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ABSTRACT

A '

Thg Byers Brook Formation and the Hart Lake

Granite are situated in the Cobequid Highlands of ndrthern

d

Nova Scot}a. The anorogenic granite and bimodal volcanic

-
rocks are comagmatic and are syggested to be products of v

extensional tectonism.- The granite has an Rb/Sr~whole—roék

>

age of 339 + 4 Ma and the rhyolites 343 + 5+Ma.

The Byers Brook Formation is a generally,east-west

o
(110-120 az.) striking, steeply dipping (70 N) sequence
& - .
of rhyolitic pyroclastic, flow _and volcaniclastic rocks : _ .

intercalated with & relapively minor volume of basalt ™

flows;_ All units ére cut by an abundancé.of diabase and
composite dikes with the highest density of dikes
associaped with rhyolite dome/flow complexes. Rhyolité
dikes are restricted to these complexes.

Two periods of bimodal volcanism were separated byh
a brief hiatus represented by a 50-100 m thick conglomerate

unit which grades eastward into laminated to thickly bedded

‘ladustrine? sil@stoﬁes. Both stages of volcani;m are
characterized by early pyroclastic eruptions which grade

upwards into rhyolite'and‘basalt flows. The base of the

early sequence is intruded by the Hart Lake Granite. The
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later séquence'is gpproximately 2200 m thick and gradés

info the dominantly basaF{ic Diamond Brook Formation.

Geochemically ,the granite and rhyolites are

suBalkaline, metaluminous, except for a discrete suitq of

peralkaline rhyolite’and composite dikes. All rocks are

denerally epriched in Fluorine. gﬁrong alkali metasomatism

is pervasive throughout the extrusive rocks, however, late

subvolcanic rhyolite and composite dikes are unaltered. .

The largest qnd.highest grade concentrations of

.

uranium occur %p breccia zones in and adjacent to rhyolite

dome/flow complexes. It is hypoihesized that these
: K\ -

n
F .

complexes were areas of high thermal gradient caused by the

injection of late composite and rhyolite dikes, and thus

the locus for the very large hydrothermal system which

caused the pervasive alkali metasomatism. This large
hydrothermal system leached uranium liberated during
devitrification of the volcanic pile and condentrated it

into permeable structures, such as lithophysae-rich zones,

.

faults and breccia zones. .

Other associated mineralization includés;
X “

cassiterite in amygdules of basalt flows, massive pyrite

- beds with up to 276 grams per ton silver-in th% lacustrine

siltstones, and fldorite-zircon-sphene-calcite-allanite
’~

‘veins with highly anamalous rare earth elem?ﬁf

.

A
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concentrations hosted by the granophyric margin of the

'Hart Lake Granite. \ -

; Althouéh the Bfers Brook Formation inithe
Wentworth area has been subject to extensive exploration in
thé pa;t. th; data presented here suggest that perhaps the

most prospective parts of the Formation are the dome/flow

° A )
complexes. and these have not been adequately tested. In

llght of this the Byers Brook Formation and the Fountaln

Lake Group in general should be considered good prospects

’

to host lithophile element mineralization.
.
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Chapter 1

1. Introduction:

.1 General

The Nentwor’th uranium prospect is located between
o o !
<
latitudes 45 32'10". and 45 37’30" and between
o o)
longitudes 63 34’ and 63 22'30", on the northeast flank
-
of the Cobequid Highlands, northern Nova Sclotia {Figure 1).

Geologic mapping and core logging were carried out

4
by the writer in 1978-1981 while employed by Gult Minerals

Canada Ltd.‘ and later during 1981-1983 whiléemployed by

Selco Inc. Gulf Minerals supplied thin sections and
geochemical data which were used in this study.

1.2 Purpose _of the Study

The purpose of t>his study is to investigate the
mineralization, alteration and geochemistry of uranium
occurrences in volcanic rocks of the Fountagn Lake Group in

an attempt to understand the pProcesses responsible for

their formation.
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This study has resulted in a major revision of the
interpretation qf the geological netting and controls Qf
mineralization in the Fountain Lake Group volcanié.rocks in
the Wentworth area. The imformation gained from this
research should be a useful aid to exp;ération for uranium
and associated metals, both locally in the Cobequid
Highlands and regionally in similar geological setiings in

the Appalachian orogen and elsewhere,

'1.3 Physiography

The map area ig situated on the top and flank of a
highland plateau. The plateau reaches a maximum of
elevation of approximately 350 meters and overlooks the
Cumberland basin where the' elevation is approximately 100
meters above sea level. N

The plateau is disected by numerous structurally
controlled deep stream valleys. The area 1s is covered by
mature softwqod. hardwood ;nd\mixed forests with alder
swamps and bogs occupying local depressions.

Bedrock is blanketed by al0.5-3 meter Pleistocene

cover, résulting in genefally less than 10% bedrock

exposure except in stream valleys and locally on fidges.

Several esker-like features oriented approximately




LI
north-south occur on the property. The glacial history of
the area is complex, with up to three dispinct ice movement
directions recorded in till horizons. The latest ice
movement was northerly, indicated by the provenance of Hart

- O

Lake Granite bouldersin the till up to 300 meters north of

s

where the bedrock contact betweed‘the Hart Lake Granite and
. the Byers Brook Formation occurs (R. Snow, pers comm.,

1981).

1.4 Previous Work and Exploration History

In 1836 Abraham Gesner published a map and
#geological report of Nova Scotia also based on lithological
distinctions. He classified the Cobequid and Antigopish

Highland§ simply as slate and red sandstone,

In 1860 Dawson correlated the Cobequid mountains
with the Gold Bearing Series (Meguma Group) which he
considered to be of Silurian age. In 1868 he referred most

- of the rocks of the Cobequid Mountains to the Arlsafg
Series, based on fossils found at Earltown and New Annan.,
Dawson correlated the Arisaig Series Hith‘rocks in New
Brunswick, Maine, Anticosti and New York State, and
conc}uded that the Silurian of Arisaig and Anticosti did
not compare directly with England or America and that the

fossil assemblages were intermediate between Europe and
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America. Dawson (1878) presented the most complete account

of the geology of the Cobequid Highlands prior to the work

of Kelly (1962-1968) and Donohoe and Walliace (1375-1980).

He began his account with the observation that, “the great
igneous outbursts, evidenced\by masses and dykes of granite

which cut the Lower Devonian rocks, make a strong line of
distinction between later and older Palaeczoic.' Eased on
intrusive relationships and studies of palaeontology, all
of the Cobe&uid Highlands were assigned t;'theQSilupian.
Table 1 is an excerpt from Dawson's (1878) stratigraphic
table‘and summarizes the‘geology of th;‘pobequxd Highlands

as understood at that time, -

Much of the early palaeontological correlation,
especially between the Cobquid Highlands, the Antigonish
Highiands and Eﬁgladd is attributable to Honeyman (1874},
Gneiasic rocks in'the Cobequid Highlands were also first
described by Honeyman.(1874). and he noted they were at
least pre-Silurian. Later he assigned the dneissic rocks
of the Coﬁequid Highlands to the Archean (Honeyman, 1881).

Dawson (18B8) reassigned the volcanic rocks of the
(izbequid Highlands to the Ordovician, based on
stratigraphic correlation with central and western New
Brunswick. The fossiliferous beds at Wentworth were ‘the

on)y rocks considered to be of Silurian age in the

Highlaﬁds after this reassessment.
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Ami (1900) noted the uncertainty of assigning the
volcanic rocks of the Cobequid Highlands to the Ordovician
.witﬁout supﬁorting p;laeontoloqical evidénce?

Williams (1914) stated that the Cobequid Series
‘'was clearly Ordovicia; but he did not citg evidence.

Stevenson (1958) includes good é%trographic
descriptions. providing an importgnt link between the older
and éontemporary literature.

Kelly (1965, 1966, 1967) mapped the entire

Cobequid Highlands, but his map was not published until it

was included in a publication by Donchoe {(1976). ///K\

In 1975 Donohoe began work to prepare Kelly's

unpublished map for publication. Most of the
: ’

pre-Carboniferous formation names currently in use are
attributable Lo Kelly, however Donohoe (1975, 1976) and
Donohoé?and Wallace (1977, 1978, 1979, 1980) are
responsible for the final definition of the map units and
the introduction of some new units, including the Fountain
l.Lake Group and its gubdivisions the Byers Brook and Diamond
Brook Formations. -

The exploration program which provided much of the
Aata for this study ran concurrently with Donohoe and

Wallace’s investigations and benefitted from numerous

dincussionsibith thgm.




o
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The discovery'of radioactive rhyolite boulders in
1976 initiated the intengst of Gulf Minerals Canada Limited
(G.M.C.L) in the volcanic assemblages underlying much of
the core of the Cobequid Highlands. G.M.C.L. staked a
large claim block..approximately 50 km. by 15 km.,
stretching from Earltown to Westchester Station (Figure
2). The most intensive exploration efforts were exéended
on Block III and this study concentrates on that block.
Limited prospecting and diamond drilling.were carried out
before the end of 1976!

Follow-up exploration in’1977 cdnsisted of
regional helicopter-borne radiometric, magnetic and
electromaghetic surveys éber almost, }he entire Cobequid
Highlands. Diamond drilling, prospecting, maﬁéing and soil
and lithogeochemical surveys were initiated.

.Geological mapping, prospecting, soil geochemistry
and diamond drilling were continued and a reverse
circulation deep overburden sampling program was started in
1978. All surveys were continued in 1979 except diamond
drilling. During the 1979 field season a maior
lithog;ochemical survey was carried out for the purpose of
defining alteration zones and ultimately drill targets.

Thve reverse circulation drilling was completed in 1980 and

the mapping and lithogeochemical surveys were continued. A
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>

study of the Pleistocene geology was undertaken as an

attempt to measure qlacial displacement of radiocactive
boulders from their sources. The diamond drilling program
was renewed.

During 1981 areas of specific interest Qere mapped
in detail and diamond drilling was completed. A
li thogeochemical surve? of the diamond arill core was

- N

undertaken.

Due to a change in policy by the Nova Scotia
Government regarding exploration for uranium, no

exploration has been done on the G.M.C.L. claims since

1981.

1.5 Regional Geology

b

1.5.1 Tectono-stratigraphic fosition

The Cobequid Highlands form an east-west trending
upland, approiimately 175 km. long, acrvss northern Nova
Scotia, within the Appalachian Orogen.

The Appalachian Orogen in Canada has been divided
into five main tectonostratigraphic zones, each with |
independant pre-Silurian histories (Williams, 1969;

v

Williams et al., 1972, 1974; Williams 1978, 1979; Williams
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and Hatcher, 1983). The Cobequid Highlands are situated

4
within the Avalon Zone (Williams, 1Y69) and are abruptly

t;rminated against the Meguma Zone to the south along the
Cobequid Fault System.

The Avalon Zone is the largest . .
tectonostratigraphic terrane in the Appalachian Orogen,
approximately twice as wide as #Ll the rest of the orogen
in Canada. It exten&s from eastern Newfoundliand, through
northern No;a Scotia and southern New Brunswick, continuing
along the eastern seaboard of the U.S. as farvs;uth as ~
Georgia (Williams, 1976, 1978; O'Brien et al., 1983;

Williams et_al., hg83).‘ Correlatives;bf the Avalon Zone
are thought to be bresent in the Caledonides of Britain,
the Hercynian-Alpine Belts AfrEurope and the Pan-African
Belts of northern Africa (Schenk, 1971; Hughes, 1972; Hast

et _al., 1976, Strong et

al.,1978;, Strong, 1980; O'Brien et

al., 1983; Williams et al., 1983).
All Avalon Zone boundaries are tectonic. In

Newfoundland the Avalon Zone is juxtaposed against the

\
Gander Zone of Williams (1978, along the Dover and’
Hermitage Faults (Blackwoodténd Kennedy, 1975; Bléckwood
and 0’Driscoll, 1476; Blenkinsop et al., 1976; Dallmeyer et
al., 1981; Elias and Strong, 1982). In Nova Scotia the

northeast boundary of the @Xalon Zone has been drawn at the

)

\
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Aspy Fault in Cape Bréton (Rasf ¢t al, 1976; Williams,
1978). Keppie (1979) interprets all of-Cape‘Breton as
being within his Avalon Composite [errane. In southern New
Brunswick, the northern boundary ot the Avalon Zone'is the
wheaton Brook Fault (McCutcheon, 1981). This boundary was
formerly céngidered ﬂo be the Belleisle-Lubec Fault Zone
(Kennedy, 1970; Williams, 1978).
The eastern boundary of the Avalon Terrane is seen
only in northern Nova Scotia wﬁere it is truncated against
~the Meguma Terrane along the Cobequid Fault. _The Cobequi1d

-

Fault 1s part of the Glooscap Fault System of King et al.,
(1975). The Glooscap Fault System apparently extends
eastward offshore across ﬁhe edge of the Grand Banks,
marked By a linear zone of magnetic and Bouger gravity
anomalies (Haworth ahd MacIntyre, 1976). Geophysicaliy the
Avalon~Zone has been projected under the Atlantic'
Continental Shelf, except off Nova Scotia where the Meguma

Zone is postulated to underlie much of the continental

~shelf (Haworth and Le Fort, 1979).




-12-

1.5.2 Stratigraphy of the Cobeguid Highlands

{

Donohoe (1976, 1977, 1983) and Donohoe and Wallace
(1978, 1979, 1980) have defined the stratigraphy of the
Cobequid Hiéhlands (Figure 2). The rocks range in age from
Middle{?) Proterozoic to Early Carboniferous.

The. basement rocks of the Cobequid Highlands aré
represented by the Bass River and Mount Thom Complcxes and
are older than Late Hadrynian (Donohoe and wéllace.-1980;
Donochoe, 1983). ,Donohoe and Cullen (1983} and Culien
(1984) have shown that the Bass River Complex comprises two
lithotectonic units, an older gneissic basement and a
younger metasedimentary and metavolcanic cover. The older

N

Bass River Complex rdocks {Great Village Rive}‘Gneiss) and
the Mount Thom Complex are thought to represent cont inental
crust which was deformed at approximately 950 Ma {Donohoe,
1983). The Bass River Complex cover sequence (Folly River
Schist, Gamble Brook Schist) not yet 1dont}fied in the
Mount Thom Complex, was deposited and deformed later in the
Precambrian (Gaudette et al., 1983; Donohoe, 1983;
Cullen,1984). The Great Villadge River Gﬁeissea.qccur as
b{otite—muscovite granitoid gneisses in the eastern pa;t of

the complex and fine to coarse amphibolites west of Basu

IRiver (Donohoe, 1983). The Mount Thom Complex consists o







14~ 4

64° 30"

re

tillite

Figure 2: Geology map of the Cobtquid Highlands (modified . after lion

. . ._.O._— Major Fault

®
®
©
©
®
®
@
®

Londonderry Fout:

East Wallace R. - Debert L. Lineament

-

Rockland Brook Fault

Ccbequid Fault
Portapique Fault
North River Fauliy®

Eccnomy Mountain Fault
Riversdale Fault




A L
S S O

. N |
) .
- %
. : !
b
T K
b .
\ o
\u ” !
© .
Wentworth
30 10 © 30 Map Area ®
) ‘ -
[
Lirgwaad 23 S
- 22
i
1
- 4
?
|
lonahoe and Wollace, 1981 ). .
-
v
;
J
4
.
i




. -15-
biotite-garnet-microcline gnexés. amphibolite and granitic
gheiss, The Gamble Brook Schist comprises light
greyquartzites interlayered with lesser amounts of biotite

v

+ muscovite + quartz schists. The Folly River Schists are
1 -

more variable, represented by green mafic schists and mafic
\
metavolcanic rocks. Red and marcon siliceous, hehatitic
iron formations are interlayered with the metavolcan;c
rocks, Some of the {ron formations contain carbonate
horizons. Quértzités are locally interlayered with the
metavolcanic rocks, possibly resulting from structural

mixing of the Folly River and Gamble Brook Schists

(Donohoe, 1983). v

Unconformably overlying the basement sequences are

the Late Hadrynian Warw;ck Mountain and Jeffers

Formations. These formations outcrop north of the Rockland.
Brook Fault (Figure 2). The strata comprise meta quartz
wackes, volcanic wackes, meta siltstones, mafic

metavalcanic rocks ang minor marble, hetamorphosed to
greenschist facieé (Donohoe and Wallace, 1979). The

Jeffers Formation has been intruded by the Jeffers Pldton

of probable Lower Cambfian.age (Keppie et al., 1978;

Wanless et al., 1973; Cormier, 1979). At the northern

contact of the Jeffers Formation near Parrsboro (Figure 2),
an exposure of tillite comprising unsorted clastic material

ranging from fine sand to boulders up toc | meter in

>

z
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Portaplque River Formation has been eroded off (Donohoe and
'Hullace, 1979). Both the Poriapique River Formation and the
Murphy Broék Formation have been penetratiﬂely deformed

{Donohoe and Wallace, 1980).

The Devono-Carboniferous Fountain Lake Group

(formerly EarltownqSequence) is a thick sequence of

volcanic rocks which unconformably overlies the Silurian to

Middle Devonian strata. In the eastern part of the
‘Highlands the Fountain Lake Group has been divided into
the older Byers Brook Formation and the younger Diamon@
Brook Formation. The Byers Brook Formation is a bimodal
volcanic pile dominated by felsic pyroclastic rocks and
lava flows. It grades into the Diamond Brook Formation,
the basé of which is dominantly basalt flows which dgrade
upwards into redbéds.

The_Fountain Lake Group is not penetratively
deformed. Inulight of this several revisions of its
outcrop area as mapped by Donohoe and Wallace (1980) are
suggested. While employed by Selco Inc. during 1983 and
1984 the author aided M. Cullen mapping in the Cobequid
Highlands, recognizing problems with the definition‘of the
Fountain Lake Group in both the Simpson Lake and Parrsboro
areasf "On the Jeffers Brook ‘\tributary draining Cranberry

Lake, dacitic to rhyolitic volcanic rocks have a tectonic
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~fabric distinct from any seen in the Fountain l.ake Group.
A northeast-striking low to moderately dipping'cleavage

marks at least some exposures in the area. Posgibly part

of the area between Jeffers Formation south boundary

(Donohoe and Wallace, 1982) and the east-west break in
topogr&phy north of MacAleese Lake is underlain by Silurian
or older volcanic and sedimentary rocks (Cullen, \?83).

In the Simpson Lake area andesitic flows, dikes
and ﬁyroclastic rocks which outcrop between the Economy
Lake forestry road and Sugar}oaf Mountain are variably
cleaved, distinguishing them from their correlatives to the
south. This suggests £hat erosional levels in the northern
part of the.Highlandg. at least in thié area, are deep’
enough to have removed Fguntain Lake Group lithologies and
expose older cleaved volcanic squences. It is suggested
that ihese volcanic terranes are equivalent to Silurian
volcanic rocks exposed elsewhere‘in the Highlands (Cullen,
1983).

The Fountain Lake Group is unconformably overlain
by molasse, red brown polymictic<%onglomerates designated
the Falls Formation {Donohoe and Wallace, 1980)

The Nuttby Formation, located south of the
'Roékland Brook Fault (Figure 2) was deposited in the Early

Carboniferous as indicated by spores (S. Barss in Donohoe

2
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and Wallace, 1980). The Rapid Bro;k and Greville River
Formations of the western Highlands (Figure'2) are thought
to ;e coeval with the Nuttby Formation, but the plant

fossils observed in these fdrmatiqns are of indeterminate

ade (Donohoe and Wallace, 1980). All three formations

consist of red and grey siltstones, wackes and polymictic

conglomerates.

The Londonderry Formation which underlies part ot
the area between the Londonderry and Cobequid Faults
(Figure 2) comprises the youngest straia in the Highlands.
The grey and green quartz and feldspathic wackes have been
dated by means of spores as Visean to Early Namurian (S.
Barss in Donohoe and Wallace, 1980).

The stratigraphy of the Cobequid Highlands fits
well into King’sJ(1982) generalized ‘stratigraphic column of

v

The Cobequid Highlands are juxtaposed against

the Avalon Zone (Figure 3).

Pennsylvanian and Triassic graben-filling redbeds to the
south and onlapping, open folded redbeds to the north

{Donochoce and Wallace, 1980),

A}
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1.5.3 Magmatic Higtory of the Cobequid Highlands -

Plutonic rocks ot the Cobequid Highlands range
from Proterozoic to Carboniferous in age. The oldest
plutonic rocks are the granitic gneisses of the Mount Thom
and BassHRiver Complexes.‘ These have minimum Rb/Sr
igsotopic ages of 930 Ma and 839 Ma respectively (Gaudette
et al., 1983; Donohoe, 1983}. The granitic dikes are

interleaved with amphibolite schists which are interpreted

to be relict dikes.
|
1

The next magﬁatic eplisode recorded in the Cobequid
Highlands is represented by the Foll& River Schists. IEhese
amphibolite schists are mafic metavoléanic rocks {(Donohoe,
1983) of the Basg River Complex cover sequence and were
deformed later in the Precambrian than the first
deformqiion of the basement granitic gneisses. They are a
submarine. mafic metavolcanic sequence as sudgested by the
intercalated iron formations and may be broadly correlative
to the Burin Group of the Newfoundland Avalon Zone.

The Jeffers Formation represents the next period
of magmatic activity in the Qobeéuid Highlanhs. This
formation is correlated with the Forchu Group of Cape

Breton (Murphy, 1977) and the Georgeville Group in the

. \
Antigonish Highlands (Keppie, 1979; Murphy et al., 1979)

.
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and the Coldbrook Group near St. John, New Brunswick

(Alcock,lQSB;iRuitenberg et al.,1979)., The Jeffers
Formation has been intruded by the Jeffers Brook Diorite -
which has been dated several times by K/Ar and Rb/Sr
methods. Dates range from_uppermost Hadrynian to Lower
Cambrian (Keppie and Smith, 1978 after Wanless et a}.,
1973; Corgier, 1979), providing a minimum age for the

Jeffers Formation.

The McCallum Settlement Granite has a. Rb/Sr whole

-

rock age of 504+27 Ma (Cormier in Donohoé and Wallace,
1980).

Silurian, dominantly felsic volcanism with a minor

-

andesitic or basaltic component 'is recorded in the Wilson
Brook and Earltown Formations; Silurian fossils are common
in both formatié;s, the oldest‘(Llandoverian A2) ar; in the
Wilson Brook Formation (Donohoe and Wallace, 1980).

During the Devopian to Carboniferous lqrge masses

of dicrite and alkali feldspar-hornblende granite to

“

syenogranite intruded the Cobequid Highlands (Figure 2).

