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• ABSTRACT 

The Archean rocks in the O'Alernhcl1-Cléricy area orthe Nmanda disttkt 

were mapped along a transect aCloss shatiglaphy I.ocatcd wÎthin thc \'OlIn~est . ~ 

palt of the Blake River Group. this six "m thid. \'olcanic assemhlage trends 

northwest, youngs n0l1heast and has increasing dip fi om ·~5" in the west 1o 

subvertical in the east with some folding within the sequcncc 

Chemostratigraphic units were established using Zr/Y, La:JYh~, and othcl 

immobile and incompatible HFSE latios. and AFM and l'vliyashilO major delllcnt 

plots. Lithogeochemical technique hased on the HFSE and othcl immohile and 

incompatible elements have been applied to both fresh and altclcd rocks, thc 

trace element parameters are more specifie th an the major demcnt disel iminants 

The stratigraphy alollg the D'Alembert-CI élicy transect is suhdivided inlo 

three major chemostratigraphic units. Lowel Ttansitional Sel ics, Middle 

Tholeiitic Series, and Upper Mixed Tholeiitic-Tlansitiollal Seri cs ()velall, the 

lithologies comprise -65% tholeiitic and ,35% tlansitional volcanics The 

tholeiites are mainly represented by basalts and rhyolites, whclcas the tr ansitional 

rocks are mostly andesites and rhyolites. 

The geological, stratigraphie, and lithochemical attrihutes along the 

transect indicate the potl-!ntial for massive sulfide deposits is compal able to that 

of the Central Mine Sequence Although the thesis area contains a glcatcl 

proportion of basalts and volcaniclastic material than the Centr al Mine Scqucnce, 

both areas contain major tholeiite basait-rhyolite bimodal sequcnce'i, scvc"ll thick 

felsic units, and andesite-rhyolite transitional suites 
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RESUMÉ 

Les roches d'âge archéen de la région D' Alembert-Cléncy du district de Noranda 

ont été cartographiées le long d'une traver~e perpendH;ulaire à la stratigraphie Cet 

assemblage volcanique, d'une épaisseur de 6 km et de direction générale nord-ouest, est 

comprIS dan" la portIOn supérieure du Groupe de Blake River La séquense volcanique 

est d'ftge plus lécent vers le nord-est et a une pente qui augmente d(~ _45 0 à sub-vertical 

d'ouest en est, ct est affectée de plissement vers sa parlle centralt~ 

Les unités chemlco-stratlgraplllques ont été définies en utilisant les rapports 

Zr/Y, Lar-/YbN' ainsi que les rapports d'éléments ImmobIles à champ de force élevé 

(HFSE), en plus de profiles de terres rares, et des diagrammes AFM et Miyashlro Les 

méthodes IIthogéochlll1lques sont utilisables pour les ro:::hes fraîclws et alterées et elles 

sont plus spécifiques que les dlscnminants d'éléments majeurs 

TroiS 1I1l1tés chemlco-stratlgraphiques majeures composent la stHltlgraphique soit. 

la séllc transitIOnnelle inférieure, la série tholéiitique moyenne et la sélie mixte 

tholélltlque-transltlonnelle supeneure Les pnncipales unités lithologiques sont 

constitué es de -65~/o de roches volcaniques tholéiitiques (surtout des basaltes ct 

rhyolites) et de -35% de roches volcaniques transitionnelles (surtout des andésites et 

1 hyohtes) 

Les attributs géologiques et lithogéochim iques indiquent un potentiel pour la 

presence de gltes de sulfures massif, comparable à celui de la Séquence de Mine 

('entlalc Malgré le fait que le terrain de thèse contient une plus grande proportion de 

basaltes et de m:~tériel volcanoclastique, la stratigraphie de celuI-ci est comparable avec 

celle de la Séquence de la Mille Centrale Les deux région contiennent des séquences 

bll1lOdalcs de basalte-rhyolite tholéiltlqlle majeures, quelques UnItés felsiques épaisses 

ct des suites d'andéSIte-rhyolite transitlonelles 
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Chapter 1 

INTRODUCTION 

OBJECT OF THE RESEARCD 

The focus of this thesis is the geology of the large terrain of volcanic 

stratigraphy between the Norbec and Mobrun mines This area of study lies adjacent 

to the economically important Central Mine Sequence (r::MS) in the central part of the 

Noranda mining district. The geology of the CMS, along with the numerous massive 

sulfide deposits found therein, has been the subject of many studies (e.g, Gilmour 

1965, Spence and de Rosen-Spence 1975, Gélinas et al 1977, 1982; Dimroth et al. 

1982, Gibson and Watkinson 1990, Paradis et al 1989, Barrett et al. 1991, Shriver and 

MacLean 1993) However, the geochemical characteristics and Iithostratigraphie 

relationship of the terrain in the thesis area to that of the CMS are still poo ri y known 

and not weil understood. The question is: does this stratigraphy have the potential for 

volcanogenic massive sulfide (VMS) deposits in the same abundance as the rest of the 

district? The objective of this thesis is to determine the stratigraphy and 

lithogeochemistry of the terrain between the Norbec and Mobrun mines, and to compare 

these features wlth those of the Central Mine Sequence. 

Successful minerai exploration requires an integrated approach with accu rate 

field-based mapping, structural and stratigraphic interpretive analysis, combined with 

effective lithogeochemiçal analysis and geophysical techniques This study aims to 

assess the potential for massive sulfide mineralization, using stratigraphie and 

geochemical data in an area between the very productive Central Mine Sequence and 

the Mobrun mine 
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THE NORANDA MINING DISTRICT 

The Rouyn-Noranda mining district IS located in the Ahitibl-Témlscaminguc 

region in northwestern Quebec, close to the Ontario border (FIg 1) Situated about 600 

km northwest of Montreal, in the south-central part of the AbitibI gl<lllltc-grccnslonc 

belt, this massive sulfide rnining camp is wlthin the eastelll and central scetot s of the 

vclcano-sedimentary Blake River Group The first mine t<'llInd at NOl and a, the b5 

million tonne copper-gold Horne deposit, is the largest ore deposlt thus làl discoveled 

in the district. 

The Horne orebody and the more than twenty other nearby massIve slIltidc 

deposits have made the Noranda area one of the premier mining dlstncts in Canada 

NUlllerous smaH deposits of base and precious rnetal have been dlscovered ana worked 

on in recent years Most geologlcal stlldies and reports concur, as these new linds 

suggest, that there is still potentlal in this region for contmued productive Illllltng 

Closer review of compiled data IIldlcates a less th an healthy economic sItuatIon 

for the resource industry at the present time, judging by the depletlon 111 ore rescrves 

in the Noranda district New discovenes brought into productIon in the lasl fcw 

decades have not kept pace with depletlOn of reserves m mmed-oul deposlts Many 

VMS deposlts outside of the Horne are copper-zlIlc ores and arc III the 0 " to () ,mllion 

tonne range Most of these mine are located III the central part of the (hstnet, III the 

Mine Zone rhyolites (Spence and de Rosen-Spence 1975) of the Central Mme Sequence 

(extending from the Flavrian Andesite through the Amulet Andesitc) ft IS Important 

to note that only one large (~IO million tonnes) VMS or base metal deposit, the 

Mobrun mine, has been discovered III the district III the last 30 years 

2 
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Following the tnne-honoured prospectlllg aXIOI11 "(;old IS \\ hrrc yOll find Il'', 

exploratIOn efforts have been concentrated near eXlstlllg deposlls and mosily '\<lIhll1 the 

stratigraphy of the Central Mille Sequence (\)Jllpany IllIllCI al c'\plol ation and 

geological studies have been restncted outsidc Ihis domain 

ACCESS TO THE FIELD AREA 

The research area for thls thesls study IS locatcd 1 0 ~111 10 the Ilnllhcast of 

Rouyn-Noranda, roughly between Lac Dufault and Lac Dun esnoy As shown on thc 

district map (Fig 1), the area lies between the towns of D'Alembert 10 Ihc west and 

Cléricy to the east It is accessible by Hlghway 101 fwm ROllyn-NOI and a ln 

D'Alembert, and then eastward along the road 10 Cléllcy The entlle thcsis alca IS 

transversed by the Cléricy road and local slde roads, and COVCI S an cast-west tl anscct 

of terrain about eight km m length and three km m wldth, north-south 

TOPOGRAPHY 

Outcrop averages about 20 percent 111 the area, and IS easlly acccs~ihic hy fllnt 

and vehtcle traverse Relief in the area IS less than 100 m, wlth gcntle 11IIIs and vallcys 

(Fig 2a) and flat agncultural land, most of the terram at arollnd 290 III ln 1 "W III ahove 

sea leve\ In the western part of the thesis area, andcsltcs makc up the 11Igh Ildgcs or 

the Waite Hills (highest elevation m the rcglOn at 480 m) ln the centlal pmI, low 

terrains of eroded basalts and basaItlc-andesltc are separatcd by topogl aphle hlgh" and 

outcrops generally composed of rhyolites, granodlOrrtc mtrllslvcs, and dlollte dlkcs 

Towards the eastern part near the Mobrun mme arca, the rcsistant IhyolltC locb form 

4 
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Fig 2 Field Area Landscape and Topography 

il Typical topography of the thesis area, wlth outcrops of gentle hills and low­

Iying wooded area and swamps View from an outcrop of dionte and matic 

rocks ln Cléncy Road Basait Unit north of the Cléricy Road, looking 

northeasterly toward ndges m the Mobrun mme area 

b Landscape of Lac Dufault and surrounding area Vlew from Amulet Andesite 

ridge at Walte HllIs, looking south toward Lac Dufault and Central Mine 

Sequence area of the Noranda Distnct 
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a scnes of hlgh ndges, wlth andesites underlying the intervening low valleys Apart 

flOm the outcrops, forests, and swamps, the land IS largely cultivated fields and pasture 

Small 'itream .... and wetland occupy the low Iymg are a The larger lakes in the 

thesis éllca arc Lac D'Alembert and Lac Dufresnoy to the nordi, .. \J Lac Dufault to the 

south (Fig 2b) The KmoJevls River, a tnbl.lLary of the Ottawa River system, IS the 

maJor walcrway ln the leglon (Iowest elevation ln the thesls area at 270 m) Flowing 

southward, Jt cuts a wmding nver valley through the landscape This vital waterway 

was Ihe Illcans of access to distant parts of the Noranda district by prospectors and 

gcologlsts ln the early part of the twentieth century 

RESEARCH METRODS 

Field mappmg in thls eastern Blake River Group (BRG) along the D'Alembert­

Cléricy Il ansect \Vas carn cd out to delineate the stratigraphlc succession Rock samples 

werc collected for detailed exammatlOn of the volcanic stratigraphy 

This proJcct establJshes a chemostratlgraphic framework for the transect usmg 

lI11mobllc e1ement and trace element iithogeochemlstry This is used because most 

n1l1.101 clement c\asstticatlOns are affected by metamorphism and hydrothermal 

altel atlon The lise of immobile-incompatible clements can more effectively monitor 

altcrallOl1 and Illass changes, and determine precursor rock compositions (MacLean and 

KJallldiollS 1987, MacLean 19(0) ImmobIle major and trace clements are utllized to 

estahlJsh 19neous fI actl0natton trends, and identlfy chemical vanatlOns that result from 

altel atlOll (MacLean 19(0) This IJthogeochemlcal techmque al\ows the recogmtlOn of 

I"ccursor composltlOI1S even 111 mtensely altered rocks 

The combinatlon of detailed field work and lithogeochemical study assists ln 

6 
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establishing the relationshlp bet\\,ecn the castel n Blake R1\ cr \Olca111c sil atlgl aph\' and 

the Central Mine Sequence This study pro\'idcs IIlslght to the C\ OhltlOI1 of the "'ll'hean 

volcamc rocks in the eastern Blake R1\ cr Group of the NOl anda dlstl KI 

ORE DEPOSITS IN THE mSTRICT 

The Noranda mining camp has been {'anada's leadlllg hasc lHl'lal and gold 

producer for many decades S1l1ce the start-up of Ihe Horne mlllc III 1 ()2"' 10 thl' pl escnl 

time, there have been about 22 massive sulfide and 17 gold dcposlts dlSl'OVl'1 cd III thls 

hlstorically Important mining camp (Chartrand and Cattalanl 1<)90) 1'I1l' hase metal 

mines of the district arc the sub.lect of a number of cconOllllC gcology 1 epol Is and 

studies These are referred to and descnbed as Ihe type cxamples of Âlchca11 

volcanogenic massive sulfide deposlts (Sangster 1972, Franldl11 cl al 1 ()S 1 ) 

With the notable exception of the glant Horne coppcr-gold deposrt, rnosl of Ihe 

VMS mrnes are located 111 the Mme Zonc (Spence and de Roscn-Spc11cc 1 <n) whrdl 

is part of the Central Mine Sequence This is a bllllodai andesrtc-r hyolilc volcanlc 

successIon bounded by the Horne Creek fault, the Hunter Creek fnult, and the Flavr Hill 

and Lac Dufault plutons 

HISTORY AND PREVIOI]S WORK 

The imtral geologlcal and prospecting activrtres were can red out along water 

routes in the Rouyn-Noranda region, and are revlcwcd by C'ooke cl al (1 <n 1 ) Thc 

earliest of these traverses and a summary report was made by MacOllal (1 X72) 

Sporadic geological 1l1vestlgatlon and mappmg was carncd out along lakc!> and rtver!'. 

by J F E Johnston (1901) and W J Wilson (1901) Durtng the con<;tructlon of thc 
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Canadlan NatIonal railway through the are a between 1910 to 1915, geologlcal mapping 

and field work was undertaken by M E Wilson, J A Bancroft, W J Wilson, and T. 

L Tanton (sec ('ooke et al 193 1) 

Edmund Horne Cornes to Lake Osiskol 

CO/lde/lsed fron1 N(}Tant/1I hy I,eslie Roherts (1956) 

The important tumlng point in the geologlcal exploration and economic 

dcvelopment of the Rouyn-Noranda district came during the 1910s The pioneering 

proSpcctOi Edmund H Horne began explormg the Rouyn area m 1911 Ed Horne was 

an cxpcncnced mmer and prospector before he ventured mto the wilderness of 

Northwcstern Quebcc, havmg worked in Nova Scotla, Labrador, northern Be, 

Colorado, Cahforma, and England In 1908 he Joined the gold rush in Northern Ontario 

and WOI ked III the booming Cobalt mmmg camp Ed Horne then prospected m the 

Klrkland Lake and Cobalt areas to seek hls own fortune, and liked what he saw in the 

JOck formations He wondered what mineraI nches lie across the provincial boundary 

III Quebee. whlle othcrs prospected in Northern Ontario Horne later recalled, "Weil, 

Il dldn 't scem sensible to believe that ail the good geology would quit at the Ontario 

border, Illst because somebody had drawn an Imaginary line there." 

