of the Humber Falls Formation, particularly around 

organic matter. These could only be det e c t ed by closely 

spaced drill holes, especially along the down-dip side of 

redox fronts once they are established·. In my opinion, 

however , prospects for economic ore bodies are slim. 
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4.3 Coal 

4.3.1 Coal petrology 

In the Deer Lake subbasin, coal has been found as thin 

in situ coal seams and partings within a strip of the Howley 

Formation along the northeast shore of Grand Lake, and as 

coaly plant trash and thin laminations in the older 

Carboniferous formations. In this section, 
~ 

found during the systematic sampling of the 

coaly mat'i:rial 
) 

nine -- -------

representative drill holes, .and similar material collected 

from trench sampling in the northern body of the Humber Falls 

Formation, is examined. A summary of the in situ coal from 

the Howley Formation is given first. 

Coal seams and partings in the Howley Formation are., of 

Westphalian A age and thus correlate with th.e Barachois Group 

co a 1 in the Bay St. Ceorge subbasin, and with late Cansoan -

early Riversdalian coals_ of the Maritime Pr·ovinces. Howse 

and Fleischmann (1982) described the. seams as occurring in 

interbedded greenish-gray and red sandstones and siltstones 

with intimately associated ironstone nodules. Based on 

criteria outlined by Collinson (!'978) (e.g., sediment 

mottling,, ferruginous nodules, carbon films and rootle,ts), 

th~y inter'pret these deposits as · part of a paleosol. The 

seams, which are up to two centimetre• t.hick, have been 

rauk.ed as high-volatile bituminous ll coal by Hayes (19-49) 

vlth the follovina propertha: 54.03 % fized carbon, 8.66 % 

ash, 1.04% eulphur. Hac:quebatd and Donalcleon (1970) results 
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differ from Hayes (1949) in that they rank the Howley 

Formation coal as high-volati.le bituminous A with 61-64 % 

fixed carbon. The same co~d-bearing strata also yield two · to 

three times background radioac;ivity (Howse and Fleischmann, 

1982). 
~ 

Coincidently, all seven samples of coaly material found 

in d r ill c o r e c a 11 e f r o m t h r e e, d r ill h o 1 e s ( 8 0 - 7 0 , 7 9 - 2 9 , a n d 

79-69) withi~ the northern body of the Vis€an Humber Falls 

Formation, the same area in which the four available trench 

samples were collected by Dr. D. Strong. 

was noticed in drill hole DDH 79-28 (abbr. 

C o a 1 y ma t e r 1 a 1 

79-28) dur~ng a 

quick reconnaissance of some of the available drill core, . and 

was sampled for comparison. 

All four trench samples were collected along Wigwam 

Brook (Table 4.1). Three ~f them are unmistakably coalified 

wood fragments exhibiting a fibrous 'woody' surface. These 

samples are dark . brown in colour with lighter reddish-brown 

patches ~f surface oxidation. Their very high induration is 

probably due to disseminated pyrite in the samples. and 

possibly some uraniu111 111ineralization {Table 4 . 1). Polished 

grain mounts of these three samples yield structured 

(telinite) and structurelese vitrinite group macerals, and 

inertinite group macerals. The s t r u c t u r e leas vi t r 1 nit e group 

maceral can not easily · ~e categorized using the three-fold 

vitrinite maceral classification of Stach et al. (1975) 

(i.e •• telinite. collinite, and vitrodetrinite). Apart froa 

ita atructureleaa appearance. it looks aoat alailar to 

------··- .. ·-
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Table 4; !' Summary o:f trench and drill core sample 
properties • . 

Sample -~~~ax 
Rou 

Trench 
DFS 81-JO 0.99 

DFS 81-)1 0.61 

DFS 81-J4 0.62 

DFS 81-3.5 

Drill core 
80-70 12 0.68 
80-70 18.8 0.74 

80-70 27.8 0.6J 

80-70 49.4 0.68 
80-79 68.) 0.65 
79-29 )4 . 4 0.9? 

79-28 J5.4 0.81 

* G 

O.Q9 

0.07 

0.06 

0.04 
0.05 

0 ~ 04 

0.06 
0.04 
0.11 

0.11 · 

Macerals** Radio~ctivity(cps) 

Fusini t e( I) 50 ' 
Semifusinite( I) 
Structureless( V) 

Structureless( V) 
, Telini te(V) .. 

Structurel ess( V) 
Semi:fusinite( I) 

Fusini te(I) 150 
Semifusini te( I) 
Macrini t e( I) 

Structureless( V) 

Structureless( V.) 
Telini te( V) 

Structureless(V) 
Telini te( V) 

Telini te(V) 

Structure less( V) 
Telini te( V) 
Fusini te( I) 
Sclerotinite( I) 

Telin.i te( V) 
Sef!lifusini te{ I) 

* noil"' 1.518, nglass standard= 0.940 
** (V) from vitri nite mae~ral group 

(I) from 1nsrtinite maceral group 

"• . . ' 
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Figure 4.7. 
mm. 

Figure 4. 8. 
0.25 mm. 

Cellular vitrinite maceral. Bar scale 0.25 

Cellular inerti n ite maceral. Bar seale 
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Figure 4.9 . Pyrite (P) intimately associated with 
cellular inertinite (I) and vitrinite (V) macerals. Rar 
scale 0.25 mm. 

. . 

• 
,· 

, 

~ 

Figure 4.10. Gray, structureless vitrinite maceral. 
Bar scale 0.25 mm. 
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telinite. Th-e fourth trench sample (81-30) consists of a 

black coal with ~light surface oxidation and a vitreous 

lustre. It is a much smaller, brittle sample consisting of 

the inertinite group macerals fusinite and semifusinite and 

some structureless vitrinite macerals. 

Five coal samples wer~ collected from drill hole 80-70 

(Table 4.1), The coal was found in granular to medium 

grained sandstone. The gray sandstones are arkosic in 

composition with local cross-stratification. Pyrite and 

kaolinitlzed feldspars are readily visible in these drill 

core samples. r ·he presence of these two minerals probably 

reflects the relatively reduced, acidic microenvironment 

developed durin8 coalification. Pyrite commonly shows red to 

yellow hematite-limonite halos. The coal occurs as very thin 

to medium laminae and thin wisps of organic material. The .. 
macerals extracted from the five samples were mostly . lower 

reflecting gray telinite and a structureless vitrinite group 

maceral. · Many of the grain mounts made from these samples 

show cellular plant material (Figs. 4.7 and 4.8). 

T h e co a 1 s a m p 1 e f r o a d r ill h o 1 e 7 9 - 2 9 w a s f o u n d i n .a 

coarse grained arkosic_sandstone. The sandstone is highly 

indurated and red in colour due to extens~ve hematite 

cementation. The laminae of coal consist of t•linite, bogen 

structured (collapsed cell walla) fusinice, and sclerotinite 

(Table 4.1). The last drill core aaaple, from drill hole 

79-28. contained thin fragaent1 and laainae of coaly aaterial 

within a pinkiah, aediua grained, aicaceoua arkose. 
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Fel1spars were again extensively kaolinitized. T e li n i t e ·a n d 

semifusinite are the major macera~ ty~es (Table 4.1). Again, 

in both these samples, euhedral crystals and frgmboidal 

aggregates of pyrite are intimately associated witn the coal 

mace ra la (Fig. 4. 9). 

4.3.2 Vitrinite reflectance 

Re!lectance measurements were ~ade on ten of the eleven 

cos~ samples described in the previous section. The samples 

were prepa·red following the me thad prescribed by Dr. P. 

Hacquebard (Dr. R. Hyde, pers. comm. 
• 1982) and partly 

described in Hacquebard and Donaldson (1970). The general 

stages in the preparation of the polished grain mounts were 

as follows: (1) the dark organic material was picked from 

the crushed sample and washed with distilled water; ( 2 ) 

carbonate minerals were removed using hydrochloric acid; (3) 

the samples were then macerated in hydrofluoric acid; (4) 

the organic residue was then dried and mounted in cold-curing 

epoxy on glass slides; (5) the grain mounts were ground and 

polished using a levelling technique developed by Baskin 

(1979). 

The prepared polished grain mounts were viewed through 

oil with a Zeiss -03 photoaeter. Maximum reflectance values 

were recorded on llledium to dark gray aacer.als (l'lg. 4 _.10) 

while rotating them 360• beneath the incident beaa. The 

maximum reflectance value• for fifty grains in each graln 

aount: were recorded a1 percentaae• and averaged (i~· ). The 
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average reflectance values for ten of the eleven coal samples 

collected and their standard deviations are listed in table 

4.1, to~ether with available scintillometer radioactivity 

readings and the types of macerals found in each sample. 

Macerals were identified using criteria and photomicrographs 

contained In Stach et al. (1975). It should be mentioned 

here for future considerations that, due to slight 

differences in measurement technique, the measurements (in 

percent) recorded here are on the average 0.04 higher than 

those measured by Dr. R. Hyde. 