Associated bimodal volcanism of Devono-Carboniferous age is

.

represented by the Fountain Lake Group. These granites and

-

associated volcanic rocks are the oldest rocks in the
~

" Highlands that were not affected by Ac¢adian deformation and

are considered anorogenic. For details concerning isotopic
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and geochemical data refer to Clarke et al. (1980), Donohoe

and Wallace (1980), Keppie (1979) and Cormier (1979).

1.5.4 Structural Geology of the Cobequid Highlands

.

Ronochoe and Wallace (1980) described the
structural history of the Cobequid Highlands, and this
discussion is largely a precis »f their work. The
"deformational history is summarized in Table 2.
'Proterozoic crystalline rocks in the Cobequid
Highlands have been geformed at least three times, although
the actuyal timing of these deformations and their
relationship to younger events is not clearly known.

The Jeféers and Warwick Mountain Formations have
" been deformed at least twice. The first deformation (D1)
is a shallow to moderately dipping tfoliation parallel to
the axial surfaces of reclined to recumbent isoclinal
folds. The second deformation (DZ2) has produced open to
tight, upright to inclined (F2) folds.

‘The earliest expression of the Acadian Orogény in
the Highlands is marked by the erosion of the Wilson Brook

-

and Portapique River Formations. Continued Acadian uplift

is recorded in the conglomerates of the Murphy Brook

Formation. The Acadian deformation (D3) produced
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development ot fracture and slatey cleavage, and folds in
Silurian and De‘vonrian' strata. The Fountax‘n Lake Group as
the oldest unit unaffected by (D3).

Volcanic rocks of the Fountain Lake Group
unconformably overtie the older strata. The faults along
which the uplift and resultant erosion o‘f much Silurian and
Early bevonian strata occurred are thought to have also
facilitat;ed the movement of magma through the crust.

The Maritime Disturbance (Poole, 1967) caused a
sxngl‘e phase ot folding (D4) and development of fracture
and slatey cleavage in the Early Carboniterous strata which
outcrops south of the Rockland Brook and Kirkhill Faults,.
The M;irit,ime Disturbance in the Cobequid region was
'char“acterized by extensive vertical ‘and horizontal fault
movement, uplitt and erosion (Donohoe and Wallace, 1980).

Granitoid pl‘utoﬁs were emplaced north and south of
the Rockland Brook Fault and jn‘the wesLérn Cobequid
High_lands during the Early to early Late Carboniferous.
'l‘h;se plutons truncate and therefore postdate (D4) folds.

Major east-west trending faults of the Glooscap

Fault Bystem or the Minas Geofracture are the dominating

structures of the Cobequid:.-Highlands. In the eastern

Highlands the Rockland Brook Fault is the northernmost

member of this fault set. The Rockland Brook Fault is
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marked over much of its length by a 50 meter to 300 meter
"wide mylonite zone. The sys,htem of major faults isolates
stratigraphic units into separate fault blocks with
distinct structural histories. Dip slip movement has
occurred on many of the faults. ‘

Movement on the east-west trending faults probably
began during the Acadian Orogeny, in the Middle Devonian

and continued into the Early Mesozoic. Donohoe and Wallace

(1978) suggest 't'z minimum dextral strike slip of 20

kilometers on the Cobequid Fault based on displacement of
the Fountain Lake Group. Keppie (1979) suggests dextral
movement of hundreds of kilometer:s based on palinspastic
reconstpxs‘t_ions of areas underlain by Proterozoic volcanic
strata. Thi‘s zone of movement, called the Minas
Geofracture, does not include the Cobequid Fault which
Keppie contends is a younger feature. The Cobequid Fault
is the fundamental break between the Avalon Zone and the
Meguma Zone (Keppie, 1979).

Movement on the Rockland Brook Fault had ceased by
Middlé Carboniferous time, but dextral movement on the
Economy Mountain Fault offset basalt flows of Triassic to
Jurassic age (Donahoe and Wallace, 1980).

The east-west trending faults are otfset by three

fault sets which trend northeast, northwest and
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north-south. The north-south oriented faults offset all

other faults and cut Early Jurassic strata of the Fundy

) Group. In {he northern(Cobequid Highlands the northeast
and northwest oriented faults are'overlain by Carboniferous .
straza but -they do intersect the Devono-~Carboni farous
' Fountain Lake Group. In the southern Highlands,
Carboniferous and older strata are displaced along these
R faults.

This section is largely summarized from Donchoe

and Wallace (1980).

1.6 Devopo-Carboniferous Geochronology

R.F. Cormier has produced Rb/Sr whole rock dates

for the Fountain Lakg‘ Group, the Byers Brook Formation and
f the Hart Lake Grani-te;:l

The .Fountain Lake Group is dated at 341+4 Ma based

on a seventeen point whole rock isochron. The Seventeen
samples were taken frc;m across the Cobequid Highlands from

Parrsboro to Sco‘ttsburn. Six samples from the Scottsburn
area were from a petroleum well drilled by Chevron Canada,

taken from depths of 1100m, 1250m, 1350m, 2198.5m, 2200m

and 2633m (Cormier, pers comm 1982).

R.F. Cormier dated the Byers Brook Formation at 343+5 Ma

\~-'
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based on a ten point Rb/Sr whole rock isochrona.' These
samples were taken from Guitf drill core.

'

Cormier also» dated the Byers Lake Granite from
samples of Gulf drill core. A ten point Rb/Sr whole i'c;ck
isochron gives an age of 33944 Ma for the granite‘.

Donohoe and Wallace (1976, 1977) published Rb/Sr
whole rock dates of 331+27 and 331417 Ma for the Hart
Lake/Byers Lake pluton. The Cape Chignecto Rranite, which
intrudes the Fountain Lake Group rhyolite flows and

pyroclastic rocks at Squally Point in the western-most

e .
Highlands has a Rb/Sr whole rock age of 339+27 Ma. Table 3

summarizes the radiometric age data for the Fountain Lake

Group and associated plutonic rocks. It demonstrates
clearly that th: Cobequid Highlands experienced a major
episode of granitic intrusion and associated volcanic

A
activity at approximately 340 Ma.







GEOLOGICAL SETTING OF THE WENTWORTH PROSPECT

2.1 Summary
N

\

Th; rock units in the map area (Fig. 4) are
di;isible into three ade groups. The southernmost unit is
the Proterozoic, Folly River Schist of the Bass River
Complex. AThé Silurian Wilson Brook Formation underlies the
northw;;tutorner of the map area. All other rocks
outcropping in the are; are Devono-Carboniferous, including
the Folly Lgke Diorite, the Hart Lake Granite and the
Fountain Lake Group.

The Fountain LaKe Group”in this area has bcen
subdivided by Donohoe and Wallace (1980) into the older,
dominantly felsic Byers Brook Formatiop which grades
upwards into the AOminancly basaltic Diamond Brook

- .
Formation. This study focuses on the Byers Brook Formation

) - . e
and its contacts with the Hart Lake Granite in the sSouth

and the Diamond Brook Formation in the northeast.

The Byers Brook Formation represents two discrete
volcanic cycles separated by a conglomerate/siltstone

marker horizon. In each cycle felsic pyroclastic rocks
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dominate in the early part of the sequence and grade into

dominantly bimodal assemblages at the top of the sequence.

- [}

Three areas within the Byers Brook Formation which
contain Uranium mineralization and were subjected to
. [

extensive diamond drilliﬁg (J-zone, DF-zone, DL-zone) are

described in detail. The J-zone, which is the westernmost

of these straddles, the conglomerate/siltstone marker wh&ch
separates the two volcanic cycles of the Byers Brook
Formation. The DF-zone is8 situated approximately 1.5 km
east of the J-zone and all except the northernmost DF-zone
is below (south of) the conglomerate/siltstone marker. The
DF-zone has been the focus of the most extensive diamond
drilling and hosts the largest and highest grade
mineralized zone discovered to date. A 20 m diamond drill
intersection grading 4 lb/t U O was discovered late in
1980 but follow-up drilling ii ?981 failed to delineate a
significant Tiﬁgralized zone. The dominant feature of the
DF-zone 15 a large rhyolite dome and flow complex which is
considered to be the main eruptive center. Thé DL-~zone is
a 1.5 km long diamond drill cross section located

approximately two km east of the DF-zone on the flank of

the main dome complex.

~/
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2.2 General Geology of the Wentworth Map Area

The oldest unit in the map area is the Proterozoic
Folly River Schis£ of the Bass River Complex. This,qnit
outcrops south of the Rockland Brook Fault (Fig. 4). It.
comprises a polydeformed submarine mafic volcanic pile
(Donohoe and Wallace, 1980). The mafic volcanic rocks are
_intercalated with minor\;ed to maroon, Jésper iron
formations, which range fr;h' aﬁproximately 20 cm to 2.5 m
in thickness and are locally associated with concofdaﬁt |
carbonate bands which are 1 to 20 cm wide. The Foll; River
Schists are in fault.bontact along the Rockland Brook Fault
with the Hart Lake Granite and the Folly Lake Diorite to
the north. The igneous rocks and the sEhists are mylonitic
in the fault, and the zone of mylonitization randges from 10
'to}lSO m wide (Donohoe and Wallace, 1973). '

The Sil&rian Wilson Brook Formation underlies the
northeast corner of the map area, on the west side of the
Wentworth Valley (Fig. 4). The Wilson Brook Formation in
this area comprises grey, fossiliferous siltstone and shale
underlain by felsic volcanic rocks. The Wilson Brook

Formatioq is juxtaposed against the Byers Brook Formation

to the east along a north-south fault which forms the

Wentworth Valley.
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The Folly Lake Diorite is suggested to be

<

Devono-Carboniferous in age (Clarke et al., 1980; Donohoe

§

and Wallace, 1980). It is interpreted by Donohoe and
Wallace (1980) to predate the Hart Lake Granite, however
field relations suggest that the two plutons may ‘be
coeval. The c;ntact between the diorite and granite is
sharp and very irregular with hypidiomorphic, medium
grained quartz digQrite making deep and abrupt indentations
into medium grained, hypidiomorphic hornblende granite.
The reverse relatiénship is just as common. There is no
chilled margin on either the granite or the diorite at the
confact. Pegmatite and aplite dikes from the granite.vein
the diorité and there is a higher density of veining near
the contact. These veins alsp intrude the granite and are
probably véry late stage. Isoiopic dating (Table 3) has
shown~that the Fountain Lake Group is coeval with the Hart
Lake Granite. In the Wentworth area the Folly Lake Diorite
does not intrude the Fountain Lake Group the base of which
is everywhere intruded by the Hart Lake Granite, however,
the diorite intrudes Fountain Lake Group volcanic‘rocks at
its western contact near Simpson Lake (Fig. 2).

The focus of this study is on the

Devono-Carboniferous Byers Brook Formation of the Fountain

Lake Group and the associated Hart Lake Granite. Donahoe

—

’

i
A




-34-
and Wallace (1976-81) have subdivided the Fountain Lake
Group in the’Wéntworth area into the older Byers Brook'
Formation and the founge;‘Diamﬁnd Brook Formation (Figs. 2,
4 and 4a). Theée formations are generally'poofly exposed
-in the map area and the crude stratigraphy is defined by

interpolating between areas of adequate exposure. Detailamd

stratig;aphy of the J-zone, DF-zone and DL-zone has been

. derived from diamond drill cross sections supplement

the limited bedrock exposure.

The Byers Brook and Diamond ‘Brook Forpe€ions (Fig.

4) comprise bimodal volcanic and volcaniclastic &trata

which strike northwest-southeast (approximately 1200),

and dip steeply (70—800) north. The Bvers Brook
Formation is in gradational contact with the Diamond Brook
Formatio; in the northeast corner of the map area.

The Byers Brook Formation is divided into two
discrete volcanic packag;s by an east-west trending
conglomerate/siltstone marker horizon. The gonglomerate is
75 m to 130 m thick and has been traced from ﬁorth of the
Wentworth Ski Hill (Fig. 4) in the west, over 3 km eastward
to the J-zcone. In the J-zone the conglomerate intertongues

with and is partly overlain by laminated to massive

siltstone. The transition from conglomerate to siltstone

is abrupt, occurring over 50 to ﬁbo m. The s8iltstones
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exteﬁd eastward along strike throusgh theVDF~zone tq the
east side of the DL-zone and are continugus except where
interupted by a major dome/flow complex in the DF-zone.
The siltstones range in thickness from 15 to 75 m. In the
west) north of the ski hill ‘the conglomerate is overlain by
approximately 200 m of siltstones. These beds pinch,;ut
abraptly and are not continuous eastward to the J-zone.

~

The siltstones and the conglomerate represent a period of

volcanic quiescence and are time-stratigraphic equi\qlents.

The base of the Byers Brook Formation 1is d ¥

everywhere intruded by the Hart Lake Granite. The Hart
Lgke granite is\?ranophyric or micrographic with miarolitic
cavities at the contact witJ the Byers Brook Formation
voléanic rocks. I grades through fine to medium grained,
hypidiomorphic,” hornblende granite, southward, away from
‘the contact. This southwa:d transition fro& higher level
to deeper leveL granitic textures suggests that the Hart

Lake Granite and the Byer%jBrook Formation were rotated

togéther as one block.
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The oldest rocks of the Bvers Brook Formation are
in the southwest since bedding faces north-northeast. The

southernmost rocks consist of a thick (500 to 2000 meters)

section of felsic tuffs and ash flows with minor

conglomerate and sandstone iAterbeds. These rocks sparsely
outgrop on the west side of the map area‘(Fig. 4)1 south of
the Wentworth Ski Hill. This undivided succession of ash
flows, tuffs, sandstones and conklomerates 1s juxtaposed to
the west against the Wilson Brook Formatinon sedimentary and
volcanic rocks along the north-scuth fault which forms the
Wentworth Valley. These distal pyroclastic and epiclastic
rocks are pooriy exposed eastward along strike to the upper
drainage of the Dotten Bropk (Fig. 4) on the west side of
the J-Zone. ‘

East from the J-zone 1n the lower Byers Brook
Formation sequence (ie. below the conglomerate/siltstone
marker) there.is a marke® change‘in the volcanic and
clastic rocks. - Immature conglomerate and sandstone
intertedded with subaerial, felsic pyroclastic rocks
comprise the sequence west of the Dokten Brook. East of
the Dotten Brook, stratigraphlcal{yvunderlying the' marker
conglomerate/siltstone, rhvolite a;; basalt flows are

.
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interbedded with Subaqueous to“subaer1§1 pyroclastic rocks
and lacustrine” siltstones or waterlain tuffs. Thisg wesgt
to east transition from subaerial to subaqueou§
depositional environment is also refiected in the overlying -
‘marker bed in which there is an abruEL transition from
conglomerate to lamnated diltstone in the western J-zone.

Rhyofite flows typically overlie basalt flows and
composite dikes occur in the vicinity of basalt/rhyolite
flows. This ?henomenon of composite flows fed by composite
dikes has been docu;ented by Gibson eQ al., (1963) in ‘
Iceland and Gamble (i979) in northeast Ireland.

El

Individuai basait flows are commonly separated by

up to 30 cm of siltstone or thin (<20 cm) tuffaceous beds. 3

The relatively thin pyroclastic units which occur in the

v

eagstern part of the lower sedﬁence are lapilli or crystal
tuffs in which bedding ranges from massive to graded. Al}
units.are va;iably veihed by quartz, calcite, epidote,
chlorite, fluorite and/or ﬁagnetite. The pyroclastic and
sandstone sequences west of Dotten Brook are Earely veined
except for m&nor quartz and epidote/chlorite veining\
associated with diabase dikes., Most intense veining 1is

found in rocks nearest the larde rhyolite dome/flow complex

in the DF-zone.
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The absence of lava flows west of Dotten Brook
suggests that these rocks were deposited distal from the
.volcanicv vent. The most westerl;' occurrence of rhyolite
fiows in the Lower Byers Brook Fﬁormation was observed in
the J-zone. In the J-zone the single rhyolite flow is not
voluminous. The large (1} km X 1.4 km) rhyolitec dome and
flow complex in the center and eastern DF-zone is suggested
to be the main eruptive center. This complex interubts and
partly overlies the siltstone marker and was probably a
palaeotopographic high. DL-zone geology is characterized
by smaller, composite rhyol‘ite and basalt flows interbedded
with laminated cherty siltstone betqis And several ash flow
sheets.

The lowerl Byeré Brook Formation velcanic rocks are
cut by diabasic, rhyolitic and composite dikes. Locally
.diabase dikes and sills are the dominant lithology within
the volcanic pile, At least some of the dikes are feeders
for the basalt and rhyolite flows. Cross-cutting mafic
dikes indicate more than one intrusive event,

‘The composite dikes typically have a chille'd
diabasic‘ margin and a, rhyolitic core. Gibson and Walker

{1963) susgest that to emplace a magma as viscous as

rhyolite into cold country rock as a dike it is necessary

to emplace it as a composite intrusion. The heat loss from
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a sheet-1like body, as opposed t;a a plug, ﬁrevents
enplacement of rhyolite dikes without a less viscous hot
blanket of diabase. The rhyolite is insulated from t.he,
cold country rock and gains the latent heat of
crystallization from the diabase as it is chilled.
Numerous cage studies of composite dikes and composite
flows 'have been documented (Rogers and Gibson, 1977; Buist,
1959; Rao, 1958; Gibson and Walker, 1963; McSween et al,
1979). 'I;vhe consensus of opinion of these authors is that
composite dikes are emplaced in extensional tectonic
regimes, '

Rhyolite dike_s are abundg{it in the DF-zone,

associated with the large rhyolite dome/flow complex.
Gibson and Walker (1963) o’bserved that rhyolite dikes

occurred only in the cores of central volcanoes in Iceland.

'The presence of rhyolite dikes intersecting the large

rhyolite complex in the DF-Zone supports the interpretation
that this was an eruptive center for the Byers Brook ’
Formation ;lbeit at a much smaller sca.l.e than the suggested
Iceland correlative.

In summary the main volcanic center in the DF-zone

is flanked by the J-zone to the west and the DL-zone t& the

east in which small fisflure eruptions of composite flows

were probably fed by composite dikes. West of the J-zone
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the environment of deposition changes from subaqueous to
subaerial and distal pyroclastit; rocks are interbedded with
unsorted conglomerates and sandstones.

-

2.2.2 Upper Byers Brook Formation
R

;\bove the conglomerate/siltstone marker horizon
there is an abrupt change in volcanic rocks from lava flows
and thin pyroclasticrunits which underlie the marker bed to
thick felsic ash flow sheets with intercalated
agglbmeratea. lahars and tuffs, quggesting_a transition
from relatively passive to explosive volcanisgm.
Approxfmately 2200 m of ash flows wet;e deposited before a

second transition to more passive volcanism and effusion

~

of rhyolite and basalt flows which grade into basalt flows -

of the Diamond Brook Formation in the northéast corner of

the\map area.(Fig. 4). The ash flows are subaerial,

generally pink to orange-red except near the base of the
)

sequence. The earliest ash flows in *;.he northern part of

the J-zone and zones east:ward are mottled red-green to

dominantly gr;een and Qere probably deposited in shallow

water. .There is an abundance of basaltic lithic fragments

in the earliest ash flows but 250 meters up-section from

\
\

&
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» the marker bed, lithic fragments are almost entirely
rhyolitic,
J | In the western part of the map area, (Fig. 4),

north of the ski hill there are approximately 500 m of ash
- flowa exposed, ‘overlying the conglomerate/siltstone
marker. These are juxtaposed against Carboniferous basinal

: sedimentary rocks, which generally unconformably onlap onto

)

the Highlands. The ash flows cg;u be traced approximately 2
'km east lto a large diabase dike (Fig. 4) and extend further
along strike be;rond the dike. The ash flows comprise
sheets of 250 m thicknegs or greater, althoggh exposure
doces not permit rigorous separation. These thicker s'heet.a‘
grade upwards into thinner welded ash fl.ows (approximately .
75 m) and more abundant unweldefl tuffaceous horizons and
ultimately become interlayéred with rhyolite and basalt .
flows in the northeast part of the map area. These rocks

are unconformably ovwerlain by shallowly dipping, onlapping

! .
Carboniferous sandstones approximately 400 m north of the

4 -
map area. The contact between the Fountain Lake Group and
. the Carboniferous sedimentary rocks forms the prominent
scarp along HigMay 248 from Wentworth to New Aanan.

Reconnaissance mapping along the contact between

the Byers Brook and Diamond Brook Formation in the

‘ northeast part of the map sheet, has delineated a
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continuous zo;; of rhyolite flows along the contact (Fig.
4). Thé rhyolite flows are intercalated with basalt flows,
ash to lapilli tuffs and rhyolitic adgglomerates.

In theisequence immediately underlying the Diamond
Brook Formation a lithic tuff for?s an 80 to 120 m basal
unit containing 0.1-2.0 cm rhyolite clasts occurring in 0.5
to 5 m thick beds separated b& 10 cm fine ash horizons.
This uni\ is overlain by a 20 to 30 m thick basalt flow
with a strongly yesicular flow top which is in turn
overlain by a 50 to 150 m tﬁick rhyolite .flow. The
rhyolite flow is locally strongly silicified and contains
abundant fluorite—filled\vugs. Discordant zones contain
70-90X quartz and commonly fluoriﬁf—filled 2-15 mm
lithophysae reminiscent of the lithophysae-rich zones
observed in the DF-zone rhyolite complex. This is the
‘transltion zone between the Byers Brook and Diamond Brook
Formations. Expogure is poor north of phe rhyolite flow

but intercalated basalts, rhyolites and lithic tuffs grade

into the Diamond Brook Formation over approximately 300 m.

Anomalous radioactivity/iﬁ associated with the rhyolite

flows but the economic potential of this area has not been

tested .

Little work has been done on the easternmost Byers

Brook Forkation, east of Byers Lake (Fig. 4), and no marker
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horizons for stratigraphic correlation have been : ~
discovered. '

In ,summary, the Byers»Brook Formation in the
Wentworth area records two distinct volcanic cycles,
separated by a conglomerate/éiltstoﬁe marker horizon. Both

cycles were initiated by explosive pyroclastic volcanisa

:qhich waned to emplacement of rhyolite and basalt flows.

2.2.3'§tructure of the Byers Brook Egzgagign

¥
B

Numerous north-south trending faults have caused
minor offsets in the‘Byers Brook Formation stratigraphy.
Offsets range from less than 1 meter to several tens of
meters. The dominant structure in the Byers Brook
Formation is the prominent East Wallace River-Debert Lake

»
lineament which is oriented at approximately 140o azimuth
(Fig. 4). This fault i§ marked by a deep stream valley
and itrong fracturing of the surrounding bedrock. . Diamond
drill hole JZ-13 attempted to probe the fault zone but 43
meters of diamona drill césing was pushed down wiphdut
intersecting bedrock. The lineament is marked by a very

p}onounced airborne EM anomaly. Dip-slip displacement such

that the southwest block was downthrown was :accompanied by

sinistral movement which juxtaposed Byers
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Brook Formation volcanic rocks against granite to the

northeast, near Debert Lake, and TL120+00S (Fig. 4).

