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ABSTRACT . ‘ ]

{

LY

The Deer Lake subbasin 1s aone of two northeast;trending,

mainly Carboniferous,'subbaains in westerﬁ Néwfoﬁndland.
‘Within the subbasin the Deer Lake Group and Howley Formation

- consist entifely of non-marine sediments deposited in a

half-graben which was extensively faulte& along 1its eastern

side. Petfdgraphic investigation'of nine drill cores h;s
. _ shown that coarse grained alluvial fan and fluviatile
:sediments from the North Brook Hquer Falls, an§ Howley
Formations, and high-grade uranfum-mineralized -eandstone
boulder asamples found in Pleistocene tills abo§e the northe;n
.body ‘of the Humber Fallg Formation, have esaentially the same
detrital and dlagenetlc mineral assemblage and display the
sam; paragenebic,sequence. .The domlnan;ly lacustrine 2
silicicléatlc'apd carbonate sediment samples froﬁ the Rocky
Brook fofmation have a mineral assemblage aﬁd paragenetic
sequenée different from the coarserhgrained'form;tions. .
Basic mineralogiec differenbes.are’the\;béence of diagenétic' e

“

kaolinite and 111ite- montmorillqulte, and the presenqe of

analcime 1n the Rocky Q;ook Formation aedimenta. Tﬁq ’,
' [

'paragenetic seguence for the Nor:h Brook, Humber Falls, and
Howley Formations and the mineralized s%mples reflects an
acidlc to alkallne geothemiceal envlronment. The paragenetic
-  sequence for the Rogky'Brook Formation-on the other hand:

appears to have dkvaloped within a more stable alkaline . -

geochemical environment. Correlating paleomagnetic data with




- N 4

the derived paragenetic sequence for the three coarse grainea

formations suggests that the sequence took more than‘ho Ma to
completely develop. "A postmineralization episode of hematite

cementation may mean that economic quantities of uranium no

lohger exist in the sandstones. {\

High-volatile bituminous B aﬁd C coaly material and
diagenetic clay mineral assemblages extracted from tﬁg drill
core samples suggest that the sediments remained within _ the
.diagevne_tic realm after ‘deposition, and that maximum
tenperﬁﬁures between abouf 125% ¢ and 135° ¢ wére attained

. /
during coalification and authigenic clay growth.

b
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CHAPTER ONE

. INTRODUCTION -

el Location and access

- The Deer Lake subbasin of wdstern Newfoundland 1is
approximately 4000 ko 1in area, and exhibits an overall

B

elliptical shape with a northeast-trending long axis. It 1is
. N \

bounded by latitudes 49° 45' and 48° 45' north, and

longitudes 57° 45 and 56°N5' west.

»

The towns of DEer Lake and Pasadena are the main
communiﬁifs in Fhe‘aree (Fig. 1.1).." They are loc;ted beside
thevTrans—Caﬁada Highuay uhich.follows the trend of the bastin
as it passes thfpugh the area. Smaller cgmmunities in the
area are linked by paved and unpaved secondary roads to thé'
Trans—Canada Highﬁay. Regularly scheduled conmercial
aircrafe fly from‘the Deer Lake airport to other cities in

eastern Canada. Those parts of the Deer Lake subbasin that

are lnaécessible by road can be reached using (1) helicopter

—=1

-

or float plane from Pasadena, or (2) boat along'the Humber
and Adies Rivers or through one of the ma jor lakes (Fig.

1.1).

1.2 Physiography
(

The Deer Lake subbasin is also a physiographic basin,
except for two-fault-bounded highland areas: the Fisher

Hills block between Grand Lake and Deer Lake and the Birchy







Ridge ~ White Bay block extending from the north side of

Grand Lake nofkhgast to White Bay. .The subbasin 1s alamgst

completely surrounded by highlands underlain by pre-Upper

Devonian rocks.

The -surrounding highlands and intra- basinal blocks

/

control the drainage pattern tn the modern basin, producing '
northeast-trendlng lakes and the southwesterly-flowing Humber
River. Glacial till ‘and recent alluviuam and sofl overlie
much of the bedrock; the ﬂest exposures being along road and
brook cuts and lakeshores. The 10;1and3 are doéted by
swampe, lakes, qhd-cultivated fields. Othefwise, the area {is

dominated by commercial coniferous forests which continue

onto the surrounding highlands.

1.3 Previous work

-

Early work 1n the Deer Lake subbasin focused on mapping

and describing the 01l shales (Hatch, 1919; Landell-Mills,
‘ . :

1922, 1954; Baird, 1950) and coal (Hayga, 1949). After
detailed mapping for Claybar Uranium and 01} Ltd. and
Ne;kirk Mining Co., and as part of his docto;al thesis on the
geology of the Humber~Valley, Werner (1955,°1956) named,
" subdivided and described the Deer Lake Group. Baird- (1959),
while mapping the Sandy Lake area, adopted the term‘Anguille
Group (Hayes and Johnson, 1938) for the oldest sedimengs in
the basin and_ correlated the overlying Deer Lake Group with

the Windsor Group of the Maritime Provinces. Spores from the

basin (Hacquebard et al, 196Q)'1ed to the dating and informal










~—
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CHAPTER TWO

PART 1 REGIONAL GEOLOGY o

2.1.1 Introduction-

i

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

as defined by Williams (1976), form a pre-Upper Deyonian

basement on which the Maritimes Basin (Qilliams, 1974) formed

during the Alleghanian disturbancé.i'One of the subbasins to

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

2.18). " ' : , .

The Deer Lake subbasin unconformably overlies the two
most Qesterly céctonb-stratigrapﬁic zones of the northern
Appalachian orogen; namely, the Humber Zone to the vest and
the annége Zone to the east. Selsmic surveys (Miller and
Hriéhi; 1984) indicate that the Humber Zone basement rocks f
extend ecastward to a positionrbeiow the axis of the Humber

syncline in'the centre of 'the Deer Lake subbasin. The

subbasin sediments also overlie the Bale Verte - Brompton

"Line, a narrow, polydeformed and metamorphosed zone defined

by ophiolite complexes, along which the Humber and Dunnagé
lones were structurally juxtaposed (St-Julien et al., 1976;

Willians and St-Julien, 1982).Jhe distribution of these

-

tectono-stratigraphic elements is shown In Fligure 2.1A.

™4,
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2.1.2 Pre-Upper Devonian geology of the Humber and Dunnage

Zones In Newfoundland and Labrador \

The stratfgraphy f the Humbér Zone recopqs a Late
Hadryn{an to Early Ordo?TEianvconstructive phase of a paséive
continental margin, followed by a destructive phase which
continued into the Late Ordovician. ‘The”’ constructive and
destructive phases respectively reflect the generatiﬁn and
destructlon of the Cambro Ordovtcian Iapetus Ocean (&llson,
1966; Dewey, 1969; \Church and Stevensg, 1971; Williams,
1971; Hilliéma ana Stevens, i974). -Remnants of.Iapetu; are
represented In the transported siliciclastic aequences,
ophiollte and ophiolitic melange of the Humber Arm and Hare '
Bay allochthons along the western margin of the Humber Zone,

and along the Bale Verte - Brompton Line which defines the

eastern edge of the zone.

Grenvillian ;éhists and gneisses ofvPredominaﬁtly
sediméntary b?igin, cut by granitic to~anorthositfc and minor
mafic intrustives,. constitute.the basement of the
autochthonous stratigraphy of the Humber Zone (Clifford and
Baird, 1962; Wil}lams, 1964). In the late Precambrian,
rifting of the Grenvillian basement resulted in mafic dike
intrusions, mafic volcanism, and depogsition of’eiliciclgatic
sediments Iin the ri{ft zone (Williams and Stevéns, 1974
Strong, 1975). Along the eastern margin of the Humber Zone,

more highly metamorphosed and deformed rift zone sediments

are included in the Fleur de Lys Supergroup (Willlams, 1964).




OSSR Tt e

.Aﬁtér th;zinundation of the rife zonéAby'the ILapetus
Ocean} & Lower Cambrian to Middle Ordovician siliciclaatic
and carbpn;;e passive margin sequence of sediments develoPed
along the ancilent continental margin of North America
(Rodgeqs, 1963)n This eaatwagd thickening sequence 1is
compriééd of two siliciélastic to carbonate'ﬁegacycleé (Swett

and sSmit, 1972).

tThe oldest (Early Cambrian) megacycle consists of

tertestrral basal conglomerates and sandstones, and overlying

.shallow-water sandstones of the Bgadore Formation (Hiscott et

al., in press), overlain by shallow marine,‘ehaly,
éilicic}aatic sediments and ltmestones of the.Forteau
Formation (Schuchert and Dﬁnbar, 1934). Theayounger (Early'
Camb;ian to Hlddie Ordovicians megacycle bégiﬁs with b;sal,
qegrhssive sandstones offihe Hawke Bay %ormati&n (Palmer and
James, 1980), overlatin by tidal to shallow subtidal
argillaceoﬁa slliciclastic and carbonate sediments of the
March Poiat and éetit Jardin Formations (Swett and Smit,
1972). The‘%arbOnate aectién of the'upﬁer megacycle

continue{/y th the subtidal and peritidal biohermal

limestones apd dolostones of the Lower Ordovician St. George

Group (Pratt and James, 1982). Above the St. George Group,
. 7 .

subtida}, bioturbated limestones of the Middle Ordovician
\ .

Table He?d Group -pass upward iunto argillaceous.

v

siliciclastics, limestones and minor calcarenites (Klappa et

.

al., 1980): The two megacycleb are overlain by

easterly-derived flysch sediments of the Mainland sandstone

ol SR




10
(Schillereff and Williams, 1979).

Overlying the_autochthqnous gtrata are easte;ly-derived
allochthonous thrust slices. The structurally lovest slices ‘e
contain continental margin and slope sediments including the
Cow Head Group (Williams and.Stévens, 1974). 1In this gro‘p;
breccias with shallow;water limestone clasts are interbédded
with deeper-water arglllaceous limestones and silicicl;iEic
sedimencs (James, 1981). The structurally highest | \\

allochthonous slices are the Humber Arm and Hare Bay

ophiolite suites (Williams, 1975).

‘ . 3
The Dunnage Zone 18 bound by the Bale Verte - Brompton

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

and ophiolitic melange along 1its s utheastern boundary, the
’/’—/6 . ’

Gander River Ultramafic Belt.of Jenness (1958{. The zone has

been considered both allochthonous aﬁd autochthonous (P#jari
and Currie, 1978; Hibbard and Williams, 1979; Williams,

1980; Williams and St“Julien, 1982; Karlstrom, 1983).

A generalized stratigraphy for the complex Dunnage Zone
would show the following sequence. Oceanic crust and upper

mantle of Ordovician age, now exposed in steeply dipping, .

eagt~-facing ophilolite complexes and as melange blocks, forms
the base of a subaqueous to subaerial island arc deqence
(Upadhyay et al., 1971; Williams and Talkington, 1977).

Subaqueous, mafic, pillowed valcanic flows, pelagic cherts

~

and volcaniclastic turbidites pass_upward into shallow water -

and subaerial volcaniclastic sediments, 1in part calcareous,
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and felsic volcanic Flows and pyroclastic rocks (Kean and
Strong, 1975; Strong, 1977). Black Caradocian shales’ then
blanke;ed most of the earlier Ordovician stratigraphy,
indicating a quiescent period in the development of the
Dunnage Zone island arc sequence., This corrélates vith the
final emplacement of alloch‘thonous rocks onto the Humber Zone
(Williams, 1979) but may be related to an episode of global
sea-level rise (Leggett, 1978). Re juvenation of more
localized centres of igneous acrivicy and successor basin
sedimentation during the Silur‘ian and Devonian produced‘
subaqueous and Bubgerial sequences of mo\rg fre'lsic volcanic
flowe"-/and pyrtoclastic rocks intercalated with fluvial gray-

and red-beds (Strong, 1977; Chandler, 1982; Arnott, 1983).

i

Punctuating the Ordovican to Devonian seqdence are Devonian

and Carboniferous dicritic to granitic intrusions, with

lesser amounts of quartz-poor intrusives ,(Bell and
~ S

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

3

2.1.3 Upper Devonian to Permian geology in Atlantic Canada

o
Between Late De¢vonian and Permian time, the Alleghanian"

disturdbance developed the faul_t—conttolled northeast-‘trending

complex of basins, fotrabasinal horsts, and bordering

'higﬁlauds which cut across every zone 1in the northern

Appalachians (Fig« 2.14 and B).  The entire complex 1ig

-Teferred to here as ‘the Maritimes Basin (Hill_iams, 19716)->

The Late Devonian Fo Permian Alleghanian disturbance and the

formation of the M:‘ritimes Bagsin has been attributed to




wrench f_;;lting and folding (Belt, l968a;. Lock, 1969%; Webh,
1969; Hyde, 1979b; Fralick and 'Schenk, 1981; McMaster et
al., 1980; ’Brédley, 1982). In the Ha.r'itimes Basin, up to:
250 km of dextral A];Lveghanian movement rAashbeen postuiatéd
along the major faults (Belt, 1968a; HWebh, ‘1569).'

Paleomagne'tic data for the Late Paleozoic (Irviné,’ ]:97'7,

1979; Kent and Opdyke, 1979; Diehl and Shi\;e, 1981; - Lefort

and van der Voo, 1981; Kent, 1982) suggest that, during t.he
Carboniferous, Newfoundland ;las between 17° and'ZO° ‘scuth of

the paleoequatog.

A8 the Maritiaes Basin,devemped, terre‘v‘strial
s1liciclastic sediments were quickly_shed into low—lying‘
areas, developing thick sequences of alluvial faq'.
fluviactile, ‘and 1acustr1n(;_ sediment (Belt, 13968a, b; Howie
and Barss, 71974; .Rupt, 1981). These sequences typically
display raptd facies changes from alluvial fans nearest the
fa‘&xlted basin mar.ginsn to fluvial, and then, basin-—centre»
lacustrine facies angd in 'places a lake-margin d-elcaiq faces.
In areas of extension, Devonian and Carboniferous bas’altlc_
lava flowed from faults and interfingered with the
Lerrestr;ial sediment's (Keppie et al., 1978;. Rast et al., \in
.press). Granito'iﬁ;"int‘rusives of similar ﬂ-g-e,werferlfocus;seld~
along zones. of teﬁsioﬁ'or crustal thickening '(Clarke et al.,

1980; Strong, 1980). I‘Some of the Carboniferous igneous

rocks are ‘indicated on ‘Figure 2.1B.




A La.te Mississippian marine lincul‘sloﬁ penetrated the
tortuously intefconnected subbasins of the Méritimes Basgin,
1ocall'y covering earlier terrestrial sediments with thick
.m’arvlne sandstone;shale sequences and thinner‘
arglillire- carbonate sulphate/chloride evaporite cyclothems..
This transgresaion did not reach the Deer Lake subbasin. In
m(ariner areas, biohermal communities e.ventuaily developed. on
topographic highs (Schenk, _1969’/1‘9«2..5;‘ Geldsetzer, ‘1977" |
1978; Gtiles et al., 1979; Ho‘v"ie, 1979; Knight, 1983).
These marine deposits laterally interfingered with varlous

'

terrestrial red-bed sediments.

~
.

A final marine regressfon occurred toward the end of
Viséan tiu?e' allowed the system to retur‘n‘ to terrestrial
‘sedimentaéion. - Mixed alluvial fan —.fluvial d<eposits gave
vay to only fluvial: depoeits as first the subbasins filled
and . then their faulted margins were overxtepped (Fig. . 2,1B).
lDuring the Late Carboniferous a _sagging platform” st;ge
(Belt, 1968b), or “"thermal Bubéidence"lﬁtage-(Bradley, 1982) -

of the Alleghanian disturbance, allowed a low relief blanket.

of more mature sediment to spread ocut over pre-Upper Devonlian

basement rocks.- Organic material was then able tolaccumulatel'

in topographically,lowVflc'»odplain regiongl(Legun and Rust,
. .y . ) y

1982) and 1in paralic environments along the northern margin

of a regressed Hercyniao Ocean (Duff/,ét al., 1982).
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In Newfou‘ndland, onland exposures of UppelL Devonian to
Upper Carbonifero;s wmarine 4nd non-marine sediments crop out
in two major northeasg-tfendln_é, fault-controlled subbaéinlg,
the Bay St. George and Deer Lake subﬁBasinQ (Belt, 1969;
Hyde, 1979b; Kuonight, 1983), ana in e‘mallerrieoléted
e xposures In central Newfoundland V(Belt, 1969) ana on the
Burin Peninsula (Strong ecual., 1978; Laracy and Hiscott,

t .
1982)." Stmilar Devonlan to Carboniferous sediments form an

extenslve offshore apron around much of Nequundland (Howie
and Barss, 1974; Sanford et al., 1979). The strati raphic _‘
a'ges, subdivisions and régional correlations for the

sedimentary rocks of the Maritimes Basin are givken in Fig.ure

2.2.

The two western Nevfoundland subb»asine formed along the.
narrow northeastern extension of the Maritimes Basin (Fig. ' ‘ *
2.1B). A topographic high’near preeént-day Corner Brool;
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
sedimentationin the subbasins (Belrl‘l nd Blenf{insop, 1977;

™\

Wilton, 1983). ’ ‘ |

N . S - © e - N A s . -
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Figure 2,2 Stratigraphic age, subdivisions; and correlation for the
. Upper Paleozoic rocks of Atlantic Canada (after Howie and
Barss, 1974; Hyvde, 1983; and Knight, 1983).
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PART 2 GEOLOG@ OF THE DEER LAKE SUBBASIN

2.2.1 Introduction

The dominantly Carboniferous DeerJLake‘subbaain and the
larger Bay S:.' George subbasin of Qestern Newfoundland are
the two largest in Newfoundland. In the past, the Deér Lake
7subba81n has als; beer called the Hampden Basin (Belt,
"1968b), the North-Central Basin (Belt, 1968a, 1'965),' and the
Deer ﬁake'- White Bay Baéin (Fong: 1976); theiwhite Bay area

18 considered here to be part of the Deer Lake subbasin.
L . -

The stratigraphy of the subbasin congists of alluvial

fan, fluviatile, and lacuﬁtrina lithologies. "These sediments

are now disposed in elongate northeast-trending units (Fig.
2.3), in part fault- bounded ;rom Glover Islgnd on Grand. Lake’
to HﬁiteABay, where they continue‘offehore (Havorth et al.,
'1976' Hyde, 1983) The age of these sediments has been
obtained from spore asaenblages and fish and plant remaine
found wlthln the sediments. ngur; 2.4 ghows the

stratigraphy, estimated thickness, and dated fossils'of‘the

Deer Lake- subbasin sediments.

Cros; sections by.Hyde (1983) indic;te that the Anguille
Group (Fig. 2.4) alone might reach a thickne1? of 1.2 knm
below the Thirty ninth Brook syncline west of Grand Lake.

. Gravity measurements by Millexr and H;ight (1984) show

comﬁarable basement depth estimates of L.5 km for the Hovley

-Formation in the Howley area, and 1.2 km for -the Deer Lake
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Group along the Humber synecline.

"2.2.2 Anguille Group

The Anguille Group (Hayes and Johnson, 1938; Baird,
1959) is confined to two largely fault-bounded,
northeasi;trending highland blocks in the .Deer Lake subbasin:
the Fishe}.ﬂills block between Deer Lake and Grand Lake, and
the Birchy Ridge*- White Bay block extending from Sandy Lake
northeast to at léast theltown.;f Conche on the Northern
" Peninsula. Lithologic correlgtion, and dating of épore
assemblages, and plant and fish reméiné (Heyl,‘l937; 'Bai;d
and Cote, 1964; Baird, 1966; Belr, 1969) suggest a
Tournaisian age for the Anguille Group. ~In the Bay St.
George subbasin’the base of the Anguille.Croup_is interpreted
as Faménninn,agg (Belt, 1969; Knight, 1983). In the Deer |
Lake subbasin the lowermost units of the Anguille Group, the

-

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

possible therefore that.the stratigraphy of the Deer Lake

subbasin aleo ranges into the.Upper Devonian. The
unconformable contact with the pre-Anguille Group basement

can only be seen on Groais Island near Conche (Belt 1969).

fThe Angﬁil;e Group is doﬁinated by gray Lnduraied
sandstone, siltstone, 5nd 6udqtone lithologies, arrgnged.in
both fining- and-coataening-upﬁafd sequences that contain
some tﬁrﬂid;tes. fhe sequencea>wete deposited {n lake or

lake—margin deltatc environments. Lesser amounts of

conglomerate representing delta distributary channel and




+basin-margin alluvial fan deposits, and micritlc lacustrine
carbonate rocks are also present in the Anguille Group
(Popper, 1970; Hyde,Al978, 1979b). ‘Thé Anguille Croup
ged;ments also show varying amounts o{ carbonate nodules,
organic material including fossil trees (Popper, 1970), énd
detrital flakes of mica. Paleécur%egt measuremeﬁts by Popper
(1970) and Hyde (1979b) generally indicate a transﬁort
difeétion away from peripheral highlands, into a large
cent?dl lake, and then nértheast and southwest along the
bagin axis; Infthal subdﬁyisions of the Ang;ille Group by

Popper (1970) and Hyde (1979b) are now replaced by the formal

subdivisions of Hyde (1983).

2.2.3 Wetstone Point and Wigwam Brook Formations

Both of these Tournaisian-dge formations hsye.only
recently been delineated by Hyde (1983). They 1lie above the
Aﬁguiile G?oup and below the Deer Lake Gro;;. The two ’
formations are only seen 1in fault-contact_uith other
lithologies except where the Wigwam Bro;k Pormation
unconformably\oglapa granitic basement rocks along its
northeastern margin (Fig. 2.3). The wigwaw Brook Formation
consbéts of coarse to medium grainednsandstones and pebsle
! . .
conglomerate COHCaini;; lenses-of micritic limestone. Dr.
R. ﬂHyde (pers. conm. .1983) congiders thellimestones'to

- have been inorganically precipitated in pools on floodplain

surfaées. This formation 1s 'placed stratigraphically above

the Anguille Group ‘as it.contains é@dinentary'clasts>of the
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L]

Saltwater Cove Formation (Dr. R. Hyde, pers. comn. 1982);
¢ .

it probably was developed due to upfaulting and erosion of

the Saltwater Cove Formation, which 18 now east of and in

fault-contact with the Wigwam Brook Formation.

The Wetstone Point Formation contains interlayered gray
pebble conglomeratres and pebbly sandastones; and gray, red,
and green gandstones, siltstones, and ghaly claystones.
These show a northward pal?dflow direction and are
interpreted as fluvial deposits. This formation”is placed
stratlgiaphically above the Anguille Group because, unlike
the Anguflle Group, it 1is semi-lithified and has a wel}
preserved spore assemblage {(Dr. R. Hyde, pers. comm.

1983).

2.2.4 Deer Lake Group

North Brook Formation

The North Brook formation,(werner, 1955) is the basal
red-bed formation o6f the Deer LaKe Group, and 1ls the m;st
‘widespread stratigraphic unit in the Deer Lake subbasin (Fig.
2.3). The North Brook Formation is undated, but has been
correlated strdtigraphically with Visfan rocks of the
Maritime Provinces by Belt (1968b). Although the lower
contact is Aevet‘obset;ed,‘it 1a considered by ﬁyde (1979b) ‘
to unconfor;ably overlie the Anguille Group. The formation -

1s either 1in fault contact with various basément lithologies

or unconfoXrmably onlaps them along the vesfern.margld of the
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subbasin.