A reflectogram showing the modal distribution of the 

averaged reflectance measurements for the ten coal samples is 

presented In Figure 4.11. The histogram defines twQ groups 

of reflectance measurements: one group of seven betw~en 

0.63 % and 0.74 %, and a second group of two samples (0.97 % 

and 0.99 %), with an intervening sample yielding 0.81 % 

reflectance. 

It is not immediately obvious why there are two 

: groupings. The bimodality of the reflectance measurements 

may be due to the influence of coal which had been eroded 

from coal-bea~ing strata within the Anguille Group thus 
r 

yielding different refleitance measurements from the coal 

which underwent coalification within the Humber Falls 

Formation. Thia •ay be the caae as fossil trees have been 

identified within the Anguille Croup (Popper, 1970)•. 

Unfortunately· this hypothesis could not be tested as no 

aaaplea of the foaail treea vera available for reflectance 
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Figure 4. 11 Reflectogra11 of Dean reflectance maxima.. in on·. 
for ten trench and drill core coal samples. 
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measurements. PJ:eliminary vitrinite reflectance measurements 

by Dr • R. Hyde (pers. comm. 
\ 

1984) on coaly material from 

the Anguilte Group show reflectance values ·that: are generally 

greater than 1.0 %. A second possible reason for the 

bimodality is that due to similarities in appearance, some 

higher reflecting inertinite group macerals were .. 
misidentified as vitrinite group macerals (e.g. semifusinite 

and pseudovitrinite are --s-imilar in appearance), thus 

. I 
increasing the averaged reflectance of a sample. 

· It: is interesting to note that as well as playing an 

important role in trapping uranium, the coaly material might 

itself have been irradiated by its ~-sorbed uranium, causing 

an increase in reflect,ivity (Breger, 1974). Unfortunatel y, 

there is not enough data (Table 4.1) to determine if such a 

relationship applies here. Finally, if i t is assumed thai: 

' the vitrinite reflectance measurements from the larger group 

of coal samples (0.63-0.74 %) is representative of the coaly 

material, then the coal associated wi th the Humber Falls 

Formation c an be ranked as high-volatile bituminous R or C. 

This ranking correlates well with the high-volatile 

bituminous B rank of the in situ coals in the Howley 

Formation as determined by Hayes (1949); but show a lower 

rank than that determined by Hacquebard and Donaldson ( 1970) 

for the in situ Howley Formation coal. 
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4.3.3· Discuss.ion 

Whereas the coal described by Howse and Fleischmann 

( 1 9 8 2 ) a n d H a y e s ( 1 9 4 9 ) f r om t h e H o ·w 1 e y For m a t i o n o n t h t! 

northeast shore of Grand Lake are considered to be in situ 

coal, the coaly samplPs collected from drill core and 

trenches in and above the northern body of the Humber Falls 

Formation is considered to be detrital in or"igtn.. A 

detrital, or transported, origin for the precursor woody 

material is suggested by the association of many of the 

samples with cross-stratified fluviatile sandstones, the 

parallel alignment of small wisps of coaly fragments, and the 

fragmental nature of some of the coaly material. This is a 

different scenario from the paralic environment envisaged for 

some Maritime coal deposits (Duff et al., 1982). Nor can 

these occurrences be related to paleosol development as is 

suggested for the in~ Howley Formation coal (Howse and 

F 1 e is c h mann , 1 9 8 2 ) • Due to its fragmental nature and its 

association with fluviatile sediments the coaly mater i al 

a s s o c i a t e d w i t h t h e no r t h e r n b o d y o f t h e Hum be r .F a 1 1 s 

Formation is more easily related to coalification of 

transported woody material after it was deposited in a 

fluviatile regime within a semi-atid to humid environment, as 

has been proposed for other coal occurrences within the 

Maritime Provinces (Hacquebard and Donaldson, 1969; Legun 

and Rust, 1982; Mason and Rust, 1983). 
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Stach et al. (1975) claim that bituminous coal 

formation is possible between loo•c and l50°C. If, as 

suggested, the lower reflecting group does have a coal rank 

of high-volatile bituminous 8 or C then it seems feasible 

t-hat ·these coals have been subjected · co tempera t'ures in the 

range of too•c to lSo•c during coalification. An interesting 

consequence of the vitrin!-t~ -reflectance data is that the 

Humber Falls Formation, even though older than the Howley 

formation, shows a slightly lower coal rank (high-volati~le 

bi~uminous B or C) than the Ho~ley Fo rmation (high - volatile 

bituminous A or B). 
'· 

This suggests: (1) that the Humber 

Falls Formation coa1 was not buried as deep,ly as the How l ey 

Formation coal s 'eams and therefore experienced lower 

geothermal temperatures; and (2) that the How l ey .fo' ormation 

n f' v P r c o.v ere d t he Humber F' a lls F o 1: m a t 1 on • If the Howley 

Formation had covered the Humber Falls Formati6n the rank of 

coal in the two formations would suggest a decrease in burial 

temperature with depth, which-'is uhlikely. 

__ .,.... ____ ~,oo:.-C":":-:,_:--------J-.------- - ------ ·--· ----- ~ 
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GHAPTER FIVE 

DIAGENESIS 

5.1 Gen·eral introduction 

~he complexities involved In sedim~ntary d i agenesis are 

reflected in ·the pletthora of definitions w,hich have· been .. 
"proposed for the term diagenesis. Here, th ·e term diagenesis 

refers to all the physical and chemical c hanges which have 

ta"'"ken place in the sediments bet.ween the time- of deposition 

and the onset of low-grade metamorprism. 

r 
In siliciclasti c 

rocks containing diageneti c clay minerals, as is the 

situation in the Deer Lak,~ ~ subbasin, the~ansition f rom 

dia .genesis to metamorphism- is specified using c hanges in 

d i a g e n e t i c: c 1 a y m i n.e r a 1 s s u c h a s ill i t e s ( K u b 1 e r , 1 9 6 6 ; 

Dunoyer De Segonzac, 1970; Ffey , 1970; Winkler, .19 79). 

t t..e 

The processes involved in · the. diagenesis of sediments 

are ma ny and it. would b e a monument a l task to de ci
1
pher all 

the phys{cochemical interactions which hav e taken place ln 

the Deer Lake subbasin sediment~. Impor t ant interrelated 

factors wh ic h may influence sediment diagenesis, particularl y 

in sandstones, inc l ude the following: temperature, pressure 

(litho l ogic and fluid), burial rate, detrital mineralogy, 

pore-fluid composition, sedimentary facies .. , t _ectonic setting, 

I and time (Packham and Crook, 1960; H4rst and Irwin, 1·982; ' .. 
.Hutcheon, 1~83) • .. 

----~~ .... ,.,..-:-..;.;... .-------- -----·-· -- ··- ··· - . ·· ····- ·· ·-· 
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The following sections deal with two paragerietic 

sequences which have developed in sediments of the Deer Lake 

Croup, their correlatioQ; their geochemical trends, and their 

duration. As well, the. degree to which the· sediments have 

'been heated during diagenesis is estimated by· considering 

org~nic an~ mineral thermal matur~tion indicators within the 

sediments. 

5.2 Paragenetic sequences in the Deer Lake Group and Howley 

Format~on 
/ 

5.2.1 Introdu~tton 

Two paragenetic sequences are proposed for the Deer Lake 

Group and Howley Formation sediments (Fig. S..lA and B). 

samples._.from the North BrQok, .Humber Falls and Howley 

Formations, anA the uranium-mine~alized sanJstone bould~rs 
' 

display the same paragenetic sequence (Fig. 5. lA). The 

second parageneti~ sequence holds for the Rocky Broo~ 

Formation sediments (Fig. 5, 1 B) • For brevity these two 

All 

par age n e t i c sequences are referred to as the · "san~ s ton£ " and 

"shale" sequenc~s respectively. In ' Figures 5.1A and B, 

"~!me" does not imply that th·~ sequence of diageneti c events 
• I 

in ihe f~r~ations ~ere time correlative in~~ absolute sense; 

tliis may or may . nof have been the case • . What "time" does 

imply is simply that for all the samples concerned the events 

were superimposed on each other "in the order specified by the 

sequence. This is a relative time sequ~nce of events~ In 

, .. 
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·sandstone• sequence ~ . 

Oxidized grain coatings 
..... . 

Quartz overgr~hs 

Secondary porosity (silicate dissolutiol') ) 

Authigenetic clays 

Carbonate cementation 

Mineralization and sideritization 

Hematite and limonite cementation 
( 

Secondary porosity<' i:>ervosive) 

Siliciclastic and ollochemical deposition~ dolomite ,calcite and 
uranium chelate or oxyion precipitation; organic putrefaction; 
and rhizolith development 

Dolomite and calcite recrystallization ,and "analcim~ precipitatiOn 

Chert and chalcedoriy cementation 

Blocky calcite cem..ntatlon; pyrite groWth; and micro fracturing 
filled with blocky calcite and minor pyrite 

Secondary intercrystal and vug porosity; and open micro.fracturing 

Figure 5.1 (A) The "sandstone" paragenetic sequence 
(B) The " s hale" paragenetic _sequence 
" Time" implies a relati ve, superimposed sequence of 
events. 