2.3 Geology of the J-zone

k)

The J-zone is located on the Cobequid Grid (Fig.4)
between line 24400 east and line 20+00 west and between
line 12+00 south and 40+00 north (all grid coordinates are
measured in feet). Overburden in the zone is generally
less than i m; but bedrock is not well exposed.

) o
Stratigraphic units in the J-zone strike southeast (110 )

and’dips steeply 170-800) north. The south margin of the
J-zone is intruded by the Hart Lake/Byers Lake Granite,
The stratigraphy of the J-zone is illustrated schematically
in Figure 5 and in the diamond drill cross section (Fig. 6)
which is included in the back pocket. The diamond drill
hole location map and and diamond drill summary for the
J-zone are included in Appendix 1.

The oldest unit mapped in the J-zone is a dark
grey crystal-lithic tuff of intermediate composition, ‘
approxiﬁately 15 m thigk. At least six basalt flows with

an apparent total thickness of 125 m overlie the crystal

tuff. Individual flows vary from 5 to 50 m in thickness.
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The uppermost basalt flows are intercalated with a rhyolite
flow and the marber conglomeraté,l Thi-eastward strike
extension of the conglomerate is manked by a rapid
transition into laminated to thickly bedded siltstones,
cSmposed of fine grey-green ash.

;%e period of relative volcanic quiescence during
which the conglomerate and siltstone were‘ deposited ended
with the explosive eruption of ash flows. Four ash flow
tuffs have been defined in the J-zone but'the total
thickneés of ash flows extends well beyond the J-zone to
the Bvers Brook-Diamond Brook. Formation transition zone.
The earliesat ign}mbrite was erupted onto a palaeosurface
littered with basaltic and felsic debris which has been
incorporated into the base of the ‘ash flow. The o}dest ash
flow tuff is divisible into two subunits; a lower subunit
with an unwelded to weakly Jelded base which grades upwardé
into a strongly welded zone, the upper subunit is

completely welded. This is typical of single eruptive ash

flow sheets.

The overlying ash flows in the J-zone are simple
cooling units in which unwelded-lithic fragment-rich bases
grade upward into welded ash flow tuff. The lithic

fragment-rich zones gradually become more depleted in

basaltic lithic fragments in each successive ash flow up
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section. The colour of the groundmass in the two {owermost

ash flowé is grey to greeh, the youdgest of these sbows a
transition from grey at the base to red near- the top. 1t
is suggested that the eaply ash flows were deposited in
shallgw water.and grade upwards to subaerial ash flows
because the early subaqueous ash flows are overlain by

\Rinely laminated, dari green to grey siltstones composed of
gsh whereas the laser subaerial welded ash flow tuffs are

. : !

;J’overlain by a poorly preserved veheer of massive Eed-brown
tuff. The siltstones are greenish grey and laminae are
graded and_exhibit load casts, flame structures and
ripples, textures consistent with deposition in shallow
water. The massive red brown tuffs are typical of
subaerial depositional environments showing no sign of
reworking by watsr.

The J-zone is intruded by numerous diabase aikes

composite dikes some of which may be the feeders for

basalt and rhyolite flows.

+ The DF-zone lies between lines 40+00 east and
70400 east and between line 50400 south and the 0+00 base

line on the southwest—side-down block along the prominent

~
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East Wallace River/Debart Lake lineament (Fig. 4) within a
large embayvment in the Hart Lake/Byers Lake Granite. The
DF-zone is almost enti}ely'covered by alfﬁvium. resulting
in less than 5% bedrock exp;sure except in the northeast
quadrant where there i1s approximately qox exposure of the
m;in rhyolite fiow/dome complex. The stratigraphy of the
) &

DF-zone is illustrated schematically in Figure 7. Figure 8
shows diamqnd drill cross sections through the west and “
east DF-zone. Thé DF-zone diamond drill hole location map
and drilling summary are in Appendix 1.

The southernmost (oldest) rocks in the DF-zone ~

comprise unwelded grey tuffs, which outcrop immediately

north of the Hart Lake/Byers Lake Granite. The tuffs are

overlain by an approximately 15 m thick bgsalt which is

covered by a veheer of angular vesicular basalt fragments

in a brown tuffaceous matrix. A 20-50 m ash fall tuff unit

overlies the basalt. The tuff comprises a lower fine ash

zone oveflain by a lapilli-ash zone which fines upwards

into a second fine ash zone. The tuff.-is overlain by a

10-40 m rhyolite flow with an autobrecciated top and base

and flow layering developed throughout the center.

Black to green, very fine grained, laminated to

massive ash or giltstone overlie the rhyolite flow. These

.
ash or siltstone beds are correlated westwards to the
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J-zone and are the strike extension of the
conglomerate/siltstone mérker horizon. These beds underlie
and partly onlap the large rhyqlite flow/dome complex which

is the dominant teature of the DK-zcne. The complex has

v ~

been traced southegst to Fhe west bank of Big Snare Lake
(Fig. 4). émall radioactive showings have been found along
this section. On the east bénk of Big Snare Lake‘diamond
drill hole DL-16 intersected a cupola of the Hart
Lake/Byers Lake Granite which has a zone strongly enriched
in rare earth elements, tin, tgngsten and thorium. The
morphology of the complex suggests that the cupola may be
the feeder from thebunderlying maéma chamber. This
complex causes a break in the laminated ash or siltstone
beds which are 'continuous on the east side of the dome
complex in the DL-zone, and was probably a
pa’'laeotopographic high.

Overlying the laminated siltstone on the west side
of the DF-zone (Fié. 7) is a series of several ash flows
separated by thin tuffaceous horizons. Graphitic zones at .
the base of the earliest ash flow suggests the presence of
orgunic material associated with the underlying lacustrine
sediments; These ash flows are correlated with the ash

flows which overlie the comglomerate and siltstone in the

J-2one.

)

—
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Overlwying the large rhyvolite flow/dome compiex in

the eastern DF-zone, and partly overlying the adjacent thin

ash flows flanking the flow/dome complex in the western
DF-zcne, is a 15 m thick basalt flow which is in turn
overlain by a strongly porphyritic rhyolite flow. 'The
rhyolite flow comprises 30-40%, 0.5-1 mm K-feldspar and
quartz crystals and 15-80%, 1 to 5 mm lithophysae. The
base of the rhyolite flgw has incorporated 1-15 cm basaltic
and felsic lithic fragments. The rhvolite filow is overlain
a by >1.5 km thickness of ash flows tuffs with rare
agglomerate and laharic horiions.

The stratified units of'the DF-zone are intruded
by the Hart Lake Granite in the south. Numerous dikes and
-sills intrude all rock types and locally comprise up to 40%
of the bedrock. Composite dikes and rhyolite dikes were
intersected by nearly all drill holes in the DF-zone, with
a higher density of dikes associated with the main
flow/dome complex. Two texturally distinct rhyolite dikes
are thought to represent the last felsic magmatism to have
occurred in the DF-zone. These dikes are the most
continuous features in the DF-zone and intersect the
stratiéraphy aImost at right angles. Texturally the dikes
are almost completely spherulitic with flow layering and

axiolitic textures developed on dike margins. fhey are
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chemically distinct 1n that they consistently contain

between 1100 ppm and 1600 ppm zirconium.

The Dl;'-zone is on the east side of Big Share l.ake
(Fig. 4), between lines 88+00 and 120+00 east and lines
12400 and 84400 souF.h on the Cobequid grid. The DL-zone
extends across a‘ppro‘;imatel& 1500 m stra'ti.graphic
thickness., Stratigraphy has been d-efined from a
combination of bedrock mapping and a diamond dcill core
cross section-through the zone, The stratigraphy of the
DL-zone is presented schematically in Figure 9 énd the .
actual diamond drill cross section (Fig. 10) is included )n
the t;ack pocket. The DL-~zone diamond drill ho.le locations

and di‘illing data are given in Appendix 1.

i s

The oldest unit in the DL-zqne is a basalt flow 4
whlcb is approximately 20 m thick. The basalt flow is

overlain by a lapilli, crystal tuff, which xﬂay corre‘late_

with the tuff overlying the lowermost basalt flow 'in the
DF-zone. The t.uff compriges 30-40”(‘unsorted, 1-5 mm felsic
and mafic lithic fragments in a light grey ash matrix. It
is locally separated from the granite by an intervening

3-5 m diabase dike. The tuff is approximately 60 m thick.
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Overlying the crystal lithic tuff unit is a >

50-60 m, grey weathering rhyolite flow which is strongly

SN,

flow layerea. The rhyolite flow is overlain by 20-40 m of
basalt which is in turn overlain by approximately 400 m of
ignimbrite with strongly welded pumicec fragments (fiamne)
and ash to lapilli size crystal and lithic fragments. The
ash flow 138 overlain by a 50 m thick sequence of basalt
tflows. The basalt flows have 1irregular, vesicular flow
tops and are locally intensely chloritized. A 100-200m
thick rhyolite flow overlies the basalt flows. The
rhyolite flow has strongl; dpveloped millimeter-scale flow
layering which i1s flow folded and autobrecciated. Although
the flow is relatively thick it is laterally
discontihuous. Degassing breccia dikes are abundant. The
flow base has‘incorporé.ted fragments from the underlying
basalt flow. Laminated ash or siltstone interbedded with
cherty horizons fl;nk the rhyolite dome But do not over:ie
it. A zone of siliceous sinter, cdmprLsing massive,
amorphous cherty material which outcrops east of DL-zone is
10 to 20 m thick. This sinter outcrops approximately along
str;ke ana is thought to be a strike extension of the
cherty siltstone bed;. but exposure is not good enough to

make a definite correlation.
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The rhyolite tflows are overlain vertically and

laterally by 30-40 }: of basalt and approximately 100 m of

tuffs ana ash flows. The ash flows typically have lithic
fragment rich bases, grade through a thin, spherulitic,
devitrified zone into a strongly welded zone wi‘th abundant
large fiamme. The ash flows are overlain by a sequence of
massive to laminated ash to lapilli crystal tuffs. The
laminated ash beds are graded and fine northwards. Th[e
base of these tuffs is thought to be subaqueous with an
upwards (north) transition to subaerial near the top where
the tuffs are massive and hematized, with strongér
hemgtization between distinct tuff beds.

The subaqueous to subaerial tuffs are overlain by
a 500 m thick section Eof ash flows, lithic tuffs and
~agglomerates intercalated with a 150 m flow-layered and
spherulitic rhyolite flow and a 10-20 m thick basalt flow.
Basalt flows, bedded crystal and ‘lithic tuffs and rhyoiite
flows -over’llie the thick pyroclastic sequence. The
individual rhyoclite and basalt flows are 5-20 m thick and
are overlain by ignimbrites.

The northernmost parp of the section crosses the
East Wallace River/Debert Laﬁe fault (Fig. 9) where granite

in the upthrown block (northeast) 1s juxtaposed ‘against
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Byers bBrook volcanic and volcaniclastic rocks in the
downthrown block (southwest).

The Hart Lake Granite intrudes the Byers Brook
Formation in the south and west {(Fig. 4), and the granite
contact dips gently eastward in this zone. -

Diabase and composite dikes intrude the DL-zone
volcanic pile. In the southern UL-zone aplite and
pegmhtlte dikes cut the granite and the rhyolites.
Magnetite veins and anomalous radicactivity 1is associated

with some of the aplite dikes

2.6 Petrographic Descriptions of the Map Units

2.6.]1 Crystal Lithic Tuffs

Urystal and lithic tuffs range from brown to dark
grey in colour. In the J-zone the fiﬁe grained ésh matrix
supports approximbtely 20%, 1~5 mm white to rusty red
feldspar crystal fragments and up to 5% reddish to dark
green angular to subrounded ash to laptlli size basaltic
and rhyolitic lithic fragments. Bedding is weakly defiﬁed
by alignment of lithic fragments. The mixture of felsic

and mafic clasts give the tuff an intermediate composition.
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In the southern DF-zone dark grey lapilii and ash
tutfs of intermediate composition are poorly exposed in
bedrock and have been intersected in diamond drill holes
DF-36, DF-37 and DLK-38, immediately north of the granite
contact. The DF-zone tuffs_ére dark grey or bléck to dark
brown in colour. Bedding is massive to thickly bedded
(approximately 3 m thick beds). Lapilli tuffs comprise
50-70% basaitic and felsic lithic fragments (Plate lf'in a
black .ash groundmass. The lapilli-ash tuffs are rhythmic
beds of lapilli tuff which fine upwards into fine black ash
tuff. 'The beds are 0.5-3 m phick and only the top 10-50 cm
is composed of fine ash. This bedded tuff zone ultimately
grades into a 5-10 m thick massive, black ash tuff at the
top. The base of this lapilli-ash tuff unit is intruded by
the H;}t Lake/Byers Lake Granite so the original thickness

of the unit is nbt known.
2.6.2 Basalt Flows

The basalt flows are all megascopically similar in
appearance (Plate 2 and Plate 3). The "basalt flows are
black to dark green and are aphanitic to very. fine
grained. They are generally Aphyric but flows with 1-5%,

1-3 mm plagioclase crystals have been observed, especially




Plate 2: Amygdaloidal basalt flow.

Plate 3: Photomicrograph of amygdaloidal basalt,
with calcite-chlorite filled amygdule in
the lower left corner of the. photograph..
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sn the J-zone. The flows are vesicular and/or amyvydaloidal
atitl the dreatest concentration of vesicles occurs at flow
taps. (‘j,‘ﬂss'iterit.e associated with fluorite has bheen
observed in amygdules in one bgsalt flow in the J-zone
{(A.K. Chatter jee pers. com., 1983). Amygdules are commonly
irregular and elongate near flow margins but are spheroidal
in flow interiors.

In the J-z2one there are at least six discrete
basalt flows in the pile, separated by 10-50 c¢m grey or
brown ash zones with an ;bundance of strongly amyqda%oidal
basalt fragments. Single basalt flpws in other zones are
usually overlain by a veneer of ash and basalt fragments
similar to those observed between basalt flows in the
J-2one.

Epidote veinlets from 0.! to 5 cm wide are locally
abundant and minor epidote veining is ubiquitous throughout
the basalt flows. Calcite veinlets between 0.1 and 1 c¢m
wide are rare to locally abundant, but ubigquitous in the

basalts.
k The basalts are moderately to strongly chloritized
and may or may not be magnetic. Epidote, hematite and

chlorite alteration selvages are common along veins and

fractures.
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In thin section the basalts show typjical

glomeroporphyritic texture of 0.1-0.75 mm cubedral

plagioclase laths with interstitial anhedral mafic and

opaque minerals, The mafic minerals may be strondly to
completely altered to chlorite and epidote with accessory

biotite. Relict pyroxenes are the only primary mafic

minerals observed in some thin sections. Some basalt flows
are only weakly chloritized.

Opagque minerals comprise-3—5% of the rock.
Magnetite is the most abundant opaque mineral but pyrite
has been observed in some flows.

Amygdules range,frqm 0.2 mm to 2 cm in diameter
and ?re filled with chlorite, calcite, epidote, fluorite,
quartz and rarely barite. These same minerals are

represented in veinlets which range from 0.1 mm to 2 c¢m

L4
wide.

2.6.3 Rhyolite Flows and Dome

~

The flow in the J-zone varies from reddish near

. the top to greyish-brown or pink near the bhottom, and is
best observed in the lower 40 meters of drill hole J7Z-10.
The flow contains 5-10% euhedral to subhedral, white to

buff K-feldspar phenocrysts which are 1-4 mm long and
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embayed, sometimes bipyramidil quartz phenocrysts which
rande from 1-3 mm. Crystals commonly are surrounded hyv =
1-2 fm hematized rim and are heosted by an aphanitic
groundmass which is flow layered and completely
microspherulitic to granophyric. Fewer crystals and
thinner alteration rim% are observed near the flow
margins. Ahundaht mafic material from the underlying
basalt flows has been incorporated into the base of the
rhyolite flow and the.base ié.strongly flow brecciated and
epidote veined. ThHe basaltic material is restricted to
within approximately lxmeter of the rhyolite-basalt.
cbntact.

Rhyolite flows and domes are the dominating
feature of the DF-zcne. They are strongly flow layered and
flow layers exhibit drag<folds and locally havg been rolled
into Evlindrical structures., Floy layers rande from 1 mm
to approximately 1 meter wide. In the main dome/flow
complex in the DF-zone the flow layering is conéorted but
oriented geneéraliy north-south. Flow layering in the
earliest flow, which underlies the main dome complex énd in
the: last flow which overlies the main dome complex is
oriented approxihately east>west.

Abundant zones in which lithophysae comprise

50-90% of the rock, discordantly and‘abruptly cut the flow
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layers, or are dragged out concofdantly aiong fiow layering
(Plate 4). Lithophysae range from 0.2-5 cm in diameter but
are most commonly in the 1-2 cm range. The lithophysae are

sphercidal to oblate or irregular and are commonly

brecciateq and overgrown by second and thi;d'genération
]

lithophysae, attesting to more than one degassing episode.
They have a characteristic concentricaliy‘panded shell and
a radially banded interior which may be filled with quartz,
K-feldspar, chlorite! epidote, rarely fluorite or are
Qometimestempty. Lithophysae-rich zones are usually
strongly oxidized to red but are locally green.
Devitrification textures are well developed in pbe rhyolite
flows ang domgs._ Axiolitic textures are observed along
flow iayers. Spheruiites ranging from miq}dscopic to 2 ¢cm
are abundant (Plate §). Spherulites often form crude
layers, occur in clusters and comﬁonly nuéieate on
K-feldspar or quartgz crystals., The groﬁndmass of rhyolite
flows 1s commonly completely micro-spherulitic.

Rhyolite flows are aphyric or weakly to strongly-
porphyritic, containing up tg BOX_K-feldsﬁar and quartz
crystals. The youngest flow in the DF-zone has the highest
proportion of crystals compriéing approximately 25%

K-feldspar crystals and 5-10% quartz crystals.




-

Plate 4: Lithophysae-rich zone in which
lithophysae are flattened and dragged
along flow layering in flow layered
rhyolite.

L

- L3

Plate 5: Spherulitic rhyolite flow.
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The flows dre aut_o‘brecciated especially near flow
margin and dégassing breccias are abundant (Plate 6)
Hi-nor t’els‘ic and basaltic debris are incorporated into some
rhyolité flow bases. These clasts tend to be concentrated
within a meter or two of the basal contact.

Pumice fragmsnts are observed in the main
flow/dome complex and small pumice fragments are scometimes
stretched and flattened along flow layers. This is
observed only in the main fl'ow/dome compléx. ‘The main
complex is intersected by abundant rhyolnite. composite and

diabase dikes.

Rhyolite flows in the DL-zone are téxturally

similar to those described in the J-zone and DF~zone. They

are composite flows with flow layering, contain lithophysae
zones wiﬁh 10-70% lithophysae, are spherulitic or axiolitic
and vary in colour from green to red. The flows have a L-5
mm light. grey weathered rind. Autobrecciation is common.

’ Fl_ow§ in all zones are variably altéred by the
intrusion of numerous dikes and are strongly to weakly
fractured. Fractures host veins.of quartz, calcite,
epidote, chlorit:e and fluorite. These veins vange from 0.1°

mm to 20 cm wide. Locally shearing and fracturing
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accompanied by very strong hematite and chilorite alteration
has destroyed all primary textures.

Accessory minerals identified in the rhyolites are

zircon, sphene, magnetite, pyrite, barite and allanite.

2.6.4 Rhyolite Tuffs

Rhyolite crystal and lapilli tuftf which is the
stratigraphically lowermost unit in the DL-zone comprises
30-40% unsorted felsic and mafic lithic fragments which
range in size from ash to lapilli, and approximatély 10%,
1—3 pm K-feldspar and quartz crystal fragPents in a light
grey ash matrix. This unit is correlated westward to the
DF-zone where the tuff has a fine ash base in sharp contact
with a laéilli rich zone which is weakly graded and fines
upwé}ds into massive green fine ash with laminar bedding at
the top of the unit, In the lapilli zone the lithic
‘fragments are angular and are approximately i5% felsic.

The lapilli zone comprises approximately 80% fragments and
20% matrix, and pyr;te is disseminated throughout the

matrix. i
Rhyolite tuffs (Plate 7 ) are exposed at numerous

levels in the stratigraphic column, generally as thin

discontinuous beds. They commonly overlie rhyolite flows
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or dcrur as narrow tuffaceous zones .locally preserved
bniweep ignimbrite sheeté. In the pyroclastic sequence
above the marker horizon tuffaceous beds in excess of 350 m
thick have been observed. The tuffs range from unsorterd
and massive to g}aded beds which may be composed completely
of fine ash to only approximétely.EO% ash as 'a matrix
around lithic and cry;tal fragments. Except for -the
lowermost tuffs in the J-zone and DE-zone all other tuffs
are rhyolitic to dacitic. Lapilli fragments are T75-95%
felsic but there is always a minor basaltic component
present. Strongly chloritiéed or sericitized pumice
fragments are commcn. The éroundmass of the tuffs may be
green,’red, white or gréy. Lithic fragments range fromg ash

through lapilli to block'size (rarely up to 1 meter). Some

tuffs contain up to 15-20% K-feldspar and quartz crystal

fragments.

In thin section the tuffs are commoély hematized
and or chloritized. The groundmass and felsic lithic
fragmehts_are variably sericitized, ranging from weak,
patchy sericite alteration to compléte serici£ization of
the groundmass. Mafic lithic fragments are usually
strongly chloritized. P}rite occurs in trace amounts 1in

most tuffs with local concentrations of 2-3%. fhe tuffs
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have abundant fractures which are filled by microveinlets

of quartz and less abundant epidote, calcite, chlorite and

fluorite.

v

2.6.5 Conglomerate

The polymictic conglomerate extends from north of

the Wentworth Ski Hill (Fig. 4) to the J-zone. In the

J-zone the conglomerate has a dark grey‘to black fine
grained sandy matrix.suppbrting sgbangular to very well
rounded clasts which range up to 5 ¢m in diameter. West of
the J-zone the matrix of the conglomerate varies from red
to green or mottled red and green. The clasts consist of
felsic and mafic volcanic rocks, quartz pebﬁles. siltstones
and granite. Except for rare graded beds and-rare‘conrso
sandstone beds the conglomerate is unsorted, suggesting

ANV
derivation from immature sediments close to .their source.
Pyrite and trace chalcopyrite range from aﬁproximétely 1-5%
and occur as disseminations in the matrix and as rims on
clasts. The conglomerate is a lateral equﬁvalentAto
laminated siltstones whiéh occur at the samelstrétigraphlv

level, and partly overlie the conglomerate in‘tHe J-zone

and north of the Ski Hill.