Comlng from the Ontano side along the Ottawa River, Horne and another 

prospector, Bob Bryden, canoed through the KinoJevls waterway in 191] The 

uncxplorcd country of Northwestern Quebec left favourable lin pressIOns in Horne's 

Illllld He helieved the area held much promise for mmeral we:lIth Ed Horne returned 

III 191..t with two plOspector partners, Bert Armstrong and Bert McDonell This time 

they round a showmg of mineralized and heavlly fractured rhyolite along the shore of 
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Lake Osisko, which later became the Home mine \Vith morc sampling and prospertrng 

in the following years, Ed Horne \Vas eom inecd that hl' ,vas onlo a malor Illllll'iai 

discovery 

Lacking the tinanclal resoUlces for a glubsta"-c C,ptxilllOIl to sta"-c dalllls and 

do the assessment work, Ed Horne had to wall fOI bettel tinanclal tlllll'S artcl Wmld 

War 1 For a long while, he found few backcrs for hrs "cntule Il \\as onl\' III 11J20 

that Ed Horne was able to procure funds to sta"-c the glound Ilc l<tlscd the mOllcv 

through the Trémoy Lake Prospectll1g Syndlcatc whlch Hor nc fOllnded \VII h a total of 

twelve partners 111 the Grand Union Hotel 111 Ncw Llskear d, Ontario l'hl' svndlcatc was 

establtshed to finance Ed Horne's ven turc 111 ROllyn Township III (Juchee tn dcvclop the 

Horne property, which eventually became Noranda Mmes, Llllllted, FlIlthel "lIlface 

work and trenchll1g Icd to the discovcry by dramond dnllmg of the glant 'II' nlchody 

in 1923 Edmund Horne, with the Mme now bear mg hrs name, and the Nor anda 

company were on the way to fame and fortune, and a promlllent place III the eCOIlOllllC 

geology and mrning history of Canada 

Accounts of the prospecting and geologtcal wor"- on the propCI ty and III thc 

mine are round 111 the studres by Prrce (1933, 1(34) and a GS(' report on ore deposlts 

in the Noranda district (Wilson 1(41) The complete slory of Edmund Il 1I0lne's 

prospecting activittes in the are a and the developmcnt of thc Hornc Il1ItlC are nall atcd 

in the book "Noranda", a hlstory of the company by Les\tc Roberts (1 <)'i() 

GSC Mapping 

Geological mapping was undertaken by the Geologtcal Survey of Canada l'rom 

the 1920s onward (James 1923, James and Mawdslcy 1924, Cookc ct al 1911, 
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Ambrme 1941 a,b, Wilson 1941) Thelr field work and summary reports laid the 

framcwork for ail ~ub~equent geological studies ln the dIstrIct This work and 

mterpretatlCln led tn the dcfinltI<m and delmeatlon of the major volcantc, sedlmentary 

and II1trU:-'IVI' rock groups, and asslsted III the dlscovery and development of many 

Illllles 111 the district 

I{cccnt Mllflfling 

Recent WOI ks, up to the 1980s, were carried out on the volcanic rocks in the 

Rouyn-Noranda district by Baragar (1968), Jolly (1974), Spence and de Rosen-Spence 

(1<)7~), Ciélméls ct al (1977), .lolly (1978), and Goldie (1979) In the 1980s to the 

present, gcologlcal stll(hes and reglonal syntheses have been made by Dlmroth et al 

( 1 <JX2, 1983a,b), Géllllas et al (1982, 1984), Ludden et al (1982), Paradis et al (1989), 

Glhson and Watkinson (1990), Péloquin et al (1990), Cattalani et al, (1990, 199Ia,b), 

and Bali ctt et al (1991 a,b, 19(2) These studles and new advances of the ore deposit 

modclllllg 1'01 the Noranda district are discussed in subsequent chapters 

Malot stu(hcs of the mmeral deposlts in the Noranda district were made by 

Cooke ct al (1931), Pnee (J C)34, 1 C)48), Gilmour (1965), Dugas (1966), Boldy (1968), 

SlIllmons (1973), Rlverin and Hodgson (1980), Knuckey et al (1982), MacLean and 

lIoy ( 19q J), Barrett ct al (1l.J91 a,b, 19(2), and Shnver and MacLean (1993) 

1 n thc 1 ast fc\\> years, a senes of Quebec government reports on the VMS 

dcposlts of thc NOIanda camp Ilave been made by the Mmeral Exploration Research 

Illstltutc (MERI-IRfl\1) These studles have also been pubhshed in scientific Journals 

(the tirst Icference IS to the government report and subsequent ones ta respective Journal 

papel s) 1I00ne (Cattalan 1 et al 1990, Barrett et al 1991 b, MacLean and Hay 1991), 
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Aldermac (Cattalam et al 1991a. Barrett d al. 19(}la). \nsJl (Clttalalll L't al Iqqll, . 

Barrett et al 199Ic), Delbndge (Cattalalll et al III press. B,lIll'lt l't al IQ(3). l\lohn Il 

(Riopel et al 1993, Batrett et al 19(}2), NOlb~c (Cattalalll ct .11 1\)\)2. Shll\L'1 alld 

MacLean 19(3), and Corbet (Batrett et al III pICSS) 

Theses Studies in the District 

In addition to the govcrnment reports and JOurnal papel s, thcl e .11 C 1lIi111y 

university research th es es on the geology and Ole deposlls or the NOianda dlstllct 

Those theses known to the author are Iisted 111 the Appendl\. 

Studies in the Thesis Area 

Early mappmg in the thesls are a was cali icd out by the (,cological SUI vey or 

Canada (GSC) and Quebec government geologlsts 111 the 1920s followlIlg t hc dl..,COVl'l y 

of gold and base metals III the Noranda dlstllCt The resultlng <,SC IIll'1Il01l!'> and 

reports contam only bnef descnptlons and dISCUSSions of the geolugy III thc the..,1.., all'a, 

which covers the central part of Dufresnoy Township The volcanlc ..,tl <llIgl aphy, 

however, extends into the adJacent townshIps of Cll'lI<.y, Joanncs, RouYII, Duplat, 

Duparquet, and Destor for whlch more detalled report... are avatlahlc 

The western half of Dufresnoy township wa!'> rnapped hy lame ... ( 1 (J21) a" pal t 

ofhls reconnaIssance work 111 thc Noranda dlstnct A ctlr,>ory Il'port and plelllllllJillY 

map by Harvle (1924) 15 avatlable for thc castern hall' of the towlI..,hlP Aillong the 

early reglonal mappll1g and geologlcal assesslllcnt Prolct:t~ cornpll:ted III the NOlallda 

district by the GSC, only these two reports are ~peclfic to the the"l" arca ln addition, 
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the Ministére de l'Energie et des Res<;ources compilation maps of the district include 

rcvision"i of the gcology of the thesls area 

STRATIGRAPHie NOMENCL.ATURE IN THE DISTRICT 

The initiai mappmg by the GSC in the Abitibi region, including the Noranda 

district, produccd a two-fold subdivIsIon of the Archean (Pre-Huronlan) rocks 

encountcrcd ln thc area The volcanic sequences were grouped into the Keewatm 

SCIICS, and ~edln1Cntary rocks mto the Timlskammg Series (James 1924, Harvie 1924, 

Jall1c~ and Mawdslcy 1924, Cooke et al 1931) The Keewatin Series inc1uded ail 

basait, andcsltc, rhyolite, tuff, and baSIC mtruslves, while the 'Timiskaming Series' 

IIH.:llIdcd mamly of greywacke, conglomerate, arkose, and schlst 

Mappmg ln the Cadillac township, Gunning (1937) proposed a new subdivision 

of thc loch in the reglon north of the Cadillac Break, dlvlding them lOto four mappable 

glOlips of malor IIthologlcal UllItS He dropped the Tlmlskaming and Keewatm 

TABl..r~ 1. Geological Subdivision after Gunning (1937). 

Clldillac Sediments - greywacke, slate, tuff, conglomerate 

81llke River Volcanics - vo\calllc rocks, minor greywacke 

Kewaganul Sediments - greywacke, slate, conglomerate, and minor volcanics 

I\blartic Volcanics - l110stly volcalllc rocks 

subdiVISIons, and defîned the rocks sole1y on the basis of lithology Local geographical 

namcs wCle lIsed ln thls classificatIOn From north to south toward the Cadillac Break, 
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going from oldest to youngest, the 10C"- units are l\lalartlc \'okanlcs, I\l'\\agamil 

sediments, Blake River Group, and Cadillac sediments (l'able 1) 

Subsequently. m a treatlse on thc TI 111 15"-al11 ing-Kl'C\\ atlll plobk'llI III the 

Proceedmgs and Transactions of Royal SocIety of Canada. Gunnlllg and AmhlOse 

(1939) discussed the !ttho loglcal charactcI5 and stl atlgl aphle 1 c1atlonsh t ps of tlll' Illcks 

in the area They formally recommended the abolition of the cqul\ oeal gl.'lll'l al 

designation of Tlmlskamlng and Keewatin Senes for thc alhltlalY subdl\'tSIlHl of 

vo\canic and sedimentary rocks, respectlvely The !tthologlcal affillallOns '''l'Il' 

dropped, and the rock sequences were glven Group st nt liS (Gunnmg and Ambrose 

1939) The four well-defined Groups, \VIth geographlcal names l'iom thc alca, havl' 

since then been adopted and widely lIsed 

TABLE 2. Stratigraphie Subdivisions after Gunning and 

Ambrose 1939. 

EARLY 

Ti miska mi ng 

Sediments 

Keewatin 

Volcanics 

Gunning (1937) Gunning and Ambrose (1939) 

Cadillac Sediments Cadillac Group 

Blake River Volcanics Blake River Grou., 

Kewa~ama Sediments 

Malartic Volcanics Malartic (;roup 
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Lithlliogy in the Noranda Area 

The Blake River Group, along with the Kewagama and Cadillac Groups, occurs 

as thin cast-trend mg linear belts in the Cadillac area, the Malartic volcanics thicken in 

the nr;-th To the west, the Blake River Group broadens into thick volcanic 

assemblages in the Noranda distnct, reaching to about 30 km wide north-south The 

Kewagama Group likewise expands towards the northwest into La Pause, Cléricy, 

Oufresnoy, and Destor townships, where this thick sedimentary package is known as 

the 'Cléricy Band' (Ambrose 1941a) South of Rouyn-Noranda, the Pontiac and 

TlIlliskaming Groups are partial facIes equivalent of the Cadillac sediments (Dimroth 

ct al 1982) Detailed discussion of lithologieal correlation of the rock groups, 

formations, and vanolls subunits in the Noranda area can be found in studies by 

Goodwm (1 (79) and Dim roth et al (1982) Ali rocks in the region have been further 

grollped into the Abitibi Supergroup of the volcano-sedimentary rocks of the Abitibi 

GI ccnstone Bel! (Goodwm 1977) 

The famous Blake River Group, the volcanic assemblage hosting much massive 

sul/ide and gold deposlts in the Noranda district, was descnbed from the exposures in 

the nalrow part of the beIt near the Blake River in the Cadillac area (Gunning, 1937) 

This small IIver tlows north into Kewagama Lake in the north part of Cadillac 

Township The original name for the river is shown onlyon a few of the early maps 

Unaccountably, the name has since been altered, probably erroneously, to Black River 

at somc latel date Subsequently, this precursor toponym has been converted to RMére 

NOIre on reecnt government topographie maps As weil, It shollid be noted that the 

Kewagama GJOup IS named after Lake Kewagama, which has been renamed Lac 

Prcissac on current maps. These groupings of rock units based on the original 

14 



• 

• 

derivative names of geographic featllres III the region have been fixcd 111 tlll' gcologv 

Iiterature and consistently followed by latel workers, not\vithstanding Ihclr ahscnce Oll 

current maps 

ORE DEPOSIT MODELS 

A major contribution to the lIndelstanding of the gcology and gcncsis of ole 

deposits in the Noranda district was made hy Gtlmollr (1 %"), who \Vas thl' lilst 10 

propose a volcanogenic origin for the massive sulfidc deposits III the éIIca Sincc thcll, 

a majority of geologists working in the district havc favollfcd this IIltclpretatloll, and 

have generally discarded the previously held epigenetic-repl:tcclllcnt thCOlICS (,ilmolll 

recognized the relationship of the ores ta the volcanic stratlglaphy, pnrticlilatly to thc 

tops of thickened parts or domes of rhyolite in andesitc-rhyolitc sequenccs Il \Vas also 

one of the earliest reportings of the association of massIve slIlfidc minclali./.ation wlth 

the rhyolitic breccias and fragmentai rocks, and the plpc-likc alteratlOn /Olles hclow the 

ores (Gilmour 1965) Subsequent studies and compilation 1 cpolts havc doclIlllcntcd the 

volcanogenic origin of Archean massive sultide ores and compallllg thcm ln thc Kuroko 

deposits. They are now known as 'Noranda-type YMS deposits', a major typc of hase 

metal deposit in Archean green stone belts (Sangs ter 1972, Frank 1 in ct al 1 981, 1. ydon 

1984a,b) 
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• Chapter 2 

REGIONAL GEOLOGICAL FRAMEWORK 

INTRODUCTION 

This chaptel provides a overview of current understanding of the stratigraphic, 

gcochronologic, structural, and economic geology of the Blake River Group in the 

Noranda district There have becn a number of geological models proposed for the 

volcanic stlHtigraphy in the area, and these have been modified and evolved with new 

mapping and research work carried out by government surveys, II1dustry, and 

ullIvcrslllCS The varJous rnterpretations and Ideas are presented as they provide the 

l'Iamework for the present rcsearch on the volcanic stratigraphy in the D' Alembert­