The North Brook Formation cpnsists mainly of red to ' v
gray, Interbedded, polymic: pebble to boulder conglomerates, /
and croess-stratified sandstonea, with lesser amounts of

A
siltston;, mudstone, and micfitlc linestone. These
) lithologies form a fining-upward megasequence comprised of
smaller fining-upward sequences of metre;scale.conglomerate

or pebbl;/sandstone to 341tstone- The coardest sediments are

found abgdve the basement unconformity.

Finer graided sandstone and siltstone unite often
exhibit calcareous nodulés and cﬁliche beds. :qtllcifled/wood
_fragments and rhizoliths locally occur; respectively, 1n
conglomerate beds and in finer grained;sandstone and
elltstone layers. On Lanes Brook just east of Deer Lake; a_‘
few calcareous layera resenbling hemtspherical stromatolites’
occur within thicker conglometate debris flows. ‘TheseA 7
possihly fdtmed tn organic-rich pools on alluvial-fan‘
surfaces (Hyde, 1979b). Another feature of the subbasin
scratigraphy, particularly well demonstrated in the North
Brook Formation, 18 the direct correlation between the .
‘dominant rock fragment type in the qonglomeraces and the nmost
‘"proximal basement litholdgy. For example, north of Deer Lake
where the North Brook Formation onlaps Ordovician carboﬁaye '

A
rocks, limestone and limestone breccia rock fragments are

dominant; near Adies Poand, where the formation onlaps
Grenville basement, granitoid rock fragments are‘domlnénf

(Dr. R. Hyde, pers. comm. 1982). Paleocurrent indicators

o




show sediment movement away from highland basement terrains

NG

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

Hyde, 1979b).

The North Brogk F;rmation has ‘been interpreted by Belt
(1?68b);'nyde (1979p},‘and,uyde_and w;re (1981) as '
basin*maféin alluvial-fan deposits, changing to fluviatile
sediments and éoasibiy ephemeral lake»dépgsits:tovard the

centre of the basin.
-

.Roéky‘Brook Formation

"The Rocky Bro;k Formation (Herner,‘l955) gradationally
ovefliés the North Brook Forﬁatibn, and locally onlaps
carbonate basement rocks n;rthvest of Deer Lake. It too 1s
widély distributed within the Deer Lake subbasin, %ut to a
lesser extent than the No;th Btpok'Eormation'(Fig. 2.3).
"Based on onre assemblage Ldeétification by S. Barss (Dr.,

~

R. Hyde, pers. comm. '1982), a Vis€an age has been assigned

to {t., Its base is defined as the first ap’pearance of green

or gray ailtatonés’or mudstones (Hyde and Ware, 1981).

Thé fo;mation hhé been.divided bnyyde (1983) }nto the
lower Spillway Meamber, and the upper Squires Park Meaber.
-The Spillway Member is dominsted by,calcareeus red siltatones
and anor.sandatOnea, green and gr;y si}tsgoneé and .
mudstoﬁes, and mic?ltic.carbonate iockh; These fine grained
sediments are found as 1intercalated thim beds and laminae, .

commonly with desiccation cracks.. In this member, generally‘
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gradational cycles are developed on a merre scale, showing
Bray limestone passaing upward 1into gray to green mudstone,
which in turn 1is overlain by red siltstone. The Squires Park
Hember contains similar lithologies and structures, but 1is
dominantly green, gray or black in colour with no red strata.
More common in the upper member are various orthochemiqal and
allochemical carbonate rocks containiag fish remains,
ostracods, Branchioppds, pPlant remains, and carbonate nddnlea . \\\

which coalesce in places into continuous layers. b

Belt (1968b) included the Rocky Brook Formation in his -
lacustrine and mixed fluvial-lacﬁstriné facies Eatagories.
The presence of lacustrine faciés sequences (Hyde, 1979b;
Hyde and w§re, 1981), typical lacustrine stromatolites (Dr.
R. Hyde, pefa. comm. 1983), and "analcife”, and the lack

of marine fossils, suggest that the Rocky Brook Formation . ' "’

developed within a restricted alkalin{'f}ke environment which
: “ }
was fringed by low gradient delta complexes and alluvial

plains.

Humber Falls and Little Pond Brook Formations i
|

The Humber Falls Formation (Hayes, 1949) and Little Pond

Brook Formation ¢(

units of the Dee r¢lia

gde, 1983) are the highest atratigraphic

e Group. Visfan spores have been

identified in both by S. Barss (Dr. R. Hyde, bers. comm«,
1982). The Little Pond Brook Formation gradationally

overlies the Rocky Brook Formationm and onlaps volcanic s

basement rocks at G6rand Lake (Fig. 2.3). Varicoloured ‘ ,

“

’
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pebble conglomerates, cross-stratified sandstones and
organic-rich siltstones arranged in crude fining-upward
sequences are the main rock types.i Paleocurrentvindicatore

suggest vestward fluvial transport of sediment.

The Humber Falls Formation outcrops in two areas about ~
the geographical centre of the subbasin (Fig. 2;.3). It has
a sharper, possibl;' unconf?rmable contact with the underlying
ioéky Brook Formation, br)ut esgentially contains lithologles
similar véo the Little Poud Brook Formation. It does appear
t~o contain ‘more carbonate nodules, cqglified wood fragments,
and fining-upward fluvial sequences (Hiscott, 1979). Coarse
se,dimenti vag deposited by rivers flowing from highlandg to
the north and northeast (Werner, 1956; Belt, 1968b; Hy‘de,

1979b).

2.2.5 Howley Formation

The youngest sediments in the Deer Lake subbasin belong
to the Howley Formation (Hyde, 1978). Spore a'ssemblages from
the HoWley Formation have been dated as Westphallan A

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

. €astern margin of the subbasin near the shores of Sandy Lake

-

and north of Grand Lake (Fig. 2.3), and has a total -
thickness of approximately 3.1 km (Hyde, 1979b; Fig. 2.4).
The depth to basement below the Howley Formation eagt of

Sandy Lake is about 1.5 km (Hviller and Wright, 1984). It {ig
- !

-

only seen in fault contact with older units. -

2
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The Howley For‘mation consists of ir;terbedded gray~:o ted
polymict pebble conglomerates, cross-stratified s.andstones_,
slltstones, and mudstones. Thevse' often contain carbonate and
lronstone nodules and coalified wood debris. Rock fragments
in the formatio'nlindiqate highland basement socurces to the
east anc_i‘vnortheast. Coal sea'ms, interbedded with

pyritiferous and carbonaceous gray sandstones and slltstones,

are ‘also found within this formation.

Hyde (19795) pro'posed ,ankinformal three-fold subdivision”
of th; formation: (1) .a ,basaAl',' red, sandstone-dominated
- ’ unic; (2) a widdle, gray, sandstone-conglomerate unit; and
(3) an upper coa‘l—bea_ring unit. In places, metr;'e-thiék
finiﬁg—uiﬁiard sequences are developea within’thesé_uriits.
The formatfon has been 1nterpreted as dominantly fluvial
’ S (Belt 1968b; " Hyde, 1979b), vith the coal probably

“ . ’ T3
developing in svamps on alluvial plafns during a late stage

of peneplanation,
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2.2.6 Sﬁmmary 0f the depositional environments and trends in

!
the- Deer Lake subbasin :

Sedimentation patterns within the Deer Lake subbasin
varied throughout {fts de'velop:ment. During initvjfation of t-he
nqrtheast-trendin‘g western Newfoundland wrench zone (the rift
stage of Belt ,1968b; and Bradley, 1982), the prer Devonian
(?) to Lower ﬁiasisafppian Anguille Group wags rapidly ‘

deposited into a newly created subbasin, as sugges,tedb by both

-

east and west palecf‘l,ov indicat/o/ts from opposite sides of the

inferred subbasin. The Anguille Group changes upward from

alluvial fanglomerate’ and braided fluviatile conglomerate and
. ) h - R o .

‘sandstone sedimentation, to finer ‘grained, dominantly

’

lacustrine sediments, possibrly reflecting'g deepening basin

forming under humid conditions. In places, concampo‘rari\eousr
fining- and coarsening~upward trends are evident (Hyde,
1979b). ' [

Contrasting attitudes of the Anguil]e Group and the

"

overlying North -Brook Formation in the Fisgher Hills block

e

suggests an uncohformity between them. Ag vell the Anguille
Group tia generally darker gray, more indurated and is more
deformed than the overlying Deer Lake Group and Howley

Formation (Popper 1970).

The Deer Lake Group is an arkosic red-bed sequence that
shows major shifts 1in the prevalling depositional

environment. A scarcity of A'nguil__le Group clasts in the

~

basal sediments of the North Brocok Formation (Hyde; 1979b)




suggests that the Anguille Group was deformed but not

substanfiélly uplifted before alluvial fans and braided

streans of the North Brook Formation spread out over
previously deposit:ed sediments and exposed basement
lithologles. Ab ‘tectonice,&}%y quiescent period allowed a large
restricted lake to develop in the subbasin, fed by low
gradient streams via fringlﬁg deltas. Reactivation of local
faults appears to have caused a shérp sedimentary \
dislcon’trinu'ity in the cent;al basin area, vhere coarse fluvial

sediments of the Humber Falls Formation overlie fine grained
e -

Rocky Brooic Formation sediments.

The position of the Howley Formation and its Westphalian

A age, suggest that 1t may have been deposlted in a low- yying

.region along '‘the eastern margin of the Deer Lake_ subbasin,

T

and may represent a local manifestation of the ‘"sagging
* —
platformn”™ stage (Bglt, 1968b), or “thermal subsidence "‘stage

-
(Bradley, 1982) of the Alleghanian disturbance.

-

There seems to hévé been a climacic shifi from semi—-arid
. »
to humid conditions during the development of the Deer Lake
subbasin. Red-bed sequences may form under humid or arid

conditions (Kryn‘i‘ﬂe, 1950; Van Houten, 1961; Walker, i9710;
o

Hubert and Reed, 1978), but their abundance and a(vs'oc‘iatiori

with rhizoliths, caliche beds, and, on a regional scale, with
evaporites, points to an arid to semi-arid ¢limate (Folk,
1976; Schenk, 1969; Glennie, 1970; Leeder, 1975;

Collinson, -1978). Such condbitidna prevailed during the

Vis€an in the Deer Lake subbasin and in the rest of the

28

J
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Maritimes Basin. The'coal-bearing ﬁowley Formation, and

equivalent Pennsylvanian sediments throughout the Maritimes
. . .

Basin, indicate a change to humid conditions with the

widespread development of fluvial aystems and peat bogs.

2.2.7 Carboniferous deformation within the Deer Lake subbasin

J

As mentiloned earlier, the Anguille and Deer Lake Groups

display contrasting degrees of deformation. The Anguille
o ; : 1

Group rocks show tight t; open, upright to west-verging
folds. Thesge ‘are generally arrangéd as shallow
doubly-plunging»gl echei;n'folds (Popbet, 1970; Hyde, 1979b)
with axial-surface traces oriented.at a low anéle to the main
northeast trend of the sugbasin (Fig. ‘2.3). Tensional

faults are developed perpendicular to the axial surface trace

of the en chelon folds (Phafr, 1949; Belt; 1969; Lock,

1969). The helon folds and tensional faults are typical .

teatures developed during early Qtages of gtrike-slip métioh
(Clbos,‘1955;‘ Moody and Hill, 1956; ﬁilcox et al., 1973):
The en echelon.folds In the Anguille Group are the strbngest
.evidence for dextral strike-slip faulting 1in the Deer Laké R

i

subbasin.

The Deer Lake Groupiand Howley Formation rocks show
open, shallowly-plunging folds except adjacent to faults
where they become tightly folded and cataclastic. The folds
:have a long wavelength, parasitic folds, and an axial surface

tréce”nearly parallel to the subbasin (wrench zone) trend. -

This is particularly evident in the Humber syncline, the

“




major structural feature along the western side of the

subbasin (Fig. 2.3).

From the above the Deef Lake subbasin seems to have
devéloped in-two stagés. The first stage-resulted 1;
depositién of the AnguiI;% Group adj;cent to stéeply—dipping,
active, strike-slip qults (gﬂ_?chelon folds, tensional
faultﬂrperpendiculat to the folds, subhorizontal
slickensidea, Hyde, 1979b), whereas the gecond stage resulted-

in theg development of the Deer Lake Group during normal and

2

reverse: faulting (folds parallel to faults, fining-upward v}

megasequences, vertical slickensides, Hyde, 19790b).

N\

Development as pull-apart basins has been proposed fqr

séﬁe of the subbasins within the Maritimes Basin (ﬁcCabe et
N :

al., 1980; McMaster et al., 1980; Frahlick and Schenk,
1981) including the Deer'Lgke (Bradley, 1982). Pull-apart
basins impiy that specific geologic features are Present., .
Horsts and 3raben§ in and around a ma jor pull—-apart basin are
rhombic in‘pla; ge&he;r; (Aydin and Nur, 1982). Pull-gpart
stinq are éxtensional features which.commgnly form dhen‘the
through—gqiég v;ench fault has a dpuble bend, or a major
structural offset, allowing a gap, and c?erefore a pull-apart
basin to form (Burchfielkand Stewart, 1966; Crowell, 1974).
Sedimentologically, overall coafsening- and then
fining-upward, large-scﬁle cycles 1in pull-aparc basins‘shqw
the respective effects of vertical and then latgrallmovemenc
on the basin margin faults (Steel and Gloppen, 1980). The

progressive imbricatlion of large-scale sequences along the
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N ) .basin floor as the basin grows 18 another feature of some

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

In the Deer Lake 'subbasin the_evidénce for p%ll-apart
origin is not compelling, .Rather! differential shbsidence;v - “
aléng'slnuOus strike—slip faults may be sufficieat to exp}din
the History of sedimentation in the Anguille Group. The f (

present dispogition of the Deer Lake Group sediments suggests -

fhat they may han”been deposited In a half-graben,

downthrown along its highly faulted eastern margin.




CHAPTER THREE S

"DRILL HOLE STRATIGRAPHY AND PETROCRAPHY

3.1'Analyﬁica1 methods

//-3.1.1 Stratigraphy

. Between 1978 and 1980 numerous-one-inch diameter cored
holes were drilled into the stratigraphice units of the Deer
Lake subbasin by Northgate Exploration Co. and Westfield

Minerals Ltd. Nine of these drill holes were systematically

sampled and studied. Two holeg were sampled from each of the

North Brodk; Rbcky Brook} and Howley Formationsg, and three

\ ,
holes from the Humber Falls Formatiqn. The Humber‘Félls
__‘Forma;on wa; aamgled more thoroughly, noi only due to its
.lqcationvinvtwo geograéhically distinctrareas (Fig. 2.3,
p- 17), but also to investigate any relationship with the
aand}Ous uranium-bearing sandstone boulders found aboyé the
northern body of the‘formation. Figure 2.3(§h;ws the

disposition of the drill holes in the Deer Lake subbasin aid

their abbreviated drill hole number.

Representative drill holes through the four formations
, S o . Je
mét the following ec¢riteria: they contained the spectrum of
lithologies typically found in the formation; they were from

"widely spaced, esdentially undeformed areas; theores were

the longest and most complete available. All the holes that

éaNpled every ten’metresdstarting af the top of the drili:

B — B~y

: ' X
were chosen had been drilled vertically. Each drill hole was
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~hole; in plages,‘aamples'of particularly unusual features
(e.g., calcareous nodules; uréniu@ anomalies) wefg also taken
between the teh metre 1nter;als. Most of the dri1ll core uséd
in thie study had been stored 6ut—of—doors fof approximately
ihree years. Howe;er, the onlf‘change'which may be
attributed E; recent'weafhe:ing is the increase of late
secondary:porosity. The‘stréfigraphic columns presented in
this chapfer Are derived both from personél field notes and

, Krom &rili Hole>logs p;epﬁred by employees of wespfield
ﬁineralé Ltd.:;and Nofthgate‘Exp}orat#oé Co.

5

3.1.2 Colouratloﬁ

The fresh surface colour of the core was recorded'usingr

names and colour codes of the Muamsell colour system.  The
codg~has four components: hue, coléur, value, and chroma;
these are recorded in similar order. The hue designations

zero and ten indicate the boundary betveen one colour and the

next. The basic rock colours of the sampled core were:

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

. lightness number, increases fr&m two to eight with {increasing
lightneésw The chroﬁa number'ind}cates theVdegreeléf'coiour
.s#turation from dark (Qne)'té.vivid (six). Vheté a rgck
sample diaplaye&-more than one colouf'due to redax effects;
-weéthéring,-or large propo;tiohb'of cdngioﬁerate‘clagts. the
dominant fresﬁ‘aandqtone or conglomerate matrix colour was

recorded.
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3.1.3 Porosiry‘ . T

» H

Estimatione of total ‘porosity were made on. every
pessible sample. The poor.consolidationvof some samplea
prevented pprosity meagurements. , Total poroeity was
estimated during syetematic point counting of thin sections.
This was facilitated by the impregnation of the heated sample
with blue- tinted epoxy resin before thin sectioning. The
»effecrive porosity was obtained using a Beckman 930 air
comparison pycnometer and premeaeured cylinders «of core

approximately one centimetre high. ' : 3

o

v

- All the porosity measuremente are included with model
compositions 1n Appenﬁix\i. In;this chapter, the total'and_
) %i effective\porosiries will be presentei as 1ine grapps.. Total
'{ ~ porosity 18 ‘also 1ncludedp1n modal coeposition graphs within
‘the ‘others' category.v fhe,porosity measurad 1s referred to
as present' because it 1s almost inpossible to identify and
quantify any. primary porosity, or the amount of-porosity
presegt aE any point during dlagenesis, becduse of the

N

ensuing stages”df diséolution and precipitation.

oot

The criterig and terminology of Schmidt et al. (1977)

- are peed to describe the secondary poroslty seen in the
sandetones. Choquette and Pray s (1970) porosity
classification has been used for the carbonate-rich sediments

of the Rocky Brook Formation. .

3.1.4 Mineralogy
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. The modal composition of tﬁe Bamples was obtaiped by .
counting 250 points in thin sections‘cqt perpendicular to the .
‘drill-hole axis. Due to. the friability of the fine grained
sediments and grain size of-the conglémerhtes, thin
sectioning, and therefore petrographic description, was only
. - possible with the sandstones and a fe€w of the more indurated ‘ ;
‘ 'finer grainéd_samples.' Mineral identification was made using
‘conventional petrographic microécopy on thin sections gtained
with alizario red 5 and sodium cobaltinitrite (Friedman,

1971) for carbonate and potassium feldspar identification

e

respectively.

>

. QRF ternaryvplo;s'(Q = monocrystalline and
polycrystallinerquart;, R = all rock fragments 1nc1uding . : .
chert, F = all feldspars) were made for the North Brook,

Humber Falls, and Howley Formations; ‘Due to the fine grained V e '

‘- ’ nature of che Rocky Brook Formation sediments, claasification,

of these sediments was based on Picard's-(1971) scheme. . Vi
/ " , L VA

The identification of clay minerals wag ‘not always ya
Vs

possible through petrographic mictoscopy alone. Thereioréﬂ
/
characteristic basal X-ray difftaction peaks, and minetél

y

morphology revealed by scanning electron microscopy/ vere

used to help identify the clay minetals. Unlesa/@therwise

7

stated, the word clay is used to deecribe detriﬁal and

diagenetic minerals 1ees than two microuns in size. Illite 18 - -
, .
~used for clay size minerals belonging to the mica group (Grim
et al., 1937; Brown, 1955; .Yoder and’Eugster 1955 Hower

and Mowatt, 1966). 1In some cases,/yineral identification was

e . oe e




-

aided by electron microprobe analyses using .a JEOL JXA-S0A

electron probe microanalyset with Krisel Control, 1nterfaced‘

) \ :

to a PDP-11 microcomputer. 3
) e

S

3.1,5 X-ray diffractometry

;
Ve

// .
,/‘

X-ray diffraction‘analyses assisted 1n the
identification of the cléy minerals, and In estimatlhg the
'relativa‘percentages of kaclinite, chlorite, illite, and
méntmorilionitg. The analyses were carried out in three

{
stages.

(1) Separation of the ¢ 2 P fraction from each core

sample; removal of amorphous 1iron (Mehra and Jackson, 1960);

. and mountihg of three, .02 gm; oriented clay al&quots from
each sample anto glass slides. 6he alfépot was spiked with a
talé-internal standard;l the second uqs_treatéd with acid ‘to
rémbve the chlorite diffractioﬁ7peaks that overlap'the

'kaolinite peaks, a;d then spiked with talcj the third was
expanded with Qphylené glycol vapours. - Montmorillonige(gnd
montmorilloniie—bearing ;ixed—layer élays uﬁdergo a pgakr

éhift {g/louer 28 angles after exposure to ethylege glycol.

Flocculation of the clay suepenqion uiing mégnesium chloride

resulted 1in magnesium—saturated- gsamples.

.

'(2) Each Mg-saturated .oriented ifkpuot was selectively
, Y

scanned using a Philips X-ray diffractometer with a grhphite

monochromator and the following operating conditions: Cu Kg

radiation, 40 kv, 20 ma, 1/4° 28 per minute goniometer rate, 1

36




cm per minute chart speed, rate meter of 2000 cps, time

- 7 -
constant of &, 1°divergent slit,'l.receiving slit. Teletapes
recording total counts for each 10 second increment were

simult#neously made.

(3) Teletype;da;a was entered into a HP9845B degktop
~computer., Affer.edjting, specific peaks were digitized
(including the standard talc peak) to find their re ;t1ve
peak areas-and eventually their relative percentagﬁ' through

~the welghting method of Biscaye (1965) as corrected by @eath

‘and’Pisigs-(1979).

biagrams of relativé.clay percentaées and of

ﬁepresentative diffractograms of the minerals typlically found
, .

in the clay fraction were p:oducgd fqr each drill hole and
for&ation respectively. The identification of the
diffractogram peaks 18 based on mineral X- ray powder data
‘presented {n Bayliss et al. (1980), Brindley and Brown
(1980), C;rréil (1970), and standard mineral diffractograms

belonging to the Department of Earth Sciences at Memortal

’

University.

Researcher;'have found that the~methods of clay mineral

quantification are in fact only semi-guantitative estimates, -

and that, even-when the analycical techniques are gonsistent

-

and carried out with gs much precfsfon as possible, the

results may only be accurate to X ten percent of the amount
' ” L4 L .

present (Johns et al., 1954; .Pierce-and Siegel, 1969;

. .
Carroll, 1970). Errors in measuring the relative abundance
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of clay mineréls,may'be due to different mounting technigzes.
(Gibbs, 1968), differeut;gémple'weights (Stokke and Carson,

1573; Kodanma et,ai};ii977); or different mineral ﬁass
absorption coeféf@?;ﬁts (Carroll, 1970). Problems also aiise
when choosing the pdr;icular method‘for determining the -
relative amounts of clay minerals, particularly when attempgs

3

are made to compare data which have used disimilar methods

i)
o

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

example, Biscaye f1965) questioned the validity of the peak K\\
height method. Scafe and Kunze (1971) on the other hand

found that, for their purposes, -the peak height method gave
bet:§:‘results than the peak area method. A_tAird view was
taken by Harlan (1966; cited in Sc;fe and Kunze, 1971) who
suggested that both methods supply comparable results.

Plerce and Siegel (1969) sfated that "It must be noted that

although calculation methods differ and glve vaignificantly

. different reéults if used with the shme diffractograms, each

method 18 internally consisteﬁt‘for'a given study and can
. h B

.

glve results that suggest meaningful geologtc trends”. This

is perhaps the safest and nost realistic statement on clay

‘mineral quantification methods.

