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ABSTRACT

The Buchans Group is a regionally extensive, sub-
marine, calc-alkaline volcanic suite erupted at a point in
time near the Ordovician-Silurian boundary. It is subdivided
into Lower and Upper Subgroups, each of which econsists of
interbedded mafic to felsdc flows, Breccias, pyroclasticé
and related sediments. The Lower Subgroup, which contains
the economic ores, consists of four volcanic formations which
have been repeated structurally by thrust faults, forming

“seven major volcanic sequences. The economically barren

Upper Subgroup is subdivided into three major sequences.

Plutonic rocks associated with the Buchans
Group include the Feeder Granod;orite, Hungry Mountain
Complex and the Topsails Granite. The earliest of these,
the Feeder Granodiorite, is considered to be a time-
equivalent plutonic facles of the Buchans Group. Deformed
plutonic facies of the Hungry Mountain Complex were tecton-
ically emplaced upon the Buchans Group during a major
episode of southeast-directed Silurian thrusting. The Siluro-
Devonian Topsails Granite intrudes all older formations ahd,

in the Buchans area, consists of two main phases: a

high level alkali-feldspar phase and a coarser grained -

equigranular peralkaline phase. Gently dipping alkali

amphibole-bearing ignimbrite forms roof pendants within the

Topsalils Granite. These are interpreted as extrusive




equivalents of the Granite and may be outliers of the

Springdale Group.

The Buchans ores are high gra?e polymetallic
massive sulphide deposits associated with submarine felsic
¢ volcanic rocks near the top of the Lower Buchans Subgroup.
Three genetically related ore types are recognized; stock~-
work ore, in situ ore, 'and mechanically transported ore.
Stockwork ore .consists of networks of veinlet and disseminated
base metal sulphides within highly silicified and locally
chloritized host rocks. 1In situ ore lies stratigraphically
above stockwork mineralization and is composed of banded
to streaky yellow ore, black ore and barite. Transported
ore consists of discrete sulphide and barite fragments
in breccias which flank iﬂ\fi;i/iies and form substantial
distinct orebodies. Their bf gln 1s Interpreted as a
result of brecciation at source, transport down-slope
in paleotopographic channels by gravity-driven submarine
debris flows, and deposition in depressions. The Buchans
ores and their envirénment are similar to those of the

1
Japanese Kuroko deposits in almost all respects.

Whole-rock chemical analyses have shown that
Buchans Group wvolcanic rocks are similar in chemical
abundances and variations to other calc-alkaline volcanic

suites. There was apparently little chemical evolution in

..
~——

“Bucbans‘Group flows fhrough the stratigraphiec column, and

s -
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flows within the ore horizon sequences are essentially
similar to their counterparts elsewhere in the Buchans
Group. Pyroclastic rocks of the ore horizon are chemically
similar to those at other stratigraphic horizons and show
no anomaly related to mineralization with the exception

.

of high Ba content.

Study of the unaltered pyroclastic rocks of the

ore horizon has ghéwn that there are no regional variations
P ‘ .

P : .
in element concentrations, element ratios, discriminant

scores or factor scores, either along or across stratigraphy,
which bear relationship to mineralization. Erratic base
metal concentrations are preseﬁt in host pyroclastic rocks
only within 50 m of ore. ¥Visibly altered footwall rocks
have undergone chemical changes typical of rocks in most

massive sulphide terranes.

Anomalously high concentrations of Ba in ore
horizon pyroclastics is a regional feature which provides
a meass of distinguishing ore horizon pyroclastics from
similar lithologies at other stratigraphic horizons. The
Ba anoﬁaly is caused by microscopic barite which wasg
widely distributed by gubaqueous pyroclastic flows which

transported most ore horizon pyroclastics.

« N
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CHAPTER ONE

GENERAL INFORMATION

1.1, Location and Access

The area of study 1s located in central Newfound-
land between latitudes fSOLZ'N and 48058'N and longitudes
56°33'W and 57°00'w (Fig. 1-1). The town of Buchang 1is
accessible by 77 km of paved road which leaves the (Trans
Canada Highway at Badgér. A number of gravel surfaced
roads around the town of Buchans provide access to areas

up to 4.5 km from town.

Most parts of the sfudy area are accessible on
a single day's outing on foot wi;h transmission lines,
bog; and some stream beds providing best walking conditions.
A1l the lakes and ponds in the area are too small and
shallow for float plane operation and no rivers are navig-

able over significant distance by canoe.

1.2, Topography, Vegetation, Climate and Outcrop Exposure

The study area is a gently rolling upland area.
All parts of the area, except the extreme northwest, drain
into Red Indian Lake which forms the topographic low of

the area. Large areas. to the north and west, undérlain by

granitoid rocks, form a bog-covered and boulder-strewn

barren plateau. The area underlain by volcaric rocks, 1in




Rambler /",

"” Bullroad qu &

Point 7 Q,
Leo min@oﬂ o

[ ]
Gullbridge

Buchons
. . .
Skidder @ o Yictoria

oJocks Pond
Tulks €@y iusEast -
// .
/ Greal Burnt
/

e

4 Strickiond
/ : e

v

" Figure 1 - 1 Location of Buchans with respect to
tectonostratigraphic zones of New-
foundland and significant post-ophiolite
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general, slopes irregularly towards Red Indian Lake and is

covered with poorly drained bog.and shallow ponds in low-

lying areas and dense spruce and fir forest on small

hunmocks.

hY
In general, the inland location of the Buchans

area results in a somewhat less moderated climate than
the rest of Newfohndlénd. Field work is comfortable from
May to 0ctober? Precipitation i8 moderate with summers
being somewhat drier than spring or fall. Mosquitos,
black flies and other biting insects are a problem for
much of the summer and rutting moose and their hunters

should be avoided during the fall.

Exposure of outcrop is, in -general, very poor
and would average much less than one percent ‘over the
study area. The best exposures are found in stream beds
and on small abrupt hills. The intervening bog and forest
normally contain ; few widely scattered outcrops. Though
lichens may be thick and weathering may be deep, many
‘Lnland outcrop can-be greatly enlarged and improved by

stripping off moss cover.

During the present study, at least half of the
350,000 m of Buchans drill core was logged and scores of
sections plotted. Although much of the core comes from

the immed¥ate Buchans area, & number of holes have been

driiled, ap/more distant localities. The location of drill

3




holes is shown on Fig. 1-2 (4in pack pocket).

1 -

1.3. History of Mining

The histo‘ry of the Buchans area has recently

been compiled by Neary (1980).

The outcropping deposits at 01d Buchans'w‘ere
discovered in 1905 by Matty Mitchell, a Micmac prospector

employed by the Anglo Rewfoundland Development Company.

Development work on the property was carried out
between 1906 and 1911, but efforts were suspend.'ed due to
metgllurgical difficulties with the fine grained sulphide

aggregate. Development began in earnest in 1926 'by ASARCO

as a result of cheif discovery of selective flotation, and

production began in 1928 at a rate of 500 tons per day
following the discovery of additional orebodies. ‘In 1930
the willing capacity was increased to its present rate of

1250 tons per day.

The r:ear-surface .Oriental No. 1 and Lucky Strike
Orebodies were discovered by équipotential surveys carried
out in 1926 under the direction of Hans L‘Jndberg (Lundberg
>1957). (These discoveries represent the first successful
application of geophysics {n:th America). The Rother-

mere and Maclean (formeyly Rothermere #4) orebodies were




drilling under the direction of H.J. MacLean. E.A. Swanson
became chief geologist in 1951 and was responsible for the
discovery of the Oriental #2 orebody in 1953. Since that
time the sub-economic Clementine and Sandfill prospects
have been discovered but available tonnages are not

sufficient to warrant production.

During the past twenty years virtually
many methods of surface geochemistry and ground and
airborne geophysics have been used in an attempt to outline
new ore but with only limited success. Diamond drilling
has always, and will continue to play a major role ‘in the
detailed local exploration, and over 350,000 m of drill
core is stored in the core sheds in Buchans. The careful
logging and re-logging of this core has made the Buchans
. area the most thoroughly studied local volcanic environment

in the province.

1.4. Previous Geological Work inm the Buchans Area

i
L 4 Murray (1871) described the rocks in the vicinity

of Red Indian Lake in general terms and considered them to
be correlative with "Silurian" rocks of the Exploits valley.

He considered granites in the area to be of Laurentian

(Archean) age.

‘H

A
Snelgrove (1928) implied the presence of two

ages of granites in the Buchans area. The younger granites




————

cut the Buchans volcanicg and he considered them to play
an important role in the mineralizing process. With
reference to the older granites, Snelgrove (1928, p. 1113)
states that "lavas actuvally abut against the granites
approximately five miles north of the lake (Red Indian),
although the age of the intrusives 1is probably later than
'Laurentian’' as Murray wmapped them". The occurrence of
Snelgrove's implied unconformity has not been mentioned
by subsequent workers. Snelgrove's thin section descrip-

tions of rocks from the mine area are the first published.

The paper by Newhouse (1931) represents the
first integrated descriptive work on the regionall and
local geology and on the ore deposits. He considered the
volcanics to be of Cambro-Ordovician age and noted the
similarity of cherts of the Buchans area to those in
Notre Dame Bay. Plant remains collected by Newhouse
indicated that poorly 1indurated strata along the shores of

Red Indian Lake are of Carboniferous age.

After seven years of study, Ceorge {(1937) describ-
ed both the regional and local geology of the Buchans area.
This excelllen,t paper includes a number of maps, photo-
graphs, pi‘xotomicrographs and cross sections made available
by further development of the Lucky Strike and Oriental
Orebodies. Descriptimon of the local stratigraphy, struc-

ture and mineralization occupies a prominent portion of




the paper and his account of the Lucky Strike and Oriental
Orebodies forms & valuable record of ores long since
removed by mining. He noted .thé assoc‘iation between
quartz porphyry (dacitic tuff) and ore, althouéh he
considered this unit to be of intrusive origin. George
(1937) recognized the presence of two major stratigraphic
horizons favourable for mineralization, and considered
the Lucky Strike hbrizon to overlie the Oriental horizon.

Lamprophyre dykes described by George arj considered by

later authors to be diabase.

The Buchans Staff (1955) provided the first
published general descriptions of the Rothermere Orebodies

as well as summartes of mining and milling practices.

Relly (1960) was responsible for the first compre-
hensive written report of the geology of the immediate mine
area. The bulk of this work is descriptive, based onafield
observations and hundreds of thin and polished sectio;ls.

In addition, the thesis includes the first petrochemical
analyses aimed at understanding alteration related to the

mineralization. Despite a;raassing considerable evidence

in favour of a syngenetic origin fors the ore, Relly con-

sidered the ore to be of epigenetic\hyd.rothen’nal replace-

ment origin.

In a paper judged best of the year by the Canad-

fan Institue of Mining and Metallurgy, Swanson and Brown




(1962) reduced Relly's voluminous descriptive work to
publishable s8ize integrating most of the ideas of the
mine staff at the time. They suggested an Ordovician

age fof the Buchans Group and considered it to be correl-
ative with the Roberts Arm Group to the northeast. They
considered the ore to be of epigenetic origin but Anger
(1963) deduced from published descriptions that the ores
uere‘similar to Meggen and Rammelsberg and, therefore,

probably syngenetic.

