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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
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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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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
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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

-
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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.







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.







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

o

it s ko e Mo 7t




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 (,;‘:,,_
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Rocks of the Hungry Mountain Complex range in

conposition'fro- gabbro to granite and are characterized
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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,







'

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

~
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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







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 &







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
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'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







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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’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,













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







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

\ .




et 4
. -

- 67 =

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




- 71 -

‘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 . .

. -
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“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.
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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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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
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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 siltstone have been severely

disrupted to form very coarse and tight packed breccias

that evidently developed in place. These breccias suggest,

: , ‘ .
. a very unstable depositional environment during siltstone

‘déposition.

&

-

The most characteristic featu:e of all siltstones
. - ’ .

bélov the ore horizon is the presence of vyery fine grained

N \

disseminated métrix pyrite, This pyrite is euhed}al'tg

.
®

. -




broken to subrounded and 1s normally slightly finer grained
than the siltstone in which 1t occurs. P)}rite forms

distinct beds in cross bedded siltstone and pyrite grains

.

" are graded in size in graded 811t beds. These features

)

suggest that the pyrite was in hydrodynamic equilibrium
with associated silicate grains and that the pyrite 1is

detrital. Pyrite constitutes from less than one petfcent

- -

to five percent of most of the siltstone, though locally

there occur very thin (less than one mm) beds composed

virtually entirely of pyrite. ‘'Also presemnt throughout

the siltstone are traces of -broken to rounded spl‘lale\ritve 3
and barite crystals and rare specks of chalcopyrite.

These sulphide and sulphate minerals are also considered
to be ‘Setrital and derived from the underlying Intermediate
Foofwail. The presence of these sulphide's and the lack of
._altera.tion in the siltstone similar t-o ‘that of the Inter-
‘--l;rédi.ia'te Footwall at the contact provides further evidence .
‘that .some stoci(work ﬁ:ineralization and related alteration

L2}

predated the major massive sulphide mineralization.

- . 3,2.% Dacitiec Pyroclastics: Dacitic

roclastics form the most widespread lithology of the ore

‘hori.z‘on sequence, They are interbedded with, and overlie
the rhyolite and pyritic siltstone (e.g., DDH 2704).

Beyond the limits of these units, the pyroclastics

directly overlie the Intermediate Footwall (e.g., DDH 11;06).
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l
s . The bulk of the dacitic pyroclastics occur 1n
£ the hﬁnginguall of the major orebodies but a thin unit

v ~

does occur in the footwall. This latter unit varies

markedly in thickness, bging thin to.locally absent in

the Lucky Strike area but reaching thicknesses 4in excess

of 100 m below MacLean. The distinction between footwall

and hangingwall dacitic pyroclastics 1is difficult in

areas more remote fr:am Lucky Strike due to a lack of

PRUEHVI S

alteration in the footwall, the lack of a marker bed de-
fining the ore horizon and the lithologic similarity

of footwall and hangingwall Fuffs. Due to this litholog-
ical similarity, these units will be described together

in this section.

»

Dacitiec tuffs and lapilli tuffs are the most
1

common lithology in the ore horizon. These are light to
dark green and contain widely varying proportions of quartz
and plagioclase crystals with essential ‘and accessory
lithic fragments set in a fine grained matrix of variably
" altered volcanic glass. Bedding is locally visible and
is defined by diagenetic flattening of glass shards and
pumice shreds or by alterati(}n of vitric-rich and vitrice-

L

poor beds (Plate 3-9). .

i . Quartz crystals comprise up to 30 of the tuffs
(most commonly 10-20Z) and range in size from microscopic

to 3 on (average 1-2 mm). OQuartz is rarely evhedral,
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normally being resorbed, embayed, broken or a combination
of these. Halos.of aeéondary quartz are common around

quartz crystals.

Feldspar crystals generally comprise the same
proportion of the dacite as quartz and exhibit the same
slze range and average size as quartz. Feldspars are
mainly plagioclase with much less common K-feldspar.
Accurate determination of feldspar composition is hindered
b’y alteration, normal afd oscillatory 2oning, broken crystals
and locally by lack of twinningﬂv. In general, feldspar
compositions as determined by the Michel-Levy method

o’
and on rare combined Carlsbad-albite twins is andesiz]e_.‘,,.,- N

Plagioclase is variably altered to-a fine grained inter -

growth of sericite and clay minerals or less conmonly

calcite, pumpellyite, prehnite or epidote.

Hornblende crystails-are normally absent though
locally\ form up to two percenf of the tuffs, In general,
Lornblende is more common in the Oriental area than in
the Lucky Strike area and -is genefélly more abungant in
more viiric;rich tuffs. :Alteraltion of hor.nb]en'da to

chlorite with anomalous 1ilac birefringence 1s common. V4

3

.

Apatite, sphene, rutile, zircon and leucoxene
are ubiquiteus but minor constituents of the tuff. Traces
of pyrite are micros’copically-vis‘ible in most samples.

Traces of biotite occur rarely.

wr
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Matrix volcanic glass and iks altered equivalents
form from 30 to 702 of most portions of thé dacitic tuffs
(though all extremes from glass—poor crystal-lithic tuff
to 1002 vitric ash or pumice tuff exist). Alteration of
glass to a fine grained sericite-clay ;1nera1—chlorite
aggregate imparts the characteristic grey to green colours
of the dacite. Mespite complete algeration of glass,
characteristic shard shapes are commonly visible microscop-
fcally and pumice shreds and larger long tube pumice frag-

ments are normally visible with the hand lens or naked eye.

Volcanic glass, from microscopic shards to pumice
fragments several centimeters in length, is almost invar—
iably flattened into thg bedding plane imparting a psuedo-
foliated appearance which is characteristic o£<virtually
all vitric-ash pyreclastics in the Buchans area. This

feature previously led the author (Thur]ov, 1973; Thurlow

et al., 1975) to consider that portions of the dacitie

S

tuffs were deposited subaerially. However, such tuffs

are locally interbedded with laminated Axdstone and silt-

stone (which-in ;ome c;ses is graded-be and displays

small scale cross beds and lbad casts). Flsewhere, vitrice
» . LY

dacitic tuff with stronglyvflattened pumice is interbedded

with pillow lava. On the basis of these observations the

occurrence of flattened pumice and glass shards is not

considered to represent éollapsé due to load in a glowing

gsheet of subaerial volcanic ejecta. Similarly flattened
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pumice in vitric_pyroclagtics'of demon4‘3%b1e submarine
origin have been described by Fiske (1963), Piske et al.
(1963), Fiske and Matsuda (1964), Mutti (1965), Fiske
(1969) and in no 1less than five papers in Ishihara (1974)
describing Miocene volcanic rocks in the vicinity of the

Kuroko deposits of Japan. Fiske (1969) states that pumice

can be flartened into the bedding plane to produce "a

0highly compact rock that, in some cases, superficially
resembles welded tuff" and Ohtagaki et al. (1974) state
that "in appearance, it resembles the pumice found in
common welded tuffs". Ohtagaki et al. consider that

flattened pumice 1in subaqueous sequences is a result of

compaction during dewatering and diagenesis of pumice
vhich has been depositionally and diagenetically altered
to soft clay minerals. A similar mode of origin of

flattened pumice in the Buchans area {is considered likely.

‘ %he most common fragment types within dacitic
tuffs are fragments of dacitic tuff and thyolite grains
and clasts. Fragments of dacite crystal-vitric tuff are
diffuse to well defined, rounded to angular and have a
composition and texture very similar to the matrix
material. The coloyr of’thesé fragments is normally
slightly different from the matrix and serves to distinquish
the fragmen£s. Accessory iithic fragments are common
especially at the bqse of graded subagqueous pyroclastic

flows. The base of such flows consists of tightly packed




breccias with a crystal-vitric matrix and contains angular
to rounded fragments of virtually every lithologic type

below the dacite (1i.e., basalt, jasper chert, numerous
A) .

varieties of altered Iﬁtermediate Pootwall, rhyolite,

ailtstone, 3r;nodior1te and (rarely) boulders of FPeeder #
Granodiorite. Lithic fragments in these pyroclastic

debris flows become finer grained and less abundant upward
as the flow grades into crystal-vitric tuff and may be

overlain by vitric ash or tuffaceous siltstone.

In the vicinity of the Iin situ massive sulphides
the distinction between footwall and hangingwall dacite is
not d}fficult. Near Lucky Strike and Rothermere Orebodies,
the footwall dacite is normally greyer and more hydrother-
mally altered (to clay minerals) and may contain traces
of galena, sphalerite and pyrite. However, beyond the
area-of significant alteration (e.g., beyond the vicinity
of Maclean Orebody) the author has been unable to find

any consistent macroscopic, microscopic or geochemical

difference between the footwall and‘hangingwall dacite.

Although most portions of the dacitic tuffs are
sufficiently similar such that recognition of any ingernal
stratigrapﬁy g difficult, there exists one distinctive
type. Locally known as the "coarse-quartz dacite”, this
crystal-vitric tuff is cﬁaracterizpd by quartz crystals

somewhat coarser than normal (average 2-4 mm) and conformably

s
H
i -







overlies the normal hangingwall dacite (e.g., DDH 827).

It is best developed in a depositional basin which occurs
between the Lucky Strike - Maclean and Clementine areas
and locally exceeds 100 m in thickness. The coarse—quartz
dacite is intimately associated with graded subaquéous ’
debris flows and itself contains more lithic fragments than
the normal tuff. Locally the coar%e-quartz dacite ia_
interbedded with_more‘noFmal dacitie fuff but 1is i; embhas;
iied that the first appea e of the~;oarse—quartz dacite
occurs weil in the'hangingvall of the’major ore deposits.

This relationship is important as this dacite locally

contains scattered pebbles of high grade black ore and 1s

conformably overlain by polylithic breccia- cong]omerate

which also’ locally contains sulphide fragments.

The coarse-quartz dacite contains a variety of

lithic fragments with pinkish massive  rhyolite and aphyric

aphanitic andesite fragments being more common (Plate 3-10).
Lithic-rich beds are commonly separated by vitric-rich beds

imparting a diffuse banding to the rock.

The coarse-quartz dacite 1is conformably overlain

(e.g., DDH's 799, 827) by a complex polylithic breccia-

congldmerate unit which, 1like the coarse-quartz member,
B .
4 . .
occupies the depositional basin between the Lucky Strike -

-

MacLean area and the Clementine area. This unit is’

characterized by an abundance of pink aphyric, to'quartz and







feldlpnrphyfic thyolite fragments (Plate 3411, although a ) f
«-lesser proportion>d! basaltie and andelitic frnggentl

(most of which are of unknown origin) are also nornnllyv

pte;ent. Less nbundant frqgnent types 1nc1ude,€herty

siltstone, pyritic siltstone, rare granodiorite boulders,

| pumice fragments, dark grey carbonate fragments (e.g., DDH's
629, 799) of unknown origin and sulphide fragments.
Fragments are moderately to tightly packed in.a lithic

quartzo-feldspathic matrix with only a local significant

vitric component, Breccia-conglomerate beds are normally

-

massive although thick graded beds ranging from .coarse
breccia-conglomerate to chert& siltstone are not unéommon
(e.g., DDH's 2216; 629). These debris flows are interbed-
‘ded with jreywacke, siltstone (locally pfritic), vitrie
tuff and spectacular graded pumiceous pyroclastic flows

(e.g., DDH's 1562, 932). .

Sulphide fragments in this horizon and (less

commonly) in the'hnderlying coarse~quartz-member are of

interest. Sulphide clasts have been recognized macro-
scopically in at least 10 drill holes, 1.e., DDH's 191,
1442, 2681, 2243, 2332, 2224, 2210, 1406, 2214 and 2778.

Black ore clasts are most common with much less abundant

yellow ore and stockwork fragments, Sulphide clasts
range from angular to rounded, competent to plastic and

reach a naxiﬁu- size of 13 cm (although the average is




less than one cm). They are especially concentrated 1n.

‘the thickest porfion of a bllin vhich existed in the area

between Lucky Strike and Clelentine;

The source of the sulphide fragments is of
intereat in exploration. Since the fragmentd occur in a
stratigraphic horicon at least 200 n (diabase } moved)
above the Rothermere ore horizon it is unlikely that the
Lucky Strike Orebody provided the sulphide fragments 1in
this breccia conglomerate. The relative rarity of fragments
vhich are so abundant i; the main ore horizon (i.e.,
granodiorite, pyritic siltstone and varieties of Inter-
mediate Footwall) as well as the presence of basaltic,
aﬁdenitic and carbonate fragments of unknown origin further
suggest that the lithologies in the breccia-conglomerate
are not from the Lucky Strike area. The decrease in
-buﬁdance of sulphide fragments towards the Lucky Strike
area further dictates against this area as a source.
Some of the extraneous fragment lithologies can be
matched vith those in the Clementine clastic ore horizon,
although the sulphide-bearing horizon lies above Clementine

as well.

3.2.1.4.4, 1Lucky Strike Ore Horizon: Massive
sulphide, transported ores and fucie;-equivalent breccia-
conglomerate and "granite-conglomerate" overlie dacitic

pyroclastics. These are descrided 1in Chaptér Four.

-~




The ores are overlain by a thick sequence of
dacitic pyroclastics, as described in the previous section,

and subsequently overlain. by the Lake Seven Basalt, \

3.2.1.5. Lake Seven Basalt: Tﬁc Lucky Strike
ore horizon sequence is conformably overlain by the Lake
Seven Basalt (e.g., DDH 799) viich subcrops west of
Rothermere Orebody (Fig. 2-2). Though it forms the base
of the Upper ﬁucﬁahs Sdbgroup, the Lake Seven Baqalt is

described in this section as it is the uppermost member

of the Lucky Strike thrust block. The unit 1s areally
i restricted and consists dominantly of basaltic pillow lava,
pillow breccia, pyroclastics and massive fiovs. Flows

contain small phenocrysts of fresh augité and labradorite

largely altered to calcite. sericte and épidote. The J//
phenocrysts occur in a fine grained diabasic-teiture; -

i matrix of plagioclase and clinopyroxene, the latter altered

to chlorite., Locally flows are black and very fine grained

and contain quenched plagioclase with swallow tail termin- : i -
i e

atfions-and hollow cores, iye., similar to those described L

by Pearce (1974).

Several features of the Lake Seven Basalt are
similar to those of the Footwall Basalt and indeed, distinc- : 4
tion of the two units on a8 hand specimen basis 4is impossible. R

Pink to white calcite amygdules are common in the Lake

Seven Basalt and the unit has locally been affected by weak
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to strong hematitization. Pyroclastic units commonly have
a pink to white crystalline calcite-rich matrix (e.g.,

DDH 1562) and may show size grading of indivi{pal beds.

3.2.1.6. A Stratigraphic Discontinuity at the
Top of the Lake Seven Basalt: The

interpretation of the uppermost contact of the

Lake Seven Basalt with overlying units has far~-reaching

)
effects both in terms of understanding the stratigraphy

and in terms of exploration. _Despfte huﬁdreds of drill
penetrations, an indisputably conformable contact has not
yet been observed. Normally, the contact 18 occupied by

one of the innumerable diabase sills which cut the Buchana ~
Group, or is a zone of poor core recoviry or, in some cases,
a zone of obyious shearing. The same comments apply in
areas vhere‘the Lake Seven Basalt is absent and where the

overlying Prominent Quartz or Ski Hill sequences lie

directly on the Lucky Strike ore horizon sequence.

Two opposing interpretations'are based upon the
nature of this contact: 1) the contact 1; a.zone of local-
ized bedding plané shearing developed during regional
folding and is8 of no regional consequence in understanding
the stratigraphy,.and 2) the contact represents a thrust
fault superimposing older on younger lithologies. The

]

significance of the latter hypothesis 1is discussed mors

fully in Section73.3.1.l.







3.2.1.7. Prominent Quartz Sequence: Rocks of
the Prominent Quartz sequence are the lowermost unit'l
recognized above the stratigraphic discontinuity discussed
in the previous section. The aeq‘{ence is widely distributd
to the north and west of Buchans and occupies a known
surface and subsurface area of approximately 100 ;quare
kilometers. Outcrop exposures are extremely sparse but
the sequence is fairly well known through drilling designed
to penetrate the underlying ore horizon. The sequence 1is
absent in areas east of Buchans but reaches thicknesses 1in
excess of one kflometer to the west. Fleld, petrographic
and geochemical evidence suégesta that felsic volcanics of
this sequence were derived from magmas of the Feeder
Granodiorite. The Prominent Quartz Sequence 18 considered
to be a thrusted repetition of the Wiley's Sequence and
Pootwall Arkose.

The Prominent OQuartz sequence consists dominantly

of rhyc:.litic flows and pyroclastics which are commonly
characterized l')'y the presencé of "prominent™ (5'-10 mm)
quartz phenocrysts (Plate 3-12).3 These are mormally rounded
l;'ld somevhat embayed t!'tough locally well preserved heiagonal
.c'rystal outlines exist.'\ They range in size ué to a maximum
of 3 cm. Irregular to radiall cracks are common. Zoned

plagioclase phenocrysts are""'ﬂornally ‘preae‘nt in approximately

the same abundance as. quart:z but are generally smsller,

.reaching a maximum size of 1 cm. Oscillatory zoning is
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common and even in flows plagioclase crystals are commonly
broken. Plagioclase is commonly partly altered to pumpell-

yite, epidote, calcite and sericite..

Small (less than 1 mm) hornblende phenocrysts
commonly comprise less than 5% of rhyolite flows and are
normally altered to chlorite with lesser pumpellyite,
epidote and calcite. Associated with these, there t:‘l‘n'a
normally a small proportion of »nagn;tite which also may
occur as small isolated crystals in the matrix. The u.mtrix

to flows is aphanitic and quartzofeldspathic in a wide

variety of colours ranging from salmon pink to black.

Individuval rhyolite flows of the Prominent (Quartz
sequence have been traced over areas exceeding a square
kilometer. Locally thick (greater than 100 m) massive
structureless rhyolite f,lovs. (e.g., DDH 2090) display no
fléw banding or autobrecciation and are overlain with sharp
conformable contact by lithi_c—crystal—vitr:lc tuff wi'th
some fragments of massive rhyoiite.. The sharp nature 'of
such contacts, the lack of autobrecciated flow to1->s, the
widespread distribution of the flows and their coarsely
porphyritic nature are evidenceiin support of unusually
fluid rhyolite nagmas‘. _ ,

Rhyolite flows, especially those south of Lucky -

N LN .
Strike, have locally undergone “strong silicification,

" sericitization and pyritization but no significant

S ] -y
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mineralization 18 known.

Crystal-vitric tuffaceous rocks of the Prominent
Quartz sequence contain an identical phenocryst assemblage
to the flows, 1.e., prominent cracked quartz, zoned plagio—
clase and hornblende, but the matrix consists of anastomos-
ing flattened glass shards and larger pumice shreds.

Volcanic glass is commonly altered to dark green to black

chlorite. &

) Also included in the Promlinent Quartz sequemnce
are important members of rhyolite and (related?) pumiceous
pyroclastics which do not contain prominéng quartz and
feldspar pheno;'ryats but instead normally contain smaller
(1 mm) quartz cr);stals. Particularly important are wide-
spread, distinctive and spectacular subaqueous pyroclastic
flows which are apparently confinebd to the northern and ‘
western portions of the Buchans Group. These are tohiék
graded deposits ranging from coarse polylithic breccias
vitih fragments locally in excess of 1 m at the base (but
norma‘lly less than 10 cm). 'I'hea:e grade upward into finer
grained breccias with abundant mu:!.t‘:lcoloux‘ed- long tube
punice and further ﬁpvard ijnto finer grained lithic-crystal-
witric tuff overlain gradationally b).v sliltstone and cherty
mudéto_ne. ‘Individual deposits may bc‘e‘ tens of meter'é thick

and the entire sequence consists of several tens of individ-

ual pyroclastic flows. Double grading such as that

- b s e
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described by Fiske and Hqtsuda (1964) 1is locally developed.
The thickness of these depoui;s,and the abundance of
pumiceons material suggests that they were triggered by
violent volcanic explosions. The coarsést facies of these
units are developed in the Wiley's Sequénce whéreas finer
grained more distal facies exi;t in numerous drill cores

to the north (e.g., DDH's 2666, 724). This suégests

northerly directed pyroclastic flow from an active (now

eroded) felsic volcanic centre to the south.

A variety of tuffaceous sediments are interbedded
with the volcanics of the Prominent Quartz sequence. The
most unusual of these is a sequence composed dominantly
of black, locally pyritic and carbonaceous mudstone vhich'
occur south of Lucky Strike (e.g., DDH's 1908, 1904).

These are ﬁassive to fhinly laminated and generally do not
break parallel to bedding, hindering the search for mac¥o-~

.

fossils, . Several samples of this material were sent for

detailed microfoasildanalysis but proved barren (J. Utting,

pers. comm., 1975).

-

A number of basaltic horizons are included within
rocks of the Ptopineht Quartz sequence. Thése horizonms
are macroscoplcally and chemically similar to rocks of

the structurally underlying Lake Seven Basalt and Footwall

Basalt,




3.2.1.8., Ski Hill Sequence: The Ski Hill
sequence conﬁists of a thick pile of black to~dnrk green
breccias, pyroclastics and pillow fava of baiqltic to
andesitic composition. It confdrmably.overiies the Promin-
ent Quartz sequence (e.g., DDH's 2925, 2927, 2841) but
vhere the underlying Prominent Quartz sequence is absent,
;ﬁe Ski Hil1 iequence rests with sheared contact directly
upon the Lucky Strike ore horizon sequence. Sporadic
outcrops of the Ski Hiil sequence occur in an east-west
t}ending belt extending from the Buchans River approximately
4 km west to the Lake Seven area (Fig. 2-2). The sequence
occupies a known surface an@ subsurface area of approximate-
ly 30 square kilometers and reaches a maximum known thick-

ness of approximately 1 kilometer.

.

The Ski Hill sequence consists mainly of andesitic»
breccias and pyroclastics inter{edded with massive and
pillowed flows of basaltic to andésitic’composition. In
general, flows of the sequence consist of plagioclase
(andesine-labradorite) and augite phenocrysts set in a
verf fine‘grained diabasic-textured groundmass. Like the
Footwall and Lake Seven Basalts, augite phenocrysts are
normally much less altered than plagioclase phenocrysts or

ne@nix pyroxene. Plagioclase phenocrysts are commonly

zoned, Qligned or felted and generally partially altered

to combinations of epidote, calecite, pumpellyite or clay

minerals, Moat flows and blocks of massive andesite "in







breccias contain zoned amygdules filled with combinations

of prehnite, quartz, pumpellyite, chlorite and calcite.

Spherical, flow-stretched and amoeboid emygdules are common
\

(Plate 3-13).

The top of the Ski Hill sequence 18 normally
characterized by an upwa;d increase in the. abundance of
exotic ac;éssory”fragments which grade upvwards into poly-
lithic btecciasAof density flow origin. These breccias
contain a variety of lithic frﬁgments ranging in composition
from basalt to rhyolite and locally contain rounded granmo-
diorite pebbles and cobbles (e.g., DDH's 885, 1003, 1038,
1185). 1In places, these bregclas are characterized by a
siliceous siltstone matrix bearing detrital pyrite, much
‘like siltstones of the overlying Oriental ore horizon
sequence. Rare occurrences of Pb-Zn beds (?) and of high
gradé.b}ack ore fragmegts in breccias fe.g.; DDH's 1911,
1884) are also known in Fhese upper portions of th; Ski

Hill sequence:

The distinction between rocks of the Ski Hi1ll

sequence and. Footwall Basalt is locally difficult and,

although some empirical generalizations can be made,
there are many exceptions. Rocks of true andesitic compos-
ition are dominant in the Ski Hill sequence and rare in

the Footwall Basalt. No arkosic rocks similar to the

Footwall Arkose are known within the Ski Hill sEquence and




the sequence 1s nowhere fimmediately overléin RY arkosic
rocks. Interpillow chert and chert interbeds are much

more common in the Footwall Basalt than in the Ski Hill
sequence. In general, calcite amygdules (especially

pink calcite) are more common in the Footwall Basalt and
amygdule abundance 1is a}so generally greaterd. .Distinctive
small elongate amygdules stretghed during flow are common

in the Ski Hill sequence and rare in the Footwall Basalt.
‘Quartz-prehnite-pumpellyite ;mygdules are generally more
common in the Ski Hill sequence. Pervasive hematitization
is someﬁhat more common in the Footwall Basalt. In general,
" pillow lava is somewhat more common in the Footwall Basalt
whereas true pyroclastics and a variety of breccia types
are'more common in. the Ski Hill sequence. Breccias of the
Sk1 Hill sequence are commonly polylithic (in varieties

of basalt and andesite) whereas breccias of the Footwall
Basalt are most commonly monolithic. Polylithic breccias .
su;h as those that occur at the top of the Ski Hill sequence are
not known in the qutwall Basalt. Pyriiic siltstone,

plutonic pebbles and black ore occurrences are alsc not .

known in the Footwall Basalt.

3.2.1.9. Oriental Intermediate Tootwall: A wunit
known as the Oriental Intermediate Footwall conformably

overlies the Skt H11ll Sequence and forms the host for

epigenetitc stringer and stockwork mineralization associated
. - 5




with the Oriental')l orebody. The Oriental Intermediate
consists dominantly of an areally restricted pile of altered
intermediate to felsic pyroclastics and especially pumice

tuff, pumice breccia and vitric tuff.

Though thi{s sequence 18 dominantly felqic, the
term "intermediate"” is convenient in that the more feisic
end members of the sequence are quartz-poor to gquartz-free
in contrast to the quartz-rich pyroclasticsrof the Okiental
ore horizon sequence. Also, as at Lucky Strike, the
“"intermediate' volcanics occupy a stratigraphic position
intermediate between undérlying mafic and overlying felsic

sequences.

The OrientalAfntermediate is discussed more fully

in Section 4.4.

L3

»

3;2.1.10. Ofiental Ore BHorizon Sequence: The

Oriental ore horizon sequence 18 a significant felsic vol-

‘ c;nic accuﬁulatiou which conformably overlies the Oriéntal
-Intermediate. It forms the host rocks for the in situ
Oriental Ji Orebody and the transg?rted Ogiental #2 and
014 Bu;hana Cﬁnglomerate Orebodies as well as the subeconomic

transported Sandfill and Middle Branth Prospects.

The sequenée is shallowly northward-dipping and

occupies a known surface and subsyrface area of less than

10 s%uare kilometers in an area north of Ofd Buchans and

v
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Oriental. The sequence reaches a maximum thickness of
approximately 400 meters in an ares nprth of Orfental but
thins rapidly both to the east and west. The northerly
downdip extensions of the sequence have not been fully

outlined by diamond drilling.

The 1lithologies and stratigraphy of the Oriental
ore horizon sequence are remarkably similar to their
counterparts at Lucky Strike. Detailed discussion of the

sequence 1s given in Chapter Four.

3.2.2.' Stratigraphy of the Upper Buchans Susgroup.
The Upper Buchans Subgroup is characterized by mafie,
intermediate and feisic volcanic rocks with the latter
predominant. In keepiug with the generally no;therly dips
in the area, it is generally distributed in the north part
of the study area. The stratié;aphy is less well knobﬁ
than that of the Lower Buchans Subgroup iargély because of
the lack of'erndmic 1ncentive to drill these rocks system-
atically. Info;mation is largely derived as a consequence
of drilling of the underlying Orien;al ore horizon sequence.
The undergtqnding'of the stratigraphy 1s further hampered
by significant’th;ﬁat faults, the effects of which are not

yet fully understood.

There was no récogniqule bresk in volcanism-

sedimentation between Lower and Upper Subgroups but the -

‘




boundary marks the end of the Oriental ore horizon felsic
volcanic sequence and the upper stratigraphic limit of

known economic mineralization. It also marke the onset of
reneved mafic volcanisnm on a widespread scale and concurrent

[

influx of arkosic density flows containing detritus
extraneous to the intermediate Buchans area. As such,
the boundary marks the beginning of a second volcanic

.cycle, not totally dissimilar to that of the Lower Buchans

Subgroup.

The Oriental ore horizon sequence 18 confqrmably
overlain by two separate units which interfinger in complex
fashion at their margins. The Sandy 'Lake Basalt conformably

overlies the Oriental ore horizon sequence in the west

"{(e.g., DDH's 2853, 1582) vhereas the Uppef Arkose forms.

the base of the Upper Buchans Subgroup to the east

(conformable contacts in DDB's 1683 and 1872, among others).

The Sandy Lake Basalt consists of basaltic pillow
lav;. pillow breccia and pyroclastics all characterized by
abundant calcife amygdules, labradorite and/or augite pheno-
crysts and locally intense diagenetic calcite—héma;ite
introduction. As such, this basaltic un}t is xirtually‘

indistinguishable from basalts of the Lower Buchans Subgroup.

~

On the other hand, the Upper Arkose is among one
‘of .the more unique and {nteresting upite in the Buchans
area. The Upper Arkose occupies and levels the remmants

¢ .







of a deep paleotopographic trough n th; underlying Origntal
ore horizon sequence. Towards the western margin of;Arkoqe
deposition, the Upper Arkose conformably overlies (e.g.,
DDH's 1582, 1758) and interfingers with the Sandy Lake
Basalr. TheAﬁpper Arkose reaches a maximum unsheared

thickness in excess of 100 m and locally‘nttaiﬁs a totsal

‘\

thickness in excess of 300 m. .
. v

The Upper Arkose is composed almost entirely of
‘lithicvarkose and arkosic cﬁnglomerate. The conglomgrate'
is polymictic and contains boulders of.massiv; rhyoliié and
dacitic crystal-vitric tuff, both with }rominent (5;10 om)
quartz phenocrysts and pink rhyolite with or without small
quartz and feldspar phenocrysts (Plate 3-14). Less common
are caléite amygdalo{dal basalt (very similar to those of
the Sandy Lake Basalt), arkosic conglomerate bou;ders,
and minor granitoid boulders. Relly (1960, p.- 82, 97)
reported an ﬁccurrence of a sulphide boulder in the Upper
Arkose 1in the'Oriental east pit though ﬁone have been noted
by the author, E.A. Swanﬁon 6}'qfher workers. Most boulders
are ;ell rounded with moderate sphericity and vary froﬁ
tightly to loosely packed. fhe matrix is normally immature
and poorly sorted, coﬁsistingﬁﬁ%% mall 1ithic fragnenfs
and quartz and feldspar c¢rysta ’7 The conglomerates are

normally massive and devoid of all sedinenfary structures,

though local thick graded béds exist and rare inverse to

normally graded beds cdccur (e.g., DDH 1492). Near the baae’




of the conglomerate in the VOriental area, there exists at
least one horizon of dacitic crystal-vitrie tgff macroscqQp-
ically, microscqpically and geochemically identical to

that of the underlying Oriental ore hori:zon seq\-xence

(e.g., DDH-1606)‘. The presence of this interbedding at

the upper contact of the Lower Buchans Subgroup provides
_strong evidence that there was no depositional break at

]

this juncture. /

Rocks of this arkosic conglomerate horizon and
those of the Footwall Arkose Formation are virtually
indistinguishable. Only the stratigraphic position is
‘diagno.stic in identifying these lithologies. However, i;
general the Upper Arkose normally contains a greater |
abundance of conglomerate and a greater variety of boulder
lithologies. Fels:l*c volcanic boulders with prominent
quartz (5-10 nm), gravnitoid boulders and basaltic boulders

are relatively more common in the Upper Arkose than in

the Footwall Arkose.

The Upper Arkose is considered to have been
deposited by the same mechanism as the Footwall Arkose

(i{,e., density, flow) and evidence supporting this hypothesis

7

is similar to that quoted for the Footwall Ariose‘. Indeed,

their textural and lithologic. similarity suggests that the

‘same volcanic source may have supplied detritus in both

.units. The vast difference in lithologies between those




of the Foothll_—vpper Arkose and those of the ore horizon
sequence suggests that the volcanic sources for these

sequences were spatially separated. The occurrence pf ore

horizon daciticAcrystal—vitr:lc tuff ddentical to that of

the Lucky Strike Formation interbedded with the Upper

Arkose probably represents an interfingering of volcanic
materials from these two sources and further represents
the last volcanic gasp from the source which producea

the Orient.al ore horizon sequence. Evidentl-y volcanic
activity shifted back and forth between these two centers

with very little temporal overlép.

The Upper Arkose is conformably .overlain by
Little Sandy sequence (e.g., DDH's 1606, 1683). This P
dominantly volcanic unit 1s the uppermost sequence of the
Buchans Group and, althougﬁ widely distributed to the north
and east of Buchans (Fig. 2-2), is probably the ﬁ:ost poorly
known 1in the area. The sequence forms the host rocks for

the Little Sandy copper mineralization several kilometers

east of Buchans. S

The base of the. Formation inm th’e east 1s every-
vhere fault-bounded, juxtaposing rocks of the Little Sandy
sequence and Footwall Arkose. The contact is marked by
shearing, fauit gouge, diabase dykes ;:u' by discontinuous

linear patches of poorly indurated red sandstone _an‘d conglo~

merate containing abundant boulders of peralkaline rhyolite
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and related lithologies (e.g., DDH BJ-24). MacLean (1943)

i g s < ey

considere:d (with some reservations) these lithologigs to

be interbedded with the Buchans Group but they are herein
) interpreted as remnants of presumed Carboniferous age

deposited unconformably upon the Buchans Group al'opg the

paleo-eroded fault contact.

The upper contact of the;\.}.ittle Sandy sequence
i1s marked either by a thrust contact juxtaposing the Hungry

Mountain Complex and the Little Sandy sequence or by

intrusive contact with the alklai-feldspar phase of the
Topsails Granite. 1In the poorly known northwestern portion
of the study area, the Hungry Mountain Complex may origin-

ally have been absent and lithologies thought to be correl-

TN AT MLk . s vt L

ative with the Springdale Group may lie unconformably upon o
the Buchans Group (this relationship is present between

the Springdale Group and Roberts Arm Groups in Notre Dame.

I Bay, c.f. Strong, 1973).

¥

The Little Sandy sequence consists of abundant

fine grained andesitic to rhyolite pyroclastics with less
. _ ‘
abundant volcanogenic sediments and basaltic flows and

! volcaniclastics.

" Intermediate and felsic volcanics are much more

g

common than mafic varieties, Massive rhyolité flows with

* viidly contorted flow banding (Plate 3—15),‘ punice flows, e

pyritic tuff, rhyolitic autobreccias and thick units of
> . . .




btedded andesitic tuff are the most common lithologies.

Locally there occurs a distinctive dacitie crystal-vitric
»
tuff indistinguishable from that of the ore horizon sequences

(e.g., DDH 1606).

Strong alteration 1s characteristic of large
portions of felsic sequences yielding fypicaliy rubbly,
"white to rusty weathering outcrops. Alteration consists
of varying degrees of ‘silicification, chloritization, seric-
ifization,clay mineral alteration and ubiquitous pyritizat}on.
Intarbedded breccias locally contain fragments which display
alteration rims similar to those in the ore horizon sequences.
The Little Sandy copper prospect occurs in such a sequence
of altered intermediate to rhyolia}c rocks as thin, reticul-
ating, chalcop&rite-bearing chloritic quartz veins and open
space filling between breccla fragments. The deposit,
though epigenetic.in detail, 1is stratiform on a large scale
and considered to be a product of near surface or surface

fumarolic activity.

3.2.3. Diabase and Related Intrusives: All units
in the Buchans area are cut by fine to coarse grained,
dark green fo black diabase dykes and sills. These bodies
range in size from small dykelets to large intrusives
locally in excess of JOO‘m.in thickness. They consist of

porphyritic to sub-ophitic labradorite and augite with

traces of opaques, sphene, leucoxene and green anphibole




(hornblende?) normally replaced by chlorite. Quench
texturee in pyroxene and'plagiociase a;e common and chlor-
ite locally replaces matrix glass. Grain size yariei,
sympatheticaily with diabaae thickness and may eicéed

1 co in thicker intrusions. Chlorite- éalcite -quartz~-
filled amygdules are common, indicating a shallow depth

of emplacenent. tocally in thicker s111s, amygdule size
aﬁd proportion are related to stratigraphic height.
Chilled margins are common and cumulus layering is notice-
able iﬁ thicker dykes and sills. Macroscopically visible

contact metamorphism 1s restricted to the margins of thick-

er intrusions.

- The author's previous work (Thurlow, 1973) deter-
@ined the presence of two chemically distinct diabase types,
‘i.e.. a relatively more abundant "high titanium diabase"
characterized by ﬁrowniah to purplish to pinkish (titani-
ferous?) augite and "low titanium diabasge"” whi;h exhibits
many features in common with the Buchans Group volcanics.
These two diabase types are;easily sefarable on many
geochemical plots, e.g., Fig. 5-4. Petrographic examin;fion

of &iabase and gabbro related to the alkali-feldspar phase

of the Topsails Granite indicates that these are aineral—

ogically and texturally indistinguishable from the high
titanium diabase and a temporal and genetic link of these
mildly alkaline inttusives is suggested In contrast, the

low titanium diabase 1s geochemically identical to the
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Buchans Group volcanics and thus may represent feeders to
basaltic rocks of the Buchans Cgoup. Locally, di1fficulty

exists in separating sills from massive flows 4in driill core.

Diabase occurs commonly as silis associated with
gouge zones at important geological contacts, Some ‘of
these contacts can nqwhere be demonstratéd to be conformable
despite hundreds of penetrations, raising the poaﬁibility
of low-angle thrust faulting, a hypothesis tﬁaf finds
éupport in a number of geological c§ntexts. Consequently, 0
diabase distribution may be controlled to some degree
by the presence of earlier-formed thrust faults. Some
Bilis haye theﬁsalveg underg;ﬁe shearing which, according
to this modél, must have occurred as rejuvenations along
old fault zones, probably durihg regional flexural folding.
Detailed stud; of the distribution of high and low titanium
diabase dykes has not been undertaken but, according to the
present ‘model, only high titanium diabase could be present

as thrust fauip—plane fi1llings.

P
Dykes of felsite and granice als& cut the Buchans

Group, commonly in association with diabase. Mutual cross-
- cutting relations of felsite and diabase have been observed
at several iocalities. Granitic dykgs #ré macroscopically,
microscopically and geochemiéélly fdentical to the alkali-

~+ feldspar phase of the Topsails Granite and are almost

certainly apophyses from this body. -

¢




3.3. Structure and Metamorphism of the Buchans Area

3.3.1. Structure of the BuchanafArea:» The structure
of the Bughans area,“thodgh relatively siﬁple on a regional
scale, i8 complex on the detailed scale used in exploration.
The Buchans area has ﬁéen subjected.té two structural

events of regional consequence, i.e., 8 period of Silurian

thrust faulting and a later period of ﬁevonian (?) foldinrg.

3.3.1.1. Silurian Thrust Faulting in the Buchans

Group: The evidence supporting an
important regional event‘éf Silurian thrust faulting has
been presented in Section 2.7. This southeaétward directed
event ;auséd the present superposition of the Hungry
Mountain Complex upon the ﬁuchans Group. As far as the’
Hungry Mountain Complex is concerned, there seems to be
general accepfance of this hypothesis. However, the sugges-
tion that similar major ffiults occur within the Buchans

Group has been the subject of debate. The author is of

the opinion that such faults dixexist though, as for opinions
b

offered. The possibility

to the contrary, no proof can

and implications of sucH‘faulting are outlined in this

section.

The relative stratigraphic positions of the Lucky
Strike and Oriéntal orebodies and their original positions
within the stratigraphy are at the crux of the thrusting

~ problem. In the past, various vorkera have interpreted the




Lucky Strike ore horizon sequence to ejther overlie the
Oriénfal ore horizon ;equence (e.g., George, 1937), or to
be overlain by the Oriental sequence (e.g., Swanson and
Brown, 1962; ﬁﬁrlow, Swanson and Strong, 1975) or to be
stratigraphicially equivalent to the Ortfental sequence
(e.g., Relly, 1960). According to a thrust hypothesis,
.the Ordental sequence now structurally overlies the

Lucky Strike sequence. but represents. a thrusted repetition

of sequences that were originally stratigraphic equivalents.