- - - ·--- ---------- ---- ·- --\ 
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f 0 11 0 wing t h r e e sec t 1 0 nf the t li 0 the paragenetic sequences 

will be described stage by stage and then discussed. 

5.2.2 The "sandstone" sequence 

-. 

The first stage in this paragenetic sequence (Fi~. 

' 5.1A) involved the development of dust rims just' prior to the ..... 
formation of quartz overgrowths (Fig. 3.66). These coatings ' 

are re{erred to as·dust rims due to their appearance as iaint 

rims of finely crystalline oxidized material around grain 

boundaries. The dust tims were pro~ably formed after 

deposition as the oxidized material would have been abraded 

during grain transport. Some 'of the finely crystal1line 

oxidized material may well be infiltrated detrital material 

which was oxidized before quartz over&rowth development. 

The quartz overgrowth~ were developed before grow:th of 

authigenic clays. Fo.,r example, in Figure's 3.12 ilUd 3.56, 

montmorillonite and chlorite, respectf'vely, formed on 

' prev~sly developed quartz overgrowths. This f~ts with the 

generXl observation that quartz precipitation is apparently 
. . . 

mi,nimal on gra'in surfac.es which are covered. by clay mine·~·,ls 

• (Heald an·d Lart~se, 1974; Taylor, 1978). Po s s 1 b !'e s o u r <: e s 

for the silica are: (1) pressure solution of compacting 

detFital silicate gTains ~supported by the presence of 

sutured and concavo-convex g~atn boundaries); (2) detrital 

clay mineral reactions · (S;ibley and Blatt~ 1979; Blatt, 

1979). 

( . 
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S e c o 11 d a r y p o r o S·i C y . w is a 1 s o d e v e l o p e d e a r i y. i n t h e 

"sandstone" paragen~tic sequ,ence thr~ugh the dissolution of 

detrital feldspar grains, feldspathlc rock fragments and, 
.Jo. 

loc~lly, quartz grains (Fig. S.lA). PlagJ..oclase and 

mlcrocline underwent the most extensive dissol~tion, a fairly 

typical fea .t1,1re ·in sandstones, which in.,j.ariably qepen~s on 

the bonding strengih between o~ygen and catioqs in 'the 

silicat~ grains (Keller ·, 1957') and is in ke.eping with the 

mineral stability series predicted by Goldich (1938). The 

voidsowhich developed in ' t tie grains were not formed before'l.. 

deposition as some of them ext end to the mat gins of the 

graift'S and 1 t is likely that grains, with such voids would 

hav-e been • o ken during t ran s p or t , An early porosity 

development is corroborated by the development of authigenic 

cla~ mJnerals and carbonate cement within this intergranular 

and in~~agranular pore space (Figs. 3 . 37 and 3.38). 

The neltt stage in the· · .. s .andstone" sequence (Fig. S • 1 A) > "' 

was the development of authigeni c kaolinite, illite, 

1 ~ montmori lo.nite, chlorite, and mix~d-layrer ' 
l 

illite-montmorillonite, all of which are typically d~veloped 

within or adjacent to the detrital grains, and are partly or 

completely ~overed by later diagen~tic mineral phaseB such as 

the ca rbo~ate and hematite cements. Both of ~hese features 

sugges t an earl~ development for the authigenic clay 

minerals. These minerals prbbably developed through the 
/ 

dissolution of detritus and the in situ replacement by clay, 

a me-chanism which· is f.airly cpmmon in sandstones (.Hay.es, 

lBS 
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1970; Walker et al., 1971$; Blatt et al. -, 1980; Hurs-t and 
' 

Irwin, 1982; Eslinger and Sellars, 1981; Curtis, 1983). 

Altho~gh physical evidence is lacking, it is possiblr that 

som~ of the authige~ic clays may have deOeloped through the 

transformation of other authigenic clafs, e.g., 

montmorillonite from k.aolinite plus quartz (Hutcheon, 1963), 

illite-montmorillonite from montmorillonite (Dunoyer De 

Segonzac, 1970), and chlorite from montmorillonite (Hoffman 

and Hower, 1979). 

r The next stage in the "sand~tone" paragenetic sequence 

was the influx of carbonat~ cement, particularly calcite, 

into the sedimente. The carbonate cemrnt typically corrodes 

and partly masks ·both the detrital grains and the authigenic 

clays (Figs. 3~14, 3.3S, 3.36, 3:69, 3.70). The two pu.lsee 

of calcite detected in sBme North Brook Formation 

samples, whi6h refl~ct a decrease in iron content (Figs. 
,... 

3.15 and 3.16), show no intervening mineral developlllent:'" The 

coarsely crystalline~ blo c ky and zoned nature of most o ·( the 

carbonate cement, suggests that it was pr~cipitated within 

the p~reatic zone (Flugel, 1982). Also, the rupturing and 

corrosion of detrital silicate grains, especially quartz, 

indic~tes that the carbonate cement was destructive and 

cementation occurred slowly enough to enable silicate grain 

dissolution (Dappres, 1971). Carbonate ce~entation of recent 

alluvial fans has be~n attributed to leaching of the 

appropriate , ions fram t~e local detritus, especi a lly basic ' 

igneous rock fragments (Lattman, 1973; Stadler, 1975). It 
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is evJdent that some of the calcium was derived f~om the 

leaching of calcium from plagioclase grains (Fig. 3.11) , but 

this source cannot account for .all the carbonate cement 

present. Most of the ions needed for calcite and dolomite 

cementation could have been picked up by groundwaters moving 

through the calcite- and dolomite-bearing car~onates which 

form part of the basement terrane along the west si~e of t~e 

subbasin (fig. 2. 3). 

Next was a stage of more localized pyrite, uraninite, 

and siderite cementation. All three minerals cut into, 

" 
engulf , or are s UlJ e rim posed on the de t r 1 t a 1· . g r a 1 n s ·and 

diagenetic ~inerals discussed so far (Figs • 3.49, 3.51, 

. 3.52, 4.5). It is fairl~ well established that precipitation 

of pyrite and uraninite in sediments is most ~ikely to take 

place by sulphate, iron , or uranium red~ction in the presenc e 

of organic or inorganic reductants (Garrels and Christ, 1965; 

Curtis and Spears, 1968; Blatt et al., 1980). Furthermore, 

Berner (1970) believes that in the absence of s ea wat~r, the 

sulphur f or ~yrite formation comes mainly from organic 
. . 

matter. In the northern body~ of the Humber Falls Formation, 

the pyrite and uraninite mineralization may have received 

some sulphur, iron. and uranium from ~oluttons perc o lating up 

faults (e.g., the Wigwam Fault) from the organic-rich, pirtly 

uranif e rous sediments of the Rocky Brook Formation. The 

o c currence o f pyrite Around radioactive coal suggests that 

the coal acted localiy as a reductant for the uranium and as 

both reductant arrd sulphur do n or for the pyrite. The 



development of siderite, on the other hand, -is not closely 

associated with organic mater-ial. A likely origin for 

siderite is that described by Castaffo and Gairels (1950) and 

Blatt et al. (1980), in which aqqeou~ solutions carrying 
'1/(' 

reduced iron .cause calc~te dissolution and the subsequent 

precipitation of siderite. The close association-between 

calcite, and chlorite (a further irqn ~ontributor) 

this mech~nlsm for siderite formation. 

A stage of hem~tite cementation followed. The hematite 

corroded and masked both detrital grains and all the 

previously formed diageneti~ mineral~, including the 

carbonate cement and uranium mineralization (Figs. 3·.6, 3.7, 

3.39, 3.43, 4.6). The"'leachi~ of iron from . iron-bearing 

mi~erals by oxygenated fluids a n d the subsequent development 

of hematite cement has been used to explain the pigmentati o n 

of many red-bed seq~ences (Walker, 1967; Hubert and Reed, 

1978; Turner, 1980). Some of the iron which went into the 

fo.rmatlon of hematite in the sediments was lea.ched from 

ir~n-bearing detritus. There seem to be too few iron-bearing 
---......., . 

mineral~ in t he sandstones themselvei (Appendix I) , however, 

t o pro4uce all the hematite cement which is present. The 

oxygenated fluids must have already been carrying dissolved 

iron lehched from surrounding basement rocks and from the 

fine grained clay-rich sediments . interlayered with the 

sandstones and conglomerates. 
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The last change_ to take place in t~e sari'dstones was an 

episode of pervasive seco~ary porosity development. This 

can be distinguished from the early stage of secondary 

porosity development, as the late stage of dissolution 

affected. all the detrital framework grains and diagenetic 

mineral phases, including the -e•atite cement (Fig. 3.44). 