2.6.6 Laminated Siltstones
[aminated si1ltstones composed of fine ash extend
from the center of the J-zone east to the DF-zone and are
continuocus on the east side of the main dome complex
through to the DL-zone. This unit }s‘thouzht to have been
Heposﬁted in a lacustrine environment. The siltstone unit
15 best exposed in outcrop in the eastern J-zone but
outcrops sparsely'in the DF-zone and DL*éone also. It is
best obsefved in drill core of the DF-zone and DL-zone.

) The siltstones in the J-zone occur as 1-5 mm
laminated beds of fine volcanic ash (Plate 8) with only
rare horizons containingvminor amounts of volcanic
lapilli. In the laminated beds slump structu;és, load
casts, flame structures and rippled bedding have been
observed. Lamin;ted siltstones in the J-zone drill core are
intercalated with the earliest ash flows which also overlie
the conglomerate marker. Pyrite is disseminated throughout

b
the unit in the J-zone but has accumulated more abundantly

in some beds, and concordant massive pyrite bands, 1-3 cm

thick have been observed. Minor disseminated chalcopyrite
s
1s ublquitous. Graphitic fault breccia zones in the

siltstone-unit in the J-zone locally host abundant
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chalcopyrite, bornite, chalcocite, galena and sphdlorito
and have assayved up to 5 ouncesuppr ton silver,

In the DF-zone bedding in the siltstonce marker
'ranges from 1-5 mm laminations to massive, and colour
varies from green to black. Normal «rading can be seen in
the thicker laminations with the aid of a hand lense and
all the sedimentary structures observed in the J-zone are
present in the DF-zone. In the DF-zone the beds are
locally contorted possibly due to soft sediment slumping
associated with volcanic activity in ;he adjacent dome
complex.

The base of the siltatone marker ip the DF- 2 one i§
a 10 ¢cm thick massive pyrite bed which grades upwards
through 40 cm of disseminated pyrite (5-20%) into another 5
cm massive (>50%) pyrite zone. Disseminated pyrite is
ubigquitous throughout the unit and there are several beds
which are up to 50 c¢cm thick and contain up to 15% pyrite
with accessory sphalerite, galena and chalcopyrite.
Graphitic zones are common and there are local uranium
concentrations.

Some of the beds are intensely epidotized.
Epidote is deposited along the bedding laminae and in

-

discordant veinlets. Siliceous beds are locally observed,.
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Near the top of the unit magnetite veins up to Zcm
wide are observed, at the base pyrite veins are common.
Fluorite veins up to 5 mm wide cut the siltstone; but they
are rare.

The equivalent siltstones in the DL-zone have a
green to grey or brown groundmass. Beds are sliightlv
coarser grained in the DL-zone with fine lapilli grading
upward into fine ash. Beds range from approximately 3 cm
to Il m thick. Cherty beds are interlayered with the graded
beds and range from 1 to 20 cm in thickness. The cherty
beds are thought to represent chemically preci;itated
silica, possibly from fumarolic fluids. East of DL-zone

approximately along strike a discontinuous chert body

1
%

approximately 10-20 m thick is thought to represent a

.
siliceous sinter. Although lack of outcrop prevents
definite correlation, it may be the source of the siliceous
beds in the siltstones.

In thin section the laminations show micro-graded

bedding and segregation of opaque minerals (Plate 9).
Sedimentary features such as flame structures and load
casts also occur on a microscopic scale. Crystals of
quartz, K-feldspar and pyrite with trace muscovite range up
to 0.5 mm in the laminated beds, consolidated in an

aphanitic ashy matrix which is pervasively sericitized and




.

Plate 8: Sample of laminated siltstone from
drill core. The siltstone comprises
fine ash interpretted to have been
deposited in a lacustrine environment.

Plate 9: Photomicrograph of lacustrine
siltstone, note the graded bedding and
flame structure. '
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locally strongly epidotized. Quartz and K-teldspar crystal

fragments up to 4 mm and lithic fragments up to 2 ¢m have
been observed in the graded beds in the DI-zone. Lithic

fragments include flow-layered rhyolite, ignimbrite and

basalt.

2.6.7 Welded Ash Flow Tuffs, Ignimbrites

By far the largest volume of ash flow tuffs
overlie the conglémerate/siltstone marker. The ignimbrites
underlying the marker are thinner but texturally similnr.to
those overlying it. Ash flows‘}n the Wentworth area have
red, pink, grey and/or green groundmass. They rung; in
thickness from approximately 20-75 m with some ash flow
sheets up to 500 m thick. The ignimbrites are not well
exposed but appear to be of very irregular thickuess,
possibly reflectipg Z;gged palaeotopography:

-

The base of the ash flows typically comprises an
unwelded fine_ash layer with pumice and lithic fragments.
This layer is abient in some ash flows. Where present it
is overlain by an unwelded lithic fragment-rich section 1n
which fragments are 70-90%X rhyolitic and 10-30%X basaltic’,
depending on the ash flow. There is a general decrease in

the proportion of basaltic fragments up-section from the
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marker bed. The lithic fragments are angular to

gubangular,_ ash to block siie,(up to 1.5 m‘erer‘s) ‘and
: (e o .

'consist—‘of flow~-banded t"hyoli‘te. ignimbrite, basalt,"’
spherulitic rhyolite pumice and tuf"t';§~.~',’l‘h(;' larg‘e.r block
gsize fragments are rhyolitic., Lithic fragments ;ommcnly

. have 1-3 mm reaction rims. Distribu.tion of fragment siy;(-s
is highly irregular but crystal fragments increase in ,
abunda\nce toﬁard- the top of some ash flows with up to 15%,
1-4 mm euhedral to subhedral K-feldspar crystals and 3"-*5')6,
1-3 mm embayed quartz crystals.’ )

. Flattened pumice fragments (fiamme) are green éo
dark b‘rown in colo.ur and comprise 5-40X of the welded
portion of ignimbrité sheets. Fiamme are Lensv—shaped,
typically with bifurcated edges, and often show reverse
grading (co;rsening upwards), E"I‘hey range from 1-40 mm on
the short axis and 1-40 cm ¢n t,”he long axis. . In i‘ntensehly .
welded zones fiamme are so highly flattened they become
wispy and are commonly indented by crystal or lithic
fra‘gments during compact...ion. The abundance of fiamme
results in ; strong eutaxitic fabric (Plate 10) which is

1ecally contorted, possibly indicating *rheomorphic flow or

prelithification slumpiné. Spherulites and lithophysae are

'1oca.11y abundant and glass shards, although indistinct, are

common, ranging from approximately 0.1-2 cm. Rhyolite
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lithic fragments in strongly we lded zones commonly have
1. {i1stinct edges, probabiy due to partial melting at the
fragment bounda’ryv. Trace pyrite is d_issemlr')ated throughout
most ash fldws, and occurs in higher concentrations locally
-

along bedding surfaces and as ainfilling of ‘Yumice
fragments. With a few exceptions slightly higher
concentrations of pyrite occur in drey or green ash f lows
than in hematized onec.

| In thin sectic.m the welded ash flows comprise
abundaﬂnt crystal ana lithic fragments, glass shards 'and
flattened purqice which define a fabric which developed
during compaction and welding. The groundmass comprises
very fine (+0.,0075 mml) crystals of K-feldspar and quarté 6r
\;ery frinely devitrified glasé.' Cavities in the groundmass
range from 1-4 mm and are filled with quartz, epidote or
chlorite. Pyrite is disseminated throughout the groundmass
and 1s locally concentrated along fragment boundaries or in
fractures,

Shards are completerly dévitrified, commonly partly
chloritized aﬁd are ty.pically cuspate (Plate ll). "

Quartz crystal's are anhexdral to sujbhedral and
embayed. K-feldspar crystals are euhedral to subhedra'l and

are sometimes weakly sericitized. Both crystal types are

generally strongly.micro—fractured. ' .

T
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.Plate 10: The ~abundance of fiamme commonly
results in a strong eutaxitic fabric in
the ash flows of the .Byer,s Brook
Formation. N

Plate 11: Devitrified glass shard with'typical
cuspate shape.







. - .
— ~u4-

have completely

s

devitrified axiolitic rims witfh spherulitic to

Fiamme are roughly lensoid. They

-aphanitically crystalline interiors and sometimes contain
phenocrysts of quértz. They aré often wrapped around
crystél or lithic fragments during 6ompaction and welding.

“"Chlorite and/or pyrite commonly mark the spines Oé'thn

fiamme.

Rhyolite lithic frdgments in welded zones

tfpically have ragged edges possibly indicating bartial

>

gesorption. This is not observed in ash fall tuffs or

I

unwelded parts of ignimbrite sheets. Mafic clasts are
N H ‘ . p—

always strongly chloritized and cpidotized.

2.6.8 Hart Lake Granite
J .

The granite has intruded aloﬁg Qhe southern
contact of the Byers Bréok volcanic rocks aﬁd is
iqtersected in drill core in the northern DF~zone on the
edge of the main dome/flow complex. In the northern
DL-zone the granite is faulted ageinst the volcanic rocks
along the East Wallace River/Debert Lake Fault. The pink
hornblende granite ranges from granophyric, through fine
grained to medium grained (Plate 12). It is comprised of

approximately 35X gquartz, 30% K-feldspar, 30% plagioclase
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and 0.5-2% Hornblﬂpde. Biotiié. ilmenite, magnetite,
zircon, sphehe allanite and barite are accessory minerals.
Graphic and micrographic intergrowths of éuartz and
K-€eldspar are common especially near the contact Qith the
volcanic rocks. Pegnatite pods of quartz and K~feldspar
from 5 to 20 cm wide and miafolitic caviiies from 1 to 5
cm but generally less than 2cm, suggest high level
emplacement. Miarolitiﬁ‘caviFies are'filleJ,with quartz,
«Chlorite, epidote,.flhorite and/gor calcite or are void with
only a thin coating of quartz crystéls }ininq the cavity.
Fine grained aplite dikes and pegmatite dikes ranging from

LI}

1-30 cm wide' intrude the Byers Bfook Formation and the

r

Hart Lake/Byers Lake Granite near the contact. The granite

is abundhntiy veined along the contact with the volcanic
. . e

pile by quartz, calcite, epidote, fluorité‘and chlorite,

“and in one section in drill hole DL-16 calcite - fluorite

veins containing sphene, allanite, zircon and ilmenite are
-abundant and have elevated rare earth elements (REE), tin,
tungsten and thorium values (discussed further in Chapter

4) associated with them.




Diabase dikes are common and intrude all rock
types in the volcanic pile and the granite. Crosscutting
diabase'dikes suggest episodic intrusion.” The diabase ,
dikés typically have black, aphaniﬁkc chjl!l margins which
grade gkto a fine grained black to dark green interior.
Some dikes are porphyritic with ub to 5%, 1-10 mm
plagioclase phenocrysté and rarely up to 5%, 1-4 mm
pyroxene éﬁenocrysts. .The plagiqclase aré gre;nish'wh'té
in hand specimen and have saussuritized cores which impart,
their slight greenish tint he pyroxene‘crystals are
partly to completely alterdd to thérite. The dikes are
Comonly‘magnétic, and dis;eminated pyfT%eme{ magnetite are

: N
ubiquitous. They have diabasié or ophitic textured
ground@ass‘except in chill margiﬁs which are 2-10 cm wide.

The.dikes range from 10 cm to greater than 10 m wide.

Locally large areas are underlain by diabase (Fig. 4} but @

™

this is not represenfative of the total volume of diahase

in the Volcanic(pile. Diabase dikes have been rotated.into
the horizontal, éffectively increasing -their outcrop areé.
This is especially evident ¢n the flanks of Dotten Brook

where the hilltop is underlain by diabase and the stream

valley, which is a sharb topeographic depression is

( o
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domimtated by outcrops of felsic tuffs and ash’ flowa. The
maximum thickness of diabase dikes in the are; is unknown
for this reason. There_is'strong chloritizatipn and ¢
;pidote veining of the host‘rock near.dik;.contacts. ;nd
usually hemgtizatioﬁ of rhyolite or granite. Locally
strong fractu;ing :%d mipor shearing @as occurred along
dike conthctg a8 indicated by brecciation and
slicken#ides. Epidoti, calcite and chlorite veins are
common in the'dikes.{(Th; diabase dikes are moderately to

strongly chloritized, 'The; comprise 50-60% plagioclase,

qu chloritizéd pyroxene, 3-10X opagque minerals (magnetite
: ;

" Tand pyrite) and accessory quartz, hornblende, biotite and

sphene. ~
2.6.10 Rhyolite Dikes and Composite Dikes

Rhyplite dikes are restricted to the main dome
flow cogplex in tﬁe DF-éone. Composite dikes are more
abundant and widespread and "have been observed spatially
associated with composite flows  in the DF-zone, J-zone ang
DL-zone. Rhyalite diKes are defined as dikes of rhyolitic
composition which do not_have diabase én both margins. )

v 7 )
Comp%;?ie'dikes have/diabase'mﬁrgins which are either in

sharp confact-with a rhyoli%QC core or grade into an

-
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intermediate or rhyolitic core. Rhyvolitic cores 1n

. ,
composite-dikes are ‘identical in appearance to some
rhyolitic dikes and in many «cases there may be a transition

from composite dikes to rhyolitic dikes, or the diabasic
' - L g

‘margin of some composite aikés may lécally be absent.
These dikes are secn only in drill'horo so their morphology
is not easily pbserved: There is a mafked‘increase in the
abundagqe of rhyolite And_éoﬁposite dikes in the vicinity
of the main dome complexk The dikes range from
approximateiy'lZB;lO m thick.

‘ There are séveral-téxturally distinc£ rhyolite and
composite dikés which intrude the Byers Braok Formation.
- The most common type 6f rhyolite dike has 10-15% euhed;al
to subhedral, 1-5 mm K—feldspar'bhenocrgsts and 5-15%,
0.5-2 mm quartz,phenocrySts in a purplish to reddish brown
groundmass. These dikes have sharp contact with (heir host
rock whether it bé rhyolite or diabase. They commonly have
diabase on one margin and rhyolite flow on the other,
suggesting that they have intruded along'fissures already .
occupied by di;bhse: Emplacement of thése dikes cqmmonly
caused brecciatioﬁ in the adjacent country rock. Near the
contacts the»dikes are often green and aphyric, probably

»
due to quenching. This chill zone is less than 10cm wide.

There is—locally a faint banded texture developed inside \\\E-\
\\J .




the chill -margin, similar to flow banding along the dike

crystallites and much less than 1% fine disseminated
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margins. In thin section the K-feldspar crystals and
grouddmasé %Fe‘we&kly sericitized and quartz crystals are
resorbed. The grdundmasé.cqmbrisgs 1-2% o;aque )
ch;orite which represents the mafic component in the dikes.
Iron oxide stairfing is pervasive, The groundﬁasé ranges
from granophyric éo ir?egular sﬂaéed very fine grained
(0.025-0.05 mé) quartz and K—(eidspar‘cfyétals with rare
spherulites. A e
There is a chemically distinct suite of
peralkaline rhyolite dikes, which are different from afl
other rhyolitic rocks -in the area. They consisten(ly
contain belweqq»llOO pém’and 1600tbpm zirconium in abundant
L 4

zircons (Plate 13 and 14). The§e Tikes aré very continuous

1

in the PF-zone, associated with the main dome complex and

cut all other stratigraphy and dikes. They are thought' to

.

represent the last magmatic event in the DF-zone. They are
textug:ily distinct from all other rhyolitic rocks in the

. a
map areé. The peralkaline dikes have been rotated with the

stratified units such that they are now subhorizontal. Two
texturally distinct peralkaline dikes oc¢dur in the DF-zone
dome complex. One éet of dikes is strongly porphyritic

with 5~10%, 0.5-2 mm euhedral to subhédral K-feldspar







J
4 : ) )
Plate 14:  Photomicrograph showing the strongly .
, devitrified, but relatively unalteredvgroundMAss
A of -a peralkaline rhyolite dike. Note the very-
~fine zircons (circled). .

! the banded appearance which characterigzes the

contacts of the late rhyoliti¥c and composite
peralkaline and subalkaline dikes.

Prate 15: Rhyolitic globules 1n.a‘md;kc groundmass c8use







-94_
cry:stals, 2-5% 0.5 mm quartz phenocrysts and approximat_oly ‘r
1% biotite in a microspherulitic groundmass. The other set
comprises less than 1-3% K-feldspar phenoc;ystq@. in a~ -
groundmass of microscopic to 2 cm diameter spheruuteg. In
thin section, spherulites commonly grade i_nt.o narrow
éranophyric zongs‘which in turn“grade into very fine
grained irregular shaped cry-stals of quartz and K-feldspar.
This second det of peralkaiine rhyolite dikes characterized
by the larger spherulites, <locally has developed
riebeckitic oikocrysts (for example the sample with the
coin on it in Plate 13). The development of reibeckl'te
oikocrysts in a st,rikingly similar geological setting, in
the Tofsails 'alkaline/peralkaline complex of Newfoundland
has been interpretted_ by Taylor et. al. (1980, 1981) and
Strong and Taylor (198%) and Strong and Coyle (1988), to
indicate deuteric-metasgomatic activity.

Both types 'of rhyolite dikes commonly have.api‘xyr‘ic
banded margins. The banding is a series of stretched
globules of f'elsic material (Plate 15) in a mafic
groundmass, caused by immiscibility of the felsic magma in
mafic magma which lined the fissures algng which the dikes
were intruded. The dikes have aécesory. zircon, sphene,
allunite; riebeakite and chlorite. Hinér pyri{te is

-
- .
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Si02. The cores of the dikes uré commonly altered to a red

brown colour, the margins are dark‘greqn to black and

chloritized. Banding and stretched globule-like structures
similar to those observed in the margins of composite dikes
with rhyolitic cores are seen in the composite dikes with

”

intermediate cores. o




CHAPTER 3

Geochepistry and Alteration

3.1 Ig;roductioh

o

The analyses used in this study are 6f samplesg of

diamond drill core and outcrops taken over the span of the
- A R
Cobequid exploration program of Gulf Minerals Canada Ltd.

A total of 459 rock gamples from the project area were

SPIi; for thin section.and analysis. A discussion of .

.

analytical and sampling techniques is included in Appendix

2 and sample locations are tabulated in Appendix 3.

Geochemical analysié are compiled in Appendix 4. All

)

analyses were done by X-Ray Assay Laboratories, Ontario.

|

3.2 Summary

A Y

7 .
The Byers Brook Formation is a bimodal suite (with

respect to SiO ) divisible into rhyolitic and basaltic
2 ‘
compositions. The exceptiorns to this are a volumetrically

small suite of composite dik;h in which magma mixing has

resulted in dqcitic compositions. Bulk rock compositions

.of some tuffs and ignimbrites are dacitic because of h}gh
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proportions of mafic lithic fragments. Sone felsic.rocks
are depleted in SiO2 as a result og hydroﬂhermul
alteration. The volcanic rocks of the Bvers Brook
Formation have been subject to varying dedrees of alkali
metasomati;m. The Hart Lake Granite and late rhyolite and
composite dikes were not as styon&ly affected by this
metasomatism, suggesting that it was.a l;tg but not_ the
last magmatic event. Possibly the mobilization of alkalis
coincided yith the emplacemeni of the late rhyol%te dikes,
The granophyric margin of the granite shows the same
metasomatic effects as 1he extrusive rhyolites. although
fine grained granite just 20 m away is uﬁaffected S0 it is
probable that the alkali metasomatism‘was caused by late
magmatic fluids from the crystallizing granite.

The felsic rocks 6f the Byers Brook Formation are

metaluminous, except for the high-Zr rhyolite "and composite

dikes which are peralkaline, suggesting that an alkaline

Nl
phase was developed in the apical regions of thé\%igma

~

chamber reqfesented by the metaluminous Hart Lake Granite.




3.3 Alteration

Goéchemical classification of volcanic and igneous
rocks can be emploved to iqd{?ate tevton{c environhents in
which the rocks formed (e.g., Pearce and Cann, 1973; Flovd
and Winchester, 1975; Miyashiro, 1975; Winchester and
Floyd, 1977; Bgiley, 1981). To ensure the effectiveness of

’ »

» 0 ' . . N .
geochemical discrimination an assessment og the alteration

is necessary.

"The most widespread alteration affecting the Byers
.

Brook Formation is alkali metasoégtism. The gnalyses of.&ll
rock types have been plqtted on the Igneous spectrum
diagram (Fig. 11, f;om Hughes! 1972)., Points which blot
outsjae the ignéous spectrum field have been
metnsomatically alﬁered with a resultant gain in either
sodium or potassium. ‘Hughos (1972) contends that
combinations of metasomatic affects can cause points to
plot incor}ectly in;ide'the igneous épectrum field and that
if a large proportion of analyses plot outside'the field
then it should be considered that all rocks of the suite

oY

have been somewhat affected by metasomatism.
Figurea lla-c show that the felsic rocks of the
Byers Brook Formation have undérgone strong and pervasive

K-metasomatism. Most felsic extrusive rocks plot to the




Figure 11: Ignecus spectrum diagrams for the ,
‘volcanic rocks of the Byers Brook Formation ‘
(after Hughes, 1972). Symbols for the J-zone,

Dl.-zone and DF-zone are:
Ash tlows and tutfts -
Rhyolite tiows - o
Diabase dikes - : . ‘
Basalt flows - *\\// (ﬂr

Symbols for the granite and High-Zr dikes are:
Granite - X
High-Z4r rhyolite dike - @
High-Zr -composite dike - 0

N “
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right of the igneous"kpegtrum except for a zone of strong
Na-metasomatism which affected some of the ignimbrites of
the J-zone and small zones within the the DF-zone
ignimbrites. The Hart Lake grah{te and the high-Z2r
,[éomposite and rhyolite dikes piot inside the igneous
spectrum boundary. The granophyric margin of the granite
plots outside the igneous spectrum, suggesting that the
alteration was caused by hydrothermal fluids which were in

circulation prior to the crystallization of Lhe\puin

gfranite mass and the emplacement of the ngh-Zr dikes.

Plate 16 shows the variation in degree of K-metasomatism

ranging from a relatively unaltered high-Zr rhvolite dike
to strongly altered rhyolite flow with a stron;ly sericitic
groundmass to the most highly altered end-member in which
the rock is completely converted to potassium feldspar.
These rocks which have been completely altered to
_K-feldspar commonly maintain their primary volcanic
textures. Table 4 lists the whole-rock analyses of the
samples in Plates 16 and analydis of nrthoclhse from Deer
et _al., (1978) and clearly shows the progression of K
enrichment from a rock which is typically rhyolitic to one

which has a composition corresponding to K-feldspar.