The thrust-hjpothesis is based upon two undeniable

facts; 1) that the Oriental ore horizon sequence represents

a remarkable lithologic and stratigraphic repetitiou of

the Lucky Strike ore horizon sequence, and 25 that no
indisputably conformable contact has been observed between
the blocks of rock containing the Lucky Strike and Oriental

orebodies.

v

The remarkable stratigraphic repetition of -
lithologiés formed the basis for the concept of volcanié
cycles at‘Buchans. This same repetition led Entwistle
and Barnes (1971);to ;uggést that thé Oriental sequence
is a-faulﬁed repetitibn.of the Lucky Strike sequence.
Walker and King (1975)‘provided the first hard evidence
in support of this concépt by demonst?ating a lack of
étrqtigr%phic coqfdrmity between. the Ski Hill and Lucky

Strike ore horizon sequences. The possibility of such




faults has demanded the construction of a stratigraphic

colunn based on indisputably conformable contacts. 'This

stratigraphy has been outlined inm previous sections and

summarized 1in Fig. 3-1.

S ey vrgn o

' The suggestion that Lucky Strike and Oriental
~orebodies originally lay at the same stratigraphic horizon

] implies that certain rock sequences are also stratigraphic
., !

correlatives. ‘These are outlined in Table 3-2. without
exception, these implied correlations are extrewmely
plausible and provide further circumstantial evidence of

thrust faultihg.

A second possibdle stratigraphic reconstruction
>is presented in Table 3-3. ThiS'm;;el implies not only
that Lucky Strike and Oriental are correlative but aiso ghat
the Footwall and Upper Arkose are correlative. Uﬁether or
not this reconstruction is valid, hinges on the interpre-

tation of contact relations in DDH 885. It 1is beyond the

scope of this thesis to elaborate fully on this point.

°

This second model.has far-reaching implicatins both in
terms of regionai and local stratigraphy and in terms of

exploration,

The hypothesis that ;h:ust faulting 18 an import-

ant element in Buchans geology *is supported also by the

following points:
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Table 3-2: Buchans Group Thrust Correlatives - Model A

Lucky Strike Fault Block : Oriental Fault Block

Little Sandy Sequence

A fault Amvvava

Lake Seven Basalt - Sandy Lake Bassalt
and Upper Arkose

}Lucky Strike Ore Horizon Oriental Horizon
Sequence : : Sequence
Intermediate Footwall Ski Hill Sequence
) : and Oriental Inter-
mediate

Footwall Arkose and Wiley's Prominent Quartz
Sequence _ Sequence

Ao~ fault ~annn

‘

Footwall Basalt

Table 3-3: Buchans Group Thrust Correlatives -~ Model B

Block A v Block B ' Block €

Little Sandy Sequence

AAAA f‘aullt AAAANS

Footwall Arkose Upper Arkose

rnanans fault AAANVV\- ’ . °. .

Sandy‘Lake Basalt

Pootwall Basalt Lake Seven Basalt
Luéky Strike Sequence—Oriental Sequence v

Victoria Lake Intermediate Footwall-——Ski Hill and Oriental
Volcanics In;ernediate

Wiley's Sequence-—————#roniﬁént Quartz
. Sequence

ren fault AnmAnns

2




the anomalously rapid pinching out of some units
‘alohg ;héared contacts,

the occurrence of minor shears repeating lithologies,
especially in the Clementine area, and ;reas north

of HiﬁLean Orebody, and

the eccurrence of apparent Footwall rocks overlying

the West orebody.

The suggestion that thrust faults are not a

+

‘significant factor in Buchans geology can also be force-

fully argued.. The bedding plane shears visible at many

importdnt conmtacts can be interﬁreted as bedding plane

slip developed during regional folding.

The fact‘that demonstrably similar lithologies
represent definite stratigraphic repetitions is a further
argument in favour of cyclic velcanism andAthe lack of
any need to invoke thrust faulting. The.promingnt quaftz—

bearing Upper Arkose is stratigraphically hundreds of

"meters above. the Prominent Quartz sequence and represents

a. remarkable stratigraphic repetition of similar litholog-
ies., Other such:ei;;ples can be cited; e.g., daciiic

crystal-vitric tuffs of thevofiental and Liftle_Sandy

sequences, - VL .

1
\

¢w6;3.1,2, East-West Fold Axes Related to Thrustingi

In several parts of the Buchans Croup there is some.

evidence which implies an earlyhﬁériod of small scale
\ ‘ -




folding. Open warps wvith east-vest trending axes of .-
several kilometers length have become evident through recent:

diamond drilling and stratigraphic re~interpretations.
- 4

Because of generally shallow dips, these folds have given
rise to unusual map distributions of some sequences,

especially in the area west of Luéky Strike (Fig. 2-2).
-

rs
(

Apart from limited areal extent, there exists Py
s;me instances where these folds have only limited vertical
extent and are confinéd to units overlying a postulated
thrust fault. It is not?worthy also that the axes of these

small folds are perpendicular to the proposed direction

-~

of Silurian tHrusting and that the folds are subsequently
s

"cross-folded" by broad Devonian folding (see next section).

In 1ight of these facts'it is postulated that these small
/

‘warps vith east-west axes are genetically related to the

episode of Silurian thrusting.

3.3.1.3. Deypnian‘FoldingE__All rocks of the
Buchans area, excépt Carbpniferous strata, have £eén affect-
ed by open Devonian fqlding.A This eﬁenf produced a weak,
§hbvert§;g1, spaced, fracture cleavage in most !ithologies,

. the strength of which varies according with location.

Manybof-the more competent lithologies do not bear this

cleavage.
! -

The cleﬁﬁagevgenerally strikes northeastlandl
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18 axial planar to a broad synclinal structure whose axis

can be traced from the Buchans Group,'through the Topsails

Granite and into the Springdaletcfbﬂb (see Section 2.3.).

A
P

Northwest dipping and facing sequenées.on the southeast
side of Red Indian Lake appear to constitute a deeper

structural level exposed on_tbe.south limb of this same

broad structure.

Flattening related to this deformation is neglig-
ible to not detectable throughout the study area. Fragqents
within pyroclastics, breccias and coﬁgiomerates throughout
the Buchans Cfoup show no vigible.effeéts of strain.

Beyond the study area to the southwest, defornation
increases‘in intensity within the Footwall Basalt to the

point where noticeably flattened pillows occur.

3.3.2. Metamorphism of the Buchans frea: The

" metamorphism of the Buchans Group 18 a complex topic, a

full discussion of which s ﬁeyond %hF scope of this thesis. "
The Buchans Group has evidently beemn subjected to burial
metamorphism, local dynamothermal metamorphism during
thrusting, a possible subseqpent episode 'of re-equilibration
of burial metamorphic facies and subaéquent regional netaia

morphism during open fdiding. Whereas the details of

;these events must awailt future stidy, the genernlﬁietanorphic

environment is discussed below such that the effects of

netamorphic alteration on rock chemistry can be reasonably
v .




evaluated. » ,
[y : , 7
[

Greenschist facies Ttoecks occur only in the lower-

most e'xposed portions of the Footwall Basalt in the extreme

southwest of the study area. Here, foliated and slightly

flattened pillow lavas contain chlorite, albite, actinolite,

cailite and epidote, mineralogy characteristic of the
greenséhist "facles, This rapid southwestward increase in
tectonic flattening of pillows and of metamorphic grade

continues in a regular fashion beyond .the study area.

TN ,7 Prehnite-pumpellyite facies metamorphism, (Coombsv,,

'1960) is by far the most widespraad metamorphic grade
achieved by the Buchans Group. Metamorphic alteration

is heterogeneods on. outcrop scale with pyroclastics display-
ing considerably ;orgﬁegtensive mineralogical change than
that of associated massive basaltic flows and blocks 1in
b;eccias. Within the latter lithblogies .calcic plagioclase
phenocrysts are‘ commonly partially altered to com'binati-ons
of sericite, calcite, epidote and pumpellyite. Kugite
phenocrysts are nqrmally frégher fhan plagﬁloclése though
incipient z;lteratinn to-epidote., chlorite and calcite

al‘o.ng fraéturesﬁl is common. Amygdules are filled with
_vari’ous combinations ofl quartz, chlorite, calcite, epidote,
p"r/ehnite; and pumpellyfte, all of which may occur in a. single
thin section. Mafic pyroclastic ‘rocks contéin all of the
aBove»ment-ibned metagorphic_ minerals in greater abundaqce

than in flow’sg, with the addition of minor authigenic




arlbite and sphene. Within felsic pyroclastics, 1111te,
and mixed-layer 1111tefmontmor1116n1te, and montmorillonite-
chlorite commonly replace vitric material (Henley and

N

Thornley, 1980).

Monominerxralic metadomains as desc.ribed by Jolly
and Smith (1975) and Jolly (1974).are poorly developed in
the Bqéhans Group. Nume.rous thin veinieté of probéble
synme tamorphic age transect the volcanic ro(:k.s in several
areas but.these are normally polymineralic (combinations
of quartz, eplodte, calcite, prehnite) and do not show
gradational transitions into albite b‘asalts as do metadomains.
Nevertheless, these fractures probably acted as fmportang

fluid channelways during metamorphism.

Locally, near the top of the stratigraphic
sequence, zeolite~1like minerals fill am‘ygdules in ﬁassive
basaltic flows. Other amygdules in the same rock are
filled with epidote, calcite, prehnite and pumpellyite and
plagioclase phenocrysts disp'lay partial alteration to
pumpellyite. The occurrence of zeolite (?) in these
prehnite;-pumpellyite facies rocks attests to the sluggish

reaction rates sojtypical of low grade metamorphic

assemblages and concurs with the observatifon ’bj_,‘Jolly

and Smith (1974) that the stratigra/phjrc""i";nge of secondary

void filling minerals is com y somewhat greater than

the range in which th replace rock forming minerals,

b




‘

The presence of the zeolfite implies that the stratigraphic

top.‘of the Buchans Group existed near the boundary between

K}

zeolite and prehnite-pumpellyite metamorphic facies. The

lack of pervasive low gyade metamorphic alteration (such
as that described by Smith, 1968) and the 1ac>k of equili-
brium even on thin section scale (as évidenced by the
above-mentioned zeolites) further implies that the duration
of metamorphism of the Buchans Grodp was insufficent to

allow reactions to prbceed to completion.

3 '~ Henley and Thornley (1980) have compared the

metamorphic mineral assemblages of the Buchans Group
to thoroughly studied areas elsewhere, and concluded
- LY

that metamorphic temperatures were in the 260° - 300° c

range.
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CHAPTER 4

ORE DEPOSITS OF THE BUCHANS GROUP )

6.1, Introduction

The ore deposits of the Buc};ahs Group and tﬁeir
host rocks are devscr‘ibed in this chapter. Three genetic-
ally related ore types occur at Buchans, i.e., 1) stockwork
t;re, 2)- in situ ore, and 3) mechanically transported ore.
All three types of mineralization are known to occur in two
distinctly separate horizons, the - Lucky Strike ore horizon

sequence and the Oriental ore horizon sequence.

In terms of economic importance, in situ and .
transported ores are of approximately equal significance

and together have provided about 982 ©of production. Large

.tonna'ges of subeconomic'stockwork mineralization are

present but only local zones attain ore grade.

.The distrib\u:;?ﬁ the various ores is shown in
Fig. 4-1. Tonnages, g es and other features of the

Buchans ore zones are summarized in Table 4-1.

4.2, Intermediate Footwall and Stockwork Mineralization
1Y

4.2.1. .General Comments: The Intermediate Footwall

is a thick, localized volcanic sequence Hhich, beyond the

area of stockwork mineralization and alteration, consists

o
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Figure -4-1: Distribution of in situ (solid black) and transvorted frapmental

(stippled) mineraliz'utign at Buchans.
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Oredody : Cross Tonnage Orsde (M11 Heads) MINERAL PERCEATACES BY WEICHT2
. Al n Zo re Ccp Cu B Py

Lucky Strike Ore Horisom Sequbnee
In Si%u Ores
Lucky Strike Mein . ‘ ] 9.3(8.0) 48 97

lucky Strike = New Year » 9.75 . 5.3%/..7; 4.0 11,3
Sub-total Is Sitw 5,555,483 1 7.5)-

Transported Ores .

. lucky Strike = North 620,510 1.0801,.5 1J %.2

Two Level )25,596 2.’ 20 14 5.3
949,106

l-othor;loro f 3,402,000 1 D1 y J )Ji 33 89

max@ !
Adoy w0y

Rotherware £3 195,615 59 - ’ 5.7 9% 8.0
3,571,618

Haclean 3,653,000 % 1 6 4.3(3.8) 3.3 8.6
Sub-Total Transportsd 8,199, )

/

Oriental Oye Horisom Sequence
In Situ Ores

Ortental #1 . 2,738,666 061 393 1.1 B.4T 15,80 s.ogsn{ 49 9.8 .6 17

/

-

014 Buchans Kast . 133,353 067 1,65 T8T %27 10.0 4,8 8.7 2,2 159
014 Buchens West 19,907 045 . 170 10,40 16.80 6.0 4.9 12,0 25,0 7.7
© Oub=Total In Bitu 2,891,924 «061 1,70 844 15.73

Transported Ores i i
Opsental £2 928,861 +046 0,76 6,20 .41 biz.ei 2.2 7.2 %0 4.6
i 2,

5.1

:
A

O1d Buchans Conglonerata 72,763 048 0,76  5.88 9.7 2. 2.1 .68 W9 )3
Gub-Total Transported 1,001,626 +046 0,76 6,18 9.7 2.7

‘l'ohl In Sltu ‘,“7."m m -053 1.“ ‘o,, 17050 6'7‘ ‘.' 9.. 26-0 "“
Total Transported 9,201 'm s 0N 1.“ 7.2 12,20 I N 3.0 $.) 16,2 7.5
Total Grose Tm‘. ’7,“’.7“ 1“ 043 1,03 70.1 1‘.7‘ ’o“ ,v. 9.0 22.0 ‘.3

otal Milled To December 3178 17,426,000 2043 1.34 7.60 14,62
I. r- in sulphide ssssys frow drill holes. 4sssy in btrackets based on 158 dilution te conform more slosely ﬂﬁ nill assaye.

tages of major ere-forming minerals (amum-m. -golema, sphalarite, mu-. herite) as saloulated fyom gredes,
:. u snd Ag in es./ton,

a

Table 4-1: Ofe deposits of the Buchans Area







mainly of andesitic pyroclastics and breccias. HAuever,
within 1 km of Lucky Strike, the unit gradually changes
character into a complex mound qf pyroclastigl and breccias
ranging from basaltic to rhyolitic composition. These
rocks have undergone progressive alteration and mineraliza-
tion vhich increases in intensity towards the Lucky Strike
area and obscures the original character of the host rocks.
The Intermediate Pootvali is the host for several zones of
ntqckwofk minerélization and ore and at least two small

syngenetic massive sulphides.

Strong stockwork mineralization consists of a
network of quarti—sulphide veins and veinlets cutting
strongly altered and sulphide—impregnatﬁd host rocks
(Plate 4-1). The largest concentration ;f stockwork miner-
alization 1p the Buchans area occurs at Lucky Strike. Fine
to coarse grained euhedral pyrite is the most abundant
sulphide within the stockvork with much lesser quantities
of chalcopyrite, sphalérité and galena. Quartz, chlorite;
barite and calcite are the'dominqnt gangue'ninerala. Compared
to the overlying massive.sulﬁhidé, s;ockwork mineralization
is ;ore pyrite-rich and, in terms of metal ratioq,cont;ins

proportionally more Cu. Only small zones of stockwvork

contain economic quantities of base metal sulphides.

1

In general, the development of the Intermediate

footuill in the Lucky Strike area is one of continuocus

{




voléaninm vith concurrent mineralization and alteration.

Within the overall alteration envelope, internal centers

of hydrothermal activity migrate bothvnraally and etratrigra-
phically with time, resulting in several partially over-

~lapping alteration zones. The major period of stockwork

-~

mineralization which fed Lucky Strike entirely post-dates

this earlier mineralization and alteration history.

The strongly altered and mineralized zoﬁe~1a
shaped 1ike a thin flat-topped mushroom with most of the
.und.rlying stem cut off 5j faults. The zone of strongest
alteration and mineralization 1is crudely concordant with
stratigraphy and 1s aéproxinately 600 m wide and lup to
100 m thick. The overall alteration zone covers an area
of several square kilometers but rarely'exc;eda 100 m
thickness, and is thus more blanket-shaped. This distribu-

tion pittern of stockwork mineralization and alteration

a}s unlike many massive sulphide déposits worldwide (c.f.
\Sangster, 1972).

In plan view, three roughly concentric zones

consisting of varying degrees 6f‘a1tération and sulphide

mineralization can ﬁe outlined (Fig. 4-2), Peripheral zones

of thé alteration halo are charnctérized by & clay mineral-
pyrite assemblage, the intensity of which increases inward
towards zones of stronger alteration. Henley and Thornley

(1980) have identified f1lite as the most abundant clay
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" mineral vith lesser montmorillonite and mixed layer clays.

This peripheral alteration zone passes gradually into a !

zone of strong clay mineral-pyrite alteration with local sil-
‘ a » '
icification, chloritization and minor base metal mineral-

ization (Fig. 4—2). Thie in turn passes gradually into &

zone of strong silicification and chloritization containing

-

consistently in excess of 1% base metals. This latter zone

\

1s confined to areas 1nngdiaﬁely adjscent to in situ mineral-

1zation‘nnd;éontains gil the significant stockwork occurremn-
ces (Fig. 4-2). This generalized alteration pattern is
preséntly one of the major criteria used in guiding explor- .

aqidn for deeply buried 1n-sifu deposits.

Kowalik et al. (1980) have recently completed a

stable isotope study of the stockwork zone. They conclude

_that: 1) sea water vas the dominant fluid involved in the

alteration and mineralizing process..Z) sea udtgr au1pﬁatq
was the source of suiphur in tﬁe depogit;,-3) tenperatﬁres
in the stockwotk~zone range from 140o ¢ to 370° C, with
temperafﬂtesﬂincreiaing both l;te;ally ;nd vertically towvards

>

Lucky Strike.

ap

4.2.2. Stratigraphy and Mineralization in the

Lucky Strike Area: The early-hiltdri of the Intetnedinté

"Footwall has largely beem-obliterated by subsequent explosion

and alteration. The lovétmost meuﬁer of the formation abdve

the fault base consists of tightly packed, coarse polylithic
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(ih varieties f intermediate composition) breccias, locally
pumiceous breccias interbedded with minor amygdaloidal flows
and rﬁlated breccinl of proﬁ‘ble basaltic to ‘andesitic
composition. Some fragments in these breccias di;play

altered rinms, a feature which‘is common at higher strati-~

graphic levels in the pile and there can be shown to be

caused by altefatiog along fractures with subsequent.
explosion (see Section 4.3.). Thus the earlies} consolidated
rocks of the formation vere fractured, altered and ;xploded
to fﬁfn polylith}c breccias. These.breccias vere subsequent-
1y st;ongly and pervasively altered. This alteration |
vaties‘in intensity, composition agd\ityle and consists of
varying degrees of silicifica;ion; sericitization, thloriti-

zation, pyritizatibn, clay mineralization and less common

_carbonaté alteration. Alteration .occurs both as veins and

as pervasive alteration avay from veins such that the
original breccia texture i8 locally obscured. Introduction

of. vein material has locally caused brecciatidn of the host

rock. PFor the most part, sulphide mineralization associated

with this alteration ié pyrite, though ninor sphalerite,
galena, chalcopyrite and less .abundant barite are common.

nown to be related

No massive sulphide mineralization 1is k

to.this episode of alteration and mineralization.

-

Overlying the earlier mineralized and altered

- portion of the Intermediate Footwall Formation is a second

unit which 1s characterized by the presence of abundant




altered fragnentl derived from the underlying unit. This

unit {s the most extensive unit of the altefed

I#termediate Footwall. Polylithic breccias are the most
abundant constituent of this unit and cdntﬁin numerous
yarietie? of strdngly altered fragments of otiéinal‘basaltic
to rhyblitié.conposit4on. Evidence that these breccias
aré in barf derived from the previously mineralized and
altered brecéias includes 1) the presence of stromgly
alt;;ed frhgnents with ygtihble degrees and types‘of
;lteration, locally in a much less altered matrix, 2) the
presence of fragments composed of coarse euhedral pfrite
(1ntetpreteé as véin pyrite from the underlying unic),

3) the presence of numerous fragments composed enéirely of
bla;k chlorite ;nd euvhedral pyrite, similar to some '
pervasively altered material of the underlying unit, .

4) some altered'fragments contain pyrite-sphalerite-galena-
.chalcopyrite mineralization.in thin fractures and veins

which are terminated at fragment boundaries.

A number of other fragment types are present in
the breccilas ihcluding pink rhyolite ftagments, lacally
with altered rims. The polylithic breccias commonly

contain a visible vitric component in the matrix and

x
normally contain vaATrying proportions of angular to flattened .

P

long tube pumice. All variationa exiat between vitric

polylithic breccias (pyroclastie breccia-) and breccias

a

-composed almosg entirely of tightly packed pumice’ frag-entl




and wispy uhredé (q?pice breccias). Recognizable vitric
ash horizons have locally escaped pervasive alteration
and"oﬁlitérniion of ptiﬁl?i texture. The breccias are
’nornally node;.tely to well packed and poorly sotted,
with average fragment ?izebuaually less thn# 5 cm, l;eccia
beda l;cally diaplay a crude size grading over a few
meters. The presence of aﬁundant vitric material in the
breccia? suggeata‘that'the brecciation'of’the prévioﬁlly
altered unit was acconpiished by explosion relﬁfé@nto
violent frothy eruptionr The p;oducts of erth#oﬁaand

exploded lithic fragments were subsequently redeposited as

homogenized suhaqueous denpity\flows.

This second member of the Intermediate Foot;all
suffered locally intense alteration and stockwork mineral-'
ization which fed tvo small stratiform massive‘sulphide
bodies; the Rother;erelrootwall Orebody and the West
Orgbody. Toﬁnagel and qudes of thes; deposits are given
in Table 4-1. The Rothermere fbotwall Orebody 1’9. small,
thick, massive polymetallic lens concordant with ;édding
and some 15 m bélo?‘thé upper contact of the formation.

"The footwsll to the deposit consiit-.of strongly alt;t;d
polyiithic breccia locally containing vein sulphide clast;n

The alteration varies from strong sericitization, pyritiza-

tion and clay mineralization although the‘uoot atrohgly

altered and veined portions consbat ofAvis\yally 100X

chlorite and disseminated and vein euﬂedral pyrite and traces
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occurs throughout the deposit but, tovards the top,
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of base metal sulphide. Elsewhere, intense silicificati}u’/

i‘s dominant, emanating from milky, pyti;tic. fing gr/;t‘nﬁi
duartz veins and cubting the above—mentionéd em/i{;r alter~
ation;. Alteration evidently continued af,t/e’r/the major
period of sulphide tj’ep'osition, as ha i/ngwnll breccias are
moderately saltered and cont'ain)rﬁor dfs\seninated aulp'h:lde.
and local sulphide veins. The deposit itself is lens- ’
s.ha.pea, high grade and polymetallic. Ore mineralogy,r in

order of abundance, consists of sphalerite, galena, chalco-

pyrite, pyrite and tetrahedrite. Dark gTey to white barite

becomes increasirgly common and forms a massive mainly

baritic cap. Apart from the obvious barite zoning, no base

’ metal zonation is evident within the deposit. A unique

feature .of the sulphide portion of the deposit is the

3

,occurren;ce of numerous rounded chalcopyrite-pyrite .

aggregates with diffuse outlines.- These may ‘represent

sulphide -flocmculates which settled into the atcumulating -

e

sulﬂfph:lde nud .

..\

= L)

. The West Orebodies, a group of small sulphide
depositﬁ, occur within the Interuediate Footwall approximately
o i N .w ~
150 to 250 m .southwest of Lucky Strike Orebody. Their strat-

:igrapuc position with respect to the Ro’t‘hermere Footwall o

-

E)»rebody 1n‘vunce‘xftain’.,r The _foo_t\rall of the deposits consists

~of strongly, altered andupyriiized breccias and tuffs,

»

-locally of probable original dacitic conpogitioh. "Minor

- £

L B v

/‘/

- /
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pyritic and base metal-rich veins cut this altered unit.

The contact with the ore zone 18 characterized by a rapid
i‘n.crease (normally over less than one meter) of disseminated
and vein sulphide until a sulphide nass consisting dominantly
of coarse.euh_edral pyrit.e with finer grained chalcopyrite,
galena and sphalerite is attained. This sulphide mineral-

ization is associated with strong calcite alteration of

co.mpleteiy obliteratéd host rock. Commonly there occur
zones of very fine grained maséive high grade Pb-Zn ore
which display considerable textural similarity to syngenetic
ores in the major massive sulphide deposits, These massive
B Y sections ;re locally cut by coarée grained pyritie stiingers.
The deposit is one of the few‘ar.eas in the Buchans camp
where stockwork ore and related syngenetic massive sulphide
can be seex; to merge. 'The average base metal content of
the-entire deposit (Table 4-1) displays c};aractgristics of
T both stockwork and syngenetic sulphide. The hangingwall

§ contact of the d:apoait is normaily sharp and consists of

\) - |

_/ strongly altered tuffs and breccias probably of original

- dacitic conpositionv. Pyritic veins, similar to that in the
stockwork portion of the deposit, locally cut hangingwall

rocks.

‘The Engine House Orebod&, the largest deposit of

stockwork ore, occurs approximately 200 m southeast of

* Lucky Strike. Tonnage and grade figures are given in P

»

Table 4-1, The deposit occura‘ve‘ntirely within the Intermediate

o
L
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Footwal.I and no connection is. known between this etrong
stockwork mineralization and Lucky Strike Orebody. Both

the footwall and hangingwall contacts of the deposit are
marked by a rapid gradation from normally altered and
min;ralized Intermediate Footwall tuffs and breccias into
pervaéively altered and wineralized ore., The deposit
consists dominantly of coarse euhedral vein and disseminated

pyrite with local enriched zones of sphalerite, galena,

chalcopyrite and tetrahedrite in a pervasively silicified

and/or chloritized host (Plgte 4-1). On the whole, sillicic

élteration is dominant, although local zones of 100%
chlorite~pyrite with minor base metal aré present. Barite
i8 of minor importance and is generaily orore closely
arssociated with silicic than chloritic alter;tion. Calc;te

is minor but ubiquitous throughout the deposi‘t.

The character of the immediate host rock for the
Engine House deposit has been largely obliterated by pervasive
alteration and mineralization. However, local occurrences

of somewhat less obscured host are known." Most commonly,:

\,
\

these occur'a.s fragments of greyish aphanitic altered flow
(?) of compositions originally ranging from basalt to
frhyolit‘ie. Relict plagioc in these flows is8 commonly
altered to waxy green illite or locally to a bright green

: marip‘oéite—like mineral (Plate 4-2). Sanples of thé latter

material submitted for X—'ray diffraction are apparently i

‘sericite and shovw no chromium enri{chment (R, Henle‘y, pers.

4
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comm., 1976). Larger fragments of flow are locally
brecciated by intrusion of quartz-sulphide veins producing

breccia aggregates consisting of fragments with altered rims.

The secona unit of the Iﬁtermediate Footwall and
the reiated small méssivg sulphide orebodies are conformably
overlain by another seqﬁencg of altered polylithic breccias
and pumiceous tuffs. These are interbedded with fine grained,
pyritic, light grey, tuffaceous, siliceous siltstone and
wacke, in part derived from reworking of previously deposited
breccias. Detrital sulphid;s (especialiy pyrite) are
characteristic of the unit. The unit displays a gfadual
facles change from dominanéiy breccia with minor 4nter-
calated sandf tuff and tufféceous siltstone in the Lucky
Strike area, to dominantly tuffaceous pyritic siltstone
in the area 500 m east of Lucky Strike (e.g., DDH 252{.

The breccias of this unit are similar to underlying breccias
and will not be discussed further. The interbedded and
facies—-equivalent tuffaceous siltstone and siliceous wacke
are generally light grey and nérmally masgive with bedding
faint ;o absent. These tuffs are locally vitric and wmay
grade into subaqueous pumice flows similar to those
described by Yamada (1973). Graded béds r?nging from fine
grained breccia to pyritic siltstone occur locally, as does
small scalercross bedding.r The unit locally contains a few

isolated pebbles of strongly altered material derived from

the underlyinﬁ breccias, small (2 om) pyritiec pebbles and

-
%
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reddish rhyolite pebbles. Minor silica-pyrite-carbonate
veining 1s coumon and the entire unit hae been slightly,

but pervasively silicified.

4.3, Lucky Strike Ore Horizon' Sequence

4;3.]. Footwall Rocks: Rhyolite with flanking and
overlying pyritic siltstone and dacitic tuff form the
base of the Lucky Strike ore horizon séquence (see Chapter
Three)rand overlie the earlier altered and mineralized
Intermediate Péoiwall. The stockwork which fed Lucky Strike
Orebody post-dates the earlier alteratipﬁ i1 the Inter-
mediate Footwall and the basal rocks of the ore horizoﬁ
sequence. Alteratioﬁ related to this mineralization
consists of strong silicification and chlor;tiza;ion.
similar to thg previous alteratipn assemblages. Pyritic

and baritic base metal-bearing veins cut the altered and

sulphide impregnated host rocks. Henley and Thornley

LIRS

(1980) haye identified ﬁhe Black chlorite of the stockwork

as clinochlore-penninite, a variety more magnesian than

ambient Buchans Group chlorites.

Lucky Strike Orebody-oﬁerlies the stockwork though
the eritical contact zonme ie poorly known due to shearing
and removal of this material from the Lucky Strike glory

hole.




423.2. Lucky Strike Orebodies: The Lucky Strike

Orebodies cénaiat of a number of contiguous ore zones
uﬁich together form the largest single body of massive
'sulphide within the Bgchans area. They vere discovered
1n(§ub6utcr6p in 1926 as a result of equi-potential pros-—
pecting by Hans Lundberg. From 1928, vﬁen mining began,
until 1957 tﬁe @ine produced 6,175,995 tens of ore with an
average grade of 2%1 Basoa, 17.40% Zn, 8,20Z PD, i;SlZ Cu,
3.31 oz/ton Ag and 0,049 oz/ton Au. The average mineral
rercentages by Heigﬁt, as deri&ed frombthe grade, arTe
given in Table 4-~1. It consists botﬁ ofAin-sitﬁ mass}ve
su)jphide .and mechan}cally transported sulphides 1nt1£;tg1y
associated with stockwork miﬂeralizati;n in the underlying
Intermediate Footwall. Information regarding the ore
itself and contact relatioﬁs with éurrounﬁing r;cks 1;>
scarce due to the early practice of assaying of entire
drt11l cores. Nevertheléss, valuable information can be
gained from the Lucky Strike open biF aﬁd from exceileﬁt
early descriptions of the ore (e.g.,\ceorge,'l957).

The ore overlies either alte;ed dacitic crystal-
vi;ric‘tuff or strbngly altered and mineralized stockwork
of the Intermediate Footwall. Contacts are generally
not cored due boéh‘to shearing -and to genetaliy poor core
Tecovery of most early drilling. Locally, conformable
contacts of ore on dacitic tuff or of ore qn@internedinte

Tootwall are visible} Thé deposit is conformably overlain




by dacitic crystal-vitric tuff or by diabase sills -

“

{possibly f1lling fault planes).

In cross section, the deposit has s thick lens
shape (Pig. 3-2), a characteristic pecﬁliat to Lucky Strike

and in keeping with its largely in situ origin. It consists

of a zoned aggregate of sphalerite and baritg with lesser

galena, chalcopyrite and pyrite with minor tetrahedrite and

bornite, 'Secondary smithsonite, native silver, and Zn, Cu,.

Pb and Fe sulphates occurred locally. George (1937) noted
the presence of mineralogical zoning within the deposit and

the following description is herivedwpartly from his work.

>

The Main Orebody conesisted of approximately 90X Pb-Zn ore
P ' :
;CV (black ore) and 102 Cu-Zn.ore (yellow ore) with the latter
confined mainly to the base of the deposit. 1In general,

" Cu-Zn ore contained more pyrite, chalcopyrite and sphalerite

-

and less barite and galena than Pb-Zn ore. Gold and silver
were concentrated towards the hangingwall (i.e., in the Pb~In

ore). Although no feftugiﬁous chert bed is known in the

hangingvall of the deposit, 1& 18 locally overlain by red
'(hemat}pized) barite containing minor pyrite‘and commonly
also by hematitized dﬁcitic‘crystal—vitric>tuffs. This
zoningubearé a reharkabie similarity to that of many of the

Kuroko depoéits.
s

Ore textures, as preserved in a few drill cores

and in exposures ip the Lﬁcky Strike Pit, indicate that the
. ¢ ; . )







bulk of the deposit consisted of fiﬁe grained massgive atruc-
tureless ore and of "streaky ore" (Plate 4~3)., These latter
ores consist of thin, discontinuous wispy yellow streaks

of chalcopyrite-pyrite-riech ore within more abun&ant

black galena-sphalerite-~riéh cores. Elliston (1963) has

described and i1llustrated similar textures &Aithin sudstones.

He calls the process responsible for this texture "fluidal

visping" and gives evidence to suggest that 1t forms as a
result of lateral flow in unconsolidated watery plastic muds.
In view of evidence presented in subsequent ‘paragraphs, a

similar origin for streaky ore at Buchans is plausible.

Well developed compositional banding was noé common
at Lucky Strike but, according to Reily (1960), it‘ixisted
locally. Portions of Lucky St}ike Orebody consist’dominantly
Qf discrete sulp#ids and sulphate fragments qssociate&
with the breccta-conglomerate and "granite éonglome;ate".

The occurrence of these ores 1sg diséussed in detail in the

following sectilons,

6.3f3. Ore Horizon Breccias: The ore horizon of
many yotldvide massive volcanogen;c sulphide déposits is
commonly marked by a weakly mineralized therty tuffaceous
exhalité horizon~(e.g;, Sangster, 1972; Ridler, 1973;
Sangstér and Scortt, 1976$. In contrast~th; Lucky Strike

and O<ienta1 ore horizons are chgfacterized by a complex

séries of béds composed of coarse polylithic rudaceous rocks

~
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with associated volcanic arenites and wackes. Within the

rudaceous fraction all gradatioﬁs exist from volcanic
breccia to volcanic conglomerate with breccisa-conglomerate
" being most abundant (terminology after Fisher, 1960).
Because of the lithologic similarjity of these rocks in the .
Luéky Strike_and Oriental ore horizon sequéncea. they are

describgd together in this section.

The horizons occupy an area in excess‘of 3 sq. km
in the ming area and are'intimately assogiated wvith the
transported massive sulphide orebodies, Thickness varies
sympathe;ically vith>under1y1ng paleggopography from zero
on paléotopogréphic highs to ove¥ 100 m 1n paleotopographic
Iéws. Within the unit there is a‘common,gradation from
underlying volcanic breccia.and~breccia—conglomergte to
overlying granitoid—bégring volcanic breccia-conglomerate
(ﬁereinafter referred.to as "granite conglbmerate"). This
sequence 1s pest displayed in the Oriental area, particulariy

"in the vicinity qfvdriental No. 2 Ofebody.

~

.The bfeccia-conglomerate_beds_overlie either
pyriiic siltstone or dacitic crystél—vitfic tuff. They
‘consist of a poljlithic‘éssenblagé of rouhdeq to ingular
frpghg;ts ranging from silt size to frﬁgments over two
néters in diameter. Scores of locally deriQed'fragment

tires an ﬁe idegtifieﬂ and can‘gf grouped into eight

*
basic/1ithologic categories, 1.e.,
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1) wvarious altered lithologies of the Intermediate Pootwall
including stockwork and vein sulphide fragments,

2) pyritic siltstone and wacke fragments,

3) VA(;eties of masaive rhyolite fragments,

4) varfieties of ore horizon dacitic tuff as fragments,

. 5) fragments of basalt, andesite, jasper chert, etc.,

possibly derived ftor fhe Footwall Basalt,

6) rare fragmeﬁt& of volcanic arenites and wackes derived- -
from the breccia-conglomerate itself )

7) >variet1es of rounaed granitoid pébbles. cobbles, and
boulde;s,.and

8) fragments of barite and massivejfulphide ore (black

ore and yellow ofe).

The proportion of these various fragment types
varies dfamatically within individual beds and between
separate beds such that the breccia—conglomerate is locally t-
composed almost entirely of onme lithologic type. The
transported orebodies (e.g., HaéLean) are aniexanple of
breccias composed mainly of massive sulphide fragnents agﬂ\
are one of several facies within the unit. However ‘more

commonly the\breccla-conglomerate is an intimate -ixture of

numerous fragment types with those of types one to four
o , .

(above) being most common. It is anomalous, and perhaps
significant; that fragments of ilkblifhologie- underlying
. [} . .

the breccia-conglomerate occur within the unit except:

fragmente that can be confidently related to the Fodtw:ll

L&
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,exis‘y,' ranging in composition from (rare) diorite to quartz

©

Ark'ou.

The ''granite coﬁ'glon"erate" (i’lgte 4-4) conformably
and vgﬂ.ldationally overlies the breccia-conglomerate and is
i ,

especially vell developed in the Ofiental area. The "contact"

. : . ° v
between the two 18 normally characterized by 8. gradual

stratigraphic increase in plutonic boulders until a breccia-

conglomerate composed .of'approximately 202- (average)
b .
granitoid boulders 1s achieved. In ‘fcontrast to other litho-
- - 4 . )

logiés,_ granitoid boulders are 1nvar1aﬁlz well rotnded with '

flodera;e to high sphericity. Numerous granitoid types

Vi

monzonite but pi‘t‘!k‘to grey.varietles of granodioritic' com- W%
position normally predomi‘nate. Granodiorite bouldersi range

in size Afro- up t‘_o, a n;.axinun of S5.B m (Swanson :and Brown,
1962) but those ‘o£:25 ‘cm and ‘less arg most cofnﬁon. Granitoid
Bouidefl are _;:c‘).‘nnonly‘th‘e l;rgest fragnent type within the -

"gﬂra'nithe-congloﬁefatc'f. Hli‘ly. granitoid boulders are textur-

a‘lly identical to the Feeder Granodiorite (Plate 4-5).

-

Textures and structures of the "g‘raniteA conglomerate”
and breccla-conglomerate are similar and will be digcussed

togethér below. The Sasul contact of the breccia-conglomerate

with the u‘n,derliiug siltstone or dacite is nOr-ally'sharp

But locally characterized by scouring or channeling of
underlying 1ithologies, Initlal deposits of the unit vary

locslly from fine grained volcanic arenites to coarse
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brecci:;-conglomerxte. The breccvia-conglomerateil normally
polylithic, cda.ra‘e "g;air;ed (average 2-20 cm) and very poorly
sorted. Only locally can a bimodal size distribution be
recognized. Most fragm‘énts are ’angﬁlaf to subrounded and
any given fragment type can iva\ry from angular to rounded.
Fragments of Intermediate Footwall, pyritic s1ltstone and |
dacite are ractely rounded whereas rhyolite fragménts (though
normally subangular) are moxe ;omnionly rounded than t'he'
previous lithalogies. Only granitoid boulders are every -

wher'e vounded. Sphericity of ';1'1" fragment types (except

granodiorite) is lo:w. Packing varies dramatically but the

coarser dnits are mormally watrix-supported, to somewvhat -

fragmeht—supp'orted. Where elongate tabular fragments are
present a chaotie clast fabric is .locally visible, _thOugh
mor’e_nprmally clasts are el‘ongate suﬁparail'el to the base |
of the unit, thus definil:lg a crqde-bedding. In rare under—.
grolund bedding plane exposures in HacLbeaﬁ,-’ the iong lan‘ies of
pebbles ‘parallél the léng axis of the orebody.' Aweak
imbrication of‘larger_ elongate fragwents is locally visible
and defines ‘cﬁrrent dfrections from th'g vicinity of the
Buchans Inlief. Althougix sorting is ndzlmally‘ poor, some
thick beds displ_af a gradual verficai (grading over seve‘ral'
méterﬁ.' Elsevhere, chaotic unsorted Brec\ci-a beds“sev,et;-l
meter-sr thick grlde rapldly over ‘the uépern';:st’ meter from
coarse breccia to fine grained .are-ﬁite ox'.‘vag_,ke. In sonme

'instances some beds are graded inversely at the base and

nornh‘.ly graded at the top (e‘.'g., DDH 1440).
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The matrix of the breccia-conglomerate consists of

8 heterogeneous 'arenaceous mixture of quartz, plagioclase and

small lithic fragments similar in composition to the larger
breccia fragments. Fine grained detrital pyrite is common
and small massive sulphide fragments occur locally.

