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ABSTRACT

Granitoid <clasts foupa in * associatioda with the
:ransporce& orebodfes at Buchans are largest, and occupy the

- greateat volume of the host polylithic breccia-conglomeraté

4

. ) : : .
subunir when proximal to the greatest Sulphide\accuqlatibn

in the sequence of debris flow eposits. - The graniteid

clasts are typically the most/rounded ~clast litholbgy
present in the debris flow deposits. They decrease in “gilze
’ i . -

. and volume with increasing distance from cthe lowermost

sulphide-rich sections of the ﬂebr;s° flow sequence., They

S

show igneous textures and compositions ranging from

trondhjemite (rare) co auartz porphyritic microtrondhjemice

to aplite to granophyric aplice. All\granicaid clasts hfve

been classified into six 'types' based on these textural and

B

grain size differeﬁces. The five most abqndinc\'types' are

reduced to 'granit{c' and 'aplitic' groups based on textural-

N
gim{ilaricies. :




\ _

1d

Hydrothermal fluids dépoqitedr caic1Ce.‘,bar1te and

quartz, sericitizequlaﬁloclaée grains, and chloritized all

-~

mafic phases present. Despite this alteration, and variable

alkali metasomatigm (loss of "K) that is presumed due to

latefstage volatile loss, all graniteid claats appear to

have a common magmatic soutce based on similar trace element

ahyudances.

¢

The ‘'granitic' group clasts are tybically larger,

occupy more volune and are.more altered than 'aLlitic' group
clasts. The proportion of ‘'aplitic® group «clasts to
'granﬁfic' group clasts lncreases ;1th decreasing sulph}de
concentration 1in t£e‘debris flow sequence. ; Similarly, the
average size /and volume occupled by granitold'clai;s in

debris flow subunits decreases with increasing distance from

the sulphide-rich aeéciona of the debris flow deposits.

All granitoid clasts appear to represent fragments of .

thgf_same magma - system that  produced the felsic volcanie

rocks of the Buchans Group. This conclusion {8 based on
' .

simi}af—m;ne:alégical and petrogfaphic-features. and similar
major and trace element abd;dances (especially T102, Zr, ¥,
v, Nb, Ga and REE) between grapitoid clast types‘ané the -
Bucha;s'Group felsic flgws. U/Pb 1isotopic datg\ for an
'aplitic® gréup clast, although imprecise, overlaps within
analytical uncertainty the isoehton prpducéd from a Buchans

River Formatilon rhyolite. The calculated ages, 464i40 Ma

"o




iii
and 489£20 Ma respectively, overlap wiihtﬁ the estimated age

uncertainties. 4 . -

. >The granit;ld clasts were altered, fouﬁged and
transported ‘to the .surfsce in breccta piﬁes by explosive
volatgle aétiv;ty that 1s probably due (at léastiin part) to
thé, eksolutidn of anrn aqueous phas? from the gource magma
‘chamﬁer. The explosive hydrothermal events that transported
the granitoid clasts (and fragments of previously deposited

lithologies) to the surface may have .infriated the movement

1 ' ”~

of the debris  flows when the breccia pipe breached the

surfﬁcé, disrupted the 4in situ” sulphide wmineralization

process and resulted in the eventual cessation of massive

sulphide depositfon at Buchans.

¢

The change in character of the granfitoild clasts during-
the perlod of production of the debrtis flows from highly

altered 'granttic' group clasts to a finer grained, smaller,
E P

and volumetrically less =abundant taplitice' group clasts
o .

guggests that the latterroriginated from ehallower depths
and had a\ more rapid transportation history (1.e$ less
exposufe to the hydrothermal fluids) than’ the. 'éranitic'

group clasts.
[}

The Feeder Granodiorite as eibosed at Wiley's River 1is

considered a high 1level plutonic facies of the Buchans

:

Group, and evidence of a slightly more differentiated wmagna

»

o
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~ than that which.produced the Buchans Group felalc volcanie
A rocks and granicoid clasts. The textural, uineralogical and

geOChemical similarities between these populations suggested

-by Thurlow (]981a,b).ﬂrenverlf1ed. The -Little Sandy Lake
intrustion appears to be from the same magma system as the

, -

Wiley's River Intrusion, Buchans'crbup felsic flowa and the

\
granitoid clasts on the basis of textural and mlneralogidal
similarities and major and trace element geochemistry. ‘

’

The geochronological study, although relatively

imprecise, suggests that the Buchans Group .is Middle

A~

7
n
)

; AY
Ordovician (Llanvirn-Llandeile?P 1in age rather than

4t

&

post-Caradocian as nggestgd by earlfer workers, ' If true, .

this requires a reappraisal of thf position of the Buchans

. X Group 1in central Newfoundland volcanic .stratigraphy,
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Group rhyolites (unnamed formatfion 1n the
Little Sandy Lake area east of Buchans River,
formerly in the Little Sandy Lake sequence
(LSLR) (data from Strong, 1984) normalized to
the chondritic values of Taylor and Gorton
(1977). Symbols and accompanying numbers
designate the sample analysed. Wiley's River
Formation samples are all RQS=82-xyz.,

"

Figure 5.18 Tectonlic discrimination diagram of Pearce
et al. {1984) tor the grenitoid clast types.
Symbols as defined in Figure 5.1. Filelds for
volcanie are granites (VAG), ocean ridge
granites (ORG), within plate granites (WPG)

and syn-collosion granites (syn=COL) are.
shown.

Figure 5.19 Tectonic discrimination diagram of Pearce
et al, (1984). Symbols as defined 1in Figure
5.4, Flelds for volcanic are granites (VAG),
ocean ridge granites (ORG), within plate
granites (WPG) and. syn-collosion granites
(syn-CQOL) are shovn.




Figure -6.1 U/Pb concordia diagram. : , 215

Figure 7.1 TIdealized cross-sectional model for the 232
genests of the granitold clasts assoclated
with transported sulphide orebodies ac
Buchans: a) hiatus 1un felalc volcanisu
pefmitting; deposition of sulphideée muds and
silrscone untc, partial  crystallizatiom of
underlying magma chamber - with accompanying
releagse of a volatile phase that fractures
the f{ntruded rock and possibly contributes

"fluid and wmetals to the hydrothermal fluids
depositing the sulphide muds: b) period - of
felate pyroclastcic volcanism, propagation of
a breccla plpe containing granitold clasts
toward the surfacece; <¢) efther-accompanying
or preceeding another peciod of Eelsic
pyroclastic activity, the breccla pilpe
breaches the surface in the vicinity of the
sulphide muyd pond, probadbly explosively; as
a regult of this explosioen] accompanyling
volcanism or related earthquakes, debris
flows are initiated that  transport portions
of the gulphide mud pond, ejected granitotld
clasts and other entrained material downslope
as subaqueous debris flows. Subsequent
debris flows are increasingly less sulphide-
and granitoid-rich and are presumed to
indicate a waning of sulphide mineralizaction
and the explosiveness of the associlated
hydrothermal acecivity.

Appendix Figure 3.1 Comparisoh of <chondrite-norzalized
rare earth element abundances in granite
standard MUN=-1 as determined by XRF
techniques and instruzental neutron
activation (INAA) techniques. Top filgure
shows the range of four rTeplicate XRF
analyses of MUN-1 at Memorial University 1in
1983. Bottom flgure shows four independent
INAA results for MUN-1 (McMl and McM2 data
produced at McMaster University, MéM1l daca
courtésy of P. O'Neil; McM2 data -courtesy
of D.F. Strong; JH data produced by Jan
Hoertgen, courtesy of D.F. Strong; RPT data

produced by R.P. Taylor, courcesy of D.F.
Strong). -
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CHAPTER ONE
' \

INTRODUCTIQN

/

1.1 LOCATTON{ ACCESS AND TOPOGRAPHY

The thesgis area coneists of three main study

at Buchans, Newfoundland. These

MaclLean mine, the Wiley's River field area.  and
-

Sandy Lake fleld area.

Buchans i3 situated in central

approxlmately 48° 49" N iatitude ard

"~

(Fig. 1.1). The Wiley's River  area 1s

southvest of Buchang and the Litcle

centered 14 km dve easr of Buchans (Fig.

Buchans 13 accessible by provineial highway

locations

are the 20 Level of the

the Litcle

Newfoundland at

56°52' W longitude
centered 12.5 km
Sandy lake area is
1.2).

The town of

370 and located

77 km from the town of Badger on the Trans-Canada Highway.

The Little Sandy Lake field areas

aftuated within 4 %km of Highway

traverse.

reached by helicopter from Buchans in 19B2.

vehicle provided access to an

(Fig. 1.2,  3.1)
The Wiley's River fileld area (Fig. 1.2, 3.2)

Abitibi-Price

18

370 and 13 acceasible by

was
In 1983, a bush

field
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FIGURE 1.1

The island of Newfouﬁdland showing the location of
the town of Buchans in relatien to the tectono-litho-
facies zones of Williams (1978, 1979) and the Cent-
ral Valcanic Belt (CVB) of Kean et al. (1981). Red

Iandian Lake is showa to the south of Buchans.
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exploration camp located within foot traverse of Wiley's
River. The Maclean Extension orebody (Fig. Z{l) 1s reached
via the HacLeag mine headframe located 2 km northwest of the

*

Lucky Strike mine and the town of Buchans.

Buchans is located in the gently rolling upland area of

/
central Newfoundland. To the north and west 1lie the
bog-covered and otherwise barren plateaus of the Topsails

Highlands. Red Indtan Lake and Mary Mareh River bound the

area to the south and east.

Outcrop exposure of the Buchaans Group volcanic totkq.is
generally pocr, about 1ZX (Thurlow, 19513). Bogs and heavily
forasted knolls occupy most of the area. Intrusive rocks,
{i.e., diabase an3 ,gabbro, form moat of the elevated areas

and outcrops in the Buchansg area.

The mines at Buchans have operated since 1928  under a
series of Co-Tenancy Agreements between the owners,
originally the Anglo-Newfoundland Development Co. Ltd.
(A.N.D.), then the Price (Nfld.) Co. Ltd., a subsidiary of
Abitibi-?rice‘bo. Ltd, and the cperators, American Smelting
and Refining Co, Ltd. {ASARCO). With the expiratioé of the
existing agreement in 1976 Abitibi-Price took a more active
role {n the_ operations at Buchans and pfeseﬁtly functidns

' t.

there as the exploration manager upder the name

AbLltibi-Price Co. Ltd.
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In additi{on 'to‘fielg studies, diamond drill core stored
in Buchans wvas examined and sampled, thereby permtcting
gsampling of the otherwise inacce"ssible Lucky Strike,
O.l:iental and Rothermere mines. 'fhe 0ld Buchans Conglo.merate
‘Orebody open pit on the bank of the Buchans River was

‘briefly exanined {(Fig. 2.1).

1)

1.2 PREVIOUS WORK IN THE BUCHANS AREA

Previous work in the Buchans area was summarized by
Thurlow (198la). Brief mentioch of the more significant work

is given below.

»

’

Murray (1877) was t}-xe first to describé rocks vin the_
f(ed Indian Lake vicinity. He congidered thnese- rocks to be
correlatfve with the 'Silurian' rocks of the Exploits :River
Valley. = The granitic rocks were considered to be

*Laurentfian’' {(Archean) in age.

-.~.,‘ Although the fi;st sulphides were discovered in the
Buchans area in 1905, milling Qnd smeitiﬁg difficultries vith
the fine grained‘ and polymethalic. Pb~Zn-Cu—Ag~Au ores delayed
development gntii' 1926 with the first production 1;1 1928
(Néar-y, 1981). Snelgtow}g (1928), Newhouse (1931) and George

(1937) .pravided the first detailed descriptions of the

.
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regional geclogy and geologicai sectiné of the orebodies.

Geaorge {1937) produced a valuable cecord of the earliagt
! A

ores mined, f{.e. the Lucky Strike and Oriental orebodies.

Buchans Staff (1955) published the first descripticn of the

Rothermere orebody.

Relly (19.60) provided large amounts of descriptive data
and the f!.r:sl:‘ pettochemic'al analyses aimed at und.e:stan'ding
the alrteration re_lated to gulphide m.in:e‘talizati-on.. Alchough
accurately. describing features now generally ‘recognized as
fndicative of a syngenetic origin for most massive sulphide
orebodies, Relly followed the prevaile‘nt: theory ‘of the day
and ;:oncluded- that the ore was of epfgenetic, hydré\tgermal
replacement origin.

Swanson and Brown (1962) redﬁ.(‘:ed %(elly's vqlu‘minouﬁ
work and provided concise descriptions of the ores mri'ned at
that time, lnclud{ng the MacLean crebody. This paper was
deemed “Paper of the var" " by the Canadilan Institute of
Mining ‘a'nd Metrallurgy. The orevvs were s8till pregented as
having formed epigenetically. ‘ .

' .

Ang’_é/r (1963) concluded from the published descripcions

that the, "Buchans ores were simf{lar to the Rammelsberg ‘and

Meggan deposits of Germany ind were probably of & qimiiar'-
. syngenetic origin. " An examina:ic-n of the relat16n3h1§ ’4

‘between lithogeochemistry and mineralization (Thurlow, 1973,
L - : - '
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- : |
198la) and comparison 0of the Buchana ores and the Kuroko

deposits of Japan {(Thurlov ec:al., 1975; Thurlow, 198la,b)
. / ‘ .

damongtrated - that the formation of the orebodies was
syngenetic with deposition of the volcanic host rocks, and

documented 'many simflarities between the Buchans and Kuroko

deposics.,

The expiration of the Clo-tenancy Agreement .between
ASARCO and \A.N.b. (now Abitibi-Price) 1n 1976 marked the
end of fifry yebars of continuous‘ mining - éperacions-
Commemoratingl this event, the Buchans Volume (Swanson eé
al., 1981) was commifssioned by the two companies to provide
an historical, operational and geoclogical account of the
Buchansg operation, and to conduct ‘so~me’ original geological
research on  the d_eéosits prior to the cessation of mining
oberaciona ‘(projected to be 1979 .at that " time). The
resultinglvoluu_:e., published 'byi the GCeological Associat!’;on of
Canada, contafns not only a review of the h{‘story‘ of
development of the mines and the town of Buchd;'ls but aldo
t;xe results of previous as well as recﬁntly comniss;[oned

sclentific research an various aspects of the Buchans Group’

. .
and its contained orebodies..

Studies by Thurlow (1973, 1981la) greatly advanced the
understanding of the genesis of the ores and the
stratigra'ghy and struccural setting of the Buchans Group.

In /r,he proceasas of demonstrating a Eyﬁgenetic origin for the




in situ orebodies, Thurlow recogntfzed the transported nature
of gseveral massive sulphide ‘orebodles arc Buchans (Thurlow,

1977).

‘swanson and Browan {(1962) mentioned the presence of
granitoid clasts agssociated with sulphide acéumulations,
1.e., "g‘r'anite cong‘lom({rates". Thurlow (198la,b} also
shdwed an apparent ‘ Lspatial rela:‘:lonship ‘betveen “the
sccurrences of granitoid clas’ts and ctransported sulphide

qrebodies.

The c‘ontinuing search for ore at Buchans resulted ia a
_reappraisal of the structu;'e and stratigraphy of t“he Buﬁhana
Group (Thurlow, 1984}. The newly revised stratigraphy will
be the first formal stfatigraphic sude‘visiyon (under the
North Amerlcax; Stratigraphic Coﬁe) of the Buchaﬁs Group
(Thurlow and Swanson, ‘1983). This incterpretation and
reports of other recent rxesearch‘condﬁcced at Buchans wunder
the, auspices of the éanada-NewEoundlaf;d Cooperative Mineral

Program 1982-1984, 4including the reaulc‘e of this study, are

presently being prepared for publicacion (Kirkham, 1985).

1.3 PREVIOUS WORK ON PLUTONIC ROCKS IN VOLCA&IC TERRANES

N
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The presence of plutonic (or Jcoarbe grained 1igneous)
rocks in volcanic Cterranes i9 not wuncommon. Various
interpretions of thelr origin and significance have been
prtesented . {n the literature. They havé been interpreted to
be coeval with the volcanicec host rocks iﬁ many locations,
€.8- Hawait (K‘uno, 1969), Kamcharka (Erlich et al., 1979
Voiynéts and Bogoyavlenskaya, 1979), the Carpathfans (Hovork
and Fejdi, 1980), seouthern British >'C01umb1a. (Fujli.and
Scarfe, 1982), Ascenaion‘Ialand (Rdedder and Coombq,‘ 1967 ;
Harris, 1983), Kenya (Jones, 1579;, Papua - New Guinea
(Agculus er al., 1983), cthe Aleutians {Conrad et al., 1983;
Conrad and Kay, 1984) and the Lessér Antilles (Lewis, 1973;
Arculus aua Wills,tﬁ980). ‘The‘lat;er paper contains many
references whicﬂ document the occurrence of. plufonic
material assoclated with volecanic rocks 1n the Llesser
An:illeﬁ.'h Although mosc p&utonic maté:;al reported {n the
literature is ultra-mafic to wafic {n composttion (e.g.,
Eriich..et al,, 1979§ Fujili and Scarfe, 1982; Canrad and
Kay, 19865, plutonih'm;terial of granitic composition {5 not
. -
uncommon (Roedder and Coombs, 1967;, VglyneEj and

Bogoyavlenskaya, 1979).

Plutonic rocks have also been reported to be found 1in

*

volecanic satrata assoclated with masaive sulﬁhide deposits,

e.g. the Tertiary Kuroko deposits of Japan (Osada et al.,,

1974; Takanouechi, 1978; Urabe et al., 19%}) and the

»
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Siluro-Devonian Harbourside, Maine deposit (Bouley, 1978;

Bouley and Hodder, 1984). h

Thurlow (l198la,b) and Walker and Barbour, (1981)»

described the occurrence  of granitoild clasts in srrara at

Buéhans. The presence of granitoid clasts 1in polylithic

breccia-conglomerates assocliated with the ore grade breccias

aqd breccia-conglomeraﬁes (transported ore) was considered
entgmacic by Thurlow (1981a,b): Deapite the lafge variety
of lich;c cléat types {n these tudac;ous rocks, all 1lichie
types »could he-ascribed to known dnderlyln; units with the
ekception of the grapigoid and rare carbonacte: clasts (see

-

Nowlan ~-and Thurloy (1984) for a discussion of the carbonate

clasts found atr Buchans, their age and possible orfgin). In

addition} the granitoid clasts appeéred to be anomalously
rounded relartf{ve rto all other clast Iithologles present in

these rudaceous units (Thurlow and Sﬁanson. 1931).

Two small‘bodies_bf gr;nodiorite, thaﬁ- are téxtutally
.similar to the graﬁi:old clgsfs,~occur nga; the margins of
the BuchansrérOup}(Th“;yow, 19813.b} Thurlow and Swanson;
1981). Geochemical gsimilarities between the granodiorite,
the granitotid clasts dnd some felsic volcanic rocks 1in ‘the
Buchans area were also outlined. Thurlow}'(19811,b)

suggested that the granodiorfte 18 a plutonic facles of the

Buchans felsic volcanic rocks and may also be the source of

the granigoid clasts. For these reaasons, and fn an atctempt

4 ‘

'
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to ‘provéke ‘further work that would decermine the source of
theae gr}nitoid clasts, Thurlow (198la,b) named thasa
plutonic bodies <the Feeder Granodiorits (Thurlow, pers.

comm., 1982).
. » o i

The mechanisa for transport . of thegf clasts t; the
surface proposed b;_ Thurlow and Swanson (1981) was 1in
'pebble dykes' or breccia pipes and dykes (Bryner, 1961;
Bryant, 1968) such as those seen in associgtlon with the
Japanese Kuroko deﬁositév(Tak;hashi and Suga, 1974, p.102;
Takanoucht, 1978; Uiaﬁe et ai., i983, p-3553, so@e pofphyry
deposits of‘ the North :and. South Amerlcanb Cordilleras
'csillwoe and ‘Sawkins, 1971; Norton and Cathles, 1973;
Carlsqn; and  Sawfins, 1980) and "some high-level felsic
incruslve‘bodles (e.g. 'AllmpanaEd et al., 1982). Sulphtide
mlneralkzed bfécéia"pipex {n the Canadian Shieid " are
reported to contain ;oupdédit;ondhiemiﬁic clast; {Acabruse,
1{;'59')'.v | ‘ - '

T

Many :heor;éé bo‘expfaih-chéagenests of breqcigJ pipes

‘have " been made. in - the Iiterature (e.g., Reynolds, 1954;

Kencs; 1964; Bryanf,‘ 1968; - Nérton - and Catﬁles, 71973;
Mitcham, 1974; Willfams and Mcﬁirpe&,.l979:= Wolfe, 1980).
Théese pipes are most cbmmon;y'considered(to beq the product

of the explosive expulsion of.fluids, from mantle depths .in

the case of kimberlite or carbonarire® bearigg breccia

r

plpes, ocr within the upper crust {n.moat other cases {e.g.,

r
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‘Bryant, 1968; Norton and Cathles, 1973; VWolfe, 1980). The

ultimate ‘Wource of the fluids {3, however, often diffficulc
. _ ‘
or impossible to establish (Williams and McBirney, 1379).

Theiﬂmechanism by uﬁich rock fragmenrs are Cransported
upwards is also unequivocal (Mitchaam, 1974; Wolfe, 1980).
The 'fluidization' model of Reynolda (1954) 1Ls commonly
invoked tao ;xplain the cransportation of rock marerial from
depth (e:g-, Kents, 1964; Bxyaﬁ:, 1968; Allwan-WYWard .et
al., 1282), Hoyeyer; V:he relactive density differences
between the fluid and any transported rock mdte;1a1 requires
very high velocity fluid streaming to suspend or tranapart
rock matertal (Wolfe, 1980). For this reason Wolfe favours
eiplosions rather than a éonstant high velocicy fluid flow
to provide the requifed velocities for rtransport of
subsurface material upward,- f.g., they are moved

ballistically-

An alternative mechanism (Thurlow and Swanson, 1981) to
egplain\ the preseﬁce of granitof{d c¢lastrs fn strata at
Buchans was as hebris shed by a block of crystallized magma
up=-faulted within or flanking the volcghic gdifice due to
magmatic pressure (Cobblng and Pitcher, 1972). They could
alsa, fheoretically, be eroded remnants of neardy older

cryatalline terranes.

\
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Neither 'pebble dykes' nor a plutonic body suirably
located within the volcanic rocks have been found {n the
Buchans area (Thurlow, 198la,b). For this reason, Thurlow

(1981a,b) considered their presence enigmatic.

"1.4 OBJECTIVES OF PRESENT STUDY

The purpose ‘of this study was to research the
morphology, petrology, lithogeochemis:;y and'geochronology
of granitoid c;asts agsoclated with ~:ranaported suiphlde
orebodies and other reléced rudaceous strata of the MacLean
Extension area at Buchans, Newfoundland aﬁd to deﬁérmine the
provenance of  the granitpid clasts, espé;ially with regard
to the proposed comagmatism of the Eeeder Granodiqri:e ‘and

Buchans Group felsic volcanic rocks.

1.5. METHODS OF INVESTIGATION

. This study integrates data from several sources {in

order to establish the best logical source for the granictoid
* - ’

clasts and the relationship between the claats, :hel Feeder
Granodiorite and Buchans Group felsic .volcantc rocks. The

da£a sources used for this {nvestlgation were: o

o
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(1) fi1eld mapping at 1*:1000°' (1:12000) of the two
exposures of the TFeeder Granodiorite in the Wiley's River
and the Litctle Sandy Lake field areaag (FiLg. 1.2; Chapter

Three);

(2) ;ndergtound mapping (€ypically at 1":10°* (1:12Q))
and gsempling of all accegsible occurrences of pebble sized
‘or larger granitic .detritus in volcanic or volcanticlasecic
gtrata associated with the chLean Extension or;body
{Fig. 2.13). Mapping - and sampling were conducted
predominantly on cﬁe 20 Level of the MacLean Mine, and were
concentrated on exposures of granitotd-rich polylichie
breccia-conglomerate subuntits of the cransﬁor:ed orebodies

(Chapter Four);

(3) petrog:aﬁhic examination of the granitofd clascts,
Wiley's River {ntrusion, Little Sandy Lake Intrusion, and

Buchans Group volcanie rocks (Chapter Three and Four);
{

(4) lithogeochemical analyses for ma jor, -trace and rare

earth element abundances in samples of the rock units listed

P .

in (3). above (Chaprter Five);

i

(5) geochronological investigation by the uranium-lead

(zircan) mechod of a granitot1d clast froef an ore-grade
/
granictoid-bearing polylithic brecclia=-conglomerate on 20

Level, MacLean Extension wmine and g nearby undérlying

-

quarctz- and feldspar-phyric rhyolite of the Buchans River

’
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Formation (Chapter Six);

(6) examination and sampling of dfamond drf{ll core
intersections of granitoid-bearing strata froam the Lucky
Strike; Oriental, Rothermere, Maclean and MacLean Extension’

arebodies;

" (7) examination and sampling of "granite <conglomerate”
exposed in the Old Buchans Conglomerate Orebody open pitc

(Fig. 2.1)(Thurlow and Swvansonm, L9B1);
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CHAPTER TWO

.

REGIONAL GEOLOGY

2.1 INTRODUCTION

The Buchans Group forms part of the Dunnage Zone of
Williams (1978, 1979), one of five ‘tectono~stratigraphtc
gubdivisionr of the Canadtan Appalachfans 1a Newfoundland
(Fig. 1.1). The Dunnage Zone is considered to repregent
vestiges of Iapetus, the paleo-Atlantcic oc;an that existed
during the Lower Paleozoic (Wilgon, 1966). >The Dunnége zone
or terrane countains rocks which are inrerpreted to record
the evolution and destruction of this' oceanic domain

(Williams, 1979, 1984).

The Buchans volume (Swanson et al.,, 198l) contains a
compre‘énsive description and correlation of the regional
geological Bsectting of the volcanic and associated rocks of
the Central Volcanic Belt (kean et al.,198L), as well as the
gtratigraphic and structural setting of <the Buchaus Group

{Thurclow, 1981b). However, the Bucha ' '?oup stratigraphy

has undergone subsctanctial te-interp ation réecently

(Thurlow, 1984; Thurlow and Swannon,'1985) regulting ip a

simplificacion of the Buchang stratigraphy ' with a
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correspoading increase 1in complexity of the structural

* 4
]

himtory of the Buchans Group. The masaive sulphide
Pb-Zn-Cu~Ag~Au deposicts- at Buchaans have"been described as
occurring in thr‘ee types: stockwork ore, LrlA situ ore and
transported ore (Thurlow and Svanson, 1L98l). The in situ
and transported orebodies oc:;ur in a restricted

stratigraphic tnterval within the Buchans River Formation of

the Buchans Group (Thurlow and Swanson, 1L985).

2.2 THE CENTRAL VOLCANIC BELT OF NEWFQUNDLAND

2.2.1 Introduction

To avoid the tectoante {mplicartions of Willtiam's (1979)
zonal terwminology, the volcanic and relaced z"oclgs of the,
Dunnage zo‘ne have been termed the Central Voleantfe Balt of
Newf‘oundland (Figure 1.1) (Kéan et al.:, 1981) or the Central
. Mobile Belc (Swinden an.ld Kean, 1984; Swinden and Thorpe,

1984). Regional geologfcal models emphasize the importance

of 1sland arc processes (n forming many of the roeks of the

Cenmtral Volcanic Belt during the early and middle Paleoczoic
(Strong, 1977, Dean, 1978; Kean et al., 198l; Swinden and
Rean,  1984; Swinden- and Thorpe, 1984). The recent

overviews of Ordovician volcanism in the British Caledonides

{Stillman, 1984) and- throughout_ the entire

B




20

Appalachian-Caledonian orogen (Stephens er al., : 1984) alsp

emphagsized subduction-related volecanice activity.

The Central Volcanic Belt 1a congsidered to bé underlain
by 'Cambro-Ordovician oceaniq crust -(Hiller and Deutsch,
[976; Strong, 1977; Haworth et al., 1978)-. It has. recently
been suggested that the ;Dunnage zone is entirvely
allochrthonous, and althouéh largely compo.sed of oc.e.anic
crﬁst, 1s . possibly ulnderlain by continental crust
(Karlstroui, 1983). Recent worit by Whalen and Currie (1985’
indicates that some ul';its of 'I:he Topsails Igneous tgrfane
were derived, at least inm parect, from continental crust.
Continental crust 1is, therefore, presumed to underlie at

least some parts of this terrane- The nature of the <crusc -

under the Buchans Group i3 not known at the present.

The composite st.ratigr'aphic /sec:lon of the Central
Moblile Belt presented by Swinden' and Kean &1984) 13 the
model vadhered to} in ‘this ‘study. Three main geologle
settings are ;recogn_Lzed: 1) ophiolitic séquences, which .are
couside_rgd to represent oceanic crust, e.g-, Betts Cave
'Com-pﬂiex (Upadhyay et al., 1971), and are the lowestmost

-

stratigraphic - units where ‘stratigraphtic contacts are
‘preaerved; 2) ?thi;k sequences (to Bkm) of tholeiitic and
Acalc-alk.aline, dominantly submarine volcanic, “subvolcanie
and re;laCe.d vol‘caniclastic rocks that conformably overlie

the oceanic crustal volcanic rocks and have been interpreted
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to be the remains of 1island arc ecomplexes (S;roné and E;ayne,
1973; Kean and Strong, 1975; Strong, 1977); and 3) a post—~
1sland arc sedimentary sequence qf flysch, argil{ite and
conglomerate of Middle Ordovician (Car‘adoc) t‘o Early
Silurian age that conformably overlies some of the igland
arc volcanic focks (Dean, 1978), and was succeeded by
younger  Silurian Bsubaerfal évolcanic an.d sedimentary rocks
(e.g., the Springdale Group (Cc;yle et al., 1985)). Sm’all
outliers of ter.restiall Carboniferous strata at;_e preser‘ved“
locally withln-éhe Central ~‘¢01can1c Belt (Kean et al.,-

1981).

.

This. model permits ‘the assignment of Buch.ﬁns Gi‘oupr and
Robert's Arm Group volcanic rocks (Section 2.2.5) to efther
a pre- or post-Caradocian age, In an earlier model (Dean,
1978; Kean et al., 1981)I, there were two phases of volcanism
('early' and 'late’ or 'post' 1315{1& are‘ sequencesa}) that
were separated by a period of quiésaeﬁ_ce marl-éed by the
Caradocian argillites ard younger flyseh and other related
sedimentary rocks. The B‘uchans anrd Roberc's Arm Gqups'Herc'e
previously asaignéd to the 'late'®or post-Caradocian  island
arc volcanic phase (Strong, 1977; Dean, 1978; Kean et al.,
"1981). There {s clear evidence that -some volcanic rocka‘
conformably o'verlie Caradocian or younger sedifuenéary rocks
in Notre Dame Bay, e.g., Long Isl?nd (Dean, 1978), and 011

Island (McHale andec_Hal‘e, 1984). However, the oBservabLe
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y
’ and underlying

contacts between moét volcanic rocks
sedimentary aeq‘uences_ in the Central Volcanic Belt are
structural in orig_in'or controversial as to their nature
(see Nelson and Kidd, 1979). The base of the Buchans Group
is not ;:xposgd, and although the Egchans Group structurally
overlies the pre-Caradocian Victoria Lake Group (Kean, 1977;
Thurlow and Swanson, 1985) its age relative to the Victoria

Lake Group i uncertain.

; .

Radiometric ages for. the Buchans Group of 447+18 Ma
(Bell and 'Blenkinsop, 1981) and the Robert's -Arm Group of
4_&717 Ma (Bostock et al., 1979) do not conclueively resolve
this " matter, especially when the absolute ages assigned to
Athe_ paleontologically defined epochs are not well

eatablished or agreed upon, Discussions of the age

-«
interpretations of the Robert's Arm G%_’Tfjr (Bostock et al.,
R Fa

1979) by Nelson and Kidd (1979) and especlally vDean and Kean
(1980) and Currie and Bostock {(1980) exemplify this problem.
The. differences 1in the absolute ages assigned to the
paleentological stages of ‘the Ordovician epoch ate discussed
in Chapter Six. |

0

2.2.2 Oceanic Crust
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Partly and well presérvég oceanlc crustal material 1is
found 1{n the Notre Dame Bay aréa. A complete ophiolitic
L sequence (P;nrose Field Conferedce Participants: 1972),
Co 'i:e., layered ultramafic and gabbrolce rocks, sheeted diabase
dyke swarms, mafic pillow lavas and overlying s8ediment, 1s
exposed {n the Betts Cer Gfoup or Complex (Chu;ch and

Stevens, 1971; Upadhyay et "al,, 1971).

Several other' fragments of presumgd qphiolitlc material
occur™ within the éentral Vglcanic Belt. ’The ult%amafic and
related rocks of the Baie Verte peninsula (Williams et al.,
1977; Hibbard, 1983}, of Ith: Annieopsquotch Mountains
(Dunning dnd Herd, 1980; Dunning, 1981;.anning, 1984), of
the South Lake Igneous Comple; (Dean, 1978; Lorenz and
Fountain, 1982), on Glover Island (Xnapp, 1584) and {in the
Topsafls Highlands (Igneous- terrane) (Whalen and Currie,
1982, 1983, 1985) are constdered to be remnants of oceanic
crust near the weste?n margin of +the Dunnage Zone. A
discontinuous belt of.-altered ultramafic and related rocks

nown as the Gander River Ultrabasic Beit (Jeaness, 1954,

1958) probadly marks the eastern margin of the Dunnﬁge Zone

(Dean, 1978),

The formation of the preserved remnants of the oceanic

crustal domain. in the Annleopsqdotch.-Mountain& occurred

entirely in the Early Ordovician between 477 Ma and 489 Ma

-

(anning and Krogh, 1983; Dunning, 1934). All oceanic crust
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in Nevfoundland formed in ‘the {nterval between 66316‘ Ma
(Betts Cove Complex) and 505410 Ma (Bay of Islands Coublex)

(Dunning, 19B4),

’ ’
2.2.3 The Island-Arc Sequence
XN

The base of island arec volcanic sequences 1in the
Central Volcanic Belt 1is usually a structural contact or not
exposed (Swinden and Kean, 19B84). However, volc;niq

- sequences 1in ;he Snook's Arm and Western Arm areas of Notre-

Dame Bay conformably overlie ophiolitfc rocks of the Betts

}ka Complex and the ﬁushs Bight Group (Dean, 1978j. On the

basls of structural and stratigraphie correlatiefs, other
volcanlc sequences with undefined bases are presumed to
overlie ophiolitic rocka, e.g. Catcher's Pond Group (Dean,

1978)

The volcaniem of the island arc sequences changes {n
character from the Notre Dame ﬁay area in the north through

the central Victotla:Lake area to the Hermitage Flexure area

“

in the .gouth (Swinden and Kean, 1984; Swinden and Thorpe,

1984). In the north,’ thick intercalated units of mafic

pillow lavas and submarine volcaniclastic*sedimentary units

.

dominate. Felasic volcanie rocks are wminor in volume and

.

typically form small oplugs and domes, es.g. the Wild Bight

Group of Notre Dame Bay (Dean, 197B). The centrally located

Vietoria Lake Group generally lacks pillow lavas, aund
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containd a gteater volume of felsic pyroclastic rocks cthat
tend to occur fn ‘linear belts. 1In che Hermitage Flexure
area, mafic voléaﬁism was typicdlly miﬁor‘in volume and this
area 1is ch;racterized by wide#pteid, dominantly: Eelsac

volcanism followed by a perfod of extensive sedimentatlon,

e.g. La Polle Group (Swinden and Kean, 1984).

.

2.2.4 The Late Ordovician sedimentary interval

In the eastern and central segtions of' the Central
Volcéqic Belt, island afc sequenées are cohformably overlain
by an extensive graptolitic érgillite—shale . (Ichert)‘
sequence of Caradocian age, e.g. Shoal Arm Formattion (Dean,
1978). This sedimentary sequence is absént in the western
section, norch of the Lobster Cove'Fault (Dean and.Stroqg;
19755, except on 011 Island and Long Island (McHale ;nd
McHale, 1934;]Deqn, 1978) where uppér volcanic uhits of the
Cu;welL'Gfpup conférmably overlie a sequence ' of Car;docian
shales, Pre-Siluéian unconformities usually record the
erosion or the.non-deposition.of the shale units Iin the west
(DeCGrace et al., 1976); In western Notre Damé\ Bay,

. ,

greywacke with an apparent western source transgressed

eastward across the shales (Dean, 1978).
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Conformably overlying the shales are Upper Ordovician
to .Lower Sflurian greywacke and conglomerate sequences that

+show characteriatics of flysch-turbidite sedimentation

(Dean, 1978; Xean et al., 1981). Creywacke deposition
/

donlnated/}n the Upper Otdbvlcian, e.g; the Sansom greywacke
(Dean, 1878), with a general coarsening upward until
conglomerate deposition predominated in the Lower Silurian,
e.g. Goldson congIOmerate (Dean, 1978). The progradation of
the greywackes toward the east and sedimentary structures
indicating traq&portndirecrion from the ﬁorth and northﬁest
(Helwig and Sarpi, 1969) imply that the northwestern sec;ién
was emergent and thf brobéble:sgurce area for these flysch
sequnces (Dean, 1978; Nelscon, 1981). Unnamed, but similar

sedimentary rocks overlie  the Victoria Lake Group and are

Sy .
conglidered carrelative with thoqe to the north (Dean, 1978).

PR

The dominantly subaerial volcanic and sedinMent'ary rocks
of tﬁe- S;r;ngdale Group rest unconformably upon Ordovician
volcanic and intrugive rbcks»in the west (Dean, 1978).l In
the eastern part of the Cenéral Volcanie Belt the'products.
of volcanism have been asstigned to the Botwood Group and 'ate
represerted bj the subaerial flows and pyroclastics of'chg
Lower Silurian Lawtencétown . Formation and the ivolcanic

interbeds of the overlying Wigwam Pormation (Dean, 1978),

.
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2.2.5 The Buchans-Robert's Arm Belc

-

The Buchans-Robert's «Arm Belt 'coﬁsists of the"

)dominaﬁtly submarine . volcantie, vol;aniclas:ic and
sedimentary rocks of the Buchans, Robert's Arm,' Cottrell's
Cove and Chanceport Group§ (Deaﬁ, 1978:‘.Sw1nden and Kean,
1984). Each -3roup comprises. a regionally extensive

stﬁmarine volcanic (and related rock) sequence of chemically
similar calc-alkaliﬂe suites (Strong, 1977). These voicanic
rocks display weakly to diétinctiy bi%odal (basalt-chyolicte)
assemblages (Strong,  1977; Dean,l 1978)1 Basa metai
deposicts, e.g. the Ehchaqs ores and éhe Bull Road
Pb=Zn=Cu=Ag=Au showing on Pilley's Islan?, are found 1in each'
Group and ghow remarkable simflarities (Thurlow, 198la,b),
thart inclu&e the mechanical transportacion of pagts of each‘

deposit (Tuach, 1984).

2.2.6 Post-51lurian rocks

1

Thin outliers of Carbonifercus rocks, chieflf red
sandstones and conglomerates, are pfeserved in several areas
of the Cencral Volcanlé Beltvinciuding the Red Indfan Lake
‘area. These -unlts rest with angular unconformity on thé'
underlyiné rocks and the conglometatedk contain clasts 'oE
‘apparently local de?ivatibn (Kean et al., 1981).

4

2.2.7 Intrusive rocks
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L]

Many intrusive rocke 1an the Central Volcanle Belt .

,appéar ko be genetically related.to the various evolutionary

phases of the volcanic stiif;;raphy (Keann’ et al., - 1981).
"The intrusiv; Arocks have bean ;onui&cred couagmaciﬁ with
assoclated volcan;c rocks in several areas, e.g., the
Topsatls 1Igneous Complex (Taylor et al., 1980; Whelan and
Currie, i9§2, 1983) and the Cape Brule Potphyry- in ths

-

Springdale Belt (DeGrace et al., 1976).'A

+

. Predominantly gabbroic, diabasic and sodic
-granodioritic plutonic bodies are assoctlated wicﬁ.ophiofitic
and early island arc sequences (Payné andr Strong, 1979;
Kean et al., 1951; Dunning, 1981, 1984). Small tonalite
and granitic masses often occur close to extruded Felsic
‘volcanic rocks 9f the 'éarly' arc sequence (Kean et al,,

1981).

Gabbroas and diabase sills cpmmonly' inctrude  the

post-Caradocian flysch ,and‘ late f3land arec sequenchs!
especially in the Robert's Arm Belt. TFine grained grénitic
bodies and _huariz-feldspar“potphyritic. bodles are often
assoclated with centers of siliecie¢e volcanism 1n‘ the west

] .

(DeGrace et al., 1976).
o ‘

Devonian and later {ntrusive rocks rangé in composgicion

from gabbro to syenite (Dean, 1978).: These intrusive bodies

are usually large (of bathglithic :dimenaions), discordant,

’
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and often show a compositional evolution from an earldier
gabbroic phage that 1s subsequently fntruded by Lntermedi{te
snd-bfelsic 'pha;es. These plutons are probably related to
the suturing of the fsland arc complexes to the N;rth
American rcdntinen%al ‘"masa during the Acadian orogeny
‘(Strong, 1980; Taylor at al.,_LQBb). The biwmodal character
of iuchans) Group volcaniaw and the peralkaline nature of
most of the intrusive rocks {n thé Topsails Igneous- Complex
has been inter;reted ‘to indicate a period of extensional

tectonics with subsidence and basin formation at the margin

of the Topsails terrane (Whelan and Currie: °'1985).

e,

2.3 GEOLOGICAL SEITING'OE THE BUCHANS GROUP

»
. The base of  cthe Robert's Arm Group. appear% to
conformably overlie a post-Caradoctan ‘flysch sequenc; on
Burton's Hafbuur peninsula (Desn, 1978). The Ttelationship
between the Buchans Group and the structurally underlyihg
strata south and east of Red Indian Lake is not known with
certaincy I(Thurlow, 1981a;b). Overlyingrthe pre-Caradociaq-
Vict;tia Lake Group is an unn;ng§ greywacke-conglomerate
.sequénce, litgologicaily similar to the p;at-Ca;adu;thn

Sansom Greywacke and Goldson Conglomeracte of Notre Dame Bay

area (Anderson, 1972; Kesan, 1977). Although the Buchans




30

Group structurally overlies this saquence, che origxnhl
nature of this wunexposed contacé has beeg contro;eraial.
Williams (1970) considered 1t to be a :faulted‘ contact,
whereas Apdetson (1572) mapped the p;%hans Grbup to

conformably overlfe these flysch unfts. Dean (1978), freom

Anderson’'s observations and for - reglonal <¢orrelative

reasons, also consfidered this econtact to be conforzmable.
Kean (1977, 1980) {nterpreted the contact to be a fault but
consldered the Buchans Group to— be younger than - the
3r§ywacke-cdnglom;rate units overlying the Victoria Lake
Group. The significance of a wmajor structural 1lineament
which traverses Red. Indiéh -Lake, and the pr;sence of red
sandgtonés (non-fossiliferouq) south of Red Indian Lake are

not presgently understood. It has 'been suggested (Thurlow,

1981a,b; Nowlan and Thurlow, 1984) thac the Victoria Lake

Group way be a time stratigraphic equivalent to the Buchans
Group and fepresents a deeper water and more distal facles

of the Buchans Group.

.o

, ‘Both the Robert's Arm and -Buchens Group rocks are

virtually devoid of fossils., -Lower Qrdovician (latest

Arenig-early Llsnvirnian} conodonts 1in carbonate <clasts
within Buchans Group debris [flows have recently been
feported (Nowlan ,and .Thurlow, 1984). ~ Rb-%r whole rock

radiometric dating pecthods for volcaanic, rocks from each

group give similar ages of formation as dates of 447+7 Ma:

E
¢
v
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from Robert’'s Arm Group volc;n;c rocke (Boatock et al.,
1979) and 647:i8 Ma frog Buchans GrOup«volcaqLc rocks (Bell
@nd Blenkinsop, 1981) have been obtatned. The assignment of
these rocks to a post-Catadoc;hn time'of ufornatioh depeﬁds
on the time scale usad to assign absolute ages ro the
Ordovician fossil 'stages.  The Ordovician absolute time

scale is discussed in Chapter Six.