Williams (1967) considered rocks of the Buchans
area to be of Silurian age, based on the presence of red
sandstones on the southeast shore of Red Indian Lake and
some lithologic similarities of the Buchans Group to the
Springdale Group. Mapping by Williams (1970) at 1:250,000
represented the first published regional geological map

which included the Buchans area.

¢

Anderson (1972a) carried out regional mapping at
1:50,000 but, to date, %nlyypreliminary maps are available.
Anderson (1972b) considered the Buchans Group to conformably
‘overlie plutonic bﬁulder conglomerate of the Exploits Group
which he considered 'similar to Silurian Goldsqn Conglome;-

AY

ate', and thus implied a Silurian age for the Buchans.

Group.

Since the publication by Swanson and Brown (1962)




the ideas of‘the mine and exploration staff concerning

oré genesis have changed and this has resulted in new
advances in understanding the stratigraphy of the area.
Entwistle and Barnes (1971) first suggested that the
Oriéntal sequence was a fault repetitiﬁn of the Lucky
Strike sequence, an hypothesis supported by Walkér and

King (1975). The present author investigated the relation-
ship between rock geéchemistry and mineralization (Thurlow,
1973) and th;se findings and & geological summé&ry were
published by Thurlow, Swanson and Stromng (1975) and

.

Thurlow (1977).

In 1976, ASARCO Inc., and the Price Co. Ltd.
commissioned a number of researchers to study various
aspects of Buchans geology with the results published as
a volume commemorative of fifty years of miﬂing,at Buchans.

At the time of writing, most studies are near completion.

The coloured 1:50,000 geologfical map of the
Buchans area accompanying this work (Fig. 2-2) was prepared
to form part of a paper by Thurlow and Swanson (1980). A

sinilar map of the Buchans sheet (12A/15) will be published

shortly by Kean (1980).

In addition to the above mentioned workers,
there exist several theses (e.g., Woakes, 1954; Catherall,

1960; Alcock, 1961) and a number of unpublished company

reports (e.g., MaclLesn, 1941; Swanson, Perkins, and Higgins,

Wy
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1955; Llarsen, 1973).

1.5. Previous LithogeochemicaIIStudiel in the Vicinity

of Masgsive Sulphide Mineralization

The increasing difficulty of discovering massive
volcanogenic sulphide deposits has fostered abundant
lithogeochemical research. Govett and Nichol (1979) have
recently compiled a review of work to date. General
references such as Hawkes and Webb (1962), Bradshaw et al.
(1970), Boyle and Garrett (1970), Sakrison (1971), and
Levinson (1974) discuss the techniques and problems
encountered in economic lithogeochemical surveys and
refer to the various Buccesses and fafilures of numerous
individual studies. Regional lithogeochemical surveys in
areas of massive sulphide mineralization have met with
some academic success in areas such as the Archean of the
Canadian Shield (e.gn, Davenport and Nichol, 1972;
Descarreaux, 1973; Bennett and Rose, 1973; Larson and
Webber, 1977; McConnell, 1976; Sopuck, 1977; Lavin, 1976),
New Brunmswick (Govett et-al., 1974; Graf, 1977) and Cyprus
(Govett and Pantazis, 1971). Similarly, local studies in
the immediate vicipity of massive sulphide mineralization
have resulted in the detection of anomalies of varfing
extent and intensity 1in such areas as thg Canadian Shield

(e.g., Sakrison, 1967; Spitz and Darling, 1978; Marcotte

and David,’1978): Cyprus (e.g., Govett, 1972; Pantazis

1. The terms "lithogeochemistry" and "rock geochemistry"
are usgd synonymously in this study.




and Govett, 1973), Japan (e.g., Tatsumi and Clark, 1972;
Tono, 1974), the Scandinavian Caledonides (e.g., Nilsson,
1968; Cjelsvik, 1968B; Nairis, 1971) and the Ap;alachiana
(e.g., Gale, 1969; Thurlow, 1973; Whitehead, 1973; White-
head, 1973; Whitehead and Govett, 1974; Goodfellow, 1975:

Govett and Goodfellow, 1975).

In spite of the apparent ability of many rock
geochemical studies to be capable of guiding massive
sulphide explofation, £he exploration community in
genéral, have been hesitant in applying such methods.
This has been, in part, due to costs but is more a
function of the relative speed -and efficiency of applied
geophysical, geochemical and geological techniques in

uneiuivocally Pinpointing specific targets.

Rock geochemistri is plagued by a number of
other deficiencies largely related to its rxelative’

infancy. Some of these include:

1) a lack of universally applicable pa}ameters

to areas of unknown mineral potential,
2) a general lack of research into the mode of

occurrence of base metals in silicate rocks

and minerals, !

-a lack of integrated regional and local

lithogeochemical Butveys,




4) a lack of integrated stratigraphic, petro-
logical and lithogeochemical data,
a general lack of convincing denbnst?atioa
that anomalies are indeed related to mineral-
ization (especially in regional surveys),
the presence of very subtle (and sometimes
dubious) anomalies often identified only
by advanced statistical techniques,
the presence of obvious alteration and/ér
mineralization (especially in local surveys)
wvhich requires no geochemical analysis to

identify the anmomalous situation.

Rock geochemical studies have been successful
in characterizing the nature of chemical change in massive
sulphide alteration zones; particul#?ly the near'universil
removal of Nazo aﬁd addition of MgO"due to breakdown of
plagioclase and chlorite formation (Table 1-1). This has
proven most useful in areas where deformation and meta-
morphi&; have masked original textures. llsa successful,

has been the ability of rock éeochemical studies to assist

in local and regional correlation_of mineralized horizons.

1.6. Present Study

This study stems from earlier work by the author

(Thurlow, 1973) which indicated that applied rock

fa




mable 1-1 (after Govett and Nichol. 1979)

Summary ol major element dispersions in selstion to

volesnogenic massive sulphide deposits

-

Deposit

Alterstion
minerslogy

Elements Clements
erviched depleted

Ags

Kuroko, Jepan
Lambert & Sato
(1974)

Kuroko, Japan
Tatsumi & Clark
(1972)

Hilachi, Japan
Kurods (1961)

Buchans, Canads
Thuriow et 8.
(1975)

Heath Steela,
Canads

Wahl et al.
(197%)

Brunswick No. 12
Canada
GCoodfellow
(1975)

Killi ngdal,
Norwasy

Rui (1973)

Skorovass, Norway
Cjelsvik (1968)

Boliden, Sweden
Nilsson (1968)

Mattabi, Canada
Franklin et-al,
(1975)

Millenbach, Canada
Simmons et al.
(1973)

Mines de Poirier
Canada
Descarreaux
(1973)

Lac Dufault, Canada
Sskrison (1966)

East Wailte, Mobrum,
Joutel, Pairier,
Agnico-Eagle,
Mattabi,

Sturgean Lake,
South Bay
McConnell (1976)

Mon, Ser, Chi,
Kol

Ser, Otz,
Cal

‘Cord, Anthoph.

Chl, Ser,
[¢]F]

Chl, Ser

Chi, Bio,
Gz

Chl, Ser

.Chl, Ser,
Gz, Anda)

Qtz, Carb,
Ser, Chid,
Chl, Andal,
Car, Kyan,
Bio

. Chl, Ser,
Anthoph,
Cord.

Chl, Ser,

Chl, Ser

Qtz, Ser, Chi,
Carb, Sauss,
Epidote

K, Mg, Fe, SI Ca
Mg, K
Mg, Fe, Ba

Mg, Fe, Si

-

Mg

Mg, Fe, (Mn), Na, Ca
K) (M), ()

Mg, K, Mn  Na, Ca,Si

Mg Na, Cs
Na, Cas

'Na, Ca

Na, Ca, S5i

Mg, K Na, Ca

Mg, Fe, Mn Na, Cs

Mg, Fe Na, Ca

Cenozoic

Cenozoic

Cenozoic

Paleozoic

Paleozroic

Paleozoic

Paleozoic

Paleczoic

Proterozoic

Archean

Archean

Archean

Archcan
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geochemistry may be of use in exploration at Buchans. It
was realized, that in order to be properly interpreted,
the geochemistry had to be expanded to a more regional
scale and that a thorough understanding of the complex
stratigraphy of the area was required. The purpose of
this study ie therefore:
1) to establish the relationships of the Buchans Group
to surrounding lithologies,
to refine the volcanic stratigraphy of the Buchans
.GrOup
to determine the nature of the ore occurrences and
to compare them with other volcanogenic sulphide
deposits,
to establish the general petrochemical character of
the Buchans Group, and
to deéermine whether rock geochemical techniqueg have
practical exploration application at Buchans.

f
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CHAPTER TWO
THE STRUCTURAL AND STRATIGRAPHIC SETTL”G (o)

THE BUCHANS GROUP

2.1. Introduction

The Buchans Group and adjacen; formations form
part of the Dunnage Zone (Williams, 1979); one of four
tectonostratigraphic sub-divisions of ‘the Newfoundland
Appalachians. Regional compilation and correlation within
the Dunnage Zone by Dean (1927) and Kean et al. (1980)
have shown that a pre-Caradocian "early island arc"
volcanic sequeﬁce overlies Cambro-Ordovician oceanic crust.
The "early arc" volcanics are in turn overlain by a wide-
spread graptolitic Caradocian shale which is succeeded by

flych and post-Caradocian volcanics, including the Buchans

Group.

Rocks bounding on the Buchans Group in space
and time include a large area of granitoid rocks to the
east, north and west (the Topsails Granite of Baird, 1960), F@
foliated plutonic rocks of the Hu;gry Mountain Complex
to the north, Carboniferous‘rocks along Red Indian Lake {Fig. 2-2)

and the thick volcano-sedimentary ‘terrane south of Red

Indian Lake (Fig. 2-1). These units have been examined in

this study mainly to mine their stratigraphic relation- .

ships to the Buchans

e
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Figure 2-1. Generallized geological map of the Buchans
area./




2.2. The Relationship of the Buchans Group to Structurally

Underlying Formations

The relationship between the Buchans Group and ?
underlying rock units 18 not known with certainty though
recent mapping at 1:50,000 by Kean (1977, 1979, 1980) has

elucidated many aspects.

Southeast of Red Indian Lake, volcanic and

sedimentary rocks of the pre-Caradocian Victoria Lake

Group are overlain by fossiliferous Caradocian bl.ack shales,

slates and argillites (Kean and Jayasinghe, 1980). These
are in turn overlain by a plutonic boulder-bearing grey-
wacke-conglomerate sequence, lithologically similar to
the Sansom Greywacke and Goldson Conglomerate in Notre
Dame Bay (Andersomn, 1972). The Buchans Group structurally
overlies this sequence. Though the contact, or contact
zone, is mot exposed, it has been considered both a fault
by Williams (1970) and a conformable contact by Anderson
(1972). Through mapping and regional correlations, Rean
(1977, 1980) interprets the Buchans Group as younger than
the greywacke-conglomerate sequence but also in fault
contact with it. The author considers th‘is the most
reasonable interpretation though uncertainties exist as

to the signficance of a major structural lineament travers-

. ing Red Indian Lake and a red sandstone sequence on the

sm_:theast shore of the Lake. These uncertainties cannot




be dismissed until fosesil evidence of the age of the

Buchans Group 1is obtained.