- . I}

3.1.6 Scanning electraon m)croscopy -y
&

The inspection of small pieces of sandstone using

scanning elelctron microscopy $SEM) permitted ‘the

e

morphological identification of various minerals, and also

allowed gome of their: physical interrelationships to be
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determined. Small fragment‘&of sandstone containing both
fr#mework grains and pore material were mounted on aluminun
stubs with silver paint and-then gold coated in.an Edwards
S150A splutter coater. V'I‘hoe specimens were then viewed in a
Cambridge Stereoscan Mark 24 scanning electron m.icrosco.pe,r)
operating at 5 or 10 kv and various aperture set;ings. B

Records of any interesting features were made on Polaroid "

Type 665 film.

3.1.7 cathodoluminescence

A few thin sections from the four formations were

-~

examined under cathodoluminescence so that betrographic

features not seen by conventional microscopy or SEM could be
‘ .

revealed. A Nuclide lumlnoscope‘was ~linked to a Wild M400

Photomat microphotometry system. Uncovered, unstalined thin

sections were illuminated by a 60 ma electron beam achleved’

by using a vacuum of 50 millitorr and a voltage of

‘approximately 12 kv. Photomicrographs were taken u'sing Kodak'

ASA 1000 film; exposure times vere between one half and ten
minutes. Detrital feldspars and carbonate cement were the
most fluorescent minerals. The only new information revealed

by cathodoluminescence pertalned to carbonate cements.

!

3.2 North Brook Forma({N
l ~

_;!.2.1 .Introduction
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VTHQ répreéentative drill holes'wete.selectred from the
North Brook Formation; 7'9A-‘007’ (abbr. .47) and 7‘9.B—0‘03 » *
(abbr.l. 33); The 10cation of each drill hole 1g shovn in
Figure 2.A3, P 17. Originaliy A7 was drilled to locate the
Carbonfiferous~-basement ’u'nconf'ormity,‘which 1t failed to
reach; ‘ B3 was drilled to sample the North Brook Formation

strat 1gréphy. Dri1i1ll hole A7 has- also been S\ampl?d for

paleomagnetic s'tudies (Irving and Strong, in press).

3.2.2 Drill hole 79A4-007 (A7)

. 0. .
Stratigraphy T .

This drilf core is comprised of 7interlayered

-conglomerates, sandstones, siltstones, and mudstones, with

sandstones béing‘the‘do.minant lichology (F‘ig. 3.1).

‘F.ining—u‘pvard conglomerate to siltstone fluvial sequences, up

to 15 m thick, are present. In Figure 3‘.2, q'onglomerateg
tend to. be pale red ar 1ighrt gray, sandstones are

predo'mi»nla‘nt’ly red,r and siitstonee and mudstongs are more
friable Janzrj a deepér brownish-red, colour. The red ”

colourattion and light gray to green bands and gpots are

diggenetic redox features.

Conglomerates are dominat.‘ed‘ by 11thologica1}y' immature,
pebble—-size framewark clasts, de.rived from plutonic, |
metamorphic and carbonate~sed1mentqry sot;rcea, and supported
by a calcareous granule- to sand-size matrix. Very> coa‘rse to .

<

very fine grained sandstone units are crudely

>




cross-stratified and display sharp or gradational contacts
with the conglomerate and siltstone-mudstone layers.
Siltstones and mudstones are poorly ;Sreserved, but do exibit

some laminations,. Both the fine grained sediments and
. R )

sandstones contain calcareous nodules.

Petrography
. "
The arkosic sandstones have a relatively uniform
R . :

nineralogy (Figs. 3.1 and 3.4 and Appendix I). The dominant
detrital m.inerals, ‘in order of abundance, are as follows:
feldspars (plagioclase = orthoclase > ulcrocline >

perthites), quartz (monocrystalline > polycrystalline), rock

fragments (plutonic > metamorphic > sedimentary = volcanic),

.
Soe

wfth minor amounts of muscovite, biotite, chlorite,

- magnetite, an‘d ep.idot'e. .The detrital minetal‘s are generally
vell sorted, .subanguiar to éubtoup&ed grains, bound together
by winor amounts of ‘diagenetié cley, carbonavter and hematite
cements. The diagenetic mineral ‘assemb'l'ager coneisfs of‘
calcite, hemstite, kaolinite, chlorit’e,villité,
monﬁmotillonitle,' and les'a‘er amounts of ulxed-layer
illite-montmorillonite, pyrite, q;értz. overgrowths, and

limonite.
Ny,
Plagioclase and microcline have been generally dltered

more-than orthoclasa, 8o that they now exibit extensive

dissolution features and illitization- (Fig. ‘ 3.3). Feldspar

in rock f'ragmenté, especially in granitoid fragments, may

show progressive dissolu‘tion and {llitivration as well.







. Figure 3.2. Representative drill core from hole A7
(61.5-87.2 m). The transition from dark brownish-red tg
light gray follows a change 1n grain size from silt to
conglomerate respectively, :

Figure 3.3, Illitized feldspar grain partly masked by
late-stage hematite cement. Bar scale 0.25 mm.










Detrital mica gralns. are mechanically bent around larger
silicate grains with biotite often being heavily oxidized"
and':hlo;itiied. particularly along cleavage planes.
Honocryatalline and polycrystalline quarrz grains exhibit
both straight and undulose extinction. " Quartz overgrowths
are auggested by vague oxidized dust rims within quartz'

/
crystals.

The large amounts of i1lilite (Figa. 3.1 and 3.5) are a

combination of both clay sized detrital mica grains and

diagenetic illite. Recognition of diagenetic illite 18 based

"on the c¢riteria of Wilson and Pittman (1977). The main
criteria are (and this appliea to diagenetic ﬁllite in the
other drill holea as well): (1) the fllite la seen at all
stages of growth, partly replacing feldspars, (2) some

crystals bridge grains near points of grain contact (Fig.

3.6); - (3) detrital micas are generally larger and show signs

Vi

of alteration (oxidatiqn, chloritization bending, and frayed

or corroded.grain edges). Illite crystallinity measurements
(chapter five, section 5.3. 4) also suggest the presence of
detrital and diagenetic micas. The only mixed~layer clay
mineral identified in the diffractograms ;;r this drill hole
is a mixed- layer 1llite montmorillonite mineral. .
Diffractogram ingpection indicatés that

illite—nontmorillonite 18 only present in a few of the

sandstone samples. Vefy few grains of detrital chlorite were

-

observed In thin section.

46
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' .. Figure 3.6. Laths of diagenetic 1114ite have grown ) -
across detrital grain boundaries prior to a late stage of 0

hematite cementation. Bar scale 0.25 mm.

p3

‘Figure 3.7, Late- stage hematite cement (opaque)
corrodes and impregnates detrital grains and partly f1l11ls

pore space (blue) Bar scale 0.25 mm.

e T,
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Calcite cement partly masks earlier matrix material and’

appears to change from coarser to finely crystalline cement

with a decrease 1in detrital'érain sfze. Late-stage hematité
cement penetrates, and rims all previousiy deposited or
developed'minerals and'pore.space, including the calcite
cement (Figa. 3.6 and 3.7). Minor limonfte 1ig also

devéloped on opaque umlnerals.

The total porosity ranges from 5-7 Z, with most of tt

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

created enlarged intergranular and intragranular secondary

porosity. No strong correlations can be made between ’
porosity, lithology and mineralogy. However, 1in the hpper

20 m of the drill holé, total porosity varies inversely with

v

the telativg amount'of kaolinite.




3.2.3 Dril1 hole 79B-003 (B3)

g
Stratigraphy

With the exception of the topvand bottom 40 m, which are
domihated by sandstdnes this dri1ll hole is comprised of‘
subequal amounts of interlayered gray to pale red
conglomerates, and light gray to brovnish -red sandstones,

with minor thin layers of brownish ~red ailtstone and mudstone

‘(Figs. 3.8 and 3.9).

‘The conglomerate coatains ﬁoorly to well sorted,
subrounded, granitic, felsic volcaﬁic, schistose carbonate,
quartz, and chert pebbles, within- an arkosic sandastone

matrix. The, submature to mature, very coarse to fige grained

sandstones are arkosic 1in composition (Fig. 3.4), and

contalin variable amounts of hematite and carbonate cements
(as does the conglomerate matrix). Redox fronts somet imes
A : ) oo o
follow cross-bed foresets developed in the sandstones. The
sandstone units are usually 1in gradational contact with the
finer and coarser grained sediments. Siltstones and
mudstonés are ugually poorly indurated, less calcareous and

‘micaceous, and contain a few mud chips and calcareous

no&ulea.

Petrography
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’ ‘ Figure 3.9. Representative drill core from hole B3
(76.5-94.1 m). Note the friable nature of the brownish~red

. sliltstones and mudstones and the unoxidized gray spots in the
coherant sandstones. :

Figure 3.10. Partial dissolution of a plagioclase
graln. - Arrows indicate original grain boundaries. Blue
- epoxy fills voids. _ Bar scale 0.25 mm.

-——
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g Drill hole B3 has identical detrital and diagenetic

: minéral assemblages to drill helerA7 (Fig. “3.8 and Appendix
I). Relatfve mineral a_bundances, thelir foterrelacionships,
and the textural maturity of the sandstones are very siﬁilar
to Al as well, except that B3 1s generally less oxidized and
micaceoue,' and contains more kaol»i‘nite and mixed-layer

{llite-montmorillonite. )

Detrital quartz and feldspa; are again corroded.
Microcline and plagioclase in particular have undergone
extenaive dissolution,. facilitating the developnent of
secondary 1ntragranu1ar ,porosity (Figs. 3.10). .Plagioclase

vas 1ocally partly replaced by caléite rhombs (l‘ig.A 3.11). y,

-

’Euhedral quartz overgrowths on detrital sllicar.e grains
(commonly quartz) are visible outside oxldized dust rims, and
appear in SEH photographs to predate montmotillonite and

-calcite (Fig. 3.12). Intergrapular kaolinite booklets

clearly display 4 vermiform‘morphoi’ogy (Fige 3.13).

“‘All ti\,e _cotrosiveic.alc_i‘te_cemerits appeared coar‘aely
crystalline ‘and twinned (Fig. 3.14). Caihod’oluminescence
reveals the presence of two zoned generationa of calcite
cementation (Figs. 3.15 and 3. 16). The calcite cements
display a dark brown and a bright ~ reddish-orange fluorescence
9011!‘. The darker colour ia. developed in the. coarsely
crystal¥ine poikilotopic cement, vhich is typic‘ally located -
in the centre of the ‘int‘e.'rstitial\’.space. The more brightly

coloured calcit__é cement is locally zoned and occurs dround

ithe margins of the coarsely crystalline calcite and in
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Figure 3.11. Calcite rhombs (acrows) have grovwn into
shall, interconnected dissolution pores (blue) vithin a
plagioclase grain. Bar scale 0.05 mm. ’

.
<

- Figure 3.12. SEM photo of quarctz overgrowths (Q) which
appear to predate 'ecornflake' montmorillonite (M) (c.f.,
Sachdev, 1980, p.165). Bar scale 10 P

.rr







Figure 3.13., SEM photo of tightly bunched interstitial
vermicular kaolinite (c.f, Keller, 1978, p«7). Bar scale 10

)l.

Figure 3.14. Twinned calcite cement (Cc) has partly
corroded detrital grains .(G). Bar scale 0.25 mm. C







.
-

Figure 3.15. First (1) and second (2) generation zoned

calcite cement revealed by cathodoluminescence. Bar scale
0«25 nm. . : ‘ :

Figure 3.16. Cathodoluminescence reveals dark brown
calcite (1) cut by microfractures containing a second. .
generation of reddish~orange calcite (2). Bar scale 0.25 mm.
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mlcrofracturés developed within the coarser calcite., Both
fhases of calcite are twinned. The sharp c;ntrast in
fluorescence coiout, ana the revelation of calcite-filled
microfractures within the coarsklyverystailine calcite,
suggest that there were.two conéecucive s:ageg of calcite
'cementatioh, an iron-rich stage (dark broun; followed by an
iron-poor stage (reddish—orbnge). The most reasonable
tentative explanation for'the colour difference is the
quenching of activator ions (uéually divalent manganege) by

trivalent iron in the darker, coarsely crystailine calcite

H a3

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

rima both detrital grains and calcite cement, and heavily

ox{dizes any ferro-silicate minerals.

Total pq;o;lty occuples 9-19 X of the total rock volume;
whe(e measured, most of the porosity aga;n ;ppears to be
effective (Fié.. 3.8)+ Much §f the porosgity appears to be
due to extensive feldspar dissolution ptlorqto.carbonate

cementation. ' - N

3.3 Rocky Brook Formation

3.3.1 Inﬁroduction

’

The two representative Rocky Brook Formatfon drill °
holes, 79A-003 (abbr. A3) and 79A-005 (abbr. AS), were
chpsed }rimarlly Secauae they were the lgast weathered and

*because they sampled. the, Spillway Meaber (A3) and the Squires

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

'penétrates red siltsiones from the upper part of the North

~




.

Brook Formation. vFigure 2.3 (p; 17) shous-the,lohation of
these drill holes along the relatively undisturbed V;ﬂt side
of the Deer Lake subb;sin. Apart from\the plethora of
-allochemival carbonate rocks (Hyde, 1979b; Hyde and Ware,
1980, 1981), all 1mportan; Rocky ‘Brook Formation lithologies

.

were sampled.’

-

Due to the fine grained nature of these sediments, their
modal compositiéq, ternary classifica:ion plot, and point
count results (Appendix 1) use clay, silt, and c#rbonate as
the mainbconponents. Furthe;more, due to the lack of
sand-size grains and.the abundance of carboﬁatesvin the Rocky
Brook Formation, carbonate 1is substituted for sand in
Picard's (19i1) clasaifiqation for finé grained sediments

(Fig.' 3.18), and Folk's (1962) classification for carbonate

rocks 1is adobted when there is a dominant carbonate

component.

i

3.3.2 Dri1l hole 79A-003 (A3)

Stratigraphy

Theimajotity of the A3 drill cere (Fig. 3.17) is
comptlsed of interlayered and laminated gray, green. and
brows_tiudstones angd claystones,{a;d vario;s micritic
carbonate rocks from the lower Spillway Member. Those
examingd in thin section and plotted in Figure 3.18 weref

classified as calcareous claystones, clayey and silty

-mudstones, and an intramicrudite. White, and less commonly
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Figure 3.18 Carbonate-silt-clay classification diagram for the
fine grained sediment samples from the Rocky Brook
Formation drill holes 79A-003 and 79A-005.
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Figure 3.19. Representative drill core from hole A3
(48.7-73.1 m). Note the fissility of the interlayered
mudstones, claystones, and carbonates.

Figure 3.20. Late-stage coarsely crystalline calcite
cement within an 1ntramicrud1te. Note the-small "analcime"
crystauls (arrows) and the corrosion ‘of some of the @ ystals
by calcite. Bar scale 0.25 mm. {

=
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purple, calcite stockwork 1s found throughout the A3l drill -

AN .
5

core, as are calcareous noduleg and rhizoliths. Figure 3.19
shows a representative drill core section of the shaly, >

varicoloured lacustrine sediments from drill hole A3.

Toward .the bottom of tf;e hole, there 1is a gradatloﬂal ¢
contact between reddish-'brawr'l mudstones of” the Rocky Brook
Formation and red and Ib'rovﬁ siltetones of the North Brook
Formation. C'ompany drill core ioga show the contact between
the two formations was placed at the top of the sandstone
beds seen 1in Figure: 3.17. On the suggeéstion qf' Dr. R. Hyde
(per.s. comm.q\ 1953), the conformable contact ‘_ﬁas beex: placed

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

silty sequence.

Gamma-ray drill-hole logging by Westfield Minerals
revealed thin anomalous uraniferous horizons in dark
mudstone’a and carbonates (see chapter four section 4,2.2).

Petrography

Thin section inspection (Figf 3.17 and Appendix I) and
X-ray diffractometry (Fig. 3.23) re.v’eal that the two main
groups of>minerals in the core samples are carbonates and
clays. The 'reslt of the samples contain variable amounts of
silt si?e clasts, 'analcime"‘, pPyrite and organic ;ﬂlter{al.

These compaonents are usually homogeneously distributed, but

silt- and carbonate-rich patches, or contorted laminae, are

also present.




E

"Fingure 3.21. A m_iéroffacture filled with late coarse
calcite is cross-cut by later ‘open’ microfracture porosity.

Note the oxidized margins of the 'open' microfracture. Bar
scale 0.25 mm.

Figure 3.22. Cross~section of a rhizolith showing three
concentric zpnes (numbered): (1) outer hematized silty
caleite envflope; (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 crystsalline calcite and dolomite are the

two carbonate minerals. In plahes, dolomite crystals appear’
slightly larger than the crystalliné calcicte. No dissolution
or'replakement features vere apparent between the two. A
later stage of calcite precipitation is also present as
medium to coarsely crystalline irregular patches and
microfracture fillings (Figs. 3.20 and 3.21). .The euhedral
crystal form, "clear' nature of the patches of dalcite
crystals, fheir connection to calcite ~filled miérofractures,
and an occasional decrease in crystal size avay[from the
centre of the patches suggest that the medium to coarsely
crystalline patchea of calcite are solution;cavity filliags
(Folk, 1965) rather than being neomorphic in origin.
Cathodoluminescence did not reveal any zoning of the calcite.

In places, the calcite-filled microfractures are cross—cut by

‘open' microfractures with hematized margins (Fig. 3.21).

Clay winerals occur in three settings: (1) as clay-rich
laminae; (2) as diffuse, connected and unconnected clots;
and (3) as intraclgsts and peloids. Figures 3.17 and. 3.23

show that i1llite, chlorite, and montmorillonite are the ﬁajor

clay minerals, and that kaolinite is absent, or 6n1y»present

.

,within the coarser North Brook Formation sediments. The

visual identification of detrital mica and the presence of
clay-tich 1intraclasts and peloids, suggests that some of the

clay-size minerals are detrital. -
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The eilt component is made up of quartzy plagioclase,
orthoclase, microcline and muscovite grains. The ‘silt grains
are usually rounded to subrounded, and,are heavily rimmed‘by
hematite cement. This is particularly so in thé calcareous
’siltstones at the top of the North Brook Formgtlan.“
Silt-size dark brown to cpaque organic material occurs as
dispersed to&-sha?ed or equant grains. Diagenetic'pyrife
occurs as both euhedral crystals and small crystal

Aggregatep-

“"Analcime” was identified 1in thin sectlop and by X-ray
diffraction (Fi1g. 3.23), by char;ctetfstic ;eak positidns
and by 1its absence(;n thé acid-treated clay samples.
Microscopic eiaminhtion‘EOuﬁd the ;analcime' developed,1n the
coarsely crystalline cores of rhizoliths, and in the medium
to coarsely crystalline patches of calcite. In both cases,
the crystals are hexagonal and weakly anisotropic. The
crystals‘;ypiéally océui singly; ﬁhe& are engulfed in, and .
locally tér;odeé by, the calcite, or form border phagesa bhoth
in the rhizolith core; (Figs. 3.22 and 3.24) and 1n‘the
coarsely crystalline patchesJ‘ In both situations the
“analcime”™ has retained most of ita euhedral nature. Thege
relationships suggedt forﬁation before the coarsely
crygtallin; calcite. The crystals are referred to as ‘
'analciié";aa they pfodude X-ray diféraction peaks vEry
- similar to«analcine (Fig. 3.23) which characteristically

disappear. fron dltfractogrnn- upon acid tresatment- (Brindley

‘and lrovn. 1980). The pettog;npblc properties of these




74 )

Figure 3,24. . Zgnes 2 and 3 (numbeted) of the same
rhizolith cross-section. Bar scale 0.25 mm. :

Fligure 3.25. Late mesovug porosity (blue) deveIOped in
a calcareous claystone. Opaques are both organic matter and
authigenic pyrite. Bar scale 0. 25 mm.
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- crystals are ‘also very similar to analcime (Deer et al.,

1966; Dr. S. Papezik, pers. 'comm. '1983;" bDr. R. Hay,
pers. conm. i984).  H1c;opr9be analyses of a few 'analcim;“
crystalsg are tabﬁlated in Appendix Ii. The analyses are
anomalous (but conaistent), 1n.thac fhey d{splay a
coﬁposition between analcime and albite. “Unfortunately.no',
ﬁineral has been found which satisfigs the X-ray, , ot

petrographic and microprobe results, thevefore the mineral is

referred to as “"analcime™.

In thin s;ction th; rhizoliths display partial

replacement of, and cementation within, what appears to be a- -
cross-section through a plant root. They look very similar

to the rhizoliths defined.and described by Klaﬁpa (1980). A

complete cross-section of one of the Rocky Brook Formation

rhizoliths shows three naih, crudely concentric zones (Figs.

s

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

Iy
Y

micrite-cemented"silt grains; (2) an organic-rich ring, in
places very finely laminated, that may represent the érigiual
\ epithelial root walls; and {(3) an fnner core of coarsely

| crystalline "analcime” and calcite. "Analcime” and the
micritic zone 1 calcite appear to have crystallized before’
the coarsely crystalline zone 3‘calcite. The core minerals

have irregular outer crystal boundaries and long euhedral

k3

interior‘boundaties.




~t A claygtqne sample from drill hole A3 contains a
rhizolith, approximatély 3 cm in diameter, exhibicing
concentric calciteAlaminae around a coarser core. Ad?acent
clayétoné lawinae ‘draped over the rhizolith. This is similar
to the type 1 concretions of Raiswell (1971), which suggest
an early prelithification growth of the rhizoliths. The
outer calcite~rich envelope may develop due to the releas; of
HCd;ions or organic acids trbm living or decaying organic
matter, the combination of theAHCO;ions with calcium, and the
subsequent precipitation of calcite (Johnson, 1967; Gray and
Williams, 1971). Theorétically, further decay of internal
organic materfal could increase the a}kalinityiof the
microeﬁ?ironment (Klappa, 1980), thus possibly encouraging

the precipitation of’ "analcime” in the core zone.

Three types'of'porouity can be identified in these

sedimengs: microinterérystal and mesovug porosaity (Fig.
3.25) (Choquette and Pray, 1970), and microfracture porosity
(Fié. 3.215. Figure 3.17 indicates an increase in effective
porosity in the si1lt- and sand-rich lithologies. The total
porosity measurements that could be made were not recorded,
as they often showed values below the effective porosity
heasurenentst.and‘therefore were not coneidered reliable.

One reason for this may be the inabllity to easily detect

microporosity io thin section.

3.3.3 Drill hole 79A-005 (AS)

.




Stratigraphy

Drill hole Ai sampled only the upper Squlres Park Member .
of the Rocky Brook Formation. The lithologies are- uniformly
fige grqined, with a paucity of sand-size materfial (Fig.
3;26). Weatheridg and the fissility of the fine grained
;ediﬁents, made Qt‘impossible to study some sections of the '
dr11l core in deﬂail. Drill core lospection and thin-section
point counting (P&g. 3.18 and Appendix I), showed that'the
main lithologies ére interlayered, massive to lamin;tedj

i
calcareous to silty claystones and micritic limestones. The

'y R . . .
sediments range from dark gray, to dark greenish- and

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

\

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

Mottled, suerLnded nodules and rhizoliths, and pyrite

crystals can eaaily%be geen 1in hand sample. Calcite
-

stockwork is also developed but‘not to the extent seen in
deill h#le A3. A fe% dark shaly samples produced a sliéht
olly odpur when rubb%d, and also gnée a brown streak. These
features are charact%ristic of o1l shale samples found in
outcrop (Dr. R. Hy%e, petﬁ. Vcomm. '1982). Com}any gamma
ray 1q§s and sludge Jsaays indicate slight uranfum anomalies

from dark calcareous claystones and mudstones.

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 geem to
have encroached on neighbouring minerals and pore space
(blue) within a calcareous claystone. "Bar scale 0.25 nm.