The Buchansg Group 1s bounded to the norch, east and
wesc Sy the posailp Igneaous Terrane (Wheian and Curcie,

1982, 1983, 1985). The Topsails are a mosaic of 1gneous

rocks of great diversity both in composition and age and

appear to be separated from juxtaposed terranes by major
.

tecton{c breaks (Wgelan and ACurrie, §985). Within the
Topsail Igneous Complex,frafés of ultramafic and mafflc rocks
thact may re;resen: apﬂiolitic material and ;re prob;BIy the
.oldest ro?ks present are found in a ';ea' of younger

plutonic bodies. Younger intrusiva bodles of diorite,

tonalice, gtahodiori:e, syenite and peralkaline granires are

v

also present (Whelan and Currie, 1982, 1983, 1985).

Deformed units of ultramafic, gabbroic, tonalfitie and
granodioricic ~composit16ns within the Topsails terrane are
heterogenous in nature, of diverse ages and have complex

contact relationships. These wunits are poorly understoocd

and collectively form the Hungry Mountain Complex (Thurlow,

) L
198la,b;  Whelan and Currte, 1982, 1983, 1985). This unit

3

& F 4 -
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is of uncertain age bdur apﬁéars to be older thap either ‘the
associated Lntermedfate and felslc*volcan;p, pJHvolcanic or
intrusive rocks (Beli and Blenkinéop{~§£$g;i Whglen and’
Currie, 1283, 1985). Rubldium-strﬁntiuﬁ';ggfdates of 400+60
Ma and 660+70 Ma from the Hungr& Mountain Complex have been
obrained by Bell and Blenkingop (1981). An early Middle
Oédovicla; zircon age-date from a onnger tonalitfc phase of
this couplex s tn contrast with an Early Silurian age-date
from a 1lithologfcally similar phase of the Rainy Lake
Complex to the south CWhelaq and Currie, 1985). U-PY
(zirconi dates from the ophtiolfitic (trondhjemite) rcocks of
the Annieop??ﬁb:ch Ranges to the southeast of the Central
Mobile Belt and south of the Topsails Highl#nds are Setveen
477 and 48} M;; f.e., Early Ordoviclan (Arenigfan?) (Dunning

LY
and Krogh, 1983; Duinning, 1984).

Peralkalfine granicic and syenitic bodies (Topsalls-type
granite? form the most\ 1mpor:anﬁ volumetric phase'of the
terrane. These bodies apparently jfo;med. in the .Early
Silurfan between 420 and 430 Ma (Whelan and c:rue; 1985).
These daﬁes contrast with previous Rb=Sr whole rock
isogchrons of 387+16 Ma and 421+7 Ma for alkali-feldspar and

peralkaline granites, respectively, of the Topsails TIgneous"

Complex (Bell and Blenkinsop, 1985}.
' 4
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Granictic rocks  that are cut by cthe Tépsailgf-type

granites but younger than incermedilate phases of the Hungry

Mountain Complex cut -the wmafic ta felgic volcanic¢ and
K ' ,-sedimentary rocks of the Giover Formation on the ves;ce:n
flank of the Toiwails High‘iands- " This formation. has not
been daced radiomecrically but has recently yielded
middie-late Arengian conodonrs (G.S. Nowlan, referlenced in
Whelan and Currie, 1985). One such p,lutonic'bgdy ui:hiﬁ the
Topsails Igneous Complex yielded an early Middl:e Ordovician
age (ziréon), similar to the datev obtained from a granitotd

clast {n this study (Chapter ‘Six).

The Hungr.:y Mountain Complex is considered to have been

. thrust ' southeastward over the Buchans Group {Thurlow,
.  1981a,b). Dykes, which are belfeved to be related to che
Topaails alkal{ 'feldSpat granite, 'cut both the Hungry
Mountain C'omplex and the Buchans Gr;up (Thutlo;r, 1981a,b);

this evidence suggests that thrusting occurcted before or

"during the Early Silurian. Tﬁus, the Buchans Group/Topsatls
Complex éontact, although not exposed, is considered to be
ifntrusive. Topsails-type granfite and related dykes are seen

to 1inctrude and to be <chilled zgalnst the Wiley'a River
Intrusion of the TFeeder Granodlorite {Stewart, 1983;

Chapker Three).

b




2.4 METAMORPHISM AND DEFORMATION OF THE BUCHANS GROUP

’

Henley and Thornley {(1981) estimated Buchauns volcanic
rocks to | have- mineral assemb'lagés characceriagtdic of
sub-greenschist (pr‘ehnite-vpump‘ellyil‘:e) metamdrphisw prodyced
1n‘ whole »or' in parect by hydrot‘hermal‘ ai:_eraticn
penecontemporaneoﬁs with &olcanism. Thurlow (19813I,b)
reported oc"currencveeii : of greenschist and higher grade
metamorphic facies near the contact with the Hungry Mountain
C.omplex; -.he interpraced - these‘- to have resulted bfr\on
thrusting of the ﬁungty Mountain Complex southeastward c'v\et
th(e Buchans Cro;zp.

~M e :
The Buchans Group“has been subjected to small and large

gcale thrusting toward the scutheast (Thurlow aind Swanson,
1985). Current ‘interpretation of these fault structures 'Vi.s
that t‘llu!y_ form a thrust dup;ex (terminology a;fter Dahlstronm, °
1970), 1.e., a sulte of steepl‘y Aipplng imbricate - thrust
blocks and slices bounded by more shallow dipping roof and
floor thrusts. Movement 'was often localized on bedd‘.ing,
planes and‘thus hi.ndei;.s siratig»raphic 1niterprel:ation_ of the
Buchans Group (Thurlow and Swangon, 1985). Despite r_h$s
propns.ed thruicing, textures in the Buchans Grt;up volcanic
rockas are rema:kably wvell preserved anﬁ_chere’ is no evidence

gf penetrative deformation or rotation of clasts or minéralv‘

grains 1in any reports or observatfons made at Buchans.

Y




2.5 ORE DEPOSITS AT BUCHANS

The mines at Buchans produced over 17.8 nilliod tons of
: , ]
ore from 1928 to May 1984 (Thirlow, 1984)., After a brief

interruption 1in 1982 production resumed 1n 1_98‘3, but the

[

mine closed permanently 1in September ;- 1984, Ore bgrades
averaged 14.5% Zn, 7.60% Pb, 1.33% Cu, 3.68.0z/ton Ag (128

g/ton) and 0.043 oz/ton Au (1.5 g/ton) (Thurlow, 1984),

-

Barite 1is a common conetituent of the ore and - has "recently

.
.

been recovered from the waste piles at Buchans,

The deposits consqisf of three genetically related types
of ore: atocl;vi-ork, in situ and tranaported ore (Thﬁrlow_and
.Swanaon, 1981), Stockwork ore c,ronsists"of' base metal
éulphides_ (primhrily pyl:ite) ,epige,neticall);i disseminated and
emplaced as veinlets within highly sllicified and loca;i,ly
~chloritized a.ndlét serlc['tized host rocks. In situ ore
consists of fine-grained sﬁhaleritg. galens, ch.qlcopyrité,
byr@te and barite 1In conformal?le, massive to weakly‘ bedded

lenses overlying stockwork ore and the associated alteration

zone, According to George (1937), the Lucky Strike in situ

6rebody._ cons‘ist;ad of 50% sphalerite and glalvlena'
mip‘eraliza'tion and IIOZ chalcopyrite, pyrite and sphalerite
m“ineralization. It occurs as conformable lenses overlying
alt?red felsic Pyroclastic “ rocks; Well de'vglop;_d

compositional band.ing 18 uncomman - but thin, discontiguous

A%
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wispy streaks of fine grained yellow ore occu;rred in vér:y
fine to fine grailned a.ggregate‘s of‘black ore, This "streaky
ore” may hav>er been produce,d by 1lateral flow Ain an
unconsolidated, watery, plastic sulphide mud (Thurlow and
Swansor'xv. 1W9Bl)‘- | . \

" The 1_n 8itu orebodies werg formed on or near the
seawater/sedimen't | interface. by the precipitation oé

sulphides from hydrothermal fluids (Thurlow et al,, 1975;

Thurlow’, 198la,b; Henley and  Thormley, 198i). \‘jhis

hydrothernal 11“1& system altered and mineralized

’vo-lc‘anic rocks underlying the discharge site to form the
stockAwork orebodies. ‘ The transported oreBodies were, formed
as a result of the disruptlon and fragmentation of a pond of
3u1phide nud by explosive volcanic, phreato—magmacic or
earthquake activicy, and subsequ‘envt transportation of this

- 3
and other entrained mate;ia.l as subaqueous gsediment debris

flows (Thurlow, 1977; Thurlew and Swanson, 1981; Calhoun and

Hutchinson, 1981l; Walker and Bhrbour,' 1981; Binney et al.,

A

1983),

.

These dabris flows were apparently contalned - a d—
directed bx lineaf, north-west trendiélg paleo-depredsions
(Thurlow, 198la,b; “Halker and Barbour, 1981; Thurlow ang
Swanson, 1985). The largest of these _channels 4in the
Buéhans ar;!a'contains the Rothermere, MacLean and. MacLean

Extension otebodies (Figure 2.1), The transported orebodies

PR
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are capped by a series of baritg—rich debris flows, €sge,
MacLe;n Extension (Binney et ‘al., 19%3). This ig considered
to reflect an Briginal zonation of th;‘sulphide mud ponds.
A gimilar zonatlon can be seen in the Lucky Strike in eitu
'orqbody (Thurlow, 1981a). The geology of the MacLean

Extension transported orebody is digcussed in more detsall in

Section 4,2, ) |

Whether the source of the sulphide~rich debris fldws

was the TLucky Strikeliﬂ situ orebody ar not is uncertain,

hﬁwéve;, they both occur within the game stratigrkphic-

horfzon in the Buchans- River Forﬁ);ion (Thurlow and Swaneon,

1985). Comparisons of metal ratios between trénsported ores

and 1n gitu ores, and rhe similar zonations seen in the in

8itu and transported orebodies suggest that the Lucky Strike

is the most logdcal source pregently known for the
transported orehadi of the Rothermere/MacLean channel
(Hutchinson, 1%8]1). A

The Buchans deposits have been described (Thurlow,
i977, 19813; Thurlow and Swanson, 1981) as being similar to
the volcanogenlc massive sulphide deposits of the. Kuroko
district of Japan {(Ishihara, 1974; Ohmoto and Skinner,
1983)7 Featqres og Kuroko ore depoaits recognized at
Buchans (Thurlow, 1981a; Thurlow and Swangon, ;98[) include:

¢

the stratabound nature of ~the orebodies; sedimentary

Structures and textures in the sulphide masses including
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mechanically ;rénsported orebodien; the presance of
Bliliceous qtockvork"alteration and mineralization (a;mildr
to Keiko ore) underlying tﬁe'strac;-boundr'orebod;eu; ‘metal
zonin; from pyritic Cu-rich gsections in the lower parts of
the o:eﬁody (Oko) to Pb and _Zn -ric; upper sections

(Kuroko); and the "different expresgiong and types of

alteration exhibited by clasts found in transported ore.

€«

o
[

\

2.6 STRATIGRAPHY OF THE BUCHANS GROUP

2.6.1.rntroduétion

.The'Buchans Group 13 a complex dssemblage of‘subaquedus
. voicanic, vcleaniclastic and sedimentary rocks. The
vélcgnic rocks range 1in composition from basalt to rhyolite
and show caic-aikéline ‘cheﬁtcal trends, although rocks of
intermediate co?positions a;é rel#tively ‘undérrepresented
(Thurlow et al., 19?5; Strong, 1977; Thurlow.‘l9§la). The
presently .exposed thickness cf the Buchans Group is
estimated to be bétween 3 km and 6 km {Thurlow and Sugneon,

1985).




,n\\\\
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The'sttatigraph; 6f the Buchana Group haé never been
comﬁletely elucidaced. There are several factofs. that
hinder ;tratigraphfq cqrreiatiéns, Exposure of'the voleanie
and sedimentary Trocks Ls poor;‘ Abrubt Isteral'facigs and
thickness ‘changes, especiglly {n the felstic 'volcénic
asgemblagas, are common. These abrupt changes are a c;mmon.
dspecf‘of felsic_ volcanic rocks (Williams and 'HéBirney.
1979) and are probably due tao the rugged toéography during
volcﬁnismn- No basin wide li:hologically distinctive marker
beds occur {n the succession. The abaence of fossillferouu
strata fut;her hampers stratigraphic Eorrélation Qithin cﬁe
Buchans Croup. The topography may have beenvperiodically
modi{fted by faulting_concufrent with depositrion (Thurlow and

Swanson, 1985).

Probably the grgafést handicap 1in unravelling the true
story of Buchana geology, howaver are :heisevetal epiéddes
of faulting including a periocd of significant thrust
movement (Thurlou and Swanson, 1985). Thruat movement often
occurred oﬁ bedding planes and s recorded as zones of
briétle ;ﬁear.,from a few centimeters to several merers in
thlcknes;; depending‘ on ' the amount of w@wovement. _The
resulting fault gougev°is- nor@;ll; lichified by sgcondary
quartz and ‘epidote;‘ althbugh occurrences of unlithif{ied
clayey goﬁge suggests , very late movemenc.V‘Diabase dykes

.

have often intruded ¢these fault. zones before and after
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re—activation of movement 1in these zones. 5
. i : )

-

The current interpretation of "structures evident at
Buchans as a thrust duplex (Dahlstrom, 1970) has allowed for

v

silmplificacion of the stracigraphy, albeit gith a

.

corresponding 4increase 1In the complexity of the structural

hisfo;y (Thﬁrlou and Swanson, 1985). 1In the vitinity of the
orebodies, the- Buchans Gtou? i3 now recognized as afseriéa
of roughly east-west trending imbricate thrust blocks. Tvwo
gsuch blocks, the Orten;al and iugky‘S:rike thrust blocks
contain all known economically fmportant orebodies
(Fig. 2.1). _The -p;;;anted stratigraphic-relatiqnships ara
‘ p;imari}y based on ohser;able éonformablé cont;cts within
the Oriencal block whéra orléinal relations are best
preserved (op CIE.). Recogatition ofl the geometry‘ ofi‘;hﬁ
th;ud: duplex  has * permitced thév correlation of
Iithologicallf similar sequences between :ﬁrust ‘blegks.
These lithological similarit;es had been recognized for some
time at Buchans but, fn the absence of observed conformable
contacts .between certain s:ra;igraphic“#ntrs, stratigraphic
correlations were not made (T;urlow and Suanson; 1951). ‘For
the flrﬁt time dn the history of the Buchan§ Group formal‘

1 ) stratigraphic nades have been proposed (Thurlow and Swanson, -
|

1385). Because the atratigraphy is best understood in the

vicigpicy of the orebodies, the _possibility of changes or

of the Buchans Group increases

1 ' " "7 additions to the sctatijrap




'

with f{ncreasing distance from the oreﬁodies.

It 18 sutside the scope of this thesis to resolve
" complextties of Buchans Group stratigraphy or

gtructures.

2.6.2 Lundbe}g ALill Formation

This 1s the lowest }ecognized mappable untt 1n the -
Buchans: Ctéup _an& vas Eormefif cglled the Prominent ﬁuﬁrtz
.Sequence (ThgriowAhnd Swanson, 1981). "It ts a sequence of
dominantly <rhyolitic pyrdclastic tocks. In other thrust
blocks, similar fe131C"pyroc1;s:1c tock? are inte;bedded
with subaqueous 'debcis flows, ;uffaceous waékesL sflrstone
and ?heriy mudstane. The base of this sequence {3 eflther
mot exposed or Lt bottoms on a majoc thrust fault. It has
an estlmate& thlckn;ss of approximately 1000 w. - The
vplcante rocks are lpharactetized by rounded to subhedral
quartz phenocrysts whieh common%y excee& 10 mm {n dfameter
;n;  snal1et plagioclgse phenocrysts (?ia:e 4.18) (Thurlow

and Swanaon, 1985), : .

2.6.3 Skt Hi1l Forma:ioq
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This sequence of basaltic to' andesitic pillow 1lavas,

.

breccias and pyropladiic rocks was formerly called the Ski
Hill Sequence (Thurlow and Swansona, 1981). Thé iavas are
ugsually anygdalotdal and contain augfte and plagloclase
phenocrysts. .It conformably ove;lies the Lundberg Hill
.Fﬁrmatidn ‘and has a iaximum thickness of approximately LQUO

°

m (Thurlow and Swanson, 1983).

2.6.4 Buchans River Pormation

\

All major volcanogenic massive sulphide orebodlep‘ are
hosged by this formation. It 13 a coamplex asgemblege of
felasic pyroclastic rocks, sreccias, flows and clastic
-;ediments 1which cpnformably overlies the Skif Hill sequence.

IE has an estimated wmaximum thickness of 200 m 1in -the

Ortearal thrust block.

Th;s formation {s chérac:grized .by the products of
dominantly explosfve felsic volcanisa. The —dost common
lithologies are felsic crystal-lithic pytoclastic_rocks and
brecclas. Typleal felaic {Lff co;;istu of 20-40% 1-2 mm
quartz and plagioclase crystals iﬁ a fine grained to glassy}'

variably altered matrix (Thurlow, 1981a).
’ ht
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. Baeneath the Oriental - and Luéky‘ Strike li situ

orebodies, hydcothermal alteratfon ohscures the contact
becw?en the mafic volcanlc rocks of the Ski  H{ll Formation
’ and che félsic ﬁfroclas:ic rocks of the Bucﬁans Rivaer
Formation. Where the original.comgositioﬁ 13 recognizable,
ai:éred, felgstc, quarcz-poor lithologlies are asaigned to the
juchans River Formation (Thu;low and Swanson, 1985).
Underlying altered rocks éf r?cognizable mafic composition
.are agsigned to the Ski Hill Formation. These alcéred

lithologies were previously assigned to the Intermediate

- Footwall (Thurlow and Swanson, 1981,1985).

’

In addition to the felstec pyroclastic rocks, ‘quartz and

feldspar—phyric rhyolitic bodies, lenses of distinctive

pyrictic sfltstones, wackes, siltstone breccias, the in situ
and tgpansported orebodies, and other debris flow deposits

occur locally within this Formation.

Although not as heterolithic as overlying debris flow
'depd@ited brecciasrand breccia-conglomerates, the siltstone

breccias in the Maclean Extension contain s?veral 1afge

\” (>30cm) boulders of ‘grafitolds that are ctexturally and

chemically dtstinctive from the granitoid clasts contained

\

in the overlying Sulph;dic bieccia-éonglomeratas ‘(see

Chapters 4 and 53). The silhs;one breccia and its coﬁtained-

‘ granitotd clasts ‘are thought to be related to

syn~deposirional faulting, but this cannot be proven with




<
any certaincy ac present.

S\

The narrow, linear distribution of cthe. debria. flow

deposits, the siltscone and siltscone breccia suggests a
paleo—topographid‘con:rol on gheir deposifion (Thuriow and
Swénson; 1985). The troughs or depressionsﬂmay have been
fault-bounded. Alcreration unde¥lying the in situ orgbodiesf
‘appears to have been controlled\ by structures rha:'exiated
at the time of ore deposition. 'hese fault planes, altared
and vweakenéd b& this ;arliar movemené vere prefetentially
re-activated during the later period of major thrusting
(Thurlow and Swangon; 1985).7 The formation of the sulphide
orebodies and structural complexities In th; vlcinici of

these orebodies therefore appears to be genetic and not

coineidental (Thurlow and 3wanson, 1985).

:

Ore deposition, anlﬁding the transported orebodles,
was succeeded by} felsic pyroclastic activity: The
fanitiation aﬁd debosition of the: transporteﬁ orebodlies
appearsy to have resulted 1In the cessacion of gignificant
sulphide mineralizing activity (Chapter Four). Deposition
of arkosic conglomerate of the overlying Sandy‘ Lake.
Formation appears to have leveled the paleo=-topography after

the final period of explosive felste volcanism {Thurlow and

Swanson, 1985).-

2.6.5 Sandy Lake Formation
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In :he~0t1entab block, the Buchansg River Formation 1s
conformably overlain by Dbassltic pillow lavas and pillow
breccias, with arkosg and arkostc <conglomerate 1interbeds.

Pillows are well preserved, variable in size and weakly to

strongly amygdaloidal.
P

The‘atkoae and arkosic conglomecrate {s usually massive
- . ..

and coarse grained with sparsely dispersed outsfzed pébblés,

-

cobbles and boulders of primarfly quarcz-phyric chyolitic

ma;erial.- The presencé of relict glaas shards, a lack of

) .
obvious paleo-weathering of the plagioclase feldspar ' grains

and th; paucity qf granitic clasts or detritus sugéests that
a felsic volcanic center in the area was the source of the
arkoge and aEkosiﬁ qoqglomerate r;Eher thaun an older exposed
fntrusive terrane (Thurleow and Swanson, 1981). The basalr
and arkose 1n:er:on§ue extensively, but with very little
mixing. BRagsaltie cobbles in arkose, or arkose in
incrapillow depressions'are very rare. This indicates that

two coumpositionally distinct volcanic centres were actlve

sinultaneously (Thurlow and Swanson, 1985).

v

This formation contains units previously assigned to
the Footwall Basalt, Footwall Arkosé; i;ke Seven Basalr, and
Upper Arkose (Thutiow and -Swaqson, 1981). The original
relationship of this formation <to cthe 1nform;1 Skidder
Basalt unit, which was recently subdivided from the Footwall

Basalt {Pickett and Barbour, 1984) (s not known.
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2.6.6 Unnamed Formation
To cthe east and north-eagt of Sandy Lake and the

Buchans River, intermediate to fels{c flows‘_ brecctas and

pyroclastic rocks overly atkosé of the Sandy Lake Formattion.

Mafic tuff,‘ pillow 1lavas, and volcaniclagtic sedimentary

rocks may be important locally. The relacive stracigraphic’

positlon of rthese roeks 18 not known. Although widely
disrributed northeast of the Oriental block, this formation
ts little studied and not well understood. Thege rocks wvere

,formerly assigned to the Upper Buchang Subgroup by Thurlow

and Swvanson (1981). - . ] ' - ‘
‘Volcanic rocks of this undamed formation are s;e_-_en

tntruded by the Litcle Sandy Lake Intrusion of the FPeeder

Graﬁodiérite in the Lictle Sandy Lake area (Chapter .Three).

. These rocks are hereafter informally referred to as the

Little Sandy Lake sequence.
» Q ’
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Chapter Three

FEEDER GRANODIQRITE

3.1 INTRODUCTION’

The priuigty intent of the field work was to' map the two
Feeder Gr’anbdiori;e bodies to’ detérmine the nature of thelr
contacty with the Hlichans Group volcanfic tocks. The Little
Sandy Lake Intrusion and the H-iley's': B..iver“tn:tuslon»are

described separately and then classiffed and compare_d.

e

3.2 LITTLE SANDY LAKE FIELD ARFA
\
3J.2.1 F1eld r\,ela:iona

The Little: Sandy Lake TIntrusion of the Feeder
Granodiorice out'crops as two smalll oval’ bodies which
underlie an area of 0.15 km2 withi{n the Little ' Sandy Lake

sequence ~of the Buchang Group (Section 2%6§.6) in the Little

Sandy Lake ate:ta " (Fig. 3.1). These . two bodies “are
- o . \

characterized by prominent : 15om across) gquartz
phemocryscs and medium grained -fel spar phenocrysts in a

fine grained grounddass (Placte «1). Colour variations

(gAree'n, white‘and'b'rown on weathered sgurfaces) are .due to

kK
T
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varying quantities of epidore and chlorKe fa the rock.

o]
Exposed contacts of the ULittle ‘Sandy Lake Igtrusion

with the assogiated volcanic rocks are rare aod small. No
effects of contact metahorphtsm on the intruded volcanics

have been observed. The quartz and feldspar phyric center

of the intrusion grades to a fine grained .aplitic textured

rock toward the western margin. Towards the eaa!‘:ern margin,
the rock becomes equigrsaular, £iner grained and highly
granophyric. These featureg suggest chilling and support )
the proposed incrusive nature of —cthese bodies 1{nto cthe.

Buchans Group.

[n‘ the,Litt'le Sandy Lake ar;aa'; the TLittle Sandy i.-ake
sequence ‘(Seczion _2.6.6)’ .cgnsiscs vqf a series of
iaterfingered and interbedded mafic, tntermediace and 'felsic
volcanlic rocks uitﬁ . the latter predominent (T,hurlc‘;w and
Swangon, 1981). Hosx;_ of the strudy area 18’ underlain by
;Iacltic to -rhyolitlvc bre‘ccias' and.lap;illistones. Several
Iensoi;‘]\ai‘. bodies‘o_f bovl::'h aphyric and qua:;tz 'and feldspar
phyric rh'yoclitic ‘tlows, similar .to many clasts _seen' in the_'.

breccias, occur 4in the area (Fig. 3.‘12.

3.2.2 Petrography
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'.The Little Sandy.Lake Infrusion 1s a serifate parphyricic
(allotriono.rphic inequigranular) intrustve rock. If the
central areas of the intrusion where the groundmﬁsn grain
s8lze* 18 nmedium grained, the feldspar crystals ocecur as

Bubhedral plagioclase laths. with anhedratl, lrregularly
* Y

formed quartz crystals. In the extremities of the
. - ,

intrueion, a fine grained._gtoundméss 18 more common and

quartz and plagioclase Phenocrysts occur 1o a mosaic of
- §

¢

J ,

anhedral, ragged quartz and plagioclase feldspar w;!i,(‘h

lrregular intergrowths and interdigitations. Whe':thet fine
\

s t
or medium grained, the grouondoass usually comprises over 807
£

of the ;:'ock (Plate 3.'lai.
‘ : N
The rounded .qua.rt;z phenocrysts are - composgite, . show
embayments, and have cavities and frictures that contain
very fine gréined m;aterial similar to the groundmass (Plate

-4
3.1). Quartz phenocrysts commonly show undulous extinction,

crystals. Feldspar phenocrysats are typicali‘

unlike the feldspar phenocrysts and g\i‘:ndmass quartz

glomerocrystic:
"and composed of an‘hedtal to subhedral components mwhich
thoug.h | roimded, ' ﬁre rarely corroded. Feldspar phenoérysts
are pafttally replaced’ by /mericice, epidote an;'l calcite
(Placeb 3.1b). All feldsp r; appéar to be sodic plagioclase
baaé:‘l on staining techniques (Fried)man, 1971), # the absenc;

of petrographic features inditative of potassiunm feldsgpar

and the major element chemistry (Chapter Five).




Place 3.la

(Top) Represencative photomicrograph of Lictcle
Sandy Lake 1inctrpesion {KQS-83-141) ashowing the
porphyripic texture, fine grain size of groundmass
and composite nature of quartz and feldspar
phenocrysts; polarized light; bar langeh = 10
mm . o .

a

Plate 3,1b (Bottom) Repregentative photomicrograph of <Litle

Sandy Lake intrusica (KQS5-82-066) showing large
difference in grain si1ze between phenocrysts ‘and

"groundmass, anhedral nacure of groundmass crystals

and alteration of plagfoclase grains; polarized

light; low jWer (x2.5)
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Biotite, magnetite and pbssiblyAilménlte occur in_ trace

amounts, Biotite i8 partially to completely altered to

\

\

i

chlorite. Epidote/Pccuts in local concentrations.

3.3 WILEY'S RIVER FIELD AREA

3.3.1 Field ‘relations

The Wiley's River Intrusion of the Feeder Granodiorite

outcropa 1in the Wiley's River area and underlies a roughly

triangular arga of 1.1 km2 (Fig. 3.2). The VWiley's River

Intrusjion contains large (up to 15mm), rounded couposlte

quartz phenocrysts (20-30%) and smaller (up to Bumm), white}

subhedral tabular laths of plagloclase feldspar crybtals |

(30-40%). These oceur 1in a & fine grained to very ftne

grained groundmass of quartz, pink bTOVf potassiun feldapar,
biotite (and chlorite after biotite) and magnetite. The

Wiley's River. Intrusion is a white-brown massive rock that

ia 1increasingly . reddened toward the contact with the

.
&

Topsails granite in Hiley's River. No colour change 18

observed 1n the Wiley 8. River Intrusion at the contact with

the Topsails granite on the hill to the southwest (Figure

3.2).

3
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' The volcanic rocks in this area are poorly .expésed. The

contact with, the Buchans Group 18 covered by a large bog
(Fig. 3.2). A low magnetic anomaly (Geological Survey of
Canada, 1968) colncides with tﬁe linited outcrop
distribution of . the Wiley’s River [nfruston,' The Topsalls
alkali feldspar granite (Taylor et al., 1980; Whelan and
Currie, 1983, }985),I§ seen 1in chilled contact with the
"Wiley's Ri;er Intrusion.‘ Dykes macrosccepically similar to
the alkali'feldspar granite, i.e. brick-red, fine grained
and equigranul&r, are also seen cutting‘the Hii;y'L River
Intrusion (Stewart, 1983). hnfic dykes. of similar
appe;rance and composition te fine grained mafic 1ﬁtrusive
Sodies in the area cut the Wiley's River Intrusion. / These
maflc bodies are considered to be‘re%atgd_to‘the Topsalls
fguecus cémplex (Taylor et al., 1980). No>contacta_ hetue;n
the large diabaaic body and the Hiley{s River ITntruslon are

exposed (Flgure 3,2). :

<

3J.3.2 Petrography ¢

N

: ) +
The Wiley's River Intrusion 18 a nadium to coarse gralned.

It 4is hyg{iiomorphic to allo;riomorphic inequigranular with

quarte and Jplagloclase phenocrysts (Plate - 3:2).. Potassium
feldspar. 18 often
e

seen t§ rim the laréerf plagioigpse
crystals and is an essential component of the groundmass .

¢




Plate 3.2a (Top) Representative phoromicrograph -of Wiley's
River . intrusioen (RQS-82-19¢) "showing
inequigranular texture, raelative oproportion of
phenocrysts to groundmass which {3 greater than 1in.
Litctle Sandy Lake tntrusion;  mnote the wounded,
anhedral and coumposite nature of the quarc:z

phenocrysts; polartzed light; bar length = 10
mnm.

.

Flate 3.2b (Borrcom) Representattive photonicrograph of
+ Wiley's River intrusion (KQ§5-82-198) showing
extremely . .fine grain size of groundmass relative

to, *stze of phenocrysts, and alteration of

plagioclase to saricite;, polarized 1lighcr; low
power - (x2,5). :

“~
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Biotité occurs interstitial toitﬁe quﬁftz and plagloclase
pheaocrysts as either clhstetsp of fine p@rained -anhedral
sheéths or as medium grained books. Bilotite appears to haye

crystallized before, and  with, fine grained potassium

~

‘feldspar and guartz 1in the groundmass. Rare subhedral
amphibole crystaLE are observed. Both amphibole and bdiotite
are partially to completely chloritized. Grunéphyric rim;
on plagloclase phenpcrysts are seen rarely; The ' groundmass

comprises from 5% to 20% (vol) of the rock (Plate 3.2).

3.4 CLASSIFICATION‘OF REEDERVGRANOPIORITE p
. Q\\\—J//

The classification of. plut;nic and volcanic rocks 1is
commonly based on modal analyses {Strelckefaen, 1967, 1976)
or normative comﬁositlons (Streickeigen and LeMafitre, 1979).
Recent claasifications ~ of .granitic rocks that iancorporate
geological éonstraints on ﬁhe source regions (continental
vs. oceanic) and the tectonic setting  (orogen1c vs.

anorogenic) has been uded for «classificatfon purposes 1in

this study (Lemeyre and Bowden, 1982; Bowden et al., 1984).

Modal analyses have'notl been determined for these two

1
bodies.” The absence of potassium feldspar from the Little
.Sandy Lake Intrusion and its .subordinate volumetric

‘ . .
abundance in the Hiley's‘ River Intrusion llmitﬁ the
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ugefulness of methodicalbmodal deteérminations. However; the .

o

approximate poaitien of these rocks on the QAP uodai

clasaication tri{angle wmay s9till be estimated. . Quartz
- r

clearly occupies between  20% and 60% of each body (Plates

3.1, 3.2) and each will therefore fall within the "granitoid

parallelogfam™ of Bowden et al. (1984). The absence of
potasslum feldspar 1in the Little Sandy Lake Intrusion
requires this body to plot within 'the'T-granitoid (T =

cﬁoleilﬁic, tonalitic or trondhjemLtic)-field.;near the Q-P

: . f .
Join. Although present as a late crystallizing phase in the

-Wiley's River intrusion, potassium feldspar 1is clearly

subordinate to plagioclase feldspar because of its finme
grain size and 1tas restriction to the groundmass and as rims

on earlier formed plgkioclase gralns. The Wiley's River

.

intrusion will therefore plot within the T=granitoid field,

or possibly within the granodiorite Eieid. Since greater
. . ‘ ’

than one third of the feldspar present 1is not poiassium

feldspar, this body cannot plot within the g%anite field.
' . $

Thelr occurrence with the dominantly galc-alkaline '

volcanic rocks of the Buchang Group (Strong, 1977; Thurlow,

1981a) instead of ophiolitic “or tholeiitic ignefus rocks
S =) .

neg;tes thelir 'clasdigzcation a8 tholeiitic granitoids

(Lemeyre and Bowden, 1982; DBowden et &l., 1984).  The

‘absence of pyroxene or evidence that amphibole was the

ps

dominant crystallizing mafic phase demonstrates that they

v .

a
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are unlike the oceanic plagiogranites of Coleman and Donato

(1979).

There has been so;é mobility of the alkalis in the Li{ittle
_Sandy Lake Intrusfon but not in the Wiley's River Intrusion
"(Chapter Five).‘ Th; low K20 content and low QEO/NAZO ratios
of the Wiley‘'s’ Rlyer Intrusion are Ltherefore .probably
primary characteristice of these rocks.a In combination with
‘the ge;erallg‘loi abuddance of mafic miperals { 102) and low
iron and calclum contents (Chapter Five), the Wiley's Kiver

Intrusion 1{s a trondhjemite rather than a tonalite (Barker,
-1979).  1In viéy of the finer grain size of the L{ittle ‘Sandy
Lake Intrusion, it Ls termed a micro—trondhjemi;e
(terminology after Hatch et al., 1972). The two bodies a(/e

similar to the calc-alkaline trondhjemite series granitolids

of Bowden et al. (1984).

’ : ' ‘ ‘
3.5 COMPARISON OF FIELD AND PETROGRAPHIC OBSERVATIONS

The Little Sandy Lake Intrusion is clearly seen to intrude
the Buchans Group. The Wiley's River Intrusion 1s seen to
have been Intruded by fhg Topvalls granite and related mafic

intrusive rocks. Contactg between the Wiley's ' River

imtrusion and the Buchans Grdup volcanic rocks are not seen.
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Each plutonic body 1is characterized by prominént (up to
10~15mm), rounded ﬁuartz _phenocryacrs and smaller (to 8mm)
subhedral plagloclase phenocrysts fn a fine to very fine
'gralﬁed érohndmass.” Plagiocl;se phenocrysts are parttally
sericitized unlike the groundmass feldspar grains. The
groundmasa of the Little Sanéy Lake In£rusion Gﬁnstitutes a

greater average volume than the gfoundmass of the Wiley's

River Intrusion.

,fﬂﬁﬂ‘;::?}te appears to have been the primary mafic component

in each body and to have cryatallized later than the quartz
and ,piagioclase phenocrysts, Alteration of biotite: to
chlorite {8 common 1in each, but 18 more pervasive in the
Lictle Sandy Lake 1n£ruslon, as 13 the develapment of
epldqote.,  Hornblende has not been recognlzed fn the Little ,
. : . &
Sandy\Lake Intrusion, but exldence - of it" may have been
‘ - ) ‘
destroyed “during chloritization. Amphibole (hornblendg)»is

.

present.in the Wiley's River Intrusion as a vary minor phase
Differences be¥ween the two bodies are he presence of-

only,. : » '

) amphifole, the greater average grain size and the greater
ﬁroportion “of phenocryst phases 1in tLhe Wiley's Riverl
‘Intrusifon. Poc;asiJm feldspar ié deen in the' groundmass of
;he‘"iley's Ri;et 1ntrusion;‘ but: is not grésént ie \the

Little Sandy Lake " Intrusion. In the Little Sandy Lake

Intrusion, the phenocrysts are subordinate (volume;rically}
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to >the groundmass. while 1in the Wiley's River Intrusion,

groundmass material 13 subordinate to phenoctysts. _

¢ ‘<')'
- .. .

The porphyriti‘c‘ l:extures. small grain size - of the

' _groundmasa and the presence of granophyrfc 1ntergrov£ﬁs 'anf!'
.lfaplitic texturea augges;t that each body wag 1intruded at a
high levvelrv The anhedral, ‘ragged' appearance and
‘int‘e:dLgi:a’ting'h.at.:'ure of the'qunrtz‘ iand feldsprar crystais,
i‘the pre;ernce o(f inclusiono of Eeldspar in quartz and vice
‘versas, and the: oc;:urrence of biotite aq a l,ate crystallizing
p-hlae’e‘t:of ‘_.i'nter‘atit:iai, clusters of small books sﬁggest the

T J .
-relatively rapid. crystallization of 4 magma. Resorption

P -

featurea‘ on the pheﬁocrysts; their composite nature and the
. presence of groundmass _material between crystals .in- the
quartz glomerocrysts 'sugge.st movement of the earlier
.crystallized’ phases within each nmagma- chamber. Strain
features, such as the preferent'lal development of undulous
extinction in the phenocrysat phases, and rarely, bent

plag’{.'oclase ‘i:win_ planes, wmay {ndicate movement of a

phenocryst-rich magma prior to its final consolidation.
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Chapter Four

OBSERVATIDNS IN THE MacLEAN MINE
TS -

Lo

4.1 INTRODUCTION

.

All 1intersections of levels, drives, drifts and

sublevels with granitoid-bearing strata on 20 Level, MacLean

‘. -8 - : L
Mine were studfed. These locaticons are shown 1in Figure 4.2,

The geologicai setting of the MacLean Extension orebody will
be described first, then observations pertaining to the

morphology, petrography and occurrence of the granitoid

]

clasts in MacLean Extension will be presented.

Much of the .following” -degecription of the MaclLean
Extension orebo:dy is based on Blnnéy et al, (15‘83) ‘and
Thurlow and Swanson (1985). ~ For deiscrriptionu of other
,t‘:ranspotced' orebodies in the Buéhanslnrea; see Th(jxr'l'ov'and-.
Swanson (1981), Halkerv and Barbour (1981) ;and '.Calhoun : and

Hutchinson (1981),




4.2 GEOLOGICAL SETTING OF THE MacLEAN EXTENSIQN OREBODY

The MacLean Extension orebody 1is -“hogted .by the the

Buchans River ‘Foarmation. The Buchans River Bormation in the

MacLean Extensicm area consista of lenses of minetalized and

non-mineralized brecclas and breccia conglomerate_& . barren
- arenaceous conglomerates and rhyolitic flowe A\.r-i’:?:!hin ‘a
éequence of felsic pyroclastie rocks (Figa. 4;1.4.&).‘ The
MacLean Extemsion orebody occurs at the. aanev stratigraphlc

ln:erval in the Buchans River Pormation a8 the Rothermere

o

and MacLean transported orebodies and the. Luc‘ky .Strike 4{n

—

situ orebody. It occurs down paleo-glope - from the .

Roﬂthermere» and MacLean transported 'bodiles win a linear
arrangemer_xt extending northw‘eat from the Lucky Strike in
situ orebodies (Fig. 2.l) (Thurlow and Swanao_n., 1981). In
the Lucky Strike and Rotﬁeruere area, the’_ﬂ Bitu and
transported orebodies conformably overlie .altered‘ and
" A - .
miner'altzed . Ski Hill and Buchans River Formation
lith;logies. The MacLean and MacLean - Extengion orebodies

typically overlte ". less altered Buchane River Pormation

r

lithologies (Thurlew and Swanson, 1981, 1985).

o~

These lenses of btudlceous rocks were deposited as
subaqueous aediment gtav-ity floivs, - probably initiated by
explosive volcanic activity or local earthquake disturbancea

~ (Thurlow, 1877; ’ Walker ‘and Barbour, 1981) or




FIGURE 4.1 DETAIL OF BUCHANS RIVER FORMATION IN THE MACLEAN EXTENSION AREA
(from THURLOW and SWANSON, 1985),
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phreatomagmatic explosions (Henley and Thornley, 19481).-
Binney et -al. (1983) and Binney (1984) also concluded that'
the breccias and breccla=conglomerates were deposite§ by
subaqueous debris flows and that the spattally asgocigted

arenaceous éonglongrgtes ‘were probably deposiied by

turbidiry currents.

The direction of mass sediment transport and the site
ofkliepoﬁitibn of these flbws Qas appatencly'éonttolied by
galeo-topographic depressions and channels 1in :htluqderlying
felsic pyroclastic roéks‘and the locations of rhyolice don;;
{(Thurlow and Swanson, 1981; Walker and Barbour,’ 1981)  as

indicated by the narrow linear digrriburion of cthese unics
(Thurlow and Swanson, 1985). Tha localization of sericitie,
chloritic and silictc alteradion 1n the Lucky Strike end
Oriental areas implies a Qyndgpoeittonal structural control
of the pathways of the hydrothernal fluids (Thurlow and
Swanson, 1985). Thurlow and Swanson (1985) also suggest ¢
that ,ihe depression 1n the znicLeaﬁ Extension area was a

b

graben structure and that .lacer :hrusting preferentially

re-gctivated the previously altered and wveakened  fault

planes bounding the .graben.

Several channels containing subeconomic and economic
accumulations cf sulphides have been reéognizéd‘ i1 the
Buchans area (Walker and Barbour, 1581). ' The most important

channel froL an econoﬁic viewpoinct is the MacLean-Eotheruere




&6
~channel (Walker and Barbour, 1981); which has yielded over 7
million tons of ore (Thurlow and Swanson, 198l). The source.
" of ‘the Bulphides in th; Rothermere, MacLean . and MacLean
" Extension transported orebo;iea 13 considered to be i; the

vfcinity of the in situ Lucky Strike orebody (Thurlow and
Swanson, 1981; ﬁeniey and Thornley, " 198157 Hucchinﬁon,
1981). fhe'differen: transported orebodies in this channel
wergr poeaibly deposired originally as one continuous aeriei
'of‘d;btlﬁ flow-deposits (Thurlow and . Swanson, 1985; R.V.
Kirkham, pers. comm., 1985). The syn- and eapécialiy
éout-depositional faul:ipg, plus thebtntruaiun of felstic and

mafic dykes have consgidered to havae diarupted and gectioned

the once continuous debris flow depostic.

Débria flova in the MacLean Extension area of rhe

Rothermere—MaclLean channel were lntermittent (Binnaey et al.,

1983). The Maclean Extensiun orebody consists of upper épdv
lover ore upits (Fig. 4.2) (Stewafc. 1983; Binney ecr al.,
1983) cthat are gaparated By“and_hosted within 8 sequence of
felgic fyroclalfic rocks {(Fig. k.l). Even within each ore
unit there appears to have been more chan one egisode of
deﬁria flow deposifion as evidenced by thin tuffaceous or

-

greywacke b?ﬂs separating Individual debris Fflow units

(Binneyiut al., 19813).
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The lower ore unit mey be‘visﬁnlizéd as a ;pn:inuum 6fi
lL{thological ' subunits based on varying prﬁpogtions' of
sulphidic and 1lithic material nﬁd decreusing? gize and
lncreasing roundness of Iithic fragments (Fig.‘°4.3). ‘One
A;nd menber consisﬁn- of "breccia-congioneratel dominaﬂ:ly
cocmposed of sulphide clasti (both black and yellow cre) aﬁd
sporad1c111th1c claats 1in s domfnantlylsulphidic (sphalerfrte
and gnlﬁnaj'mgtrix and 1; called sulphide mttfi;.org'(ninney
et 4l., £983). The other end member of this concinuum 1is
arenace&us codglonerate..f ‘This ‘ subgnit. .co#sia:s> of

pfédominaqtly sub to well rounded 1lithic <clasts and rare

sulphide fragments and grains in a lichic—rich coarse sand

slzed macrix (Binney er al., 1983) {Placte 4.1),

Ponlithic‘brecc13°con316meflte fForms the broad central
'portion_.of this {concfnuum of debtié flow units (Fig. 4.3).
Rounded to,anguilr c;;stéy are ©preasent 1in ;He polyiithic

breccla-conglomerate with angular to sub-rounded clasts most
>ptevalent (F1g. 4.3). c1a§ca raugé,from aéverai metrec' in

diameter to pebble and sand sizes'(Btnney et al., 1983).
The abundance and sfze of ;ulphlde clasts and  the sulphide
gomponént in the matrix decreases and lithic materfal
r(clas;s and ma;;tx) increases in chglcontinuun from sulpﬁ£d§
mactrix ore to arenacegus congloiera:g (Eig. 4.3). 'Thete 18

a'corteaponding‘dec}ease in average clast . size and 1increase

in - the degree of rounding of all clast lithologles (Fig.