2.3. Buchans Group Correlatives

With few exceptions, geologists have considered
and still consider, the Buchans Group to be a t’ime-
equivalent regional correlative of the Roberts Arm Group
of Notre Dame Bay (e.g., Swanson and Brown, 1962). There
are many arguments In support of this contention despite
a lack of fossil control. The Roberts Arm and Buchans
Grc;up's are both regionally extensive and lithologically
s:imilar submarine wolcanic sequences. Both appear to
conformably overlie a post-Caradocian flysch sequence and
stratigraphically underlie the dominantly subaerial
Springdale Group. Both are chemically similar mafic to

felsic calc-alkaline suites (Strong, 1977 oth have

undergone a similar structural hisgfry of thrust faulting

and Acadian folding. Both contain ariety of base
metal sulphide deposits, some of which are remarkably
similar (e.g., Buchans and the Bull Road showing at

Pilleys Island).

To date, the Buchans Group has proven barren of
fossils diagnostic of its age. The best estimate of the

age of the Buchans Group is Rb-Sr whole rock isochron of
i

447 * 18 Ma, essentially on the Ordovician—s,:llur:lan~

-
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boundary'(ﬁell and Blenkinsop, 1980). A similar age of
448 * 7 Ms has recently been derived from the Roberts

Arm volcanics (Bostock, 1978; Bostock et al., 1979),

2.4. Graniftoid and Related Rocks (Topsails Granite and

Feeder Granodiorite)

Granitic to gabbroic rocks underlie the area
nort.:h and west of the Buchans Group (P‘I)g. 2-1) and comprise
a portion of a larger plutonic complex which underlies
approximatély 7200 sq. km (3000 sq. mi.) of west central
Newfoundland.. Brief study by the author has led to

subsequent more detailed work, recently published by

Taylor et al. (1980).

b . .
During the present study, the following plutonic

rock types vere identified (nomenclature after Streckeisen

(1976), reproduced in Appendig 1.

1) Pink medium grained granodiorite with prominent (5-10
mm) rounded quartz (hereinafter called the '"FPeeder
Granodiorite") ,

Fine grained gabbro and related hybrid granite

Pink to reddish orange‘ to brick red, fine to medium

grained, equigranular, 'biotite-bearing alkali-feldspar
o granite‘to alaskite\ (the "biotite granite" of Taylor

et al,, I'980) )

Aegirine and/or alkgli-amphibole-be‘aring peralkaline

hJ




Plate 2-1: Feeder Granodiorite with rounded to
subhedral, cracked quartz, plagioclase

(white) and altered biotite.
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granite and related quartz-feldspar porphyry.

S
In addition, Taylor et al. (1980)‘have :
identified a metaluminous biotite-hastingsite granite

which is cut by dykes of peralkaline wmlcrogranite.

e —— v D U LM b . + T 3.t s 70 < o

Bell .and Blenkinsop (in press) have established

whole rock Rb/Sr isochrons as follows:

)
a) TFeeder Cranodiorite, 480 * BO Ma, initial 87Sr/865r =

0.754

b) Peralkaline Granite, 419 ¢ 5 Ma, initial Sr/ Sr =

0.707

.
e s

¢) Alkali-feldspar granite, 386 * 9 Ma, initial 87Sr/ Sr =

0.7067

The Feéder Granodiorite 1is restricted to two
<

small parts of the study area (Fig. 2-2). The distridbution
of these occurrences around the margins of the Topsails ' 1
Granite suggests that the Feeder Granodiorite was once

more extensive but 1s now largely obliterated by later

granite intrusions. _ : '

* ’

The Feeder Granodiorite i8 distinctly more
calcic than later granites and contains strongly zoned

plagioclase generally in excess of two thirds of feldspars

(Plate 2-1), Perhaps the most characteristic feptute of

3

*

these rocks 1is the presence of prominent (up to 1.5 cm)

quartz phenocrysts generally equant and rounded or slightly

-




Plate 2-2:

Core samples, right to left; Feeder granodior-
ite-1like boulder from pyroclastic breccia,
rhyolite, dacitic crystal-vitric tuff, volcan-
ic conglomerate. All samples are characteriz-
ed by large, rounded to subhedral, cracked
quartz and are considered to be facies

equivalents .
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resorbed but locally with sharply defined hexagonal

crystal faces (Plate 2-1). The quartz crystals commonly

have poor to well developed irregularhto radial cracks.
~

The equant nature of the quattz crystals is indicative of

early quartz crystallization under low pressure (i.e.,
high crustal level) (Tuttle and Bowen, 1958). The locally
preserved he*agonal crystal outlines are characteristic of
high temperature beta qﬁartz and the radial to irregular
cracks 1in quartz may be due to density increase and con-
sequent'volumetric decrease during transformation from
beta to alpha quartz. The complex zoning of plagioclase
crystals is indicative of instability of pressure and
temperature in the magma chamber, a characteristic most
likely to be developed at the margins of a high level

intrusive body.

Textural and geochemical comparison of the Feeder

Granodiorite and certain rhy%}itib'volcanics of the Buchans

Grou{ lead the author to conclude that these lithologies
are'genetically related. Massive pink to grey rhyolite
flows‘of the Prominent Quartz Sequence contain large zoned
plagioclase.phenocrysts and texturally distinctive prominent
(5-10 mm) roundéd té hexagonhl quartz phenocrystsawith

radial to irregular cracks (Plate 2-2). Both macroscofii-

cally and microscopically, the phenocryst mineralogy and
distinctive morphology (especially of quartz) are identical

in these flows to those present in the Feeder Granodiorite.




Plate 2-3: Typical alkali-feldspar granite with quartz,

albite and K-feldspar. Albite is much less

clouded by minute hematite than K-feldspar.



This striking textural dimilarity, geochemical similarities
presented in Chapter Five, the occurrence of cobbles and
boulders of Fmeder Franodi;rite-like material in the
Buchage Group and the similarity of radiometric ages dff
the Feeder Grahdiorite and Buchans Group suggest that‘
magmas of the Feeder Granodiorite fed certain rhyolitic

volcanics of the Buchans Group.

Th% Topsails Granite can be subdivided into
peralkaline and non-peralkaline suites. The non-peralka-
line suite is further'di;isible into the alkali-feldspar
granite with associated mafic rocks and the biotite-hasting-

)

site ‘granite. | af

. ' fhe alkali—felﬂapar granite (terminolqgy after
Streckeisen, 1973) 1is composed of approximatel& equal
quantities of quartz,Mlbite and K~-feldspar with lesser
altered‘biotite gnd minor hornblende. The g}anite is
characterized by moderate to strong hematitization of
feldspa;s imparting a deep pink to.brick-red appearance

in hand specimen. In all cases, K-feldspar is distinctly

more clouded by minute hematite than is albite, facilitat-

ing distinction of these two minerals (Plate 2-3). Fluorite,
apatite, zircon, allanite and magnetite are common
"accessories. Quartz and blotite contents vary and the

[y

granite locally approaches syenite and elsewhere, alaskite.




Plate 2-4: Peralkaline granite containing quartz,

perthite and black alkali amphibole.



Massive fine grained mildly alkaline gabbroic

to dioritic rocks are 1ntim§te1y associated with the

alkali-feldspar granite within the area of study. These
mafic rocks are areally much more restricted than
associated granites but regional magretic and gravity‘data
suggest that they are volumetrically more-important‘than
their surface e*posure would indicate. Gabbroic bodies ‘
are surrounded and intruded by later granite except at

I e

one locality in the %orthwest of the area where gabbro

)
is faulted against rWyoiite of the Upper Buchans Subgroup.

The biotite-hastingsite granite crops out east
of Hinds Lake and consists‘of K—feldsﬁar and quartz with
lesser plagioclase, hastingsite and biotite. Taylor et al.
(1980) consider this granite to be comagmatic with the

biotite-bearing alkali-feldspar granite.

Peralkaline granitié rocks crop out in the north-
eastern portion of the area in close association with
volcanic roof pendants in the granite. These are medium
to ﬁoarse graihed, equigranular and wveather 1n.var19us
shades of red, reddish yellow, light pﬁrple and white.

They are characterizgd by alkali ferromagnesian minerals
(aegiri;e,,;febeckitic-ar£vedsoﬁite and’aeﬁigﬁatite);
perthite And quartz (Plate ;-4) i.e., are hypersolvus \

granites. At the contact with the volcanic roof pendants

-
.

. 4
red phenocryst-rich dykes, mine;alogicaliy,simillr to




the peralkaline granite, with aphanitic to granophyric

groundmass, cut the volcanics.

Conﬁiderable evidence exists to suggest that
all graniteid rocks were intruded into, and crystallized
at a2 high level in the crust. Hiérolitic cavities are
conmon in the alkali-feldspar granite and may be filled
with fluorite, siderite and a green phylokilicate
{lepidolite?). The hypothesis that the Feeder Granodiorige
feeds rhyolites of the Prominent Quartz Sequence and su Al
sequently intrudes 1ts own ejecta, suggests a8 high level
of intrusion. A similar relationship between thé peralka-
line granite and the volcanic roof pendants in the granite
is suggested in the next section. ' The presence of roof
pendangs and wide chill zones in the granites with the
develoﬁﬁent of strongly porphyritic grandtes is further
evidence ;f a high levei of intrusion. The low grade
metamorphism of the host rocks indicates that they were

never buried to great depth and thus granites must have

intruded into a high level. The brit;lé behavior of the

host rocks at granite contactsrand Fhe lack.of metasomatism
"of the host rocks at granite contag}s are,furth;r evidence
of a high level of intrusion. Within both fhe Lower and
Upper Buchaps‘Subgroups there exist boulde?s of the

PZeder Granodiorite in density flow deposifs, further suggest-

"ing a high level of intrusion.

-
.




Although no contacts are exposed between the
various types of granitoids.-or‘granitoihs'and the
Buchans Group, a sequence of igneous intrusion can Be
inferred from relationships ﬁ;eviously presented and from
apophyses which maintain‘F%:‘;ﬁaracteristic mineralogy,
chenmistry and, in somggg;sgf, texture of their parent
rocks. The Feedér Gr;hodibrite feeds and;aubsequgntly
intrudes volcanic rocks of the Lower Buchans Subgroup
and is evidently the ‘earliest exposed plutonic body in
the Buchans area. It will bé shown in a later section
that intrusion of the Feedef Granodiorite is separated ~

in time from later igneous activity by a period of major

thrust faulting.

Relationships between the various later granitoid
suites are not yet fully resolved though-it is evident
that all post-date the Buchans Group. GabProic rocks feed

numerous diabase dykes which cut all portions of the Buchans

Group and the Feeder Granodiorite. These dykes are petro-

graphically and geochémically identical to the gabbros.
, - - '

The alkali-feldspar granite feeds porphyritic red "rhyolite'
dykes which cut th® Buchans Group and again, the minefal—
ogical and geochemical character of the dykes is similar

to the source plutonic body.