Plate 16 (a-d): Photomicrographs of rhyvolites from
the Byers Brook Formation which have
been affected by alkali metasagqmatism.

a) Moderate K-metasomatism of a
spherulitic rhyvolite flow. The
spherulitic texture is preserved bui the
rock _.has abundant sericite developed
throughout the groundmass.

b) Strong K-metasomatism has resulted
in the development of a rock comprising
almost entirely very fine., irregular
K-feldspar crystals, with minor chlorite
afhd epidote and rare zircons the only
other minerals preserved in the
groundmass of the rock. :
¢) Relatively unaltered rhyolite dike
comprising quartz, K-feldspar and
plagioclase, with S well preserved -
spherulitic textura.

d) Strong Na-metasomatism and moderate
silicification characterized by a rock
comprising very fine, irrecular alibite
crystals and slightly larger quartz
crystals with minor epidote,
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Sodium enrichment is not nearly as widespread as k
’ ,oni'li(:hment.‘- Albitization is best obs:c-rved Iin an irrevdular
i > halo surx:ounding mineralization in the 1dnimbrites of the
J-zone and in smaller zones in the DF-zone i;..gnjmbr‘i tes.,
Strongly albitized rhyolite 15 compared with po-tzlssic
altered and unaltered rhyolite. in l;late lo. In the
relatively unaltered rocks primary features such as
spherulites and flattened pumice are abundant and there are
v_numero‘us quartz veinlets, whereas in the altered rocks only
rare sericitized K—feldspar(i)henO(:rysts and clots of
epidote and iron oxide are preserved. Very narrow calcite

.

veinlets and rare fluorite veinlets fill fractures in these

rocks, primary volcanic textures are completely destroved

/:‘ and the groundmass comprises very fine xrained anhedral
fir] - mlbite crystals with trace accessory zircons such that the.

~

originally rhyolitic rock has been metusomatically altered
td albitite,
All rocks in the Aarea, ‘but particularily the

‘felsic ones, are strongly microfractured and alkali
enrichment is highest adjacent to the fractures and in

) .

- ' .strongly brecciated fault zones, suggesting that

metasomatism was fracture controlled. Plate 17 shows

finelyv fractured rhyolite from the DF-zone. Fractures are

: marked by a thin selvage of completely K-metasomatized
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rhyolite in an otherwise moderately K-metasomatized rock.

There is approximately an 1nverse relation between
K and Na'in the moderately altered rocks‘sugge’stiné that
Na-K exchange was the metasomatic replacement process
active up to a point (Fig. 12). In the most altered . rocks,
however, there is an overall increase in Na+k whether the
rocks were K-metasomatized or Na-metasomatised. These
rocks (with <14% A1203) are responsible for the strong

‘negative slope seen in the Al1203 versus SiOZ plot (Fig 13)

’

sudgesting a net increase of Al and lass of Si to
accomodate continued production of t;ydrothermal feldspars.
Secqndary minerals occur 1in variable amounts
throughW: rhyolite flows and pyrocl;ast.ic rocks. These
Pl
inclu’g; epidote, quartz, chlorite, calcite and rarely
fluorite as very fine clots or micr:o—veinlets and range
from trace amounts to appr‘oxima’tely 5% of the rock. Free
quartz occurs in most felsic rocks other than those which
have been subject to the most extreme alkali metasomatism.
Quartz phenocrysts a.re common but quartz in veinlets and
filling cavities ;uggests that silicitication is
responsible for the Si0O2 whole-rock values which are

commonly overy 777‘. There is a zone of ignimbrites directly

overlying the main dome/flow complex in the DF-zefe which

is strongly silicified with 80-85% SiO2. These rocks have
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abundant quartz microveinlets and a very quartz rich
groundmasg which locally appears cherty, Epidote, ¢hlorite
and calcite are notably more concentrated near (within
approximately 0.5m) of diabase dikes and in strongly
brécciatéd zones. In these zones strong chlorite and
epidote alteration of the rhyolitic groundmass occurs and
the fock may contain up to 20X% of these minerals.

The rhyolitic rocks are green or‘red, depending on
the oxidation ;tate of iron, ;hich appears to have been
partly controlled by yvhether the rpck was deposited in
water, as denoted by the‘bedding characteristics of the
interbedded tuffs. In the Qine»which is dominated by green
flows and ignimbrites there are extensive zdnes of iron
oxidation in the groundmass and hematite altered selvages
up to 5 mm wide commonly occur adjacent to fructures\and

veinlets. The fractures are commonly filled by quartz,

epidote, calcite and rarely fluorite,

The high-Zr composite and rhyolite dikes and the

granite are relatively unaltered. Microscopic epidote,
quartz, calcite and fluorite veinlets fill fractures in
these rocks, Locally epidote veins are abundant enough to
have a significant influence on the whole-rock geochemistry

of the high-Zr dikes. The granophyric margin of the

granite has undgrgone K-metasomatism and comprises very
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find grained, irregularly shaped K-feldspar crystals with
‘minor quartz and chlorite and trace zircon, s;hene,
allanite and opaques, |
The basalt flows and diabase dikes are variabl;
altered, ranging_froﬁ minor chloritizhtion of pyroxene to
complete chloritization of thé mafic mineraléd and strong

saussé}ipization of the plagioclase, Amphibole occurs in
many maf;c dikes and flows but is usﬁally partially
replaced by chlorite. The amphibole most—commonly occurs
as discrete crystals interstitial to the plagioclase lathes
‘but locally replaces pyroxene. The least altered mafic
rocks are dikes which may have been intruded late in the
magmatic history of thé Byers'Brook Fdrmation. Increﬁsing
alteration corresponds to an incregse in fracturing and

density of veinletsf ,
Chlorite, epidote and calcite veinlets are the
most common secondary minerala. and with a few exceptions
quﬁrtz and fluorite ;eins are rare in th;'mafic rocks.
Sphene is a common accessory mineral in the basalts, and

opagues comprise 3-5% of the mafic rock composition. ;
Microscopic vesicles are common in the basalts and digbaae
dikes. These may rarely constitute up to 1% of the rock

volume but usually much less’ The vesicles are most

commonly filled with chlorite and/or epidote, : -

’

»
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Keppie (1979) indicates that the Fountain Lake
4Group was metamorphosed to sub~greenschist facies. The
presence of punpellyite and prehnite in th‘ bésalt flows
and diabase diﬁes near the Byers Brook/Diamond Brook
Formation contact suggest the rocks were metamorphosed to
pumpellyite-prehnite facies as defined by Winkler (1979)., )

Prehnite and pumpellyite are not preserved in the Byers

Brook Formation in the J-zone, DF-zone or the DL-zone, 2-3

+ Km stratigraphically lower than the rocks at the Byers

-

Brook/Diamond Brook Formation contact. This deeper bqéial
may be responsible for a slight increase in metamorphic
grade. Probably more significant, however, the
stratigraphically lower rocks are closer io the Hart
Lake/ByErs-Lake Granite contact where temperatures were
elevated and hydrothermal alteration is pervasive.

In summary, the volcanic rocks of the Byers Brook

Formation have been subjected to varying degrees of .

hydrothermal altweration which strongly influences the whole
rock analyses of these rocks. This cheﬁical alteration
complicates geochemical discrimination of the rocks
especially in.diagrams which are based on mobile elements

such as alkalis.

.
L4
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3.4 Geochemistry

Abundance of the major oxides and drace elementy
are plotted against SiO2 in Figure 13. The gecchemical
data are presented for each of the J-Zone, DF-Zone and
DL-zZone described in Chapter 2. The primary reasons for
this division aré ta illustrate differenceﬁ\between the
thrge zones and that the very large data base tends to
become illegible when all analysis are plotted on a single
diagram. The diagrams showsa distinctly bimodal suite with

L d

respect to silica for all three zones. The mafic rocks

, .
conéistently contéin 45-51% Si02 and ;he felsic rocks
consistently cont;in 65-80%X Si02., Affects of hydrotheqmul
alteration, especially alkali metasomatism and
silicification contribute significantly to the wide range
of major elements in rocks of presumed similar primary
composition. The.wideét relative scatter in the Harker

2

Diagrams is in the pyroclastic rocks, especially of the

‘DF-zone in which there has been contamination by mafic

<
material coupled with strong and pervasive alteration.

Much of the mafic material responsible for the

contamination in the tuffs is very fine grained and cannot

©

be avoided during saﬁpling. All rock types phow a wide




Figure 13: Harker variation diagrams for the
extrusive rocks and the diabase dikes of the
Byers Brook Formation. The symbols
represent:
O - ash flows and tuffs
¥ - rhyolite flows
+ - basalt flows ’
X =~ diabase dikes
Graduations on axis with major oxides are in
X, and with trace elements are in ppm. N
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N

range of Al203, ranging from approx}mutely 7.5 to 17% in “

thé‘félsic rocks and 11.5 to 17X for the mafic dikeg and
flows. f :

In general the focks of the Byers Brook Formation
show a general increase in Al203, TiOQ2, FeOt (total Fe as
®Fe0), MnO, MgO, CaO, P205, YOI, Sr, Co and Ni with
decreasing SiO2 and a general decrease in Cr203! U and Th
with decreasing $i02 (Fig. 13). Na20 and K20 show litil|e
relation to SiO2, except where values of NaZ0 or K20 are
greater than‘approximately 7%, in which case.sanples show
a relébiig»decrease in 8i02 with increasing alkalis. This
erratic distribution ;gflects the strong alkali
metasomatism which has éffected these rocks. Zr is
generally more g@oncentrated in the felsic rocks relative to
the mafic rocks. There is a stfgng cluster of péihts from
the rhyolite flows at approximately 200 ppm Zr but there iy
a wide range of Zr values in the pyroclastic rocks from

:

approximately 100-1175 ppm. F is generally higher in the

~
mafic rocks except where felsic rocks contain veinlets of

fluorite. Ba shows a negative correljfion with Si0Z2°in the

felsic rocks but is independant of SiO2 in the mafic rocks
(based on limited data). There is a general positive
correlation between Rb and increasing Si0O2 but there is a

wide range of Rb values in the felsic rocks. Sb is also
< -
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highly variable but there is a weuak negative correlation
with 3i02. Bi varies independantly of S$i02.

The high-Z2r dikes and samples from the granite are

plotted on Harker Variation Diagrams (Fig. 14) using the
.
same vertical and horizontal scalesJ%s were used to?

describe the previous data. The data for these rocks are
~

relatively tightly clustered when compared to the extrusive
felsic rocks, refleating a general lack of alteratidn.

In the high-Zr composite and rhyolite dikes there

Js a strong negative correlation between Si02 and Al203,

TiOZ, FeOt, MnO, Na20, P205 and LOl. CaO also shows a

a

. negative correlation with Si02 with some scatter in the
rhyolite dikes caused by zones of abundant epidote
veinlets. Na20 and K20 show some variability, indicating
that there was some mobilization of alkalis in these
rocks. K20 shows a very weak positive correlation with
Si02. MgO does not vary significantly with 5i02. The

.

major elements trend toward the compositions of the least

altered diabase gamples, suggesting this trend may be a

mixing line.




[ 9
o

Figure 14: Harker variation diagrams for the
granite and high-Zr dike samples. The
symbols in the diagrams are as follows:

X - granite
¥ - high-Zr rhyolite dikes
O ~ high-Zr compesite dikes
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Geochemical Clas_gi_ﬁi_qgr,Lonw&o_f__r.__he__}_B_;'ers Brook

Formation,

Ay

AN\

3.5.1 Agpaiitic Index

Granites and rhyolites and related rocks are

commonly separated into_ three groupsu by molar proportions

of the major oxides A1203, Na20, K20 and Cu(? {Shand, 1951):.

peralumihous: Al203 > Naz10 + K20 + CaQ
metaluminous: Na20 + K20 < Al203 < Na20 + K20 +
C-aO

peralkaline: Al203 < Naz0 + K20.

Figure 15 shows plots gf the molgcular proportions
of Al1203 versus total alkalis. The agpaiitic index
suggests that the Byers Brook Formation and th; Hart
Lake/Byers LaketGranite are metaluminous, with the

. .
exception of the high Zr rhyolit.e_ dikes which are
metaluminous to mardinally -pe,ral.kaline. The validity of
using any classification baseﬁ on alkali content for t:he
N
Byers Brook For@ation is questionable considering the
strong alkali metasomatism which has affected the volcanic

rocks. However alkali exchange was the major process

invalved in the alteration except where alteration is
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extreme. In the most strongly altered rocks where there ia
an increase in total alkalis there is a corresponding

.

increase in net Al1203 and as Fiéure 15 shows the total
alkalis and A1203 vary approximately proportionately with a
c§nsistent molar ratic which is close taoa 1. Samples froﬁ
the granite and the high Zr composite angd rhyolite dikes
ggre not strongly affected by alkali metasomatism ang
;épaiitic indices should be r?liable for these rocks,
Samples which show a very sharp increase in total alkalis
with the.addition of CaO generally have secondary Ca in
calcite, epidote or fluofite.f The agpaiitic index for the
rhyolites of the Byeré Brook Formation suggests ihe
p?ésence of two distinctvsuités. The dominant suité,
represented by the rhyolite flowé and ignimbrites is
metaluminous and a minor suite, represented by the high-Zr
dikes is befalkaline. The high-2r dikes are characterized
by the appearance of acﬁite in the CIPW norm. Acmite does
not appear in the normative mineralogy of the metaluminous

ki

suite.

3.5.2 Alkaline vs Subalkaline <

The Byers Brook Formation rocks are plotted on the

Si02 versus Na20 + K20 (Fig. 16) of Irvine and Baragar




Figure 16: The rhyolite flows, pyroclastic rocks
and the high-Zr rhyolite and composile (dikes all
plot in the subalkaline field, although the
high-Zr dikes plot substantially closer to the
boundary than the rhyolite flows and -
pyroclastics. The basalt flows and diabase dikes
plot on the alkaline - subalkaline boundary. The
solid boundary is from Irvine and Baracar, (1972)
and the dashed boundary is from MacDonald,

' (1868). The symbols on the diagram labeled
High-Zr dikes represent:

¥ - High-Zr rhyolite dikes

O - High-Zr composite dikes

The symbols on the diagram labeled rhyolite
flows, pyroclastics represent:

* - Rhyolite flows

O - Pyroclastic rocks.
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Co /
(1972) and MacPonald (1Y68). Ihe matic rocks plot
dominantly in the alkali basalt tield oi MacDonald but

LY
gtraddle the alkaline/subalkaline boundary of Irvine and

v

Baragar. The rhyolite flows and i1gnimbrites plotfjin the

su&hlkaline field. The questionable validity of magmatic

classifica&ion dependant on alkalis in an area Affected by

alkali metasomatism much reduces the value‘pf these
diagrams.
A number of authors {Cann, 1970;.Pearce and

Cann, 1973; Floyd and Winchester, 1975 and 1978; Winchester
and Floyd, 1977; Miyashiro, 19756a and b, 1977; et&.) have
devised classifica}ions based on elements which are
relatively immobile during alteration and are therefore
more reliable for characterizing magmas than the highly
mobile aikalis. The data used in this study are trom an
exploration program and many Af the immobile elements
required for these classifications were not routinely
analyzed. Only plots using TiQ2, P205, Zr and Sr can be
derived from this data set.

The Zr/TiO2 versus SiO2 diagram (Fig. 17) from_
Winchester and Floyd (1977) shows the basaltic rocks of the
Byers Brook Formation plotting across the

subalkaline-alkaline basalt boundary. In this diagram the




Figure 17: Diagram of S$i0O2 plotted against
Zr/TiO2 (from Floyd and Winchester, 1978). The
diagram shows the rhyolite flows, pyroclastic
rocks and granite all plot in the rhyolite field

with scatter, especially in the p¥roclastic rocks
caused by alteration and locally an abundance of
mafic material. The high-Zr dikes clearly plot
as pantellerite or commendite. The diabase dikes
and basalt flows plot across the alkaline,
sub-alkaline basalt boundary.
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felsic rocks including the Hart Lake/Byers Lake graﬁitg
plot/dominantly in the rhyolite and thyodacite tfield, but
near, and with minor overlap into the comendite,
pantellerite field. Erfatic pPoints are from the
Pyroclastic rocks which have been alteved and/or contain
high amounts of mafic material. The hi h-Zr rhyolite And
composite dikes plot well into the comendite, pantellerite
field. This plot indicates clearly that the high-4r dikes
are geochemically distinct from the rhyolijite flows and

Pyroclastic rocks.

observations must be considered:;: (]) a Comagmatic suite ot
basalt, metaluminous granite and rhyolite and peralkaline

rhyolite and dacite; (2) emplacement in an anorogenic,

extensional tectonic regime; (3) along with higher

agpaiitic indices, the peralkaline rocgp have marked]y
higher zr; (4) secondary riebeckite in the peralkaline
rocks, reflecting deuterjc—metasomatism by magmati;ally
derived fluids {Taylor et. al. 1980, Strong and Taylor,
1984, Strong and Coyle, 1988; Garson et _al., 1984). These
bbservations are applicabl$ to most peralkaline complexes

{Taylor et. al.
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It has been suégested that peralkalilne rocks are
genetlcall; linked to carbonate-rich fluirds which have
acsended along deeply penetrating fractures (Strong and
Coylé. 1988; Gai;on et. al., 1984). In the Wentworth map
area the Rockland Brook Fault is the most likely'conduit.

- A petrodenetic model with general application,
which reconciles all of the above observations has{been
derived by Taylor et. al. (1980), for the Topsails igneous
complex. The model is similar to that proposed by Hildreth
ﬁ(19%9) for the Bishop Tuff in California, where a zoned.
magma chamber was developed by thermogravitational
diffusion. This diffusion was promoted by thermal input
from basaltié magma rising from the mantle. The density
contrast gnd thickness ot the granitic magma would resist
penetration by the intruding basaltic magma, resulting in
badalt being only a minor phase in the volcanic pile or

occurring only peripheral to the main granite body. Taylor

et. al. (1980) suggested that basaltic magmas 1n S

continental rift environments tend to be alkalic and
COZ2-rich, and that volatiles escaping from these basalts

would also be expected to be alkalic. Taylor et. al.
L ]

(1981) and Strong and Taylor (1984) indicate that the

N »

anomalous condentration of such elements as Zr in

peralkaline rocks requires the evolution of an

- t
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alkalj-enriched fluid. The model invokes fusion processes
to cause the d;velbpment of an alkali phase in the apicaf
région of the magma chamber, as a result of concentratiﬁn
of alkalic volatiles from mantle derived basaltic magma.
Incompatible elements such as 2r are partitioned into this
alkali phase, espeéially if it is CO2- and F-rich. Thé
development of peralkaline rocks can either be magmatic or
metasomatic, depending on the stage of cooling and the
extent to which the fluidg have feacted with the granitic
melt (Taylor et. al. 1980). The development of this alkali
phase may have been an important factor in the pervasive,

strong alkali metasomatism, and the subsequent

concentration of uranium mineralization in the Byers Brook

Formation.

A second possible genesis is that the Byers Brook
Formation was derived from two magma BOUPEQS. The rhyolite
flows and ignimbrites from a metaluminous source and the
high-Zr rhyolite dikes from a peralkaline source, such ;s

the model suggested by Christiansen et. al. (1980) for the

petrogenesis of topaz rhyolites and associated peralkaline

rhyclites in the southwestern United States.
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Chapter 4

MINERALIZATION

4.1 Introduction ' \

Numerous radioactive occurrences have been
discovered in the rocks of the Byers Brook Formation.l When
exploration ended in 1981 the showings in the DF-zone ahd
the ;J-—zone were the most significant and onl-y for these are
there sut‘fic:ent data to be -discussed 1;1 detail.

Uranium mineralization in the Byers Brook
Formation occurs almost exclusively in the felsic volcanic
rocks, except for minor concentrations in fractures or |
along be‘dding laminae in the siltstones of the DF-.zone rand
sooty pitchblende along late fractures in the Hart 'Lg__,ke‘ |

'

Granite. The rocks'of the Byers Brool{ Formation are host
to numerous, _small,-éolynetallic showings, including 'a
"concentratit;n of rare earth elements (REE) + Th + Sn + W in
the granophyric contact rocks of the Hart Lake/Byers Lake
Granite in diamond drill hole DL-16. Thin massive sulfide

beds (1-10 cm) occur in the lacustrine siltstones of both

the DF-zone and J-zone and copper sulfides + silver are

4 7

-

PRl
-
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(:oncen}.rated in a silicified brecciated zone within the
Siltstones. : . .
4.2 DF-zone Uranium Mj nerg‘iization ’

The DF-zone rt;yolite flows host the most
significant mineralization discovered on’ the’\vent,wm-th
pProspect® The zone became the target of extensive drilling
after a large concentration of" mineralized boulders was
discovéred by prospectors. - Numerous small showings have
been revealed by trenching l;ut the most e,xt%;nsivé,uranium
mineralization 'was inte‘rsect.ed by diamond drijll holts in
the easf and west DF-zone. Al} occurrences are in

brecciated and strongly fractured rhyolite flows where

uraniym mineralization occurs surrounding breccia
fra._gn!ent.s, as disseminations and veinlets. ‘Fault breccia
is the most common hés‘_t for uranium mineralization but
weakly mineralized gas breccias have been observed. in
m*.assive rhyolite and lithophysae-rich zones. All
mineralized zones are strongly hematite altered: to a-
brick-red colour. The Principal ore mineral has been
identified in poiisﬁed thin sectiaon as pitchblende.

The two largest uranium occurrences were
intersected by diamond drill holes DF-27, 32, 34 and DF-13,

15, 4 in the eastern and western DF-zone respectively

(Appendix 1),




1.2.1 East DF-zone sShowing

in the eastern DF-zone occurrence, diamond drill
hole DF-32 intersected a 20 m 2zone which grades at 4 lb/t
U O . Figure 1§ shows a crqss—section ot the
mfnirulized zone as indicated by diamond drilling. The
original 20 m intersection resulted from drilling down the
dip of a narrow {approx. | m thick) structure. The host
rock is massive or lithophysae-rich rhyolite of the main
dome tlow complex. Lithophysae in the mineralized zone are
generally small and best observed with a microscope but are
locally up tol.5 cm in diameter. The mineralization is
gilvery metallic grey and tarnishes to dull metallic grey
(Plate 18). The pitchblende mineralization occurs in veins
and as filling in lit.hophy;ae. Veins range frpm

Pt )

microscopic to-approximately 2 c¢m in wide. In the
mineralized zone there is a very high density of wveinlets
(2-5 per mm). Locally slickensides occut; on the ’ *

pitchblende in fractures.,

The uranium mineralization 1is accompanied by strong

Jhematite, sericite and K-feldspar alteration of the

rhyolitic groundmass. Veins in which sericite and
K-feldspar coexist are common and locally garnet and
epidote occur in veinlets (Plate 19). In thin section,

he{atite alteration is markedly stronger directly adjacent
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to pitchblende veinlets but this is not apparent in hand
specimen.