-
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In thin section there is a fairly uniform distribution
of clay and carbonate minerals, with lesser, varlable amounts
of silt-size quartz, feldspar, and mica grain‘s, pyrite, and
organic materfal (Fig. 3.26 and Appendix I1). A few
"analcime”™ crystals were seen 1in patches of coarsely
crystalline calcite; the calcite had ﬁartly corroded and
engulfed the "analcime”™. X-ray diffractograms show that

“"analcime” {s present 1in most s awples.

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
that there are subequal amounts of {llite and
montmorillonite, less chlorite and negligable amounts of

kaolinite.

Calcite and dolomite are present as fine— to medium-gize
cryetals intermixed with the clay minerals; calcite 1s also _
found 1in a few coarsely crystalline patches and ramifying
microfractures. This distribution of carbonate minerals 1s
therefore essentially the same as that found in the sanmples
from 'drill hole A3. As in drill hole A3, the calcite-filled
microfractures are i{n turn cross-cut by ‘open’

microfractures.

Silt-sized, subrounded to subangular grains of quartz,
potassic feldspars, micas, and organic materfal are dispersed

or form thin arkosic laminae. Diagenetic euhedral to




subhedral pyrite crystals or crystal aggregates have
encroached on neighbouring minerals (Flg. 3.28). Pyrite, in
. ’ ~

minor amounts, 18 also associated with calcite in the

"late-stage microfractures (Fig. 3.29).

Barite, chalcedony and chert have also been found within
the“Squires Park Mémbelr. 'I;he bagi‘té was found in a claystone.
sample from Sir Richard Squires Memorial Park. Fractures in
the calcareous claystone sample were 1lined with purple
célcité (possible reflecting contaminat/ion by the claystone
host rock), followed by white calcite qu\‘tll}gn white barite
toward the centre of the fracture, where some void space was
preserved. Both calcite’ and barite'vere identified by X-ray
diffraction smear mounts. Hyde and Ware (1981) describe
these fractures as shrinkage cracks. Even though not found
in any drill hole samples, ALscussiona Vvith Dr. Re. Hyde and
inspecr."i’on of surface gsamples supplied by him, reveal that
chalcedony and chert can also be found wit.rhin the Squires
Park Member. Thin sections showed that chert usually rimmed
‘the length-fast chalcedony, which apl;earea- to-be a N
‘pore-closing phase. The chalcedony and chert were cut by the
late-stage, coarsely cry'stalline calé:it‘e- and dolomite-filled

microfractures.

Microinterparticle, mésovug’, and microfracrure porosity

are again evident. Effective porosity measurements indicate

-

a slight increase {n porosity with increased amounts of silt

(Flg. 3.26).
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Figure 3.29. Opaque pyrite and calcite cement (Cc)
filling late-stage microfractures. Bar scale 0.25 mn.

Rl

Figure 3.30. Representative drill core from hole 79-69 -
(14-37 m). Note the brownish-red friable siltstones compared
to the coherent coarser sediments. g







3.4 Humber Falls Formation

3.4.1 Introduction

9
Three drill holes were sampled and studied froam the two

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

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

80-70). .Thelir exact locations are shown in Figure 2.3

(p. 17): The discovery of uranfum-rich boulders in tﬁe
northernvbody of tﬁe.formakion 1eq to a conééntrated drilling
program there. Tué drill holes from this area were sampled
pnimarily to see 1£”petrographic simlfaritieé,existed between
the sediments of the Hpﬁbér Falls éornacion and the
mineralized sandstone b§u1ders, and to see if signs of
mineraliz;tion could be seen 1n subsurface. Drill holes
79—2§ and 80-~70 vere also chosen because they’penetrafed the

Humber Falls Formation - Rocky Brook Formation unconformity.

/;urther data on these &rill_holes, not included in this
chapter, incLuQe modal poiét—count percentages (Appendix [),
and caal maceral reflectograms for cogly matérial found in
holes 80-70 and 79-29, and for sim;lgt coaly material

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

Strong (chapter four, séction 4.3),
3.4.2 Drill hole DDH 79-569 (79-69)

Stratigraphy
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Drill hole 79-69 (Fig, 3.30) consists of interlayered-

gravelly san&atonpa, sandstones, siltstones_and mudstones,
iand a single nine-metre-thick coﬁglg;erate unit. The top
half of the drill hole is dominated by sandstones and the
éonglo'erace unit, while the bottom half {s domihated by the

finef grained sediments (Fig. 3.31). ' ST

The counglomerate and gravelly patches within the
sandstones consist of suBrounded to rounded, granule- to
pebble-size clkaks %n an arkosic éandstone matrix. Granitoid
pluton;c, felsic volcanic, and chert rock fragments form the

. gravel component, with thg'grahitoid clasts bging the largest
and most abundant. The sandstones a}e generally submatu;e to
lmmature, medium to coarse grained arkos?s (Fig. 3.32).
They are‘light gray to pale red in colour. ‘Large- flakes of
detrital white mica, and large crystals ;f authigenic 4
"kaolinite, tan'easily be seen in drill core. Some
cross—stra£ification and mﬁd rip-ups are also present.
Arkosic ail tones and mudstones are also micaceous and,
depending sisthe state of oxidation, they are red to gtaf in

colour. Calcareous .nodules are sometimes developed in these t&d

fineg grained asediments.

Petrography .

The distribution of the minerals .and mineral groups 1in
the drill hole sediments are shown in Figure 3.31. Detrital

feldspars, quartz and rock fragments comprise the largest

N
;- 4 volume of materfial 1in these'sedimen&gﬁ with feldspar belng
« . - _,"
L

v
s g e
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‘

most abundant (Fig. 3.32). Clay cement, and lesser amounts

of calcglte and hematité_cement, comprise the bulk of the
intergranular material. Secondary porosity, developed from
two stages of mineral dissolution, accounts .for the remajfning

volume of rock.
. \ v

Original subrounded to subangular clasts of feldspars,
quartz and rock fragments haye been extensively altered by

diagenetic mineral development, and secondary dissolution.

Monocrysta%line and polycrystalline quartz grains with -

a

straig&t and undulose extinction locally exhibit quartz

overgrowths delineated by oxidized dust rims.

Fig;re 3.33 i{s a composite, representative }

/‘
diffractogram, which shows the typical clay-fraction mineral

’

assemblages from the Humber Falls Formation drill holes. The

clay minerald are predominantly authigenic kaolinite and both

detfital and diaggnetic 1llice ¢Fig. 3.31). The presence of
diagenetic 11lite is suggested by illite crystallinity 7
measurements (chapter five ] section 5.3.4). Highly .
birefringent, interstitial, fibro&s“ma:;rial which 1is
colourless in plane light (Fig. 3.3%);m5y be diagenetid
illite. ﬁontmorill&nite and mixed-layer

illite-montmorillonite are also minor constituents fa both

sandstone and finmer grained éamples.

In situ dissolution of detrital quartz and feldspar

grailns probably contributed the elements necessary to develop

diagenetic kaolinite and possibly other diagenetic minerals,

88
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before an influx of coarsely crystalline calcite cement

c;rroded the clay minerals and- grain edgea and locally

fractured and infilled the détritalvgrains (Figs. 3.35 and

b4 3-36)-

It appearslthat diagenesis proceeded in fhe following
order: (1) early developament of secondary porosity from
silicate grainm dissolution, (2) diagenetic growth of
kaoliﬁite, 11l1ite, chlorite, ané lesser amounts of
montmorgilonite and mixed-layer illite-montmorillonite, and
(3) calcite cementation. This sequence 1s suggested by the
folloviﬁg observation{: (a) the diagenetic clay minerals are
consistently a;jacent 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 plagioclasge grain, and then calcite cement

precipitated and masked parts of both the plagioclase and

kaolinite.

A late stage of hematite cement generally penetrates all
other primary and secondary (diagenetic) minerals. The
calcite cement in particulaf has been corroded énd hematized.
Interestingly, the hematite cement has attacked the interior
of caleite crystals rather than the crystal edges. Figures
3.39 and 3.40 shoﬁ how ?1ssolution and the hematite cement
preferentially folloved‘the Internal lattice structure of the

calcite crystals. Cathodoluminescence of a few thin sectionh

failed to detect any calcite zoning.

s ‘-‘ — ——




Figure 3.34. Radiating sheaves of highly birefringent
il1lite cement. Bar scale 0.05 my.

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

Figure 3.37. Authigenic vermicular kaolinite (K) blends
into thé neighbouring feldspar grains (G) and fills ad jacent
interstitial pore space. Bar scale 0.05 mm.
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Figure 3.38. Proof for an e‘arly stage of porosity
development. Kdolinite (K) has grown .within an intragranular
dissolution pore 1in a plagicoclase grain (G) and has in turn
been partly masked by calcite cement (Ce). Bar scale 0.25
mm.

Figure 3.39. Late-stage hematite cement (opaque) has
‘preferentially followed the internal lattice structure of the
calcite cement crystals (arrow) and has attacked the central
areas of the crystals rather than the_ exterfors. Bar scale
0.25 mm.
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Figure 3.40. SEM photo showing that dissolution pits
(arrow) in calcite cement follow the regular 1internal
structure of the calcite.: Bar scale 5 P

Figure 3.41. Representative drill core from hole 79-29
(107-186 m). Note the friable nature of the dark siltstones
compared to the pink and gray sandstones and conglomerates.
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T;tal porosity ﬁeasurements range from 4-25 I of the |
rock volume, with at least half of that beiné effective
porosity (Fig. 3.31). The highest porosities océur in'the
coarse érained top half of the drill hole. The low
porosities recorded at approgimately 39 w and 64 m may
refléct relative increases‘in diagenetic clay and hemafite

cements.

o~

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

Stratigraphy

In this drill hole, interlayered conglomerates, gravelly

- sandstones and sandstones, and siltstones and mudstones of

the Humber Falls Formation overlié mixed siltstones and
‘mudstones of the Rocky Brook Formation (Fig. 3.42). At the - 1
erosional unconformity, gray gravélly sandstones of the
Humber,Fallé Formation sharply overlie patchy greenish-gray

and red mudatones. In the Humber Falls Formation, gravelly

. . , .
sandstones and sandstones dominate the section. Metre~-scale

.

un{ts'cohtributeﬁto a single, approximately 24 m thick

conglomerate to siltstone fining-upward sequence near the top

b

of the sequence. Figure 3.41 shows pinkish-gray sandstones

LS

and conglomerate and greenish-gray siltstones from the middle

of dr11l hole 79-29.

o ot ———————




The congloméerates a;e light gray to gréyish-red. with
irregular red oxidation patches. The pebble—'to granule-size
framework clasts ape-subangular‘to subrounded, and both
poorfy and moderately sorted. The most common ‘framework
tlast types are granitoid plutonic (seme cl&st? are
granophyric), foilowed by felsic volcanic, ;chispose‘
metamorphic, and chert rock fragments. Grainsrof feldspar

and quartz also reach granule size. The matrix component is

a carbonate-cemented quartz~feldspar sand.

The medium to coarse grained Ban&qtone and gravelly
sandstone units are generally gray to dark red 1d'colour, aﬁd
display submature to immatﬁre~{extures. Commonly, iarge pink
potassic feldspar, white feldspar and macrokaolinite
(Band-gize kaolinitee Isphording and Lodding, 1973), and
frosted quarti graine give the sandstone a very granitic
appearance. QRF plotg for some ofAthe sandston%s indicate
both arkose and lithtic arkose composlitions (Fig. 3.32).
These sandstones also show the widest range of composition
cémpéred with sandstones from the‘other tvo Humber Falls
Formation dr1ll holes. Large flakes of detrital whlté mica
and caleite-filled vugs are easily seen in hand sambple.
Locally, faint crogs-stratification is developed in mediunm

v .
grained sandstones, as are very thin laminae of coaMfied

organic material.
A
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The finer grained siltstones and nmudstones are similar
to those from the underlying Rogky Brook Formation, in that
they are reddish-brown and gray to dark greenish-gray {n
colour, and their gilt fraction 1s arkosic 1n composition.
The fine grained Humber Falls Formation sedlments contain
faint ripple laﬁinae, calcareous nodules and rootlets. These
ptimary features are not seen in the underlying fines of the

Rocky Brook Formation.

.

Petrography

Subangular to subrounded monocrystalline quartz and
subequal amouﬁts of plagloclase and orthoclase comprise most
of the detrital grains 1in the sandstones. The various lithic
clasts are generally larger but less abuﬁdant than tWHe quartz
and feldspar grains. The marging and interior of feldspar
gralns, especially microcline and plagioclase, have been |

extengively leached.

The larger claats are surrounded by detrital muscovite
and bfotite, diagenetic kaolinite, 1111ite, montmorillonite,
mixed-layer 1l1lite-montmorillonite, caleite and hematite; .
and accesgory amounts of detrital organic material,
magnetite, epldote, sphene, and zircon. The relative amounts
of wost of these minerals are shown Ln Figure 3.42 and

.

Appendix I.
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Diagenetic vermicular kaolinite composed of books of

pseudohexagonal plates 1is typically develop along quart) and

potassic feldspar grain boundaries, commonly completely

-
-

filling the adjacent pore space. Kaolinite is the dominagt
clay mineral in the Humber Falls Formation section of thig
drill hole (Fig. 3.42), but quickly decreaseg to very minor

amounts in the underlying Rocky Brook Formation. Diagenetic
\

1llite {s found both as a fibrous Interstitial clay mineral,

and as larger lamellae on detrital feldspar or rock fragment

-

grains. Montmorillonite and mixed-layer

illite—montmoriilonite were present In minor amounts in

sandstone and siltstone samples. Taterstitial material in

the sandstones has been partly destroyed and masked by the

later stages of calcite and hematite cementation.

Finely fo coarsely crystalline carbon{te cements both
corroded and fractured grains. Dolomite has been identified
in one sandstone sample. The carbonate cemqg?wfm in turn
affec;ed by extensive hematite ceméntation. T:; heﬁatite
corroded and engulfed the carﬁonat; cement, and penetrated
along carbonate-grain boundaries (Fig. 3.43). 1n places,
the hematite totally surroﬁnds the detrital grains, occluding

/
any fntergranular porosity.

Total porosity ranges from'approximately 9-18 Z. Most
of the porasity is effective in the agndstones (Fig. 3.42),
while the finer grained sediments show much lenas effective

porosity. This may be due to the higher proportions of

diagenetic and detrfital clay minerals {in the finer grained
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Figure 3.43. ‘Late-stage hematite (opaque ) has
precipitated within earlier calcite cement (arrow A), and

along carbonate-grain boundaries and fractures within grains
(arrow B). Bar scale 0.25 mm .

Figure 3.44, A late stage of pervasive dissolution and
pore development (blue), has even destroyed the hematite
cement (opaque). Bar scale 0.25 mm.
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rock-fragment grains. Gravelly sandstones and coarge to fine

108

sediments. The porosity in the sandstones can be attributed
to the dissolution of siflicate grains, especially feldspars,
and to a late stage of pervasive dissolution which has; even
affected the hematite cement (Fig. 3.44). It 18 difficulec
to tell how much porosity was developed prior to¢ the influx

of caleite and then heﬁnatite cement.
3.4.4 Drill hole DDH 80-70 (80-70)

Stratigraphy

Drill hole 80-70 penetrates into the top of(the Rocky
Brook Formation (Fig. 3.45)., The contact tnay be an
erosional unconf;rmity, as 1t shows greenish-gray bcalcareOua
si'ltstones olf the Rocky Brook Formation overlain by green
pebbly conglomerat_e and sandstones of the Humber Falls

s
Formation. The Humber Fallsg Fdrmation fn this drill hole
consists of interlayered conglomerates, gravelly gandstones
ardd sandstones, and siltatones (Figs. 3.45 and 3.46). They

are all generally uno"kridized and gray in calour, except for a

few reddish-brown siltstone layers.

The pebble to granule conglomerate has a moderate to

vell sorted clast framework dominated by subrounded granitoid

plutonic rock fragments. The matrin material 1is.

calcicie—cenented sand—size quartz, feldspar, and a few

e

grained sandstones comprise most of drill hole 80-70. They

[l

arevﬁenerally Bubmature arkoses and lithic arkoses ‘(Fig.

v

I T —r Ty v




3.32) bound by calcite and clay cements.
Cross—stratification 1s more common in the coarser
sandstones, while fine grained sandstones are comuonly more
micaceous. The brownish-red to greenish-gray arkosic

slltstones are too friable to show any internal structures.

More coalified organic material was 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 gray sandstones. The coaly material is
discussed further in chapter faur section 4.3. Large
lrregular masses of pyrite line and fill pores 1in the

sandstones, particularly near the coaly materfial.

Petrography

Sandstones from drill hole B0-70 . contain the following
detrital grains, in order of abundance (Fig. .45 and
Appendix 1): feldspars (orthoclase > plagioclase >
microcline > perthites), subequal amounts of monocrystalline
and polycrystalline quartz, rock fragments (plutonic >
metamorphic > chert > other sedimentary), mica, and biotite.
Quartz- and feldspar-rich plutpnic rock fragments are the
largest clasts present. Mictc;cline, perthites and
plagioclase grains commonly display dissolution pits and

iliftization. These karge detrital grains also show dentate

or diffuse grain boundaries when in contact with one another.

Muscovite and chloritized bilotite grains are also present.
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Figure 3.46. Representative drill core from hole B80~-70

(32-60 m) displaying gray arkosic sandstones and dark friable
finer grained sediments.

/

Figure 3.47. SEM photo of edge-to-face and rosette
chlorite (arrows) partly covering euhedral quart:
overgrowths. Bar scale IOvP. '

A%







Locally, quartz overg%ouths partly envelop quartz
grainsg, and 1in turn are masked by authigenic minerals such as
chlqrite (Fig. 3.47). The chlorite typically fofms rosettes
made up of indlyidual chlorite platelets, which coalesce and
cover grain surfaces (Fig. 3348)} Vermicular kaolinite agd
fine flakes of {llite can also be seén in the interstitial
material. Montmorfllonite has. been identified in most
égméles (Fig. 3.45). Mixed-layer illife-montmorillonité has -
Vonly‘been 1Aentified in ;hree‘sandstone and\ siltstone
samples.

-~

Medium to coarsely crystalline celcite cement corrodes
detrital grain edges and locally engulfs smaller grains. In
some Bamples, the calcite cement, and previously developed
'detriﬁal or dlagenetic minerals, are corroded qnd'disrupted
by irregular patches of pyrite cement.  The pyrite rlﬁs or
completly‘fil;s pores, 1nd1§crim1nantly fraqtufing and
.. corroding detritél grains and iqtertitial mat:rial (Fig.
3.49).' SEM reveals two forms of pyrite tn this drill hole:
(1) framboidal pyrite (Fig. 3.50); and (2) large coalesced
pyrite cubes (Fig.  3.51). Figgyé 3.51 also‘ahows small .
disrupted clumps of.matrix material caughf up {n the pyrite
crystals. Lochlly, flattened rhombs of siderite are
assoclated wi;h'argas of reduction (Fig. 3.52). 4w£éré‘

y

developed, hematite cement corrodes anmd partly masks detrital

grains and the calcite cement, and forns dxid}ied halos

arQﬁnd the patches of pyrite cement.
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Figure 3.48. SEM photo of chlorite rosettes (C) partly Cf
covering a feldspar grafin (6) which has undergone dissolution
(c.fy,Hicks et al., 1980, p.211). Bar scale 10 P

Figure 3.49.. Opaque pyritae fractures, engulfs, and
partly corrodes detrital grains and interstitial material.
Bar scale 0.25 mum,







Flgure 3.50. SEM photo of pyrite framboids lining part
of the pore space (c.f,Scholle, 1979, p.153). Bar scale 10
M-

Figure 3.51. SEM phdto of coalesced, intergranular
pyrite cubes. Bat gscale 100 P







>

Figure 3.52.; Siderite rhombs overgrowing chlorite after
biotite (C) and.aitered plagicclase grains (G). Bar scale
0.25 amm.

Figure 3.53. Representative: drill core from hole D4
(12.3-37.5 m) showing the down hole transition from gray
sandstone into badly weathered reddish-brown siltstone.







Total porosity in these rocks 1is approximately 8~-19 %
(Fig. 3.45 and Appendi{x I). The effecfive porosfty shows an
inverse relationship with the total porosity. The reason for
such variabiliry 1s not obvious. Signs of detrital silfcate
graln dissolution prior to authigenic mineral growth and
cementation Indicates that at least part of the total
porosity can be attribured to early diageneticvgrain

dissolution.
3.5 Howley Formation

3.5.1 Introduction

- Two drill holes west of Sandy Lake (Fig. 2.3, p. 17)

were chosen to represent the Howley Formation: 79D-004

(abbr. D&4) and }QD-OOS'(abbr. D5). Unforfunately, Ehere

are two problems with thease drill holes. Firsetly, the
friable nature of the rock led to poor cbre r;covery. Recent
weathering also accentuated the frailty of the core.,
Secondly, no age-diagnostic fossils were foun& in the
viclnity of the two holes, nor did either 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 mapping by Hyde (1979%a, 1983) and Hyde and

Ware (1980, 1981) indicates that the two holes had been

drilled into the Howley Formation.
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HOWLEY FM, Q
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Figure 3.55 OQRF classification diagram for sandstone samples from
the Howley Formation drill holes 79D-004 and 79D-005..




Evidence 1in these holes of the informal three-fold
subdivision of the Howley Formation (Hyde, 1979b) isg ‘
uncertain. The lack of coarse basal siligiclastics and coaly
material, and the abundance of finer grained material 1in the
two dri1ll holes, may permit a rough correlation with Hyde's
middle, dominantly gray unit. A better local.correlation can
be made between the two drill holes themselves. In both D4
and D5, the top third is dominated by grayish sandstones,
vhereas the bottom two-thirds of the holes g dominated by

brownish-red siltstones. Also, neither drill hole contains

conglomerate.
3.5.2 Drill hole 79D-004 (D4)

Stratigraphy

Drill hole D4 consists of approximately 45 m of
greenish-gray asandstones overlying a thicker unit of pale to
grayish-red siltstones and mudstones (Fig. 3.54). Figure
3.55 shows the top half of the drill hole, the sandstone to

glltstone transition, and the general atate of the core.

The sandstones are homogeneous medium to fine grained
arkoses (Fig. 3.55). They contain scattered flakes of
detrital white mica, plo-prick oxidation ‘spots, and a few red
coloured mud chips. The intermixed giltstones and mudstones
are also mica>ceous, but are generally dark brownish-red in
colour vith small greentsh-gray unoxidized patches. The

friable nature of the finer grained sediments precluded any

123
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detalled descriptions. 3

Petrography

Sandstones from ;’ﬁ; top of "“the dr11ll core have a
i ,
detrital component consisting mostly of quartz and feldspars
gralns, with 1lesser amo\'unpts of rq‘ck fragments, muscovite,
blotite, epidote, and sphene (Fig. 3.54 and Appendix 1).
The ‘others' category in Figure 3.54 includesj}total porosity
and accessory amounts of epido‘t‘é anvd spheﬁg. Subangular to
subrounded clasts of monocrystalline quaftz a;ld orthoclase
are by far the most abundant minerals. He'tamqrphic, chert,
plutonic, and volcanic rock fragments are found in subequal
amounts. Some compaction of these grains 18- suggested by
intact concavo-convex grain boundariles, and bent muscovite

and blotite grains. Quartz overgro‘1~ths (Fig. 3.56) may have

recelved silica from nearby points of pressure solutfion.