Dykes of alkali-feldspar granite also cut the
: W

gabbroic bodles. The contacts between the two are, in

some cases, sharp But generally a diffuse zone of "hybrid

I3
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granite" is developed. Thin dykes intruding gabbro have
thfn hybrid zones at the contact whereas the contact

between large gabbro and granite bodies is commonly marked

. by "hybrid"™ zones on the order of hundreds of meters In

N )

~

width.' Within the Buchans Group, dykes of bo.fh. "rhyolite"
cutting diabase and vice versa can be observed. This
suggests a temporal link between magmas of gabbroic and.
granitic composition. Furthermore, the gabbros exhibit
mildly alkaline characteristics (see Section 5.2.)
suggesting a genetic link between the gabbros and the
alkali—fgl‘ﬁspar granite.

Fine gllained, spherulitic to flow-banded dykes
with alkali ferromagnesian minerals, presumably apophyses
from the peralkaline\granite, cut the Buchans Group.
Taylor et al.‘ (i980) observe that dykes of p'eralkalinre

granite cut\ the hastingsite;bi'otite granite, in apparent

conflict with the reported isotopic ages. They suggest

~that both criteria ;nay be correct and that oscillatory

peralkaline-peraluminous magmatism may have been operative.

2.5. NVolcanic Ouglieré Within the Topsails CGranite

(Springdale Group?)

Volcanic rocks within the Topsails Granite (Fig.
2-1) were briefly examined in order to compare their gross

lithologic character with volcanic rocks of the Buchans

I
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Group. Little similarity was observed between these
groups of volcani; rockg. They consist of reddish sub-
aerial ignimbrite, non-welded pumice flowa, breccias,
pyroclastics and f‘10§ banded rhyolite, intruded by
po;rphyritic dykes em-n'ating from the peralkaline granite.
Gently dipping ignimbrites oyerlying the peralkailine
granite contain alkali ferromagnesian minerals suggesting
an Intrusive-extrusive relationship between the granite
and volcanics. Noﬁ-peralkaline volcanics are reported

by Taylor ;e_t_a_l_. (1980). The relationship between these

and the peralkaline volcanics and granites is not clear.

Ve‘ftically ¢leaved, gently dipping ignimbrite on
Barren Hou_ntafﬁ occupies an area near the co.re of a
synclinal trough and is probably an outlier of a once more
extensiive subeerial felsic volcanic sequence. The litho-
- logic similarity 'to volcanic rocks of the Springdale
Group as described by Kal_li-okowski (1955), Neale and Nash
;(19'63) and Williams (1967) suggests that parts of the
volcanic rocks associated with the‘l'ropsails granite are
related to the Springdale Group. ‘The major sync.linal

axis in thg Springdale Group as mapped by Kalliokowski
\ . |

(14955), canabe traced southward through the Topsails

Granite, through the Barren Mountain outlier and into

the Buchans Group.
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2.6. Hungry Mountain Complex

Two belts (Western and Baat’ern? of deformed
Plutonic rocks exist approximately 5 km north and 15 km

east-northeast of Buchans and occupy an area between the

ToPsails Granite and the Buchans Group (Figs. 2-1, 2-2),
These rocks have-been called the Hungry:-Mountain Complex
(Thurlow, 1975) after-a prominent hill in the area. The
author considers the Western and Eastern Belts to be

lateral equivalents of a once larger sheet which has sul;-
sequently been dissected into two parts by intrusiom of

the alkali-feldspar facies of  the Topsails Granitfl. Mapping
by Riley (1957), Anderson (1972) and Kean (1979) indicates
that rocks correlative with tine Western Belt of this
Complex extend from the northern boundary of the present
study area in a nor’thvesterly direction along the west )
shore of Hinds Lake (Figs. 2-1, 2-2). .Happ:lng by ASARCO
exploration crews in the later 1946'8 and scattered
obsgrvations by the pré_se‘nt author indicate that the Eastern
Belt extends northwfu‘d at least to a point several kilo-

meters east of Quarry.

Be¥l and Blenkinsop (1980) have established
two Rb-St whole~rock isochrons of 660 * 70 Ma and 400 +

60 Ma from séparate localities in the Western Be-ll:.

:t (,;‘:,,_

ST

P
.

Rocks of the Hungry Mountain Complex range in

conposition'fro- gabbro to granite and are characterized

e — e g e —— e . S — ————




by a complex deformational history. Within the‘i‘lluterni
Belt‘, foliated rocks of granodioritic composition are
most abundeantly e,‘xpoaed. These are light grey to vh'ite
weathering land consist of quartz, zoned plagioclanse (with
albite—qligoc’lasel rims) and alligned biotite with ;l.nor K-
feldspar and hornblende. Dykes of foliated éranodiorite
locally cut bodies of deformed diorite and hornblende gabbro.
Elsewvhere the foliated granodiorite t;ontaina slightly to
moderately flattened, angulvar to rounded, resorbed horn-
‘blende quartz diorite xenoliths wi.th diffusé margins. At
one locality a hornblende-plagioclase inclusion (similar
to the larger mafic portions ¢“:f the Complex) contains a
fabric which is not parallel to the fabrie in the enclosing
host rock. This is taken as evidence é,hat some of the more
mafic éortions‘of the Complex have unde.rgone an earlier

deformational history before intrusion of the granodioritic

-

phase.-

Thle Western Belt ‘of the Hungry Mountain Conplex;
.though generally similar to t a's_tern Belt, contains a
greater aBundan;:é of massive mediuvm to ’coarse grained
gabbro. The degree of deformation is more variable
tanging from locally intense to essentially unde formed.
- »Deforned“_3ranodioritic dykes lomc‘llly‘cut pre-deformed

gabbro but in at least one locality, the opposite sequence

¢

is observed,




Plate 2-5: Hornblende gabbro breccia, intrusive into

the Hungry Mountain Complex.



'

The deformational fabric within the Complex 1is
typically defined by abundant flattened quartz and aligned
bfotite (or chlorite after biotite) which form augen of

!

altered plagioclase.

In more mafic phases, tabular hornblende defines

!
{

the foliation. At several localities this main foliation
is openly folded with interlimb angles of approximately
120 degrees. No cleavage is associated with this later
folding.

4

A"steeply dipping spaced fracture cleavage of
probable Acadian age isvvisiblgilocally and overprints
the main foliation within the Complex.

The Hungry Mountain Complex is cut by a number
of intrusives that post-date the main fabric. The earliest
. ,

o! these 18 an dintrusive breccia composed of cgarse horn-

ﬂ%lendeﬁgabbro in a light feldspathic matrix (Plate 2-5).

Amphibole-rich portions consist of. coarse hornﬁlende (over

1 cm) with less abundant clinopyroxene, orthopyroxene and
interstitial highly altered feldspars. Dguteric alteration,
Clpecinlly of orthopyroxene, to trenélite is conno5.

Macrogcopically a strong textural similarity to the-Bfighton

Gabbro (Hpssey; 1974) 1s noted.l
] : )

5 - N

‘ T?éﬂ;ornblénde gabbro and .the entire Complex are

cut by grey to red aplite and "rhyolite" dykes emanating

~

R . T s g
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Plate 2-6: Flow banded peralkaline dyke (top) cutting
deformed Hungry Mountain Complex. Small
circled xenolith of host rock occurs in

dyke below lens cap.



from the alkali-feldspar granite, dark brovnish—;gd,
segerine-bearing dykes from the peralkaline ;rahite

aﬁd less abundant diabase dykes related to the gabbro.
"Chilled contacts against the foliated rocks of ghe
Complex are abundantly eipo-ed"and the foliation in the
latter ie truncated by dyke intrusion (Plate 2-6).
Locally, angular fragments of foliated granodiorite

are included 1in the dykeb.

The contact betwveen the Hungry Mountain Complex
and the main body of the prsai;s Granite 1is not exposed
on surface but probably é;ists,in DDH 2856 (location “on
Fig. 1-2), The upper .153 m of this driil hole consists
of typical foliasted granodiorite cut by abundant (greater
than 1/3 of the volume) red "rhyolite" dy&gs of the alkali-
feldspar Topsails Granite. At 153 m depth the foliated

granodiorite 4s cut by a thicker body of ":hyolite" with

a wide philled nargin. Rear the Contaci, the matrix 1is.

‘aphanitic but this coarsens with depth until at 296 m.
depth'(end of hole) the "rhyolite" has graded\ into a fine
grain‘d. slightly porphyrftic granite with matrix crystals
of 1-2 ng’iize. This 1s coﬁsidéred'to.ie a portion of the
main body:of the Topsails Granite intruding the Hungry
Mountain Complex., The width of ‘the chilled margin (in
.exce;a of 140 m) indicates thaf the Hungry Mountain Complex
.

was-relatively "eold" at tﬁe time of the Topsails Granite:
\ .

fnt;ulionu




Plate 2-7: Mylonite from the base of the Hungry Mountain

Complex.



2.7. Contact Relaiion-hlpl Between the Hungry Mountsin

Complex and the Buchans Group

#

2.7.1. Relationship Withimn the ﬁungry Mountain Complex

The contact between the Hungry Mountain Complex
and therpuchans Group 1s neither exposed in outcrop nor
in drill co}e'but\levernl areas of outcrop near the contact
are present. Within.a fev hundred meters of the'contact,
foliated granitoid rocks of the Complex become noticeably,
more deformed and acquire a protomylonitic texture. This ?

: P
pssses gradationally towards the contact into mylonitic

fabfic characteriz;d by extreme stretching.of quartz
resulting in.a strong lineation (Plate 2-7). Quartz
exhibits sutured grain boundaries, the development of
sub-grain boundaries and commonly forms augen with chlorite
around more resiat;nt plagioclase. Less commonly, a planar
fabrip defined by flnt;ened quartz 1is developed. FNorth

of Buchans the lineation trendquno;th-northwent and plunges
gentiy at 10 tol20 degreea.- The{@trike of the foliation,

vhere present, parallels a topogtéphic break wvhich is inter-

preted as the contact with the Buchans Group.

At one locglity small folds are generated by the
transposition of the main foliation in the Co;plex by
the mylonitic fabric. Th?ug folds are d?fined by flatten-
~ed qﬁlrtz and-biotife pgssing aroynd the‘hinges of

1

-




isoclinal foldl~with attenunted.linbo. They indicate

»

that the main foliation in the Complex pre-dates the

[ . 3
mylonitic fabric. This is further substantiated by the
presence of sub-vertical foliations in the Comp%ex vhich

are highly discordant to the mylonite zone within several

hundred meters of the mylonite. ’

2.7.2. Relationships Within the Buchans Croup

Rocks of the Buchans Group near the contact with
the Hungry Mountain Complex are exposed in the bed of
Harry's River and form sporadic outcrops for a distance of
ébout 2 km frén the contact (Fig. 2-2). Within 650 m of
the contact these consist of a sequence of dark green to
black fine grained basaltic and andesitic tuffs. Stratigra-
phically'below this 18 a sequence of subaqueous pyroclastic
flows and related arkose of the P?oninent Qpartz.Sequence
(see Section 3.2.). These units strike sortheast and
dip to -the northwest at 45 degrees.