Secondary minerals in veins and lithophysae in Lhe
mineralized zone include pitchblende, sericite, K-feldspar,
epidote, chlorite, fluorite, garnet, molybdenum and trace
zircon, allanite, apatite, chalcopyri;e and galena.
Pitchblende commonly 1s the sole component in vcinlets ;u
which it occurs but locally pitchblende veins are lined by
molybdenum and contain minor fluorite, epidote,
chalcopyrite and galena. There is a conspicuous absence of
calcite veinleté in this showing. Chloriie veinlets are
abundant but are late in fhe paragenetic sequence, cutting
nll.other vein types. Plates 20-21 characterize the east
DF-zone mineralization.

fhe mineralized zone is cut by a high-Zr
rhyolite dike which is neither mineralized nor altered by
the mineralizing system. ~This places an important
gpnstraint on the timing of mineralizatron, suggesting that
the mineralization was approximately co-magmatic and that
the mineralizing system had been shut-down prior to the

emplacement of the rhyolite dike.




Plate 20:

—

Photomicrograph of pitchblende in

brecciated rhyolite, east DF-zone
cccurrence,

Plate 21:

Autoradiograph showing pitchblende
occupying fractures surrounding rhyolite
breccia fragments in the east DF-zone
occurrence.

y
'~







4.2.2 West DF-zone Showing

In the west DF-zonq showing, pitchblende occurs as
fine disseminations and micro-veinlets in Lﬁe Zroundmass
of'rhyolitic cataclasite. The zone of fault brecciation is
approximately 2-5 m wide and is best observed in diamond
drill hole DF-13 (Fig. 19). The host rock grades from
cataclasxtg into a strongly fractured, weakly mineralized
zone 1n which pitchblende occurs aS microveinlets in
spherulitic rhyolite. Calcite is the dcminant secondary
mineral in the mineralized zone. Calcite veins and clots
are abundant and occur‘throughout the groundmass of the
mineralized zone. Some of the calcite clots appeAr to be
caused by brecciation of pre-existing veinlets, suggésting
that calcite is pre- to syn-tectonic as well as »
post-tectonic. The grodndmass of the mineralized zone and
thé surrounding rocks are Hematite altered. Chlorite clots
are ubiquitous throughout the gr;hndmuss but comprise less
than 1% of the rock. Trace very fine subhedral. to euhedral
pyrite as cubes or with hexagonal outlines are disseminated
throughout the mineral..ed zone and in ftractures in the
rocks adjacent to the fault breccia. Fractures adjacent to
the mineralized cataclasite are filled by quartz-chlorite

and rare epidote-fluorite veins. The groundmass is locally

spherulitic but most commonly comprises very fine irregular
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shaped quartz and feld}p,%r cr.ystals. Poorly preserved flow
layering is locally présent. Although the whole rock
analysis shows the rocks are K-enriched there is a notable

absence of sericite in the rocks. Plates 22 and 23

"characterize the west DF-Zone uranium occurrence.

The zone has been intruded by a diabase dike which
is _atrongly fractured to brecciat;ed, although not to the
same degree as the host rhyolite, -

A relatively unalteréd rhyolitbe.dike with only
minor quarf.i veining hai) also intruded the mineralized
fault breccia.r The dike has a strongly to completely
spﬁerulitic groundmass in which spherulites commonly:
terminate into granophyric .zones. The rhyolite dike
contains 3-5X combined pl;gioclase, K-feldspar and embayed
quartz phenocrysts which range from 0.5-1 mm in diameter.
Trace minerals include rare, very fine grained zircons and
allanites. The dike clearly postdates faulting,‘
mineraliz:ation and alteration of the host rocks.

The emplacement of the dike places a constraint on-
the timing of mineAralizat.ion and alteration. The faulting
of the host rhyolite was synchronous with the regional
magmatic activity and may have been in response 'cor the
intrusion of the gfanite. The fault zone would be ideal

-

for focusing hydrothermal or magmatic fluids.







[
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4.3 J-<one Mineralization

The J-zone is host to numerous small uranium and
base metal-silver occurrences. Figure 6 shows the
distribution of uranium mineralization in Lhe J-zcne drill
core. The largest surface exposure of uranium
mineralization in the J-zone ié located at 6+00E, 1+450N on
the Wentworth grid, where trenching has exposed .025%
UO over 7 m. A second occurrence is located at

3 8 .
20+00E, 54005 where approximately 5 m of s'trongly fractured

and mineralized ignimbrite are exposed in a trench. These

showings occur near the base of the first iﬁnimbrite

deposited above the conélomerate/siltstone marker horizon,

“Ziefer;ed to i1n company reports as the J-ignimbrite. This

unit is approximately 360 m thick.and is overlain by
laminated greeA to black tuff.. The J-ignimbrite has higher
background uranium than other ignimbrites in the area (21
PPm fér J-ignimbrite, 5-7 ppm for average ignimbrite).
Significant uranium mineralization was intersected by
J-zone drilling at the contact between Lhe-base"of the
J-ignimbrite and an underlying‘rhyolite floQ. The rhyolite
flow is intercalated with the marker conglomerate\

siltstone.
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Uranjium mineralization in the J-zone is hosted by
rocks which have undergone two distinct types of
alteration, Although K-mgtasomatized rocks are the most
extensive, most mineralized rocks in the J-zone have been
subject to stréng‘albitization and locally the host rock is
completely altered to albitite. The massive, aphanitic
albitites are composed of very fine, irregularly sﬁaped'
albite crystals. These rocks are commonly, only weakly
fractured with small, discontinuous calcite veins. Uranium
occurs in fractures of as disseminations in the massive,
albitized rhyolites, of I'ess commonly in strongly fractured
or bfecciated zones. Albitized rhyolite does not always

-

contain uranitum mineralization. N -~

Pitchb{ende is Locally hosted by rocks which have
undergqné éimilar alterafioq to the DF-zone occurrences in
that they have undergone Strong K-metasomatism. Uranium
mineralization associated with K-metasomatism in the J-zcne
occdrs in fracture zones, usually adjacent to mineralized
albitites. -

The areas of Na and K metasomatism are erratically

distributed in the J-zone, however K-metasomatized fracture

zones comﬁonly cross-cut the albitized rocks implying tLhat

K-metasouatism post-dated Na-metasomatism. Variation from

albitite to strongly K-metasomatized rhyolile occurs very
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sharply, commonly over l%ﬂcm or less with the K alteration
‘resiricted to fracture zones and a narrow selvage. In hand
speciman the alteration typeé are very similar in
appéarance, hence mapping of alteration is very difficult.
Both types are characterized by an aphanitic, strongly
hematite a}tered, magssive rock which may or may not be
porphyritic.

In thin section the K-metasomatism commonly
preser&es part of the spherulitic texture of the
groundmass, except where brecciation is intense. Strong
albitization tends to destroy all primafy and

devitrification textures, except phenocrysts.

4.4 DL-zone REE Occurrence

Anomalous rare earth ele&ent concentrations are
hosted by brecciated, granophyric granite which was |
" intersected by drill hole DL-16. Up to 2500 ppm Ce and
1350 ppm Dy with correspondingly elevated valués for the
remaining REEs are hosted by fluorite-calcite-zifcon-sphene
-allanite-albite veins (Fig. 20 and Plate 24). Anomalous
Sn, W and Th ar; associated with the REE concentration.

REE are hosted by allanite and unidentified REE minerals.







Plate 24: Photomicrographs showing the complex
mineralogy associated with the rare carch element
concentration in DDH Dl-J6. Semi-quantitave
micro-probe analyses of minerals have detected
measurable quantities of REE's in allanite,
zircon, sphene and fluorite along with sev;ral
unidentified minerals.

a) Nb-Y mineral (REE) intergrown with zircon
(2), albite (A), apatite (P)., Top ftrame is 5X
the bottom frame.

b) +Zircon (Z), albite (A), calcium-iron
silicate (C), Allanite, zoned rim differs from
core and contains Yttrium (Y)

c) Zircon (Z), sphene (S), unidentified Nb-¥
mineral (Nb-Y), '

d) Allanite identified as U-Th silicate (U),
albite (A), sphalerite (8), Ce-Ca mineral (CE)
possibly throfluorite. Fe(Mg)-al Silicate (FE).
e) Nb-Y mineral (N), Nb-U-TH silicate {(X), Ca-Fe
Silicate with minor Ce+Nd (C), albite (A}, TH-U
Silicate (U), bright white speck is galena.

Top. frame is 2¥ the bottom frame.













lable 5: Rare earth element (REE) analysis for
samples of granophyric granite, from DL-16 along
the east side ot Big Snare Lake. :

Sc_ppm _La ppm Ce ppm__Nd ppm _Sm ppm-

13 310 - 650 100 1)
1150 2500 1460 520
18 - 290 - 570 370 120
190 390 ° 17Q 60
sample # _ ku ppm _Tb ppm Dy _ppm_ Ho ppm _Yb ppm
C6877 7 51 370 9 340
C6HTH 23 220 1350 330 1290

c6879 6 39 270 68 260
CcC6880 2 17 115 29 100

Sample # Lu ppm Hf ppm U ppm_ Th ppm

Cc68717 49 370 28 180
C6878 200 1000 58 600
Cc6879 38 520 39 250
Co880 14 230 25 160

All elements were analyzed by neutron activation.

Samples are from DDH DL-16: C6877 66.1-66.4m
Cb878 b66.4-b6.6m
Ch879 66.6-66.8m
C6880 b6 .8-67.0m
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Analyses of the samples are compiled in Table 5. Altbough

albite is a common component in the REE veins, ‘the host

granite has undergone moderate :to strong potassic

St

alteration.

4.5 Geochemistry of Uranjium Occurrences
Average analyses of the mineralized and adjacent
. _ ]
unmineralized rhyolites are listed in Table 5. The East

DF-2zone occurrence shows a decrease in Sio » Na O, MnO

\ 2 2
and CaO and a relative increasg in Al 0 , TiO ,
. v ' 2 3 2 :
K O, Mg0 and an order of magnitude increase in P O —
2 : o 2 5
relative to adjacent unmineralized rocks. There is also an

increase in F, Cu, Zn, Mo, Rb, Zr, Ag, Pb and U'gssociated
with mineralization. There is only a mode{ate increase in
F in the actual minf;}lized zone but there is a 24 m
section immediatelf adjacent, down drill core which is
strongly enriched in F with valqes from 1800-6600 ppm. Sr
remains approximately the same and there is a slight
decrease in Th in the mineralized rocks relative to the

<

unmineralized rocks.

In the west DF-zone showing there is_a decrease in

Sio , K 0;'F, Rb, Sr and Th and an increase in
2 2
Al O , Na O, Cu, Zn, Zr, Ag, and U in the mineralized
2 3 2 . :
rocks relative to the unmineralized rhyolites.
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- ' . . h .
In the J-zone The mineralized albitites show a
str g8 decrease in SiO , and an increase in Al O ,
; . 2 ‘ 2 3
Ca0O, MgO, Na O, FeO, TiO , P O U, Th, Cu, Ag and
2 2 25 .
F- . in the mineralized relative to the unmineralized

albitized rhyolites. The concentration of K

O remains
C -~ : . 2 :

constant.

In the K-metasomatized rocks of the J-zone there

.

are increases in A1 O , K O, FeO, U, Th, F and slight
2 3 2

décreases in Si0 , Ca0O, Na O, Cu and Zn in the

' ‘ £ 2 )

mineralized relative to the unmineralized rocks. -

o
14

4.6 Discussion

4.6.1 Alteration and-Mineralization .

There a;'e two cLiétin‘crt types of alteration
associated with uranium mineralization in' t,h‘eA J~zone,
:;J.bi-t.iz\ation and K-metasomatism., Cross-cutting relations
suggest:, that albi'tization preceded K-met’asoinatis:h. |

; 4 Na-metagsomatized rocks are commonly as.sééiated
!.Jith granite-related oré deposits, such as hydrot;.heri:a,l
uranium ( Poty g}__a_,L., 1974, .Cuney 1978, Leroy,1978, White
and Martin, 1980) and tin (Taylor 1979).

Strong (1982) deacz‘-ibeAs a progrelssién from

alaskitic granite to albitite, at the contact of the St.

'Lawrence alkaline/peralkaline plutpnic complex in
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Newfoundland, in which the albitized rocks are .

mineralogically and geochemically c,ompai-ub-le to Lhe
albitized rocks of, the J-zon_e.v At St.‘Lawrence originala
quartz and K-feldspar have been partly to Lompletely
replaced by alblte and calcxte resulting in a net loss of K
and a net gain of Na, Al, Ca, and Si. St.rong {1982) shqws
that. the apparent des111catxon sugg'ested by the'’ whole rock
. analysxs actually represents a net, gain -of Si which is

' masked by the dilution effects of the albxte and L.BlClte
qomponenf.é. Unfortunately a deta11ed 'analysu-s of the -
alteration at the Wentworth prospect cannot be done biecause

-

the original composition of the rocks is unknown. HRocks

‘4 which are not albitites have been affected by pervasive

.

K-metasomatism. The comparison with the St. Lawrence

albitites is not meant to imply a rigorous‘ correlation,
however the alteration products are strikingly similar.
Strong (1982) suggests that 'becvause there is a lack of

hydrous and fluorous alteration products within the
albitite zone t.he activities of H O ‘and F 1n the altering
‘fluids in this alteration zone wezz-e probably low. REE data
for the St. Lawrence rocks suggest high CO act.rivlt.y an"q
Strong suggesté that the "altering process 123 better

LY .
"described as carbothermal rather than hydrothermal

L 4
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-metasomalism. Fluorite is abundant .in certajin alteration

v, 4 -
zones in the St. Lawrence Granite.
o ) . - N P

‘Rare fluorite veinlets and numerous small calcite
veinlets angd very fine apatite crystals occur in the
- miperalized J-zone albitites, AQSSibly suggesting a higher

— \ . . . - : . - :
activity of F and P .associated with mineralization. _The

barren albitites do not have fluorite veins and are

chemically more similar to the St. La;rencé albitites.

. - .
+ Strong (198ﬁ) notes there is an enrichment of U and Sn in

the albitites relgtive two the un;lteréd grahites.| There is
gtrong enriéhment of uranium in the mgjority of al itites
sampled in theaj—zone:but‘ﬁhere are abundant strongly
albitized samples which éhow no graﬁium enrichment.
Sampling wasxpaﬁtly controlled by downﬂzle gamma logs, so
the total area of barren albitites is not well defined.

B;rrén glbitites apﬁear to envelop mine}a{izéd,
albitized zones. The envelope is poorly defined because it
has been observed dnly in drill core and has been cross-tut
by numerous latgr zones of_K-metasomatism, but_in two

o

dimensions at least, barren albitites commonly occur on

L.

either side of mineralized albitites. Albitiﬁgs observed_-
spobadically throughout the DF-zbone are barren, but since
the zone of alteration is more exténsive than the

P

mineralized zone, prospeéting for albitite may be an
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effective exploration procedure. “'

K-mgtasomatism is the most widespread alteration
affecting~éll the volcanic rocks of the J—éone. DF-zone and
DL—zone and it is~aésociated With uranium mineralization in
" most of the occurﬂ%nces on the prospect. The mineralized |
‘rocks tend to have slightly higher K 0 véluea than the
unmineralized rocks. but zones with Ehe most 1ntense
K-metasomatlsm {approx. 10-14% K O} are not usualiy
mineralized. Cathelineau 11983)2has shown that K- rxch
fl*&ds are favourable for the transport of uranium,

The alteratlon assemblages of the K- metusomutlfnd
mineralized zone; are similar to those described for
potaSsic and phyllic alLeration’or K-siiicute and Bericitig
alteration zones described by Lowell and Guilbert (19;0).
_Creasey (1959, LQ%G) and Meyer and Hemley (1967} .- Berﬂuse
the alteration is seo exten31ve the only obv10us source for
the requlred largé\vOlumes of K-rich fluids is thought to
be thevgranlte and a‘?elated hydrothermal systeﬁ.

The‘HarE Lake Qranite was emplaced at a shallow
l;Qel in the crust; wheré i;'in:rudes its comagmatic )
volcanic pile. Plutons.associated with p;rphybf depasits.
in spite of numerous'différences, are also emplaced at
shallow (1-2 km) depths (Titley and Beane, 1981). It iu

o B .
reasonable that a hydrothermal system with similarities to




‘o

\ ,‘—L‘f-a—.“v-f, - -

'porphyry svstems coul? have developed'ln the wentworth

Hrea.

2

. .
By .comparing the alteration assemblages associated
¢ ) .

with the mineralization in the Wentworth area with those

observed in porphyry dep031c$ and less well underbtood

hydrothermal uranium deposits, \h qualltatlve asessment of

the mineralizing system at'Weanorth should be possible.
Diagrams used below are based on thermodynamic datat&nd
appfy directly onl} for defined intensive‘variqbles. By . .
necessity ﬂ%ere i;hmuch extrapolatioh ihvolved ih apﬁlying
such,éﬁagrams to natural systems, but they provide valuable

insight into the physico-chemical conditions associated.

'with'ore depbsition.- Table 6 is a comparative * ’ N

-classificationeof-porphyry copper atteration assemblages.

4.5.2 Mineral Stability and Solubility , .

.

The composition of important ignecus and.

. In
hydrqthermal'silica:e minerak§’in porphyry copper deposi£§\

)

are &efined by the chemical components. K O, Na O, CaoO,

.2 2 -
MgO, FeO, Fe 0 , A1 O, SiO and H 0. “Quartz :
: ’ 23 23 T2 2 . ' g .
and water are in excess in these systems anpd are considered\ "
o . —
to have constanl activity (Beane, 1982). Al O is
2 3

considered to be immobile (Hemley/et al., 1980).

Alteration at a given level in t earth's crust may be

noo




Table 7: Comparative classif icat ions of porphyry ‘copper aqqemblagos
R (from Beane, 1983).
Lowell and Mcy& and
Creasey (1959, 1966) Guilbert (1970) - Rose (1970) Hentey €1967)
K-silicate . Fotassic QOrthoclasé-Sericire-Quarts K-silicate
K-feldspar K-feldspar : L K-feldspas
biotite biotite Orthoclase-Biotite-Quariz biotite
muscovite scedeite | NP muscovite
chlorite Onhor!aberncllemet- t anhydsite
quartz, Quariz
(Sericite-Qieartz-Pyrite) Phyllic Sericite-Quarrz Scericitic
quartz B N scricite
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pyrite pytite
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chlorits
Argillic Argillic Sericite-Kgolmite .Quartz Argilliec .
kaolinite kaolinite 1) Advanced
muscovite niontmorillonite Kavtintte/dickite
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kaolinite yroup
montmotrillonile
" t chiotite
*
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catbonate chtorite septachlortie
catbonate
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considered to proceed at a constant pressure (Beane, -
1982). Therefore the chemical variables involved in the

hydrothermal system are K O, Na 0, Ca0, Mgo, FeO,
. .2 2 )
Fe 0 -and temperature. ’ -
2 3 ~ ' , s
C,_The following two reactions are very important in

the development of q“pration which accompanies porphyry

copper deposits (Burnham, 1979);

+ +

3K-feldspar + 2H = Muscovite + 6SiO + 2K
i ' 2

i +

3Muscovite + ZH +3H O = Kaolinite + 2K
- , Te 2 .

. + + i
K (equilibrium constant)=(K ]/[H ] f?rmboeﬁ reactions
since the solids and H O are saturated.
2 +
° The ratio of cations/H has been found to be a

major control of silicate mineral stability in porphyry o
H
“%

deposits (Hemléy ahd Jdnes, 1964; Montoya and Hemley, 1975;
Shade, 1974).‘ Figute 21 sﬁows the stability fields for the
relevant silicate minerais based on the ratio of cations to
‘H+, using [K+]/[H+] as a. reference sincé

K-metasomatism has been shown to be'ihe dominant alteration
{Creasey, 1966; Meyer and Hémley, 1967; Ros;, 1970; Lowell

and Guilbert, 1970).‘ On these diagrams potassic alteration

‘corresponds to the KTfeldspar field, phyllic alteration to




Y]

.
Figure 21: ‘Stability relations among minerals as
a functiom ofs; various pairs of cation activity
ratios in a co-existing aqueous phase at 500
bars.. All diagrams conserve Al203 among solids
and contain excess Si02 and H20. Quartz
saturation is.defined in‘all cases. In diagram
(a), mixed pot3931um and sodium systems at 350°C
the curved portion of the pyrophyllite stability
field schematically illustpates limited solid
solution in the micas. Diagram (b) shows mixed
potassium and calcium systems at 350° C- and

- aC02=20. . In diagram (c) mixed potassium and

magnesium systems, the stability of biotite takes
*faccount of solid solution to permit stab1lxty
with K- feldspar at a temperatureé near 300° C; the
chlorite stability field is schematically. drawn™
to depict compatibility with K- feldspar. as
suggested for pure phases at 300°c. Diagram. {d)
is a schematic representafion of mixed potassium
and magnesium systems at a temperature above the

’ Qe

equi1ibrium value for muscovite-biotite : -
compatibility at a given pressure. From Beane
{1982). L) .