Pumice shreds are a rare local occurrence. Thin beds

(1 m and less) of arenaceous material are locally inter-

bedded with breccia-conglomerate and may be massive, or

-display a crude strat';lfica'tion or be graded. Cross

stratification has not been obserwved.

Further comments on the ore horizon brecclas

accompany and follow description of the transported ores,

4.3.4. Maclean, Rothermere Two-lLevel Orerbodiea ‘and
Lucky Strike North; transported ores: The MacLean,
Rothermere, and Two Level O‘rebodies occur\ in a lin‘ea'r
arrangement extendi‘ng northw‘est \from Luck,}" Strike (Fig. 4-1).
Two Level Orebody was discovered shortly afte_r the discovery
of Lucky Strike, Rothe.rmere in 1967 and _HacLeén (forﬁerly |
Rothermere No. 4) in 1950. MaclLean and ‘liothermere have
provided the bulk of production dur;Iﬁg recent years. Tonnage
and gtade‘ figu::es‘are'given in Table 4-1. Because oLf the
gross similarity of the occurrence of these deposits, they-

Y

are discussed together in this section.

The orebodies occur within dacitic cryatal‘-‘vitric

“tuffs of . the Lucky Strike ore horizon sequence at a




stratigraphic horizon very ﬁear to that of the Lucky Stril((e
déﬁoéit (Ffg. 3-2). They occur within paleotopograpﬁic
deprevssions within a sinuous paleo-channel and are intimate-
ly associated with pyvritic- siléstbne. brecclarconglomerate -
and "granitex conglomerate”. The ores comprise several
breccia beds composed domi;mantly of sulphide fragments.
Maclean Orebody consists-of at least four major, d'istinct
breccia beds and Rothermere, of at léast thre;e. Lucky
Strike Northg Two Level, Rothermere No. 2 and a bed along
the northern edge of Maclean are characterized by an
abundance of granitoid bbulderé And barite and are probably
genetically linked. This linear arrangement of orés lies
sliéh»fly northward _and parallel to the later major Rother-
mere-MacLean ‘ore‘s. Ore 1;\1neralogy consists of a high
grade a;semblage of low-Fe sphalerite, galena and barite
with lesser chalcopyrite, pyrite and minor tetrahedrite
‘and bornite (Strong, 1980). Numerous iines_of evidence
presented in the follovingi paragraphs indicate that these
orebodi‘es convs:lst of mechanicaliy transported sulphide
fragmentls deposiéed from rapidly moving sﬁbaqueous‘ den'sity
flo;ls der;l‘v‘ed from the Lucky Sgtg‘ikeIOIc‘ébody. ) .
The orebodi.es are a series of elongate tabular
deposits conformable within -the enclosingvhost rocks. This
‘conformability :ll evident both’ in cross section (Fig. 3~ 2)

-nnd on a detailed scnle underground Hher’ primary features

in the ores may be seen to parallel ore-—host contacts and







bgdaing_in the hégt‘rocks. The author . has seen no examples
where ore transgresses the host rocks, an'observation also
recorded by Relly (1960, p..95). The ore rests directly
on efither dacitic crystal-vitric tuff, pyritic aiitptone
or dbarn;n" breccia-conglomerate. Tﬁe footﬁall‘éontact is

normally knife sharp where ore lies on dacite or siltstone

and may be sharp or gradationil'where ore 1ies on breccia-
conglomerate. Any given orebody may rest on all these

——=lithologies throughout its length.. The hangingwall contacts

of ore agaihs; daFitic crystal—vit:i; tuff or late diabase
siligiare sharp whereas contacts with o§er1;ing brecci&-
congloméréte or "granite conglomerate"” may be sharp o;
gradationél, Where gradational contacts of ore againsf
breccia;.in the.fooivall of ﬁhngingvall are observed

the "contact" is marked by an 1ncre;se in discrete ﬁigh_
gréée sulphide or barite fragments towards the orebody.

'Thése‘fragments texturally occupy a position inm the brecclas

identical to other lithic fragments (Plate -4-6) and sre

considered to have been deposited at the same time and by

4 ~ . A B
the same mode as the lithic fragments. Locally where ore
rests on siltstone or dacitic tuff, scour channels within
the underlying rocks are visible. In some places‘at the

ihangingwall'contact, very fine grained clastic ores are

loadf;agtedlqnto hangingwall dacitic crystal-vitric tuff,

Late diabaai dykes locally cut the ore, display chilled
margins and have caused virying degrees 'of contact meta-

morphism in the ore.










The ore itself i{s a series of breccia beds com;
posed of varying proportions of sulphide ;nd lithié
fragmentq (Plate 4-7). All fragment types ﬁ&i;h occur in -
the bgeccii—conglomefate and "Granite conglqmerate" occur
in the o;pbodies and vice vef;a. »In effétt gheng\thé
orébodi?s are members éf the "graﬁife conglomerate” -
bgeccia—éonglomerate,horizon. .The sulphides occur as dis-
crete fragments froq (proﬁaﬁly)-submicroscopic'grains to
boulders 1in excess of 2 m in ‘diameter. Fragments less than
lQ cm in diamétef are most common. Many sulphide fragg;nts
display a d;stinct streaky aspect and rarely may‘b termed
banded. Streaky banding within fragments is iﬁvariably
truncatéd sharply at fragment margins and 1s commonly
orienteﬁ'randouly with respeci to streaks 1n.adjacent frag;
ﬁenfs, bedding in enclosing matrix and ore-host rock contacts.:
Some s;lphidé fragments vary from‘angular to* rounded to
tabular and were evidéntly coherént.and competent frggmenta
at the time of deposition. - Tabular fragments are commonly
aligned parallel‘tOJ;he margins ofxtﬂe oieboay though
locally a weak imbricatidn“ighiisi§ie (inéicating transport
'ditecfions from the southeast). Other ?ulphide fragments
are elongate with wavy but sharp contacts with matrix along
tbeir long axes,“but with wispy, frayed terminations along~

their short edds. 'Tbese fragments are cbmmonly moulded

‘plastingily around adjacent more competent sulphide and-

lttﬁic fragaents (Platelﬁ—s).ﬂ Sfreaky banding\iﬁ these
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fragments normally parallels the long axis of the fragment

“and mimics any contortions of the fragment margin. These

.

are interpreted as sulphide fr%gmepts deposited while still

in an only partially indurated, blastic condition. The

‘\presence of orés_cdmposed of sulphide f:sgments 1ndicates

that induration of sulphides of the source orebody was

rapid, a conclusion also reached by Spence (1975) They

further indicate that the streaky sulphide banding was

produced at, or shottlj dfter, deposition and not by a
latet stage process.

%\.Fragmente comdosgd'largely‘or wholly oﬁ barite
occur dhroughout the orebodies. 1In general, Fhese fragments
are better rdunded and more sphgri;alfthan the sulphide
fragmentg and, in the'case of - MacLean and Rothermere, are
concentrated towards the top of the orebodies uhere they
form a discrete transported baritlc cap. Spectacular

ffagmentdl baritic ore is also exposed in the Luc\j Strike

glory hole and consists of massive to crudely graded bcd;

"composed both of fine grained baritic and massive sulphide

fragnenta and lesa comnon large (up to 5 cm) btoken barite

crystals.- These.clastic crystals indgcate that at least

..portions of the barite were coarsely crystalline at deposition.

Another feature indicative of rapid lithification

v

is the very rare occurrence. of fragments composed of

fragmental ore (Plate 4-9). _This texture has been observed
\ . S




/

e o R e VARt W M d W D
-

only in the Lucky Strike glory hole, a testimony to the

probable depositional friability of these boulders.

-

ﬂighic ffagments in the ore are of. identical
nature and occurrence to those in the associated "grénite.
conglémerite" and breccia-conglomerate, the only difference

being that their proportion has been significantly diluted

by the greater abundance of sﬁlphide fragments. "All 14thic

fragments (except granodiorite) can be canfidently related

-

to nearby‘rocka in the footwall. Lithie fragments -display

. ‘ ~
the same textures and structures in the ore as {fn the.

. associated breccia-con lomerate and “granite conglomerate".
B g 8

u‘ N

Locally, lithic fragments in the ore display a crude vertical,

size graﬁing but due to the difficulty in ﬂistingufshing
N .

‘ore fragments from matrix while underground, only rare

-

samples of grading of sulphide fragments have been observed.

]

.The maf;ix of the fragmental ores appears to’
coﬁsist both of more finely divided clastic partiéles—a;d
possiblf of some sulphide chemical brecipitate. Sulphide
and lifhic fragments form part of a completély‘gradational
size sequence from less .than 1 mm to the largest Bqulégr-.
Some of this finer graiﬁed material is probabiy derived
f;oulatfritipn and comminutfon of la;gerﬂfragients by
coliiqions during ﬂensity flow, Several polished slabs

of fine grained ore¢ exhibit & sand-sized clastic texture

which 1s highlighted by fine grained lithic fragments

v

—
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(Plate 4-40). However, many samples of lithiclftee, fine

grained, high grade, streaky black ore show no evidence

of clastic textures. All ore sulphides have been slightl‘y

annealed during lov grade metamorphism and thus, destruction

-
.

of silt sized (and finer) clastic textures during wetamor-

phism has probably occurred.

If some chemically precipitated matrix sulphide
gexists it may have been deposited from heavy brines which
collected in the depressions which host the ores (c.f. Sato,

1972).

One important feature common to lithic fragments
in the ore, breccia—cbnglomérate and "granite conglomerate"
" is the presence of alteration rims on some fragments
(Plate 4-11). This feature is most commonly developed im
pyritic siltstone fragments, with less common development
) R
of‘ rims on fragments of r-hyolrite and Intermediate Foo\twall

and rare rims on dacitic tuff.  Very rare rims have been

observed on granitoid and sulphide fragments. ;Si'ltstone

/.
fragments with alpered rims are of three types, i.e.,
1) fragménté/ with altered‘rims and fresh cores
2) fragm‘ents'with concentric alteration zongs (¥axe), and

3) broken fragments with only partial alteration rims.

In addition to these types there occur siltstone fragments

B L
vh_{ch have been homogeneously altered from rim to core and

-

fragments which have undergone no Y1teration, In fragmentsof

o







'Intermedi‘éte Footwall with altered rims, the alteration

rim 15 superimposed on previously pervagsively altered
¢ ’ .

¥

lithologies, indicating formation of the rim after a period
' »
of signififcant alteration. The similarity of the occurrence

of these types of ‘,alteration rins to those in the Shitabanhi

Orebodies in Japan (Le"e et al., p. 61, 1974) is remarkable.

The origin of these fragments has important
implications. regarding the mode of fragmentation of lithic,
sulphide and sulphate fragments in the ore horizon. In

I
several drill cores (e.g., DDH 1910) and underground the
author‘has seen massive, competent, non~brec‘cliated, bedded
pyritic siltstone which is transected by hairline fractures
in a reticulate pattern (Fig. 4-3, Plate 4-12). Extending
in Afrom these fractures is the same light greyish alteration
visible in the_r.immed fragments in the ore.v It is evident

that if this rock was broken dinto fragments alohg the

hairline "fractures, a breccia composed of fragments with

altered rims would gesult. The author proposes tha¢t

hairline fracturing, permeation by hydrotherma‘l fluids

and s.ubsequent violent explosion are responsible for the
rimmed siltstone, 'rhyolite and Intermediate Footwall
fragments 1in the ore horizon. These same explosions may
have been largely responsible for fragmentation of all
other lithologies which occur as clasts in the ore horizon,
including massive sulphide. In the case of the Kuroko '
deposits of Japan, there is evidence of deep-rooted explo-

sions within the wvhite rhyolite dohes which have explosively

vy (9




Altered
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Sketch showing bedded siltstone transected bv hairline fractures
into the siltstone from the fractures.

with alteration extending
Trapmentation of this rock would produce breccia Friiﬂgafs

with altered rims.
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trinsported a variety of lithic -fragments (dncluding
.accidenthl basement fragments) to surface with subsequent , ' Lo,
v" oo . . . r] - . : l
N dapo§1tion in ' the ore horziom (T. Sato, pers.“qomﬁ. 1975).
! i { .
+ A . . . -

. The eQidencé’presented in tﬂe>?:ecegdfng para-—
grhphs suggests that the Lucky Strike North, Maclean,
H ‘
Rofhermere and Two Level Orebodies and their related
breccias were émplaced as sulphide f;agments from rapidly
moving subaqueous density flows. The most compelling
evidence in favour of thié interpretatipn is the universal

presence of cowrpetent to plastic sulphide fragments with

chaotically disoriented streaky banding truncated at the

b .
fragment margins. The presence of chaotic internal

I

B U B B T

structure, to crude grading to imbrication, the presence
of scour channels in underlying rocks and the close
>
association with sulphide-bearing polylithic breccia-conglom-

erate of density flow origin is further evidence in support

of this hypothesis.

The interpretation of the ores as mechanically
trassported sulphides deposited from a series of subaqueous
debris flows explains a large numbér of features, i.e.,

1) the tabular, elongate shape of the deposits in a south-
east-northgesﬁ direction,

-’
.2) -the occurrence of the ores in paleotopographic depressions
within a paleo-channel,

3) the lack of directly associated stockwork mineralization

(Fig. 4-2),
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4)

\ . 5)

6) .
?)
8)
9)
10)

11)

12y

13)

’

the lack of éiggifi{hnt alteration (especially at .

"Maclean) which can be chfidgnfly and cpnaistentfy

related to the‘preséncé‘of sulﬁhidé ;ineralization,—

~

the progresgsive thinning of Maclean Orebody away from
P ¢ . ( y avay

Lupiy étrike, (‘

the presence of coarse breccia beds on finmer breccia

beds,
7 ' )
the abundance and variety of lithic fragments in the

ore and the presence of fragments with altered rims,
the occurrence of the sulphides at the same stratigraphic

horizon as a major "in situ” deposit
P )

the presence of unmineralized siltstone and tuff beds

within the ore,

.

the absence of well banded (bedded) massive sulphide,
the relative scarcity of yellow ore fragments,

the presence of a transported baritic cap and preferen-

<

tf{al accumulation (in the Maclean case) of barite
towards the proximal (southeast) end of the deposit, and

the occurrence of metal ratios at MacLean and® Rothermere

which are consistent with their being derived from the

upper portions of the zoned Lucky Strike Orebeody.

The general mode of transport of the fragmental

ores and related breccias can be deduced from previous

description. The size of the breccia fragments, thickness

of the breccia beds, distances of tramsport andlscour

channels at the base are indicative of a powerful and fast-

.

moving transporting agent.

SRS
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The gen'erally poorly sorted, chaotic, and polylith‘:lc
n'ﬁture_ of the breccialls and ores is further evidence of A
depositionl,from rapldly moving flovs. 'fhe occurrence of .
long axes of clists parallel to the direction of flow
indicates d4hat clasts. did not roll on the bed as in fluvial
depo;{ts (e.gf, Rust, 1972) but ;nstead \;érg élligned ig’
'suspension ’hy- clast collisions similar to that proposed’
by Rees (1968). 'The author invisages transport by a seriés
of rapidly movin'g .debr'is flows,. not unlike the submarine -
equivale/nl:s of landslides. Calculations by Davies and
Valker (1974) on deposits of t'ﬁis type im Quebéc indicate

. . .
flow velocities on the order, of tens ofemeters per second.

~

The following interpretive sequence of events at

Buc%ans can be constructed from all the preceeding:

1) YXear-surface explbsions ‘occurred in ‘the vicdinity of
Lucky Stril;e dur‘ing black ore formation.- 'Exploded
lithice and Suiphi&e fragments col.lected on the slope’
and were dislodged by subsequent explosions, by earth-
quakes or simply by instability of the accurﬁulation
on t.he volcanic slope. 'i‘he directi-on of mass flow ;las
controlle_d by a topoglraphic“"channel which existed in a
northwelsterly direction downslope from Lucky Strike.
Density flows scoured the underlying beds picking.up

additional fragments during transport. Debris was

preferrentially deposited in depressions along the path

. 6f‘ flow.




Black ores continued formiﬁg at Lucky Strike and sub-
sequent explosions resulied in further debris flows.
As baritic ores formed at Lucky Strike, subsequent
explo;ions resultéd in transport of increasingly more
baritic debris flows which éollected on top of under;
.lying transported black ores.

Explosions .in the vicinity of Lucky Strike ceased.
Red ﬁeqatite—rich barite formed a cap on Lucky Sirike

and formation of the orebodies was complete.

4.3.5. Clégentine Prbspect: TSe Clementine Prospect
is a significant transported sulphide deposif occurring
on the Lucky Strike ore horizon, approximately 4 km west
of Lucky Strike (Fig. 4-1). The deposit has recently‘beenr
studied by Calhoun (1979) and Calhoun and Hutchinsgn (1980)

and further description will not be undextaken here.

[

4.4, Oriental Ore Horizon Sequence .

4.4.1. Oriental No. 1 Orebody: The Oriental No. 1

;Orebody was discovered in 1926 and produced 2,738, 665 tons

of ore with an average grade of 15.81 Zn, 8. 471 Pb, 1.71Z2 Cu,’
3.93 oz/ton Ag and 0.661 oz/ton ;u. Apart from Lucky Strike
and the small, fadlt—disrupted 01d huchans deposit it 1is the
only other known major massive sulphide deposit containing
"1n situ sulphides associated with stockwork mineralization.

Hawever, study of the deposit 18 hampered by post-ore







imbricate (thrﬁat?)vfnults of small displacement wvhich have

~

effectively sliced the ore ‘zone into hundiedl‘pf sulphide

bodies.

The Oriental deposits occur along the’north.side

"of the BGchans Inlier and lie above a major (thrust?) fault

which qepifa&gs'rocks of the Inlier ﬁroﬁ the Ordiental ore

L - "

horizon sequence (Fig;12—2). This same fault may be
reépon81$1e for repetition of the Lucky Strike ore hoérizon
.Bequence in the Oriental area, implying that the Oriental

deposits lie in approximately the same stratigraphic

position as the Lucky Strike deposits.

Virtually all;lithologic contgets in the Orientai
‘ - \ - A

area are sheared and thus the original stratigraphic relation-
ships are obscuréd. The depoéit is closely associated with
"altered dacitic crystal-vitric tuffs‘Af the driental ore ‘
horizon sequence and with highly silicified and mineralized
Bre;éias of the Oriental Intermediate Footwall. The ores
consist of both "in situ; bandéﬂ massive sulﬁhide_and mechan-
ically transﬁorted.ores. _Ore mineralogy consists‘of sphal-
.erité, barite and galena with less abundant chalcopyrfte,
bornite, pyrite and.tetraiedrite. Sulphides of the Oriental"’
No. i depésit_are among the finest in grain size in the
Buchans area and banded sulphideavhre‘better digplayed at
6riental No. 1 than anyvhere else in the area (Plate k-;3).
Oriental ores displaf a number of sedimentary structures

including slump folds and bedding sag structures.
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4.4.2. Oriental No. 2 Oreboéy: The 0-2 deéogit 1s
; complgq sulphide body located 150 n north of D-1 and occurs
.at. or very nearly in, the saﬁ; stratigraphic horizdon as 0-1,
The deposit produced 925,863 ;Qnélo; massive and_frpgmental
ore at 9.4li Zn;'6.ZOZng, 0.76% Cﬁ, 6:15 oz/ton Ag, and

.046 oz/ton Au. The deposit was discovered in 1953, commen-

ced production in 1955 and was mined out in 1969.. At
»

‘

) present the‘m(igkis flooded and 1nfprma4ion 18 availadle

pnly from dri ork. The deposit is t#bulat, varyiﬁg in
thickness ﬁp to 10 m and averaging 55on£ S m. It.is
appréximately 500 m long; 75 o vidérgnd rangés in dep;ﬁ
below surface f?bm 40 m to 120 m - (Swanson, Perkins and
Higgins, 1955). )

]

The ore-bearing sequence conformably overlies

dacitic crystal-vitric tuffs which everywhere form the

-

footwall of the deposit; Théée tuffs vary from green to
grey ana normally consisf‘of 1-2 mm quartz and piagioclase
crystals in a variably sericitized and clay mineralized
vitric mftrix. This foopwall dacite tuff may be overlain
conformably in the immediate 0-2 area by any one, or
comgination of six distinctive rock types, 1i.e., masqive
sulphide, polylithic breccia~conglomerate, monolithic
breccia, c¢lastic ;re, pyritic siltstone or dacitic vitric-
crystal tuff. The relationships b;tween these units are

complex,




The footwall polylithicvbreccia;conglomerate,

clastic ore and siltatone ané'allvunderlain and overlain

by dacitic tuffs in the immediate footwall of the deposit.
The polyl}thic breccia-conglomerate consigte of angular

to roended fragments of.basalt, andesite, dacitig pyro-
clestic, gilicified sugary-textured acid (7) velcanic
fragments, fragments similat to portions of the Intermediate
Footwnll and rare granitoid, and jasper pebbles. Pink

' -

rhyolite fragments are absent in thisahorizon. Baritic
Black ore, yellow ore and less common siliceous or chloritic
stockwork fragments occur in varying quantity and sizes ut,
to 25 cm and lbcally reach ore grade over 60 cm thickness.
The footwall Breccia—conglomerat: is thick between 0—1.

and 0-2 but thins rapidly northward, The horizon is ver;
poerly sorted and bedded, altth§h a few graded beds with
fragments grading from 50 mm to i mm over 2 m are present.
The lack of very fine grained sediments at the top of such
‘beds suggests that these debris flows were very dense (i.e.,

contained little water) and -that minimal mixing with water

B

occurred during transport.

Less than one meter of grey pyritic siltstone
occupies the same stratigraphic horizon as the breccia-
conglomerate in the footwall of the western portion of the

orebody.

The polylithie breccia-conglomerate-clastic ore-

'eiltstone horizon is  commonly overlain by a few centimeters
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-of variably altered'dacitic vitric-crystal tuff which is in’

turn locally'oveflain by a nonqnictiq“breccin containing

fragments oflsirongly iltered rocks derived from the Inter-

‘mediate Footwall., , This breccia apparently thickens northward,

rd
. ¢
>

possibly suggesting a northeriy‘SOQIce.

4 ) .
Massive shlph}de%Aof the 0-2 orebody everywhere

lié in sharp conformable contact with footwall rocks which
variably consist of the main footwa;:\facitic’tuff, poly-
lithic Breccia-conglomerate, the thin dacitic tuff above the

. N A
breccia-conglomerate or monomictic breccia. The ore contains

Pl
-

bBoth massive (chemically?) deposited .sulphide and clastic

"sulphide facies. Black ore and baritic black ore afe

dominant in Both clastic and massive facles as yellow ore

fragments in clastic &;e and as wisps in - massive ore are

volumetrically muchH legs significant. The ore mineralogy

consists of barite, sphalerite, galena, pyrité and chalco-

pyrite with lesser tetrahedrite and bornite (Alcock, 1960).

Massive 0-2 ore, like most other massive sulphides

.

in tlie area is poorly banded and contains local discontin-
uous sireaké’of chalkopyrite—rich ore ‘in black ore. These

streaks are commonly randemly oriented in core, suggesting

-

large scale slumping of massive ore. The massive ore commonly

contai;s a varYety of strongly altered lithic fragments.

possibly incorporated into the slumping sulphide during )

movement. 'Near the transition from massive ta clastic o @,

K4
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massive ore commonly takes on an nutobr‘ecciated appearance
and. grades into clastic ore containing both competent
angular sulphide fragments and ¥lattened and frayed sulphide
"fragments which apparently behaved plastically. Local thin
fine grained lithic-rich beds are freaent in clastic ore,
In general, clastic sulphide ore is more common at the .
base and top of the orebody and occurs v:l,rtual.lly tc; the.
exclusion of massive ore at the northern (dista%) -periphery
of the orebody‘." The hangingvall cc;ntact betweeﬂ 'hig'h :gr'ad"e
clastdic ore and overlying v:lcanic breccia—‘conglc.me‘i'atev is
locally sharp but 1s commonly characterized by a g;adual
decrease in abund’ance and size of sulphide fragments with

. -
increésing‘ d‘ilutibn of 1ithic fragments. Zoning in the
orebody is wery poorly developed. Barite-rich zodes occur

randomly throughout the ore and show l1ittle ‘consistent

enrichment . towards the top of the orebody. No chalcopyrite-

-

-

rich .yellow ere zones are known in the orebody. ‘The ore 1s

not underlain by stockwork mi'neralfzation,

’ A1l o'f'the above evidence’ ‘suggests that 0-2 is a
tran.sported ore_h.o;ly d’érived from the n'ea‘rby 0-1. ‘The‘dis—
tribytion of mvas._sive a;xd clastic f{:cies'aqd textures in bo;h
suggest thaé 0-2 ﬁov-ea as a large, slowly ;dvancing aulphide

nud flow.

The Imneaiatg -}-ién'g:lngwnll_ of the ‘a-2 orgbody may

consist of any of "thrvele‘dﬂistinctdiihoiogieg which fron

»
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stratigraphic bottom™o top 1nc_iude 1) monomictic volcanic
breccisa with fragments derived from the Intermediate Footwall,
b) polylithic vo‘lcanic breccia-conglomerate and ¢) grani-
toid-bearing volcanic breccia-conglomerate. Strongly
.altered felsic pyroélastics also iocaIly form the 1immediate

s

hangingwall but their exact stratigraphic relationship to

other hangingwall litﬁologies i8 unknown,

The mqnoniéti'c ‘Ihtetmédiate Footwall-bearing

breccia is only locally present an‘d éontains numerous black
ore fragments and boulders. It is conformably overlain by
a polylithic volcanic breccia-conglomerate which bears .a
i1ithologic similarity to its counterpart in the footwall.
This unit 4s the most common hang}ngwall lithology and
normally contains a few granitoid pel;blee but only rare
pink rhyolite pebbles, Angu.la‘r and plastically deform‘;ed
sulphide clasts are ubiquitous and yellow ore fragments‘
are normally relatively more abundant than in the orebody
itself. The breccia-conglomerate is8 conformably, and in
most places gradationally overlain by a similar breccia-
conglomerate but containing abundant subrounaed to rounded,
rink to white granitpid boulders up-to s;_veral centimeters
1:: diameter. Other fragment and boﬁlder lithologies in

the "granite conglomerate" include green dacitic crystall—
vitric tuff, basalt, a variety of fragments derived from

the Intermediate Pootwall Formation (some bearing the

mariposite-like sericite), and rare chert and pumice
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fragments. - Sulphide fragments less than one centimeter

in dianmeter are common and may consist of baritic Slnck

ore, black ore, yellow ore and rare fine grained siliceous
pyritic stockwork fragments. Rare 1isolated sulphide
boulders may exceed 10 cm diameter. Sulphide fragment-s
generally decrease in abundance with distance above the

ore zone. The unit on the whole 18 poorly sorted and bedded
although a crude sorting into relatively boulder-rich and
boulder-poor zones is locally oblserved. Craded bedding and .
Teverse grading are rare occurrences . Fragments and
boulders are mé6st commonly matrix-supported though local

fragment-supported zones are present.

.

North of the 0-2 zone, the 'granite conglomerate"
rests conformably on footwall dacite and the unit is

conformably everlain by hangingwall dacite.

- .

4.4.3. Sandfill Prospect: The Sandfill Prospect
is an subeconomic sulphide deposit which occurs 1 km north-
northeast of 0riental (Fig. 2-1) and at approximately the
same stratigraphic horizen as the Or‘iénfal déposits. The
deposit, which is 'exposed only in drill c_ore,/‘_g.ccurs at
350 'm depth and comprises 75,000 possible tons of 1.5% Cu,
4.7% PH, 10.0% Zn, 0.01 oz/ton Au and 2.5 oz/ton.Ag. It 1is
a mechanically deposited "orebody;' conaisting of a concentra-

tion of sulphide fragments surrounded by a lower grade zone

of sulphide fragments diluted by abundant lithic fragments,

— oy




The Sandfi‘ll and Middle Branch deposits provide excellent
examples of the paleotopographic control exerted on the

distribution of the transported ores.

The deposit occurs in a sequence of debris flows
of the Oriental ore horizon sequence and lies approximately
100 m above the fault-bounded wupper contact of Footwall

Arkose.” In the footwall of the deposit there occurs a

small (100 m» long and 15 m thick) pervasively silicified

and lightly pyritized grey-white rhyolite body with a.
strongly brecciated top. This\ rhyolite breccia grades
upward into a thin (less than 10 m) sequence of white
rhyolitic lapillistone and lesser bedded rhyolitic wacke
with light 1y disseminated pyrite and rare films of galena
and sphalerite in the matrix. Matrix pyrite 1is generally
coarser 1n coarser wackes suggesting a detrital‘ origin.
Within a few meters of the overlying "ore', extraneous
lithic fragments ﬁecome abundant. Theﬂe‘ include pyritic
siltstone (with altered rims), afltered 1ﬁtermodi§tes
‘(with "mariposite”) and a few small Cu-Pb-7Zn sulphide
fragments which increase upwards in size and abundance
to a maxin.:um of 802 sulphide fragments. (Weak silicification

"ore" In a single drill core.)

occurs for one meter bBelow
This "ore™ consists mainly of galena-sphalerite-chalcopyrite
fragments up to 10 cm in size, with lesser chalcopyrite and/

or pyrite, barite and barite—sphalerite fragments. Many of

the fine grained Bande‘d sulphide fragments bear a strong




resemblance to Oriental ores. Lithiec fragments oceur
throughout the ore and a few fine grained (1 cm) essentially
barren, polylithic breccia beds are intercalated with the
"ore”. Within one meter of the top of tﬁe “"ore" the size
of both 11thic and sulphide fragments decreases dramatically
and the _ratio of {gthic to sulphide fragments-increaseg
rapidly as the sequence grades into a pyritic wacke bed.
This "ore"™ sequence 1s subsequently overlain by at least
nine graded brecclia beds ranging in thickness from less

than one meter to 20 m thick, each of which gradé from
RPlylithic breccia at the base to greyuacke or s}ltstone

at the top. Small sulphide fragments are a component of
each breccia bed but their abundance and size decreases
with each Succgssive breccia bed above the major sulphide
concentration. This sequence of subaqueous debris flows is
subsequently overlain by dacitic pyroclastic flows which
locally contain a few granitic pebbles!

.
Considerable eévidence exists to suggest that cthe

Sandfill Prospect is a mechanically deposited sulphide

accumulation. This evidence ineludes:

1) the presence of angular sulphide fragments

2) banding in sulphide fragments 1is terminated at fragment

boundaries

the abundance of silicate fragments

the vertical and latersl, increase in size and relatlve

abundance of sulphide fragments towards "ore"
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5) the lack of metal zoning in the sulphidifbody

6) the absence:of stockwork mineralization

’7) the lack of vigible alteration consistently related

=

to the presence of sulphides
B) the occurrence of graded sulphide and silicate frag-

llore"

ments at the top of the
9) the occurrence of the ore in a sequence of graded

sulphide-bearing subaqueous debris flovs.

4.4.4. Middle Branch Prospect: The Middle Branch
prospect is a small sulphide deposit exposed in a single
drill hole at a depth of 555 m. The single intersection

over 2 m assayed 0.4% Cu, 3.17Z Pb, 4.8Z Zn, 0.02 oz/ton Au,

1.4 oz/ton Ag and 8.0X Fe in sulphides.

The dgposit occurs at a stratigraphic horizon
very close to that of the Sandfill deposit although rapid
lateral facies changes and minor faults filled witg diabase
have hampered detailed correlation. The deposit is bounded
on both the footwall and the hangingwall by diabase dykes.
Beneath the footwall diabase theré occurs a sequence of
fractured and altet%d siliceous siltstones which contain
detrital pyrite and traces of epigenetic galena-sphalerite
in thin fractures. A distinct w;itish alteration of silt-
stone occurs adjacent to the network of epigenetic fractures
and pervades into the siltstone for short distances.

These siltstones are interbedded with rhyolitiec tuff-

Breccia containing gtey>to pink rhyolite fragments with

-

B sy e L ARG A % kL

i e, e i

&7,




i - R —————

- 190 -

lesser siltstone fragments and minor pyrite and galena-
sphalerite fragmente up to one centimeter. Traces of Pb-ZIn
veining as films in fractures occur locally and a single

4

vedin of pyrite-barite occurs 15 m below "ore".-

The sulphide body itself 1s not so obviously

fragmental as the Sandfill although a ttanspprted origin

18 suspected. The "ore" contains 207 1lithic breccia frag-
ments but no sulphiﬂf fragments are macrescoplically visible.
The gangue mineralsVarenmuch'coarser grained than Samdfill
with pyrite commonly of 1-2 mm size and barite up to 1 ecm.
GCalena and sphalerite are fine grained and the orte contains
relatively 1ittle chalcopyrite. Overlying the hangingwall
diabase there occurs a polylithic breccia which contains a

few sulphide-Bearing fragments.

The ultimate source of the Sandfill and Middle

Branch Prospects is of considerable exploration interest.

As with all transported ores, an analysis of paleotopography

may be valuable in tracing such ores to their sources.

An 1isopach map of the Oriental ore horizon sequence, a
schematic cross section of the Sanéfill—ﬂiddle Branch

area and a paleotopographic plan are presented in Figures
650, 4-5 and 4-6, respectively., It can be seen from these
disgrams that the Sandfill and Middle Branch Prospects
occupy opposite flanka of a ridge of coalescing rhyoli{e~
breccia domes which traverse the length of a deep paleo-

trough. This trough extends from 014 Buchans to Oriental

-
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and subsequently northward to the Sandfil1-Middle Branch

area, and beyond. The presence of this trough linking

the in situ Oriental No. 1 orebody to thevSandfill—Hiddle
Branch Prospects provides compelling evidence that Oriental
No. 1 constitutes the source of the transported Prospects,
Other arguments in favour of an Oriental source are listed
below:
1) Correlation between Middle Branch-Sandfill and Oriental
indicate that all three zones occur at essentially
the same stratigraphic ﬂorizon.
The Oriental and Sandfi11-Middle Branch transported ores
both consist of mainly black ore fragments in polylithic
breccias.
The broad thick sequence which hosts the Oriental ores
funnels rapidly northward into a relatively'narrow,
northeast trending trough which hosts the Sandfill-
Middle Branch mineralization (Fig. 4-4).
Though alteration and minor sulphide veining exist 4in
the Sandfill area, typical stockwork simila; to that
at Oriental or iucky Strike is not known to occur.
Sortiqg and grading of host rocks in the Sandfill-
M?ddle Branch zones is better than that at Oriental.
This, combined with the relatively lithic-diluted
nature of the ores, suggests that fhey are relatively

distal deposits and that Oriental could be the distant

source,




Evidence in favour of an undiscovered source {e

as follows:

1)

Points 1), 2), and 5) above, could be equally explain-

ed by an undiscovered source.

Altered rhyolite fragments are abundant 1in the‘SZﬁdfill—

Middle Branch ore horizon and are relatively muoh less

abundant 1n brecclias of the Orien;al area. These
fragments are demonstrably of local origin, and there-
fore suggest that the sulphide fragments could also be
local

The size of lithic fragments (some over 120 cm, or
approximately 2606 kg) and sulphide fragments (up to

45 cm in diameter or approximately 225 kg) 1in the ore
horizon breccias 1s suggestive of a local source;

It can be seen from Fig. 4-2 that zones of sulpﬁide
veining and alteratfion in rhyolite occur near the Sand-
£111 and Middle Branch deposits. If these deposits
were derived from Oriental this would have to be ascribed
to Eoincidence.

Metal ratios of the Sandfill deposit are disslmilar from
the Oriental No. 1 or Oriental No. 2'orebodies; In’
comparfison, metal ratios from Rothermere and Maclean

are virtually identical td thei; presﬁmed source at
Lucky Strike. ~

Barite~pyrite tioulders occur in the ore breccias and'

Barite-pyrite veinlets occur in altered ;hyolite in the
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Sandf111-Middle Brac:h area. This barite-pyrite assoc-

iation 18 relatively poorly developed at Oriental.

7) It is entirely possible that the Middle‘Branch channel
(Fig. 4-6) does not connect with the Sandfill-Oriental
channel. A separate source migh% thus be suggested
for at least the Middle Branch prospect.

8) 1I1f a majof thrust fault is present on top of the Footwall
Arkose a number of further arguments can be invoked.

It is Beyond the scope of this thesis to fully document

the reasoning for these arguments.

4.4.5. 014 Buchans Orebodies: The 014 Buchané Orebodies
are among the most poorly understood deposits in the Buchans
area due to the antiquity of mine vorkings, poof core
recovery, strong faulting and lack of study. The 01d Buchans
Conglomerate Orebody was transported, occurring on the ‘
Oriental horizon and grossly si;ilar to 0-2. The O1d
ﬁuchans East and West Orebodies are associhted with stock-
works and numerous faults. -Their stratigraphic position
is uncertain and conceivably they could 1lie iIn the Lucky

Strike thrust block, or even possibly in a lower thrust block.

4.5, Selected Comments

4.5,1. Miscellaneous Occurrenceé of Sulphide Clasts:

A notevorthy feature of the Buchans area 18 the widespread

distribution of sulphide clasts occurring over several

e et A 3o
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Figure 4-7: Plan showing distributfon of high grade sulphide

clasts in the Buchans area.
dr1l]l holes which have intersected
In situ orebodies are shown in solid black,

orebodies as outlined.

g

Dots indicate verticeal
sulphide clasts.

transporfed
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square kilometers in the Lucky Strike and Oriental ore
horizon sequences. The distribution of such clasts as
intersected in drill core is shown in Fig. 4-7. They range
from grains and pebbles to 30 cm boulders of high grade
black ore (Plate 4-14). Clasts of yellow ore are much

less common. They normally occur in polylithic breccias

or pyroclastic breccias at the same stra;igréphic horizon
as major in situ and transportea orebodies, but significant
concentrations of clasts are also found within the ore

horizon sequences, at stratigraphic positions in which no

in situ ore is known. -

Many such clasts display diffuse, dark rims of
alteration suggestive of diagenetic chemical attack.

Smaller grains locally are almost entirely degraded, The

significance of this is discussed in Chapter Seven.

W
~

\
Minor occurrences of sulphide clasts are known

/ L 4
within the Intermediate Footwall and Ski Hi111 Sequence.

These are grossly explicab%of the minor'stratiform
mineralization eccurring at these horizons. An inexplicable
occur.rence of small, high grade suiphide graine and pebb’ies
occur within the Wiley's Sequence, 6.7 km distant from

Lucky Strike Orebody. ‘;«

4.5.2. Comments on Granitoid Boulders at Buchans:

) ' =
The Feeder Granodiorite is lithologically and chemically

similar to some Buchans Group rhyolites and to granitoid
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boulders in the ore horizon. It probably represents the
N .

source of the granitoid boulders occurring throughout the

Buchans Group and in the ore horizon.

Granitoid boulders in volcanic terranes are not
uncommon (e.g., Cady, 1975; Helwipg and Sarpi, 1969) and in
some 1nsténces, such boulders are thought to represent the

plutonic equivalents of cogenetic voicanics (e.g. Gabrielse

. and Reesor, 1974). Cobbing and Pitcher (1972) suggest that

magma pressure may force up fault blocks of solidified
magma chamber thus exposing theém to erosion at the same
time as intrusion-extrusion. However no such fault blocks

and no logical source, exposed during ore deposition, are

known at Buchans.

. More plausibly, the author suggests that the
granitoid boulders were Arounded during gas—transport to
5urvface in "pebble dykes', such as those that occur 1in close
association with the Japanese Kuroko deposits and many.
porphyry Cu-Mo deposits. No such dykes are known at
Buchaﬁs, but the most likely source area, inm the Lucky
Strike regic;n, is now eroded. An origin of this nature
wvould explain the unique sphericity and rounding of the
granitoid boulders as well as their anomalous abundance in

the areally and stratigraphically restricted ore horizon

breccias.