Figure 4.3 Schematic representation of ‘chnnzes in matrix’
composition, dominant composition of clasts, size

of clasts, relative angularity of clasts and
abundance of granitoid clasts that desccibe the
lithologlic continuym of sedfmentological untts
comprising tha traasported orebodies and
genetically related strata in MacLean Extension.

&
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Plate 4.1 Photograph of typical arenaceous conglomerate 1in

MacLean Extension area showing the rounded nature
and small size of gramitoid and other 1lithic

clasts; 20-4 Drive, MacLean mine; lens cap for
scale.
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4.3). Qith the use of modifiers, such a8 ‘ore grade',
-éranitoid-bearigg' and :'B;rltlc‘, Qiscgete sections of
polylithlé brecciafcopéiomergte Peds with concentration§ ‘of
a pértiéuiar cl&at liiﬁology may be ﬁote accufately

designated (Binney ef al., 1983) (Fig. 4.3).,
1 1

These lithological éubunits are usgually found 1in a

consistent ‘stratigraphic arrangement that ﬂs. shawn
écheuhtically‘ianiga“ 4.4, -Sulphide matrix ore usually
accupies the bé?q of t?eiflov.unit.. This subunit gernerally
grades upuard-and'outvurd laterally ‘16to' granitoid-beéring
.polylithie breccia-conglomerate with large black ore (Plate

ﬁ.i), or less commonly yeilov ore (Plate 4,3), sulphide
iclasts. Some sulphide clasts show evidence of plastic
deformation  indicatve of their unlithified state . when
incorporated 4into the debris flow (Plate 4.4) (Tﬁurlov and
Swanson, 198l). Where present, granitoid-bearing polylithie
brECtia-conélohérate .is‘ found proximal to sulphide matrix
ore (Fig 4.4) (Stew&rt, 1983)._ Other debris flow _ and/er
turbidlty cﬁrfené subunlt; that overlie = the mailn
suléhlde—be%ridg sections of 'deﬁ;is flow sequence were
inéreasingly lithib—ricﬁ. to produce low grade, baritic and
aubecdn;mic polylithic breccia~-conglomerates and arenacéoua
conglomerate Heposits. ' Hﬁst of the .lower ore unit was
_hﬂbaeduently capped » by . baritie o polylithic

a

breccia~conglomerate flows {Fig 4,4),  Although the
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FIGURE 4.4 Schematic cross-secrion through the MacLean Extension transported

orebody showing the idealized distribution of the debris flow

Lichologic subunits

.

including the main granitoid-rich zone (mod-

ified from Binney et al,, 1983). View is toward the northwest

from the western edge of the MacLean transported orebody. It is an

idealized composite of several short (roughly north—south) cross~
sectlons of the MacLean Extension orebody.

~




Plate 4.4
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Photograph of two ‘'granitic' group granitoid
clasts with large clast of ©black ore showing
evidence of plastic deformation, in

granitoid-bearing polylithic breccia-conglomerate
within 2 m of Plate 4.2; 20-5 Sublevel, MacLean
mine; lens cap for scale; yellow numbers are
drawn with chalk on the rock face.
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Plate 4.5 Photograph of well rounded, brick-red, ‘aplictic'

group granitoid clast in granitoid-bearing
polylithic breccia-conglomerate, wirhita 3 = 0f
Plate 4.6 20-7 Drive, MacLean mine; ball-point
pen for scale; yellow lines are drawn with chalk
on rock face.
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Plate 4.6 Photograph showing rounded nature of 'granicic'

group granitoid clasts in contrast to angular to
subangular form of other c¢last 1lithologies 1in
granitoid—-bearing polylithic breccia-conglomerate
within 60 m of sulphide matrix ore; 20-7 Drive,
MacLean mine; granitoid clast in centre is
approximately 30 cm long.
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arenaceous conglomerate 1is volumetrically i.mport:a'n: in  cthe
northwestern MacLean Extension area (}fig. 4.4), 1t {s absent

in the vicinity of the Maclean and Rothermere orebodfes

(Binney, pers. comm., 1983).

w The upper ore unit conformably overlies 30 to 50 m of
felsic pyroclastic recks (Binney et al.; 1.9é3) that form the
hangingwall to the lower ore unit (Fig. 4.1, 4.4), The
upper ore unit consgists of baritic polylichic
breccia~conglomerate with saub-economic sulphide
accumulations (Thurlow and Swanson, pers. comm., 1982,

1983). Unlike the lower ore unit, no granitoid clasts are

obgserved (n rthe upper ore unit, The upper ore unit 1s

overlatn by more fglsic pyroclastic rocks (Fig-. 4.1, 4.4).

The main study locations as shown on the plan of the
MacLean Extension orebodies (Fig. 4.2) can be related to the
schemacic crsss-aeccion (Fig. 4.4). At 20-13 Drifr ‘and
23-5 Subdlevel study locations, sulphide nuat:ru:gt ore,
granitoid-rich polylithic breccia-conglomerate and
polylithic breccia~-conglomerate are exposed. At the 20-7
Drive study locacion, = granitoid-rich polylithic
breccia-conglomerate, baritic polylithic
breccia~-conglomerace, and arenaceous. conglomerate are
exposed. This reflects <the 1n>creasing distance away from
the sulphide-rich core (9gulphide mwmatrix ore) 1inte the

polylichic breccia-conglomerate and arenaceous conglomerate
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depoeits. The debris flo;‘aubuuits exposed at 20-6 Sublevel
(Fig. 4.2) appear to béii different debris flow package from
that seen in 20-13 drift and ' 20-5 Sublevel (P.  Bimney,
ﬁers. comm. , .19é3),” It. 19 represeﬁted by the 1ens'of
polylithic breccis-conglomerate s£own to -the ndrgh. ofl the
sulphide-rich core (fig; 4.4). Althougﬁfthe éulpﬁide matrix
ore unit 1s absent in 20-6 Sublevel, -1t ‘contalna econonic

accumulations of sulphides 1in baritic and granitoid-rich

.polylithic breccia-conglomerate subunits. ‘ . ;

4.3 MORPHOLOGICAL OBSERVATIONS

4,3,1 Introduction

Litﬁologies other than granizolds present as clasts in
Maclean Exfénslon polylithic breccia—eonglogerate 1n;1ude;
giltstone, rhyolite, altered volcaale récksvofvthe Ski Hill
and» Buchans River Fofmntioﬁs, mafic volcanic rogks,‘felaic'
tuffs Snd'other pyroclastic rocks, jasper, stoékw;rk pyrite,

' massive ‘ cryagailine baritce, . massive

'sphalerite—gnlena-chal@dpyrite and sphalerite-gdienaa This

clast diversity is similar to that seen in other transported A ,
oreboaies at, Buchanq (Hglker aﬁd‘Barbour. 1981;~Calhoun" and .
Hutchianson; 1981). The diversity of clast lithologies and

the variety of igneous textures evident {n cihstg preseat in bt




\

]

' 78

" debris flowas at Buchanes necessitate the definition .of
«¢riteria to clearly dietinguish granitoids from the other
clast types. Cryftallization products ’of v#lca;ic,
hypabyssal (sub-volcanic) and plutonic environmenta appear

to be present and the macroscopic diacinétion betweén the

subvolcanic and plutonic products is not always possible.

\

1

To ensure that all clasts of possible plutonic orlgin
vere. &ntluded, the following ‘workipg definition of
'granftoid clasé" was enployed: any clast wfth observabTe

crystals (phenocrysts or grbundmass) that cannot be safely.

ascribed to a volcanic origin.

Every granitoid clast. greater than 1 ¢cn in length 1n

the - granitold-bearing sedimentological subunit exposed at
each study location (Fig. 4.2) was described, clagssified

? . R
(Section 4.4). the physical dimensions ' measured, and

. roundness estimates made.
’ L

-

4.3,2 Size, shape, and volume occupiled by granito[ﬁmtilsté

The length has Séeh defined as the longest observable
dimen;;on. " The widgh >is t;ken to be the paximum distance
perpendicular to the length. _ Average dimensions of all
granftbid ;clgsts at each study location are given in Table

4.1,
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[

‘The largest (average size) granitold clasts occur 1in

exposures: of polylichfc breccta-conglomerate near sulphtde

matrix ore such as seen in 20-13 'Déif: and 20-5 Sublevel

L

(Tigure &.2; Table 4.1). Although sulphide élasts'larger

than the granicoldé (Plates 4.2, 4.4) are pregent and very

1

large clasts of other lithologlies may be observed, granieco1d

.
clamra are generally the largesc clasp 'type present In
MacLean Extensiom (Binney et al., 1983). There i3 a geﬁeral

decrgadé in average graniteid - clast size with (acreasing

_disrance vertically and laterally from sulphide;matfix ore

-

(Table 4.1). : BN o ]

-

[

On average, granicodid clasts present at all 1locactions

were found to have unequal dimensions (Table 4.1) with many

-

beihg oval or elongare in form {Plate 4.5, 4.6, 7.1). .Some

k4 C
granictotd clasts 'display a spindle-shaped fora (Plates 4.3,

4.11)'similar to chat shown by some volcanic bombs (Williams

E g

and Mchi;ney, 1979).°

\

The a?ea of each sctudy location hés been cayculated in
order to -ptovide ‘eacimaces of the volgme 3occupiéd by
granitoid clasts Ln the debrts flow lithological subunit or
Vsubunits exposed at ‘each léc;tion.\\ The are;'of a study
location w#s ;sually deflned'v;tc}cally ‘by- th; floog *and

N W
ceiling of the underground working. Horizonral limits were

typically determined by the presence of a diabase dyke or

where there. was an obvious decrease 1in the slize and

+

-
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Plate 4.7 Photograph of rounded granitoid and other 1lithiec

clasts typical 1in granitoid-bearing polylithic
breccia-conglomerate without associated sulphide
matrix ore, in 20-6 Sublevel, MacLean mine;
ball-point pen for scale.
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Plate 4.8 Photograph of two large type 6 granitoid clasts 1in
siltstone breccia wunit that underlies the felsic
pyroclastic and debris flow sequences of the
Buchans River Formation; near at western end
(W3000) of 20-1 Drive, MacLean mine; rock bolt
plates are 14 cm wide.
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abundance of granitoid clasts., Since study vas  focused on

‘areas of maximun granitoid concentrations, the resulting

area and volume estimates are considered maxima. The area

oécupled byv/each granitola‘ clast was estimated uding the
formula for the area of an ellipse to, reflect the inequal
‘ . ph

average dimensions (Table 4.1). The total.area bccubied by

.

granitold clasts at each locality'was compared to the total
srea of the &8fudy location to determine the percentage of

the study location area occupled by granitold clasts.

B .« & .
By extrapolation from the areal percent, an estimate of
-

the volume of a debris flow occupied by granitoid clasts is

’

made'(rgble 4,1). The extrapolation of areal percent to

wvolume percent has been made because the third dimension of
- . ‘ ' .
eech clast (i.e. the dimension extending {nto the rock

face) 18 not obmervable. Thig extrapoiathon i{s based on the
L : L4
. assumption that the uqobserved third dimension 1s not

« .
significantly iand consistently longer or shorter than ‘the

[

two observed dimensions. This assumption 1s considered

‘valid for the following reasons. N? evidence of preferrad

 orientation in any clast type within these debris flows .has

. ' ~”
been recorded or was observed, including after removal ofi

‘clasts from the_rock,face. Nor is there any evidence to’

indicate that there has been any tectonically produced

flattening or stretching of clasts within the Buchans Group.

"The study locations include exeosﬁres that are parallel,
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TABLE 4.1 Average dimensions of praonitoid clasts, volume of I'ithologic subunit occupied by grani-
toid clasts and estimated roundness of graniltoid clasts at main study locations in Mac=
lean Extension (see Figure 4.2 for study locations).

Average Dimensions pVolume | Roundness Classes

LOCATION - . n Length Width | 2 1la 5
. - (em) (cm)

-

120-5 Sub

x (south)

20-13 Drife
(north)

20-13 D,
(both)

420-6 Sub
lad (souch)

granitoid-beacing are breccla-conglomerate . 3 . 9.4 : 18] 114
sgranitoid-bearing ore breccla-conglomerate 70 . 10.6 ¢ . 34

polylithic breecia-conglumerace nd 13

'g_;aulwhl—hear!ng ore breccla-conglomerate, minor . . . 43

baritic polybithic hreccla-conglonwrate and :

"

(north)_‘ arenaceous conglomerate (wnifvided) . . R 26

*320-7 Dr polylithic arcnaceous breccla-conglomerate, grant-
(north) toid-bearing polylithic breccia-cong lomerate and

baritic polvlithic breccia-congloucrate (mdividad)

20-1 br
(both}

320-4 pr
W {south)

baricic low grade polylicthic breccia-conglomerate

baritic polylithiic breccla-conglomerate and grani-
tofd-bearing arcaacevus breccia-conglomerate

(n:x th) {undivided)

TOTALS

1]
£720-1 br siltstone breccia

#20—7 De
{north)

[}
bk 20-5 Sub footwall dacitic pyroclastics

ore horlzon dacitie pyroclastics

7 . .
h' 20-1 br hangingwall dacicie pyroclastics

nd = pdt decermined ( €0.12)

»

North and south refer to rock face of underground workings studied, both indicates that the data from

each Face has been calculared_ together. Sub = sublevel, Dr - drive. .

' -
N
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perpendicular and obliqle to the presuhéd debris flow
direction.’ Therefore, the measured cross section through

“each clast {s considered to be nonpreferential and ‘there 1s
no apparent reason for thi:}/to be a consistené blas toward
either'overj or under-estimating the wunobserved dimension.
The s8tudy leocations were the most-obvious concentrations of

granitoid clasts within all debris flow units exposed, thus

these eatimates of volume percent arte co;;Idered maxima.

1

Estimates of the volume occupied by granitoid clahts at;

the main study locatlions are shown 1in Table 4.1. The
. i

maximun volume occuplied by éranitoid clasts océu;n “1h
granitoid-bearing polylithic breccia-conglomeraté agsociated
Hitﬁ sulphide matrix ore as 1ian 20-13 Drift and 20~-5 Sudblevel
(Table 4.1; Figs, 4.2, 4,4), Although a greater nﬁnbei of
granitoid clasts may be preseant, the estimated volume
.occupied_ by granitoid clasts decreases in granitoidébearing
polylithic breccia-conglomerate w}th 1ncreasing' d}séange
from the sulphide matrix ore as seen in 20-7 and 20-4 Qrivés
(Table 4,1). A similar slight decrease 1in Ehé- yqfumé

occuplied by them 18  seen 1in ore grade granitoid;beartng

L] . - -
polylithie breccia-conglomerate without assoclated sulphtide

matrix ore (20-6 Sublevel, Table &4.1; ng. 4.4).

T 4.3.3 Roundness
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. The roundness of each granitoid clast wags estimated by
'assigning a value between one and s1x to each. These values
correipond to the six degrees of roundness shown in' the

'comparisdn chart ‘of visual estimation of coundness'

~

(Jackscun, 1970, Fig. 6-1,p.329). On this scale, one

indicateé 4 very angylar claast or grain and six represents: a
.. ; 2—‘-

well-rounded clast for grain. The overwhelning wmajortty of

graﬁitofd clasts X99%) were assigned roundness vilueg of 4,
' !

5 or 6, 1.e., sub-rounded, rounded and well-rounded ‘classes

.

(Table &.1).

The generally hefghtened rounding of granitoid clascts
L - .
trelative .to other «clast. lithologie’s was previously noted

(Thurlow, 198l; Walker and Bacbour, 1981; °3inney et al.,

3

~

1983). These onEi?; _also oﬁaervé& ‘that the,granito;d

clasts exhibit the highest degree of roundfng of 'all clast

lithologies present (Plates 4.1, 4.5, 4.5, 4.7):

»
’

- .
o

, 4.4 PETROGRAPHY AND CLASSIFICATION OF GRANITOID CLASTS

‘4.4.1 Introduction and methods of classiffcation

The granitoid clasts {n MacLean Exteneion were
infttally clasgiffed 1into twelve types usiﬁh macroscopic.

characteristics (Stewart, 1983)." The macroscopiec criteria-

' -

used 1in approximate decreasing order of embhasls were: the




Plate 4.7 Photograph of roundad granitotd and other lithic
c¢lasts typical {in granitoid-bearing polylithic
breccla-conglomerate without associated sulphtde

matrix ore, in 20-6 Sublevel, Haclean mine:
ball-point pen far scale.
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. ¢ .

dominant colour of the groundmass (i.e. °‘the ové¥all colour

. - - 1 : .

of the «clast), average grain size, of the - groundmass,
. . P

presence or absence of phenoé¢rysts, average size and ‘type of

phenocrysts, the amount of maffc minerals present and

whether. the mafic minerals are fresh or altered: The large
\\ . -

nuaber -of clast types reflects the diveragty in texture and
espécially colour (Plates 4.1 to 4,L11) -displayad by th;
granitoid clasts. Colour proved to be unsuitable for

classification 8ince it was greatly influenced by.'

hydrothermal alteraticn (Sections &4.4.23 5.2).

Petrographic exdmination 1indicated that subvolcanic

I3

v

rocks were prksent. Mictoséopicaily’ observed textural
differences were considered to more adequately classify the
clasts present and permitted a reduction in the number of
'types' necegsary for an ad;quate classification. The

resulting Zlassification scheme was originally presented in

s

Stewart (1984) Eﬂd\ is employed here with only minor

=]

modifications.

Emphasis in classification has been placed on' 1gggous
textures and relative grain sizes becausge differences 1in
"primary nmineralogy and thetr relative ptopogzions are
generally slighe. .-Clast types 1 through to 5 are arrangﬁd,

and enumerated to reflect the observed textural differences.

The coarsest gralned. . clasts with the ©best developed

’ phaneritic texture, i.e., most truly plutonic, have been

L]
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assigned to type 1. 'The flnest grained, weakly to

89

non-porphyritic and wmoat granophyric «clasts have been
assigned to type 3. Clasts types 2, 3 and 4 fill a textural
continuum’ between these two end members, Clasts are
assigned to a particular type on the basis of the abundance ,
mineralogy and size of phenocrysts present, average
groundmass grain Bize and the degree of ;quigranu‘larity.
The c¢haracteristicas of each granitoid clast type are
graphlcally presented in Figure &4.5. In general, groundmass
grain size decreases, phenocrysts decrease in aize and
relative abundance and the tex\t\:ure becomes increaa‘ingly
aplitic and granophyric with the change from type 1 through
to type 5 clasts. The features are {interpreted to reflect
different crustal levels and amount aof time of
crystallization in a single magma, Geochemical evidence for

a common magmatic origin of the granitoid <clasts is

presented in Chapter Five,

Clest type 6 18 t'exturally dist;?ct from the other
granitoid clast types as it does not contain any quartz
phenocrysts or granophyric patches and contains a - greater
proportion of plagioclase gratns relative to the other ty-pes
(Stewart, 1984)., The subhedral to euhedral form of the
plagioclase grains results {in a 'lath-like' texture in
clasts of this type. Type 6 clasts are reatricted within

-

the MacLean Extenseion area to the sfltstone breccia
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underlying the MaclLean Extension ore horizon (Fig. 4.1,
4.2-s8tudy location 6). No other granitoid clast types are
present in the s{ltstone breccia. Leas than ctwenry type 6
clasts have been observed in MacLean Extension and 75% of
those were seen in the siltstone braccia. Four or five type
6 «clastg are disproportionately larger than all other clast
lithologies present in the siltstone breccia and dominate
thls exposure (Plate 4.8). A small number of type 6 clasts
occur in MacLean Extensi‘on debris flows. Rare - magmatic
inclusions that texturamlly resemble type 6§ clasts have been
- [y

observed within other granitoid clast types. Type 6 clasts

are thought to be a less differentiated product of the same

&

magmé system a8 the other granitaid [‘ypea. Geochemical
evidence for this 18 presented in Chapter Five.

Y
4.4.2 General petrography of.. granitoid eclasts 1in MacLean
Extension

The following petrographiec features are common to

I

granitoid «clast types 1l to 5. Characteristic features of

these clast types and granitoid clast ‘type &6 are deacribed

separately in Section 4,5,
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The primary mineralogy of all clagse ty#es 1s Qimple and
-telatively consistent. Quartz and plagioclase rypically
comprise 97X or*more of the primary minerdlojy in any clast

.exanined. The prédominant lcrystallizing mafic Phése vas
‘biotite which 1s partially to completely altered to chlorite
t‘ opaques., Bioctte and fts by—productg cypicaily AECupy x
or less of c#e'.clésts. A?phibole crystals have been
obser#éd_ in less than 5% of the samples, and climopyroxene
in only five clasts. Amphibole and pyrotfne crystals are
typicaliy found in only the less alterdd exampies of thé
more coarsely ¢rystalline cléscsb(types 1 and 2) and are
very subordtinate Iin oproportion Lto biotite. Accesaory
minerals ;re magnetite, apatité, zirc;n and rarely sphene.
‘Quartz comprigses ‘30-502' ecf rthe granitoid clasgcs,
féldspar occupies 45-65%. - Frequently thay are geen 1n
éubequal‘ praportions. Potass{um feldspar has not been

tecognized pecrrographically despite attempts with staining

techniques (Friedman, 1971). Therefore, all feldspar grains

are considered ro be plagioclase.

-

Alteratfon "of feldspar grafans 1s ublquitous, but
v;riable -in relacive intenstity Qndi has two dtfferent
.petrographice expresqlons. These ara; 1) the development of
'very fine grained, red-ﬁrown dust (hematite) clouding the
plagiociasé grains, and 2) (the pa}tial to completé

replacemeant of plagioclase crystals by very fine to fine
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grained calcite and sericite. Locally, barite partially
-Teplaces plagioclase. Chlorite and rarely epidote are also

occasionélly seert to have formed on or within feldspar

grains, ST~

All granitoid clasts display one or both 'of _ these

"

alteration effects. In the most highly altered ciaats; the

-

plagioclase pthocrysca are partially replaced by Ffine

grained aggregat:}\\gf sericite and ca1c1tg. whereas the

groundmass feldspar grains are almoatrcompletely repliced‘by
these minerals. Hematite dust, if presgrv?é in these
Intensely altered clasts, is restricted teo the plagioclase
phenocrysts, Quartz, both as phenocryats and Ln' the
gfoundm&ss, appears to have been wunaffected by this
alteration, and stands out in a “sea” of fine grained
sericite; caleite and barite (and possibly crytocrystalline
‘quartz), This pervasive alte;ation 18 most common in cClasc
types 1, and 3, {18 occasionaly geen 1in type 2 clasts anJ is
absent 1in types 4 and 5, 1In less pervasively altered type
I, 2 and 3 clasts, plagioclase grailns invartably show weak
to strong hematite dusting. Plagioclase phenocrysts i;
types 4 and 5 clasts commonly have partially ts -atrongly
replaced cores with the groundmass feldspar grains typlcaily
strongly dusted without -evidence of <caleite or 'serlcite
replacaement., Type 2 clasts generally display a relatively

intermediate degree of alteration between the strongly
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hematized ¢type &4 and 5.clasts and the‘pervasively altered

type 1 and 3 clasts.

Biorite (and amphibole when rarely recognizable) are

partially to completely replaced by chlorite and opaques, or
leas comm5n1§ by sericice and/or epigo:g. Chloricization
appears to 'corfela;e with the degree. 6f altera:lnn of
{eldapat grains. In the pervasively altered clasts, biotite
is enfitely replaced by chlorite. In very kighly alcered
exanples, only rare opaques are present, vith thlorite
absent or minimal. Types 4 and 5 appear to have a alig?cly
lower abundance of primary mafic phases (1% or so), that 1s
Eyptcally partially chlorit{zed, but biotite {s commonly
better preserved than in types 1, 2 or 3. Aa. mentioned

R .

above, amphibole 13 typically only recoguized f{n the least

altered coarser grained clascts.

Quare:z phenocrysts are ' rounded and usuaily
glomerocrystic. " The quartz phenocrysfs (up to 10mm) are
slightly larger ﬁhan th; feldspar phenocryats (up to 7an
mcross), and typically show evt&ence of simultaneo;s growth
with plagioclase. The incerpenetration of cryscala or
incliusion of one 'phase as anhedral grains within a larger
gra1n~of the other phase {s common. Such ~1nrergrovcths are
common in both phenocryst and'gréundmaeo crysrtals. Cavirties
and embaymén:i iﬂ quartz pheéoctyu:s are usually filled with

very fFine grained groundmass material or alteration
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products. The larger ﬁhenocrysts tyﬁically show sets of .
fine. ftactu;:es.~ These Eract;res are parallel within one
phenocryst but show different orientations for different
phenocrysts  within one thin secefon. Larger fractures umay
_occur as well and are filled with gtoundmass m;tefial and/or
altera:ion products. Both fractured and unfractured qﬁsr:z
phenocrysts éhow Gndulous extineccion. THe only ¢xpression
of alteration of quartz grains (s the occurrence of what
appear to be flufd trails acro;s the grain. Sometimes thege
trails are not as well expreéaed in plaglioclase graing as in
‘quartz’grainsqlalthough they appear to .be continuous and’
teappear 1in cheAnex:'éuartz grain. Tn other cases, hematite
dust is . removed from plagloclase grainsa .displaylng the
"location of these trafls that may ghen pass thrbugh quartz

grains without any apparent effect. These Ffluid tralls are -

oﬁta; sub-parallel within one thin section.

Plagfoclase feldapar phenocrysts are subhedral, and
most commonly focm glomerocrysts up to 7mm across. They
show variable degrees of .teplacement by sericite and/or

calcite, but are often better preserved than the groundmass

in highly alcteced samples. Rims and overgrowths can be

recognized by differencei in extinetion or mosdr commonly by

differences {n the degree of alteration between - the cores

-

and rims. Cores are generally more altared than the rims.

Exanﬁlca of preéerved‘magmatic zohing are rare with albfte
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twins mpst <conmon, Carlsbad and pericline twins less 8o\

-

Twinning 1s often cbecured or destroyed by the alteration.

The many ﬂifferept eplours shawn by granitoid clasts
are best considered an expressfon of al;ératinn. For
_example, 11ght brown (Plates 6.4, 4.9), medium brown (Plate
4.6), brown-green (Plactes é.3,‘h.9), brick-red (Plite,&.S),
white fPlated 4.1, 4.1, 4.10), pink=-red (6.1) ank bleached
pink-grey (Plate 4.11) coloured granitoid clasts are present

in Maclean Extension., The 1light bdrown quarrcz-poerphyricic

clasts fn' Plate 4.? are less altered than the larger

LI ~

brown-green clast nearby. Simitarly, the white clast; ln

Plate 4.10 are more altered  than the brick-red clast in

Plate 4.5. Despite thege differences in colour, similar

textures -are recognized {n these <c¢lagts. The change In

v

colour within one clast (Plate 4.11) clearly demonstra;es
the secondary nature: of many ‘ observed ?olours.
Quartz+calcite+darite veins that have dleached the host rock
and cterminate at clast boundaries clearly demonstrate the

origtn of the colour differences in granitoid clasts prior

to their incorporation {n the debris flow (Plate 6.1).

-
v

4.5.3 Petrologic classification of the granitoid clasts
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Plate 4.9 Photograph of two large, rounded, cream-coloured,

quartz-porphyricic ‘granitic’ group granitoid
clasts with a 1larger, quartz-porphyritic, dark
green, more altered granitoid clast (top centre)
in granitoid-bearing polylithic
breccia-conglomerate overlying sulphide matrix
ore; large clast of black ore to immediate right
of pen; light coloured clast of barite at bottom
centre; 20-13 Drift, MacLean mine; ball-point

pen for scale; number is drawn with chalk on rock
face.
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Plate 4.10 Photograph of white, rounded and subrounded,
'aplicice' group granitoid clasts in
granitoid-bearing polylithic breccia-conglomerate
without associated sulphide matrix ore; 20-6
Sublevel, MacLean mine; ball-point pen for scale.
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Plate 4.11 Photograph of partially altered, spindle
‘aplitic' group granitoid clast and

clast with discontinuous bands of yellow

shaped,

black ore

ore

(upper left), in granitoid-bearing polylithic

breccia-conglomerate; 20-6 Sublevel,

MacLean

mine; ball-point pen for scale; yellow lines are

drawn with chalk on rock face.



r\
())

100

4
-

The clasaificatio% scheme of Bowden et ;1.’t(1984) uses
a  slightly modiffed Quartz-Alkali femapar-_élagioc_use
feldspar (QAP) plot from Streckeisen ({967. 1976),rnnd is
emplayed for claasificﬁtion phrposes in this atudj. The
simple mineralﬁgy of the graﬁitoid cluqté, 'especiglly the
;Fpsggnt ~ absence of pbtaséium feldspar dim{nishest the
~ o
importance of rigofohs modal analysis anq the hydrothgrmal'
alteration negates the ﬁse'of normative gomﬁooitionu (see
Chapter Five for éhemical ‘effects of alteration) for

classificatlion {(Streckeisen and LeMaitre, 1979).:

[y

No plagloclase érafns suitable for petrogfaphic
estimates of tge An tonteﬁf were observed. This, dombingd
with the hidrothermalralteration'of al}i‘p&agloclaae grains
making electron microprobe ;nalyuis tenﬂ;us, leaves the An

content of these grains unknown. It is assumed that pure

albite (An < 03) 18 not the predominant plaglfoclase phase

present, or Lf present, 1is due to metapomatiam. Therefore,
gince all feldespars are plagioclase (as sguggested by
staining), an&'quartz- i8 obviously greater than 207 by

volume, all granltoidq clasts plot within the the “granite

parallelogram” on the QF join or in the T—granitoid field of

the QAP plot (Bowden et al.,, 1984).
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The low tron content of these clasts (as 1indicated by

the low volume of primary mafic miwerals), the dominance of
bidtite as the primatry mafic phase 'during «crystallization,

the lack of evidence to findlcate a genetic association with

ophioclites and the high Na/K ratto in the granitoid clasts

(Chapter Five) suggest that the granitold clasts are bést
classifled as trondhjemites (Barker, 1979) rather than
tonalitic or tholeiitic granitoida (Bowden et al., 1984).
Many granfitolid «clasts are microtrondhjemites wusing the
terminelogy of Hatch et al. (1972) because of thelir

generally fine grain size and porphyritic nature.

4.5 GRANITOID CLAST TYPE DESCRIPTIONS

4.5.1 Type | Clasats

These granitoid clasts are medium grained; hyplidio- to
allotriomorphic 1inequigranular with a contfunuocus gradation
in grain size from the finest gralned groundmass to the
largest phenocryst, 1i.e. they are seriate porphyritic
(Plate 4.12): Toncluded in this type eare medium grained,
slightly more equigranular examples, but all clasts show a

wide and continuous range 1in grain sizes from fine to

coarse. These are the coarsest grained clasts overall,
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' Plate 4.12a (Top) Representacive photomicrograph of
- v ) granitofd claat type 1 (KQS-82-044) showing tha
seriate porphyricic texcure, large rounded,
“eomposite quarctz phenccryscs, . fine  grained

groundmass, and contact with debris flow wmatrix
- : which contains -an angular black ore . fragment

e . " (upper righc); polarfzed light; bar length = 10
f' . ) B 1 . . . et
L4
, Plate 4.12b (Bottom) Represehtative phoiomicroguph_": of
; granizotd clasc type 1 (KQS5-83-~010) showing
: extreme difference 11 grain size baetween
) groundmass and quartz phenocrysts, and the
presence of very fine grained groundmass naterlial
- . within phenoerysc: polarizad - 1ighe; 1low power
’ {x2.5). 7 . ' -
-
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Quartz phenovcrysts up Lo« 10mm, ‘and Iplagioclaae
phen‘ocrys:a/ up to fom occur 4in a grpundmasa of fine grained -
anhedral quaftz and felld'lpar cryscals. The average grain
size of the -'gr:oundma;s is approxisately lmm (Fig. 4.5).
Crystall br'Jundaries are ln:erdigl;ating and very irregu;ar.
The )po;'phyri-'tic "examples‘ are‘usually more alcered than the
‘equigranular clgsts - but :heré are exceptiona. . Quart.r.

phenocryscs are often embayed with very fine gratned

groundmass or alteration minerals 1in the. emhayme.n.ts and
fractures (Place 4..12b). Most of cthe highly alrteted
'~exampl;s are brecciated., {.e. fract'ured and veinegl with
sericite, caglcite, barfte and .crypto-ccystalline quartz.

The brecciation {s apparently associated with the alteracion

process.

4.5.2 Type 2 Clasts

These clascs are fine grained and re’l'a:tiv.‘e'ly
equig;anular lacking a dfgtinct phenoccryst po>pulation (Plat;.
4.13). Relative to other 'c"last types, they are {ntermedlate
in grain ‘sirze. Gfains ar;: cypiéally aqucriomorphi‘c, with
quartz and feldsﬁar'grains rarnging from Ov.lmm to 3,nm.. The
average grain size 1.;1 between O0.5mm and'0.75mn (Fig. 4.5).
These clasts are usually slighrly levss altered than either
type 1 or 3. These clasts may shou__él,l:her a 'gtanitic or

aplicic f‘extute. but aplicic examples are ‘more common.

&

/
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Plate 4.13a (Top) Repregéntacive photomicrograph of
graunicoid clast type 2 (RQS-82-084) showing
relatively equigranular texture, anhedral and

highly intergrown nacure of the grains, and the
smooth rounded contact of the granttold clast with
the debris flow wmatrix; polarized light; bar
length = 10 mm. : '

Plate-4.13b (Bortom) QReprassentative photonicrograph of
- granitoid clast type 2 (KQS5-82-084) showing
’ equigranular texcure, sub- ro anheadral and
incergrown crystals; partial alteration of

plagloclase griins; chloricized <dlotite grain
with opaques (lefr cencra); pelarized lighe; .leow
pover (x2.35). . ' :







4.5.3 Type 3 Clasts

These clasts - are hypidio-~ to allotrtiomorphic
inequtgtanui;r with a large di{fference tn grain si;eﬁbétwaen
phenocryscs and groundmass, f{.e., hiatal porphyricic (?lgte
4.14), The main textufal'difference betweeq types ! and 3
{s between sertate and. htatal porphyritic (Fig. ‘HA.SJ.
Quatcz‘ phenocryscs up ¢to mem and feldspar phenocrysts to

A6mm in size occur in a groundmass which ranges from O.lmm to
0.8mm, ’wfth an average grafn sfze of ;pprdkimacely 0.3mm
(Plgﬁe.é.S).‘ Quércz phenocrysts are gimilar to those fn

_type 1, f.e.,~ rounded  and composite, ‘commonlf with

emSaymént;'and cavitiea,‘and’ often f;acturgd and/or~’ghow
undulqﬁs' gxtinc:ion.: Feldspar phanocrys:s are sub- to
anhedfal,. zoned and ‘are 1h§a;iah1y _a{;nred to ~\}rarying

degrees. Some clasts contain granophyric pacches, typicélly.
. ’ . ° . .

seen as rima_aroﬁnd piagioclaae phenocrysts.

.
»

4.5;4;Type 4 Clasts

These claats are very . fine to fine gralned
equigranular, wich rare feldspar phenocrysts and even rarer

quartz phenbcrys:s (each to 3mm) (Plate 4.15). Plaqpoclase

phenocryats are- subhedral and quartz phenocrysts rounded and

embayed. Other grains fora an aplitic texture of tighely

N

lnterlocking anhedral fgratns. of similar grain size |,

. F) S . .
(dpproxicdacely 0.3mm) (Fig. 4.5). Perrowagnesian wsinarals

N o




Place 4.1l4a (Top) Reprasaentacive photoaicrograph of.

’ Branitoid clast type ) (KQS-83-019) showing hiaral
porphyrictic texcure, wvary fine grain size of
groundmass, the largs, <rounded composite quarcz
phenocrysts, the ~ fracturing and - partial
brecciation of the clasc; groundnass 13 unaltared

quartz plus calcits, sericite aund/or baritve;

polarized light; bar length = 10 am. T Y

[

. L]
’
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Plate ‘4.14b>  (Botrom) Representative photomicrograph’  of
. -gr#niteid clasc cype 3 (XKQS-83-019) showing a_
parctially resorbed  quartz ' phenocryst - (ih
sextinction), the fine grain size and high degree

"of alteration of the groundmass; polarized lighr;

low power .(xZ.5):
b
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Place 4.153a (Top) Representative photomicrograph of
- granicoid clast cype 4 (RQS5~-82-0993). showiag thae
eguigranular, fine grained aplicte texture,
relacively unalcerad, non-brecciacad nature;
polarized lighc; bar lengch = 10 mnm.

Plate 4.15b (Bottom) Represencative photomfi{crograph of
granitoid clast types 4 (KQS5~-82-095) ghowing
anhedral, equigranular quartz and plagioclase
grains, hematice dust on plagioclase grains (lowvar
right), the apparent introduction of secondary
quartz ~ (tridymice?) (upper right); polarized
light; low power (x2.5). :
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are slightly 1less abundant than 1n nost weaky altered
exanples of the previous types. Granophyric textures
stmilar to those described by Barker k1970) are comamon in
clasts of this rype, both as rims on earlier formed cryscals
and as “subspherical patches Ln the grOunanss. Plagioclase
crystals are not as extensively replaced by calelte aand
sericice as in type 1, 2 and 3 clasts, but display hemacice
dusting of variable intensity. Calcite and barite occur as
veing fllling fractures, locélly‘ accoﬁpakied by

cryptocryatalline quartz (Placte 4.15b),

4.5.5 Type 5 Claats

These clasts are Elné gralned . equigranular and
characterized by abundant granophyric areas {(Plate 4.16).
They are slightly finer grained andrfeldapar phenocrysts are
less common than in tQpe 4 clasts bucr the main difference is
the amount of 3ran0phyré preient (Fig. 4.5). Plagloclasa
grains are less alter;d Co calctte and serici:eichqn in
types 1, 2 and 3, but similar tortype 4 clasts 1in chat they
are 1invariably dusted with hemacrite. Crys;als are usually
anhedgal avich irrégulir and interdigicating crystal
boundaries except for oaccasional gubhedral plagioclase

phenocrysts.

4.5.6 Type 6




-

Plate 4.16a (Top) Representative phortomtcrograph of

granito1d  clast type S (KQS5-93-091) showtng the
fine to very fiiane gratn size, highly granophyric
textures, relacive lack of - alteration and
breccliatdon; polarized light; bar 1leagch = 10
1118

Prate 4.16b (Botrom) Repregentative photomicrograph of
granoitoid <clast cype 5 (KQS5-83-091) showting an
- example of the highly granophyric nature of socme
argas within the clastc, granephyre occurs as rims
on earlier . crystallized grains aand as
phenocryst—like patches; note lack of altaration;
polarized light; low power (x2.5). -

—
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These clasts ara texturally aund mineralogically
discinet from the earlier described - types (Plate 4.17).
Magnetite, biotite and .especlally plagioclase are more
abundant than {n types 1-5, Reltet amphibole cryscals occur
8s ‘rare small anhedral crystals. Plagloclase crystals are
almogt invariably subhedral, form a randomly orfented

~

lath~11ke texture and are more strongly dusted wfth hematrfcte
than 1n any other clast type. Anhedral quartz fills the
1ncerat1:gal areas aad s clearly a later ¢rystallizing

phase than piagioclase.- Clasts witrh thig mineralogy and

texture but different average grain sizes have been
observed. Some have an average grain size of approximately
lmm, while others have aun average grain gize of

approximatelyl 0.50m, with rthe latter more common (Fig.
Z.S)., Globular inclusions of the finer grained marterial

have been observed tn::he ¢oarser grained examples (Place

“4.17). Rare fnclysions of type 6 material 1in other clast

types have been observed.

™

4.8 INTERPRETATION OF THE FETROGRAPHY OF GRANITOID CLASTS

b
ers to be litcle difference in the relacive

proportions in rtypes 1 ¢o 5§ of the wmatn crystallizing

phases, 1i.e., plagioclase, quartz ~and biotite.; The

P T,




Plate 4.17a (Top) .2Representative photomicrograph - of

granitold clast type 6 (KQ9-82-067) showing the
fine grained, relatively equigranylar texture,
greater proportion of plagioclase crystals
relative to the other graaitoilid clast types,
subhedral 'lath-like' pPlagiaclase-foras, and the
Presence of finer grained, but similar paterial
as a ‘globule' within the clast (upper righc):
polarized light; bar langth = 10 mm.

' /
Plate 4.17b (Bottom) Representative photomicrograph of

4

'1‘
!
- 11

¥
K‘-——‘

granitoid clast type 6 (KQ5-82-067) showing
occurrence of anhedral quarcz (white, in centre
of view) dnterstitial to the subhedral, highly

- dusted and partially altered laths of

Plagioclase; polarized light; low power (x2.5).
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proportion‘ of phenocrysts to groundmass and avegage size of
phenocrysts decreases gradatfonally frou cypes 1 "through to
5. ‘The average groundmass grain size also. decreases

gradarfonally berwveen clast types 1 and 5 accompanied by an

fncrease in the smount of granophyric intergrowths.

The igneous textures appear %o range Ero- 1n.t-rusive' to
s‘ubvolcanic. These textural d‘iffere'nces. the similar
minet#logy and relatively consistant nineral proportions 1in
ke'ach clast type are 1nterpret_g“§! to reflect difference‘s 1n
Vthe depll:h and _cryscallizacion history of a magma. ’rher
highly porphyritic nature of mosct of the clascs and the

. . : :
abundance of" granophyric textures suggegts a  rapid
erystallizacion history for the clasts. In combination yich=
the generally fine grain size seen 1in most ‘claats, - this

-suggests thar all granitoid clasts crysrallized at a high

crustal level. ' \

The porphyritic and coarsest gra-ig;ed ~clasts ‘typically
show the moe:'/fracctu-ing, - veining and alrerationm (Plate
4,14a). Quarc:z phenocrysts conmonlyp have enbaym'encs 'and

. fracrures filled with groundmass materliral (ér altlera:ion

products) (Plate 4.12b) and oftenn show a stroungly developed

uadulous ek:inction. Some quartz pﬁenocrysts are .fra,cturéd

and slightly pulled apart similarc to q—u'artz phenocrysts in

volecanic rocks of  the underlying‘Lundberg H1ill Formation

(Plate 4.18;,1:)‘.. ‘There 1s 'a lack of common orifentatfon to

~ PR €
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Plate 4.18a (Top) Photomticrograph of granfitoid clast Cype
3 (KQS-83-016) showing well developed hiatal
porphyrite texture, the composite and fractured
quartz  phenocryst (upper 1lefr), the similar
grain size and composition of debris flow mftrix
(right of centre) and clast, and the smooth
nature of the contact between the clast and the
debris flow matrix; polarized light; bar length
= 10 om.

L.

Plate 4.18b (Bottom) Representative photomicrograph of
typical quartz porphyritic volcanic rock frosm.
the Lundberg Hill Formacion (formerly the
Prominent Quartz Sequence) showing the large

. size of the rounded,' partislly resorbed and
{ - fractured’ quartz phenocrysts, and groundmass
{ material filling © fractures wichin the -

phenocryst; polarized 1ight; low power (x2.5).

3
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these fracrtures within any one sample negating .their origin
to 4 later deformational event. These features indicate
phenocryst deforwation prior to _final crysiallization, i.e.

a typical protoclastric texture.

L

Cryprocrystalline quartz (possibly intergrown with
feld?par) occurs filling open %Baces as veins (Plate 4.15b)
and as a cement for mineral grains. in highly fracthred and
brecciated clasts. In clasts with plagicclase completely to
partially repldced by fine grained aggregates of celetire,
seficitg and lesser barite, secondary quartz ts commonly

presentc. These fearures implie that brecctation, alteration

and/ﬂ}llicificacioh in the <clasts are related and are

probably due to hot Fluid and/or vapor actfivity.

