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the 1.875 C. LaalDa Croup, vb.1ch c~rl"s _nIy -.olc&lL1:c rocb,

outcrop. a10G1 tbe __tan ..rS1u of Wopuy OroleD at Creat lur La'"

pIn. It 1s O'Wn~1u by roc-Ita of tbe _iDly rhyodadt:l.c. Slou. Croup.

SJl1- to po.t-volc:aDk plutoa. of the Great Ju.r batbolltb inuada both

Sroups.

raeu. re1.at1oas and the overall evolutlon of tha Croup ara

clouly co.parable to Cauocoic voleanie: fields believed relatd to .ub-

ductioD. Roeu of tbe Laaina fiud WtII! hydrotbe~lly alterei! by

hi&h-level leetharul proceaus but on tbe basi_ of 5i0
2 , TI0

2, lEI,

aDd phenocryst ainenlogy they can be daasified as cale··alkal1oe.

Proterozoic volclIQic arc developed upon contioental cruat. Laccolitha

in Athapuae:ow AulacOleD toauhar If1th teeeat leochronololleal and field

data aUllut that tbe Laaine Croup pondate. c.ont1nent-a1crocoot1nent

c.ollllioo in Wop_y Orolen and v.. probably aanerated abova an eaatvard-

dipptns kuioff zooe which ~ either sepeoted or bec.a_ ahallower with

,....
Ceochuical data and petrological c.on'liderationl5l indicate that

t.be _gmat1e rocks of t.he belt vere genented by parUaJ. _Iring of

lower continental crust and perhaps a1xioa of those _pal with Ilab-

derived b..altic andesite. heservatioo of hiah-Ievel volc.anlc. and

plutonic rocb suaaeat that tbe rea10n v.. never t.opograpbically 1111h-

atandinl' Therefore, the zone _y be an early Proterozoic analog of

1v
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the Loa.aitud1Da.l Depre••ion of ChUe _4 otblr iatxa-.rc anw:11_1

calculated ~l..- of v:l.trtc: aab r.-oved fxoe the baa:lu by blp-laval

at-rhnlc tr.-port approJdaat.a tbe eatt.&ted vol_ of ba..lttc

aa.d.edte intrud.d and e:ztr-u4ed in bland axCl. rtlia ..y e:qJlaill vhy

the ba.UlIi x 1D in iaoatatk .quilibx.iua do•• to aea lev.l. lecau.a.

the volu.e of erupted aU intxuded in cOQtbental axca ia equal

bathol1tha c.annot be <lexived dir.ctly frc.. the untle-they aTe product.

of proc..... occurr1D& 1D tIM: COl1t~ta1 c:ru.at.

J.. 5~;



Le sroup. u Lab1.Qe, qui date d. 1.815 Ca, afneure Ie 1011I lie

1& _rae _at 4e l'o~alue da VoI*BJ, dan.a la daien du CraDel lac 4t.

dlfo~ et _t~rphil', I" de 1.9Z0 Ga. n nt rac:ouvart par lea

roche. pr1Dcipa1.e8tGt rhy04acitique. du groupe de Sloan. D•• plutOM

aynvolcaoiquea 1 p<lI,tftlca!lique. du batholitt d1l Cr8l:ld 1ae de l'Our.

Lea relation. de facila et l'lvolution alobale du terrain,

d' abOI'd soUlrts .. de. lruption. and'eitique. pawrea en i"naUons

,aaeu.ea, pui. aWl: buption. aazeueea de tuh dpandua en coulles de

c:endre. rappellent fortnlent leoS aec:teuta vole.niquea oliloclne. eI..

ltata-Uni., que It OCI t.at~ a••oc:if. aWII: ph&!_n.a de. aubduc:tion. Lu

roehea du aeeteur de Labine ont ftf a1titb. par de. rfaetiona hydro-

thenaale. intenae., ..18 en rai.oo de leur tlutur en Si0
2

, en TiO
Z

et

Jl.E! et de La .t,nfralo,ie de. phlnoeristau:r., on paut Ie. el....r dana In

roc:h... caleoalea1:1ne.. On en eODelut done ql't Ie Croupe de Labine cor-

rupond 1 un .re volCIDique d'iae protlrozolque :1nffrleur, forM au-

Dana I' au1acoline d' AthapuaeOll, I' edlteDee de 1aeeoUtea et In

rfeentell donnle. glOl:-hrOQoloaique. et donnie. obtenuea aur Ie terrain

aeablent Indiquer que Ie groupe de Labine eat ultfrieur 1 la co1111ion

entre eontinent et 81croeontlnent qui. ell. Ueu lor. de l'orolene de

Wop_yo et a probable-ent tti for.! au-de..u. d'un. lione de Benioff

plonaeant vera l'eat, qui a'eat fras-ntfe ou est dev.nue aoina profonde

all. eoura dea teap•.

vI



_trent qUI! Ie. roch•• _pu.tlquel de la celnture eone derlvfi•• du

"lanae de fraa-nte d'andisUe b...ltique .vee Ie liquld1i prod.~t per

1_ dfueion parthUe eta la part:le luflr1l!ure de Ie croGt.. La <:011-

••nacion de. roche. volcan1quee .t plutoa.lq... de 1. partie eupiri..ure

Iluaslre que a 1'11100. Q'. pat Itt topolr.phlq~tlt Ilevill. DaDe Ie

eone peut etre un an.lolu-. l'rotlroloique de 1_ etlpre•• lon lonaitu41Qale

de Chile lit de b•••ina .ynfo~....oel1. IIUX Ion•• d'tle. u are. qui

elUblent etre de. lit•• cl'(ruptlou pyroclutlqu....jeur••• La vol_

calculi de cenelre. d. verre volcanique deplac.I dee b...inl par d..

condit:1onl atllOliphlrlquea luten.el, eet 1 peu p"d.• Equivalent au voluae

eatimi d'udblte b.,••lt:lque qui. Ed ale en place dane leI tl•• en arc

de fa.on llltrusive et e:Jttrul1ve. Ced peut eJtPliquer pourquoi lee

b••dna eont re.atie en e.quil1bre hoetaUque prla du nlveau de. la _r.

c~ le vol\81 de _pa introduit de £_..00 intrusive ou extrusive dana

lea arca continentaux eat "gale ou uclde. de voluae. de -... provlrumt

du _nteau, lea batholitea lont du produiU de 1a croGte continentale.

De peuvant dErivlr directement du unteau.

. ,
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old a. the lIO;ieDe:.1I of leololY lUIl!t .114 QO le..et JUnta of tile

science than Hutton. Werner, lUchel-Lny, It.kola, llatrelI, S<!<ltrbobl.

lluddlngton. Grout, Bucher, Laveon, nlly, and Shand to _ntion bllt •

fev. have ben dra_ into it. The controversy r..ch" • c::lbuoll dud.ft.

cM Ltta 1940'. an<l ..ad)' USO', (H' for elUlIIIIph: Gill...1)', 1941) when . I

.aranJ.ctaaUoa va_ the _1tl ba. of «bate and _ ..nt aeo1oJ4ca at.

eoalorUble with the aoci_ that annie.... are dedyed by parthl _It-

of continent&! ne. are derhed fra. the u·... t or h'_ the ulItl••

Another cl••sic problea 1n geology coneem. th. rel.tion.hip of

vole_nie rock. to plutonic toeks. On. grand .c.ele, are the si.nt

batholith_ of contltlental n'cI related to the volc.nic roeb which

nature of pbcou beneath .tr.tovolt"flO.... and uuldrons (ft. for

u;.aIIp!e: TMrpe and FraDCh, 1919. Llf-iln and ach..... 1981). Are tbe,.,

....01 other_, 191') rep"~lent lubcauldroa plutonic compbKeS!

Yet aoother ..tter of contentioa which intereata geolOliatl i.

the natllre of tectonic procua"" dudnl the Precambrian. Was there

"plate teeton1cl" and if 10 do precise Ict"",liltic modds apply?

This d1uertatiOft nporu the results of • dee-iled IIIppins.

petrosuphie, sDd s"oeheaieal study of parts of th" Gnat Bear l1asaat1c

I...J -==~~



lelt. &R early I"rotero&OJ.c: voluno-plutord.e teHaM loeated dona the

un .hon of Creat Beer t..b. ID(.b of tM belt ar. follied .nd.

blue to _b the ue. &II aeellent plac. to study the 3-<:11Mu.,10Ml

Mke-up of • e:onti.Qeatd 'fOlc:&llO-plutonie: co-pl.. aud addre•• _ of

tbe above question. and cOIltrowniel.

Specifieall,.. work io the arel _a n:pecttll to ,.ield data that

vovld; (1) coatribute ~o the uader.taadin,of tM 3--,U_uiona.l

nlation.hips. prOte.a.s, .Dd petroseneai. of c:oDtiuental intenediate

to .U1c_ terrue.; (2) olllprove or pr_ earHer hypothese. that

tbe .r.a vaa al1 ancient _patie: are: related to '\lbdue:tton. and by

do1.Dg 10 elucidate teetOlllt lad petroloaic proteu.. durilla the earl,.

Protero~o1c: and (3) ·atd lD cOIIltrainina .cMl.els cOIl<::erued vith the

evolutiou of the u.rly ProterOl.oic Vopu.,. Oloaell.

oa the Lallina Group and ...oci&ted plutona (Figure 1) becau.e the group

11 e~litlona.lly heterole'D1!OU8 Uld beeaUM the aut abore of Creat

Bur Lake ia .,re acceastble thaD other arNI o[ the belt. Along t"

..n ahore of tb. lab tbe Laline Grou.p la ..Ull,. expoaell in tllO.•r.... :.

0lI0I (leho Jay-HatAlp1ne CIla=e.l area) covered by the MacAlpine Channel

(86K/5). Echo Bay (86K/"), and Port Radlua (86L/l) _heata .ud the

other (e-ll R.iver-<:oDJuror ..,. area) by tile White !aile Falla

(86'/12) and Rainy La.ke (86E!9) aheeta (Figure 2).





Great Bear
Lake

Figure 2. Map of the east shore of Great Bear Lake showing
locations of Echo Bay-MacAlpine Channel area and
Conjuror Bay-Camsell liver area.



PRESENT INVESTICA.T10N

ia tbe Conjuror "y-Caluell River aru. durinl tbe ._u of 19711 throuab

1980 aDd follov-up laboratory .twiea on rocb collected du.ring 1977.

1978. 15179. and. 1980 he:. the entiu LaBine Group. GeoloSical ..ppiQ&

of the entire \lbite Ealle Fall. (86FI12), Rainy Lake (861/9) 1:50,000

shUte va. doa. OD 1:62,000 buck aDd wb.1te aerie1 photoeraphe ocept

for the ar.. of the LaBine Group which wae ..p~ at 1:16.000 Kale on

co10u.r aarial photOlraph. or on 1:16,000 en1ars_ta Ilade frOlll the

.taDdard 1:62.000 black and white aerial photoSr.ph.. Thi. work Ifaa

ccaplled on 1:50,000 topograpbic _p••

In aeneral, tendnology of ..h-flw tuffs 111 that of R.t. SIIith

(Sldth, 196Oa, b; Ie•• and Saith, 1%1). Volcanic atutiSr&phic n-en-

cuture ia thet of Fi.her (196611. unpubIuhed ..nuacript). Modal

a..lya.a of intrWlive rod:a were _tJaated in the field end tenainology

folIo",,· that rec~eadad by Strec:uuen (1967. 1973). Th.e volcaQlc

roc'" have been d.iv1d.ed on the buia of their Si02 contents .. follo",,:

beNlt S 52% Si02

anduite 53-63% Si02

dacit. 64-70% Si02

rhyolite > 70% S10
2

This cuaaificat10ll agreea rea.onably well with the clua1ficatlon used.

in the field (Strec:keiaen. 1967) which suue.t. that in "at rocb

there have been only "inor changes in Si02 contenu durina alteution.

All of the ..jar oxide analysea reported here were aade at

KaIorial University of Newfoundland us1n& .tandard. atO\llic absorptionJ __



technique., _cept J'205 vbiu ~. deuntil\e(l color:laetrically. he­

cl.ioa. .od accuracy for _jor .l_t a-leal data .rt! liv.n in

.rde vere iDC:luded with u.c:h fUll to cta.ek woddq CIlnQ and prKidon-

accuracy are ... IlYlln 1.11 Appeodtz 5b. V.luell below detectloll It.ain

lire reported •• °whil. el_nu DOt deteraJ.ned are liven the abbr.via-

tion Qd.

the tbin fila:mY technique of Fryer (1911). These date vere then

oo.....lbed to the ebondriUc VdUD of T.ylor .nd. COrtoo (1971).

Accuracy .nd preci.ion for .U reported el-.ou .re 10 percent or 1••••

Saaplu used for lb-Sr wbol. rock .tudy vel'...._eeI. to be

representative OD the bUi. of field .eleo:tlon, petro&raphy, .nd pI'....

lialll.&ry Rb-Sr valUII deteralned by x-ray floureacenee. All salllplea

were pulverhecl to -400 l&Il.h hl. a tllaglten-c:arbide .batterboll, and

.pliu of .25 II'''' vere tre.ated vith Bel, Hr, alld Bel0
4

ill Tdloll

beakers. Sr VUI leparated by Itandard illll uc:haoge tee:hllique. usin&:

Fbher stroag c:ation exc:hange ndn and loaded al a pho.phate on a

linaJ.e tantalUIII fU-nt. J.b.nd 51' absolute ebundanees vere deter-

ained by a at.u-.- of 10 npHcate .nalyau OIl a Phillips 100 x-ray

.pec:trllllleter by in-bouse x-ray teo:hn1que.. 11Ie eatiaated error. for

Rb .nd. Sr conc:entration. ancl for Rb/Sr ratio. a.re given by T.ylor (1981).

Maa. ratio. for 51' laotopeJ vere detUllined aD a Kicr_. 301 _a.

lpeetr_tel' using a 1ar,day c:ollector and. on-line data procusing

(lIP 2114,\.). Regression of tbe data w.. by the wel&bted lea.t .q....re.

",,
1

J ~



_thod of Fryer (Ullpubllllhed) ualng a value of 1.42 x 10-11 yur-l

for the dec:ay eonetant of 871lb •

ADal~ea of Individual .herall _n u.cl. on a JOEL JXA-SOA

deetrou probe aieroanalyzer -1.Jl& kriea.l Control Prob. S1at. V6A-

J6PI with Alpha eorreetlONI. ADoa11zed natural .nd a)'1lthatlc .tn.rala

vere uaed .a .taud.rd.. Ferroua-Ferrie ratio. of _phibol.. vue

det.~lued by the ..thod of Paplke and othen (1974) while ••phibol.

o-enelatur. follOllll Leake (1978).

I'

J ___
j
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erMt I_r Llu ., ,.rt of • lelllth, ee.- reconDolh"~ (or the

GeDloIlc.a1 Survey of c.lIIda In 1899. Ue aoted "cobalt bl_ aDd eo~;'-----

hh due_ery •• M _a ",Illlu ,rat pr..eura to rMc:h c1v1l1aatlo1l

IMIfore frau..p.

TIw ar.. uc• .t.vlld only .1r1Or ItteDtlon ftc. pro.pectora aDd

trappera untll 19)0 when <:Ubart LaBina, tbe.n pruldant of Eldorado

Illnlna ConI,.ny, ditcovared hl,h ,rada al1var-pltchblencla velna at the

pre.ent townalte of Port "dl~. Tbl velna were alned Cor radl~ ancl

athar until 1940 when the .1na wa. ahut down dIM to world Wit II .00

tIM! re.ult1na dlaruptlon of the radl,. _rut.

Udd (1932) exaa11ltc1 the .tuuaI depa.lt for thl Geolol1.c.al

Surn." of Canad.a 1rI 1931. Xldc1 aubla.qul!;Dtly -w-s IM,ICh of the re&lon

at I 'Clle oC 1: 250,000 (1933) an4 1110 -..d~ a broad recoDnalaaance of

a 20 .Ue vide Itrlp frc. Creat lear Lake to ernt Sllve Llu (1936).

S.ller Ire- n ...r Port bJl... were ..ppe:l. b, IDbinaoD (1933), aUey

(1935), .nd "umhel (l93').

In 1941 Eldorado "VI Enrico Fend ,ud a..octat.. It Col..-bu

lInlverllt" 5 tona of uran.1... 0II1de for their ~r1aaQU to .enerlte

a chaIn reaction and the l1ne WI' reopened to eupp1y the nrlteate

..tal uran1\,l111 to the Unlttcl Statce Govlrnaent. Itt 1944 the Can.adun

COverDlllent obtatnleS owntrahip of tM property and a proiua of 1 loch

to 400 foot ..pplq In the vte1Dlty of Port Rldi", w.. In.1t1ated by

JII••"".C.~.l.O'.l<.'.".Su.N.'.Y.Of.Co."".'.(.JO.l.1f.f'.' ........'_.0.•19.".;.T....'b.U.·•••
ii

__
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1946; Feniak. 1941: Fortier, 1948). ~ter, Feni.ak (1952) "ppM the

tucAlp1De ChaDDd ar.. It a Kala of 1:50,000 wbU, Lord aDd P,r_

(1941) -PI*l tlla ea-al.l l.1ver rqton.

Duriq the lI._t 25 yaar••,olo.1c:al work va. _ill.1y eorr.f1lled

to d'tailed etadlu of tbt. atoaral depodu at Fort ladb. (CaaplI,U.

1955, 1951; Jary, 1964: aoblDa;oa, 1911: lobi_II. aDel Mortoll, 1912:

RobiuOQ alld aaclhaa, 1914) lad 111. the Cofljuror lay-caa.e11 IlJ.var r.iem

(aaclbaa, 1972. una, b, 1915: aacltw. ,llcl otbert, 1912; Sbel,1.ald,

1913; BadbP aQCi Mortoll., 1976: GluIlIdl, 1918; Sh,.,laki alld Scott,

1915; Thorpe. 1914; \litbert, 1919) but 60IIe ..p. vere _d. (She.dIU

and Murph)', 1913: PedghaJI ell.cl othert, 19H). Muralty U91l) eOllpllecl

IUc:h of the preYioualy reetrieted clata collected in tit, Echo lay erea

by the Ceologkd Survey of CaNlde.

8off_ll, vIlo va...ppine e ""now etrip acroa. the nortbull

part of Wo~y OrOleo, va. the fint to propoa' a aubdueUon-re1ltecl

orilla for tbl: elltira Crllt lear Volea_Plutonic klt (lIoff__, 1912.

1913: Fruer ami othe.rt, 1912). Shortly thereafter, 'adhM (l9111)

r.-ched a .1aUar coaclua1on bued on 18 ches1cll anal)'eea fr_ rode..

io the Conjuror lay-caa.ell Uver area.

Hafhaall Ind. otbert (1916) lad MeCl)'II.D (1914, 1915, 1916) upped

the regional atrlt1l:rlpby atlcl atruc.tural relltionahip. (lIoff_n Illd

Kc:CIJllII., 1917). However, the aeologicl1 apace-twa telatioNltaip. vere

not known in enough detll1 to work out the 8Yolution end geneait of the

vlriou. IIllpal. So the author undertook, in 1911, e fIIOre detailed

..ppina project of the LaBine Croup al the illittal pha... of a larger

at0:4y aiaed at underetlndina the tectonic: aetting end petrogeneall of

theerea.

j!
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!be LaBbe Croup 1. vidd)' U'PO...d :I.D the _.tem put of

1Io~)' Oroceo (F1JUTC 1), u urh Proterozoic: north-.outh trnulbA.

orolu vtlJ.ch dlE'Nloped. 01\ the ....ten ..raJ.n of the ArtheUl Sla_

CratOll between 2.1 and 1.8 Ca (BoffMl:l, 1913, 1980&). 'fba oroleD b

one of the be.t-a:po.ed. urI)' ProUtoaoic orole01c MIn 1.n the world.

end. it .ppeer. to contein -.0)' of tile feature. found 10 CeDoa01c

oropn" ror thb rea.on 80U..n (1913. 1980.) has IUne.ted th.t

plate tect0ll1c .ootl. for the Cenoaoic Earth are .ppUc.ble to the

e.rly Proteroaoic. HoHun.ll<! others (in pre..) divided the orolen

into three ..jor aone. Wo.e bound.ade. parallel the trend of the baIt

., a \/bole. Proa ... t to welt they are: Asi.k fold .Ild thru8C balt,

Creat lear _polltic zone, and the Bottah Terr.ne (Fiallre 1).

As1ak fold and tbrult belt b a a_ 140 b vide where

u.eutly deri"Rd, ,....i.... CllDt1.nefttal _raJ.n -.ecI~tat'J' and. volt&Dic:

rod!.. dOllI with overlyl.Dl uopoclwl, or foredeep, depodu of

oortbw.cerl)' provenance _re thrust ea.c_rd t_rd the cr.coo, then

in the _It _ta.llrphoMd aDd lDt'l'\ld.ed by n.-cou. S-type pluton.­

(Hepburn plutooic:-.et• .clrph1c belt). The pluton.t for. cont1nuou•

•eti.. 11l which the oldelt .rt protOll)'lOllitic: Ir.nitu and. the )'ouole.t

.re relatinly undeforwed diorite••nd gabbro. (Hoffuo .nd othen,

1980; Hoffnr.all and St. Onge, 1981). U-Pb .ge8 of the plutons fall

betwen 1.800-1.895 c. (Van SChall .nd. Bowring. 1980, penonal co.­

-.m1c.cion).
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of IreaaZ'1o~ plutOftAi, _stly ....1_ I-typea. Vhieh inttuda thelr

own voleUl1e. ecrvet. It u .epanted fra. &a1alr. I'old &ad 1bnaat bdt

by the poorl)' undentood Wos-ay fault .I.one (1'11\1n l) ~t locally,

rocD of tba Great "'1' Ha...tie &0_ o_ntep thi. &aDe aQd Ue UllCoa-

for.ably on deforwe4 roc.u of tha internal .I.ontI. Roc.D 11'1 tha elltr_

veaun part of the &0_ UDeonfona&ly ovu1h po1)'defor-d aDd _ta­
_rphoeed rocb of the Hottah Terrane (Hildebrand, 1981).

All of the DOn-plutOll.ie rocu 1.11 t'- zone vera terwot.d the

HeYaviab S~rsroup by Hoff_ (1916a) ¥bile the plutonic rocb h.an

been referred to .. ttl. Cre.at lieat' bathollth (HildebraDd, 1981). the

KeTaviah Svperaroup ia divided Il1to three croupe eep,arated by unc:on­

for.J.tie.: the LaBine Croup. Sloan Croup aDd DuIIa. Group Ul. ..eelldlllJ

order (Hoff..-. 1918).

The Lalla. Croup, wtI1c:b fonu the prfnc:lpal .ubjeet of thh

paper, i. a db,tr.e aurea.tioo. up to 1 b thick, of .Uiceoua to

1nte~diate lava nova and pyroclaltlc rocb. pl~ a.lIoc1ated ae4i-

_tary and hlp-level porphyrltie Ul.t~he roco (Hoff_II aDol Kc.Cl)'IUl,

1911). fbla sroup outcrop. only aloua the w.tern _rlln of tha voleano­

plutoo1c. .I.ODI! ('llure 3) where it lIDeoufo~b1J ovul1e. the Hoctah

TerraDe (Kc.Cl)'Dll. 1916; Hildebrand.. 1981).

The er.rat1lTaphy of the l£Jine Croup ill the leho Ba)'-HaeAlpille

O\anne1 area ('laura 2) "u de.eribed 1a detaU b), Hildebnnd. (1981) and

for 11thoatratlarapbk deac.rlptlona the ll1Un.ated reader ia referred to

that paper. The pertInent poillt. to be eKtneted trOll that \IOrk. are

.a follow.: tbe olden toc'" are .ln1)' andeaitie lavaa, breeda.,

and pyroclutie roc'" at leut 3.000 • tbie.lt. interpreted to be the.

j------~
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have been identified and can be related to Ipecifie aah-fl_ tuff ahaeta.

The LaBine Croup il d1aeonfot'llltbly overlain by the SloaD Group, which

1977; IlovrIna, persoaal c-.lIcaUon. 1981). OIIte.:-opa of the Sloa.a

Group are cunfllled to the central port1.oD of the CTeat )foal' 10M

(Ficuu ]). To the 1oIe1t (Picure ]), the Sloau Group 11 unconfonably

overlain by the Duaaa Group. Thi••roup, 'lhicb abo uncoD.for-.ably

lies OD. the inum.al parU of bialt Fold .Dd Thrun llel t, 11 • lequatee

of _dltone, iD.tet"1llediate to ai11ceou8 alh-flow tuft and interMdlate

to lIlollfic lava flows.

Plutonic roelta of the Creat Bear _patie zone are ..lnly

hornblende and biotite-bur1Da. They have ~n rOll.hly dIvided into

four a,e .roupa (Hoffu.u aDd McGlynn, 1917; Boff..n, 1978), cuh with

11a1l.ar cc.politiolla. The old.lt an lbeeta aDd- laccolithl of quarU

diorite and quartz ~te '(Gl) h.re idorully tet'Wled t.he "carly

1Dtet'Wlediate intru.tve Iuitc." 111ay intrude pUel of andedte oceurrin,

in the LaBine Group. 'l'bCIC plutonl were generally followed by emplaea-

Ilent of dOllll!-lhapcd biotite-hornblende quaru monzonite pluton. (G2).

~1Ile of which can be ahown to occupy the coru of cauldrona (Hildebrand,

1981). Ural dlleordant biotite Branitci (Cl), without Itnown extrutive

I!<luivalenu, W'l!re intnaded Ifter cruption of the DualIaI Croup and aftcr
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throuahout the unem Cr••t a.ar lona. U-Pb .11"cOft a.a. In t.he belt

c~lcat1oa.).

Tbe _tln Great lear "-patlc tOlM. except the C] end C4

plutolU. h folded ebout ahallowl,. plunal111 axaa which treAd north"ut-

aouth..at except _r the Vopl6&y fal&1t.-fluul"II! wher. th.,. trend un-

_8t. The folde ere~ vtlich bd K11debrand (1981) to '1l1iUt

t~t the,. were the product of obll11ua e_rlenee.

T1w fold•• and even the youngeat plllton. (C4) of the Creat kar

faultl (u.ed in the. Hnae of Freuocl. 1914). Koat of thelle fau1U ue

ateepl,. dlpping aod have rlaht-laural Hparatlon on the order of k11o-

_tre.. T1'Iey au part of a laraer eet of eonjuaau tranacurrent rellie.

folUld throup.out \lDt*a,. Or0I"'P. (Koffaan. 198Ob). FreuDd (1970. 1914)

hal pointed out that ill. re81Oft. w:ldergolol tranecurrent fallitina. neh

fault plane rotat.. about a vertical a"'b ....,. fr". the axu of prlllClpal

eOlllpreasive atre... 111. the Creat hal' Zooe euch rotatlona ere cllllllter-

e1ockv1se. Thus. u potatad out b,. Hoffun (1980b). aU atudi.e of

directional proplrtiee .ueh •• paleomapetlu or pa1f'_ocurrent stlldl...

a. well ae all pr.-bult l"eeon.truc:t.1ona. nlluire :& clockYiH corrKtlon.

The Hottah Terrane (F18ure 3) fOfU the baae..nt for the \IIIltern

part of the Creat lear aapat1c: toM- a. ir is unconfonlSbly overlal.ll by

the La8lne Group. The terram. coazprillea ddonled and IMta1&Orpholed

.ed~ntary afId volcanic roeu vtllch are tilt by a variety of pre-tKtop.ie

intrusiona. One of the defol'1lled intrualooa. a aranlte at Hottah lake.

hac ,.ielded a U-l'b drton a.e of 1.915 Ca (Van Set...ul and Bovr!.n••

. i
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perlona1 co-.nicatioD, 1982). Thus the defol'aatloa of tbe terrau is

yOIlll&U thaD 1. 915 Ca.

Th. aupracrustal r04:u (Holly ~ke _t.-orphlc .uit.) au of

Wlknovn ag. and proV4llDllnce. Theit _tatlOrphic Iradt appuu to range

up to the aapbibolitt fac.i.. (McGlyun. 1976) but the terrane baa not

bleD _pped in detaU and to date only one petrolnphtc. atudy baa been

undertakan (Violette, 1978) .

.;, ------'1.



CEOLOCY OF THl CAKSELL ItIVER-coNJUIlOR lAY AlIA

The leololJ of the area 1. eo.pleJ: and varied, r ••ultlnl trOll

foldinl and transcurrent feultinl. 1ba di.tribution of the LeUoe

Croup and ~nclltuu of plutonic rock.. La the area are .tll~trated

in "iaur. 4 8Qd a table of fo....tiont occ:urriog tn the area ...how

.to Table 1. Geolraphie _a uaed 11'1 thb McUon are ahovn tn P.tlure S.

The purpoM of lhb aection .. to dl!lcrt~ the _Jor leolollcal

unit. of tha area, -..phaabinl thoa. a.peeta wich '1'1' nfli!ce'''ary to

Itve the reader. f ••1 for the co...b:lI:.1ty aod vari.bllity of the rock.

ao tMt he My fully ca.rrehend the co-.plu interplay between volcani".,

pll,ltonia., .ed....ntation, and bydrothe~l dteration. In _.1. c.... a

brtef interputation follow. the lithoioBical delict J.pt lona. The inteT-

pretationa 'Te purpoMly auccinct a" it .. not the purpose of thie

repoTt to e....ine aU the 00011.. and crannite of the atratiBTAphy but

"",rely to:. pTovide an OV1!rviev of the leoloaie hi.tory .nd develop-I'll. of

the area, partly to provide a ba.ta tor laur gench_ical arBtaenta .nd

p'Ttly for coaparbon with younaer volcano-plutonic UTTane". For

convenience, the overall geologic history h brought toaethe.r and au.-

HoUah Ten;ane

llolly Lak~ III\ltamorph1c suite.

T1le oldeat rocka of the atudy area are defonDed and meta_rphosed

tlllpure quartdte .nd lIeai-pdites of the HoUy Lake .e:uJlOrphic 8uite.

lbe teTD: Holly Lake .eta_rphlc luite. Is .n 1n(or_l one pToposed by

i1__- 11

IIiiiiIiiiiiiii-
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+ blot,'. Iy,"ogron,1t
J.. teucogrol'l'lt

iItl k~por m.gocry.,lc biolite gronlt.
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L:'" biOl".-t!Orllbltnd. quor'l monlonit•
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Pigure 4. Distribution of Hottah Terrane, LaBine Group, and major plutons in the area of
the Rainy Lake and White Eagle Palls 1:50,000 sheets. Nomenclature and dominant
rock types of major plutons are also shown, RL-Rainy Lake Intrusive Complex.
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Figure 5. Geographic names in the Camsell River-Conjuror Bay area used in this report.
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Hildebrud U98l) to inelude .11 non-Iraaltoid rock. of the Hott.ab

Tarr~. In the "p area the Holly La.... _t.-:lrphlc auite ia expo.ad

only in t.he Conjuror Bay area ud .t. Plabt.rap La....

III the Conjuror "'y ar.. rocka of the Bolly Leu _t.a~rph1c

.uit.a typically ha.,. a .uaply-dippinl NNE-SSW deava.a and are foldad

about axea whIch tread ....rly Ilorth-a.outb. Loeally t.he cleava.a 1&

apaced aeveral cantu-trea apart and. II therefore probably of prea.ure

aoluti~ ori&lll (Beach. 1979). 1D pbeea the ~aeed cle4vaaa 1& kinked.

Hyr1.ade of quart.1 vein. (25 ca vide) fora en echd~ lroup'

that. parallel fold nea (Fisure 6). while nu.erOUI ._ller veIns (1-2

ca) are oriented eitber parallel to fleddinl or randOll1y. In ~st plaCell

the s_ll vdna are folded (F1SUre 7) andlor broken by faulU. On the

_inlsnd south of Conjuror Bay lones of iotenae llylonJtllatlon up to

20 • 1rlde and atrlklng ~E-SSW are cut by _tre_ide quartl veins whose

t.renda parallel the shear lones.