. 5.2.3 The "shale" sequence 

The first stage of the "shale" paragenetic sequence 

(Fig. 5.1B) involves the deposition of shallow-water 

lacustrine or lake-marg i n si l i c i c lastic and allochemical 

carbonate sediment~ accompanied by calcite and dolomite 

precipitation in the epilimnion and the upper layer of the 

profunda! sediment (Eugster and Surdam~ 1973; Hardie et al., 

1978; Dean and Fouch, 1983). During early sediment 

deposition· and carbonate precipitation, living or decaying 

plant roots contr)buted to the developmeni of rhizolith zones 

l , !:_Yter micrite-ce.mented env~lope) and 2 (cl·ay- and 

organic-rich ring), while wlthin the R6cky ·Brodk Formation 

lake, uranium was deposited through a variety of mechanisms 

(chapter four, section 4.2.3) and organic putref~ction was 

leading to the formation of oil sh a les. 

Th~ next stage in the se c ond sequence involved some 

recrystallization and growth of the finely crystalline 

calcite and dolomite cement to medium size c rystals 

(0.62-0.25 ma,, Folk, 1962). Although the evidence for this 

stage is not ubiquitous, the presence Gf medium size 
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subhedral crystals in ~n oth,~wise finely crystalline 

calcilutite (Fig. 3.28) suggests 'that some !'ecrystallization 

did take place. 

"Analcime" also precipitated fr pm solution during the 

second stage. The "analcime" is found associated ~ith the 

coarsely cryst!lline calcite patches (wh~ch clearly post~ate 

the material developed during the first stage); it f o rms a 

mineral ph\se whi~h typically develops a l ong the margins of 

the patches and shows corroded edges when in contact with the 

coarsely crystalline calcite (Fig . 3. 20}. "Analcime ·· is 
.• -

similarly associated with the coarsely crystalline calcite in 

rhizolith cores (Figs. · 3.22 and 3.24). These ielationships 

show that the "an a 1 c 1m e- farmed after the. in 1 t 1 a 1 s t a g_e of 

sediment diagenesis hut sl i ghtly before the influx of the 

coarsely crystall-ine calcite (stage -four). Traditionally, 

• the presence of "analcime" in lacustri n e sediments has been 

linked to , the degradation of . volcaniclastic material in the 

immediate vicinity (Def f eyes, 1959; H.l g h and P 1 card , 19 6 5; 

Coombs and Whetten, 1967). There ls . not enough 

volcaniclastic material In ·the Rocky Brook Formation, or in 

the adjacent formations, to account for all the "analcime " . 

~icroprobe .. a::::Zs (AppendLx II) show a composition between 

stoichiometric analcime and albite for the crystals • . No 

i ntergrowths of albite were seen in the "analcime" crystals, 

~nd there does no~ seem ~o be enough albite in the sedimertts 

to account for "analcime" development entirely through albite 

hydrolysis. The "analcime" probably precipitated from highly 

) 
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alkaline waters within the sediments (Hay and Moiola, 1963; 

Hay, 1966 ; Coombs and Whetten, 1967). The sodium necessary 

for "analcime" development could have been leached from 

sodium-bearing detritus (e.g., plagioclase feldspars, 

parago~ite) within the Rocky Brook or North Brook Formations. 

The necessary ions fQT "analcime" development may also have 

been derived from the breakdown of sodium-bearing cl11-y 

minerals such as montmorillonite (Hay, 1966; Helgeson et 

al., 1969). Some authors believe tha t sodium c an c o mbine 

with kaolinite to form '' analcime" (Foster and Feicht, 1946; 

Smith, 1982). The paucity of kaoli'flite in the Roc:ky Bro o k 

Formation sediments is negative evidence supporting this 
• 

mechani·sm of "analcime" development. A sma 11 amount of 

sodium released from decaying plant material may have led to 

the precipitation of "anal c ime" fn th e centre of the . 

rhizoliths. 

Minor amounts of silica cementation in the form o f c h e rt 

and ctJal c edony was also devel o ped in the Rocky Brook 

Formation about halfway through the "shale '· paragenetic 

sequen c e (Fig. S.lB). The sili c a cement occurs as 

subrounded patches which penetrate and disrupt the firs t 

str~ge carbonate and siliciclastic sedim e nts. The length- f ast: 

chalcedony typically occurs in the centre of the silica 

patches, suggesting that the chalcedony was the la s t of the 

two void - filling quartz phases to form. Frondel (1982) 

believes the development of chalcedony is favoured by sili c a 

supersaturation and high growth rates. This may hav e b~en 

1 9 1 



the case during the closing stage of the episode of minor 

silica precipitation within the Rocky Brook Formation and 

would therefore account for thf' chert-chalcedony zonation. 

The relative timing of (1) carbonate recrystalliza~ion 

and "analcime" precipitation, and (2) silica cementation 

could not be determined as the minerals were never see n 

together i n the sam e thin . section~ In Figure 5.1 B the stage 

of silica cementation was not included with the stage of 

carbonate recrystalliz·ation and "ana l cime" p recipitation, as 

quartz and c arbonates will usually develop under different 

chemi c al conditions (Blatt et al., 1980 , p.3 4 8). It is 

po ssible that silica cementation onl y o cc urred in very 

lo c alized areas within the sediment while carbonate 

re crystal lization. and .. analcime'' pre c ipi t ation were tak i n g 

pla ce Plsewhere. 

The fourth stagf' in the "sh a le" sequence involves the 

developm e nt of irregular pat c hf's of coa rBely crystalline 

ca lcite and anastomosing microfrActure~, whi c h are also 

filled by c oarsely crystalline calcite (Pig. 3.29). Based 

on the r easo ning in chapter thre e , section 3.3.2, the pat c hes 

and stockwork a ppe a r to have developed at the s a me tim e . 

Both th e patches and the stockwork cut the silicicl;o.stic and 

car bonate material And s ili c a cement developed during th e 

first three stagl's, and c orrode the edges of the "analcime" 

crystals. Minor pyrite is al Ro local l y developed in the 

stockwork ( Fig . 3 . 2 9). In pla c es within th e sediment, 

11 uthigeni c pyrite crystals appear to have aggregated and 
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encroached on neighbouring minerals (Fig. 3. 2.8). These two 

features suggest that the pyrite developed in part during the 

fourth stage, possibly due to the movement of sulphur along 

the m i c r u f r a c t: u r e s ( C•f • , Curt is a n d S pea r s , 1 9 6 8 ) • 

The last f~>ature to be developed in the lacustrin e Rocky 

Brook Formation sediments Yas secondary, microintercrystal, 

mesovug and 'open' microtracture poroslty. This late 

porosity cuts all material developed 'earlier in the "shale" 

sequence. Figure 3.21 shows an 'open' microfcacture clearly 

cross-cutting the calcite stockwork developed during the 

previous paragenetic stage. 

5.2.4 Discussion 

Unfortunately, the two paragenetic sequences which \l'ere 

developed for the Deer Lake Group llnd Howley Formation 

s e diments (Figs. 5.1A and B) do not show many similaritif's. 

Th e only two s imllar even(s found in both sequence!' are: ( 1) 

the carbonate cementation stage of the "sandstone" sequence 
., 

and the blocky calcite cementation stage i.o the "shale ·· 

sequence; and (2) the late-stage pervallive secondary 

porosity of the "sandstone" sequence and the late-stage 

secondary intercrystal, vug, and '"open' microfracture 

porosity of the "shale" sequence. The main reason why the 

two sequences do not correlate better is the fact t hai: they 

r e p r e s e n t r o c k s f r om d 1 f f e r e n .t s e d i me n t a r y f a c 1 e a v h 1 c h 

inherently possess, for example, different hulk primary 

mine.ralogiea, porosities, permeab111t1es. 
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...,. There do not appear to have been any major geochemical 

changes ,during the devPlopment Of the · ''shale'' paragene t (C 

S.lB). The abundance of car~nate minerals sequence (Fig. 