Although fype 6 clasts are similar mwineralogtically to
:hg other types, they contain more plagioclase, blotite and
magﬁetite and - le;s quarctz. The la}ger grain size and
Qubhedral -nﬁture ‘'of the plagioclase 1indicates thatr 1t
probably began to crystallize earli?r than the othef phases.
Quartz phenocrfuts are absen£ -and quartz Snly oc;urs
incerstitiai to the latggr»plagigclase Iachsrand the biotice
gra;n;, indicntiag it Vprobsbly was a late crystallizing

phase.




. i22
.Tyﬁe;é clasts appear to represent an.earlier, slightly
" less differenciated magms product than the sther clast types
(see Chapter Five).~.Tﬁe occasional ocgugrence -of cyp; 6
élobules in other clast typés'nnd its rescricgion to thae,
siltatone bre?cia underlying cthe MaclLean Extensior déb:ig
flow Qequence auppoft this iﬁ:erpretation.

,

N DISTRIﬁUTION OF GRANITOID CLASTS

4.7.1 Formation of ‘granttic' and 'aplicicn groupsd

Two groupings may be made from the five main ‘granitoid
clast  types based on grain size and textural similarities.
Types 1 and 3 are highly porphyriciec, show .the best

&eveloped overall 'granicic' texture dnd cogether form the

'granitic' group. .Types 4 and 5 are finer grained and

'relacively equigranular with only rare quartz and feldspar
- a
phenocrysts, commonfy contaln granophyric patchgs and have

an dveréll " 'aplitic' ctexture. Type 2 clasis, because of

their rélative equigranularity and predominantly aplitic_

texture are grouped together with types 4 and 5 fnto the

. . ™~
"aplicte’ group. Some ctype 2 clasts show the granttie

texture characteriscic of the ‘granictic’ group but lack a

clear phenocryst population and display a gradation 1in

textures between the two groups.

LR
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Menbers of the 'aplicic’ group of:en are white-grey,
pink or red in colour (Pla:esié-i, 4.7; 4.11) 1in contrast to

the green and brownrc010qrs of mosc"grlnicic‘ group clasts

(Plates 4.2, ~4.3; 4.4). ‘Differences {n colour within each

/o .
group appear to be due to ‘the effects of hydrotharmal

"alteracion rather than differances Ln primary compositions.

Ll

“Similar groups were derived ~ from the original

macroscopically defined granitoid clest types of Scewart

*{1983) - (Sectién CAL4 1) Groupings vere' basged on

characteriacics sxhilar” to those wused in the nicroscopié
classification, i.e., quartz bprphyricic, average grain
aize, etc. Clast typesi I, 4 and 6 together form a
tgranitic' group, while types 22 5 4and 7" constitute. an

"aplitic' -group based on groundmass textural simflarities

and the absence of phenocrysés (Stewart, 1983). The 'other'

group’ consiscs of all clasc types  not assigned to the‘

'granltié"orh{eplitic' groups. . The disctribution of the
macroscopically defined ‘'granfefc'. ‘'aplitic' and ‘other’
3rnd1toid‘c1ast groups at the different study locations is

‘shoun in Table 4.,2.

. . .
)

<
4.7.2 Distrrtbution of granicoid groups
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Study locatlions 20-13 Drift, 20-5 Sublevel and 20-6
Sublevel are exposures of the highe;t ore-grade
brecefa-conglomerates in Maclean mine (Sectiqn 4,2)."
‘Sulphide matrix ore 13 present at the first two locations,
wh?ih afe probably exposures of the seame debris flow:
(sinney, pers. comm., 1983). . The 20-6 Sublevel is over
150m)east of the other two. locatfons (Fig. 4.2) and
although lacking ™ sulphide matrix ore does attain economic
or;‘grades due to the ‘présence "of gbundant blocks of
suiphlde. It 18 prob}bly a separate]debriy,flow (Binney,-
pers. comm., 1983) as shown ﬁchemstically in Filgure 4.4,
The 20-7 Drive study location occurs east of 20-13 Drift and
slightly east of and below 20-5 Sublevel (Fig. 4.2). It ia
proyably an exposure of the flank of th? flow containing

sulphide matrix orae.

v Figure 4.5a shows the average gr;in slze and volune
percent occupied by all gfanigoid clastas at thege four wain
study locations. ., There is a decrease in the size and volgme
of granitoid clas;q' between study iocations 20-13 Drife,

’

20-5 Sublevel, 20-7 Drive and 20-6 Sublevel (Fig. 4.6a:
Table 4.1). A
" The relative percent distribution of the ‘granitic',

'éplltlc?y and 'other' clast groups at these locations based

ol both microscoplc and macroscopic classification methods

18 shown 1in Figure 4.6b. The 'other' claat_group conslsts




Figure 4.6a Hiscograms of the estimated volume percent
‘occupied by granicofd «clasts in debris flows at
the four main study locations (see TFigure 4.2).
Average size (1in centimeters) of granitoid clascs
at each location is shown wichia each histogranm..

Figure 4.6b Relative fruq‘nncy histograms of granitoid clast
groups at the  four wmajor study locations.
Macroscoplc classification after Stewart (1983);
'granicic' group consists of clast types 1, &4 and
6, "aplitic’' group <ounsists of clast <types 2, §
and 7, Mi{croscopic classificatton after Stewart
(1984); ’granitic' group consists of clast types’
1 and 3, '"aplitic' group consists of clast types
2, 4 and 5. Numbers in brackets balow thistograms
indicate the number of clasts classi{iffed acr aeach
location by each mecthod.

- v
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of type 6 clasts (microscoplc clasuif%cat{dn) and of . clast
types 3, 8, 9, 10, 11, and 12 (mac;oscopiq cl&saifghation).'
The "'grantiti¢’ group clearly predominates r;@ative tolhthe
'aplitic! gro&p in 20-13 Drift and 20-5 Sﬂiﬁé;el, where;s
the ;aplitic' grodp'constitutes the bulk of the granitoid-
ciasts presgnt in the 20-6 ‘Sublevel. At 20-7 Drive, each

granitoid group is . present in approximately equal

proportions (Fig. 4.6b).,

‘Densitf is thé only known mechanism act;vg dur;ﬁg
debrie flow tramsportation that could presumably sort the
transported material, The dif%erence in denpiiy'between the
sulphide claats and all other clast’lithologiea probably

.explain; their presence at the base of the debris flow
sequence. The concentration of granitoid clasts with }he
sulphidie subunits and ‘distriyution patterns for the
'granitic'- and 'aplitic: group granitoié clasts between the
-debris flow subunits i1s, therefore, éonsidered to reflect

the character of, and changes 1{in, the source area rather

than Processes active during transportation.

The'cﬁange itn character of the granitold‘clasts withia
one debris flow sequence (l.e. between 20-13 Drift and- 20-5
Sublevel, and 20-7 Drive), and dlso between sep&rate debris

flow sequences (the above three locations and 20-6 Sublevel)

(Figure 4.6) demonstrptes an spparent change in the sgource

of granitoid clasts from predominantly granitic to




128

- predominantly aplitic. This change nmust have ogccurred
. relatively quickly, i.e., within the time needad to
initiate, Lrnnspoft and deposit one debris flow ;equence.

Similarly, the pronounced change 1in the granitoid group

population  ‘between this debris Elow sequence and that

exposed 1in 20-6 Sublevel mist have taken jk(fdce quickly as

. f

these flows occupy the same stratigraphi position 1in

MacLean Extension (Fig. 4.4),

: Thls‘change in granitoid clast population indicates .a
corrélation between the ‘'granitic' group and .the most
sulphide—rich‘debris flow sequences. Other ore-grade debris
flows that lack the sulphtd;-rich hore;are‘ﬁominafed by the
'aplitic' group clasts: e.g. 20—5 ‘Sub;evei.‘ Debris flow
subunits with even lower ;ulphide' concen;ratloha are
dominated by ‘aplitic’ grsup clasts as shown by the ba;itic
polylithic low-grade breccia-conglémefate, granitoid-bearing
low-grade polylithic”breccia~conglo?erate, granitoid-bearing:
arenhceaua b:eécia—conglomei#te and bariric polylithic
brecclia-conglomerate exposed 1in 20—4-Drivé and 20~7 Drive i
{Table 4.2}, Although most granitofld clasis in éhe
arenaceous coﬁglomerate were Eoo small .to gtudy * in detail,

'granitic’ group dlastq'appear to be absent or rare in this’

unlt. Granitoid clasts are entirely absent from the barf{tic ‘ ?

oy

- polylithic 'briccia—conglomeraie subunit constituting the

supper ore unit (Binney et al,, 1983).

.
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) Clasc Gcounines
LOCATION | -
r frapnicic apnlirie Dohpee
il 10-3 Sub :
;:ourh) * granitoid-bearing ore hreccis-conglomerare . 28 ) ? 2
.2 !
W 20-13 prifc|. ,
,‘ (aorth) granictoid-bearing ore breccia-conglomerate LA 15 1
* 20-13 be : N - *
(both) polvlichic breccia—conglomerace [ pL
. 3 "
I0-é Syt .
- * ‘0('? Sv::) granitoird-bearing ore. hreccia-conglomerace, 17 {1 14l 3
] 20-?0: 0 mINor haritic pulvlithic breccia-conglonevate
° au and arenaceous conglomerate (undivided) = 11 269 2
5& {werch) i .
- 320_7 br ranitoid~bearing arcnaceous hrecria-cocglomer St 54 3
} (north) gu & s - =3 8
" granitoid-beatring palylirhiz breccia-corgiomer-
ace ' 14 19 3
" drenacsous breccia-congiomerace & 19 2 &
" baricic polylichic breccia-conglomerate 8
{;20-1 Dr baritic low grade polylithic breccia-conglomer | e ‘
(bath) ate . -=
17520--‘« Or baritic polylithic breccia-conglomarara and ‘12 137 \
(soutk) grani Soearing arenaceous breccia- h
o conglomhrate (undivided)
”
(north) 0 !3 .S
: W
) TOTALS  {(n=lDID) 219 1 774 19
. .
37 20-1 b1 - sittstone breccia ' 5 18 ; -
) .
* 20-5 S\‘J\b foocwall dacitie pvraelasric ) 10 22 4
J - ~
* 20-7 or ore hortzon dacitic pyroclastic 4
b ~
¥ 20-1. hangingwall dacitic pvroclasrcic 3 )
- N ~
- »
o
. A ‘_"]
.
« 4

- TABLE 4.2 Abundances of the 'granitic', "aplicic' and ‘other' groups

- of granitoid clast types ar the main study locatiend in Mac~

Lean Extension based on the macragcopic classification of

Stewart (1983).4

. | / )
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4,8 SUMMARY OF UNDERGROUND OBSERVATIONS

. .

This study substantiates the obaervationa of  Thurlow

(1981a) and Walker and ‘ Barbour (1981) chac the granitoid

clasts are the most highly rounded clasts presenft 4n the

transported orebodies, They are typically the ,-Iarg‘est
(average clast slize) clasts present where they oceur and are

commonly eldongate or oval in shape.
. ‘
The twelve granitold clast types originally defined

macroscopically’ can be reduced to six on the basis of
. :

2
micrascople textural characteristics. Five of the granito1id

clast types describe 'a_ continuum from parphyritice

trondhjemite and microtrondhjemfite -to ‘'granophyric aplite.

The fine grain size of the g;oundmas;s and range in textures

are Ilnterpretedh to indicate relatctively répid crystallization

af a magma 1in environments ranging from sub-volcanic to

plucontc; Type 6 clasts are not common 1in HacLean Extenalon
in ore zone debris flow subunits, and are largely restricted
to the siltstone breccia underlying the ore zone, Type 6
clasta are mineralogicaily end téxtx;rally distiandt and are

considered to be products of an earlier crystallized "magma

phase,

2wt Lrvwanm L ohends w5
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The granitoid clast types are reduced to ‘granitic’

(types 1 and 3), ‘'aplitic' (types 2, 4 and 5) and 'other'

(type 6) g\:oups based on avérage grain size and groundmass’
textural similaritlies. "Granitic' grdup clasts are.
typically ﬁ:org pervasively hydrothermally altered .than the -

‘aplitic’ group clasts. The introduction of calcite, barite

and quanrr_z, vith sericitization of plagtoclase crystals .and
chloritization of the maffc phases (biotite and amphibole)

are the mineralogical exp}eéaions of the hydro:h;rma].

alteration. Clasts of both groups, but especially 'aplitic'

group clasts, show a secondary hematite dusat on the
plagic&c’lase grains. Some ‘'granitic' group <clasts show
. M

evidence of protoclastic textures and an appar;nt genetic

relationship between alteration and brecciation.

The largest granitoid clasts (average clast size) are
found intimately assoclated with the greatest concentration
of sulphide mineralization, - ‘as exemplified ; by

granitoid-bearing polylithic breccla-conglomerate adjacent

to sulphide ‘matrix .ore  (e.g., 20-113 prift and 20-5

Sublevel). A s‘imiia'r b’corre'lation exista between th'e aaximum
“volume percent of a . ;!ebr;.s flhow4 subunlt occupied b}
granitoid clasts and th; sﬁlpﬁide concéntratfoﬁ. Average
size and volume percent koccup:lecl by grénitoid” clasts

decrease with incressing distance from sulphide matrix ore

(e.g.,' 20-7 Drive and 20-4 Drive). Other sulphide-rich

T he il e o M
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~ members of the lower ore unit that lack the sulphide matrix
. .

ore gubunit contain a greater number of granitoid clasts.
These clasts are smaller and occupy less volume than those

i , -
seen 1in pélylithic breccfa-conglomerate - associfated with

sulphide matrix ore. ' These sfze and volume changes are

accompanied by 2 a transition from 'granitié' to 'apltfic'v

group clasts in polylithiec breccia~conglomerate .with

increasing distance fron sulphtde matrix ore. The

'granitic' group <clasts predomir;ate where sdlphi_de matrix
ovre is present‘, e.g., 20413 Drift amd 20-5 Sublevel,
"Aplitic‘ group clascs’ predominate in thé subsequent l‘ess
sulphidic debris'Elow subunits that éontain smalletu {_nnd

better ‘rounded _clasts, A .decresse in relative degréé of

>

hydrothermal alteration exhibited by the granftoid clasts

accompanies " the change from ‘granitic’ to- 'aplitie' group
_ g

clasts.

e
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Chapter Five.

GEQCHEMISTRY

5.1 INTRODUCTION

¢

5.1.1 Stabe&ent of purposé

There are three primary purposes to the geochemical

1

investigation: 1) "to qualitatively describe the chemfcal

i

effects' of " alteration on the granitoid clasts; 3) to

»

determiné_if all granitoid clqsts;uere derived from the same

source (i.e. are comagmatib); 3) to evaluate the suggestion

of Thurlow (1981a,b) that Buchans  Group felsic volcanic
- b

rocks, the granitoid clasts and the Feeder Granodiorite are

comagmatic,

It 18 not the intent of this study to provide an
~empirical evaluation of . the alteration of the granitoid,
clasts. Without 8 method to .demonstr{te 'the prif:;jyf—‘f
unaltered magmatic composition of the clasts, quan;ltnti?e
estimetione of the . chemical changes resulting from
hydro;h;rmalraltetption afe difficule 1f n;t Impqilible. No

attempt is made to model the petrogenesis of the granitold

clasts. The dfstinction between the effects of partfal
) 3
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>

melting in the source reglon of tha melt &nd the effects of

‘differentiation ,by fractional'crysta lzation 13 not made,

The rocks examined are assumed to be the products of parcial

melting and to -have originally been a liquig. The

. R .
discussion focuses on geochemical changes due to fratftional

crystallization of this liquid. L

¢

Details of the snalytical methods used 1in this study.

and estimates of the accq:acy and/or precision are discussed

¢ >

in }g;endiéea 1, 2 and 3. Tables of the complece analytical

results ‘are given 1in Appendix %. The low major element
total for some samples  (e.g., KQS—Bé-OSl) 13 due to the
abundance of bartunm which ;s reported Iin ppn rather than'z
oxide and therefore lsshoc included 1n the najor element
total, iow. totals ‘ombined Juith Lo1 .values result ftn

batantial {ncreases ) in the anhydrous major element
compositions, especiaLiy :iOZ. The low totals ahbuld-not be
consiﬁered‘to be a;teflection on the quality of thg major

element data (see Appendix 1),

5.1.2 Method for establishlng comagmatism -

{
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Prerequiasites for examining the_ potential comagmatiasm
of two or more sui;ee of igneous rocks are: 1) a simpie
geological setting; and 2) narro#ly prescribed  gpatial ;nd
age limits (Wilcox, 1979), For exapple, a aﬁite of rocks
m;y be produced ih the same iocution but at different times,
and show trends typically iﬁdléative of»magmatic evolution,
€.g2., Aden volcano, South Yemen (H111, 1974), 1In this case,

the. granitoid clasts- are ‘spatially related and were

deposited in submarine ‘debris Fflows within a restricted

stratigraphic unit, 1.e, the B;cﬁans River Formafioq
(Thurlow and-;Swanson, 1985). " Similarly, the grlnigoid’
clasts, Buchans Group - volcanic rocks and the two FéedgrA
Granodiorite bodies all'occ;r in chehBuchnns area (Chaptéra
- Three and Four). >Prev10uh age deterninationq on Buchans
Group volecanic rbgks and the‘Feeder_Granodiorite give détes
of 447+18 Ma and 410+80 Ma, réspectivély and . sﬁggeet

.

comagmatism of these rock units (Bell and Blenkinsop, 1981).

Other . geochronologlical data for a granitqtd‘ clast and

Y

Buchans River Formation rhyélite are given In Chapter S§ix.

.

Unaltered comagmatic - 1gneous roeck gQuites Renerally
display compositional diversiiy with much of the wvartiation
gradational (B}own, 1979), Magmas' become differenfiated

during cooling due to efther crystal sorting (1.e,,
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filter—bressihg, fiowaso diffe?eniiation, -gra;icy crystal
sorcing, o; _ fractional crys;alllzation),. %iquid
immisciﬁili:y or gaseoﬁn (flutid phasé) " transfer (ﬁowen,
1928; - Braﬁn, 1979). Fractional crysctalltizaction results
wh;n earlter'~formad‘ crystals and remafring melrc becomé
separaced béforeigheqicnl equilibrium berween the solid and
liqutd phases 13 atrtained. Ihe'résul: is a depletion in the .
melt. of those components forming the crystalgs (Presnall,

&

1979).' The observed divarsity of igneous rocks {3 alsa due,’

at least (n part,'to‘inqremen;al degrees of melting in the.

so%:ce region of the magma  (partisl melting or fusion)

(BoVen, 1928; Presnall, 1979). The relarive fmportance of

thesge differeﬁt processes, differsantiation and _bartial
melcing, to explain observeq chemical differences in {gneous
rocks 1s seldom equivocal (Presnall, 1979),

L]

AlthOugh fr 1is preferable to use aphyric or
‘phenocrysc-poor lavén to ;xamine the chemical avolution of a
- magma (Bowen, . 1928; Wilcox, 1979), similar - paccerns
lndicative of ‘magmatie evolutfion 'can be seen {in pldtonic

'
rocks, e.g., the Skaergaard fntrusfon (Wager and Brown,

1
4

1968). T::re 1s, however, some doubt as to wherher the bulk
plutunic'rock compogition represents a magmatic 1liquid -on
the 1liquid ‘liqe " of descent (Wilcox, 1979). 'lefereﬁtial
_’gfavit;tiohal setcling of dif;grenf ajneral sp;cies during

crystallizaction and late-stage hydrdthermal alteration

i
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effects can produce chunéas'in the bulk composition from
. that ;predicted"by chemical evolutfon of che magma (Wilcox,
1979). The reuul:ani_compoﬁitioq_iﬁ ther;fqre not :elatéd
entirely = to cthe éhemical. evolution oé th;’parepitliquid.

The abundances of elements that appear tb be immobile during

rock altleration, however, allows one ro determine the

chémicai changes related to alteratien and recognize'ﬁrimaty

8eochemical. pactterns (Cann, 1970; Aldercon et al., 1980}.

Plutonie rocks, although not a direet measurement of the

evolution of fhé' magma, do demonstrate changqs in bulk

composition tﬁac can be explained (at least partially) by
magmatic evolution.

s
1
]

—~

Vartiation diagrams are effective in 111ustrn£ing/ the
course of chemical evolution of a magma (Bowén, 1928;
 Wilecox, 1979) and in lhvestigating whether the origtn of tha

observed cheaical, différences 1in che rocks are due to

fractional crystaillzat{cn or partial melcing (Bowen, 1928;

Prenﬁalla  1979), '1iquid’ imm{scibility <(Roedder, 1979),
volatrile cransfer (Burnham, 1979) or thermo-gravitacional

d1ffuston (Shav et al., 1976; Hildreth, 1979).

Igneous rock types ﬂarg generally distinguxshabie by
thefr Average major element contents (e.g. Nockolds, 1954;

De La Roche et al., 1980) although the calculation of means

and standard deviacions to do 60 may ohscure meaningful

‘differancea in the frequancy distribution of the data, e.g.,
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? 4
polymadalfiey (Ehrlich,- 1984). The natural he:eragenefty gf
rocks ﬁnd analytical scarrer ubiquitous to geochemical

analysis pfevent meaningful conelusions from éingle

analyses. Plotted sanalyses of gseveral sampleé of a “rock

: v , ~
population will define a 'fi1eld' on a variation diagranm

~repregentative of that population. This approach permits

the récngni}ion of geneticﬁlly related igneous roci"euiéés
based on pairs or sets of'chgiical components, e.g., §102
and Na20+K20 for granitolds (White and Chappell, 1983), T1,
2? and Y for basalts {(Pearce and Canﬂ. 1973), however the
pfudencq of this approach fhas .recentlf been questioned

(Whitten ec al., 1984).

Similar major element contents - are generally
Iinsufficient to establish or refure qomagnd;iam} This 1a
Qnderhtandable since the earth's erust 18 almost entirely

composed of the major elements (Hasca, 1966) as-refléctqﬂ by

tha composition of the. most commoen rock-forming minerals.

(olivine, pyroxenes, - amphibolea. micas, feldspars and
quartz). -Since igneous rock classificitiona (Stgeckeisen,
1967, 1976; Bowden et al., 1984) are comn;nly based on
mineral ;bundanceé, rock typés that were formed in different
tectonie sectingai ;y differaht'processes»}nd fronm ﬁifferent
source rocks often have the same mineralogical proportions
and are often‘1nd19€1ngu13hab1e»so1 ly on the basis of major

~

element cSEEBExtions (De La Roche et al., 1980).

RN
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. . {
Trace element abundances, both those that form wineral .
species in which they are a stoichibmecric component, e.g.,
‘Zr and zircom, or those that substitute for a geochemically
simlilar major element 1in one of the major rock-foreing or

. . -
accessory minerals (e.g., Rb, Sr, ¥, Nb, Ga) can he used to

‘constrain the possible source reglion and bettogenttc history

of a rock (e.g., Ludden et al., 1982).

'

The abilitf of a trace element to substitute for a

major element 1s détermined by thé atomic size and valence
state of the elem?nt'and the crystal lattice structure aof
the host miner#l. 'Séme eleqent§ become‘enfiched or depleted
{in the melt relative to’;he soiid phases during progressive
crystallization depending on the ph#ses ctygtaliiiing'and
tﬁ; géochemical pghavior' of ‘Ehei eiement(s) in éuestion
('rfylor,' 1965 Hanson, ° 1978, 1980). The degree of
compatiblicy of an eiedéﬁ: in the cfystallizing phases has
been estimated from studies in expéiimenta} petroloé? (?.g.,
‘ Snet¥ler and Philpotts. 1970) and qaturaliy occurring rocks
(e.g,, Hildreth, 1979), The measure of compatability is
expressed by the partition coefficient for an element (Arth,
1976). and coefchients have beeﬁ determined for many
_4Yements between various minersl phases and the melt, and

between the melt and a vapor phase. - :
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The whole rock trace elemgnt concentrationilis 'not,
however, simply deterqined by\m;neral proportions 1in igngoué
rocks. -The mineéal.;roportions are controlled by the mijor
elament composition and the conditions of crystallizatrion
(Ranson, l980).l Other factor? that control the tface
élenen; -concentration in a melt (Hanson, 1978, 1980)
, iﬂélude: 1) the original trace element concentration in the
melt that {a degenden: on‘ the composition of the source

rodk; 2) the extent of partial uef;ing, and the mineralogy
of 'éhe teaidue remaining at the time of separation of the
melt from tge regidue; 3) differentiation of the meit ;rior
to complete cryestallization; and 4) chemical intera;tions
beEyeen rocks, melts and fluids during or subgsequent to
crystalli;ation. Thug, the wmineral phases present do not
~control the trace element compoeition of g crystallized
melt, tﬁe. compléée pe(rogenetic history and composition of
the gource of the melt doés (Hanson, 1980). o

¢
L

Trace elements that have similar geochemicai behaviors
during petrogenetic prfocesses because of statlar atonic
Tadli 'and‘ valence states and ‘ that are relatifvely
incompatible in the ﬁain;crystallizing phases, e.g., ir, Y,
REE and other high field strength (HFS) elemenfs, are
concentrated in the melt relative to ihe soli{d phases during

crystallization (Tavlor, I%FS; Hanson, 1978, 1980). Thetir--
M i

abundances can be useful indicators of the degree of

-
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ma;mafic differen:iation (Pearce andhCann, 1973; Wiﬁchester
.and F;oyd, 1977; *Wood et al., 1979; Palacious et al.,
1979; Bailey, 1981). <Trace elements have been wused to

S

'fingerprint' che tectonic setting, and hence, source rock

aué pertrogenetic processes invdlved in the,fgrmation of an
igneous rock &Cann, 1970; Pearce and Cann, {973; Jakes and
Whita, 1972; Winchester and Floyd, 1977; Fl;yd and
Winches;et, -1978; Hanson, 1978; Palacios et a;., 19f9;
Donnelly and Rogers, 1980; Bailej, 1981; Ludden et al.,
1982; Pearce et al., 1984). The distinction between

products from all tectonie seccings may not be posgible

(e-8., ~Wood et al., 1979; Prestvik, 1982), however, this

approach can reduce the number of pogsible geoclogical

settings to be considered.

The elements that have been shown to be most efféctlvé
in discrimina:ing the gecrogenetic hiscory of ccmmon felsic
1gneous products ara K, Na, Ba Rb, and sr (HcCarthy and
Hnsty, 1976;  Hansan, 1978; McCarthy and Fripp, 1978;
Léouo:a, 1979; Colltns et al., 1983‘ Lee and Chris:iansen.
1985; Whelan, .19873; Whica and Chappell L983)». The mgjor
volumetric cfystallizing phaaes *in a felstce ()652 Sibg)
nagma are hornbleade, .btotite, -Plagifoclase, porasstum
feldspar and quartz, alihough the crystallizatfon oflvsome
accessory ﬂhases may signlficantly affect the trace element

composition of the mele (e.g., Miller and Hitclefelhdt,

N
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1982). Cafgium, potasslﬁh and sodium a;é the .dbm;nant
cations in feldspar‘ aft'el'\'~ alumina. Qarium, rubidium aﬁd
strontium _cAn substitute for these elements’ dﬁring
crystallization, The degree with which fhey substitdtg for
the major elements during progressive <crystallization ia
relatively well undérstoog, and usefui in interpreting the
origin of fresﬂ, unaltered felsic <1gneous rocks (;.g.,
MeCarthy and Fripp, 1976; McCarthy and Hasty, 19738; Hanaop,
-1978). Unfortunately, these same‘ elements are typlically
aobile du}ing hydrothermal alteration (Hart et al,, 1974&;
Condie et al., 1977; Humphris and Thompson.'197b; Gelinas et
al., 1982; ©Ludden et al., 1982; Thompson, :1983) thereby

reducing their usefulness 1in studies of altered lgneous

rocks.

'Petrograghic evidence of hydrothermal alteration of the

granitoid clasts 1{a aubstantiated by the geochemical 'data
) . J
(Section 5.2) and reduées the potential usefulness of these

elements 1in this study., Other elements frequently used for
magmatic diacriminatlon, gauch aa Cr, Niland U (Donnelly and
Rogers, 1980; Bailey, 1981), were precluded from a similar

use 1in this study because they are only present 1in the

granitoid - claste and Feeder Granodiorite 4t or near the

detection limits of the analytical methods used.

(=

Bl e e w )
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The HFS elamen;s, such as Al, Zr, Tt, Y and rare earth
eléqents (REE), appear toc be relatively immobile during_mosc
secondary processes (€ann, 1970; Pearce' and Cann, 1973;
Hart et al., 1974; Herrmann et alf, 1974; Condie et al.,
1977; Hﬁmphris'and Tﬁompson, 1978; Alierton et al., 1980;
Ludden et al., 1982; Dostal and Sttoﬁg, 1983; Thompson,
1983; Hallberg, léah%L ' However (at least some of ) these
element{ may become mobile within. zones of 1{Intense
hydrothermal alteration as;BCiated vith massive sylphide
mineralization ‘(Roberts ’and Reardon, 1978; Hacceehan and
MacLean, . 1980; Finlow-Ba:es, 1980; Finlow-Batesl an&
Stumpfl; 1981, Ralogoropoulos, 1983), copper: pocphyry
mineralization (Taylor and fr;;r, 1?80, 1982) and sonme goid

) . B . .
occurrences (Rosylyakova arnd Rosylyakova, 1975; Kerrich and
Fryer, 1979; Ludden et al., 1984). In contrast to the

conclusions of MacGeehan and Maclean (1980C), the use of

‘ J
zirconium 13 suggested by Finlow-Bates and Stumpfl (1981) to.

indicate the degree of magmatic d;fferentiagion, even after
the intense hydrothermal alteration assoclated with masgsive

sulphide forma:ion; L

A

The rare earth elemencs (REE) have been used frequently
in -trace element studtes because of their geochemical
coherence during mosihpetrogedetic processes-(Taylor. 1965

Hanson, 1980). This 13 attributable to thetfr common valence

stace (+3) under most geologsc condicions and a regular but
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slight change fn lonic radi! from 1.03 angatroms for La to
.‘ 0.86 ar)gétroms for Lu (Hanson,,' 1380). They commonly show

Y

r:elan:ivelyT limiced ,mobtlity' d,uring-'many secondary processes
(e.g., Herrnann- et al., 1974: Condie et al., 1977; Ludden
et al., 1982), al:hough there is aome evidence ‘that they may
becomg mobile durlng severe (1.e. high water to rock ra‘clos)

hydrothermal alteration (Alder:on et al., 1980' H Hanson,

'

1980;° MacGeehan and MaclLean 1980' Taylor and .Fryer,

1 1980,1982;  Chatter jee and Strong, 1984). Their mobiliry
also appears to be related to the compesition of the

“hydrocthermal - fluids (e.g., F, C1, ¢02 :-bek*ring) ('faylor and

v

Fryer, 1983 Ludden et al., -19384). The , geochemical’
coherence of the REE ag a Zgl:cmp, espectaliy dju{:‘ing magmatic
processes, and thefir colle_cttve re}a:ive d{mmobility disring
most secondary processges s:uggem:s that “the relagive

abundances of che REE permits ~“the use of their‘ relativev

o
abundanc_es as a 'fingerprinc' of the source meck. and deg:ee

[

of magmatic differenti{ation.

. -
>

The 'abundances of ‘REE are frequenctly normalized to the:
average -abundance of REE in chrondritic neteorites (Co’ryell
et‘al., 1963; Hanson, 1980). 'rhis normalization_ reduces .
the "effects of the Oddo-ﬂawkins rule of r.usrnic ahundances,
which sctates that even numbered elements are more _abundnnﬁ
than "adjacent odd-number»n_d; e]l.ementva. chereby pernitting a
simplified and stanﬁardizé{_éﬁphical evalua:ion of I:he.'l(j
: . - o




relative abundances. When normalized and plotted as a
grm'xp. they definé a line or REE pattern, The degree of
enrichment in particular REE or part of the REE group 1in an
I“gnaoun rock 15‘_ an 1indication of the "source naterial and
petrogenetic process that formed the rocIk (Hanson, ‘1930).
For example, the fractionation of amphibole has a different
effect on the REE than Athe fractio;xation of feldgpar be.c:iuse
of alightly different partition coeffir.:ieﬁts for individuilr
FREE in these minerals (Arth, 1976; Hanson, 1980), Amphibole
preferentially a'be.érbs " the 'm'idfile REE and heavy REE (less
80) -rel@_tive to the light REE, an&‘éon;:fibutee to a postive
Eu" anomaiy in the nmelt (Hanso;n. 1'980)." In:“cnnt'rnst, the
f.eldqura‘. especially potasai_.um‘ feldél;ar, 4 preferentially
allowe Eu into i'ts‘c'-.rystal' latticé because Eu dores occurs iﬁ
the +2 v"a.lénc'e state, , unlike ¢the othe:f’ REE, and can
substitute for Sr in this phase (Hanson, 1980), Partition
cogffici'elntw <a‘re merely the bdest estimates at ‘Pregent and‘

different estimates for any element may differ significantly

(Bee Whelan, 1983 for a comparison of some‘e’st.imat’ea).

The clear vigual ' evidence of hydrot‘hermal alteration

(Chapter Four) and the absence of a means to demongtrate _01;:
estimate the priuiarfyr unaltered composftion of the granitotd
 clasts Tequire an assumption of reJative immobility of crhe

trace elements 'ﬁsed._ There are (a4 number ' of alteration
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studiles thas have shown the HFS elements to be relatively
{mmobile in alrared or metamorphosed rocks (Cann,.1970;
Hart .et al., 1974;l Floyd and Winchester, 1978; Huaphris
and Thompson, 1978; Alderton et al., 1980; Finlow-Bates
and  StumpEl, 1981; Ludden et. al., 1982: Campbell et al.,
1984) and probably " a similar nuamber that. in-df.cate" gome
mobility for these elgmeﬁts :(e..g., JRobétts and Rea‘;d'on,,
1978; HacGeehan and MacLesw, 1980). nespite the lack of
unequivocal evidence of their *igwmobility' 1n ‘the granitoid
clasts, emphasis has been placed on their abundances because
they are generally the most 'iumobile" ' elements except
during the most {ntense secondary procease's‘ (Caipbéll ef
al., 1982»). The HFS elements are also useful indicators of

the degree of magma differenttuion and the tecvtbnic'
setting', and are thérefore . coneidered to be rche most
appropriate elements available in this study to demonstrate

coniagmatism. In this chdy, TL, 2Zc, Y, “Nb a.nd REE are

emphasi{zed for this' purposga.

The approach is ;imilar to that used by Goldie (1%979)

to - esctablish cbpagatism betwegn fatrusive and extrusive
rocks in :the Noranda aresn. Similar Qbhndal;l;:és of these
rel;cively "1mnobiie, disdriminatory trace releme:'u:s as shown
on variation dilagrams are interpreted to indicute a .gro.bable
common ‘1/3-):“1 for the 1igneous rqcks, -examined, '1..e-.,

a v .
comagmal:ism. Similar REE patterns on .  standard,




(Chapter: Four) and 1s 1{ndfcated by their major element

alkalis, sodium and potassium, do  not show a regular

‘. 4 .\3\\\
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chondrite=normalized REE dfagrans for different rock units

are conaldered to also suggest a possible comagmatic origin

for the rocks examined,

Y

5.2 CHEMICAL EFFECTS OF ALTERATION ‘ .
<

5.2.1 Alcteracion of the gran:foid clasts

Thé .rangea of and wean major ;nd trace elemenff
coﬁcengqations in'thh six gtanitoid'clait types (defined 1in
Chapter Four) are very, §1m11ar (Tables 5.1, w5.2). All
gr;nicdid clasts are fefls1c tn  compositcion, and .
silfca-saturated wich 51oi contents )reatgr than 702
ianhydrous)- They are peraluminous (Al293 £ Na20+Ca0+K20)

and subalkaline (as defined by'Itvine and Baragar, 1971).

The greater proportion of plagioclase; bioti;e,
anphibole and magnetite in the type 6 claststkelative io the
other clast types reflects their more fatermediate charagcer

chemiscry, i.e., lower 5102, higher A1203, Fe203, CaO, MgoO,

T102, and P205 than the othfer granitoid clast.fypes (Tables

5.1, 3.2). The mean compositdons of types L through to §
show, 1in addition to 1increasiag S102 values, decreasing

T102, Fe203,rMao, Mg0 and Cad (Tables 5.1, 5.2), The

x,
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TABLE 5.1 Range of major and tryjce element contents in granitoid clasts

: Type 1 Type 2 Ty'ﬁg 3 Type 4 Types Type 6
‘ ‘ C(11) : (5) (12) (6) (1) ()
sioz 67.8-75.4 ?1.9-76.4 71.5-76.8 . 76.1-78.1 77.30 67.4-69.4
. Tioz 0.08-0.30 0.08-0.28 0.05-0.23 0.08-0.23 0.13 0.33-0.43
£1203 10.6-12.8 9.9-11.8 8.3-12.5 10.1-11.4 11.6 13.5-14.1
) Fe203" 0.83-7.15 0.45-2,50 0.48-2.72 0.84-1.36 0.85 \3.40-4, 43
Mno 0.04-0.09 0.02-0.06 0.02-0, 07 0.04-0,Q7 0.03 3733-0.09
Mg0 - 0.34-1.24 '0.30-1.12 0.22-1.24 0.20-D. 59 0.3 . 0.97-1.76
Ca0 1.87-3.57 i.41-2.20 1.72-3.29 1.00-2.47 1.17 2.61-4,00
) Nazo | .86-4.68 2.79-5.60 2.62-4. 754 3.06-5,80 1.93 4.18-5,31
K20 0.90-1.79 .  1.70-2.84 0:39-1,66 0.20-1.%7 ~J.08 ¢ 0.53-1.38
P205 . 0-0. 34, 0~0.09 0.01-0.07 . 0-0.19 0.03 . 0.08-0.38
LOI 2.09-4, 25 '1.58-3.35 2.36-4, 50 T 1.@6-3.32, 1.26 1.93-3.61
Pb 10-852 7-271 . 11-180 22-110 L3 11-25
Th : L-16 ©7-19 TS 13-18 20 " 7-10
v 0-6 - 0-4 - 0-5 1-5 5 9-2
. o Rb - 15-32 R T 9-26 » 422 39 _ 5-24) : .
: " Sr 143-530 184-446 167-888 224274 170 235-340 , :
' Y ©11-29 16-36° . 5-23 B-41 219 22-38 ‘ff&
zr 79-126 88-143 - 56-105 ©73-149 8 70-129
Hb 3-6 . . 46 2-7 ©1-8 ? 4-g
Zn 60- 388 . 24320 33-414 30-128 B 28-203
Cu 16-85 11-165 ! 19-59 14-38 14 “1k-25
Ni . 0-3 . o : 0 b : a o-1 -
Ba 236-25455 4252-22289 2580-40746 4970-12322 . 39u2 473-4502 Co
v. 12-59 © 13-60 $=bl 10-26 | 12 . 59-76 "
Cr ‘ o « ) . 0 o L0 - "0
Ga - .. 6-15 h 8-13 2-11 8-11 ? .12-13 .

* Total iron rep-ort.ed as Pe203 & ,
0 = measured abundancé is below analytical detection limit {1 ppm)

Byl
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Table 5.2 Mecan (scandard deviation ) abundances in the graniteid clast types from MacLean Extension,

. Type 1 Type 2 ‘ Type 3 Type 4 Type 5 Type &
" r N
‘ . . 8o, 72.31 (2.00) 74.02  (2.18) 74.13 (1.77) 7R 9 173 68.17  (1.08)
‘ Tio, 0.18  ( .06) 9 (08 13 (.05 a5 (.08) .13 35 (.0%)
. . Aly0, 11.78  { .80) 10.94  ( .73) 10.86 {1.08) 10.70 ° ( .49)  11.6 13.77 (.31
FeZOJ .1‘98 ¢ .91) 1.51 ( .76} 1.10 ( .59) 1.11 ) ¢ .19 .B5 3.%4 { .52)
Mno W07 (.02) 05 (.01 .05  .o1) . .05 ( .o1) 03 07 (0D
HgO 76 .34) 59 L34) 48 (.27 35, (.16) .30 1.32 ( .40}
Ca0d . 2.5 ( .50) 1.69  ( .32) 2.44 € .51) 1.58 ( .59) 1.17 36 ()
Na,0 373 € .58 4.us | (1.01) 3.72 ( .51) 4.84 t1.11) 3.93 465 ( .59)
K,0 S 1230 .29) 0.95. (1.10) 1.8 ( .32) .53 [N 3.08 © .93 ( .6))
L B,0 .06 ( .10) <03 | (.08 04 (L0 .06 (.0M .03 2l Casy . T
\'_ o} S 3.20  (.72) 2.53  ( .68) 3.41 ( .63) 2.09 ( .84) 1.26 2,57 ( .81)
N TOTAL 97.91 . 96,95 97.54 ) -98.44 49.68 99.18 -
v P e .. . . -
. T i S TRACE ELEMENTS {ppa) : , v
< ¢ S = . . 7 . . .
P Pb' 172 245 110 1286 - T4 54 66 34 43 16 8
{ " Th 123 12 ‘5 12 4 16 2 20 - 8 2
Y . v 2 2 ! 2 1 2 3 2, 5 i 1
Rb 22 5 16 17 20 - H 9 8 39 14 10 .
S5r 304 112 1o 126 403 238 244 16 170« 217 56 /
| S 8 7 25 8 15 H .32 12 19 28 9 J
trr 106 18 ns 22 80 11 127 27 86 105 3l .
Nb [ | 5 I H 2 1 3 ? 5 1
Zn 157 93 142 138 143 102y 64 5 23 98 93
Cu 7. 19 57 63 36 12 125 8 14 1% 6 !
: Wi 0 - 0 - 0 - - 0 - 0. 0. -
Ba 7943 7515 12455 8566 13456 11510 8055 2603 3942 1829 2314
-V 38 14 30 20 3 B 1 17 6 12 70 9
Cr ' 0 - .0 ‘ - o -~ i 0 - 0 .o -
Ca 10 -3 10 z 8 ' 3 9 1 ? 12 1
n 1 T 6 1 3

e AT (SN
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variacfcn between'types 1 through to 5, 1n aécord vlchv the
e;lhence of alkali metasomatism pr&aented belou~(Fig¢ 5.1);
Rankgs indicate tha3 types 1 and 3 (gfanitic_group) ai’ more
;;riable. ;n couszltion than- the 'aplicic' group nembe;
{types 2, 4 and 5). ) . |

Hydrous and other volatile-bearing minerals are

commonly produced during hydrothermal alteration. - Sacondacry

. ] R ,
hydrous wminerals (sericite  and chlorite) and other

volétile—bearing minerals (calcilg and barice) are present
{n all granitoid clascs (Chapter Four).  The preéence of

calcite, barfte, sericite and quartz in the gfbundmasu of

the 'granicic® group clasts 1is ubiquitous and pervastive.

The same minerals also commonly - occur as veins fn the

'aplicgtie’ graoup clasts and Eeplacing plagioclase
, Phenocrysta. The n@undance of ;geue secondary'minerals will

presumably {ncrease with lncreasing intensity erduration‘of
alceration, therefore, loss on,ignition (LOI) content can
provide a  qualitacive m;asure of ﬁhe - 1intensity fof
;lt;ration. Fhe» Eelntively‘high PQf.values (Table 5.1) of
the graﬁi:ic group clas;s {(types 1 and 3) deu;nstraée? thetir

more intense hydtotherial alterattion relative to the

}apliticﬂ“group clasts. Such clear avidence of alteratfon

suggests cthat the major element composttion of the clascs

may probably have been mpodified by this alteration.