Cléricy area 

BLA KE RIVER GROUP AGE DA TES 

Studies by Mortensen () 987), Corfu et al (1989), and others using U -Pb zircon 

mcthod have tndicated an age of approximately 2703-2698 Ma for the entire Blake 

River GlOup The geochronology data have been interpreted to support the tectonic 

modcl of the volcanic succession evolving from west to east, with stratigraphlc tops 

youngmg toward the C j éncy area III the Noranda district, the youngest age date was 

ohtamcd l'rom the 'Cycle V' felslc volcanics at the eastern end of the region This 

rhyolite blcccra locat{:d 1 km east of the town of Cléncy was dated at 26979 Ma 

(IVlortenscn 1(87) The lowermost, hence the oldest, felsic unit in the district hRd an 

age date of 2698 7 Ma It is a rhyolite flow belonging to "Cycle 1" volcanics near the 
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Four Corner YMS occurrence lust west of the Lac Fla\ lian pluton {1\1oltl'nSl'1l 19X7) 

Within the Noranda mtning camp, the \olcanlc élssemblage Illl~rdi.l(e cnuld \\l'II lll'l'n 

formed withm a very short 1 to 2 l\1a interval 

The oldest date for the whole Bla,,"c RI\ CI GIOUp \Vas l'rom thl' \\l'stcln sl'cllon 

of this volcanic succession, just past thc Ontario-Quchec hordel This SCqUl'IH .. 'l' or 

quartz-feldspar porphyry and assoclatcd rhyol tic Ylclded an age date or 270 \ 1 2 Ma 

(Nunes and Jensen 1980) Thick volcamc successions of Ihe Blake Rivel (ilOlIP would 

likely have been extruded withm a 5 Ma mterval, and evcn Jess fOI the sequence III the 

Noranda area ThIs IS a remarkably short span of gcologlcal tl111e for the dc\'e1opmcnt 

of a sizable package of volcamc rocks Tllese model n age-dat111g techlllques have thus 

enhanced our histoncal understanclmgs and addcd ncw IIlsight 10 Ihe L'OIlIllllllllg 

evolving ideas on regional and stratigl aphic synthcsis The Noranda distllct IS scen 10 

have evolved as a rap:rl constmctlon of vnlcantc complexes 111 a VCI y active lectono­

magmatic envlronment 

ZIrcon U-Pb analysls yielded an age of intlusion of the Lac ()ufault Pluton of 

2694 Ma, whereas the Flavrian Pluton has an age date at 2700 Ma (I\101lcnscn 19X7) 

These age dates are III agreement wlth the l110dcl that the Flavllan Pluton IS syn­

volcal11c and co-magmatic wlth the unlts at the intermcdlatc Icvel (lI' the Noranda 

vo\canic sequence (GoldIe 1979, Paradis et al 1988, MOItcnscn 1987) 

STRATIGRAPHie AND STRUCTURAL MonELS 

Gunning and Ambrose (1939) intcrpreted the easl-wc ... t trcndlllg SlICCC:'SIOI1 of 

the volcano-sedimentary belt of the rcgion as tèJrmlllg an Isocllllally-fè)ldcd sync\lIlc, 

with the Cadillac Group at the aXial core Thts structural IIlterprctatlon has bccn wldcly 
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adopted m subsequent geological studies and compilation reports (Wilson 1941, Dresser 

and Denis 1944, Baragar ] 968, Goodwm et al 1972, Spence and De Rosen-Spence 

1975, Gélinas ct al 1977, Dlmroth et al ]982) 

After the mterpretation of Gilmour (1965), the relationship and connection of 

volcanic strallgraphy to massive sulfide minerahzation ln the Noranda district have been 

wldely accepted Therc have subseqllently been, from the mld-1970s to the present, 

scveral Important cxaminations and new concepts of genetlc models for the volcanism 

and orc dcposlts m the area 

Spcnce (1967) first sliggested the occurrence of a series of rhyolite belts in the 

ccntral arca of the district, wlth thlckened volcamc successions formmg an anticlinorillm 

stlllcturc Spencc and de Rosen-Spence (1975) presented a more detailed review and 

olltlmc of the volcamc stratigraphy, partlcularly the Mille ZOlle whlch hosts many 

massive sultide deposits in the central part of Noranda area An mtegral part of their 

WOI\.. was the establishment of five rhyolite zones, representing successive periods of 

aCldic volcamc actlvlty These five rhyolite zones are separated by major units of basait 

and <lndcsitc tlows The Noranda volcanic pile \Vas consldered to be a large east­

li cnding antlclinonul11 containing the west to east succession of Zones 1 to V rhyolites, 

Zonc III IS the M Ille Zone This new reglonal Interpretation formed the framework for 

l110st subsequent stlldles The present thesis are a includes segments of Zones IV and 

V. whlch arc the latel phases of extlUsive actlvity of the evolvmg and eastward 

mlgratmg volcamc center (Spence and de Rosen-Spence 1975) 

ln the 1970s, reglonal studles of the metamOl phic history and characterization 

of the 10\\1 grade greenschist to pumpellyite faCIes volcamc rock of the Noranda area 

,,,cre made by Jolly (1974, 1977, and 1978) He documented the metamorphlc 
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assemblages of the volcanic rocks, and the minclal rcactions that took place dllllllg 

stages of regional metamorphism 

Using major element geochemlstry and dlSCrtlllllHltlOn plots, (il'llIlas ct al (1 \)77, 

1982) subdivlded the volcal11cs in the Noranda area II1to nllll' thotellt".: and cak-alkaltnl' 

units Ludden et al (1982) provlded substantlauon fOI thls geochcllllcal chal adell/atlon 

using rare earth and other trace clements Géltnas et al (19~4) compalcd the NOIanda 

volcanism to that of large caldela systems The tholelitlc and calc-alkaltne successions 

were assigned to disttnct eplsodes of caldela actlvlty The Fla\ lIan and Lac Dufault 

plutons were interpreted as subvolcantc co-magmatlc IntI liSions feedlllg the e\tlllsive 

volcanism, as proposed and documented by Goldie (19n, 1<>79) ln the clas~lflcatlon 

system of Gélinas et al (1977, 1982), volcanic 10C"-S III thls thesls study l'ail \Vlthlll tllc 

Dufàult calc-alkaltne, Dufresnoy tholeiitic, and Reneault calc-al"-allllc Ulllts 

A major stratigraphie synthesls and new tectonic CVOlutlOI1 Illodcl \Vas plesented 

by Dimroth et al (1982, 1983a,b) The reglonal structure as doculllented was composcd 

of a large Blake River synclmonum wlth ItS two branches or synclinal /olles ln the 

Noranda are a cored by several domleal anticlme and vallous "mallel second and thlrd 

order folds (Dimroth et al 1982, 1983a) The Noranda vo!calllc complex wa~ thollght 

to correspond to an analog of CenozOIe occalllc Island arc systems '1 he volcalllc 

successIon 111 the reglon was considered ta have 1'01 rned by the coalescence and 

overlapping of several Island arc volcanlc ccntels bUllt ur on prc-cxlstmg occantc Clu"t 

of ultramatic and matie materral 

A revlsed reglonal model was proposed by Glbson and Watkm"o/l (1 <)C)O) the 

vo1canic assemblage tn the central part of the district constltutcd a lllalOl C:lUldron 

complex They combmed stratigraphlc changes, varratlon ln thlckncs,>, structur al 
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interpretatIOns, and volcanie facies relationships to establish the Cauldron model, and 

also rcvarnped sorne of the stratigraphie correlations in the are~ The volcanie 

stratlgraphy is the distnct forrned the Pre Cauldron, Cauldron, and Post Cauldron 

sequences Of these, the Cauldron sequence is approxirnately equivalent to Zone III or 

Mine Zone of Spence and de Rosen-Spenee (1975) 

Péloqum et al (1990) also presented a geologieal synthesis of the region This 

stlldy, along wlth Glbson and Watkinson (1990), subdlvided the terrain of the Noranda 

distnet into blocks bOllnded by major faults The correlatIOn of volcanic sequences 

bctween the blocks provides a working stratigraphie framework for the district 

REGIONAL GEOCHEMICAL STUDIES 

A geochemical study by Baragar (1968) using major elements compared the 

Blake River mafic volcanics to ' clrcumoceanic basaIts' He suggested the basaltic 

magma was generated at depth, and "acidic magmas may be due to eventual melting 

of parts of the cnlst" Goodwin (1977) made an extensive study of the geochemistry 

of volcalllc IOcks of Supenor craton, incJuding the Blake River Group at Noranda, and 

developcd a general framework of volcanlC evolutlon for greenstone beIts The volcanic 

successions haw repeated matic to felsie cycles, with a predominance of matic and 

mtermcdiate rocks, and an mcreasing proportion of felsic volcamcs toward the top. 

Goodwm (1977) conclllded that the volcanic successions changed upward from a base 

of tholeiltlc basalts, to calc-alkalme andesltes, dacites, and rhyolites at the top The 

IIltcrmcdiate and tèlsic volcanic prodllcts were consldered to be derived from an 

cvolvmg magma source, elther through fractional crystallization or mixmg with crustal 

cOInponcnts 
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Along with the geochemical studies by Gélinas et al (1977, 1(82) and Luddl'n 

et al. (1982), many papers on the ore deposlts have p\Ovid~d data on the gcorhclllll'al 

characterization of the volcanic rocks and the effects or hvdrothc! mal alte! at lOti RCl:cnt 

work in the Mobrun mme area by Caumartm and CaIllé (1 \)<>0), Ban ctt t.'t al (1 l}(2), 

and Laflèche et al (1992) has provided geologlcal, Itthologlcal, and IIthngl'odll'llllcal 

data and interpretations This has resulted In a Illod!fjcd subdivIsIon of the vokanic 

stratigraphy in parts of the thesis area 

BLAKE RIVER GROUP STRATIGRAI'UY 

Regional Stratigraphy 

The volcanic successIOns In the study area, m Dufresnoy TownshIp, hclong to 

the Blake River Group (BRG) as defined by Gunning (1937) and Gunmng and Amblosc 

(1939) Rocks of BRG are bordered at the north and south 111 pal t by the Kcwagallla 

and Cadillac Group sediments, respectively, and also by two maJor fault 1.0llCS the 

Porcupine-Destor Break to the north, and the CadIllac-Larder Lake Blcak tn thc south 

(Fig 1) 

The BRG is composed of a senes of bimodal malic to fclsic vokan!c 

succeSSIons, and is intruded by syn- to post-volcamc granitic and granodlofltc plutons, 

and late dioritic to diabase sills and dikes Faultmg IS wldesprcad III the reglOn, 

resulting in some problems for stratigraphlc correlation duc to unccrtamtlcs III an10unts 

of vertical and lateral displacements The Blake River Group III the Noranda dIstrict, 

as compared to other green stone belts, contains unusually large proportions of fclslc 

rocks massive rhyolites, rhyolite brecclas, and pyroclastlc rnatenal 
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NOI'anda District Volcanic Stratigraphy 

The Noranda distnct is usually ascrtbed to mclude the Beauchastel, Dufresnoy, 

OUpl at and Rouyn townshIps (Wilson 1962) The basaltic tlow-dominated lavas south 

of' Rouyn-Noranda change northward into thick conformable basaltic-andesitic ta 

rhyolltlc sequences of the Noranda Complex (Dlmroth et al 1982) Massive sulfide 

dcposlts are assoclated wlth fèlsic volcanic units m the central part of the distnct. Ore 

hOI izons arc commonly found at the top of thlckened felsic volcanic successions, 

cspeclally along the contacts with overlying andesltes, and are usually associated with 

laminatcd cherty tuff lIntts (Gilmour 1965, Spence 1967) 

ln a reglonal stratlgraphlc context, the rocks 10 the thesis area (FIg 3), between 

D'Alembert and Cléricy, constltute a volcanic assemblage to the east and northeast of 

the Central Mme Sequence The stratigraphy extends from the top of the Amulet 

Andcsltc ncar the Norbec mme, cast to the thlck rhyolite umts at the Mobrun mine. 

The general Itthology, geology, and structure of the Noranda area are 

doclIlllcntcd on the Compilation Map U-265 (Dugas and Hogg 1962), Carte de 

('ompi latlon Geosclcntlfiqucs 320/6 and 32/07 series (MERQ 1982), and 

Llthostratlgraphlc Mar of the AbItibI Subprovince (MERQ-OGS 1984) Other 

compilatIon maps 111 Pllblished studles and reports can be found in Spence and De 

Rosen-Spence (1975), Gélinas et al (1982), Oimroth et al (1982, 1983a), and Péloqllin 

ct al (1990) 

D'Alembert-Cléricy Arca 

The rocks of the Blake River Group in the D'Alembert-Cléricy area are 

illcluded 111 the Noranda distnct volcalllc sequence in the above mentioned regional 
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geological studies The sttatigraphy tS cOl1llllonly dl\ Ided along th~ 1)':\kl11lwlt Plutoll 

and/or the D'Alembert Fault into two parts thc Uppl'I part of thc ('cnllal I\Jllll' 

Sequence in the Flavrtan Block tn the \,cst, and \'ounger 1I1l1ts of the BlU i tll tlll' cast 

The western sectIon of the transect e"i.tcncts l'rom thc top or the ('entl al 1\ hlll' 

Sequence east of the Walte Hills to the D' Alembci t falilt on the casl Sldl' of 11ll' 

D'Alembert pluton This section of stratlgraphy IS commonly IcgaHll'd a~ hCln!!, on Ihe 

periphery of the Noranda volcanic complex (DlIllIoth ct al 19S2) Il contdlflS the .Inne 

IV rhyolites of Spence and De Rosen-Spence (1975) The ,,,estelll secllon IS IIlL"ludcd 

in the DufauIt calc-alkalme umt by Gélinas et al (1977), and latel sep'" aled 11\10 Ihe 

Trémoy tholeiltlc unIt (Gélmas et al 1(84) ln other reglonal modcl~, the westl'Ill 

section has been assigned 10 the Post-Caldera sequence hy J)1I1l1 olh d al (1 <)lQ), Ihl' 

Post-Cauldron (Cycle 4) sequence of Glbson and Watktnson (1 <)<)0), and wlthlll the 

Flavrian Block as outlined by Péloquin et al (I(NO) 

The eastern or Cléncy section extends l'rom the J)' Alcmhcl t !'ault eastwal d to 

the vicilllty of the town of Cléncy, and includes thl' Mobllltl mille Il cOlltall1S the 

Cléricy rhyolite (Gélinas et al 1(78) and Mobrun rhyolites, whlch COllstltute palt'i or 

the Cléflcy volcamc complex as descnbed by DII11Ioth ct al (1 <)X2) 1 hl:; easlCl1l 

section belongs to the Zone V rhyohtes of Spence and Oc l~o'ien-SpeIlLe (1 ()7'), and 

the Cycle 5 vo\camc sequence of Gibson and WatkJl1son (1 ()90) Il 1.., placed wlthm thc 