Where the roeka are not intensely aheared, auch as on Bl~

18land, abundant .ed1meI1tary structures auc:1\ aa rIpple lamiaationa,

load featurea and Iraded beeldlna are~ (l'llure 8). Thickneaa of

beels ranae. ftoll thIn l.aa1natloaa to 30 ca and indivIdual beds are

lenerally c:ontinuoua over outcrop lenlth of 20 or 30 ••

Intrusions

"rior to deforaat1oc the sedi_D~ary rocks of the Holly Lake

-.tamorphlc: suite were intruded by quartz. dlorlte-quartl ..:mz.onlte

plutons. Re=nts of the plutons occur south of l:lloo Channel. on

Rlc:h.ar.aon leland. and Of! lalands ill veatera Conjuror "'y (Hap 1).

They are variably foliated and often contain aligned potasdum feldspar

_a-cryau and enclaves of country 'rock (Figure 9). In several places
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Figure 6. En echelon quartz veins cutting folded metasedimentary
rocks of the Holly Lake metamorphic suite, southern
Bloom Island.

Figure 7. Detail of Figure 6 showing folded quartz veins.



Figure 8. Deformed metasedimentary rocks, Holly Lake metamorphic.
suite, showing well-preserved sedimentary structures.
Photo taken south end Bloom Island.

Figure 9. Enclaves of metavolcanic rocks in granitoid of the Hattah
Terrane. Pen in the top center for scale. Photo taken
south side of Hlao Channel.

23
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potallai.. feldllpar _pcryau were obllerved to cut aero.. aplite clib

_raina. They are alao c~D.1y found in enclavea ami xenoliths within

the plutona. Theu relationa IIU1gest a aubaol1dus _tall~tic oriain

for the _saerysts (Pitcher and Jerger, 1972).

In .oat place. the fabric of the defor.ed Iranitoida 111

abruptly trunc:ated by non-foliated granitoid plutons of the Great Bear

batholith. For elluple. on lUc:hardson Island foUated granitoid fon.a

the roof for two younler undeformed pluton. (Kap 1). The youngest rocks

of the Hottah Terrane appear to be gabbro and. diabases. These intrusive

bodies, which are alwlya atronaly foliated, occ:ur al bouclins in the lIOlt

dcfo~d granitoidl and al dikea 1n the lelser deforllll!!d granitoid.. A

cOIlIplete aradation exilta between the two. TbeJ::efoJ::e they postdate

eaplacement of the Hottah Terrane granitoid rocks and predate the de­

formation.

ConjUJ::or Bay PotlDBtlon

Unconformably overlying the Hottah Terrane in the Conjuror Bay

area 1a a cOlIIPlex lucc:ession of aecUJDentary and pyroclastic rocks about

ISO • thick, here ter.ed the Conjuror Bay Fonaation. The fo....tion 18

conformably overlain by aeveral kiloaetrell of basaltic lavaa and brec:c:ia

of the BlOOlll liland Forwation.

The Conjuror Bay Formation il exposed on several islandl in

Conjuror Bay, on the mainland eaat of ·Tla Bay. and south of Rainy Lake

(Hap 1). The best exposures and DIOst complete sections occur on the

1s1and.'l 1n Conjuror Bay and east of the bay but there is n01JheJ::e It

completely exposed section. However, the section exposed on Blo01ll Island

i. nearly complete with only the unc:onfot"lllity and basal few metres of

section inferred.



'l'be for.atioo il cUvided 1II.to two -.berl; I lower __Hr of

_ture croalbedded quartz arenite and. aD upper _baT <:<*I'Tlaln, eon­

cretloDIIl'J' -.d.atone. a.batODa. lapilli tuff. BaDdatone, cooal_Tate.

and brec:ciA.

Bald uncoafonlity

TM UDCODfonlity between tbe Bottah Terr~ alUi the CoDjlll:or

Bay Fonat1OD :La _ll e.xpoM4 on the ...11 bland aov,th of Cobalt Island

of Conjuror hy (Map 1). On 8100. hland the uncollfo~ty il not

_ctuelly exposed but aed:t-ot_ry rocka of tbe CoqJuror by Por.ation

are leparated f'rOll the. Hottm Tenaoe by a .alley 20 _trea vide.

OD tbe _11 ia1aDd louth of Cobalt talanei vertic.ally dipping

and foliated _uaedi_ntary rockl of the Hottah Terrane Ire overlain

by &ently northward-cSlppinS quart~ arenite (Figure 10). There 11 about

20 • of relief on the unconforalty at thb locale lod rouaded hUla of

HOUlh Tenane appear to be prelerved beneath the quartz Irenita.

A peculiar feature found l!love the unconforalty 11 a breccia

3 to 4 • thIck eo.prlaed of 1em1-rounded. phaceoldll blocka of tbe over-

ly1n& qlllrU areuite with ferrodoloelte void f11110g aDd rl!plaee_nt

(Fisure 11). !be bnceia gradel upwardl into unbrl!cciated quartl

arenite. At tbe _rgloa of the frla-ota are darkened lones of unlr.novn

eOllpOlltloo. Locally witbin tbe breed.• aoc.aloua uran1la valu•• are

encountefe~. The. breccia 11 interpreted to be • solutioo featur. which

developed ,.hen ",ater percolated along the uncon[Oflllity. The dark.ened

zones rbaina fna-Dt" _y be inaoluble reaidue•.

:~

"'.~-

7



Figure 10. Unconformity between Hottah Terrane and Conjuror Bay
Formation, small island south of Cobalt Island. Tree
in left centre is 3 m high.

Figure 11. Detail of possible solution breccia at base of Conjuror
Bay Formation.
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Lower~r

The lowr quartr. arell1te _mer of the Conjuror Bay Fo~tl"n

is lenenUy _U-beddecl (4 ta to 1 _); _cilia to fl_-.ra1llecl, and

troua!l c:roubecldecl with ~t.1ona rich In heavy a1Jlerab (Fiaure 12).

PaleoeurrUita iDcllc:ate .outb-aouthwut tnnaport clirectiOl1. In se..

areu herriqboU: c.rosabe4d.h.,J oc.c.urs (Fiaure 13), but outcrops are Qot

sufficient to detetwJ:ne wetbar or not croasl>e4diDa is bipolar. Coaraa

unci len.... are loc.:ally preseDt aad thes. of teD contain cIolu.ita con-

llear the top of the uodstoae are leoee. of 'ft1n-quart~ pebble

conglOllerate (Figure 14) up to 10 • thick with irregular, probably

scoured. baul conta.cta and ..hal"']) pl_r upper contacU. Pebble.. are

clest supported vitb ainor aldatone _trix. Cla..ts COl1U,1ned vitbin

the lense.. are cloairumtly rounded to subrounded vein qual"tt pebbles

alonl vith ainor aubeDaular to angular claats of IlUdstone, quaru

area.1te, quaruite granuleatOrte, ..nd. rounded ve.a1cu1ar baaalt cobbles.

uppe.r _aber

Confo~bly overlyinl the lower _ ..ber is an as.UIblage, of

variable tbicbM.a fre. 40 • to 100 _. C08ll'risiDa intercelated fiDe

..aDdatone. b.ultic ••hatone. lilutone. chert, Iapilli tuff. can­

alomerate and breccia. 1be thickeat preaerved nctions are ••st of

n. lay and. the u:Dit thins rapidly to Ie.. thaD 50 • OQ the ialands

1rJ. Conjuror lay.

Beddina ranges frolll fine luinations to about 1 II thie.k and

i. generally planar. Bovever. ~ lov-anale cro.sbeddiul. load

f_turea. U1d .coured cbanneb are present in the aedI.entary roc.:ks.
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Figure 12. Crossbedded quartz arenite of Conjuror Bay Formation.
Pen in top centre for scale.

Figure 13. Herringbone crossbedding of Conjuror Bay Formation.



Figure 14. Quartz pebble conglomerate in upper part of Conjuror
Bay Formation.
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Mall)' tuffaceoua Ullin OClly 4 to 10 c:-: tbtc:k. C:OCluill ab_daDt

naUtned traa-nts of p..atce, d,v1.trified ahardl, and .bout 20 perCl!nt

llroku pbeaoc:ryata of plalioc:laM. they do 1I0t appeat to H _lded. """"

ther,fore natten1.ag of the puaiee 1.a attributed to cQllpact1.on.

SaDdatonea of thb -.bet ate typieally ~turll pebbly ..rkoaea

eOllta1fttDa a variet,. of _leanie and aedt...enrar)' fta~ta. The)' are

co-I,. croaabedded or Iraded SlId are lenarally leaa thall 1 _tre

thtck. Cla.t aupported pol)'Qio:.t.1.e COGll_ntea often appear to fill

chal1lMl. and are .ometi_a graded..

Intenretatiou

the. \mUo.,. lithololY, aubauntial thickoeas. &edt-nur,. .truc­

ture., aod mineralogically _ture nature of the fo~tiOCl .ulSest that

deposition "a. aubaqueou. The preseoce of herringbone nossbedd1a&

auglelu tidal dOlllinanee .nd ther,fore relatively .h.11O" _rine "'ater.

The foraation b thetefore intell'reted as _rg1nal _rille. The general

interpreted a. reflecting either a chaoge 1n the lize of uterial beinl

tran.ported 1.lItO the area or deqeDin,g of the water.

~

1\00 to thtee kil.-trel of pUIOY ba..lt., a.sociated breccb

.nd .q....gene tuff, along with intetcalated oolit.ic and ItrOlll&tol1t1c

dolomtte is expoaed in the COI'Ijuror Bey erea (Kap l). It h here n..-d

Bloom lIIult after ita e":posureloll Blooll hand.

11I.e contact with the underlying Conjuror Bay FOnJlJlt1on 1.s placed

at the baae of the loweat lava flow. The otiginal top of the fotaat1on

1& not ell:pOsed 1n the _pped arel. Howevet, the fonution Is overlain
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&lona ~ anplar UQl;ODforalty by Hoole Say Tuff and In a fev plaeea by

the "younger allh-flow tuffl." B100a Baaalt occuplel a a1a.1lar IItrati-

graphic po.ition al pillow ba.aln found. at Bottah t..k.e Ind tM: two

unita _re correlated by Hoffaan and McCI)'IUl (1976).

plll~ raage 1t:l Ihe fre. 0.3 • up to 3 • aerOII. Holt have vell-

developed. velicular Nlvage. ao4 contain ab\llld.ult chlorite-carOoRate

..,.gdulel in tbeir central partl. ....'gdule. lire c~Dly concentrated

near the tOI'l of the pUIOVlll. All are intently Iltered and c:arbonau-

epidote-ehlorite veiDS ~d replaceaent are ubiquitOUll (ri&\lr. 15). For

this realon DO laeple. _re analyzed for chatcal coapol1tion but aWlIr,

Ie.. altered, roeb fr.. tbe Hotuh .~ area, in a a1.aUar atratignphic

1"Ololtlon, were analyzed by WibOlJ (1979) and are high alum1n1.lm, low

titan1u.' baaalU. lyanalo&1 the pillow laval in the COQjuror Bay ani

_y be of a1.lllUar co.p<laition.

Lenses of pillow breccia are loeally present in the foraatioa.

They comprillt. variably-lized pillow fna-ntl in a fras-ntal aafic

_triz. Sparle aqUolgene tuff allo occura a. lense. in the pillow bault

pUe. but vere uot studied i1l detail due to the intenae alteration and

cODlequent obliteratiOD of all original a1neralogy and ...t teJ;turel.

Oolitic and .troaoatolitic doloaite (F1&urt 16). up to 30 •

thick, occurs locally in the formation. The but expolures arl! on

Cobalt Island where the dolo-itl!! unitl con. tat of crossbedded and

rippled oolitic grainstone overlain by the distinctive branching strom.ato-

Ute Jacutophyton (identification by p.r. Hoffun, 1981).

In thin lecUon. thl pUlow lava. c:ontdn completely I.u'.\lrlt­

bed plagiocl.se aicropheoocrYlts up to I _ loog in an altered

e



-Figure 15. Altered pillow basalts, Bloom Basalt.

Figure 16. Stromatolitic dolomite of Bloom Basalt.
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.ro~•• of epidot.e, chlorite_. carbonate. tre-..lite-.c.t1Dollu.

sphene, and op,aq\lll Fe-tl 0:11:14".; Much of the tr_l1u-actlnolita

appean to replace oril1llal nroxaa,aa. The texture of the I'ocka 1.

beat described .. !nten.real.

Interpretation

The thick aectiona of pillow baaaIt in tba Bloa. aa..lt :lDdl-

cat. depositioD UQdeJ; vater. The pl;eaence of iocerealated Jacut.ophyton-

besrina and oolitic dolo.ite, .,.1: e..l1y interpreted .. patch rnfa

occurrence of the at1:OM.toll:.e Jac:utophyton atratigraphieaIIy above tbe

oolitic dolO111te indicate. a dl&ht dupl!;n1ng of water dept.h vith tt.e

(HoftUn. 1976).

BeCiluae Jlloo. Buelt 111 over 2 1ca thick In the Conjuror Bay area

and abseot. in lIec:tlona louth of Rainy Lake there _, have been a period

of 00",,-1 fault ina dur1Dg eruptioo. of the b•••lt. Th1a would eXJllatn

the preaeDce of Conjuror a.y POr:1lllltion and lack of BlOOll Baa.Ie in the

e••tem sec:tion. ADottler po..ibility _, be uplift and eroalon after

enJptloD of 1l100a Baaalt. This would require c::onaiderable uplift,

perhaps ..evenl ltUc.etres. As the overlying KGoae Bay Tuff is inter­

preted to be subaerial thLs is c::ertainly a 1004 possib1l1ty but there is

DO stratlJrapMc: reeord of c:onsiderable erosion (i.e., c::onglotlerates.

tslus) preserved.
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Porphf!ltie Dikes and SUb

Quuu-felda~Tporphyritic .i..... 3: aa4 d.Ua 1.Il.e""'a tba Bolly

"y Tuff. Tbel'fol'. the poE'phyde. _ra e~laced pTioT to the arup-

A fev :1.Dtrual~ occur on the ialaDda in Conjumr Bay. There they fon

The iQtrusions ar• .,ectac:ulady porphyritic vith centUleue-

red or gray coloured aphanitic _triJr.. The ralative proportiona of the

vari0U8 phanoc:ryaUc pb...s ...rie. f'C'<* body to body but I-(ddapar

but occaalon.aUy are replaeed by choaboard alhita. Locally they fora

,lo_roporphydtte clou. Cryptoperthite after ..nadine, often

oceurrlflJ a. Cubbed tvina. r&llIe 1n sbe up to 2 c:a 101ll. 111 ___

of thl :1DtrusiOQ.l the,. ne not tabular but an ovoid to munde<!. in

fora. Both tabul.ar and "COltDa11" type. occur togather in the ....

bodies. The perthite••re oftell charled vith lnclu.iona vilich are

found to be axiolitic intera~hll of plaaloel.... quart•• chlorite •

.nd eubon.te. Quart. (4 _) .aat1,. oceura .a blpyraa1da rounded

ud e.bayecl by reaorption. wt 1n a (ev diku elota up to 1 ea .eroa.

oceur. Lea. than 1 pereent partUlly ehloriti.ed biotite oceurs a.
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_11 «2 _> Haku while or1111\-.1 pJToxe:nea «4 percent) DOW'

replaced by c:.hloritea. opaques, aM l7allt:Lc. a.phlbole. ro~ prla.

up 3 _ long. Le.. than 1 pel:"cent accesaory a!reon and apatIte alao

occur. The ..trix b • '!crofehitlc: intergrowth of quartz and feld-

apar, c:o.Mnl1y dusted rith tt-tiu.

~

R.o<:b !Deluded under this seetion tOlllprise _fie: alII•• up to

70 _trea thick, that intrude the porpliyriu and older units but are

uneonforubly overlaiD by Hoose Bay Tuff. There are two h..le: varie-

which contain plagioclase phenocrysts up to 2 cent1JM!trea acro.. (Figure

17). All the dUa of both types ne conaiderably .leered.

In thin sectIon they are lioloc:ryat1l111ne with Bubophitic

teX[Ul:e COEprili.ll1 slender 8aUlllBurit.lzed plagiodase lath. In • _trix

of Bubhedral nr.Iithed pyroxene ami akeletal cYa1n.l of opaque oxicln.

Where present, tbe large plagioela•• phenocrysts are rounded. intensely

Koose Bay Tuff

Rocke under this heading coaprise • sequence, in ascending

order, of sedt..nt:ary rocke, andesite, and densely-welded, lit:hic-rich

rhyolite ash-flow tuff intercalated with uliDor intermediate lavas, tufh

and arkosic sandst:one. The unit:s beneath the ash-flov tuff are here

designated as the lower meaber while the overlying allll-flows, and

intercalated rocks, are tenaed the ash-flow tuff melllber. The Koof<e

Bay Tuff i. n_d for it. excellent l!1posures around Hoose lay were

it obtains ita maxis\lIlI exposed thickness ot nearly 3 km.



Figure 17. Plagioclase porphyritic sill.
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on tft aouth"'ut aide of Noru ayncline fro. 3 a11e. aO\ltll of AYden

PeniD8l1u to tbe large point vbich Juts out into Conjuror Boay ,,'ut of

occur on i.land. io COnJuror Jay.

Rel.atianahips vith older roc" at the baR of tba lover _ber

are \IlIknown because the unit 18 everyvhera intruded by younger rocka.

tuff -.ber lie. unconfo~blJon BlOOll ha.lt but the c.ontact i.

obscured by a distinctive X-feldapar q.....rU porphyry. South and eut

of tbe Cunbarrel Gabbro the tuff is overlain by the Arden Fo~tlon

but tbe contact ia never seen due to younger intrusionl, To tile veat

the tuff is overlain by White bgle Tuff.

The lower _lIIber i. a Mqueoce of aed1Aentary roc.k.a,

ainor dacite ash-flow tuff, and at leaat one andesitic lava flov which

unc1erlin the upper ash-flov tuff _.ber of the Mooae IaJ Tuff, The

lover 40 III of the unit eons1st. of interbedded L .Dd_tOlle, .i:!.t.tone,

lind ash.tone. Beda of IIlUdstone and aUt.ton. are generally 1-10 CIII

thick .nd aallstons beds are typically between 5 and 10 ca in thicknes••

Sandatonn aTe lIOatly well-bedded _ckes cOlllprhing angular to aub-

rounded Nod Irai~ in a ai1.tJ or ..."ddy _trix. They Co-lnly contain

abundant lIludchips.

South of Hoose Bay the Hd1mentary rocka interfinger with poly-

.ictic breccias containing angular to rounded fna-nu ranging frOlll

sand .1Ie to 30 III or more, aero... Claet lithologie. include rhyo-

Utic IIh-flow tuff and porphyrtu, ande51te, a.hstone......dstooe.

1_---------



ported whUe eleewb.ere the!'e 1a a paucilty of _trix auch Ithat. the

breccia 1. c:la.t.-alJPported. So-. of the lUlU block. are th__h ..

intensely brecelated. 'lbe _tdx 1a typically a Ireell..1sh••tronaIr-

cal to t.he fine-STalned _t.ru.

one fault. block aouth of ttule lay It. b ont1&in by a calcanou•••h-

atone, that i_ 10 patlt brecciated and In part folded. coot.inina occ.a-

slonal la!'se hlocka (2-5 Ill) of sUicified ndiHnt.. Overlying th1a

turn h e.pped by leve!'al _t.nl of finely lamlnated !'ed and purple

ccncretionary lIludltOlle with a corrugated appunlnce on weat.he!'ed .Ut-

facel.

In ':)It. other aections oo!'t.h of Bhcll Be;a!' Lab, then 1.s a

phgioclase porph.ytitir. andedtic lava flov about 20 III th1c:k with quattz_

fUled UlYgduIelll abt 5 _ across and _11 developed trachyUc teature

above the .arut_tone. The flow weatheta red and gtay. and 1_ platy

joint.ed ln ita lower patta.

In expoaun. on the penin,ula vh1.ch juts out trOll the nort.hvett

lide of Black Bear Lake the flow is ovnlain by 20 IJI of IM.ssive pebbly

.andltone. CI•• ta are _ubfOunded t.o rounded and conai,t of chert, aId-

ItoM. rhyi"llte and orthoquartzite.

Ash-flow tuff lllo1:"tlbo1:r

The pted~1nant UthololJ of the ash-flow tuff _lIlber of the

Jobose Bay Tuff is densely--velded. 11t:hlc-dch. rhyolite ash-flov tuff

whlc:h reache. a aaxi_ thlckne... of nea!'ly 1.5 k... Genetally, the

A__-----------.:



"idbll partingl. SO_ver, north of Hule Bay the tuff lho_ c~o\IDd cool-

Itone Ind intenDediate e.trusive roc....

The tuff directly overU..I .I.oo. "wt north_It of the trana-

current flult that pllse. fro. the welt aide of Hoola Bay out into

Conjuror lay (Figure 19 and Map 1) and it tbins rapidly wtU

it pioches-out at the _inllnd point aouth of Cobalt hland. lalt of

the fault the upper plrt of the tldf is intercalated vitb O.S b of

1nte~d1a.te lava fl0V8. breccLt, and lapllli tuff ¥bicb thin rapidly

of the e-ell Uver. Benuth the la"a. are a few hundred _trea of

are "ery aildlar in cOllpOsitioo to the aab-flov tuff and are therefon

considered to be ita reworked arkoaic equivalenta.

South of alack Bear Lab, at the baae of the meaber. occur

large bloc'" of dacite _lded tuff. The blocks are up to IS _tres

acroaa and have no preferred orie:ntation.

Uthic frapenta in tbe tldf ua very abundant., locaUy ...king

up to SO percent of the rock. ney are leneraUy porphyritic volcanic

rocb of a liliceous nature but: fras:-nta of _ta.arphic rock are alao

CO..:ln. In atratigraphicaUy hieher partl of the tuff aoat lithic

frepentl are pebble to granule lize. Their average aize increaaea

dO\o'llsection with cobblea becoMinlllOre abundant.

The upper parts of the tuff are characterized by lmall (~2 Clll)

flattened puaice frapenta. oftea Breen to black in colour (l"1gure 18).

In Itratigraphically lover parts of the tuff they an not often pre-

ael"ftd due to alteration and recrystaUh.ation.

l__-----~



Figure 18. Lithic-rich densely-welded rhyolite
ash-flow tuff of ash-flo101 tuff member.
Moose Bay Tuff. Note abundant, small,
flattened pumice fragments.
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coloured wh1le tbe lCl'ller parn __ther .bade. of whlt. aDd Ireen d_

to .eire iDtell" .1ter.tlOD .and eil1elfieuioa. Quart.. "eiDin. b

e_ ~ the are•• when tbe. tuff _athen whit••

111 thiQ Hetion tha ..b-fl_ tutf .-ber i. "en to eOlltalD 4-10

..nadine (1-2 _). and tiny aDhedral flat.. of eb10rlthd biotite 11)

AD ultt"aC1ZIe-rraiued .round.... of q....rt:r. f.ld.par. and ledeite.

Interpretation

'l'be treaendoue tbicau...•• of the Moo•• a.y l'\I.ff lftd~cllt•• that

tbe tuff poDded 1J'l II topogt"aphie depre.slon. Th. draatic thieme••

e1uu:tg. of the tuff acto•• the treuc:unent fault vhicb ~I"I a1em. the

OIl the ve.t. The dbparity 1D tbie1ale.. of the tuff Icroal the fault

of the fault .uue.t that it .....eUve jUIlt pt"wr to, and during.

eE'UpUOU of the ••h-flow tuff -.her. Thb {nterpretuloa lap1ie. that

unit. younger th.n the Hool. Ia)' Tuff.

Stntigraphic and .ct1lCtural relation••och al the .hove .r.

typical of tho.. found in teo.noroie cald.ra. (Steven end Lip..n. 1976;

LaJlbert, 1914; Llp11llln, 1976; Idley, 1976; BooHey .nd Koeppen, 1977;

Salth and oth.en, 1970; Iyer·. and otben, 1976; Seager, 191); Elatan

.nd other•• 1976). 11lerefore, the po.. lb1e .ynvolcenic feult aey heve

been the aeiD rina fault elong 1Itlleb lub.idenee of the central block.



t

I
I

of a uuJ.dron took pI..:e. The rapid tbinninl and pinchout of th.

tuff &lOll' tha UDcODforw.1ty .,Uh tha alex. ....It 110 a type of but-neae

\,IftConfo~ty ¥bicb could upraaent tha o'C"1.i_l tOp.l.rapbic ~l of a

thl! Mooae "y Tuff aoutb of Conjuror a.,. an iDtraeauldr_ de:podta.

'rhl! peatuJ.ated cauldron 1a hen lIlforaa1ly Il&-.! the Hule "y cauldron

.fter Hul. "y•

..h-flOtl tuft. )'ounaer than Moo""" ...., Tuff lie uncOllfo~bly on 1100-

.....It. nae uaconforaity vaa io.truded by a dJ.atlnctive pet'ph)'E)' wbich

.lao can be traced thrOUlh the ialand. of Coojuror "y. WbUe the

pot'phyry _y .ppear to be • type of ring pluton it ia conaidered to

ba unrelated. to HuJ.e 'ay cauldrOll .a it lIltrudea the "YOUllger aah-flO'"

tuffa" and ia therefore tlUCh youngll!t thf.n the Moo... by Tuff.

poadbly related to differential aubaidenc.e of the central block.

Becauae the propoaed ring fracture dipa dightly inward the faulta

probably developed. a. the central block collap••d. It ia intenatina

that at le.,t one of the fault blocka appean to have remained .a a

hiib during the aubsidence. Thia sugge,ts that one _chants. for

decruaina the ahe of the central bloc.ll. ao that it 1a able to subside

alona a rinl fault vhose radi.... i. decna.iua downvard, .iaht be to

leave large _rainai blocb hanlina in tM! cauldron fUI deposita.



f'

Figu~e 19. Sketo:.n map of southern Conjuror Say shoving
possible ring fracture of Mule Bay cauldron
and trace of tOpographic margin.
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Arclen Fo~~loa

TM Adm '0"'C1011, aa ddiu.ed hen, C:OIlprl..a u.p ~o 200 a of

tha Urat intll!~d.iatt bva flow (CaaAll .liver Fo...~lOC1o). I~ 1a

elq)Oaad only on thl louch_at !i.1Ib of Morn: lync:l1ne fr~ Clu.t ~ to

Ttler.. are DO cc.plece .ae~tOfta of tM foruUon beeauN tt ta a

loellS foe tntrudooa. Hoat u:poauce. fo~ tM rDOf of che lain, ~b

ID~cWliva CoIaplu and 10 aca C:001stderabl, altered. The eeuinina

axpoauraa are north of Arden Penin.lIla (KIp l), vbar. tbe bue of the

fo~tion ta incl\ldll!d by a blo~t~e-quartl II1ccopocph,rt~ie all1 vIItc:h

Incruaiva eo.p1ll!x. In .ddit1011, half of the tzpoaurea abovt the Iatny

Lake wre ucru4ed by a pbatoeb.. porphyry and aC lua~ OM diorite

body (Hap 1).

bpid latud fac:ill!a changea are c:harac:~.r1a~ic: of the forut.ion

a. a whole but lithic: arkoae generally d-.1oatea the upper hdf of the

fotwlillt1on. The lowr half ta a WIre varied. ..seWlblaae of mldatone,

brec:c:ia, 11.y .r&llli~e and aahB~oDll!.

Li~hlc: arkon 1s the IUjor lithololY of the Arden FOl_tlon and

doainate$ the uppt'[ parts of the foraat lon northw~st of the p1asioc:bse

porphyry. "n1ese uMsconea .re typtc:elly volcanogenic, l-..tuce,
I

BraDular to pebbly, fine to eoarae-gra1ned and. weather vaeious .hades

of brown, purplish brown, tlJat brown and Breen-gray. eo->nly Chere are

incerbedded purplbh-brown audsconea (Fiaure 20). Kany of th. sandstones



Figure 20. Intercalated sandstone-mudstone of Arden Formation.
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..
1. thiclr., vitb 0.2-0.3. bdna typical. Sed"-tary atnactllre. are

'lIb«lllDded pebblea alld cobbl.. of chert, ...dulU. aUicified ~atOlM.

dHuoua porphyry, 'M vein quartz in '1' arbeic _trUt cootauina lIP

to S percent heatiu arain.. led. of Uthic pebbly aandstoDe _U_e

COlltato .only rhyoUtic fnpenu.

1'bII! lover plrt of tbll aacUon jll.t wet of Clut ~ka is compand

d1albug ripple.. Thne sude upvllrd. 1IIto coaner-Irained troqh-

!bewbere the lover haU of the foruUoa cc.prhn varicolollred.

l_iuted -.ad.tOOei and ..hstone.. They .re alvay••tronaly alUred and

recrystallized (ripne 21) .a tbay fo~ thot roof of the a.,iIly Lab Intl\l-

eive eo.plu. Reda, areen., .nd black are tbe doeiunt coloura. In thin

Rction sreen and blaclr. roc;b are found to be dOlliDated by trellOUte-

actillOHte and chlorite vbUe reddllh liPiution. aeneraliy conaht

predOlll1nantly of albiu vith finely dilHtinateo!. be.atite.

PyroclaaUc \IIliU are alao t~n in tbll Arden F'or-atiOft. They

ne .on c~ly Une IlUc:eou. and inureedlate a.hstone. ranaing In

thicknua frOll a fev cent1lDetree to half a ..etre. They generally veathtr

ahadea of pinlr. but where etroaaly alured weather wite. In thin nc:tloa.

theae unit. are .een to c:ontain brobn II1crophtnoet)'au of qu.artz and

poat...l\l11 feldsp.r. Oc:c:aslonally noreal and rever.. a1z;e-auded beda



"
About 10 • of interiedcle4 carboMta and ar,illiu occur i1l. tlla

alde:\1. of the forutloa north of Arden Penillaula ven of the C....ll

Unr. ~in.tion, au crinkly, ,~t lrraaular, ,ad .....r.,••bout

I e:- th1e:t. lat.rbadde4 witb tIM.. ,...du .re lied, aDd In... of pink

wu.tbel'1JlI rhyolitic. UhatOM. up to O.S. thlct (Fll\1n 22). Me;ar tM:

top of tbit ,uc:ce,d01l. are 0.3 • t.hld. bed, of f!ne-(I"ine4 a.ndstone

and cry.tal tuff. loth al" trpleally ,udad.

aiddle pattI of the forutlOD. 1hey are t1ilckaat (IS.) .nd ."t

abunclaot ill the 1l.orrhveu. t)ple:ally. they cOtltdn. &n,ular to 'ub-

rounded fr.penta of carbonate-al'llllit••nd rhyolitlc a,h.ton. In •

•p.ne buck or d.rk-green ,Uty ..tr1.lr. (Fiaure 23). !lie fr'e-nU,

whicb rInse up to 4 • aero•• , .re Identie:al to the above descrlbed

li_lton~n,U11teand rhyolite ,I...bb" (Figure 24). ladhall (1972)

interpreted the breccia, to have rndted frO\ll e""l.c...nt of the Rainy

LIke Iotl'ull". Caaplex but beuu8. they are evel')"olhere concordant rith

beds .bove .nd below thea lhs breccial are here Intel']lreted to be of

A nubby, quarra-porphydtic rhyolite flov o<:cun in the Arden

Fo....tion about S tlI aouthea.t of Arden Pl!1I.1nlula. It averIte...Hc

alhatone. the lower 3 or 4 _tre. of the flow lnJIther "hite .nd gude

up into 12 • of dark-gray to green ullive rhyolite. !tolt of the flow

(30 .) is flow-banded .nd breccisted.. Indhldual flow b.nds (lesl tluln

IS c.) ue ettber plnk or Iray "lth both shup .nd dUbse, arad.tlonal

contacU. They are folded .nd aicro-f.ulted. 8recclatlon aener.lly

postdarn the fOfWlltlon of the flow bndillg •• lIO.t frapenu consist



Figure 21. Altered and fractured mudstone and siltstone, Arden
Formation.

Figure 22. Intercalated limey argillite and rhyolitic ashstone.
Arden Formation. Pen in top centre for scale.
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Figure 23. Sedimentary breccia of Arden formation.