and "analcime", and t 1he abs.ence of kaolinite, indicate that, 

apart from the relatively minor silica cement, the 

paragenetic s~queflce which developed in the Rocky Brook 

Formation evolved under alkaline conditions. The "sandstone" 

paragenetic sequence, however, does show A c hange in 

lgeochemical environment during its development. . ·- ..., . The oxidized 

natur e of the dust rims suggests that they were formed in an 

o x y g e n a t e d e n v i ' r o n me n t • The quartz ov~rgrowths and .. 
authigenic k11nlinite that developed early in the ··sandstone ·· 

s equence were probably forq:~ed under relatively acidic 

\ 
cood it ions. The leach.ing effect of acidic meteoric water in 

sandstones and the conse4u't>nt production . ·of ka o linite and 

quartz is well documented (Bucke and Mankin, 1971; Da v 1 e s e t 

al., 1979; Curtis, 1983). An increase in c a t l on activity 

possibly supressed the continued growth of kaolinite (Curtis, 

1983), and allowed montmorillonite, illite-montmorillonite, 

and chlorite to develop. The eventual influx of calcite 

ce ment suggest s that the geochemical environmen.t had slowly 

become • alkaline. 'I' h e coarse blocky nat~e of the carb.,onate 

cement also Sll'ggests that carbonate cementation t~ok pla ce 

below the water table• Th e pyrite and uraninite 
• 

mineralitation probably developed in more localized areas 

where anoxi c and acidic conditions prevailed • • 

- ------ ---·-··.-
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A general idea of the absolute t ime involved ' in 

' diagenesis is"provided by a pal e omagne t ic ~tudy by Irving and 

Strong (in press) on some of the same drill core whi c h was 

used to der-ive the · "sandstone" paragenetic se"quenc:e. The 

Deer·La~e Group red-beds hav e a Kiaman (Late Carb o niferous to 

Early Permian) paleomagnetic overpri n t, appare n tly related in 

tim e to 'hematite cementation. If this is true, and given 

that the sediments were deposited during th e Vis~an, then i t 

' 
must have taken between 40 Ma and 8 0 Ma for the "sandstone" 

par ag e net 1 c sequence to rea c h t h). stage of h e rna tit e 

cementation. If the lat e s 'tage of hematite r:em e ntation did 

develop, between the tate Carboniferous and. Early Permi a l1', 

I 
then one •ay conclude that oxygenated solutions flushed 

through the entire ~Deer Lake Group and Howle y Formatio n 

sequence la t e in the d e v e l o pment o f t h e paragenetic sequence. 

( 

• ... _ _,. 
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5.3 Thermal matu~atlon indicators 

5.3.1 Introduction 

Diagenetic clay mineral assemblages and organic matter 
I . --

are th~ two most widely user thermal maturation indicat-ors in 
I 

unmetamorphosed sedimentary rocks (H~roux et al., 1979). 

11 o s t authors agree that temper at u r e , ~ i me, . and type of 

organic matter or min~ral comp~sition are the most important 

factors controlling the degree of thermal maturation 

(TeichmUller and TelchmUller, 1967; Ca s ta~~ and Sparks, 

19 7 4; Stach et al., 1975; H e r o u.Jt. e t a 1 • , 1 9 7 9 ; Hoffman ~nd 

Hower, 1979). ' No single indic-ator ls self-sufficient in 

estimating the degree of thermal ~aturation, as any single 

'-
indicator may gJve spurious or inconsistent results for a 

variety of reasons; e.g., sediment reworking, analytical 

l 
error, variable sample treatment and therefore uncertain 

correlation between research labratorie~. Therefore, it is 

best to use a few indi c ators: fr.om the same sediment< samples 

if possible, and then to try and correlate the indicators 

based on thei( physical or chemical changes with temperature -

increase. 

ln this section, three thermal maturation indicators 

within the Deer Lake Group and Howley Formation sedi~ents ar~ 

tested. The three are: (1) vitrinite reflectance ranking of 

coaly material; (2) diageneti~ clay mineral assemblages; 

and (l) iVlite crystallinity ~easurements. 

\ 

.. 
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s . 3.2 Vitrinite reflectance 

The use of vitrinite reflectance to rank coal has been 

used successfully by many researchers (e . g., Hacquebard and 

Donaldson, 1970; Stach et al., 1975; Bostock, 1979). Based 

o n the vitrinite reflectance results and discussion in 

c hapter four, section 4.3.2, the coal found in the Humber 

Fa lls Formation drill core and the surface trenches is ranked 

as high-volatile bituminous B and C. According to Stach et 

al. (1975) bituminous coal may develop between 
0 

100 C and 

minimum 

Bostock (1979) has constructed a tabfe comparing 

burial paleotemperatures needed to attain various 

l evels of vitrinite reflectance. Using Bostock ' s table and 

t he vitrinite reflectance measurements listed in Table 4.1 

for the lower reflecting group of coal (Fig. 4.11), the 

minimum paleotemperature range needed for this group of 

s amples is bracketed between approximately 128° C (lower limit 

o f group, 0 6 1 % -f'fte..'lt ) • R.a (upper limit of group, 

o. 7 4 % R.~ ) • 
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5.3.3 Diagenetic clay mineral assemblages 

The diagenetic clay mineral assemblages in sediments, 

like coal, have been used by many researchers as diagenetic 

geothermomet~rs (e.g., Dunoyer ' Oe Seg.onzac, 197 0 ; Zen and 

Thompson, 1974; Hoffman and Hower, 197"9; Wi!"Jkler, L979). 

Two diagenetic clay. mineral assemblages have been identified, 

one for t he Nor t h Brook , Humber Falls , and How l 'e y Forma t i on s • 

and"hne for the finer grained lacus~i.ne sediments of the 

R o'c k y B r o o k F o r m a t i o n • 

The diagen e tic clay mine<al assemblage for the North 

Brook, Humber Falls, and Howley Formations c onsists of: 

kaolinite, chlorite, montmorillonite, illite, and, in the 

North Brook and- Humber .Falls, Formations, disordered 

illite-montmorillonite. Although the confirmation of the 

diagenetic clay minerals in thP Rocky Brook Formation by SEM 

is pr e cluded by the fine grain size df the shaly sediments, 

it is felt that some diagenetic chlorite, illite, and 

montmorillonite are present, together with "anal c ime·. Dr. 

R • Hyde .(pers. comm. 1983) has recently identified a 

mixed-layer c lay mineral ~n the Ro c ky Br9ok sediments that 

, appears to be m~xed-:-laycr chlorite-montmorillonite. 

A review of the literature on diagenetic clay mineral 

stabilities revealed the . following geothermic Information: 
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(1) A study bi Dunoyer De Segonzac (1970} demonst~ated 

that diagenetic kaolinite has a maximum stability between 

so•c ;nd l90°C with an average maximum stability of 

approximately 136•c. 

(2) Only a few studies have been able to monitor th e 

stability of montmorillonite with changing temperatures. In 

the southwest Texas Wilcox Formation the upper 9tabll1ty 

limit . . 
fo~ montmorillonite is approximately 70 C (Boles a9d 

Franks, 1979) while in vario~s locations ~Ion~ the Gulf Coast 

montmorillonite is st~ble up to ( Burst, 1959). 

{3) It is generally a ccepted that illite-montmorillonite 

fo~ms through the aggradation o~ degradation of pre-existing 

clay minerals (Weav e r, 1956; Dunoyer De Segonzac, 1970) • .,.. 
"The developmenb of disordered illite-montmorillonite " in the 

Deer Lake subbasin may have followPd 

degradation processes can take place 

eithh 

durin~ 
course. The 

early weathering 

(Stoch and Si~ora, 1976). With aggradation~! processes, 
\ 

Dunoyer De Segonzac (1970) has reported t~at the transition 

of montmorillonite to disordered illite-montmorillonite 
( 

generally takes place between 7o•c and 95•c. The same 

transition is reported to take place at 70°C in the Rhine 

Graben and loo•c along the Gulf Coast (Heling and .. 
Tei c hmiHler, 1974), Perry and Hover (1970) show that in the 

G~lf Coast region, with 35 % expandible layers in the 

illite-montmorillonite ·minerals (as is the situation in t.he 

Nort.h Brook and Huaber Falls Formations) there is a 

corresponding fo~mation tempera~ure of approximately 9S•c . 

.. 

199 



(4) The writer does not believe that the discrete 

diagenetic illite was formed by illitization of precur&or 

diagenetic clay ~inerals (i.~., through a mixed-layer phase 

(Dunoyer De Segonzac, 1970)). The temperature for di;c rete 

' ' 
i 11 i t e f o r'm a t 1 on v i a m 1 xed - 1 a y e r m1 n e r a 1 t r a n s f or m a t i on s 

a p pears ·to be too high, e.g. , 2oo•c (Dunoyer De Segonzac, 
. . . 

1 970) or 375 C (Aust-in arid Leininger, r 
197&), if illite indeed 

coexists with the other dia g enetic clay ~lneral s . Phys i cal 

evidence shows that most of the illite is ass ociated with 

detrital feldspar grains. Therefore the hydrolysis of 

feldspars , particul a rly pot.assic feldspars (Helgeson et "al., 

1969), at lower temperatures (- 6s•c, Garrels and Howard 

(1959) or loo•c, Zen and Thompson (1974 ) ) is considered to b e 

the cause of illite develo p me nt. 

It is concl uded from the above that the ass e mblage of 

diagenetic clay minera l s ln the four s~udied formations could 

c oe~tist at temperatures between approximately so• c and 135. c . 