In these diagrams the assemblage associated
with the east DF-zone and potassic altered J-zone
uranium occurrences would generally fall on the
muscovite K-spar boundary. 'The west DF-zone
occurrence would fall inside the K ~spar stability
field.
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the mhscovite‘field argillic alteratidn to the kaplinite

s " .

or pyrophylllte f1e1d and propylntlc alterutlon ;orrespondb
‘to the chlorLte t‘xeld | . ) o ~

- 'In'the-ﬁotassic.zone‘stnong k—met;somatism’piters
'agneous plagidclqsg to K-feldspar and igneous A@phibokevto
biotite. Magnesium, Na and Cd‘afe leached from the

botassic zéne (Héane, 1982).

w“

Figure- 22 from B‘u‘rnham‘J,(1979) shows the K/H ratio
for an aqueous  fluid in equifhbrium with a granodiorite
magm& above the solidus, and the subsolidus mineral. .
assemblages. If an aquféuq phase'is_eisolved from a magma
which is in equilibrium’'with either hornblende or biotite
it will have. a K/H ratio which is capable of produéing .
'K;metasoma%ism., Most agueous phaéés are exsolved from

magmas in equilibrium with,hornbléﬂde or biopite (Quinham,
1979). ‘Fronm po}nt H to point-E in Figure 22'}he fluid is
égpable of causing potassic alteration. If the K/H ratio»'

.

of the fluid decreases during altmration, as for alteration

of plagioclase to K-feldspar than the flujd path may be

from H to [.- When the fluid path hits the boundary between

. . N

K;feldspar and muscovite it is buiffered and will move down

temperature along therboundary: Muscovf{e 18 commonly

included in potassgic assembldges and it is likely that
) )







-

K feldspar un1var1ent llne (Burnham. 1979). ot

‘ R

- -186- ; - T

~

pota351c alterat1on commonly occurs along the muscovxte -
[ TN

Phyllic alteration 1nvolvea the leaching of Na,
- F)
Mg, and Ca accompan1ed by addltlon of or constant K (Benne..
1982) .. This results in the destruction of all mxﬁernls

excépt quartz, sericite and pyrite which are Precipitated

in this zone. The hixing‘of magnatic with metecriclfluid‘

El ‘
in thxa zone results in a rapxd decrease in tempernture and

lower1ng of the K/H ratio 80 that the tluxd moves well 1nto

the muscovite field of F1gures 21 and 22 )

A . L ]
In the Wentworth area the occurrences of uranium
. . < - N - . M .

mineralization which are associated with K-metagomatism &l
. ) A - .
have typical potassic or phyllic zone assemblage§. In the

east DF-zone»showing and iq the J-zone shouings K-feldepar

. and muscovite occur together in veins and are considered to

be in equilibrium.. The alteration ih\zﬁkse zones probably

occurred along-a un1var1ant 11ne between . muscovite and

K- feldspar stab1lity as in F1gure 22. Burnham (f§79) noten
J

that pressure changes of +0.5 kb will cause only slight

vertical adjustments to the field boundaries in Figure 22.

The west DF-zone showing has no sericite associated with it -

" and occurs within 20m of the granite contact. ThlB

p 4
suggests that alterat1on at this showing probably occurred

at a higher temperature and/or K/H ratio than the east

r




Figure 22: Calculated stability fields among'\
minerals as a function of temperature and cation
activity ratios in a coexisting aqueous phase at
‘600 bars. All systems conserve Al203 among
solids and contain excess Si0O2 and HZ20. In
diagrams of potassium bearing phases (a) and
sodium bearing phases (b) solid lines denote
quartz saturation while dashed lines show the
effects of limiting dissolved silica by amorphous
silica saturation. The calcium bearing phases
‘{c) show stoichiometric compositions at quartz
saturation. In calcium-bearing phases with
provision for solid’'solution (d), compositions of
phases are representative of porphyry copper
occurrences. Calcite saturation curve is for
aC02 = 40. Diagrams from Beane (1982).
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l)b'-zoﬁe and J-zone showings, well within t,_he stability
field of K-feldspar.

Figure 23 shows the st.ab.'ility. relations of
minerals as a function of cation activity and cempératuré
in a coexisting aqueous phase at 500 bars pressure. Aall
systemgy assu,mle excess SiOZ, anq fzo and conserve
Al_ O . Diagram (a) shows that muscovié.e and K-t‘»éldspar
ar:_f gtable for a wide rande of temperatures, and their

4 .

regpective stabilities are far more dependant on K activity

" in solution than temperature, This diagram suggests that
- + + : :
the log aK /ail ratio at the east DF-zone showing and

the J-zone K‘metasomatized s»howings were in the range of
3.5-4.5 depending on temperature and ’assumnng‘ burial of 1-2
Km. However in diagram {(d} in whiéh the calcil;m-bearlng
ptyjses are plotted with provisions for solid soiution, the

assemblages at the east DF-showihyg may suggest that
' Lo}
temperatures werg in the range of 400 C, if pressures

were near 500 bars. In this occurence there is a notable

absence of calcite, which suggests that the activity of
2+ - '
Cn did not reach the calvite saturation curve. Garnet
JS. ' :
"and epidote occur in veinlets together, suggesting that the

fluids ' were along the garnet-epidote boundary but below the

‘ calcite saturation curve. These conditions are only met at
2+ 2 ¢ :
log aCa /a H approximately 7 and temperatures above




o
approximately 380 C.

Uranilum is a Lithophile element which is enriched
in the upper‘f:rust {Nash et _al., 1981‘).7‘ In nature’ it
occurs . in the tetravalent (U IV), pehtavalenL (U V) and the
hexav-alent. (U VI). In most subsurtace environments upratium
occurs as U(IV) because the other two are stable only under
oxidizing conditions. The combination of ‘large size and
'high\chatge of U(IV) prevent.s‘ it from ent.eriné the lattice
of rock-forming minerals except in trace amounts (Rich et

al., .1977). Metals dissolved intvolcanic glass are

released during devitrification and uranium released in

this form is precipitated as a secondary oxide which is *
readily leachable (Romberger, 1984; Zeilinski, 1978 and
1982) and accessible for redistribution and concent‘ratio»n'
in a hydrothermal system. The geological evidence at the
Wentworth prospect indicates that_ an extensive ,h.ydrothermai
system wa~s active. A major source for Jthe urgnium in nll~
sh‘owings 18 considered to be thevvolcanic rocks of the
Byers grook Formation, possibly with some input directly

from the Hart Lake Granite.

The source of complexing Agents may be either the

g‘ranite or the volcanic rocks. Table 7 lists the u»‘ranyl
' * .
and uranous. comp_l.exes which are known to form with wvarious

- -

anions. Uranous complexes are not considered to b_e
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important transporters of uranium because ot the low ™\

solubility of U:IV)”(Romberger! 1984; Langmuir, 1978).
Langmuir (1978) has sﬁown'lhat at }626/f1uorid;.
phosphate and carboﬁate complexes are important L
transporteﬁs of uranium in acid, neutral and alk&line
solutions regpectiveli‘(Fig. 24),‘f6r typical groundwater

ligand concenﬁrations. As temperatures increase there. 13 a

marked decreasg in the stab}lity of uranyl ;afbongte

complexes so that at 100o C aﬁd pCO of lbfz .
.

carbonate complexes are insignificait at any pH.

\

Experimental da&ta of Rafalski {(1958) and Miller {(1958)

indicate that uranium solubility in carbonate solutions
) o
decreases 100 fold between 100 and 200 C. If pCO is
. F]
increased with temperature, significant solubility can be

maintained (Nash et _al., 1981).

The uranyi phosphate complex, UO (HPO. ) “
is so stable that at typical groundwater 2once:tiations of
PO =0.1ppn this c;nplex dominates from approxnmaCﬁEﬁ pH 4 ‘
Lo4pH 7.5 (Fig. 24).

¥

Romberger (1984) has used existing Lhermodynumic

data to evaluate the stability of uranium complexes in
o
hydrothermal solutions up to 300 C and the following

discussion is summarized from him. ) .

Pl
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The relative stabilities of various uranyl
complexes are evaluated in the Figures 25-27'by plotting
the distribptiqn coefficient agiinst PH at a constant
temperature and concentration of complexing components and °
pCoO .
. 2 . - i
As temperature increases the pH at which solutions

are neutral decreases. The ionization constant of H O

: 2
changes as temperature increases to a maximum of
-11.4 o :
10 at 230 C. Therefore the concentration of both
+ - ' -5.7
H: and OH can be as high as 10 M or neutral pH a

can be as low as 5.7 (Krauekopf, 1967).
' Romberger (1984) shows that at 100o C and
pCO of O.Ilatmospheres uranyl fluoride complexes .are
impgrtant under acid and neutral conditioné, hydroxyl
complexes. are importapt under neutral condition§ and uranyl
carbonate complexes are important in alkaline tluids (Fig.
25#). .with the_ietroduction of 0.1 ppm phoaphorus to the
solution phosphate complexes are dominant at n}utral PH
(Fig. 25b). ’ : .
o '

At 200 C and pCO of | atmosphere the uranyl
fluoride complexes are domfnant in acid neutral and mildly
;lkaline solutions. Carbonate complexes are only 1mportan£

in strongly -alkaline solutions for the specitied ligand

e
concentrations (Fig. 26 a+b). With the addition of 1 ppm
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phosphorous to the solution, phosphate complexes are
dominant in mildly glkaliné solutions.

The thermog}namic-data used by Romberger {1984)
suggest that carbonate complexes are unstable at any pH at ~
300o C and.pCO of 10 atmospheres. Uranyl fluoride .
complexes are gominanf at neutral pH and hydroxfl complexes

are important in both acid and alkaline solutions. The

presence of 1 ppm phosphorous results in phosphate

.

complexes being dominanf @t neutral pH and hydroxide

.
complexes dominant in acidic and basic solutions (Figs. .27

a+b).
In\the J-zone albitites there is a slight increase
in CaO refiected by increased calcite veining and both the

albitites and K-metasomatized, mineralized rhyolites of the

J-zone show a marked-incréaé% in PO and F in the
2 5

‘mineralized versus the unmineralized rocks. This may

suggest that phosghate and fluoride complexés were

important transporters of urdnium.in the albitized

showings. In the east DF-zone showing.there is an order of
magnitude increase in P O and a strong increase in F
relative to the adJaceni.gnmineralized rocks’, which may ’ -
indicate that phosphate and fluoride complexes: were

important transporters of uranium at this showing also.

The west DF-zone showing is depleted in F relative to the
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adjyacent unmineraliczed rocks and therc is no apparent

.

increase in a0 or PQ in th® mineralized zone. This
showing 18 hosted a gy fault zone in which permeability was
+» probably ve};‘high and ié the closest of all showingsﬂto.
.the granite. The alteration minerals and the proximity to
Lhe granlﬁé suggest that temperatures and activities of

t

K were high at this showing. heating of soflutions

«

carrying complexed uranium aids in precipitation of

pitchblende by destabilizing the complexes. Increase in
solution temperatures can be caused by lateral movement of‘
uraniferous solutions with respect to an incompletely
cpolpd intrusive, in which case the hotter zones;peripheral
to the intrusive will be é favourable locus for
precipitation gf uranium mine;alization {Naumov, 1961).
Preclpjtatign of uranium jn the west DF-zone.showing mAay
have been caused by fluids from the hydrothermal system

encountering higher temperatdre magmatic fluids.

Destabilization of uranium complexes therefore may have

been a function of favourable temperature gradients.

Romberger (1984) notes the increasing importance
of hydroxyl complexes with increasing temperature and .
o
suggests that above 300 € hydroxyl complexes may be the

only stable complexes in solution. There do not seem to be




>

_z(’)u_
any data to show how very high acL1v1t1?s of complex)ing
- N O
agents would affect uranium transport above 300 (.

A summafyvof fluid inclusion dnta by Rich ¢t _al.,

{1977) suggests that in most hydrothermal ,uranium deposits

pitchblende was deposltedlfrom-fluids ranging from
° ‘ .
50-200 C at pressures of less than 1 Kb. The fluids

responsible were generally low salinity and CO -bearing.
* . 2 .
.In the Beaverlodge District, Sasano et al. (1972)

concluded that initial temperatures of uranium deposition
o]

. E

were up to 500 C with\numerous remobilizations of ore at

lower temperatures. Poty et al.. (1974) reported that oFe

deposition in the Limousin Disﬁrict. Francel occurred at
. o .
Lemperatures of 340-350 C and pressures of 700-800 bars.

y

¢ .
Both of these studies interpreted large variationsg in the

constituents-of inclusions to indicate that boiling had

‘occurred during uranium deposition. Uranium ore dgrade at

Limousin corresponds to the amount of CO 'in fluid
o 2
inclusions (Poty et al., 1974). In a study conducted 1n

the Erzbirge Region of central Europe, Tugarinov and Naumov

(1974) report that minerals deposited’§f£or pitchblende are
depleted in CO relative to those deposiied with ’
piééhbleﬁde, aﬁd temperatures of ore deposition ranged f{rom
SOOC to 3500C.

]

-
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As pressure décreases the partial pressure of

€0 in solution decreases, with the result that the
B2
activity of carbonate ions available for uraniam complexing

will be decreased. Pressure decreases which cause loss of

v

" volatile components cause pH to increase. An effective
mechanism for reducing the partial pressures of volatile
components in solutions is boiling {Romberger, 1984).

Fluid inclusion data suggest that l.Jranlum 1s transported.
) 9

" inCo rich solutions even at temperat.ures.'above SO0 C.
These data show that CO cemmonly comprises over | mole
*® 2 ) : ,.
percent of the fluid associated with hydrothermal uranium

depos’ition (Rich et al., 1977). Uranium cannot be carried -

a3 simple ions, either as U(IV) or U(VI) in hydrothermal

solutions'Numov, -1963) suggesting that at very high

pCO , carbonate complexes may be stable even at high

- A

2 o .
temperatures. The possibility of U(IV) carbonate complexes

existing at very high partial pressures of CO seems not
) - 2
to have been investigated (Nash et al., 1281).

Romberger (1984) examines‘the affect of oxidation
. [o]

state and pH on the solubility of uranium at 200 C by

.

use of oxygen ‘_t‘,ugacity/pH diagrams (Fig. 28 and 29).
Figure 28 shows that uranyl complexes are dom_inant. at high
values of fO and that for the defined conditions,

. 2 !

sulpbaté complexes are dominant in acid solutions, fluoride
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In all mineralized zones 1in the wentworth prospect

hematite is a stable iron phase suddesting that oxysen ‘f@;

fugacity was moderate to high. In the East DF-zone and the

P . . . . . »
) J-zone showings sericite and K-feldspar coexist,, sugdestling

mildly alkaline pH. fhe west DF-zone showing does not

contain sericite, huggestiné that pH was slightly higher at

this showing. Chlorite is ﬁbiquitous with all showxngé.
1 but 1t is not clearswhether it was deposited during |
minernlization. There is evidence to show that some -of the
chlorite in the east D¥kzone shswing poQtdaLés
mineralization. The assemblages suggest .that the
K-metasomatized uranium occur:ences were deposited from
mildly alkéline fluids with high oxygen fugadiiy. Undef
those conditions uranyl fluoride and uranyl phosphate

L}

complexes are stable.

4.6.3 Uranium Depositional Model T

There are a number of similarities between the
deological setting of the wWentworth prospect and topaz.
rhyolites described by Burt and Sheridan (1980, 1981, |

: 1985), and Christiansen et al. (1980) for example.

The Harf Lake Granite and the Fountain Lake Group

.

are anorogenic and the products of extensional tectonisnm

(Chaﬁterjee, 1983}. Topaz rhyolites are emplaced in an
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’
extensional environment and are sugdested to be the
extrusive equivalenLS of anorogenic grapites (Christianson
et al., 1980),

Peralkaline ﬁagmas are distinét‘from topaz )
“rhyplites but peralkaline magmatism is contemporaneoﬁs with
to;az thqlites in the Great Basin (Christiansen et al.,
1980). Tﬁi§ two-fold magiatic character is evigent in the
Byers Brook Formation, The felsic¢ rocks are domigunt}y
metaluminous but there is a suite of distinctly peralkaline
rhyolite dikes cutting the metaluminous rhyolites. As Qith
the Topaz Rhyolites the peralikaline suite are not
mineralized.

Burt and Sheridan (1980, 1985) suggest foup stageg
in the devlopment of mineral.deposils associateq with Topaz
Rhyolites: (1) magma intrusion, (2) eruption of '
pyroclastics and capping lavas, (3) vapour\phase and
hy;;othermal alteratién ahd redistribution of elements, and
(4) ground water diagenesis and redistribution ot elements.

‘ n stage 1 (Fié. 30} the 4ranitic magma 1s thought
to.be water-depleted, enriched in fluorine and lithophile
elements and emplaced‘to shallow levels iq the crust,
Fluorine reduces the solidus and liquidus temperatures of
the melt, greatly aiding\iA the shallow emplacement of the

associated granites (Wylie and Tuttle, 1961). Highly

A




. -

Figure 30: The proposed genetic model for ‘the
uranium mineralization in the Byers Brook
Formation is mqdified trom the model for uranium
in topaz rhyolites proposed by Burt and Sheridan
(1980). ' '
Stage 1: The Hart Lake Granite intrudes its own.
volcanic pile and highly charged elements are
‘enriched in the apical regions bv magmatic
processes. The main dome/flow complex of the
DF-zone is extruded along with smaller rhyolite
f ows in the J-zone and DL-zone, 1ntercaliated
with the conglomerate siltstone marker horizon.
A broad hydrothermal system is developed and
uranium i8 concentrated into permeable zones.
Stage 2: Eruption of pyroclastic rocks occurs.’
The earliest ash flows (J-ignimbrite) are from
the apical regions of the granite and are
enriched in uranium. Hydrothermal activity
continues to leach uranium from the volcanic
rocks and concentrate it into favourable
structures,

Stage 3:> Pyroclastic eruptions wane and
' extrusions of the rhyolite flows at the Bvers
‘Brook - Diamond Brook Formation contact occurs.
_ The broad hydrothermal system continues to Jleach
and concentrate uranium as devitrification of the
volcanic pile occurs. The rhyolite flows and
domes are the center of the hydrothermal system,
aided by ‘heat from late ,JThyolite and composite
dikes, with the result that the flows and domes
are the locus for® uranium concentration.

Stage 4: Di is and groundwater »
redistribution results in minor concentration of
uranium into fractures., ~
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_chardged trace elements are stabilized by fluorine

LY .

{Chraistianson et al., 1980) and Lhese elements may be

enriched in the apical parts of the intrusion byudiffu310u
{Kaogarko, 1974), thermogravitational diffusion (Hildreth,
1979) ;r by the evolution of a distinct fluorine-rich phase
(Burnham, 1967).

In the Wentworth area, the granite near the margln
of the Hart Lake/Byers Lake Granite is strongly fluorine
enriched relative to the granophyric contact rocks and in
medium grained granites in the soﬁth DE-zone ]average 1300
ppm F ln‘the unaltered DL-zone granite versus 500 ppm F in
the granophyrtic chill margin and medium grained, DF-zone
lgranite). Iq the DL-zone the granite is interpbeted to be
a cupola which feeds the main dome/flow complex of the

A )

D¥-zone, which is host to the east and west DF-zone
[

showings. Thé occurrence of REE, W, Sn and Th in .
fluorite-calcite veins adjacent to this cupola along with
the fluorine enrichment within the cupola suggests that

apical enrichment of these elements occurred in the Hart

r

Lake Granite.
The second stage 1n the development of Topaz
Rhyolite mineralization involves the eruption of

pyroclastics and capping lavas. In the Wentworth area two

cycles of pyroclastic eruption are followed by extrusioJ of
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rhyolite domes and flows, Uranium mineralization is

b

associated with the doées and‘flows of the early sequence
and the first ignimbrite of the late sequence ¢f the Byers
Brook Formation., Uranium mi;eralizatioﬁ is associated with
fluorite in Jithopgysae-rich zones ‘of the domes and flows
which cap the late Byers Brook Formation sequence.

V‘Theiuranium occurrences in the Byers Brook
Formation are hosted by peémeable zones and associated with
hydrothermal alteration assemblages in the host rhyolites,
Stage J of the model proposed by Burt and Sheridan
(1980)suggests that vapour phase and hydrothFrmal
alteration and redistribution of the elements is an
tmportant step in the formation of economic concentrations
of lithophile elements. Thera is evidence that a very
large’, complex hydrothermal system was responsible for
concentration of uranium into permeable structures on the
Weptﬁz;th prosapect. Uranium is readily leachable from\
"devitrifying rhyolite flows and pyrociastic rocks, so the
vplcanic rocks themselves are sugg;sted as thésprobabl;

r

source of the uranium which is reconcentrated by
hydrotherﬂal solutions. In-the Wentworth area the largest
and highest grade uranium ocdurrances occur inv;nd adjacent
to the rhyolite dome/flow complexes. It is suggeated that

L
these complexes were areas of high thermal gradient caused’

-

&
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by the 1njgection of‘late composite and rhyolite dikes, and
thus were the locus of the very extensive hydrothermat
system which caused the perv;sive alkali metasomatism.
‘Stage 4 of this model which involves diagenesis
w* and groundwater redistribution of urarium is best observed
in the Hart Lake/Byers Lake Granite. Locally fractures 1in

unaltered medium grained granite are filled with uranium;

near the contact of the Byers Brook Formation. These

tracture fillings are always less than | cm wide.

‘\




Summary and Conclusions

5.1 Summary

: Numerous radioactive occurrences hosted by the
felsic volcanic rocks of the Byers Brook Formation in the
Wentworth area, were discovered by the explora}jon efforts
of Gulf Minerals Canada Ltd.

The Byers Qrook Formation of the Fountain l.ake
Group is a bimodal, dominantly felsic volcanic and
volcanicla;tic sequence of Devono-Carbontiferous age which
has been intruded by the comagmatic Hart Lake Granite and
Folly Lake Diorite. The volcanic and intr&siVQ rockslare
anorogenic, emplaced in an extensional tectonic regime.

The Byers Brook Fofmation is represented by two
discrete volcanic cycles, separated by a

A

conglomerate/siltstone marker which represents a brief
"hiatus 1n volcanic activity. Each cycle is characteriZed

.

.by early deposition of felsic pyroclastics which grade

.

upward into dominantly rhyolite and basalt flows.
' ~
The Hart Lake Granite and the Byers Brook

et
S

Formation rhyolitic rocks are metaluminous, except a
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discrete suite ok rhyolite and composite dikes which are
peralkalfne. The bulk of the Byers Brook roémutlon, ané the .
granophyric margin of the Hart Lake Granite have been
affected by pervasive alkali metasomatism. W.idespread,
moderate to intense K-metasomatism is most common but L;cal
areas within the volcanic pile ha&e been strongly

albitized. Albitization 4is not as extensive as

h-metasomatism, gnd predates it where they occur together.