Figure 24. Large clast of interbedded dolomite and argillite in
sedimentary breccia of Arden Formation.
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The fl.De-au.1lled and th1ftly-l.-iuaucl _CIlA 01 the lower put

of tbe hd_ Po~tioo and iaterHdded. l1aey ef,ll11te-thyol1tlc ••h-

et_. without Koura and tllrrllDt atruc:ture.e 1Ddlcau that depoa1tloD

-.. in relativel, quiet, .twllov vater. The tepid lItaral f.de. ehallie.

of the fonaatton coupled. With tn prluence of eub-.edtl units both

direetly .bove and below the lillie &","eat that the 101'll&t100. it 1100-

....dlle. Therefore it 1. probably laCWltrine. The upper lithic. arko..

with iU .buM.Dr turrent.-lllltnted Itructuru aDd c:OlIIla.eratic lenUIT

b lIlterpreud. to be of fluYUJ. oria1D.

he.WlIt the Arden 'o~t1on directly C'YerUIl iDUac:auldroD

radu Hoose lay tuff and p1aebu out ebnaptl,. at tbe po.. lble ca... ld1:oa-

_rlin fault north_st of Mule Ia,. it it interpreted to have act~.hud

w1tbl0 the topo.raphic: depre..101l of Mule Bay c:auldrOll. Lake. Mv.

developed tnaiele _Bt calder.. following collapse 'M lome younger

examples include the giant Tob. caldera (van Ileuaehn, 1949), Creeds

calder. (Steven. and Ratte, 1965, 1973), the ICad ICart caldera (Fran.el.

and. othen, 1981), and Kut~bafO taldera (J:a.Uul and others. 1915).

TtIe coarae, l~ll,.-der-ivad brecciaa of It.,. arlUllte-rhyolite

eroalOl1. Whether tht. re8"utecl hra reaurgence or lo~d b1oc.k faultilll

tiOD 1s exposed in only tWQ d1aension.&.

C••ell lUvfJr Fonnatton

The C.ufJIl RivfJr FOI'Utlon is rwaed for it. tJlposurfJ& along the

Caudl River at Rainy Lake. It b all. aaaeDblage of lntercalaUd ande-



narr, NDUtocw, «lCl&1_ate, ..h.ltooa. up11l1 tuff eM au.datoae

,bovt 2 b. thick that cODro~bly ovarl1u tM Ardan lo~t1ot1. The

lowr COl1tac:t it placed .t the be.. of til. lowaet aDd..ita fl_ or

breccia. The top of t"'- for-etloo ie ~t upoaed..

Heet upoeure••re 1l:l • broed. ~rthw..t-.outh....t baad ha

CoQjuror lay to Out Lab (Kep 1) betv.... the J.e.1..Khey 1'1".Itoo aDd

bloy Lab lotrll*1v, C:C-plu, but -11Y lilac occur QOrtb of tb,

"lache, I'lutoo. NCh .. OD. Clut leLaad (KIp 1). Lib the Arde..

lor-tion it 1a DIlt pre..nt b ••ecttoo. WIt of the proposed rilll

frsctura ZODa of the Hule lay cauldroo.

Aoouit1c: to dac1Uc lava flowa (Table 2) of tbe C....ll liver

Por-tioD. .ra cha:racterhed by 'bWll4aot arte platy plae1.ocl.aae phellO­

crysu (Figvra 2S) that oCUD. are flow-.l1&ned. (F1guu 26). In4b1d.~1

flows .ra g,nerally 10 to 30 • thick. They are ofteD co1l.lImar joillted.

.bove platy-joint..l b.s"". but _Dy fl..",. have autobrecc1ated -rtiu.

ID. caHe vhera bud flow breed.a. overlie IlUdltona it ia c_o to Und

bloe.lte of lava up to O.S • across "float1.D&" in a .udetone ... trh:.

The predaalnant colour of the lavu is dark gray. lbvevl![, paru

of Nny flova vera Ollidbed. to a brick-reel o:o;'our aDd ....e are alter~ to

white, pink••nd. Irl!eD.. Host flows are uno1&loid.al witb aaygduh ce_

tent varying from leu tban 10 perCI!Dt to lllllllrly SO percent of tba rock

by voltae. The _redulo c~nly c..-prise quartz. calcite. I!pidote.

a.nd chlorite.

All lav•• of the Ca.uell River lor-ation ara altered becalltl!

tbe, vere intruded by the hlache)' Pluton alld the bill' Lake Intnl-

atve Complex. A rew f1~ have original aineralogy preserved whill!
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Figure 25. Porphyritic andesite flow of Camsell River Formation.

Pigure 26. Photomicrograph of flow-oriented plagioclase phenocrysts
1n andesitic lava flow of Camsell River Formation.

53



54

othen are: c:~letely rec:ryatal1hed to aUtur.. of dbite••pidon.

c:hlorite, tt_Ute-ac:t-1aolite. aphl!De aod _gnetite. It. bri.f deac:rip­

tion of tile .lteration nlated to tfi,e tvo 1.ll.t-n.o.tions il found with the

de8cr1ptiool of thoM! bodiea.

b. __ nova. vbere ""'8Uae" of or1&inal a1IMralou ate pre­

aet"'IH. ptlllDOCrylta of calc!c aM"'lae. up to 1 CIt 1oaa. ~ auaite or

..lite to S _ (Figure 21), an eogulfed in a dena. pllotexitic ..trix

..de up of IlOparlUel aLc:rolite. of plasioclale. inttr&raoular chlorite

aDd _suetite eIld usulet-eraioed interatit-Lal _terial. Plqloc:1&M!

alva,.1 doaillates the .ooel (Table ]).

Aab-flov tuU. of the e-U I.1ver ro~tiOD. ere leDeraU,. lees

than 10 • th.ick. The,. ere fOUDd et lIllDy horizOD.I in the fotuUon; i1te

very dlscontin\lO\d along Itrike; Illd ptoblbly fill paleovalleyl. The

tldfl Ire .cIlt c-.n in the lOUt-tIlIelt ADd often th1ll. to ttlll northweat.

proportiona of l1thic frep,enn. liroken cryltall of p1&giOl:1&•• end

altered fen_gneai"" ainerah, pUll1c:•• lbarda, and l_palplble dust.

All are cc.pletely devit-r1fied, and -any have wel1-devdoped eutu:itic

Ittv.cture. However, e fev coolin, UDits do not concalll pUlllce or lhard.

but are an ."tegatlon of broken cryatall. andesitic fre&-nta, and duat.

Plaaioclaee dOll.1.nate. the mele. of ..et ...ple•• aDd cheaLcal

Leha'C'lc: and exploll1on breccias

The ter1a laharic: brecch ia used here for roc.ka coapoaed of

bloc.lLa of a vide varlety of we aDd .hape engulfed in a -..dely or .Uty

_trix. Suc:h rocu ate rare in the Call1Sell River FOnNtioll but where



Figur. 21. CollpodtiOll of pyroxene. 1& auclesiu f~ of Cam,ell
River POnllation. Pield of cUllOpyroxen.. froll hieh-IC.
andesite. after G11l (1981).

TABU J: Modal analyae, of Caate.ll IUver Fo~tion aadedte flows.

Saap1. No. %lroWllcla.S' tp laeioc1..e %pyroxeall! %olt1de

11-19-296 " 41

P-1~91 72 " 11

1I-1~U5 " 44

H-1~124b 75 13

1I-7~194 " 22

H-19-126 78 20

11-80-1 " 43

"
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TABLE 4: ~jor and tUte elaent anal,..,! of uh-nw tllft..

C_ell B.1ver Por.aUon.

Sallple Ma. 11-19-83 11-79-86 11-79-91 11-79-96

SlO2 58.1 58.1 57.4 58.9
1'1°2 0.68 0.64 0.44 0.1,4
AllO) 16.2 15.6 17.4 15.6
Pe203"'''' 8.28 10.0 5.02 5.17MD. 0.08 0.14 0.10 0.07
IfgO 3.49 2.40 1.08 1.38
Ca. 0.79 0.96 1.92 4.75
"2· 2.34 3.38 '.00 4.00
'2· 6.76 5.20 9.22 4.11
1'2°5 0.18 0.17 0.17 0.18
LOt 2.24 2.34 2.46 4.97
Total 99.14 98.94 98.21 99.63

Nb 13 It 17 14
2, 22. 149 228 174
y 27 23 30 "S, 142 " '.4 "U 7 1 7 4
Rb 232 97 212 131
Th " 13 24 21
Pb • I. 4 ,
G. I' 17 ,. 18
2. 78 .. 2. 24
C. , 7 33 ""' 28 4 0 4
C, 141 4. 11 32
V 132 135 " 121
to 26 " 119 43
C. 49 64 '" 86.. 2313 1813 2421 1043

"''''Total Fe a8 Fe:zo)
Oxides in weight percent; trace elements 1ft parts/million.
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found Ire leneraUy deaiuted by andelitic fras-nta, uny of "hieh are

laJ:'cer thaD I • in di_ter. the beat aDd _It aceelaibl. expoI\lru of

lah&rlt brec:c:.1.a (Fi&\ln 28) in tbot. Ca_eU aivu J'orw.atb occur OIl the

lX)rtb .ide of Ard_ Peninlula.

ADotber type of breeda found in the ea...ll River Fo~tion

are brokan and fractured in the Ntdx. Locally, a few foreign rock

frag.uu can be found but at .aat they ..u up only a lev percent of

the rock. tbe_ brecc.1aa are bterpreted to be. uploato. breccia.

created by Vulcanian-type eruption"

EEplosion brecci.. oc,cur at seveul stratigraphic horir.ona in

the Caludl River POI1lllltion but are .cst c_n near the top. One _Jor

unit 01 uplolion breccia (Hap 1) Mar the top of t.he foraation

tbins to the northvest .nd •• fr~nts decre.se in Ibe 10 thi. direc-

rion, it is considered to have been erupted froll , source which lay to

the eau.

Ashstone-1&pilli t.u(f-sand.toue-eoo.&1o.er,te

!be rock types under thh heading occur throughout the CaaI.ll

River FOnlation. t1ley are described together under oue hudina becauae

they ar. inti_tely intercalated; Inde into on. another laterally; and

because in aany ca"I, dUI to altuation, tt 18 difficult to detec:.ine

..mether or not a liven toed of volcanic ....terb.l h,. beoi!D reworked by

sedimentary procellSes.

Ashstones of the lanaatlO1l &r' plalUlr-b.dd.d roc.u ce-prb.d of

wale and broken phenocrysu 01 ,1&,iocla.. and pyroxene in II fine-,ratned



Figure 28. Laharic breccia, lower part of Camsell River Foroation.

Figure 29. Explosion breccia, Camsell River Formation.
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"...tru of apbena, plaai.oo;1&•• , ~h1oriu" tre.olJ.tc-ac.UaoUte, anel

thick. 1bey oc.~ur a. llO~lly .1Id uverHlY-lracled beel., __ vtth

LlpUli tuff. are thiclr.er-hdded than the ..hatonn but a

but Ie.. than 0.5 • thick. SOIM hda havlI! c:lo..ly packed aubroundad

lapUli of allda.1ta bot "U cOQtaJ.n aparH lapl:lU of ancl..1te ellcl

endealt.ic debris in bed. rallllll1 frOll tbin laaioatlon. to aeveral

_trea. The aapd.tone. are ~oamn1y plall&r and troulh c:roubedded.

KaPy lndiddual beda have boulelerJ or cobbly :lOlle. IM.ar their ba.ea

i ..urprettd to be 1al depoalU ('llUre 30). The clun 1Q tboae aonn

are ofte" bbric:ate4. KaDy of tile ..Ilduonea, partlc:ul.lrlJ 111 the

lover parts of tbe fo~tlO11, ca.prlae aes1apherlc:a1 ~ullte Iraina atl"
bibrlcau" tabular pla8ioc:lue crystala vtth abraided COrDers (Fllun 31).

1bII uppetw>at unit of the ea...ell Iinr For-ation, tlqlOaed only

in the cart of NoreJI: ayncline, 1a. bOllldery conalc.raU over 100

metres thick. It contains ..atly ... U-roanded cobbles an" boulders of

ande-Ito! (Hiurea )2 and ))) in ...lUIy to IllUddy 1IIlItrLx. The unit is

beat expose" 1n outcrops alonl the ahore east of the outlet of the

CaaseII River into Conjuror Bay.



Figure 30. Volcanic. conglomerate of the Camsell River
Format.ion. Note imbricated cobbles and
abundant plagioclase crystals.
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Figure 31. Plagioclase crystal sandstone, Camsell
River Formation.
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Figure 32. Interbedded sandstone and conglomerate of
upper clastic member, Camsell River Formation.
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Figure 33. Detailed photograph of outcrop in Figure 32. The
andesite boulder shown above is just to the left
of the assistant I 5 left knee in Figure 32. Note
the mudstone drapes and imbricated cobbles.
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Interprttatioa.

the at"".ndallce of lava flOllS and esplllsion breedas ill t.h. ea-.ll

I1ver fllnu.t1oD 1a tJP1cal of Dear ~rc. fac1ea of 1nu~d1ate ~o.l­

don atntovolcanoe. (\Ull1.aaa aM He.1rIMY, 1979). KowwIr, _ 'DO _t.

ulloaa were ob••rved and becau.u there 1. a lerle .-ount of ep1claatlc

..terbl intercalated rit.h the vole~ic roc1l.a it ia IIl(lst likely t.hat.

the for-tion represents ..terial deposited on t.he flano of a volcano,

perhap. in an f!:pvlro~nt .ia1lar to tha large fluv10-volcanic faoa of

the PeUUD&&I1 valley or Ht. Tawi. Su.atra (Veratappen, 1913).

1M. OCCUrTellCe of the foruticm above cauldron-Ull deposita,

alon8 with ita abrupt p1Dcb-out at the proposed uuldTO'!l....rlin fault,

sUlseat tt..t tbe fo~tiOl1 acclallated vithin the Mule II, cauldron

a!ter collapse. Post-collapee IIlIdu f ~ic volcan1.. i. 1r.:nowll froll .evcral

yOURser cauldrons. for exaaple, po.t-collapse erulu1tie lava. and

breccias fill both the Oligocene Platoro and Su-itville uldera."in

the San Juan volcanic field of aoutbweatern Colorado (Lipun, 1975);

the anduitic stratovolcaaoes Ato.-nupur.t an(1 tte.abu fo~d after col­

lapse of, and partially fill, the 7 a1llioll year old Xutcharo caldera,

eut Hokb1do (J:atau1, 1955; ~tw1 and others, 1975); and four calder.s

of Kyuahu, Japan (Aao. Aira, Ibusu1. and I.1ka1) each cOllta1.n atrato­

VOICaDOIa of pyroxene andesite (Hat~to, 1943).

In ..st of the cases c1ttd sbove, there appears to be ~ c:.oa-

posit1onal continu~ between the ..h-flow tuffs, wt\1cb 1ft .astly

dacit.ic in cOllpositlon, and the polt-collapse anduitell. For t.his

reason LipUlan (1975) suggested that post-collapse ande.ltes might repre­

sent the lover parta of the s.. lUpa chaabers fro1D wbtch t.he ash-flow

tuffa were derived.
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11lb 11 QOt I likely ezplanati01lo for u4ealu. of the ea-all

liver Fo....tiOll b.cal,lM the... 1. a larae c~altion.al lap betwe.Q tbu

ud the rhyolitic ••b-nov tuff of Huh lay eluldron. Th....fo.... the

8Dde.ltel of the c..all River Fo....tlO1l are thou.Jht to r.pranut •

dlfferltDt batch of ...... than that which erupted the Moole &ay Tuff.

The th1DalQa of explo.lon brecc.iaa to the Mrt~U coupl.d

vlth the dec rea•• in ..h-flow tufh and thieken.1nl of epldaaUc rocb

In 1'....1' direction 'UUe.t tMt tbe .ruptive lourc. lay to the aouth­

_.1'. Although the ol'1lillll e.tant of the ttoJle lay C.lu.l.dron 11

unkDown. the lack of aruptive venta fo'l' the u4ealte. and tbe p'l'Obable

DOn-leaetie relatlonabip bet_eD th_ Ind the tuff. IlI&lest that the

eI1lptive cent'1'8 lay outl1de tbe cauldron and that the lavu .pUled

uto the topolnpbic depruaIcm r_1nlna aftu coUap_.

Audte Porphrdtlc Intrulionl

IDeIta UDder tbb heading are irregular-lhaped aUlite po'l'phyritic

bodi.. co~n in the Irea a'l'OUDd the eut.rn and of Rainy Lake. They

typicaUy contain unUtized .uhedral to aubhedrl1 a\l&iU cryltal. up

to 0.5 ca aero.. (Fipre 34) in. fiDe-gra1.DH _tri. of Iltend

plagiocla.e••phene. aaphibole. chlorite. and epidote.

Badhaa (1972) and Withera (1919) ai.took theae il1truaiona for

ba.alt flo_. However, oorth of SaaUVDOd Lab hnauJ.ar finleu telll

of ..tre. 10DI intrude brec.d.a ud &l:lde.ite lava flows of the ea-ll

Iliver Fona-tion and have chilled aareins. Wbtle loully a few v.aidea

are aeen, 1IIO~t outcrops contain none of the featU'I'es eJII:pected in basalt

flows.

The bodies prHate intrusion of the Balachey Intrusive eo.pla

but whether they are related to volcani.. of the c....,ell River Foraatlon



Figure 34. Detail of augite porphyritic intrusion.
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at the alU"faca duriq [hit tt.. and tMrafora _,. be lenetlc:aUy

rdatlld to tbe aadult...

Jalacb.,. Pluton

!hi. u • c:o-polita plutOD c.e-pr1alq; _iDly aulat. q~rt&

.cItlZonlte • .:)uzoD.!ta, aDd quartz .cllUodlorite, cut by Irenita, 1oIblc:b

1 to 6 kJI vida, in tha ell1trd part of the Irudy area (K.p 1). The

on B.lachay Lake.

Generd litholoR!

The _Jot: rock type. of tbe coaplu are ••11... to c.olne-

,rained hombleDde quartl ~Q&OQlte (FlSur. 35) in the DOrth, and quartl

.cIuzoc!1orlt:e in the louth. Other rock typu luch .1 hornblende -.onzon-

lu aad hornblende .cloz041orlU are nlatively -.1ftOr pbu_. Locally,

there 1a • plalloc.wa porpbyTitlc phu. adJac:wt to e:a:ternal conuct••

CoDtacta beeveen internal phi... are .verJVbere arad.atloul aDd .adarate

ainer_Iogical v.rlatioo ven anD OD .ealn ran&lna fraa 1t110ll.etru down

to the aeal. of • hand .pecs.-o.

Fine to coarae-Iralned biotite Iranite. vith lurp contacta and

_noel_ted .plice dikes, containa abundant partially CONJIJIIle4 xenoliths

of 11l0Te intenn.ediate l'llel1lben of the suice. Ilovever, the &Tan'ite is not

thought to be genetically related to the rest of the sulu and hi

therefore not dlscll!Jsed here.

The Balachey PlutoQ. contains a Iauititudil of xCl'lOl1ths and

eQ.Claves which are especLslly nlllllerous in the norttNest pans of the



Figure 35. DetaU of outcrop of Balachey Intrusive Complex.
Note the wide variation in size of plagioclase
phenocrysts characteristic of seriate texture.
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body and vary in size up to 7 m long. All of the xenoliths appear to

be pieces of nearby wall rock and are intensely altered and more or

less digested. Lithologies include andesite and epiclastic rocks wi.th

shapes ranging from angular to rounded. There is a general tendency

for the smaller xenoliths to be more rounded than the larger ones. An

interesting. and important feature. seen in many outcrops of the

intrusion is the occurrence of abundant fractures along which amphiboles

arc concentrated (Figure 36). The amphiboles are similar to those seen

elsewhere in the intrusion.

Numerous chalcopyrite-pyrite veins. up to 10 ern wide. are found

to cut th~ intrusion as do smaller stringers of quartz and specular

hematite (Figure 37). These veins and stringers trend approximately

north-south. parallel to many small faults showing right-lateral

separation. Both the faults and the veins are probably contemporaneous

with. and related to. the post-Labine transcurrent faulting.

Contacts

Contacts of the Balachey Pluton with surrounding country rocks

are always sharp and trend northwest-southeast (Map 1). Along the

entire southwestern margin. and part of the northeastern. rocks of the

complex intrude. and strongly alter. up to 2 km from the contact. lavas.

tuffs. and sedimentary rocks of the Camsell River Formation. as well as

earlier intrusions of monzonite and diorite. In these areas the con­

tact dips away from the pluton at about the same inclination as the

bedding of wall rocks.

From Uranium Point to Grouard Lake. a distance of 15 km, the

northeastern margin of the intrusion is nearly always vertical but

locally is roughly horizontal such that the contact is step-like in



Figure 36. Amphibole concentrations along fractures, Balachey
Intrusive Complex.

Figure 37. Hematite veins cutting Balachey Intrusive Complex.
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• peculiar breccia cOlllpr1s1ng .ncular {r.penu of the ltu:n.odon witht.o.

• ~titic _trix. OYerlyiq the breccia, and buttrened .pinn the.

.teeper portion, of the coo.t.ct nearly everywhere 1a .nother breccia.

\IlI&ltered and char.cterhilld by a vide variety of fraa-nu. )0 to 100

percent of wht.eh are identical to phases of thlll klachey

Pluton. sitting 1.0. • crudely-bedded a.,uidy to sandy -.atr1:z. Quartz

-"nzonite fr.pent•• u:p to I • aero•• , r.uge ir.. veIl-rounded to

anJ1.1l.r and some even IIlppe.r to be bounded by original joint .uri.ce•.

Although. 1IlOre det.iled deacriptioo of thi8 unit and in genetic

dgnific.nce will be presented l.ter. there h Httle doubt th.t this

contact ia .0. unconfomty--an e)[tremely iJRporUint one becaU6e t.t

tightly conatrain.t the ellplaeement age of the kuchey Pluton.

Shape of the pluton

If the interpret.tion of relations .lolli _ch of the north­

eaaurn IIIlB.rgiD a. evidence of .0. uneonfondty h eon-eet. then there

are _ny atratigraphie lIllita younger than the klachey Pluton.

Because the younger rocks are folded about aill11&r axea aa pre-Balaehey

roeks. then the Balachey 1IIUst predste the folding and itaelf be folded.

Further1llOre. 81 there are northwoellterly plunging .ynclinea on both the

northeast and southweat sides of the intrusion. and because the contacta

of the pluton themselves, where intrusive. dip a"ay from the intrusion,

it appears that the pluton occupies the core of • northwesterly plunging

.nticline. If 50. then the compo.. .i.t1onal ehange. from qusrt~ llIOn~onlte

10. the northwest to quartz monzodiorite in the southeast may be inferred

to represent 8 "ertical compositional zoning in the pluton with the

quartz IIOnzodiorite Ol:cupying deeper structural levels than the qusrh



73

that xenolitb8 beca.e -ore nlDtt"Oua to the northwest and rut the

pluton 1caelf beCOIle.S wider to the .outhe.aat.

Kip 1 ahows that DOt only 60 the intrusive conYers Iuova

at..1.lar dl~ .. bedding 10 the country roc::kll, but ehe,. alao bave

.1a11ar aerne.. This tapliea that the roof of the. tlltl:"ldlol'1 11 con­

cordant with the counel'}' rocu and v., rather (be prior to fo1dlo&.

There are eight other int-ruston. which also intrude .nde.iete

rock.l of the LaBine Group and oil. ph)' IItriking Iind.Iatities to the

Baisehey in texture, cOllposition, and vall-rock alteration type. They

are the seven plutons of the Hyatery Island Intrusive Suite found in

the Echo Bay area (Hildebrand, 1981) and the Rainy Lake lntrudv. COIIl­

plex (Tlrru.1, 1976) of the CallSell liver area. All but one of theae

tnt~lon•• the Tut pluton of the lcbo Bay area which wa. iutlf de-

roofed earl, OD. are exposed in cross-section snd seen to be concordaat,

.heet-like bodies. Thus, it is reasorr.able to sUUllle s .laUar sheet­

like for- for the Balachey Pluton.

Petrography

Thin section euain.ac1on of tbe lIIlain boody of the quartt _ton­

ite showa it to be a _ssive rock consisting of eu.hedral. seric1tIJ.ed

plagioclase phenocrysts, 1 to 4 IIIIIl long, in a lliiitrix oC quartz and

lIIicroperthite, typically forming gnmophyric intergrowths. Concentric

shells of sericite define original zoning in the plagioclase pheno­

crysu. Quartz al....ay. display. undulato~y extinction. Both it and

the .icroperthite locally appear to replace plagioclase. Fibrous

green amphibole, probably tremolite-actinolite, is subhedra1 to
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.ohe-dr.l. replaced by chlorite .Iong c.I_v.se plane., and fOnl clot.

2 to 4 _ .C1'08.. A few ...11 patche. of aphtbo!. an nplac« by

epidote. Anbe4r.l Brain. of opaque lron-tltaD1... oxide••ra conceD-

traUd in the .-.phibole dou but .p.r.e bexagon.aI plat... of b--.tite

occur .cattered throughout th. rock. HlltDiooai prh_ of apatite Ie••

thao O.S _ 10 di_tel" lin a~ lee...ory but tot.l 1••• tbaD 1

percent of the rock, II do euhedr.l :ll1rcon cryltal ••

10 thiD aee:tlollJll _de f1'OlIl lamplea collected elo.er to the

roof of the pluton, pu,slocl••e phenocrysts art! leen to be replaced

by an interlocking IIOUie of quartz and albite. Ve.Ugu of original

pI'lfoclaae phenocrysu occur but lIlO8t have been cOlllpletely replaced by

dbite and are no longer eubedr.l. Instead. they h,ve aargina ..,hieh

Srade into and interlock vith the quartz and albite ...trix. The few

intenaely aericitbed corea of plagioclase that do reu1D are com­

pleuly albitized arolmd their _rgina. ~hibole h present in these

rocks as felted _ts and irregular clota of saall ct)'stala pseudo­

.arphing earlier ferrougnesillla • .1nerals. The borden of the clota

and aggregatea are ra.ued and fuzzy. Opaque ollldea are .uch sparser

in thue rocks than in the ..in body of the pluton; only a fev tiny

anhedral graiDs occur. Thou••nda of Il1nute a~tite graina are aeen in

individual thin sections but are ao s_11 that their tou1 abundance

is probably not auch gru.ter than 1 percent. As in the central parts

of the intrusion all quuu grains displsy undulatory extinction.

The fact that. even late replacement quartz has been strained

might Buglest that the defamation 1113)' not have taken place during

elllplacelllent of the pluton but instead occurred as the sheet-11ke body

was folded. However,. block of the intrusion In the White Eagle Tuff,

known to have been erupted prior to folding, also contains strained
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quartz. yet quaru. phenocry.t. b thl tuff itaelf are aot atrained.

Therefore. the deforaatloa ie ,"ribed to tbs latter etasee of .-plac:.e-

_nt and noc to folding.

AlteratiOD of vall rocka

The Bdac:.hey PlutOD Itrongly alters itl wall roc:ks

to I distanc:.e of at lust 2 kilometre.. At present a detailed Itudy

of the alteration and its relacion to the intru.ion is Itill under vay.

Acc:.ordingly. only a brief description vtll be ,iven here.

Three zonel of &lteration were aapped. in the field: an inner

zone of intenJe bleaching aDd albitization; a central z.one of ugnetite-

apatite-actinolite; and an outer z.one of pyrite-chalcopyrite. The

criteria used to delllleate the zones vere as follows: (1) the boundary

between the inner aDd central z.oaes wal plac:.ed at the first appearance

of the ..semblage _gnetite-apatite-acUnol1te; (2) the boundary between

the central and outer zones was ...pped a. the diaappearance of the

magnetite-apatite-actinoUte aSlemblage; and (3) the outer ursin of the

aulphide ,....ne vaa placed at the disappearance of aegascopically visible

gosuo. Happed in this way albite is present in In three zonu and

sulphides occur in the outer part of the magnetite-Ipatite-ac:tinolite

The zones of alterltioo are widest in the northwest (Hap

1) and pinch-out tovards the southeast. They are truncated by the uncon-

fonnlty along the northeast lide of the intrulion.

The inner zone is charac:terhed by nearly complete alblthation

of the andesltic laval and sedimentary rocks. Host orilLnal tu:turel

are obliterated and the rocks veather vhite to very pale pink.. Nearly

all bedded roc:ks are intensely brecc:Lated but vestiges of bedding can
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ItUI bl I ..en vtthS.n the fflpoentl. A Hn.-aralnn, pr.-Balachly,

_zonltic Intruion located north of Jllon lIay (Kip 1) i, ca.-plltely

albithed only adjacant to fracture. vhich ai,",a tha rock a IOttl"

pink and ~it .. appeaflnca In outcrop. Andaalta flov. within thta zona

ar. often co.-plnely replaced by granoblaatic-polnonal albite vith

only a few lIpecb of thlortte and __thar white In outcrop.

vithin thb zone are pre.ented In Tabla 6. Tha chn1cal IIOd1flcatlona

ara larSa Ind tnclude an Incraaae in 1111con, alualnUlll, and lodh...

In thl albite cry.tlll lattlce auch al Tl, Fe, Ca, X, lib, Y, U, lb, Th,

Ph, Cu, IIi, Cr, V, La, and Ce. "tsure 38 ahov. the large tncreaa.. In

halo.

The zone of ..gnetlte-apatlte-attlnolltc 11 characterhed by

the preaence of thoae IIltnerat. aa podl, veinll, dt.a_lnatlon", and II

roaett... vith albite. Ho,t co~nly there are ...ll vetna I cent 1-

_tre or two vide in vhtch Ubroua sreen IlIIphtboh crows perpendtcullr

to thl vein Willa vith IntlraUUal, anhedral pink apatite and octa-

hedra of _Inettte or itl non...gnetic equivalent, &lirtlte. Podll of

"anetlte-aplttta-atttnollte up to 2 • acrou 0.1'0 occur and tho... typi-

c..lly contain co.arae blades of allphlboh up to 30 CI long, GollgMtiU

octahedra to S or 6 CIII, and patchell of apatite of variable aize up to

20 CIII. Rosf<ttea of blnded albite, up to 15 em acroRs, .... ILh intf!r~t(tllJl

chlorite, amphibole, and ..gnetlte arll c~nly fouod all alteratIQn

praducu ot andeaite nova (Figure 39). Epidote b a coanon Iineni

vitM.1I thla zona and a few cavitiea vithin lava flow. are I ined vi th

It and contain partially-lUled corea or apaUte.
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Figure 38. "20 versus NaZO plot for various andesites of the
LaBine Group showing the effects of albitization
within the alteration halo of the Balachey
Pluton. Note the incruse of NazO and concolllitant
decrease of K20 1n samples collected from within
the alteration halo.
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Figure 39. Albite rosettes in magnetite-apatHe-actinolite
zone of Ba!achey Intrusive Complex alteration
halo.
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n... contact of tlla _aneUta-apatlta-actlnol:lt.a ao... with the

aulph:lda aone 11 ar4dat:lOMI but ..,.a uppad ea the di"W_unce of

"anatiU-a~t1ta-ac.t:lnol:lU. S~lpht4.. withio thla &OM ara uinly

pyrite end chalcopyrite althou&b a.collidery (f) pyrhotiu i.a alao

c~o.ly prellnt. Typically the aulphU.. OCCUI: a" p.tc~ of nrubl.

d1.8tance. a. 8o••ane. It ia thta aone that conta1na pol~ullic value

of Dative aUvu and bi-....Jtb and Nt-eo erallOidu located alona the

north .ide of the Caaaall River.

InterpretatioR

The lne atege replacelUlot of p1.&g10<:1a8e phelloOcrylilti i.o the

Balachey Pluton by quartz and. albitei the. concentration of _phtbol..

adjaceot to fraeturea 10 the pLutOni and Lboe wide alteration halo,

8QlUtl.l11.a. with fracture controlled dbitization, attelit to the

activity of high-temp&u.ture hydrothec.al fLuids. At the pr"'leot

tiJlle, without oxygen 1.otope deta, it 1.8 not polisible to deterlline

the relativlil role of _gaetic. vel."aUI irouod watel." but the iocredlble

volUlU of altered l"ock auageaU laria aeale grouDd water:rock lnLer-

act lana.