This palent~mperature range s h ould o n ly be applied to the 

stage of authigenic clay d~velopment in the hsandstone" 

par a genetic •equence for two r e asons: (l) the miniral phases 

whi c h developed after the formation of the authigenic clays 

(carbonates, mineralization, hematit e) quite likely formed at 

different pal6ote~peratures _(possibly o nly obtainable through 

isotope ~L . Piuid inclusion studies); (2) since a stage of 

authigenic clay development cannot be readily recognized in 

the " shale" paragenetic sequence, it is diffi c ult and unwise 

to try and apply the pileotemperature range estimation to any 
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particular stage in the second sequence. 

5.3.4 Illite crystallinity 

The crystallinity of illite as defined by Kubler (1966) 

increases as , the prevailing postdepositional conditions 

change from the diagenetic zone to the anchlzone (zone o~ 

- ~ 
~ransitlon between dlag e ne~is and metamorphism) and finally 

to the epizone of metamor p hism (Dunoyer De Segonzac, 1970). 

An illite crystallinity measurement is obtained from a~clay 

fraction diffractogram by measuring in millimetr,e.s .. the 

• peak-width (Hb) of the 10 A illite r~fle c tion, at half the 

height ~bove a determined base Line ~Kubler, 1966; Dunoyer 

De Segonzac, 1970; Weber, 1 9 7 2 ) • · T h e n a r·r o w i n g o f t he • 10 A 

peak (incr ea se in illite crystall.J.nity) is d e pendent on 

temperature and the chemical composition of the i llite 

(Kubler, 1966, 1967; Dunoyer De Segonzac, 1970). To allow 

c omparison, me asurements must be made on diffractograrns 

obtained with the same chart speed. 

Many studies have used illite crystallinity measurements 

to d~termine whether the illites in different s e dimentary 

sPquences are di a genetic, transitional anchizonal, or 

metamorphic epizonal (e.g. , Dunoyer De Segonzac et al., 1968; 

Frey, 1970; Fos c olo s ~nd Stott, 1975; Frey et al., 1980; 

Ogunyomi et al., 1980; F i e r e ma n s . a n d B o s 111 a n s , 1 9 8 2 ) • 

Unfortunately many researchers either do not doc~ment their 

precise experimental procedures or fail to use standardized 

J 

procedures, thus making the correlation ~f results between 

"· 

2 0 1 



labratories difficult. In this study the illi~e 

crystallinity .measurements were carried out on diffractograms 

from the <2 p fraction of material separated from a sampling 

of sands t ones and finer grained sediments from each of the 

nine drill hole. The fo1~owing dif f ractometer operatihg 

conditions were used: C u K.( r a d 1 a t i o n., 1 • 2 9 p e r m i n u t e 

goniometer rate, 2 em per minute chart speed, rate meter of 

2000 cps, time constant of 4, 1• divergent slit, 1• receiving 

slit. These operating conditions are almost identical to 

those used by Fieremans and Bosmans (1982) who in turn 

compared their da ta to that of Dunoyer De Segonzar (1970) by 

using illite crystallinity standards supplied bf him. 

Fieremans and Bosmans (1982) used cobalt radiation and a time 

' constant of 1, neither of which should affect t~e outcome of 

~he illite crystallinity measurements. According to 

Fieremans and Bosmans (1982), their diagenesis/anchizone 

b~undary at 8.5 m~ (Hb) and anrhizone/epizone boundary at 5~2 

mm (Hb) correspond \o s'imilar zonal boundary changes at 5.5 

mm (Hb) a~d 3.5 am (Hb) respectively as originally defined by 

Dunoyer De Segonzac (1970). 

In Figures ).2A co D, che illite crystallinity 

measurements obtained for the North Brook, Rocky Brook, 

Humber Falls, and Howley Formation s are plotted against 

sample depth. The zone boundaries are delineated according 

to the correlations made by Fieremans and Bosmans (1982) 

b e t; we e n t h e i r w o r k a n.d t h &At o f D u n o y e r D e S e g o n z a c ( 1 9 7 0 ) • 

In l"igures 3.1, 3.8, 3.17 for example the illite 
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crystallinitj measurements were report~~ 

~ 28 to record the 10 ~ peak-width at half 

using the change in 

height. This was 

done because it reduces the effects that variations in 

scanning rate and chart speed have on measuring the peak 

width, thus a.llow·ing some comparison to be made between this 

study and s~~s that may have used slightly different 
/ 

scanning rates and chart speeds. Howe~er, as stated by 

Ogunyomi et al. (1980) this method of recording illite 

crystallinity measurements does not eliminate the effects 

that varying other operatirig conditions (e.g., slit widths, 

humidity, ion saturation) will have on the illite 

crystallinity results. 

I n F 1 g u r e s 5 • 2 A , C , a n d D t h e . i 11 i t e s s h ~ w a s c a t. t e r i n g 

of crystallinity measurements between the diagenetic and 

anchimetamorphic zones. The finer grained RQcky Brook 

Formation samples appear to only contain diagenetic illites 

(Fig. S.2B). The scattering of measurements in Figures 5.2A 

B and C does not mean that c ertain sections in the drill 

holes have been subjected to ~igher temperatures than oth e rs. 

The scattering of illite ~~ystallinity measurements between 

the diagenetic, transitional anchizone, and metamorphic 

epizone likely reflects the rel~tive abundance of diagenetic 

and detrital illite in the samples. This ~onclusion is based 

on the assumpt.~on that the detrital iilites, supposedly 

eroded Jrom metamorphic and igneaus terranes where illites 

tend to be more highly crystalli~ed 2H polymo~phs, w6uld 

yi~ld higher illite crystsllinity measurements (epirone and 
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anchizone) rather than poorly crystallized d i ageneti c lM or 

lMd illite polyworphs (Yoder and Eugster, 19'>5; Kubler, 

1966, 1967; Maxwe ll and How e r, 196 7; Dunoyer De Seconzac, 

1970). Also, according to Dunoyer De Segonza c (197 0 ) and 

Weber (1972), the crystallinity of detrital illite is 

generally higher ( narrower peak-width) than d i agenetic illite 

sinct! the particles are larger. It is possible that some of 

the poorly crystallized illite (diageneti c zone) c ould be the 

result of progressed degradation of detrital illites whi c h 

were orig i nally of higher c rystallinity (Hutcheon et al., 

1980). 

For the samples which were 111easured, the illite 

c rystallinity resul t s are o nly semi-quantitative measurements 

defining th e •stat e ' of illite in the sediments (i.e., 

epizonal, anchizona l , diagenetic). I:llite crystallinity 

me asurements can therefore best be used in tandem with other 

! therm a l maturation indicators to d,.,.ermi n e the 

pal e otem peratures responsib l e fo r their formation. 

5.3.5 Discussion 

Two thermal maturation indicators help de t ermin e the 

range in temperature tQ which the sediments were subje c t ed . 
during diagenesis. The indicators revealed the following 

information: vitrinite reflectance- loo•c to Iso•c (Stach et 

al., 1975) ·\nd 12s•c to lso•c (Bostock, 1979); diageneti c 

c lay mineral assemblag e s- ao•c to 13s•c (from compiled 

mineral stability data). Using the temperatures from these 
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results the paleotemperature maximum was probably between 

•about 125•c and 135•c for the formation of the authigenic 
I 

clays and coalification. Illite crystallinity mea~;urement~ 

confirm the existence of diagenetic illite (IC > 5.5 mm, 

Dunoyer De Segonzac (1970)). 

It can be concluded from examini ng the available 

coexist,in-g thermal maturation indicators from the Dee r Lak.e 

Group and Howley Formation sediments that these sedime n ts 

have stayed within the diageneti c rea l m after de p ositi o n~ 

.. 
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CHAPTER SIX 

SUMMARY AND CONCLUSIONS 

Starting in the Lale Devonian, the Af1f'ghan1an 

disturbance dev~loped a large northeast-tc~nding depression, 

the Maritimes Basin, which extended across all the northern 

Appalachian litho~ectonic zones. Within the Maritimes Basin, 

i n t r a b a s i n a 1 h u r s t s a n d g r a b e n s d e v e l o p-e d a h o s t o f 

fault-controlled subbasins, includin"g the Deer Lake subbasin 

' 
of western Newfoundland. The eastern half of the subbasin 1'' · 

extensivefy dis5ected by northeast-trending high angle 

taults. It can be demonstrated that fault" rnov~ments were 

contelllporaneous with sedimentation in the Deer Lake subbaiin, 

and furthermore that the oldest most highly defor·med 

sediments in "the· subbasin, the Angu~ll_e Gro,up (Tournasian), 

were deposited during an episode of strike-slip faulting 

while the overlying, essentially undeformed sediments (Wigwam 

Brook - Wetstone Point Formations, the Deer Lake Group, and 

the Howley Formation respectively) were depogited during an 

episode of normal or revei"se faulting. The terrestrial 

siliciclastic sediments in this s~diment~ry ~equence wei"e 

derivt!d from various proximal Humber Zone, Bale Verte -

Brompton Line ,· and Dunnage Zone basement 11 t h o 1 o g i e s • The 

', 
Deer Lake Group (Visean) and Howley Formation (Westphalian A) 

sediments, the focus of this thesis, consist of alluvial fan, 

fluviatile, and lacustrine sediments .unconformably overlying 

the Anguille Group and base11ent rocks. Toge.ther the Deer 

············-;·.-·-··'~.- -~ ....................... ....... . 
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' 
Lake Group and Ho~ley Formation form an approximat~ly 6.8 

km-thick red-bed sequence. 