Three types of diagenetic chlorite were {dentified: (1)
vermicular chlorite, perhaps pseiudomorphous after kaolfinite

(only found in one sample, Figures f.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 ed\g‘ee (Fig. | ‘3.'56 )
Montworillonite was also 1de-ntif1ed with SEM by its
interconnected‘ ‘cornflake’ mc'u'phology (Figs. 3.61 and 3.62).
Diagenetic kaolinfte and illite are also present. Many of

-

the above minerals were also identified by X-ray diffraction

LIS

(Fig. 3.63).







Figure 3.57. Vermicular ‘chlorite (C). Bar scale 0.05

\Figure 3.58. |Same as figure 3.57 but in plane light.

Bar scale 0.05 mm. ..
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4

ngure 3.59. Highly birefringent chlorite rosettes
appear to blend into the adjacent detrital grainms (G) Bar
scale 0.05 mm.

a

. Figure 3.60. Same as figure 3.59 but in plane light.
Bar scale 0.05 mm.

7 TN 'y







Figure 3.61. SEM photo of diagenetic montmorillonite
(M) which appears to shroud earlier quartz overgrowths
(arrow). Bar scale 10 p- -

Figure 3.62. °SEM photo of montmorillénite'showing
typical 'cornflake'.morphology_(c.quilsoﬁ and Pittman,
p-64). Bar scale 2 P
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Calcite cement 18 medium to coarsely crystalline and
‘commonly' corrodes the edges of detrital grains. Hematite

1

cement {s intergranular and relatively minor:.,

In thin section, secondary porosity 1s evident as

dissolutgon voids left in microcline and plagioclase grains

and in the interstitial diagenetic cements. The few
sandgtone po;osity measurements that were made (Fig. 3,54)
show a total poroéity range of approximately 8-27 %, an@ also
show that most of the éore space 1g effective. The increase
1n porosity with depth can not egﬁily be porrelated with any .
particular mineral trend, as there 18 a down-hdle debrease in
the relative amounts of montmorillonite, quartz grains, rock.

fragments, calcfte ‘and hematite cement,- any one of whiéh

could account for such a porosity change.




3.5.3 Drill hole 79D-005 (DS5)

Stratigraphy

Drill hole D5 consists of an upper section of sandstones

ovérlain by thinner units of'giltatone, and a lower section
dominated by siltstones and mudstones with scattered th}n
units of sandstone (Fig. 3.64). Figure 3.65 shows some of
the -mixed sandstone-siltstone section near the top of the

drill hole.

The-greenish—gray to gray sandstones are arkosic 1in
composition (Fig. 3.55), and generaily nedium to.coarse
grained and texturall; immature. The intermixed siltstones
and mudstones have a mottled colour due to patchy oxidaction.
The fiper grained sediments are usually cross-laminated.
Both.the sandstones and finer grained sedlmeata are poorly
consolida{ed due to dégradation before, during, and after
drilling. The deteriorated state of the drill core prevented

complete petrographic descriptiaon.

Petrography
\ ' , ~

The detrital component of the sandstones consists
dominantly of angular to auba{gular orthoclaée and
monocrjstalline quartz grains, with leﬁaer amounts of
plagioclase, polycrystalline quartz, chert and plutonic rock

0

fragments, biotite, muacovfte, and accessory epidote grains

(Fig. 3.64 and Appendix I). The grains have been compacted,
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Figure-3.65. Representative drill core from hole DS
(21-44.8 w), displayling cross-stratified, interlayered
sandstones and siltstones, and the extensive recent
: weathering of part of the core.

Figure 3.66. Concavo—convex grain boundaries and quartz
overgrowths (Q) accentuated by an oxidized dust rim (arrows).
Bar scale 0.25 mnm.

N .
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Figure 3.67. SEM photo of vermicular pore-filling
macrokaolinite: . Bar scale 20 y.

)

Figure 3.68. SEM photo showing partial dissoluticn
(arrow) of the macrokaolinite has resulted in an accordion'
morphology. Bar scale-5.5 P

e S e - -







Figure'3.69. Calcite cement (Cc) has corroded a
detrital silicate grain to the point where only the relic
graln remains (arrows). Bar scale 0.25 mm. ’

~

-Figure 3.70. Part of the paragenetic sequence {s
revealed here. Vermiform kaolintte (arrows) is enveloped and
masked by a later stage of calcite cementation (c.f-,Schollé,
1979, p.67 and 138). Bar scale 0.25 mm. )
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resulting in concavo-convex and sutured grain boundaries.

Quartz overgrowths also occur (Fig. 3.66).

'The interstitial.material {n the sandstones consists of
~a highly biréfringent clay cement, kaolinite, iliite, and
minor silt-size‘quarﬁz aﬁh fqldspaf grains. The highly
birefrlnggnt cldy cement may be finely divide& iltite,
chlorite, or montmqri}lonite. ‘Montmorilloniggrhas only been
identified by.X—ray diffraction, and although it is poasiblé
some hay have devgiopéd‘hn éﬁe sandstgnes,'Figufe 3.64
igdicates a strong cérrelation of montmorilloqite with the
aiitstone—mudstone_part'of thersequence. Some'ofvthe.highly‘
birefringent clay matri? may be illite, but illlte c&n be
.8een more readily as larger blades, groﬁing on feldspars or
interstigially. Therefore by elimination, a large part of

N

the highly birefringent clayﬂéement 1s inferred to be

diagenetic chlorite, a conclusion supported by SEM study.

.In thin section, vermicular booklets of ﬁacfokaolinite
are ihtimately associéted with potaééic.fgIQSpar and éuqrtz
grains.anq q&nmodly have a diffuse contact with the silicate
g?alné. SEM photoéraphs (Figs. 3.67 and 3.68) highlight chev
vermicular morphology of the kaolinite, and reveal‘that some .

of the kaolinite "has been selectively leached.lreaulciyg in

-

an ‘accordion' morphology of alternafing plates and pillars.
N ‘ .

v , .
Coarsely crystalline calcite cement corrodes and

diarupts the detrital grains, so that in places on?y\relics

of the original grain remain (Fig. 3.69). ‘Development of
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kaolinice and other diagenetic minerals pripihto calcite

cementation is augges;ed by fhe envelopment a q masking of
the vermiforn kaolinité»by ﬁalcité (Fig. -3.70), and Ey the
corroded nature of the clay cemeunts in generai.when’ihl' |
contact v{tﬁ the_célcite-cement. Some corfosion and staining

of all the previously mentioned minerals,by hematite cement

"is evident.

J Pervasi#e gecondary porosity appears to ha;e been
developed from the dissolution of feldspar grains, clay and
calcite cements, and locally the late- stage hematite Cement.
Figure 3 64 shows that the total porosity ranges from 3- 18 Z,
and that approximately half of that is effeccive porosity.
The sandstones show slightly higher total porosities than the
finer grained sediments, pTobably,due to thelr coarser

naturee.

3.6 General discussion

The systematic anelysia and descriptlon of the
Carboniferoua sedimenta from nine drill holes in the Deer
Lake subbasin indicates ghat'the sediments are generaliy
lithologically and‘petrbgfaphicallyivery similar. This is
particularly true for the Norfh Broock, Hutber Falls, and
Howley Fornatioqs; ‘che shaly Rocky Brook Formation shows
different characteristicd}_ These g:ratigraphic and'
petrographic sinilaritles allow some common traifs and trends
to be eetabllshed. A diacussion an the origin of each

diagenetic mineral in the four formations s deferred until




the chapter on diageneais.

The coarse grained North Brook, Humber Falls, and Howley °
. - : ' .

Formgtioﬁs'cqnsist'of interlayered polymict peﬁble
conglomerates; textﬁrally lmmature to subm%ture sgndstone;;
and siltstones, mudstones, and claystones. Grain size
Aecreahes upifrom the North érook»Férmation (most
conglomerate and least fine gfalned ﬁediments) to the Howley
Fdrmatiﬁn (no conglomerate and most fine graihed sediments).
thia grend may reflect a general Late Carbonife;ous gectonlc
qﬁiescence'in the Deer Lake subbasin and the. Maritimes Basin
_génerally{- 6r,’1f may be an apparent trend controlled by.
lécal facieg variafiqns ada drill hole location. Patchy

diagenetic reddening of these terrestrial siliciclastic

sediments 1s due largely to diagenetic oxidation and hematite

cementation, and permits them to be referred to as red-beds.

An earlier stage of oxidation (dust rims) and natural mineral
colouration, also played a role in the pigmentation of these

sediments.

Sandstohes.of the North Brook, Humber Fa11;, and ﬁowley
Formations are composed of quartz, feldspar, rock fragments,
muscovite, biotit;'and chlorite, and accessory amougts of
. epldota, sphene, titcon; and magnetite gAppendix, I).

- Ternary QRE plots show that sandé;ones of the North Brook and
" Humber Falls Formations éie arkoses and lithic arkoses, while

~

the Howley Formation contains only arkoses. The ma jority of

the rock fragments found in the sandstanes and conglomerates

are of Branitoid 1ntrusive; feksic volcanic, and me tamorpghic




origin, and éan be traced to local baaemeﬁt lithologies.
Diagenetic minerals, a quarter of the rock.volume, ineclude
calcite, hematite, dolomité, quartz overgrowths, kaolinite,
illite, chlorite, montmorillonite, and minor amounts of
siderité, limsnite and mixed-layer illitejmontmorillonite.
Illite- montmorilionice wvas only foufd in the North Brook- and

Humber Falls Formations.

The following generalities can also be made about the

mineralogy of'the three coarse grainmed formations. Detrital

biotite is8 commonly bent, frayed, hemptized ér chloritized.
Quartz cement consists of euhédral overgrowths onvquartz
grains, which grew before or during the deVélopmeﬁt of the
clay cement. Kaolinite occurs as large pore- filling
ve?micular books of attached face-to~face pseudohexagonal
plates. It 1s algo commonly agsocifated with detrictal quartz
and potassic feldspar grains. Illite developed as blades or
fibers from the alteration of feldspars or .primary .
Ainteratitiallmaterial. Three forms of diagenetlc chlorite
have'bqen recagnized: (1) 1ndividual platelets perpendicular
and tangential to grain surfaces; (2) rosettes filling or
lining pores; and (3) vermiform booklets within pores.
Héntmorlllonitq was only discernible as
‘cornflake'~structured poég lining using SEM. Mixed-layer
illite-montmorillonite was 6n1y_detected by i~ray
diffraction; First destructive carbonate ;nd then hematite

cementation occurred after clay cement development. Siderite

and limonite are ‘mipor comp&kénts. The North Brook Formation




contalns more carbonate and hematite cement than the other

two formatiyns.
;'/.\

Unlike the coarse gr@ined formations, the Rocky Brook
Formation contains predomihantly'fine grained siliciclastic
sediments -and orthodhemical and allochemical carbonate
sediments. No conglomerates are present. - Dominant minerals
include calcite, dolomite, chlorite, illice, and
montmorillonite. Dr. R. Hyde (pers. comm. 1983) has
recently idéntifiedvmixed-ldyer chlorite-montmorilloniteé in
the Rocky Brook Formation. It is difficult to say how much
of the clay minerals have been diagenetically developed.
Illite crystallinicty mgaéutements (chapter five, section

5.3.4) suggest that most of the illite in. the Rocky Brook
Formation fs diagenetig/ Lesser amounts of detrital silt
(quartz > feldspar > muscovite > biotite > organic material),

and diagenetic "analcime”, chbalcedony, chert and barite are

also present.

The ﬁajor_mineralogical differences from the three
coarse grained formations are:, the presence of "analcime”;
and the absence, or near absence, of kaolinite in the Rocky

Brook Formation.

"An early and late stage of secondary porosity
development can be identified in the three coarse grained
formations. The early stage is due to silicate grain

dissolution, especlally plagioclase and mlcrdcline, whereas a

later stage of pervasiye dissolution has even affected the




late hematite cement. Because of late pervasive dissolution,
it is not clear how much of the porosity can be attributed to

each of the two stages of porosity development. Nor is {t

clear what controls the relationship between effective

v .

porosity and fotal poéosity. Perhaps successive stages of
cementatlon occluded the early pore space in the sandstones,
and tﬁe‘preseng effective porosity is equal to the amount of
late pervasive dissolution which followed. In the two Rocky
Brook Formatfon drill holes a late-stage secondary
intetc?ystal, vug and ‘open' microfracture porosity is
evident. ~Total porosity values for all four formations have
a range o} 5-25 %, with most of that being effectiveiy

connected.




CHAPTER FOUR

ECONOMIC GEOLOGY

4.1 Ihtroduction

Geologic interest in the Carboniferous Deer Lake
subbasin has centred around’ the discovery and economic
assessment of goal, ofl shales, uranium, and base metal
potential (ch;pter one, section 1.3). This chapter examines
the uranfum-mineralized drill core and boulder samples, and
coaly material found in drill core and surface trenches.
Emphasis has been placed omn the uranium-mineralized and coal

samples for the following reasons: (1) a number of uranium

anomalies were found in the two sampled Rocky Brook Formation

{

drill holes; (2) while the geochemistry of the high grade
ur&nium—mineralized‘sandsfone boulders has been adequately
Investigated (Elips, 1381), it was felt that a more complete
petrographic descriﬁtion of the boulder samples was needed;
(3) coal was frequently Found in the Humber Falls Formation
drill core and in surface trenches; (4) vitrinite
reflectance ranking of the coal can help determine diagenetic
paleotemperatures. Generai discusslgn of the uranium
mineraliéation and ccal can be found in Fleming (1970), Hyde

(1979b, 1981, in press), and Howse and Fleischmann (1982).

.

A recent Bummary of world uranium deposits by Derry
(1980) demonstrates the, importance of uranium mineraslization

in gedimentary rocks and along unconformities assocflated ,with

sedimentary rocks. .Uranium mineralization aggocliated with




the Carboniferous rocks of the Maritimes Basin are examples
of the Late Paleozolc to Early Tertiary ‘sandstone' and

< ‘
‘unconformity' types .of uranium deposits. The most

significant deposits in the Maritimes Basin are assoclated

with fluviatile sandstones and the Horton - Windsor

s
-

unconféxmity (Prgst et al., 1969; Dunsmore,'1977a, 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 mine?aiization: (l) mineralization associated with
the unconformity between the Deer Lake Group and
Cambro-Ordovician carbonate rocks; (2) stratiform
mineralization in the lacustrine Rocky Brook Fo;mation; and
(3) mineralized sandstone boulders overiylng the dorthern
body of the Hymber Falls Formation. Only the_last rwo types
are discussed here.

<

4.2 Uranium mineralization

4.2.1 Mineralized sandstone bouldets

The discovery in 1978 of high-grade uranium-mineralized
sandstone boulders in basal till above the more northern body
of the Humber Falls Formatfon at Wigwam Brook led £o
extensive surface.exploratfon and drilling in that area.
Minor in sfitu uranium minexalizat&on has been found (Northern

Miner, 1978), but because no such samples were available,

only the boulder.samples are described here. Figures 4.1,
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4.2A and B, and 4.3 are based on thin section point counting
and clay;fraction X-ray diffractograms from all the avallable
high-grade mineralized boulder samples. Point count data are
presencted in Appendix I.

According to El1as (1981), all the mineralized samples
reported here are high-grade samples collected from the
Birchy, Wigwam, and Goose anomalies above the north{f,r_n body
of the Humber Falls Formation. Due to their close
petrographic similarities, the following hand sample and tﬁin
section descriptions can be used to describe |

. i

uranium-mineralized boulder samples from all three anomalies.

All the samples are coarse to fine grained sandstones.
Thg ma jority of the sampies are graylsh- or blackish-red in
colour dt;e to a late stag; of hematite cementation around and
within the opaque mineralizatioi’l. Tﬁe samples common4ly show
a paler, 1light gray or red weathéred surface. Accompanying
the surface weathering ds a visible fncrease in porosity. Ia
hand sample the most noticeabli feature of the boulder
samples 1is ttk'ir very high degree of induration. This is due
to extensive cementation by uraninite and hematite. 'No
priimary or secondary structures were seen in the hand
samples.

‘dzﬁ thin section the detrital grains,x in order of ;
abundance, are as follows: feldspars (orthoclase » } 3
plagioclase > microcline > perthites), qluaryz
(monocrystalline » polycrystalline), rock fragments (plutonic

|
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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 ttie compositional fields for all the groups of
sandstone samples which were studi@
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> metamorphic > chert), minor muscévite and biotire, and
acceséory amounts of epidote and zircon (Fig. 4-13. These
detrical grainé are s;bangular and subrounded sand-sized
gralns. The Wigwam anomaly samples show better sorting on
the whole than the samples from Lthe other anomalleh. The
sandstones arextextu;ally'submature to immature (Folk, 1980).
As shown in Figure 4.2A, the mineralized sampleg consist of
arkoses and lithic arkoses, with the Wigwam anomaly sanples
beipg generally more feldspathic. Plagioclase and orthoclase
grains are typically 1liitized aud kaolinitized and show the
most extensive development of intragranular dissolution
porosity. Detrital mica gruina have been ctqahed and bent by

compaction around the larger grains.
'

The interstitial material is composed of clay minerals
and minor amounts of silt-size detrital quartz and feldmpar

+

grains. Hedium crystalline calcite Wwas only observed in the
Birchy ano;aly samplea. Kaolinite, illite, chlorite, and
montmorillonite are present in varying amounts (Figs. 4.1
and 4.3). In many saﬁples, diagenetic vermiform kaolinite is
developed adjacent to the larger detrital grains, and is most
abundant 1in the Goose anomaly samples. 1Illite appears as
very small fibres in degraded plagioclase and microcline
grains, or within the intersctitial cement. vKaoiinite
commonly 1ntervenés between the illite and detrital framework
grains. This relationship suggests that the diagenetic

illite formed just after the kaolinite. Some of the {llite

depicted in Figures 4.1 and 4.3 represents detrital micas.,
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Very fine fibres of chlorite were also identified within the
matrix material; no larger flakes of chlorite were seen 1n
the thin sections. Montmorillonite was only identified by

X-ray alffraction (Fig. 4.3).

A yeliow mineral, possibly uranophane, was associated
with the uraninite in many of the thin sections (Flg. 4.4).
"It appeared to disrupt some of the detrital ffamework grainé
and stained some of the other 1nterst;flal minerals yellow.
The uraninite, analysed and identified by Elias (1981),
commonly f111s all the tnterstitial spack, disrupts'and
fractgres the detrital grains (Fig. 4.5), ayd corrodes
previously develpped Interstitial material, including the
calcite cement. An article in the NorthernAMiner (1978)
reports thatv}our boulder samples were agssayed at 7.6;.28,
34.2, and 230 ib U‘qvper\ton. Asséys up to 890 oz per ton
Ag, #n'the form of acanthite, heve also been npted in some of '

the boulders (Vanderveer and Tuach, 1982).

Locally, pyrite has developed interstitially, where it
partly replaces previously developed interstitial material.
Many of the pyrite cubes are rimmed by hematite which 1in turm
}has stained the matrix natetigl red. The uraninite is also
rimmed by hematite (Fig. V4.6). Elias (1981) states that

"The uraninite appears to be intimately intergrown with

.
o

hematite, suggesting co-precipitation”. 'Instead, 1t appears

that hematlte cementation occurred after the mineralfzation

.

and not~during mineralization as proposed by Elias (1981).

No organic material was seen in thin aec&%;P; although some

T I g oo
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Figure 4.4. Uranophane (yellow) has fractured and
corroded the silicate grain (G) and has in turn been rimmed
by hematite cement (arrow). Bar scale 0.25 mm.

Figure 4.5. Opaque uraninite fiiling pore space and
fractures in detrital silicate graine. Bar scale 0.25 mm.
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has been found in the boulders (J. Tuach,‘perS. comm.

1983).

Total porosity ranges from approximately 0-18.4 X in the
) mlneralizéd‘boulder sanples (Fig. 4.1). From thin sécti;n
inspection, the ma jority of the pofoslty appears ﬁo be ‘due to
extensive feldspar dissolution. In some feldspar grains the
dissclution has been extensive enough to Bive the grain a
delicate cobweb appearance. Effectiye porosity was not
recorded as only some high-grade hand samples were available,
and those that were availablé were in poor physical )

condition. It 18 worth noting how similar in composition and

texture the mineralized boulder samples are to the sandstone
. .

&
samples from the Deer Lake Group and Howley Formation that

were described in.chapter three (Flgs.' 4.1 and 4.2).

4.2.2 Uraniuh—mi&eralized drill core

Both Rocky Brook Formation drill holes (A3 and,AS)‘ N
contaln thin tadioactive horizens less than five centimetrres
thick. _These horizons occur in laminated gray to
‘greenish-gray calcareous claystones, galcareous mudstones,®
.and argillaceous 11mestoﬁe. In thin ;gction, the radiocactive-
samples consist of crystals of "pyrite and flake; of organic
material disseminated throughout the mottled, fine grained
clay and carbonate mineréls. These samples have essentially
the same petrographic prOpértieé as' the unmineralized Rockyl

Brook Formation samples. Consequently, the petrographic

description in chapter three for the fine grained sediments
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1n drill holes A3 and A5 can also be used to describe the
uranium-mineralized samples in the R&cky Brook Jormation.
Uranium mineralfzation is not visible fn these fine grained
sediments. A few Eréce element analyses (Appendix II) of
mineralized and unmineralized sampleg from the two dri}l
"holes indicate that- the fadioactivity is largely due to

uranium with some contribution from its daughter products.
. ,

Similar radioactive stratiform horizons have been
described by Hyde (1979a, b) from the Spillway and Squires
. Park Members of the Rocky Brook Formation. He has identifijed
five or slx low-grade zones up to 1.3 m thick.
Mineralization was again too fine grained tobbe dia%prned. A
feature seen by Hyde, but not seen in the drill holg
anomalies, was uraniferous solid hydrocarbon qodules.

N

4.2.3 Discussion

The urani?erous fine grained siliciélastic and carbonate
sediments of the Rocky Brook Formation have a disseminated
stratiform distribution. The uranium mineraliéation haé not
been found witﬂin fractures, This suggests to Hyde (in
press) and the urlte; that.thé uranium mineralization in che

L1

Rocky Brook Formation is syngenetic or very early diagenetic.

‘«v," .

In discussing the type and origin of the uranfum in the
lacustrine sediments, it 1is constructive to include the most
plausible source, and mode of tranmsport and deposition.

During the time of development of the Rocky Brook Formation
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.~/ minerals that could have released uranium or uranyl complexegr
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lake, both external and internal sources for th% uranium may
have existed. Extérnally, Siluro-Devonian felsic volcanic
and granitic rocks to the, north and east of the Deer Lake

subbasin most likely contained many possible uranium-bearing

upon leaching (Sfuckless and Ferreira, 1976; Rich et al.,
1977; Komarov et al., 1982; Ford and Ballantyne, 1983).
Uraqlum may aiso héve'come,from granitoid rocks of the Long
Range 1n1fer, where uraniferous pegmélites have been reported
(Fritts, 1953). Leaching of_ur;nium by ground waters moving
through the dnderlying North Brook Formation may have
constituted an important internal source for the uranium. An
early stage of ;i}icate dissolution in the Norih Brook
Formation. sediments supports tﬁis possibility.
It 1s difficult 10 gstate in what chemical form the
)
uranium was transported and then deposited in. The presence
of uraniferous carbénacas in the Rocky Brook Formation
suggests transportation im di- or tri-carbonate complexes
"under basic conditions, perhaps. with the aid of evaporitic
‘pumping (Rich et al., 1977; - Langmuir, 1978). The
assoclation of mineralization with organic-bearing and
clay-rich siliciclaétic sediments raises the additional
possibilitf that transportation of uranyl complexes méy have '
taken piace through leaching and chelation by organic acids
(Huang and Keller, 1972; Fitch, 1980), or by adsorption onto
detrital clays, especlally montmorillonite (Davey and Scortt,

1956; Tsunashima et al., 1981).

et T L. =
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Uranyl iong are typically taken out of solution at
reduced sites in the sediment or at the sediment-water
fnterface. In the dark coloured-slllciclastic sediments of

the Rocky Brook Formation, organic material, pyrite,

hydrocarbons, and-H,5 could have acted as reducing agents.