Tile pinell-out of the all.ntion zonu in a south_lIterIy

direction suggests that LIle alteration is depth-co, trolled for. as argued

earlt"r, deeper levala of the pluton are exposed in that directioo.

As ti,e }Salachay Pluton 1s unconforll$bly overlain by White

Eagle Tuff but intrude. the ea.aell itver fonutiQU itll age of

l!IIplacl!lIleot h tightly collllltratned. Thts Ny indicate that the hydro­

tbe"'-ll cell 1111 not e.p~1&lly long-lived for there are abundant
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frapenu of the altertld rocka in tbe brec.cia at tbe unconfora1ty

vlilch indicate that alteration had already tauo place prior to tbe

deroof1ll1 of the pluton.

Although it b DOt po• .tble to Imov how -ueh Caaaall Il1vtlr

Poraation _. eroded prior to eruption of the. White bale Tuff the

upper consl~rate of the Caaaell liver Pot'aation ...y _rk the original

top of the pile. If.c. then the Balacbey Pluton va. intruded 2-3 b

benuth the 8Urface. Even if aublltantial vol\,llll.. of ande.ite vere

.tripped away, the pluton vas neverthel... .-plac:ed at only a fev

tUOIIIetr•• depth--a r_rkabl. occurrence couaiderina it••ize.

The clolle teaoporal, llpatial, and chl!lllical relationship. of the

Baachey Pluton to the Cusell River Pormation auggeau that the two

are lenetically related. Probably the intrusion repruenta the type

of _pa chamber whic.h at deeper levela fed the aurface volcant_ of

the Camsell River For-ation. Eventually the body migrated uplarda and

iavaded ita own volc.an.i<: ejecta lIIU<:h il1 the manner envbioned by

lluIilton and Hyers (1967).

Rainy Lake Intrusive Complex

The Raioy Lake Intrusive Complex (Tirrul, 1976) is a cOlllpo$i­

Uonally and lIIineralogically zoned sheet-like pluton about 1,500 111

thic.k and 10-11 1aa ac.r08S. The pluton waa folded after intrusion and

is now exposed io C.'!'O~IS aKtion on the southwest l1.lllb of Harex Syn­

cline (Map 1). Only a brief description of the pluton will be made

here bec.ause work. on this c.olllplex, but interesting, body is still in

progress.

The intrusion has a flat roof that b roughly con<:ordant with

bedding of the roof roclul. However, down dip in the Terra Mine
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wor1dqa the uppe-r COQt.&ct. :I.• .-a'I t.o cut up HctIOD. The floor of

t.he bod,. b eot:Pa~d witb d. t:h1"-t put.a _r t.1III c._tr.

of the :latl'W!ll00. loth tbt apJ*r .. 1.olMr eoa.taeta at.r1.b aonhweat­

aoutheatlt ~ dip fro. 50-90° to cbe uortlwlut. 111 the __heat tb.

coat.c.t of tha adD,. Lata IDt~l". to.pl.- b tbtraroR not IPl'Os.cl

In that. area.

Tlnul U976) rec:ogni&e4 thet tba ,lutOll _. co-.oa1t.10M.11,

UIliu v1th1n d. bod,.. Pn- top t.o boltOll. daey ara: upper border

aDd a::.nzodiorita (H.p 1). Ie addiUon, there. 1••l~ • 10V'l!r boreler

.,nzOlJ:l.te.

Where tbll uppn _rib of the lzItruaion la exposed (Pllure 40)

there :1.8 typically. _ll-d.veloped border pha.. , up to 20 _u.a

thick, eOllpr1alDI 30-35 perclIDt intensel,. ••ric.ltiucl pl.Sioclue

pbenocryat8 (lliUre 41) up to 1 e- lona and raued _fie clot. (3 _)

of chloritea. aaphibole, carbooate. aDd. opaqua oxidu 81tt.1nS in •

• phene, .pldoUl, aDd • trace of quarts. C<mee.a.tric. shalla of .erleite

outline or1&:lul zoo1Jl& b _ of the plqiocla•• pbeaocryau. Under

t.he -.lc:rosc.ope all or4inal plaaiocu altllred t,ut the aiero-

probe revea.l.ed tlny dcMlll118 of UDA1tllred andedrae. Mo.t of the pheQO-

cryats are r!.mllled with unaltered dblte t'ult int1llllately Inter1oc::1r.s

with the ..trix.

Large uUIlber. of .lender oaed1.. of .p.tite. lip to 2 _ 10nl•

• re found throuahout tbe _trUl:. Veiu of -anetit....p.tite-.c::tinol1te.



Figure 40. Upper contact of Rainy Lake Intrusive Complex.

Figure 41. Detail of upper border monzonite. Note the similarities
of plagioclase phenocrysts to those of andesites of the
Camsell River Formation.
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up to 30 ca aero•• , are foUlld eutt1na: the .cnzonite ("Plaure 42) and

IIOlt crud aoraal to the outer eoa.taet. loan,. cuttial aero•• .it. I.D

the vetn. f1brou.s Ulpbibolf' IrOWll DO~ to the veb vall. rith (:lIDtral

The 1~r border pbue 18 .taUtr to the upper border -.onzcnlte

_cept that it do•• not contaia _fic elot. nor _patlt....patit.­

actinolite vaina. It aeaerdly ve.atbera pink.

The l~r half of the pluton 1•• In ita 10\0:.at part_, ••ed.•te

IIOl1zodloriu (F1&ure 43) condat1Da of dedtal•••r1clU.%~ philo-

claae phe:noc:ryata f~ 1 or 1 _ to 1 CII long rith intentiUal pale

areal .-phibol•• opaque_, perthite. arlLDOphyre. and • fev _peck.. of

oacWatory zoned aDdqine. Tbe, an hN"lily ••rtc1tb,ed and elo_ely

p,acked. Only locally have eryatal.. Irown t.ogether. So. of t~

phenocrysts have been replac:ed at their _rgins by unaltered albite.

In the field the plagioclase ery.tall locally define a weak foliation.

These features led Tlrrul (1976) to augsest that the lower .mnzodiorite

vas a c~bte rock derived frOll grav1.t3tiona1 aet.tlio.a of the plagio-

claae.

The pal. green -..p:tibole occur... lKlatly lIlteratitial clou

(J _) consl.ltiq of fibrous _terial with randOll optical .0rientatioo.lI

but a f light: brovu to green actinolitic horublendu show unifonl

crystallographic orientation. The,. are about 2-3 lIllI acros. and al80

fill interstices between plagioclase phenocrysts. Anhedral opaque

olCides are ubiquitous in the clots but uncoUllllOn in the crystals with

uniform optical orientation.

Anhedral perthite, about 4 _ across, alao occura as inter-

atltlal _terial and ill often int1a.ately lIltergrovn with the alllphlbole.



Figure 42. Magnetite-apatite-actinolite vein cutting upper border
monzonite.

Figure 43. Lower monzodiorite of Rainy Lake Intrusive Complex.
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In plaua it appear. to hav.. nplac.d _rlla.al port~ C'f the pugfD­

cI.... pIwnocr,..t.. Clranoph,.ric lnurlrovtha C'f ql.lutz .ad .leru­

p.tlhlu MV•• al.U..., -.da gf OUl.Itr-.c:••• tbe penhlt. i. tbat

th.,. .t. _Inl,. JnlentJttal. Interlrown with ..,1'IIbole. aDd .ppear tC'

Mva twto1.cad p1.a.tQ(:h... 1.cIc:.all)". quartz C'cc:.u,. without .lkall faW­

.,..r. TIn,. tM_lon.-l Jl'f1_ ge ap.tllce an a e-. f ..tur. iD tbe

IlltaraLitiat ar... 1I.t"..n pUltocla" phaTlocr)"tt •.

llJIWard. In tl.a 1....&1 lIOfI.Wdt ....rlU the followlnl eMnl"••r.

of _phtb"h bec~ _ll.r and Lha -.ph1bcl1•• tll.... lv•• b&ca.a .. te

r••~d lind '.lud; .nd quarLiJ bec~••pa,.er and locall,. abunt.

11... traMlthm frOllIllmUldI"rlte to -.numUa I. Ctadatlonal

1 _ .nd "h. a~.tl.nea of Minor ..,unt. of c;h...bo.rd alblt.. Quartz

uc:eur tllr"u."....ut the uUIx. Epidot. clota b.e~ c~ and appu.r

to bll! .. !Ler amph1hoJe. Chlorite and Unc _phlbvle occur in the Coore.

"'ultur.I1,.. bOLh unaltered albite .nd puthite replKe atp:alft­

nnt portion. of the p!aS1od.... phenocry.t. auen that onl)" ovoid

dola wtth abundant opaque oxld"••

In leneral. the IlOnr.ontte appearl .uch lea. altered In thin

teet!on thlln the lower IIlOntodlorite. Thla is ..Inly due to the

destruction of altered plaglocl.se and repillcewnt by rather frelh



appearing albite and perthite, but there are fewer plagioclase pheno­

crysts in the -.:lnzonite than in ths lIOnz04iorite.

The upper contact of the fIOnzonits ia also gradat10nd over

several _tna. The ayenita 1a chancterized by a sudden decreaas 1n

the size of perthite to 4 1IIIl. the growth of abundant chsaaboard albite.

lind the developlDl!!llt of abundant carbonate in the ferroaagnee1U11 clota.

The clots are smaller snd IllUch opaner in this phase than in lW'lllr

parts of the intrusion. The destruction of plagioclase is so great

that only aparse elliptical relicts of intensely chloritized corea

reJQ8in (Figure 44). Apatite il either very c~n or virtually abaent

and there doe. not appear to be a gradation between the two. Quartz

_kea up at lIOat 2 percent <)f the rock but granophyre ia c~leuly

absent. Opaque o:ddea are atill concentrated in the ferrolUgneaium

clota but 11ke the clota they become finer and IIIDre diaseminate4 upwards.

As higher level. of the intrusion are reached, perthite decrease.

in s11:e untU just below the upper border phasa where it 11 abient alto-

gecher. Cheasboard albice increaau aa perchite decreases. Tiny

blebs of quartz become COllDOn where perthite is .parse or absent. By

this level there is only one, or perh.ps two, relict cores of plagio­

c.la.e per thin section. They are always heavily c.hloritized and con­

cain tiny wisp. of amphibole.

The syenitic portions of the intrusion weather pink. probably

due to the pres.ence of finely disseminsted hematite. Numerous dikes

of fine-grained albItite, up to 30 cm across, and typically wlth

gradational contacts, cut the body. They appear to be randomly

oriented but were noc sysceillatically lIeasured during I118pplng. Overall,

the .yenitic phases appear relll8rkably fresh in thin aection except for

the relicc corea Qf plagioclase.



Figure 44. Upper syenite phase of Rainy Lake Intrusive Complex.
Note sparse plagioclase phenocrysts.
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A r .....rltable fe.ture foUDd 1.n the top 10 _tres of th~ .,enite

1.e the occunetlCe of pink apatite coat1.D& fracture surfaces. The

fractures typicaUy trlnd. at M.gh sngles to the roof of the

intrueion.

TIt. CODt.Ct of the ayen1.tic ph..e vith the upper bordu phaa.

i. abarp. Locally the syenite tran.lttaaes the border -:lnlonit. euch

t.hat. it. 11 absmt.. or ne.IIrly eo, and syenite occura at the upper coo-

JU.croprobe analyaea of Ulphibolu frOll the lowerw:lst part. of

th. intruaion indicau that they are actinolitic bornbleAde. Upwarda

in t.b. intrusion then i. a chanae to ferroactinolite. Aaphibole is

lIIOatly absent in the upper portion. of the intrusion but. ..phibole in

the _snetite-apatite-actinolite vein. cutting the upper border phaae

are ailidc £erroactinolite. The co-poait.ional chan&e. of the .-phi-

bolea vith l'llIpect. to level vithin the intrOidon are ahown b Filure 45.

All of the aaphiboles. vith perhaps the axuption of the scti-

oolitic: hornblendes which _,. be low u.perature hyper.olidus phases

(de Albuquerque, 1974), are relativ.ly low telllperature pha.e~ stable

at oxygen fugacitiea around the PHQ buffer, only at aubaolidua t_pen-

tuns in rocb of the cocpoaitioo. of the ~iny Lake Intr\l81ve CoapIex

(Ernat, 1968; Jookattoll. 1977). Th1l suggeara that they have a hydro-

therw.alorigin.

In ..It.-cryaul a,ateas of intermediate to _fic cOlllpoaition

at temperatures below about 82SoC the amount of tetrahedrally-

coordinated aluminUlll in amphiboles decreasea ateadlly vith falling

te-perature .nd there is a positive correlation beveen A.l (IV) and

the nUDlber of cationa in the A-alte (Hetz, 1973). A constant decreaae

upwarda in both AI (IV) and A-aite occupancy in ..phibolea of the



Figure 45. c:o.position of amphibole. in the Rainy Lake
lntru.ive Complex plotted in tet'1U of atO"
of tetrahedrally coordinated aluminuo versus
atoms of sodiUlll and potassium.



Rainy Lake systf!lll i8 8uggested by the United data of n&ure 45.

While Reh did not investigate aubsolidus amphibole-HZO

partit1ou.na:. tha aiJlilar tren4a fouM in IIIIlphibolu durin& thia atudy

auuut that aubaoli4ua te.peraturea decreaaed ateadily upwarda in the

intrualon durin,g thlllr fot"lllation. Howevur, a. there i. little. or 1'10

expar1aantal work on the crystal ehll!!ll.btr,. and partitioning of varloua

el_entl into actinolite. this conclusion ahould be regar4ed with caution.

Maior and trace elelllent chelllbtry

lleau1ta of whole rock analyna of ...ples frolll the intrusion

are prelented in Tablea 7a and 7b. The cOl'ICantrationl are Ihown

graphically vlraus Itratigraphic height in Figurea 46a. b. c, and 4.

For the DOst part the chemical variations ahow • strong cor-

relation vith mineralogy. Note that the two aamples of albitite veins

(C-79-2I, ·~-79-26) have very low abuDdarn:.ea of PZO
S

' total Fe, MgO,

Be. Rb. and Sr cOlRpared to other paru of the pluton. Alao, tholle

samplea have the highest corn:.entratioll8 of sodiUII found. in the intru-

lion. Further DOte that the highest sample frOll the intrusion. eol-

lec.ted frOlll the upper border phase, is generally lI'Iuch closer in

cOllpoaition to the lover lIlonzodiorite than the upper ayenitic parts

of tha intrusion.

Rare earth dements

Rare earth elealent (REE) concentrations of aeventeen rocks

from the Rainy Lake Intrusive Complex are presented in Table 8. All

samples exhibit the l.l.ght REE enr lctment pattllrns and high oVl;!rall

abundances typical of the Labine Group.

Ce, Eu, an4 Yb are plotted vereU!il lJtntigraphie hE"ight in

FiSure 47. The iJIIportant features to notl;! on the plots are thnt Ce



OD:JO\:rn~:::~:rl:::::g~ ::=~="'~~~:a~"''''0§~
~O~":;O"':";"':NOO~

~;go~~:::~~:~~ ~~~EN~='~~O~0!1;;;
~o=i":;o ....... ..; ... o"':~

~ ",:;::~~~~~~~~q~ ~E~~o S"~~20'" o~ § g

Z ~O:::;""ON"'''''Q''': ~
OD~ ... ~~~c;:~~:c:g "'~~:"'5~~::gO~0~~

t

* i"':~";ON"';';":O"':§

i/,

i "::;;~~~~~~~~~~ 0\§~~"~"'''~30OD~3:
~

Z ~o=:,,",o"''''''<''lo ... § j
N:N::;:;~:::i:~;::::~ ~:;:~~N;:o~~r~oE~
io~":O"'''';'';'';ON8 ;

i OD~O\~~~~:::l~:::C::5: OD~~Eo5"'~:::~~0\:::aa

Z ~O~':O"'''';'';'';ON=
~
t

~~~~~~;::;~~~~~ ":;;=~"'~"'2~;~~~~~ fo
:;::02 ... 0 ... "' ... "0 ...= i

~5~~~~~3~~~~
"'~~EoEO\"'=::~~~~;

o: .... c:~~~~~~:g;e OD:S~E"'S:::::~~"':~E~ ~
:::0=..;0 ... ..; ... ..:0 ... : :

~€~~~2~i:~§~ ~~>ot;~&!l5f~~a~t;>: r

"



~ III I II ! I I Ii I

"



,....

~L
LL

. .. .. .. ... .

..:';' .'~. '.. .... <. .

LL

94

Figure 46a.
;~~~~:;O:~t~fr;;~l~t~~ ~1~~2~~ ~h:n:ai~~2
witt Intrusive Complex. Oxldlll in weight
percent; trace ell!llll;.nu in pplll. Vertical
scalelsapproxilllB.tely1,5 kD..
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Figure 46b.
~~~~a~;:::C;ft~a~;1:~~ ~2~~~ ~~;yRbLa::dl:~r~~~~~ed
Complex. Oxides in \leight percellt; trace elelllents
in ppm. Vntical ecde is a.pprox1l113tely 1.5 b.
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F1g~n 46c. Variation. of HgO, Ni, Cr. KnO. Zn, and V plotted
with respect to height in the biny Lake Intrusive
Colaplex. Oxides in ...iaht lMrcellt; cnee alUlenta
in Ppll. Verticill seah 1. apprOJ:1aately 1.5 ka.
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Fisure 46d. Variations in weilht percent Fe Z03 and PZOS plottold
with reapeet to height in the Rainy lAke
IntruaiVe COlllplex. Vertical scale 13 approxillllltdy
l.SklII.
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figure 47. Selected rare earth elements plotted versus
height in tile Rainy Lalta Intrusive C01IIplex.
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body; aDd 'I'b cODcentratioas ahow s di8ht ine:teaae upward,.

Stronti.. i.otopes

Tbe readts of Itronth. isotopic analyses of saplea froa tbe

tntru.loa are prUeIlted ilt Table 9. Hodel agell, calcdated _in, elt

1D.itia1 87Sr/"Sr lIotopic ratio of 0.7025, are plotted Y'tu... strati-

ayat-.atlta in tbe upplI!r b.alf of the pluton bave been .everely d1l-

turbed alld tbat tbe sy.tea baa DDt reaained dosed vith re'plI!ct to

Waur COlltait and UP!:! tmperatllre

P1agiocla.. va. the liquid~ philse in the Rainy Lab ..pa and

it eIIn be inferred from arltl8lenta preaented in conjunctiOll vlth lava.

of the eaaseU River Fonaation tblot the Rainy Lake -s- contained 2

percent or Ie•• H20. By auUar reasonins to that ll5ed for the

Bahchey Intrusive Coaplex. the depth oC emplace....mt is conlidered to

be) or 4 b.

Once the preuure and water content of an andeaith: IIIgllll are

known it 11 easy to estilllllte the liquidus temperature of tile IUIjPIoI by

using pubU.hed e1(per1auantd data. Ilith 2 percent ""ter lit less tllau

5 kb the Itqllidul temperature for andesttic magmas it slightly leas

than 11000C (Creen. 1972; Enler and Burnham, 1973).

Holt of the crystallization of an andellitic &aSIllil Ukes place

over a short telllper.ttvre interval SO to 100° be1O\1 the liquidus
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Figure 48. Calculated model ages us1ltg an initial ratio of
0.7025 for aelected ..mples of the Rainy Lake
Intrusive Complex plotted versus height in the
intrusion. Note that x axil 11 logarithmic.
Vertical scale is about 1.5 kill.
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1.1IM vbe'a iDtruded.. it CllA be illfened that tbe tnperat\an of tb.

_JIM. va. about lOOOoC vhea eaplaced.

!be bin,. LUe ltItr....iY. c.o.plez h.u • a1.a1lar durartoo halo

to rhat of tbe !.a.l.ac:b.y IlItr....iv. <:o-plez but tbe zone. ne QOt aa

....ll-defined and have b"1I -.d1fied by the "'plat_rlt of )'O\IIl.lu

intruaion.. Theee do, holle.ver, appear to ba 15rler bodi.. of usn.tite-

apatite-actinolite (Figura 49) above tb. roof of the Rainy Laka Intru-

.iv. Cocplex than occur around the hlachey.

The bodies of ..petite-apatite-actinolite led l'dM. alld

Kortol1 (1976) to apecuJ.na that aD iron phosphate liql'id aepanted

t1M follov1D& r_;

1. "-ny ve1Ull tontain oa.ly U1phibole _lor apaUta. Hapatite

can be &baat. Tb.... there ia ofteu -ore ailica than iroD

h tbe yew.

2. Aaphibolea typi~y Ir"" ortbo&oa:al to t1M vein vub, a

Uilttoae .an aUIIUtiye of depoaition f~ bydrotbenoal

£luid!l than a ..,...!.it .elt.

3. The yeina are often zoned vith _rains of uophibole ancl

upetite and ton. of apatite-a teztuta lnt~tiblevith

their derivatiCHl frColll a dngl. iroll phosphate melt.

4. Granular 1llIsnetite-apatite-actinolite often replaces indiv1d-

....1 bede of .edt-ental'y rock (Figuree SO and 51) antt .elec-

tively replace. utrlces of a,b-flow tufh of the ClUllIell

River Formation.

--



Figure 49. Body of granular magnetite-apatHe-actinolite
above roof of Rainy Lake Intrusive Complex.
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Figure 50. Granular magnetite-apatite-actinolite replacing
sedimentary rocks of the Arden Formation.

Figure 51. Granular magnetite-apatite-actinolite replacing
alternate beds of sedimentary rock above roof
of Rainy Lake Intrusion.

105



II'"

106

S. The cc.po.ltlon of ..aphtha!:.. in the veins 'IIIS.lta low

teraperatU1"e ery.tallizati"" not tlK; t"'perature. ~f over

lOOOOC that are needed to ..intain Ul iron-phD.phaC' melt

(C. nu.pson. pelf.onal c~n1catlon. 1981).

6. Apatite eoac. fracturl!8 10 the upper ayenite which looica>;ea

that it wa••oUd enough to fracture when the apaUte

cry.tall1zed.

7. It doe. not explain the intense albith.tlo'. of the ...ppe.r

put of the 1neru.ton. in ch-t.try. nor itt Itb-Sr .y.teaat1c•.

8. Lastly, an iron-phosphate liquid wl1l sink, due to greater

de~ity. in. silicate liquid (Daly, 1915) and therefore

aqnetlte-apatite-actinollte bodies separated £rOll a lilleat.

liquid by 1al1aclbility should occur at the bottOll of the

1oerosioD, DOt at the top, at 18 the cas. in the Rainy Lan

Intrusive to.plex.

All of the .bove data are, however. cOIIpatlble vith • hydro-

thet'lUlorigin.

Tbe Rainy Lak.e Intrusive co.plex. like the Belachey Pluton,

app...ra cOllpodtionally related to the CPlell River Yonation. The

pluton did not rise as close to the .urface a. the Balachsy but in

effect on the country rocks was .Wllr.

When first intruded, the pluton vas probably a relltively

hOillogeneolls body of andesUic DlaglU containing 30-35 perc/lnt large

andedne phenocrysts. Magma adjacent to the wall. va. upidly chilled

to fOnD the porphyritic border phase. kJ the plagioclase crystals

occurring in the lower IIlOnzodiorlte are nearly the S3llle d~e as tholle

\
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of the upper and lover border phaael theX'1! waa DOt IIUch pI_gloel...

"rowtll after ea.pl:.lCeaent. The _jor dHference between the two zo~

h that the lower .... uodiorlta eontaina 6O-6S pucent pblloel_"1!

pbenoerylU whUe th.. border ph••es contain only 30-35 percent.

Apparently lOIIlIl IUCh.an1.m _chanlcally concentrated plagioclase pheno­

ctyee- in the lower part of the lntI1Jslon.

While it 11 DDt po"ible to reliably predict the vhcolllty of

the Rainy Lake mapa. exper:lmental work. In<! aub81!quent thet1llal lDOde11na

suggest that when. body of ..gaa the size, c<Jllposition, t_peratute •

• ltd vater content of the bin, Lake 1s intruded, it will naturally

convect (Shaw, 1965: Bartlett, 1969; Mutase. and McBirney, 1973:

McBlrney and Noye., 1979). Therefore, the Rainy Lake lIelt probably

began to convect ahortly after intrusion. Since convective rate. are

uny orders of Sllgnltude grealer than cryatal aettling ratea calculated

by uaing Stokea Law (Rice, 1980) it is unlikely that the plagioclaae

crystals aettled alowly to the bottom. 1ll8tead, a 1IlDre attractive

poBSibUlty is that the crystab were carried. d_ard by convection

currentli and deposited near the balle.

The upper peru of the intrusion as selln today do nnt reflect

the original cOlCpoaition nf the differentuted ugJI8. CaIculatioNl by

Tirrul (1976) and the author of th1l report clearly delBOl18trate the

il18bility of plagioe18le and amphibole-clinopyrozene fractionation to

yield liquids of the composition found in the upper parU of the biny

Laice from any reasonable original bulk cOOlpositlon. FurtherlllOre, REE

data h incOlllpatiole with a silllple fractionation ..odel. Instead. it

h suggested that the upper part of the Intrush.n 11 a lU!t8sOtllatic l"ock

generated by hydrotherul convection. and/or retrograde boUing.
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Wbil. r.trOlrG. boUiq _, bav. aellU'.ttd ebe fr_tlllr.. I'll

the roof of the lDtN.ion (... "rnhu, 1979; BlUnh.. I.lId ot-clto, 1980)

vb1c:b er. _ filled vitb _aD.tlte-.petlte-ectlnaUte .nd _y hev•

."eD .It.red th. upper part of th. body, the _tar to rock ratio -.ld

DOt, iv. .11 Uke11boocl. be.... b..D lall. I.'QOIICh to p.rv.a1v.ly alter the.

.ntir. pluto'll and It. vall roclta to tbair pra••nt nat.. 'rba oaly

..chani_ c.pabl. of dolD8 ao appean to b. coolina by bydroth.raal

COlrlectioQ.. Iy tbi. -.chan1.8a ..... t q....ntitta. of ..teoric vatu cir­

CIIut. throuab the coo11ll& lntrullioD and heat a tran.aferrM OIIt'I'ard

iDtO tbe COWltry rocu (Taylor, 1979; Pa~ntier and Schadl, 1981).

Furthenore, virtually teI.Dtic.1 aluratlon typ•• 1.1'....11. in the

country rocka uOIInd the lelacher Plllton and it would be difficult to

araue that. tMs altuation h allJthlq hut bruothera&l.

Th.re!ote, on. aiabt _ke the ara_Dt, h..ed on aia11arlti..

vith th. lalachey PlutoQ. that the upper .yenit•• cOAlposecl _-ely of

.lbite, 1a equivalent to the 1Ql1er albit. ~on. of the Bal.ac:hey halo .nd

that th. _aaetite-.patite-.ctiI'1011ta ~ona is repreaeDtad by the

fr.ctur. coattna. of apatit. in the .yedt., the y.i_ of -aaetlt.-

.patit ctlI'lOUt. in the bord.r phaM, and tba taraer bod1.a of

...an.tit p.tlt.-actinoltt••bov. ita roof. Sailerly, the larae

lulphida tone. wMch hoat the pol~tallic ore waine of Tarca Mine I

located on Arden Pell1nsul., could b. tbt p~tta-c:.halcoprritehalo.

the i~D, pbo.phor_, .nd _pe."'_ of tM -..tlta-.patite-

actinoUte bodb. could have be.n derived ftOlll the albitite veina,

which are deph.ted in those .teflents nLative to the reat of th.

pr..ent in th. Il&lnetite-apetite-acUlIOl1te bodl.,. It 11 hypoth..hed
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that the .d__re the _hI fluld path..8yIl durt1l& bJ'drotbe~1

.lteratloG.

It 1.a IlOt k_ vbetbe.r or oot tba lntruslon _a c.e-plately

.01105 when the. altaration took plac:e but the ,harp contact of tbe

ayente with tha upper boreler ph... end the larla eliffereDeU In altan­

tlOD betwe.n th_ IUIl.&e.at th't aluration c.a.aenc.ec1 prlor to e.-pleta

<:rystallhat10n of the. _gu.. The tr_nc!oua incru.•• tn ,0.:11... 1n

the upper half of the lntl"Ul10n relatlv. to the lover half requlre. a

aOllI"ce for that el_nt otber than the pluton or the country roeka

b«aua. adtber 111 depleted in ICIO!1_. lUCl-r1eh brtDU ..y have

r_ioed .. latlUlrallll1ar flu1.d. in ..riDe IUlIIiItOIlU of tbs Conju.ror

Bay Fo~tlon. pruel1t jU$t beaeatb tha irltrull1on.

El.-hera to the world. Ioo"'tr_ (1911) irlterpretecl _anetitt­

actllllOlite depol1ta at El loAeral. ChUe aa productl of hyclrothensl

alteration \/hUe F:l.eb and others (1963) attribu.ted Manetlte-apatlu-

actlllOlite bodia' above the roof of the ratoo.h pillton to volat11e

atr-ras. The bodt.. at Creat Bear Lake are .laUar to ..,netlu­

apatite-aetinoHta dapositl at lanna. s-den (Geijer aM Oo:!a:aa. 1974)

al'lci. In tha St. rraoc.olll Houatal_. K1aaou.ri (So,yde.r, 1969). Both the

Ra1Dy Lab Intnalve CoIapla aDli k1a<:he,. Plutoo uua _ny featurea irl

<:_a with tbe Tatoo.h aDei other eplzoaal plutON d..<:r1l:ted in tha

Hterature (Table 10). The. alteration 111 acae.vhat akin to that of

POlllhyry coppar ,,.atf.llS (Lovell ar:d CuUbert, 1974; Cuatahon and Hunt,

1915; Lanier and othtrs, 1975) but the haloes of both blachey and

Rainy Lake lntrlll1on. are appree1ably larger than thou .ystems.

Plutons 11ke the Rainy Lake or aalachey ..y be the type of lubvolcan1c

plutoD.8 ultlaately re.poNible for the heavy pyrit1uUorr. of .urf!<:ul

rocka of arc volc.anoea <He Taylor, 1959).
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III

WIliu Ea'la Tuff

Tha lo'hiu !qle Tuff 11 a dellAal)' velded aah-flo...heet and

_J.alelll! south of Coojuror 1&)' it 11.s 011 Moo•• hy Tuff. Mortheut

frca Clut Lake to PlIrt.beast.en Ioalacba)' Lake t.ba t....ff 11 ov",dsiA b)' a

dilt1.nc.t1ve bric:.k reel rhyodacite ..h-flow t.uff "hie.h 11 stronal)'

eut.altit1c or by clastica of the UraDi\lll Point Forsation. It 11 over-

laJ.n by AsU.aa1 Andedte IlOrth of Ioalacba)' Lake, while 11'1 the aoutheut

COnjuror Bay aru. and eut of Clue Lake the tuff is found beneatb

JOUllier ash-flow tuff••

Diatribution and thkknus

The White Eagle Tuff 11 U;POled a1Joost. eontinuousl)' J.11 .. 2 to

4 b. wide IlOrtb-south trendilll belt frOOl Crouatcl La"e "",ady to Conjuror

Ja)' (K,op 1), a d.1Itanc. of about 20 ka. There the tuff ia exposed in a

seriu of open northwest-southl!ast trend ina folda with altes that plunge

shallowly northwestward euclr. tbat the baae of tbe tuff is expo.ee1 only

in the eoutheaat, on Clut bland. and on tha ea.tern lIthlllus between

Clut and Cround Lake. ThrOU&hout the entire belt there 11 novbera

expoeeel a ce-plete .eetion, vhie.h ..ke. accllrate ....Ilr_nt of itl

thidUlus p:potIlible. llcNever, continuous .ectiona Ireater thaD 1.5 b

thick are expoaeel in fold llabs.

All along the louthvl!st margin of this belt the ruff lntcr­

flngera with snd. gradu into the coar.e IlI!d.1mentary btecd.a ...hlch

unc:onfomably ove.rlie. the "lachey Pluton. Thi. bteccia i' here te.raed
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Tha tllff 18 aleo _ll-u-poNld aOlich al'd vat of Anta.l LaU.

About 30-40 • of nurly nit-lying tllff oec.u.r .outh of tha laU bill.

the top of the llnit U not exposed. To the wat of tba lake WhLca

EaCh Tuff 18 a aaximum. of 3$0 II thick.