( .
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Pigure 5.1 Igneous spectrum diagraw of Hughes (1973) for
granitoid clast types. Crosses (+) Tepresent Cype
1 ¢clasts, symbol (X) represent type 2 clascs,
asterisks (*) represent type 3 clascs, eircles (0)
represent type 4 clasts, 8 star ( ) represeunts

the type 5 clast and the symbol (H) repragsent type
6 clasts.
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»

One method tWar can he used to tesc the effect of
-} ‘' "

alteration on the granitofd clasts 135 the alkalil diégram of
Rughes (19]3). On this diagram, wunaltered common {gneous
rocks will ploc 1in the 'igneous apectruu"field. igneous
rocks chatr plot outside chis field are . cons{dered ro
tndicate 4aome form of uikaii methsn;atism and are termed

spllites or keratophyres. 1In Figure 5.¥, most clascs fall

wicthin the 1gneous spectrum, wvhereas some do not. The

visually less altered '"aplitice' group clasts (types 2, 4 and

5) indicate grearter alkall nobility Ehan the more obvigusly
and pervasively altered 'granitic"groqp clasts and plot {n
the keratophyre field (Figure 5.1). Based on mean potassium
and sodfum contents in} the clast types that form cthese

. s .
groups (Table 5.2), the 'aplitic; g:un clasts (types 2 and
4 cSpécially) appe;t to havé los:‘ potagssium and posstbly

gained sodiuﬁ during this alkali metasomatism. In codtrast

howevar, the type 5 clast does not*apﬁear to have-iuffered a

loss of potassium (Table 5;2; Figure 5.1).

°

The greater abundance of c¢calcite .in the ‘g;aniticf
group clasts pcobdably ;ccoudCS for thetr higher mean Cao0
values (types 1l and 3) (Table 5.2) and is expressed 1n the
Na/K/Ca dlggram (Fig. 5.2) Sy the shift of the 'grantcie’
gro;p clasts toward the Ca apex. A shifr of the ‘'aplitic®

group clases toward the Na apex 1s also apparent.

v .

fm s gy o1
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e

Na20 K20

FIGURE- 5.2 vNaZO/KZOfCaO diagram for granitoid clast types. Symbols

as defined in Figure 5.1. Fields of type 2 and 4 (aplitic
- / group) granitoid clasts are shown.
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The barium contents are  characteristically high 1in .

Buchans8 Group volcanic rocks (Thurlow, 1981a). This 13 also

o

true for graniteid clast types 1 - 5 (Table'5.2). Secondary

barite 18 cowmonly obsgrved 1in these clasts parcialiy

replacing plagioclase grainswand associated‘with»quaftz and

calcite vein (Chapter Four). The positive correlation

between Ca agd Bé contents and loss-on-ignition -values 1{is
evident in Fig. 5.3. The higher degree of hydrothermal

alteration observed id thin sections ofv,typgs 1, and 3

relative .to. the other clast types:ls clearly expressed by
the higher concentration of these components, The lower Ca

end Ba contents with correspondingly low LO(Av&lues indicate

the weaker effect of this alteration process on the type 2,

4 and $ clasts.

The hematite staining of ‘plagioqléae grainse 1in_ the
‘aplitie’ group clasts may -be related .to the alkall
metagomatism indicated by Fighre 5.1, The lose of a

volatile phase during rapid crystallizatigf could remove

pofassium and other incompatfble phases that are tygically

. concentrated 1in an exsolved vapor or fluid phase.‘ The

’iron-bearing nature of this phase as proposed by Stanton and

B .

Ramsay (19B0) may‘9ccounn;§or the hematite stains obéerved,

The positive correlation between Ca and Sr (Fig. 5.4)

suggests that they have been controlled'by the eame chemical

PN

i
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FIGURE 5.3. Loss-on-ignitien (LOI, weight %) vs. Ba (x104 ppm)

and €a0 ,(weight %) variation diagrams for the gran

itoid eclast types. Symhols as defined -i;z Figu};e 5.1.
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v

reacticn (Humphris and Thompson,  1978). Although Sr can
substitute for Ca in plagioclase, the positive correlation
between Ca0 and LOI (Fig. 5.3) suggests that Sr may have

i
substituted for Ca in the calcite c¢rystal lattice..

[y

fhe presence of - secondary s8ilica 1in the granitoid

clasts 1s interpreted to have resulted from hydrothe?ual
alteration (Ch;pter Four), Thé hlgh-silica 'natﬂ¥; of the
clasts Ais- indicated by thelir ﬁigh mean $i02 abundances
(Table 5.2). When 5102 1is plotted againaf the Agpaiitic
fdex (Na26+K20/A1203) (Fig. 5.5), the higher S102 content

/p::?:;::llasfs relative to the Feeder Granodiorite bodies 1is '

evident and fg interpfetéd‘to expresa ailicification af tpe
gran;foid clasts. The highly varlable nature of the alkali
metasomatisme of the granitoid clasts 1s demonstrated by the

.

large scatter of the granirtofd clasts in Fig. 5.5.

5.2.2 Alterktion of the Feeder Granodiorite. ’ ¥

)

£}
.

The relative lack of alteratfon Ifn the Wiley’s River
- Intrusion and the Topsail  granite obser¥ed visually is

verified on the Hughes" (1973) alkall diagpam (Fig. 5.6).

- - ’ .
The ©Little Sandy Lake Intrusion shaws ewidence on this

aiggram of alkali metasomatism similar to fhat seen in the

e et

.aplitiec group (Pig. 5.1) and by the shift in the field of"
the Little Sandy Lake Intrusion toward the Na apéx on theé-

Na/K/Ca diagram (Fig. 5.7). The Little SandylLake Seqﬁedce Lo




°

<

Figure 5.4 Ca0 (wefght I) vs. Sr (in ppm) varfation dfagran.
‘ Crosses (#) . rcepresent Topsails granite (fs)
sanples, circles (0) represant che Wiley' River

intrusion (WR) saamples, asterisks (*") reapresent
. ‘Little Sandy Laka tatrusion (LS), the syabol (H)
"gepresent thyolites from the Little Sandy Lake
area, :ﬁ?/uynbol (X) represent granitold eclasts
and the star () 1s the rhyolite from the Buchans
River Formation {in Hl.c[./ean Extenmion yeed 1inm ghe
geochronclogy study. '\
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FIGURE 5.6 Ignecus spectrum diag-ram of Hughes (1973). -
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Symbols as defined in Figure 5.4,
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rhyolitice figvs do not, however, " demonstrate "thisJ
metasomatism nggebftng that mg:aéomatism may be due to
late-Qcagé‘ volatilef act;vity ‘during or after 1atrusion
rather cthan hydrothermal .altéracion, related tO'suﬂmarine

volcanigm. The relative paucity of secondary calctre,

sericite, barite and quartz 1{in the Feeder Granodiorite

bodies (Chapter_Ihreé) relative'-tp "the gtnﬁitotd clasts
”1nd1cetes-4 av relartive ab{fnd! of‘ aimilar' hydrothermal
alteration in these bodies. This éan{bg tecogni;e& by cthe
lower LOI, Ca, Sr and Ba contents in these boa;gs_(jable
5.3; Flgure §.¢); Although the mafic phases in the Litcle
Sandy-.Laka Intrusion are usually.gomplete;y‘chiuritized,
primary and parcly ryplaced biotite and hOTnB;ende gceur inrf
the Wiley's River Intrusion sﬁgpegtiné'redﬁcgd fluid phase

| - -
activity during or after intrusion of rhis body.

<

5.2.3 Summary of alteration effeccts.

Alkali.nétasouatisn-(1.e., loss of potassium) of the

"aplitic' group clasts and the Little Sandy Lake Incrusion

¥

appear to be relaced to the loss of a volatile fluid phase

prior to final <c¢rystallizaction. The presence of dbundant

B

secondary minerals " and whole-;ock . geochemical chaanges

resulting from ‘hydrochernal -al:ératiop reduces . the

usefulness of any extended dfscussion of major element
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A :
CaO
4 4
FIGURE 5.7 Na,0/K,0/Ca0 diagram. Symbols as defined in Figure 5.4.
.The field of granitoid clasts is shown. *
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',cnnténcs to examine c;nagnatiam. It makes 1mperative the

use of the 'immobtle' trace elements to examine couagm;tism.

1 A

5.3 Composicion of the granitoid clasts

\

P 4

$.341 Trace Elements

-/On mnny of the following diagrama, one or two aamples

from each clast type appear to be’ anonolous in comparison to

o:het aampies for that population. e.g.,.two type -2 clnsts

v 1- a ,

hava, higher v concen:s thanaall u:her type 2 clasts (Fig.

5.8a) and one type 4-clast has low Y and low Zr reia:ivu to

T a

other type 4:clasts (Fig. S*Sb.c). The result 13 to expand

'the field boundaries for these types {n con:rastrsto the

relacivaly tighc clua:ering demonstra:ed by Othet ialpltl of

el

that type- The expansion of theae fields due t® only one or

two samples should be noted by the reader.

Plots of Zr; Y; and V versus T{02 hawve been cunstructed

to determine {f any aignif{cant diffetences or cortela:ions

beﬁween qpe'granitoid clast types can be recognizéd (Fig.

5.8). Vahndlhn décteases with deéreasing T102 concenta

T

(Fig.  5.8a) for a11 gtanitoid clasts suggesting a’ magnattc
114k between the clas:s. The fractiona:ion of ‘a phase that

contaias both 0f theasnm elementl.. such as 11men1te‘ Qe

v

titanomagnetite (Gteen; 1980;- Briqueu et al., 1984) could

>

™. N ' . o

N A A




Ptgure $.8 T102 (veight %) vs. trace elements (V, Y and zr,

in  ppm) variacion di{agrams for gtanitoid clant
types. Flelds of granitoid clast type 2, 4 and &6
{after Stewart, 1984) are’ shown. Crcslc: (+)
.répresent typs ! clasts, symbol (X) repcesent type
"2 clasts, asterisks (%) represent type 3 clasts,
circlen (O) represent type 4 clasts, a star (%)
represents the type 8 clast snd the symbol (H)
represent type 6 clascs. - : -
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account fgr this correlatilon. The lass ffac:lona:ed, moce
inte;mediate character of type :6 clasts is indica:ed by
their higher T162 and V vnluea.’ The¥ slightly higher Zp and

Y contents in clast types 2 and A (i}ei ‘aplite’ group)

relative to nmost type 1 and type 3 clasts (Fig. 5.8)

‘Buggests that thay may be s8lightly anore dxfferen:fated than

v

type: 1 and type 3 clascs (1.e., the granicic' 3roup) - This
1s the typical relacionship geen between comagmatic aplites

and granites (e.g., Lynch and Pride, 1984). The

N

\w(prtabllicy In Zr and Y contents in types 1 through to §

clasts relative to ‘type 6 cias:s, however, indicatas a uére

a

. R
anbiguous relationship. _Whereau the ' upli:ic' group clascs

appear to have slightly higher 2r and Y contents pki; the

type §/ clascg auggescing 4 slightly greaver degree of -

. differentiation, the 'grantric' 8Toup clasts have slightly

lower contents of 2r and X (Fig. 5a8b,c).

é ‘ -

&?e graster abundance of Zr and ¥ f{n type 2  anad 4

clascs rela:ivé to the type 1 aad 3 clascs 18 more clearly

seen in Figure 5.9 and 1s considered A:d prohably indicate

" the greater degree nf differentiatiqn of the 'aplicic' gtoup

relative tp the 'granic!c'"group. The 1buer abundances of
2Zr and Y in clast types ! and 3 may be due to dilution tn
the more fntensely alcered clasts by the introduction of

silica, calciva and barium or may demongstrate aome mobilfity

‘ of these clemenél in the most intensely alterad granitroid

¢

d ) . . R
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FIGURE 5.9 Zr vs. Yi(iq. ppm) variation diagram for gran- ’
itoid clast typas. Symbols as defined i{n Fig. 5.1. N
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‘grantric’ and 'apli
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clasts.

L

'Thrée'auppoaedly immobile elementa (Zr, ¥, Nb) have

been plotced togather (Fii.‘S.IO) and , the broad,'fiéldA

defined by cthe samples along thée Zr~-Y join, demonstrates the

variability of thea] elemgﬂts in the granitoid clascts. The

tc' groups of granitoid clasts are

separated on this disgram, with the 'aplicie' group (types 2

and 4) closer to che Y apex than the ‘'granmttie' group
members.. The wmore intensely al:é;ed I'gtanitic' samples
(typen-l’and 5)'3re lower ia mafic ﬁinepals (Cfip:er Four).
Zircon tg p}obablx @ore stablerunder intense alteracion than
mafic phases, such as ilmenice, that presumably contain most
of the ytctrium in the sample as suggested by Finlovw-Bates
pad Stumpfl (198l) from atudies of inctensely altered rocks
ass#cta:ed with massive sulphi&e deposits. Thi; {zplies
thac Y may‘ have become mobfle and  lost .fron the nmost
intensely alrered 3ranitoid clastﬁ. The generally.lbwer and
more varfable ctrace element“conposition of the most
inten;ely altered granicoiq clasts 1s probably the resule of
both dilution due t§ chenical addit{ons durfing hydrochermal

alteration and the limited {?) mobility of TL; Y and Zr

during this .alcteration. - The relatively high degree  of

imprecision of the Ti aﬁd Y @nalyses because of their .

relacively low abundances in the granitofd clascs {Appendix

1 and 2) may also contribure to this scatter (Appqndix 2).
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FIGURE 5,10 Zr/Y/Nb diagram for granitoid clast types. Symbols as

defined in Figure 5.1. Fields of type 2 and 4 (aplitic

group) granitoidJclasts are shown.
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A trifangular plot with an element known to be nobiié
during many hydrothermal alteration processes (sr) (Frig.
5.4) has,aiso been contructeditﬁig. J«11). The higher Sr in
the ‘granicgte! gr;up  :¢1;:1ve“to the 'ppil:ic' gEroup is
easllyrseen. Incousi{stencies in che 2r and Y contents are
much less evident on this figure. As discussed tn Seccion
5.2.1, St appears to hdve been aéded ‘to the clasts along
with Ca during the formatrion of secondary. calcite. This is
shown by the excengion of the field for the granitoefd clascs

C:::/\\ . toward cthe Sr apex (Ffg. S5S.11). The greater abundance of

-
secondary c¢alcite {n the 'granitfc' group clascs 1s

reflected by the concentracion of these clascs closest’to

.

the Sr apex (Fig. 5.11).

-

As the finest grained, moat highly granbphyric clasts,
type 5 clasts would be expected ro denonuttaie a higher
degree of differentfarf{on than the other granitotd clast

types and therefore, should contain the highest:

concentration of cthe incompatible elements such as Zr and. Y. 'k %

The relatively internediute"abundanceylevéll of Zr and)f ln‘

the type 5 gample do not dendnstra:e-ihe increase in ,§¥$fee -

a .

» of differenttiacion ;xpected within the 'apliticgigrouﬁ.
However, one type 4 clast also shows similar relacively 1low
or intermedfate abundances of Y and Zr (Figures 5.8, 5.,9).

There may not bde a significant or consistent ‘incresase _ta

%

diff-rau:ia:t6;“<betveen type 4 and S clasts. More daca for




Y

FIGURE 5.11 Zr/Y/Sr diagram for granitoid clast types. Symbols as de=-
fined in Figure 5.1. Fields of type 2 and 4 (aplitic group)
granitoid clasts are showm,
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type 5 clasts is reqqired to redolve this discrepancy.

Ho unequivocal 'evidence for a genetic link between the

3

different granitoid ' clasts can be demonstrated.’ Howe ver,

i

the similar abundanceﬁs’?f_ relatively '1m|§obile' incompatible
trace elements ('I;,d.". ‘Z"r. Y, Nb) that display evidence of
differéntiatign pei‘mits their origin frow a common ﬁagmatic
source, Wwith the" ‘efxg_:\eprion of some trace element data for
the oﬁly type S clast analysed (XQs-83-091), the
geochemistry of the ‘'aplitie' group «clasts demonstrates
their slight fncrease in degree of differentiation from the
'granitic' group. The more intermediate character of the
type 6 clasts suggested by mineralogy and major element
geochemistry 1s alao supported by‘ the trace element data.
These conclusions agree with the textural interpretation of
the granitoid c¢lasts as magmatically relafed products of

different crystallization 1levels ~and  histories (Chapter

Four),

$5.3.2 Rare Earth Elements &

In general, rare earth elements especially those with
.0dd atomic numbers are present in moest rack typeé in very
low concentrations (very often less than 2 ppm, for example

Eu), and their absolute abundances are difficult to analyze

accurately (Hanson, 1980). The XRF technique emploved far
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R.EEAanal'ys;ls (Appengix Four) in this study can be ‘accurate
to, + 10% or O,lppm (whichever is greater) (e.g., Taylor and
Fryer, 1982), It 18 more commonly estimated ‘to be within
102 or lppm (vhichevex; i1s greater) (e.'g.,'.Stl;ong, 1984) or
102 f'or' I;EE with abundances gteéter th‘an"lp;ﬁ;n'(e.g., Fryer
and Edgar, 1977). Lu arr\.d Yb had ‘an unsatifactorily low
degree of reproducibllity'l in. thie étucl-y and, therefore', have
not been plotted. The low abundance-ofr Eu in the granitoid
clasts ( lppm except for the type 6 clast, Table 5.4) may
exp}ain the 1inconsistent strength and dt.r)ection of the Eu
anomaly fn the clasts. Nevertheless, the te'chnique can be
shown to consistently reproduce the slope of the REE pattern
and the relative strength of the Eu anomaly 1in a grantt!ic
rock standard. REE patterns produced by .four replicate XRF
analyses of a.gtanite samﬁlé (MUN-1) were (fompared to four
independently determ“ined instrumental neutron accivatior;
'a-nalyses (INAA) from three different laboratories (Aﬁpendix
Figure '3.1). REE patterns appear to be more consistently

reproducible than absolute abundance. levels. Only those

saets of REE data that yielded- similar REE patterns' for

duplicate samples are presented in this study (Fig.. 5.12,°

5.17). No - REE data 1s available for the Little Fandy Lake
Intrusion, Little»Sandy Lake Sequence rvolcanicA«m‘)c‘ka and

type 5 granitoid cl"as/ts for this reagon. -

N
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Conclusions dravn from the‘REE data are derived  mainly
from the roughly similar REE patterns and abundances shown
byrall types of granitoid clasts .(Fig: 5.12a,b). Each
granitoid’ élaac type shows evidence of moderate light REE
enrichment wich La concenté varying between 20 and 60~ fimes
chondrite and Er contents between 3 ‘and 10 tigmes chondrice.
The similarticty in REE pattern (L.e., éfmilar‘degree of light

"REE ., enrichment) and relatively similar REé abundances are

interpreted to permit the conclusiom that all granitotd

r
clast types may possibly have had'a common magmatic source.

In addition: types 1, 2, 3 and 6 apﬁear to lack a consistent

“Eu anomaly (F;g.A 5-12a,5). However, a s8li1ght and

»

™
relatively consistent negatt%é Eu anomaly (n «cthe ctype 4
clasts 1s obs@rved (FL1g.5.12b) and probably indicates the
temoval of plagioclase during differentiattion thereby

depleting the  meltr iIn Eu prior to crystalltzationm. This

4
@

supports other trace alement data (Section 5.3.1) that
suggests cthat thege clasts crystallized at a slightly more
differentiacted magmatic stage than the other granitdid clast

types.

[

The slight changes in -REE abundances within sach clast

type, especially type 1 and 3 eclasts, may reflect the
effects of dilution or mobi{liey of the REE resulcing fronm
hydrothermal alteration (Section 5.3.1). The posshbie

effects of hydrothermal alterarion.on the REE aﬁundanceé and




-
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5.12a Abundances of rare earth elemaents fn granictoid
¢last types 1, 3 and 6 normalized to chondricic
values; of Taylor and Gorton (1977). Syabols and

accompanying numbers desf{gnate the sample annlysed
(all numbers are RQ§-82- xyz) .

«

5.12b Abundance- of rare ear:h elemencs in 3Ean1t01d
clast types 2 and 4 normalized -to chondri:ic
values of Taylor and Gortom (1977). Symbols
accompanying-numbers designate the aamplc anlli:
(all nymbers are XQS-82- xyz)
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v

patternd 1In the granitoid clasts is not .¢learly known

because altered ~§amp1es were not appropriately screened

prior ro analysis (Henson, 1980).

, y
© 5.4, COMAGMATISM OF THE  GRANITOLD CLASTS, * PEEDER

GRANQDIORITE AND BUCHANS GROUP FELSIC FLOWS

5.4.1 Introduccion
~ o

o

The major, trace and REE ‘geochemtstry of the grauitoia
elasts, the Feeder glanodiorire (Wiley 8 River {intrusiocn and
Liccle Sandy Lake ;ntruaion) and Buchans Groups felsgic flows
has been -comphred to avaluate the comagmatism of these
suites proposed by Thurlow-(19Bla,b). The Topsails: granite
isg ?ounger than the Buehans Group (Belf and Blenklnhop,
1981; Taylor ac al., 1980; Whalen and Currie, 19685), and
can be shown to have major and trace element abundances thar‘
are different fromthe grani:oid clasrs (St\wart, 1984)
Topsaila-crype granite data have been plotted on a_number of
diagramas to demunsrra:e the discriminatory‘ valpe of cthe
diagraus em loyed and doee not fmply thit fc 1; censidered

-

to be.a'ﬁoasible source of the granitoid clastg.




-
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As discussed in Section 5.1.2, .comparisons of ma jor
ealement contents usually cannot denonstrate 'slgnificant

differences or similarit{es to demonstrate or refute

- . . comagmacisa. In adhicion, the alteratfon of the aranitoid

clasts and the Littl* Sandy lake Intrusion further . diminish

the usefullmness of wmajor element comparisons.. Therefore,

emphasis has been placed on trace element conteants to
L 3

1nvestigi:e comagmactism. However, since all rock units do
not Jvidence hydrothermal alteration, a brief discussion of .
the major &lement contents precedes the discussion of the

. tesults of the trace element studies.

5.4.2 Major elements

«

The Buchans Gtoup flows, granicoetd clasts and Feeder

Granodiorite bodies have similar mean major and trace

@lement abundances (Table 5.3). Lithogeochemtcal ﬁaca£;¥or

Buchans Group flows from Thurlow (1981;) augmentg that from

.

the Buchans River Formation rh}oli:a {n MacLean Extension
e used 1n cthe radiomerric study and five Little Sanay Lake
Sequence rhyolitic flows. Only flows with D> 65% 5102 fron

A .
' Thurlow (198la) thave been uded to make the comparison of

. \ © mean mijor element abundances more meantngful (Table 5.3).
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Table 5.3 Mean (standard deviations) abundances in granitoid clasts, Feeder granodiorite, Buchans
. Group felsic rlows, Litrle Sandy Lake arcea rhyclites and Topsails granite.

L

Litcle Sandy - . Little Sandy
Cranitoid Witey's River l.ake Buchans CGroup Lake Topsails
Clasts *Intiusion Iutfusion Flows 4 Felsic Flous Cranice
sioé, 73.66 (2.81) 75.10  { .82) 73,48 (1.15) 71.44  (3.56) 73.86  (1.06) 76.24  (1.04)
'n’o2 .18 - (.04) 23 .03) 230 (.08 L (an 22 (.06) - 33 (.07 o '
AL,0, 11,36  (1.1%) 12.09  ( .24) 12.38  ( .40) 13,31 (1an 12.36  '( .2%) 11.96  -( .44) )
Fe,0, 1.63 (1.02) 2.06  ( .14) 119 ( .47)  2.94  (1.57) 2.7 ( .87) 1,39 ( .30)
M0 ) 05 { .01 .05 ( .oD) .08 ( .02) .07. ( .05) 00 (.0 .03 (.02
HgO .62 S{ .38) A6 ( .11) L.16 { .14) .83 ( .69) 1.35 ( .68) .11 (.07
Cal 2.26 ( .70) 1.50 ( .32) .93 { .33 1.69 (1.00) - 1.05 . { .30) .33 ( .22)
o, Na,0 4.07 ( .84) 431 { .20) 4.80  ( .26) 4.08 ( .96) 4.42° (1.09), 3.94 ( .08)
K,0 L 1.11 ( .67 2.1 ( .3) .78 (.21 2.57  (1.28) 1.26 - ( .62) 4,64 (.15
P,0, .06 ( .08) 05 ( .02) .08 ( .02} - - 09 (.09 .03 ( .02) .
oot 2.90 ( .89) .59 ( .19) 1.5 ( .22) 1.96  (1.02) 2.0 ( .46) . .51 { .09)
L) -
TOTAL 97.90 “98.90 98 .65 9'9.23 99,53 « 9% .11 - /,
TRACE ELEMENTS (ppm) T
[ Pb 101 ( 147) 1 (5 1 ¢ ad 6 (3 18 (5
Th : 12 « @ 1« 2 0 ( 4 ad 5 (&) (D
i ] 2 ( 12) 2 (2 0 - . nd -0 - 8 ( 3)
i Rb ‘ - 19 ¢ 10) 54 ( 11) 17 (7 45 ( 24) 24 ( 13) 152 (21
v Sr 321 ( 162) 126 ( -11) 118 ( 23) . 155 ( Aa2) 10 ( 20) % ( 14)
Y 21 ¢ 10) W (4 26 ( 8) nd . % ( 10) 8 ( 14
Zr 100  25) 126 ( 8) 1a ( 10) 130 ( 39) 108 ( 18) 189 ( 21)
Nb 5, ("2 5 ( 1) 4 ( 55) 8 ( 4) 3l ( 1) 35 ( 5) » o
| In . 128 ( 97) 2« . 3 (9 - nd 41 9 1 B G )
‘ Cu 35 ( 28) S U D 1 - 8) nd 15 (3 16 ( 15)
. Ni o . - - 0 - a - nd 0 - . -
j : ‘ Ba 9708 ° (8748) 9d2  ( 198) 68 ( 181) 8%  ( 431) . 281 ( 192) 342 (1Y -
} _ v YA ¢ 18), 19 (D 38 (3 - 28 ( 23) 13- ¢ 1) 4 (& st
‘ Cr 0 - 0 - 0. nd. - 0 - : 0 -

n = 38 o 9 . 5 23 3 5 . 7




The. populations of interest, 1.e., excluding the

.

Topsails granite, _ are: ‘ 1) silica-over-saturated, 2)
subalkaline (after Irving and Baragar, AlQ?l), aund 3)
peraluminops (A1203/C;0+N320+K20 .1). The granitoid clasts
contain lower mean abundances of Ti02, FPe203 and Al203 and
higher a0 abundances than other r&ck units. All units
record fa K20/Na20 ratio -0.5 ekcepg fér the ﬁﬁéhans Group
data from Thurlow (1981q):‘-thg lower K20 1n the granitoid
clasts and the Littl;_Sandvaake Intrusion 1ia attéibuted to

loss during alkall metasomatism {(Figurea 5.1, 5.4).

5.4.3 Trace Elements

S~
T et

On variation diagrams of Rb, Y, Zr and V versus S102

(Fig. 5.13, 5.14) it isa demonstrated that there s an

v

overlap of the fields defined for the Wiley's River

Intrusion and the Little Sandy TLake Intrusion. The
‘granitoid clasts-ahow v, Y aﬁd Zr sbundances similar to the
Feeder Granodiorite . bodtes, but at slightly higher S102
values thch are probably due to the silicif[catio% of the
clasts (Chapt;t Foﬁ; and Séction 5.2); -ﬁuchans Group felsic
flows-£ave V, Rb and Zr abundances that ;how con;iéer;ble
Voverlap with the fields for both Feedetr -Granodiorite bodies.
ag well a; ;pproximating (albeit. at slightly  lower 5102

contents) the abundances observed in the granitoid clasts.




Figure 5.13 5102 (weight X) vs. Y and Zr (in ppm) varfarion
diagrams., Fialdas® of Buchans Group felsic flowvs
(8Y) (from Thurlow, 198la) and granictoid clasts
(GC) arse shown. Crosses {(+) reprasent Topsails
granite {TS) samples, circles (0) reprasent thé
Wiley' River intrusion (WR) samples, asterisks (*)

represent Little Sandy Lake 4intrusion (LS), the
aymbal (H) represent rhyolites from the Litcle
Sandy Lake srea, and the star (%) ts the crhyolite
from the Buchans River = Formaction 1in MacLean
Extenasicn used in the geochronology study.
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Figure 5.14 S102 (weight I) vs.
ppm) diagrams.
flows (BV) (from
clasts (GC) are shfwn.
Topsails granice (TS)
reprasent the Wiley' River
asterisks (*) represant

the symbol

Flelds
Thurlow,

intrusion (LS),
from the Lictrle Sandy Lake

is the rhyolite from the
1n_HacLe}p Extensfon used
sgudy.

trace elements
of

samples,

(V and Rb, {n

Buchans Group felsic
1981a) "and granitotd
Croases {(+) rapresent
circles (0)
intrusion (WR) sanmples,

Little Sandy Lake
(R) represent rhyolites
area, and the star ()
Buchans River Formation
in the geochronology
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Data for rhyolitie flows from the Litetle Sandy Sequence and
Buchans River Formation (KQS-82-210) obtained during thts
study show similar abundances to both Feeder Granodiorite
bodies, the g.rahir.oid clasts and other Buchans Group felsic
flows (Fig. 5.13, 5.14). The discriwminatory power of these
diagrams 18 shown by the separation of the Topsaile granite

from all other rock units (Fig. 5.113, 5.14),

Compariasong of paired immobile minor and trace elements
(11, 2r, Y) show the same result (Figure S.ISa,bi). The
fields for the Wiley's River intrusion, Little 7 Sandy Lﬁke
fntrusion and the granitoid clasts are virtually idenr.ic_al,
although the granictoid ¢lasts demonstrate freater acatter
and slightly lower Zr and Y values (see Section $5.3.1). The
fieldas for the Wiley's River and Little Sandy Lake

Intrusions overlap each other  and fall within the larger

field defined by the granitofd claats (Fig. 5.15) as do

flows from the L.ir.tle Sandy Lake Sequence. The large field
defined by Buchans Group felgic flows (from Thurlow, 1981a)
overlaps the Feeder Granodiorite bodies completely and mbost
samples f£rom the granitold clasts on the 2r vs, Ti102 piot

(Fig. 5.15b).

o

- The fields for the two Feeder Granc;diorite bodias are
vittually cofncident wvhen Zr and Y are plotted with Nb, Ga.

and Sr on triangular diagrama (Fig. 5.16), These flalds

fall entirely .within the larger fleld described by the




Figure 5.15a Zr wvs. Y (borth.  fn ppm) variation dfagram.
Crosses (+) represeat Topsails granite (TS)
tamples, c¢ircles (O) represent the Wiley' BRiver
intrusion (WR) sanples, ascerisks (*) Tepresent
Little Sandy Lake intrusfon (LS), the syabol, (H)
represent rhyolires from the Littla Sandy Lakae
area, the symbol (X) rapresent granitoeid clasts
and the star (W) 1s tha rhyolite from the Buchans
River Formatfion in MacLsan Extension used 1n tha
geochronology study.

Figure 5.15b T102 (weight 2) vs. trace elements (Y and 2Zr,
fa ppm) wvarlation diagrams, Field of Buchans
Group felsfe flows (BV) {(data fron Thurlow, 1981a)
{s shown. Crosses (+) represent Topsails granitae
(TS) mamples, circles (0) rapresent che Wilaey'
River intrusion (WR) wsamples, astarisks (")
represent Lictle Sandy Lake inerusion (LS), rthae
symbol * (H) represent’ rhyolites from the Little
Sandy Lake area, the symbol (X) represent
granftoid <clascs. and the star () Lis the thyolite
from the Buehans TRiver Formation 1in Maclean
Fxtension used in the gaochronology study.
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granitoid clasts on two of these piots (Pig. 5.16a,b). The

Topsails~type graqite is separated on these thrae plots with
only a slight overlap on the Zr/Y/Ga ﬁloﬁ . (Fig, 5-16b).

Comparison to the Zr/Y/Nb plot of rhe granitoid clasts
{(Fig. 5.10) suggests that m‘ Feeder GCranodiorite bodies are
most similar 1in composition to the 'aplitic' groua';lasta.
On the Zr/Y/Sr plot, the fleid of the granitoid «clasts
efonds from the gielda for the F;;der Granodiorite bodies
toua:k\ipe Sr apex (Fig. 5:16c). The dominance of the
‘aplitic' group clasts 1n thé field for the granifitoid clasts
(Fig. 5.11) closest to those of " the Feeder Granodiorite
bodies also suggests aimilar. compositiong 1in these rock
units (Figures 5,11, 5.,16c). The additioﬁ of Sr to the

'granitic' group clasts during hydrothermal alteration ls

‘dlscussed in Sections 5.2 and 5.3.

Bell and GBlenkinaop (19B1) determined tnitinml St
isotoﬁic compositions of D.7068 aud 0.7072 for the Wiley's
River intrusion and the Buchaﬁs Group, repectivelfi in thelir
geochronological study. No attempt; were made to determine
this ratio in the clasts after recognitionrof Sr mobility in

k4
the granitoid clasts,

The 1immobile trace element data show ‘no aignificant
differences - in the primary composition of the granitoid
clasts, Buchans Group felsic flows and the . Feeder

Granodionrirte, This suggests that these rock units may have
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Y S Sr/10

FIGURE $.16 Triangular plots of trace elements (2Zr, ¥, Nb, Ga
and Sr, all in ppm). Fields of granitoid clascs
(GC) is shown. Symbols as defined in Figure 5.4.




had a common magmatic source.

5.4.45 Rare Farth Elements

Rare earth element patterns. for the Wiley's Rivef
tntrusion, felsic volcanic rocke from the Lundberg H11d
Formation, and felsic volcanié_ rocks of  the unnamed
form;tion eagt of B;chans Ri;er (formerly 1in the Uﬁper
éuchans Subgroup) are shown In Fig. 5.17. The data for the
Buchans CGroup felsic flowa ;re fErom Strong (1984). The
1light REE enriched patterns for sach rock unit are almila:,‘
despite the greater varfability 1in the patterns of the
Buchana Group volcanic rocks. Each unit shows similar
ranges,fér La and Er aftef normalization (Figure 5,17, The
consistent negative Eu anomaly o; the Wiley's River
intrusion 1indi{cates that it has probably been affected b;

plagicclase fractionation during crystallization .and ts

therefore somewhat more differentiated than the volcanie

rocks. Fhere does not appear to be a consistent Eu anomaly

~

"in the Buchans Group flows.

Comparisons of these patterns with those for the
granitotd clast types_ (Fig. 5.12) reveals that 1little
recognizable difference In the degrae of light  REE

enrichment or the range in abundance levels exists between

these populations. An incregsingly negative and more




Figure 5.17 Abundances of rare earth elements in

River intrusion (WRI) (data =~ this
Lundberg HIll Formation rhyolites of the

Group (BGR) (data from Strong, 1984),
Group rhyolites (unnamed formation in the

Wiley‘s
study),
Buchans
Buchans

Little

Sandy Lake area east of Buchans River, formerly 4in
the Little Sandy Lake sequence (LSLR) (data from
Strong, 1984). All data 1s novmalized to the

chondritfe values of Taylor and Gorton

(1977).”

Symbols and accompanying numbers designate the

9ample analysed. Wiley's River Formation
are all KQS-82-xyz.

sampleas




WILEY'S RIVER INTRUSION

1

LUNDBERG MILL FORMATION(?)
FELSIC YOLCANICS

BUCHANS GROUP AHYOLITES

( UNNAMED FORMATION, ' ’
EAST OF BUCHANS RIVER )

Q1980
® .1978
Q 1less




TABLE 5.4 Rare earth element contents in granitoid clasts and Wiley's River intrusion

TYPE 1 TYPE 3 TYPE 6

RQS- KaS- KQsS- KQS— BQs- KQs- wQs--  KQS- KQS- KQS- KQS- KQS- .

32-007 82-008 82-031 82-004 B2-051 82-082 82-127 82-002 82-004 82-043 82-073 82-0D67
La 13.88 9.43  06.79 8.20 8.13 13.01 18.53 12.92 7.02 5.52 13.06 20.76 .
Ce 31.07 26.67 16.10 20.95 20,16 30.25 139.88 29.78 19.87 16.99 32,31 49,21
N4 12.13 13.74 8.60 9,82 11.10 13.19 15.23 11.92 11.9% 7.73 16.23 23.12
Sin - 2.07 2.81 1.74 1.91 2.6l 2.54 2.25 2.1 2.92  1.80 3.17 4.84
Eu 0.74 0.88 0.66 0.s58 0.90 0.76 0.70 0.88 0.62 0.81 1.01 1.60
(s ] 1.91 2.59 1.93 1.73 2.82 2.938 2.85 2.21 2.79 1.73 3.908 L. 40

b Dy 1.50 2.28 1.18° 1.39 2.51 *1.81 1.71° 1.63  2.36 1.51 2.14 2.85 )
Er 0.61 1.13  0.73 0.84 1.70  0.82 0.64 1,15 1.42_ 1.18 1,03 1.24
TYPE 2 TYFE 4 WILEY'S RIVER INTRUSION

KQs- KQS- KaS- KQs3- KQS- KQs- KQS- KQS- KQS- KQS~ KQS- KQS- KQs-
82-040 B2-058 82-099 82-084 82-119 82-118 82-187 82-189 B82-190 B2-191 82-196 82-198 82-199

La 11,41 7,87 14,81 14,25 20.41 20.25  9.11  7.74 8,53  9.10 11.62 17.04 6.06

Ce 30.35 26.2% 37.76 37.98 50,49 53,28 :27.22 21.56 26.32 29.45 132.79 L2.76 18.18

Nd 15.67 17.38 20.10 19.31 2L.60 26.97 15.48 11.71 15.55 15.95 17.14% 21.04 10,88

Sm 3.59  3.89 4.44 4,21 S5.04  5.44 0 3.57 2,68 3.33  3.29  3.60 W.71  2.67 :
Eu 0.84 1.11 1.19 1.01 0.83 1.14 0.26 o.39° 0.65 ©o.44 0.71 0.59 0.31

ad 3.37  3.22  3.90  3.83 kW63 5,18  3.84%  2.97  4.19 4,08 4,00 S.16 3,29

Dy 2.56  3.32  3.10  2.68 3.42  4.07  3.2% 2,63 3.78  L.47 0 3.39 W64 3.937

Er 1.17 2.1t 1.81 1.92 2,06 2,26 /4505 1.30  1.57  2.16  1.50 2.49 1.7% §
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consistenc Eu anomaly can be seen by couparin& the Buchans
Group vaolcanic rocks to the 'granicic' group cias:s to the
'aplicic' group clasts to the Wiley's River intrusion (Fig.
5.12, 5.17); This can be attributed to an »1ncrease in

fractionetion of plagioclase from the melt in the source

=

magma chamber.

The REE data supporrcs the previous mineralogfcal,

: \
textural and geochemical evidence rhat these rock unitg are

probably from the same magma chamber, bur they probably d1d

not crystallize synchroﬁously.

5.4.5 Tecronie Qecting
Trace element discrimination diagrams for the tectoniec
Interprecation of granitic rocks proposed by Pearce at al.

(1984) have been constructed (Figures 5.l8; 5.19}).

The previously 1dentified 1sland arc wsetting af the
Buchans Group volcanic rocka:(S:rong. 19773 Thurlow, 1981la)
and, the proposed comagmatism of the granitoid clasts,
Buchans Group felsic volcanice r;cks and the Feeder
Granodiorire bodi{es are both supported by the results of
thesa plots. The comagmatic rock units all plot within the
volcanic arc granite (VAG) field (Figures 5.18, 5.19). The

discrimination of a different wmagmaric source for the
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FIGURE 5.18 Tectonic discrimination dlagram of Pearce et
al. (1984) for the gramitoid clast typed: Sym-
bols as definéd in Figure 5.1. Fields for vol-
canic arc granttes (VAG), ocean ridge granites

(ORGY, wirhin plate granites (WPG) and sym-ecoll-

ison granites (syn-COL) are shown.
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FIGURES.19 Tectonic discrimination diagram of Pearce et

al. (1984), Svmbols as defined in Figure 5.4.

fields for volcanic arc granites (VAG), ocean

ridge granites (ORG), within plate granites

and gsyn=collision granites (syn-COL) are
shown.




Topesalile gfanlte 1s clearly demonsctrated (Fig. S5.19).

" The filelds for the. granttotd clascs and Feeder
Granodiorite are not exactcly coincident. However, loss of
potassium during alkali merasomatism of the 'aplitic' Broup
gran;’toid clascs {3 pragsumably the cause of the lower Rb
contencs Iin these cladts (Figure 5.18). ~The posﬂéible
mobility of some EFS elements or the effects of dilutfon on
their measured abundances (Section 5.3) probably explains

the scactter shown by/:he granitold clasc samples parallel to

the Y+Nb axis.

The loss of K and chemically sfmilar Rb from the Little
Sandy Lake Intrusion during alkall metasomatism similar to
that of the 'aplittc' group clasts Ls shown -iﬁ Flgure 5.19.
The , slighetly greauter degree of diff_eren:iation of the °
Wiley's Rive\r Intrusioq ralative to the other rock units 1is

expressed by 1{ts slight shift upward and to the right from -

"the.othe; samples (Pearce et alq‘ 1984).

i 5.5 SUMMARY

Comparisons of major element contents of the Wiley's

River intrusfom, Litrtle Sandy Lake intrusion, granitoid

~clasts and Buchans Group felate flowa reveal few significant

differences between these popularions other than those

~—
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changes attriburabla to hydrothermai'al'te'racion and alkalt
metasomatism. The effectds ' of the observed hydrothérmal,'
alteration of some.grantcofd clasts (Chapte'r Four) , 1.e.,
the {ntroduction of calcite, barice, quavrtz a'ud‘volatilés,r
are reflected by the higher Ca0, Ba, S102 and i.OI anélyées'
for these 'cla‘st:s. Sr i3 shown to have bee.n int‘roducgd_wi,‘th
Ca to form calcite during aiteracion.' The vigually less
alrered <c¢lascs (type‘s 2 ar}d '4) and the L'i:tle Sandy i.aké

Intrusion do, -however, demonstrate evidence of K20 and RbD

loss during alkall metasomatiam.

Trace element abuﬁdances. of those elemencs known to be
relatively 1immobile ~in nost hydrothermally altered rocks,
such as Zr, Nb, Ga and Y, are very aimilar In the different

granitoid clast types. T‘he' REE Vpacternsr and abundance

-

levels are very similar for each granftoid célast type. The

’

trace elemese dara ‘. it;dlcates that all granitoid‘ élas;s
- probably had a common magmatle so'urce.» Recogniz#ble
dtfferences between‘ the granitoid clast typks are: 1) the
mo>rer intermediate char;g:er of type & clases; 2) :-che
‘.aplirtlc' group <clascs generally -concarin- slig_h‘tly greatef

abundances of Zr and Y and lower V contents tlhan the

'*grhoftic' group c].a_srts;- 3) type 4 clasts of the .'.a_‘pliitic'-

~

,.»'g/g-oup show a weak to Qod'e:{at_ely negative Eu 'anoinaly". ' These

¢

differences are considered to reflect an iscrease 1in

. 1 . . ‘
differentfation from the type 6 clasts to the ‘granicic”’

.

~
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group to  ‘the 'aplitic' group clascg. Alrthough not
consiscent, the type 4 and 5 clasts are the amore highly

diffefentiated than type 2 clascs.

 Similar major and trace ,element abundances {n the
‘'Feeder Granodiorite bodies, Buchans Group felaic flows: and

the granitoid clasta are compatible with thetir derfivatrion

from , the same’ magma chamber: The Wiley's River Intrusfon

and "aplicic' group clascs demonsctracte. crace éle‘men:
abundances that‘ fndicata a similarﬁhmugﬁal degree of
differentiation that (s slighely greater than that shown by
other rock'u'nits. The REIE pattern and REE abundance levels
of the W!.ley“u River I,ntrusi_on, and Buchans Group felstic
flows are stmilar to those shown by che'.granitold clast
types, with ‘the exception of a consisrent moderat;aly
negative Ey farzomarly: i‘p the Wiley's Rﬁ.vef Intrusion stmilar
to that displayed by type 4 granftotd ('aplicie’ group)
claﬁts.’ The negative Eu anonalies are faterpreted “to
supportc the greaterr degree of diffe_réntiaizion of 'the Wiley's
River Intruaiém_ telative to the Buchans Group felsic flows

N

and the 'granith'~groub clascts.
] ‘

The grantrof{d elasts, Little Sandy Lake and Wiley's

River Intrusions have l:‘r'acev element characterfstics

N . N

guggesting their formation in a volcanic island arc tecronte

setting.