PR,
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4.5.3._ Buchans as Compared to Other Occurrences of
Mechanically ;rransported Ores: The occurrence of mechani-
cally transported ores was predicted as early as 1965 ("uffelv,
1965, p. 1062) and since have been recognized in association
with several massive sulphide deposits, e.g. at Noranda,
Sinclair (1971); Spe;lce,(1975); at Kidd Creek, Walker et al.
(‘1975); in the Iberian pyrite belt (Schermathorn 1970, ‘1971);_
and in the Kuroko deposits (see next section). Sulphide
fragments have been noted in many other deposits, some of

which may be transported.

The Buchaﬁs transported ores are proximal by
comparison to those of the Tberian pyrite belt. Within
this class, they represent (to the ‘author's knowledge)
the vorld"s best preserved, most extenéively developed,

farthest travelled eand highest grade transported ores.

-

4.6. Comparison of Buchans and Kuroko Deposits
~ .

- -,

The Buchans depé'sits and the famous Kuroko deposits

of Japan are so very similar that a feWw words of comparison

are warranted. Both types occur as stratiform bolym’étallic
deposits associated with breccia horizons in felsic vol-
canic rocks (Sato, 1974; Lambert and Sato, 1974). The ore
and .gangue minerxlogy of both types is Similar, altl‘xough
neither. éypsum nor ar;hydr:_l,te have been identified at Buchans.

Both types have generally sharp boundaries with their wall
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rocks and display numerous internal submarine sedimentary
structures and textures consistent with a volcanic-e;halative
mode of origin. Both appear to be relatively{ahallou vater
phenomena though this has been querstioned in thi Kurokeo

case by Urabe.and Sato (1978). Stringer and stockwork
mineralization 1s1co$mon to the footwall of both types.
Sediments associated with both types are dominantly
voicaniclastic‘gs opposed to chemical. Some Kuroko ore-
bodies (;.g., Shakanal Mine, Ohtagaki et al., 1974, p. 135)
contain interbedded barren sedimentary layers like Rothermere
and MacLean Orebodies. Though not a conménly mentioned
feature, some Kuroko_deposits occupy depressions in the
underlying volcanic surface (e.g., Ohtagaki et al., L974,

p. 137; N. Sato and Kusaka, 1974, p. 1406; Tanimﬁra et al.,
1974, p. 153; Hirabayashi, 1974, p. 200; Honishi, 1974,

p. 218). Pebbles of granitic basement rock occur in close-
associétion with ores of the Yoshino Mine (Osada et al.,
1974, p. 185) and areuapparenfly related to contemporaneous
block faulting with basement uplift. It 1is interesting

to note that these same deposits are not associated with

white rhyolite domes and contafin no gypsum.

Mechanically trangported gulphide ores have been
described from several Kurok§ mines (Plate Q>15). €vgsy
Shakanai Mine, '(x’jn)a"n, 1970; Ohtagaki lg_g__g}_.,,- 1974),
Kosaka Mine (Sato, 1968; Oshima et al., 1974), Ainal Mine

(Ishikawva and Yanagisawa, 1974), Hanaoka Hipe'(Taklhlshi‘

«?(,’
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and Suga, 1974; Ito et al., 1974), Kamikita Mine (Lee et a}.,
1974), Kurosawa Mine (Motegi, 1976) and Fukazawa Mine
(Tanimura et al., 1974). Imbrication, bedding sag struc-
tures, graded sulphide breccias, scouring at the base of
the .deposits and ore balls surrounded by clay are features
of transported Kuroko ores whi;:h have also been .1dentified
at Buchans. Both plaséic and competent sulphide fragm.ents
have been identified {n both the Kuroko (e.g., Ishikawa »
and Yanagisawa; 1974, p. 87) and Buchans deposits. The
occurrence at Buchans of lithic fr;;gments vith all three
types of alteration rimsAas de.;scribed by Lee et al. (1974,

p. 61) 18 remarkable (Plate 4-16).

Despite the absence of gypsum and anhydrit.e, at’
Buchans, K and the limited development of yellow ore,_zbning
is very similar to thathof a ‘typical Kuroko deposit as
described by T. Sato (1974). The stratigt.aphical-ly' lowest
stockvork mineralization at Buchans {is pyritic, much like
that of the Kuroko deposits. Stratigraphically hiéher
stockvork mineralization at Buchans 1s pyritic and 'poly—
metallic like some Kuroko “stockworks. Such mineralization
at Buchans is associated with strong chloritiza.tion and/or
sili;ifica'tioli; w.here silicificatfon is domilnant the Buchans
stockwork closely resembles Keiko. Copper(is reiatively
more.ébundant in the stockwork at Buchans than in the pover-

lying massive 'sulrph:lde, a feature in common with the Kuroko

deposits. Yellow ore is poorly developed at Buchans but,
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where present, 1is concentrated towards the base of the
massive sulphide (George, 1937), 1.e., in a similar

position to the Oko. Pb—Zn—fich black ore occupies the
upper portion of the “"in situ" deposits at Buchans in a
similar stratigraphic position to the Kuroko. Gold and
silver minerals are concentrateq in this zone in both cases.
Bédded barite overlies the black ore in both Buchans ahé
Kuroko ;xamples. Though no red hematite-quartz layer is
present at Buchéns, this horizon is locally occupied by
hgmatitizea barite and hematitized tuff. Several Kureoko

deposits are subsequently overlain by tuffaceous felsic

volcanic rocks.

several features of the Buchans deposit differ
from those of typical Kuroko deposits. Though present at

Buchans, white rhyolife bodies do not display the intimate

"spatial relationship to mineralization which is so character-

'
istic of the Kuroko deposits. Gypsum is absent at Buchanms.

Yellow ores are poorly developed and tbe abundance of pyrite
throughout is less than that of typiéal Kuroko deposits.
Well banded ores and ofes displaying colloform banding are
relatively less abundant at Buchans. Though mechanically
transported sulphide ores are characteristic of both
examples, the Buchans deposits are anomalous in both the
high quantity and quality‘bf transported ores as well as

transport distances which exceed any of the Kuroko deposite

(T. Sato, pers. comm., 1975), .
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CHAPTER FIVE ' .

GENERAL PETROCHEMICAL NATURE OF THE BUCHANS GROUP

5.1. Post-Magmatic Chemical Changes of .Buchans Group Rocks

The ongoing spilité& debate (e.g., Amstutz, 1974)
and an interest in ocean floor chemical changes has fostered

abundant research into post-depositional:changes in submarine

volcanics (especially basalts). Documented chemical changes

as a result of low tempefature depositional and diggenetic

alteration range from essentially nil (e.g., Clarke, 1975)

to substantial additions and removals of certain elements.

On the basis of petrographic, geochemical and experimental
data (and with a few discrepancies), 8102, Cao0, Hnof total
Fe énd Cu are conmonly leached during low temperature sub-
marine alteration of sasaltic‘rocks whereas H20, K20, MgO,
Rb, Cs, Fe++3/Fe++ and K/Rb commonly increase (e.g., S.R.
Hart, 1969, 1973; Philpotts et al., l969£ Cann, 1970;

R. Hart, 1973; Hajash, 1975; Bischoff and Dickson, 1975).
The same aﬁthors have generally concluded that Ti and Al
have remained relatively inert during alteration but little
consensus has been reached on the behavior of more mobile

elements such as Na.

-~

Under conditions of prehnite-pumpellyite metamor-

phism, such as that experienced by the Buchans Group,

volcanic sequences commonly undergo varying degrees of
. . o




hydration and redistribution of elementa; especially Na
and Ca (Smith, 1968; Jolly and Smith, 1972; Jolly, 1972).
Among the base metals, Jolly (1974).demonstrated consider-
able redistribution of Cu and removal of Zn in low rank

bésaltic rocks.

In view of the variety of probable post-magmatic
chemical changes, any attempt to relate rock chemistry
to mineralization must demonstrate that anomalous conditions
are indeed a function of mineralization and not due to
other processes. Apart from the effects of mineralization
in proximity to ore, rocks of the Buchans Group have
undoubtedly been subject to chemical changes as a result of
depositional, diagenetic and metamorphic alteration. Perhaps
the most obvious effect of post-magmatic alteration 1s the
widespread depositional-metamorphic introduction of water
combini;g to form hydrous minerals "(chlorite, sericite,
pumbellyite, prehnite; etc.). Apart from increasing loss

on ignition, this has .the effect of "diluting" the abundance

of other elements.

' Local diagenetic rehistribution of several elements
1s evident in virtually all lithologles. Concordant
hematitization aﬁd calcite introduction and -abundant veiln
and amygdule calcite are char;cteristic of many mafic

pyroclastics and breccias. In these rocks crustification,

comb and cockade structures, indicative of open space

a

v
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filling, are visible locally. Sﬁch volcaniclastics commonly
alternate witﬁ finer grained tuffﬂceous.rocks which show no
such alteration, indicating that calcite introdgction
occurred at, or shortly after deposition. The yafiety of
vesicle-fillings further indicate post-depositional mobility
of HZO, si, Ca, Mg, Fe and Al. Analyses of rocks contain-
ing significant vesible and fracture filling was not
attempted in this study. It is shown in subsequent sections
that diagenetic-metamorphic alteration of crystal-vitric
tuffs involved hydration and addition of Mg0 with removal

of Nazo. Secondary quartz halos around quartz crystals 1in
these rocks 1ﬁd1cate mobility of silica probably during
diagenetic alteration of glass to clay minerals. Disper-
sion of very mobile elements such aé Hg from the orebodies
possibly provides an indication of the extent of secondary
migrations. In-the case of Hg, depositional, dlagenetic

and metamorphic procesées'have caused @ispersion only on

the scale of a few meters (Thurlow, 1973). If this is

the case, then.elements much less moblle than Hg have

probably migrated proportionally shorter distances.

With respect to the elemental abundances discussed
in subsequentvsections, 1t is apparent that an average of
a large number of samples will tend to nullify the effects
of locai migrations as tﬁé population will‘presumab;y
include samples at all phases of migratiwn. In this regard,

the averages are probébly 8 reasonable approximation of the
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original .composition. However, the effects of depositional
enrichments of elements and of hydration are superimposed
on the averages and quantitative estimates of their contri- L

~

bufion are difficult if not impossidble.

5.2. GCeneral Elemental Abundances and Chewmical Variations

' of Buchans Group Rocks

The average chemical composition of all significant

1ithologic'unifs of the Buchans Group analysed in this study

T AT b R o b4

are given in Table 5-1.

Ve

! The volcanics of the Buchans Group display little
alkaline affiaity. Neither olivine nor feldspathoids are ;
present in the mode or the norm and pyroxenes are neither ‘
sbdic nor titaniferous. Phosphorus and titanium are presgnt
in gbpndances well below normal for any alkaline suite and

; thexﬁuchans ;olcanics are generally subalkaline 6n the

‘alkali: silica diagram of Irvine and Baragar (1971) (Fig. 5-1).

Similarly, the volcanic rocks of the Buchans

Group bear littde lithologic or chenical resemblance to ' ﬂ
oceanic tholeiites. The relatively shallow water environ-

ment, the relative abundance of felsic volcanics and the

total absence of ultramafic rocks and sheeted dykes render 4

an ocean floor origin extremely unfikely. Chemically, the

Buchans Group volcanics diéplay abundances of large cations

<

(K, Rb, Ba, Sr, etc.) wvhich are much greater éhan those of

™
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_Figure 5-1: ‘Alkali: 811ica diagrams for Buchans Group flows_ ’}:*
‘(small dots), low-titanium diabase (stars) and -
Peeder Granodiorite (large dots). Dividing line .
betveen alkaline and subalkaline fields after . )
Irvige and Baragar (1971). , ‘ }‘7'
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oceanic tholeiites snd have correspondingly lower Ni, Cr

gend K/Rb (Table 5-1}.

%
In contrast, the lithologies and depositional
environments of the Buchans Group volcanicas, combined with
_the general chemical nature of Buchans Gr;':up flows, indicate
K {
thet these rocks are most similar to modern calc-alkaline
gsuites. A triangular FMA diagram, presented in Fig. 5-2

demonstrates a lack of iron enrichment, a characteristic

of calc-alkaline suites.

The general elemental abundances of Buchans Group
“flows are alsc similar to those of calc-alkaline suites of
modern island arcs". KZO, an important element in discrimina-
ting volcanic suites, averages uniformly around 1% in

Buchans Group mafic flows, similar to that of high_ alumina

basalts (Fig. 5-3). According to the clasgification scheme

of MacKenzie and C‘h_appel (1972) for calc-alkaline rocks,

Buchans Group mafic and intermediate flows span a range from
high Alumina basalt to dacite. Other elemental abundances
of Buchan's Group flows are closely comparable to those of

calc-alkaline suites of modern island arcs.

\
3

e . Diagrams inyolving the relatively {mmobile elements
T4, er (Figs. 5-4 and 5-3) show the bulk of Buchans Group

nafic flows plotted in the field of calc-alkali basalts.

K:Rb ratios of Buchans CGroup flows encompass a

range from 250 to 900, centering around 450 (Fig. 5-6), a




- 216 -

Tholeiitic

L] ,——s

e \,
/{ "*0,\ .
./ “ ‘\
7 SR A
‘ * . a'.'. \
b 4 ‘

Cale - Alkaline

i
j
i
&)

; Figure 5-2: AFM diagram for Buchans Group flows (small dots),
low-titanium digbase (Btars) and Feeder Granodiorite
§ » (Iarge dots). A = N&a,0 + K_,0, F = total Fe as FeO,
M = MgO. Dividing lige betvween calc-alkaline and
tholeiitic suites after Irvine and Baragar (1971).
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Figure 5-3:

%$i0,

K,0: 8410, classification of cale-alkaline rocks

a%ter Macﬁenzie

and Chappel (1972).

Buchans

Group flows (dots) and low-titanium diabase
(stars).




Figdre 5—&:

100
Zr (ppm)

»

Ti:Zr diagram for Buchans Croup basalts (dots),
low-titanfum diabase (so0lid stars) and high-
titanium diabase (open stars). Fields A to D
after Pearce and Cann (1973). A = low potash
tholeiites, C = calc—-alkali basalts, D = ocean
floor basalts, B = overlap of fields A, C and D.
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FPigure 5-5:

T1/100: 2Zr: Srf2 diagram for Buchans Group
basalts. Flelds A, B and C after Pearce and
Cann (1973). A = island arc basalts, B =

calc-alkali basalts, C = o'cean\'floot basalts.
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fairly typical average for modern island arc sequences.
. o f

A histogra;'of S:lO2 abundances in Buchans Group
flows is given in Fig. 5-7. The diagram shows a zelativg
paucif; of samples of "intermediate" composition ylelding
a weakl& bimodal distribution. Sampling bias obviously
has a major effect on this diagram, however from ggneral
6bservation the author cqnsiders the dominance of mafic
and felsic volcanics over those of 1ntermed1atebcomposition
to be a reality. Compared to other Newfoundland calc-
alkaline mafic to felsic volcanic.suitee, the Buchans Group

has relatively more abundant intermediate volcanics (Strong,

1975).

v

A correlation matrix for Buchans Group flows is
given 1n.fab1e 5-2. 1In general; the predictable elemental
assoclations are observed Amongst both major and trace
elements. Of particular interest fo this study 1is the
behavior of the base metals and barium. Pb shows a near
perfeﬁt correlation wi;h Pb(S) and little corrélatioq with
any other element. Tﬁisruould seem to indicate that the
bulk of Pb in Buchans Group fiowa ;ccurs almost exclus-
hiyely as minute sulphides which show preference for no
specific hosi wineral phase. Cu shows a very strong.

correlation with Cu(S). and weaker association with Fe, Ca

and Mg. Thia seems to indicate that it occurs as minute

sulphide within Fe, Ca and Mg-Bearing phases (e.g. chlorite,
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Figure 5-7: Histogram of Sf{0, contents of Buchans Group
flows (n = 56)., “The relative lack of samples
of intermedfate composition is not a function
of sampling error. '
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‘ Table 5-2: Correlation matrix for Buchans Group
Ca0 85 76 =92 : omitted.

\ ; si0, -92° -1 flows (n=54). Decimal points are
! .
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|
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epidote, calcite, plagioclase) and also shows limited
substitution for Fe and Mg in these minerals. The correl-

ation of Zn to Zn(S) 1s mot nearly as strong as the .

_ previous associations suggesting a complex occurrence of

Zn both as minute sulphide and also widely substituted

for Fe in various phases. .

The behavior of Ba in flows 1s important to
later discussions. K 1is the cloqest associate of Ba, with
other elements showing‘little consistent correlationi
This would seem to indicate that the major controlling
factor on Ba distribution is the abundance of KZO and that

Ba most commonly occupies K lattice sites.

Hafker diagrams, for Buchans Group flows, plotting
anhydrous weight percent and ppm of the various oxides,
elements'and loss on 1gnition agalnst silica, are presented
ianig. 5-8. Also plotted on these diagrams are samples of
low-titanium dieb#se and the Feeder Granodiorite. Though
Harker diagrams were previously ppesented by the author

(Thurlow, 1973), the diagrams présen;ed herein are considered

much more reliable as fragmental rocks and altered flows are

omitted fr&m th® data. ”~

The Harker diagrams are, for the most part, self-

explanatary and general camments are qQutlined in point form

be;ow.

UYPURUPIPCIRE
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Figure 5-8 (continued) )
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i . . Pdgure 5-8 (continued)
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Figure 5-8 (continu‘ed)
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Buchans Croup volcanic rocks span a compositional range
from basalt to rhyolife but andesitic varieties are
somewhat less common than more mafic and felsic end
member.s.

The variation of all elements is that which 1is expected

from normal petrological considerations. Most major

elements decrease with increasing silica, in part

be_cauée of simple dilution by silica (the "constant

sum effect';) . Only‘Nazo and KZO increase with increasing
silica content. Among the trace e_iements, Ni, Cr, V,.—
Sr, Cu and Cu(S) decréasg and ther large cations Rb, Ba
and Zr increase‘.with‘in_creasin‘g silivca. Somewhat
surprisingly, Zn, Zan(S), Pb, Pb(S) and Ce show little
variation across the range of silica concentrations.
Anomalous scatter in some diagrams 1is probably largely
due to post-depositional migration of elements. The
elements most str"ongly’affected (e.g. K, Rb,‘Ca, .Sr)v

are thosé \jlhiCh aré most easiiy mobilized in the secondary
environment. : )

Despite scatter on some diagrams it is evident that all

Buchans Group flows form a conganguineous nafic to felsic

.sequence. As such, there is no evidence to suggest that

wmafic and felsic members are not wagmatically related

nor 1is there any evidence tp_éuggest that any portion of

the Buchansa Group has evolved from a magma distinct

(

from the major magma sourcée.
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w

5) B&th the low~titanium diabase and the Feederx Granodibrité
plot entirely within the trends of the Buchans Group -
flows. This sugéests a genetic 1link betveen these

_"three lithologic groups. '

6) Two types of variagiond are visible among elements which
decrezse in abundances with increa;ing silica. Séme
elenenté (e.g. Fe) show‘conaistené‘and regular decrease

whereas other elements (e.g. Mg, Ni, Cr, V) decrease

rapidly at lower silica 1evelsrand less rapidly at-
higher silica ievéls.’wln the latter case this must
indicate rapid removal- of a specific phésets) with
' . ) increasing differentiation. Since no olivine has been
identified.at Buchans, thisprobably reflects fractiéna—

tion of augite.

5.3. Chendcatl Variagions in Flows as a Function of

Stratigraphic Posifion

The previoug sections hpvq dealt with overasll

conpositional variations withih the Buchaﬁs Group. In this
gection, variations in the compositionyof flows are exam#ned
in order to depermine whether variations in chemistry have
any strétigraphic significance, 'Such variations, if present,
presumably would ;efiect changing ﬁagnatic conditions. If )

such variations Arefpreaentf it 1s important to'de;erni#e o e

whether they are of significance with respect to mineraliza- .
tion or merely a result of normal petrologfc processes. Of

. -

-

s g et
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particular interest in this study is whether unaltered

rhyolite flows in the ore-bearing Lucky Strike and Oriental
ore horizon sequences are chemically different from flows

elsewhere .in the stratigraphic Bequence.

Chemical data on mafic and intermediate flows of

" the Footwall Basalt, Ski Hill Séquence, and Upper Buchans
Subéroup were plotted on one set of diagfams and data for »
felsic flows of the Lucky Strike-Oriental Sequences, Prominent
Quartz Sequence and Upper Buchans Subgroup on a second series
of diagram;, y}eldiug a éotél of over 50 diagrams. All
elements plétted were ratioed to A1203 based on the assump-
tion that significantly greater abundances of any element

in a given‘sample may "dilute"“the abundances of elements
under sc;utiny and consequently introduce appafent scatter

to the data,

5.3.1. Vériations in Compositions of Mafic and Inter-.

mediate Flows Through the Sttatigfaphic Sequence:

The distribution and number of samples (34) of these groups

of'roﬁks is not wholly adequate to offer firm conclusions

a8 to whether any given stratigraphic unit differs significantly
from othérs. In general, as détermined from gxtensive'core
logging throughout the Buqyans Groups there is no secular

change in the coﬁposition of flows through the stratigraphy.
Moat mafic units are whoiiy basaltic and only the Ski Hill

sequence contains significant awmounts of andesite. Within
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the basaltic upits, the‘chemical diagrams plotted 1qd1cate‘
that there is no significant difference for any elements
betwveen units at differinghktratigraphic levels. For
exanple, the iarge cations {(e.g. K, Rb, ett.) do not

increase in abundance with stratiéraphic height as has been
found in some island a;c sequences (e.g. kuno. 1966; Sugimura,
1968; Jakes and White, 1971; Kean and Strong, 1973). Samples
. of more intermediate flows from the Ski Hill sequence form

a continuum on ;hé variation diagrams with more mafic
’»counterparta from other units 1ndic§ting that diffgrences
1n’e1ement;1 abundances are not due to any geochemical
peculiafity but instead a}e a function of normal magmatic

processes.

In essence, ghe limited amount of geochemical data
seems to indicate that there is no geochemical anomaly
associ;ted with any particular mafic unit. The Ski Hill
sequence, which 18 the mafic unit mo8t closely associated
with mineralization, is "anomalous" only 1n‘that it contains

a greater abundance of truly intermediate rocks as opposed *

to the other largely basaltic sequences.

5.3.2. Variations in Compositions of Felsic Flows

Through the Stratigraphic Sequence: Almost

all elements show no essential differences in composition
between felsic flows of the Lucky Strike-Oriental sequences,

Prominent Quartz sequence and Upper Buchans Subgroup. In
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general, flows of 'the ore~bearing Lucky Strike-Oriental
sequences are compositionally more homogeneous thaﬁ other .
f;ovs Fhough this.m;y only reflect the volumetrically
less abundant and spatially more restricted nature of these
fiouﬁ. Mg0 and MnO tend to be less abundant in the ore
horizon flowa than in the two other groﬁps‘(Fig. 5-9). This
lprobably reflects legser quantities of chlorite aféer
- amphibole. CaQ and Fe203 tend to be slightly more abundant
in the Prominent Quartz Sequence rhyolites than in the -

other tvé groups (FPig. 5-9) probably'reflecting the greater

abundance of epidote after plagiéﬁlase visible in these Tocks.

. Apart from the above-mentioned small differences,
felsic flows of the Lucky Strike-Oriental seéhences are
similar to other felsic flows o; the Buchans group. The major
ore~forming elements, Zn, Pb and Cu are not present‘iﬁ
greater abundances. Ba is marginally higher in ore horizon

rhyolites but shows a strong affinity to K20_(corre1htion -

.87). KZO is likewise marginally higher in the ore horizon

rhyolites.

‘Tasumi and Clark (1972) and Ishihara (1974) have
o Shown (on the basis of a limited number of analyses) that

felsic lavas genetically related to mineralization in the

Hokuroku district afe somevhat more differentiated than

lavas unreldted to mineralization,. A plot of silica vs.

Thornton and Tuttle's differentiation index for Buchans Group

-

o B0
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Ca0, MO and MnO ‘'variations in flows as
function of stratigraphic position.
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felaic flows is’pre!ented in Pig.‘S—lo. oﬂ the ﬁasil of.a
-limited- number of analysés, it appears tha; for a given
gilica content, felsic flows of the ore-bearing Lucky Strike-
Oriental gre horizon sequences are more "differentiated"
-than similar flows gf othef‘forma§4ons. The number of ?amples
involved in this comparison 1is not sufficient to firnly
éstablish whether this distinction is actually statistically
gignificant[ Many more analyses comBined with detailed
petrographic work are required to determine the vgﬂidity of
this hypothesis. Such work could prove fruifful for the out-
come would haye a bearing on the overall source of metals,

whether magmatic or leached from cgtntry rock.

-

5.3.3. Some Comments on the Chemistry of "White
Rhyolite" at Buchans: The presence of "white
rhyolite” associated with many massive sulphide deﬁosits
is of theoretical and practical gxplgration 1nterest;' As
indicated in Chapter Four, "white rhyolite" at Buchans A}s-
piays a more ténuous relationship to mineralizatton than in
theIKuroko deposits but, nonetheless, 18 generally linked to

the presence of ore.

Two analyses of Buchans "white rhyolite" are ,

‘presented in Table 5-3. Compared to associated unaltered

rhyolite, and holdirg alumina constant, the"whi:e rhyolite"

has suffered massiye introdué;inn oflkzo, Sio2 d Ba and

removal ofr“!'e2 3e ano and Ca0. Mineralogically this is




Field of ore horizon rhyoiite
(10 points)

90 .95
Differentiation Index
Figure 5-10: $10,: differentiation Indéx plot comparing un-
) altéred ore horizon rhyolites to rhyolites at
other stratigraphic posit_ions. ’ .
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Table 5-3: Composition of “white rhyolite" compared
to other ore horizon rhyolites

WHITE RHYOLITE

1083-586 1730-1203 10 Ore Horizon
Rhyoclites

72.7
.31
13.68
1.94
.04
.34
1.12
4.47
3.06
1.49
99.15

1175
15
16
28
13




o e i PP S e

reflected in conversion of normal rhyolite to an entir'ely
secondary assemblage composed essentially of quartz and K-
feldspar. .This mineralogy contrasts with the quarte-

sericite-rich assemblage of the Japanese ".white rhyolite”

(pate and Taniumura, 1974).

$.3.4. Summary: Based upon 2 limited number of
analyses of ma‘fic intermediate and felsic flows (tota;l 54
analyses) there appear to be no distinct changes in com-
position in Buchans Croup volcanics throughout the strati-
graphic sequence. The mafic and felsic units most closely
associated with mineralizatior; are chemically very similar
to other such units throughout the Buchans Group and do not
appear to contain abnormal amounts of base metal or barit.m.

As such, there appear to be no magmatic changes assoé¢iated

with ore horizon rocks that have a bearing on the presence

of mineralization. Similar results to these were obtained
at Noranda by Larson and Webber (1977).
5.4. Geochemical Compar-ison of Flows and Cogenetic Fragmental

Rocks

In any rock geochemical study it 1s important to
distinguish and sepaxate those processes which cause chemical
changé ag a result of mineralizatioen from other processes
unrelated to mineralizatign. In an effort to understand’

the gross post—m;gnatic chemical changes involved in
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pyroclastic rocks of the‘ Buchans Group, a study was under-
taken ‘to compare the chemistry of massive flows with associated
flanking pyroclastic rocks. This study wvas based on two
reasonably sound assumptions, 1.e., 1) that flows and
stratigraphicailly related pyroclastic rocks were originally
derived from chemically similar magmas (1.e.\, are cogenetic),
and 2) that the composition of flows more closely approx-
imafes that of the driginal magma, fn \f,iew of the overall
chein:lcal‘coherenc»e of ,al]..Buchans Group volcanic rocks and
in view of similarities of phenocryst composition between
flows and assoctated pyroclastics, assumption No. 1 appears
valid. ‘Petrographic comparison of flows and related pyro-
clastics indicates that the more permeable fragm‘ental rocks
have invariably undergone greater degrees of altreration

than related flows and thus, assumption No. 2 also appeats

.oa

valid.

Chemical data on flows and telated\‘pyroclastica

vere plotted for five groups of lithologles, 1i.e., mafic

and intermediate rocks of the Footwall Basalt amd Ski Hill

horizons and felsic rocks of the Lucky Strike-Oriental ‘\

sequences, Prominent Quartz‘/ sequence and Upper Biuchans
Subgroup, yielding ;"total of over 100 diagrams. Flows
a't;d related fragmentals were plotted on the same diagrams
to assist visual 'compa,,r:‘l,so_n. All glements were ratioed to

A1203 based on the assumption that ‘A12‘03 remained relatively

fnert during chemical change. The effect of this ratio 1is

BB B3 S e ()R b




to' eliminate effecte of variable addition of extraneous
elements (and consequent varlable dilution of elements

‘under scrutiny) which would cause apparent increased scatter

€

4

of data p,oints .

In virtually all cases, flows form more coherent

groups than related pyroclastics, supporting the contention

that they have undergone less post;magmatic chemical change.

Apart from differences in scatter, differences in general
abundances between the two groups were normally not signifi-

e

cant. Only Co showed consistent behavior <1in all ‘groups,
. ST

being higher in flows relative to cogenetic py-roclast‘ic

rocks.

.Among' the mafic and intermediate rocks of the
Footwall Basalt and Ski Hill sequence, Ca is generally
higher in- floys (unavoidable calcite amygdules) as is Mn
and Co. There 1s a tendency for Zn and K to have been

added to the related fraghentals in each case,

Among felsic sequences compared, all had higher

Na and Co in felsic flows as compared to. cogénetic crystal-
vitric tuffaceoug rocks. Apart from these general tendencies_,
the‘ felsic rocks of the»Prominent Quartz §equence and Upper
Buchans _S'uh'gtoup showed no egsential differences for all

other elements.

In contrast, the Lucky Strike-Oriéntal felsic flows

and crystal-vitric tuffs show a nuwmber of additional
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Fiﬁure §-11: Ceochemical comparison of ore horizon dacitic tuffs (dots) and
rhyolite flows (stars).
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A

differences. Dacitic cryst#l-vitric tuffs tend to be‘higher
than flows in Mn, Mg, Ca, loss on ignition, Rb and Cu and
lower in Co, S1i and Na (the more significant of these are
shown . in Fig. 5-11). 1In view of the similar phenocryst
mineralogy and proportions, and similar alteration of
phenocyrysts 1in these two gfoups of rocka,uit can be
reasonably assumed that all of these eélemental différences

reflect post-magmatic changes in chemistry of matrix glass

In' the cryétal4v1tr1c tuffaceous rocks. Prom Fig. 5-1i

1t can be seen that hy&ration and subseéuent diagenetic-
metamorphic alteration of groundmass gl#ss to sericite and
chlorite has resulted in addition of volatiles (principally
HZO) and MgO0 and removal of Na20 from the glass. Ié Section
6.4. 1t 14 demonstrated using factor analysis that variations
in the degree of these chemical changes are responsible for

a large éroportion of thestotal chemical variation within

.

the dacite.

These results- bear a strong similétity‘to those
of Sopuck (1977), who compared matrix and clasts in the
same rocks, from a sequence of unmineralized volcanics.

His data show very marked differences in silica'contént
between matrix and élasts either because they were not
simtlar originally and/or becauge the matrix has undergone
threme altgration.‘ c1gat—nat;1x study at Buéhans is not
ﬁossible as coarse fragmental rogks are.nOtnaIIy polylithic,

It 1s emphasized that flows and rélated pyrdclastics'in this
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8 tudy hate essentially similar silica contents allowing

meaningful comparison.




CHAPTER SIX

GiOCHEHISTRY OF THE ORE RORIZON DACITIC TUPfS
6.1. Introduction

Dacitiﬁ crystal-vitric tuffs of the Lucky Strike-
Oriental ore.horizon séquences are the most widespread litho-
. logic unit vhiéﬁ display 1nt1;ate relationships to massive
sulphide mineralization. These units thefefore represent.
the lithologic units most likely to exhibit regional chemical
varistions which may be a function of mineraiizationband
thus of .interest to éxploration. The chemistry of the ore
horizoﬁ tuffs is examined somevhat more closely 1in this
chaptér in an effort to understand the processes responéible
for chemical variation and to derive geochemical criteria
‘of use in exploration.
6.2. deneral Chemical Abundﬁnces in the Ore Horizon Dacitic

Tuffs
A

The average chemical abupdances of the ore horizon
&acitic tuffs from the Lucky §t;ike. Clementine and Oriental
areas is presented in Table 6-1 and_ﬁistograns‘of abﬁndances
~for each element in Fig. 6-1. Most elements show normal

population distributions with the exceptions of more lognormal

\ .
Cu, Cu(S), Pb, Pb(S), 2Zn, Zn(S), Mg, Ni, g0 and V.

vk -
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Table 6-1: Average chemical composition of ore horizon
dacitic tuffs.
Lucky Strike Oriental Clementine
Horizon Horizon Area
Dacitic Tuffs Dacitic Tuffs Dacitic Tuffs ’
sio, 71.0 67.0 - Con.e
Tio, .23 .32 .24
A1,0, . 13.68 15.56 13.75
Fe,0, 3 2.66 . 2.15
r MnoO .08 .06 _ 06
_ MgO 1.23 2.56 1.20
; ca0 2.17 © . 2.05 . 1.97
§ Na,O 2.69 . 2.17 1.79
; K,0 2.82 2.72 3.20
POy .06 - -
_ Loss. Ig.  2.97 3.90 - 3.76
: Total 99.16 - 99.00 99.32
} B S
| Ba 1657 ' 1380 1042
Ba(SO4=l o= - ' -
Pb 29 41 . 14
Pb(S) 24 77 | , 24
| Zn ' 109 160 | 25
zZn(S) 34 120 8 )
3 cu 5 13 1
4 Cu(S) 2 16 - 2
s - _ _
Aq < - - - -
Hq . - - -
" Rb 1 70 - 83 A 99
sr 222 250 127
2¢O 122 156 140
Mo ) =3 - ‘ - F
Ny s A s N {4
co 5 16 o 19 A
1 | cr , 24 9 ' 2 _
| ' v 19 16 15 :
’ Th 1wa2) 0 11921 16 :
U 4(12) - 4(23) 4
. Ga 13(12) 16(23) 13
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_Pig, 6-1: MHiestogram for all elements determined in ore
horizon dacitic tuffs.
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6.3. éorrelntion Matrix for Ore Horizon Da.citic Tuffs

Y

o

A correlation mat%.x for ore horizon dacitic tuffs
is given in Table 6-'-2.’ In genexal, most elemental associations
are those normally predictable on petrochenica‘ligrounds.

Nonetheless, there exist a few unusual features including

a complete lack of Ba correlation with all other elements

2

i'nciuding K,O0. This is anomalous in view of the strong Ba:

A

K 0 coherence in assoclated r,hyoli'tes and indicates that

2

-the process (es) controlling Ba distribution are quite

‘i

different 1in these two suites of closely related rocks.’

7
. B .
"

Among the base metals, there is little correlation betwveen

" Cu nnd the strongly correlative Pb-Zn pair.

-

"Lengthy study of the correlation matrix reveals

many elenenz, 1nternct'foﬂs which can be related to geochemical

. processes which acted upon the dacitic tuffs. Due to the

o complexity of these interactions, factor analyses was under-

‘taken to better understand 1nter—e1ement assoclations.

2

-

6.4. R-Mode Factor Analysis of the Ore Horizon Dacitic Tuffs -

Major ilement's

A large numbet of geechemical studies have proven

the merit of factor analynia as a valuable tool in under-

7

standing p?cesses responsible for geochenicnl variations.

In ordet to 1dentify geologic processes assoclated with '~

varipu: fucto;‘.; it 1is necesnary to understand the mode of

i
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Table 6-2:

Correlation matrix for Lucky Strike
ore horizon dacitic -tuffs. Decimal
points are omitted. n = 81
Significance = ,001 € r=.33
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occurrence of thebvarious elem;ntl. Certainly, in most geo— .
chemical studies, the mode of occurrence of gthe major elements
18 much better understood than tha.t of the trace elements.
For this reason, R-mode factor models were computed first

for ttne major elements i1in order to facilitate identification
of geoc‘hemical processes responsible for chemical variation
in the ‘dacites. Apart from this reason, major elements

only were included in the first factor models in orderlto
reduce the .number of factors required to reasonably \explain
the variance in the dacite (factoxy' analysis treats ;11 variables
as statistical equals, »though in géochémiéal studies, the
major elements'compris‘e, by definition, the bulk of the
elements of which thé rock is -composed). Factor matrices
presented have undergonre a varimax rotation similar to that

described by koch and Link (1971).

A variety of major element factor models were
computed for the ore horizon dacite. The six factor model
accounting for 94% of the varilance in the dacite was selected

asg ('by far) the most geologically explicable model. The

"‘rotated- facto_r matrix is presented in Table 6-3.

- Factor 1 (accoﬁnting for 162 of the total variance)

' écco{xnts" f-t;f almoAst ‘all the MgO variation and a signiffcant

-

proportion of the }uzo and loss on 1\gnit:lon in the ore horizon

dacite. Hicroprobe exanination of the dacite indicates that

the bulk of -the HgO'occurs in chlorite after matrix glass

.
-~

e e o e i
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Table.6—3:v'Rotatéd factor matrix for dacitic tuffs of the Lucky Strike ore horizon

seqﬁenée% The six factor matrix accounts for 94% of the data variability.

1 2 .3 4 5 6

" Chlorite ‘Hematite, - Secondary Silica- Sericite MnO

After Leucoxene, Calcite Alumina After

Glass ° -~ etc. ‘ Glass

(15.738)  (16.95%) S (17.17%)  (17.49%)  (14.78%)  (11.96%)
.15 .83 =14 -.19 . - .04 .35

-.02 .83 . .06 =13 s -.09 -.20

-.15 -.30 .4 ~1 .80 5 .05

-.09 . .07 ©-.98 -.09 - - .01 .20

-.01 .08 - BN TR -.38. =90 -.05
.96 '>‘ .10 .03 -.15 -.06  -.05
.13 B ¥ Y 1 .89 -.23 -.18

-.54 - .03 . .34 -.05 .71 .16
53 sl -1 -.26 -.25  © -.10

-.09 .01 -2 .11 .10 .96




(minof amounts also occur as ‘chloriter after hornblende).

In Section 5.4. it was demonstrated that devitrificatic;n

of matrix glass involved hydration, removai of soda and
addition of MgO. This factor 1s thus éasily identified as
representing alteration of original matrix glﬁsa to chlorite
with release of Nazo. ‘

~ . tr,

¥

Factor 2 t(accounting for 17‘1 of the total variance)
contains large loadingse for, 17e203 anfl‘_'l'lioz. These elements
occur almost exclusively in trace quantities of rutile,
ilmenité,, leucoxen?er, hematite and pyrite, all of which, in
the ‘author's expj'erience, are randomly dis‘tribute(\l,in the
unaltered tuffs.‘ .Faetor 2 indicates that the 6c<;urrenceA
of these minerais 18 not related th> any geochemical process

which has' affected the dacitic tuffs nor\ls thelr occurrence

linked to the presence ‘ofiany other minerals.

. Factor 3 (accounting for 172% éf the total variance)
.ac;ounts for almost all the Ca0 variation in ‘the dacite and
half of the loss on ignition variation. Calcite 18 the only
mineral which can satj.slfy the léadings of this factor with
only a minor comtribution from prehnitér ) Calcite occursv
: priﬂncivpally as alteration of plngiocl';se and as minute

calcite veinlets transecting all rocks. Factor 3 is thus a

"secondary calcite factor".

«
-

Factor 4 {accounting for 17% of the total _var:lanqe)

has high “antipathetic loadlin'gs for s10, and A1,0, and accounts

A




}

for most of the variation of these two elements. As no other
eleient-.are significantly affected, this factér represents
substitution of AIZO3 for 8102 (and vice versa) as a result
of the varying piegeﬁce of some mineral or as a result of
some aecéndaty geochemical process. Such substitutions are
pésqible as a result. of variation in botﬁ plagiociase and

chlorite compositions and thies factor 1s tentatively correlated

to such compositional variations. Variationa in the propor-

-tions of quartz and plagioclaée may also contribute to this

factor.