Exposlll'aa of the tuff are alao fOlind on il1anda 1n _Itarn

toojllror by and on the _inland aouth of tha bay. At thoa. 10<:&11ti..

the tuff ia DOWhare th:Lcku than 200 l1li bllt aect1.00. Ita DOt co-plata.

General litholoS!

The \lhite bgle Tuff La a cOllpol1te ash-flov atw. .. t. co-.poaed of

dettlely welded and devitrifled andesitic to dacltie Ilh-floWI (Table

11). Partially welded tuff La present oDly at the top and bottola of

thtl unit 1.n the thinner pnse:rved aec:.tiona wut of klathey Lake.

Exposurea at the louthaut end of Clut Lab tontain altered

aad frlctured blocks of Cauel1 River Foraa.tioR up to 1 p in da-tlr

and I fev block. of blacha)' Lake :Intrualve ransina up to 100 l1li acro.l.

Ofull larga blocks with brecciated. _rslna have _II), ...ller tUplentl

of the aame rock typa aroullll them. In a crude way the size of the

blocks becOliea larger 1.n Itratigra.phieally higher aectioR8 of the tuff.

Where blocu are QWDerOUa tb' tuff contaioa abundaut xeoocryata of

ll"Hn amphibole a1a1.lar to creeo. a.phibolu f111illl naicl_ b Caaaell

1.1ver andeaite floWlil.

naewhere che tuff Tldea in lithic:. c:.ontent but ia typically

l1thic:.-rich \lich lithica lenerally _king up 10-20 perc:.ent of the i'oc:.k.

In a few areas lithic:. fraggents of foliated granitoid. occur and were

probably derived frOllll the Hotuh Terrane.

Phenoc:.~tlt abundance Ind aiz. in the White Elile Tuff ware

DIllt studied in detan but total phenocryst c:.ontent typLc:.ally rangea
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fr. 25-35 petceut of the lock (Filun 52). The phenocryete in the

rock tire broken cryatala of plaaiocleee. hornblende. biotite, and

qU&rtz, alOfll witb aubhed.ral to euhll':dral aicrophenoclyete of _IDatite.

1u ,eQaral tbe phenoeryeu .re h.aa tban 3 _ 1n di_ter but a fev

anaa lar,aae 5_.

III atructurally dUller !evata of v:poeure the tuff 1a rieher

in quartz while qu.artt: 111 aenerally very aparse, if preaent at all, in

the uppar parta.

Pumice, typicall,. highly flattened, is present io nearly all

expoautea but in a_a thick aeetions h partially obacured by veldina,

devitrification, antl/or post-depoaitiol18.l alteratiOll. Wllat of Balachey

Lake end in tbe Conjuror Bay ana black fu-e 10-15 CD in di_tllr and

1 ca tbick are vary conepicuou••

Petrography

Tht-n allction exaaiutiOll. of tha Whita !.agle Tuff ebova it to

...tly contain brokell crysta1e of pla,iocla.e up to 3 ... 1001, now

ubiquito\18ly replaced by carbonate aad epidote in a ..aaive grounduss

of finely 1ntergrovn quartz, feldapara, and alteration .iDerata that

typicslly _.k orlainal texturu. However, in a fev apec:1aena, col­

lected high in the .heet. well-preserved vitroeb.t1c tllXtUles ..ele seen.

Ragged plates of biotite (to 1 _) completely altered to epidote,

cblorite, and opaque oxides make up no 1llOre than 5 percent of the bulk.

Allphibola, as lalle as 3.5 aD. _Ites up another 1 OI 2 percent of the

total and it H'O is typically alt~Ied to 3ssemblal;es of epidote and

carbonate. There are typically a few slll811 (O.5 nm) quartz chips

present but they only lUke up more than 1 perceot of the bulk in tbe

stratigrsphically lowest parts of the tuff. Opaqu<! iIOn-titanium o:ddu



Figure 52. Crysta~ lithic-rich tuff typical of intra­
cauldron facies White Eagle Tuff.
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The. .b-rupt pbcb-<out of t-r_ado....ly thick lecltlOM of tba tuff,

COllpl..t nth tM. roue. of ~bt"ecc1a illdieau that -o.t upolun. of

thl VhtUo Ealle Tvff npt"e..nt tcr.tneaul.droll. faet.. tuIf. The tbb

Ibpl, cooll... unira upo._ .outh .Dd ",..t of &DiMl ~ta.Dd 1D tbe

Colljlirot" .., ar_ 't"e DOt ptop,.Ut1s_. cODt_in .bu:zwl.acr.t ,..lce, .....

have linwe.ld..t. or poorly.--l4.a4 b..... The.reforl. they at"a _It .aU,.

aad. 10lkln,. 1atlr-pt"ltad a. r__nu of the olltfl_ ahelt. Thl_.

Cl.ut cauldron, 1a propoled for the cauld-ron becaula lt 11 ao vell

U:POI..t nur Clut Lake.

Tb. lar.acr.t...1l. bloeb; of eaa.111. l.1ver rOr&lt1on .Dd

"lAchlY Pluton that occur ln the tuff 1000th of Clut Lake probabl,

reprulnt tlIter1a1 vhicb lpall..t fr,. the neep cauldron vl1b d-urill.l

collaple of thl c.&uld-roll. 'lbJ.1. a10111 with the ot"d-er of _,o.1tude

thid.M.a differel'lCe between the 1ntraeauldron and outflov factll tuff,

dtllrl,. d_natraUI that subl1denee occurred. sial.ltaQllOu.ly vith aah­

flow arupt101ll. The ct"lJde 11tV1rat arad.tna: of blocu .., fOOleatl that

rellef on the tcerp 1ncr...14 ntb t'-. Thfa 1ll&8I1U that ...h-flow

The lnfot"aal terw lIlellObreccla __btr ls he-re .pplied to th40

thick local all..blage of breccia. along the northeastern _rgin of

the N.lachey Pluton (KIp 1). The _obreccu. .-ber intlrUDf,era wlth

the ..b-flov tuIf aDll in _oy placea 11 It".datlonal vith It. In the

Held tbe ullie. were _ppad Oil the bub of ainu typl. That la, if
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tuffac-. it ......a1&ned to the ••b.-nov tuIf. Typical nl.tio....blp.

01:1 e-ell U.var ro~tiOQ .. do.. the ••b.-nov tuff. Tlw bracda b

OD "lach~y PlutOG coataeu) nth tha Bdaehey Plutoa ia nurly .l"aya

vertieal but loeally ia roughly horhontal a\lch that tbe cont.ct b ate,,-

lika ia croaa-aec:tion.

aatra aupport-.! (rigur... 54 nel 55). The breccia 1& poorly-bedded and

typically ....... iv" but in plac... there are graded beda and diacreu zone-a

wicb contain only pebblea of lauchey Pluton. Dip of tbe.. unita ne

leaa tban 150 to the nortbeaat.

The elan popul.tioo. variea considerably froa place to place.

GeneraUy expo.urea cloHr to the Bal.chay rluton contain a higher

proportion of B&1acbey Pluton cbsu than do tbo.e farther frolll the

contact. Other a.-on claat types are altered frapeau of ea..ell

atver fOI'1Ution, pebbles of NS\M!tite and aulphlcle., and cobble. of a

diatiacUve quaru-plasioclasa porphyry.

Clast abapes apan the eatire rang" frO&l rectangular to apheroid

and both extremes ata e_nly found adj.c:.,nt to one another in the

_ breccia tongues. SOlIe Balachey clan. are nurly perfett qU.ldri-

laterala auggutil\l th.at they ara stUl boundeel by original joint

aurfacea.
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Figure 53. Sketch maps 1l1usttating relations berween
Whih Eagle Tuff and mesobreccia member.
See Map 1 for locacrons.

.-



Figure 54. Detail of mesobreccia member of White Eagle Tuff
showing angular fragments of Balachey Intrusive
Complex.

Figure 55. Rounded and angular clasts of Balachey Intrusive Complex
in muddy matrix, mesobreccia member, White Eagle Tuff.
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thion1og ved&u coupled. ~th tbe aearly ubiquJ.toul elate. of lalaeheJ

rel.atlonabip. of the breccia vith the White Eagle Tuff indicate that

d.poaltion of the breccia vent on contemporaneOlaly with eruption and

de-po, Ulan of ella tuff.

/vi .ntlmMd In aD eadie.. lec:tl00 (Balachey Pluton) tbe uneoa-

forait,. MtweD thtt breccia and the klachl,. Pluton i.I prelently a

oearly vertiul hutU'__ f1e1111 DOrtbeut. When the lballov oorthuat-

_r4 dips of the breccia are returMd to a horhont-.l position the

UDC.onfoI'1ll1ty stUI dip. neeply to the DOrtheast indicatiog that the

contact remained a•• Iteep learp duriq deposition of both the l:l'reecla

aDd the White Eagle Tuff.

The above relations are i.ntl!!rpreted to indicate that the melo-

breccia reprnene. _terial ahed fra. the louthveat vall of Cl.ut cauldron

dlll"lna; eoU.p.. of the central block of the cauld.roD. St.-Uar depoaltl

have been d~r1bed in Tertiary caul.clrons by several vorbu (Lil*&n.

1976; Ratte and Steven. 1967; Lambert, 1972).

UraDiua Point Fo~tion

This is s unit dOflllnantly CC*pOled of interbedded .and-stone,

.Utstone, IRlldstone, and pyroe1astic roeks wbicl1 conformably over-lie

both the mesobrecc1a and intracauldron facies White Eagle Tuff. It is

ovtlr1aln by An.1ma1 Andesite. The lOlo/er contact of the fotlUtion is

defined as the fiut .andstone or .1lutone bed above the Wh1te Eagle

Tuff or _50t-recca .elllber whUe tM upper contact 11 plaud at the baae

of tbe first lava flow.
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The Urap!ua Point FllrlUtlon outcrops north of the. Balachey

Pluton (Haps 1 and 2) and is a uxi_ of SO • thick. It 18 not prete.nt

outside Clut cauldron.

Beds of sandstone-SlIt_tone. range in thickness up t.o 1 III and

are coapoaed of angular to aubangular volcanic debr18. They are

generally planar bedded but locally ripple drift .nd low angle erou-

lPinatlon were seen. Siltstones and sandstones are often dnoped with

laainatlooa of purplish mudstone. The llludstone-.andstone ratio varies

fro. dOlllinantly sandstone to dOlllinantly mudstone. Convolutions are

COIIlIDOn where there Is abundant mu.dstone. Beds of mudstone range frOla

~per-th1n laminations to 15 IIIIl thick and are typically continuous on

an outcrop Bcale.

Some of the sandstones are pebbly with a vide variety of

volcanic clasts. typically subrounded to angular. Angular chips and

flat-pebbles of carbonate are cc.aon In SOlIe beds (Figure 56). In t1olO

outcrops pebbly c.cmglollll!rate is found but: outcrops ~ere not luffleient

to detet'llline the bed geOllll!.try.

CoDDOnly interbedded ~ith the clastic units, especially in the

nnrthwest, are ashstones and devitriUed crystal and lapilH tuffs.

These beds are laterally continuous and average about 15 CIII thic.k.

While most are probably "Of aidall origin some are crossbedded and

rippled indicating that they were reworked. At the northwest end of

Bala.chey Lake the top of the unit contains ash-Clow tuff with well-

developed eutaKitic structure. The tuff is a silllple cooling unit that

weathers orange-red. It is about 30 metres thick. The upper portion

of the tuff is extremely lithic-rich and contains about 50 percent

aphanitic volcanic rock chips.



Figure 56. Crossbedded and ripple-laminated volcanogenic
sandstone holding angular carbonate fragments,
Uranium Point Formation.
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Two CoaaoD features of the finer units, both cl..tle and pyro-

clastic, are the occurrence of ayn-aedt.entary oor_l (aulta (Filure

S7) and sluap folds (Figure 58). Mealuremel1u of both featuru 1Dd.ic:ate

that I1U1ltping "•• toward the lIOutbwtlst. that ia. tOYard the vall of Clut

cauldrOQ (see Figure 60).

Bouldery and cobbly c:laat.le dike. up to 1 • v1de and ca.lOftly

carrying <:.hat8 of Bal.chey Pluton occur locally. They have a .aDdy to

IllUddy lI&[r1.x.

!.nterpretatlon

The abundance of fine clastic. detritua coupled wUb the general

lack of current structures sulsestll that Uranlua Point PORlation was

deposited in relatively quiet water. The .tt~.tlllraphlc: position of the

unit above and below subaerial unite and its local distribuUon makea a

_riue origin unlikely. Thull,. lacustrine environlllent Is favoured for

the deposition of the fOnDation.

The presence of the wit only inside Clut cauldron 8ugaeaU that

luke(.) developed in the topographic: depression remaining after collapae

of the cauldron. Periodic volcanic eruptions frOlll unknown sources

occasionally deposited pyreclntic unita vithin the lake.

''''he occurrence of the southwelt directed alt.-pillg aDd syn­

seditlentary noraal faultillg luggelilta that. t.he central part of t.he

eauldron wou uplifted during or shortly after deposition of the Uranium

Point FormatioD. This uplift or resurgeDce i8 thought to be relsted to

the emplacement of the Calder Quartz Monzonite IDOre or lea. in the

central parts of Clut cauldron.



Figure 57. Synsedimentary normal faults 1n interbedded sand­
stone and mudstone of Uranium Point Formation.

Figure 58. Slump fold 1n alternating mudstone-ashstone,
Uranium Point Formation.
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Calder 9u&ru Koni&anlte

Konoblende-biotite q....ru _n~ontte aod. ai.nor _~06rant.ta U

ezpoHd. in a 100 '••,2 vedla-IiMped area ItItendiq _at fr_ the calder

,.rallab tbe aouthwesurn ..rlio of Clut cauldron at a diatanca of

about 8 kJIl. The origill.ll extent of the pluton to the north-northeast

ia unknown a. it vas intruded by the Hooker Melacryatic Cnnite,

Seriate quartz IIOnzollite ta characteristic of the unit (F1gure

59), Subhedral tableU of plagioclase (to 5 ...) an. aurrounded by

pots.•d ..... feldspar, quartz and hrra.agneai\A!l ainenla. Coanonly ';he

plagioclases fona pomeroporphyritic clots conuininl fro_ 3 to 6

Cl.yatala. Biotite ia alvay. _re C~D than hornblende vith the COll-

bined total rangiq; £r_ 8 to lS percent of the rock. loth often fol'

clotl.

40 occur tbey are typitally haa tMll 0.5 • acros. alld atronlh altered.

CoIapoaitionally it i. nry atallar to the White Eagle Tuff and If one

ca.parea tbe whole rotk a_lyaea of the calder Quaru Konz.....1te (Table

12) to those of the White Ealla Tuff (Tabl" 11) one 101111 aee a atrong

ai.ilarity in ovenll tomposition.

Int.!rpret:ltion

The cOlllpoalti(lnal similarity of the Calder Qua..tz Monzonite to

the iihtte Ea.gll' l\1ff and tIM! f.ct that the southwest contact of tha

pluton parallels the urgin (If Clut c:luldron &u&&eU that it may be a



Figure 59. Ser~ate quartz monzonite of Calder Quartz
Monzonite.
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TABLE 12: Major and trac:e e1.ellent c:ontent o[ Calder Quartll: Kouonite

Sw\ple Ito. 1-8~39 H-8~59 P-8~37 B-8~19

510> 65.4 64.' .... 64.'
Ti02 0.62 0.64 0.68 0.72
Al203 15.Z IS.4 15.7 15.7
Yez03" 3.90 4.Z2 4.41 4.63
Hn' 0.07 0.18 0.07 0.08
..0 1.91 2.36 2.35 2.80
Cao 3.53 3.24 3.94 2.87

=~3°
3.11 3.22 3.22 2.99
4.28 4.22 4.10 4.10

1'2°5 0.11 0.11 0.11 0.15

"'1 1.08 1.89 1.06 1.99

Total 99.21 99.48 100.04 100.03

lib 13 13 IS 13
lr 165 17. 186 1••
y 3S 33 34 42
Sr 3lJ 308 34' 325
U "" .. 1 3

'" 158 175 184 1.3
Th 17 20 11 18
Pb 19 .2 21 12
Ca
z. 55 1•• 60 72
e- II 27 2. od
Nl
Or 28 22 18 35
V OS 335 '" ••La 51 50
Co ,. 37 33 84.. m 1042 863 871

**Total Fe as Fe20 3



Figure 60. Pallnspascic reconstruction of souchvescern Clut
cauldron showing relationship of Calder Quartz
Monzonite to cauldron margin.



129

.ubc8uldron pluton. 11Je elllplacellent of the pluton __tghe then be

responsible for the dOlling or resurgence of the central part of the

cauldron auuested by the direction of at:Ulllplng in the UraniUlll Point

FOJ'lll8t1on as shown in Figure 60.

Animal Andesite

Animal Andesite 18 an accUONlatioll of pargaslt1c: and augite

porphyritic andesite (Table 13) lava flows, breeds and tuff which occur

in the coree of two broad synclines north of the Ealachey PlutoD. (Klip 1).

The formation overl1es the UraniUIII Point Formation and Is overlain by

the "younger Bsh-flow tuffs." It Is named for exposures north of Anl11ll11

Loke.

Lavas of the formation are eastly Ie-ratated from those of the

Caasell River F01"lD&tion by their stratigraphic position and their lesser

degree of alteration. They are also leal plagioclase porphyritic, scme­

timea nearly aphydc. and have fewer amygdulea than andesitea of the

Camsell River Fonnation. In the fie-ld. amphibole, clinopyroxene and

plagioclase phenocrysts are c~nly visible. Large quartz and potassium

feldspar xenocr:.-ats are also characteristic of so~ of the lavas.

The lower contact of the formation i8 often well-exposed and

sedt.entary rocks of the Urani\DII Point Formacion are baked and altered.

Sometimes the sedimencary rocks are caught up in the basal few metres

of the lowest flow in the pile.

In general lava flOW's of Anttllal Andesite are massive with minor

columnar joints, although one flow-banded lava was found (Figure 61).

Platy-jointed bases are c01lIIIOn in IIIOst flows but some flows have auto-

brecciated 1lI3rgins. The novs are shades of dark-gray and reddish-purple

on fresh 8urfaces and a light brown or gray on the weathered surfaces.





Figure 61. Flow banding in Animal Andesite lava flow.
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.Dd••ttic brecd...Dd tuff. led. are seur.U,. ....lYe to poorl,.­

ar.eted. .lock aDd t.o.b. vithiD thell .n oft~ o1ddhed to • purplbh­

ted colo...r ••1.11 an Koriaceoua. Ala ov.l abaped pipe of iDtNeb",

aDde.ita. vllich _,. repreaent a feeder for the pyrocla.Uc uniu Md/or

conatitute. a ...U, cO&lpOdte cone cr.atad by StroaboUan .ruptloa.

Lava. of the Ani..l Andealte .re aphaniUc to porphyritic dark

roc:ka cootain1ns vadable proport1011. of plagioc:la.e. clinopyroxeoe,

ud al&phibole. A .-.r:y of the nodal cCMlpOait1011. of v.riOWl la..... 1&

Vith only incipient .lteration of feld.p.r phenoery.u. Other. are

atrODsl, ptopylttbed vith complete .......urithation of pl.aiioc:la.e .nd

.,.eplac.,..,nt of uphibolea and/or p)'tOXeD'" by carboaate .nd chlodte.

dcltroyed by the fo~t1on of anhedra of feldspar and quartl.

In Ie•• altered aall.ples phenocryst. are cOlllllOnly aet in either

an orthophyrlc or pUotaxitic ..trn. A fev flOVlll are aicrodlktyt.xitic

Plasioclaae phenoc:ryaU, up to 5 _ IonS, are ca.oonly toned

wtth core. ranging fro.. and.esine to ..edlUl11 labradorite (An
55

-An
61

) and

riu of oUsoclaae (An
15

-Na
ZS

)' In ...ny of the altered flows phgio­

cla.e ....y be cOllp1etely .lbithed or ha" albite r1taa. sever.l flow.

cont.ln poorly terainated pl.gioclase pbeDOCrysU with tiny inclusion.
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of the phenocrysu 1neludons ue so nuaerou8 tlult the pheno<:rysU

bsve a akeletal sppearllllCe. In _y roc"- dht1f>ction beu",,_ pb_

e:rysU and Ir~sa aie:ro11t.a is .rbitrsry bK....e c:rystda lat.r­

_di.te in .iae are also presene:.

Pyroxene (o~ nubby pri_ a. lonl as 7 _ .nd .nhedr.l Iraiu

or ....bbedrd pri.... 1Q the ground..... tba phenoc:ry.U are c:.lc:ie:

e:llnopyroxene, lI08fly au,ite (F1l"re 62). They .re dark Ireen to bl.c:ll.

in hand apect..esa. Ro\lIII!.nd irregul.r-ahlped e:ry.tal dots of .ubbedrl1-

anhedr.l .lI&1te .re • ~n c:oastituetlt. the l.rgeat one observed vas

irregular in ,hape and 8 _ in diaaeter. S111lillr e:loU have been

deacribed in c:.lc:-alkal1De andeaites by Stewart (1975) .nd by Carda

.nd Jac:obsoa (1979).

Strongly resorbed quartz xenocrysu, up to 5 _. are e:o_ll. 1n

by c:oronaa of aUlite aie:rophelloc:rysts (Pilure 63). The aic:ropheno<:rysu

Ite o(un srranged .0 that their lona .xi. 1. orthogonal to the .udan

!JOt}' in the e:oroou. Coronas of c:llnopyroxene .n c:o-.>oly found utlund

iDtruahe roc:k. (Muir, 1953; Kuno. 1950; Doe 8lId. others, 1969; 58to, 1913).

Pria1ll8 of ••phiboll. (less than 3 _) .n typieally pug.dtie

(Figure 64) .nd nearly 11",.y. display .~ type of re.c:tlon relationship

('1Iu1'e 65). Sc.e are e:.,letely pse...da.lrphe4 by Opllc:1U snd are

Ughly e:orroded. In ocllen there is a thin rind of pyroxenes, plagio-

e:lIse, .nd opaque oxidu. In ana flov there .1'1 opae:itie: r1_ around

ruorbed p.rgasUe phenocryst • .m1c:h ind.1e:stes that the s~hibol.. vere

out of equiUbr1..... with the _It prior to eruption. Opac:itic: alllphlboles
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Arimo! Andesite

Figure 62. ClinopyrO'Xene compositions of Animal Andesite.
Field of clinopyroxenes from high-K andesites
after Gill (1981).
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Figure 63. Clinopyroxene armoured quartz xenocryst (centre). altered
K-spar xenocryst, and clinopyroxene clots, Animal
Andesite.
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Edanile

Animal Andesite

.3 .'.6 LD

Na+K atoms

Figure 64. Composition of amphiboles in Animal Andesite expressed
in terms of atoms of tetrahedrally-coordinated aluminum
versus atoms of sodium and potassium (A-site occupancy).

Figure 65. Fhotomicrograph of amphibole porphyritic andesite
flow. Note opacitic rims.



.re e.peeially <:~ in <:.le-.lkaline volearli<: roek••nd 're u .....lly

.ttl'ibu.ted to • elta.U<: reduetion in v.ter pl'u.ur. durln., Or ju.at

pl'ior to.el'uptlon (Ku:no, 1950, Stewart. 1915; Carei••Dd J.<:ob.on. 1919).

The local ,ccur.Jl.tiona of bloc.....nd ba.bs, thick .eetion. of

l.v••••nd l.ck of intere.l.ud .edt-ntary roe1tll .re c"':ncter1&tie of

near-aource .reall of .nde.itie .tr.toconea. AnlDlal Anele.ite ia pre-

served both indele and outaide Clut c.uldron which _y indicate t"'t

vent. vere loc.ted in both .re•• or perhap. that there v•• little relief

on the cauldroo. ..rgin during ervptioo. of the ,andesite.••

The .,at .iliceous a.-plea of Aniaal Andesite have .i"n.r ailic.

contents to the least .il1ceoua .allplea of White ~gle Tuff yet the l.v.s

have higher concentr.Uon. of Rb, La, Ce, Zr, and B•• Therefore, the two

1,1l1it8 do not appe.r to have been genetically related by mixing. cry.tal

fr.ctionation of ob.erved pha.u. or ...i(lilation of quartl and pou.a!1,IIII

feldap.r because none of those _chani... can increaae Rb, La, Ce, Zr and

Ba downv.rd in ...g:m.a cballlber .nd ..intain the .a.. ailiu value. Sorel'

diffusion, as .dvoc.ted by Hildreth (1981), could reproduea the ch_ica1

variation for _at of the ele-.eftts but nOt for R.b or Si0
2

, both of vhich

'ppear to be concentrated upwards by that IIIt!ch.nbm. Therefore,_1III'

erupted a. Ani..l AncIe.site vaa probably a different batch than th.t wtdch

erupted the White Eagle Tuff.

''Younger Ash-Floll Tufta"

The youngest atratigraphie unit of the area is a compositionally

diver.e .eqoonee of apparent ai"ple cooling unic. of .ah-nov tuff and

.inor intercal.ted .edi_ntary roc" here infonlllllly tet1lled the "younger

ash-flow tuff •• " They range in c01llPoaition frolll .ndesite to rhyolite

-
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but the IIIOre siUeeou.t ea.podtion. dOlllinate (Tablea 15••nd b). Th.

YOUllger .,h-flOW' tuffs appear to rest on WlI1te Eagle Tuff __¥YWheu,

except for. s_l1 .rea on the _inlalld eut of Conjuror Bay where the,

ov.rlie Ant.al Ande.iu. Nowhere in the ..p are. v.a the top of this

unitfoWl.d.

Di'tribuUon .nd thic:kne••

Extensive erosion and folding have left only. fr....Dt.ry

record of the diatribution of the younger a.h-flow tuffs; they outcrop

in ju.t tllO region. of the up area: on isI.nds in Conjuror 8.y and

e ••t of Clut Lake (Hap 1). The tYO are•• were not Bt\>d1ed 1n enough

detail to correl.te individual cooling units bet_en thea but over.ll

11thologies and Itratigraph1c poliUon above the Whlte Eagle Tuff ate

gener.llyai..nar.

In the Conjuror Bay area the thlckneas of the unit fa perhaps

1.5 ka but f.ulting and lack of continuous expoaUl:'e due to the w.ter of

Conjurol:' B.y ..ke exact thiekneu eltillates unrelhb1e. The thicltneBs

of the pile eaet of Clut Lake ia even greuel', perhaps 2 ka. but there

DUch of the pile 1s not very eutadUc and therefore structural control

h lacking.

LitholoRic deacription

The younger ash-flov tuffs are an 89semblage of cooling units

whose indiv1dual thicknesses .re on the order of 100-250 a. Cooling

un1ts were distlnguished 1n the field On the b~si" of s",d{:nenlary 1nter-

cal.Uona .nd unwelded ~onea.

Hany of the .sh-floll units of the younger uh-flOlo" tuff

generally contain IIIOd.l potassiUlll feldapar vhich help. to dfatingutah

thea frOllll llhite Eagle Tuff which generally do.. not contaln 1llOdal



TABLE 15A: ~jor _nd cr_ee e1_t _dy.... of th_ "younger _.h-f1ov
t.uff.", CoI1Jurol" &ly .ect1Oll.

5u.ple No. H-79-137 H-79-138 H-79-129

51°2 72.3 72.1 67.5
riO, 0.22- 0.31 0.29
Al203 12.2 12.5 13.7
F_203 3.49 3.88 3.91
..0 0.09 0.11 0.22
",,0 0.76 1.11 2.26
Cao 0.60 0.20 0.93
Na20 2.41 1,68 3.02
',0 5.91 6.34 4.83

~~s
0.04 0.02 .d
1.66 2.22 2.38

Tou1 99.69 100.47 99.04

Nb 21 22 17
'< 298 340 m
y 64 64 34
S< 96 40 176
U , 4 ,
Rb 230 194 183
Th 24 24 24
PI> • 0 7
Ca 16 '0,. .. .. 277
Cu 15 , 19., 3 11
C< .d .d 16
V '" 11 "La " 42
C. .. 130 71.. 100' 1040 m

*"'Tot_1 Fe a. 1B
2

0
3

.

U9
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."
pota.ai,. {Udapar. Spaca doea fIOt penoit a aataUed ducdpUcm of

evet)' cool1q gn1t pretent 10. thl '"younall aah-flow tuff•• • Tharafora,

rOC", locaud 1n the Conjuror .., uea v1l1 be dbcua.ad hare.

n.. l-.t coolin. _1t 1a the Coaj\,lror .., area it e rh)'Ol1Uc

nff with baa a baeal bouldery lODe at leut 20 • thick. Iould.n ta

thi. part of the tuff, ranaa up to 3 or 4 • ta d:a.-ter and ar. clo..ly

packed 111 I tuffa.ceoue _trl.:c. (Ucu.re 66). In e reteat Plpu Walker

Ind otbt.u (1981) haft attdbuted ba..l boulder,. zonea of IIh-flow. to

dHfert:lldl1 ..ttl1nt; duriuS flIN.

The hl..l zone Iraclea up into. zone 10-15 • th.1ck ..tlich con-

taina 1f,.tJe rec~o.t flow fold. (Fleure 67). The folda In da1lar to

the aecOllelny flOll folda of CluIpiu and Lowell (1979) \lh1eh they interpret

to have or1ain.ated vbe.n ash-flQV tuff crept downdope towarde a valley

ada (rca overateepenad vaUey v,ll.. Above the flov-folded tone, and

gradational with it, the tuff it brick-nd and contain••bllDdant (1It­

rened ,..tee fras-ute ofuD v1th a fatat ltaeation. tbo.. part. of

the: C.OOl111g unit above the flow-folded lone d1ephy _11 e1eveloped

colu.\lr joiDt1D.&. 1'bil jolo.tillJ b .epec1&l.l,. evideot in upp.er parra

of the tuff where it weathere cn.-bly due to poor veU11l1.

Iu general, the tlllf it lithic-rich with angular chipe and

pebble:. of a wide vniet, of rock type. locall,. ..k111J up to 10 pareent

of the rock except in the afott..ntioned baaal :r.oue wet. 11thice are

The top of th1e tuff 11 poorly exposed but ap~lt. to be covereel

by a _tre of laa1uted rhyoUt1c. a.hatone, which _, repre.ent a1rfall

..t.edal rellted to the eruptlOl1 which produced the younge.t I.h-flow

1n the cooling lID1t.

-



Figure 66. Large block in basal lag of ash-flow tuff. younger
ash-flow tuffs. Conjuror Bay.

Figure 67. Secondary flow folds above basal~ breccia. younger
ash-floW' tuffs. Conjuror Bay.
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One-hdf kilometu _.t, ehb borbon 1, repre"nted by

.liahtl1cobbly, plaaa.r-bedded, lithic arko_ ",ith Un. put1q., aiDOI'

dppled top., aDd occ••iOllal -.dcrae.U. lea an • __rdl, 5 1:11 to 1 •

either tlla north or f;he .outh and. the ansu1.rlty of De.rly .11 ar.in.

OvedJllIl the thlll .edwnury lIlUrv.l 1. aDOtbar coolinl _it

of rhyolitic lib flow tuff. TIlt. tuff al~o hn • bou1ci.-ry b... but

fr'~IlU (le.. than O.S _) .re llO( lIurly .ll larlll! •• tho•• of the

l-er coo11nl UIl.1t.

Above tbe _welded bou1ary ba•• the tuft 18 incipiently welded

.nd 1. crystal poor. It we.thert 11&ht araJ. LIIpUl1 • .a.t of wleh

are pumice connltutes 10 to 20 percent of the unit and pebble-.he

lithic: (raS-DU _Ite up 'Mcher 10 perunt.

Wichb 10 • upuction the tuff bee_. deft.ely _Idee! .lId

ve.ther. brick-red vlth veU-developed col.-at Jointina. Cryst.l fu&-

mentll increase in abundance up.ection.

The top of thi. tuff i ...riled by Inother epicllttie intervd.