Within 650 m of the contaéf with the Complex
the mafic tuffs_of'fhe Buchans Group have undergone low
gteenschist- facles metamorphism. At"istances greater
than 650 m from the contact, the Buchans Group exhibits
its ;ypical ptehnite—punpgllyite'facies'of metamorphism,.
Moving towards the contact, chlorite decreases at -the

- L J

expense of actinolite and a penetrative mineral fabric

-

at avélight angle to bedding (approximately 250) becomes

R &




Plate 2-8: Shallowly dipping penetrative foliation in

felsic tuffs of Upper Buchans Subgroup, below
Hungry Mountain thrust. Later, steeply
dipping, spaced fracture cleavage is typical

of all Buchans area rocks.



visible within these greenlchiut facies rocks. Small

recuibent folds with axial planes paﬁillél'to the foliation
. . ¢ N

are developed. Within 50 -m of the 1nfer§ed contact, horn-

.blende appeifl and increases at the expeple‘bf actinolite.

Within 20 m of the contact, the mineral assemblage consists

of quartz, blue-green hornblende in excess of actinolite,
_epidote, altered plagioclase (of unknown composition) and
‘ninot chlorite "and sphene, an assemblage typical of the

epidote-amphibolite facies of Miyashiro (1973).

Basa}tic to -thyolitic rocks of the Upper Bﬁchana
'Sub;roup occupy a large area to the northeast of Buchans
(Pig. 2-2). These rocks contain a subhorizontal to
gently northwa;d dipping penetrative fabric (Plate 2-8)
which increases gradually in intensity towards the confact
with the Complex. This foliation is visible throughout a
large-are: of the Upper Buchans Subgroup for distances
up to 6 km from the contact with the Hungry Mountain
Complex. This foliation is cut by a ve;tical spaced
}racture cleavage, typical of Acadian‘defor-ation th;ough—
out the Buchans Grﬁup (Section ‘3.3). 1In contrast to this
gradyal lﬁtergl change in intensity of fabric, a much
more rléidlchange in intensity of fabric and metamorphic

”

grade is observed in vertical drill holes penetrating

this sequence. For {nstance, DDH 2837 (location om Fig. 1-2)

penetrates over 1.2 km of mafic to felsic flows, pyroclastics

and arksSsic sediments. From the bottom of the hole to




Y S

_ . ‘ . i
vithinrlso s'of surface, the sequenge is charlcterized by !
the presence of prehnite-pulpellyite-chlorite Qe:;clel
in basalts and matrix:-prehnite in acid pyroclastics and ~ ;

~ arkosic sediments. No foliation is present }n this A i
sequence. Hovever, within 150 m of surface, an initially

b wveak but upward increasing foliationm at a slight angle

to bedding becomes evidentﬂ Prehnite and pumpellyite

d{aappeat and a quattz—alb1te—ep1d6te—chlo:ite-calcite

ansemblage is present. The disappearance of punpeliyite
above 150 w in this drill hole and the presence of typical
low grade greenschist aasenblage is taken to 1ndxpate

that the prehnite-pumpellyite: 3reenachist-isbgtad
exists, with ; sub-horizontal attitude, slightly below .

150 m of the present erosion;l‘shrface.

In vievw of the evidence presentea (1.e., the o P
mylonite zone in thé ﬁungry Mountain Complex at the }ontagt . {
with thg Buchans Group, the intenuify}ng foliation at a
low'angle to bedding near the contact with the COlplex and
the strntigraphically inverted netanorphic zonation in

' the Buchans Group from sub- greenschiut to epidote

qiph;bolite facies, it 1is suggested that the Hun;ry - . .

Mountain Co-plex‘val thrust upon”the Buchans Group. The

thrust plane is at a moderate lngle'to }hu present
. erosional surface in the Harry's River iteq but at a

very lowv angle in the Upper Buchans Subgroup to fhe east. -

. By comparison with the vidth of the aureole ﬁ‘~tho Harry's

-
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* River area, it is suggested thar the thrust plane existed
agproxinately 500 m above the present erosional surface
in the area of DDH 2837, {.e., h;d an average northwat;!
dip of approximately 10° in this area- (Pig. 2-3). These
variations %n the present attitude of the thrust plane

are attributed to a post-thrusting opén Acadian folding ~

(see Section 3.3.).

The time of thrusting can be fairly accurately

determined from the relationships previously discussed.

Thrusting occurred after deposition of the Buchans Group.
Ur\xfoliated "rhyolite" dykes akin to the alkali-feldspar
Topsail\a Granite cut the mylonite zone in the Complex,
indilcati‘.ng a pre-Topsails .Granite age of thrusting. The
: A wide chill zome in the Topsails Granite against the
Complex (DDH 2856) provides further evidence that the
Complex was relatively "cold" at the time of Topsails
Granite intrUsion. Radiometric age dates (Bell and

»

Blenkinsop, 19805 concur with the geological data and

suggest a Silnrign age of thrusting.

The gently plunging north-northwest .frending
lineation both in the mylonite zone and in the Buchans
. o
Group is 1nterpreteq_as‘bt;etching in the direction of /

thrusting. The tﬁrusting direction vas from north-

nc}rthv‘est“to south-southeast as indicated by facing

P

directions of uu.l_l recumtent folds in the aureole beneath




_ 4
Y . ‘
_ N : | s
. mylonite
, 77
» tain Com? G R i
| e .
- Topsails = r”mﬂl\" ~
4 Granite s e guchans © up undefermed Buchans Grewp velcamics !
‘ tolt -
] toided
?ﬁ‘ ~\_///(\\

's. : Figure 2-3. , Schematic cross section showing relationships between the
Hungry Mountain Complex, Topsails Granite and Buchans Group.




the thrust in the Buchans Group.

Due to the lack of systematic study of the
Hungry Mountain Complex, its geological significance and
pre—~thrust disposition are o%gcure. It 18 evidently a
package 0f rocks very foreign to the volcanic-and plutonic
evolution of the Buchans area. The remarkable similarity
of gabbros in the Complex to gabbros of the Annieopéquotch
igneous complex (recently interpfeted as ophiolitic by
Dunning And Herd, 1980), and the inversly =zoned metnmor.phic
aureole beneath the Complex, suggesfa that/the Rungry
gountnin Complex might represent part of a dismembered

ophiolite suite.
2.8. Siluro-Devonian Deformation

The Buchans area has been subjected to two major
structural events: 1) the pre-Topsails Granite Silurianm
epispde of thrusting, discussed earlier, and 2)- a period
of Devonian broad open folding. The latter event imparting
a weak northeast-striking subvertical fracture cleavage
to all existing litholpgies and i1s axial planar to a ‘
broad open syncline within the Buchans ;;roup. The inten-
sity of this cleavage vh_riea conside,i‘ably and i's directly
related to the competency of the affﬁlecvted rocks. In

many exposures, the cleavage is not visible but it can be

'1dentified 1in several parts of the Buchans Group, Hungry

Hbuntlin Complex,‘ Topéails Granite and the subserial




Plate 2-9: Shallowly dipping red sandstone and conglomer-
ate of presumed Carboniferous age. Upright

hammer is approximately one meter length.



volcanic roof pendants on the.Crlnite. The deformation
rel;ted to this clea!age is novhere sufficiently intense

to cause visible gtlects of strain. The cleavage does

not affect dated Carboniferous stratas and is thus post- -

granite and pre-Carboniferous in age, i.e., Devonian.

Folds related to thiiﬁﬁeforngtion are broad,

open and of regional extent, "The axis of one major syncline

within the Buchans Group can be traced through flat lying

and vertically cleaved ignimbrite within the Topsails
“; :  Cranite and subsequently intoiq majof synéline within ;

: the Springdale Group, a distance of approxinatély 100 km.
'y

?

2.9. Carboniferous ‘ ‘ ‘ :

‘ Rocks oflpresuned Ca}boniferoua age crop out in
several anal%~are;s Qlong Red Indian lake and in a number
of drill cor;a along the contact between‘thé Footwall
Arkose and the Upper Buchans Subgroup in the center of the

map area. Similar rocks are repdrted to have been present

on“Buqhans Island Before‘const?uction of the Exploits Dam

(E.A. Svanson, pers. comm. 1975). N

These strata consist of flat lying to gently- ~

’dipping. poorly/indurated, polynictic red conglomerate and p

red croasbedded sandstone (Plate 2~ 9) Some boulders in

_ the conglonernte are very similar to parts of the Buchans

GtOup,.othera can’ be confidently related to the Topsails

- . - . -

!
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Granite. Similar conglomerates and sandstone are present

io thg banks of the Shanadithit iiver and underlie thin

coal seams and limestone (D. Barbour, pers. comm. 1975).

Plant remains collectfd from the latter area are of

Carboniferous age (Newhouse, 1931) and miospores (Belt,

1969) reveal an assemblage typical of the Missippippian

Horton Group. Palynological ‘analysis of a single silty
. ]

mudstone sample from the present study area revealed the

presence of vegetal matter but no diagnostic age was

determinable (J. Utting, pers. comm. 1975).

Although the contact is not expésed, fheréfis
little doubt that these Carboniferous rocks anonfornably
overlie the Buchans Gfoup. Steeply dipping, defornéd
. rocks of the Buchans Group occur vi;hin meters of ggntly
dipping poorly indurated Cargoniferous strata at several
localities. Relationships suggest a;gulét unconformity
of néarly 90 degrees in'ihese areas. The poorly indurated
nature and lack of cleavage indicate that these Carboﬁiférf )
ous tocks have not ;nderguﬂg Acadian- or subsequent deforma-
tion. This laék of deformation provides tﬁe best evi@énce

that the upright fracture cleavage and associated fol&fgg

of the Buchans Group, Hungry HountiiniCONPIEx, Topsails

Granite and Springdale Group is indeed of Acadian age. HM)_

-

fhe o;curtence.o! pods,of Carbpﬁiférouu strata
along the contact between the Footwall Arkose and the

Little Sandy Formation is used as evidence for a pre-




. 4
Carboniferous fault contact between these lithologies.