Pactor 5 (accounting for I5% of the*total varignce)

accounts for almost all the K,0 variation in the dacite.

2
Potash occurs mainly in sericite (after matrix glass) with
only minor amounts in the much less abundant K-feldspar.

Indentification of this factor as a "sericite after glass”

»

factor 8apisfactorily explains the-sympathetic relationship

.

Bétveen K,0, loss on ignition and A120 .Thelr antipathetic

2 37
relationship:with Nazo indicates that soda has been expelled

from glass during sericitic alteration, a fact confirmed by

‘electron nicroﬁtoﬁe Bcans.

¢
-

Factor 6 (accounting for 12%7 of the total variance)

accounts for virtually all MnO variation with no other elements

significantly affected. As such, it must be.interprétgd as

post depdsitioval solution and redistribution of MnO.

A\
\

1

The release of Na,O during alteration of matrix

‘ i \ .
glass to chlor%te and sericite (fac;ora 1 and 5 above) is
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interest because none of the other factors involve addition

of soda. It muet be concluded ;hat soda originally present

© 4n glass was largely removed from the dacitic tuffs during

alteration. 1In this fegard. it is interésting to refer

back to Figure 5-12 (Section 5-4) 1in which it was denbnstratgd

that soda has bé%n significantly depleted from the dacitic
tuffs.as compared to the rather sodic cogenetic rhyolite

flows. Since noge of the lithologie;‘ovéflying or undeflying
the dacite have u;dergone spilitic alterationuit appears that
loss of soda from the dacite must have occurred at deposition,
with soda in-glaésjbeing released to sea water. Thus it
appears that alteratioﬂ of glass (probably originally to .
clay minerals) occurred shortly ;fter deposition and priorcx

to déposition of overlying basalt flows.v'Regional depositionf

al soda depletion of origina%&y glassy pyroclastics has been
A 3 - » ' ‘

- suggested as a process possibly operative in the vicinity of

the New Brunswick massive sulphide deposits (Covett et al.,
1974, ﬁ. 83). 1In Section 7.2. it is shown that this process,

though operative at Buchans, bears no relationéhip to

mipef#lization.

A consequence of thi?'interpretatiéﬁ 18 that the 2
inverse correlation Betweenihazxand K,0 in the’dac;tic t:ffs
is not a functioﬁ‘of iocal red stfibdt;on in”giéss of‘Nazd
and KZO as previously sﬁggested by the autﬁor (Thurlow, 1573;

Thurlow.et al., 1975).‘ Instead, glass-;ich samples contain

high K20 and 1ovrnazo vhereis glhss-pqor éamples (i.e., crystal-




rich samples) contain relatively lower K,0 and higher Na,0 -

(Na,0 1n plagioclase). Consequently thes inverse soda:

potash correlation is »a function of the gluezcrystal ratio

in the dacite. It follows that anenaloully, low eod-a’:potash '
ratios in the dacite are a function both of the degree of
depositional alteration of glass and of the glass.crystal

ratio and that low valuen. of this ratio may not ‘bear any
relationship to 'the\?pres’ence ‘of mineralization. It is demon-
strated in Section 7.2, fhet n‘ofxe of the above‘ s:lxi factors
display any spatial distributied related to t‘he p.;esence‘of ore.

v

It is evident from the asbove that factor analysis
i8 a powerful:. aid 1n.1dent:lfy1ng and understanding .processes

rs

causing chemical wvariation.

R-mode. Factor Analysis of the Ore Horizon Dacitic Tuffs -

Hajc;r and Trace Elements

In thié sectidn, the behavior of\trace. elements is
considered with regard to the processes responsible for
chemical varietion in the dacite as deternined in the previoue
section. Pactor models were computed first for all major
" elements and_bariuu and sub;}quently for all major and- trace

elements combined.
: " A

When liariun 1s 1nc1uded in the najor element factor
‘nodels it forms a factor 1ndependnnL o£411 other elémenta. o

‘Vhe‘n the nnnbet of factors 1is reduced so as to reveal barium




associations with other elements, it does not show :
‘correlation with any of the previously déttfmined faétofg.
It is concluded that the process(es) responsible for

variatien in barium concentration is not among those processes

mentioned in the previous section.

The remainder of the trace elements behave fairlyx‘

pféﬁictably in the combined major and trace elements factor
.\" v . - R
“models (a representative nine factor model is shown in Table

6-4). _Rubidiun'va{iation is ¥1rtually entirely incorporated

into the "sericite after glass" factor and zirconium‘gnters
‘ ; l

the "rutile-leucoxene"™ factor. Strontiup forms a weak inde-
pendent factor which, in some factor models, also accounts
for up to'one third of the barium variation. The meaning

of this factor is obscure, as Buchans barite is Sr—ppof.

» -
r

Facfd%‘analysig reveals that the variation in

the base métgla Pb and Zn is quite independent from that ‘

of Cu.” Pb, Zn and Zn(S) show moderate to strong cpherence

with Eh;l"chlorite:after'glass" factor. Pb(S).variation 1is
s;meﬁhbt mdrépcomple; than that of Zn(Si as it 1s‘associatgd'
with both the "chlorité after glass™ aﬁd "caléite" factors.

It is concluded that silicate zinc and lead are largely
~incorporated 1into the chlorite 1atf1ce, that-sulphide zinc

occurs prinqrily in associatien with chlorite and:that sulphide .

Iead,occura'primarily in association with chlorite and

calcite.




* In cont}slt, Cu varintion‘il strongly linked to
L ; that of N4 and V as these elements form a strong factor
vhich is m113ly linked to a Cu(§)-Cu factor (Table 6-4).
This may indicate tﬁat these factors represent variationl

in proportion of a submicroscopié sulphide phase.'

3
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k: Table 6-4: Rotated factor matrix for dacitic tuffs of the
. Lucky Strike ore horizon sequence.. The nine
, " factor matr_ix‘accounts‘for 83% of the data variability.
: PACTOR *
; .
: 1 2 34 5 ¢ 1 8 9
é Pe,0, 00 -02 00 23 90 63 ,12 04  -15.
i T40, " -18 . -02 01 -16 86 04 -13  -09 10
‘ % - sio, ' 53 -03 - -qp' -50  -42 -14  -04 27 02
3 cao 00 -17 -0 89 07 14 11 o4 13
KO0 -85  -04 08 00 8 -17 -03 ° 07 07
© Mgo -21 78 20 17 18 -02  -04 00  -07
Mo, - 74 07 12 06 21 27 o0 -22 -03
Na,0 60° -37  -03 =37 06 24 12 -27 -12
L.I. -40 35 -01 15 -02 . -20 -os\\--oz 03
Mno 6 -14 08 25 13 05 67 - 26 05
Zr . - -44  -08 -01 -18 . 40 62 ,-12 - -03 -02
sr 10 - -08 11 10 -01° 82" 02 1S 18
Rb -87 -03 06 13 03 10 -03 15  -06
Zn 02 91 05 -13  -0B  -15 03 02 -0l
ce o1 1t e 07 -03 00 05 -37 0g”
Ba 06 07 01 11 -04 09 02 0% 96
Cu(s) " 11 -0s 16 02 06 -11 -03 -86 -0
Pb(s) o1 s6 -03 43 04 0§ -12 -23 11
Zn(s) : 24 62 -02 -17 @ -37 -30 16 . o8
Pb . =02 93 02 06 =08 . 10 04 00 10
NL -10 022 9 - 00 (\ éz o6 -06 08 00
Co : 06 -04 44 -02 . 06 -11  -70 27  -04
cr ' :\- -01 00 o8 -09. -04 1 .73 08  -02
v -09 o4 97 03 02 02 o4 o1 00 ;
E . ,
Lo \
. ) 0 : f .
- 7 ;T TS S R r e S
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CHAPTER SEVEN

- ‘APPLTIED ASPECTS OF THE GEOCHEMISTRY OF ORE HORIZON DACITIC TUFPS

7.1.__G§ochem1cal Comparisoh of Ore Horizon Dacitic Tuffs

to Other Dgcigic Tuffs

4

dacitic tuffs as compared to dacitdc tuffs at other non ore-

The average chemical compositioﬁ of ‘ore horiién
bearing horizons is given in Table 5-1. A quick scan of
‘this table reveals little visible difference in compositign -
éor most.elements except possibly for¥Zn'and Pb gnd a strong
appareﬁt enrichment of Ba in ore horizon dacitic{tuffq.
Histograms were b;epared in order to more accurately assess

the validity of these comparisons.

A histogram of-B;‘abuﬁdanceu iy ore horizon dacitic
tuffsbas compare& to other petrogiaphically similar dacitic
tuffs is gi@én in Fig. 7-1. For reasons giQen in subsequent
sections, all samples of ore horizon tuff frbn'vithin 30 o
of.o:é vere excluded from this.comparisqn. 'Thé:ﬁiétogrln
shows two diatinét'normqlly”distributed_Ba popula;ionu,iﬁighest
‘in the ore horizan dacitic tuffs.

*

. LI
Discriminant functions analysis was undertaken im

‘order to enhance the distinction betwveen ore horizbn end non
_ore horizon dacitic tuffs, and to identify other-elgnﬁnts
"which might significantly differ betveen}theaé groups.

First, using dacitic tuffs from the Oriental ard Lucky Strike

™

’




204 non-ore horizon
dacitic tuffs

Frequency
Percent

ore horizon
dacitic tuffs
N

BN

Figure 7-1: Histogram of Ba abundances in ore horizon dacitic
tuffs (n=111) as .compared to non-ore horizon
dacitic tuffs (n=55). Ore horizon samples from
within 30 m of ore are omitted. Nine.samples
ore horizon tuff exceed 2500 ppm and are not’
plotted. Area of overlap not coloured.
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sreas, a discriminant function was calculated ﬁhiéh indicated ~r TN
y B

that ore horizon tuffs could be distinguished vwith a high
degree of confidence from mon-ore horizon tuffs." In order

to test this practical validity of thia formula, discriminant

scores of 13 samples of Clementine area tuff (from areas
3 or more kilometers from Lucky Strike) were calculated.

The reaults show that all of these samples were sacceséfull}

- P
S N

clasesified as ore horizon tuffs. A new discriminantjfunciidn

was thus calculated including the sapples of Clementine

-

area dacitic tuff.

)

A histogram of discriminant scores, given in Pig.'7—2'
. shows the separgzién of ore horizon and non-ore horizon dacitic
tuffs. The dnta from this plot (Table 7-1) indicates that
lpvérﬂ;§203Alnd higher Mn in the ore horizon dacit;c tuffs

are significant as well as Ba 1in contributing to the

discrimination.

From these data, it is evident that ore horizon'

dacitic tuffs_;an be distinguished from other lithologically

similar dacitié tuffs with a fai;udegree of confidence eithet
b; simply comparing Ba .buadances or‘bf using n_24~e1ene;t
discriminant function. dfhe 1atter(cln be easily computed for
any nev samples using nﬂf.calculltor. The, degree of confidence
ascribéa to cla.sificatioy of unknowns can be empiricslly
defetnincd from the exi.tinﬁ test cases, TUsing i‘ nbundanc;o
Sﬁly, it can be stated that any s-gp!c in cxegl; of 1000 ppm .

‘, Ba belongs to the ore horizon, ¥ith 951 eonfidence. 0.%,3

.

L | X ¢ o ‘
‘ . d
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Figure 7-2: Histogram of discriminant scores.
Ore horizon dacitic tuffs, stippled (n = 134)
Non-ore horizon dacitic tuffs, ruled (n = 46)
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\

At L,

Table 7-1: Discriminant fuction data. Sign convention in -

Q first column; elements with positive values are
-more abundant in the ore horizon dacitic tuffs.
5 Variable Difference Of Discriminent Function Percentage Contribution
: Means Coefficents To Discrimination
reloj- —-000.863% ~1.45400 : 26.387
TiO, ‘ ~000.066% -2.12364 2.945
sio, 000.674% ~0.13161 ' 0.445
‘ Ca0 000.080% 0.71228 ' 1.189
Ko - 000. 441% 0.28694 ‘ 2.639
g : - MgO ~000.053% 0. 95599 1.050
! ¢
i M,0; -000.192% -0.37748 1.512
5 NaO . ~000.100% 0.58322 1.212
: L.0.1. 000. 0043 ' -0.23810 : 0.022
‘ MnO 000.017% , 26.66167 9.540
| 2r 005.300 ppm 0. 02850 . 3,154
: Sr 024.718 pm -0. 00462 2.387
‘ RO 015.453 pm 0.02783 8.979
Zn . 060.314 pgm £ 0.00023 0.291
‘ u ~003.152 ppm ] ‘ 0.01215 0.800
‘ Ba 988. 062 ppm 0. 00056 11.648
1 cu(s) ~006.523 pem ~0. 02070 2.8
’ Pb(s) 020.354 pm -0.01330 " 5653
4 n(s) . 033.407 pm 0.00258 1.802
w . 019.005 ppm . 0:01415 . 5.615 4
Ni -002.117 pom -0. 10467 | 4.626
Co -004.909 ppm 0.03095 ) 3.173
o ' 007.093 ppm " 0.01159 : 1.716
v ~002.971 ppm © 0.00639 0.396
S R - -




the discriminant functions, the probability of an ore horizon
sample being classified as non-ore horizon 1is 7.5Z whereas
the probability of a non-ore horizon sample being classified

as ore horizon 18 10.9%.
.

The expldration applications of this are fairly

=

obvious. Already, the stratigraphy has been re-~examined

and revised to account for two anomalous "nhon-ore horizon"

")
samples such that the member from which these come is now

.

known to form part of the ore horizon.

7.2. Chemical Variations in the Ore Horizon Dacitic Tuffs’

as a Function of Distance to Ore

7.2.1. Introduction: In an effort to further under -
stand the nature and distribution of anomalous chemical
characteristics of the ore horizon dacite, studies were
undertaken to determine whether consistent. and significant
chemical variaqtions exist with proximity to ore. If such
relationéhips could bdbe estarblished, then the distance to ore

3
~of unknown samples (e.g. Clementine area samples) could be t

approximated from observed data.

Plots of chemical variations versus lateral strati-

graphic distance to ore vere constructed for the ore horizon

dacite in two steps: 1) Plots of distance to nearest oredbody,

whether transported or in situ, and 2) plots of distance

to nearest in situ orebody (a measure of the distance to
4

centers of ore-fotming stockvork activ;ty). Plots for all




!
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elemeﬁts determined vere constructed as well as a wiQs
variety of elemental ratios which could conceivably bear

a relationship t; proximity to ore. Also plotted versus
distance to ore were factor scores for each sample as derived

in previous sections. 1In total, over 100 plots of chemical

variations as a\function of distance to ore were constructed.

7.2.2. Chemical Variations versus Distance to Nearest
Ore (whether transported or in situ): Plots «
of this nature were constructed largely to ascertain whether

widespread post-depositional dispersion of elements has

. occurred from the orebodies. Data plotted consisted of 120

samples of ore horizon dé‘;tic tuff ranging from 1 m to

2.9 km from ore. Plots cokstructed included single element
plots as well as numerous combinations and ratios of variablcs
(e.g. Cu(S)/Cu, Fe/Mn, Mg/Ca, Na/K, etc.) as well as the ™~

factor scores as determined in a previous section.

The resultant plots show that virtually no consistent
variations exist with proximity to ore (some typical examples
are shown in Fig. 7-3). Interestingly, none of the plots
of[;he scores for‘the six factors accounting for most of
the chemical variations in the dacitic tuffs show any
apparent spatial relationship to ore, e.g., chlorité after
glass and sericite after glass are not related to the ore-
forming process. However, in plots involving Ba, Pb and Zn,

samples within 50 m of ore display erratic behawvior with a
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Figure 7-3: Lateral variations-of elements in ore horizon
dacitic tuffs as a function of distance to nearest ore.
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large proportion of anomalously high values (Fig. 7-3).
'diaplays the "best" trend of all elemente withvvirtuallf

all values in excese of 100 ppm occurring within 50 m of ore.
In this regard, it 1is interesting that all samples obtained
from the thick sequence of dacitie tuffs south of the
Clementine prospect contain less than 50 ppm Zn. Unliké the
other major oxe—fo?ming elements, Cu gives no indication

of nearby ore (Fig. 7-3). It is interesting to note that

Ba also shows no relation;hip to proximity to ore and thus

the anomalous Ba content of the ore horizon is a regional

characteristic of the unit.

The "nearest ore" for most samples within 50 m,
and all samples with 10 m of ore, is mechanically transported
ore. Since some of these deposits occur beyond the limits
of significant alteration associated wifh the main stockworks,
and sihce these sampies are derived from both footwall and
hangingwall rocks, it 18 logical to conclude that small
am;unts of Ba, Pb and Zn have migrated limite; distances from
mechanically transported ores. 1t 1is also 1ogich1 to conclude
(tﬁough it cannot be proven) ghat such migrations occurred
during compaction - diagenesis when the host dacific crystal-

vitric tuffs were water-saturated and more permeable than

they were afzér lithificat%on.

t

7.2,3, Chemiecal Variations versus Distance to in situ

ore: The occurrence of mechanically transported

ore at Buchans provides an excellent opportunity to study




dispersion of ore-forming elements from massive sulphide

as all evidence indicates that wall rock anomalies can
conceivably be caused only by post-ore dispersion directly
from the orebodies. It 1is démonstrated in the pfevious
section that such dispersion is erratic and‘li;ited only

to areas within 50 m of ore. Nevertheless, it 1is possible
that other disﬁgréion processes not related to proximify to
transported ores may have acted upon the ore horizon dacite.

Dispersion patterns related to such procesées would be super-

posed upon local dispersion from transported ore.
N i

7 \

A pumber of alteration studies (e.g. papers in

Ishihara, 1974) have demonstrafed that hydrothermal activity

. ’4‘1142 )
and altekqﬁion of th{ rocks continues after massive sulphide

deposition, affecting both footwall and hangingwall rocks
alike. Such activity raises the possibility of lateral
dispersion ;f elenent; in ubconsolidated grystal-vitric tuffs
as a function of the-distance to the center of the geoth;rmal
activity. If post—dre hydrothermal activity reached the

sea vater - sediment 1nterf;cé, local sea water may, be
slightly'enriched in ore-forming constituents which may
subsequently be adsorbgd on to clay minerals or deposited
syngénetically. Such processes could yield.widespread

anomslies whose intensity would presumably b) some function

of distance to the hydrothermal center.

Yn order to test such possibilities, chemical

variations of dacitic tuff samples vere plotted as a function

e o T AR EUA WR de e L YR
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of distance to in situ ore, In order to eliminate local
dispersion effects from mechanically transported ores, all

uanpl&s within 50 m of transported ore and displaying evidence ~

of enrichment related to their proximity to such ore were:

fi
i

eliminated from consideration. Samples in this study range

from less than 100 m to more than 3.6 km from in situ ore.

A

The results of these plots are‘similar to the
i -
results of the previous section. No meaningful consistent
trends are visible for any element, element ratios. or for

the six factors causing the bulk of the gebchenical variation

in the dacitic tuffs. Typical results are shown in FPig. 7-4.

Previous work by the auth;r (Thurlow, 1973) 4in
the immediate vicinity of the orebodies showed ‘that there
were no visible trends across stratigraphy within dﬁcitic
tuffs except within 30 m of ore., The results of this work
appear to show that there are correspondingly no consistent

lateral trends relating to the presence of ore.
7.2.4. Discrimiant Scores as a Function of Distanm el
to Ore: The discriminant function which
effectively'separates ore horizon‘dacitic tuffs from non-
ore horizon dacitic tuffs did.not yield a perfect 100X-sgepar-
ation. - A number of samples of ore horizon wvere effectively
“misclaaaif&ed" as non-ore horizon d;citic tuff (see Section

7-1). 1In checking which samples were misclassified, it wvas

noticéd that some of these vere samples relatively remote:
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from oie; i.e., several hundred meters or more. Plots were

T ] constructed (Fig. 7-5) to determine whether in fact the ore
horizon dacitic tuffs actually become chemically more like

0 non-ore horizon dacitic Butfs with incf?asi?g distance
e

PP

from ore. The diagrams shov no obvious t¥end but, with .

dacitic tuffs become slightly more like non-ore horizon tuffs

,with increasing distance from ore. If one could prove

© A P e AT

this more éonvincingly, it would be possible to state that
o

the anomalous chemistry of the ore horizon dacitic tuffs

-

is indeed related to the presencecof ore.
- .
)

t o

7.3. The Cause of the Ba Anomaly in Ore Horizon Dgg}f}qugffs

The anomalous Ba content of ore horizon dacitie
tuffs 1is tﬁe most important geochemical distinction between
the ore horizon and other similar horizons through;ut the
Buchans_Group.‘ Some pegtinent facts reéarding the distribdtion
of Ba, as outlined in previous sections are: \\
1) Ba in cogenetic rhyolite is controlled by K,0 distribution
(cqrrelagion coefficent = ,87)
A_‘ 2)‘ Ba in other Buchans Group dacitic tuffs is also }argély

controlled by K,O0 distribution (correlations coefficients

2

_for three such felsic units are .62, .46 and..58)

s

3) Ba in ore horizon dacitic tuffs shows no correlation . t. .

[y

with.KZO (correlation coefficient = ,02)
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Figure 7-5: Lateral variations of discriminant scores iﬁ ore
horizon dacitic tuffs as a function of distance to




Barium variation is apparently not related to any of
the major post-depositional chemical changes that have

affected the dacitic tuffs.

. These criteria seem to suggest that Ba in the ore
horizon tuffsé-amen enriched by a unique process. Though
it cannot be proven, {t is reasonable to suggest that this

_process might have some connection with the formation of’ the

.

barite-rich orebodiés .

In an attempt to identify the cause of the Ba
anomaly a number of ore horizon and non-ore horizon dacitic,
tuffs wvere examined under the scanning electron mici‘oprobe.,j

,The following observations were recorded: .
' e

B.a is évenly and randomly distributed in non-ore horizon
taffs both in ‘plagioclase and altered sericitic matrix
glass | l '
Ba has two modgs' of occurrence in sgmples of ore horizon
tuffs: a) evenly and randomly distributed, as above and
. 5) "as tiny isolated c'on‘centrationb {
The..iso_lated concgntrations. ‘are c'Omp’o_sed of’_é Ba and
sul‘;hu;—ﬁearing, minera.l‘; ﬁrobilt)'iy barite ‘
The 1solated concentrations occur: a) as specks ;n

matrix glass, b) as inclusions? in plagioclase, c) 1in .

small fractures in quartz, plagioclase and amphibole

crystals (these relationships are schematically shown

in Pig. 7-6), ) : ‘k ‘ : ’ o
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Figure 7-6:

Schematic diagram of thin section showing modes of occurrence of barite in ore

horizon dacitic tuffs as determined from electron microprobe scans. Plagioclase
(P), quartz (0), and hornblende. (A) sit ‘in matrix of glass shards altered
to sericite and chlorite.




It 18 evident from the above that the barium

anomaly 1in the ore horizon tuffs 1is likely cause& by

trace amounts of very fine grained disseminated barite.

The origin of this barite is enigmatic. e
Any model must explain the widespread distribution of barite
throughout the ore horizon with no apparent enrichment except
very close to ore, take into account tl;e extreme insolubility

of barite In sea water, and account for the lack of a concom-

{tant base metal anomaly.

Many of the ore horizon tuffs were deposited from
subaqueo_us pyroclastic flows which locally contain minor
concentrations of sulphide and barfite clasts and grains
(see Section 4.5,1.). Such clasts occur in the ore horizon
at distances exceeding 4 km from thie nearest known in situ
deposit. It is very probable that, in addition to the visible
clasts, microscopic barite and sulphide were also transpor\ted
and homogenized by these density flows. Once emplaced, the
sulphide and barite grains and clasts were distributed through-
out porous tuff in contact with matrix sea water with a
temperature, Eh and pH probably similar to thaf ot; ambient
sea water. Compaction of the unit would result in a slow

upwvard movement of sea water through the unit.

v

Sea water is a powerful oxidizing electrolyte
capable of attacking and breaking down the common sulphides
pyrite, sphalerite, galena and chalcopyrite. Constantinou

(1976) has described several of the Cyprus orebodies as being







4in an advanced stage of leaching due to oxidation by sea

water. Complete destruction of the ores was prevented by

-

deposition of the ochre and overlying pilloJ lavas. It is

likely that the Buchans ores were subject to the same
attack, though almost immedfate burial by thick pyroclastics
would have halted this process at a very early stage. It 1is
l1ikely that the base metal anomalies recorded within 30 m

of transported ore are related to this process combined with
simple expulsion of matrix water and possible electro-

chemical dispersion as described by Sato and Mooney (1960).

Tiny sulphide grains and larger clasts throughout
the ore horizon pyroclastics would alsoc have been subject
to this relatively brilef period of :xidation. Conversely,
barite would remain stable. It is proposed that the barium
anomaly and lack of assccilated base metal enrichment in the

ore horizon pyroclastics is related to this process.

This proposal finds support in field evidence.
Many of the larger sulphide clasts display a dark sooty
margin which merges into the host pyroclastigs (Platg 7-1).
Smaller Pb-Zn grains in tuff commonly have a thin, anomalous,
blue-grey halo. Instances of anomalous blue-grey specks

~

»with no visible sulphide are common in several areas. The
. 4
matertal sampled in. this study contained wone of the above.

features and thus may Tepresent the co.ﬁletewrenoval end

member of this process,
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CHAPTER EIGHT s

SUMMARY AND EXPLORATION APPLICATION

8.1. Summary of Thesis i

The purposes for undertaking this sthdy, ags out—
1ined in Chapter 1, have been largely achieved though many

old and new questions remain unresolved.
3

The relationships of the Buchans Group to adjac-
ent rock units has been newly established in some cases,
and clarified in others. The superposition of the Hungry
Mountain Complex upon the Buchans Group by southeastward-
directed thrusting has been established and the signific-
ance of thrusting within the Buchans Group has been
documented. The recognition of thrusting has resulted
fn the establishment of a new stratigraphic succession
based upon indisputably conformable contacts. A plausible

plutonic equivalent of the Buchans Group volcanics has ;

I been identified and suggested as a source for the enigmatic

granitoid boulders within the Buchans Group. The peralka-

|
i 1ine nature of a large part of the Topsails Granite has
I

been recognized and the fntrusive relationship with the
i .
i Buchans Group of all phases of the granite and related
i

gabbro has been clarified.

Study of the Buchans ores hae resulted ‘in a

.genetic model comprising stockwork, in situ and transported
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ores. The lattej/ure particularly well developed and
prenérved at Buchans. Their nature has been documented
and their origin iﬁterpreted as a result of brecciation
at source, transport downslope in paleotopographic
channels by gravity-driven dgbria flows and preferential

deposition in depressions.

Whole—-rock chemical analyses of unaltered Buchans
Group volcanics was undertaken largely to determine whether
this geochemical approach has exploration applications.
It has been shown that Buchans Group volcanic rocks
are similar in chemical abundances and variations ;o other
calc-alkaline wvolcanic suites. There was apparently
little chemical evolutiom in Buchans Group flows through
the stratigraphic column and flows within the ore horizon
sequences are essentlally similar to their counterparts
elsewhere in the Buchans-Group. Study of flows and cogenet-
ic pyroclastics st various stratigraphic horizons has
indicated some chemical differences between these groups,
probably due to greater permeability of pyroclastics
during diagenesis and metamorphism. Ore horizon pyroclas-
tice are chemically similar to those at other stratigraphic
horiz;né and show no anomaly related to mineralization

with the exception of anomalously high Ba concentrations

in the ore horizon.

g
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The major causes of geochemical wvariations in
the oré horizon pyroclastic rocks have been quantified by
factor analysis and slown to bear no relationship to
mineralization. A vaijﬁxfﬂoi other elemental abundances
and ratios within unaﬁ(gpéd ore horizon pyroclastics

similarly show no relationship to ore, whether in situ

or transported. Erratic base metal anomalies are present
in ore horizon pyroclastics within 50 m of ore and appear
to be the result of clastic concentration combined with

chemical and electrochemical dispersion.

N N mv—— -

The anomalous abundances of Ba im ore horizon

pyroclastics is a regional feature vhicﬂ provides a means
of dist}nguishing ore horizon pyroclastics from similar
l1ithologies at other stratigraphic horizons. The Ba
anomaly-is caused by microscopic barite uﬂich wvas widely

distributed.b* subaqueous pyroclastic flows which transport-

T ool R A 4 e e i AR, 4 Smrm TS

ed most ore horizon pyroclastics.

8.2. Exploration Applications

4

Assuming that no ore remains wndiscovered within
the depth capability of current geophysical technology, then
geological observation, 1ntbypretation and application
is the most poverkul exploratign Hool at Buchans. (This

statement is substantiated by the recent discovery of

the MacLean Extension deposit.) An understanding of the

\ ' .
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etfatigraphy and of the myraid of new exploration possibil-
ities posed by thrust faults 1is essential. A detailed
knovleage of the nature and distribution of significant
lithologies, alteration and pnléotopogr-phy in the vicinity
of the known ores 1is a prerequisite to effective exploration.
Recognition of analogous lithologies and alteration in

new exploration areas constitutes an important exploration

lead.

’

Rock geochemistry, as studied in this thesis,

has‘only limited exploration application. The relatively
fresh rocks of the Buqbans Group provide an excellent
opportunity to determiﬁé whether geéchemiqally‘anomalous
conditions existed 1in roéks which are not anomalous in
hand specimen. The anomalous Ba content of ore horizon

,

- pyroclastics 1s a regional feature related to the presence
of ore ;nd serves to distinguish pyroclastics which host
mineralization from those which do not. Accurate rock
analysis for Ba 1in the Buchans. and Roberts Arm Groups,

and thelr correlatives, should be seriously considered as

a viable reconnaissance method of identifying potentially

mineralized felsic volcanic horizons,

Previous work by the author (Thurlow, 1973;
Thurlow, et al,, 1975) showed that altered rocks of the
Intermediate Footwall were depleted in N-zo. Ca0 and xzo,

and eunriched in 8102. MgO and many trace elements. These

e
t




results are typical of many massive sulphide terranes
(see Table 1-1). The application of these parameters

in exploration has become widespread, especially in aress
vhere subsequent deformation and metamorphism have masked
the appearance of altered rocks, However, at Buchans,
the relatively pristine condition of the rocks makes

even incipient stages of alteration evident in hand specimen.

A problem more common than identifying alteration
at Buchans 18 the significance’of the recognized alteration.
The experienc?d eye can identify some alteration types as
having no economic importance. Hove?er, some instances

n

of interesting alteration occur ;t horizons known to be
barren and there is at 1eas£ one instance of alteration of
uncertain significance in ore horizon pyroclastics. A
fruitful line of future research would be an integrated
mineralogicai and geochemtcal study of clay mineral
slteration related to ore as compared to alteration at the
known barren horizons, This type éf study may provihe an

important means of assessing instances of alteration of

uncertain stgnificance.

. e
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APPENDIX I

Classification of Plutonic Rocks (after Steckeisan, 1976)

- Fig. 1a. General classification and nomenciature of plulonic rocks according Lo mineral
content (in vol. %).
Q+A+P=100,0rA+P+P=100
la, quartzolite (silexite); 1b, quarta-rich graniloids; 2, alkali-feldspar granite; 3, granite; 4,
granodiorite; 5, tonalite, 6%, quartz alkali-feldspar syenite; 7%, quartz syenite; 8*, quans
monzonite; 9°, quartt monzadiorile/quartz monzogabbro; 10°, quartz diorite/quarts
gabbro/quartz anorthosits; 6, alkali-feldspar syenite; 7, syenite; 8, monzonite; 9, monzo-
monlelmonxoubhro 10, dnornulubbmlunoﬂhonle. 8 fond-bunn; alkali-feldspar syen-
ite;' 1°, foid- bunnx syenite; 8', foid-benring monzonite; 9°, foid- bearing monzodiorite/
monzo;-bbm. 10°, fond-bunn( diorite/gabbro; 11, foid syenite; 12, foid monzosyenite
(syn. foid plagisyenite); 13, foid mourodioriie/foid monzogabbra (essexite = nepheline
montodiorite/monzogabbro); 14, loid diorite/loid gabbro (iheralite = nepheline gabbro,
teschenite = analcime nbbm). 15 foidolites; u ultumnﬂc plutonic rocks (ulu-m-mol-
ies)




(iv) Analytical Procedures « Trace elements

APPENDIX II

FIELD AND LABORATORY METHODS

1) Sample Collection
(11) Sample Preparation

(111) Analytical Procedures - Major elements

(1) Sample Collection .

A small (less than 1 kg) reference sample was
collected from almost all outcrops visited. The decision
to take larger samples for geochemical analysis was based
on a number of factors, 1.e., tﬁe stratigraphic and aerial
coverage desired, suitability of the lithology for geochemical
analysis and accessibility of the outcrop. Samples taken
for geoch;micgl analysis ranged from one to five kilograms
(varying with sample grain size) and were collected with a
3 kg sledge hammer. Visibly altered samples were not collected
unless the alteration was characteristic of the area or the |
specific unit sampled. Similarly, samples were not collected
from outcrops displaying lithologic heterogeneity, deep
veathering, secondary veining, abundant amygduies, etc.
Where pillow 1;va wag sampled, care was taken to ensure
that no selvedge or‘interpillow material was included.
Samples were trimmed of weathering as best as:possible

in the field and remaining weathering was removed with
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the diamond saw at Buchans. All field samples, regardless
of weathering, were slabbed with the diamond ssw in order

to macroscopically assess their suitability for analysis.

The philosophy governing sample collection\T?om
core was similar to that in the field except that weathering
was not a factor. The visual assessment of the suitability
of core samples for geochemical analysis was bdsed on a
number of factors; Sections of core containing veins,
alteration or sﬁlphides were not sampled. Some sections of
core contain a visible sheen of steel (or rust) derived
from abrasion with the core barrel during drfl}ing. Samples
were not taken from such sectiouns. Core ssmples taken ;ére
deemed to be representative of the section of core under
study. Sampling AI felsic pyroclastic rocks ;aa especially.
critical as these rocks were kno;n to best distinguish
between mineralized and b;rren sequences (Thurlow, 1973).
Pyroclastic rocks sampled vere fine grained (1-5 mm) and
homogeneous. Crystal-vitriec tuff;_(the most widespread
pyroclastic type) wvere sampled in preference to other
types such that texturally and mingralogically similar
lithologies were being geocheuicali& compared. ;yroclastic

rocks contsining numerous lithic ftagngnts vef: not sampled.

. In general, diamond drill core allows a better

visual estimation of the suitabiltty for analysis than does

outcrop and also pro¥ more exact ltratig}aphic positioning.




k3

Por these Teasons, core samples vere analysed in preference
to surface samples where both were available from- the same

stratigraphic unit in the same areas.

(11) Sample Preparation

Samples selected for analysis wvere ﬁashe_dl logged,
dried and put into clean bags before crushing. One half to
two thirds of each sample was subjected first to a coarse
ctush", then a fine crush on a Denver steel jaw crusher.

The crushed samples were rolled, quartered and placed in

/

,/glass jars to await pulverizing.

’

Pulverizing was effected Sy two different methods.
" Those samples prepared during the previous study (Thurlow,
1973) were pu’lvefized in alumina ball mills by a method

-
described by Thutlow (op. cit.).

Additional samples prepared during the present
study .vere pulverized in a Temz swving mill with a tungsten
carbide 1liner. Approximately 50 grams of sample was pulver—
1zed for two ginutes which yielded a powder of minus 200 mesh.

. g
Contamination during sample reduction is inevit-

able but all possible efforts were taken to ensure that it

was minimized. Samples were ordered according. to lithology

before crushing and pulveriziﬁg to ensure that the effects

of inter~sample contamination wvere minimized. Samples




containing sulphides were crushed and pulverized after the

g = s ey

sulphide-free samples. After each sample was crushed,

the removable jaw of the crusher was taken off and the
entire appartus was brushed and blown clean with compressed
air. The internal parts of the swing mill were scrubbed
with water after each sample was pulverized. Pulverized
samples were stored in new glass jars. Care at all inter-
vening stages of the crushing and grinding procedure ensured

that inter-sample contamination was negligible.

Contamination from the crushing and pulverizing
apparates is inevitable. The removable steel jaw of the jaw
crusher at Buchans was weighed prior to, and after crushing.
The jaw weighed 12 grams less after 625 samples were crusheéd,
an average contamination of approximately 20 ppm steel per
sample from that jaw. Alumina contamination from the alumina
ball mills used for pulverizing'was determined by a similar
method and found to be approximately 0.17 A1203 per sample.
A>s tunisten was not determined in the present study tungsten

carbide contamination from the Tema swving mill was not

estimated.

.

(111) Analytical Procedures - Major Elements

All major elements were determined by the author
using a Perkin Elsmer 303 atomic absorption spectrophotometer

equipped vith a recorder readout. The digestion technique

vsed was similar to that described by Langmhyr and Paus (1968).
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Exactly 0.1000 g of sample was weighed and placed in a poly
carbonate digestion bottle. Digestion was effected by ‘
addition of 5 ml of concentrated HF and heating on a wvater
bath for 20 minutes. Samples were subsequently cooled

and 50 ml boric acid added to complex undissolved fluorides.
Pollowing a second heating, samples were diluted with 145 ml
distilled and de-ionized wvater. Standards wvere prepared

in a manner similar to that described by Abbey (1968).

Calcium ‘and magnesium were determined using a
air;acetelyne flame by adding a lanthanum oxide - HC1l solution
to supress iﬁtérferences by aluminum. Phosphorus was deter-
mined by a c.olormetric method similar_to that described by
Shapiro and Brannock (1962). Loes on ignition was determined
by heating a known weig;lt of samplre_‘:t 1050°c for 90 minutes

t.
and measuring the weight loss due td escape of volatiles

(principally HZO’ co, and SOZ).

Precision of major element analyses was deter-
mined by choosing a sample of intermediate composition and
preparing solutions of this sample at intervals throughout
the analytical p‘eriod. The results of thirteen such rums

are as follows:
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PRECISION OF ATOMIC ABSORP.TION MAJOR ELEMERT DETERMINATIONS

: Number Of Mean Standard Coefficient of
Flement Determinations (Weight Z) Deviation Variation (%)
5102 : 13 65.4 .82 1.25

T10, 13 - .40 .01 ' 2.50
A1203 13 14.29 _ .21 1.47

Pe, 0 : 13 4.59 .10 . 2.18

273
’ &

MnO 13 .11 .01 9.09

Mg0 13 1.71 .03 1.76

Ca0 13 3.47 .05 1.44

Nazo 13 1.88 ’// .03 : 1.60

K20 13 3.40 .05 1.47

P,0, ) 13 .05 .03 60.0

Loss Ig. 13 . -3.89 .14 3.60

Accuracy was determined by comparison to the U.S.

G.S. standard BCR-1. he results of five analyses are as follovws:

-

ACCURACY OF ATOMIC ABSJRPTION MAJOR ELEMENT DETERMINATIONS

v i

. . ‘Mean Standard
wt. F4 A% (Weig}t ) Deviation
s10, 54.85 . 55.38 0.37
T10, 2.22 235 0.18
A1,0, 13.68 13.50 0.27
Fe,0,  13.52 13.00 0.28
Ca0 6.98 6.63 0.07
MgO 3.49 3.57 0.06
Na,0 3.29 3.23 0.05
K,0 1.68 1.73 0.05
MnO 0.19 0.18 0.01




*Proposed values after Abbey (1975).

(i1v) Analytical Procedures - Trace Elements

!Rock chips sent to the ASARCO laboratory at

Salt Lake City for trace element analysis were ground at
-50°C to prevent loss of Hg vapour. Hg was subsequently
determined on a modified Perkin Elmer 303 using a flameless
method. Zn, Mo, Cu, Pb, Ni, Co, V and Ag were determined
by conventional atomic absorption methods using a back-
ground correction for non-specific absorptibnv(L.D. James ,

personal communication).