At lel.t on. lUI. US .) iDt.oftly frldured block of rhyolitic to

stone bed. 10 to 30 c. thick occurs io tbiB interval. Loclny there

are clstt supported Ind contain ....brOUDdecl to rounded boulden and

cobbles of aodelite, white chert, Illd rhyolite In fragmental lIurh of

angular ..nd grdna.

On", hundred _tre. to the vest an .pectacular outcrops of

denHly welded IIh-Cl"" tuff. TbiB tuff iB very eutIXitlc vitb

Uletened pUlilce to 50 CD!· (Figure 68). Up aectlon black U;n_ become



Figure 68. Eutaxitic foliation in cooling unit 3.

Figure 69. Densely welded ash-flow tuff showing dark black fiamme.
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con.pic\tO..... (F1lure 69) and lithophy.ad cavitie. of vapour phue

are pl.a,ioclaH, qllaru, potani.. felclapar, chlorit1zed biotin aM

altered pyroxen.. Tbe tuff .... folded prior to eruption alld depoaition

of the next hilkut eoolinl wit in the ..etion. However, due to

l1..itecl outcrop, Itructural reuti... u, WlClur and. thta \Il1it ..y be

• larle bloclt.

The ebove .equence ta uoconfo~bly overuin by the b...l

unwelded 1011l! of the next coolin. l,llIit !D tfJe .equence. Althoulh the

tuff 1e lueran,. phenoerylt poor at tbe baN, q....ru 'pp.are aa the

It 11 coo.p1cuoua for oaly a fev tau of Mtr... Biotite appean in

hand .p.dmen IIIl1d",ay throu,h tb coolinl UI1:l:t.

the tuff b ItronalY eutaxitic ucept oear the ba•• and the top

of the coolin. Ullit. Uthic fr• .-uta ..de up to 15 percent of the wIlt.

Petrosraphy

All of the oril1ol1 al... in the ''JOWlier aah-flov tufh" haa

been devitr1fled to cryptofelsite )'It .,ltroc:ls.Uc texture. ere

r_rklbly well pre.erved (Pipre 70). r:very I.b n(N of tbe unit 1a

porphyritic. Hodd anal)'.ea of leverll \IIIitl are pr.eented in Tlbl. 16.

Only the lCNest coolinl unit in the Conjuror 'ay lect10n which 11

.1neralol1cally typicil of the "yo_aer ••h-fl<nl tufh" ",i11 b. ducribed

here. 'nIe ait containl phenoc:ryllU of quaru, orthoc:lu:e. P1ali0<:1••• ,

Ind altered pyroune in I reddish oxidized IIloltrix crowded ",ith deYitri-

a pronaunced flulUl band10I. llearly all ahard. are n-d b)' opaquel.

Approlt1u.t.ely 5 percent of the tuff 1. aade up of ahltteted, cricked



Figure 70. Photomicrograph of densely welded ash-flow tuff
showing well preserved v1troclastic te."l:ture.
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acro... Tallular phenocry.t. of orthoclas" _ ••uriDI to 3 _ at.

cracked. corroded aDd _ke up about 10 perceot by ?Ol~. lrokal_d

twinned. tabular pl.giocla•• froll ailNta spaeka to chips ••""r!nJ 4 _.

con.titute S percent of the bulk aad cODcaiD. tloy red. ,...hedr. of ~-

tbe rock. .1.11 .re replaced by c:bladte and op''I_ onde••

abundant and orthoclase phenocryst fupoe.nt. are tataU (4 -J. Th.

and reach 4 pucellt in tbe atratl,uphically hl&he.t thiD MeHon

~.d. Ybe percental' of ....11 c:ryetal chips incre••",. to about 30

parcent of the bulk.

Interpretation

'I'be "YOWl£.1!1" ••h-flow tufh" are .n .:lapl, coolina unit. of

_eli... thlc:kM... Therefon, t.hey at. Ubly r--.nt_ of outflow raet••

valley., u· evidenced by the lnteru,U.ted lI.nd.tone and COIlIIOfllerate.

HDu coo1bl& unlU are aintralOllwly-.r.oned and therefore probahly

erupted ftc. cOIIpol1tionally-zone-d 1IlolIgJU cha.tle.ra but the chealed

vartatlO1'11 within dnale cooU.n& linin \lere not studied. Jbe sources

for the tufh sre unknOlJn snd probably lay ounide the map .rea.

~

Tbb i_ a porphyritic: iotnasion c:c.prlsina pota.d_ feld.psr,

quartz. aoel plsgioc:lale phellocrynl ill a pinkish aphanitit Ntrh:. It

11 a sill-like body that intrudU the bue of the Hoose lay TuH (rOIl
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l1aelL lear LllLe to Conj1,lrvr lay. Tbe al11 la alao preaeDt Gr, lal&Oel'

111 CoQjuror hy where it l11trwlee the ··yo.....e!' lab-flow tuffe." Thill",

the body follow. the tOPOIUpbie _rliD of Mule lay e.u.ldroQ. 'rbe

porphyry it.elf h intruded by the tonaliu.-dioriu lulte aDd i,

therefore older.

OD. hl_da ill Coajuror lay tbe intrUSion containa abundant

_litha of 11_ Be.ealt. Hoat of the baaait blGCu are iDteneely

brlC:euted and altereel.

~tiOft of tb1.D aec:dOlll of the porphyry lbow it to coatllo

rounded. anel aNJI!el ClUlrtl pbellOCryUa (S _). thloritbeel biotlte (1 _),

a1croperthlte in a IUoophyr1.c: ,roundaase of Clurtt anel &1....11 hldtp.ar.

loth the plaaioc:1eN and atreoperthite teDel to foe. ,lo.eroporphyritie

dou up to 6 _ iD elLueter.

lDterpreUtion

The Iranophyrie around..., of the h1tr...1oa. iDelieates t~t it

.... e.plaeed relatively our the aurhee. The intrusion followa tbe

topographie &lrain of Mule lay eauldrOD and mght be eORsidered. a rins

pluton lenetieally related to the Hoole aay Tuff. Ho>Iever, it la

clearly younger than eveD the Clut cauldron and therefore DOt Ilkely

rtlated to the older Hule by eluldron. Thil indicatea that extrt.

Clutl0R Illust be exercised when interpreting ring dUtes or plutons to)

he related to even I epatilll}' related eauldron for here is I ease where

the only relatlon biltwilen the two appears to b" that the cauldron pro-

vtded I tone of welltne81 for a Illuch younger intr1,lllion.
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The.. lntnuoiw: bodle. ue O'IIlld to uccoUth-.M,.d q~ru

diorite. leneraU)' h .. tMIl 4 bin du-tar •. The)' occur _tb of

the Jalachey Pluton (!'lap 1). If all -.bera of the .u1te ar. tM ....

ale thell their UIplac..-nt ....t be later thlm the YO\lD.ler a.h-flov

tufl. becalde one _bel' of the .u1t1! intrudea tbe ,ota..1I.. fald.~r-

q.... rtz-pl.11oc.l..e ,orph)'ry (Kip 1) wMcb it.d.f cuu the JOIIIl.Ier aNl-

flow tufh... the qu.aru diorites are 1Dt.rwl.e.l b, the DOrtb-aouth

porphyt'J' diu _ra they -at pnd.ate tbe bte blotite Iranit.. and

tbua .ra not part of the hoI'1lblende t_lite .uite (G4) of Hoft-an .nd

McClynn (1971).

llaliocla.e 'orphyry

Illtnodia,a tbe diorite above tbe roof of the R.a1a)' Lake Intru.-

.ive CoIIplell U • plAk to fle.h coloured pl.11oe1.... porphyry that i.

expo.ed In cro.. aectloo.. It is roughly oval ill ahlp'" with .e-.l-

concordant roof and floor. Cont&cta with all O:Ol,llltry roclr.a u .. r ..ror

nola lIIlit v.. _pped by bdhu: (1972) •• • n ellt.naive but o:on-

country roc.... clearly indic.te it.1l intrusive nature (Hap 1). further-

.,re_ countrJ rocka. incluclinl the diorites are often brecclated

adjacent to the contact••

noll body I. texturally bolllOleneDus. It conshta throulhout of

.lbitlud plagloclase euhedra 1-3 IIlllI in lenlth and irregular NBc

clots. nOW' altered to a ..eIRb1ale& of chlorite_ epidote••phene. opaque ••

and carbon.te, .iUilll in • fine-grained lIll'Os.lc of equigr.nular

.lbit.e. ortbocl••e. and quartz.



'"
loth the _p ~ttern {....p l} and. evidence. at ind1vid..d Ol/.t-

crops indicat. that rbe. porphyry postd.tes the diorite bodi... Sinc.,

.a ar,ue.d h:die.r, the diorit•• postute the biny Lake Intnoaiw eo-­

pIn, then the porphyry agt a1ao postdate the naphce.ent of the lain}'

~

Horth-aouth trm41l:l, porphyritic dlke. occur throu&bou.t the _p

arN .nd ara hare t.~d tbe Cr_rel elike. after eqooaurea at the aonh

end of Crouard Lab. lb.y postute fo1dI.DS aDd cut aU rnek type.

!be elik.s ....1'1 in width fro. 1 • to ~y UIlS of _tree aad ars

often continuo... aloD, atrUte for Rveral kllc.et:=n. V.riable..ounU

phmoc:ry.U in • pink to brick-red aphanitic IIatr1r. characteri •• the

dn.... S- cont.in all flvt! phun whUe otber. eoataln only tYD or

tbree. In 10M. the auSu.. U"e plapoc1oase-bornb1ende porphyrltic

¥bile the lIOn, interior portions contain all flve phase••

In some lpe:ciMns euhedral blpyu..ida of quaru (5 _) eonlthute

10-U percent of the. rock while in othera they are rounded and "bayed

by resorption. Plaslocla'" (to 10 percent), often eOClple.uly serici­

theel, fofU a..bhedral to euhedral crystals up to ~ _ acrosa. Kiero-

perthitle alkaU felelspau «2 c.) .re subtledral-e..hedral but are often

broken. Prllll11S of hornblende «2 _) are occasionally frel'LL but IDOre

typically lire alt~red to IIssemblage(l of srhene, chloritn, IlVidotl!,

carbonate, and opaque oxle1... Biotite. occurrIng as subhedral flak..

up to 2 ... aeroll. 1a partly or wholly altered to chlorite. In a fev

dilles, phenocrysts of 1I18gnetite occur a8 anhedral grains less than I Dll
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TABLE 17: Kajor aDd trace. "l_ot analyll!!ll of diorite..

Sample No. B-79-60 H-79-202 P-79-171

S1O:z 59.1 55.9 58.1
TiOZ 0.60 0.96 0.51
AlZO) 16,6 17.2- 17.1
FeZO)*" 7,53 '.06 7.61
""0 0.41 0.33 0.42
!<gO 2.61 3.93 3.40
e.o 4,60 6.62 1.86

~;3°
2.64 4.94 4.14
2.53 2.49 2.99

P205 0,27 0.26 0.21
LOX 2.74 2.12 2.98

Total 99.63 99.81 99.32

lib 4 • ,
Z. 110 139 136
y " " 18.. 438 27l '"U

, nd 3
Rb " 97 95
Th n, 7 4
Ph 14 173 7
e. l4 20
Zn m 402 m
c. II 48 ,
Nl 3 4

"" nd , nd
V ,. 155 104
La " " 30
e. 45 21 .,
Sa 1098 ." 1247

."'Total Fe.a 'e2O),
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which _tt-.s displays a -ottled texture.

AYlIilable chea1.e&l analy.s (Table 18) indicate that the dikes

cOllt.b ber-en 65 and 70 percent 5102 . With respecc co ocher chonaical

c··...onenU they sppear little different f~ ..ay other roe.... of the

Horth-SOuth Trenclins Katie bike.

The.. fine-Intoed dibs occur _tnly velt of s.&UlIOOd w....

DOrth azul south of biny Lake. The,. treDcl nearl,. north-south and post-

date the intrusion of the Grouard dikee. Thelr age relation reiacivil

to the Cleaver dikes b unlcnow but they are eonddenbly ..re altered

tban those dUes and. therefore probably older. While these dikes are

.o.tly less thaa l or 4 ..trn aero.' and not e'pecially n..... rO\ls they

"ne, located between SlII;l.Uvood and Rainy Lakes. This is an illlportant

relationahip because this dike 11 not of the salDt age •• di.balSe on

Arden Penin.u1. 'M becauae the veill it cut. contain. Hi-Go .rlleD.idu

on both aide. of the dike yet 11 silver-beariol on only ODe aide.

Hooker Kepcostic Craotte

Hornblende-biotite-.lbli feldspar IIl.'gacrystic syenogranite

vhleh po.ltdlte. folding in the area, _derUes Dearly 200 bl in the

here na_d Hooker Meglcrystic Granite /Ift",r its exposures It Hooker

Lake, whlch lies out of the map area to the north.

The contaccs with wall rocks are alwly. sharp. Adjacent to

the contact there 11 to-mly I border phase senral _trea ..,ide con-

aiating of patchea of quartz-potassiUII feldspar porphyry, apUte,





us
pepatite. ReI araphic audte. Caldn Qu.aru Hoa_nite appe'"

ltttie-dterd n the contect but ia llItruded by aplite dl1~.... Other

rock typea, 'lleh a. White Eagle Tuff lind Ani...l Andeaite ara "bibly

dtered v:1thin 3 01" 4 _tns of the coatact and tend to _atbon a

pinkisb colour, pl"Obably due to albithation. n.e dip of the contact

La varuble. lA places it dipa Centl)' ava,. fra. the pluton at ,bout

J()0 whHe in otbar. it is nearly vertieal. Locall)' the contact i.

horizontal an4 Kooker overliea Calder Qual"tz H,)~lonite.

dbtillctive. They cOllstltute fro. ., Uttle a. S, to as .uch as 40 per-

cent of the rock. Quartz (1S-20 peunlt) c_ly o<:euu as irrecular

blob••nd clotl a-lO _ aero,.. Anhedral n,ke. of biotite .1.0 tend

to tOI"1l elota «10 -> and _ke up 6-16 percent of the J)u1k. Subhedul

pl.gioclase to 10 IIID b heavlly seriticized and aubhedral.

Locally near the .. rgins of the intrusion prtsllatlc creen

aaphibole to 7 _ predomn.atlu over biotit... Ii. pecw.r feuure .:;! the

.-pMbolea b the occurr..nce of lentkular ~e' of q .....rtz p.rallel to

lonptudin.l cle.vace tr.c.... Chlorite and opaque oxides he" • "tail.r

occurnnce but do Dot occur tOlether vUh the qu.rtz. In place. with

.blll]dant Illllp!l1bole Iranophyric intergrowths of quartz .nd mlcrocline ..lte

up to S percellt of the rock. Loc.11, the Ilaphibole is intlN-tely inter-

crown vith tbe cranophyre whicb occulonally h.. finely dinninated

he_tite 1l10ll& the boundariea betwel'll the feldspar .nd quartz.

The Kooker Megacry.tic Granite, I1ke othel" syenogranlte plutons

of the Great lear Hag&1tic Zone (Hoff.,n and KcGtynn, 1976) pondate.

loldlna in the area. As ..ny of the folds e!aewnere in the lOlle have

.teep. ncarI, vertical, llab. the cOIn wa. significantly abortened by



this event. Con~quently. it vas slso thieltened. Sueh sn event c:ou.!d

well Nve thiekened the erust enough so tnat its bsn ..... p.t:tt.lly

melted. 'nib c:ould have given dse to the Hooker mepc:rystie gunite

and the othet: G-3 plutons of the Great Ilear Magmatic: Zone. The pos-

sibillty that the G-3 plutons were _rely slO\o/ risinl bodies relt.ted to

the rest of the Grest Ileal' Kspatic: Zone is effec:tively ruled out by thol

_patle: gap of 10 t.o 20 1I.11lion yean (S. Bowring. personal c:O-.ul1ic:a-

t.ioll.. 1982) between _st. of the Great Bear _gmat.h.. and t.h. eaplacement

of the G-3 plutons. Gru.eul thickening by foldiog ls, at pre.ent, the

anI)' Mch.anislll known .m.ich could havs generated the!1-3 plutons.

Only brief mention Yin be _de regard,ina other grsnitoid

plutons of the srea.

Richardson (G-3): Mainly eoarse-grained biotite-hornblende IIlOn:to-

gunite cla.racterized by eentimetre-.he clots of Guartz and locally by

_perysU of potassiUlll feIdspar.

UnnalMd avenoaranites (G-3): Typically eoaue-arained bioUte .yeno-

Ir.nite ..ith only llIinor hornblende.

Yen (G-2): This pluton it a eOllposite body of mediUlll-grained hornblenda-

biotite and biotite-hornblende granodiorite, quartz ..,n:toniu, and

IIIOn:togranite. It generally contains 20-25 percent ferrolUgnettUIII

ainerala, often forming elots.

Ha (C-3): This intrusive 1& also eomposite. It C:01Ilpr1&e& _diUlll­

guined ·hornblende-biotite lIlOnzogrsnite and quart:t lIOnzonlte often ..ith

fine-grained patches cootsin1ng potaaS1U1l1 feldapllr megacrystS. In

general (errowagnesi.....inersb sre auch s...ller thsn those in the Yen.



N~rO\ll north..at-MlUtbweat trcnd1.n& tratl.lc...:nant faulU,

typical of thoe fot.ll1d throughout the Great Ileal" K.8JU.tic 4na aad the

reet of the Circ~lava Pro"iDce uu. poato:la.U. all pn 1 )l,l81J dis­

cueaed rocu. The fau.lU are nurlJ alw.y. vartlcal aocl. are reaaon-

ablJ .traipt for long diat.ucaa (Map 1). 11Iey are e-.alJ

linked to one another bJ ..tt_t trend1ng f ....lu whieh. ha"e -...ell

...ller aapuat1oM;. It 11 the ean_eat f....lt. tut hoat tha

acon-.J.c ore veiD. of the area.

Th. fault zon•• the.lle!vea ara nearly alw.yt fillad wUh q....ru

vein••nd .tockwork, .~ of which ua SO • wide. Brecciation.nd

&DUealing relationabipa of tbe q....rtz in the atockvorb indic.te that

..at faulU had aeveral periocl.a of -.Jv_t (aee F...ndval, 1935).

W.II rocka .djacent to the fault zone••rt intenaely altered to du­

tanee....p to ISO _tree lIVay fro- tbe f.lllt zonu.

It ..y have been thi. hydrothenul altention that pl.yed

havoc vith tbe. Ilb-Sr .ynematic. of the .re. (Appe.ndiJr. 3) a. ~b
...ller vein. and f....lt•• poasibly related to the transc... rrent f.ulu •

• re prelent ill nearly ."e~ o... tcrop. M the tnlDscurreDt fault .,..tea

occurs throughout WoPN-Y Orogen .nd AtbaputCOW Aulacogen it is

interetting to apeculate even further and IUl&est th.t .uch • prace..

haa operated over a ....eh wider area beea..... Ilb-Sr syaU...tie. frOll

roc... in both are., have been diaturbed. Mearly an rock. analyzed

frOll WOplllay Orogen and Athapuscov Aulacogen ybld petnu ...hich for-

Ie'BOnahly good l1nur .rray. wbose regrealion Un.s h.ve alope. about

100 .-y younger then U-Pb zircon age. (Baadlg.ard and othera, 1973;

Goff and othera. 1982; Easton. penonal c~nlcatlon. 1982;
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CleaYer Dt.D.••

An uat-ve..t _.nI of 4...ba.. dtltea whtch po.tdata tr.u­

CUtrellt taultJ.q " .....pped by HUd.brlUld. (1982) io. th.kho by area

CK-p 3). Hoff_o. (1982) t.rMcl tt- Cleaver D1llb..... S1Jliler d1llloa••

41ltea lIfth .WI.r trenda .lao occur 111 the cauan I1ver erea

IDd Ire -.ch .,re o....rou there than in the Echo by baIt.

tboay are conaidared to .tao be of the _ ,u.1ta Ind ao the _

Cleaver D1llIla.. h .ho u.ed.

Tba ditla ar. ".riably altered; _I arl fre.!!. They hava aD.

ophtt1e to lubophttic tenure lIfth 3S to 40 percellt ubhedral to

anhedral au,ite, typically partially dtered to 1l1.turu of ,rHTI

a.pbtbo1e. chlorite., opaqua ond.. , aad plqioc:lue. Pla.iocla,.

phenoetyeU .r. typtc.lly .ubedral Lltha of l.br.dorite which _y ..ka

up .a ..x:h ., SO perceot of the bullt. The r..1nd.er of tba rock ta

hter,Httal ..tettal cc.prla1l:lJ alteratiOll produc:ta lucb .. epidote,

arbolllu 'nd ,pblne, and prLury ..tIdal (grenophyr., _&Detitl).

KlDy of the dikea coot.in Nhedr.t cub.. of pyTlu.

Cunbarrel Cabbro

Tb1.l intruaioll ia , btl. ,heat-liltl body "hich alicn throuah

aU rocks of the .tIlre. including Cleaver Di.b.,e. It 11 expond ftoll

the .cuth of the e-tll I.1ver to the DOrth elld of Ten Lalte ()(a.p 1).

all4h.:ua (1912) ..p~ tbi, u.nir II an esker, perha~ d.... to itt dRUGu,

appeatallCe on air photograph., but the CO.llrlely cryaulline 1I08&1c of

pyrox_ and plaltoellte cu. hardly M autaken. fer unconsolidated

,Id'-llt to. outcrop.
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TABLE 19: IUIJOf and trace tlle_nt ana1Ylea. Hooker Holllac:rystio;:
Granite.

SlIIIIple No. H-80-.58 P-8D-36 P-80-38 J-80-12 J-80-14

51°2 65.9 73.7 71.7 71•. 9 72.3Ti02 0.57 0.34 0.14 0.28 0.20Al20) 13.6 12.7 13.0 12.5 13.1'e203"'* 5.90 2.21 2.95 2.40 2.11"'0 0.44 0.03 0.07 0.04 0.061lg0 1.39 0.35 0.88 0.32 0.72CO{) 1.31 1.34 0.28 1.2) 0.40"",0 2.S2 2.61 2.31 2.72 2.43',0 5.10 5.63 6.08 4.86 5.4S'2°5 0.14 0.08 0.07 0.12 0.12LOl 1.45 0.92 1.40 0.64 1.14Totd 98.32 99.61 98.94 100.01 98.63
HI> 27 22 18 " 30,. ,.,

211 "< '0> 278y 77 7.' " 8l 80S, 134 " .. " "0 • 14 7 13 13Rb 211 307 277 '" '"", " 4J " " "Pi> .. " II " 22C. 19 19 18,. m 4J " 30 '0Co ,
11 " 0 0Hi ,

0 0C, 0 0 0 0 0V 40 11 18 , 13La 82 123 l5J 86 130La '" '08 254 '" 1868. 1448 >l8 66' 180 41J
**Total Fe II. Fe20). Oxides in weight percent; trace
elements In parU/Dillion.

--



Figure 71. Hooker Megacrystic Granite.
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Th••abbro 11 • co.ady cry.ullin. rock w1th _ll-davalop4d

ophitie tlUtu.re COIIpr1s1na so-6O percent labradorite to andal1_ pt.._

cryat, and 35-40 perc::ent aubbednl to aobe4ral &ullta. AnheJ.ral IniA8

of ~U. lroQ-tltanlla o:l1d.. c01Mt:ltl,l.ta aMthar J to 5 percent. of

the' rock. InteratiUal _urial CC*prl••• feld.apar. IUtlophyr.. _d

StHtARY or CEOLOCIC HISTORY

depoM.!.ted uDconforaably on thl Hottab Terrane. M lubaidence cont.inued.

finn-Brained ,ed:1Jllents ace.ulated below wave ban and periodic erup­

tion. of pyroclastic eject., fro. unknown louree., d.epoaited Iapi111

tuff into the baain.

Later, perhaps dur1Jl& , period of extenatoa, hrae volu-ee of

pUlov b•••lt. '.Boe1.ted breccia. and equalene tuff were erupted 811d

ac:c.....t.ted to thiemease. txceedlna 2 kilOlletrel. Sub.ldence kept

pat. loI1th volcanl_ and ill place. patc.h reefs developed where piles of

~Ialt built up elote to IU level. These ro-::." were intruded by

porphyritic sUls and diU. ot ft sUiceous natul't, tnd stUl later by

• _~ of sabbro and diabue sheet•.

A period of uplift maued and subaerial ub-ti.oW' eruptions of

rhyolite led to collapse of Mule Bay cauldron. in lIhich 2 lui of tuff

ponded (Flgure 72a). The topographically low-standing core of the

cauldron then becallle the locus for fluvial and lacustrine sedimentation

al Jtreams drained nearby highlands (72b). Silicic volcanism, perhaps

erupted froID. the ..... 1IIIlIp.l body responsible for the earlier ash-flovs,

eontinued and rhyolite nOlI' and ashatone are now found intercalated

vtth the aed1aentary rod.l.
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Figure 72. Cartoon illustrating evolution of the laBine Croup in
the u.p area.
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Shortly thar.ftar. at 1...[ OM larle atntovolceo of

.~lt_plalioc:lu.porpbJTltic .o4..1t& developed Moat' t.h. cauldron

IIQd. laraa a.ouuta of and..lt.e .pill" 11I.ro the dapr...101'1 (72c). The

larae co.poalt1oa.al lap bat_en the ••h-flov tu.ff and the andlldte

IUlleat lMt the [ve IHIte not erupud frOlll the •__pa cha..bn.

la.-tead. thay are tlfQ ..pa barehe••

Diatinctiva qU8ru. ~n&Onlt_nzocliorit.ab..t-l1ke plutOlUl,

.1a:llar to t.M u.gM bodies ltlr.e.ly to bave fed the _IS_dele eruptiOGll.

vare -.plaeed at shallow hve18 into the andulU pUe (Figure 12d.).

1bey inlena.ly altered the\Uelvea and th.ir vall 'rock••• they cooled,

..ln1y by hydrorhenal convection.

Younser ash-flow eruptions of ery.tal-dch dacite caued col­

lapse of Clut eauldrou, vhich va. accollpanled by b.nd81 tdlog and

avaLanch1ng of the Ileep cauldron valla. Thill resulted in coane

breccia. of andeaite aDd intrusive dabri_ wttich lntertongue with

the propylitlud intracauldron facies tuff adjaceDt to the waUs

(Figure 12e).

Clut cauldron also became the dte for fluvio-lacustrine aedi­

.entation (Figure 72f) after ash-flov eruptions had ceued but periodic

pyroclastic ef1.lptlonl froll lID.knovn .ources d~po.ited aaterial into the

,hallow lak... Eaplace.eo.t of a large qu.aru ~n:conite pluton into

the central part of the cauldron probably caused resurgence of the

central block (Figure 72f), During tbb uplift unconsolidated

13custrln~ s~diDlents slumpo!<! a'.lay (rolll the dc>med core toward the

cauldron _rgins.

VolcalKles of augite and pargasUe-bearing andesite developed

after collapse (Figure 72g). The caing of this volcanism: relative to

resurgence of Clut cauldron Is unknown. They could bave been erupted
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fra. 8 deeper level of the ._ ...... eha.ber _ the Whir.. !aile tuff

or Calder quartc -onzonite but tbb I, not likely a. they are richer

In ele-er.ta likely to be concentrated toward. the roof of • _pa

c~er.

Shortly after and.attic eruptlO1111 c._aed, cOllpoaltionally

varied .ah-flows were erupted fro-. UQ~ .cure•• &I1d fiUed topoaraphic:

depree.ione (Figura 72h). Nut.. v.ded high-level intrusions, unaiq

fro-. small ovoid bodies of diorite and pI_gioeian porphyry to p••udo­

ring dikes ""ere emplaced into tha volcanic: pile••

There va•• pause in igneous setlv!t)' and the entire belt __

folded about northwest-southeast trending axes. Thia folding resulted

ill severe crustal shortening and proba.bly thickened the cruat 10 that

ita baae vas partially melted and 88 • consequence large bodies of

granitic:. melt rose ne.r1)' to the surface. Just prior to their final

e.placement, during III period of eaat-veat extension lJWa:rtU of ailleeoua

potllhyry dikes were intruded.

After solidification of the dikes and the granite plutons the

area waa 8ubjected to eaat-vest cOIIIpresslonal stresses which reaulted

in brittle fracturing at high structural levels. The end result vae

the llYTiad of northeast-aouthwest trending transcurrent faults that cut

the entire Great Bear Haglllatic Zone. The fault zouee acted as conduits

for hydrothet"lll81 fluids, and rocks within and adjacent to the faults

were intf,nsely altered.

Milch younger events include intrusion of east-west trending

diabase dikes and large sheet. of gabbro.
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Volcanic rock petrochell18try 18 highly CO\llpl1cated by poat-

eruptive proceases which fIlOdify the original NgllIatic compolitlon.

Theae proceases include devitrlficatlon, deuteric proceasea, vapour

ph.ae [raalport and crystallhation, £"..tolic alteration. and hydration

[hroUlh inuraction with ground vater (S-.1th. 1960j Keith and Muffler,

1978; Lipman, 1965). Contact -.tamorphiBm and hydrothet'1ll&l .yau....

related to contelllporaneou8 or Iatel: events, may further modify earlier

alteration lIIaklng it difficult to determine the original magmatic COIll-

position.

Nevertheless. the general agreement between the classification

based on phenocryst proportions and the bulk rock chembtry suggests

that 1n most rocks there have been only minor changes in Si02 contents

during alteration. In general. the Lalhne Group is of intermediate

composition with IllOst Si0
2

vslues clustering between 55 and 72 percent

(Figure 73), a chemical characteristic of calc-alkaline volcanic rocka

(Green, 1980). Alkali and alkaline-earth variations indicate that these

elements were extremely IllObile during alteration and cannot be used for

classifications although the suite shows no Fe enrichment trend on an

AHF diagralll (Figure 74).

Titanium, while certainly lllobile to some degree under appropriate

conditions, may be less mobile than IIlOst other elements (Pearce and Cann,

1973). TiO
Z

values for all rocks analyzed are less than 1.0 percent.

Intermediate rocks with low TiO
Z

«1. 75 percent) dOll";inat~ iertiary-Re,'cnt

volcanic provinces classified as orogenic (i.e. volcanic arcs) by Ewart

and LeMaitre (1980). Creen (1980) believed that typical HOZ values for

island arc and continental arc rock series are less than 1.Z percent.
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Figure 74. Ant diagram for all analy~ed rocks fr()ll;. the study area
except the Rainy Lake IntruSive Comple~. Calc-alkaline­
Tholeiitic dividing line from Irvine and Barangar (1971).
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FurthelW)re. calc-.lb11Ml e.xtr~lve roc:.u of contin.nul arc. aucb ••

the Taupo Zoae of IIev Zea1~ (Evart aDd. ot-bln, 1971; Cole, 1978, 1979).

the And•• (for eu-ple: Ku.._ul _05. othen, 1977; DeNella, 1978),

P''Pu.& (Kaclanz1e. 1916) and the PoneloS are (!po ,Qd otMra. 1979)

nearly alway. haw Ti0
2

le•• than 1.0 percent.

bre earth el~t (UE) auoly.u of roc.k.I he. t.he ~lDc Croup

uMble light REI: enric:.~nt patternl and the blah o_ull abundant"

t.ypical of h1gb-l coot.1.D.eDtal volcallie arc. IUCh. .. the Chllean Wu

(thorpe and ochefl, 1976, Itl9) , t.he Taupo ZoDe (E'wue lind otben, 1977;

Cole. 1979). and Sard1uia (Dupuy and. ot.heu, 1979).

IIn'EJU'Rr:TATlON

Alt.hough alkali and alkaline eartb _tal_ verI! -obUe during

hydrothe~l alteration, the orlainal phenocryst lIIineralolY (qua.ru t

pot..'sium feldspar, biotiu. hornblende, augite, and plagioclase) coupled

wit.h 51°
2 , TI02, IDd REE values Ind1c.ate that the LaBine voh:anie. field

h a hiah-I, eale.-.I1kal1ne belt of _W)' iDter-dlate coaposit1oD 'rocks

that fall vithio the bt:oad cla.s of oroleoic volcanic t:oc:b (£Vut alUi

LeKaitre, 1980). In detaU, they are cheaically a1la11ar to contioental

arcB t:elated to subdu.ction au.c.h aa the ADdes. Fu"Cthe~re. aicroprobe

analyses show that calcic clinopyroxenes and amphiboles found in LaBine

Group andesites are .1811sr to tbole oce.urring in younger high-I, cal<:-

.I1lr.al1ne andesites (Jaku and White, 1912; Ujike snd Onuki, 1916; Ujike,

1977; Gill, 1981). S1Il11arly. pyroxene clots and opacitic amphiboles

found in Animal Andesite are also cOllllllOnly observed in calc-alkaline

andesitea (see Garcia and JacobsOll., 1919).