There is a distinct suite of rhyolitic and dacitic dikes

which are peralkaline. These along with a suite of
. . .
metaluminous rhyolite dikes are relatively unaltered and

>postduLe alterJ{ion and mineralization. ne rhyegolite dikes

are commonly the feléic core of cémposite dikes which have
diabasic margins. These dikes place a constraint on the
timing of mineralization and alteration which suggests that
the mineralization and aiteration were related to the-
regional magmatic and hydrothermal activity associated with
the emplacement of the Byers Brook Formation and the Hart

o

Lake/Byers Lake granite and not caused by a later

¢

hydrothermal system, .
The highest concentration of uranium, flucorite and
asscciated lithophile elements discovered in the Cobequid

Highlands occur within the Byers Brook Formation on the
\

Wentworth Prospect. Although numerous occurrences have

™
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level 1n the crusi without completely crystallizing. The
apical regions o6f the gfanite were enriched 1n t'Luor‘ine and
lithophile e.lement.s by magmatic processes such as |
'Lhermogravitational diffusion, diffusibn or evolution of a
discrete fludring-rich phase. |

These processes resulted in the extrusive rocks.of :.
the Byers>Brook Formation‘be'ing enri.cr.xed in uranium,
tluorine and other lithophile elements. Uranium does not
fit into the lattice of rock forming minerals and was

released as a secondary oxide during devitrification of the

volcanic rocks. A large hydrothermal system driven by the

e

high thermal gradient associated with the shallow granite

and the 7rhyolite dome complexes remobilized and
concentrated the uranium into csec’on'dary and p;‘imary
structures., The highest grade and largest discovery ot:
uranium uﬁneralization is associated with the main dome
flow complex of the DF-zone whlch oécurs at the top of the
f.irst. Byers Brook Formation sequence. This correlation
be‘tween uranium mineralization and rhyolite domes may
suggest that the domes acted as a focus for a véry large
hydrfJ't.h.ermél system. i_(-met.asomat.ism and albitization are

very widespread. throughop«t'the Byers Brook Formation, \

\
suggesting t?t the hydrothermal system was large.
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The presence of apu't.it.e and fluorite, and the fact
that the mineralized zone has elevated F and P205 relative
to the unmineralized rocks suggests that phosphate and
fluoride complexes may have been impordtant. in the transpm't
and concentration of uranium lin the Byers Brook kFormation.
Alteration assemblages suggest that fluids responsible for
the alteration and mineralization were nilvdly alkaline,

, . §
Phosphate and fluoride complexes would be stable at

elevated témperatgres in mildly alkaline fluids. Uranium

is hosted by zones in which permeab'i-lit.y was increased byv
brecciation and fracturing or in zones which had 'prima‘ry
porosity such as lithophysae-rich zones. The cause of
precipitation o.f uranium in the mineralized zZones 1s nol
~obvious. Increased temperature associated with the dope
complexes or the granite may have caused destabilization of
uranyl complexes and precipitation of uranium o;cide.
Precipi}.at.ion of fluorite and ;a_paute may have resulted in
destabilization of fluorigle and phospt}ate complexes,
reé‘ulting in pitchblende deposition. Mineralization in the
J-zone albitites was 'associa‘ted with calcite veining.
Prec1pitatiqn of calcite and/or boiling of COz—rich‘

fluids are considered to be important mechanisms for

precipitation of uranium oxide in a number of hydrothermal
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deposils assoczated with albitizabion and may have caused

precipitation of uranium in these rocks.

5.2 Considerations For Exploration

The Byers Brook Formation and the Fountain Lake

| ‘
Grbup in general has potential to host economic deposits of
lithophile elements based on this interpretation of’ the
geoclogical e\;olur_ion ot the volcanic sequences, The work
‘done to date has allowed fdr the development of a model tor
_minerali:zat.ion. Thigs should be followed up with a
systematic exploration program to test and‘modify the
model. The Byers Brook Formation 1s poorly exposed at
surface and drilling hag tested only a very small part of
.the formation. A careful evaluation of dome complexes and

permeable structural features which were caused by volcan.c

activity or granite emplacement should be done, .

Occurrences which have been discovered but not extensively

explo‘red in rhyolite d;mes near the top of the upper Byers
Brook Formation sequence, near thé Diamond Brook Formation
contact, have excellent potential as host to lithophile
element minerralization. Strong reducing horizons such as
graphitic sedimentary rocksb in the pile should also be

considered as potential prospects.
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The precious metal potential ot the HY9rs Bruﬁk
Formation has not been ev;luated. Zone# of massive silica
which occur along s‘t.r';ke-e from the lacustrine siltstones in
the DL-2zone are interpreted to be sinr.ex: deposits and - :
should be sampled for gold.

On a regional scale, it has been shown by Burbt and
Sheridan, {1980, 1985) and Chrisltiansen et al., (1980) thdt
topaz rhyolites in the southwestern United States have a
sﬁrong spatial association with Precambrian granites, or

radiogenic Precambrian crust along the margin oft’ thé Great
B:;sin. In the Appalachian Orogen t,-her.-e are fluorite

deposits in the St. Lawrence alkaliné/peralka]ine complex
in Newféundland. Tungsten and tin minerulization occur in

fel‘éic subvol_ca.nic rocks at Mount Pleasant, New Brunswick

and widespread occurrences of uranium, thorium, tungsten:

2

»
and tin occur throu%out the Fountain Lake Group of

northern Nova Scotia. These deposits have a nuinber of
~common features. They are ho:ted b); anoroéeni(: granites or
their extrusive equivalents, emplaced{:n ext.ensi.onﬂl '

. tectonic regimes (Teng and Strong, 1976; Chgtter.)ee;

1983). The St. Lawrence granite and the Fountain Lake

Group are alkaliné/peralkaline complexes. Alrldare tfloored

by Av&lon Zone basement which in the Cobequid Highlands is
: . ,

-
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partly composed of Precambrian granites, lhe host rocks
are 1n each case Devono-Carboniferous to Lower
Carbonilerous in age. . .

The cohcéncrahion of occurrences of fluorite and
[ithophile element deposits assogiatedeith the
alk?Tine/peralkaliné complexes of the Avalon Zone relﬁtjve
to ;im;laé complexes in other tectonostraﬂ}graphic zones
within the AppalachianYOrpgen sugKests that area selection
should concentrate on rocks within the Avalon Zone.
Specificﬁlly aﬁorogenic complexes of Devono-tarboniterous

to Lower Carboniferous age,

»
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‘ APPENDIX 1
Dlamphd Drilling Data: . )
DDH # EAST NORTH Dip AZIMUTH' DEPTH
Ji-1 6+75W 14508 -50 000 178.3m
' Jz-2 7400 0+13s -90 —-- 131.1m .
JZ-3 6+75W 1+#75N- . =50 180 170.7m
Jz-4 6+75W 6+4QON . -50 . 189 199.3m
JZ-5 12+00W 2+00N -45 i8o 153.6m .
JZ-6 12+00W 5+00N -45 180 160.3m '
JZ-1 T+25W 0+158 =90 - 70.1m
JZ-8 7400w 0+10N -90  =-- 76.5m ~
Jz-9 7+25W 0+10N -390  --- i6.2
JZ-10 \  12+400%  0+00 -43 180 173.7m
JZ-11 . T+00W 4+00N -45 180 143.6m
1 J2-12 T+00W 8+80N = -45 180 © 106.1m
JL-13 4+400W 12+80N -45 00U 41.5m
Jz-15 7+00W 1410N -90 --= 101.5m
Jz-16 7+00W 0+75N -390  --- 94 .8m
Jz-17 4+00W 1425N -45 180 . 109.1m
n o Ji-18 7+00W 0+155 -77 000 o 138.1m
JZ-19 6+75W 3+508 -45 180 68.0m
JZ-20  6+T5W 54558 -45 180 70.6m
Jz-21 12+00W 0+00 -45 090 134.0m
. Jz-22 12+00W 11475N -60 180 133.5m
’ §Z-23  12400W  11+75N  _ =80 125 129.5m
‘ DF-1 .  32+00E 344008 -50 180 143.49m
‘ DF-2 52+00E 374008 -45 180 140.5m
DF-3 . 52400E 404005 -45 180 140.8m
DF-4 52+00E 314008 -45 180 137.8m
DE-5 48400E - 32+15S -45 180 150.2m
DF-6 48+00E 35¢10s -45 180 129.3m
DF-7 48400E 38+155 °~ -45 180 96.2m
DF-8 48+00E 41+158 -43 180 118.0m )
DF-9 48+00E 44+155S -45 180 129.zm
¥-12 52+00E 42385 -45 180 141.3m
DE-13 52+00E 314008 -45 270 105, 2m
DF-14 52+ 00E 28400s . -45 180 162.5m
DF-15 52+00E 31+00S -70 . 270 1U6.5m
DF-16 52 + Ol 454508 -45 180 114.3m
- DE-17 52+400E © 354008  .~45 270 . 126.3m
- DF-18 52+00E 374508 -45 270 89.0m
DF-19 52+00E 114758 -45 180 92.6m
DF-20 48+00E 15+¢2558 -45 180 ' 69.6m
bF-21 52+00E 484508 -43 180 62.0m

DF-22 60+00E 38¢80s -45 180 183.3m
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DDH#»

DK-23
DF-24
DF-25
DF-26
DF-21
DF-28
DF-29
.-DF=-30
DF-31
. DF-32
DF-33
Alq"DF" 3 4
«DF-35
DF-36
DF-317
DF-38
DF-39
DF-41
DF-42A
DF-42B
DF-43
DF-44
DF-45
DF-46
DF-47
DF-48
DF-49
DF-50
DF-51

DF-52

DL-1
DL-2

- DL~3
DL-4
DL-5
DL-6
DL-7
DL-8
DL-9
DL-10
DL-11
DL-12
DL-13
DL-14
DL-15

EAST

59+75E
59+95E
52+00E
52+00E
59+73E
60+00E
59+73E
60+65E
58+70E
61+75E
61475E
61+95E
60+65E
68+30E
66+31E
63+94E
55406E
67+14E
63+62E
63+62E
62+71E
57+52E

59+58E

59+58E
59+60E
59+85E
60+35E
58+00E
57+05E

" 62+35E

96+00E
96+00E
96+00E
96+00E
96+00E
96+00E.

. 96+00E

96+00E
102+00E
96+00E
102+23E
96+00E
102+23E
96+00E
96+00E

NORTH

-234-

344208
36+98S
84108
3+928
404718
374558
40%+71S
4041778
404528
42+444S
42+44S
43+433S
4047758
444008
474538
494775
33+4858
4140958
414028
414028 .
42+46S
34+21S
424058
434548
424058
3244258
314758
30+60S
42+36S
444038

244008
274008
29+808
33+00S
364008
394008
424008
454008
34+85S
48+00S
63+88S
50+83S
66+88S
54+83S
58+83S

DIP
-45
-43
~45
-45
-60
-60
-45
-6V
-60
-60
-45
-60
-45
-45
-45
-45
-45
-45
-45
-45
-60
-45
-45
-90
-90
-70
-90
-90
-60
-60

-45
-45
-45
-45
-45
-45
-45
-45
-4

-4

-45
-45
-45
-45
-45

AZIMUTH

IRV
180
18V
180
180
180
180
180
180 .

217Q

21710
270
180
225

225

225
225
270
270
270
270
225
225
225

-

270
270

18O
L80
180
180
180
180
180
180
180
180
180
180
180
180
180

DEPTH

155 .0m

©228.0m

152.0m
131.Um
184 .0m
339.0m
144 .3m
178.0m
305.0m
172.0m
202.0Um
l74.9m
181.0m
158.0m
178.0m
143.5m
178.0m
223.0m

. 43.0m

285.0m
206 .0m
160.Um
166.7m
135.0m
155.0m
155.0m
143.0m
125.0m
206 .0m
185.0m

140.8m
134.6m
137.2m
106.7m
125.8m
135.35m
138.3m
126.3m
118.0m
153.3m

.126.5m

138.3m
162.5m
131.7m
132.3m




DDH#

DL-16
DL-17
DL-18
"DL-19

- DL-20

DL-21

DPL-22

EAST

965 +00E
36 +00E
102+23E
96+00E

102+20E.

102+96E
96 +V0E

~-235-
NORTH

62+80S
67+17S
69+828S
62+80s
72+97S
77+30S
2042058

1P

-45

-45 .

-45
-70
-45
-45
~“45

AZIMUTH

180
180
180
180
180 .
180
180

DEPTH

144.0m
718.3m

144.5m
138.3m
162.3m
91.2m

173.3m

o
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Appendix

Analytical\methods and_sampling teehniques.

The analyses used ig this study are of samples ’
taken over the span of G.M.C.L.'s Cobequid exploration
program from 1976-1981: Most of the data are analysis of
diamond drill coré. 459 samples were run for major and
trace elementﬁ. GuIf provided approximately 300 thin
secticnsvcorrespondiné to geschewmistry samples and 60
polished thin sections .-were prepared st Memorial | a
Univerxity.

Ali analysis were done by X-Ray Assay Labs of Don
Mills Ontario. Sample splits and re-analyzed samples
generally reproduced data within the detection limits.

The major oxides were analyzed bx fully automated
sequential x-ray spectrometer, using a power glasg disk
sample preparation method. The detection limit for the'
major oxides is 0.01%. Total iron was calculated as Fe203
and reported as FeO,

The trace element concentrations are reported in parts per
million (ppm). Cu, Zn, Ag and Pb were analyzed by direct
current plasma spectrometer at a detection limit of '

0.5ppm. Rb, Sr, Zr and Cr203 were analyze¢d by XRF at a

detection limit of 10ppm. Bi was assayed by fire assay-AA
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at deetection limit of O0.1ppm. U was analyzed by delayed
ﬂeutron counting at a 'detection limit of O.Ipém. Th was
., analyzed By neutron Qctivation at a detectién limit of
1.0ppm. F was analyzed by wet chemistry at a detection
limit ofHIOOppm. Ni, Co and Moiwere analyzed by atomic
absorptlon analysis to a detectlon limit of 1 ppm. Sn, ‘Sb

¢

and W were analyzed by XRF to’ detectlon limits of 1 ppm for

Sn and Sb and 5 ppm for W. ‘




KRock sample locations for lithogeocﬁemistry samples.

Sample # Depth (m) sSample = bepth (m)

DDH % JZ-1

B3109 Vi B3123
B3110 B3125
B3111 B3128
B3112 © B31Y9
B3113 . B3130
B3114 . B3132
B3115 B3168
B3116 B3138
B3117 . ) B3140
B3118 B3141
B3119 B3134
B3120 . B3133

DDH # JZ-5

B3182
B3857
B32g2
B3864
B3233

DDH # JZ-6

B3301
B3302
B3183
B3303
B3184
B3304
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Depgh (m) Sample ¢

DDH # JZ-7

7.3 B3310
B3a31l1

DDH # Jz-8
B3188

B331i7
B3318

DDH # JZ-11
B3194
B3197
B3199
B3198

DDH # JZ-12

E0102

DDH # JZ-18

EO119
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. Sample # Depth (m) Sample & ‘ Lepth (m) °
DDH # DF-1
A5365 22.3 C5372 71.9
4 5366 ‘ 32.3 B3891 72.4
C5367 49.1 - ; C5373 81.7
B3890 55.5 C5374 97.5
C5368 57.6 , C5375 107.9
5369 65.2 B389 109.7
€5370 65.8 . C5376 . 139.6 B
5371 _ .69.5 C5377 141.7
DDH & DF-2 .
B3894 14.0 . B3897 . -120.7
B3895 96.5 : :
¢ DDH # DF-4
B3159 © 46.5 " B3321 83.5
B3160 53.3 B3164 122.8
B3161 76.0 ‘
DDH # DF-5
. S, ]
C5010 53.3 ' C5013 116.1
C5011 . 68.6 , - C5014 116.6 _°
c5012 - 112.8 C5015 13742
DDH # DF-6
. C5341 ‘ 15.8 ' C5346 59.1 , >
Cc5342 ~26.5 C5348 . 78.6 -
C5343 _ 28.3 C5018 82.3-
C5344 = 44,2 _ C5349 - 85.6
Cc5016° 44.5 : C5350 96.0 .
C5345 54.9 . C5Q19 . 106.7
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Sample # Depth (m) Sample & / Depth (m)
DDH # DF-7
c5023 . 61.0 ]~ C5024 u 83.38
DDH # DF-8
€5005 17.1 . C5007 Y '
C5006 44.5 .
»
DDH # DF}~9
C5001 C 27.4 C5003 " 716.2 -
C5002 62.8 C5004 100.6

DDH # DF-12

C5038 . 53.3 C5040 130.8
C5039 , 99.1 _ .
DDH # DF-13.
C5321 18.3 o C5333 ‘ a7
C€5324 : 25.3 : C5334 85.3
T5325 25.9 - S C5335 86 .6
C53217 44.5 C5337 80.5
c5328 - - 50.9 C5055 91.4
C5330 59.1 - C5338 f 93.0
5331 59.7 C5339 T, 105.8
DDH # DF-14
C5351 34.4 C5359 ' “ 79,9
C5025 36.6 : C5027 83.8
Cc5352 46.0 . C5028 "90.5
C5353 48.5 C5361 97.5
C5354 50.3 c5029 ' - 114.3
C5355 ; 51.8. C5030 134.1
C5356 * . 57.0 - . C5382 ; 135.3
C5026 o 60.7 C5363 150.9
. C5357 62.8 " C5031 168.5

C5358 ' 75.6 C5364 . 160.6
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Depth (m) Sample = Depth (m)

DDH # DF-15
C5315 . C5319
C5317  C5320
c5318
¢ DF-16
C5044
# DF-19
C5037

# DF-20

¢ DF-27

C5746
C5747
c5743
C5749
C5750
C5551
C5552

DDHs# DF-28

£5529 : - Cb544
C5530 . : C5545
- C5531 C5546
c5532 . ' ' ' C5751
c5533 . ) C5752 -
C5534 ‘ C5753
¢5535 - C5754
C5536 i C5755
C5537 : C5756
C5538 £55417
C5539 . : Cc5548
C5540 _ Cc5549
C5541 C5550
C5542 C5757
C5543 '




-246~
Sample # Depth (m) Sample & Depth (m)

DDH¢ DF-29

C5587 C5592
c5588 C5593
c6589 : "C5594

C5590 C2595
C5591 C

596
DDH¥ DF-31

C5499
C5500
C5501
(,r C5502
C5503
C5504
C5505
C5506
C5507
C5508
C5509
€5510
C5511
c5512
C5513

"DDH # DF-132

C5467
c5468
€5469
C5470
C5471
C5472
C5473
C5474
C5475
C5476
C54717
CH478
C5479
C5480
C5481
C5482
C5483
C5466
C5465

°




-247- -
Depth (m) Sample ¥ Depth (m)

DDH # DF-34

C5523
5524
€5525
C5526
C5527
€558

" DDH # DF-136

R1302
R1303
R1304
R1305
R1306
R1307

DDH # DF-37

R1278
R1279
R1280
R1281

DDH # DF-38

R1492
R1493
R1494
R1495

" DDH # DF-39

R1358
R1359
R1360
R1361
R1362
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Sample # Depth (m) Sample & ~  Depth (m)
DDH # DF-40
R1253 . : 15.0 R1263 110.1
R1254 33.0 R1264 109.9
R1255 ' 42.0 R1265 109.8
R1256 40.3 . R1266 109.3
R1257 57.0 R1267 135.4
R1258 58.5 R1268 | 150.0
R1258 ' 72.0 R1269 159.1
R1260 88.2 R1270 163.0
R1261 92.6 R1271 165.5
‘R1282 - . 103.7 R1272 182.5
DDH # DF-~41
R1251 ' 218.3 R1252 220.0

DDH # DF-42

R1316 5.5 R1326 124.0
R1317 - 20.9 R1327 ©135.7
R1318 22.17 : R1328 © 160.0
R1319 23.7 R1329 164.5
R1320 31.0 ‘R1330 “1717.5
R1321 44,3 R1331 186.5
R1322 60.8 R1332 190.5
'R1323 ©75.6 o 1333 202.0
R1324 95.2 | Ki334 . 237.8
R1325 105.7 = R1335 © 280.0
DDH# DF-43 _
R1363 19.7 R1368 . 142.7
R1364 54.9 R1369 154.8
R1365 81.5 R1370 162.5
R1366 ' 104.0 © R1371 204.2

R1367 139.6

DDH # I'¥F-44

R1404 30.7 : R1412 83.5

R1405 34.0 R1413 91.6
R1406 37.0 R1414 , 107.6
R1407 . 58.1 , ' R1415 125.5
R1408 44.3 R1416 129.6
R1409 - 74.6 R1417 159.8
R1410. 81.0 - R1418 86.1

R1411 : 85.4




Sample »

R1472
R1473
R1474
R1475
R14786
R1477
R1478
R1479 -

. R1282

R1283
R1284
R1285
R1286
R1287
R1288

R1463 .
R1464
R1465
R1466
R1467

R1296
R1297
R1298
R1299
R1300
R1451
R1452

"R1453

R1454

R1419 -
R1420
R1421
R1422
R1423
R1424

Depth

22.0
40.0
55.0
64.0
67.0
87.2
119.5
124.0

14,0
18.5

"43.8

76 .4
80.0
112.5
114.0

23.0
30.7
3.5
68.0
93.5

18.0
25.1
38.7

-44.0

56.4
61.0
66.5
80.4
81.0

22.7
36.7
42.5
52.2
55.0
66.3
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(m) Sample »

~DDH # DF-45

R1480
R1481
R1482
.R1483
R1484
Ri1435
R1486

DDH # DF-46

R1289
R1290
R1291
R123G2
R1293
R1294
"R1295

DDH # DF-47

R1468
R1469
.R1470
R1471

DDH # DF-48

R1455
R1456

" R1457
R1458
R1459
R1460

-~ R1461
R1462

DDH # -DF-49

R1425
R1426
R1427
R1428
R1429
R1430

Depth (m)

131.0
133.0
133.9
134.0
138.7
143.5
149.8

¥

115.3
116.7
118.9
119.9
122.1
126.3
131.0

112.4
121.7
148.8
149.9

81.4
78.5
99.0
101.5

'103.2

109.5
114.0
147.0

71.0
79.7
83.5
89.3
115.8
142.7
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Sample # Depth (m) Sample # Depth (m])

DDH # DF-50

R1308 8.0 -~ RL312 13.5 )
R1309 17.0 R1313 50.2
R1310 32.0 R1314 59.5
R1311 : 37.2 R1315 1247

DDH # DF-51

R1336 : 40.7 R1345 . 99.5
R1337 o 47.0 R1346 103.6
R1338 49.8 R1347 g ©123.3
R1339 68.7 - R1348 133.7
R1340 72.5 R1349 135.5
R1341 - ) 75.5 R1350 149.4
R1342 80.0 R1401 : 169,17
R1343 82.17 R1402 ' ' 185.3
R1344 ° 86.0 "R1403 198.0

DDH & DF-52

. . -
~ R1431 1.9 R1442 \ 132.0
R1432 34.5 R1443 132.55
R1433 23.5 R14 44 : 136.7
R1434 68.0 . R1445 142.5 .
R1435 89.2 R1446 144.5
R1436 104.0 © . R1447 146.0
R1437 ‘ 112.7 * R1448 147.5
R1438 118.7 R1449 149
R1439 , 127.7 R1450 150.5
R1440 128.0 R1351 164.0
R1441 129.5 . R1352 . 185.0
DDH # DL-6 ‘ ’
C5389 45.4 c5397 72.0
€5390 50.9 C5398 - 79.3
c5391 54.0 5399 ' B5.6
C5392 A 59,2 €5400 96.1
c5395 68.6 c5401 100.7
C5396 69.5 ) C5403 114.1

DDH # DL-B8

C5131 15.3 C5136 ' +73.0
C5134 56.1 C5137 96.2
C5135 63.0 ) :




Sample »
h (@) .

C5140
C5143

C5151
C5153

C5158
£5160
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