Precision of trace element analyses were deter-
¢
mined by replicate analysis of every tenth sample. The

results of the precision test are as follows:

PRECISION OF ATOMIC ABSORPTION TRACE ELEMENT DETERFINATIONS

. Number of Range of Analysed Average Coefficient
Element Determinations Samples (ppm) of Variance (5)

9700 2.39
23000 5.30
115000 4.74
124 14.57
140 » 4.37
3466 (ppb) 11.21
48 3.35
80 1.74
520 : 6.31

Cu 25
Pb 23
Zn 26
Mo 9
Ag 12
Hg 24
Co 24
Ni 26
v 23

QO O N &~ O W O = BN




Rb, Ba, S5r, Zr and Cr were determined at
Hegorial University by X~Ray fluorescence. Ten g of
sample powder was mixed with 1.3 g of phenolformaldehyde

binding agent and pressed into a 40 mm pellet at 25 tons

pressure.

Precision and accuracy data are as followe:

PRECISION AND ACCURACY OF XRF TRACE ELEMENT ANALYSES (13

DETERMINATIONS, SINGLE PELLET, W-1)

Accepted* Standard :
Element Value Mean Deviation Difference

Zr 105 " 98 2 -6.7%
Sr ‘ 190 6 -0.5
Rb 21

Ba

Cr

*Abbey (1975)




SAMPLE

——————-—_’—————---———————_-——————-——---———---—-—--—————

—-— - -

3-1

FOOTUWALL BABALT FLOUS

MAJOR ELEMENTS (WTX)

JGTZ75139

J6TZ75219

9761479

————__‘.._..._..__-_---——.--.-—-_.-___._-_-_--—-.—-—-—.—_-----————-—_.—

Ir
Sr
Rb
in
Cu
Ba
Cus
PbS
InS
BaS04
Pb
Ni
Co
Cr

| Ag
Nb

92
343

92
63
435
54

12

39
335
27
144
1935

18

77
223
13
35

441
16

13
48
17
231

478
178




FOOTUALL BABALT -~ ALTERED MAFIC FLOWS

MAJOR ELEMENTS (UTXI)

SAMPLE JBT?3134 SK-3 359 £42 350 542 423 14842449




FOOTWALL BASALT - MAFIC FRAOHENTALS

MAJOR ELEHENTS (UTX)

SAMPLE D42 78 5421080 035421159 5421225 05421338
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FOOTHALL BASALT - MAFIC FRAGCHMENTALS

MAJOR ELEMENTS (WTX)

52.48- - . 44.58
.78 .99
16.28 20.69
19.78 14.41
A2 .16
4,12 5.96
6.24 5.19
1.89 2.14
1.92 2.39

TRACE ELEMENTS (PPM)

- o . - = " D R NP D S AR S S R Gk SE e W WS R W R S G e R e S e A Ew e e e P e —— -

ir
Sr
Rb
In
Cu
Ba
Cu$S
- PbS
ins

Pb
Ni
Co
Cr
v

He

0

Ag
Nb




FOOTUALL BASALY - ALTERED MAFIC FRAGMENTALS

MAJOR ELEMENTS (UTZX) ‘

BAMPLE  $2821225 542 775 5421875 035421575 63421625
8102 31.99 59.98 42.18 31.00 42.59
1102 .37 .36 .83 .77 .65
A1203 8.25 18.89 14.63 13.27 11.39
Fe203 5.47 16.67 9.52 6.34 _ 15.24
* Mno .29 .24 .17 A5 .20
K30 3.62 4.22 6.81 S.64 3.16
Ca0 27.48 1.22 13.38 26.79 12.58
‘Na20 1.22 1.82 2.29 1.13 .85
K20 .43 .96 .65 .94 1.29
LO1 21.60 6.48 9.39 26.29 12,18
TOTAL 198.46 96.88 99.68 160.34 99.79
it heeahit e SoTRToTTITTTITITTTT juluiaiehii
TRACE ELEMENTS (PPM)
Ir 36 52 e8 98 57
sr . 121 61 285 194 101
Rb 19 29 18 29 34
In’ 78 125 87 75 77
Cu a4 33 86 39 31
Ba 129 2018 285 285 A3s
Cus 29 27 28 21 29
PbS 24 19 s 15 13
InsS 17 19 8 14 6
BaS04 ’ s .
Pb 1 15 44 38 a0 .
Ni 36 ] 51 28 47
Co 28 42 33 33 27
cr 76 58 171 185 18
v . 143 161 278 298 148
Hg © a3 15 8 21 19
Ag 15 ] 15 13 14
Nb




" 346

FOOTWALL BASALT - ALTERED MAFIC FRAGMENTALS

MAJOR ELEMENTS (WTX)

Ti02
A1203




FOOTWALL BASALT - ALTERED MAFIC FRAGMENTALS

MAJOR ELEMENTS (WTZ)

§102
7102 ‘ «63
14.18
8.04
.11
1.76
19.846
2.59
1.13

38 93 69
152 Al 253
a T 27
64 - 87 59
21 54 91
669 239 125
11 43 77
11 7 17
3 9 15

)

29 3s 2%
56 97 AS
28 44 26
164 127
276 248 298
23 23 33
11 10 ’
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FOOTWUALL BASALT - ALTERED MAFIC FRAGMENTALS
N MAJOR ELEMENTS (UTX)
. .
SANPLE 14938259
8102 36.79
F A1203 11.67 B «
| _ Fe203 7.25 - : ‘
Mno Y N
30 1.65 :
Ca0 21.39 et
N220 2.34 L5
K20 2.81 @
Lol 16.80 <. : J
TOTAL  198.54
................................................. mmeemmeens
TRACE ELENENTS (PPM)
e e e LT T ---
Ir 82
Sr 28
Rb 59
- IZn . 49
Cu 22
Ba 327
Cus$ 15
PbS 9
Zns )
. BaSO04
Pb 19 ,
N, 37 : .
Co 13 ¥
Cr 123
v 16 “
Hg 14
Ag 2
Nb ‘ »
a - \}
. .
W .
.
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‘i : '
r%\ Foorgﬁh; BASALT SEQUENCE - RHYOLITE FLOWS '
ﬂ | NAJOR ELEMENTS (UTZ) E ;
‘ BAMPLE  JGT 1483 ) : i
8i02  77.38
, 1102 ° RY)
R - . A1203 11.40
' Fe203 2.28
. * NnD ' .83
ny0 . 1.82
Ca0 16
N320 4.49
K20 .50
. LOI 1.58 :
N .— ...... "—r‘-"'""‘------------—------------_"‘--—--—-'-- ---------
e TOTAL - 99.58
"""""""""""" CoTTTTTTTTTTE T T T |
TRACE ELEMENTS (PPM) ;
3 ir 125 ' ;
sr “72
. Rb 1
In 39
! ! Cu 1 ”
Ba 69
p Cus 1
e Pps 3 .
ing 1
Ba504 s )
Pb 6 .
) T 3
. Co 13 N
Cr it -
v 8
Hg .
Ay
N Nb 6
¥ . : |
" '
. . ‘
5 ) e
! \ =~
\
»




3-10

BASALT FLOWS BELOW PROMINENT QGUARTZ SBEQUENCE
(P ' HAJOR ELEMENTS (WTX)

BANPLE 21831326 2828 1353

5102 45.38 46.70
7102 1.94 1.2
A1203 16.61 16.75
Fe203 9.38 9.90
HnO .14 .29
K90 9.36 8.59
Ca0 11.55 19.35
Na20 1.85 2.09
K20 .12 1.15
LO1 A.09 3.10
TOTAL 99.35 99.94

@ E— e M S T e A S - T S M e G 4R D em R EE G A A M e . M A A e e e 4 e e A e e A G e SR M D e e G T e S -

ir . 73 57
Er 148 158
i Rb 2 22
- In S8 52
Cu 78 54
Ba 14 276
Cu$s 135 53
Pb$S 28 62 ]
InsS 29 18
BaSO04 [ ]
Pb 28 92
Ni 133 38
Co t 14 35
- Cr 137 2358
v 12% 1348
Hg
Ag
Nb 1
;
9




3-11

ALTERED BASALTIC FLOUS BELOU PROMINENT QUARTZ SEOUENCE

SAMPLE

e - - - - — . WD = = Y o o S e v e S T MR T e o dn e b e S S

_-__--——_--___-—-—_—_._._-____-—_...-___-.__—_—--_..u----—-——---—

---—--------—-_-————_—___-__..-..—_—.—_——___..._-—_--_-_—__.____._..

MAJOR ELEMENTS (UTX)

2847 143

49.68 .

.91

15.24
19.95

<16
8.83
4.69
4.835
.89

144
166

136

97
19
14
26

33
27
31
154
2685

rE

SN e




FOOTWALL ARKOBE SEQUENCE - DACITIC TUFFS

SAMPLE

e et e o o - S G S M A M SR M G e e e G S M T e T T e e - en e o R S e e R R S e

- 3-12

MAJOR ELEMENTS (MNTX)

J6173216

R1-5 153

148
248
192

41

98¢

-
Ao WM NS MO &

12

PR TS




3-13

WILMY’S BEQUENCE - FLOWS
HAJOR ELEMENTS (UTX)

SAMPLE JBT75243 JGT735387 724 383 2622 68 2622 33

59.29
.84
15.38
6.14

N

-
BN IN

-
(7]

1
3
1
8
14
1
1
8
]

-
N




3-14

- "WILWY’S BEQUENCE - FLOUS

NAJOR ELEMENTE (WTZX)

SANPLE 2622 345 _ . # '




3-15

PROMINENT QUARTZ SEGUENCE - RHYOLITE FLOWS

MAJOR ELEMENTS (W12)

§QHPLE 19402111 2890 242 2185 177 2733 583 2762 181

- - - -—— - - ——— - W A AR MR A R M e M N G e e R U e e M e SR G W B PR mm e Ov T e e kW

67.890
.43
12.43
4.74
18
1.31
2.96
2.68
2.32
4.26

- on - = R am ' o - - i = - - v = P o = e - - o - v -

5402 74.80 £9.38
T102 .26 .35
A1203 11.54 13.53
Fe203 . 1.73 4.0
" ¥n0 .04 .85
kg0 .64 1.49
C=0 1.0 2.57
Nz20 2.42 2.99
K20 4.22 3.57
Lol 1.89 2,19
TOTAL 100.45 166.06

- > . am - o= - -l —— . D W A . M e A v - e ae M e Sv e S e

Ir 154 149
Sr b4 ] 143
Rb 1 43
CIn 28 37
Cu 1 1
Ba . 1216 662
CuS N 3
PbS 23 23
Zn$ 16 12
Ba504 ’
Pb 12 [
Ni 3 b
Co 22 19
Cr e 1
v 19 58
Hg
Ag
Nb
/

o T
H

i D

;.%ﬁ{j“




3-16

WILUY’S8 SEQUENECE - DACITIC TUFFS

MAJOR ELEMENTS (WTZ)

SAHPLE JGT75198 718 37 2622 242 26468 747 2754 728

67.98
.33
13.13

3.8
.88
1.25
T 3.09
2.66
2.48




WILUY S SEQUENCE - DACITIC TUFFS

MAJOR ELEMENTS (UTX)

SAMPLE 2769 219 2777 SAS 2889 311 BB 229 BB 232

- s R e WD G AR R e o o o = -

1.00
3.51
2.51




‘3-18

L)

WILUY’S SEQUENCE - DACITIC TUFFS
MAJOR ELEMENTS (WTZ)

SAMPLE BB 2456 BB 247 BB 237

. (4
8102 49.49 69.18 76.98
Ti02 .28 . .32 - 14
A1203 13.721 14.435 11.43
Fe203 4.11 4.48 1.39
© Mn0 .83 .87 .83
Ha0 1.29 1.37 2.63
Ca0 2.93 2.84 -50
N220 2.94 '3.9335 .31
K20 2.73 2,73 3.29
Lol 2.79 2.88 3.48
TOTAL 99.26 101.83 1808.04

----_--—-——____.-_......—_-.—__—-__.—_---—-.___-__.._——‘__-_--——_--.

Ir 154 147 111
8r 178 . 217 69
Rb . - &7 34 1
In |

Cu

Ba 558 648 482
*Cul

b8

Ins

BaSO04

Pb

Ni .

Co - ;
Cr 13 13 g

Mg
Ag
Nb




| 3-19 X
PRONINENT QUARTZ BEQUENCE - DACITIC TUFFS , ;
MAJOR ELEMENTS (WTX) |
| SANPLE 1988 85 1948 217 1969 233 2098 35 2498 527
. 5102 48.88 64.70 68.68 69.79 63.99
; 1102 .28 Y .41 T Y
‘ A1203 14,89 15.58 14.45 13.76 15.40
. Fe203 3.69 4.45 3.586 3. 64 S.46
Hno .13 .85 T .97 .64
Hgo 1.5% 2.82 1.11 1.08 3.37
Ca0 2.87 2.95 3.82 2.61 1.48
Na20 2.59 2.24 2.82 3.42 1.63
; K20 2.264 2.78 1.67 1.94 3.96
; Lol 4.08 Y 2.99 3.18 3.40
1 TOTAL 99.38 99.62 99.49 99.54 99.29
TRACE ELEMENTS (PPM) 3
H CZr | 99 178 158 153 140 !
: 8r 9 144 199 19 177
Rb 53 66 46 46 143
In 227 63 29 3s 23
Cu 1 2 1 1 A
Ba 663 . 513 469 482 923 ,
Cus 9 9 4 1 5 ]
PbS 19 19 12 22 "
Ins 31 ‘ 23 7 " 17 13
BaSO4 8 . : ,
. PE 1 11 4 7 1
s T M T 6 ? 4 é _ 7
R - Lo 16 19 19 17 15
; O 11 16 - 12 12 16
v T 15 50 30 1
Hs \ . R
Ag v
Nb 12 ]
£ 5
L
L , .
4
. E)
4
- e A e g = . o . .-




PRONINENT QUARTZ SEQGUENCE - DACITIC TUFF8

HAJOR ELEHENTS (UTZ)

SAMPLE 2561 234

8402 74.28
Ti02 .34
A1203 12.29
Fe203 2.57
MnO : «03
LX: 1Y V.43
Ca0 1.58
Na20 ° 1.48

3.76




.3-21

PROMINENT QUARTZ SBEQUENCE -~ DACITIC‘TUFFS

KAJOR ELEKENTS (WTI)

SAMPLE 26660048 26660200 266468300 266608339 26660475

.32
14.889
2.04
.92
.93
3.5%
J.14
1.32




[

PROMINENT QUARTZ SEQUENCE - DACITIC TUFFB8

SANPLE

322,

MAJOR ELEMNENTE (WTX)

"68.28

.28
14.85
2.23
.93
"1.38
2,18
3.83
1.67
3.00

72.19
.24
14.97
1.88
.83
1.63
2.71
3.2¢
1.54
2.49

75.49
29
12.71
1.82
«835
2.31
1.17
1.87
2.48

26660600, 26668723 2646469850 2680 267

U e R R R

28311473

- e - —— - A . A - vh M WD i e A S S W RS WM MR R YR Mm Am R e R Gm W e M SR am e e e

- N .
BOUEHNDNGCGE SN

126
233
- 38
13

3
479
. 1

—
~N

~
L eNNE =N

. i ESmaR r




3-23

- ~,

PROMINENT QUARTZ SEQUEMNCE - DACITIC TUFFS

SN I : ) MAJOR ELEMENTS (YTX)

SAMPLE .283119335 28368 43

7102 . .4" 052

A1203 - 14,38 14.27

Fe203 4.76 3.98 P
° HWn0 -85 .85 ’

130 .96 1.59

Ca0 | 1.68 3.49

Nz20 2.9 2.73

K20 3412 ' 1.43 ’ .

v . — e B - ST e T e M e T o e e e = e = = o - o - . ——

- - - o am o 4 G G = T e e e e o e - . e e e = - ek - = e s e e . ——




3-24

R R

ekt

PROMINENT GQUARTZ BEQUENCE - TUFFACEOUS SILTSTONE

= ’ .{_—E—M‘ ";a\

MAJOR ELEMENTE (WTZ)

TR

SANPLE 26661850 084914625 98691658 08B6&F1740 £B671830

.18
12,47
1.31
.93
2.29
53

..39
3.28

e O T G, T,

-]
N = AN O =
A= NN -

N N .
NP = =t O = o




3-25

FROMINENT QUAKTZ SEQUENCE - TUFFACEOUS SILTSTONE
i . MAJOR ELEMENTS (WTX)

j . SAMPLE 266680150 24668908 98691477

_..._..---.-—.--..—.—_'_—_____-__..-_--——----_-..--------—_-_._—-.-_-—.-

8402 70.48 47,79 64.60 .
1102 A8 .99 YY)
A1203 14.18  17.44 14.79
Fe203 1.78 10.88 4.78

* Hn0 .98 .28 .31
Ng0 3.43 7.39 2.49
Cal .92 7.63 1.714
N320 .86 3.3 1.29
K20 4.61 1.02 5,26 ~ -
LOI : 4.99 A.18 3.76

S SIS e e ————— i m =

TOTAL 189.44 186.49 99.15%

....._.----—-—.--.._.-_.....__.._......___-.-_.-_—____-._—__.._______

Ir 21 . 163 . 134
Sr ] 338 114
RbD 114 23 3
In 41 14 72
Cu 3 C 2 19
Ba 1623 774 11335 o
CuS 1 s . 1
PbS 4 7 19
ins . 19 .8 22
BuS04 (] .
Pb 5 4 21
Ni 2 1 8
Co. 2 b ] 18
cr 18 154 21
v ] ] 42 R
Hg 32 8 21
; Ag ) § -# 2
i Nb

T T




3-26

PROMINENT QUARTZI SEQUENCE - MAFIE FRAGMENTALS

MAJOR ELEMENTS (WTX)

SANFLE 26661323 26661725 26661838 26662808 266462125

.46 .40 .63 .43
17.84 16.72 17.49 . 17.78
9.1 © 10.48 3.466 5.34

.05 .08 .09 .97
3.4% 8.686 .92 5.62
2.71 4.82 7.43 .38
2.983 1.93 7.25 2.87
4.95 2.38 T 1.467 " 2.84




3-27

PROMINENT QUARTZ BEQUENCE - MAFIC FRAGMENTALS

HAJOR ELEMENTS (NTX)

ShHPLE 26662409 26662073 26662708 264662825 26662939

6.8
.32
11.14
12,83
KT
‘.’7
l82
4.21
1.31

T}ACE ELEMENTS (PPH)

________________________________________________ d e m———————

28
97
31
29
' 56

68




PROMINENT OUQRTZ SEQUENCE - ALTERED MAFIC FRAGMENTALS

SANPLE

Si102
Ti02
Al1203
, Fe203
HnO
Mg0
Cal
Na20
K20
Lol

4

J MAJOR ELEMENTS

53.38

.32
12.3595
7.32
-89
6.13
18.18
1.64
-
7.39

99.76

/
6661473 26661625

4118
.36
13.82
.96
.28
3.1
15.62
4.26
.31

11.28

9¢9.22

(VT2) R

26662239 26662356

.28
186.09
23.1¢9

.88

8.51
.96
1.78
1.34
14.20

108.15

TRACE ELEMENTS (PPM)

21

38
222
16

34
&

’8
3
8

12
¢
2

95

23
317
151

8
s

19.68
I2‘
7.48
37.3a
-$8
7.0
Y
A0
.43
21.88

97.41

A0 Lt o - e bt -




INTERNEDIATE FOOTUALL - LUCKY STRIKE AKEA

MAJOR ELEMENTES (WTX)




g ‘ s 3-30

INTERHEDIATE FOOTUWALL - LUCKY QTRIKE AREA

MAJOR ELEMENTS (UTX)

SAMPLE $2020958 ©£292183590 #2621158 B7U2 140 342 130

g 8102 56.79 45.29 55.08 61.40 54,190
: 1102 .31 1:; Y 11 .42
A1203 12.49 12.%9 14.99 14.25 17.40
Fe203 16.67 18.2¢ 8.99 7.88 9.85
- HnO .53 .72 .58 .AS .67
g0 8.33 11.19 8.63 5.2 5.91
Cal .39 .68 .72 .23 .39
j Na20 1.89 .23 2.59 2.71 3.18
‘ K20 .12 .27 .43 1.26 1.57
; Lol 6.08 16.29 5.68 A.A0 5.19
! TOTAL 97.14 98.87 97.84 97.73 98.79
e et
i Fe '
5(5 ’ TRACE ELEMENTS (PPM)
Ir 28 Y] : 36 93 85
Sr 6 ' 19 19 AS 6%
Rb 12 18 19 28 32
In 294 740 295 264 280
Cu 7 189 14 S R 5
i Ba 143 212 196 652 856
5 _ CuS 2 119 12 1 1
s PbsS 17 129 16 - . 108 22
InS 3z, 35S . 28 48 26
BaS04 o (] A
| Pb © 33 129 36 122 30
g Ni 13 ) 11 15 12 12
! . Co 23 29 24 _ 17 17
. cr 64 54 63 7§ 'Y
v 268 274 308 132 238
Hg 27 70 33 82 17

Ag 18 13 16 1 19

z
o
Y

© i e e ey e ——




3-31

INTERKHNEDIATE FOOTUWALL - LUCKY STRIKE AREA

-

MAJOK ELEMENTS (WTX)

o = - = = = " 4 = - 4w = o T > o = = > . o= - - - = = g o~ - - ——— -

SAMPLE 542 225 542 199 542 373 S42 A58 U442 500
4 8102 53.89 37.68 74.19 53.84 S51.09
! Tio2 o n? .48 <13 .62 .77
} A1203 17 .42 20.54 12.36 18.79% 17.16 .
Fe203 9.47 13.83 1.89 8.26 8.87
° MnD .29 49 .04 31 .16 :
¥g0 $.13 12.57 .48 6.26 7.82
Cal .23 1.89 .27 .76 1.48
Na20 1.83 2.73 1.2 2.03 1.28
; K20 3,26 .7 3.13 2.42 3.08
i LOI &.08 e.14 2.860 3.5¢8 3.28
L e e mm e ————————— e - e o
3 TOTAL $8.37 ?8.66 v6.38 ?8.73 %8.82

3 memmmememeeaeeesoooo oo rmnonon e
zr as ss 19 Y] 59
Sr 17 52 b . 59 93
; Rb 62 23 58 39 53
! Zn 162 349 938 279 340
| Cu 13 5 T Y] 127
| Ba 110 A70 1427 2943 3491
! Cus 5 'y a4 35 102 .
| PbS BERT 21 1085 219 86
| - Zns : 12 28 695 123 59
|- | Bas04. ¢ 186 :
.8 Pb 24 34 1068 198 1"
) Ni 23 e 1. 17 14
Co 35 26 3 25 39
cr . 48 74 19 61 37
v 29¢ A28 16 260 330
\ Hg 21 23 78 70 23
Ag 8 1" 9 16 15
Nb




3-32

INTERHEDIATE FOOTUALL -~ LUCKY STRIKE AREA
HAJOR ELEMENTS (UTX)

SANFLE © 042 323 /7721428 97921375 07921649 7.8»681655

Mmoo - v -~ - - A . > ke e e - = e A L Am e A = e " A e SR A e R e A A Ee e e Wb e

.
4]
|

37.30 A4B. 40 59.58 54,10 49
; .84 76 .56 .50 .99
i 6.52 19.33 28.33 14.28 19.20
i - 25.49 19.86 3.14 9.30 12.30
; : .24 .28 .85 .47 .17
2.846 19.38 2.4 9.21 5.64
.61 .97 1.68 .43 3.76
1) .64 1.727 .37 1.47
.24 2.94 5.19 1.32 4,72
] 6.78 5.08 5.96 . 4.39
23 191.18 99.57 95.88 191.364
.
¢ TRACE ELENENTS (PPM)
;. _____________________________________________________________
ir 45 48 197 'Y 62
Sr 92 103 45 ] 239
Rb 23 38 71 ' 30 - 72
N In 162 82 24 &1 - 195
Cu 191 29 1 6 94
Ba 7558 1381 1615 599 3917
Cus a3 29 ~ § 2 91
PbS 27 . 13 14 9 7
Ins 42 24 9 - 22 23
BaS04 51 7 .
Pb 44 14 1" 12 19
Ni 8 ‘ 15 1 4 16
Co 38 18- 2 5 28
Cr 'Y ) A8 19 38 40 -
v 31 498 17 175 479 ‘
Hg A6 18 12 13 25
_ Ag 23 ) I3 ] / 1
Nb
r
TN
/{J \ €
Vo




3-313

- INTERHEDIATE FOOTWALL - LUCKY STRIKE AREA

MAJOR ELEMENTSE (WTX)

SAMPLE PB681725 ©8481825 8681900 08681973 972 825

1
1 i §i02 55.88 49.19 51.290 48.79 64 .80
H 1102 .82 1.82 .88 .83 .19
! A1203 15.88  18.89 17.39 17.49 15.13
' Fe203 19.88 13.49 11.64 13.87 %.08
i - MnO 17 .19 .16 .28 .85
| Mg0 4.58 5.21 4,97 6.34 3.95
j Cal 5.080 7.26 6.15 6.67 .58
Na20 1.66 2.92 1.84 2.72 1.08
$ K20 2.33 1.28 2.83 .73 4.88
‘ LO] 3,260 4.20 3.98 4,90 3.90
i TOTAL 181.24 103.47 99.95 102.34 98.75

TRACE ELEMENTS (PFM)

--_—..—___-_---—_—_--——_--_____.._.____..___—_.—__————-———————_—.

2r 46 82 A9 48 187
Sr 274 ‘ 285 346 264 Y-}
g Rb 28 26 29 20 8@
‘ In 193 115 104 : 186 195
‘ Cu 185 171 183 91 4
Ba . 1407 985 1951 5632 1189
fus 93 158 81 94 .3
PbS 14 9 ? 5 15
Ins 28 27 27 24 . 24
. BaS04 ' ] 8" .
Fb 27 24 24 23 34
NL 13 15 14, 14 8
Co 30 31 k{ ) 33 18
Cr 38 45 42 52 14
v S 388 358 348 348 15
Hg 293 .19 27 29
Ag ] 1 ) 1
Nb




P

e

3-34

INTERHEDIATE FOOTWALL ~ LUCKY STRIKE AREA

HMAJOR ELEMENTS (WTX)

12141349

SANPLE 12141329 12141360 12141368 12141425
$i02 56.28 67.08 41.49 66.00 54,20
TiD2 .87 .49 .56 .44 .82
A1203 21.18 16.44 17.74 15.43 15.60
Fe203 6.74 4.29 4,61 4.82 11.52
HnO Y .09 .12 .13 .14
Hgo 3.00 1.79 2.989 1.58 4.83
Cad 2.17 2.19 2.78 2.04 5.43
Na20 2.06 2.49%9 2.7 4.13 1.69
K20 4.82 3.04 3.12 1.92 1.57
Lol 4.29 2.68 3.98 3.49 4.28
TOTAL 181.906 190.62 99.93 99.01 168.00

TRACE ELEMENTS (PPM)

Zr 249 218 282 224 65
Sr 213 347 433 424 243
Rb 193 71 74 55 31
Zn 86 72 79 79 110
Cu s 8 A 218 ) 92
Ba 1557 1138 1168 9637 1114
Cus 1 3 1 2189 © 72
PbS \ 12 7 YA 16
InS. 18 18 20 ° 17 30
BaS04 (] 245 . [}
kb 15 18 15 55 - 24
N1 4 2 4 3 13
Co 3 3 3 5 25
cr 21 ‘24 34 26 a8
v 12 ‘2% 32 21 429
Hg 28 58 29 les 52
Ag 8 [ ] s 28 . 2
Nb




INTERMEDIATE FOOTUALL - LUCKY BTRIKE AREA

SANPLE

" MAJOR ELEMENTS (WT2)

19111158

20431124

26663625

26663725 266863773

-....._.-.._...__..--..___..._...__..__-__.._..__-..—--—..-—--—-—---—_———-----..

64.88
.58
13.%97
9.15
-89
.78
4.‘2
4.21
1.2'

v M. - ——————— e m e — e - mamEm e e- s s rm RS ==

Ir
Sr
Rb
Zn
Cu
Ba
CuS
PbS
ZnsS
BaS04
Pb
Ni
Co.
Cr

Hg

112
198
21
1068
14

107
402
19
74
2
731
)

7
25
]
29
-3
1?
18
45

- =

- e - e . . - . WP e s W WS MA W W mE o e o e

8.

208
- 98
A8
15
938

-

N oo =
OB =N ~0 & O~

21
204
595
58
193
864
89

22

13
23
41
74
18

&4
266
o2
113
122
%7
83

24




INTEKBEDIATE FOOTUWALL - LUCKY STRIKE AREA

HAJOR ELEMENTS (UTX)

SARFLE 27948973




INIERHEDIME FOOTUALL - VARIAﬁLY H!NERQLIZED hND ALTERED

HAJOR ELEHENIS (UIZ)

SANPLE l1750275 l1?5'35l '1750417 02625200 62"20250

73.11
77 A7
17,21 11.86
S 9.29 . . 1.19
Y Y T
1.87 1.8
5.606. 1.4
.57 3.39
3.3 2.58




3-38

INTERMEDIATE FOOTUALL - VARIABLY MINERALIZED AND ALTERED

MAJOR ELEMENTS (UTX)
SANPLE 82020106 02020358 028284808 B282064A59 62820588

- e T P e . e . W - D S Y S e WD A A AW S G M A AR N S N e e e W o e - - - -

.20
10.99
12.34

-81
T4.14
) «33

.82

-1




.

INTERHEDIATE FOOTWALL - VARIABLY MINERALIZED AND ALTERED

MAJOR ELEMENTS (WTX)

SAMPLE 92020550 02020680 ©542 § 0342 59 278353335

TRACE ELEMENTS (PPH)

a#

36
2980
250
366
350
1099
3580
2600
748
15
14
34

16




SANPLE

SKI HILL SEQUENCE FLOUS

MAJOR ELEHENTS (MTX)

JGT7% 41  JUGT7S 43 JGT75170 OB486258

8846885293

O g

e e - e~ ————— i —_— = = = . e = — o e o e . - s = - e e 4w me - -

Ir
Sr
"Rb
Zn
-Cu
Ba
Cus$

FPbS

ZnS
BaS04

Ni
Co
Cr

Hg
Ag
Nb

1435




SAMPLE -

ke B my o

W

3241

SKI HILL SEQUENCE FLOUS

'nnJoR ELEHENTS (WTX) -

86672109

14930159 278513517
4a.¢o 51.68
.83 : .48
©15.93 16.59
18.1% 991
.17 . .16
6.28 « - 4.97
11.58 9.56
T 2.44 2.46%
.49 1.67
5.18 3.64
106.95 99.73

28371940 283725793

o - - - T . = ——— = . = m e am m mm om

- - o . o~ —————- - - - A e s e S S S

.._.--.——...—_—_._______—.-..-_.—-_-..._.__—...___.,.-.-___..___....--__--..—_--.——

..__.-_--_—_--_-__—_-———-—--._—.-__...

w4y
Sr.
Rb
In
Cu
Ba
CusS
PbS
inS

. BaSOQ
Pb
Ni
Co
Cr

Hg

Nb .

23
79
39
294
273

g8 71

432 39
17 PR T
64 62
s6 - 73

271 : 538
36 67

5 11

& 19
.8 [}
15 - 2] 3

69 34

35 27

168 - 181

348 239
14 '

335 .

158




. 8K1 HILL SEQUENCE FLOUS

MAJOR ELEMENTS (WTX)

SAHPLE 2841 58 156 2851 283 2851 876 1925 189




‘SKI HILL SEQUENCE FLOMWS

MAJOR ELEMENTS (WUTX)

SANPLE 1925 149

.———-_-_-..-_—-—___.__....—_..--_.--_-.-—-'-__——__—---—_-——-_._-_-——_--

€102 61.80
1103 .88 |
o 41203 15.79 -
i Fe203 7.97 S
| . * HWn0 17 .
: ‘ Kgo 2.26
Cal 2.18
Na20 5437
: K20 338 #
LOI 2. 60
TOTAL . 98.24

|
e ;154
sr 271
Rb 24 2
in 134 \
Cu 2
Ba 288 "//
X CuS 33
' FbS é
ins - 25
' BaS04 9
H Fb 14
Ni 5 i
. Co 22
?\ Cr 16
! v S5
Hg
Ag
Nb 5




3-44
, | )
SKI HILL SEQUENCE FRAGHENTALS
N MAJOR ELEMENTS (UTX)
- SAMPLE  JBT7S 40 JOT?S 42 @7520850 @7920158 oeseotsc
‘ $i02 59.58 46,208 58.49 . 45.09 62.58 i
t Ti02 .78 .77 .79 .75 .56
: Al203 15.41 15.01 17.54 16.92 13,80
: Fe203 7.92 8.81 11.48 11.13 7.25%
4 * MnO .15 .15 .19 .21 .21
Mgl 2.57 2.44 3.72 4,82 2.81
Ca0 4.99 4,69 6.12 7.24 5.22
Na20 2.73 2.78 2.87 3.81 2.47
K20 1.88 1.99 2.68 .83 2.12
LOI 2.49 2.39 4.58 6.60 2.69
: TOTAL 98.33 98.25 ' 99.69 946.51 ?9.54
‘ TRACE ELEMENTS (PFM)
Zr 110, 185 83
. 8r 328 321 348
Rb 42 34 39
; ‘ in . 6% 74 83 ’
| : ' Cu 41 39 48
Ba L1722 1697 9999
cus 34 28 31
Fbs 37 14 17
InS 7 8 21
Bag0A ) ] 8
. Pb ‘ - 25 29
Ni : 3 8 14
Co _ Y 32 19
“Cr » I V4 16 ~ 63
v C118 115 185
‘Ha ) : 54
Ag , . 1
Nb i 9 7
™ 3
- S : \ ,
v T S i . T i - -




SAMPLE

Si02
7i02
A1203
Fe203
" Mno0
tg0
ca0
Na20
K20

- §B68HI2T @84B8425 08480625 B#BsBE72S 0BL0082S |

e e o o e e o o - " — e b - M e e N e W e e S

e o o o v -~ i = - i an = = v .y T e = > ek e T em e e ol s e S

- e - - - — A WD B e Sm = e e e - - e o

@ e e o i - - - M M e MmO e e - ae S Sm e S

SKI HILL SEQUENCE FRAGMENTALS

HAJOR ELEMENTS (MTX)

52.38 S6.49 52.70 50.68 63.4¢0
.74 .74 .68 . .63 .63
16.90 17.90 15.48 16.96 13.50
11.06 - 11.89 16.68 9.08 - 9.63
W16 W17 .20 .16 .18 -
A.00 4,58 4.74 2.80 2.75
7.29 7.84 8.46 16,04 . 5.22
2.15% 2.19% . 2.08  A.99 2.78 .
1.43 1.12. ' .52 .58 .88 b5

- - . ———— = A= e e




SAMPLE

SKI HILL SEQUENCE FRAGMENTALS

HAJOR ELEMENTS (UTX)

068680925 #86B1125 98681225

.75 .72 . .63
19.80 19.48 15.46
13.35 12.1% - 7.8

.21 .18 .15

b.61 6.27 2.21
9.9 9.24 4.68
1.70 1.73 2.3%
1.51 1.24 2.03

3 252
28 44
181 113
52 18
843 . 945
34 . 19
4 16 .
18 28
]
21 o2
22 . 3
‘33 12
47 24
59
1?7 13
) 1

#84681323

.75
18.980
11.98

.15

7.21
6.37
1.76
1.22

086814295




e

~

. 3-47

SKI HILL SEQUENCE FRAGMENTALS
. MAJOR ELEHENTS (WTX)

v .
SAMPLE = 08481458 08481475 SB8481523 08690073 08698240

- e " 4 e S o tm N A e AR e e R AR e e e G e N S SR G R MBS MR R A A e =B kS

5i02 74.490 65.78 '65.80 54.58 51.38
Ti02 C .23 46 . 5% .?7? .81
A1203° 18.78 16.60 12.99 $7.21 "17.90
Fe203 4.17 - 4.58 5.34 18.15 ', 11.87
* KnO .12 .13 .17 16 .17
Mg0 - - — " L b4 1.58 .79 4.28 4.57
Cal 3.98 4.18 8.37 5.75% &.64
Na20 2.42 2.29 2.82 2.64 2.86
K20 1.44 J.16 .42 1.36 1.30
Lol 3.08 2.76 2.59 1.08 4718
TOTAL 161.82, 191.22 98.87 98.82 1908.72

- - o e - - - WY G - T e e e = e . = e e . W M Mm a e v e e e e e e e e - =

Zr 128 - 233 136 - 93 76

Sr 244 . A22- 443 43¢ 39
‘Rb - 42 - .88 16 . 38 . 2&
Zn . 18 o L1 ) 5% - 96 105
Cu 3 3 1 65 111
Ba 375 . BS54 224 1817 893
CuS 8 ‘ [ 6 52 97
PbS 8 . A 21 8 31
InS 2 8 13 28 22
BaS04 s ) [} d

Fb. 19 27 34 19 36
Ni 1 1 e 2 13 19
‘Co 1 2 7 24 31
Cr 21 21 37 46 A3
v 5 3 é8 275 308
Hg 18 19 15 A1 52
Ag ¢ 8 ] 2 1
Nb




-

£ ) 8K1 HILL SEQUENCE FRAGMENTALS

HAJOR ELEMENTS (WTX)

ey

t

~ A )
SANPLE 884908348 08490450  GBLYPSTA 0Bs98758 68496858 s

_._.....__-_..__-_—_—--—--—.——__—_-_.._—..--..-——---.--..——._...__..-..---_--_-

$i02 57.48 55.88 49.49 52.78 48.68

b 14102 .58 .58 .54 .73 .73
. #1203 16.00 15.78 - 16.89 17.00 18.98
; _ Fe203 6.85 9.74 18.38 16.34 - 11.68
' - Mno .18 .20 .23 .15 .18
| ¥gC 3.4 4.28 6.10 4.37 5.8%
: ! €a0 8.21 8.93 9.%6 8.32 8.94.
! N=a20 3.88 2.24 2.70 2.77 1.72
i : K20 1.17 1.18 .66 .64 .59 .
i Lol 2.90 2.48 .10 4.68 - A.28
‘ TOTAL 162.58 166.87 99.47 181.62 101%48

...___....—____.___..--.__.._...-_._-...___—_----——————-—-—-—__.._—-___-__

r
. 1r 72 79 .78 81 72
‘ Sr 3184 396 421 355 387
Rb 31 28 . T2s 22 - 21
, in 83 _ 92 96 114 89
: Cu 72 62 114 59 73
Ba . 495 741 ‘ 533 526 451
% Cus Iy 51 120 54 57
i , PbS 4 , 16 5 21 8
: nsS 34 15 37 - 32 C25
f : BaS0A4 . 8 . 0
’ - Pb 16 28 28 26 26
Ni 28 16 35 : 21 12
. Co 22 24 29 26 . 28
i cr 115 : 74 122 58 39 .
v 2319 . 326 ns 313 ABS
Hg A3 48 AG 38 38
Ag 6 ¥ T ‘5 s (]
Nb
’ \
, 4 §
|




SKI HILL SEQUENCE FRAGMENTALS
. ' MAJOR ELEMENTS (UTX)

SAMPLE 08690955 68491058 08691150 08491258 0B691325

e i L . - - - - S e S D e Ym . R S M P AP a4 mp P G e M M S A M En e A W WGP WM e e

$i02 57.98 §0.18° - 49,49 46,490 s3.06

1102 .48 .58 Y- .72 .72

‘ A1203 16.89 17.20 14.60 17.39 16.20

Fe203 8.59 8.13 19.48 12.57 8.7#

! HnO .15 .18 .12 .11 .22

Mg0 3.18 3.44 7.17 7.58 2.39

1 Ca0 3.33 5.21 5.59 9.25 8.646

_ Na20 7.24 2.92 1.59 2.34 5.0

4 ’ K20 .85 1.23 - .73 .35 -85

- LOI 1.9 2.78 4.58 3.640 4.50

e TOTAL 99.74 181.468 97.063 180.34 99.38
e poesntee

i TRACE ELEMENTS (PPM)

Zr 79 125 91 635 53

sr 151 533 ap9 279 213

Rb y 12 27 26 R ¥ 2

In 86 97 187 113 89

Cu 24 ‘ 42 - 53 55 , 72

Ba 141 1845 st 340 AV

Cus 25 41 54 71 35

PbS 18 84 12 T ) ]

Zns 24 23 38 29 82

BaS04 P : . # 7

Pb 21 é1 23 23 1

N1 ' 6 - 20 28 ?