In overall stt:atigraphy, IIIOde of eruption, and miner.loK}' the

LaBine Group resembles Cenozoic volcanic Uelda- of the \leliitet'll United
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Statea _ucla •• the San .luau volcanic field (Steven aDd. U~n. 1976).

the DatU-Mogollon volcanic field (Ebton and at-hen, 1976), and the

Elkhorn Houaul0 volc.m.lc Held (Uapper and othen, 1971). Colent.

.r~nt. baft been ..de by aeveral authora that. the c:.ale-alk&Ilne

volcanic rock. in rho.1! fielda vne related t.o oblique, lo-anll. sub­

ductioD of the FaraUon plau beneath t.he North American continent dur­

iDS the [oceae-olisocent (L1~11 llnd. atben, 1971, 1972; tlaton, 1976;

Coney and Reynolds, 1917; L1~. 1980).

Although lenetle dUane of volcanic arc fI\IlglMthli are atill

controversial. there aee.. lit.tle doubt that arc Mglllatin 1. a IlUltl-

suse product of lithospheric aubdlJCtlon (Marsh. 1919). 1 see no t.OR­

pelllllg na.c)ft t.o invoke all ad hoc ~el to eapI.in t.he odain of 1.£B1ne

Group volcanic rocks as they haft readily identifiable Cenorolc an_Iogti.

'therefore, I conclude that the Wine Group represents a relllnant of an

urI,. Proterozoic continental volcanic arc and that subduc:tlon. which

_1 be the principal drivin8 Mchanis. of plate tee:tonlu (Forsyth and

Uyeda, 1975; Richter. 1977; Chapple and Tullis, 1977), vas occurring at

least by sbout 1.9 Ga a80.

TECTONIC HODEL

The tectonic tIlOdel presented here is 8ill.11ar to that presented

by Hoff...n (1980s) but SOIDe refinements lind modificationl have been made

in lisht of nev geochronological snd field data. The -adel ia shown

schelllatically in Figure 75.

In this model the Uottah Terrantl is consld"r...d to be a I loch-

thonous \lith respect to the Slave Craton and to be the remnant of a

aicrocontinent or arc which collided "ith the Slave Crnon over a

westward-dipping Benioff zone (Figure 75a). The collllion resulted in
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Figure 75. Proposed t.ectonic lIlOdel for the origin of the LaBine
Group and related rocks. See text for explanation.



ages.
IAge determinations by Van Schmus and Bowring are U-Pb drcon
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accretion and deformation of the .1c:roc:ontinent and. defor1llation of the

western edge of the Slave Craton Yith ttl westward-facing passive

_rain aequenc:e (Figure 7Sb).

Contlnent-adc::roc:ontlnent or continent-arc: c:011181008 are by no

Mana rare In the geologic: retord. Excellent eXUlplea of lIOre recent

continent-s..ll platel:;0111alo08 are present along the northweatern adS.

of the Australian continent where the edge of the AustraUan-New Guinea.

shelf 18 presently colliding with the Banda arc (Von der lIofeh, 19~9).

During the Miocene, an early Tertiary arc vas accreted to the continent

at New Guinea (Halllilton. 1979). Other exalllpies of continent-mlcro-

continent collision occur in the Eastern European Alpine Syatelll (Burch-

fiel, 1980) where several collIsIons are believed to have occurred froll

III1d-Cretaceous to the Recent. In the northern Canadian Cordillera

Tempel_a-Kluit (1979) interpreted geologie relations in tenls of a Late

Jurassic-early Cretaceous eontinent-microcontinent collision.

In Wopmay Orogen the age of the collision i8 interpreted to have

occurred between about 1.92 and 1.89 Ga. Metamorphic isograda, which

postdate the Ill8jor pulse of thrusting in the deformed passive \ll8.rg1n

aequence (Hoff1llilll and others, 1980), are related to lIll!.ao~onal S-type

plutons (St-onge and Carmichael, 1979) whose -.ean age is 1.89 :1 0.1 Gal

(Van Schalus and Bowring, 1980). Deformation of the Hottah Terrane must

postdate a defolllll!.d pluton found at Hottah Lake dated at 1.92 t 0.01 Ga

(Van Schalus and Bowring, 1980). If deformation in both belts was

related to the saJlll!. event, as postulated here, then the age of deforma-

tion is bracketed between 1.92 :1 0.01 Ga and 1.89 t 0.01 Ga.

~

J... ...n.·,..-.
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Th. LaJiDe Croup, vbkb rut. uaeonfo~bl,. 011. the Bottm

Terrane -.ad l.acJta iu peOltrativa fabric, -at. be. JOWl&U t.hac the

lIieroc.ontluent-contlnent eolliaioo.. If tM LaBine Croup 18 • vole_Ie.

...tnrdly-d.lppioa lubduetion zone, .1 tba ocean ..at of the &1ero­

continent had alrudy closed. Thil interpretation requira. that.

following c:ollbion aubduc.tioo changed froea weatvard-dippina on t.he

...t aide of the aic:rocontinent to _atward-41pping 00 the _at .i.de

(Pigura 75c:).

Many exaaplu of continent-arc or td.croeont11:1e11t. l:ol11110"DII

appear to haw 1Dvolved • reveraal of lubduc.tion direction follovina

c:ol118lon. Baldlt.OD (1979) pre••nted evidence for Inc.ipient IfUbductlon

revenal nortb of the bland of Alor, ... result of coll1810n beewan

the Banda Me and. the Australian Continent. He abo IUlleat.ed tMt.

rever••1 of lubduction direction occurred .fter arc-eont.lnent colU.lon

at. New Guinea. The Miocene col11810n of the Apulian fragment w1th

!uro-Ruaaian continental crust waa along a southward-dipping aubduction

1tOne while preeent day subduction. under tbe Hellenic Arc ia northward

(BUl"chUel. 1980). In the northern Canadian Cordilleran exa.ple of

contiDent_icroeontioel1t collialon aubduction is alao believed to hava

atepped outward of the accnted terraoe and reveraed direction

Independent aupport for an eaatward-dipping aubductlon zone

folloYing collislon In \lopmay orogen occurs In the Eaat Artl Thrust Belt,

located 300 kill southeast of Port -«4dlwu. (Figure 1). There a group of

calc-alkaline laccolitha. strikingly a1Jdlar In compoaltlon. alteratlon

and _talliferoua deposita to the "yatery Island IntrUilive Suite, are

diatributed axially over the length of the aulacogen. which trends



1lO~1 to the \/o,..y coati_ata! ..rs.ta. The. l-eeolith.-. eabibit e_

po81tional eh.-.llIu T&n&ID& fT" diodu 10 tt. ....t to q...rt& _&OUte

ie the t (SoH....nd othen. 1911). ladu. (1918) eo~~..." tMa

to h ovuaiaplU1cation but anted tll.lt both pouad_ faL:J.~;: and

Tha ce-pMltional trend .ttl tha.. laccoliths 1& dailar to tbolla

of .....Ue era (Koore. US9. 1961; MI0k0vitch aDd Kaya. 1972; liadar.

1974; Dick.1Nloe. 1975)-. "'.Uerity {!rat polllted out by Hoff.... aDd

othera (1977) vb<> .-a&g..ted tbAt the lntnatlioue lIi&bt be a nault of

pr",.....bly produced du'tilll colluiOll and hav. an.p,..rent ala of 1.B6

Ca t .01 Ca (Va" Set-.a and !ovrln... pereDnal I;CMNn1c.UOlI)--the ..­

aB' or dtahtly youllJ8r than tha LeBlne Croup. Thue. they support tbe

concept of an ..etvard-dippln,g aubduetlon ,...... that poatdated the .icro-

contlnent-eOllt1DRllt co1liaion.

they .re .bout 1OG-200 .. balov th", IlUrfaca (..e for exa.ple: Iueka

AIld a...uangi. 1977). tf thi_ vas .bo the caa" during the urly

Prot.rolOoic than tbe Sanioff :tone ponuhted to he". gener.ted the

laceolith. _lit ha"e been fald)' shalloY. for thay occur up to 1SO \II

fr.. tbe trench believed to h."", exbted velt of tb.ao;c..etad.lero-

A shallow hnioH lOone llight explain tbe conspieuou. absence

of atJlllar IIlaiII'ti_ 1n the Slave cnton which ehauld hava ..uuhell if

• litbospherie alab ..... beina 'I:bducted ill an e.. tward di..ection.

Perhapa tbe dip o( the alab "a••0 ahd10" that. there va. no
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fot: lITe .....t~ to OCC\lI' h.. bue propond b,. Llpa.1ll (1980) elK!.

oev.r (1980). the,. both bel1....... that ezt1actl-D. of .....t1c ao:thlty

10 the PUUVUII Ames 1.1 re.l.ated to atreae fbeeed... of tha B_loff

If tM, hypothe.l1a 11 correct then why .,as there "a-t1_ of

the Wine Croupl I ,,,,"eat tlult it _,. have been for ont of thr••

rea80nt: (1) possibly the subducting 11tho.ph~rlc alab v.. aeB!"nted.

!a _u:h the ••me _nner a. lIIO<Iun daba (Carr and. achen, 1979, beck.

aDd he.ung!. 1977) 80 that th ••pent dippina undu the aulacosen

ehla Wi. region. or: (2:) if Laline volcanl_ 18 al.1shtly older thao

the laccol1thl in the .1Il_COlt:!, the dip of the dClWnl01D& dab could

have. dec:r.....d. vith t1ae or; (3) the prellenee of thU lithosphere in

ORIGIN or UoBW CROUP Ko\GXATIS.'t

LaB1n8 Croup are 80 at.atur to -.dUll and Tertiary orolfl\ll: rocke that

they Ira likely to have orlalD.l1ted in a .1&11ar _nne: • .u outlined by

Green (1980) there are four bade lIOdela for the 8enentlOfl of orogen1c

(1) Deep fractionation of low 8102 amphibole frOll lIantle

darived .. fie _SIIIa (Creen and ltinpood, 1968; Cawthorn and O'Hara, 1913;

1Io11a\ll)' and Burnhalll, 1972; Allen and Boettcher, 1978).
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(lf1cholla and Il1f!&WOd, 1913).

(3) ".;feial _Ieing of -.abducted. o<:un1c crun at depth. of

1OG-200 ... to p;todllea Ca) budUc ,ndult1 (Graenwood and 11lnavood.

191>8; Marllh and. Careehad. 1974; Hallh. 1979., b). or Cb} .Ulca

(Ungvood. 1974, 1915; lUchol18. 1914).

(4) lklti,. of cOIltine.ntal ~t b, tllfl_ ot H
2

0 or \I,. under­

plaU.ng v:1th ..fie..,... (Pichler and ZaU. 1912) .

.Furtber-oIl, dllltD& their a.cent through the cl"\l.at ....pas

caner_ted. by any of the above aechllni_. "1'1 be fu.rther -.odifled by

fractiODation (C.u and nthert, 1981). m1.lr.ll1i (E1.ehelberaer, 1975,

Anderson. 1976) or ...iailatloD (Hyen and Karsh, 1981).

In aodela (1) and (2), vater, preaUllllbly derived frOll the aub-

ducted oceanic a1&b, rilles into the Nntle were it lower a the aoUdllS

of pe"tidotlh ellOUlh for ~rtial _lUng to ensue. the _jOt objec:Uou

to tbb id-. ia that high eootents of H
2

0 (10-20 pereent) an necessary

to ,et ande.siUc liquid. (rOIl _ntle peridotite (Wyllie and others,

1976) and the doaifl&ote of plagiOClaH a. , liquidll8 phase In anduitea

of the Lalline Group auuesu that they had low vatu contenn (Evart,

1976; Marsh, 1976; Gill, 1981; Green, 1972). 1.cM vater contents Move

been reportl!d for &any orogenic andellte. (Eggler. 1912; Eggler llnd

llurnh8JII, 1973; Garcifl and Jacobson, 1979; StUne and others, 1979;

iUrah, 1976). Furthen,ore, based on experillental vork by Sh,,,, (1914)

there is some doubt Yhether ",ater could diffuse quickly enoush to

seMrate arc _pal in the ..ntle vedse vithin the nec"".ary tt.e fraae



(Merah, 1916, 1919).

ben 11 .ftdeait•• could. b. prtaery puidotite _elr., po._

.tbUt:.y (1) 1a ua.ltW,. to hew. boHR r ••pone1bl. for I .....r.tiq

~Iine Croup .ndeeitu bee.ut. :REE uta frOll the LaBina Croup 11

inco.paUbl. vith _phibol. fractlooat1oll.. 'artit1ool coefUc.tellta

for D.££ ar. 0.3-0.4 (Sclmetdu- .. Ph.1l.1potl, 1910) and therefora

a.phibole fractionation vould incr..... HR!E abUDd.anc. in the r_lnlD&

coutene. of HlE! at about tea U_ c:hrondrtt. (Fil\:.te 1 7:1. locka of

the laBine Crnup do not abow the cone.va upvard pattern ch,uacuriat1c

of _phibole fracUonatiOD. LikavtM, the -.daree. contente (lo-SO W-)

of Ricbl in LaB1ne Croup rcx:1r.a ruh. out _odd ~ becau.e fractionation

of olirtp. rill ...erel,. deplete the r_in1D& liquid 1n u1c:lr.el (Duke,

1916).

Hodel 4 could yield mapy of the _paa found. in continental

volcanic atca, .uch aa tbe Laline Croup, but the ocCllrreace of area on

(>C._nic Crult (1.e., Aleutian, Karuua, etc.) indic:aeea thlt ..gaaa

derived £roe copt1nental cr....t are DOt the priaary lI&JIa&a of arc

volcani_. .u.o, the te-petaturQ DeClUaary to d.r!"1 endaitic -.Itt

vit.h .bout 2 percent _ter frOli the lover cruat (30-~ IaIl depth) are

OD the order of llOOoC (Wyllia aDd otbera, U16). nlla in order to

generate 1_ 11
2
0 aQdu1tic ..Ita !toe tM lower ctv.t there a1at be

addition of ..pa frOll below or e11e the. cr.... t IIWIt be lIubltant1ally

thicaned by abortenilli.

Yet th.re c.n b. little doubt that Ntholith••re generated in

continental cruat, for in volcanic arca built on oceanic Cfllat there

no batholithl cOCllparable to thOlle of __tern North aM South America
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(VatelC., 1948; hte.aA, 198::.). 111 th1. np.rd tbe lw'U~tw.tb

both pa.a 101laitu,Una1h boa ocealIic to c.ontbou1 cnaat. Wh.n

dne10~d OIl oceatlic CJ'\lat they are very aarr"" «10 1Ia) and ca.prl••

bathoUths are e~laeed bto the volcanic .uprutnacture. 'nIe•• are

11 involved in tbe getlentlO1l of batho1itha aDd their rabtad etuptive

producu. A 81all.r c0llC1u.a1011 i8 cucbed. fr_ consider.tion of iaotopic

data frolll continental arca (Zartlll&n, 1974, Carter and othe.... , 1978:

T11toll and Bforre1ro. 19110, DePaolo, 198111; JUleS, 1981), a. well ..

uperi-enta1 phaH petrolosy (Wyllie and othen, 1976; WylHe, 1971).

Furtherwlra, REI!. data fr_ the LaBine Grollp all18uU that the _gus

vere never in eqllUibri.. vith .ore than a perc."t or two 8&mat (F1811rt

76). Aa garnet; La a1ao.t cenaio.1y preaent in quaru eclogite (Green

and Ringvood, 1968: Stem and Wyllle, 1978; Sekine and othe.... 1981),

rocka of the LaBine Group were not likely to hne been derived directly

Thll8, aOllleVhat of a paradox e...rges: .apea of the c.ont1.llental

crust are not the priul")' _paa of arca yet eOlltlnent;lll .arc. are gener-

aced in the crust. The pandol< can be easlly ruo1ved if shb-gene-rated

_lu rbe into or beneath continental crust and c.u~ wldeapread pllrtid

_lt1ng of c~td _terid. 'nI1a _chani,.. i.I ai.ibr to that recently

propoeed by Hlldreth (1981), KcCoun (1980) and DePaolo (1981) and



Figure 76. Chondrite not'lllal1:zed Ce versus Yb plot for analyud
lalllpies frOlll the t ...Une Group. Partial melting llOd.els
of m1Jc:tures of garnet and cl1nopyroAell.e are fro. Thol'Jle
andotheu (1979).
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..dier by Pichler and ~1l (1912). balrt. and othen (1917).

If roeD of t.bt ~1De Crov.p wre ,-tated 1a the cNat. tlMl.. 1t

1. tUPlll.a8a..ul to the. ....xutaDd14.a at thelr petroleul'd. ""'etber the

cryatal fr.ctton.tlon •••d ..lIle "lrHa of poarttal _ltiDl 111 tbe aourc~

ulioa, Or d1f£ereo.t oIelTee. of a1al.q MJ.d/or ..dai1.atlOD. All analyud

toeb of the l.8B1De Group, __11 .a youa..r aran1told rocb, tOR

_th var18t1Ol:lo tun" of the _Jar d_t. vblch m&ht ........ t that

they arc lenttic:.aliy related. 1Iowever. fidd allcl c:.hronolOlical ar•.-au

aU&leat that it 18 b.1.Ihly unlikely that tbe rock ault.. are related to

oae allother by a1.llll1e eryatal fractionatioa. For .xallpl., thue iI at

leaat a IS a1llion year tm. I'P between LaBl.oe Croup vo1eanil. and the

e.plau_nt of t .... younler .,enolranlte plutonl (Sovrial. peuonal eo..

_ieation. 1912). Purthe~U, the al-.ilar abunuoee••nd fractlona-

lava. oecurriDa 1l:I the e..u.U l.1.,.r. A.n1Ju..1. A!ld kbo 'ay aIld•• lte. by

any type of cry.tal fuetionaUOD (Pitu.re :7). Tb18 doe. not _.11 that

cry.td fr.etioa.atlOll. \I1Ia ftCt au bIport&ll.t pro<:.... for the c_positioul

10ltiDi found In *"veral _Jar aah-fl_ tuIf ahRU ."&lelIta that vithlll

iDdi",id_l ...... chaaban it _y have O<,<eurred, but _rel)' that it ia

oat po.aible to derive aU a.h-flow tuff. of the bdt froa 001' ..pa

t,pe by ery.tal fraetiOll8tiOll.

AssiaUation of uppt't cruIUI rocks providel a 11mple _cllanin

Cor enrichinl lPagwl~ in incompatlble demeotlS such as k, Rb, U. aod Th.

Th. rola of this _eh.nillll is dlffieult to evaluate for the foll01011ng

r•••onl: (1) little iI knO\ffi of the eheatc.l Ind isotople cheracter-

btice of the bas_nt to the Iroup; (2) rubidJua-atronti\D hotop1c:
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Figure 77. R:.:E analyses normalized to chondrite for some 6trati­
graphic units of the LaBina Croup in their nlattv.
stratigraphic poaitions. Lines on plots of ash-flo..
t.uffs indicate fie.ld of Eeho Bay Andesite.

181



ayat_Ua of rocks of the lroup ha_ baen _rely lIiatl;lrbad; and (3)

..all11laUOl> c:aa produu trends parallel to dlfferenttatloa treDCIa.

However, An1.all.1 Andeaita ia tbe 0Il1y rock type of the tdlDa Crou.p for

which .Y1deac:e of hilh-lev"l I:OIltaaiDatiOll ia fouo.d.

t'herefore, [ coaclud. that _at roclr.a of the WiD. Croup and

a.aociatd pluton' were probably leaerated by panul flldoll of 1_1:"

cruatal _terial and po..ibly lIirlag of tho... _Ita with .lah-deI:"1ved

ba.altic: and••1t••

101h1l. it ap(M'ara likely that cofttin.atal cruJlt 11 1Dvolv.d In

tha I_ration of batholitha 1cl Imeral, and ap«iflully ttt. LaBine

Group .IllA a ••ociated plutona, there are _jor unc:erta....tiu whicb pre­

clude accurate .adelina of the -.lt1.a& aml/or aixiDg ,toc,••••• that take

place d\lrtag their cren.ton. For euJaflle, _ blow fr_ the YOrk of _ay

(Hoorwth, 1975: Pride alld Huecke, 1980, 1981; Green eli others, 1912;

Bridgewater aad othen, 1978; \/uver aad othera, 1978; Sllhlnolfl, 1971;

O'Niont and Pankhurat, 1978) that old 10\H!r continental cruar ill deplet.d

in U, It, Rb, and Th, .0IIe of th de_nta ia which cOllt1nental arc

volcani. ia typically ftlr:1che4, but _ know virtually IlOthinl about the

c:oaapodUoll of juvenile lower tOlltlnefttal Cl:"uat. Furthemore, even if

the cO&l(lOaition and nature of the lower c:rv.at vere kno\Ill, partition

c:oeftidtcllta are not kaown. with fllIOIIah acc:uracy to qualltUatively

evaluate partial _ltlal and airlDl WMtela. .'-Onl the _ltnovna, tIOst of

which are kaown to affect partiUOQlna of ell9le-nu, an the effecta of

changia! aineral composition, Vatyine bulk composition (~. Hildreth,

1981), eifectll of oxygen fugacity, prellsure and tell1peut\lre c:hangell,

volatHe comple:dng, presence or ahence of trace 1I11nera1l, phase

petrolol)' effect., and llone-refining effect. on vall roo:h (Sha"', 1977;

DePaolo, 19818).
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Overan, the entire body of g",cloated and ge.oc:t.e.ical evidence

clearly 8uls•• ta that tha Great Beat Hagu.t1.c Zone b • contin_tal

arc. Tbb brief aectioa will atte.pt to d_lItrate, by rvling out

other ro1db11itiea. t"'t • _paUe arc Is the IIOst reaaouble intel'­

prat.aUOQ of the available dat.. Othe'C' possible tectonic envb:o~ntl

for volellDie be1u f.U into 2 bade ct•••ea: (1) rift-type (eg.

Afar. reglO1l of Ethiopia or Ba8ill. and Rallle tep.oo. of the louthweltln

U.S.) or (2) collisional (i.e. Tibetan Plateau of Chi"",).

(1) h rift-type envirolUllltnt 18 un.atiefatrary beeaus. rift

voleaniela ill typically biaodal (basalt-high dUc.

rhyolite) whUI! the Great Bear Magllllltit Zone it

clearly ca.p~ltiOMl1y continuous fro.. low dUe.

andesite to rhyo'.ite with intenM!diate t01llpOdUans

pred01lllnaUng (for a cOlIIPlete and 1l1wainating

d18tulllsion of rift-type volcaniUl see Easton, 1982).

(2) Continantal collision IIlight be able to generate

roeu with I1l1ilar cOlllpOaitiona to thos~ of >-"~ Great

lear Hagutic ZOne. by cruatal fuaion related to

colliaional thickening of the croat. ,However, aueh

belta (i.e. Tibetan Plateau) are topographicdly

high-annding feBturea and therefore it 1e unlikely

that the hug. volum•• of high-level plutonic and

volcanic rock.! characteriatic of the Great Bear

Mapa.tic Zone would be preaerved in the geologie record

if they were generated by continental collision.
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TM pres.rvation of atl:atovoleaa-. and oth.r hiah-I.vel ....1-

I:'elion of ,ubddallea durina volcani.. va. fint put forth by Hoft-ll

aDd McGlynn (1977) who argued that the ~lt .ubl1ded in rupoaa. ta

bendUl, of a strib-.lip bult.

Vo1eanie are. often eontalllbut.n.. of ..ar10us kind•• For eUJlll)le.

_ll-elevaloped 1n the caseade. (Fyfe aad Hel1rney. 1975), 11learal....

(Kellnley. 1969), Eeuador (Wl11ialll and Kc:llrney. 1919), and Nev Zealand

(£wert .nd othera, 1977; Coh. 1979; Ite~en, 1980). The Celltral

Bond.ur•• , ·1ate~tane tee tonic troughs" developed durina ....d .rter

eruption of .nd.-ltie to ba..ltic 1.......nd breccia. of the earl,

Tertiary KIt.aalp,a For.ation, and uny Kioc:ene .ah-flov .hHtl rUled.

tho•• , 19 well ., other, broad, shl110v b.slns (Willllms and He8imey,

1969). W11li....nd &Birney (1969) slao del!'erlbed ••ertn of aorth-

south trend1aa,~ buln. lue:h •• the Sui. Ndn, Ind thl hua.

eo.a,lgu.& Villey of Hondura.. Furthe..-re, _"y indhldu.ll Ceaual

-"-rt~n volunoe•• luch I. tboae found in Ca.ute... la (ViIHa.. aad

othera, 1964), IU 10C4lted vithin lap or depru$lolll.

However, the voleanhlll and Itl'\lcture of the entire Creat lear

Maa-tie Idt dhplsy. re_rlr.able Ii.Usrttiea to lnother t')'1H! of

<!epr...ion found in .everal eontinutal voleaDle ares. Thtll clall of
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4epra.aioaa i.e -.cJa l.arpr tbaD the avera.. vr_h b..in &114 1e au.pli­

tia4 by the Eocella-+U.ocma Loaptudt.D.el. Depre.e1OQ of Ch1la (Zell. 1980;

Levi and Aau1rre. 1981) aD4 the coaat.1 1_1Aftu of _.tanl MokkaUo,

JapaD (014a. 1968). '!be.. 4cpraa.i_, wb1.c:b lic at alcvation. cloaa

to ... levti. are About 100 ka .ero... aenral huD4redl of kU_ttaa

1-.. aM appeer to acrft aa loci for vollaiDou p)'T'OCla.tie "tvptlO1l8

an4 eeu14r_.

wb11a th"ra b often evidenca for block faultl.Ds. tben 1. little, if

811)'. for the 1111tric no~l fau1.tina and concOlll1tant rotation of cruatd

block. that Bee.. to chancteric" continaotal rUn (1.e., _'te'OllaaJ.n

and Ranae Prcvinee. Wriaht and Troxel. 1973; Anderson, 1971: A.far,

Korton and Black, 1915). Illuead their nlional acruc:tura b that of a

hule ayocline vhen seetlon' of volcanic and adUientary rocka teu of

thou,and. of _ere. thick an expoaed. III the longitudinAl Deprudon

of ChUa, the.e aectlO1l' co.prllle aerlea of """'rlapp1ng len.e. (Led.

aD4 Ai'J.irre, 1981).

Iy c.-parilon. tbe Cr_t her Kapatle Zone. :111 UartUn. b in

dlilaritl"8. For eX4lJlpla. the overaU pre-folding atructure i. crudely

8ynclin.1: tell. of thol.tN.nd. of _trea of .ectlan occur in aarlea of

OVl!rbppin. lensea (Haffuo..nd McClynn. 1916); and cataely'lic erup-

tloo.a of aah-Hov tuff 4..1nate4 the voleAnisa.

Another elUl.ple of thil cIa.. of depreaslons lIIaY be the "sraben-

syncline." of Kamchatka, In whlch cauldrona and IIh-flov tuff. are

concentrated (Er11.c:h, 1968). Yet another lIlay be the Nicaraguan Depr"a-

don (We)'l, 1980). Which also cootain. nlllllt!rOUB cauldron. (Carr and

athen,19St).
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If tbe.. ~ains do indeed fon a dbtinct daas of badns for.ell

1n continental arcs, and they d1<l not or1ghate by exten81on, to what do

~d1ate .,1cin1ty by a1rfall ..aociated w:1th the valu.iDoua nb~f1O'V

tuff eruptiona.

Coudder tbat the vo1U1D1! of nh-flow tuff preaeot 1n the syn-

clinea 18 on the order of Uns of thousands, perhaps evell hUEldreda of

thouaands, of cubk kilometres, for the aveuge centre ...y erupt SOBll!­

vbers betwean SO and 500 u,3 of _terul and each baain containa ..ny

81K-h centres; Condder sbo that dudng ..h-nO\l eruptiona aa IBUch a"

half tba erupUd volume. occurs as fine vitric aah which rillea to great

heighta a. a turbulenc cloud and ultimately 18 widely disparsed by high-

level wind (Spark.s and Wslker, 1977; Lip1l4n, 1975; Flood and others,

1980; Walker, 1972; Fisher, 1966b; hett, 1981; Walter. 1981). Then-

fo!e depending on the relative vollmll! ot _terial added to the crust

from below, there could be a Il.et loas of crustal material h01ll the area

of the surfa"e volcanism, itself leading to subsidence.

The cruat may alao sink if its overall den,ity is increaaed

either by adding denser material, or by removing IDOre 811iceO\l' material.

[f one accepts earlier arguments that it 1$ "lDillfic ma8lDill that migrates

upwards and fuse. continental crust then it is necess3ry to know whether

or not the IIlBflc _g_ can generate an equivalent volUllll! of .are ail1-

ceous 1Il.tgma. Calculations by Karsh (\lnpub1hhed Blan\lscdpt, 1981), sug-

geat that \lnder most conditions basalt emplaced into the lower cr\lst

doea contain enough energy to generate an equivalent volume of

.11lceous aap.;!.
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order for the. ar.. to tl!lllollf1 at IIOre or le.. the __ elevation with

""era VH' and _ud Vvit ••h ~ual the voltme of ba..IU.:. aDd.,ite. added

to the. crust alld the value of vitrle ••h erupted. out of the ~dlate

IIr",•• reapec:tlvel,.. Approx:lJqt .. valuu for the del'lalc)I of baaaitic

uduita are about 2.S r,/c.] 111 the te.pe'C"atutcl! rail" of 1200-1400oC

vbll. tho.. for rh,aUtlc: adU at 800°C au ,bout 2.3 I/cJIJ.3 (KuUte aM

McBlrne,. 1913). The density dlffue:l\c:e between the two I, only about.

The lover erust. will, in all Uke:i.ihood, beC:OIIle denser •• the

ba••Irk andedte crysulline to _fie: lranulita--a rock denier chilli

""ttul .etc. sener&ted by the iDUux of haNltie andesite. IIovtv~.

tbe upper and ,illdIe cr1,lst aay bec.~ h ... dense a•• reault of CM

a1graUOIl and rtyatdlhaUon ;:,f less dena••'gue lenerated in the deep

trust. Without knowing the cOlllpoaltlon of the cruatal eolUlllll. it 11

blpo.. lble to quantitatively evaluate thelle eHetts. Ncverthe1ell', the

a,. or _terid .e1e1ed to the CN8t llIuat sttll awroxiJute the IllaSI or

atel'1d l08t H the region b to resaln in ieostatic equUlbd......
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ba""IIicandlllll.

Figul'e 78. Cartoon illustrating. IIIOd..l for the origin of synclinal
basins in eontinental volcanic: arca. Notl! that _terial
1s eonstantly beinl 1'I!JIOved frOlll the lower cru.t and
bTOuaht co the surface. Becaus. new, alab-derlvo!d
basll1tic andesite, l'Q,,!tuy equivalent to the 118"" of
vltric: ash leaving the regton. is added to the. crust.
the area ill one of subsidence, yet the entl.Te crustal
0::01_ is able to 1IA1ntaln crude hostatic equl1ibriWD.
Thh process tends to reorgan1J:e the continental crust.
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By looking .t the volwua of -au lrupted and in.truded ill

IIlOdern oceanic 1..I1Ind arcs it i. pouib1.11 to Ipproxilllste thll &1IlDUllt of

lIUlilll& srriving at thl basil of the crll5t in tontinlntsl arCR. fatiDlltu

for this volUllle Uo.gl between 1. and 10 kIa) per lIIillion years per b of

The vo1.wte of maglU erupted in a typieal. continental arc hal to

be appro:duted. \/1 are only interelted l:o the volUille of pyroclalUc

_terial erupted because lsva flows and intrusion9 do not ienerate

vinic ash. Sm:ltb (1919) has sbo1m that there is s crud. linear relation-

ahip betwean aah-flow VOlUlllIl and caldera area. For _""'ple, a voluH of

Iltl"lpted IIl8terial equal to 500 b 3 will have originated. frOlll a calder_

nu.rly 30 1aD 1n dlBDeter.