;
;
i
H
'
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Chapter Six
GEOCHRONOLOGY
6.1 INTRODUCTIONK .
. (‘-
The age of the Buchans Group has .9{ignificant
implications in the underscanding of the volcanic

gtratigraphy of the Central Voicanic Belt. " The dlaﬁtinctio'n‘
between 'early' and 'late' (or 'post' ) fsland arc sequences
18 fundamental to the present undetst‘andlng of events Iin
central Newfoundland, - Each volcanié sequence sgshows a
different scryle and rtype of volcani;sm and mineruliz.at[on
(Strong, 1977; Dean, 1978; RKean ;t al;, '1981; ‘Swl.n.den and
Thorpe, 1984). The age relatfonships between the volcanic
rocks . of centr’al Newfoundland and a period of clastic
sedimentatrion that commenced 1in -th.e " Middle :ov Late
Ordovician {8 not c¢learly established. Absolute age
estimates of the volcanic rocks .arce sparse. As host to c_he‘ —\
Buchans orebodies, the ~Buchans Group reélo-rt\'l‘s the site gnd

' time of the most significant known sulphide mineralization

. . 1in Newfoundland. Therefore, any data that can assist f{n the

stratigraphfic assignment of the Buchans Group_A is of
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.{mportance, especi&lly in mineral exploratton.

The <correlacion of —the Buchans Group with other
chganic rocks of central ‘Newfoundland, especially the
Robert's Arm Group has been ptlmarily based on simtlarities
{n styla of Qolcanism and mineralization (Swanson and Brown,
1962), and the geachemical coiposition of the volcanic rocks
(Strong, 1977). On these bases, the Buchans Cro;p.has'been
grouped with the Robert's Arm Group, CQCtrel;'é Cove Group
and Chanceport Group (S:}oné, 1977). Togecher, they
informally form'the_Buchans-&obert's Arm  belr. They show
geological and geochemical differences f;on other volcanic
sequences oﬂ5centralvNewfoun§land, especially thf Eafly to
Hi&dle Ordovician {slaad arc volcantie sequenées (Strong,

1977; Swinden and Xean, 1984; Swinden and Thorpe, 1984),

.
»

fbrmérly, called «cthe ‘'early' {sland arc sequence of Dean
(1978) and-Kean er al. “(1981). The composition of ©che -
volcanic rocks "of <the Buchans-Robert's Arm belt have been

_shown to be analogous to modern "lace’ or ‘post’
*

subduction-related island drc volcanisa (Strong;}1977).

N~ .

Although the critical basal contacts of the Buchans

Group and other volcanic rocks of the Buchans-Robert's Arm
belt are often not exposed, or apﬁear faulted, these

sequences occur to the west and north of thick clastcic

sequences that also face west and'norch (Dean, 1978). Based

L3

on Fossfl evidence, these clasttc sequences consist of an
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extensive grapcollti& (Caradoc) 5hale¥chert sequence and a

13 -~
Lare Ordovicfan to Early Silurfan greywacke-conglomerate

sequence (Bergstrom et al., 1974). Locally, the clastic

tocks conformably ‘overlfe early volcanic rock saquences,
guch as the Vicroria Lake and Lushs Bfight Croups (Dean,

1978). 7 ‘

The Buchans Gfoup_ has ylelded few fossils and no
paleontological dates had ever been obtained’for Lt prior to
-Nowlan and Thurlow (1984)1 They « reaporet a conodont
as;emblége of Llanvirnian-Llandeilo ageAin carbonate clasts
within debris flows.  Nowlan and Thurlo; (1984) interpreted
;he carbonate . clasts be of loc;l origin and to have bheen
" deposited p?necon:emporaneougly wvith the Bﬁchans' Group
.volc;nic rocks. This interp;etgtion praompted Nowlan and

-

Ihurlov_(l984) to suggest a Caradocian or older.age'for~ the
- [}

Buchans Gréup in contrast to the Silurfan estimate of

Swan8cn and Brown — (1962) or the Late. Ordovician

(post-Caradocian) to Early Silurian esci{mace of Dean (1978)"

and Kean et al. (1981). Nowlan and Thurlow also ‘sﬁggested

the posstibilicy that cthe Buchans and Victoria Lake Gtoubs

may be timer:tatigraphlc equivalents. From lead . isotope

‘data, Swinden and Thorpe {1934)‘rejec: thi%'proposal as each

group displays a very different sgource of lead for ‘thb
>_ sulphide mineraldization contalned in eachs The geochemical

daga of Strong (1977) also indicates that these two groups

‘

e bl o e
.




probably had different magmatic sources.

Rb=Sr whole rock 1sochron radiometric agea have been
obtained from volpcanic rocks of the Buchans and Robert's Arm
GCroups. The dates determlned,QAATiT Ma for .Robert's Arm.
GCroup felslc. volcanlic vrocka (Bastock et al., 1979), ané
447+18 Ma for the Buchans Group volcanic rocks (Bell and
Blenkinsop, l98i), gupport the correlatiog of these two
gr;ups; Ho#evgr, because of the uncertainties In the
absolute cé%ibration of the Ordoylcian time scale (Table
6.2; Bee van‘Eysnga, 1975; McKerrow et al., 1986; Armstroug,
1978; Ross et al., 19B2; Harland et al.;, 1982; RQQe and
Naeser, i@sé),-these dates 60 not unequivocally establish a
pre- or post= Cgradociin'time of §ormatioﬁ for either gtouﬁ,
‘(see Nelson pﬁd Kidd), 1979; Dean“and Kean, 1980; Currie and

Bostock, 1980; for discussions. of the relative and absolute

ege of the Robert.'s Arm Group by Bostock et al., 1979).

«

o~~~ .
The absolute age of the ‘Buchans Group. 18, therefore,

cru;iai » tgv oqt "dgde;sgfnding of ,events 'Iin central
Névfouﬁdland‘auring'the eafly Pgiébzolc.__ For this reason
and " ro test thé:rhfpopﬁésis that the grénitoid-élastu and
Buchans Grohp éelaic flows are éomagmaq}c. U/Pb zircon agé
de;grminationg have been made:‘ A granitpid clast and a
thyolictic flow: from 20-6 - Sublevel and  20-6 .Drive,
,res;ectively, were sa;pled for this p@rposg (Fig. 4.2).

)
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This;ié the first attenpt to date the Buchans Group by this

”

method, although another U/Pb (tsotopic dating study of
Central Volcanic Belt igneous rocks 18 presencly in progress
(G. Dunnihg, written coam., 1984): This study will include

new fsotopic data frow the Buchans River Formation —rhyolite

dated in this scudy.

6.2. NEW DATA

Sample preparacion, analyhical techniques and method of

age calculation are discuased in Appendix 4.

6.2.1 Grantroid clast (KQs-82-095)

The largest granitoid clasr observed {n the " Buchans

River Formation {in the Maclean Extension area wai selected
for geochronological analysis. It is Q type 4 clasc, a
pink-red membef of the. ‘apiitic' group (Plate 6.1)., It
occurred within a granitoid-bearing: ore breccia-éongloﬁerate
debris flow sequence in 20-6 Sublevel (Figure 4.2).
Although this was the 1arge;t clast Ln two dimensions (40cm
x SOcmSI observed (n ﬁacL;an Extension, it was only 15 cm
vthick, and yielded only approximacely 25 ké of rock 'chips.

The zircons extracted were small (<100 microms), euhedral to

T €
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Plate 6.1 Photograph of granitoid clast (KQS-82-095) used 1in
geochronology study prior to its extraction from
granitoid-bearing polylithic breccia-conglomerate,
20-6 Sublevel, MacLean mine; ' alteration of clast
prior to its incorporation in debris flow 1is shown
by the termination of alteration veins at clast
boundary; sharp contact with underlying felsic

pyroclastic unit is evident at bottom; ball-point
pen for scale.



subhedral with some ilmperfectly or partially formed crystals
(Plate 6.3b). They were found to be less abundant relative
to the quantity of zircons commonly extracted from other

felaic intrusive bodies (R.W, Sullivan, pers. comm, 1983).

The granitold clast was partially altered prior to its'
incorporatiqn itntlo the debris flow. This can bea seen in
Plate 6.1, as veina with assoclated bleaching of the «clast
terminate at the clast bbundnty. During this alteration,.
calecium, bartum and silica were int;oduced to the rock (see
Chapter Five) as calcite, barite and quartz, with associated
colour changes, sgrieikization and chloritization (Chapter
qur). Some granitoid clasts (fellow members of the
'aplitic' group) show evidence of alkali metasomatism
(Qhapter Five). Altered and unaltered material (pink-red
and white-hrey, respectively) were initially kgpc éepa;ate
during zircon extraction, However, the paucity of rock
sample and total extracted zircons required hﬁalysia of both

groups together (Appendix Filgure 4.1).
r

The hydrothermal alteration created an uncommon problenm

‘in  zircon extraction because barite 13 very seldom found 1in
w - [} .
igneous rocks 1in significant- quantities. The physical
it Y

chaTactéristics typically wused to separate zircon from the

bulk :of the rock are specific gravity and wmagnetic

susceptibility. Zircon and barite -have nearly tdentical

specific gravlfies,(h.ﬁ& and 4.5, respectively) and so are

.1
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concentratred rtogether on the Wilfley shaking table and
during heavy liquid separétion- Final separaction of zircnnﬁ
from the heavy mineral fraction 1is usually achtevad by use
of a Frantz {sodynamic magnetic separator (see Appendix 4).
4Mosc minerals will bacome nagnetized in an elgctro-magnectic
field, with this occurring ac differing current astrengtha
for different nminerals. As well, this procedure removes
altered, damaged or 1nc1usign—bear1né Zircon crystals that
often become magnetized atllouér Curteng levels. Howaver,
barite and zircon are both considered to be non-magnetic asg
they onli pecome magnetized in the electro-magnetic field
generated by the highest cufrent used (1.5 amps). Therefore
the Frantz, although separating barlte and zircon from the
other heavy minerals, concencraces fhem together. The ratio
o{ barfite to zircon ﬁ: this polnt was estimated to be from
1,000/1 to 10,000/L (Plate 6.2a), greatly dncreasing che
difficuley 4in hiand-picking the final zircon population for
isotopic analysis. "As well, bgrLCe is viftually ingsoluble
except at high temperatures (9C0°C) that would presumably

‘affect the U/Pb systematics in the zircons.

However, barite and zircon differ .1n their relative

o
hardness (H= 3-3.5 and H= 7.5, respectively). The sample
was abraded for 35-45 minutes by the air abrasion technique

of Krogh (1982) minus the pyrite. This abrasion reduced the

bulk of the barite to =400 mesh and expelled ft from the afc




Placte 6.23

(Top) Phoromicrograph of non-magneric, heayy
minerfal concentrate of granitoid clast produced by
conveéntional geochronological separation methods
showing zircon (dark rimmed grain, in centre of
. photo) s8subordinate ¢to vary abundantc baritce
(transparent grains), and occasional opaque
mineral grains; -62+44 micron seive size; before
abrasion; grain mounts in - alcohol; medium powvaer
(x100).

Plate 6.2b (Bottom) Photomicrograph of non-magnetic, haavy
nineral concentrate of rhyolite produced by
conventional geochronological separation wmethods
showing relative propdrrions of zireon
(dark-rimmed grains) and _barire (larger,
transparent flakes); grain wmounts Lo alcohel;
low power (x40). - %
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abrasion apparatus, The relatively zircon-rich pépulation
could now be conventionally separated and a final population
of clear, euhedral, inclusion-free zircons (Plate 6.3b) was
salected by hand-picking with a binocular microscope.
During the hand-pickiing, all inclusion bearing, coloured.‘
cracked or wunusual lookiing zlrcors (Plate‘ 6.3a) ware
excleed from the population selected for isotopic analysis.
Only one small zircon concentrate resulted from this
1 protracted separation process (Appendix Fig 4.1). This was
due to the small quanéity of rock wnaterial availabdle, the
low =zircon content of that material and the small average
s1ze of the contained zircorns (O;OTGmm or sgmaller). The
final zircon population was too light to be detectable on
v ’ the 0.0000! g balance at the (.S5.C. Geochronolgical
Laboratory, Ottawa. Without a sample weight of the zircons
analysed isotopically, measurements of the uranium and lead
contents in tﬁe zircons are not possible. The measured U/Pb
“ratio 1s similar to the ratio shown by the rhyolfite sémple .
(Table 6.1), although these zircons may be richer in total

uranium than the rhyolite zircons (R.W. Sullivan, written

comm., 1984), e

& further complication ““fn  this study was the. low
abundance of Pb - in the zirconq. f.e. 1less than .9 ng of

Pb/aliquot. fhis 18 presumably both a reflection sof their - E

- relatively young age (Paleozolic) and thefr gsource. This i3a




TABLE 6.1 U-Pb lsotopic data

- Conceritration Isctopie abundances
Fraction and : SS(ppn) 200py-100

ZOMPb’207Pb ZOBPb 206Pb/2}8U 20?Pb/2]5u

Weight , Meagured

" preparation
206pb/2014pb

{mg)" Pb

- Sample KuS-82-210 Rhyolite )
nm, -74 + 622 168.6 ~ 13.57 423.3 0.0699 6.723 29.275  0.070455 0.55428
m2, -7h + g22 123.1 10. 51 493.9 0.0807 6.856 6.212 ©0.071158 0.55734.

Sample KQ$5-82-095 Granitoid clast

fineP _ ndl nal nal 26.7 L8772 18.416 68.796  0.074556 0.57881 .

Notes: nm = nbn—magnetic; m2 = magnefic, +2 degrees tilt on the Frantz isodynamic separator)
-?4 + 62 = ygrain size in microns (equivalent to -200 + 325 mesh sizes); nd = not determined;
a = lightly abraded to remove gangue; b = abraded to remove barite from heavy mineral concentrate
1 Weight not obtainable, measured weight was actually nsgatiﬁe for this very small sample,
U/Pb ratio = 10.52 '
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m’uch less than the 100 AR per cut suggested'hy Geinauer and
Grunen‘felder~ {1979) . as necessary for ~routine ‘good
mass-spectrometric analysis of Pb Even worse, the sample
was _contaminated with Pb by a bad batch of ilon-exchange
resin to prqduce a lead blank of 1.3 ng. Despite these
problems, W.D. Loveridge (GSC, Ottawa) has obtained a
concordant data point at 464 Ma for this‘ sample (Figure
6.1). ‘This is the sape as the 207;Pb‘/206l.’b age calcu}ate;i

for this sample (Table 6,1),

s
-

After‘ taking {nto account the uncertainty {in {1sotoplc
compogition from t.he mass-apectl;rometer due to the small
sample “ size, - Low* Pb content of the =zircon, vand the
. relatively fligh Pb blank, the analytical unce[tainty ia

estimated at +40 Hé (R.W, - Sul.livah, veitten comm., 1984).

r

This age assumes that there 1is .no inherited lead in the

zircons. No evidence of older zircon cores was observed

duri.ng. microscopic separation. If there is an inhericed:

lead componeat, the true age could be lower than allowed by

the qhot:ed age uncertainty.

£

6.2.2 Rhyolite (KQS-82-210)
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A maroon quartz- and feldspar-phyric rthyolite oceurs
within the Buchans River Formation in thé MacLean Extenslon-
area (Figure 4.1), This massive unficg 1s~it least 20 m thiek
and s conformably overlain by a unit of dacltic pytoclas:ic
material. The pyroclastic rocks are conformably overlain by
subaqueous debris flow rogks hoating the lower ore uait of
the MacLean Extensiosn ocrebody (Plate 6.15; The aample
locacion for ;his rhyolite {n 20-§ Dri?é 13 about 30 m
stra:?graphicaliy below the"sample location of the gtanitoid
clast (KOS-92-095) dated in this study (Fig, 4.1).

.
-

The extraction of zircons fronm this sample was less
complicatred chan from the granitoid clast as barite was
present 1in minimal_ amountsg. The zirecon populaction was
Vtypicaily sub~ to euhed;al, ¢lear, equant 1n dimensions and
less than 100 microns in lengch (Plate 6. 2b). The. dominant
zircon populacion was found in the 74 to 62 micron seive
size. A smal} amoynt, qef host rock  gangue material 'was
observed on many graias (Figu;e 6§.4b), and was removed by

abrading the sample for 10-15 ninuces (Appendix Four).

The =74+62 nicron size fracrion was further separated
on  the Frantz nmagnetic 8eparator i{ato noé—magnetic and -
;;gnetic fractions. “The clearest, fnclusion-free sub- and

) N
euhedral 2irebns. (Plate 6.4a) were hand=picked under the

binocular microscope for selection for fgotopic analysis,

Abrasion produced a -62+44 micron size fraction, in maddition




Place 6.3a (Top) Photomfcrograph =~ of °  example of

¢ incluston~bearing, cracked zircon from granitoid
clast with artached . gangue materfal excluded from
Zircoa population selected for isotopic analysisk
grain mounts in alcohol; thigh power (x400).

b

kS
A Y

Placte 6.3b (Bottom) Photomicrograph of zfrcon population
" selected' from granitold clast for {isotoplc
analysis asfrer abragion and hand—-picking; largeat
zircon 4is <74 microns; graln mounts in alcohol;

low power (x40).

b

1
I
[
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Place 6l4a

(Top) Photomicrograph of typical euwhedral, clear,
inclusion-free zircon selected from rhyolite for
isotopic analysis; -62+44 -micron seive size;
lines within grain dre crystal faces, not
inclusions or an older <core; grain mountcs in

‘alcohol; high power (x400).

Plate 6.4Db

(Boctom) Photomicrograph of euhedral; clear
zircon from rhyolite with small amount of attached
gangue taterial prior to abrasion; fronm
non~magnecic, heavy mineral concentrace; grain
mounts 1n alcohol; high power (x400). G
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t6 the original size fraction {Appendix Figure  4.2),

However, during analysis, cthis sample did not yield any

reportable dacta dus to excessgively short vaporization time
during the mass-gpectrographifc analysts {R.W. Sulltvan,

. pers. coi;., 1984).

The two tsotopilc data peints obtafned from the rhyolice
zircons - 1ie close together near the concordia curve (Figure
6.1). They define, however, a line-of-best—fit which has a
negative. lowér Intérceptf The, loawer fintercept on copco:dia
diagrams is.coimohly interpreted to record a time ‘of Yead
loss subsequent to';he‘closurg of the nineral sysiem at the
time of crystallizatiocn (Gebauer aud Grunenfelder, 1979). a
negative intercept would therefore repr;sent a future time,
which Ls, of course,‘ meaningless. This 1intercept is
probably due <o <the closeness o} the two polnts used co
define the line, and thé fact that only two points are used
to define 1t. For this reason, ; second iine-of-best—fil
tHat passes through the origin and the two pofnts has been
drawn. ' This chord intersects the concordia curve at 489 Ma

(Figure 6.1), which 18 considered to be the bestﬁ estimate

for the time of formation of the rhyolite.

Zircons from the two fractfons of the rhyolite are very
Jow in. . U (169ppm\ and 123ppm, Table 6.1). Théréfore,
rad{ation damage to the zircona in ¢.500 Ma would probably

be slighc. Lead loss 18 oftren attributed to the amount of

5
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<

radiation damage to the zircon crystal lattice (Gebauer and

Grunenfelder, 197%), which is related to cthe concentration’

of U wvwithin the zi:gon' and the amount of time since:
forma:ion. [nfer&cgion with gtdu;dwatet is kno;n to promote
lead loss (Gebauer and \Grunenfelder, 1979j. Since .the
‘gsample . i3 from> 1 ka*below the earth's surface, intaraction
with’groundwater has probably-fbeen a geolégically recent

event. Therefore, & 0 Ma lead 1loss line is physically

realistict . . .

>

t ’ )
The date of 489 Ma 13 alsc the average of cthe two

207P%/206Pb ages (Table b6H.1). Since the two 207PbL/206PDb
ages differ by 10 Ma, a reasonable value for the uncertaincty
fn this age for the rhyolite is considered to be +20 Ma

(R.W. Sullivan, written comm., 1984),.

As in the case of the granitotd clast sample, this agei
assumes that rhera 18 no inherited lead cpmpéqen{ in the
zircons. If there 1s such a component, the :rue‘ ége ‘c0u1d
be lower —than allowed fby the quoted uncertaincy limits,
Houevq%, tﬁeﬁzirqbns a;e very low 1in-Pb (approximately 2 ng
per ;cPt, Table 6.1), suggesting that {f there 1is5 an

inheritad component, it must be very amall.
t - ’ - )




6.3 DISCUSSION OF THE ANALYTICAL RESULTS

6.3.1 Source of the granitoid clasts

-
v

It became apﬁarent during the study that because of the

paucity. of both sampla mater{al and recoverable zircons from
¥

the granitoid clast only one analytical point could be-

produced fér that sample. Rather than abandon ;he atudy, 1t
was decided to accept a compromise. The abrasion ;eeded to
remove the excess barite would also abrade the zircons and
would push the analytfcai point ﬁrom tﬁese . zlrcons toward,
and hop;fully 6nto, the concordia curve (Rrogh, 1982). An
I'sochron would bg ;efiped by the tﬁree rhyolite isotopic

analyses. If the clast and rhyolite were comagmatic (and at

worst, penecontemp&raneoUs). the granitoid clast data point
would fall on or near ‘the f{gochron defined by the rhyolite

zircons within the limits of analytical uncertaiﬂty. From

Figure 6.1, it can be seen that this result was obtained

/ .
(uncertalinty bars determined by W.D. Loveridge, G.5.C.).

|
The granitol{d clast zircon isotopic analytical point {is
on concordia and overlaps the igochron defined by the

rhyolite esample 2ircons within the "estimated ~ 1sotopic

analytical wuncertainty (Figure 6.1). The radiometrtc dapes

determined for the grantcoid giast (66&:60 Ma) and a Buchans

Group rhyolite'(&SQIZO Ma) also overlap within .the estimated




uncertainties of their age. A direct measurement of the U
and Pb abundances {in the clast 1s not possible because its

weight was toc small te¢ be detectable on the equfpment

available. However, the calculgted U/Pb. ratto in the
. AR .

granitoid clast zircons (10.52) 1évsiﬁilat to tﬁat shown = by
the rhyolite zircsns (12,42 and 11,71; Table 6.1). The
analytical results are laterpreted to permit a comagﬁatic
origin for the the Buchans Group and the granitoid clasts

(Chapter 5),.

.

, The ﬁnalyzed clast 1s a member of the taplitie’ group
of clasts. On the basis of tﬁe distribuction patterns of the
granitoid clast typés (Chapter Four),. 'and textural (Chapter
Four) and geochemical (Chapter Five)'considerationsL this
group of granitoid claits is ghouéh; to have  crystallized
more. rapidly and at glightly more differentiated atﬁge tharn -
the fgranitlc',group clagts. The younger age for the clést

suggests that the clast may -~ have crystallized not.long

before its {incorporation into the host debtia flow.

The. 25 Ma ' difference in ages -1s greater than .that

envisioned By the '.authoq for the true times of
crystﬁl[ization of ‘the  rhyolite and the granitoid\
clasts. This difference _ probéﬁly ‘ refleéts the
analytic;; problems encountered ﬁﬁping the study* and

the resulting large uncertainty estimates, for thesge

ages rather than the absolute difference iny thetr
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indtvidﬁal times of crystallizatfion. The radiometric study
of Dunning’ (i{a progress) will tnclude a re-analysis of the

same rhyoiite and may rtresolve rhis apparent discrepancy.

6.3.2 Age of the Buchdns Group

The age of 489+20 Ma _for the rﬁyoli:e ~18 clearly
indicative of a pre-Caradoctan_ age of deposftion for at
léast some of rhe Buchaas Group. Even with the large age
uncertainty, oaly - on? ?ecently proposed time scale for t%e
Ordovtcian (Ross and Naeser, 1982; Ross et al., 1984) would
"permit <chis age to be posslgly:wichin the Catadocian (Table
6:2). This scééngly mitiga;es agalinst the posc-Caradocian
age forI the Buchans Gtoup suggested by Strong (1977), Dean
(1978) and Kean et al. (1981). Dgpending o the time acale
employad (Table £§.2), this age aﬁpears to indicate an
Arenigtan. (van Eysinga, 1975; Rogs and Naesér, 1982,
Harland et 'al.; 1532) or Llanvirnf{an (Arus;ron;. 1978;
McKerroq et al., 1980) age of formation. Lead/Lead ages for
the rhyolite (484 and thVﬂa) afe\botﬁ Llanvirngian or older,
no mazler'whlch scale 1s used. The .date of 4853+20 Ma
appears .to be aiguificantly older than the Rb=5r whole rock

date of 447+18 Ma for the Buchans Group by Bell and

‘ b}
. Blenkinsop (198l1).  Hovever, these dates only differ by 4 Ma
. . ' .

tf one takes imep account the maximum uncertaincty limits in

-
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these datas, f.e., 48920 Ma and 447+18 Ha.

j .
The measured age of :h’é; granitoid clasc (464 Ma) can be

no younger than Caradoclan, regardless of the scale used.

" The uncertalinty limits permic it to have a true age that

~could even be Silutia‘nv. However, Silurian dactes of 420-430

Ma from the Topsails Granite (Whalen and Currie, 1985), cthac
post-dates the deformatfion and”  "thrusting of the Buchans
.Group (Thurlow, 1981a,b), disallow's the possibilicy of such

a young age for the granitdid clasts or the Buchansg Group.

i

Ageg of 477 ahd 481 "Ma (Dunn;ng, 1984) for

r.rondh‘jemil:es asgociated with ophiclitic rocks of the

-~

Annfeopsquorch C\onplex to the §0uch of éhe Buchans Group may
indicate cthat the age decermined for the rhyolite 18 too ’
old. As' well, Dunning- - (1984%) vproduced dates for a
trondhjemite and gabbro E;E 486 and 489 Ma, respectively,
from Bhe Betts Cove Ophiolite Complex to the north. of"
Buchans. All of <these dates are estimated to be accurate
within ‘4_.0” Ma or less (op cit.) and suggeét thét the dace
determined for the rhyolite {8 &either too 0old or that
Buchans Gr;aup volcanism was roughly contemporaneous with

-
magmatism associated wirh the formation of oceanic crust in

Nevfoundland as preserved in the Annieopsquotch Mountains
and western ‘(Nocre Dame Bay. The large gage uncertainties for

the date from the rhyolite make any conclusions regarding

thia pvossible discrepancy renuous.

@
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The dates for the granitoid clast and t_ﬁe rhyolicte are

compatible with the balec»ntolagi,cal age (Llanvirn~Llandetlo).

asstgned to the Buchans Group by Nowlan and Thurlow (1984)
and support their inI:erp‘re!:ation'of a pre—Caradocian time of

formation for the Buchane Group.

The Glover Island Formation (Knapp, 1984) on the

western flank of the Topsails Igneous tarrane shows many

similarities to the Buchans Group (Whalan and Currie, 1985).

Conodonts in the Glover Islahd Formation .indicace an

Arenigian time of deposition (Whalen and Currie, 1985).

Y

Whalen apd- Currie 7suggesc that {t may, therefore, be a
8lightly older, lithologically similar ‘gorrelative ‘t:o « the
Buchans Group. 4 granirtoid body in the Hinds Lake pluton of
the Topsalls Igneous 4terrane has yielded a Middle .Ordovician
J;i:r;on age, identical to but more precise than the age for
the granitoid clast- determined in cthis atudy (Whelan. and

Cur‘rie, 1985) . They suggest that the Buchans Group may be

better considered af)fiiial}ed with the  Topsalls TIgneous

terrane than the volcanic rocks of the Central Voleantic Belr

- . 1

of Newfoundland. Alchough Inconclusive, the avai}able

1soctople data appeatrs to support this contention.

In order to resolve this and -otheT 'problems of che
ralative and absolute stratigraphy of cen'tral Newfoundland,
accurate age determinacions on the Buchans Group and  other

igneous rocks in the area are requiced. This work 1=

5 Briwck Goaen T

:
ﬁ
4
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»pr‘esently in progress (Dunning, pers. ‘comm.: 1984)- and will
include new isotople Adata from the MaclLean Extér‘lsi.o;l
rhyolite dated in thig study. However, no results from this

study are available at this time. :

6.4 CONCLUSIONS

Only tentative conglusions méy be drawn from the data
due to the large degree qf uncertainty in the absolute ages
determined in this study. The overlap .Vof;' the {sotopic

analysis for =zircons -~ from the granitoid clast with the

1sochron constructed by isotopic analyses of zircons 'from_

the rhyc;l-l.te, as well as an overlap within the estimated age
uncertainties for each, indicate a bt_oﬁdly .conteﬁporanequs
‘time of formatfon for the gtanitoid‘ci'aste and the Buchans
Group volcanic rocks (Chapter F‘ivé); The younger age for
the granltbid cla'st; relative to the rhyolite mnakes 1t
1mpossil;1e for the. gt'anic-olds to have’ been eroded from a
crystalline t.errane older -t‘naﬁ the Buchan‘s Croup‘fhyolite.

The ‘finlt‘: grained apIitic and granophyric texture of some of

the granitoid clasts ﬂuggesfa they _crystallized. rapidly. .

o

This may have  occurred close' to t};e time of - thelr
incorporation lin;o the debris flow., A penecontémporaheous
-

or contemporaneous time of origin for these clasts and the

- Buchans “Group volcanic rocks supports the interpretation of

.

LN




‘Nowlan and Thurlow (1984) that all clasts present fn debris
a
flowa at Buchans (inclmding the conodont-bearing carbonate

4 .

clasts) were derived lacally, -

The age of the ﬁuchans Group appears to be C’aradocian
'or " older based on the radiometric data. The radfometric
dates from the t}iyqlite a_and especially the granitoid clast
indicate, within Vthé'estimated age uncertainties, that the

Buchans- Group wagmatism gey have persisted into the

.

#aradoelan. . .
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Chapter Seven

DISCUSSTON and CONCLUSIONS -

7.1 INTRODUCTION

-

A model to explain the presence and provenance of
granitgidrEla(T;’I;Hsediment debris flows at Buchans must be
’éble to,agcougk for several features evidenced by these
clasts, These fnclude: 1) the‘gréate; degree of roundness
of the granitoid clasts relative to oth:r clast ltthélogiea;
2) the maximum abundance of granitoid clasts (by voluﬁe) and
the largeat (average size) granitoid clasts proximal to th;
saximum sulphide accumulations in the debris flows deposaits;
3) [h; range of igneous textures evident 1in the granitoid
clasts (plutonic, aplitic-granophyric); 4))th; geochemical
differences and simtlar{ties between the granitoid clésts‘
and their apparent comagmatism; 5) the changes 1in the
composition and texturai character of the granitoid «clast
population withln and betvgen debris flow sequences; 6) the

apparent comagmatism of the granitoid clasts and Buchans

Group felsic flows; 7) the hydrothermal alteration of the

granfitoid clasts and 1ita variable inténaity; 8) evidence of




!
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brecciacion in some éranitoid clasts that appears to be
related to the alteration process; and 9) the 'roughly
coeval radiomerric dates (within estimated enalytical and
age uncertainties) obtained forJ a granitoid clast and
Buchans Group ';hyslice, and the elightly younger age
obrained for the graﬁicdid clast relacive to the undétlying
rhyolife unit. The model pteseufcd here attempts to explain
these features in tﬁe context of eaxisting knoﬁledge of

¢vents at Buchans.

7.2 GENERAL DISCUSSION OF EVENTS AT BUCHANS

The in situ and transported massive sulphide érebodies’
ar Buchans are considered to have formed in a manner,
analogous to the Tertiary Kuroko depési:s of Japan (Thurlow,
1977, 1981a,b). Hydrothermal fluid flow during a period of
domfinantly explosife felaic volcaﬁic ﬂctivigy resulted 1in
th; deposition of the sulphide_ ore bodtes (Henley and

Thornley, 1981). The discharge of metalllfefbus

hydrocthermal flufds at or near the sea flbor/éea water

interface depostted ponds of sulphide mud thart, when

lithifled formed the in siru orebodieé (Henley and Thornley, .

1981). During the fluids' psssage to the discharge site,

B

the porous and fracrured rocks of the Skf Hill and Buchans

el .
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River 'Formations (Thurléw and Swaanson, 1985) were altered

and mineralized (Henley and Thoraley, 1981).

In situ ore deposition was preceded -and ppssiBly

accompanied and = terminated. by volcanie | and/or

phreatomagmatic explosions. Thege explosions both

—

brecciafedf“tﬂi pre~existing rocks and deposited highly
porous ;yroclustic ‘rocﬁa facilitating_'the wovement of
hydrothermal fluids. This permittegd the high discharge
rates necessary for the geologically reasonable 'timé spansﬂ
of ore fo;magiow tﬂat are estimated ar borh Buchans and

Kutoko to be from 500 to 5000 years (Henley and Thornley,

1981; Cathles, 1983)

The sulphide mud ponds were disrupted and " fragmented

Twhile still 1in a plastic state (Thurlow and Swanson, 19815.
Péfts of this sulphide'body vere mechaniéally ttansporced
down paieo-plope in sediment debris flows, both as l1ithiffed
(angular) agd unlithified (wispy and plastically deformed)
clasts (Thﬁrlov, 1977, 1981bp). The disruption and
subsequent transportation oE' the . sulphide mud ponds was
‘intermittent, and occurred "during apisodic felsic

pyroclastic volcanism (Binney et al., 1983).

The debris flows were probably fnitisted at or near sea

LY

level (Nowlan and Thurlow, 1984). Recent studies in the
, S ,

Kuroko district demonstrate the formation of cthe volcanic
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and  sedimencary rocks‘a;soclated‘with Ehe massi;e sulphide
orebodies there at water depths of npproxim;cely- 3500m
(Guber_ and herrill* 1983). Other receant studies show rhe
" theorectical poésibilcy of both vesicular basalrs kDudag.
1983) and felstc ﬁyraclasuic rocks Eqrﬁtng at similar depths
(Burnham, 1983). TSF highly amygdular nature of mén?
Buchans Group basaltic rocks ‘and the ahundincé of felqlc

pyroclastic rocks ware uged. by Thurlow {(1981a,b) 1n nhts

original interpretation of & shallow watar origin for the

Buchans Group and 1ts' orebodges. ‘However, rche gamygdular
basalt that was formerly assigned to the Footwall Basalr fs
aow-considered to be in the Sandy. Lake Formatrion and to

stratigraphically overlie =the orebodies.:- Thergfore, the

4

-

.prdposed shallow marine to subaerial ‘;nvifonnent of
depogition proposed for the Buchans Group and its orebodties
{(Thurlow, 19815; Nowlan and _ urlow, 1984) wmay requfre
reappraisal. The deptﬁ at/ which the voléantism occurraed and
.:he debris flowl'lniciaCed is present;y notrknown with any

certainty.

The high energy eventr that lnitlaﬁed thé mass sedimént
movement was propably dqe to afther explggive volcsnié
actlﬁity, phreaténagma;ic\e;pl$§10ns ot eatthqﬁakes related
to efther process (Thurloﬁ:and $§an§on, 1981). This 1g {n
contragt to_the.slumping of massive gulphide orebodies at

the Xosaka mine, Japan dua . to intrusive activity
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N ' ‘ "g
(Eashiggchil 1983).  Explosive volcante accivity may be due,

4t least in part, to hhreatgnagmacic activity (Willfams and

a

McBirney, 1979) that 1s causad‘ by meteoric or sea wacer

coming into contact with a ghallow magua chamber and

i . . “~ ;
explosively changing into a vapor phase (Wolfe, 1980).

Phéeé:omagmatic explogions also occur when m@magmatic
hydrdthermal flufds cross. the boiling poiﬁi-deﬁch {BPD)
curve in their ascent to cthe discharge site (Henley and
'Thornley, 198L). 'The BPD curve marks the' Cemperature and
pressure condirions dnder ‘which a uuéer-hegted flufd will
explosively expand to steam and rupfure the ov;rlying roci
(Burnhanm, | 1975}. .. The . explosive volcanie activiey
accompanying cthese debris flows (Binney et al., 1985)
Ssuggests .that 1cv wasa thial activity and poaa!ble relute;

earthquakes that initiated the mass sediment: movement at

Buchans.

A heat .gource isvthetmodynamicﬁlly necesfary to drive 'a
hydrothermal 'convectién cell (Cachles, 1981, 1983). A
shallow (subvolcanic), cooling Igneous body 13 generally
postulated as chis ;Ource (Franklin .et al., 1581).'nThe ,
ocﬁurrence'of shallow, felslc f{ntrusfve bodiee apaciélly
éasociatnd” ;1th the masslve Sulphide otebod!es 18 common in
the Kuroko district (see Tahthara, 1974; Lamberr and Sa:o;

1974 ; Obmoto and Skinner 1984) and tn some Precambrian

volcanogenic sulphide/ deposits (Campbell at al., lbal).
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1
However, the pogtulated genetic control of the compogition
. i . ) o _ ] o
of these intrusive bodies on the Eormation of ore deposite

(Campbell et al., 1981, 1982) does not appear valid at

Buchans (Strong, 1984).

: . . v
Srable.isptope studies at Buchans indicate that the

'mlneralizing . flulid was composea dominantly of seavaterr.but
with a'minor>component of mhgnatic_fluidu’(Kévalik' et alf;
i981). Models for the saource of theimetalé at Buchans
indicaie that the underlvying volcanic rocks couid not yield
the known metal conceﬁtration by leaching ané that there
must have been somé contribution ﬁf metals from a magmatic
source'(ségklns and kowal}k;‘l981). These daia e#ggest that

there was a magmé chamber in close proximity to'and probably

beneath the Buchans orebodies when they ware deposited, .

>
4 ’

Stanton and Ramaay (1980) suggest that the time of

L

-

volatile 1loss 1in relation to the extent of diffetentiatioq
fn a magma syatgm‘maj be an important cpnﬁrOI' on uhﬁcher
massive ”suphlde orebodies'are depoélted, the size and metal
composition of the orabodies, the apparent calé-alkaline
composition of the reiated vplcanic rocks and the abundance
of explouivg volcanic activity asaociatéd with ore
deposition. Large tonnage Pbh-rich Brea are typlcally
restricted to highly evolved magma ayétems. The ;ppgrent
calc-alkaline cdmpositlon of - the Buchans Croup, 'the

abundance of explosive felsic volcanic rocks in the . Buchamrs
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River Formation that h?sts the orebodies, the large‘tonnage
_adé Pb component of -the Buchans ore; and the magu;tic
component to the miﬁeralizing fluidS‘an ore metals present
at Buchaqs appear to support their hypothesis.

A volatile phase can become concentrated 1in the
during progressfive crystallization of a magﬁa (Burnham,
1979). This is the result of the. relative incompatibilicy
of volat£1e ;:.omponentst‘;3 with . respect to the ‘main
crystallizing silicate ph;seé. When the concentration of
volatiles exceeds their solubility 1in the Ymelt and the
confining pressure, the expulsion (exsolution) of a hydrous
flutd phase from the melt can oFc;r (Burnh#m, 1979), Th;
exsolution of this fluid typically rupture; the enclosing
sfrata and, 1f it ocecurs at shallow enough depths, may‘vent
explosively to the surface, Thié 18 conaidered to be the
cause ‘af breccia pPlpes associated with'_éome Kuroko
(Takanduchi, 1978; Urabe et al., 1983) and 'coppér porphy;y
orebodies (Sillltbe and Sawkins, 1971; Norton and Cathles,
1973), N ’ -

.

Hydrothermal flutid fleow would presumably be

ctoncentrated 1in any pre-existing atruﬁtures in the host
rocks és appears to haQe cccurred at Buchans (Thuriow and
Swansason, 1985). A perfodicity in explosions may be expected
as the ch;;nelways of the plumbing system became blotked due

to mineral daposition in the upper levels due to changeé in
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the physico-chemical conditions encountered by the fluids

during upward movement. Such blockages would build ;p flutd
pressures until they exceeded 1lithostatic pressures and
ruptured the rock thereby permitting the resumption of fluid
flow, Subeequént ﬁinerfl deposition may again block the

channelways and the process 1s repeated.

The traﬁsportation of subsurface material_ upward by
expioaive hydrothermal activity 1h dtructurally controlled
zones of fluild flow has been proposed as a method for- the
rounding and transportatioﬁ of subsurface material present
in some breccia pipe org. deposits (e.g., Bryant, 1968;
Armbrust, 1969; Mitcham, 1974). Explosive exsolution of a
fluid ph#ﬁe from an intrusive body Is considered to’ Se the
mechaniam tha£ transported rounded and altered intrusive
material oceurring in intrusive breccia pipes at - Cornwall,
England (Allman-Ward et al., 1982). Wolfe (1980) conslders
explosive hydfothermal activity to be necessary to transport
any subsurface maférial to thé‘ surface‘ rather than the
Flutdization model of Reynolds (1954%) ~invoked ‘by NB;yant,
Mitcham, 'Al{man-Ward et ‘al. (op cit) and octher workers.
The presence of clésta.of previously mineyall;éd and altered
volcanic rocks  that vere fpparentiy brouéh;" from the
stockwork zone (Thurlow and Swanson, 1981;‘ Henley and

Thornley, 1981) clearly indicates the movement of subsurface

material upward to be incorporated in Buchans debris flows.




239

The explosive felsic volcanism assoclated with sulphide
" ¢ b

mineralization at)Buchans 1s recorded the host rocks of the
Buchans River férmation; This volcanic Aepisode was
succeeded by the voiuminoua. rglatively.Augescent basaltic
voicgnism of the ovérlying Sandy Lake Formaclﬁn. The
relaﬁdonuhip between the felsic volcanism that produced the
material for the arkcse and . arkosic conglomqrate\ depoaita
vithin the Sandy Lake Pormation (Sectifon 2.6.5) to fhe
earlier felsic volcanic centers 1Iin the Buqhans area 1is

presently unknown.

7.3 DISCUSSION OF OBSERVED FEATURES OF GRANITOID CLASTS 1IN

MacLEAN EXTENSION

The model presented (Section 7.4) attempts to account -

~

for all thf observed features-of the granitoid clasts listed
y . v

above (Section 7.1),. The most signiftcanf of these features
A w
are considered to be: 1) the apparent comagmatism of ;ie
granitofd clasts and the Buchans Group félsic volcanie
rocks; 22' the greatest concentration (by‘ volume) of
granitoid clasts proximal . to the maximuam sulphide
cbndentratlons in MacLean Extension orebody; 3) the

occuérenqe of the largest, most altered and dominantly

°gran1£ic' group granitoid clasts. proximal to the maximum




sulphide concentrations in MaclLean Extension.

Major, trace and rare ecarth element abundances in the

granitoid clasts are sufficiently similar to indicate that

they probably had a common magmatic 8source (Section 5:3).‘

]

Similar trace and REE abundances suggest that the granitoid

1188:8 and Buchans Greup felsic volcanic rocks also had a
c

cmmon mdgmamié- source (Section 5;4). The two bodies of
.Feeder Cranoﬁtorite could have been part of this same magma
system, although ';he, the Wiley's River Intruaion, appears
to have‘cryatallléed at a slightly more differentiated stage

“than t he Buchans‘Group felsic volcanic rocks, the granitoid

clasts or the Little Sandy Lake Intrusion (Section 5.4).

(

=Radiometric datesg of the time of crystallization of a
granitoid «clast and a Buchans‘River Formation rhyolite from
MacLean Extension mine overlap within the estimatéd
uncertainties 1in . the dates, empirically supporting thelir

probable comagmatic origin.

The range of 1gneous textures from plutonfc. to
sub-volcanic demonstrated by the granitoid clasts has been
interpreted to reflect different cryatalllzation historfies
or levels forr the <clasts and pfovtdes the basis of the
classi{ification of ‘granitoid clasts typeé and derivative
groups {(Chapter Four). This apparent comagmatism and the

indication of progressive differentiation from the more
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intermediate composition of type 6 clasts to the felsic
‘granitic’ group and then to the ‘'aplitic' group supports

this interpretation (Section 5.3).