Dufresnoy tholeiitic and Reneault cak-aikalllll' 1I1l1ts by (jéIJl1a~ ct al (1 (177) 1 hey 

later regrouped thls succession into the C'lérrcy calc-alkalmc, Ikstol tholelltlc, Renealllt 

calc-alkaline, and a part of the Trémoy tholelltlc Unit (Gélméls ct al 1 (lX2) '1 hl ... ~ectl()11 

lies withm the eastern sector of the Blake River GIOUp or PéIOl/l.1n cl al (!(l()() '1 he 

volcanic rocks III thls sectIon were consldered to he denvcd l'rom a ... cparate volcanlc 
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eomplcx that was contemporaneous with the Noranda caldera, in the regional 

stratigraphIe synthesis by Dimroth et al (1982, 1983a,b) These regional models form 

an Important hasls for the correlation of vo1cantc rocks and the exploration for YMS 

deposlts JO the outlytng parts of the Noranda district 

M;lssive Sulfide Deposits 

Three massIve sulfide deposits occur in the general vicinity of the thesis area 

The Ncwbec YMS orebody IS located in the western end of the transect It was 

cxploited ln the late 1920s and had an output of 278 tom grading 6 74% copper 

(Wt1son 1941, MERQ 1982) This srnall quantity Itke\y represents development ore, 

and not cconomic mtne productIOn The Mobrun mine IS the large VMS deposlt 111 the 

thesis mea Jt contains the only major orebodies dlscovered cast of the Central Mine 

Sequcnce, with a total ore reserve of about Il 5 millton tons (Barrett et al 1992) The 

mlf1c contallls several large orebodies ln the' 1100' and 'C' lenses, hosted mainly by 

massive and fragmentai rhyohtes and lesser andeslte (Caumartin and Caillé 1990) 

The YMS deposit at Mtne Galien (forrnerly West MacDonald mine) occurs Just 

to thc south of the thesis area It is ln a volcanlc roof pendant of the Lac Dufault 

glanodlOntc (Watkinson et al 1990), and IS assumed to be belong to the southern 

extension of the volcantc stratlgraphy tn the D' Alembert-CI éricy area 
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Chapter 3 

GEOLOGY AND LITHOCHEMISTRV 

INTRODlrCTION 

ThIS ehapter presents the results of field \\'orl.., and petrogldphlc and gL'OChelllll .. ,1 

studies of rock samples coi!ected along a tl(,"sect III the thesls area (hl' Il'''lIlt~ .11 L' 

displayed in a senes of maps, stratigraphIe seetH.ms, tanles of analyses, and plOh of IhL' 

geochemical data on selected dlscrlmmatlOn dragrams 

Field Work and Sample Collection 

Field work for the thesls proJect was carned out 111 the SUlllll1l'l Ill' 11)'l1 

Mapping of the terrall1 focused on the stratlglaphle Iclatlol1~hl" of Ihe \'o!cat1ll IInlls, 

bedding tops and factng directions, as weil as doculllentatlol1 01 gc()lo~IL(" rc,IlllIl· .... Illd 

stmctures Detatled field mapptng and sélmpling wa~ camed ouI al ... ekL'lcd IOL'illlllc", 

along the transect where the volcante roeb were weil e'p()~ed A tlltal (lI' SCl I(ld. 

samples were collected An addltlonal 10 samples were avarlahle fOI tllc PIOICL t al ca 

from the collectIon of Prof W H MacLean, ohtamed on a 1 ecOllnal ...... al1<..C ... 111 vey III 

the preVlOllS year 

Sample Preparation and Laboratory Work 

Fort y representatlve rock samples were selccted and cui !n!{l ~.Iah ... to make 

petrographic thm sections These were prepared by McGIII\ lock plepara1lon faclllty 

and also by Vancouver Petrographlc Llmlted of Langley, B (' 
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ln the prcparatlon of samples for chemical analysis, each sample was crushed 

to " 1 cm, and thcn rcduccd to -200 mesh In a tungsten carbide puck grinder The 

powder,> wcrc fa!'1hloncd rnto fuscd glass drsks usrng a Lt-tetraborate flux for maJor 

clcmcnt analr!'1l" (SIO" TI02, Alp~, Fe20~, MnO, CaO, NazO, K20, and P20 S), and into 

pres,>ed powder pellets for the trace clements Zr, Y, Nb, Sr, Rb Flfty-three rock 

sélmplc,> wcrc analyzed by X-ray fluorescence (XRF) methods (Philips PW 1400 X-Ray 

spectromcter, wlth 100 kv generator and Rh X-Ray tube) In the Geochemical 

I,aboratory of thc Department of Earth and Planetary SCIences at McGlI1 University 

The dctcctlon lumt for the major elements was 0 01%, and 2 ppm for the trace 

clcments Rare-earth elements (REE) and additional trace elements were analyzed on 

27 samplcs by rnstlllmentai neutron actIvation analysis (lNAA) by ActIvation 

Labol atones Ltd of Ancastor, Ontario Detection limlts varied from lOto 001 ppm 

f()r the dlffcrent REE 

Mmcl al compositIons were analyzed on elght polished thin-sectIons by electron 

III H:lOprobc (CAMEr A MBX fully-automated microprobe, wavelength dIspersive 

sy"tern wlth the PAP correction procedure) in the Department of Earth and Planetary 

Sl:ICnCeS, McGl1I Unlvcrslty 

GEOLOGICAL DESCRIPTION 

The geology of the transect is described from west to east, that is, from one km 

cast of the Norbec mille to the Mobrun rnme The thesis area rnap (Fig 3) iIlustrates 

the geologlcal featllles and the rocks types, together wlth sorne field data and 

IllCaSlIIClllcnts The locatIons of rock samples taken during field work IS shown In 

,\ general stratlgraphlc column has been constructed for the thesls 
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area that ties mtn the stratlgraphy of the Central Mme Sequence (Fig 4) 

The Mmlstere de l'Energie et des Ressources du Québec (MERQ) 1 10,000 scale 

maps, Cartes de ('omprlatron Géoscientlfiques, and 1 15,000 scale air photos provided 

prclimmary gUides for the field work The maps covering thls area are 32 D/6-0304, 

12 D/6-0204, 32 0/7-0301, and 32 D/6-020 1 These maps illustrate the generalized 

reglonal geology and lithologie outlines as complled by MERQ from company reports, 

govellllllent documents, prospecting assessments, and drill and mme records 

Flcld mappmg for the thesis project has mostly corroborated the contacts and the 

extcnt of the maJor lithological units m the previous studies The present thesis work 

also has added more detail to the eXIstmg geologlcal maps, resulted m the cIal ifications 

of the cxtellt and composition of some of the unlts, and has revised the magmatlc 

affillltics of the maJor volcantc sequences It has also produced sorne moddications to 

the geology of thls section of the Noranda dlstnct 

Structural Gt'ology 

Alliock unrts m the field area have a northwest-southeast regional trend, varying 

III stnkc from 1000 to 340°, dlps are -35° easterly near Norbec but are steep to 

subvertlcal l'rom D'Alembert to Cléncy This change m dlp is abrupt and occurs m the 

VICllllty l,f the tovv'n of D'Alembert The whole vo\cantc succession of thls part of the 

Noranda dlstnct is mtruded by granodlonte plutons and large medium to coarse gramed 

gabblo-dlolltc dlkes The dlkes are generally ahgned wlth the northwest reglonal trend 

SOIllC of them offset and displace the vo\cantc unrts, and are interpreted to have 

mtludcd along faults Dikes are more abundant Ir. the Waite Hills in the uppermost 

scctlOn of Ccntral Mme Sequence, here these late mtrusive bodies occupy east-dipping 
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reverse faults that uplift and repeat sorne of the volcanic stratigraphy (Spence 1967) . 

~'aulting Two fault systems are prorninent in the D'Alembert-Cléricy area One 

system trends northeast-southwest, and the other northwest-southeast, the latter being 

concordant with reglonal lithological and foliatIOn trends The D'Alembert fauIt (also 

known as D'Alembert shear) IS a reglOnal northwest trending break It is reported in 

a number of re,gional studles (e g Omlfoth 1982, MERQ 1982, Péloquin 1990, Glbson 

and Watkmson 1990), but not ln others (e g Géhnas et al 1977, 1982) This structure 

occurs as a lincarnent on maps and air photographs, and truncates the eastern margin 

of the [)' Alembert pluton ft IS considered to extend from north (If Lac D'Alembert 

southeast thp,mgh the thesls area, and is consldered by Péloquin et al (1990) as the 

boundéll y of the Flavnan and East Blake River structural blocks A zone of strong 

foliation rabnc was observed during field work for this study in the rhyo1ite-andeslte 

succession along the projected fàult zone on the eastern side of the D'Alembert pluton 

The dlsplaœrnent vector along thls break is unknown 

Ifoldin~ A number of folds have been reported and proposed ln the transect area 

(Trudel 1978, Gélinas et al 1982, Oimroth et al 1982, 1983a, MERQ 1982) The Baie 

Fabie and Cléricy synclmes are second order Isoclinal folds that have been documented 

in thls D' Alembert-C'lé fley region by Olmroth et al (1983a). Thelr southern extensions 

\Vere tracl;!d II1to parts of the thesis area at sorne localities during field work for this 

study 

Stratlgraphic top determinatlons from the present work and previous studies (e g 

Tmdel 1(78) define the second order and sorne thlrd order folds 10 the parts of the 
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thesis are a (Fig 3), The two large second order sync\ines c'\tend easll'rly l'Will thl' I,.u: 

Duparquet area, and curve southeasterly through the thesls al ea to the l'ast of the 

D'Alembert and Lac Dutàult plutons Between these t\\O latgl' l'nIds ale sl'\l'Ial thlld 

order folds of smaller amplttude and stnke length These wCle dOl'lIllll'llled lISlIlg 

facing reversaIs in the volcantc assemblage 

The presence and the positions of these folds dillei III SOIl1C of thc Icglonal maps 

and interpretations The sm ail thlrd order folds wcrc dlfticult tn "Cllfv III thc field 

From thls study there appear to be fewer tlllfd ordcl lolds than plcvlously ICpOlll'd, 

hence there are probably also fewer repetltions of stratlgl aphy 

The second and tlmd order foiel stmctures bccolllc Icss cVldcnt and dlc out south 

of the Cléricy road Gélinas et al (\982) and Dinlloth ct al (\9X2) Indll'ated a fault 

along thts highway, but ItHle evidence was found 111 thc prc'icnt study to SUppOlt tills 

inference The decrease m mtensity orthe southeastctly rold stlUCtUICS IS \tI"ely duc to 

a graduaI stmctural transitIOn, passmg from zones of hlgh tn lowcl Stl a III The sccond 

order folds are thought to result from the regional kinematic stram ICgllllC dUllng 

Kenoran deforrnation (Dlmroth et al 1983a) The rocks ln a lowcr stlall1 /OI1C to thc 

south likely have escaped deformatiol1 due to the buttrcsslllg el'fcct of thc Lac Dufault 

pluton at the time of regional deform?tlon 

LITHOLOGie AND PETROGRAPHie EXAMINATION 

In this section, field geology IS IIltegrated wlth data l'rom petlography, 

mineralogy, and Itthogeochemlstry FIeld data come from pillow top Indlcat<H'i, gladed 

beds, flow top breccias, volcamc facies changes, lava flow th ,ckncss, and other prrmal y 

and secondary features ThIs forms the basis for the exammatlon, da~slri{"atlOn, and 
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Interpretation of the volcanic stratlgraphy In addition, m~lor and trace element 

discrimmatlOn plots (such as K20 vs Si0 2 and REE profiles) and HFSE ratios (such 

as the /'rlY values) are used to assist m the identification and classification of the 

lithologies 

On the K10 vs SI02 diagram (Fig 5), the K 20 range and geochemical affinities 

(Low-K to High-K) of the freshest rocks and thelr fractlonation range (basalt-andesite­

daclle-rhyollte) are shown Altered samples showing varylng degrees of silicification, 

sericltizatlOn, albltlzatlon, and chloritization have been screened and omitted from this 

plot As can he seen, the rock umts range from basait to rhyolite, whlch IS typical of 

the Noranda rcglon (Géllnas et al 1984, Thurston et al 1985, ParadiS et al 1988) The 

majonty of rocks belong to a Low-K senes, as also has been documented ln the Central 

Mine Sequence 111 the dlstnct (MacLean and Hoy 1991, Barrett et al 1991 b) 

The greenschlst mmelal assemblage IS dlscussed in a later section along with the 

lithologlc and petlographlc descnptlons Plots of minerai chemistry are used to assist 

ln the documentatIon of the secondary minerais actinohte, epldote-zoislte, chlonte, 

senelte, K-feldsDar and albIte The data are coliected from seven rock samples from 

intervals along the transect, the samples represent the vanety of volcanic rocks 

en cou Il t ered 

On the basls of Zr/Y ratios, K20-Si02, and other data, the volcanic sequence has 

been c1asslficd mto several lithological subdiVisions as shown on the lithological map 

of the al ca (Fig 6) These are presented and discussed more fully in the following 

chaptel Average chel11lcal analyses of indivldual units for the units are listed in Tables 

.~, 4, and 5 in the folIowmg text Analyses of ail samples are presented in Appendix 

Table 1 
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Amulet Andesite 

The starting point of the traverse \Vas from the middlc of thl' A IllU Il't Andcstte 

in the Walte Hills It is commonly shawn as the uppellllost fOllllatlon of Ihe ('cnllal 

Mine Sequence The Norbec Cu-Zn YMS OIcbody occurs at the contact of thls lInlt and 

the underlytng Walte Rhyoltte 

The Amulet Andeslte IS a succession of ptllowcd and nwsslvc tlmvs, L'lllllllloniv 

amygduloidal, and aphync ta slightly plaglOclasc pOrphYlltlc The LlIllt IS 1IlIIUdcd hv 

gabbro-diorite dlkes Its avelage composItIon IS in the andesltl' lange and ItS ZI/Y value 

of 47 suggests a transitional affinity ('fable 3) On the K 20-SIO, dlaglam, sam pics nI' 

the unit plot \11 the low-K basaltlc-andeslte to andeslte lar~gc 

Indlvldual lava UllltS range l'rom tllIee to about twcnty metcl!'> thlct.., sir Iklllg 