The petrographic and diagenetic data forlthis thesis 

study were obtained by systematically sam~llng nini 

representative drill holes fron the North Brook., Rocky Brook, 

~umber Falls and Howley Formations and carrying out various 

microscopic and analytical techniques on these samples. 

Samples of high-grade uranium-mineralited sand8tone boulders 

were similarly analyzed. 1 t was found t hat th e .Petrographic 

and diagenetic characteristics of the North Brook Formatl.on, 

Humber Falls Formation, and Howley Formation· sediments, and 

the mineraliz.~ sandstone boulders, were essentially th.e 

sa me. The sediments sa~pled from the two Rocky Brook 

Format 1 on drill h o 1 e s d 1 s p 1 a Y. e d different pet r o graphic and 

dtageneti c · character1st1cs from the other three .formations. 

/ 

The rea s o n f ·o r this difference probably lies in the fact 

.the {:lata for the three sandy formations were derived from 

a _ll u v 1 a 1 f a n a ,) d f l ·u v 1 a c il e s 1 l t a t o n e s , s a n d s t one 8 , a n 4 

--~n g 1om e r ate s , w hi 1 e the . Rocky Brook , Forma t 1 on d a ,Y 

f'iJer grained si1ic~astic and carbonate lacustrine 

came 

that 

from 

' · s~iments, which inherantly possess different· ptwsica1 and 

chemical characteristics. This thesis not: only pro-vides the 

first complete petrographic and diagenetic study of the Deer 

Lake Group and Howley For11ation sediments, but is also an 

example of hdw sedimentary facie~ can control ~i8genesi~. 

\ .. ~ 

------------~----------::-~.--:;;..----..:..-----------· ---- ---
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The samples fr~ the North Brook, Humber Fa.lls, and 

Howley Formations and the mineralized sandstone boulders show 

the follnwing characteristics: 

(l) The drill holes contained polymict conglomerates, 

cross-stratified sandstqnes, siltstones and some wudato~s. 

The No rth Brook Formation drill core contains the most 

conglomerates and fewer f~nes, while the Howley Formation 

d~ill core contains the most fines and no conglomerate~; 

This apparent fining-upward trend maf either be a function of 

proximity of drill holes to the contemporary basin margin or 

it may r~flect a general decrease in fault activity during 

the development of · the sedimentary sequence. 

(2) The detrital compositidn of the sandstones from the 

. .. . 
three sandy formations and mlneral~zed samples consists of 

quartz (mono~rystalline and polycrystalline) and feldspars 

(orthoclase~ pl&gioclase, and micro~line) wi~h lesser amounts · 

" 
of rock fragm~nts (mostly.granitic intrusive, felsic 

volcanic, a~d metamorphic) micas a~d chlortte. QRF plots 

show that the sandstones are elther arkoses or lithic 

arkoses. Comparative QRF plots also show that the 

mineralized sandstones have a mo¢al composition most similar 

to th~ Humber Falls Formation sandstone samples • 

. , 
(3) ~oarsely trystalline calcite and dolomite and . finely 

I 
cr~sta~l,~e hematite cement domi~ate1 the diagenetic · 

mineralogy except in th~ mineralized samples where uraninite 

cement. is. far more prevalent. Di a genet~c clay minerals, 

~ 
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quartz overgrowths, siderite, and limonite also developed in 

the sediments and bou)d·er sample~;---.\The constituents 
\ 

necessary for the development of the diagenetic minerals in 

the sandstones were derived from th e ~ situ degradation of 

the sandstone detritus and from solutions which had leached 
\ . 

elements from ~he interlayered fines and surrounding base~ent 

lithologies, 

' (4) The diageneti-c . clay mineral assemblage reveals the 

· following featur~s: (a) pore-filling vermicular kaolii i te is 

commonly closely associated with detrital silicate grains; 

(b) illite displays a variety of crystal sizes' fro-m poorly 

defined .fibres to euhedral laths, and is typically developed 

. on or adjacent to feldspar grains; (c) chlorite has grown on 

q u a r _t z o v e r g r o w t h s , d e't r 1 t a 1 · g r a 1 n s u r f a c e s , a n d 

interstitially as individual discs, rosette~, or rarely with 

a _vermiform morp_ho:l_ogy; ' (d) mon-tm'ortllonite has grown on 

quartz overgrowths ~nd grain surfaces and typically displays 

a 1 cornflak e ' morpho·l~; 1e) mixed-layer disor~ered 

1 11 i t P - m o n t m o r 111 o n ·{ t e · w a s o n 1 ~ 1 d e n t 1 f i e d i n t h e No r t h B r o o k 

Formation and Humber .}lalla F·Qrmation sandst.oqes. 

(~) Total po~osity for bot~ mineralized ?nd 
.-, 

unmineralized sandstone samples has a range between S % a nd 
< 
20 %, with mosf of. tha~ being ~ff&ctively interconnected . 

The porosity itJ secondary,' developed by an e~rly ' _ stage of 
,flo 

. . 
detri~al silicate 8rain_ dissolut~on and ~ later stage of 

pervasive detrital and dia~enetic mineral dis~olutioD~ It is 

diff i culi to say what c ontrols the effective pcirositi. but 
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p e r .h a p s 1 t i s t h e l;i t e - 8 t a g e p e r v a 8 i v e'' d 1 8 s 0 1 u t 1 0 n .., h 1 c h 

created the effective pore space after the carbonate cement 

had occluded earlier porosity. 

(6) The mineralited and unmineralized sandstone samples 

display the same paragenetic sequence. The s e qu e n c e 1 s a s 

follows: (a) an early stage of oxidation and quartz 

overgrowth development; (b) early silicate grain 

dissolution; (c) authigenic clay mineral development; ( d ) 

carbonate cementation; (e) uranium mineralization and 

sidiHitization; (f) hematite cementation and limonitization; 

(g) late-stage pervasive dissolution. This paragenetlc 

sequenee began to develop within an acidic environment which 

The ia~e ~tages ~ hematiza~ion 
' 0 ' an influx of iron-bearing oxygenated 

became basic with time. 

suggest that there was 

and leaching solutions throughout th~ sedimentary sequence 

which was studied. The postmineraltzation hematizirig fluids 

may have caus~d extensive remobilizatfon of the uranium so 

that now pnly small ~oncentrations of highly reduced, 

organic-bearing subsurface mineralization remain. 

Paleo.magnetic data indicate that 1t. may have takE'n between 40 

Ha and 80 Ma for this paragenetic sequence to develop to the 

stage of hematization. 

Tne samples from the two Rocky Brook Formation drill 

holes show tHe following features: 
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{l) The sediments cdnsist of interlayered claystones, 

mudstones, siltstones, and various allochemical and 
I , 

.-
or~hochemical calcareous rocks. There are a few thin l,afers 

of sandstone in these holes but no conglomerate. 

(2) Although d i fficult to identify in these finer 

grained sediments, there are probably some diag~netic clay 

mi~erals in the samples. Illite crystallinity measurement s 

indicate that dia~enetic illite is present. 

(3) Diagenetic minerals in~lude c a lcite, "analcime", 

chert, chalcedony, pyrit~, and minor ba rit e . Generally there 

is no diagenetic kaolinite or mixed-layer 

illite-montmorillonite within the Rocky Brook Formation. 

(4) "Analcime- occurs as a marginal mi n er~l phase in 

rhizolith col"es ' and in patches of c oarsely c rystalline 

calcite. In both ~ituation8 the "analcime" crystals are 

partly corroded by the coarsely crystallin~ calcite (stage 4 

calcit e of the "shale" parage~etic sequence, Fig. 5.1B). 

Microprobe analyses give an anomalous, but consistent, 

composi~ion between analcime and albite for these c rystals . 

Due to the lack of albitic or volcan~clastic detritus in the 

s e diment, the sodium in the "analcime" i s considered to h(ive 

come primarily fro~ the brea~down of sodi c clay mineral s , 
. J ..... 

and/or from sodium-bearing detritus 'and pos s ibly from plant 
" 

root decay in the rhizolith occurrences . 
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(5) The sediments have an effective porosity range 

between 0 %and 18 %, which is due to secondary intercrystal, 

vug, and 'open' microfracture porosity development. 