The observed distribution of the granitold clasts i3
lnterﬁreted to significantly constrain the origin of the
t

granitoid clasts. Their maximum concentration (both volume
and ;1ze') with the sulphide-rich sectlons' of the debrias flow
sequence has profound restrictions on their po;uible scurce
.area. Other than density - there 1s no‘k‘nown process that
would concrentrate the granitoid clasts k__with the - sulphides
during-transportation in the debris flow.,. There 18 probably
no appreciable density difference between the‘.g_ranitold
clasts and qothér clasfs lithogiee to warranf thelr
co;centration in closg proximity to the seiét!.énai of ttllE‘
debris Flows containing the gireat’ést abundance of the
.aignificently denser sulphide clasts and éu_lphl.de' matrix'.‘
matérial (sulphide mat-r'ix.'ore). Mixing of‘material thhll.n a
flow durin‘ng transpatt would presumably- dilute any
pre-~exigting’ concentration- No apparent conc‘entrat-.ion of
other clast lithologiea'with' the sulphlde?rich zoneg of the
d,ebrirs: flows 18 obserrved; Thi,sv suggests thaf the source of
the granitold c¢lasts rand th;: sfte of the sulphide
minella_iization were_spar_lia.l.ly associated prior tolthei}'

incorporation in the debris flows and that there has been no

[

ensity s;o titig during flow movement.
X ne.
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The alteration of the 3ran1toi.d‘ clasts is similar ¢o
that cypic.élly deen in volcanic rocks associated  with
massive sulphide deposics fncluding Buchans,
i.e. chlkpri:izaci-on of mafic minerals, s-ericiti:a:vi'on‘o‘f
plagioclase,‘ and che ln:roductiol}/\g_f\’carbc;nate. and asiflica
(Frankli‘n et al., 1981; Thurlow, 1981a; Urade et al.,
1983). The parvasively .eltered granitofd <c¢lastys - (,f...e-.,
members of the ‘grauicic' groui:; Sectilon 4.7), are mosc
apﬁndant in the earlier, more sulphide-rich sections of the
debris flows, such ‘ase those seen at 20-13 Drife and 20-5
.Sublevél in MacLean Ext'ensioﬁ‘-i Seye_ral ‘ofv the ‘most
‘intens.ely'altered cilasis'wete apparent.ly btecciaté_d ptior_‘;‘o
u;r accompaning the alreration '(Seccio,ﬁ 4.6)Y. These fés,tures
suggest‘ e;tposute' of - these graanttoid ‘cla;ta to the
hf«:l-,rotﬁermal fluﬂ@s responsible _onr.:‘ the m‘asslvgv sulphide
'm.l'r;eralization ~ and the assocfated alteration . aad
mineralization of the unde.rlyi:ng volca.nic rocks.

{ . .
Alteration of the clasts could have .poseibly occurred

within the debris flow during transportation o‘r: even

postr-:tans-por't. if 80, one may edpect to agee cvlasts with

mo‘re altered rimg than cores. This. was : not obserﬁed.‘
. \

Alteration .Ls geherally pervaBive, or occurs as veins that

almost 1invarifably are ctrupcated .ar elast boyndaries. In

"addition, the Presence of alteracion selvedges on some burc

not all st{des of other lfthie clasts (Thurlow, 1981la;

Iy
~




Thurlow and Swansan, I981) doés not support a syn- or
pogs-transportation origin for this alteration, This latter
phencomenon has been elegantly explalned by ';hurlow .(1981a)
as a regult ‘of fracturing and alterat.ir:-‘n of rocka underlying
the sulphide u;! pond and thelir aubaequent‘fragmentati n and
incorporation {into the debr{s flow. Thurlow (198la) has
euggeéted that the anomalous Ba conﬁents that - characterize
the host rocks ‘to the mineralization _coup be due to
d1ffusion from the l-Jariun—rich orebedies, However, the
typical association of barite wiéh pervasive alteration and

accompanying breccilation would appear to rule out a

diffusive origin for the barite seen in- the granitoid
clasts.

.

The less pervasive or lack of alteration gffec;s in the
'aplitic’ group itndicates a source that was legs affected by
hyd.iothermal'fluids than the 'granitic' group clasts, - The
very fine grailn-afze and abundance of granophyric textures
in the _' taplicfe?’ g‘roup clasts . suggests rapid
'ciysfﬁélliution,‘ pvrobab_ly at ‘a high ‘cr'ust.al level. The

alkali metasomatism shour} by 'aplitic' group clasts may be

due to the loss of  a late-stage volatile phase that

: accoﬁpanied this rapid crystallization.

J
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The absence of sulphide matrix ore aud the

corréespoading lower concentration of aulphides in subsequent
debris flows indlcacec a decrease 1in the amount of sulphides
avallable 4{in - the source reglon of the debris flows. The
finer grained, apliﬁic, leqa pervasively” ‘alte:ed nd
typicafly smaller granitoid cliapg with hrauophyrtc
intergrowrhs {{.e.,, the 'apli!ic'>gr&UP members) replace the
‘granitic' group ;s the dominant granitotid clascts tn these
later, leas ‘sulphide rich debris flows (e.g., 20=-6
Sublevel) (Secrion 4.7). A decrease 1in the 'average
granicoid clggt slze, degree of hydrothermal alteration and
volume of the debris flow occupied by granitoid clagts
accompanies chis change fn the granitod clast "Populatton
(Chapteg Four). The absence of auy granftoid clasts in the

subeconomic, baritic upper ore unit of trhe HacLenn Extension

orebody (Blnney- et al., 1983; Sectfon 4.2) further

aubstaﬁt;ates a change in the source region of the debris
flows. Therefore a changg_in the character §f the granitoid
clasts from domlnanély 'granitic¢,' alterad and rbundéd to
'aplitic', and 1ess altered with a decrease in average size

and volume occupied by grantroid «clasts accompanigs \the

general decreage in the concentgntlon’ of sulphides and

increase 1in the bari{te cencained in the debris» }low

&

deposics. These changes appear to 1n¢icate the dzstuption
of the hydrothernmal fluid ayatem that depoaiccd the sulphide

minerals by the high energy event thar 1n£:1ated the debris

»

¥




flow movement.

There 18 no evidence that the greater degree of
rounding of the granitoid cias;s relative to other clast
Iithologies {a8 due to~sedim§qtary processes. The elongate
form disblayed by most granitoid clasts (Platé 7.1) (Section
4.3.2), especially the spindie—shaped clasts V(Plates 4.3,
4,11) are atypicai of boulders and cobbles of undeformed
felsic intrusive rocks that have Seen'rounded‘by sedimentary
procespea.\ Thé irregular nature of the outer surface of a

granitoid clast dgea'not resemble that typically seen 1In

rounded granitic boulders 1in aedimentgty rocks (Plate 7.2).

-Rounded granitoid clasts have been seen 1n breccla
plpes 1n the Kuroko district (fakanbuchi, 1978; Urabe et
al,, 1983) and eéconomically miﬁeralized breccia pipes in the

Canadian- Shield (Armbrust, 1969). S51imilar brececia pipes
‘ 0y

with rounded igneous material are associated with porphyry

copper deposits (Bryner, 1961; Bryant, 1968; Norton and
Cathleé, 1973; S111itde and Sawkins, i971; Carlson &and
Savkins, 1980), although many of these pipes indicate Lhe
presence of ghemically'diatinctivé fluids, f.e. they are
often tourmalihe-beafing suggesting F- or B-ricﬁ fluids. No“
evidence of rou;ding due to the corrosive ability of the
hydrothermal fluids responsible for -fo;mation of breccig
pipes have been obs?rved (cf. Sawkins, 19}9). - Roundfng of

-

granitoid clasts due to comminution in such pipes by the
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Plate 7.1 Photograph of elongate granitoid clast in
granitoid-bearing polylithic breccia-conglomerate,
20 Level, MacLean Extension.
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Plate 7.2 Photograph of granitoid clast in granitoid-bearing
polylicthic breccia-conglomerate with 1irregular
outer surface 1in contrast to smooth, rounded
surface of rhyolite clast at upper right; black
ore clast with wispy terminations at bottom; 20-5
Sublevel, MacLean mine; knife for scale.
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expulsion -of: hydrous fluids from a opagma system 1s

espécially well evidencdd at Cornwall, Englnnd (Allman-Ward

et al., 1982). The control of breccla plpe - occutrrences by

fault structures and movement on these structurea has also
been propoeed as a mechanism for roundlng clasts cOntained

" in bregcia pipes (Hltcham, 1974).

Granitold clasts occur in the Buchans Group .tn many

{ ‘
breccia flows that do not contain sulphide mineralization of

any significance. Howe&er,,éhis,ls ggnerally only as rare,
isolated clasts. | Whether these were prod?céd at the same
time as the granitotd clasts in uwlneralized debris flowa {s
unknown, parcly because ‘of Qn;ertaincien in the

stratigraphic poaition of thesae units in the Buchans Gfoup”

The extreme rounding of~g%anLtaid ~clasts 1in the 014
Buchans conglomerate orebody (Thurlow and'Swansoh,,19Bl)
suggests sedimentary reworking. In ‘this deposit-" not juat

the granitoid clas'ts, but all 11thic clast typea present are

well'rounded Qnd appear to indicate a sedimentary reworking

that 'is lacking in clasts deen in other rudaceoue units at

Buchans, This deposit is d}fferenﬂ from other transported

N

orebodies at Buchans aAd nmay be evidence of a reworkad

‘debris flow deposit.

N

e e mve et ¢ - oo o
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Teb A QODEL FOR THE OCCURRENCE OF THE GRANITOID CLASTS

C
The wodel presented hare tg based on the prteceding
discusazon (Séction 7.3) aﬁd 13 shown schematicaliy in
Figure 7.1. It 1is bas;d primarily on observacions of
. granitqid' claéﬁs in MacLean>Extén§10n ;rea but_;s baliaved
‘to  apply fo behar: granitoid v cI;ats associated with
transported orehodies contained 1n the Rothermere~MaclLean

channelt (Walker and Barbour, 1981).

)

Ingufficient detailed 'obaervations and lack Pf

accessibilicy preciude definitive statementy regatrding

pdssiﬁle differences (n granitotd clasts found {n dther

transﬁor:gd orebodies ' -at , Buchans. ..Thg Present
interpretation of the . testriction of all significant
sulﬁhidé miaérali:a:ioh to a aetngle ‘étrétigraphic level
(Thurlov and Swanson, 1985) suggesca thac the ' presented
model for the source AE'the granictold clasts in ﬁheVMacLean

Extension orebody may be applicablef to ocher transported

orebodies at 3ﬁchéﬂs,ou;side the Rothermera-MacLean channel.

Eipbosive felsic volcanism‘typlfiea the Buchans River

Formation (Sections 2:6.4;- 4.2). The deposition of the

8iltstone untt and the sulphide mud pouds repres:ﬁ:ed by the

in sftu  orebodies appears to record an ‘hiatus 1in chis

_volcanisn (Figure 7.1a), ‘The highly felsie¢ composicioh‘ of
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s

the magwa g shown by the compogition of the clasts in the

o

pyroclastic rocks (Thurlow, 198la) and that of interbedded
‘rhyolicic unita. Felaic magmas are typically very viscous
and may promote such an hiatus during voleanism (Williams
and McBirngy, 19'79)- The -large_ sizea of the 1{n altu

orebod}es at Buchans ﬁay posslﬁly reflect zhavlength of this

hiatus in volcaniam.

.

The rugged paleo-topography of the area 1s indicated by
. N
the restricted distriburion of crhe s#iltscone, siltstaone

breccia and debdris flow sequences and may have. rbgen
[} :

controlled by early fault planes {(Thurlow &and Swanson,

1985). Correspondingly, other early fault gtructures may

.

have locddized the sites of fn situ sulphide mineralization

'
Y

and  related alteracion. A ‘magmatic component to the

hydrothermal - fluidE“fespbnsiblE for this mineraliZzation has

“

been poatulated by (Koualik. et al., 1981; Sawkins ‘and

L .

Kowalik, 1981).  A.cooling and crystalflzing magma chamber

uhderlying the site of mineralization {s the presumed source

of these fluids and metals., The apparent conagmatisn/pf all

the granitoi& clast types and between the graniteid clasts
and Buchans Group felsic volecanic rockas indicgtes their
origin from the magma’chqube: that was feeding the Buchans

Group volcanic ptle and that may have been rasponsible, at

lease '{n part, fotr the massive sulphide mineralization.




Figure 7.1 Tdealized cross-sectional model for the genenls ‘

of the granirotd clasts assoclated with : }

transported sulphide orebodies at Buchans: a)

hiatus ia felsic volcanism permicting; deposition

" of sulphide wuds and siltstone unir, oparctal

l ) crystallization of wunderlying magma chamber with

s dccompanying release of a volatile phase that

. fractures the intruded tock and possibly

contributes flutd and mecals to the hydrothermal

tluids depositing the sulphide muds: b) period of

felaic pyroclascic volcanisnm, ‘?‘;gjzgtion of a

breccfa pipe countaiuiang granito lastcs toward

the surface; ¢) sither accompanying or preceeding

ancther period of felsic pyroclastic activiey, the

breccia pipe breaches the surface in the vicintry

of the sulphide mud pond, prodbably explosively;

as a result of this explosion, accompanying “
volcanism or relaced sarthquakes, dabris flows are
inttiated that transport portions of the sulphide
] sud pond, ejected granitoid clasts asd ocher
i entrained wmaterial downslope as debris flows.
Subsequent debris flows are increasingly less
sulphide- and granitotid-rich and are presumed to
indicate a waning 9f sulphide mineralizacion and

the explosiveness of the associated hydrocher=zal
activity. .

¢
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‘The similar effects of hydrotﬁe:mal alteration
exhibited byw the granitoid clasts to. that typlcally seen
agsoclated with naayslve sulphide altet“ajttcm ‘zones suggests
the exposure of the clasts to the ﬁ:ingralizing flutda. The
loss of a volatile phase from a magma chamber 18 often an
important: ‘ detérnihsnt "in ther formation of orebodies
(Burnham, 1979) and particunl'at{l}y for fhe formation ‘zof
migs;ve s‘ullphide orebodies in cale-alkaline volcanic rocks
{(Stanton ‘and Rbansay. 1980). The expulsion of hydrous f£luids
fr‘o:n a 'magu;a‘ typically alters the apicral sectionvs vof the-
.'1nt'ruehion until, lithostatic pressure 18 “exceeded and they
can- be ’:rgleaééd. The outerwost crystalline parts of magma
body would be -altered by ‘these exsolved fluids. As a result
'of,‘ the 1ncrease 1in pressure generated by . this pn;ceu, 2
b‘r-.ec_c:la pipe began to 'émanat:e from this magma chamber. As
the. pipe was propagated toward the surf,ace‘. intrusive

material was transported from tha wmagma chamber (Figure

7.1b). The large density differences between ' the

“hydrothermal fluid and granttic material makes

v
transportation by fluidizdation processes (Reynolds, 1954) In
\ -

L

breccia pipes ‘unlikely (Wolfe,:  1880). Wolfe- favours |

ballistic transport by : phreatomagmatic explosions such as
those produced by the expulsion of volatiles from a magna
chamber. - Rounding. of the granitoid clasts 1s beliewved to

have occurred during their transportation to the surface in

.. the breccia pipe.
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The ‘high degree of rounding of the granitoid clasts may-
indicate ‘repeated eplsodes of these explosions, pqauibly as
.C'l:le fr‘acturre system that_localized- the brecéia( [;ipe
(Mitchan, 1974) was bé_Ing pt{p‘ogqteé to- thre surface'.
ferloﬁic eiplosive activicy mlay be expected .as contlnuéu‘s
ml»net‘al dep»osttion, eventually blqcks the fluid channalways

N

and fluid pressures build ,up until .they ~ exceed the
contain‘ing lithostatic pressure. Pe'riodic myovemen‘t: on fault
structure‘sr controlling the breccia pipe would bgtil promot‘e
rmzmdin‘g by comminution 1n: zones of consttlctién, (Mitchan,

1:974) and by the . explosive periodic release of fluid

pressures due to thig movement. ' "/"

/ ,

The apparent ;relationship, beéetween the degree of
réunding, altergtlon and brecciacit‘)‘n of the éranitoid clhsts
by hydrothermal fluids can be e‘iplainéd by this process of
transpdrtation. The }ocation of this p>1pe is unknown but
the eimilaritiés 1in, style of hydrothermal alteration.
sug'ge,s‘ta i; could have occurred within the zone oé stockwork

alteration underying the in situ orebodies.

"The occurrence of the most sulphide-rich sgctilon at the

base of the earliest debris flow 15 possibly due to density

sorting duriAng transportion but probably reflects changes in

the source area for the flows. The concentration of the
granitoid ‘clasts with the sulphidic sections of the debris

flow sequence is interpreted to indicate a spatial
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4

relationship prior to their incorporation fnto the debris

tlows'. C(;_mbiqed with ,t.l\le style of alteration of the clasts,
and the e-v‘i(:legce o‘.‘. a magmatic coniponent to'tt-xe 'mineralizing
fluidé, this 1is interp_reted to indicate that thev breccia
pipe that transported the .gtjanicoid clasts breached the

surface either direccly ‘underneath thersutlphi'de nud pond or

. - .
. t

nearb'y.
1

The {nftlation of the mass sediment , movement wasg

apparanhtly séme high energy event (Thurlow and Swanson,

1981;77Walker and Barbour, 1981; Bf.nne\y et al., >19B3; Binney,

1985). Whether this event was the explosive hy\irothermal

fluid activity that 4s interpreted to have transported

subgsurface materfal wupward, felsic explosive volcania'm or

R (S .
earthquakes ~ relaced to ' either process caanot be

)

unequfi vocably established. However, the decrease in

sulphides and increase in. barite contained In subsequent

debris flows indicates that a significant disruption of the

hydrothermal fluid system . responsible for sulphide -

©

mineralization occurred at this time.

. The presence of the moset granitic (1.e.; those from the

greatest depth?) granitoid clasts, their high degree of

'altera‘tion, large 8ize and concentration with the sulphidic
sections of the earliest debris flows possibly indicate that

‘when the bdreccla pip@. contalining - the " granitoid clasts
N

bi\"eached the surface, the resulting expleosion 1inf{tiated the

\

e PL S,

Ve e pe - v s

p—
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debris flow movement (Pigure 7,1c).

The change in the character of the granj.t;:id clésts in
the later debris flows (i.e. fron 'grdnitic' ngup cléscb
to 'aplitfic' group cilas;:s) shows a changé in ) the source
region o_f. the granitoids during the pieriod of debris flow
movements. The _mor’e éifferentiated composition, f.in‘e.r'grain
size and aSundanc gtanophyrfc textures iﬂdicnte that these
clas,t‘s pgoba\;ly c'ryatallized more rapidly at s‘hallowerr
levels than the 'granitiév’ group clasta. The appareantly °

lower degree of alteration in . the ‘aplitic' group . clasts

- , possibly indicates a more rapid transportation histoery than

-that of the 'granitic' group clasts. These changes plus the

absence ‘of any granitoid clasts ’in the wupper ore unit

demonstratea the diminishing energy leve.l of ‘the explosive
. ]’ . .

activitcy. A drop in the explosive energy lr:’ay be expe\r‘_te'd :
. '4 :..
after the breccia pipe breaches the B}ltflcc releasing the’

confined hydrothermal ;;Fes_st_n;:deu. The correlative decreade

+

in sulphide concenl:r:atton in the upper. ore wunit suggescé"

. \
that these explosions disrupted the hydrothermal fluid flow,

” The lack of known economic sulphide mineralizatfion at higher;: .-

v

stratigraphic levels 1indicates the possible termination of ) \ -
sulphide mineralization as a result of this actiyity. These N\
features suggest that the explosive events that transported : -

the, granitoid clasts (and - fragments of 'many altered and,

P L PR

mineralized wvolcanic lichogfes) to the surface may have also




tnittated the movement of the debris flows.

'No other potentifal source for the granitoid clasta_ can
account for all of theaé features: the apparent comagmatism
of the clasts and the hosting voleanic rocks; the similar
ages' for the volcanic rocks and granitoid clasts; rhe fange
of 1gneous teitures present in the granitoid clﬁqfs; the
variable hydréthermal alteration of Ehe granitoid clasts and
the relationship beEreen degree of roundness, altefation and
brecciation aémonstrated- by some granltoid clasts; aund the
in:imate asgoclation of the largest, most altered '‘'granicic!
group granitoid clasts with the maximom .sulphidn
accumulations in thg debris flow sequenge‘and the sﬁhpequent
increase in the- proportion . of'” the smaller, ledsl
volumetrichlly importanc and less Hydrotbermally al;ered
'aplitic' group granitoid eclasts In later debris flow
sequence subunits spatially removed fronm \Pe aulphide rich

sections of the sequence (Table 7 1).

The main difficulty vith'lhg present;d odel 4is the

absence of =& known breccia Pipe 1in the Bichans Group,
especially in the vieinity of the 1n situ or\ stockwork 7

2 . i
orebodiesn. However, the - recent recognition of - the thrus:

duplex structures (Thurlow and Swanson, 1985) formed during
‘a period of thrust movement of the Buchans Group and the
teaulting improved strntigraphic model of the Buchans Group

.adds to the plausibility of this model. The localization of

&




POTENTIAL SOURCES Beach deposits . qu:cu :npes
OF GRANITOID derived from: ' “lgcated:
OBSERVED - CLASTS
FEATURES OF
GRANITOID CLASTS

ex0tic uothrust block of | removed from near site of
cryszalline { Bucrans Grouo s1te of sulgh- sulonice
terrane magma chamoer ida deoosition cenasitian

Apparent comagmatism of all -
granitaid clast types

Apparent comagmatism between
granitoid classs and Sucnans
Group felsic volcanic rocks

Rougnly coeval radiomerric

age with Buchans Group felsic
volcanism

Range of ignegus textures
{granitic to subvolcanic)

Greater rounding relative to
other clast Tithogies

Maximum apundance [vol) and
3ize found with maximum
sulphide concentration

Type and varianilizy of
hydrothermal alteration

Decreass in nundanée. size
and proportion of 'granitic’
group clases with increasing
distance from maxirum sulphide
concentrAtion {within and be-
*ween dehris Flow secuences) . .

Y = yag P » possible O = doubtful N = no

-
Table 7.1 Comparison of observed features of granictoid clasts in Mac-
Lean Extension with the proposed source for the clasts {righe-
hand columm) and altermative sources (first three columns). Yes
indicates that the source can explain the observed fearture;
podsible indicates that the source can possibly explain the fea-
ture but not as conclusively as a 'yes' response; doubtful indi-
cates that the source may explain the feature and cannot be dis-
missed entirely but is considered to be.geologically uanlikely;
. no indicates that the potential source can not possiby explam
che observed feature.

.
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thrust no#ements on bedding planes and zanes ‘of preiious‘
movement and/or alteragion_augg{nted by Thurlow gna Swanson
(1985) 1s 5ign1f1cant: ‘The ione of 1{ntense alteration
underlying the original gites of 1in 8itu sulphide
mineralization would almost certainly be one of‘,the zonas
affected by the later thrusting movement. The presence of
the in 81ty Oriental orebody at the baage ‘of the Oriental

thrust block exemplifies this process (Thurlow and Swanson,

1985). The removal of the 1in situ orebadies from their

original asite of.deﬂpdit[on by thrusting aeene'likelyQ The :

'dirgction of thrusting toward the sgoutheast (Thurlow and
SHanson; 1981, ° 1985) suggests that the original sice may
haveibean"overthrusb and occurs at depth nurthwe.t of
Buchans, This cogld explain why no evidence of breccia

plpes 1s presently observed at Buchans.
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7.5 SUMMARY AND CONCLUSIONS

’

Granitoid clasts found in . assoaifation _ﬁith the
traneported orebodias atVBuchans are largest, and occuéy tﬁe
greatest voluﬁe of therhost polflithic"breccia-conglometate
subunit when proximal to the greatggg\iglphide accumulation

n the sequence of‘ debris flow deposits. The granftoid .

- ) . - chasts are typically the most rounded clast lithology .

present in the debris flow deposits., They decrease in size

b

and volume with incréasing‘ distance from the lovermost.
sulphide-rich sectiona of the debris flow seguence. They

.

show igneous textures and compositions ranging from
trondhjemite (rare) to quartz porphyritie microtrondhjenite

to }gplite to granophyriec aplite. All. granitoid clasts have

r

been classified into 515 "typea’ based on these textufal and

grain size differences. The five most abundant 'types' are -

reduced to 'granftic' and 'aplitic' groups based on textural

similarities,

Hydrothermal fluids deposited calcite, barite and

quartz, sericitized plagiéclase grains, and chlorltizgd all

mafice phﬁsea present. Despite this alteration, and variable

alkali metasomatism (loss of K) that is presumed due to '
late-stage volatile loss, all"-granitbld clasts appear to
~— have a common magmatic source based on simllar trace elemant

abundances.
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The - 'graﬁiéicf group élasté are Eypichl}y .1atgerﬂ
occupy more volume and are more altered tha§ ‘aplitic!' group
clasts. The  proportion of 'aﬁlltic' group clasts to

‘granictic' group clasts increases with decreasing sulphide

concentration in the debris flow sequence. Similarly, the

avetage size Kand volume occupied by granitold clasts 1in
debris flow gubunits decreases with increasing distance from

the sulphide-rich sectiona_of the debris flow deposits.

All g;anltoid plasts appear to represent fragments of
the same magma system that produced the felsic vol;anic
rockq of the Buchans Graup. This conciusion is based on
similar mineralogical and petrographie features, and similar
major and trace element abundances (especially T102, Zr, Y,
V, Nb, Ga ‘and REE) between granitoid clast ‘types and the’
B;chans C;oup felale flows. U/Pb  1isotople data for an
}aplltic' grbup‘ clast, alfhough imprecise, overlaps within

~analytical unéertaint} the isochron produced from a Buchans

River - Formation rhyoltte, The calculated ages, 46&:&0 Ma

and 489+20 Ma respectively, overlap within the estimated age
uncertainties,

The granitoid clasts were altered, rounded and
tranaported to ‘the surface 1in breccla pilpes by exploaive
volatile activity that is probably due (at lesast in part) to

the exsolution of .anm aqueous phase from the source magmsa

chamber. The explosive hydrothermal evencs that transporced

/
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‘theﬁ granitoid clasts (and fragmants of previously deposited
lithologies) to the. aurface ‘may -’ have lnitiated the movement
of ‘the debris flows when the breccia pipe bre#ched the

4

surtacel' disrupted ¢the 1in situ sulphide minetralization
o —_— J

. ‘ ; .
process and resulted in the eventual ceasation of massive

sulphide deposition at Buchans.

]

The change in character of the granitoid clasts during

the period of oproduction of the debris flows from highly

altered fgraqitic' group clasts to a finer-grained; smaller, -

and ‘volumetticallﬁ less abundug: ‘aplicic’ ™ group clasca
suggests that the latter originated from -shallower depths
-and had a more yapidJ trhnaportatlon history ({.e. less
exposure to the‘hydrothetmal - fluids) th-ﬁ. the ‘'granitic’

group clasts,

The Fegder Granudiér;te as exposed at Wiley's River 18
considered a high levei plutonic facies of the Buchans
Grgup, and evidence of a slightly nore differentiate& magma
.than that which produced che Buchans Group felsic volcanic
.rocks and granitoid clasts. The textural. plneraloglcal and
geocheqlcal similaflties betveen these péphlations suggested
by Thurlow (198la,b) are verified. The Little Sdndy Lake

intrusion aﬁpears, to be from the same magma system as the
Wiley's nger Intrusion, Buchana Group felalc flows and the

granitoid claste on the basis of textural and mineralogical

similarities and major "and trace element geochemistry.
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The geochronological study, although relatively

fmprecise, suggests that the Buchans Group 1s Middle

Ordovician (Llanv;rnQLlandeilo?) in age' rather than

post—Caradocian as suggested by earlier workers. If true,
this requires a reappraisal of the position of the Buchans

Group In central Newfoundland volcanic a:ratigraphy.

‘.

-

o 72 sl i~ 57
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Appendix 1. MAJOR ELEMENT ANALYTICAL PROCEDURES

¢

Major element contents were determined at Hemotia;
Univirsisy of Newfoundlaﬁd (G. ’Ahdr;w;, analyst),us}ng a
Perkin~Elmer 303 atomic absorprion spectfophqtométef,v with
vtﬁe exception QE‘ ?205. | The techniques used Have been

R .. "l .
adapted from Langmhyr and Paus .(1968) and Abb;i (1968),

Phosphorus contefnts were determined by che colorimetrie

- techniques of Maxwell (1968).

Analye;cal error for major elements ls'escimated.atv<52
for 5102, Al203, Fe203, Ca0, Na20, afd K20, at <8% for Mno,
Mg0 and 101, at 20% for T102 and higher for P205.  This
estimate {3 based on the mean percant diffe}ence for each
élement betwe;n replic;te analyses of thirteen samples. The
large errors quoted for T102 and P205 are considered due to
the low abundances of thege elements in the rocks analysed

{ 1.0Z and *0.3Z, regpectively})., The low totals reflact cthe

presence of bdrium in abundances of up to 4%, rather than as

4 trace element (i.e., in ppm.).




-y APPENDIX TALLE 1.1 FExamples of replicate majorr element analyses .
Clast Clast Clast Clast {Little Sandy| MacLean Ext{ Wiley's River
type 1 I type 1 - type 3 type 4 intrusion rhyolite intrugion
(82-007) (B2-051) . (82-088) (82-095) (83-130) (82-210) (82-187)
1 2 1 2 1 2 1 2 1 2 1 2 1 1 2
71.6 72.1 68.5 .67.8 75.8 75.6 770 77.9 | 73.6 72.4173.7 7Th.0 [76.4 6.4
6.20 0.18) .18 0.18f 0.13 o0.12] o0.11 6.10] o0.25 o0.26 o0.20 0.33| 0.17 0.22
12.6 12.8 [10.6 10.9 | 11.7 11.8 [ 100 118 | 12,3 12,8 [13.1 121 J12.1 12.0
2.55 2.53| 2.38 2.s59] 0.68 0.68| 1.06 1.00 3.48 3.51f 2.58 2.73| 1.82 1.80
0.07 0.08| 0.08 0.08] 0.06 0.06| o.o4 o.o4| 0.09 0.09 0.0 o.ou| o o4 '0.05
.05 0.99 1.08 1.01 0.39 0.39 0.20 0.17 1.27 1.30 0.34 0.37{ 0.35 0.33
.87 1,77 3.55 3.57) 1.99 1.97| 1.06 0.89f1 0.70 0.67] 1.07 1.19) 0.93 0.86
.30 4,19 3.6 3.47 394 3.94 5.80 5.36] 4.56 4.50 .55 5.68) 4,77 4.88
(2412200099 1.04f 1.27 1.27) 0.26 o.24f 1.04 1.08 2.20 2.13)1.71 1.80 |
0.06 0.08| 0.15 0.05| o0.0r 0.02] 0.01 0.05] 0.08 o0.00 o0.12 0.07{ 0.05 0.10
2.96 3.01| s5.39 L.2s| 2.36 2.38{ 1.06 0.98| 1.52 '1.62] 1.12 1.10 0.55 0.47
98.80 98.95[ 96.73 94,94 98,33 98.23( 97.94 98.13)] 98.89 98.231100.01 99.74198.89 94,91

»

* Total iron reported as Fe20)




292

i .. -0 .
Represencdtive examples of these replicare analyses ara
shown in- Appendix Table 1.1. Replicates were not

tdentifiable to the analyst.

:

Appendix 2. TRACE ELEMENT ANALYTICAL PROCEDURES

[

Sample pellets chbnsisring of 10. g (40.05 g) of rock
powder were mixed with 1.50 g (+0.05 g) of bakelite restn.
~

This mixturé wasg preésed into 40mm dfameter pellets at 25

tons pregsure and then baked at 200°C for 15 minuces to set

-

the dinder. - k\

Sample pellatg weare analﬁ:ed with a Phillips 1450 X-ray
fluorescence  spectrometer. ~ To reduce instrument drifre
betweaen runs, a monitor saturated with trace elements was

calidbrated against gstandards, and every element ratioced to

thiga monictor.

Precision of the XRF data (two standard deviitions)' ia
within 10X for Th, Rb, Sr, ¥, 2r, Zn and Ba, withtn 15X for
Pt and Nb, within ZQ} for Ga, within 25%1 for V, and hiahe?
for U, Cu, Nt and Cr. This 18 based on [five replicate
analyses of an internal granite standard (MUN~l). The large
errors estimated for Ni and Cr are primarily due to their

low abundances near the detectfon limits (1 ppm) of the XRF.




, APPENDIX TABLE 2.1 - \
Mean and standard deviations of five replicate analyses

of granite standard. (MUN-1)

Standard - - :
Mean Deviation Maximun Minimum
Pb 37.6\2.07 35 Juo
Th 38.6 0.89 - 37 C39
i a.u" ' ' 3.91 L 13
Rb 2644 4,67 258 271 N
S 123.6 | 0.89 {23 125
Y 34,6 A 1.52 32 16
2r 132.0 6.28 121 136
4 Np 24.2 1.48 22 25
| Zn 31.2 0.84 . 30 32
Cu 13.0 2.13 11 16
Ni 1.0 1.00 0 2
Ba 423.3 ' 6.26 417 Ly
s ’ 19.2 2.28 17 / 23
cr 0.4 0.85 o 2‘
Ga 18.0 1i58 16 20

293
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Similarly, -the large uncertnid;inl escimaced for U, Cu, Vv,
and Ga are considered more nttribugahle to :heir low

abundances ( 20 ppm, -generally) 1a the standard than to poor

analytical'techniques-

The ari:ﬂmetlc mean, standard deyiaticns and ranges for
the five MUN-1 analyses used. to escimate the precision of

the XRF data are giveﬁ in Appendix Table 2.1.

Appendix 3. RARE EARTH ELEMENT AﬁAiYTICAL~PROCEDURE

L3

A

«

'

) C «
-Rare earth element (REE) analyses were conducted for
some sanpies at Memorial 1in Ehe April and May of 1983 by the
thin—filﬁ X-ray fluorescence‘ technique -of Eby (1972) as

modified by Fr}er (1977) and Fryer and Edgarc {(1977).

-

Nepending on tbe trace element contencs, 1.0 €0 1.5
grams og gample poudef was dissolved in HF and perchlorte
aﬁld, then re-diassolved f{no HCl. Undissolved 'sediment' was
removed by centrifuging and -decantting ‘the sample. The
dissolved sample 13 added (ashapbroximatély 1N HC1) to 10 am
diﬁmeter colamna éontatn;ng 15 cm of fon exchange resin

(Fisher-Rexyn 10-Na restin). Inttially, 2N HCL is ‘pasaed

through the columns to remove all elements except the REE, Y
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and Ba, then 6 18 used to remove the latter~ eléments
from the resin, After 'concencration' of the sample by

evaporatioﬂ, Ba i3 removed by precipitation as BaS04.

The ‘aolutien 1is then poncentrhted again by eyaporatiqn,‘
re-dissolved in IN HCl,and passed through cleaned and
re-packed column; for purification. I; fs then concentrated
by evaporatf&ﬂ'ﬁ%fore applicafion to sapecially prepared ion

exchange paper- discs (coins) as a very dilute HCl solution.

z', -

L3 -
The coins are meégf;ed for REE by a Phillips 1450 X-ray

fluotrescence  spectrometer. A monitor, with knoewn REE "’
contents was used to calibrate the 1nstrument with
standards. All elements were ratioed to this monitor tor

eliminate instrument drift between runs.

The relative precislion of the REE analyses 1s shown by
Appéndix figufe 3.1. "The range.of measured REE éontents
from YHur replicate analyae; of an internal granite standard
(MUN-1) are sﬂoun. Accuracy can be estimated by coupagison
with the REE conténts of MUN~-1 as determined by four
independent instrumental néutron activation enﬁlys;s (IﬁAA).

r

The INAA data 18 used with the permiseion of Dr. D.F.

Strong (McMl, JH, RPT) and P. O'Neil (McM2).

- o




Appendix Figure l.l Comparison of chondrite-normalized rare

earth element abundances Ju granite standard MUN-1
as determined by XRF techniques and instrumental
neuctron activation (INAA) techniques. Top figure
shows the range of four replicate XRE analyses of
MUN-1 at Memorial Universitcy 4{n. 1983. Botton
figure shows four {independent INAA rtresults for
MUN-1 (MeMl and McM2Z data produced art McMascaer
University, McMl data courtesy. of P. O'Nefl, McM2
daca cdurcesy of D.F. Strong; JH data produced
by Jan Hoertgen, courtesy of D.F. Strong; RPT
dacta produced by "R.P. Taylor, courtesy of D.F.°
Strong). ’ .a




MUN-1 XRF

_Er Yb L
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Addirional REE analyses were conduycted fn t;"he fall of
1981 at Mewmarial Univer."sity. However,  because of the
'un'sui,table réproducibil.l.l:y o‘f these analyses, they have nort
"_been ptesenteds This fs the reasc;n REE cohcen_f.'s arg‘lacking
for some populén:ions (e>.‘g.', Type 5 clasts; Lictle Sandy

Lake 1ncru1c;n).

Appendix 4. GEOCHRONOLOGY ANALYTICAL METHODS

N

The proéedurgs used for the éxtraction and sgeparation
of the zircons used for i{sotoptc analyses from the granticold

clast and rhyolite are presented as flow charts (Appendix

‘Tables 4.1 and 4.2, respectivel'y).' Conventional procedures

for  crushing, 'seiving,‘ Wilfley <table and heavy liquid

separation techniques and magnetic, ‘separation by-.a Frantz _
fsodynamfc separator were followed.

¢

The proliferation of barite in the grauwitoild clastc

required‘va'dditional steps before handt\picklng for zlrcons.

Alr abrasion of the barite plus zircon éoncen:raie proved tso.

€ because of the large difference in

o

be the wmost effect_iv

v

herdness between the two m;nerals'. ; Ai:ruio':; . reduced the

bulk of the barite ¢€o -400 mesh and expelled it from the

abrasion apparatus. .
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, APPENDIX TABLE 4.1 FLOW CHART FUR GRANITOID CLAST SAMPLE Qs -82- 095

rSamp].e collected, 20-% aublevel]
1

} : ""[Washed; removal of vein and )
: ’ i cbviously altered material o

T .
| Visual :epa.:atlon Lnr.o pink (unaltered ) and grey (altare—T groups.
_The fOllONL_'S silsps w were conductad on eacn group senarately N

.5 —_
@usneu ]*—_

| T r ‘ .

/ |Wilfley shaking table]

1
< . K heavies
« |

[Carpo (magnetic) separatar
4

< | .
. . . non-mlagne tic .

Bromoform (5.5« 2.8%5)
. A liquid sevaration

. heavi.'les

Mathylene iodide (S.5.= 3.3) ‘.
1iquid separation :
|
heavias
|
\ Frantz lragnetlc sepa{atlon,

,‘ I’ [ slope +3% tllt 15 : —_—l

Magnetic Magnetic Mag‘netic Magne<tic Non-magnetic
0-0.5 amps 0.5-1,0 amps|jl.0-1.5 amps||l

T T

L-he followmg >teP_s_ are shcwn separat_y “Tor Lnk and g'rey grg_Ps.

o

PIN?_ ’ GREY

[ A —
[+ =] = vu!. 52] Ls}a v ) [cuve] [» 7o) (o 26 + 52] [- 62 v uu] [ by

Mortar & ‘| {Frantz; slope '+l
pestal tilt 15, 1.5 amps
. - 7
\ =
- 'M?l:g:gt:d . non-magne tic —— magnetic
- T
Air abrador, |{Air. abrador, Air abrador, Air abrador, —
20-60 minutes|| 45 minutes - 17135-55 minutes 35 minutes
2 19 I/nm @ 18 1/m -2 18 1/m . 3 18 l/mJ
z . _ _ ~ ’

[ Hand pifcked] {Hand picked] [Hand picked] [Hand pickeﬂ Land pzcked]

clearest, most euhedral, inclusion free zxrcons

| Hand picked for.sample purity |




APPTNDIX TABLE 4.2 FLOW CHART FOR RHYQLITE SAMPLE KQS -82-210 -

1

[ Sample collected, 20-n Orive |

Washed, removal of veined
matsrial

{ Ccruzhed

" [ Milfley shaking table

heavjes

[ Carpe (magnetic) separator |

non-magne tic

Bromoform {(5.3.= 2.85)
liguid separation ‘

T
heaﬁieg

vethylene (35.G.= 3.3]
liquid separation

1
heavies

: .| Frantz magnetic separation:
& slope +35 tilt 15°
1 .
d LD - 1 1 1 .
" flagne tic Magnetic Magnetic Magnetic MNon-magnetic
| 0-0.¢ amps 0.5=-1.7 amps| {1.0-1.5 amps| {1.5-1.8 amps
L 16 ]

1 i § 1 -1
v 105, 1- 100 v pup  {-ve e g2, [-62 4 sup| [ - ik

]

Alr abrador
S minutes
2 .5 1/m

(continuead)
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APPENDIX FIGURE 4.2

i

(conginued)

Air abrador
5 minutes
31% /m

Jaivad

Frantz; slope +1°
tilt 1, 1.3 amps

'non-magnetic-————]

| Frantz; slote O,
tilt 1% 1.3 amrs

magnetic

Frantz; slope +7)
tilt 1, 1.8 amps

~—on-maznetiv

r———magnetic

“Frantzy

slope +3)

non-rfagnetic

[—-mag.he tic

Frantz;

slope +4

- tilc 1", 1.3 amps. ”] . tilt 1% 1.8 amps ‘1

r——-magnetic

I IR
Frantz; slope +%,

Jien-magne tic r—r-magnefic non-magnetic

(=] - - )
frantiy siope +3.3,
tilt 1, .3 amps "1

"tilt 1% 1.5 amps
nén-magnetic————1 ) magnetig .non-maﬁietic'
. Framt2; slope +2,

o r_ tilt 1% 1.75 amps —I - \;\
. - Y

L—non-magnetic magnetic T
. . 1) i

{ Hand picked | [ Hang-Bicked ]
T -

e

magnetic

| Hand picked
I

air aorador,
10 minutes
2 15 1/m

~

Air abradcr,
10 minutes
3 18 1/

1 nutes

P15 1/m

»

i

clearest, most euhedral, inclusion+free zircons

TJ chemistry.
- 62 + 44, nm

To chenistry

To chemistry
- 74 + 62, nm

- 74+ 62, m2

lost -during analvysis
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| B ‘ -
. Complete derails of the chemical procedures and S,
) ‘appara:ua. used «tro  determina the 1tsotopfc analysas  and !
methods of cnlcula-tion of the resulting radfometric dates ar
the vGeochrouulp'gy Lab, " Geologieal Survey of Canada at the
il 7 r - .
time of this study are given“in van Breeman et al. (1985).