Co 19 17 .26 .33 82

cr 37 . 29 109 158 213

v 188 - 156 258 A1 41

He 3z a At S 1 . 3

Ag | s 2 1 6

Nb o

It
e




\

. - . B
ki . -
ks ) . -
[ W A B e e
.

3-50\
SK1 HILL SEQOUENCE RRAGMENIan
MAJOR ELEMENTS YUTX)
. \
SAMPLE £8691358 12148185 1214 195 12148386 12140509
................... . S U
\ : -
§102 76.59 44.19 61.88 53.79 . 46.68
Ti02 .19 .35 .73 .74 78
A1203 5.85 11,84 15.38 16.80 - 17.23
Fe203 5.74 . 4.83 5.21 9.97 11.46
" ¥nO . 21 $12 .0 3 .18
a0 1.55 1.51 1.38 3.18 4.37
Cal 2.56 1.84 4.35: 6.%58 7.78
N220 .29 .52 s .23 3.08 .78
K20 1.67 1.97 3.3 1.29 3.1
Lot 1.08 6.09 6.89 s .98
TOTAL 972.36 95.10 99.27 99.86 182.190
o . '

TRACE ELEMENTS (PPH) - - .
_____________________________ - > e En T me dm S S e e e N D e
Ir 3 66 52 87 .34
sr 39 5 345 208
Rb 50 63 28 - 17
In 181 74 124 121
‘Cu 44 22 A7 48
Ba 823 958 1121 241
Cus 32 17 - 42 58
PbS 19 2 17 9
Ins 7 '3 1" 13

BaS04 19

Pb A3 25 51 33
Ni 3 1 9 31
Co. 12 18 22 26
Cr 15 22 47 36
v 196 138 254 226
Hg 38 3 32 34
g 7 5 12 18
Nb ‘




-3-51

'SKI HYILL SEQUENCE FRAGMENTAL S

MAJOR ELEMENTS (WTX)

2837127%

96
243
79
73
73
1869
57
12

20
27
35

38
215

SANPLE 121484080 12140708 12148900 12149975
$i02 49 .48 w5618 49,48 .38
1i02 .45 .66 .85 .49
Al203 16.67 17.28 20.89 13.87
Fe203 16.5Y% 9.41 11.864 3.13
- MnO .16 .21 .22 .18
Hq0 * 4.08 3.35 3.98 .57
Ca0 - 46.85 ©7.43 5.43 7.10
Na20 1.89 2.91 3.35 5.;9
‘K20 . .98 1.60 . 1.12 .37
Lol -3.78 2. 25 1.498 1.68
TOTAL ?6.61 188.45 ®72.73 98.82
TRACE ELEMENTS (PPM)
; {
Ir 58 53 2114 79
sr 304 289 58% 448
Rb 24 19 29 1?7
In 112 95 151 P19
“Cu , 69 47 89 - 26
Ra 978 479 881 L3763
Cu$ 53 38 75 28
FbS ? 7 7 8
InS 28 12 21 8.
BasS04 [ . o
Pb 39 Y 44 32
Ni 27 ? 5 ° 1
Co ~ 29 S22 29 &
Cr 85 - 36 43 27
v 241 194 282 136
Hg 32 29 - 95 103
Ag 1 ' 11 1 7
Nb :

N

bt e
T




SAMPLE

3-52

. SKI HILL SEOUENCE FRAGHENTALS

HAJOR ELEMENTS (UTX)

28371398° 28371588 28373200

28373558

48.88
»69
19.09
16.09
.13
4.43
8.5t
3.55
47

2831 82¢

58.260
.78
15.97
8.08
.19
J.24
4.48
2.77




"
SRR
s S

SAMPL

ALTERED SKI HILL SEQUENCE FRAGMENTALS

HAJOR- ELEMENTS

E 2831 882 28B37158¢ 2"837320‘! 2837355¢ 2851 828

_-_..__..——..—.-—_-....-......-—_—---—-.—..-----...--_-___..__-...____-...—..-._

--_._.._---_..__.....-...,.___-____-_____.___--_....-.._—_—____-_..

56
167

78
112
651
108

290

41

24
1
29

w 246

75
373
31
70
62
718
39
14
14

25
23

39
163

(WT12)

8@
318
19
37
78
688
58
29
14

19
46
32

78 .

170

424

288

e e e e e e e e ——-

27
243

84
32
874
- 34
23
31

25
23
13
85

A i prmtas ot

e AR aere

e

T A S hcat - S e i A e R SR L




»

SAMPLE

[ R s L L L L L L L e A R R R R

Ir
Sr
kb
In
Cu
Ba
Cu$S
PbS
ZnS
BaS04
Fb
Ni
Co
Cr

Hg
~Ag
Nb

3-54

SKI HILL SEQUENCE FRAGMENTALS

MAJOR ELEMENTS (UTX)

2851 882

T

il




pul

3-55

LUCKY STKIKE ORE HORIZON SEQUENCE - HANGING WALL DACITIC TUFFS

MAJOR ELEMENTS (UTX)

v — — ———————— > -~ = = Sm am = & = = . e - e - . - —

. e e - . . = e v e - = = . = o~ s e e e -y om e e W A e = e an

SAMFPLE JGT175328
$102 79.98
Tig2 .23
Al203 ?.92
Fe203 .81
‘Mn0 .83
M350 .11
Cz0 - .73
Na20 J.14
K20 2.68
LOI 1.29
TOTAL 98.67
Zr 79
Rb ~ 8
Zn 115
Cu 2
Ba 14624
C*S 1
PES- 1
ZnS 125
BaS04 4
Pb 12
N1 1
Co 536
Cr 10
Y 10
Hg

Ag

Nb 7

PR
i

93
133
57
28

1437

19 -
11

11
15

1
19

15

162
288

56
4981

32
19

49

31

18

78.80 78.286
.35 ©.23
13.26 15,44
2.98 2,14
.11 .85
.72 1.87
2.87 1.45
2.28 1.88
2.94 3.57
2.58 3.20
98.85 186.15
/
187 182
354 334
77 87
'Y ) 29
3 4
19670 1232
] (]
13 - 9
9 3
[} .
kY | 13
2 y
-3
21 22
9 0
13 11
2




3-56

LUCKY STRIKE ORE HORIZON SEQUENCE ~ HANGING WALL DACITIC TUFFS

MAJOR ELEMENTS (WTX)
\ .

SAMPLE 87928575 679206735 $7928775 07928925 87928959

12.490
1.85
.10
72
1.86
. 4.93
.57




LUCKY STRIKE ORE HORIZON SEQUENCE" - HANGING WALL DACITIC TUFFS

MAJOR ELEMENTS (WTX)

SAMPLE 67920975 07921808 £7921025 68681558 GBABISSN




3-58

LUCKY STRIKE ORE HOKIZON SEOUENCE - HANGING UALL DACITIC TUFFS

HAJOR ELEHENTS (WT2)

- i -

SAKPLE 08631657’ 88692198 l9692215 68492246
$102 65.40 66.48 47.19 67.79"
Ti02 .49 .21 .25 .27
A1203 14.29 15.91 14.68 15.12
Fe203 4.5¢ 2.09 2.17 2.44,

* Mn0 <11 .05 .97 .98

. 430 1.71 1.51 1.25 .98

a0 3.427 64 2.29 1.65

Na20 1] 1.77. 1.74 1.08

K20 KAy 4.58 4.32 1.58

LOI 3.80 3.38 4.19 1.98

TOTAL 98.88 _ 94.664 97.69 97.64
———————————— .;-———-———-————-———--——-\—-_—-—_-_-_—.-—_—~—'
. . ) '

, TRACE ELEMENTS (FPH)

Ir 179 144 174 166

Sr 263 32 147 221

kb 95 123 196 .26

In 67 25 24 42

Cu 5 -3 2 -

" Ba 995 1215 5858 1516
Cus 2 ' 1 C 2
PES . 12 14 k¥ 18
Zn§ 11 2 2 8
-BasS04 P : -
Pb.. 21, 19 .22 23
Ni ~ 2 3 4 'R
€o ’ 4 ~ 2 2 2.
cr 22 7 e o8
v 26 25 © 29 37
Hg 12 8 I 5
Ag 8 8 '3 8

" Nb : r S

i P

o ——— .

e

X AR g h
o




1 4

3-59

LUCKY STRIKE ORE HOKIZON SEQUENCE - HANGING UALL DACITIC TUFFS

-

HAJOR ELEHEN‘S (UT2)

"SAMPLE 68692315 0869234'

«19
12,449
’-93
.86
.67
1.08;
3;91
2.48

" 1906.45

0969239l

67.58
C 21
14.94
2.12
.98
1.39

2.11

3.58

T 2.76

68692405

D8692436

68.86
© .24
"13.62
2.78
.98
1.50
2.52
1.92
-3.58




3-607

/”",/d' LUCKY STKIKE ORE HORIZON SEOUENCE - HANG!NB WALL DACITIC Turrs‘

HAJOR ELEHENTS (UTZ)

SANPLE 998126' 121418068 12141!25 12141850 12141875




LUCKY STRIKE ORE HORIZION SEOUENCE ~ HANGING WALL DhCXT!C TUFFS

- KA JOR ELEHENIS 1Y) C oy

.

SAHPLE 121411080 12141125 12141159 121;1175' 12141250

. TRACE ELENMENTS (PPHN) . .
___________________________________________ A

. Ir ' ) 99 ‘59
Sr _ 287 186
Rb - . .. &0

‘ - 29
2

- 9
13
3

16
1
2
51
19
32
é




f 3’62 R ’ R ) ?
| LUCKY STRIKE ORE HORIZON SEQUENCE - HANGING WALL DACITIC TUFFS I
{ : ’ Co.
4 _ MAJOR ELEHENTS (WTX) - - )
SAHPLE - 12141225 12141245 12141245 i2|41285 M12141295
______________________________________________________ cmm—m———
p 5102 }72.00, " 76.30 77.20 ° 72.786 ° 71.18 L
Ti02 .18 .12 .23 $22 - wt7 - T
A1203 13.63 13.69 13.98 12.68 13.96 ]
. Fe203 1.87 2.16 1.12 1.79 . 1.88 .
) LY .12 A3 - .83 .08 .97
. K30 .63 .79 .34 57 L60
. Ca0 S 2.65 2,69 . 29 . 2.8%" 2.28
Na20 2.85 < .86 .56 .2.15 4.86
. K20 3.33-. 1.14 3.32 2.5 1.42
Lox - . 3.09 4.49 1.80 3.00 2.08
TOTAL 99.46 99.33 98.81 98.55 98.39
| TRACE ELEHENTS (PPM)
N Lo ' ' . - ’
- Zr , '110 . 98 116 136 “113 S
! sr _ 248 T 27 - 393 s
Kb 9 104 25 74 T 45
In © 42 47 17 . 38 44
Cu B 1 2 2 : 2 -
Ba 123 1472 1939 4977 1111 -
Cus’ s N s 8 e
’ FbS - 24 17 1 8 11
Ins - 3 4 /1 4 3
BaS04 : 9 :
Pb 15 11 4 6 7 :
Ni 1 1 8 ]
Co T3 2 1 1 2
Cr 21 18 . 24 22 3
v 4 8, ] o .8
s Hq 32 31 137 -3 22
Ag 5 3 4 5 3




LUCKY STRIKE OKRE HORIZON SEQUENCE - HANGING WALL DACITIC TUFFS

v

HAJOR ELEMENTS. (WTXY ‘ .

> . C
SAHPLE 149304080. 14938450 14738588 14938558 14938680
- d k. Sedndukt Sttt e Sadet it d i
. M 5 ’ ? =
. 73.1b . : ; 7 . 71.88
Ti02 .23 , - . W18 . .26
A1203 15.00 . ; 66 . 14.61
Fe203 . 1,78 A g : ' 2.0%°
’ #¥n0 R 13 oot : , : - .88
Ng0 2.33 .88 S 45, .68
Cal - 1.15 k , , 1,32
Na20 2,42 . e 2,93
La1 . '




-

LUCKY STRIKE ORE HORIZON SEQUENCE - HANGING WALL DACITIC TUng: /

. HAJOR ELEMENTS (WTX)

SAMPLE 14938725 14938758 14936775 14930860 24103611

72.38
«29
12.54
2.63
.1
.64
3.58
T 1.83
‘.13




— . e _ ) =
/ ‘ o 3-65,
"\ , A .
LUCKY STRIKE ORE HORIZON SEQUENCE - HANGING' WALL DACITIC TUFFE
| ! ' \ MAJOR ELEMENTS (WTZ)
b . |
1 '{; ERHPLE 26663025 26663875 26663158 26 3250 26663325 |
! T e e e e e e e e e e e e e - = i —————— e - ——-
' | 5i02 76.88 86.60 71.98 73.7¢ 70.48
Ti02 17 .31 .24 .24 .20
A1203 9.73 - 14.29 13.66 11.14 12.98
, Fe203 2.92 2.37 1.87 1.72 2.48
HnO .13 .97 06 Bs .09
M50 .33 .80 .76 52 .63
Cx0 1.86 3.53 1.38 99 3.00
Na20 4.86 3.68 5.9 2,47 2.27
K20 -39 2.94 1.5 1.86 3.36
Lol 1.38 3.40 1.78 .89 2.28 :
. TOTAL 97.59 97.91 97.99 94.58 97.53 ‘
TRACE ELEMENTS (PFHM) ;
T T T T T T T T e T e e e e e e e e e e e e e e e e e e e e e e ——— e - —— ) \*
. 2r . 63 16y - 115 g2~ . 108 H
- . sr 192 198 148 138 - 282 3
‘ : - kb ‘ 1 75 39 5 89 i
In . 13 18 14 24 21 :
Cu 5 18 36 1 3
Ba 1062 619 268 . 1904 ° 61
CusS 1 15 35 7 1
FbS s 18 18- 11 7
1 Ins 7 7 2 , 3 g
. , Bz504 : _ 0 )
Fb 1 2 2 19 12
Ni 1 i g 3 1
Co 2 2 3 4 2. .
( Cr 25 25 23 22 23 :
\ v 26 33 18 37 19
] Hg 8 18 10 18 8
r Asg 2 ] 1 '} e
Nb ‘
! -
i
!
| -
. "
Iy
gt
?
¢ r
{ .
. |
‘ |
— - _— T “, —— . T —




3-66

LUCKY STRIKE ORE HORIZON SEQUENCE - HANGING WALL DACITIC TUFFS

MAJOR ELEMENTS (WTX)

SAMPLE 26 3488 26863475 26 3550 24802854 27101853

72.068
.19
12.44
1.56
.28
.97
2.48
2.72
2.14

-

- N *
_OAANNWN (L RN

i A b 4 55 B b g - 1 -




e — S

3-67

¥ 1

LUCKY STRIKE ORE HORIZON SEQUENCE - HANGING WALL DACITIC TUFFS
: } : " MAJOR ELEMENTS (uUTY)

SANPLE 27161156 27711312 27711359 2860 182 2808 387

$i02 68.68 71.79 72,98 71.88 66.740
Ti02 .26 .28 .26 .29 .44
A1203 14,24 13.28 13.00 14.63 15.88
Fe203 3.96 2.13 2.17 1.72 .09
" Mno .08 .04 .86 .09 .07
Mg0 1.42 .95 .78 1.12 2.41
Ca0 2.17 2.18 2.58 2.20 2.62
o Na20 1.59 2.75 2.93 2.93 2.83,
: K20 1.86 2.63 2.1 3.67 2.35
Lot 4.20 2.70 2.5 2.40 3.38
TOTAL . 99.88 98.48 99.19 99.084 99.89
, )

TRACE ELEMENTS (PPHN)

e e e e e e e — e e e e e e e et e = - = e o o e o v ok e e = -~ -

Zr 149 134 149 148, 189
" sr 117 311 364 461 . 358
Rb 96 78 5 113 45
Zn 24 19 17 16 - 68"
Cu 3 2| 1 1 1
_ Ba S84 1359 955 1254 1894 . :
Cu$ 4 1 1 1 1 2 i
FtS 25 32 27 28 : 18.
Zns 14 2 8 2 17
BuS04 .
Fb R 21 12 15 22
Ni 4 2 2 1 S .
Co. 11 45 18 16 15
cr 1 5 I3 6 9
" ) 10 15 18 10 18
- Hq '
Aq
Nb \




3-68
i _ b _
- LUCKY STRIKE ORE HOKIZON SEQUENCE - HANGING WALL DACITIC TUFFS
‘ MAJOR ELEMENTS (UTX)
SAMPLE 14938450
$i02 72.49
1102 .29
Al203 13.51 K .
Fe203 2.58
¥no0 .13
M50 .79 Y
Cal 1.48 {
Na20 3.92 !
L K20 2.7%
Lol 1.5¢9
_________________________________________________ Al e e - - .
TOTAL 99.38 .
__________________________________________________ SRRRE R
TRACE ELEMENTS (FPN) '
Ir 126
. Sr : 283
Rb 87
In 24
Cu * 5 K
Ba 1437
* CuS 2
PLS . 17
ZnS‘ 1' . ‘s
BaS04
Ph 13
Ni 2
Co 2
Cr 39
v 1.4
Ha ) 14
Rg . g
Nb
]
. . R
‘ ‘ B
-‘ L ! |
2o |




3-69
ORIENTAL AND LUCKY STRIKE AKEA RHYOLITE FLOUWS
% MAJOR ELEMENTS (WTZ)
SAMPLE JB175327 158 584 158 817 8B5 195 1589 778
5102 £9.880 71.5¢ 74.99 72.89 ' 75.09
Ti02 «31 .33 .38 .28 .36
A1203 14.21 14.5% 12.92 13.49 13.648
. Fe203 2.49 2.60 2.54 1.97 .95
MNn'0 .05 .24 - .92 .02 .02
Ma0 .53 .43 .33 .23 .14
Cal 1.78 1.398 t.19 1.1¢9 . .68 .
Na20 5.34 . 5.26 3.67 " 4.85 5.02
K20 1.59 2.65 3.35 =a 2.42 2.27
LoI1 2.68 .80 .89 1.58 1.18
TOTAL 98.77 99.66 105.08 98.55 99.22
TKACE ELEMENTS (PPM)
N o Ir . 129 145 159 181 187
. Sr 122 27 7. 222 232
C Rb 23 © A4S 66 49 39
i in 35 33 31 S 30
Cu : 37 2 1 1 1
Ba 565 1242 1535 942 1124
cCus : 42 1 1 1 : 1
PbS 21 8 11 3 32
Ins . 7 5 12 4 16
BaSO4 - 2
Fb 24 19 3 1 43
‘Ni 1 2 - 2 2 2
Co 3s -2, 23 27 24
Cr 12 : 17 9 2 s
v 19 55 35 5 18
Hg
Ag
: Nb 9

|
L

.
it ’ r B _ - Lt . et
. RS v . D !
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ORIENTAL AND LUCKY STKIKE AKREA RHYOLITE FLOUS

HAJOR ELEMENTS (NTX)

SAMNPLE 1589 B11 17381240




3-71

CLEMENTINE AREA- RHYOLITE FLOUS

MAJOR ELEHENTS (UTX)

1983 689 23491865 . 2846 516




- r—

c_'l 3‘72
..t ‘
ORIENTAL ORE HORIZON SEQUENCE “WHITE RHYOLITE”
MAJOR ELEMENTS (UTX)
SANPLE 1683 584 17381283
R 5i02 73.35 75.60
1102 .39 .22
A1203 12.91 16.29
Fe203 .83 .91
Nn0 .81 .81
K90 .69 .81 A
Cal .44 .74 :
Na20 1.52 .38 S
K20 7.64 7.93 {
Lol 1.68 1.60 !
TOTAL 98.44 96.79 }
————————————————————————————————————————————————— hafadiadh i ?
TRACE ELEMENTS (PPH) ?
Ir 166 147
Sr . 49 119
kb 62 63
Zn 19 455
Cu 1 1, ?
Ea 2982 4639 :
Cus 2 5 :
PbS é 49 j
Ins 22 YY) f
Bz5S04 ;
Pb 3 32 ;
Ni 1 _ 2
Co 27 42
Cr '] 8
v 10 15
Hg
Ag
Nb
M A
S




LUCK STKIKE OKE HORIZON SEQUENCE - PYRITIC SILTSTONE

MAJOR ELEMENTS (WTX)

SANFLE 02620150 82028175 87921088




LUCK STﬁIKE ORE~HORTZON SEQUENCE - PYRITIC SILTSTONE

»

MAJOR ELEMENTS (UTY)

SAKPLE 87921117 ©7921148 87921198 27921249 87921300

£2.78

. .48 .28
14,67 : 12,36
2.92 : S5.67
.07 . .09
.97 : 1.49
1.95 . 2.33

© 4,24 . 2.51
1.64 . 2.79
2.80 4.28
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LUCK STRIKE ORE HOKIZON SEQUENSL - PYRITIC SJILTSTONE

HAJOR ELEHENTS (<utX)

SANPLE 27921360 07921408 6869255' 88492590 14936959

.36 - -44
15.33 15.3¢
3.47 4.3
.92 ‘ .87
.83 1.21
.58 3.2¢4
1.86 \ 4.69
3.93 , 1.64

TRACE ELEMENTS (FPH)

x Copy VR
IE DE QUALITEE INFERIEURE




LUCK STRIKE DRé HOKIZON SEQUENCE -

- e - G - D A BB e e e e e s AP W e e S S T AR R e fm AR M e e = = B R e e S . e - . A .

e e e e e A e e e e e M o ke e e = e e A AR R R A AR R 4R Ll e e e o m e = - - - —

- e o om e - " e e e A e e e A = = e = e e e o e - e e - . e A e - e b

SAMFLE 14938962
”
Si02 48.00
Ti02 -40
Al1201 13.464
Fe203 4.33
Hn0 .06
¥30 .88
Cal 2.54
Na20 4,10
K20 1.41
LOI J.00
JOTAL ?8.18
Ir 1727
Sr JoA
Rb sz} 32
n 109
Cu 12
ha - 21
CuS 8
PLS 84
InS 105
BaS04
Pb 42
Ni 5
Co 6
Cr RY)
v 1
Ha 56
Agq 2
Nb

e

\

\

HAJOR ELEMENTS (UTX)

155

1766

19

21
28
52
44

-

276406886 27840958
66.69 67 .89
.46 .38
13.66 13.34
4.68 5.08
.84 .13
.84 38
1.98 2.00
3.35 4.92
2.95 1.97
2.89 2.39
96.79 97.84

152

123
12
1697

33
44

42
30

39
58

"PYRITIC SILTSTONE




LUCK STRIKE ORE HORIZDN SEOUENCE

]
SANPLE

7402
A1203

Cu
R&
CuS
FbS
ins
RaSQa
Fb -
Wi
Co
Cr
v
Hg
Ag
Nb

HAJOR ELEHENTS

02920100 22020114

“.13
.9.468
1.74
lee
4.19
.77
Y
1.14

TRACE ELEMENTS

- FODTUALL DACITIC TUFFS

(NT2)

828298122

(PFM)

19170860

74.32
.29
11.32
2.45
10
.42
1.56
4.35
1.53

19176029

72\;0
AU
13.28
3.2¢6
.12
.53
1.85
5.56
1.99




LUCK STRIKE ORE HORIZON SEQQﬁﬁéE » FOOTUALL DACITIC TUFFS

MAJOR ELEMENTS (WT1ZX)

SAHRFPLE ,1917GB.;G 27840850 27248225 27€48273 27948525

TRACE ELEMENTS (PFM)

- - .
[-- I S I

NS
T R mW®Wm N m NN

Soor Cory . 4 '
tom De cuaLITEE mrmlm
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LUCK STRIKE ORE HORIZON SEQUENCE - fO0TwalLL DACITIC TUFFS"‘ .
MAJOR ELEMENTS (UTX)
SAHFPLE 27048573 278404580 27040723 27640860 27042875
S402 21.48 72.%99 ’70.89 69.78 73.5
Ti02 .28 - .28 .24 .23 .24
Al203 11.73 11.26 13.74 13.42 13.2
Fe203 2.26 2.48 2.82 2.99 2.5
MnO .13 .11 .13 .12 .18
‘ Hq0 .Bé 1.12 1.64 1.84 1.38
Ca0 2.36 2.49 2.89 - 1.42 1.5
Na20 4,84 2.53 2.74 2.47 3.35
K20 3.58 2.43 1.87 J.54 1.89
L0l 2.30 2.80 1.69 2.26 2.8
TOTAL ?9.80 78.28 98.27 78.04 99.77
/ TRACE ELEMENTS (FFH)
Zr 118 84 129 115 93
' Sr 497 224 298 193 222
, Rb 19 57 77 87 48
| Zn .29 39 21 28 22
' Cu’ 4 5 1 8 é
Ra ¥y 296 1568 1538 49t
Cu$ 5 2 1 R} 4
FbS 21 31 9 8 8
Zn$S 16 12 3 19 12
. BaS04 18 2
Fb 14 19 11 4 11
Ni S5 4 2 3 J
Co 4 } 3 3 2
Cr 32 23 23 24 22
vV 32 32 8 33 J4
Ha 14 14 12 12 12
Ag ? ¢ ) ) 2
Hb L .
»
| 1
1 ‘Tl
|
' 4 .
. oor Copy 7
‘ 1§ DE QUALITEE ANFER] EURE
| o , ; N ) -
T e - - - Sy g g n




3-£0
LUCK STKRIKE OKE HORIZON SEGUENCE - DACITIC TUFFS IN PKOXIMITY TO OKE
: MAJOR ELEMENTS (WTX)
[
[ Al
J SAMFLE JGT75 44 817569825 @1756125 €2020078 02020075 i
------------------------------------------------------------ b
: 5102 76.39 58.00 63.580 65.68 76.89
Ti02 .44 .34 .25 .24 .18
A1203 14.66 26.28 17.15 18.38 18.58
Fe203 2.76 3.18 2.92 1.00 1.64
MnD .29 .27 .06 .83 .86
¥50 1.92 3.14 2.73 2.50 3.92
Cz0 2.5 1.42 1.79 1.85 .58
Nz20 1.67 1.93 1.18 1.3 .73
K20 2.95 5.91 5. 11 3.84 1.47
Lol 3.09 5.39 4.00 5.5 4.19
ToTAL 99.44 99.127 78.69 .  99.45S 120.19
TRACE ELEMENTS (FFH)
Ir 234 164 138 21 41 :
Sr 429 134 279 297 34 i
kb 21 138 131 21 33 !
In 141 5 111 620 738
Cu 3 S 11 38 é
Fa 2476 1422 S 1241 1549 1132
cus 2 ] 1 ? 1
Fbs 17 3 24 86 19
Ins 78 7 31 131 49
EaS04 é 2 3 18
Fb 18 2% 27 419 Sé !
Ni 3 2 2 1 2 |
Co 18 "2 3 - 3 g 2 ;
Cr 10 19 19 211 29 |
-V 35 17 4 22 16
Hg 15 23 27 19
Ag e 2 1 )
Nb 6
)
¥y
E“
Poor Copy s
CoP1E DE QUALITEE INFERIEURE
\ . ) .
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LUCK STRIKE ORE HORIZON SEQUENCE - DACITIC TUFFS IN FKOXIHITY V0 OKRE
HAJOK ELEMENTS (WTX)

SHMPLE 02028092 08692465 14930823 14930843 149308535

[ EO’IE DE QUAUTE! wmltuu

o s e PR ey e g o




J :

LUCK STRIKE OKRE HOKIZON SEQUENCE - DACITIC TUFFS IN PROXIMITY TO ORE

HAJOK ELEMENTS (WT1Z)

-~

SANPLE 14930929 19170673 1917 118

e e e e v e - it - - - - A - e A Al iy M A e = e S o = = h o am o m o . o o o o e . — o —

5i02 64.30 ?0.78 68.08

Ti02 .48 .34 .24

A12D3 14,78 13.52 15.76

Fe203 3.5 3.56 2.989 . .
" Mn0 .87 11 .84 ‘

K40  3.00 1.54 1.84

Ca 3.41 2,75 2.27

Na20 1.61 4.39 1.67

K20 2.87 1.34 « 3.78 )

L0l 5.20 1.39 3.50

TOTAL 1¢1.18 99.57 99.13 .

Ir 163 162 116
Sr 156 454 255
Kb 62 23 194
Zn 72 205 27
] Cu 12 11 2
: Pa 1434 1629 15388
‘ Cu$s 7 4 1
i Fbs 132 87 8
InS - 52 122 14
EaS04 ) L
Fb 78 59 4 ;
Mi -5 14 2 ! j
Co 5 ) 1
Cr . 28 37 21
v 41 64 7
Hg o 33 18 12
! Aq 2 Y 8 1 - ‘
Kb )
Y
3
i 4
S
. 9
o . ‘ [#i”
' Poom Copy - .
. ‘ 1E D& QUALITEE INFERIEURE

sy e,
D 11

o 'iis ‘g.fjf_'“h A “\"fﬁ_ﬁ:ﬁvf‘{-r *ﬂ*ﬁi} - . : . (m——
SN vy el TR R o
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Ss7
v -
OKIENTAL ORE HORIZON SEQUENCE - GRANITE BOULDERS
MAJOR ELEHENTS (WTX)
SAMPLE 1147 118, 1202 1904 1217 192 1241 238 1273 2312
s$i02 72.30 71.00 70.58 73.70 76.39
Tio2 .24 .24 .39 .5 - .28
A1203 13.04 13.22 12.62 12,45 19,92
Fe203 2.139 2.11 1.6 1.98 .13
Hno .68 .85 - .85 .28 f.e9
H30 1.25 .84 1.84 1.24 .18
T=0 1.23 1.86 1.98 .96 .42
N:#20 4.16 4.15 3.33 4.986 3.57
K20 1.28 2.45 2.15 .53 1.36
LOL 2.29 1.40 2.7¢8 1.89 2.49
TOTAL 98.09 97.52 96.23 98.14 95.48
TRACE ELEHMENTS (FPFM)
r 116 85 121 148 116
Sr 173 249 213 148 24
Rb 13 27 39 7 19
In 73 RE:] 47 B0 3200
" Cu 3 12 4 83 289
Ea ~ 929 1799 1591 958 1324
Y Cus 4 15 4 |79 187
_FbS 13 16 18 578 28¢0
InSs - 15 21 1 593 23¢9
EaS04 104 2 84 449 2400
‘ PB 3 4 15 688 215
Ni 7 4 4 3 1
Co 49 38 37 32 eg:
cr 10 9 8 11 19
v 19 10 10 ig 19
Ha
Aa
Nb 7 3 4 8 8
ook Copy ¢ /
1€ D2 QUALITEE INFERIEURE




LUCK STRIKE ORE HORIZON SEQUENCE - ORE HOKIZON BAKKEN BKECCIA ™

MAJOR ELEMENTS (WTX)

SAMPLE 7921050 87921865 19178892 191781989

631.80

Ti02 .28 5 .28 .21

A1203 13.51 11,53 11.79

Fe203 6.18 2.54 2.70

“®no v oL 14 .87 .e8
M40 2.81 1.71 1.75

£50 2.96 ; 2.48 2.48
Na20 ~2.63 1.80 1.87

K20 2.36 2.12 2.21

RS —

Cory ¢ . s
WIE DE QUALITEE INFERIEURE

. e 7!3-

1 Gt T -




SAMPLE

3

-85

LUCKY STRIKE AREA TRANSPORTED OKE

MAJOR ELEMENTS (UTZX)

92028023

2020958

07921975

08692480

Copy

/

PR

;)

OP1E DE QUALITEE INFERIBURE

8692528




LUCKY STRIKE AREA TKANSPFOKTED OKE

HAJOR ELEHENTS (UTX)

SAMPLE. 14930848 .
€in2 18.99
Ti02 .12
Al1203 3.74
Fe203 5.47
MnO .05
M50 .44
Ca .53
Nalo .58
K20 .46
LO1 11.29
e TOTAL 41.99
TRACE ELEMENTS (FFHM)
ir 131t
Sr 529 i .
Rb 49 ‘
Zn
Cu de?
Ra : 4] *
‘ CuS y900
; - PtS g4
I ZnS . 96 .
: . ‘BRaS04 4572 . ' .
Fb 250 - :
Ni 9
Co 3
Cr .33
8 v ’ 33
Hg 3466
A1a 1368
Hb
> [ 4
. —————
gggatopv- L, )
1t DE QUALITEE INFER]EURE

ek,
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LUCKY STKIKE ORE HORIZON SEQUENCE - CLEMENTINE DACITIC TUFFS

HAJOR ELEHMENTS (WTX)

SAKPLE 1258 443 28446 325 2849 938 2879 437 2882 298

77.69 48.00 73.10
.16 .18 .19
11.88 t4.88 12.87
1.35 2.68 1.85
.04 .87 .83
44 2.14 2.41
1.70 1.21 .89
1.58 .73 .43
2.49 4.24 . 3.18

B
157
28

1
758
1

(€. I8 AV I ve RN WL B>

-

» -




LUCKY STRIKE ORE HORIZON SEOUENCE - CLEMENTINE DACITIC TUFFS

HA.JOR ELEHENTS (UTX)

2884 988 28831555 28861325 288461353 28971964

SAAPLE

.25
12.864
1.74.
83 -
.19
<44
4.135

Sr ‘ 214
‘Rb © 126
In ' 27
Cu , ) 1
LV 791
cus ) A 1
FbSs 25
ZnS tE 8
BF!SO4‘ - .

Fb . 1
Hi . 4
Co . s "
Er - ’ 3
U L . * 1'
Ha

Ag

Hb

.29
13.12
2.22
.08
.82
2.61
1.82
3.23

L8

(SR e 3

—
N -

re

(4 W N

——
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LUCKY STRIKE ORE HOKIZON SEQUENCE - CLEMENTINE DACITIC TUFFS

MAJOR ELEHENTS (WIX) . ‘ i

T T T S S S e e e e et e e e e e s e e e e e e e e e e e e et e = -

$i02 73.50 75.58 71.9
| Ti02 .25 .10 14 .
; A1203 12.42 11.44 12.93
| Fe203 2.96 1.57 1.79
° MnoO .05 .96 .85
Mq0 .48 .83 .61
) Cz0 1.78 2.33 2.93
Na20 2.23 1.80 2.04
K20 2.24 2.38 2.76
Lol 3.5 3.40 31.80
. TaTAL 98.51 99.53 98.78
! TRACE ELEMENTS (FFPM)
S Ir 134 125 118 . .
Sr g1 . 1 1at 185 -
Rb B B | 5 81
Zn 21 2 17
Cu 1 | 1
Ea 431 768 1744
Cu$S 1 1 1
FbS 19 15 S i ;
InS 2 5 ' 4 §
Fb 1 ? 1
Hi 4 1 4
Co 41 19 14
Cr 4 0 9
v 20 20 14
. Hg .
ta
Nb ‘
5
K3
%
.
A
. VN\
P s — : R
. . ., , i
. | CO'Y' g ;7 ' B
' : , Eggl! DE QUALITEE INFERIEURE - , i
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ORTENTAL URE HORIZON SEQUENCE - DACITIC TUFFS

HAJOR ELEHENTS (UWTX)

SANFLE 1876 308 1475 1 1589 736 14861216 17361319

5i02 s2.98 48. 469 648.9¢ 67 .88 47 .89
Ti02 .36 ] .43 .50 .49
* Al1203 17.36 15.24 15.24 14.03 14.83 .
Fe203 4.61 2.97 2.63 J.44 3.28
HnO .28 .24 .04 .18 .87
Ha0 4.42 2.7% 2.2 1.51 1.78
Ca0 2.27 2.75 1.74 2.91 2.72
Na20 1.63 2.29 1.01 2.62 1.81
K20 2.36 1.47 3.21 2.42 3.39
LOI .70 2.99 4.30 J.68 4.19
1OTAL 79 .01 92.¢69 ?2?.70 928.53 99.5

i re e e ea e e e o e mm m = am e~ a e e e e an e e w im e e e e e e ee e e e e e e e e e e e -

% Zr 193 126 196 150 148

Sr 271 424 226 243 149

kb 56 32 75 5 a7

Zn 171 206 55 698 44

Cu A3 1 1. 178 2

ta 2495 Ty 174 1954 1215

Cus 14 1 1 182 : S

FbS 56 ¢ o2 21 330 42

ZnS . 82 111 24 718 T 37

EuS04 . . !
. ib 5 . 1 24 18 190 a2

Ni . 8 4 4 ) 7 3 ; '

Co ’ 15 12 3 7 . 13

Cr 14 20 3 17 19

v ) 45 2 15 15 29 -

Hg -

49

Ko




ORIENTAL ORE HOKIZON SEGUENCE - DACITIC TUFFS

Tio2
Al203
Fe203

" Mn0

Mq0
‘Cal

Na20

K20

MAJOR ELEHENTS (QIZ)

£9.98
K
15.06
2.01
.09
1.89
1.44
2.18
J.44

79.28

15:93

1872 317 1872 393 1872 449

64.19
.21
17.36
2.49
.86
2.52
1.35

or CoPY

PR

/

-
Copie D8 ouALITEE INFERIEURE

5

- 0 e
SC ‘"\:,';‘.,

,
e
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OKIENTAL ORE HORIZON SEQUENCE - DACITIC TUFFS

HAJOR ELEMENTS

SAMPLE 1872 446% 1872 584

65.18
.33
17.36
1.86
.10
3.3
2.37
1.48
2.75

TRACE ELEHENTS

(1Y)

1872 649 23467 192

(FFH)

2347 273

—_ . —_
WO = UIN W= 0

Ny

[
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OFJEMTAL ORE HORIZON SEQUENCE - DACITIC TUFFS
HAJOR FLEHENTS (HIZ) °

CHEMPLE 2367 394 2367 412 2837 868 2837 9686 28371050

o em 4 et e e e e A e v v Me e e Bm e e o . = o o e e e - - - -

5102 63.58 48.20 £5.48 77.68 70.30 ;
rin2 .29 .21 4D .28 .28 3
A1203 L 15,47 15.94 15.26 11.97 14,36
Fe203 1.62 1.92 4.08 1.59 2.32
Mn0 .24 .83 .87 .83 .23
ti-50 1.03 4.55 2,69 1.43 2.15
Ca 1.31 1.24 1.66 .54 1.14
"a20 1.72 1.66 2,42 4.39 ©2.78
K20 1.29 1.22 2.87 1.26 2.48
LOI 4.8¢ 4.98 3.50 1.20 2.48
TOTAL 77.45 59, 37 97.75 120.32 93.44
SR e PENEEP s
"TRACE ELEMENTS (FFM)

i
Zr 140 142 143. 169 132 }
Sr 251 262 187 234 184 !
‘ Fb 43 41 21 5 79
n ' 33 39 77 28 26
Cu 1 2 1 1 1 N
, Ty 742 519 Y, r.g 1S
: Cus , 1 1 1 1 2
Frs 27 1 14 1B 15
7nS 1 2 i 8 9
‘ F-c04 8 8 )
¢ T b 21 12 s 3 12
4 3 4 2 2
Co 13 12 18 47 24
Cr 2 2 19 18 41
v 20 10 19 19 19
Ha
‘2
8 b 2 ] 2
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OKIENTAL ORE HOUKIZON SEQUENCE - DACITIC TUFFS
HAJOR FLEHENTS (UTX)

SAHFPLE 2839 529 2839 657 283191586 2353 672

Ti02 .24 .22 .19
A1203 13.71 13.57 14,59
Fe203 2.15 1.97 2.31
HnD .93 .23 .83
30 2.4 2.89 1.25
CaD 1.48 1.14 1.14
Nz20 2.88 2.74 1.79
K20 : 2.48 2.72 1.47
Lol 1.98 2.2 1.59

TOTAL 79.31

4
2
17
5
e

—

Boor Copy v
CoPiE DE QUALITEE INFERIEURE

”
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ORIENTAL ORE HUKRIZUN SERQUENCE - DACIT&C TUFFS”

HAJOK ELEHENTS (WTZ)

SAKFLE = 2859 3104

Ti02 .41
A1203 16.97
Fe203 4.39
"H¥no .18
30 2.49
Cx0 2.76
Na20 1.66
‘K20 1.69
.01 5.59

TOTAL 99,79

TRACE ELEHENTS (FFM)

A

oor Cory s
1E DE QUALITEE INFERIEURE

Ve
¥




31-96

LAKE SEVEN BASALT
MAJOR ELEMENTS (UT2)

SAHPLE 234791549

Si02 50.14
Ti102 .52
A1203 13.47
Fe203 9.38
Mn0 .22
® ;150 8.65
Cal 9.87
Nz20 2.79
. K20 .58
Lol 1.70
TOTAL 99.31

e et et e e i e e e e e e e e i e e e e e e e o e m ek ke e s — o e e =

Ir ]
" Sp 395
kb ?
Zn° 81 .
Cu - 20
’ Fa 69 v
CusS 149
FbS 16
ZnS 21
BE]SO‘- .
Pb 14
i ]
Co 25
Cr 138
Y 143
Ha
44
Nb
_ : ——
Eggu&m 'y
) I1E DR ?ﬂlLITlB INFERIEURE




2

3-917

LAKE SEVEM LPASALT ALTERED FLOWS

MAJOR ELEHMENTS (WTX)
SAMPLE ., 932 347
5102 43.98
Ti02 .88
41203 15.48
Fe203 10.060
" H¥n0 .19
M50 7.72
Ca0 12.89
Na20 2.59
K20 .43
Lol 6.10
TOTAL ?9.24
TRACE ELEMENTIS (FFHN)’
Ir 161
Sr 425
Rb 9 i
In 9
Cu 64
“a Z2i 8
Cus 72 ,
3] 7
InsS 15
EEnSO‘
Fb 10
Hi 39
Co 24
Cr a7
L V) 149 ¢
Ha
ok
tib
2
‘Poor Copy ¢

Al
IE DE QUALITEE INFERIEURE




SANDY LAKE EASALT FLOUS
MAJOK FLEAENTS (MTX)

SAHPLE, 1352 477 2839 494

A5.68 ' 49.80
B4 Y
14.99 14,7 0e
16.65 8.51
.19 .31
7.45 6.72
11.49 8.76
2.23 2.93

1.39

Sr
Fb
in
Cu
“a
Cus
rhs
InS
EaSO4
Pl
iy
Co
Cr
v
Hq
£a
Yb

. 1E DE Mlm INFERIEURE

T —T i itk
FEN R yi'




.