#
{

The presence of hraniferous bitumen nodules 1Pd1cates that
hydrocarbons were an influence in fixing Lranium (c.fy Curlale

et al., 1983). Apparently, fluctuations in pH may influence

uranium‘solubility and precipitation as nmuch as 'Eh (Langmuir,
1978). Thus it is apparent that several mechanisms could
have led to th¢ disseminated, stratiform distribution of.

uranium mineralization in the Rocky Brook Formation.

a

<

The uranium-mineralized boulders, and few exposures of

1n situ mineralized Humber Falls Formation, show many

similarities to sandstone~type uranium deposits as described
by Garrels and Larsen (1959), Harshmﬁn (1970), Fischer
(1974), and Adans et al. (1973). . The followlng are some of
the more direct gimilarities bet;een the mineralized
sandstones in the Deer Lake subbasin and sandstone~type
deposits: (1) on a regional scale, the deposits are located
in tectonically active intermoqtane continental basinsg; (2)
the deposits are flanked by felsic volcanic and granitic
highlands, l;kely sources for the uranium; (3) the Jranium
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 in many of




the Colorado Plateau deposits, pore~filli&g uraninite is a
ma jor uranium-bearing mineral, and 1is commonly associated
with organic material and pyrite.

.7 A study of glacial till in the Deer Lake subbasin by'
Régersog (1981) showed that 1ice transport was from the
northeast or the southwest aloﬁg the subbasin axis, and that

the till was immature and had not travelled more than ten

kilometres. Therefore, in an attempt tc determine a local
—_—

P
'sour::\?}r the boulders, a comparative QRF diagram was made

’ T
-

(Fig. 4.2B), including'the compositional fields for arkoslic
sandstone; of the Deer Lake Group and Howley Formation and
the mineralized boulder samples. The mineralized samples are
mo;f similar to the Humber Falls Formation sandstones.
Magnetic susceptibilicy measufements from the gineralized
boulders also show greatest similarity to sandstoqe satiples
from the Humber Fallé Formation (Dr. H. Miller, pers.

comm. 1983). Both of the;e independent results, and
discovery of the-mineralized boulders imn till above the
northern body of thf Humber Falls Formation, strongly suggest
that the boulders were locally eroded from the Humber Fallé

Formation by glacial ice. The mineralized bedrock may,

however, have been an 1solated occurrence, and may have been

entirely removed by glacial erosion.

%
7

There are two poBsible sources for the uranium found 1in
the minerélized sandstone bouldefs and in the ia situ
mineralized strata in the northefn body of the Humber PFalls

Formation. Externally, there are the same source terranes




proposed for th}e.Rocky Brook Formatiion mineralization. A
second, 1nternal, source for the uranium has been _pr'oposed by
Hbyde A(in press), whbo contends that the Wigiam Fault, vhich
‘delimicts the‘eastern margin of thg northern body of the
“Humber Falls Pormation, may, penetéate the underlying Rocky
Brook Formation. " If this 18 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
| Formation sandstonmes. A later upvelling of uranium~bearing
fluids from the ‘Rocky B,rook Formation along the faulrs may

have brought about utanium precipitation within the tongue . of

-

reduced sandstones in the overlying Hunber’Fall ion.
z
.This situation would be similar to the stacking of uranium
ore bodies along faults as described by Fitch (1980). This
hypc;rthesis is supported by the presence of a reduced tongue
of sediment within the Humber Falls Formation that extgnds
westward away from ‘the Wigwam Fault (Hiscott, 1980). As
well,/wth'ere are pores‘and fractures filled by pyrite in the
séiaiments adjacent\ to the fault, which ma_"&v have been
developed wi‘t;h, the aid of reducta‘n.vts‘escapin’g froa the Wigwam ‘
Fault. Uranifero'u; coalified tree fragments have also been
found by surface 'ttenchlng within the game area. . The tongue

of unoxidized sedlnent’also correlates with a magneric téngue

(Dalleyx, 1982), and some U-Cu-Mo anomalies (Furey, 1982).

The '‘ailver in one of the nudstone bOulders is also of

econo-ic 1nterelt. .Silver ull(lfunqergo

diuolution-:rancportatipn—preélpitation in much the same way
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ag uraniu.m (Boyle, 1966; Rich et al., 1977). That 1is,
silver can be mobilized and transpo:.'ted in an oxygenated
state by acidic and alkaline solutions.and bthen precipitated
by decomplexing in relatively reduced ‘areas (e.g., by
carbonaceous material). Most U-Ag mineral deposits have been
clasgified as hydrogenic (McHiAllan,'1979). Genefally ‘these

deposits are assocliated with veins, unconformities, or the

minerals are disseminated in dark, fine grained sediments

iMcHillan, 1979; Rich et al., 1977). 1In the Car'boniferous
sediments of the Hariti:_nes B‘asl'.n, t;h'e vriter 1s only avar‘g.of
one other oclcurAreuce of actant.hit:e, but there is no uraniu'@
assoclated with tvhis deposit. The Ba-Pb-Zn-Cu=-Ag e
mineralization within the Wilton F‘qrmation in Nova Scotia 1is
fournd in lenses of reduced sandstone and brecciated
sediments, respecfively, ad Jacent to and within a fault zone
(Boyle, 1963). Boyle (1963) bélieves that the gilver
migr‘ated, along "the faults after being mobilized from
underlying Carboniferous sediments,. and/or was leached from
overlying mafic Lnfrusives. The s8ilver in the uraniferous

boulders in the Deer Lake subbasin may have been derived from

similar sources. Internally the silver may have been

-mobilized from the argillaceous lacustrine sediments of the

Rocky Brook Fbrmation along faults, such as the Wigwam PFault;
the silver may also have b;een leached from felsic vol.canic. or’
plutonic rocks by metecoric waters or by solutions within
faults where the faults cut both the Carboniferous sedilenta
and underlying felsic 1gneoul country rocks. Both fine

grnined -edl-entl and feléic igneous rocks are known to

<




contain hWigher than normal silver values (Boyle, 1968).

The general diagenetic séquence does not instill~-

optimism that significant amounts of uranium ore will b

v B

fo‘und in the Humber FaXls Formation. Late-stage oxidgtion
and hematite .cemenl.:apion' in the minel:alized and unminreralized
sandstones s-_uggests that some of the uranium that was present
may havé beenkremobil.iz'ed by the oxygenated fluids. Some of
the u.ra.nium flushed out of the sediments by the oxygenaléed
fluids may have been deposited aloﬁg the unconformity betwéen
the Deer‘Lake Group and Cambro-Ordovician carbonate basement
rocks, wvhere minor mineralization now exists (1-e.,> Hyde's
type Isdeposit, in press). It is probable that“only isolated
pods of uranium mineralization still exist in the northern
body of the Humber Falls Formation, particularly around
organic matter. These could only be detacted by closely
spaced drill holes, especially along the down-dip side of

redox fronts ounce they are e'stablished'. In my opinion,

however, prospects for sconomic ore bodies are slim.




4.3.1 Coal petrology

In the Deer Lake subbasin, coal has been found as thin
in situ coal seams and partiyngs within a strip of the Howl‘ey
Formation along the northeast shore of Grand Lake‘, and as
coaly plant trash and thin laminations in the older
Carb:nlferohus format:io}xs. In this section, coaly mat%rial
found during the systematic sampling of the nine\‘*"“‘)
representative drill holes, and similar material collected
from trench sampling in ‘the northern body of the Humber Falls
Forwation, is examined. A summary of the 1;1 situ coal from

the Hovwley Formation 1is glven first.

Coal seams and partings in the Howley Formation are, of
Westphalian A age and thus correlate with the Baracholis Group
coal in the Bay St. VG'eorge subbasin, and with late Cangsoan -
early Riversdalian coals' of the Maritime Provinces. Howse
and Fleischmann (1982) desc\r_ibed the seams asg occurring in
interbedded-greenish-—gray and red sandstones and siltstones
with intimately associated ironstone nodules. Based on
criteria outlined by Collinson (1978) (e.g., sediment
mottling, ferruginous nodules, carbon films a.nd rootle_tsr)‘,
‘the'y 1nter°pret these deposits as part of & paleosol. The

seams, which are up to two centimetres thick, have been

ranked as high-;volatlle bituminous B coal by Hayes (1949)

vith the following properties: 54.03 I fixed carbon, 8.66 X

ash, 1.04 X sulphur. Hacquebard and Donaldson (l970)_reau1ts
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differ from Hayes (1949) in that they rank the Howley

Formation coal as high-volatile bituminous A with 61-64 X

o

fixed carbon. The saume cohl-bearing strata also yield two to

three times background radiocactivity (Howse and Fleischmann,

1982).

¥

Coincidently, all seven samples of coaly material found
in drill core came from three drill holes (80-70, 79-29, and
79-69) within the northern body of the Vis€fan Humber Falls
Formation, the same area in which the four available trench
samples were collected by Dr. D. vStrong. Coaly macterial
was noticed in drill hole DDH 79-28 (abbr. 79-28) during a
quick reconnaissance of some of the available drill core, -and

{

was sampled for comparison-.

All four trench samples were colleéted along Wigwanm
Brook (Table 4.15. Threé of them are unmistakably coalified
wood fragments exhibiting a fibroua ‘woody' surface. These
samples are dark brown in colour with lighter reddish-brown
patches qf surface oxidation. Théir very h;gh induration is
probably due éo disseminated pyrite inm the samples, and

’ .
possibly some uranium mineralizat10n~(Tab1e 4.1). Polished
grain mounts of these three samples yield structured
(telinite) and structureless vitrinite group macerals, and
inertinice group macerals. The structureless vitrinite group
maceral can not ecasily be categorized using the threé-fold
vitrinite maceral classification of Stach et al. (1975)
(L.e., telinite, collinite, and vitrodetrinite). Apart from

its structureless appearance, it looke most similar to
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* ngi1= 1.518,

Semifusinite(I)

Nglags gtandard= 0.940

** (V) from vitrinite maeeral group
(I) from inertinite maceral group

Table 4;1 Sufnmary of trench and drill core sample
prpperties. }
Sample ﬁlgi)l( » 6 Maceralg** Radioactivity(eps)
Trench
DFS 81-30 0.99 0.09 Fuginite(I) 50°
Semifusiriite(I)
Structureless(V)
DFS 81-31 0.61 '0.07 Structureless(V) - -
, Telinite(V) “
DFS 81-34 0.62 0.06 Structureless(V) -
Semifusinite(I)
DFS 81-3% -— - Fusinite(I) 150
. Semifusinite(I)
Macrinite( I,)
Drill core :
~B0-70 12 0.68 0.04 Structureless{V) -
80-70 18.8 0.74 0.05 Structureless(V) -~
Telinite(V) :
80-70 27.8 0.63 0.04 Structureless(V) --
Telinite(V)
80-70 49.4 0,68 0.06 Telinite(V) -
80-70 68.3 0.65 0.04 Structureless(V) -=
79-29 34,4 0.97 0,11 Telinite(V) -
Fusinite(I)
) - Sclerotinite(I)
79-28 35.4 0,81 0.11- Telinite(V) -=

wrm»— it A e e




Figure 4.7. Cellular vitrinite maceral. Bar scale 0.25

Figure 4.8. <Cellular inertinite maceral. Bar scalé
0.25 mm. '
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Figure 4. 9. Pyrite (P) intimately associated with

cellular fnertinite (I) and vitrinite (V) macerals. Bar
scale 0.25 mm. ;

Y

. , Figure 4.10. Gray, structureless vitrinite maceral.
Bar scale 0.25 uan. :
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telinite. The fourth trench sample (81-30) consists of a
black ccal with alight surface oxidation and a vitreous
lustre. It is a much smaller, brittle sample congisting of
the inertinite group macerals fusinite and éemifusinite and

some gtructureless vitrinite macerals.

Five coal samples were collected ffom drill hole 80-70
(Table 4.1), The coal was found.in granular to medium ‘
grained sandstone. The gray sandstones are arkosic in
compoéition with local cross-stratification. Pyrite and
kaolinitized feldspars are readily visible in these drill
core samples. The presence of these two minerals probably
reflects the relatively reduced, acidic microenvironment
developed during coalification. Pyrite commonly shows redlto.
vellow hematite—limonite halos. The coal occurs as very thin
to mediuﬁ laminae and thin wisps of orgdnic material. The
macerals extracted.from the five samples were mostly .lower )
reflecting gray telinite and a structureless vitrin;te group

maceral.” Many of the grain mounts made from these samples

show cellular plant material (Figs. 4.7 and 4.8).

’The coal sample from drill hole 79-29 was found in a
coarse grained arkogic_aandstone. The sandstone 13 highly
indurated and red in colour due to extensive hematite
cementation. The laminae of coal consist of Eelinite, bogen
structured (collapsed cell walls) fusinite, and sclerotinite
(Table 4.1). The last drill core sample, from drill hole
‘79—28, contained thin fragments and laminae of coaly material

within a pinkish, medium grained, micaceous arkose,
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Feldspars were again extensively kaolinitized. Telinite -and
semifusinite are the major maceral types (Table 4.1). Again,
in both these samples, euhedral crystals and frsmboidal

aggregates of pyrite are intimately associated with the coal

macerals (Fig. 4.9).

4.3.2 Vitrinite reflectance

Reflectance measurements were made on ten of the eleven‘
coall samples described in the previous section. The samples
were prepared followfng the method prescribed by Dr. P.
Hacquebard (Dr. R. sze, pers. coﬁm. 1982) and partly
described in Hacquebard and Donaldson (1970). The general
stages 1n 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 macefated in hydrofluoric acid; (4)
the organic resfdue was then dried and mounted 1in cgld—curing
epoxy on glass glides; (5) the grain mounts were ground and
polished using a levelling technique developed by Baskin

(1979).

The prepared polished grain mounts were viewed through
01l with a Zeiss 03 photometer. Maximum reflectance values
wvere recordéd o; medium to dark gray macerals (Fig. 4.10)
vhile rotating them 360" beneath the incident beam. The
maximum reflectance values for fifty grains in each grain

mount were recorded as percentages and averaged (i::-). The

T T
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average ‘reflectance values for ten of the eleven coal samples
'collected and their st#nd;rd deviations are listed in Table
4.1, together with available scintillometer radioactivity
readings and the types of macetalé found in ‘each sample.
ﬁaceials 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 Qverage 0.04 higher than

those measured by Dr. R. Hyde.

A reflectogram showing the modal distribution of the
averaged reflectance measurements for the ten coél_samples is
1 presented in Figure 4.11. The histogram defines two groups
of reflectance measurements: one group of seven betwegen
0.63 2 and 0.74 X, and a second group of two samples (0.97 2
and 0.99 Z), with an intervening sample ylelding 0.81 2

reflectance.

It 18 not immediately obvious why there are two

-groupings. The bimodality of the reflectance measurements

may be due to the 1nfiuence of coal which had been eroded

from coal-bearing strata within the Anguille Group fhus
\\ Yielding different refledta;ce measurements from the coal
vhich underwent coalification within the Humber Falla—
Formation. This may be the case as fossil trees have been
ident{fied within the Anguflle Croup (Popper, 1970).

Unfortunately this hypothesis could not be tested as no

samples of the fosall trees were available for reflectance




—1

.65 5 .8 .85 9 .95
RJIX in percent

Figure 4.11 Reflectogram of mean reflectance maxima, in oil,
) for ten trench and drill core coal samples.
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measuremen.ts. Preliminary vitr_init.e reflectance measurements
by Dr. R. Hyde (pers. .comm. 1984) on coaly material from
<

the Anguille Group show reflectance values that are generally
greater than 1.0 %. A second possible reason for the
bimodality i's that‘ due to similarities in appearance, some
higher reflecting inertinire group macerals were

»
mi.sidentified as vitrinite group macerals (e.g., semifusinite
and.pseudovitrinitre are-similar in appearance), thus

. |
increasing the dveraged 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 %l(sorbed uranium, causing
an increase in reflectivity (Breger, 1974). Unfortunately,
there 1s not enough data (Table 4.1) to determine 1Ff 8uch.a
relationship applies here. Finally, if 1t {s assumed\that
the vitrinite reflectance measurements from the larger group
of coal samples (0.63-0.74 Z) 1is representative of the coaly
material, then the' coal assoclated with the Humber Falls
Formation can be ranked as high-volatile bituminous B or C.
This ranking correlates well with the high-vol_atile
bituminqus B rank of the i_n‘ﬂ 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.
r
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4.3.3 Discussion

WVhereas the coal described by Howse and Fleischmann
(1982) and Hayes (1949) from the Howley Formation on the
northeast shore of Grand Lake are considered to be in situ
coal, the coaly samples collected from drill core and
trenches in and above the northern body of the Humber Falls
Formation 1is considered ’to be detrital 1in origin. 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 1is
suggested for the in 8itu Howley Formation coal (Howse and
Fleischmann, 1982). Due to its fragmental nature and its .
association with fluviatile sediments the coaly material
assoclated with the northern body of the Humber ,Fal‘ls
Formaction 18 more easily related to coalification of
trangported woody material after it was deposited in a
fluviatile regime within a semi—-afid to humid environment, as
has l_.aeen proposed for other coal occurrences wl'thin the
Maritime Provinces (Hacquebard and Donaldson, 1969; Legun

and Rust, 1982; Mason and Rust, 1983).
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Stach et al. (1975) claim tﬁat bitu’mlnous coal
formation is possible between 100°C and ISQ°C. I£, as
suggested, the' lower reflecring group does have a coal rank_
of high-volatile bituminous B or C then it seems feasible
that these coals have been subjected ‘to tembe‘rat‘ures in the
range of 100°C to 15'0.C during coalification. An interesting

3 consequence of the vitrini&»efreflectance data 1s that the

Humber Falls F'ormatiron, eQen though older than the Howley
. E‘ormat.ion, shows a slightly louér coa.l rank (high-volatile

bituminous B or C) than.the Howley Foz;matio-n (high-volatile
b'i!tuminous A or B). This 5uggests:' (1) that the Humber
Falls Formation coal was not bur;ed as deeply as the Howley
Formation coal seams ‘;md th‘erefore experienced lower

- geothermal temperatures; and (2) that the Howley Formation -
never co_vered‘ the Humber Falls Formation. If the Hovley‘
Formation had qovéréd{ the Humber Falls Formatidén the rank of

coal in the two formations would suggest a decrease in burial

temperature with depth, which is unlikely.

. . ————— e FE . R K ol




CHAPTER FIVE
DIAGENESIS

{

5.1 Gerneral introduction

“

The complexities involved in sedimentary diagenesis are
Vreflected in the plethora of definttions which have been
‘proposed for the ;;rm diagenesis. Here, the term diagenesis
refer; fo all the physical and chemical changes which have
taken place in the sgdiments)bétyeen the time- of deposition
and the onset of low-grade metamorphism. In siliciclastic
.tocks containing diagenetic clay minerals, as 1is the

-

B

sltuation in the Deer Lake sﬁbbasin, the\{:ansition from

*
diagenesis to metamorphism is sgpecified using changes in the
diagenetlic clay minerals such as {llites (Kubler, 1§66;

Dunoyer De Segonzac, 1970; Frey, 1970; Winkler, 1979).

‘
-

The processes involved in-théAdiagedesis of sediments
are many and it.would be a monumental task to decgpher all
the physfcochémical Interactione which have taken place in
the Deer Lake subbasin sediments.  Important interrelated
factors thch may influence sediment diégenesis; particularly
in sandsténes, ineclude the.following: températute, pressure
(litﬁologic and fluid), burial rate, detrital mineralogy,
pore—fluid comﬁosition, sedimentary facig&, tectonic setting,
and time (Packham and Crook, 1960; Hyrst and Irwin, 1‘918‘2;

N ]

?

Hutcheon, 1&83%

LN
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The following sections deal Hi;h two paragenetic
sequences which have developed in sediments of the Deer Lake
Croup, their correlation, their geocﬁemicaivtrends, and thelir
duration. As well, the degree to which the sediments have ‘
been heated during diqgeneéis 1e estimated by‘cqnsidering
érgdnic and mineral thermal maturation indicators within the
sedimentsg. . B !
5.2'Patagenetié sequences in the Deer Lake Group and Hdwley
Format%on i
5.2.1 Introductian ‘ ‘

Two paragenetic sequences are proposed for the Deer Lake
Group and Howley Formation QEQi;énts (Fig. 5.14 and‘Bi. Ail
sampleﬁ\from the North Brqook, Humber Falls and Howley
Formationé, and the uranium—minéfalized sandstone boulders i
display the same pa;agenetic sequence (Fig. 5.14). _The
seﬁond paragenetic sequence holds for the Rocky Brook-

Formation sediments (Fig. S.l?).. for>brevipy these two
paragenetic sequences are referred»to as the‘"sangstone" and
"shale” sequences respectively. In ‘'Figures S.iA and B,

“"time” does not imply that tﬁ? sequence ;f diagenetic events N

in the fqrhétions were time correlative in m& abgsolute sense;

° .

this may or may_ not have been the case. -What "time"” does

imply 18 simply that for all the samples concerned the events

were superimposed on each other “{n the order specified by the

sequence. This 18 a relative time sequence of events- In




*Sandstone’ sequence -

m . | Oxidized grain cogtings

Quartz overgrowths

" Secondary porosity (silicate dissolution)

Authigenetic clays

Time

Carbonate cementation

Mineralization and sideritization

Hemuti{e and limonite cementation

7/

v Secondary porosity { pervasive )

"Shale” sequence

Siliciclastic and allochemical deposition , dolomite ,caltite and
uranium chelate or oxyion precipitation; organic putrefaction;
and rhizotith development

Dolomite and calcite recrystallization,and “analcime” precipitation

Chert ond chutcedp%wy cementation

Blocky calcite cementation; pyrite growth; and mlcrofroctunng
filled with blocky calcite ‘and minor pyrite

W Secondary intercrystal and vug porosity ; and open microfracturing

Figure S.1 (A) The ''sandstone' paragenetic sequence
(B) The ''shale" paragenetic sequence
"Time" implies a relative, superimposed sequence of
events.
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the following three sectionéithé two paragenetic sequences
will be described stage by stage and then discussed.

5.2.2 The "sgndstone" sequence

The first stage in this parageﬂetic sequence (Fig.

. 95.1A) involved the development of éust rim; jﬁst'prior to the
. .

formation of quartz overgrowths (Fig. 3.66;. These coatings”
are referred to as'dust rims due to their appearance as faint
rfms of fitely crystalline oxidized material around grain
boundaries. ;he dﬁst Lims were proyably formed after
deposition as the oxidized materiatl would have been abraded
during grain_transpért. Some bf the fiéely crystaliline

oxidized material may well be infiltrated detrital material

which was oxidized before quartz overgrowth development.