%

’ -

2.10. Summary of Chapter Two

The ﬁedlogical history of the Buchans ares and

[

relationships between various rock units can be sdmmafized

as followa:

Middle to Late. Ordovician
(Caradocian and/or latef)

-

ALateit Ordovician or

earliest §11urian

Silurian

Lafe Stlurian to early

Devonian

Lite‘Devontan

Opgn'foydind,‘uplitt. erosion

Deposition of greywacke and
conglomerate on southeas

side of Red Indian Lake

Pxtrusion of Buchans Group -

Roberts Arm Group volcanics

with cogentic intrusion of

Feeder Granodiorite; deposi-

tion of massive sulphide ores

-

Southeasterly directed fhruat
f;hlting of pre-deformed

Hungry Hou?tain'Complex upon

|
the Buchan1 Group

Intrusion Qf the vir;ous
phases of the Topsails Granite
with extrusion of cogenetic

subaerial vblcﬁnicn

}
K




Early Missigsipilaen

| /
Formation of the Redllnd}un

Lake bdasin ‘nd dépooit#Bn of

red beds




CHAPTER THREE

GEOLOGY OF THE BUCHANS GROUP

3.1. Introductionm

.Hithin this’chaptet an integrated account of
Fhe geology of the Buchans Group is presented. A conse-
~quence of the author's earlier work (Thurlow, 1973) vas
the ;ealizacion‘thit further geochemical data could ge
1ﬂterpr§ted properly only if abdetailed un&erstanding of

‘ °
the stratigraphy, structure and modes of deposition of

the Buchans Group could be gained. Within ‘the scope}of

this thesis it is mot possible to document all the complex~

1&1@8 of Buchans geology and this acceunt, although
lengfﬂy, is considqred‘by the author to represent only a
surficial summary. At the time of vfiting, several major
atruct;ral—stratigfaphic difficulfies stili exist ana

will be.solved‘only by further detailed work witﬁ existing

data and new data fFom ongoing diamond drilling.

The concept of volcanic cycles has been modified
and the Buchans Group is subdivided into Lower and Upper
Subgroups, each congisting of several sequences. The

Lover Buchans, Sybgroup is a."volcanic\cycle“ consisting

of vdluni@oua basaltic. volcanics overlain by arkosic

rockq follbved bi.iutexmediéte and felsic volcanics which

contain the major ore deposits. The Upper Buchans Subgroup,




comprises a second "volcanic cycle” initiated with relative-
ly minor mafic volcaniss and arkose deposition overlain by
voluminous, dominantly felsic volcanics. Iﬁ this lehli,

the entire Buchans Group is a single dominantly mafic to

do-inantly.fcliic sequence composed of legser internal.
increasingly felsic volcanic-fyclea. In detail, the
nature of these cycles is different from typicaf Archean

cycles (e.g., Goodwin, 1968) and volcanic cycles of the

Horkuroko district of Japan (ss described by‘Takaha?hiz

and Suga, p. 111-112).

The geology of the Buchans Group 18 extremely
complex. The understanding of the stratigraphy is h;mﬁer-
ed by lack ;f,Outcrop, rapid lateral faciés changes, a .
lack of marker beds, local subsidence, uplift, contenporj
aneous block faulting and diabase intrusion. Although’

metamorphism in the area is relatively mild, interpretation

of the structure (and fhps stratigraphy) - is consequently

hampered by a lack of bedding-cle.vage relationships.

|

Perhaps the major conpliciting factor is the postulated
presence'of major thrust faults. Without fo-sil control
it is impossible to prove the existence of these faults -
But the palaibility of their presence deﬁandn the bhilaiﬁg
of a itrntigraphic sequence based on observed indisputably
conformsble congact:. Such cbntacts‘nre not common as

most are characterirzed by late diabase sills or more

commonly by "{fnnocerit-looking" lheirs, the magnitude of
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which 1s not possible to judge. The stratigraphy presented

in the following sections is based upon structurally
conformable contacts which allow no possibility of alter-
nate 1nterptetatyon. This atratigraphy 1s schematically
shovn 1in Fig. 3-1 and summarized in Table 3-1. The
stratigraphy of the Buchans Group ha{inot been form;lized

into formations, nmembers, etc. because of the uncertain-

ties attached to the effects of thrust faulting.

'
'

3.2, Stratigraph® of the Buchans Group

- 3.2.1. Stratigraphy of the LowerwBuchans Subgroup
3.2.1.1. Footwall Basalt: The Footwall

Baﬁalt is the lovquost'unit of the Buchans Group and 1is

thought to conformably overlie =a gre&wacke—conglonerate

sequence which bears lithologic sinilarit‘és to the Sansom

Greywacke and Goldson Cohglomerate of Notre Dam; Bay kAndersbn,

1972a). Lithologically an& stratigraphically the Basalt

is considered §y most workers to be correlative with basalts

of.thg Roberts Arm Group to the northeast. The Footwall

Basalt 1is coqtinuoué throﬁghout the study area and crops

out sporadically on.hills, ridges, river beds and along

the north shore of Red Indian Lake, dips northward and

faces consfsténtly northward. Basaltic rocks thought

to form part of the Footwall Basalt are the host rqcks

for the Skidder Prospect (see next Section).
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Plate 3-1:

Pillow lava of the Footwall Basalt with
poorly developed radial cracks and amygd-
ule-rich bands concentrated along pillow

top.



’Thle base of the Footwall Basalt ‘has not yet been
ol;served north of Red Indian Lake and thus the thié‘kness V
is not known with confi’dence; Thickness estimates are |
also complicated By .paleotopographic irregularities on top
of 'the Basalt and by an essentiallyﬂ unknown co.mpone‘nt of
. ) N A .
the structural repetition by thrust faulting. Despite

‘these cénplications, the exposed thickness of ihe Footwall

1. " ‘Basalt probably exceeds 2000 m within the study area.

- boutside the study area it ma& attain a total thickness of

8300 ™, bar;"ing unknown repetition by folding or faulting.

The Footwai_l Bfnsslt consists _dominantly of
basaltic pillow laa_v'as an”ld related pillow breccias; Pillows
~ ST range from spheripil fo eloh'gate and are normally from
._,,_1.0 to 1.5 m in dia;letet‘. Amygdules are common and are
QOrhally f1lled w‘1t|.1 calcite although various combinations

,of prehnite, punpellyite. silica, chlorite and epidote

also occur. Lnrge calcite and s-aller chlorite filled

° S l-ygdules connonly coexist in the same pillow. In some

| areas, amygdules are cbhcentrically arranged only -txiong
the tops of pillows (Plate 3-1) and n-y facilitate "tops”
detet-inationl (similar pillows are deucribed by Jones,
1969). Apygdulgl‘nre qor'nl_lly. spherical and 5 mm in N
dinne’ter'nlthéu;h in some loc_;lities‘abunilaﬁt g°innt

. . . e

) a-ygkgdulea (over 3 cwm) ;ie 'precent 584 anygd.ule proportion

and size are related ‘to water depth as suggested by Jones

‘ U.Qﬁ!), then lhnllov water- 1: 1ndicated in these cases,




Plate 3-2: Nearly whole pillows in pillow breccia,

Footwall Basalt. Note concentric amygd-

ule~rich bands near pillow margins.



Plate 3-3: Highly disaggregated pillow breccia,

Footwall Basalt.



Plate 3-4: Graded pillow breccia, Footwall Basalt.



are locally present ?nd may attain sizes up to one centi-

The pillow lavas are norﬁally feldsparphyric with laths

less than 2 mm lang and of andesine-labradorite composition.

Colourless to light brown unaltered augite phenocrysts

-

meter, although those of 1-2 mm are most common. The

groundmasé consists of a fine grained intergrowth of.
. . t )

plagioclase, clinopyroxene and much less abundant

magnetite. Matrix plagioclase is variably altered to

.various combinations of epidote, calcite, 6iay‘m1nera15

‘and eericite ‘and is locally’repléced by pumpellyite.

Clinop&roxene may be altered to epidote and chlorite.

Outcrops of broken-pillow breccia (terminology
after Carlisle, 1963) are, in general, poorly exposed
but ;extﬁfal variations cén be seen best in numerous

polished boulders that occur in river beds cutting the

¢

basalts.; Pi1l1ows occur in various stages of disruption
\ .

from near whole pillows (Plate 3-2) to highly disaggrega;

te@ varieties (Plate 3-3) which are locally. size-graded R

A(Plate 3-4). Isolated-pilloﬁ breecia is volumetrically

much less significant than brokem=-pillow breccia.

Pillow lavaé are commonly interbedded with chert
: . ‘ !
lenses and locally contain sbundant interpi¥low chert.

.

Cherta occur in a variety of colours ranging from.black to

—— »

dark grey to green aIthough bright red jasper chert

predoninatea in‘sone;arels. Cher;;beds are normally




Plate 3-5: Spheroidal banded rhyolite within Footwall

Basalt unit.



less thanvone 'nie-t'er Ythick although a najbt exception

to this géneralizltiéﬂ occurs in the Skiidder Brook

area. Here,' :ln a small area of linited utri‘xe length

" there occurs a. sequencxe conponed n.inly of jasper chert
1n excess of 125 m ,_th:lck. These are interbedded vit_h |
less abund_aht greenb cher‘.t, red cher‘ty ‘m.xd_stone, _grey
siltstone, greywacke’ .and rlitlﬂc arkose and a fev nassive
'basa'l.tic flows:. Tl'_n.e Sitidvder Cu~Zn p'ro‘spe'ct "“(s_e;e next -
Section) is assoclated with si;nilarh, bu:t th:lntier, ‘asperA
chert several hundred mcters btratigraphically above the:

: chert sequence at Skidder Brook.

‘A"n.umber,‘of volumetrically lelss significant
litholo‘gies 'occur. ;hrougt;gtgxt xh§~?othnll Bas.aflt.. These
-:lnc_ltrxd'e' pyroclastics (tuff, lt.a'pil'lij"tuff, __laﬁ';llistopg,
agglomernté), ~tu'£f:breccia‘s', hyalo'clas'tic breccias,
explos:lon bteccias, blocky flow breccias and massive flovu
Fine grained ‘pyroclastics locally grade iuperceptibly
"into greyvacke and black fine grained bedded volcanic .

-

s:lltstonq of basalt:lc compoaition.

Volcan'ig_.: rocks more felsic than basalt occur
at a small number _’o‘f isolated localities in the Footwall

Basalt. A few bodies of massive aphyric to'feldsparphyﬁié

- dark grey rhyolite occur noﬁeist-‘of‘ékiddeg‘ BArook.

“l'hese are characterized by a geculiar well developed *y.
spheroidal structure. (Pi'lte 31-5) whichf co‘nsi‘sts of :h'in-l

\ .
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concentric colour banding which defines distinct spheroids
of approximately 20 cm diameter. The banding becoumes

less distinct and eventually disap;ears both towards the

center of individual spheroids and towards the massive

4

rhyolite matrix between spheroids. The origin of this

texture 1is not known but is suspected~to be a cooling-

related phenomenon.

Other types of felsic volecanic rocks Qith}n

the Footwall'ﬁasalt include small lenses of strongly

hematitized rhyolite preccih and thin beds of dacitic

tuff. Most of these are of too small scale to be represent-

ed on the geologic map (Fig. 2-2).

Aiteration of'basaitlc rocks of the Footwall

Basalt is patchy in distribution and shows no recogniz-

able pattern. " Pervasive henatitization is present in

sone areas and may, or nay not be combined with abundant

\

.vein and amygdule calcite. Such alteration cccurred at;

or shortly after, deposition as . interbedded sedinentary
unitu show no effects of alteration and nany non-.‘
henntitized brecqina eontain‘stronglyghematitized
frag-ents. Epidotizatiot is Iocnliy inteﬁné but mauglly'

¢

occurs independently of hematitization and calcite

introduction. Various conbinations ot ailicification,

-

pyritization nnd chloritizntion are found 1n sone lreas,

-
¥

but are generally veak and of liuited extent. . Traces of
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digsseminated pyrite occur throughbﬁi the Footwall Basalt.