UFIPER BUCHANS SUEBGROUP - MAFIC 'TUFFS

HAJOR FLEMENTS (uT2)
, :
SAKPLE 2837 125 2837 266 2837 3590 2B37 438 2837 550

74,190

.. .36 .27
13.23 13.11
1.866 2.63
.08 .09
1.49 1.48
2.87 1.42
3.57 C2.97
1.39 1.76
3.49 . 3.¢8

foor Copy .
Copie DE GuALITEE InrérieuRe




|
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UFFER BUCHANS SUBGROUP - HMAFIC TUFFS
MAJOR FLEAENTS (UTX)

SANPLE 2837 725

= e v e e e e i e e dm e e e e A A e e w MR S e A e e he Me e te e e e e A e e e e e e e e e -

102 £9.90
T102 .37
A1203 14,84
Fe203 1.88
HnO .£8
M30 1.96
CEIO .53'
Ha20 3.29
K20 1.42
Lol 2.28
TOTAL ?23.98
TRRCE ELEHENTS EFFHN)
Ir 143
3r 142 ’
b .58
CIn 69
Cu 1
- a ».8
Cs 1
.. i DbS s
T InS 11
#2204 ")
b 12
i 1
Co 2
Cr 11
v g
Hg
A3
.;b g
o>
Y
oon Copy -

ll DE QUALITEE !lFEll!ﬂﬂE

P4




3-1011

UPFER BUCHANS SUEGKOUP- -~ RHYOLITE FLOUWS

SANPLE

HAJOR ELERENTS (WTX)

BJ-7-688- BJ-10-46 BJ42 447

72.58 69.79
.24 . .24
13.21 ©13.64
2.83 3.72
.13 .23
.97 ' . 1.51
1.464 1.59
2.95 4.13
2.76 . 1.51

Copy v,
PIE DE GUALTTEE INFERIEURE




3-102
UPFPER EUCHANS SUEGFOUP - RHYDLITE FLDWS
MAJOK ELEHENTS (UTX)

SAMPLE BJ1421658 BJ4TS 117

- ) V .
r Copy
. (OPLIE DE QUALITEE

F B :
RIEURE




3-103

UPFER BUCHANS SUEGROUP - DACITIC TUFFS
 HAJOR ELEHENTS (UTZ)

‘ SAMFLE 1568 640 16661870 17821836 19201726 2342 742

5i02 61.88 76.28 64.69 72.40 63.90
Ti02 .43 .33 .28 : .10 . .32
A1203 17.38 13.48 15.64 12.40 13.25
Fe203 4.14 2.89 4.64 2.81 4.88 :
" MNO : .87 .67 .26 .04 .15
#g0 2.88 1.47. 1.53 .79 2.24
Ca0 : 2.11 2.14 1.48 1.72 1.19
Nx20 1.75 3.89 2.82 2.14 2.82
K20 ' 3.37 1,464 2.43 2.65% 1.48
. LO1l 4.90 2.56 3.89 3.49 3.78 ‘ -
TUTAL 97.93 78,44 78.383 97.45 3,99
IKACE ELEMENTS (FPH)
' ' dan,
e Zr 231 167 $ 77 112 ¢
Sr 243 140 81 48 s
kb 112 .33 53 41
n ' 62 65 70 57 61
Cu 1 17 1 268 1
" 1128 v 8 i i3 1.0
[DEEE . 2 ‘ g 1 2.‘«5 . |
rbS ’ rS 39 15 16 A o
ZrS 18 31 313 17 0 S )
zooC4 - )
rh 5 49 5 5 8
44 7 4 3 Y 8 ‘
fo - 19 23 19 15 ;
cr 19 3 3 L ? Y
VI 19 28 18 18 190
Hg -
,_-3
b
,' -
- ™ ' L | 45
, | &nConr“ ’ ‘. o
e PIE DE QUALITEE INPERIEURE <




31-104
UPFER EUCHANS SUBGKOUP - DACITIC TUFFS
MAJOR ELEHENTS (WTX)
SAFEPLE  BJ42 685 BJA2197S BJA422228 BJ47 344 BI4AB 135
‘ e e e e m e ——— = e e e m
61.64 72.28 _73.58 672.78 £9.39 .
.22 .18 .16 .45 .38
19.92 13.81 13.987 . 14.93 16.97
2.26 3.19 2.98° 3.75 2.92
.87 .13 .08 .az .81
2,468 1.41 1.99 2.08 1.8
.24 Y. .39 1.2 1.19
1.44 4.79 3.69 2.18" 3.14
8.18 1.13 1.29 ©2.29 1.63 !
3.59 1.0 2.¢0 4,18 3.58
TOTAL 169,21 v8.58 99.27 99.34 39,74
> : - TRACE ELEMENTS (FFM)
N © e 148 1v8 © , 187 18 1:9
S £8 108 %3 35 113
Fb 2164 21 I4 58 -39
In 26 v 3 38 52 51
Cu 1 1 1 11 1
"2 1197 43 3 <4 174
©s 1 3 1 14 1
i'tS 17 11 11 15 21
248 24 12 5 6. 3 §
24504 0 ) o . ;
h 18 1 11 74 29 g
1 5 1 -3 7 4 g
fo ? 14 'S {4 14 '
Cr 7 14 "9 5 )
v 10 10 19 15 15
1] }Jg 3
i |
b TR 4 8
A -
! -
\ - R
!
. "j-;; . - .

gggl oy ,+°
- 'll ﬂ‘ ﬂﬂlllflﬁ~lgfti}EU'!
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UPPER BUCHANS SUEGROUP - DACITIC TUFFS

et - -

ToraL |

MAJOR FELEMENTS

BJA9 263 . 1687 403

e e e e e e . e e . - e

(T

’

~

71.98

B Y NS 5 O
13.86 4.
L3137

_oBA
1.2/
2.9
4.49
1.27

v
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[ I A T T e

-
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" 1i02

AlZ03
Fe203

" #n0

g0
Ca0
AN 1)
x20
L01

10TAL

Y L3 N TN N
S T A4S 3TN
A RN -

vt Ry

(3 = S BB S
o w39 M

et m e A e o

UPFER BUCHAMRS SUL:D =05P - DACITIC TUFFS

NAJOR ELEMENTS (UTY)

.48
14,99
© 2,99
.07
1.43
2.71
1.04
1.89
1.48

99.04

. TRACE ELEHNENTS (FFH)

113
S V4
v2
| 4

v

A . 7
(0P IE DE QUALITEE ‘INFERIEWRE
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| x Copy




3.197
NOW TITAUTIUA DATTASE
HAJOR ELEFMENTS CWTX)
SANMFLE 25421267 054217725 SBEIISS 14776329 147186890
: Si02 45.99 19.6 S4.566 18.¢g £3.58
7102 .92 .7 .63 .e8 Y
A1203 17.49 13.4 16.¢ 17.00 14.95
. Fe203 11.93 3.53 16.15 9.48 1¢6.75
MnO .12 Y 15 1S .18
30 8.95 £.0% 5.e9 7.53 .53
Cu0 4.31 14.79 Q.43 15,04 9.4 1
N=20 2.34 2.47 2.07 2.35 1.92
(20 1.25 .44 1.18 1.5 44
LoI 6.98 12.a9 2.39 1.¢6 4.9 |
[OTAL 2311 97 . 1oa.0 128,31 Pd. 8
TRACE ELEMENTS (FFH)
Ir 155 32 4 54 |24
S 154 226 191 117 235,
b 33 9 73 /5 17
Zn 93 111 79 <4 g
e . 9 73 28 s7 5
T3 3 1.3 "3 12 i3
NSy 4 =9 3 G i4
S 2« 9 7 5 Y
7.9 17 -2 14 s i3
.T-c04 8 a 1 3
Ty 73 ' 3 73 7 ‘3
' 42 1 ) 2
Co o7 . 57 27 57 <}
[ 173 ~*9 .9 b3 2.9
v 350 278 2,5 592 5.8
L Ha 16 24 13 146 8
*a 1 13 Y 3 a
o - J" i
' b
Boor Copy r s -
Corie DE cuALITEE INFERIEURE
. o ‘ ] .
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1LOW TIT&NIUY DAIBASE

HAJOR FLEMENTS (Wix)

SANFLE 191788928 26469769

1-3.C6 ISR S S

——

" PoorCory 4 . '
l ) m:mmme INFER]EURE
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3-149

FEFDER GRAGDOTORIIE

HFASOR FLERENTS (WTX)

724.70° v
1302 T .24 .18
n1203 12.99 12.33°
Fez03 2.19- ¢ 1.86
Mno . .04 .93
M50 .50 .1
c=0. 1.42 1..9
tae0 . 4.15 3,43
K20 . 2.8 2.49
LOI .78 .69

s Al 78.63 TRLLD

TRECE ELINENTS (FFPH)
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1-110

HIGH TITANIUNM DAIBASE
HAJOR ELEHENTS (4TX)

SAMPLE J6T75218 ©1758260 42 €04 542 4586 - 542 925

_.._......_—_........._...-_-.._-..--._._-.._____..._--_..____..—_._..-_.....__--.-_....-u..

5102 48.99 43,99 45,00 “44.73 15,38
Tin2 2.28 1.89 1.%9 S 1.56 1.52
A1203 14.70 17.63 14.73 16.17 16.57
Fe203 12.43 10.68 11.18 16,28 18.82
Hw0 °.208 ’ .16 - . W17 .
150 .32 A.78 7.4 4.06 5.457
€0 9.48 .32 9.4 L.46 B.47
Wz¢0 ] 2.89 3.85 2.92 5.21 4.a7

20 . 70 .25 .24 .97 BT
LOI T 1,40 4,19 4,19 7.1¢8 5.09
TUTAL 78.52  97.59 ¥8.364 7R./8 G259

4

7r 142 145 154 1.8 . 174
Sr : 2 142 . 169 141 427
Rb 16 51 15 ‘ 14 14
- In 42 117 98 v2 w7
‘ "y 37 52 29 . 27 27
o 276 759 o3 R v
S5 . 59 4 2 13 12,
N 1" ’5 s 2 3
748 19 15 10 -2 3 19
v 004 a . ] 3 _
* “h . s 45 42 19 a2
S ' 22 I - *4 ‘ -3 ‘
r, 2 0 4 3 .8 ;
o 129 “9 a7 27 .8 /
v 115 =T I 236 212 58 /
Ha . I 19 17 12 .
ta ") 17 14 14 ‘
' f o a1 .
: ! 2 \ #
% s L
H L Y
[ § P
-
7 i
7
PR
a /o
/
H
' Y
- - . / . e
" ” ﬁ—-—f. J/ ol
, wv - P ‘r.-’ . . . ) !! :‘
: . It D& GNILIT!! tlllﬂﬂlﬂi! g - ) ' -
N N . . f
(SR * PR i
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3-111

‘ ‘ ! Joe
! ) . HIGH TETANIUM DATEASE k .

. _ HAaJOR ELEKENTS (WTX)

@

SAIPLE 87928875 ©/921508 ©BEB1825 0BL70659 E£8L92¢00

5in2 45.08 45.63 54.08 44.29 55.28
iin2 2.22 1.91 1.45 - - 2,48 1.47 |
#1203 15.75 17.24 15.48 15.89 15.00 i
Fe203 13.96 . .12.33 9.78 13.39 8.18
HnQ .23 .21 .19 .28 ' .13
30 6£.59 7.29 5.3 - 7.9% 2.7
€0 ’ LG4 .48 ?.17 9.54 J.63 .
NazQ 2.49 2.4 2.93 . 3.13 4.¢98
K20 - .24 .28 T .32 .38
.01 3.40 3.09 - 3.10 1.29 S.29

LN ?1.29 . ¥?.93 13,7 121.48 173,23
e R

o ' : TRACE ELEKENTS (FFH) -

e im o e e e o e e e e e o e e va ey e e e v m wm et wm m ie i h e e e et e a e e e e e e -

. o . I 1467 151 219 124 Y
i Sr 325 347 248 12 i
Fb 17 14 18 17
n 124 £l 181 118
Y ] X 27 -9
! TLY K w12 |
- ‘ 61 %2 4 47
S 17 1 12 . )

S 7
2

[1e R ¢)
o No-

-

i - -
N b

iy T *3 P

T EC4 - ;
Y "3 1 75 #3 * e
o : ' 57 22 1 5.1 P
‘ To 453 . <8 13 41 22
, Tp &1 .3 52 1.8 24
v 354 - 53 23 iip 178
g 21 18 25 54 23
’a 2 ' 3 1 5 1
5
2
e e

.
INPERIEURE




HIGH TIIAMIUM DAIRASE

MA 1R OELRAEITS (WTX)

SALFLE

2.89

12.6

13.32
.22
3.20
7.41
3.22
.41
7.19

59.58

121428235

12143798

2.22

- 15.57
12.44
.19
7.39
15.28
2.43
.16
4.80

103,58

1479236213

47.%0
1.52
16.18
18.7¢
.22
£.18
7.14
2.42
.82
2.%99

7?.54

TRACE ELERYHIS (7FM)

142
T 513
14
1461

15

P .

12
11

37

1/4
33
13
169
57
3
41
7
18
2
o4
/:1
-3
1:9
1£4

2
v

¥,

o
O sk WU O N

T - s N

24461958

A7.:9
2.24.
15,46
11.79
.29
.51
.97
2.97
.72
3.1

7?.172 .

276148125

43,19
2.7
13.2
14..05
.27
4.70
7.53
4.24
.02
3.e0

73,70

VRN
- RO N I N
P e W N N NS W -

=3
-,
©

e e

Eg'ORCOPY/ ’ o
| 16 DE QUALITEE INFERIEURE .




LOI

SAAPLE

5i02
. Ti02
Al1203
Fe203
"#n0
ad
ca0
N?«:O
K20

1O0TAL

HIGH TITANIUM DAIBASE

HAJOR ELEHENTS

27816359

44.2¢9
1.¢9
15.44
11.78
.18
7.48
9.57
2.92
.37
7.28

0 =

r oo

Y -

- r
T LD W

G

272406425

e e em me e e m ke e A e e e o B e e =

45.74
2.23

14.93 .

13.83
.19
6.87

9.22

2.42

.40

4.38

PR AR

TRACE FLENTNTS (FFM)

174
59
14
39

c
+

i
61
i3
12

15

i3

-

12
d

oor Cory
ltumm::

/

(412)

: 272840475

[

2.60
14.65
11.70

.29

6.23

?.6%

2.43

.58
" 11.69
1.3.61

-

1%8
2
22
123
55
2
,'_3
54 |

.

, |
NFERIEURE




HLYALL FELDOLEAR 14 NTLE

RAJGR FHEACRTS (UT2)

ELNPLE BJSY W5 BJT2Z 63 JGT1/9124  UGT 1224 JLvT 2234

102 74,49 ’73.63 74.59 76.99 5.8
Tig2 .29 .23 .26 L1200 .19
1203 12.99 13.53 ‘1.19 11.53 12.65
Fe203 1.36 1,74 2.57 1.62 : .77
400 .68 .63 3.¢9 .03 .61
4213 .82 .43 .61 . RS
C.0 .67 .71 LEf .31 .27
N-20 4.13 A.21 ©3.45 3,93 3.57
¢ 2 23 . 4,25 4.12 4.49 5.83 -
Lol ea 1.58 .78 .S Y
1 | - e om e - . . e mm e e e e e . B T U U U — -
f / TuTAL 1).42 9,13 LA, 42 77,49 3.0
ITALE FLESENDS (FEH) 9
S 14y 14727, /14 154 § 2
oy ;2 &7 15 14 w3
r 1264 117 /2 1:3 ~3
In | 14 15 122 é9 7
o 1 1 2 1 1
3 v 7 Tt ‘5 AR Vs
vg 2 3 1 2 1
Vs 1y i1 12 31 2
7.3 1 i “3 <7 1
TG4 3 i ) 3 3 ¢
Th 3 7 o3 7 3
< 1 3 3 g 1
£n -5 ey 22 "4 <7
S 7 (7 5 by 6
v 14 75 19 "3 15
Ha :
fa
= * s 4 2 2 2
‘ 'y
b
I
F
1
. _ : -
t * : - i .
. Il ﬂ! OﬂlLlT!l !I’!IIEURI




1-115

SEXMALT VELDSFAR CRAMTTE -

v EATCR FLFUENTS (WTX)
of - .
CAHPLE‘ J6T75231 JGT 231A 675274 I6T175277 U657 315A4

74,568 746.993 75.48

Ti02 .14 .12 L34 .19

al703 "12.38 12.65 14.¢3 12.78

“Fez203 1.3 1.38 2.5 1.28

Mn0 .81 .21 .4 .01

T an .82 .82 .42 : YK

£:0 .35 L35 .49 .31

120 $.79 3.74 1,98 5,43

) 4.81 4,91 5.12 S5.44
Lol .58 .59 1.18

PUTAL 57,23 7.9 3 ©“A.69

N - e

TRACE ELEHENTS (7 éd)

139 SA3
’ 3 3 43
187 ’ 133
' 27

P

—
[V N

WS W AT D o O W O

ra

BN - N E DM -y -

.

-
—
—
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-
ju—y

'

NP

: gggl Copy Y
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'y

il

AT T Y

-

ESan

I CME e
T ———
R L SR




GLVALT FELDGFAR GRANLITE
H4JUR ELEMENTS (WTX)

SAHPLE J\N 3158 J6T 315

’4.28 72.79
Ti02 .26 .28
AL1203 13,18
Fe203 1.59
Hno .82
¥<0 .12
Cn0 .49
?z’aQD 3.84
K20 T 5.44 .

TRACE ELEMENTS (PFHM)

~
~0

L

B YN = s QB NG

RO v
WSS D W N =

-

-

R

Fggqu 4 ‘
. LOPIE DE QUALITEE INFERIBURE

P

WGl ¥ Sl & = AT T it S g dion e LY A
S ngﬂ‘ A D sasatipac Jf._: X ?’ &.: v‘:,'._ﬂ;‘gﬁ.%..v
i S ' X4 A WA




3-117
\ HYBIRD GRANITE
HhJOR ELEMENTS (UTX)
. A
SAMPLE  JGT?5279
. S102 50.40
Ti02 1.62
A1203 13.74 ’ 3
Fe203 8.68
* MnO R / .
¥gq0 - 3.314
Ca0 4.88 s
Na20 "3.89 -
K20 2.57 -
LOT 1.49
» TOTAL 98.62
| 3 ”""'"""""'""“"", """"""""""" . T TTTT
b X
N . TRACE ELEMENTS (FPN)
l(
S . Ir 298
o o Sr . 144~
Rb - 44 )
Zn ’ 58 : .
. Cu L4 : _
Ba 48 R
Cu$S 15 .
PLS s
2733 11
EaS504 "]
. Fb : 21
Ni 19
Co . 32 |
Cr 39 |
v 175 :
Hg ) ] ‘I
Aq _ * '
Nb 20 : i TN
R e
P ?
PR
BSoor Copy ¢ y
Coriz pe cuALITEE INFERIEURE




3-118 )
RHYOLITE DYKES . _ _.
HAJOR ELEMENTS<(UTY)
SAMPLE 07920300 $8581909 $8498173 8691925
. ‘ 5102 71.48 73.08 65.80 87.68
. Ti02 .38 .13 1 .18
: A1203 - 13.41 ,11.29 15.36 13,48 N
Fe203 2.88 1.24 1.27 1.45% i
* MnD Y'Y 11 RY .08
ng0 ' .68 .28 .62 .51
¢a0 1.79 1.42 . 5.26 5.48
Na20 A.97 © 3.3% .57 4.39
K20 1.91 3.49 3.59 1.87°
Lo 2.5  .2.16 7.36 5.59
TOTAL 99.28 98.33 99.92 168.38
—————— Q___--—_____--“-—"-_--__—-__--“‘~‘__-_--'--_--_-_-_--_--
, .
- TRACE ELEHENTS (PPHN)
. " Ir 183 562 91 61
Sr 223 s 211 172
Rb L Aé 43 88 52
In . 44 129 2% 31
° Cu 3 . B - | 3
Ba 873 743 582 425 . *
Cus . s : 1 : 1 ]
PbS 13 S22 L 22 . 18 4
Ins 13 5s 1" 3 {
BaS04 .. o "
Pb 19 19 28 27
Ni 2 . 3 2 1
Co 3 2 1" 2
Cr 34 23 18 21
v , 4. 1" 7 13
He 13 82 137 19
Ag 1 s 2 9
Nb
. \ 3
‘s« r .
. 3
I
g 2




SANPLE "

3-119

PERALKALINE GRANITE

MAJOR ELEMENTS (UTX)

BAFF 2 JBT75245 JOT75266 JGT75274 JOT73278

.

oor Copy )
ll ne m\um lmntuue
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BANPLE

3-120

SPRINGDALE GROUP (T) IONINBRITE

HAJOR ELEMENTS (NTX)

JOT 266A

NS P AR WD D W AR G W A S P G E G G G5 W S G e P &




3-121

HUNGRY MOUNTAIN CONMPLEX

HAJOR ELEMENTS (UTX)
SANPLE JGT 317A 2856 143 2836 317

-

8102 4,19 73.989
1i02 .54 .14
A1203 15.88 13.33
Fe203 5.21 1.59

“ HnO .97 .83
1.63 62

A0 1.88

3.45 3.23

2.33 5.80




‘ ) 3-122

NIBSCELLANEDUS BSAMPLES
MAJOR ELEMENTS (UTX)
SANPLE #B461612 12141315

' 8102 T 72,60 78.18 ) -
1402 0.00 .35 : E
A1203 1.82 11.43 !
Fe203 19.12 b.464
" MnO .11 .29
ng0 .41 2.57
Cal0 3.54 1.42
Na20 95 2.60
K20 .25 1.35
Lol 2.60 2.70
TOTAL 166.58 99.34
. intabhiaiadetetaiaiaiebei S ot tihatednbadii itk iebahadafiesindhedietesteth et et ;' """" -
TRACE ELEMENTS (PPHM) ;
\ Ir 25 123
Sr 48 211
Rb 18 38
In 34 71 )
Cu 4 59 !
BEa 686 143 ) . :
Cu$ 1 43 : |
PbS 12 12 . i
, o Zn8 2 .13 :
- \ Ba504
Pb 22 19
Ni 3 B
Co ' 9 7
cr 34 36
v 21 . A8 ‘
Hg" 13 243
Ag ] 1
Nb
.
¢
~
\ ;
\
N




APPENDIX IV

FACTOR ANALYSIS

R-mode factor analysis used in this study was computed by

Newfoundland and Labrador Computer Services using program.

- BMDOBM, A general description from their progrsm manual

is as follows:

General Descript‘ion, Factor Analysis Program BMDOSM

*

This program performs a factor analysis of up to 198 input
variables. The factoring may be done using either covariance
or correlation matrices. Initial communality estimates may -
be aquared‘nultiple or they may be specified by the user.

1f req\ielted, the program vili. itérate on the :lnitlgl
communality estimates. Three types of rotation are available,
all based on the oblimin criterion. In the first, the
fac‘tors are restricted to be orthogonal which yields, among
others, quartimax and varimax rotlt:lons‘.r- In the second, the
criterion are‘ applied t.o the reference factor s‘tructure and
the factorp are allowed to be oblique which y:l.eylds the standard
ol;l:‘lnin\rotation's. In the third, the criterion are applied

to the prinaél;y factor loadings, allowing the factors .to be
oblique and yielding simple loadings rotations (l). Factor
scores may be éati-ated. Dat; input may be in the fdrm ofl
rav datas, = torteiation n&trix. a covari‘ancc matrix, or a

factor loading matrix.




Oytput from this progranm includes:

1)

2)

3
3
5)
6)
)
8

Means and standard deviations

Correlation or covarisnce matrix

Eigenvalues and cumulative proportion of total variance
Communalities . .’f

Factor loading matrix before rotatiom

Rotated factor loading matrix

-
) /
Correlation matrix of the rotntedffactors

Factor scores
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LEGEND -
\ |
JGT. SAMPLES ARE FROM OUTCROR

ALL OTHER rrng: DRILL HOLE SAMPLE
LOCATIONS,

(2) NUMBER OF SAMPLES TAKEN FROM DRILL
HOLES iN BRACKETS, IF GREATER THAN
. ONE.
HUNGRY
JB¥32.
- MOUNTAIN .
COMPLEX i -,
i
f
o 1000 2000 3000
L A N j
Meters
. - [l
R1-3
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SYMBOLS

Geological boundary fdefined, approximate, assumed)
Bedding, tops known linclined, vertical]
Bedding. tops unknown (inckned, vertical) . ...
Pilfow bedding, tops known (inclined, verticalj . ... ..
Flow banding (inclined, verticel) . .
Schistosity, foliation finciined, vertical) . ... ...

Fokiation due to thrusting finciined, vercal) . . ... ..

Anticime (spproximate)

Syncline (approximate)

Thrust fault (defined, approximate or agsumed)

Fault (defined, spproximate. assumed) ... ... ... ..
In sitv and transported swilides, extreme outline project

Gedlogycompiled by Aserco inc. and Price Compeny
romote srees compiled in consultetion with Depertmen
Newfoundiend end | sbrador.

)




N B Qor

Pittow bedding, t10p8 known linclined, verticel)

Flow banding (inclined, verticall
Schistasity, folistion linchned, vertical) CARBONIFEROUS .
’ i h - Poorly indurated red sandstone and conglomerate
' ‘ 7 SILURIAN AND DEVONIAN

Antickine (approximete) . . . N Reddish subaerial ignimbrite, flow.banded rhyolite and pyrociastics. Extrusived
d . - equivalents of the Topsails Granite. 10a, subvolcanic quartz. felds par porphyry |

Foliation due to thrusting finchned, verticsi)

AN
Synche (agproxinete) ... ........ ' TOPSAILS GRANITE ‘ \

- Alkali Feidspar Granite (387 £ 16 Ma): Fine grained, bnck-red granite. Locou,
Thvust fault (defined. approxi approaches syenite. Locally associated bodies of fine grained quartz-feidspa
porphyry. -

Foult (defined, approximats, assumed) . . .
'

- Mafic Intrusives (associsied with Topssils Granitsx Fine to cosrse gr
diabaze () and gatro (shy).
i st el Tod suifides, ’

-8R ] Tersialine Granite (42117 Ma). Medium (0 comrse grained, oquigranular |
hinklinll white-weathering granite. d
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BUCHANS GROUP (447 +18 Ma)

Y 22

indurated red s and congh ate

DEVONIAN o

h subserial igrimbrite, flow-banded rhyolite and pyrociastxcs. Extrusive T -

fents of the Topsails Granits. 10a, subvoicanic quartz-feldspar porphyry. Lake Seven Bassit: Basaltic, amygdaloidal, feldsparphyric, hematitized lava,
ITE ’ pillow lava, breccis and minor tuff ;h,ﬂ@kw

Feldsper Granite (387 1 16 Ma): Fine grained, brick-red granite. Locally Lower BucKans Subgroup i

hches syenite. Locally assocrated bodies of fine graned quertz-feidspar
ry. - .
-

intrusives (assacisied with Topesils Granite): Fine to coarse grained
(Sby.) and gabibro (Sey).

Luchy Strike Ore Heorizen Sequence: Predomunsntly felsc sequence of
Pyrociastics, flows, breccias and clastic sedimants; smail rhyolite units at
bese, flanked by pyritic siltstone and wacke, followed by dacitic crystal-vitric
tutfs gradationsl with 34y, lithic-rich pyrociastic breccias end n situ massve and
transported sulfides; SA, granite-beering breccia-cong 3
A, mafic interbeds. : ° -

Qranite, (421 17 Ma): Medium to cosrse gramed, equigranuiar, )
Intormudigte Fostwall: Comgplex sssemblage of mahc to felsx pyrociestxs,
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" m Littie Sandy Sequence: interfingered snd inter|
felsic volcanic rocks with the latter predomy
pillow lava, breccis, pyrociastic flows snd

. voicanics, Bb, dacitic breccia and Queriz-fel
. & ’ . ' , masaive flows; B4, dominantly intermediate fra
“ . Y . . : and minersiized, .

Basattc, amygdsioidsi, feidsparphyric, hematitized lave, - - :
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Little Sandy Saquancae: interfingered and interb&dded mafic. intermediate and
felsic volcanic rocks with the latter predominant; 8a, basaitc and andesitc
pillow fava, breccia, pyrociestic flows and tUSY, minor unseparated felsic
voicanics; 8b, dacitic breccis and quariz-feidspar crystal tufl; 8c, rhyoktic
quartz-feldspar crystal tuffs, breccias, tuffs, pyrociastic flows, flow-banded to
massive flows; 84, dominantly mnrmoduh rmgmonm volcanics, locallycmnd
and mineralized.

Upper Arkose: Resedimented arkosic conglomerate, fithic arkose,siliceous
graywache, siltstone; 7a, interbeds of malic volcanics, possibly correlstive with
6. . .

Ononul Ore Horizon Soqum« Compiex nssomblagn of felsic pyrociastics,
breccias, fiows and clastic sedi Similar lithologically and stratig

to Lucky Strike Ore Horizon Sequence; 38, coalescing n‘vyolru breccia domes at
base, flanked and overiain by 3B, pyrinc siltstone and wacke, followed by 58,
dacitic crystal-vitric tutfs gradational with polylitiric braccia-conglormerate and in
situr massive and fragmentsl transported sulfides which in turn are’ associsted
with 58, granitoid-bearing m-con[ionnuu.

Ski_Hill Sequencer Stratigraphic oquwllant of Imormumn Footwsi!. Basaitic
pillow lava, porphyritic and amygdaloidsl andesitic flow brecciss and fine to
conrse pyrociastics. Includes minor polyiitivic dreccias near stratigraphic top,
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Bedding, tops unknown (inchned, verti
Pillow bedding, tops known linchined. v
Flow banding (inciined, vertical)
Schustosity, fohation (inclined, vertical;
Folation due to thrusting {(nchned. verti
Anticline fapproxrimate)
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In situ and transported sulfides, extren:

Geology compided by Asarcoinc. and Pr
remote areas compiled in consuftaion
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Rbof 1.42x 10 11y !

Map accompanies manuscript '
Newfoundaland™', by J. G. Thuriow an:

Thurlow, J G., eds., The Buchans Oreb.
Cansds Spec. Paper 22, in press.
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? / TOPSAILS GRANITE,
m Aksli F.Hupu Granite (387 £ 16 Ma): Fine gnmod “brick-red granite. Locally
’/’ ” » approaches syenite. Locally associated bodies of tine grained quertz-feldspar
porphyry. .
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BUCHANS GROUP (447 1 18 Ma)
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Upper Buchans Subgroup

’ “

Lake Sewen Bassit: Basaitic, amygdaioidsl, feidsparphyric, hematitized lava .
pitiow lava, breccia and minor tufl ; Ba, arkosic interbeds

I.mnvlu:namswm ' e

Lucky smn Ors Horizon Sequence: Predominantly feisic sequence of
pyrociastics, tows, breccias and clastic sediments; SA,, smail rhyolite units at
base. flanked by pyritic siltstons and wacke, followed by SA,, dacitic crystal-vitric
tuffs gradationsl with SA,, lithic-rich pyrociasiic breccias and in situ massive and
fragmental transported suifides; SA, granite-bearing breccia-conglomerste;
SA, mafic interbeds. "

Intermediate Footwalt: Complex umblojc of matic to feisic pyrociestics.
R breccias, minor flows. Locaily aitersd, mineralired,

Fostwall m 3A,, Lithic arkose, with logal thin, widely seperated interbeds of
mudstone, sitstone, yilicecus graywacke, .cong ate; 3A, of
« pumiceous felsic pyrociastics and interbedded tuffaceous sediments, undoﬂym(
’ lithic arkose sast of Buchans, 3A, basaitic isva, piflow l-va, piltow breccia, lesser
fprociastics and lenses of badded chert.

mlﬂthham:un, pilfow lava and pitiow breccia, weally to
* strongty amygdaigidal. feldsparphyric and hematitized, with lesser pyrociastics
and discontinuous lenses of multicolorbd bedded chert. Host for Skidder Brook
massive suifide deposit; 20, feisic lows, breccia end tuf!; 2e, rhyciite.

L]
ORDOVICIAN OR OLDER ‘ .
- mmm(mﬂommtw Ma): Mnumtofduhd

. biotite granodiorite, hornblende diorite, gabbro and emphibolite with less
. . sbundant folisted granite.
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Uipper Buchans Subgroup
feisic volcaruc
‘ ru pillow lava, b
- woicanics. 8b,
o : quartz-feidspar crys
R : massive flows; 84, do
: f/ and mineralized
'Em.‘:rln;;%_g‘w hematitized lav : o
How lava, breccia and minor tuff ; 8e, srkosic interbeds I ppey Arkoss
) . ) . . graywacke, siftstone.
Lucky Swrihe Ore Horizen Predominantly ce breccias, Hows and
pyrociastics, flows, brecciss and clestic sediments; SA,, smail rhyolite units at ® ucky Strike Ore
base, flshied by pyritic siltstane and wacks, followed by SA,, dac: rystal-vitric base, tisnked and
gradational with SA,, lithic-rich pyroclastic breccias and in situ massive snd dacitic crystai-vitric
gmental transported sulfides; 3A, granite-beering breccis-conglomerste $itu massive and
SA,, matic interbeds. N with 58, granitord be.
w. N . -
intormediate Fostwall: Complex sssemblage of mafic to felsic pyroctestics, A . . < st Sii MR Sequence: Stra
gniﬂot- gi minersiired. : . : L . . oL pilow lava, porphyritic
L . . .t - . o . . cosrse pyrociastics. ind
with 353%53;& Wikeyés Prominent Quartx 3 Strati of 3A 0 in subsuiac
Footwall Arhees: Cl:n!._a’ tocal Q igraphic voicanic eq ; pumMiceous pyroclastics
mudstone, lﬁ” siticeous !Qtso Saaé. ub! _saquence of I-N§-§§¥o§§..-8330:?28.&:a.o:.3 )
pumiceous felsic pyrociastics snd i ts, underlying in dismeter; rhyoiite flows and [uffs; JAy, dacitic pyrocisstics; Ay, - R
lithic arkose sest of Buchans. 3A,, bassitic !-X_ql.!i !.tl!ﬂn. sser io;o- tavas; pitiow lavas; w»ta&g;g-&; Prominent Quartz Sequi
%il‘tt&li . : .. .. wiistons, mudstoneand chert. - i . . _ rhyolitic (38) pyrocia)
S S . , : R . subaqueous pyrociast:
gipg‘ns}g!&%g ll!.‘ Feoder Granodiorite (410 £ 80 Ma): Pink, %3%3&.3 ] .
strongly smygdaioidal, feidsparphyric and hematitized, with lesser pyrociastics granodiorite, probably %lﬂ:.ﬁ. i&!ggaga ] ’
and.discantinuous lenses of multicolored bedded chert. Host for Skidder Brook , ,
- glalg’!iggizx?is : ' : .
- d

b Fowsd Mountal Compier (880470 dnd 400£60 Maj: Massive fo folisted - .~ . - S \ &
, " ’ . ' f\.. ' I
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Litte Sandy Sequence: interfingered and interbedded mafic. intermediste and (. 45°
felsic volcamc rocks with the latter predominant;8s. basaltic and andesitic
pmow lavs, breccis, pyrociastic flows and tuff, minor unseparated felsic B
. voicanics; 8b, dacitic breccia and quartz- Ioldspar crystsl tuff. 8¢, rhyolitic ¥
. quartz-feidspar crystal tuffs, breccias, tuffs, ‘pyrociasti¢ tiows, flow-banded to

: massive flows; 8d, dominantly intermediate fragmental voicanics. locally amlrod

‘ : and mineralized.

* ’ " . [ 4

Upper Arhose: Resedimented arkosic conglomcran lithic arkose, siliceous
graywache, siltstone; 7a. mt-rbods of matic voicanics, possibly correlative with
6.

. \
i
Oriental Ore Horizon Sequence: Complex nsumblago of felsic pyrociastics,
brisccias, flows and clastic sediments. Similar ithologically and stratigraphicaily’
to Lucky Strike Ora Hacizon Sequence; 5B, coalescing rhyoiite trecc:a domes at - 1
base, flanked and overiain by 58y, PyTitic siltstons and wacke, lotiowed by 58,
dacitic crystal-vitric tutfs gradational with polyfithic breccia- mnglomornm and in <
$itd massive and fragmentsl transported sulfides which in turn are associated
with 58, granitoid-bearing breccia-conglomerate.

Ski Hlﬂm Stratigraphic equivsient of intermediate F twall. Basalti
pillow isva, porphyritic and amygdaloidal andesitic fow brecci
coprse pyrociastics. Inciudes minor polylithic breccias near stral igraphic top,
! . overisin in subsurface by altered intermediate to felsic flows, iss and

- g Nllq s Prominemt m Sequencs: Stratigraphic voicanic equivaient of 3A; © pumicsous pyroci Oriontal intermediate .
z L3 feisic pyrociastics characterized by quartz crystals commonly exceeding 10 mm astics (| -
in diamater; Ay, rhyolits flows and tuffs; 3hy. dacitic pyrocisstics: My,

B

-

interbeds \

of basaltic laves; piliow laves; IA‘. muiticolored tutfsceous sdmono. Prominent Quartz Sequence: Stratigraphic oqurvahnt of 3A : Dackic (38,.) to

sitatons, mudstons and chert. rhyoiitic (38,) pyrocipstics: 38, interbedded lonses of graded |pumiceous "‘
subaqueous pyrociastic flows, cherty mudstone snd nmm B, locsliy 0.
irnportant basaltic members. . W

Futrw(uuso Ma): Pink, medium tq cosrse grained, biotite . e «
| granodiorite, Wylyndwmmmmvmanqmuhmswmu -
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