The quartz OVergrouthn'were developed before growth of

authigenic clays. For example, in Figures 3.12 and 5.56,

montmorillonite and chlorite, respectively, formed on

prev sly developed quartz’overgrowth;. ‘?his fits with the
genej;: abservation that quartz precipitation ispapparently
minimal on grain surfaces which are covgre& by clay mine?gls
(Hea}d and Larese, 1974; Taylor, 13978). Possible sources
for the silica are: (1) pressure solution of compacting
detrital silicate grains (supported by thé preseﬂce of
sutured and concavo-convex grain boundagies); (2) detfital
clay m}peral reactions - (Sibley and Blatt, 1979; Blarre,

1979).




b

Secondary porosity wa® also developed early in the

"sandstone” paragengtic sequence through the dissolution of
detrical feldspir graiﬁs, feldspathic rock ffagments and,
locally, quartz étaina (Fig. 5.1A). ?lagboclase and
microcline underwent the_mogt extengive dissolution, a fairl}
typical feature -in sandstones, whi;htinﬂatiebly depengs on
fhe bonding strgngﬁh betveen oxygen and cations in ‘the
silicate grafins (Keller:, 1557)‘and is. in keeping with the
mineral stability series predicted by Goldich (1938). Thé
voidsowhich devel;ped in the grains were not formed Beforék
deposition &s some of them extend to the matgins of the
graims and it is llkely ghat grains, with such voids would
have been qroken during transport. An eatfy por&éity
development 1is corroborated by the development of authigenic
vclax minerals and carbonate cement within this intergranhlar

and intyagranular pore space (Figs. 3.37 and 3.38).

1
The neXt stage in theL"sahdstone" sequence (Fig. 5.1A) =

was the development of authigenic kaolinite, fllite,

montmorillonite, chloiite, andlmixgd—layhr N

-1
illite-montmorillonite, all of which are typically developed

' 2

within or ad jacent to the detritxl grains, and are partly or
completely covered by later diagenetic mineral phases such as
the carboﬂ;te and hematite cements. Bath of ;ﬂese features
suggest an early develépment for the authigenic clay
minerals. These minerals prbobably developed rhrough the

’
dissolution oﬁ detrltua and thg in situ replacement by c¢lay,

a2 mechanism which 1s fairly common in sandstones (Hayes, 7




1970; Walker et al., 1978; Blatt et al., 1980; Hurst and
Irvin,.£982; Eslinger and Sellars, 1981; Curtis, 1983).'
Althopgh physical evidence is lacking, 1t is possible that
some of the ;uthigeﬁic clays may ha;e developed through the
transformation of other éuthigenic élajs, e.g.,
montmori;lonite from &aolinite plus quartz (Hutcheon, 1983),
illite-montmorillonite from montmorillonite (Dunoyer De

Segonzac, 1970), and chlorite from montmorillonite (Hoffman

and Hower, 1979),

c . -
The next stage In the “"sandstone paragenetic sequence

was the influx of carbonate cement, particularly calcite,
intoAthe sediments. Thg carbonate cement typically corrodes
an& partly masks ‘both the detrital grains and the authigenic
clays (Figs. 3.14, 3.35, 3.36, 3.69, 3.70). The two pulses
of calcite céme%tagion detected in sBme No;th Brook Formation
samples, which reflect a decrease in iron conkent (Figs.
3.15 and 3.16), show no intervening mineral Jevelopmenf? The -
p .
coarsely crystalline, blocky and zoned nature of most of the
carbonate cement, suggests that it wvas precipitated within
the pﬁreatic zone (Flugel, 1982). Alsé, tpe rupturiné and
corrosion of detrital silicate grains, especially quartz,
indicates that the’carbonate cement‘was destructive and
cementation eccurred élouly enough to enable silicate grain

dissolution (Dapples, 1971). Carbonate cementation of recent

alluvtal fans has been attributed to leaching of the

-

appropriate lons from the local detritus, especially basic ’

igneous rock fragments (Lattman, 1973; Stadler, 1975). 1t




18 evident that some of the calcium was derived from the

leaching of calcium from plagioﬁlaae grains (Fig. 3.11), but

<

this source cannot ac?ount for all the carbonate cement
present. Most ofithe ione needed for calcite and dolomite
cementation could have been pickéd up py groundvater; moving
thro;gh the calcite- and dolomite-be#ring carbonates which

form part of the basement terrane along the west side of the

subbasin (Fig. 2.3). ‘\\\

Next was a stage of more localized pyrite, uraninite,
and siderite cementation. All three minerals cut into,
enngf, or are superimposed on the detgita}Zgrains-and
diageAetic‘minerala discussed s¢ far (Figs.

A3.52, 4.5). It 1s fairly well established that precipitétion
of pyri;e and uraninite 1in sedi&ents is most likely to take
place by sulphate, 1iron, or uranium reduction in the preseunce
of organic or inorganic reductants (Garrels and Christ, 1965;
Curtis and Spears, 1968; Blatt et al., 1980). Furthermore,
Berner (1970) believes th#t in the abqence 6f sea water, the
sulphur for byrite'formafion comes mainly fﬁom organic
mattgp. In the northern body of the Humber Falls Formation,

’

the pyrite and uréninite mineralization may have received

some sulp;ur, iron, and uranium from solutions percolating up
faults (e.g., the‘Uigvam Fault) from the organic rich, pdrtiy
uraniferous sediments of the Rocky Brook Formation. The
occurrence of pyrite around radioactive coal suggests that

the coal acted locally as a reductant for the uranium and as

both reductant and sulphur dopnor for the pyrite. The




development of siderite, on the other hand, -fs not closely
assoclated with organic material. A likely origin for
siderite is that describedrby Castaflo and Cairels (1950) and

Blatt et al.  (1980), in which aqueous solutions carrying
' ”

reduced iron cause calcite dissolution and the subsequent

.
precipitation of siderite. The close association. between

calcite, sjderite, and chlorite (a further 1iraqn contributor)

15 consiftant with this mechanism for slderite formation.
14

A stage of hematite cementation followed. The hematite
corroded and masked both detrital grains and all the
previously formed diagenetic minerals, including the

+

carbonate cement and uranium mineralization (Figs. 3.6, 3.7,

3.39, 3.43, 4.6). The’leachiﬁg of iron from, iron—-bearing

~

minerals gﬁjgxygenated fluid; and the subsequent development
of hematite cement has been used to explain the pigmentatiSn
of ﬁany red-bed sequences (Halkfr, 1967; Hubert and Reéd,
1978; Turner, 1980). Some of the iron which went into the
formation of hematite in the sediments was leached from
iron—-bearing detritus. There seem toc be too few iron-bearing
minér;}s in the ;Qndgtones themselves (Appendix I),Vhouever,
to prod;;e all the hematite cement which s present. The
oxygenatéd fluids must have already béén c;rrying dis;olved‘
iron ledched from errognding basement rocks and from the

fine gtained clay-rich aédimentshinterlayered with the

sandstones and conglomerates.




The last change to take place in the sandstones was an
episode of pervasive secomdary porosity development. This
can he distinguished from the early stage of secondary

porosity development, as the late stage of dissolution

affected. all the detrital framework graing and diagenetic

mineral phgses, including the hematite cement (Flg. 3.44).

502.3 The "shale” seqdencev

The first stage of ther"shale" paragenetic sequence
(Fig. 5.1B) involves the deposition of shallow-water
lacustrine or laké—margin siliciclastic and allochemical
carbonate sedimente accompanied by caléite and dolpmite
precipitat;on in the epilimnion and the upper layer of the
profundal sediment (Eugster and Surdam, 1973; Hardie et al.,

1978; Dean and Fouch, 1983). During early sediment

deposition and carbonate precipitation, living or decaying
piént rbots contr}bﬁted to the development of rhizolith zones
.l\ijﬁter micrite-ceyented envelope) and 2 (clay- and
organic-rich ring), while within Lhe R6cky Brook Format#on
1ake,‘uran1um vasvdeposited through'a variety of mechaniéms
(chapter four, section 4.2.3) and organic putrefaction was

1eadiﬁg to the formation of 01l shales.

The next stage in the second gequence involved some
recrystallizatioq and growth of the finely cristalline
calcipe and dolomite cement to medium size crystals
(0.62-0.25 mm, Folk, 1962). Although the evidence for this

stage i3 not ubiquitous,‘the bfesence of medium size
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subhedral crystals. in %4n othérwise finely crystalline
calcilutite‘(Fig.‘ 3.28) suggests ‘that some recrystallization

—_—

did take place. —

"Analcime” also precipitated from solution during the

second‘stage. The "analcime” 1s found associated ‘with the
coarsely crystglline calcite patches (which clearly postdate
the material developed during the first stage); it forms A
mineral phjse whigh typically develops aiong the maiglns of
the patches and shows corroded edgés when in contact with the
coarsely crystalline ca;cite (Fig. 3.20)., “"Analcime” 1is
similarly assoglated with the coarsely crystalline’calcite in
rhizolith cores (Figs." 3.22 and 3.24). These felationships
show that the “"analcime” formed aftgr the. infitial stage of

sediment diagenesis but slightly before the influx of the

coaréely crystalline calcite (stage -four). Traditionally,

. the presence of "analcime” in lacustrine sediments has been

linked to-.the degradation of\volcan;clastlc materfal in the‘
lmmediate vicinity (Deffeyes, 1959; High and Picard, 1965;
Coombs and Whetten, 1967). Thereﬂis\notrenough
volcaniclastic material in -the Rocky Brook Formation, or 1in
Fhe adjacent.formations, to Accouqt for all the "analcime”.
Hicroprobe:a;zz;zgé (Appende fI) éhow a composition between
stofichiometric analcime and,albite for the crystals.. No
in&ergrowths of albite were seen in the ;analcime" crystals;
dnd there does not seem tofbe enough albite in the sediments
.

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,
paragonite) within the Rocky Brook or North Brook Formations.

The necessary ions fer "analc{me” development may also have

been derived from the breakdown of sodium-bearing clay

minerals such as montmorillonite (Hay, 1966; Helgeson et
al., 1969). Some authors believeb that sodium can combine
with kaolinite to form “analcime- (Foster and Felcht, 1946;
Smith, 1982). The paucity of kaolifiite in the Rocky Brook
Formation sediments is nega'tive evidence supporting this

mechanism of “analcime" development. A small amount of

sodium released from decaying plant material may have led to

’

the precipitation of "analcime”™ 1n the centre of the.

rhizoliths.

Minor amounts of silica cementation in the form of chert
and chalcedony was also developed in the Rocky Brook
Formation about halfway through the "shale™ paragenetic
sequence (Fig. 5.1B). The s1ilica cement occurs as
subrounded patches which penetrate and disrupt the first
stage carbonate and siliciclast;c sediments. The length-fasrt
chalcedolny typically occurs {n the centre of the silica
patches, suggesting that the chalcedony was the last of the
two void-filling quartz phases to form. Frondel (1982)

believes the development of chalcedony 18 favoured by silica

supersaturation and high growth rates. This may have been




the case during the closing stage of the episode of minor
silica precipitation within the Rocky Brook Formation and

would therefore account for the chert-chalcedony zonation.

The relative timing of (1) carbonate recrystallization

and "analcime™ precipitation, and (2) silica cementation
could not be determined as the minerals were never seen

together in the same thin. section.: In Figure 5.1B the stage

of silica cementation was not Included with the stage of

carbonate recrystallization and “analcime” precipitation, as

quartz and carbonates will usually develop under different
chemical conditions (Blatt et al., 1980, p.348). It is
possible that silica cementation only occurred 1in very
localized areas within the sediment while carbonate
recrystallization and "analcime” precipitation were taking

place elsewhere.

The fourth satage in the "chale" sequence involves the
develo_pment of irregular patches of coarsely crystalline
calcite and anastomosing microfractures, which are ‘;also
filled by coarsely crystalline calcite (Fig. 3.29). Based
on the reasoning in chapter three, section 3.3.2, the patches
and stockwork appear to»have developed at the same time.
Both the patches and the stockwork cut the giliciclastic and
carbonate matérial and silica cement developed during the
first three stages, and corrode the edges of the "analcime”
crystals. Minor pyrite 18 also locally developed in the
stockwork (Fig. 3.29). In places within the sediment ,

authigenic pyrite crystals appear to have aggregated and
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encroached on neighbouring minerals (Fig. 3.28). These two
features suggest that the pyrite developed in part during the
fourth stage, possibly due to the movement of sulphur along

the microfractures (cf., Curtis and Spears, 1968),

The last feature to be developed in the lacustrine Rocky
Brook Formation sediments was secondary, microintercrystal,
mesovug and ‘open' microfracture poroslty. This late

*

porosity cuts all material developed earlier in the “shale”

sequence. Figure 3.21 shows an ‘open’ microfracture clearly

cross-cutting the calcite stockwork developed during the

previous paragenetic stage.

5.2.4 Discussion

Unfortunately, the two paragenetic sequences which were
developed for the Deer Lake Group and Howley Formation
sediments (Figs. 5.1A and B) do not show many similarities.
The only two similar events found in both dequences ére: (1)
the carbonate cementation stage of the "sandstone” sequence
and th; blocky calcite cementation stage in the "shale™
sequence; and (2) the late-stage pervawvive 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 t‘he
two sequences do not cotrelate better is the fac‘t that they

represent rocks from different sed{mentary facies which

inherently possess, for example, different bulk primary

mineralogies, porosities, permeabilities.
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- There do n'ot appear to have been any machr geochemical
chahges,during t he develo;)ment 6f the "shale™ paragenetic
sequence (Fig. 5.1B). The abundance of carénate minerals
and "analcime”, and the absence of kaolinite, indicate that,
apart from the relatively minor silica cement, the
paragenetic séquence which developed 1in trhe Ro.cky Brook
Formation evolved under alkaline conditioas. The "sandstone” i

paragenetic sequence, however, does show 4 change in

‘geo’ch‘_emical environment during its 'dev?jlopmcﬁ;. The oxidized

nature of the dust rims suggests that they were formed in an

oxygenated environment. The quartz overgrowths and .
.

au\thigenic kaolinite that developed early in the "sandstone”

' sequence were probably formed under relétively acidice . \
conditions. The leach'ing effect of acidic meteoric water in
sar;dstones and the conseq;ﬁznt production . of kaolrinite and
quar\tz is well documented (Bucke ana Mankin, 1971; Davies et
al., 1979; Curtis, 1983). An increase in cation activity
possibly supressed thé continued growth of kaolinite (Curtis,
1983), and allowed niontmorillonite, 1111te—montmorillon1te,
‘and chl.orite to develop. The eventual influx of calcite
cement sugpests that the geochemical environment had Blowly.

» :
become alkaline. The coarse blocky natwre of the carbhonate

cement also suggests that carbonate cementation took place

\f"‘\) below the wvater table.: .Ths- pyrite and ur\aninite
: mineralization probably developed in more localized areas
where anoxic ;nd acidic conditions prevailed. '
i ' : ¢
.(“A'\
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A general idea of the absolute timé involved ' in
‘diagenesis is°provided by a paleomagnetic study by Irving and
Strong (in press) on some of the same driil.core which was
used to derfive the "sandstone” paragenetic sequence. The
Deer "Lake Group redfbedé have a Kiaman (L;te Carboniferous to
Earlf Permian) paleomagnetic overprin{, abéarently related 1in
time to hematite cementation. If this is true, aund glven
that the sediments were depoglted during theUV£séan, }hen it
must have taken between 40 Ma and 80 Ma for the “sandstone”
paragenetic sequqnbe t6 reach tﬁ},stage\of hematit;
cementation. If the late stage of hematite cementatfion did
develop between the Late éarboniferous and Early Permiar,
then one may conclude that éxygenated solutions flushed

through the entire ‘Deer Lake Group and Howley Formation

sequence late in the development of the paragenetic sequence.




5.3 Thermal maturation indicators

5.3.1 Introduction

Diagenetic clay mineral assemblages and organic matter
/

are thk two most widely usesﬁthermal maturation indicators in
/ -
unmetamorphosed sedimentary rocks (Héroﬁx et al., 1979).
Most authors agree that temperature, gimg,qand type of
organic matter or mineral compgsicion are the most iméortant
factors controlling the degree'of thermal maturation i
(Téichmﬁller and Teichmiller, 1967; Castaﬁo and Sparks,
19745 Stach et al., 1975; Héroux et al., 1979; Hoffaan ang
Hower, 1979). No single indicator is self-gufficient 1in
estimating the degree of the;mal qaturaéion, as any single‘
indicator m;y glve spurious or\inconsistent results for a
variety of reasons; e.g., sediment reworking, analytical
error, v%riable sample treatment ;nd therefore uncertain
correlation between research laﬁratorieﬁ. Therefore, it 1is
best to use a‘feQ indicators: ffom the sane sedimenf;samples
if possible, and then to try and correiate‘the indicators

based on thelr physical or chemical changes with temperature

increase.

In this section, three thermal maturation indicators
within the Deer Lake Group and Howley Formation sediments are
tested. The three are: (L) vitrinite reflectance ranking of

coaly material; (2) diagenetic clay mineral assemblages;

and (3) 1Plite crystallinity measurements.
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"5.3.3 Diagenetic clay minerai assemblages

The diagenetic clay mineral assemblages 1n sediments,

like coal, have been used by many researchers asg diagenetic

geothermometers (e.g., Dunoyer'De Segonzac, 1970; Zen and

Thompson, 1974; Hoffman and Hower, 1979; Winkler, 1979).

Two diagenetic clay mineral assemblages have been identified,
one for the North Brook, Humber Falls, and Howley Formations,
and “ne for the finer grained lacus?}ine sediments of the

ko%ky Brook Formation.

The diagenetic clay ﬁine(al assemblage for the North

s

Brook, Humb?r Falls, and Howley Formations consists of:
kaolinite, chlorite, montmorillonlfe, 1llite, and, 1in the
North Brook and Humber‘Fallleormations, disordered
illite-montmorillonite. Although the confirmation of the
diagenetic clay mineralsrin the Rocky Brook Formation by SEM
ls precluded by the fine grafn size of the shaly sediments,
it 1% felt tha; some diagenetic chlorite, illite, and

montmorillonite are present, together with ‘analcime”. Dr.
R. Hyde {(pers. comm. 1983) has recently identified a
mixed-layer clay mineral in the Rocky Brook sediments that

r appears to be mixed-layer chlorite-montmorillonite.

A review of the literature on diagenetic clay mineral

stabilities revealed the .following geothermic information:




(1) a study by Dunoyer De Segonzae (1970) demonstrated

that diagenetic kaolinite has a maximum stability between

80°C and 190°¢ with an average maximum stability of

approximately 136°C.

(2) Only a few studies have been.abie to monitor the
stability of montmorifllonite with changiné temperatures. In
the southwest Texas Wilcox Formation the ypper stability
liml¢ on-montmorillonite 13 approximately 70%cC (Boles and
Franks, 1979) while in wvarious locations'aloné the Gulf Coast

montmorillonite 1is stable up to\95.C (Burst, 1959).

{3) 1t ts genera;ly accepted that 1111Ee-montmorillqnite
forms through the aggradation or degradation of pre-existing
clay minerals (Weaver, 1956; Dunoyer De Segoniac, 1970).
JThe development of disordered Lllite—montmorillonite:;; the
Deer Lake subbasin may have follgued eithet course. The
degradation proc;sses can take place durin early weather}ng
(Stoch and Sikora, 1976 ). wWith Qggradatio;pl processes,
Dunoyer De Segonzac (1970) has reported :*at the transition
of montmorillonite to disordered lllite-monfmori}lonite
generally takes place between 70°C and 95°C. ThL samnme
transition 19 reported to take place at 70%¢ fn the Rhine
Graben and IOO.C'&long the Gulf Coast (Heling and
Teichmtller, 1974). Perry and Hower (1970) show that in the
Gulf Coast region, with 35 2 expandible layers in the
illite-montwmorillonite ‘minerals (as 1is tﬁe sltuation 1in t;e

North Brook and Humber Falls Formations) there 1is a

corresponding formation tehperature of approximately 95%C.
. 3




(4) The writer does not believe that the discrete
diagenetic 1llite was formed by illitization of precursor
diagenetic clay minerals {i.e., through a mixed-layer phase
(Dunoyer De Segonzac, 1970)). The temperature for discrete
illite fo}mation via mixed—lafer mineral transformations
appears to be too high, e.g., 200%cC (Dunoyer De Segonzac,
1970) or 375°C (Austin and Leininger, 1976), if {llite iideeq
coexists with the other dfagenetic clay minerals. Physical
evidence shows that most of the illite 1is éssociated with
detrital feldspar grains. Thgrefore the hydrolysis of
feldspars, particularly potassic fgldspars (Helgesan et”al.,
1369), at lower temperatures (. 65.C, Garrels and Howard
(19595 or IOO'C, Zen and Thompson (1974)) is considered to be

the cause of {llite development.

It 18 concluded from the above that the assemblage of

diagenetic clay minerals in the four studied formations could
coexist at temperatures between approximately 80°C and 135" ¢c.
This paleotemperaturé range should only be applied to the
stage of authigenip glay dévelopment in the "sandstone”
paragenetic gequence for two reasonsg: (L) the mineral phases
which developed after the formation of the authigenic clays
(carbonates, mineralization, hematite) quite likely formed at
different paf;otemperatures'(poasibly only obtainable through
isotope nn_fiuid inclusion studies); (2) since a stage ofv
authigenic clay development cannot be readily recognized in
the "shale” paragenetic sequence, it i8 difficult and unwise

to try and apply the paleotemperature range estimation to any




particular stage in the second sequence.

5.3.4 11licte crystallinity

The crystallinity of 1llite as defined by Kubler (1966)
Increases as_the prevailfng postdepositional conditions
change from the diagenetic zone to the anchizome (zone 8{
transition between diagene§is and metamorphism) and finaiﬁy
to the epizone of metamorphism (Dunoyer De Segonzac, '1970).

An 1llite crystallinity measurement is obtained from awclay

fraction diffractogram by measuring in millimetres.the

peak-width (Hb) of the 10 A illite reflection, at half the

height above a determined base line ﬂKub!er, 1966; Dunoyer
De Segonzac, 1970; Weber, 1972). * The narrowing of the 10 K
peak (increase in 1llite crystalLinity) is dependent on
temperature and the chemical composition of the {llite
(Kubler, 1966, 1967; Dunoyer De Segonzac, 1970). fo allow.
comparison, measurements must bhe made on diffractograms

obtained with the same chart speed.

Many studies have used 1llite crystallinity measurements
to determine whether the 1llites dn different sedimentary
sequencesg are diagenetic, transitional anchizonal, or
metamorphic epizonal (e.g., Dunoyef De Segonzac et al., 1968;
Frey, 1970; Foscolos and Stotrtr, 1975; Frey et al., 1980;

.
Ogunyomi et al., 1980; Fieremans, and Bosmans, 1982).
Unfortunately many researchers éither do not document thelr

precise experimental procedures or fail to use standardized

!
procedures, thus making the correlation of results between

\




labratories difficult. In this study the illite
crystallin;ty.measurements were carried out on diffractograms
from the <2 p fraction of material sepafated from a sampling
of sandstones and finer grained sediments from each of the
nine drill hole. The folloQing diffractometer operating
condftions were used: Cu Kg radiatioq, 1° 20 per minuce
goniometer rate, 2 cm 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 1im turn
compared their data to that of Dunoyer De Segonzac (1970) by
using 111lite crystallinity standards supplied by him.
Flieremans and Bosmans (1982) used cobalt radiation and a time
constant of 1, meither of\wﬁich should affect the outcome of
the 11llite crystallinity measurements. According to
Fieremans and Bosmans (1982), their diageqesis/anchizpne

boundary at B.5 mm\(Hb) and anchizone/epizbne boundary at 5.2

mm (Hb) correépond\}o similar zonal boundary changes at 5.5

mm (Hb) add 3.5 mn (Hb) reepéctively as originally defined by

Dunoyer De Segonzac (1970).

In Figures 5.2A to D, the 1llite crystallinity
measurements obtained for the North Brook, Rocky Brook,
Humber Falls, and Howley Formations are plotted againsat ' ;//A‘\\‘\\
sample depth. The zone boundaries are delineated according
to the éorrelations made by Fieremans and Bosmans (1982)
between thelr work and tha¢ of Dunoyer De Segonzac (1970).