Io the mine area, the distribution of the Foot-
wall Basalt undergoes Eomg changes,that are‘not evident
elsewhere as -an anomalous inlier of the Basalt exists

in the jmmediate Buchans area (Fig. 2-2). The rocks of

this Buchans Inlier are kpown (through dlamond drilling)

to extend entirely benegiﬁ a shallow cover of later rocks

(the Prominent Quarfz Sequence) ana to be contiguous

. with rocks which comprisé the main portion of the Footwall

‘Basalt south’of Buchans (Fig, 2-2). The basaltic rocks

'3 . . .
of the Inlier strike east-northeast, dip consistently to
- B

the north-northvest at 30 to 50 degrees and face north-

northwest, much like their counterparts to the south.

—

Although Pr vioh;ly théught to be anhaﬁticlinal structure
(George, 1937; Relly, 19;h\?5vanson and Brown, 1962),
these facts dictate that folding cannot be the sole.
capse-of the prﬁlence of,thg Inlier. | | -

N

ith a few modifications, .the litholagies of
the Buchan Inlier are similar to those of the Test of

‘the . Footwall Basalt. Broken-piliov breccia is the most

vcomnon roc, type.' Pillov fragnents, some with chilled

rims, ran e in size fron 0 S m down to tuff size "and

are . notrma 17 aepatg;ed by a fev centineter- of fing

'

grained natrix. Elongate ftagnenta lie yarullel to

B

- . -

bedding with no teudency tovard inbrication (cf. Carlisle,




-
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1963, p. 64). Many fragments ‘are highly amydgaloidal (bver
50%), some so much so that they initially had densities
close to that of water or may e;en have floatea. Broken-
pillow hreccia horizons are locally intetcalated with

thin (up to a feﬁlmeters) aquagene tuff beds or more
rérely»with iéolafed-pillow breccia. Although\not exposéd

on surface, thin beds of arkose, chert and red mudstone

ar&?&nterhedded with basalts of the Buchani_Inlief.[

.- v

3.2.1.1.1.  Skidder ?rospect} The Skidder‘Cu-
Zn Prospect, though not within the immediate study area,
is briefly mention?d here as 1t chargcterizes the type of
-nineraliza(ion-found at the base of the Buchans Group.'
It occurs as at least twq mas;ive stratiform sulphide
lenses confo?mable githin basaltic rocks of the Footwall
" Basalt in close‘éégociation with jasper chert.' Mineralogy
coﬂsists‘mainly of pyrite with minor chalcopyrite and
sphalerite and rare galena. _A zone of strong silicifica-
tion and disseminatéd mineralization exists in the
stratigfaphic footwall of the deposit with less intense

-

alqeratio§31n,the‘hangingwall.

L3

3.2.1.2. TFootwall Arkose gnd ﬁiley's Sequence:
ThevFootvali Arkose, and the presuned.tine—equivglent
,Hlley'sﬁSequeﬁqe, fﬁrn a pljdr regional vo}cnnic“ind
‘sedln;ntafy'hériionrvhich con{ornlbly oveg}ies the PoofvaII‘

Basalt. The term "Axkose" is derived ?}bl the abundaﬁtly




x

expose& pinkish, fine_to coarse grained massive lithic

arkose of volcanic derivation Exposed,in the mine area.

.

The FPootwall Arkoge occurs on surface along a
strike length of more tham 20 km f&om ihe area near the
east end of Red Indian Lake to the Buchans mine area.

It has been intersected downdip in hole BJ-44 3 km north
of the morthernmost outcrop. Tﬂé unit strikes east to
northeast, dips nortﬂward at 5° to 80° ahd faces éonsist-
ently northward. Felsic tuffs within the’Arkose form the
‘host rocks for the Connel Opfion massive'splphide body
(see next Section) but all economic maséive sulphide

deposits in the Buchans area occur séfntigraphically

above the Arkose.

-The fe}sic volcanic Wiley's Sequence conformably

'oveglies the Footwall Basalt southwest of Buchans and

contains many\litﬁologieé in coummon with the Footwall Arkose.
I£ is therefore considered a time-equivhlent'more proximal
volcanic facies of the Foatwall Arkose though the exact

correlation in the critical area south of Buchans 1is .

tenuoﬁa. It is further considered to be a stratigraphic

equivalent of the Prominent Quartz Sequence, a unit which

1s s structural repetition in a higher thrust slice.

o
\

, The gconformable nature of the contact betwee;

Pootwall Arkose and the Footwall Basalt 1is displayed in a

nunber of drill corés'in the mine area and im outcrop in
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‘the Buchans River due south of Oriental. " TIndeed then
upper portion of the Footwall Basalt is characterized

by a number of arkosic horizons which are indistinguishT
able from 1itholoéies of the Footwall Arkose proper.

In this sense, the contact between the two forﬁai;ons

on a large scale may be termed "interbedded". The upper

contact of the Arkose is bounded by a bedding plane

(thrust?) fault ihroughout large areas of the formation,
although (rarely) in the mine area thé Arkosé is conform-

. ‘ Coewe
ably overlain by the Intermediate Footwaﬁl (e.g., DDIF 885).

//

7

Zﬁmfizszbxara/ﬁﬁ??fcifx?“fﬁz study areajythe .
Footwall Arkoée attains a maximum thickness of 2500 m
(barring structural'repetition) from the base to the fault-

bounded top.

The  Arkose 18 exposed‘in over 200 drill corgs'
in the mine area and in a few additional holes throughout .
the strike 1ength of the formation. It is best exposed

N : - ) .
in the Buchans Inlier in the bed of the Buchans River.

. The Footvullixrkose is a nuléi—li%hologic volcano~
sedimentary sequence. . Iﬁ general, ghe lower part; of the
formation consist of interbedded green greyva;ke, tuffaceous

" wacke, resedimented con;logerate,'aharpston; breEci;, silt- )
stone, mudstone snd multicoloured gherts. éh-lé- are

conspicuous in their ‘absence (or liek of exposure). Inter-

bedded with these are pumiceous felsic lithic-crystal .

' : ) B . .

. -
- e T
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Plate 3-6:

Typical 1lithic arkose from Footwall Arkose
unit composed of quartz, plagioclase and
reddish rhyolitic grainms. Enlargement

approximately 2X.



-

“tuffs locally containing quartz crystals larger. than 1 c-,ﬂ,

a charactgristic'feature of the Viley's and Prominent \

" Quartz Sequences. ~. N

5

The upper parts of the foriation contain a
relatively greater proportion of chert and siltstone and,
especially in the mine area, lithic arkose. This roékvi?
pinkish, fine to coarse grained ind is normally massive:
and devoid ;f sedimentary structures, including bedding
(Plate 3-6). It consists of varying proportions of qﬁattti
plag}oclase (oligoelase-andesine);reddish rhyolit1erock' -

frag;gnts and lesser K-feldspar. Crystal fragments fange'

o

in size from less than 1 mma to 8 ma altﬂough those of

0.5 to 1.5 mm are most common. Sorting is ﬁornally fair t\‘~;

to poor. A wesk hematitization of feldspars and the pre-.
sence of small red rhyolite fragments ilparts the char-ctérr —

istic light pinkish colour tp the ngkoic.

' Massive arkosic rocks contaim a number of types
of rounded, isolated pebbles, cobbles and boulders.
Pink to red rhyoli;e; up to seve;al céntimeters in.dinneter
, iréino;t com;an‘and may be quartz and/or feldsparphyric
and flow-banded. Sone varietiéntcontaiq ;;oiinent‘(gxeater
~than 5.:.) quartz phenocrysts, a.chatactekistic oflihyolitis

—0f the Wiley's and Prominent duartz Sequences. .

\

Rare occurrenceg of kranigoid bpulders.are known

(e.g. DDR 267).. Isolltéd pebbles of jasper and rounded

”




basaltic fragments are found loéally. Rounded bouidérs
of l11thic arkose which contain rhyolite pebbles’ are found

B

wvithin normal arkesic rocks at some localities in the
mine area. The presence of these boulders suggests Iinstab-
L4 . .

1lity during arkose deposition with canibalization of

previously deposited arkose. . \;/

In considering the mode of transport and depos-

ition of arkosic rocks of the formation, the thick, coarse

. ° C e
grained, massive nature of the units and the. presence of

_outsize clasts_ are of importance. 'i‘he hdphazard occurrence
of these clasts within massive beds devoid of sedimentary
structures rules‘out deposition .either from suspension

or from tracti‘on currents. Alternatively, t®e arkose
displ‘ays many of the features of grain flow deposits as
descri—b.ed by Stauffer (1967). Deposition from non-
turbulent mass flows o;'this nature satisfa(‘;torily: explains
the thick, massive and homogeneous nature of the arkose,
its tex'tural immaturity, the presence of isolated boulders
of variable composition, therlack'ovf sedimentary structures
including bedding, the interbedding of such divergent
lithologies .as basalt 'and arkose with relatively little
basaltic detritus in the arkose and the prese‘gl‘ce of thin

’

in’erbeds of siltstone and- mydstone between t‘he mass flows,

Lithic arkosic rocks of the Footwall Arkose were

probably not derived from an exposed \granitic terrane. The
* * .




i . relative lack of .altreration of plagioclase feldspars,
the lack of clastic biotite or hornblende and the scarcity
of granite boulders dictate against this possibility.

Conversely, the presence of felsic pyroclastics inter-

‘
< e s et < e e

L)

bedded with lithie arkose, of “"arkose" with a locally(\ |
! vitric matrix and of 1lithic arkose with abundant pink I ‘
rhyolite fragments suggests that rhyolitic pyroclastics !
are the probable source rock for arkos_ic portions of

the formation. The presence of rhyolite boulders with

e —— oy e it

prominent (5~10 mm) quartz and feldspar phenocrysts -
suggests that the stratigraphically e;{uivalent Wiley's
Sequence 1s the source. A single current direction

on imbricated rip-up clasts indicates a westerly source

ahd therefore supports this hypothesis.

N The Wiley's Sequence forms an extensive felsic

volcanic horizon southwest of Buchans, overlying the
.Footwall Basalt and underlying the Intermediate Footwall.
Lithologies include massive porphyritic to flow banded
rhyolite, dacitic to rhyolitic pyroclastiecs and dbreccias,
tuffaceous sediments, lithic arkose, wacke, siltstone,
mudstone, jasper chert and local basaltic horizons. Several

thyolite and pyroclastic horizon}\ are characterized by

large (5 mm to 10 mm) quartz and plagloclase phenocrysts I ’ 4

and crystals. Also occurring is a spectacular sequence ‘

R
i

of graded subaqueous pyroclastic flow deposits.




3.2.1.2.1., Connel Option: The Connel Option (Fig. 2-2)
is a small uneconomic distal massive sulphide"e’heet which
"occurs within the Footwall Arkose. It was discowvered
in ‘September 1928 by trer{ching on an "electrical i;\dication".
The de'];osit is a co:formable bed of chalcopyrite, sphaler-
ite, galena and pyrite,;, approximately 200 m longﬁ\and G

with a maximum width of 60 cmn.