~:noo and dipr'ng 35° to 40° NE PIIlow tops and !low top blcccla~ face Ilollhcast 

At several localtties with good outcrop exposurc, lava flows have weil devclnpcd 

massIve Untts grading upward \I1to pi \low lava capped by !low top hl l'cela l' low 1'1 ont 

brecclas were also obscrved contaIn\l1g Plllow fragments (rlg 7a), dlpplllg at 2()" tn Hl" 

relatIve ta the body of the Untt (thls produces an appalcnt dlp for the !low llllll) The 

massive ta pillow tlow successIon is commonly rcpeated III the J\lllulet Ândeslte 

stratigraphy in the Waite Hills 
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Fig 7 Amulet Andesite 

a Pillows and pillow breccia, Waite Hills. 

b Photomlcrograph of fine grained, spilitized andesite with quartz-epidote 

amygdules Scale bar = 0 5 mm 
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Petlographlcally, the Amulet Andesite has an rntersertal texture Sptlitlzation 

and low grade mctamorphlsm have produced an assemblage of albIte, zOlsite, epidote, 

chlorrtc, ~crrcite, quart?, and actrnollte PlagIoclase grains are albltlzed, likely after 

andc~lnc-Iabrad()rrte Bath zOIsite and epldote accur ln the matnx, and as large blades 

and fan-lJkc radlating grains 111 amygdules and ather open space fillings (Fig 7b) The 

Hlllplllbole<, occur as pmmatlc, fihrous grains, in the range of actrnalrte wlth Fe/Fe+Mg 

latrŒ of 034 to 045 

Chlonte gcncrally occurs as a fine grained replacement of mafic matnx 

cOlllponcnts and also as large apen-space filllng aggregates Most of the chlorite IS 

khakl-brown, wlth an Fe/Fc+ Mg ratio rangrng from 035 ta 045, and plots rn the 

IIPldohtc field The khakl-brown blrefringent chIante in the presence of blue zOlslte 

(Iow Fe) 1'01111 an equillbnum assemblage These are dIstinctive of the low bulk iron 

contents of thcse élndesites 

Newher Rhyolit(' 

The occurrence and approximate extent of the Newbec Rhyolite, Newbec 

Andcslte, and Newbec breccla were first outlined by Wilson (1941) The Newbec 

Rhyolite IS lIsually placed stratlgraphlcally above the Mine Sequence, in the post-caldera 

vokanic successIOn The main body of rhyohte occurs at the Newbec Mine near 

Highway 101, ln the vlcrnlty of the northwest corner of Lac Dufault (Fig 3), but it 

extends dose to the town of D'Alembert 

Samples of the Newbec Rhyolite are from the old Newbec mine The unit is a 

massIve glcyish-whlte quartz porphyry, wlth euhedral quartz phenocrysts (1-4 mm) 
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• Table J. Anrllge chemical Ilnllinn of the "edem ,okanic unie. 
Head altered !ample~). 

L'mts -\rnulct :-'C\\ hec Nc\\hc, D' ,\Icmhert 
Rock 1\pe Andc~ltc Rh\ohte \nde~ltc l'IUh'" 

n 3 2 2 

SIO, wt°o Sn!! 7941 ~4 99 (,5 '19 

no, 1 12 o IR 064 04)\ 
·\1,0, 1602 Il 14 1648 l , 19 
FeO 715 1 J9 771l 424 
MnO 016 (J 01 ou 014 
MgO 4 113 022 561 1 57 
CaO 712 070 5 Kil Jn 
Na.,O 453 542 ~ 2K 411 
1\.,0 030 029 004 1 15 
l',0, 017 001 009 U 12 
LOI 166 060 276 464 
Total 98 !!4 9937 9968 99 II! 
V pprn 221 11( 165 56 
Cr 93 51! 127 1)0 

NI 49 14 60 11 
Ba 57 66 154 19') 

Rb 7 6 0 31 
Sr 97 41 204 101 
Y 19 3S 19 21 
Zr 90 304 1(') 141 
Nb 8 IS 7 ') 

n' (1 ) (2) (1) 
Hf 21 77 26 
'lb 07 30 17 
Ta 03 24 10 
Sc 25 6 26 
La 92 22 17 
Ce 20 41( 31! 
Nd Il 27 22 
Sm 26 61 59 
Eu 082 100 160 
Th 050 1 IS 100 
Yb 153 492 414 
Lu 023 078 066 

n - nurnber of sample~ 

n' • nurnber of sampi cs Wlth REE analyses 
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One <;ample has an abnormally hlgh Zr/Y ratio of 13 5 (Appendix Table 1) which places 

1t ln the calc-alkaline affimty range However, thls hlgh Zr/Y value is likely due to 

hydrothermal alteratlon mvolved in the sulfiJe mineralizatlon This rhyolite and the 

Ncwbcc.: Brec.:c.:la are consldered to be of transltlonal affinity 

Petroglaphlcally, the rhyolite IS fresh-Iookmg, with large euhedral quartz 

phcnocry~t<; and occaslonal alblte-oligoclase phenocrysts in a fine grained quartzo­

fcldspathlc matnx (Fig 8a) 

Newher hrecria The heterolithic Newbec rhyoltte breccla intrudes the Newbec 

Rhyolite, and IS exposed on a ridge south of the mine Unsorted fragments of massive 

1 hyollte, pillow and massive andesites, and quartz dlonte occur in a matrix of rhyolite 

(Fig Sb) The clasts are angular to subrounded, and dlsplay a range of weathered 

colours from white, grey, green, brown, to orange, retlecting thelr heterolithlc nature 

One analyzed sam pie from the rhyolite matrix IS chemically Identical to the 

Newoec Rhyolite, wlth a Zr/Y ratio of 6 5 The Newbec Breccla therefore most likely 

belongs to the Newbec Rhyolite unit It may be a felsic dlke intruslve, related to 

rhyolites 11Igher III the stratlgraphy, su ch as the North Jevis Rhyolite and the Cléricy 

Rapids Rhyoltte ('rables 4 and 5) 

ln an earher report on this Unit, Wilson (1941) ascribed an explosive ongin to 

the Ncwbec Breccla He also suggested that the breccia was late, and may have formed 

aftel the intrusIOn of granodionte In later geologlcal reports, the Newbec Breccia has 

heen dasslfied as an Intmslve 'diatreme breccia' (Spence 1967, Gibson and Watkinson 

1 q()Q) 
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Fig. Sa Newbee Rhyolite Photomicrograph of qualtz-albitc porphYlltic rhyolite The 

albite phenoeryst is sericitized, the matrix is quartz, albite, and minot' epidotc and 

ehlorite. Sam pie 91-53 Seale bar = 0 5 mm 

Fig Sb. Newbec Breccla Field photograph of an outcrop of the hetclolithlc blcccia, the 

matrix is rhyolitic, and the c\asts are diorite, andeslte, and massive and pOIphyntic 

rhyolite Sample 91-53 

Fig Sc Newbec Andesite Photomicrograph of medium gramed anrlesltc with intersertal 

texture of plagioclase laths and a matrix of epidote, actinollte, qWlI tz, plagiocl ase, 

ehlorite, and opaque oxides Sample 91-52 Seale bar = 0 5 mm 

Fig 8d D'Alembert RhyolIte Photomicrograph of alhite porphyry rhyolite The albite 

phenocrysts are largely replaced by carbonate and serteite The felsic matrix IS also 

sencitized and contains mmor carbonate and chlorite Sample C) 1-5~ Seale bar =- 0 ~ 

mm 
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Newbec Andesite 

The Newbec Andesite is a mostly maSSive, medium graim'd, plagioclase 

rnicroporphyritic tlow unit that overlies the Newbec Rhvol ite It is an andesitc of 

transition al affinity with a ZrlY ratio of 4 7 (Table 3), and plots in the low-K amlcsite 

field (Fig 6) The rock has an intersertal texture \Vith a randomly oricntcd nctwOIk of 

plagioclase laths, and altered matic matrix of chlorite, epidote, actlnolttc, st~ricitc, and 

leucoxene (Fig 8c). 

Newbec Deposit The Newbec YMS deposit, located about SOO IlIctcrs cast of 

Highway 101 (Fig 3), occurs at the contact ofNewbec Rhyolite the ovcllylllg Ncwhec 

Andesite, The deposit is of low tonnage but high grade and was (~xpIOlcd in the 1920s 

Mining records indicated that up to 1930, production was 278 tons of dcvclopmcnt ole 

assaying 6.74% Cu (Wilson 1941) The massive sultide ores contalll chalcopylitc, 

sphalerite, pyrrhotite, and pyrite Altered Newbec Andesite tmmcdiatcly overlics the 

ore and rhyolite, and is exposed on surface outcrops at the old Ncwbcc mine shan 

D'Alembert Rhyolite 

In the field area adjoining the Newbec Andesite, the D'Alembert Rhyolite j(lII11S 

a thin «10 m) porphyritic unit It contains plagioclase phcnocrysts (1 to J mm) which 

are largely replaced by carbonate and to a lesser degree by scricite (Fig Xd) Il is a 

low-K rhyolite of transitional affinity (Table 4 and Appendix Table 1), and is possibly 

to correlate it with the 'Fish-roe Rhyolite', as descnbed by Péloquin and Ycrpaclst 

(1989) and Péloquin et al. (1990). The main body of the 'Fish-roc rhyolite' IS north of 

the thesis area near the Hunter Creek fault, where It forms massive rhyolite wlth 
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plagioclase glomerophenocrysts and a sphenllitic texture (Péloquin and Vcrpaelst 1989) 

Although it has becn mapped as far south as the Cléricy Road, exposures of this 

rhyolite arc scarce in the thesis area 

n'Alembert Pluton 

This small pluton of albite granite intrudes along the contact of the Newbec 

Andcsltc 10 Ihe wesl and the C1éricy Road Basait to the east (Fig. 3) Its eastern margin 

IS takcn as the boundary of the Flavrian and East Blake RiveT blocks of Péloquin et al. 

(1990) The pluton is a coarse grained granttic rock composed of sericitized albite, 

qualtz, chlontlzed mafic mmerals, carbonate, and leucoxene AIthough in proximity to 

the Lac Dufault pluton, its genetic relationshlp is not clear as few comparative 

lithochemical studies have been made The D'Alembert pluton contains about 70 wt 0/0 

SiO!, 14 wt % AI20 l , 1 2 wt % K 20 (Table 3) and Zr/Y value of 62 suggests a 

tlansltional aftinity Sericitized albite grains likely account for mu ch of the K 20 in the 

chcmical analysis, which may have been Introduced during water-rock interaction. 

Alteration is also denoted by the hlgh modal carbonate contents and high LOI in the 

granite 

Cléricy Road Basait 

The extensive Cléricy Road Basait lies between the Newbec Andesite and 

D'Alembert Pluton to the west and the Cléricy Rhyolite to the east, and incIudes the 

plCVIOliSly outlined D'Alembert Andesite as mapped by Wilson (1941) and Paradis et 

al (1988) ThiS basait sequence extends over 3 5 km along the Cléricy Road, but its 

tille thlckncss (perpendicular to strike) is about 2 5 km Two thin felsic volcanic 

42 



• Tahle ... Alera.:e chemical anall'lcs of the central mleanie unlh 
(lcast al.ered samplcs). 

North South Clénc\' 
llnlts D'Alembert Je"l~ I~\ I~ Road CI~m\' 
Rock Type Rhyolite And-Dac Rh,-Ua, Ba.~,111 Rh,"hl~ 

n 6 9 

SIOl \\10 0 6848 7368 6581 4920 7688 
TIOl o SO 020 104 1 ~4 o I~ 
AI,o, 1209 Il 72 1402 1~ 07 Il 84 
FeO .. 19 289 S 48 1257 261 

MnO 009 007 012 026 o o~ 
MgO 132 024 196 .. 91 068 

CaO 3 S3 3 78 408 810 028 

Na,O 183 396 430 277 S77 
1\1° 2 SI 049 o 5S 019 o Ml 

PlO, 010 003 025 015 002 

LOI 437 1 37 1113 378 o ~9 
Total 9901 9844 9943 91<55 9972 

V ppm 49 16 70 320 12 

Cr 10 19 99 174 10 

NI 11 13 54 114 18 

Ba 379 130 190 66 \11 

Rb 40 11 \3 5 11 
Sr 38 192 139 \32 10 

Y 68 45 31 25 93 

Zr 248 249 136 64 314 

Nb IS 15 9 7 20 

n' (1) (3) (l) (4) (4) 

Hf 44 52 33 12 78 

Th 38 26 Il 03 57 

Ta 14 13 07 03 19 

Sc 9 12 21 37 62 

La 28 14 13 36 39 

Ce 64 31 29 \0 86 

Nd 38 17 16 7 46 

Sm 96 42 41 22 \09 

Eu 144 085 129 075 129 

Th 2 10 090 083 055 245 

Yb 821 497 321 193 970 

Lu 125 081 048 030 1.49 

n - number of samples 
n' - number of samples with REE analyses 
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mcrnhcls, the North JCVIS Rhyolite and the South levl" Felslc Units, are interlayered 

wlthrn thl~ thlck basait ~equence (FIg 3) The Cléricy Road Basait conslsts of low-K 

tholelltlc ha..,alt and hasaltlc-andeslte, averagmg 51 8 wt % Si0 2 with a Zr/Y value of 

24 n able 4) 

A numbel of antIclinal and synclinal folds have been mapped in thls thlck matie 

UllIt ('J'rude 1 , 1 CJ7H) 1I0wever, the folds do not appear to contmue south ward beyond 

the Clérrcy Road, thu~ the stratlgraphlc thlckness of the Cléncy Road Basait is not 

dclillltc Top Indlcators l'rom pillew lavas (FIg 9a) observed during field work Indlcate 

the pl cscnce of fold closures In some locallties (Fig 3) 

The Cléllcy Road Basait IS made up of massIve and pillow matic flows These 

lava flows are locally amygduloldal, and display layertng of pillows rn some outcrops 

The rocks dlJ) 70° to 75° E, much steeper than the 35° to 40° for the volcanics of the 

Amulet Ândcsltc and other 1I1l1ts of the Central Mine Sequence The lava flows of this 

tholelltlc hasaltic Ulllt are 1l111ch thlcker and more extensIve than those m the transltional 