. ( 6 ) A p a r a g e n e t i c s e q u e _n c e f o r t h e R de k y B r o o k 

Formation, which incorporates information from all the fine 

grained samples, is as follows: (a) sedimentation (carbonate 

and siliciclastic) within a lake or lake margin environment, 

syngenetic pyrite and uranium mineralization, carbonate 

development (rhizolith zone l) around plant ro o ts (rhizolith 

zone 2) and the beginaing of rhJzolith de~elop m e n t, and 

organic putrefaction; (b) carbonate recrystallization, and 

"analcime" precipitation within calcareous sediments and 

rhizolith cores (rhizolith zone 3); (c) silica cementation; 

(d) blo c ky ~t.e cementation in irregular patches and 

within rhizolith cores (rhizolith zone 3), development of 

calcite stockwork, and pyritization; (e) late-stage 

secondary microintercrystal, mesovug, and "open' 

microfracture porosity development. Minor h e matlzation 

accompanies the late-stage 'open' micro f ract~rlng. The 

relative timing of carbonate recrystallization, and 

-an a 1 c 1 me .. a n d q.u a r t..z c em e n t a t i 0 n 1 s n 0 t f 1 X: e d but t hey a 11 

($ 

developed.between the (a) and (d) stages-1f this paragenetic' 

sequence. Unlike the paragenetic sequence for t he ~andy 

units, the minerals which developed within the Rocky Brook 

Formation formed within an alkaline environment, except where 

localized ~ilica ceaent. suggests a brief or lo ca l decline in 

pH. There are two events in each of the two paragenetic 
(' 

·--· = ·~· 
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sequences which can be tentatively correlated. 
~ 

The tf.rst is 

the development of coarsely crystalline carbonate cement in 

the North Brook, Humber Falls and Howley Formations and 

blocky calcite cementation and stockwork development in the 

finer grained Rocky Brook Formation sediments. The second is 

a common final ~tage of secondary porosity development. 

Detrital coal material from trenches and drill holes 

within the northern body of the Humber Falls Formation are 

considered to have undergone coalification after being 

deposited as wood debris in fluvial channel sediments. The 

coal con~ists of a number of inertinite- an~ vitrinite-group 

macerals with intimately associated pyrite. Some of the 

samples are radioactive. Vitrinite reflectance measurements 

reveal a high-volatile bitdminous B and C rank for the co~l. 

The vitrinite reflectance ranking of the coal sample s , 

diagenetic clay mini!al asse~blages, and illite crystallinity 

measurements were us~d as thermal maturation indicators. The 

high-volatile bitu~inous B and C coal rank, and the 

diagenetic clay mine(al assemblage ~f kaolinite, 

•antmorlllontte, and disordered illite-montmorillonite 

bracket the maximum temperature for coalification and 

diagenetic clay~mlneral developme~t between a~out 12s•c and 

More refined paleotemperature analyses on other 

•ineral pha~es may be possibl~ through fluid inclusion and 

isotope studies. Illite crystallinity measurements confirmed 

• the suspici~n that the 10 A illite peaks represent both 

di,genetic a~d detrital illite. and also indf~ate that the 



I' 

/ 
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sediments have r~ma~~~n the diag~netic realm after 

deposition and h~ve not entered the transitional 

anchimetamorphic realm which heralds metamorphism. f 

Only one stratigraphic trend was revealed by these 

thermal maturation indicators, namely the appearance of 

mixed-layer illite-montmorillonite in the North Brook and 

Humber Falls Formations. This trend could be explained if 

the Howley Formation covered the Deer Lake Gro~p at one time, 

then the greater depth of burial, and therefore higher 

temperatures with increased depth, experienced by the beer 

Lake Croup may have caused the mixed-layer 

illite-montmprillonite to develop. However, if the Howley 

Formation did ove~ly the Deer Lake Group at one time~ then 

the persistance of mixed-layer illite-montmorillonite to a 

burial depth of approximately 6.8 km is much deeper than 

other occurrences of mixed-layer illite-moritmorillonite 

' (e.g., chapter five, secti~n 5.3.3). The~efore one may 

conclude that the Howley Formation did not overly the Deer 

Lake Group in the past, and that other factors, such as 

cation availability and activity and lithologic and fluid 

pressures, may have been responsibl~ for - mixed-lay~r clay 

development in the North Brook and Humber Falls Formations. 
\ 

Th e conclusion that the Howley Formation did not cover the· 

Deer Lake Grou~ in the paat is also supported by the 

" 
difference in coal rank between the Humber Falls Formation 

(high-volatile bituminous B"or C) and Howley Formation 

(high-volatile bituminous A or B). 
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Magnetic susceptibility measurements and compositional 

comparisons with sandstones fr o m the North Brook, Humber 

Falls and Howley Formations (Fig. 4.2B) suggest that the 

uranium-mineralized bould e rs are most similar to the Humber 

Falls Formation sandstones . . Coincidently~ the mineralized 

boulders were found in till overlying the northern body of 

the Humber Falls Formation. Unfortunately, the g~neral 

diagenetic sequence for the mi n eralized and unminerallzed 

sandsto~es which were studied (Fig. S . lA) does not instill 

optimis~ that signifi ca nt amounts of uranium (or si l ver) ,, 

m 1 n era 11 z at 1 on will be found i n the sandstones of t ·h e Dee r 

Lake subbasin. A postminerlization stage of hematite 

cementation in both min~ralized and unmineralized sandstones 

quite likely remobilized much of the mineralizat i on • . , 
Probably only isolated pods of mineralization remains 

concentrated around · organic matter in the subsurface. The 

thin horizons of disseminated uranium mineral i zation in the 

fine grained Rocky Brodk Formation sediments are also not . 

economic&lly encouraging. 

> 

( . 
Extensive in situ miner a lization 

has yet to be found. On a more optimistic note, these 

' . 
conclusions on the sediment-hosted mineraliz~tion in th e Deer 

Lake subbasin do not preclude the possibility of finding 

uranium o~ silver minerall~ation within pre-Upper Devonian 

ign~ous rocks ~djacent to the subbasin, -~hich may have acted 

as sedimen~ary and hydrographic source terranes during the 

Carboniferous. 

-------.""'. _,...... __ : __ _,u .~ - -~------------ -- - ·- -~· --·· · ·~-
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APP!'NDIX 
~odal co111poo1 t1on for each drill hole described in chapter th~ ( aurplo depth a in metres~ point counta in percenta~••). 
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Humber Falls Formatiorr 
DDH 80-70 
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Howley Formation 
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Modal composit i on of the uraniWII mineralize<l sandstone chapter four (point counts in psrcentage8} 

Bir chy anomaly 
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(;paquea 22.4 )9 .6 16. 4 16. 4 17 .6 Organic mat erial 
Accessory minerals 
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boulders described i n 
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APPENDI X II 

Microprobe analyses of Rocky Brook Formation ·analcime•. 

Na29 
MgO 
Al203, 
Si02 • 
K20. 
CaO. 
Ti02 
Cr203 
Mnu 
FeO 
NiO· 
Total 

1 
5.6) 
o.oo 

22.)0 
6).80 

0.01 
0.05 
o.oo 
0.00 
0.01 
0.01 
0.01 

9 .1. 82 

2 
5.41 
o.oo 

22.)0 
6).20 .· 

0.01 
0 . 08 
o.oo 
o.oo 
0 . 01 
0 . 02 
0.02 

91. 25 

1 79A-OOJ, average of 9 single cr ystal analyses from a rljizoli th core 
2 79A-OOJ, average of 6 single crystal analyses from a rhi zolith cor e 

~ 

Trace element analyses of mineralized and unmineralized 
Rocky Brook Formation ~ampJ_es (ppm), l

1 

1 2 3 4 5 6 Pb 7 0 9 23 8 7 Th 89 8 6 J 7 4 u 266 JJ 2 19 17 2 Rb J7 107 82 6J 66 92 Sr 2)19 1401 8J9 8)1 1134 1267 y 221 44 )1 14 2) 24 ir ?J 94 1)0 98 85 114 Nb 7 12 13 12 10 11 in 35 49 92 64 ~07 79 Cu 410 ]2 26 6) g~ )2 Ni 28 66 50 105 57 La )6 2 ) 2 2 22 25 22 Ba 218 393 581 39? 442 491 Ti .22 ·52 .61 .?0 .so .sa y 41 91 110 l?J 1)4 123 Ce 47 )8 J8 29 JJ JJ Cr 4 59 50 91 41 . 58 Ga 5 2! 16 15 15 19 
1 Drill hole A] , . 5.2m, mineralized 
2 Dri.ll hole AJ, 86m, mineralized 
J Drill hole AJ background aver~.(n= 25 samples) 4 Drill hole A5 , 149 . Sm. mineralized 
1 Drill hole A5, 167m, mineralized 6 Drill hole A5 background average (n" 2) samples) 
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