/
y
The mineralized horizon is underlain by a /L

series of thinly Interbedded, laterally extensive, &Y(?lti—‘
coloured chert, siltstone and fine grained dacitic crystal- -
vitric dacitic tuff -and ash. A single contorted Mn-~rich ‘
bgd up to 30 cm thick occurs within jasper cherts approx- ' '
imately 90 m in the stratigraphic footwall of the deposit.
In the vicinity of the mineralization this sequence is

-
overlain by a sequence of fine grained bedded dacitic

ash, 15 cm of grey chert and subsequently by massive

/ . sulphiaes. The deposit is overlain by up to 1.5 m of ‘
unmineralized grey—-green chert, )
The deposit®is not underlain by an altered and
sulphide impregnated stockwork. Chert and tuff in the \
. ‘footwall locally contain disseminated tra‘ces of Pb-Zn~Cu-
. pzrite mineraliza;ion and thin (on the order of 1 nm) beds ’
. .' of sulphide, A thin &30 cm) hi.ghly sericitic alteration - ]
I of fine grained vitric dacite occurs 1in the fooéwall in “1_1*
a single drill core.
' -
g‘ -




The massive sulphides cohsist of Qery fine
grained high grade sphalerite, galena and chalcopyrite

with abundant pyrite exhibiting_colloform téxture. Faint

banding of sulphides is visible in some areas. - The

principle gangue ninerals are'pyrite and silica. No

barite is present.

Unlike the major massive sulphides of the Buchans

area, the*Connel Option cannot be related to any known

.

nearby volcanic center. Indeed, the thin blanket shape

of the sulphides and their occurrence in a thinly bédded,

laterally extensive sequence of chert, siltstone and fine

grained volcanic ash suggests a lack of significant paleo-
relief and implies that the deposit is distal to the

—~ \

volcanic source.

Le
The source of metal for the deposit is unknown.

The lack of known stockwork alteration and mineralization
in the footwall suggests tﬁat a2, local fumarole was not
the source of the metals. Either of Sato's (1972) Type 1
or Type 3 brines could satisfy the geologic constraints
on the source of the ore metal. In this regard it is

interesting to speculate on the ore-forming potential of

the volcanic center which was responsible for deposition

of the Footwall Arkose.

\

» -~

3.2.1,3, 1Intermediate Footwall: The‘Intérmed-

Y
iate Footwall is a sequence of mafic to intermediate




with minor felsic volcanic and'volcaﬁiclaatic rocks.
Unlike the underlﬁing regionally extensive units, the
Intermediate Footwall occupiles a total surface and sub-
surface area of approximately 130 kmz. The term "Inter-
mediate" is‘dérived from t£e 1nterﬁediate stratigraphic
position between the underlying units and the overlying
ore-bearing sequence and the intermediate bulk composition

as compared to the felsic ore horizon sequence and the

maf;e Footwali Basalt. :The broadness of the term "inter-

is also convenient because of pervasive alteration

mediate'
in the mine area which renders recognition of original
compositions difficult. The Intermediate Footwall

is especially important in terms of ore genesis in that

it is host for the stockwork mineralizatfon below the

massive sulphidé orebodies and itself contains at least

two small stratiform massive sulphide bodies.

The Intermediate Footwall originally conformably
overlay the Footwall Arkose (e.g., DDH 885). Locally,
the Intermediate Foot;;11 appears to discopformably over-
lie the Footwall Basalt (e.g., DDH 1038), This discon-
form};y is marked by a.mixed breccia zone several meters
téick consisting of numerous fragments of bacalt of the
Footwall Basalt and,fragments of the Inéermediate Footwall.
The proportion of basaltic fragments decreases rapidly

with distance above the contact and the proportion of

altered fragments of the Intermediate Footwall




sympathetically iqcréases. Apart from this local discon-
formable relationship and the above-mentioned conformable
contact in DDH 885, the basal contact of the formatién'

is a bedding plane fault apd/or is occupied by diabase

’
i

. or "rhyolite" sills. The upper contact of the Intermediate

Footwall 18 also commonly marked by a bedding plane fault

v , -\
although pyritic siltstone of the Lucky Strike ‘ore horizon

. -

sequence locally conformably overlies the Intermediate

Footwall (e.g., DDH 435).

Thickness estimates in the mine area are complic-
ated by both faulting of the upper and lower gpntact and

elsewhere by paleo-erosion at the upper contact which

>

yielded rather unevennpaiéotopograhy. Regardless of‘tbese
complications the formation attains a maximum thickﬁgss
of'at least 230 m in the area benmeath Rotherwere ;nd Lucky
Strike orebodies and exceeds 1000 m thiékness in areas )
more remofe from minerali?ation. Further description of
the nature and role of the Intermediate Footwall in thew

mineralizing process is given under the heading "Ore

‘Jdeposits of the Lucky Strike ore horizon sequence™.

3.2.1.4, Lﬁcky Strike Ore Ho izbn Sequence:
The paleofopog;aphy following deposition of the Inte
fate Footwéll»was characterized by-a number of topograph%c
highs, chgnnels and depréssions on the volcanice su{faée

(Figure 3-2);_ The largest of these, MaclLean Depression,
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Fipgure 3-2.

Vertical cross section through Lucky
Strike, Two Level, Rothermere and
MacLean Orebodies. Section line is

shpwn in plan on p. 133.




]
reachgé a maximum width of 800 m, a* length in excess of

1 km and a depth locally exceeding 200 m. Smaller:
deprespions‘undetlie Rothermere, Two Level and Lucky
Strike Orebodies. Felsic volcanic ana sedimentary

units of the Lucky Strike ore horizon sequence overlie
fhe_lntermedinte Footwall, filled the paleotopographicw
depressions ‘and subsequently levelled the existing topo-
graphy. These units form the host rocks of the high
gfade stratiform pblyme;allic sulphide bodies iﬁcluding
Lucky.Strike, Two Level, Rothermere, MacLean and the

Clementine Prospect.

=

The Lucky étrike ore horizon sgquenéé is confined
to the Buchans a}ea roughly between 014 Bu;hahs qnd-Clemen;
tine, and occupies a total known surface and subsurface _
extent of approximately 50 sq. Fm. It reaches a maximum®
thickness locally exceeding 1000 m. The sequence-ia ‘
exposed on surface only in rare outcrops and in the Lucky
Strike op;n éit but is'cored'top to bottom in hundreds of.'
dril11. holes. The seéheﬁce,con}oxmably.qverlies the Inte;-

mediate Foot§311 (e.g.; DDH 435) aithough.the basal contact

"has commonly acted as the locus for low angle faulting.

The upper contact of the ‘sequence with the Ski Hi1ll and

‘"Prominent Quartz sequences 1s a major low angle-shear
. o l -
zone which has been traced for more than 25 km across’

the'BGchans area. The Lucky Strike ore horizon sequeﬁée

is conformably overlain by the Lake Seven Basalt. This
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Hematitized ore horizon rhyolite with white

Plate 3-7

plagioclase and somewhat smaller clear

Enlargement approximately 2X.

quartz.
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:

latter contact defines the top of the Lower Buchans Subgroup.r'

-

The litholbéies of the ﬁpciy St¥1ke ore»horizon.{
sequence are described in some detail in the folloﬁing '
sections. 1In genera; the sequence consists of basal |
rhyolite, pyr;tic siltstone, wacke and dacitic tuffa-6ver—
lain by the massive and transportea oreﬁodies with associa-
ted volcanic breccia-conglgmerate wﬁich arécin turn overlain

by a sequence of dacitic tuffs with minor basaltic and

andesitic volcanics.

3.2.1.4.1. Rhyolite: Massive rthyolite occurs
at the base of the Lucky Strike ore horizon sequence im ‘
the area north (doéndip) of the Lucky Strike Orebody. The

rhyolite is normally structureless to autobrecciated and

is .only rarely interbedded with Sther lithologies.

The rhyolite 1is chéracterizéd ﬁy moderate hematiti-
zation imparting maroon to pinkish hues to the rock (Plate
3-7). ﬁost rhyolite 1is feldsférphyric though aphyric
varieties and thése containing feldspar'aﬁd small resorbed
quartz'phenocfysés also occur. Oligaclasejfndesine
phenocrysts (1 mm) are normally clouded by minute hematite
and partially altered to flecks of sericite and epidbte
with less common,pumpellyite.: In more hehatitized rhyolites,
calcite alteration of.feldspar is dominant. Tﬁi gfbﬁndmass
is normélly hofociygtallin;; equigranular and very fine

grained though local granophyric patches exist. Accessory
l. ) N -




zircon, sphene, apatite,:ma%petifé and traces of altered

f
amphibole are common. .

3.2.1.4.2. Pyritic Siltstone: Pyritic siltstone
and Qicke flank and overlie rhyolttg but more commonly
directly overlie the Int;rmedi;te-Tootuall (e.g., DDH 435).
These sediments are restricted to the immediate vicinity
of mineralizat{onrand occur in troughs and depressions 1in
the volcanic surface, .Thickness 1is cobtroiled by this

paleotopography and locally exceeds 100 m.

At the contact, the Intermediate Footwall consists
of typically altered, veined and mineralized polylithic"
breccia. This i8 overlain by pyritiec siltsto;e with no
yeihs and cdéntaining numerous altered fragments of Inter-
mediate Footwall "floating” in a matrix of siltstone.

These fragments die out rapidl& abov§ the ‘contact but
‘small lithic fragments of the Intermédiate Footwall are

N

common throughout the remainder of the siltstone unit.

-~ The siltstone 1s typically light to dark grey,

siliceous, poorly sorted and massive to locally thinly

bedded, but rarely cherty (Plate 3-8). Slump 5tructures,

small scale cross beds, graded beds, cut and fill structurés,
load casts, flame structures, ifntraformational siltstone

breccias, and small penecontemporaneous faults are common.

The siltstones and coarser volcanic wackes are




Plate 3-8

Sample from footwall pyritic siltstone unit of
Lucky Strike ore horizon sequence exhibiting
ball and pillow structures, flame structures

and graded bedding.
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‘composed of quhftz and”piagioclqse cryafals. a high propor-
tion of rock,frqgments. minor volcanic gléss and a small
proportion. of detrital zircon and apatite. Quartz and
plagioplase are ﬁormaliy'broken or shattered and feldspars
are coﬁmonly altered to calcite. ‘Locally there occur very
thin dacitic crystal-Qitric ash horizons with}st;gngfy
resorbed quartz in a matrix of ;ltereé and. flattened pumice
shreds and shards. ;heée ﬁorizons are harbingers of on-

coming felsic volcanic activity of the ore horizon dacitic

tuff.

Rock fragments include a wide variety of siliciec,
chloritic, pyritic, ser%citic and clay minexalizéd fragmwents
derived from the Intermediate footﬁall, rare jaspeF clert
and basaltic fragments. Breccias composed'entirely‘of

stltstone (termed siltstone breccia) occur locally. 1In

[

some cases it is demonstrable that the siltstone fragments
vere transbe?éd to their ultimate site of deposition. 1In
other aréés, zones of bedded