Al11uld Ândesltc 

The basalts of thls un tt have IIltersertal textures, and are composed of altered 

plagIoclase and sccondary matic mInerais The rnatrix and amygdule fillings are mostly 

chlolltC, cpldotc-7olslte, sericite, and quartz (FIg 9b) 

N OI·tI •. 'l'vis Rhyolite 

ln the tield area, this lImt occurs as a sequence of foliated rhyolitlc flows with 

lesscl amounts of pvroc\astic matenal and rocks of interrnediate compositIon Located 

north of the C'léllcy Road adjacent to the D'Alembert Pluton, the North Jevls unit is 

contalllcd wlthtn the large tholelltlc C'lértcy Road Basait unit (FIg J) ft forms htlls and 
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Fig 9 Cléricy Road Basait 

a. Pillow lava with thin selvages, from a large outcrop 0 S km nO! th or the 

Cléricy Road Sam pIe 91-34 

b Photomicrograph of spllitlzed basait wlth vOId-tillmg bille chlOllte 111 the 

shape of a bear surrounded by carbonate in vesicle tilling Sam pic <) 1-<) Scalc 

bar = 05 mm 
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outcrops that rise above the low-Iymg matie lava ten <lin 

South of Lac D'Alembert, exposure of layercd volcalllc\asllI':s wntaining gladcd 

beds and other well-preserved beddmg textures (FIg 10a) IS IIlletptclcd III hdollg tlllhc 

North Jevts Rhyolite These graded \'olcantcs al e tIltctla\'et cd \\ Ilh malll.' lavas of Ihe 

Cléricy Road Basait unrt The layered volcantc1astlc bcds compt ISl' il Sl'lll'S of gl alled 

coarse to fine ash tuff deposits (Fig 10b,c) wllh tops 10 Ihc soulh"'l'st ThIs 10p 

direction mdicates a reversai ln facmg of the volcantc sequence, detinmg OIlC of Ihc 

second-arder folds as documented by Tmdel (1978) and DIIl1rolh cl al (1982) 

Further south, near the road, outcrops of thls Unit show mlctlavci cd 1 hyolltc and 

andesite tlows These rocks exhlblt a foltation and Stl am fabllc, \Vllh angulat clcavage 

faces, and are locally eut by whIte quartz-carbonate vellls DcfOlmatlon has also IOl'allv 

formed andeslte boudms withlll the more competent rhyolite Thc foliatIon t~lbllC IS 

parallel ta bedding, with an average onentatlon of 29so /dlp 80° E 

The rhyolites are low-K and transitlOnal, with Zr/Y avcraglllg 5 C) (Table 4) The 

thin interlayered andeslte tlows withm the North Jevls Rhyolttc me also of tlansitional 

afftnity 

South Jevis Andesite-Dacite 

This approximately 100 m thick unit of andesite, daelte, and rhyol itc OCCllIS on 

roadslde hill outcrops next to farm buildings towards the eastcrn l11argin of the ('1él icy 

Road Basait (Fig 3) On the south slde of the road, the mo~t abllndant IOck type IS 

andesite ThIS andesite forms two fragment-nch pyroc\astlc Ilows (Fig 10d), trend mg 

northwest-southeast and dlPping 76° NE The pyroc\astlc unrts are each ahollt 2) ln 
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Fig IOa,b,c North Jevis Rhyolite, field photographs, 1 km north of the Cléricy Road. 

a Outcrop of layered volcan i c1astic beds, tops ta the right. 

b Detail from (a), repeated graded lapilli tuff beds, fining upwards 

c Detail from (a), succession of coarse lapilli tuff, chert, and fine turf beds, tops 

to the left 

d South Jevis Unit Several units of intermediate volcaniclastic breccia, on a 

ridge south of the road cut The fragments range up ta 15 cm, andesite dike 

in the foreground Sample 91-32 
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thiek, and eontam ~orted beds of coarse to fine lapillI c1asts, separated by a fine 

lammatcd ash tulT bed They fine upward to the northeast, consIstent wlth the overall 

leglonal stratIgraphIe facrng 

On the north slde of the mad, a senes of thm daelte flows and c1astle beds, 

totallmg "O-()o ln tlllCk, oecur on the western slde of the outcrop ThIS unit also 

II1cludcs a thln (Icw meter~) rhyolIte bed Sorne of the mterbedded volcaniclastlc 

brccclél 1I1l1t~ contall1 élllglliar blocks Petrographically, the dacite flows contain 

plagioclase laths outlinmg an igneolls flow texture wlth occaslonal plagIoclase 

phcnocrysts and nllmerolls elongated quartz amygdules 

The andeslte on the south slde of the road IS low-K and transltlonal to ealc­

alkalmc, accordmg to Its Zr/Y value of 8 5 (Appendlx Table 1) Other affinity 

(hSCJlllllnants, presentcd III a later chapter, affirm thls classificatIon The rhyolite m this 

unit IS also transltlOnal (Zr/Y = 62), but the dacite (three samples) IS dlstmctly 

tholclitlc, accordmg to Zr/Y and other geochemlcal dlscrimmants (Appendix Table 1) 

The South Jrvis untt has prevlously been mapped as a rhyolite fragmentaI 

volcantc Ilo\\! ThIs study rndlcates that It IS of mainly andesitic and dacitlc 

composItIon, and IS dIstinct from the North Jevis Rhyolite, which IS mainly rhyolitic 

Clél'icy Rhyolite 

Rocks of C'léricy Rhyolite occur as a wide band of felsic units extendtng from 

the south ~nd of Lac Dufresnoy to Lac Savard (Fig 3). They comprise part of the 

Clcllc)' Rhyoltte romplex of Géltnas et al (1978) and Dimroth et al (1982) The type 

I()caltt\' IS at the southeln end of the unit where the Cléricy Road fonns a U-shaped 

loop aI ound the south end of the ridge, near the KinoJevis RIver (FIg 3) 
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Fig. 11. Stratigraphie eolumn of voleanie rocks 

on Rhyolite Hill, Cleriey Rhyolite Unit 
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A succession of rhyolitlc volcanJcs wlth minor interlayered andesite lava are 

present on the ndge The volcanlc units are presented in a stratigraphie column from 

southwe~t to northeast (f Ig 1 1) Parts of this ndge exposure are composed of massive 

Ihyohte lava t10ws wlth local tlow banding, rhyolite breccia and agglomerate, 

pyroclasllc block and ash deposlts, felsic ignlmbrite flows, and sorne graded lapilli ash­

tuff beds 

The rhyolite umts range from 76 to 80 wt% Si02, and most are sericitized with 

11Igh KIO in the 3 to 4 wt% range (Table 4) They have an average Zr/Y of 3 7 (fresh 

and altered samples), and are therefore of tholeiitic affinity 

Facings ln the volcanic sequence on the ridge are to the northeast, and dips are 

sleep from 7()O to 85° NE Top directions were determined from graded volcalllciastic 

dcpos!ts, and pillow tops and flow-top breccia in the interlayered andesite lavas As 

IIlustrated 111 the stratigraphic column (Fig 11), the base of the Ulllt is dominated by 

thu;k successIOns of felslc block and ash pyroclastlc beds (Fig 12a) and mmor ash-tuff 

beds, both cut by discordant andesltIc dlkes ln the upper section, massive rhyolite, 

fclsJÇ brcccJa containing rhyolite blocks (Fig 12b), and layered felslc pyroclastic 

dcposlts are corn mon Near the Il)1), there are also sorne interlayered pillow flows of 

the South Dufresnoy Andesite The fragmentai rhyolites in this upper section mclude 

massive flows, pyroclastic lapilli ash tuffs (Fig 12c), pyroclastic-phreatic agglomerate 

hrecclél, and base-surge ash tuff deposlts (Fig 12d) Beds of felsie fine-grained 

lalllll1ated tuff contamlllg pyrite grains, remimscent of cherty tuff exhalite, are also 

Ilmnd on the ndge 

Petrographie study sho\Vs the flow rhyolites contain pnstine quartz and partly 

altcrcd albite phenocrysts, set m a devitnfied fine-grained sericiti',.d quartz-feldspar 

matn", some tlov .. samples contam spherulites of felsic composition (Fig 13a) The 

lapllh-ash tuffs and other pyroc1astic beds of the Cléncy Rhyolite unit are made up of 
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Fig 12. Cléricy Rhyolite, field photographs 

a Outcrop of parts of two block and ash rhyolite flows, Ihe 1I111tS exhlhll weil 

developed coarse ta fine grading of volcamc c1asts, wllh lops 10 Ihe Iighl 

b Angular blocks of massive rhyolite embedded in rhyolite ash flow luiT 

c Massive rhyolite tnterbedded wlth pyroclastlc lapilli ash luiT umls, hamme! 

for scale (near top of outcrop) 

d Finely laminated surge deposits (on nght slde of the photo) round at Ihe base 

of a lapilli tuff pyroclastic flow 
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Fig. 13 Cléricy Rhyolite photomlcrographs Scale bars = 0 5 mm 

a Spherulitlc rhyolite, with tine gramed devltritied quartz-fcldspar glOlIl1dmass 

Sample 91-20 

b Two graded laminated ash tuff beds, with qUaJ1z and albite grallls, volcanlc 

ash matenal and shards Sample 91-16 

c Welded texture in block and ash pyroclastlc dCpOSlt, collapscd shard 

fragments and ash grains, with large lapllh-pUlnlce matcrial III the lowel thml 

of the photo Sample 91-20 
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volcanic ash of vltric and clystal components. pUIllICCOliS lapIlli matcl ia!. and SOI1lC 

vesicular lithle fragments 8edded successions and gl adrd tc\. tUI cs are \\ l'II pl CSl'l\ l'li 

in sorne of the laminated tuff beds (Fig I3b) The pYloclastlc dl'poslls ha\l' IyplŒI 

welded textures wlth collapsed pUllllce-lapllIl matclial. and t1attcncd shalds \Vllh 

compressed and attenuated tluidal fragments (Fig I.k) 

This volcanic successIon comprises near-vcnt to ploxllnal raClcs l'clslc tk'posits 

It forrned in the vicinrty of hydrothermal vent actlvtly, WhCT cm b" acculllulallon of 

explosive eruptlon rnatenal and assoClélted slllmp and dcbns tlow A shallow 

subaqueous explosive volcanic environment IS IIldlcated by thc Icgulal IIllclvals or 
stratified volcanrclastle deposlts, and by the low amollnt of transpol!cd and Il'WOI \..cd 

material There are sections withm this thlck rhyoltte !Ill1t thal arc hydlOlhcllllally 

altered Many samples have been sericltized, and show vanable dcglccs of sri I<.:JfÎcatloll 

and chloritization Some outerops of these altclcd rocks have IlIsly, blcadlCd. and 

greyish-yellow colours The tield eharactenstlcs of thesc altcrcd roc\..s and thclI 

anornalous geochemistry have been outlmed by Trude! (1978) 

Cléricy Rapids Rhyolite 

The Cléricy Rapids Rhyolrte is a mostly massive sequence. separ atcd flOIll the 

Cléricy Rhyohte to the east by a thin zone of Lac Dufresnoy Andeslte The rOI IllCI 

rhyolite extends south to the Cléncy road, over to the KIIlOICVIS RIver and alotlnd the 

Cléricy pluton (FIg 3) ft dlffers [rom the tholclltlC Cléncy Rhyolite III havlIlg il 

transitlOnal affintty, with average Zr/Y = 4 8 (Table 5) 

This felsic flow unit ranges From light-green to grey-green 10 grey-black (Fig 

14a) The rhyolrte has a fine gramed quartzo-feldspathlc matnx of dcvltrrfied rnatcllal 

and phenocrysts of euhedral to subhedral quartz and albite 
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Tallll! 5 . AVl!raa:;" t:hcmical anaIY'Il!'I of thc calltcm volcanit: units 
(Ica'!t altcrct! samplc'l). 

ClcrKY l ,I~ 

1111l1~ Itdpld~ /)utrc~n()y 

I(o~k l ypc Ithyohtc And ('IR) 

Il 2 1 

SIO, wt°/r. 7602 5681 

hO, 021 089 
AI,O, 117(, 151(8 

l'CO 204 (,66 

MilO (J04 00'1 
Mgl) () 42 442 
(',1O () 1\ H 19 
N,I,o 430 412 
K,O 281 015 

1'20 , 001 011 
1.01 057 167 
101,11 <)!( 54 9919 
V l'pm 20 226 
Cr 91 11(, 

NI Il 60 
/la 576 100 
Rh 4\ 10 

Sr 32 170 
Y 54 17 
Ir 272 H4 
Nh Ir, 6 

n' (1 ) (1) 

III 66 1.9 
111 58 Il 
'1,1 14 05 
~k. 7 21 
1.1 41 90 
('c X2 19 
N,\ 17 10 
Sm t) () 24 
Fu 118 () 67 
11, 180 050 

'h (, 54 184 
lu 100 029 

Il • IIl1l11hcr ot MUlI)'lc .. 