Beca\lge there does not appear to be a characteristic apac1ug of

cauldrons 1n continental Bree it 19 nece9~ary to IISSUllle a 9pacing for

the purpoges of calculation. For the sake of simplicity, calders. \lith

diametet"s of 30 bI are spaced vith their centre9 30 km spart. This is

thought to be a t"u,ollllble a,sUlllption considering that sOllie sreae will

have no cauldrons while mothers cauldron. wlll overlap.

The frequenty of cauldron formation is sssumed to be 1 per

-.111ion yeats based on their frequency of oecurrence in the Datl1-

Mogollon volcanic fidd of New H6Jtico (BoIIrlng, personal cOllaunication,

1982). If the above approY!matlons are correct then about 11 km3 of

pyroclastic material are erupted per Ian every 11111110n years of with

about half w111 be erupted as fine vitric ash and be relllOved frOlll the

area. Thus the estimate for the volUlQe of v1tric ash erupted is about

8.5 km,3 my-I km- l , a volume eomparable to those estimated for eruption

and intrusion in island arcs.

This can be further tested, without the aS~U/lIptions of caldera

diamerer and 8paeing used above, by exam1uation. of the pyroclastic
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voleanic field, 1I0u.tbvelitem COlor.<lo. Thsre Staven and L1~ (1916)

.ect-Ce that about 9000 Ita? of pyrocla.tic aater:tal .... erupted

between 30 .y .,ut 22 .,. ago. Th.ot i. equivalent to • rate ot ebo\l.t 1100

gJ per 5111101'1 yun. AtJ the San Juan vole.nit: field b .pplOIt-t.ly

100 Dl by 100 Iaa thb equili 11 kill) per Iaa of length. !bentoI'll 5.S

b
J

of vittle ••h vere erupted out of the region for every II:a pel:' .Ul1on

rura. This .pproxiJlation 18 abo well within the eatwted 1'81118 of

eruption and lntrualon in island arca developed on oceanie cru.at.

'Cine is and kwldle (1976) tstialated the. vol .....e of alb-flow tuff

pre.ent :1n. 11S lui long sectiOQ of the central Andes to b.e l.SdO) b,)

and arrived at II rate of production per 1 bI length of 1.3 cub1.c kilo-

_traa per 111111100 yyrs. Although they vere aware that ash-flows lIIlly

10•• SO pucent of their ..terial by high-level atllOlIphuic: transport,

their calculation" "lira balled only on the volume of tuff preserved.

Thus, the rate at ..hich vitrie ash "as erupted and removed from the area

waa probahly alao about 1.3 laa3 per million yea1"s per kilolDetre of

length-·q:a1n a vol~ of dlllilar 1Illgnitude to those suggested for island

arc magutlSlll.

All of the above estimates are condstent and of the salle. lIIagni-

tude as estimatea for intrusion and extrudon rates in ares buUt on

oceanic: Ctust. This suggests that the model preaented here for the

origin of the synclinal basins and the volcanics ",hieh fill them is

plausible.

The above ealeulaUnns can slao be used to plaee constraints on

the origin of IDSgmaUsaI in continental volcanic ares. For eUlllple,

81nCtl the yolUl1e of D.agol3 erupted and intruded in oceanic area is

roughly equal to. or less than, the volume of _grna eTupte<! or intruded



be deriVed f~ ttt. edic ...... by aDy type of differantLoUoo. for

per-hapa 10 volu.el of ..Uc "PI Ire needed to senerlte 2 VOlUlDeI of

Irlnodiorita. Thill lquaent and t~ condatant laclt of batholit~

where there i. no COll.tio.mtll ccuat virtually demand that they b4. the

p'roduct of contlnent&1 ctuat.

Tilt evll'r linCI it Via recognized that plrtl of thl contirl_t&l

c'ruet Ire eo.'ricbed in r.dlosenic 87S'r nlltiva to the upplr mantll

(Faure Ind Hurley, 1963) eoat Seologiats haVI erSued that bathoUth. of

continentll l'rca with low initiAll 87S'r/86Sr wrt untle derived. They

de thle even thoUSh lOll inithl S'r 'ratioa do not by the=lse1vea indicat.

I direct IIllIntll origin. For ex..mple, it 1a widely known, but perhapa

not widely enough, that there ere levenl ways other than directly fre.

the untle f'rOlll which to derive roclt8 with lov initial Sr ratios:

1. juvenile continentsl Cn1at ult1lutely derived. frOlD. the untle;

2. rocks with 10lllb-Sr ratioa such as depleted granulites

(Tarney and Windley. 1977);

3. llliXturea of er\Llltll and III8lltle ..tarid;

4. lower continental crust that he. isotopically re-equilibrated,

pethapfil lIith the aid of • fluid phase, "itll the la'rge mantle

reservoir (Armstrong, 1968; Collerson and Fryer, 1978; Rell,

1981).

Therefore, in light of the above arguments. 1 find it difficult to accept

recent claims. based mainly on strontium isotopic data, that ~atholiths

of continental area Ind thelr conllanguinous volcanic rocka are generated

directly in the 1I8ntle (BroWll and Hennesay, 1978; Atherton and. othen,

1979; Thorpe and others, 1979; Cobbing and Dennis, 1982). In support of



this eondudon. the Holocena EdlecUllbe vole.nic: Ueld. S.E. Alulla

dt..phy. an al«:dlent epllIple of hybrid _In aenerated by the inflwr.

of _at Ie-derived ba.alt t.nto d.alie er\18t; partial _ltina of that

eNat. and a\1beequently .t.Xt.nll to produce rhyodaeite. anduita. and

cLac:ite--aU with initial 878r/86Sr ratios lea. than .7048 (Myera and

Karsh, 1981).

lIy uaing S....Nd 18otopea inc:onjunetion with Rb-Sr 1.Iotope. one

c:au apparently rule out the poa.t.bility tbat batholiths of c.ontinental

arc. are derived frolll old continental crUllt with low Rb-Sr ratios (aee

DePaolo. 1981) but they do not rule out pOllllibllit1es (1). (l) ••nd (4)

as .0\1rl;llla. Even the llIuch-herdded Lu-Hf isotopic: 8ystelll apparently

c:annot rule out poadbil1tiea (1) and (3) if the juvenUe c:rust 18 less

than 150 Illy old (Patehett and othen. 1981).

In c:onc:lusion. work to date in the western part of the Great Bear

Magmatic: Belt suggests the followiog:

(1) Sheet-like quart~ IllOnzonlte .nd lIlOn~odior1te plutons with

wide alte.ration haloes sre intimately assodated with andeB1tic strato-

volcanoes whUe lllOre siliceous dOlll!-shaped quanz IIIOnzon1.te and grano-

diorite plutons are assodated with vollllll1no.us ash-flow tuff eruptions

and C8uldroDS. Ring complexes \lere not seen although cauldrons are

(2) I-type batholiths and assodated calc-alkaline to sho&honitic

volcanic rocks are poorly understood, IllUItistage products of subduction-

related slab-melting snd subsequent parthl fusion of lower continental
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(3) S",bductlon. which 18 the "'1n driving foree for: plate

tectonie., h.. beln ."tive I1nee at lea.t the early Proterozoic.

(4) The LaBine Group cleveloped. over &110 east-dipping subduction

zooe vhich developed after aecretion of the Rottah Tarrantt to the weu

atd. of the Slave Plate.
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NO " AL 'I " n CO "" FE .1 TOTAL

" • 34 1.9 • 2.U 4.45 .'1 1.34 2.61 5.81 1.41 1.62 ]."CI .14 '.n 1.36 24." .n 16.1$ •J> ... .16 ".:;8 -.n" .1' 1S.57 2.57 51.53 .n 22.'1 .., .1' ." 5.89 .11" .21 15.64 2.59 5'.25 .n 22.~4 .11 .14 ." 6.'J .It 9a.22'" .tll .878 .114 1.895 .u, .911 .'17 .In .115 .189 .nll ....25

NO " AL .1 " 11 OR "" FE HI TOTAL

" ... 2.66 3.32 J.n .11 I.n 2.7' 5.7' I.U 2.lJ2 2.62CI .13 9.13 I.H 24.H .Il 15".25 .19 .2J • 11 4.5'- ..." .1' 15.13 2.n 52.34 ." 21.34 .47 .,. ." 5.83 .f>" .1' 15.'9 2.73 51.911 .Il 21.31 .47 ." .1< 5.97 .f> 97.39'" .'13 .954 • 121 1.925 .u• .862 .'13 .•If .IfJ .189 ,111 J.991

" " AL 'I " 11 CR " FE Nl TOTAL
51 .f< ." .B9 •2l ... .n .11 .18 .f< .22 .11CI .13 9.34 1.41 2U5 ... 15.83 .32 .12 • 11 4.69 ..." .17 15.49 2."" 52.31 ... 22.14 ." • 1' .13 6.IH ..." .18 15.55 2.66 5'.99 ... 22.11 .52 .1' .1< 6.18 .It 'IB.5f'" .f13 .869 • 118 1.911 .... .986 .'I~ .114 .•n .193 .113 4.111



~)l

Cl~P1TOXel111 X-So-g,O

"' flO " CR FE HI TOTAL

.37 1.54 3.37 5.'2 .71 1.16 2.65 6.n 1.63 2.51 2.".,. 8.98 2.18 23.5' .11 15.H ... ." .17 5.811 .11

.J< 14.89 4.13 5'.26 .11 21.88 ... .13 .22 7••6 .n

.lB 15.13 4.15 49.U .11 21.81 .., .f< .lJ 7.43 .n ".5'
.127 .844 .182 1.8S3 .ff' .875 • '19 .... .•u .238 .... •• 145

.. " 51 " 11 CR FE .1 TOHL

.2t 1.49 3.8S 3.65 1.2'1 Lll 3.U 6.45 1.53 2.23 2.52
.12 9.13 2.21 23.66 -.'5 15.11 • J4 ... ... 5.'• .11
.16 15.13 4.17 5'.61 ... 21.14 • 61 ... ." 7.25 .11
.18 15.29 4.19 49.81 ... 2•• f8 •59 ... ." 7....2 .11 98.76

.'12 .m .185 1.868 .", .846 .ft6 .112 .U3 .232 .11" .... ft7

.. "' " 51 " 11 CR FE " TOTAL

.lB 1.94 2.91 5.67 • 21 ... 3.16 5.7' 1.68 2.'2 2.42

.22 9.33 1.88 21.88 ." 15.ts ... ." .12 5.25 ...

.2! 15.47 3.55 51..9 ... 21.19 ... .16 .16 6.76 ...
•32 15.62 J.58 51.17 ." 21.14 ... .17 .16 6.91 ... 98.78

.•23 .872 .157 1.88' .112 .845 .'19 .it4 .U4 .215 .1312 -4.112'"

.. "' " SI " 11 FE " TOTAL

." 4.12 -4.54 2.83 • Jl ... •1J .Il ... 1.77 ..:1

.16 7.39 4.a7 22.46 .IS 15.64 .J< ... ." 6.27 .OJ

." 12.25 7.U 49 .•n .18 21.88 .51 ... .Il 8.136 .OJ
•14 12.5• 7.61 47.69 .18 21.78 .55 •. t9 .Il 9.23 .f< 99.'5

.116 .m .337 l.ns .197 .879 .ft5 .tII2 .194 .:!:i9 .1I'" .... 120.. "' " 'I K " 11 C, FE HI TOTAL

.2t 2.27 -4.18 5.58 .82 .95 2.S9 6.33 1.91 1.99 3.21... 9.96 l.n 25.13 ... 15.39 .IS .JI .OS 3.17 ...

.l4 16.51 3.25 53.76 ... 21.5'" •2S .4S ... 4.17 ...

.51 U.J2 3.2'" 52.41 ... 21.56 .14 ... .11 .... '8 ." 79."
.•41 .894 .14' 1.929 .tlft .85' .H6 .• 13 .•0)1 .128 .0&" .... Ul

"' " 51 " 11 " ~iI FE .1 TOTAL

... 1.23 3.67 5.5'" .39 ... 2.52 5.75 2.I~ 3.23 3.i13... Ul 1.76 24.6-4 ... 15.11 • 42 ... .Il 5.1'" -.n

.12 15.47 3.l3 52.711 ." 21.13 ." .Il ... 6.,H .'0}

.1J 15.55 3.34 51.5-4 ... 21.n ... .Il ... 6.76 ... 99.37
.us .858 .H6 1.911 .ft'1 .n7 .~ !e .~~
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~h1bole P-79-82

.. " " SI C. TI CR M iE " ;\J ~ ..i.

.... .1l1 1.91 4.2t 1.58 3.98 5.26 Il.jS 21.l1 1.54 2.30 2.~V

" 1.52 '.79 5.J~ I)'."H .~ , S.d I."~ -.~. .~9 8.6' ...
~r.: 2.';~ 1~.5/ Ii.';:! '1i.LI 1..1 '1.1,10 3.,i1 ... • 11 1l.1II} ...
" 2.29 15.21 11.14 42.73 1.j} 11.2' 3.If ... .11 11.23 ." 98.22:n .O~I 3 .~j5 1.919 6.2:)J .l9J 1.150 .348 ••if ."'13 1.374 ••14 1'.129.. " " 51 C' TI CR M " HI TOUL

,. .~~ :.21 l.ll 4." 3.1. S.U 1'.31 21.7i ;,93 L31 2. III
.. 71 '.91 6.56 11." ." i.~e I." .,. .{.~ a.~'? ."" :;:.:!' !l.H '2.4>1 ·~."l'1 :.n 11.2IJ 2.14 .,,~ ... 10.6,) .16

\C :!.!i3 '5.48 12.73 41.74 l.tI 11.15 2.14 ." .14 le.82 ." 99.42
:H .JiS J.j~e 2.;U 6.tl92 .IB4 '.7H .3JB .lIiI • • '/14 '.319 ."lH ".927.. " " 'I C' TI CR "' ,:~ 'I TOrilt

" I." 2. ~. 3.S9 4.33 3.ft :5.95 8.66 ".010 1.51 2.1/1 2.81

" 1.34 &.H (l.eB 13.08 .n t 7.il Ion ." . .;1 9.·.l3 .,N

"
'.df '·.32 I ~ .25 J~ .•5 1.1' 1\'15 2.'15 .ilS 11.62 ."

"
2.'2 14.96 12.56 41.03 1,1I9 II." 2.94 .OS .11 l'.n ,J; 913.i1

.~ .~il 3.m 2.1J3 6.115 .198 1.742 .llt .U4 .~13 1.H4 ./1'31 l:s.n~

.. " " 51 CI II " " ;:E Hi '(.ilK

.2', 2.U 2.14 4.38 1.96 J.o' 14.204 2';.32 1.59 1.11 2."
1.57 ~.U ". ';~ I)' .~" ./3 1." I."' ·.H .., ,..,,,

~,_..l~ ~ .!4.!..)!. _I~.:~ _ ~ •.£'1_ _ '~'L .2!.:.!!_1.I.1I__ ~~__ ....!..1~.J~~__•.!'_____
,e 2.35 15.!1 11.28 43.23 1." 11.19 3.16 .J' .16 11,,11 .\l. 96.:.,

• • 01" 3.:e~ 1. 13• '.lIS .~;.; 1.7:55 .Hi .... .g17 1.346 ..11. l:i.91~

.. " " Sl " 11 tR .':~ ~( lal~l

.39 2.3& 2.c2 4.lli I,jlJ :5. ~a l4.'1<l .:1.;:;· l.JJ 3.U 3.25
1.·:\1 ;. ~-: ;. ~, 1;. ;~ ,.,

~.11" lJ2 • \iii ." ',,:2
'C ~.d I ~.~~ Ii-V.! h'.H 1.1 ~ 11.1 ~ 3. ~ll .J~ .,~ II.oJV .,il.!

" 2.4\ 15.48 11.24 42.'7 1.11 11.13 3.25 ." .16 11.~:i .~~ 9,:.:;
.;~ .<.'H 3.m 1.944 Lin .2.7 l.iS' .357 .ilil1 .1117 1.379 .~H' '5.913



".~h1boleP-79-95

" " 51 CA TI to I1Il " .1 TOTAL

.11 I.n J.H ~.n 3." 5.32 11.'17 2'.23 t.:i' 2.37 2.73
1.J8 '.72 6.18 1'.33 ." 1.11 1.79 -." .1J '.8f .11
I.8S 14.4:5 11.61 "',36 1.12 11.21 2.98 .to .17 11.44 .11
2.'7 15.19 11.96 42.91 1.19 11.16 2.87 .11 .17 11.59 .11 98.93
.584 3.267 2.f47 6.235 .211 1.735 .311 .... ."7 1.417 .IN IS.en

.. " 51 " 11 to " II TOTAL

.l9 1.42 2.38 4.18 1.98 S.U 14.'1 2'.17 1.57 1.19 2.5\
I.n 8.61 6.12 19." .B7 7.97 1.71 .11 .B7 '.47 ."
1.64 14.28 11.56 41.5' 1.'4 11.15 2.85 .to ... It.n .B7
1.83 14.83 11." 42.98 1..2 11.11 2.7& .11 .IS 11.95 .B7 97.56
.521 3.239 2.'n '.3n .In 1.742 .3ft .... .en 1.355 .1'815.7115

" 'I " 11 " "" FE II TOtAL

.l9 1.19 4.n 6.57 3.5' 5.2' 14.31 23.1' 1.73 ." 1,98

1.48 8.28 6.13 19.J' .Il 7." 1.79 -.11 .09 8.68 .14
1,,, 13.72 11.57 41,4'1 1.11 11.'7 2." ... .11 11." ."
2.23 14.J4 11.82 U.95 1.19 11.12 2.89 .11 .11 11.32 ." 97.81

.632 3.tH 2.'41 6.U2 .212 1.7J' .Jl. .... .1113 1.386 •.,415.757

" 4L 51 " 11 " FE .1 TOtAL

.21 2.3B 3.BI 2.9B 3.1B 5.7' 11.45 19.19 2.44 1./" 3.17
1.61 B.S1 6.11 18.73 ... 7.93 1.74 ••2 .1< 9.09 -.'1
2.17 U.H 11.55 4e.I.S 1.13 11.11 2.91 .12 ." 11.7' .t•
2.44 14.B4 II.BB 41.68 1.'1 11..4 2.79 . Il ." 11.8.i ... 97.59

•"8 3.266 2.169 6.14' .187 1.748 .318 .111 .1114 1.461 .ue lS.'1f'

.. OS 4l 'I C4 11 " "' " HI TQTlll

.BI 2.62 3.H &.16 2.38 3.72 11.55 "1.7' 1,71 2.98 2.39
1.S2 8.49 6.2' 19.13 .Il 1.11 1.76 -.11 .11 8.93 .03

2.14 1~.i8 11.71 41.93 loti 11.33 2.9:i ." ~ "13 1I. ~B .lf4

2.29 14.74 11." 42,5' ." 11.28 2.83 .11 .l4 11.6~ .1< 98.42

I .&48 3.211 2.'&9 6.215 .18g 1.764 .3g9 .ue .1113 1.4:1J .1lJ415.833

___-..........iiiiiiiiiiiiiiiiiiiiiiiiiiiil '



'"""'h1bole C-79-10b.. "' "- ., C• TI C. "" FE 0' TOTAl

"
.34 1.98 1.37 5.82 .71 1.13 3.16 6.31 1.78 2." 2.81'I .n 9.62 1.49 25.25 .29 •.n .JI ... .17 It.J' ·.'1'c .11 15.95 2.81 :54.'2 .J5 11.23 ." .11 ." 13.25 .11,C 1.,. U.,' 2.9' SJ.85 .34 11.22 .49 .11 ." 13.45 .If 11'.", .27J 3.'" .48111 7.612 •158 I.U.. •149 .... .eta 1.586 '''~,_'5.2S1

0' " ftl .,
" TI CR "" FE " TOTAL

.41 1.48 J.H 4.1:; ." 1.'9 3.24 7.51 1.6f 2.27 J.f9.61 9.11 2.16 24."9 .56 8.46 .J2 -.f" ." 11.24 .11... 15.11 4.19 52.39 .68 11.83 ." ... .19 14."6 .1'1.13 15.91 4.23 52.54 ." II." ." .11 .19 H." .f' 1".54.28' J.JH .n' 7.387 .115 1.774 . '5J- .If• ••21 1.721 .1" 15.393.. " ftl 'I " TI C, o. FE " TOTAL
IG .41 1.98 4.2' 4.54 ." I.J6 3.'2 5.45 1.11 J.3' 1.23" ." 9.32 1.61 24.83 ." 8.37 .39 .11 .11 11.5:5 .f9,c .61 1S.45 J.n 53.12 .63 11.71 .n .12 .IJ 14.85 .12,C .n 16.31 3.15 53.12 .61 11.68 .63 .12 .IJ 1:5.85 .13 111.59, .216 3.418 .52' 7.472 .lt7 1.7:18 .'66 .... .1112 l.m ."215.143

O. " ftl 'I " TI CR "" FE " TOTAL
.f9 .21 .JI .31 .13 .19 .n .12 .f3 .59 ."." 9.34 1.1' 24.85 ." 8.3' .35 -.'1 .11 11.16 .J<." 15.48 3.24 :53.1& .57 11.62 .59 .0' .IJ 14.35 .05... 16.29 3.36 53.16 .56 11.59 .57 .If .13 14.55 .1351'1.15.244 3.417 .553 1.482 .199 1.'48 . '58 .... .112 1.711 .1314 15.326



236

Aqlh1bole C-79-13b

" "' AL 51 C. TI C. HN FE HI toTAL
BG .l4 1.75 3.96 5.15 .91 1.31 2.76 7.36 1.73 2.55 2.-45" .!6 4.16 1.2'5 24.19 .29 9.5' ." ." ." 19.55 .Il" .21 6.S' 2.37 51.52 .l4 13.41 .21 .n .31 23.16 .17" .27 7.8] 2.45 51.U .33 13.21 .21 .t3 .31 23.94 .11 ".68" ••75 1.746 .UT 7.649 .162 2.1:l' . 122 .tI• .'4' J.tlJl ."'15.151

.. "' AL 51 C. TI C. HN FE HI TOTI\1.
IG .38 2."4 J.84 5.19 ." ... 3.12 7.U 2.27 2.84 2.38:l .24 J.H 2.'5 2'.24 .4l 12.25 4.n .11 ." 11.91 .t1Ie .32 5.53 5.58 4J.3' ... ".14 7.72 .11 .19 15.32 .t1It .4l 6.11 5.5' 42.74 .47 16.76 7.42 .Of .19 15.46 .t1 9S,1S" .11' 1.42. 1.'26 6.672 .191 2.B" .871 ••18 .•22 ".," .fill 15.1142

.. "' AL 51 " TI OR ., FE HI TOTAL
1.-49 2.92 3.17 4.'7 .n 1.56 3.12 '.n 1.62 3.87 2.64.42 5.2' 1.71 23.86 .71 7.2' .11 .Of ." 16.114 ....56 8.61 3.24 51.14 .84 It.'] • 17 ... .32 211.63 .Il.71 9.57 3.34 5'.82 .82 9.98 .l6 .Of .J> 2il1.75 .17 '6,52.2.5 2.163 .5" 7.719 .156 1.'2' •flB .... .'4' 2.'3' .tt" 15.139

H. "' AL Sl C. TI C. •• FE HI TOTAL

.!6 l.'S 3.41 4.27 .81 ... J.tI 7.U 2.19 1.83 3.53.t9 4.75 I.U 24.13 .21 7.93 .Of -.11 .21 17.15 -.'3.11 7.88 J.13 51.63 .24 11.19 •Of ... .28 21.'~ ....14 8.U J.23 51.~8 .23 If." .Of .Of .28 22.05 .11 '6.'6, .'41 1.97' .572 7.752 .'44 1.775 .". .ff' .•35 2.787 .", 14.984

H. KG " 51 " 11 C. .. " HI TOTAL

.14 .n ... t.7t .21 2.U 2.84 .f> .f< 2.52 .f<.28 4.44 1.85 23.29 .36 8.98 .97 ." .21 16.12 .11.l6 7.Jt. 3.49 49.82 .H 12.5& 1.&\ ." .27 20.73 .".J> 8.22 3.58 49.41 .42 12.39 1.54 .Of .27 29.86 .t1 97.1lI2.n3 1.8'1 .638 7.512 .'BiJ 2.'1& .174 .,., .• 31 2.64' .,," 15.f~3



..2P

Amphibole. C-19-l9

"' AI. 51 " Tl " " TOTAL

" .68 2.U 3.51 5.:;2 .64 1.16 2.18 6.fa 1.77 2.'1 2.90
CI .22 "" 1.88 24.21 .11 '.25 .f] -.'5 .n 14.19 -.n
" .J6 11.86 3.5:1 51.79 .12 12.'5 ." .11 .12 18.12 .11

" .n 12.5. 3.66 51.68 .12 12.84 ." .11 .JJ 18.3' ... ""...'" ••31 .m .163 1.954 •liS .52' .11' .," •.• 1• .578 .... 3.'7'.. "' ... Sl " Tl CR '" " " TOTAL

" •4l 2... 3.U 5.86 .11 1.16 3.ft 6.56 I.U 2.89 3.29
CI .Il 5.91 .81 24.95 ... '.'J .f< . Il .11 15.92 ...
" .11 '.18 1.53 53.38 ... 13.81 .t6 .12 .21 2~ ...S .11

" .21 11.81 1.58 52.1' ... 13.66 .t6 •Il .l2 2'.6" ... n.n
'" .'61 2.362 .2Jl 1.728 .•n 2.141 •114 .... .125 2.531 .... 15.1 .. '.. "' ... Sl " Tl CR '" " 'I TOTAL

" .11 1.11 4.13 5.13 ••1 ." 3.21 5.92 I.n 2.66 2.86CI .21 5.15 1.14 24.65 .t6 11.a4 .14 .OJ .Il 15.66 ."Be .29 9.53 1.97 52.13 ." 15.16 .23 .f< .2' 29.14 ...
" .J6 11.54 2.13 52.'8 ." 14.98 .21 .f< ." 21.31 .fII lIihl.82FH .I9S 2.291 .347 7.59S' ••13 2.342 ••21 .U4 ••21 2.475 .9U 15.209

"' ... Sl " Tl OR " II TOTAL

" .1B 1.96 3.... 5.93 ." 1.12 2.91 6.18 2.'5 1.84 2.96CI ." 5.62 1.11 24.19 ." II.H ... .Il .11 16.74 -.'2Be .22 9.31 2.19 51.74 ... lU3 .11 .OJ .Il 21.54 ...
" .20 If.n 2.16 51.29 ... 14.45 .l5 .OJ .1< 21.68 .If U9.64FH •f18 2.271 .372 1.554 .113 2.2n .113 .fn •• 13 2.666 .... 15.262.. "' ... 51 " Tl CR " HI TOTAL

" .24 1.98 4.6& 4.74 .!i8 1.'5 3.14 5;84 2.H 2.47 2.41CI .29 J.12 1.21 25.H ." '.4' .81 .12 .Il 13.11 .nBe .27 lLet 2.28 54.42 .OS 13.25 .81 .OJ ." 16.87 ."" .12 12.71 2.34 53.n ... 13.16 .81 .f< .11 11.96 .f] 99.72FH •n9 2.126 .394 '.J54 .•13 U31 .fff .tel • III 1 2.157 .'>1815.187



'"
A.phibol. in Kagnetlte-Apatite-Actlnol1u

Vein

"' "' " 51 " TI CR " FE " TOTAL.. .27 1.17 4.'5 4.14 .79 •71 3.2• 6.73 I.U 1.'13 2.34
CI .n 9.34 .17 25,96 .t1 8.83 .t1 . t1 ... 11.'1 ...
" ." 15.:51 ." 55.54 .t1 Il.J:i .12 .12 .20 12.88 ...
" ... ".14 .n 54.57 .t1 12.33 .12 .12 .21 13.'9 ... 96.83

'" .121 3.495 ••55 1.123 .f" 1.918 .•tI .... .121 1.59' ."415.'27.. " " 51 " TI CR HH FE " TOTAL.. ." ... 3." 4.95 1.32 ... 2.94 '.13 I••S 3.92 2.UCI ." 4.24 .J< lU2 -.'3 8.59 .n ." ... 18.U ...JC ... 7.13 .63 52.66 ... 12.'2 .n ... .77 24.18 ..." .11 8.n ... 51.U ... 11.84 ." ... • 77 24.24 ... 97.72'" .132 I.", .121 8.m .... 2.'17 ..... .." .IlIIJ 3.222 ..... 15.667



239

APPENDIX s.

""jor eluent a~IYlle. were p.erformed by .tandard atOllie absoJ:?t1OJ1

techl:1116e•• ODe half of 011. grill of rock powder va. diuolved in •

•0lutloo of 5 zal Hr, 50 e.l "3BOJ. and 145 e.l H20 and WII heated 00
a .telll bath.

Prec1doo:

OXide Range ., of ..mplea ...,. Std. Dev.

"0, 76.0-76.6 76.4 .2976no, 0.12-0.22 0.17 .OJ66
' AI20) 11.8-11.9 11.9 .0463
Ye2°i'" 1.06-1.13 1,03 .OJ01
"'0 0.01-0.01 O.C.l .0000
MgO 0.24-0.28 0.26 .0167
CAO 0.40-0.50 0.45 .OJ54
"',0 2.67-2.75 2.71 .0324
'20 4.:~-4.34 4.28 .0351

---------------------------Si02 62.2-63.1 62.7 .2973
Ti02 0.20-0.40 0.31 .0674
AIZO) 14.4-14.8 14.6 .1458
Fe20) 4.49-4.80 4.68 .1178
"'0 0.10-0.10 0.10 .0000
MgO 2.32-2.40 2.37 .0301
CAO 3.72-3.86 3.78 .0483
Na20 2.15-2.19 2.18 .0160
'20 4.10-4.28 4.15 .0632

~: Pub. Val. No oySKiilbses Hean Std. Dev.
Si02 67.27 7 68.65 0.60
Ti02 0.65 7 0.60 0.08
A.l20) 15.18 7 14.77 0.22
Fe20J" 4.26 8 4.22 0.07
CaO 2.06 8 1.94 0.07
Kgo 0.98 7 0.96 O.OJ
NazO 2.77 8 2.74 0.06
1.20 5.50 6 5.44 0.12
ttn!L Q.Q4 8 O,:.O~ _O,:.O! __

AGV-1
5102 58.97 3
Ti02 1.06 3
AIZ03 17.01 4
FeZO)" 6.73 4
CaD 4.94 4
KgO 1.53 4
Na20 4.26 4
1.20 2.86 3
MoO 0.10 4

Published values frolll Abbey. 1970

59.6J 0.90
1.08 0.11

17.13 0.23
6.70 0.33
4.78 0.16
1.47 0.07
4.06 0.12
2.88 0.10
0.10 0.00

____~ ..It~...ft



'"
APPENDIX 5b

For trace el_nts, pellet. cOllpristng 10 I: of ruck powder and
1.4-1.5 & of phenol fonoaldehydor. were pressed to 50 HPa and
arLIlyzed on a Phnup. 1450 X-r.y flouror.sence spectra_tel'. Inter­
Dational .tandards vere u.ed for caUbraUoo purpose•. htt_te.
of arLIlytical uncutainty are 3-:;' p4lrcent or 1 pp., whichever is
the larger (Eaaton, 1982). Easton (1982) k.. shown that the dfecu
of ...,le iohCMlOgftle1ty, contaminaUoo, or variation in outcrop
are within the anslyticsl uncertainty of the Illethod.

For REE, c.Uor"Uon of the XRF was by ueina international standards
and .pec pure ....ple. of the REE. E.timated an.lytical uncertainty
is :to 10 percent. Ea.tOD (1982) has cOlllpared the XU thin fn. lllethod
vith Intrumental Neutron Activation Analyals and has demonstrated
that any v,Irtation is within analytical uncert«1DCy. Precision, or
repeatability, of the XRP IIlethOcl is also well within the analytical
uncertainty.
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