~ -
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Ca

303
) TYPE L
(Granitic Group)
82-007 32-008  82-031 82-044 82-051 82-082
510, 71.60 70.60 73.70 73.20 67.80 ©72.30
Tio, .20 BT R .08 .15 .18 .13
ALy0y 12.60 12.80 | "11.90 10.60 10.90 11.80
Fe,0, 2.55 2.83 " .83 1.03 2.59 1.65
* Mn0 .07 .08 ,06 .05 .08 .07
Mg . 1.05 .98 4 .35 .43 1.01 .52
cao 1.87 2,22~ 2.56 2.54 3.57 2,73
Na,0 4.30 4,68 3.35 3.39 3.47 2.8%
K,0 1.24 1.05 1.65 .13 1.04 ‘1879
P,0¢ .06 .08 .01 .02 .05 .01
Lot 2.96 2.53 3.18 1.96 4,25 4 3.97
TOTAL 98.50 98.15 47.6% 96.80 94.94 97.86
TRACE ELEMENTS (pom)
Ph 46 16 852 199 * 326 71
Th - 13 13 .13 14 11 15
U 1 2 6 2 3 9
Rb 23 20 12 20 22 29
sr ° 302 380 143 378 530 213
Y 29 18 : 11 11 .23 15
Zr 120 114 80 83 103 " 84
Nb 4 4 6 ‘ 4 4 6
Za 118 7% 7N 187 188 189
Cu 41 16 33 39 41 22 -
Ni - 0 - 0 0 0 0 0.
La 17 24 17 S18 18 27
Ba 8033 7779 2311 18170 « 25433 4052
v 41 53 13 26 $9 a2
Ce 23 40 25 27 36 49
Cr 0 0 0 0 0 0
10 12 ©1% & . 11 11




TNPE 1

(Granicic Graup)

a43-012 83-0148 . 83024

73.20 7170 . 75.40

18 .20 14
11,40 ° 12.30 10.50
1.67 3.45 1.10

.04 .09 .06
.70 1.24 .34
2.13 2.08 .03
4.18 4.07 2.86

©1.18 ~1.20 1.68
.05 .07 3
2.93 2..78 3.93

97.64 59.18 . 99.48

. TRACE ELEMENT (ppm)

185 27
9 &
4 3
21 22
277 . 290
11 . ¢ 25
a9 . 122
3 3
160 101
33
0

20
9312
43
24
0

-7




82-002

82-004

TIPE 3

(Granicic Group)

82-052

305

.
h

82-013 82-043 82-073
o o

sig, 74.20 . 74.20 72.80 72.90 71.50 72.80
Tio, .12 .05 .08 12 .13 .15
Al,0, - 11.10 11.40 10.30 10.70 10.90 12.10
Fa,0, * .94 .73 .49 1.30 1.29 1.33
Moo - .04 .03 .04 .05 .05 .05
Mg0 . .34 .27 .22 .SL .46 .56
ca0 - 2.05 2.27 1.69 2.84 3.06 3.00
Na,0 4,15 5.31 3.94 3,27 3.48 3.21
K,0 1.14 L.24 1.18 1.40 1.264 1.66
?,0, .06 .05 .03 .07 .01 .02
101 ©3.00 ‘3,01 4.29 4,17 4.50 3.90
TOTAL 97.14 97.56 96.06 97.33 96.62 98.78

TRACE ELEMENTS (ppa)

. Pb 70 11 63" 130 98 180
Th 11 ] 14 15 U 13
U 5 0 0 3 1 a
Rb 23 19 19 25 22 26
Sr 390 ©oan 888 300 399, 195
Y- : 15 17 23 15 11 16
zr 81 105 79 79 79 80
Nb 5 4 5 7 B 5
Zr 35 72 81 223 129 143
Cu 30 19 34 37 . 34 24
Ni 0 0 0 -0 0 0
La 22 21 16 16 28 24
Ba 11913 7729 29243 11678 20949 3310
v 30 61 27 28 39 27
Ce . 28 32 v 17 25 43
cr -0 0 -0 0 Q !
Ga 10 ¢ 6 1L 10 10

Pl JE \
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o ‘
‘\ TYEE 3
| : ¢ .
B (Granitic Group)
N §3-001 83-003 83-010 83-016 83-019 83-088
Pl ' <
si0, _76.70  75.70 72.30 73.30 - 76.80 75.80
Tio, .12 .20 .23 1 1l .13
al,0, 8,20 10.70 . 12.50 10.20 10,40 11.70 /
Fe,0, 48 .92 2.12 . 1.08 . 1.21 .58
Mno .02 04 .07 .05 .04 .06
Mgo .22 48 0T 124 .45 .54 .39
Cao 1.72 2.17 2.21 3,29 2,03 . 1.99 '
Ma,0 2.62 4.34 4.03 3.80 3.49 3.94
. sz .39 : .83 1.38 1.09 1.28 1.27
PO, 02 .03 .06 .02 .06 R}
LoI 3.3 2.87 . 3.09 3.78 2,80 2.36
TOTAL 93.72 98.28 . 99.83 97.77 98.81 $8.13
TRACE ELEMENTS (ppm)
Py . 49 146 28 47 38 23
Th 5 13 A 6 .10 L7
U ‘ o 0 0 0 ] ‘ 0
Rb 9 15 25 19 20 21
St 885+ 282 223 361 347 187
Y 5 - 18 - 9 17 1 18
Zr S6 - 81 A 82 56 82
Nb 2 6 - 2 5 3 7
Zn : 75 196 169 8 414 33
Cu 59 49 10 27 335 . 33
qi 0 Q 0 0 0 0
La 15 10 0 10 T 6
Ba 40746 T 11072 3143 11130 7978 2580
v 38 "15 59 23 34 )
g’ Ca 0 17 5 8 28 16
Cr 0 0 0 0 0 0
Ga 2 : 8 10 7 \7 9 .
“ :




TYPE 2 .

v

{Aplitic Group)

82-099 83-032

73.80 71.90

.28 " .08
.00 9.90
.85

.05 .06
4 .
1.59 .20
5,60 4,68

A7 L2
0.00 .04
2.44 2.98

98.42 97.85

TRACE ELEMENTS (ppa)

16
12
L
4
252
31
120
]
25
20
0
24

18
48
0
8

<




TYPE & -

(Aplitie Group)

Y

82-086  82-095

76.10 77.00
.13 .11

10.70 1.

1.26 1.

.06
.33
1.10
5.58
.26

.01

97.56 97.94

TRACE ELEMENTS

48 30
[ I 18




o

TYPE 5

(aplicic Group)

TYPE &

(Granitoid Clasc)

309

. 83-091 82-028 82-067 83-011
si0, - 77.30 67.70 69 .40 67.40
Ti0, ‘ .13 .43 N B .33
A1,0, 11.60 14.10 13.50 13.70
Fe,0, .85 3.99 3.40 4.43
Mno .03 .06 .06 .09
¥g0 ) .30 1.22 .97 1.76
ca0 1.17 2.88 4.00 2.61
Na,0 3.93 5.31 4,486 4.18
K,0 3.08 .87 .53 1.38
P,0. .03 .18 .08 .38
. LoI 1.26 2.18 1.93 3.61
TOTAL - 99.68 98,92 98.73 99.87
TRACS ELEMENTS (ppm)
Ph 12 11 25
Th 7 10 . 7
u 0 0 2
Rb 14 5 24
St 340 256 235
Y 38 22 25 !
Zr 115 129 70
b 5 4 5
In 63 28 202
Cu 14 17 25
Ni 1 0 0
La 3 21 \]
‘Ba 473 514 4302
v 74 59 76
Ce 32 39 17
Cr 0 0 0
Ca 12 .13 12




i,
o

WILEY'S RIVER INTRUSION

(Feeder Granodiorite)

82~-189 82-190

76.20 74.40
.26 .26
12.80 12.60
2.29 T 2,157

'0.00 0.QC
.06 - .05

L 49 .39
’1.50 - ~1.58
4.18 _b.15

2.34 2.44

.05
.99 . «33

59.14 98.64 100.22

TRAGE ELEMENTS (ppm)

7 15
12 - 1.

4 5

65 63
126 ; 137

. 28 33
121 143
4 5

9 15

18 15
0 ‘ 1
18 . 11

_ 946

r) U 21
39 40

0 0

12 12




~
WILEY'S RIVER INTRUSIOY

(Feeder Granodiorirte)

82-199 82-203

74,70 74.90
.22 .20
12.40 .10
2.13 2.02
0.00 .00
.06 .05
4L .46

1.90 1.14
4.13 4.34

2,29 2.31
.05 .05
.29 © - .38

98.58 98.13

TRACE ELEMENTS (ppa)

Y

17 10
9 ‘ 8
0 : 4

62 53

132 119
32 34
117 131
A

24 .27
6

a-

‘10

972

22

20

0

12

-




. - I
» \ . )
| /
|
312 i
) LITTLE SANDY LAKE INTRUSION
(Feader Cranodiorite)
82-221 £3-076 °  83-130 83-140 - 832141 " |
510, - 72.00° 75.20 73.60 73.10 73.50
Tio, .20 . 17 .25 .26 .29 S
’ A1,0, 13.00 11.90 12.30 . 12.40 12.30
Fe,0, 3.20 2.40 S 3.48 359 3.29
Mn0 BT .06 .09 a0 .09 .
Mg0 .98 1.08 1.27 1.16 1.32
Ca0 ©1.38 .57 .70 1.13 A .36
N ¥a,0 5.05 N 4;5  5.08 ,_ 452
R K0 W50, @ 1.04 1,064 . .51 .79 L.
9205" 100 7 .04 .08 08 .08
) .10 - 1.68 1.79 1.52 . 1.1 1.49
TOTAL 98417 99.04  © 98.39 ¢ 98.52- . 98,53 .
TRACE CLEMENTS {(ppm)
1+ 10 . 6 . N b 6
h 4 11 14 12 8 , ‘
u 0 .0 0 , 5 0 (
Rb 9 23 26 o 17
St . 183 fiis 9% 106 110
Y 23 4l . 217 26 21
zc 112 15 - 111 131 110
oW 4 S 6 4 5
Zn 38 26 .36 Y . 50
Cu ) 3 T 13 25 13
Wi -0 0 0 0 ~ 0
Ba 261 516 489 171 - 304
v : a1 7 Y 29 33
c : 0 e g - 0 0 0 \
, Ga 10 - o 11 g . 11 \
X

i
i
- J [ I3
i =N
P4 - ¥ /




LITTLE SANDY LAKE SEQUENCE

‘83-054

r

313

83-128 83-129 5 33-132 83-135
r -
50, 72.00 74.70 74.20 74.20 74.20
Tio, .29 .23 .13 .23 20
12, I s ' o] o B 2 4
AL,0, 50 1330 12.30 12.30 12.50
Fe,0, 3.44 2.32 1.5 3.687 2.97
¥nd . .05 .1 .09 13 .09
Mg0 2.39 .49 1.28 1.28 1.30
cao 1.19 1.35 1.26 .81 .63
Na,0 3.5C .49 6.19 3.48 4.36
K0 1.53 1.53 .16 1, 1.45
P,0, .06 .05 .17 .07
Lot 2.80 2.00 1.63 - 1.85 1.78
LY
TOTAL 99,93 . 99.37 98,94 99.567 99.87
TRACT ELIVENTS (ppm)
2y 5 3 ) ) 10
Th ' 5 0 3 5 13
v 0 0 0 fo! 3
2 21 - 34 3 32 30
St 42 96’ 81 54
Y k! % 46 18 38 34
Zz 1 128 111 82 121
Y 4 1 3 3 A
Za 39 53 a5 57 50
Ca 14 . L4 14 12 . 19 .
Ni 0 0 0 0 0
3a 165 238 55 435 412
v 33 6 12 3 5
- 0 0 3 o 0
Ga 12 13 11 13 9.
~

o~




Maclean Extension

Rhyolité,

82-210

Si02 73.70
'I.‘iO2 220
A1203 13.10

Fe203- 2.58

Mnd .03
¥go .34
Cad . 1407

Nézo 5.55

KZO 2,20

2,05 .1

LOT 1.12

TOTAL  100.L

v 1
TRACE ELEMENTS (ppm)

Pb
Th
U
Rb
St
Y




VOLCANIC CLASTS

Siltstone breccila
(Maclean Ext.)

i

Po ly.L ithic breccia
Conglomerace
(MacLean Exct.)

315

(Littla 3andy
Lake area)

Zr.

~ Ba

1

82-024 82-026 82-053, 833-131
510, 63.00 31%0 ' 74,10 77.10
Ti0, A .25 .07’/ .28
A1,0, 17.10 9.22 10.50 310.90
“Fe,0, .22 - 1.04 1.34 2.54
Fal Q ¢ 0 0
0 .01 .02 .06 11
Mg0 .01 .56 .70, 1.90
Calr . .15 1.38 2.28 1.79
| Nay0 10.12 . 4,10 2.32 3.91
K,0 .08 .63 1.65 1.08
7,05 .08 L 24 .03 / .06
1or .88 ~0.00 3.91 - 1.75
TOTAL 97.09 99.24 97.56 100.52
TRACE SLEMENTS (ppm)
Py 14 27 " 46 27
Th 16 11 11 9
u ? -5 4 1
b 3 - 16 43 24
St 97 144 525, 119
Y 44 33 20 33
159 110 82 107
¥b 5 o2 5 5 .
2a 0 40 a7 38
Cu 28 18 16 47
Ni 0 « 0 0 0
La 13 3 23 ]
151 -3 16346 489
v 27 7 1 4
Ce 29 13 37 14
Cr Q 0 0 0
Ga 6 7

‘g
d
i
.
i

i




TOPSAILS GRANITE

82-191 -+ 82-195

82-204

82-206

si62 74.50 75.10 76.30 77.30 76.30
Tio, .28 .13 _ .15 .10 .10
AL0, 12.70 . 12.00 11.90 11.90 12.10
Fe,0, 1.90 .22 3% 1.4d 1.38
FeQ' - 0.00° 0.00 0.00 0.00 0.00
Mno .04 62 .02 .04 .07
MgO .25 11 .09 .09 "L 10
Ca0 .77 28 .27 L34 .26
'Na,0 3.99 3.90 3,89 4.07 3.99
K,0 4,40 4.78 4.78 4.48 4.75
P,0; ' N .06 .02 .03 0k
.LOT ~ .61 46 .36 .60 .45
TOTAL 399.45 " 98.06 99,32 100.39 99.54

TRACE ELEMENTS (ppm)

P 20 w19 10 2
Th 28 29 33 30 29
UL 3 6 8 9 12
Rb 146 160 158 143 159
K13 54 21 17 26 19
Y : 88 &8 82 96 93
2 226 183 174 183 182
Nb 27 7 40 30 35
Zn 36 13 22 12 32
Cu ‘ 16 11 9 9 7
Ni 2 0 0 -0 0
" La ' 28. 18 15 22 21
Ba © . 528 320 271 421 299
v 12 & 3 N 4 2
Ce : B 8 49 , 54 42 5L
Cr : .0 ] 0 a 0
Ca .19 20 20 17. 18
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Ga 21

-~
TOPSAILS GRANITE .
82-229 83-103
sio, 76.80, 76.80
T30, .10 .06
AL,0, 11.90 11.20
Fe,0, 1.30 1.56
Fe0 0.00 0.00
¥r0 .02 .01
Mg0 .08 04
Ca0 “ .35 .04
HaZO »3.93‘ 3.82
R,0 B 4.72 4.60 -
7 NI .03 0.00
LoI .59 L 49
" TOTAL . 99,82 98.62
TRACE ELEVENTS (ppm)
“Pb _ 22 14
Th 33 28
U 5 12
gb 177 113
St 19 11
Y, o 84 54
it - 202 193
w . 38 40
Za , 38 ) 22
Cu N 9 50
Ni 0 0
La - 26 0
Ba 285 236
v , 3 0
Ce . .51 38
Cr 0 0
26
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Abstract

Approximately fifty per cent of the Hucnand ma3szive Julpaide predodies mned (o date occurmed
11 subaquecus u'uczu-canglomnau bedi withta an Qrdovicign-Siluricn volcanic wsiand-arc sequence.’
the Buchans Group, Amongst the diverse (lhie ecless in these bads ore roundiad. sudbspnerical
. granitoid pebbles. cobbles and bouiders. An intrusive bodv ta the southwest of the mine area. the
- Feeder Gr'unod(or'ltl is iuithologicailv simtlar to some of the gramitowd clasts and has been interpreted
to b4 comagmatte with some of the Bucnens Group volconic roc Twelive typas of granitoid clasts
“were recognized based on mMegascopic characterisiics bal thts Aumber will probably be reducec afier

laporatory nvestigations have been completed.

o . N
Introduction .
The woicanogenic sulphige ore deoosits at Bucnany
occur a3 (hree Tvpes: STOCKWOrK Ore. 1N nutu ore anc
ransported ore (Thuriow. 19813; Thuriow ang Swanson. {9§1).
The transportes ore forms 3 series of sulbnice-peanry
breccia-congiomerate Deds with aiverse Ltuc  clasts,
inciuging granitoias {i.e. putonic rocks af felc 2 inver-
meqiate composition) witnin an Orgovician:dilurian sequence
of JDAQUEOUS YOICBNIC, YQICANKIASTC ANg seqiMmenTary racks.
The source of tnese granitoid clasts has oeen enigmatic. An
iIntrusive boay of sma,l surface area (approuimateiv |. 5 km %Y,
the Feecer Cranodiortte. ‘eutcropy 12 km soutnwest ol
Bucrans. It mas been (nterpre:ec 1o be comagmauc with
Bucnans Group volcanics ang the posuple ssurce of e
grantorg  clasts (Thuriow. 198150 - A qescription of the

central voICamc belt (S given i Kean et al. (19810 ’

It 13 the .atent of this stugy 19 aeiermine the
petrsiogiCal character. geocnermustry, and age of tne
granitord clasts and of .the Feeder Granadiorite and snea Lignt
on tne relationsnip of tne Feeaer Cranomorite 1o the Bucnans
Croup and the included granitoid clasis. and A turh on the
provenance ana gerivation of ne clasts.
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Underground Observations #

The transooried orecodies conmst of a secuence of
breccias and CoNgloMerates wniCT are Consiceres to snow
characteristics of sediment gravity tow aecosits [Waker 3nd
Baroour, 1981; Binney et al., 1983}, Detauec examination of
J those units wniCh are reidyvely rict 0 graniod Clasts

]

ingicates that most granitaid-rich unity gverhie ana fiank ihe.

sulphioe-ricn breccias.. Granitoid clast. however, are {ouna
in other umits NOT NTLMATELY B350C.A184 Wit the suipMde-rch
breccias. These granitoid clagts are Tvypecatly smaller
(pebbic-sized} than the tvpical cooble-sized granitord Clasts
found with the ore. Rare pranitosc clasts have oeen fourd in

-,

almost all -Buchans Groue formations, although nownere .n
signilicant numoers or voiume as cumpared 1o the ore NArizon
13.G. Thuriow, personaj communication, 1982).

The nature of me gramitold Clasts varies appreciably n
hand specimen. A tentative Leid Class:fication Dased on
COI0Ur. Rrain S1ze, presence or adsence of quartZ PnenocrvIty
aned mafig muneral content indicate Twelve Clast Types
(Tabie &4.j),

-The average gramitaid clast size as determined within
several exposures of granitoid-ceanng (arenaceous) breccis-
cengiomerars  {see  Tapie «&.2) on S evel,  Mackean
Extens;on orepody, s 6.4 by 4.1 cm. The long aimensiong of
granito:d clases range from | €m (o more tnan 5% cm. Where
INUMATely AssOCiatec wWith the transported massive suipriae
ore te.g, 20-3 sudievel, 20-13 ari{t), average clast size 13 of
the orger of |6.3by 1Gcm ana gramitchd Clasts comorise
apoyoximately b per cent by volurme.’ In more arenacequs
umits, granitoid clasts average 4.2 by 2.0 cm-ana constitute
1 ger cent of the rock. Rare granitoid ciasts have been
opserveq |n tufiaceous rocks. ooth overiving ana unaeriying
the ore horizon. These ciagis svarage 7.Jov 6.0cm ang
comprise much less than | per cent.

Granitoid clasts are subrouncea 10 well rfunded and
typicaily subspnerical, althoug™ many are oval and eiongate.
They are consistently Detter roynoec than owner Clast Tupes in
the breccu-conglomerate umls.

Sudur.e Qbservations

The Feecer Granodiorite :s an irreguiarly shaped body
of approximatety 1.5 km‘ occurring in upper Wileva River
ares (Fig. &-.l). Along 1Ts soutnern anc western exoosures

. the granoqiorite Can be 1&en 0 CONTACT with roCxs Dresumed

to pe part of e Tobsais camziex (Tavior ef al. 1989). Ay
the Feecer Granodiorite-Toosaiis contacss. Topsaus granite
4hows & weaklv oeveinped cniliee margin against the Feeger
Cranoaiorite.  Brick-red. fine grained. equigranuwjar avxes.
macroscomically simiiar ta the Topsaiis granite cur Feeaer
Graneaiorite. The grancaiorite ang the Topsails granite are,
both Cut by diabasic dyxes. No exposures of the contact
between Feeger Granodiorite and Bucnans Group rocks were
founa, No cefinite svigence of Cross-cutung relationsps
berween Qia0a31C ang graniuc dyxey was opserved.

! Contribution to Canaca-Newfoundlang co-ooerative minera) program [932.19%. ..

Pro)ect carried &y Cemog:cai Survey of Canaca, -

! Departmvent of Earth Sc:encn. Memorial University of Newtoundland, St. Jonn's,

Newjoundlana A1B 3X3.
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The Feeder Granodiarite is a whitish brown rock, whnch
ecomes Jmereasingly reddisn toward the Contact with [he
Topsails granire i Wiley's River area. The granodiorite 13
mecium graned with abundant coarse granea quartc
prenocrysts. Quartz Crystais are generally rounded (510 mm
average diameter), clear, localiy appear as dggreEgarey of
crystan rather than true individual pnenacrysts. and comprise
275-30 per cent of the reck’ by volume. The pregominant
fetaspar 15 plagicclase, Comprising 35.65 per cent of the
rock, * i3 subhedral (locally eunedral), wnite and
{requently darvened red-brown (by hematitel. Fine grained
clots of subbecrml biotile Crystais consuitute 3 per cent.

- Table 44.1

- 320

A fGe grained pink-brown minera) (porash felotoar?) ocoursy
(MTerstiLally tTo the quArtZ GNENOCrysts and ne plagiocilase

- {plus biotite} Masses. and compriled 3 per cent of the rock.

The Toosals granite n this area 15 brick-red. ranges
fram fine~ 0 mecium-grlined and 3 conuistently
eqwgranuiar. Al {elasoars are mediym o dark red and
comprise 63 per cenr of the rock. Quartz crystals are Clear,
1-3 mm across and form 30 per cent of tne rock and bloute
s per cent. The granite 13 miareiitic, especialiy near the
contact with Feeder Cranodiorite.” -The cavities are 1ypISaliy
| mm \n giameter. AIthGugn Nedr the contact they are

Field Classttication of Granroid Ciasts ’ -
>
iCiast Domuinant ° . Grain "Phenaciyst Mafi¢ minaral Distingu.sning
ype colour, greunamass size tvpe content features
1 strorg-moderate  ~ f.-m.g.. quz. {€.8.) variadte: f.-m.g.. colour swrong Drown-red: [.-M. grain
brown-rec generally wistinct . size: presence of gii, phenocrysts
N !
2 strong-moderate f.g- equigranuiar {.-m.g., sisTinct, ¢olour. sttong-moc. brown-red; &
brown-red Yariapie graun size; absence-of Iz, phenoCrystl
2 biack & wnire with Ma=CRe rare Q1I. m.-C.g.: dIsTINCT coarse grain Ie; eqyigranciar: spotted
Lignt prowny, - (C.g? and ingistinct wn colour (Biack and white)
ocrasionaily ’ "

gresnisn or greyish

[ moderate-lignt g atz. {c.g.k
brown (weak red) rareiy rocx Mav oF
f.g m.g. & equi-
granulae
5 lignt prown-oink f.-m.g. equigranular
garwened with ’T '
matic minerals
10 some
[ variable, lLight t.em.g. g2z, (m.<.g.)
© green with wniie rare m.4.
& lignt Drown piag.
. .
7 grev-whyte, . 1.8 equigranuiar
rarely very {rarely
- lugnt Brown m.g.}
5 greenush-vellow [.-m.§. quz. {m.g.)

' witn oCCasional
) red tunges

9 dark-moderata t.g. equigranuiar;
greenisn with : rare m.g.
specks of write
{piag.]. red
(K-ieidzoar)

> ang qtz. )
10 . dark green with 1.8. K-felaspar &
‘ grey & Lignt brown plag lm.g.)
- rare qtz.
{srnailer}
I strong brown-red f.-m.g. gez. (mg.) .

with wnite

12 variaDie:a m.-c.g. equIgranuiar
mixture of whites, .
5rt€ﬂi and weax
browns

dif {erent clasts

variapie: distnct .qtz. pRenocCryits: Lignter red colour
& Faisunct . than type . otnerwise the same.
. incluges medium grained equigranular

equivaienty N .
gengrallv distinct aosence of QtZ. phenoCrysis: same
eXSE0t when very colour as type 4, 07 even 1633 Rink
asuncant & {.g. \ar rec)
generally presence of qrz. phehocryst: large
(naistnct amount of grz. present; absemce of
variable ’ prown & espacidlly red colaurs except

1A 1sclated crystals

typically indis- white and/ar grey ciours commenly
unct, content with pyrite .
varies from 0-20% S

ingistinet ' vague crystal bouncaries, with the

exception of gtI. PREncErysts; Most
=-  likely & voiCanC rock

apuncant. . dark, spotted appearance: {ine grauned;
distinet. preb- seen only i WIEToNE dreccia .
aply amprmDoie

abuncant (to 0%} . simular o tvpe 9 bUT witr abundant
QisUnCT . piag. pnefiocryfts — onlv one sample -
. “seen
few to 3%, - very, abundant giz; brown-red eolour
duiatinet h i
' I

unaltered, 135-15% large gran size: eQUIEFRNUIAL; greenin
. piag. crystals-(?) .
. -

J.5 mm ang partiv filled with®variadie amounts .of quartz,

323
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Table 44.2

Clasufigation - MacLean Extension Oreooay
{modified after £.A. Swanson, personal communication, 1982)

Uopper Bariuc Ore-Bearing member
(w1 thout grantoid cf

Barinuc unit

13) Tutfaceous or oreccia ynit

L Baritic unit.

Feisic Pyroelastic mamoper

Strongly lithic beds with (301 ted
sulorige Clasts: occasional polvhitmg
breccia bed with minor grani1a.d ciasts

Ore Horizon Sequence
in MacLean Sxtensiom arez

Lower Qre-Bearing memoer

(Generally gracauonal from high grade
47T DOTIOM 10 [owW grade Arenaceous )
granitoid-bearing oreccia-Longiorherate.
The top baritic sed seema disnnct).

Bar:tie iow Brage pqiviithil ore Drecc.a

Granttoid-oearing dreccia~congiomerate witr
arenacecus matrix. Beas of arengceous
waCke withmn unit

Granu IO\Q'DQAJ'XHB ore Drecaa-cnnyomerate:
low grace with J0Mme Ereracecus matrix &

| Potylitric ore oreccia: matrix secomes

INCreasingily Areniceous towards top
. .

Mainty massive suipnide. 0 part streaxy -
WETh Miner Lthid matenial

Intermeciate Footwatl Formaron

Intertedded and alrered mafic to teling
{lows. pyroclastic rocks ang vOICan.C Dreccias,
cerated tuifaceous pyriTic Liitstone and wacke

specuiar tematite. fluorite and a siivery grev umaenuied
MICA. AL INe CONIact, the granite sNows 4 weaklv Geveleoed
grapric textyre. . ) -

. -

Summary

Graniteld c.asts within the Bucrans Group breccia-
congiomerare bpeds and, Pyrogiast.c units Comprise several
HENOIORIC tyPes. Those Clasts with coarse grained quartz
prenocrvsts o lcm) A 3 brown-red grounamass are
megascopically simiiar’ to the Feeder Granodiorite in the
‘Wiley's River area: :

‘ The reianonsnio of tne Feeder Granodiorite t§ the
Bucnans Group remains unknown. Toosails gramite has a
cnilleq margin dganst the Feeder Cranodiorite. BriCk-red
grannic ¢yx<es of cresumea Topsauss aihilianion cut the Feeder
Granociorite.  Botn ntrusive Dodies are Cyt by diabauc
dvkes.
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Abstract - ’

Lithogecchem:cal cnatvses have_besn obtained on samples
from tne alkali feiaspar pnose of the Togsaus granite, the
Feeder Granodiorizs and gronitoid ciams from ore-horizon
breccia-congiomergts deds i1 MacLean Extension crea. The
peralumtnous Topsals grantie i from m A-tvpe ‘gnorogenuc)
magma which 13 chemecally distinet from the clasts aend
Tvannot be ther source. The peraluminous Freder
Gronodiorite and grontrowd clasts are doin from [-type
{orogemic) magmas and have mony geochemical similarizies
ond some differences., The Feeder Gronodiorite may be a
igte-31age Qifferentiata of the source of the clasts, Varabie
dlteration  of the ciasts: comblcates (thogeochemicai
interpretations. A revisea petrograpme classification of
clasts 1s presented. ’

Réxumd

Des qgnalvses lithogéochmiques ont é1é e

pnase of [eldspath aicalin du groute de

granodiorite Feeder e ,des fragmens grant

dun rrveau mindrolisé dans les couckes brecnes et de
conglomerats dans lo région de ia prolongation de Mezeleon.
Le gronite hyperclummeux ce Topsails provient Cun magma
de rype A (anorogfrugue) qui differe chtmiquement des frag-
ments el Qu Ne pext JONC pas €ure lewr source. La
granodiorite Feeder el les fragments granitoices sont hvper-
alumineus ¢t proviennamt de mogmas de [voe | (orogémauei:
1S pourrgient avoir de nomoreums umilarptés st queiques
différences jéochumiques. La granodiorite ! Feeder pourrait
€tre le procuit de la atffdrentiation tardive de la source des
fragmenes  L'gltérgtion voriée des frcgments complique
Utnterpretation lithogéochmique. Une ciassification pétro-
graphique revisée des fragments est prisentéde,

INTRODUCTION 4

The voleanogenic sulphide ore deposits at Buchans, occur as
infee Iypes: S1OCKWOrK Ore. in SILU Ore and transporleég ore
iThuriow. [981a: Thuriow anc Swanson, 1381). These deposits
are hosted by the Buchans Group of the New{ouhdgland
Centra. Voicanie Beit (Kesn etal. 1981}, an Oroovician-
Siuran sequence of subaqueous volcane, voicaniciastic and
sedimeniary rocks., !

The transported ore [orms a series of suiphide-Dearing
breccig=congiomerats beds with diverse lithia  elasts.
ineluding granitoids.  These Decs have been Mierpreted as
deposited by deoris flows (Walker and Baroour. 19B1;
Binneyv et al., 1983).

The scurce of the granitoid CLASIS has Daen en.grmatie,
Twe sthall intrusive dodies (Wiiey's River and Little Sandy
INTCUSIONS) have Dean interpreted (o De comagmatic with the
Buehans Group voicame roexs and possible sources of the
granitoud clasts. They have been collectivelv named tne
Fewcer Cranodiorite (Thurlow. 19814, b}

Major and trace eiement aneiyses haveé deen cRrriec out
for twenty=one clasts oollected from 20 Level aof the
Yiaclean Extension workings. Eight sampies af the ivilev's
River 1atrusion and one sampie of the Little Sangy intrusion

were anaiyzed for the same :Lemenu. Also, seven samples of -

the alknli. feldspar phase of the Topsaiis gramitie complex
(Tevior etal. 1980; Thuriow. 1981d from sojacent to the
Buchans (Group and the Wiley's Broox intrusion were anaiyzed
for comparigon. . y

)

PETROGRAPHY

Thin sections of over 150 granitoid clasis fram ore horizon
boulder breccia-beds have been examined. Qver 30 per cent
of tnese were [rom MacLean Extension oreoody, with the
remainder from the Oriental crebody. A revised petrographie
classication of gramiaid types (Tabie 82.1) is conmdered
more useiul than .the peeviows [ield classification
(Stewart, 1883). .The field clast groupings of Stewart (1963)
snowed no geochemical coherence or petrographic
distinclivness,

Primary mineralogy of the clasts is sumple and
relativeiy consistent, L.e. quartz. plagiociase. biotite (rarely
preserveq, now chiorite), opague minerals (hematite,
magnetite?), apatite, 2ircon and sphene (rarel.

Detailed petrograpnic examination of alasts has
demonstratdd that colour and mineralogical differences used
in the esriter cuissification are primanly due to alterston.
Textural differences are gracational and prooably represent
differences in the mode and timing of crvstallization of a
sigle magma. The clast Typas Nave Dedn Arranged to reflset
these gragations. from those with the Dest developsd

crystallinity (Type 1) to the ieast developed (Type 5).

Type 6 clasts are texturally ard mineraiogically
distingt. Thev show & wemkly geveicped Teily lexture wilh
eunedral to sudhearal plagiociase laths 1n a groundmass of
annedral plagioclase, quartz and ospacque minerais.  Thase
ciasts show @ higner piagioclaserquart? ratic and a higner
pec cent of mafic and opague minerals than 1he otner

! Contribution to Canada-New({oundfnd co-operatjve minera) program 1982-1984.
Proieet carried by Geological Survey of‘Canax.

! Department of Eartn Sciences. Viemorial Uni
8t, Jonn's New(oundland ALB 3X3
LN

reity of Newfoundland,
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Table 611, Perrographuc cuwhcaufm'n iq\c__!l!:xtpip clasts
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T
Clast Crmin size . Mafic minarai
typs (average/ranga) Textupq ~ Phacocrysts eontent Distinquisring features
I medwm serace” sbundant gtz = TATE DICCH® MOSElY  relativelv coarse grained,
(] mm/0.2-3.0 mm) porphy e a feiosoar; qer chlorite - opagues SETIALR "Bxlute, i.&. gradation
| ’ typicaily largar after biotte = A grain size of grounomass
(ta § mm) epidoty | <5%; Lo pnenocryscs ,
2. fing retativety otz - felgsoar rare Duotite; mastly  relatively intermeqiate
(0.5 mm/0.L-2 mm) equIgrPpnuiar {to 2 mm) cniorite » opaquas grain fige and
- atier biotite ~ squgranuiar
' epioote . 0-5 vol. %;
3. fine a0 verv fine h:atal qtz « feidsoar Chiorite - coagues = hiatal poronsritic = large
C.3mmy0,1+0.5 mmry porpnveitic 1.8 mm typically epigote { <5%; d:ifference :n siZe Detween
= rare micro.’' 0 cluscers PRENOCTYILs and grouncmass;
grancohyric: {especialiv abungant pnenocryses
@ areas feiosoars,
4. very fine . eQuigranular rare quz - chilorite « tauigranuiar, fine grawn nze;
0.2 mm;0.L-0.4 mmy) feidsoar opsgues * epicote, isck of ananacrysts:
{ta 2 mm; oisite { <5%; reiatively minar micrao- &
Qranophyric areas
5. very fine Lo fine variadie 5 rare, mostly chiorite + Jpaques = spundent
1205 mmyBll-2 MM of well- . qtz epidole (0-5%) microgranophvre;
develooed (ta 2 mm; aquiqranular
microgranopnyrie
“ patcres \
5. }finu equigranulgr none vEly abungant, "latn-like" texture af
10,2 mm/0.1-0.4 mm.  eunedral tn e30ecially ooagues; felospars; abundant
suonedral biotite and cniorite malic mingrals
feiosparsy {to 0%} ~ 3most exciunvely -
restricted 1o siitstone
. brecc:a, uncer ore
hocizon
s .

clast lypes. This type o also chemicaly disuingt (lower $104,
higher TiO; ana CaQ) ang primacily restrictec to the silt-
stonk breecis umit which occurs several meires sirati-
graphically oensaitr the lower og® dmit A MacLean Extension
Ares.  However rare ziasts of this type have Deen {ouad
within the lower are unit,

Staining with sodium  cobaltmitrite for potassim
feldspacs suggests that all feldspars are piagiociase. The
slterition and lack of twinmung of feldspars nas preciuceq o,
petrograpnic  getertunstion of content, but the
geochemisiry suggests that they are p edominantiy of alvitic.
composition.

The custy ang pitted appearance of the feidspars ang
the presence of secondary minergis (seriéite. calcite. epidote)
In e feldspar crystals suggest that they have been
saussuritized, Whether tus s due to hvdrothermal alteration
or is a proguct of “egional metamorpbism 15 not known. The
regional mewmorpiusm of the Bucrsns Group 1s of the
prennitepumpellyite facres (Henley and Thorniey, 1981) ang
the ajteration may have been & product  of thus
mewmmocphism,

GEOCHEMISTRY

The studv was designed (0 agsesy the rehuonsmjlmonq
three zampie popuiations: the granitoid  clasts, Feeder
Granodiorite {precominantiy the Wilev's River intrusion) and
Topsails granite. e present geocnemical results are
preliminary, out do suggest severa| points: 1) el rock types

4
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are siica-oversaturated and peraluminous: 2 the Feecer
Granodiorite anid e clasts are (rom i-type (orogenic!
magmas. whereas the Topshils gramte 15 from an A-1ype
{anorogenic) granite; 3) trace element aDuURGances gnow
significant dif!erences petween tne Topsails granite and the
other 1wa populations; 4) the magmatic relstionship of the
Feecer Granodiorite and the granitaid clasts cannot de con-
clusively esiaoiisned, or reiutsd with the present evidence,
and  5)the clasts have undergone varying degress of
alteration, whereas the Feeder Granodiorite snd the Topsails
granite sre comparatively uiailerwh  These pounts are
examined in more detail bajow.

Al elast sampies were found to conuin greater than
70% (wi.) SiO; (annygrous) with some class  exceeding
80% SiO,. Both the Feeder Granodiorite and the Topsalis
graniic have 4 MOre restricied siies Fange of 8baut S% SO 4,
&ll asove 70% 510 ;.

Because of the mooility of the alkali elements during
alteration, teir usefuiness for elagmiication af sltered rocks
13 Suspecl. As will be discusseq Seiow, the alkal distriourions
in the ciasts were affectad by aitersuon. For this reason,
plots of frvine and Baragar (1¥71) snd AFM piols are not
presented, Dut are suggestive of a calc-elkaline af{inity for
all popuiations and Strong (1977) and Thuriow (1981a) have
demonsirated tnat the Bucnans Group 13 calc-tlkal:ne.

Uswg the granioid classification scheme of White and

Chappell (1983}, the gramitoid clasts and the Feeder
Granodiorite crysialized from J-type magmas and tne
A
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Topsails granite from an  A-type magms (Fig. 62.1).
Figure 62.10 is prodedly a2 more relable piot

Figure 62.1a which uses alkali eiements. The elements Cs
ARG espacially Al ace comdidersd 1O be relatively immobtile
dueing sltecation,  High contents of highly charged cauons
such as Ca. 2r and Y (see Fig. 52.1b, 62.2) are considered
diagnostic of A-type magmas (White and Chappell, 1983,
A-type graniioid bodies in eastern Austraiia are associated in
space and time with volcanics rocxs, as is-the Topsails
granite (whaien and Cucerte, 19831 The - presence ' of
miarolitic and granapnyrie textures {urther sutstantiates the
designation of the Topsails granite 4s an A-type intrusion

. (White ang Chappell. (983, p. J0L

Although [=type mugmas are usually suQaluminous. the

Fesder Cranodiorite and granitoid Ciasts are persluminous. ’

This has .been conydered 1o D¢ indicative of @ mimimum-

lemperature melt or & mgnly fractionated I-tvpe melt (White ™

and Cnappell, p. 28). This sllows the pessioility that the
Feeder Granodiorite i3 the more {ractionated parent of the
Lgranitoid clasts, but this hai not yet been demonstrated.

Plow of paired immodiie elements (Fig. 62.2) have beeh
shown 1o be effective in distinguishing. different magma
.series and theiwr tectonic settings (Pearce and Cann, 1973;
Wood et al., |97¥; Palaeios et ak, 1981). The distinction of
the Topsais granite is o0vious and the correlation Detween
the clasts snd the Feeder Granodiorite s suggested.
Eailey (1981) proposed that Zr and Y enrichment distinguiShes
ancrogenic andesites {rom erogenic Andesites. which supports
tha anorogenue sertng of the Topsails granite. The slight
enrichment of the Feeder Granodworite 1n Zr and Y relativa
to The viasy is suggestive of a late stage differentiate
(Taylor, 1863).

ALTERATION

The most common ei‘uri!mon of hydrothermal alteration s
the proguction of ' hydraus ‘minerels from the primary
annydrous minerals. Thereford, the koss on mgniuen (LQI)
provides s qualitative means o judge the degree of
alteration. Although the LOl may pe & mexture of H;0, O,
and possibly sulphur-oearing gases. for evaluation of the
degree of alieration, LO!is considered to De mainly H;O and
COa. z

The wvarmbie degree of aiteration of the elusts 1
apparent ftom Figure 62.0. A posiuve corfrelauion Detwesn
both {0 and K0 with loss on ignition 18 shown in
Figures §2.3b0, ¢. The fekdsars are partly altered lo sericite
(or muscovite) and calcite. indicating that these chemical
VAriations re prooadly reflecting alteration. The verv high
barmum content of the ¢lasts in genaral and the presence of
_barite as secondary veins ang disseminations in the clasts 1s
‘also in accerd wWith the weakly defined positive correlation
between Ba and LOI in Figure 6234  Magnesium shows
ADDFecIADle scaller ground & weak posilive correlation
(Fig. 62.3al. Varianle smounts of chiorite and magnesium in
the clasis could' indicate Ln aitermtion, rather than @ mew-
morphic origin for the .chiorite. Alteration = pdicated
mineralogieally by the saussuritization of feldspars,
enloeitization of biotite (ne other primary mafie mineral or
relicts of other mafic minersls have been recognized) anc
introduetion of barium and calewum w3 barite and calcite.
The elevated Ba values in ihe ciasts prodadly indicates that
their alieration is reiated to the mineralizing event gt
Buchans {Thurlow, 1981a! or to migration of Ba-(rom barite in
the breccu-conglomernte beds during or after consolidation
(0p 1L, p. 1B5l.  The presance of caleite = BArte vewns mn
some samples anaivzed could add to LOJ scarter and mask
cnemical ef{2ets of rock siteration.

Ca and Sr are considered to Dehgve similarly under
many conditions (Tayior. 1985: Mason. 1966). Thus oenavior
and the contrasting dissumilar benavior ¢f Ke and S¢ are
demonstrated in Figure 62.4.  Sr content shows s cor-
responding increase with Ca. content (Fig. 62.4b), wheras
Rb [Fig. 62.40) Nas a negative correiation (Fig. 62.40). The
increase of Ca and Sr contents in the clasis 1s oelievea que 1o
the intrequet:on of calcite and barite during  alteration.
Rubidium contents remain relatively constant in ne clawts -
though Se values incresse. Unless Rb was uniformiy cepeted,
wnien conflicts with the generally varuole nature of the -
ti.erstion, it was apparently unaffected by the alierniion.

Figure 2.5 presents evidence whieh possibie conflicts
with Feeaer Granodtorite being the parent of the clasts. 1f i3
were the parent,  then it should have had a similar K ;O
content, priof to the alteration of the clases. If. as indicatea
in Figure 62.Jc. K20 has incressed with degres of alteration
(along with increasing Sc (Fig. 52.4)) then tne clasts n

7
’ a

Ga (ppm])
n

14 16
AlLO, (%}

Figure 82.1. . Discryminanr glegram [or gromisid magma
seriey from White ard Chappell-(1983): @/ K0 vi Na,O;
b} Al:Qy w8 Ca. The i) represents ¢ granstoid clase sampie
from Maclean Extension' orebody. (o) resresents a Feeder
Granodiorite sampie. the f+) represents the Topsail (alkall
[eldspar) granize sgmpte, and the () represents the sampie
from the Little Sandy tntrusnion, :
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Figpre 62,2

Plots of  relatively (mmodile
slements: aiTiOzvs Y: bl 2r Vs
Y. after Palacios st al.. 943
For symbols-see Figure 62.1.
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Figners 62,3, DiagPams illustrating the eff ects of alteration on porticuler elements; a)lass on
ignition (L0 vs MgO: b) LOI va Ca0: ¢j LOI va K10: d) LO! vs Ba For symbols see Figure 62.1.
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Figure 82.4. Correlation dtf:qrum:: e} 5 va Rb. « Fields
af ter Beil and Blenkinsop. [981: (b) Sr vs CaO. For rymbols

. see Flgure 62.1,

Figure 62.5, should plot toward the upper left part of the
ciagram and not the lower left part as ingicated. Even if ihe
Feeger Granociorite 5 a later differentiate of the sime
magma and hes & higher intial K;0 content. the observed
trenc siill cannot De resoived. This underlies the difficuities
10 determining the echanges in element contenis Quring
slteration. Work isin progress to try to resolve this proplem.

The ‘ack of apparent alteratici of th [esder

" Granodiorite -and the Topsalis gramite is oovious from

Figures §2.3, 61.4. The fieids {or the Topsails alkaii Teidspar

phase wnd the Feeder Granodiofsle of Bell and

Blenicinsop (1981} are shown in Figure 2.4 for comparison.
~

A

“One of thi samples demignated as ¢ Topsails glanite
piots - consistently outside - the c¢iuster af other Topsil
samples. This is & kample of a dyke which cuts the Feeder
Granodiorite and wits presumed to De Pelated to the Tepsals
granite. which it ciosely resemobies megascopicaily. The
tracds element chémistry suggesti that 1t _has possibty oeen
modified by contamination (rom the Feader Granodiorite
during emplacement (see Fig. 52.2a, b. espetatly). -

clasts. “This IS consistent with the estanbished geoiogical and
agt relationynios for the Topsails granite {(Thuriow, 19810:
Whalen and Currie. 1982, LY81), A< first demonstrated Dy
Thurlow (198la), the " Feeder” Granodiorite has many geo~
chemicai similarities to the ciasts and may have ervitallized
from the magma reseryr which produced the clesis. Other
tlement combinations suggast tnat ghe Feeder Lranodiorite
and ciasts may be separated geocnemically ang mev nol de
genetically related. Furtner work resjains 1o be gone oelore
this propiem can De resolved.

R
The Feecer Granodiorite and TOpsails granite are bpoth
unaliered to weskly aliered. whereas. the clasts are variaoly
altered. K10, CAQ. MgO. Ba and Sr<contents of the clasts
increase erraticaily with in¢reasing altaration. -
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