Il' . I1l1ll1hcr ot ","l1plc .. \Vllh RFE an,lh'~c~ 
l'R • l'r,U1''lhonlll "lIhlllllt 
'III . I1wlclIhc .. l1hllllll 

I .. IC 
Dutrc~noy 

And (1/1) 

3 

5629 
145 

1371 
/0 14 
021 
195 
699 
160 
016 
015 
270 

9935 
340 

35 
21 
94 

4 
139 
43 

124 
/0 

(1 ) 

41 
14 
06 
40 
13 
31 
19 

60 
168 
14:1 
522 
084 

1 .. 1c Cléncy 
Dufrc~noy Rapids 

Rhyohtc Andcslte 

5 2 

7476 5607 
027 119 

1202 1404 
294 1096 
004 015 
046 405 
102 6 H6 
540 263 
072 006 
004 013 
144 304 

99 Il 9936 
22 304 
Il 72 
17 12 

211 47 
14 3 
47 129 
99 32 

358 \38 
21 10 

(2) (1 ) 

97 46 
56 16 
22 07 

6 39 
26 18 
59 44 
35 25 
95 66 

154 141 
240 140 

1005 590 
156 085 

54 

Mobrun 
Rhyohtc 

1 

7996 
020 
976 
246 
(0) 

068 
047 
416 
064 
003 
108 

9967 
28 
10 
/0 

166 
12 
25 
52 

242 
12 

(1 ) 
5,3 
55 
1.2 

6 
29 
61 
30 

71 
099 
1.40 
626 
094 
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The (,léricy Rapids Rhyolite reptesents a new eplsod~ of \ nkanl( a(tl\'lt\', 

producing massive rhyolite flows of transition al aftillltv dlstlllct ftom thc lIndctlv ing 

mainly pyroc1astic and tholelltic C'léncy Rhyolite complcx 

Lac Dufresnoy Andesite 

The Lac Dufresnoy Andesitc is a basaltic-andeslte to andcsltc massl\'c and 

pillowed flow unit, Iying between the (,Iéricy Rhyoltte complc\. and thc Lat: Durl csnny 

Rhyolite (Fig 3) Sorne mafic dikes crosscut the lava Elscwhcll" rclslC rlasts al C 

incorporated wlthm sorne Pillow breccia Dcfonnatlotl has plOdllccd a wl'a"lv 

developed foljated texture The Pillows have a genetal clongatlon tlcnd or 2X"" and mc 

steeply dipping wlth tops to the northeast Eptdotc and cm honatc vCllllets at c pl cscnl 

throughout the flow untt 

The Lac Oufresnoy Andeslte IS of mixed affimty, wlth a l11alOl tlansltlonal 

subunit having Zr/Y ratios tn the 44 to 5 4 range, and a sm aller thnlclltic suhllnll \VIth 

Zr/Y = 2 7 (Table 5) 

Lac Dufresnoy Rhyolite 

The Lac Oufresnoy Rhyohte forms a broad ndge bounded hy lopogl aph Ica \1 V 

lower andesites The rocks are of tholelltic affinity, wlth a gloup avclagc ZIIY value 

of 3 6 Most of the samples are somewhat sencltlzed wlth relatlvely hlgh K,O, and 

range from 74 to 80 SiOz wt % (mcltcatmg stltcificatlol1 m some ~ample~, Tahle ") 

The rocks of this Untt range l'rom greemsh-whItc nl(lS~IVe 1 hyolttc, qUa! 1/-

feldspar porphyry, quartz amygdulol(lal rhyoltte, ~phcrulltlc rcl"lc Ilows, 10 wlllplcx 

flow banded rhyolite A foltatton fahnc IS observed wlth loeally dcveloped clcavage 

faces The rocks dlp steeply, and also exhiblt complex Igne()u~ Ilow foldlt1g 111 "oille 

outcrops (Fig 14b) The rhyolites have a slightly serrcltlzcd quartzo-fcld..,pathlc matnx, 
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Fig 14a Cléricy Rapids Rhyolite. Small roadside outcrop of black massive quartz 

porphyritic rhyolite, glacIal striae trend northerly Sample 91-27 

14h Lac Dufresnoy Rhyolite Contorted igneous flow banding ln rhyolite 

14c Lac Dufresnoy Rhyolite Rounded and embayed quartz phenocryst and a 

polycrystalline quartz amygdule of the same size in quartz-albite porphyritic 

rhyolite Sample 91-42 Scale bar = 0.5 mm 

14d Vlew looking east of the Mobrun Mine from a ridge of Mobrun Rhyolite . 
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wlth roundcd and cmbayed single-crystal quartz phenoerysts and polycrystalline quartz­

fillcd amygdules (Fig 14c) 

Clél'icy I(apids Andesite 

The C1éllcy Rapids Andeslte IS a massive ta pillowed basaltic-andeslte Within 

the thesis area, thls matie lava Untt extends from Lac Dufresnoy ta the Clériey rapids 

on the KmoJevis River near the bndge at Cléncy This IS a mlxed affinity unit, with 

Zr/Y ratios of about 3 8 and 5 8 It IS probably denved from an interlayered sequence 

of matie lavas, onginatmg from two separate but coeval sources of differing affinity, 

each (JlOdllcmg bllnodal volcanic products 

Mobrun Rhyolite 

Gcological studles of vo\cantc stratigraphy around the Mobrun mtne area have 

bCCI1 made by Caumartin and Caillé (1990), Barrett et al (J992), Laflèche et al (1993), 

and Riopel ct al (In press) The Mobrun Rhyolite (Fig 14d) is composed of two major 

rhyolitlc 1Ill1ts, wlth mmor amollnts of interlayered andesite lava flows The rhyolite 

IS host to the Mobrun VMS deposlts The Copper Hill rhyolite member, which is 

stratigl aplllcally below the ores, occllrs southwest of the mme site The Main and 1100 

complcxes OCClII Wlthlll a sequence of felsic flows and volcaniclastics (Barrett et al 

19(2) The Copper Hill member consists of aphync felslc flows, wlth variable degrees 

of sel ICltll:atIOI1, sihclficatlon, and carbonatlzatlon The Copper Hill rhyolite is overlam 

by thlll UllIts of maSSive, amygdulOldal andeslte and minor dacltic vo\cantclastic rocks, 

thcn the 1100 complex follow by massive rhyolite, the MalO Lens complex, and rhyolite 

VO\cilllldastlcs Accotdmg to Barrett et al (1992), the Copper Hill rhyolite member 15 

tho1clltlC, \Vhel cas the overlymg members range from tholeiitic ta calc-alkaline (Zr/Y 

t anges from about 2 S to 8) 
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Chapter 4 

GREENSCHIST MINERALOGY 

INTRODlJCTION 

This sectinn documents the low grade gl censchlst faclcs III 111 CI aIs !llllnd III Ihe 

vo\canic rocks of the thesis are a Secondary mll1cral asscmblages haVl' Icplaœd Illllch 

of the origmal Igneous m1l1erals and glass matrix Thcse glccnsdllst IllctalllOlphlc 

assemblages are typical of the rocks 111 the NOlanda distllCt, and of olhel ",dwan 

green stone belts as weil 

Each mineraI specles was analyzed by thc clcctron 1l11CIOplObc wélvclcngth­

dispersIve technique The compositional Varlatllln" of the nHnCI al, modes of OCCIIII l'nec, 

and textures are discussed in the following subscctlon 

Although documentatIOn of greenschlst mmcralogy is lISCflll, Il IS cOlllll1only 

neglected in most stlldies of Archean greenstonc terrains lIsed 111 conlllnctlon wlth 

petrography, IIthogeochemistry, and alteratlOn mIneraI nOllllS, data on IllIllClal ChCIllI'\tly 

can provlde msights into the initial magmatlc compositIon and atTinlty of the locks, and 

assists in the interpretation of IIthostratigraphy 

Mineral Chemistry Diagrams 

Microprobe chemlcal analyses of a selectIOn of mll1erals arc plcscntcd ln a selles 

of dlagrams 111 arder ta document the composltlonal VariatIons, rmllol call<ln 

substItutions, and dlstnbutions of the greenschlst mmcrals 
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Fig. 16. Epldole-Zm"'lle ftequcm:y dlagl.lIl1 \Vith IIldll.llcd 1lI1111hl'i 

01 analy~c~ 101 cpldote and /m\lte-cI I!1I1/1l1\lll' •• lI1d dl\t IIIL'! 

rclatlonshlp helwccn hlretr lIlgcncc COIOlll\ and chcllIll'.d 
compo~lIlOn. Average I11ICIOplllhc un.lly ... c\ .11 l' Il ... tcd III 

Appendlx Table Il. 

Plagioclase Ab-An 

Fig. 17. PlagJOda~e wmpmllion Ireqllcncy dl.lgrulII. wlth ha .... 
indicallllg numbcr 01 plagloda\c analy ... c·, 
Average mlcroprobe chclIlu.:al .tnaly\e\ <Ire Il ... ted III 

Appendlx Table Il 
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Fig. 1 X. Chlorite compo'>l1 .. mal diagram, after Hey (1954), and 
and Kramdiotls an~t Ma~Lean (1987), but modified to a 
rcctangular plot for simplification in plotting and interpretation. 
The limit~ of chlorite field for samples in the thesis area as 
shown an: approxllnatc. Average chIante analyses composition 
of analyt,ed samples are given in Appenrlix Table II. 
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On an AI.J vs Na+K diagram (FIg 1 ~a). the calcIum amphlboks plnt as Ftg 

tremoltte-actinoltte, they outltne a nano\\ range 111 the actll10ltte lidd on an Fe!h Il\tg 

frequency diagram (FIg 15b) 

The epidote-zolslte frequency plot (FIg 1 ()) IT\ cals a glOup \\ tth hl!!.h h~ l'\1I1Il'nt 

which are epldotes wlth yello'W-red hllefllngcncc. and a glllllp \\ Ith 10\\ Fc al e IOlstte­

clmozoisite with bIlle blrefringence l'he plagloclasc analyses plot dS two glolipS (hg 

17) Two sam pies are at An 71l and An 7X and 1 l'prcscnt Igncolls l'om pOSlt IOIlS III marlC 

rocks An alblte-oltgoc\ase group replcsents both plll11al V composItions III 1 hyolltes, 

and albltlzed plagIOclases 111 low glade metamol phlc matic rocks 

The chlonte dlagram (Fig 18) IS 11l0dlfied attcl IIcy (I()"·l) hY"II11plv ploltlllg 

8 - S1 1
\ vs Fe/Fe+Mg ""hlch Illdkes It ()Ithogonal and mOlc slillahll' 1'01 plotlm).! ThL' 

analyzed samples are mamly 111 the rtPldolltc and pycl1ochlOll' field .... and dl'lplay a 

range of blrefrmgence colour from grel'n-brown to BcrllIl h lue J'l'Ill pl'I (11111 L' 

calculatlOlls after Cathelmeau and Nll'va (1 9R'i) and Klamdlolls and Mael ,l'an (1(IX7) 

1I1dlcate the chlontes formed In the range of 245" to 270"C, bas cd on thc dl .... tr Ihlltlon 

of AI and SI 

Plagioclase 

The feldspars are the most coml1lon mll1crals 111 Illany of the pllsllIll' volcanlL 

rocks ln basaIts and andesltes they form an II1tcr<;crtal tl'xllllc of plaglocla"e lath .... 

enclosing mafie Illll1erals and volcal1lc gla~~ The pla!!lOcla .... l' III low .1-(1 ade gl een"c..hl .... 1 

rocks has undergone vary mg degrec~ of altcrallol1 (F I~ 1 ()a), havmg becn con veltcd 10 

or replaced by sencite, epldote-zOlsltc, alhlte, and carhonate" Many of the plagloc..la"l'''' 
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ale ln the range of Anfl to An 1 5 (Fig 17), and may have formed by the albitization 

reaction 

anorthite quartz 

=> 2 NaAISi10l( + Ca'2 

albite 

Undcr low grade metamorphie conditIons, the very mobile Ca is leached from 

plagioclase and glass, and Na is commonly added from the spllrtizmg flUid to reaet with 

illll110htle AI to rOlln addItion al albIte The anorthlte component of plagIOclase IS 

converted to cpldote-zoislte, whieh forms as a replacement phase, and as fine gramed 

~aussunte Few plagioclase grams avold spllitization and hydrothelmal alteratlon 

Relllnant Ca-plagIOclase in these matie rocks is rare in the Noranda district 

K-Feldsplll' 

Potassium feldspar has been founà in one sample of a matic pyroclastic tuff lens 

wlthin the Clcncy Rhyolite unit (sample NP-22), as composite graIns wlth serieite in 

the matlix, and as amygdule fillll1gs (Fig 1%) This crystal and vitnc ash tuff is 

andcslte to basaltlc-andeslte 111 composItion and is surrounded by low-K rhyolite flows 

and pyloclastlc turr~ 

The JOck nlso contalns appmently large sauSsLllltlzed plagIoclases that are partly 

Il'placcd by sel IClte and lesser K-feldspar. and fragments of devltntied andestllc glass 

shards (Fig 1 ()h) Thc élmygdules ale found ln the !rthlc c1asts The devltnfied glass 
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Fig 19 Photomicrographs of minerai textures Scale bar -, 0:; mm 

a Plagioclase phenocrysts partially replaced by sericlte and carbonate Cierrey 

Rhyolite, Sample 91-36 

b K-feldspars (k) in an andesitlc tutT Unit, occurnng as an amygdulc 1IIIrng and 

composite grains \vlth serielte ln the grollndmass Lac DlIl'lcsnoy Andcsrlc, 

Sample 9 ] -22 

c Amygdule of coarse grained actmolrte Lac Dufrcsnoy Andcsrte, Salllple <) 1-2() 
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fragments and the matrix are composed of sel iClte, chloritc, cpldote-/olsltc, and k­

feldspar In addItIon to amygdules that have K-feldspars, manv alsn Cllllt<llll chloltte 

and epidote, but not serielte 

The K-feldspar appears to an altel ation plOdllct rOI Illet! dllllllg \\ atl'I-I od, 

interactIOn which mtroduced large qllantttles of potassIum l'he Illtelglo\\th or K­

feldspars and sericitc ln the composite gl alllS incltcates hlgh pli condItIons at tlll' K­

feldsparlsencite boundary ThIs process is equlvalent to the hea\y Sell(:ltl/<ltIOIl round 

in sorne altered gleenstone rocks, but K-feldspar was stable helc as wl'II as SCIIl'ltl' 

The potasslc character of thls rock IS also Indlcatct! by thc bult... chenllstl y 

(Appendix Table 1) The rock contams 4 70 wt% K20, but only 1 1 () wtU 
0 N,I,n The 

andesite lens is transitional with a ZrlY ratIO of 5 1 Other IIFS delllcnt data Wl'Ie not 

available for this sample The K-feldspar IS very putc, \VIth glcater than ()()(I~) 01 III ail 

the analyzed grams (Appendix Table Il) 

Potasslc feldspar as an aItelation phase ln pyloclastlc Ilows IS an UIlCOllllllllll 

occurrence 111 low-K volcantc terra ms ThIS andesltlc lens IS IIltcrlaycled wlth low-K 

rhyolites in a mamly felsic formatIOn In thc Noranda dlstnct, Il\o!'>t volcanlc locks ,li e 

tholetittc and transition al. and the common fcl(bpar IS albIte 

Actinolite 

Actinolite is a typlcal greenschist mineraI that OCCUIS togcther wlth alhlte, 

chlorite, seri cite, and epldote-zoistte It IS a calcIum amphIbole wlth bladed, acrcular 

to fibrous habit that fùrms âS a replacement mlllcrai 111 the llléltllX and ln amygdule .... 
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(FIg 19c) Actmolite replaces pyroxene, hornblend .. , and other amphiboles under low­

grade grcenschlst conditions A c1inopyroxene replacement reaction is possible 

c1inopyroxene actinolite quartz 

Actinolitc analyses from the matic rock samples plot as a narrow c1uster between 25 

to 40 cation % Fe on the amphibole composltional dmgram (Fig 15b) 

On the AI '4 versus Na+K cation dlagram (Fig ISa), the actinohtes are in the low 

Na+K and low AI corner of the diagram, denoting the1r low metamorphic grade, away 

l'rom the high-AI hornblende and other amphiboles on the diagram 

Epidote 

The common epldote group minerais found ln low-grade metamorphosed 

volcanic rocks mclude epidote, c1mozOIsite, and zoisne They appear as high relief 

gl ams, and are readdy dlstinguished by thelr blrefringence colours second order 

ycllow-Icd COIOlIl for epldote (Fig 20a), tirst order off-grey to light blue for 

c1I'10LOISltC, and t'irst order anomalous blue colour for ZOlslte (FIg 20b) Epldote­

c1llloL'olsltc Illtnclals are mOlloclinic, whereas ZOlslte is orthorhombic These are 

calclUm-alul11lflum-lIon sOloslilcates, wlth epldote as the Fe-nch member, and zoislte 

and c1I1\07olslte as the Fe-poor members (fig 16) Epldote and zoislte from the 

c,)lIccted sélmples 1'01111 two groups on the frequency dlagram, whlch IS based on the 
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Fe+3 for Alrl substitution The epidote minerais t't"mn malllly from the hlcakdowll of 

plagioclase III the mafic rocks, e g , 

anorthite zoisite 

where the Ca'2 could be derived from the albIte and actinolitc formmg rem:tlOlls glvcn 

above. 