In Figures 3.1, 3.8, 3.17 for example the {1lite




crystallinity measurements were reportEd using therchange in
28 to record the 10 X peak-width at half height. This vas
done because it reduces the effects that variations in
scanning rate a;d chart speed have on measuring the peak
width, thus allowing some comparison to be made between this
study and 5pdﬁ?gs that may have used slightly different
scanning rates and chart épeeds. Howeyer, as stated by
Ogunyomi et al. (1980) this method of recording fllite
crystallinity measurements does not eliminate the effectg‘
that varying other operating qonditions (e.g., 8lit widths,

humidity, {on saturation) will have on the 11lite

crystallinity results.

In Figures 5.2A, C, and D the 11lites show a scattering
of crystallinity measurements between the diagenetic and
anchimetamorphic zones. The finer grained Rocky Brook
Formation gsamples appear to only contain.diagenetic illites
(Fig. 5.2B). The scattering of measurements in Figures 5.2A
B énd C does not mean that certatin secticns in the drill
holes have been stjected to higher temperatures than others.
The scattering of 1llite crystallinity heasurements between
the diagenetic, transitional anchizone, and metamorphic

" eplzone likely reflects the relative abundance of diagenetic

and detrital 1llite in the samples. This conclusion is basaed
N .

on the assumption that the detrltal 1ilite§, supposedly
eroded from metamorphic and igneous terranes where illites

tend to be more highly crystallized 2M polymorphs, would

yleld higher 11lite crystallinity measurements (epizone and
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anchizone) rather than poorly crystalllzed diagenetic IM or
IMd {llite polymorphs (Yoder and Eugster, 1955; Kubler,
1966, 1967; Maxwell and Hower, 1967; Dunoyer De Segonzac,
1970). Also, according to Dunoyer De Segonzac (1970) and
Weber (1972), the crystallinity of detrital 1llite is
generally higher (narrower peak-width) than diagenetic illite
since the particles are larger. It 1is possible that some of
the poorly crystallized illite (diagenetic zone) could be the
result of progressed degradation of detrital 1llites HhIC;I
were originally of higher crystallinity (Hutcheon et al.,

1980).

For the samples which were measured, the i{llicte
crystallinity results are only semli-quantitative measurements
defining the 'state' of illite in the sediments (1.e.,
eplzonal, anchizonal, diagenetic). Illite crystalliqity
measgrements can therefore\best be used in tandem with other
thermal maturatfon indicators to dVermir(]e the

Paleotemperatures responsible for their formation.

5.3.5 Discussion

Two thermal maturatfon indicators help determine the

range in temperature tg which the sediments were subjected

during diagenesis. The indicators revealed the following
information: wvitrinite reflectance~ 100°C to 150° ¢ (Stach et
al., 1975)%nd 128°¢C to 150°¢ (Bostock, 1979); diagenet'ic
clay mineral assemblages- 80%°C to 135% ¢ (from compiled

mineral stabilicy data). Using the temperatures from these
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results the paieotemperature maximum was probably betveen
rabout 125°C and 135° c fér the formation of the au‘thigenic

/
clays and coalification. Illite crystallinicty measurementg
confirm the existence of diagenetic fllite (IC > 5.5 om,

-

Dunoyer De éegonzac (1970)).

It can be concluded from examining the available .
coexisyling thermal maturation indicators from the Deer Lake
Group and Howley Formation sediments that these sediments

have stayed within the diagenetic realm after depositipn:

~—
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CHAPTER SIX

'\ SUMMARY AND CONCLUSIONS

/
/

Starting in the Late Devonlan, the A\fleghani‘an
disturbance developed a large northeast-trending depression,
the Mar{times Basin, which extefuded across all the northern
Appalacvhian litho,tectoqic zones. Within the Mar{itimes Basiq,
intrabasinal horsts and grabens developed a host of .

fault-controlled subbasins, including the Deer Lake subbasin

t
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of western Newfoundland. The eastern half of the subbasin 14,

extensively dissected by northeast—-trending hhigh angle
taults. It can be demonstrated that fault movements were
contemporaneous with sedimentation 11'1 the Deer Lake subbasin,
and furthermore that the oldest most highl‘y deformed
sediments in 'the- subbasin, the Angu}ll’e Group (Tournasian),
were deposited during an episode of striké-slip faulting
while the overlying., egsentially"undeformed sediments (Wigwam
Brook - Wetstone Point Formations, the Deer Lake Group, and
the Howley Formation respectively) were deposited duriyng an
episode of normal 6r reverse faulting. The terrestrial

slliciclastic sediments in this. sedimentary éequence were

derived from various proximal Humber Zone, Baie Verte - - i/'\

Brompton Line, and Dunnage Zone basement lithologies. The

' \
Deer Lake Group (Visfan) and Howley Formation (Westphalian A)
sediments, the focus of this thesis, consist of alluvial fan,

fl'uviatile, and lacustrine sediments unconformably overlying

the Anguille Group and basement rocks. Together the Deer




Lake Group and Howley Formation form an approximately 6.8

km-thick red-bed sequence.

The petrographic and diagenetic data for‘this thesis
study were obtained by systematicaliy sampling nine
representative drill holes from Ehe North Brook, Rock§ Brook,
Humber Falls and Howley Formatiaons and carrying out various
microscopic and anélytlcal fechniques on thede samples.
Samples of high—grade uranium;uineralized sandstone boulders
were simllarly analyzed. It w;s found that the petrographic
and diagenetic characteristics of the North.Brook Formatipn,~
Humber Falls Formation, and Howley Formationm sediments, and
the mineralizgﬁ sandstone boulders, were essentially the
same;' The sédiments sampled from the two Rocky Brook
Formation drill holes displayed different petrographic and
diagenetic-characterietica from the other three .formations.
The reason for this differénce probably lies in the fact that

.the data for the three sandy formations were derived from

alluvial fan and fluviartile siltatones, sandstones, ang

"buSglomerates, while the . Rocky Brook Formation dajp came from
f

ider gratned silic??lastic and carbonate lacustrine
sedinents, which ilnherantly possess different  physical and

chemical characteristrics. This thesis not only provides Lhe
first c;mplete petrographic and diagenetic stuay of the Deer

Lake Group and Howley Formation sediments, but {s also an

exaumple of how sedimentary facies can control diggenesia.




The samples frqP the North Brook, Humber Falls, and
Howley Formations and the mineralized sandstone boulders show

the following characteristics:

(l) The drill holes contained polymict coﬁglomeratee,
cross-stratified Qandstqnes, slltstones and some muduto?ss.
The North Brook Formation dri;l core contains the most
congaomerates and féwer-fdnes, while the Howle} Formation

drill core contains the most tines and no conglomerates.

This apparent fining-upward trend may' either be a function of

proximity of drill holes to the contemporary basin margin or
It may reflect a general decrease in fault activity during

the development of the sedimentary sequence.

(2) The detrital composition of the sandstones from the

three sandy formations and minerél{zed sampies consists of
» .

qﬁartz (honopryatalline and polycrystalline) and feldspars

k-4

(0€th0C13823 plagioclase, and microcline) with lesser amounts’
of rock fr;gmqntsl(mostly,granitic intrusive, felsic

voleanic, and metamorphic) micas and cglorite. QRF plots
show that the sandstones_are elther arkoses or 1lithic
arkoses. Comparative QRF plots also show that the
mineralized sandstones have a modal composition most similar

to the Humber Falls Formation sandstone samples.
(3) Qoaisely trystalline calcite and ddlonite and. finely

' [
crystalline hematite cement domiqate/:he,diagenetic

mineralogy exceﬁt in the mineralized samples where uraninite

N
,

cement, {s far more prevalent. Diagenetic clay minerals,

-
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quartz overgrowths, siderite, and limonite also developed in

the sediments and bou}der sampl%gﬁ\The constituents K
. \

necessary for the development of the diagenetic wminerals in

the sandatones were derived from the fn situ degradation of

the sandstone detritus and from solutions which had deached

N
elements from the interlayered fines and surrounding basement

lithologles.

C(4) The_diagenetic_clay mineral assemblage reveals the
following fe&tureg' (g) pore- f1lling vermicular kaolinite is
commonly closely agsociated with detrital silicate grains.
(b) illite displays a variety of crystal sizes from poorly

defined fibres to euhedral laths, and Is typically developed

.on or adjacent to feld;par grains; (c) chlorite has grown on

quartz overgro#ths, detrital ‘Braln surfaces, and ' \ .
interstitially as individual discs, rosettes, or rarely with
a ye:miform morpholpgy; ‘(d)’montmbrlllonite4haa grown on
quartz overgrewths and grain surfaces and typically displays

- ‘

a ‘cornflake' morpholepy; (e) mixed- layer disordered

>

‘Lllite-mantmorillonite was only identified in the North Brook .

"Formation and Humber .Falls Formation sandstones.

(5) Total porosity for both mineralized and
. ¢ b]

unmineralized sandstone samples has a range between 5 I and
20 Z, with most of. that being effectiﬁely interconnected: »

The porosity 1g secondary;'developed by an early stage of
detrital silicate grain dissolution and 8 later stage of

pervasive detrital and diagénetic mineral diu@olutiqnm It is

diﬁficult'toFgay_whai controls.the effective porosity, but




perhaps It is the late-stage pervasive’ dissolution which
created the effective pore space after the carbonate cement

had occluded earlier porosity.

(6) The mineralized and unmineralized sandstone samples
displdy the same paragenetic sequence. The sequence 1s as

follows: (a) an early stage of oxidatrion and quartz

overgrowth development; -(b) early silicate grain

dfssolution; (;) authigenic clay mineral development;. (d)
carbonate cementation; (e) uranium mineralization and
slideritization; (E) hematlte‘cementation and limonitization;
(8) late-stage pervasive dissolution. This paragenetle A
sequence began to develop within an acidic environment which
.became basic with time. The iake Btages of hematization
suggest that th;re was an-influx of 1ron-bearin% oxygenated
and lea;hlng solutions throughout the sedimentary sequence
wvhich was studied. The postmineralization hematizing fluids
may have caused extensive remobilization of the urdniuﬁ 80
that now only s;all concentrations of highly reduced,
organic-bearing subsurface mineralization rematin.
quleomagnetic data 1indicate that it nay gave takdn between 40

Ma and B0 Ma for this paragenetic sequence to develop to the

stage of hematization.

The samples from the two Rocky Brook Formation drill

holes show the following features:




.

(1) The sediments cdnsist of interlayered claystones,

mudstones, siltstones, and various allochemical and
1
’

orghochemical calcareous rocks. There are a few thin layers

of sandstone in these holes but no conglomerate.

{(2) Although difficult to identify in these finer
grained sediments, there are probably some diagenetic clay
minerals in the samples. Illite crystallinity measurements

1ndicate'that diagenetic 1llice is present.

(3) Diagenetic minerals Include calcite, "analcime™,
chert, chalcedony, pyrite, and minor barite. Generally there
18 no diagenetic kaolinite or mixed-layer

illite-montmorillonite within the Rocky Brook Formation.

(4) "Analcime™ oécurs as a margiﬁal mineral phase in
rhizolith cores ‘and 1? patches of coarsély crystalline
calcite. In both gituations the "analeime” crystals are-
partly corroded by the coarsely c;ystalline calcite (stage 4
calcite of the “"shale" paragenetic sequence, Fig. 5.1B).
Microprobe analyses give an anomolous, but consistent,
composi;ibn between analcime and Albite for these crystals. -

Due to tSE<lack of albitic or volcaniclastic detritus in the

sediment, the sodium in the "analcime™ is considered to have

come primarily from the breakdown of sodic clay minerals,
- /.

and/or from sodium-bearing detritus hhd possibly from plant

root decay in the rhizolith eccurrences.
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(5) The sediments have an effective porosity range

between 0 X and 18 %, which is due to secondary intercrysral,

vug, and ‘open' microfracture porosity development.

.(6) A paragenetic sequence for the Roeky Brook
Formation, which incorporates information from all the fine
grained samplgs, 13 as follows: (a) sedimentation (carbonate
and siliciclastic) within a lake or lake margin environment,
syngenetic pyrite and uranium‘mineralization, cdarbonate
development (rhizollgh ione 1) around plant roots (rhiquith
zone 2) and the beginning of rhyzolith development, and
organic putrefaction; ’(b) carbonate recrystallization, and
“"analcime" precipitation within calcareous sediments and
rhizolith cores (rhizolith zone 3); (c) silfca cementation;
(d) blocky talp(ﬁe cementation ih frregular patches and
uitgin rhizolith cores (rhizolith zone 3), development of
calcite stockwork, and pyritization; “(e) late-stage
secondary microilntercryscal, mesovug, and 'opeﬁ't
microfracture poroéity development. Minor hem?tization ,\
accompanies the late-stage ‘open' microfractﬁrlng. The
r;lative timing of carbonate recrystallization, and
"analcime” and guartz cementatfon is not fixed but they all
;eveloped<between the (a) and (d) stagesj%f this parages;tici
seque;cef Unlike the paragenetic sequence for the qandy
unfts, the minerals which developed within the Rocky Brook
Formation formed within an alkaline environment, except where

localized silica cement. suggests a brief or local decline 1in

pH. There are two events in each of the two paragenetic
”

7




n

sequences ;hich can be tentatively correlated. The first is
the development of coarsely crystalline carbon;te cement 1in
the North Brook, Humber Falls and Howley Formations and
blocky calcite cementation and steckwvork development in the

finer grained Rocky Brook Formation sediments. The second 1s

a common final stage of secondary porosity development.

Detrital coal material from trenches and drill holes
within the northern body of Lhe Humber Falls Formation are
congidered to have undergone coaltification after beling
deposited as wood debris ;n fluvial channel sediments. The
coal consists of a number of inertipite- and vitrinite-group
macerals with intimately associated pyrite. Some of the
samples are radiéactive. Vitrinite ref;ectance measgsurements

reveal a high-volatile bituminous B and C rank for the coal.

The vitrinitg reflectance ranking of the coal samples,
diagenetic clay miné;al asaedblages, and 1llite crystallinity
measurements were used as thermal maturation indicators. The
high-volatile bituminous B and é coal fank, and the
diagenetic clay mineral assemblage of kaolinite,
wdncmorillonite,land diéordered illite-montmorfllonite
bracket rhe maximun temperature for coalificatfon and.
diagenetic claycmineral development between about 125%°C and
135°cC. More refined paleotempe}ature analyses an other
mineral phases may be possible through Flufd inclusion and
isotope studies. Illite crystallinicy measurements cbnfirmed

- the suspicion that the 10 A 1l1lite peaks represent both

diagenetic add detrital 1llite, and alsc indicate that the

215
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/
‘

- "sediments have remefﬂﬁﬂ‘h{&an the diagenetic realm after

deposition and have not entered the transitional

énchlmetamorphic realm which heralds metamorphism.

Only one stratigraphié trend was revealed by these
thermal maturation indicators,.namely the appearance oF
mixed-layer illite-montmorillonite fn the No{th Brook and
HumSer Falls Formations. This trend could b; explained if
the Howley Formation covered.the Deer Lake Grohp at on; tinme,
then the greater depth of burial, and therefore higher
tempefatures with Increased depth, experienced by the Deer
Lake Group may have caused the mixed-layer

illite-montmprillonite to develop. However, if the Howley

Formation did overly the Deer Lake Group at one time, then .
) ,

the persistance of mixed-layer illite-montmorillonite to a

burial depth of approximately 6.8 km 1s nuch deeper than

other occurrences of mixed-layer 1111Ee-montmotillon1te
‘ $
(e.g., chapter five, section 5.3.3). Therefore 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 1ithologic and fluid
.
pressures, may have been responsible for mixed-layer clay

N ' - development in the North Brgok and’Humﬁer Falls Formations.

The conclusion that the Howley Formation did not co;er the

Deer Lake Group'in‘the past 18 also supported by the

difference in coal rank between the Humber Falls Formation "

(high-volat{le bituminous B or C) and Howley Fdrmatlon . R

(high-volatile bituminous A or B).

S




Magnetic susceptibility measuremengs and compositional
comparisons with sandstones from the North Brook, Humber
Falls and Howley Formations (Fig. 4.2B) suégeét that the
uranium-mineralized boulders are most similar to the Humber
Falls Formation sandstones.. Coincidently, the mineralized
boulders were found in t111 overlying the northern body of
the Humber Falls Formation. Unfortunately, the general
diagenetic sequence for the mineralized and unmineralized
sandstones which were studied (Fig. 5.1A) does not instill
optimisian that significant amounts of uranium (or si}ver)
mineralizatfon will be found in the sandstones of'Dhe Deer
Lake subbésin. A postminerlization stage of hematite
cementation in both mineralized aﬁd unmineralized sandatones
iqulte likely remobilized much of the mineralization.
Probabily tnly isolated pods of‘minerali%ation remaing
concentrated around‘organic mat;ernin the subsurface. The
thin horiions éf diséeminated uranium mineralization in the
fine gr;ined Rocky Brook Formation sediments are also not .
economically encouraging.f Extensive 'in situ migeralizaiion
Haﬁ'yeﬁ Eo be found. vOn a more optimiscic noge, these
conclusions oﬁ the sediment?hosfed ﬁinefali;ation in the Deer
Lake subbasin do not preclude the possibility of finding‘<\

uranium or silver mineralization within pre-Upper Devgonian

fgneous rocks adjacent to the subbasin, which may have acted

s

as sedimehtary and hydrographic source terranes during che

Carboniferous.
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- !
_Humber Falls Formatiormr
DDH 80-7¢ :
‘ . . 14 20 30.4 35,7 L43.6 50 62.5 70
Monocrystalline quartz 3.8 16.7 10.% 1470 12.0 22.7 240k 23.2
Polycrystalline quartz .10.8 6.4 2.2 17.6 9.6 - 10.0 0.8 10.8
T8tal quartz 17.6 23.3 31.6 31.6 21.6 32.7 25.2 34,0
Plaglioclase b.s 6.4 10.0 “9.6 11.2 7.2 3.6 12.4 -
Orthoclase . 25.8 25.5 17.2 18.0 31.8 21.1 31.6 26.8
f , Microcline 3.2 L.y 6.0 3.6 4.4 Y 1.2 Q¢0
3 ; Perthites 1.6 1.9 2.4 1.2 2.4 2.8 0.8 1.2
| Total feldspars 35.0 38.4 35.6 33.4 49,8 35.8 37.2 Lok -
’ ' Sedimentary fragments -——— ——— maa -—— -— 0ol —ec ‘f--
ﬁ Metamorphic fwagments 5.2 0.8 - 0.4 —-= ——— - - ~——
- : Yolcanlic fragments - ——- -—- - -——— -—- --- 0.4
] Plutonic fragments 16.7 17.9 12.0 10.0 2.4 4y L 1.6
Chert T - -—- -— 0.4 0.4 - 0.4
Total ‘rock fragmentsg 21.9 18.7 "12.4 10.0 2.8 . 5,2 -a. 2.4
Biotite, - - —_—— —-a -—- -— 0.4 -~
Muscovite N T 0.4 - D.8 ~-_ O.4 0.4 2.8 0.8
Chlorite -—- - -——- -—= -—- -~ 2.4 - ¢
Opaques . 1.6 2.0 0.8 6.4 0,8 2.4 0.8 2.4
Organic material -——- -— -—— - ——— P -—— _
Accessory minerals -—- - -—— —— -— -— -—— —-- '
Clay ceme 3.6 4.0 4.0 4.0. 4.4 2,0 12.8 4.0
» Carbonate cement 2.0 3.6 0.8 0.4 2.4 4.f4 -_-_ 4,0
Hematite cement - 2,0 --- o - oL -—- -
Total cement 5:6 9.6 4,8 4.8 6.8 6.4 12.8 8,9
Total porosity 18.3 9.6 14,0 14.8 17.8 17.1 18.4 8.0
Effective porosity 7.3 --- .12,9 13,8 9.3 12.3 11.1 ---
N
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Modal composition of the uranium mineralized sandstone boulders described in
chapter four (point counts in percentagen) . .

Birchy anomaly Wigwam anomal

. Yy . Goose anomal
. : 40523 40S24 40525 40526 LOsZ 40518 40519 L0522 40471 40513 40514 zo 15 40516 40517 5261 $26
Monocrystalline quartz 19,2 15.8 313 17.2 23.2 319_‘8.2821'6.28—8—7 MLMU‘T—%]—%
Polycrystalline quart: 8.2 3.2 8.0 7.6 3.1 8. 3.2 14.8 11,2 14,7 8.8
Total quartz 27.2 18.8 24,8 19.0 17.2 1k.o . 24.8 18.4 133.7 .
Plagioclage 10.0 8.0 . 10.0 14.6 16.8 18.8 . 12.4 13.2 8.6
Orthoclasge 17.2 19.6 17.4 11.2 19.2 . 16.4 20.8 1.9
Microcline - * 0.8 a-a 1,2 3.2 1.6 . 2.0 4,0 3.7
Rerthites — ea- —— 2.0 --- 0.4 =em 1D
Total feldapars 28.0 27.¢ 33.2 33.2 39.6 31.2 38.0 44,2
Sedimentary fragments -— -—— —_——— —— PO - - ———
Metamorphic fragments ——— o.4 . ——— . _— _—— P _—
Yolcanic fragments -— -—— wen -—- ———
Plutonic fragments 6.8 1.2 3.5 15.2 4,8
Chert : ——- —— = ) --- -— ———
Total rock fragments . 6.8 . . s 3.5 15.2 4.8
Bictite -—- E ——- -— 0.4
Muscovi te 0,8 . . 0.8 0.8
Chlorite: - -—- .-
Upaques 22.4 2.4
Organic material , - . -
Accessory minerals ——-
Clay cement . . . . 16.8-
. Carbonate cement ———
Hematite cement . 16.8
Total cement . . . 31.6
Total porosity
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APPENDIX II

Microprobe analyses of Rocky Brook Formation "analcime’

1
Nas@ 5.63
MgO 0.00
Alp05,-22.30
510,27 " 63,80
K50 . 0.01
caC 0.05
TiOp 0.00
Cr203 0.00
MnU 0.01
FeQ 0.01
NiO- 0.01
Total 91.82

i

2
5.41

0.00

22.50

63,20

0.01

0.08

0.00

0.00 ' .
0.01

0.02

0.02
91.25

1 794-003, average of 9 single crystal analyses from
a rjizolith core . .

2 79A-003, average. of 6 single crystal analyses from
a rhizolithk?ore : . .

Trace element analyses of mineralized and unmineralized
Rocky Brook Formation samples (ppm).

1
Pb 7.
Th 89
U 266
Rb 37
Sr 2319
Y 221
ir 73
* Nb 7
in 35
Cu- 410
Ni 28
La 36
" Ba 218
- Ti .22 .
‘ v 41
i Ce L7
1 . Cr - 4
‘ Ga 5
\ 1 Drill hole
\ 2 Drill hole
| 3 Drill hole
1 4 Drill hole
| 9 Drill hole
[ hole

2 .3 4 S 6
0 9 23 8 7
- 8 6 3 7 4
33 2 19 17 -2
107 82 63 66 82
1401 839 831 1134 1267
44 31 14 23 24
9% 130 98 8% 114
12 13 12 10 11

49 92 64 307 79
32 26 63 g1 32
66 50 105 6

23 22 22 25

393 581 1397 bh2 49y
.52 ,61 .70 .50 .58
91 110 173 134 123
38 38 29 . 33 33
.59 50 91 41 :

2t 16 15 15 19

A3, S2m, mineralized

A3, 86m, mineralized :

A3 background average .(n= 25 samples)

A5, 149,.5m, mineralized -
A5, 167m, mineralizead

AS background average (n: 23 samples) .

N\

'

242"