Epidote [ Ca2FeAI 2Sl lOdOH) ] tends to f()\,111 111 Fe-nch locks, \VIllIe IOlslte­

c1inozoisite minerais [ Ca 2Al l Si lOdOH) lare Illore comlllonly round ln Fe-pOOl 10C"S 

The usual modes of occurrence of these minCI ais are as hladed t~II1S III alllygduics and 

open-space filhng (FIg 20a), as granular aggregate replacemcnts of plagloclasc and 

mafic matenal (FIg 20b), and as a fine gramed componcnt of saussuntl/:atlon 

The yellow-red Fe-nch epidotes are usually round 111 tholclltlC IOC"S III 

association with Fe-rich Berlin blue chlorite The AI-nch mlsltc wtth its anolllaious 

deep blue colour (and also c1inozoisite) IS generally foulld wlth Mg-nch glCy-glCCIl to 

brown chlorite ThIS latter aSSOCIatton is more common 111 tranSltlonal and calc-aikallllc 

rocks, which have lower Fe contents than the tholeiites Cltno7oislte IS not as common 

as elther zoisite or epldote 111 the rocks of the thesis area 

Chlorite 

Chlonte IS a complex Fe-Mg alumlnous phyllostllcatc, wlth dlfrelent mlllcrai 

names for the various soltd solutIon ranges of Fe-Mg and AI,v_S I composItion The 

pleochrolsm and blrefnngencc are due to composltlonal vallatlon", and are dlscusscd 

67 



• 

• 

Fig 20 Photomicrographs of mineraI textures 

a Radiating tàn of epidote wlth red-yellow birefringence in amygdule with 

quartz Amulel Andeslte, Sample NP-25 Scale bar = 05 mm 

b Blacles of lOlslte with blue blrefnngence, occurring wlth grey-green chlorite 

and quartz Lac Dufresnoy Andesite, Sample 9] -8 Scale bar = 0.1 mm 

c Patch of chlollte wlth Berlin blue birefnngence, surrounded by epidote (yellow­

Icd) and quartz (white) Cléncy Road BasaIt, Sample 91-29 Scale bar = 0 1 mm 

cl SCllclte-1 ich matrix in quartz porphyry rhyolite, note the quartz overgrowth ln 

optH:al contlllUlty \VIth the euhedral phenocrysts Lac Dufresnoy Rhyolite, 

Samplc 91-50 Scale bar = 05 mm 
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ln detall by Hey (1954), and Kramdiotis and MacLean (1987) The birefringence 

colours change between Fe-poor and Fe-rich members (based on Fe/Fe+Mg) from grey, 

green, brown, violet, to Berlm blue These effects are shown on the modIfied Hey 

dJagram (Fig 18), where the analYled chlontes from thls stlldy are plotted 

Chlonte readdy takes up Fe, Mg, and AI dllnng alteration of mafic volcanic 

rocks It replaces other AI-beanng m merals, such as plagioclase, epidote-zoisite, and 

scncitc dunng SpdltlzatlOn and hydrothermal al'teratlOn processes e g, 

anortlllte chlonte quartz 

Fc and Mg catrons leached durrng these processes react with Immobile AI to form 

chlonte As a result, chlonte IS the characteristic minerai of alteratIon pipes below 

VMS ICIlSCS, partlcularly at the cOles of these alteration zones 

DllIlI1g spJ!ltlzatlOn alld low-gl ade metamorphism, replacement ofmafic mmerals 

and voJcalllc glass by chlollle IS a common occurrence Chlonte occurs as large blades, 

IllcgulaJ masses, and glanular aggregates It is also found as large chlorite grams in 

opcn-spacc tilllllgs (Fig 20c) and ln arnygdules Chlolite, along wlth eplclote and 

SCI H':ltC, forms tine gramed aggregates replacing plagioclase during saussuritlzatlon 

The Fe-Ilch Bellll1 blue blrefnngent chlonte is associated wlth Fe-nch red-

ycll<.l\v epldotc III the tholelltlc umts The Fe-pool' grey-green-brown birefnngent 

chlon te IS commonly assocmted wlth the Fe-poor blue ZOIslte or chnozoisite 
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Sericite 

Serielte is very com mon III the IOcks of Nnranda distI Ict 1 t IS lIsua II\' li. HlIlll as 

fine grain aggregates replacing feldspm grams and as an altcl atloll plOdud of glass III 

the groundmass (Fig 20d) SeneIte forms from tlte bl Ca"dm\ll of feldspm 1l111lL'1 il Is and 

other AI-bearing matellal III volcalllc IOcks as a lesult of ,,,aICI-llle" IIltl'lill'tIOIl, l' g, 

albite sericite quartz 

Thi" IS a hydrothermal alteration reaction, whclc both Na and ('a ,lie Icaclted 

from the hast rocks Unaltered tholciltie and tlanslllonai locks have low alllounts or 

K20 (Iess than 0 5 wt%), whereas calc-alkaline rocks may colllalll up 10 ~ 10 ~ wt% 

K20 Sericltlzation in tholelltlc and ttanslttonal IOC"",, Ihus ICqUIICS an e,lclnal SOUlce 

of potassllIm and acidic conditIons Scawatcl and hydrolhcI1l1al nUld ... IBovlde Ihe 

source of K to react \Vith the alulll' -)-slllcatc phasc,; dUlIllg the a It el at IOIl 

Microprobe analyses show sen cite llél~ cnd-mcmbcl coll1po~lllollal langes t'Iom 

76 to 86 % mUscovite, Il to 20 % celadomte, 07 10 1 6 ~;l paragonlle, and, (J 2 'XI 

margante The FefFe+Mg ratIo for the sencitcs range ... l'rom 0 :n 10 0 51 Sellt.:ltc IS 

essenttally the only K-beanng phyllosllIcatc f<lImcd dUlIllg altelatlon The 

K20/Na~O+K20 ratio (Scncltl7éltlon Index, MacLean and lIoy IC)()I) (an bc lIllIl/cd tn 

IIldicate l'he degree of alteratlon of the albIte componcnt of plaglot.:la ... e 10 ~el It.:llc 111 

tholelltlc and transltlOnal rocks It IS an easrly t.:a\culated Index that plovldt.: il good 

means to l11easure rock altcratlon 
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SencitlzatlOn and ch\oritization are very common and pervasive processes during 

hydrotherma\ alteratlOn and other forms of water-rock interactIOn The reactions use 

up ail the AI avaJlable ln the rock except for that in epldote-zoislte In more advanced 

alteration, serielte and chiante replace ail other AI-beanng mmerals, mcluding epldote­

Loisltc As a result, the abundances of these two mmerals can be used as general 

indlcators of degrces and mtenslty of alteratlOn in greenstone vo\canic rocks . 
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Chapter 5 

LITHOSTRATIGRAPHV 

INTRODllCTION 

Hydrothermal water-rock mteractlon and low-grade mdamm phlsm of \ ok.lIlu: 

and associated rocks have affected ail AI chean gl ccllstones l'he prl'Clll SOI Illck 

composition and ;!s geochell11cal make-dp ate lllodltied by the addItIon .l1ld dl'pktloll 

of mobile components during altelatlOn proccsses Llthogcochelllll'ai methods llS111g 

immobtle and mcompatlble elements, as olltltned by MacLcan and KI.Il11dlotls (1 QX7) 

and MacLean (1988,1990), can be used to reconstrllct O1lg111al L0111P0..,ltlons of thl' 

altered rocks and to determme the mtenslty and pattern of altcl atlull Raw geochl'Illlcai 

data can thus be treated to assess alteratlon cllndltlons, 1'1 (llll \cast 10 h Igh 1 y altel cd 

states ThIS provldes the bclSIS for quantitatIve evaillatloll of genchenllcal changes, leads 

to better identIficatIOn of precursor rock types, and él~SIStS ln Ittho~tlallgl.lphle 

correlation 

Incompatible Elements 

Incompatible elemt!nts in magmas are usually defined as havlIlg hllik dlslnbutloll 

coefficients of Dso/id/melt < () 1 These dement~ are COlleentl ated III the Illelt dl" Illg 

igneous fractionatlon pro cesses as they al 1.' not genet ail y meol pOl al cd III 1 hl' IOl'k· 

formmg mmerals In most basaltlc rocks, It ha~ bcen shoWIl (hell /1, Nb, Y, il Icv, othel 

high field strength elements (HFSE), and the REl: aIe hlghly rncoll1pallblc (Pealcc and 

Cann 1973, Pearce and Norry 1979, Wood et al Iln<)) l hl<, al..,o hold.., (rue lin rocks 
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in the andesite-dacite-I hyolite range in thnleiite suites, bu! nnt 111 !hl' malOI!l\' or 

alkal i ne and ca\c-alkalll1c suites \\'hel e the I-IFS E al e (0111 patlhle rhL'se L'lCl11l'llts a il' 

tested on binary plots t(JI in(()ll1patlhtltt\' ln a rock SUltC hl'rme PllK'l'l'lltng \\ Ith the 

lithogeochemlcal t1eatment When they rell1alll tncompatlbk tllloughou! ft actllln.ltlon, 

these elements plot as a slIlgle stnllght IlIle 

The incompatible HFSE pail, Zr and Y, IS especlallv lIscful 1'01 PIO\'ldlllg a 

discriminant ratio that changes \VIth JOck aftillltv (Pem œ and NOll y 1 \)7\), I.CShl'1 l'I al 

1986, MacLean 1990, MacLean and Banctt 19(1) ThIS pail l'\hlblts dl Ill" l'nt 

enrichment ratIOs for rocks of diffcrcnt magmatlc aflïlllty Tholellte web 1 allgl' 1'10111 

about 2 to 45, and ca\c-alkaltne and alkaltnc locks l'tom about 7 to::!O Rocks '''!lh the 

ZrlY ratIos II1termedtate between tholciltè and calc-alkall11c aIl' dC"lgnall'd Inlllsiliun:11 

In transitional rocks the HF SE are stllllllcompatlbie (ltnear ellllchlllcnt Ill'nds), huI \VIth 

slightly steeper REE profiles th an the tholeiites 

MaJor element dlscnmmants, such as AFM, MlyashilO, AI ,Ol-ZI, and TIO .. -ZI 

diagrams, have been used ta dlfferenliate the roek types A~ weil, thc magmatlc allinlty 

can be verified wlth La:-/Yb" ThlYb, Zr/Yb, and othcr IIFSE 1 atlOs The vallah le 

compatlbility of Zr, Y, and other HF SE 111 alkalme and caic-aikallllc fock SUltcs plodllCC 

a range of trends; for example, a Iligher depletion of Y relative to ZI III 1 hc~e IOcks 

accounts for thelr hlgher Zr/Y values th an tn tholclitcs 

Immobile Elements and Single Precursor System 

Some elements are Immobile, that IS they are not gencrally Icached nom or 

added to the rock matenal dunng alteratton processcs 1 cstmg for Illllnob,hty IS donc 

with paIrs of elements from a specifie voleanlc unit A highl)' correlatcd htnary plot 
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of a pair of cl cmcnts, with a correlation coefftci ent of arollnd 0 90 to 0 99, is indicative 

of high IInmohillty ft is important to note that clements nf c10sely related chemical 

all'inlty, ~uch as K-Rb, Ca-Sr, and Zr-I-It~ can also produce slmilarlv high correlations 

and must he cxcluded l'rom these immobility element tests 

DlIrmg altcratlOn, sample points move along the pnmary fractionation hne 

dcfincd by an immobile and incompatible element pair Altered samples shift towards 

the 01 igin whcn large amounts of mobi le material su ch as silica, carbonate, and sulfide 

have bCCI1 added tn the rock unit At the other end, mass loss from leaching of mobile 

matenal, sllch as si 1 ica, Ca. Na, and K, resliits in concentrated amounts of immobile 

matenal It has becn shawn that AI, Ti, HFSE, Zr, Nb, Y, and the REE are commonly 

immobilc ln altcred volcanic rocks arollml V1\rIS deposits (MacLean and Kranidiotis 

1987, MacLean 1(88) 

Multil.lr Preclirsors 

ln greenstone belts, a range of fractionated volcanic rock compositions can be 

vlewcd as a multiple precursor sequence Fractionation trends are first constructed 

lIsing hinary plots of TiOz-Zr and AI;!OJ-Zr Because these elements are also immobile, 

they arc lIsed to assess mass changes during alteration, as in a single precursor system. 

Lcast altered samples from basaltic-andesite to rhyolite form concave 

fractinflation curves for TIOz-Zr (Fig 2Ia), FeO-Zr, MnO-Zr, MgO-Zr, and CaO-Zr, 

whclcas AI..,Ol-Zr plots (Fig 21b) as a linear trend with a slight1y negative slope 

Altered samples l'orlll a senes of divergent alteration lines that result from mass changes 

of the mobile components The intersection of an alteration line and the fractionation 

curvc dctines the precursor composItion of each altered sample (Fig. 21 a,b) . 
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The multlple-precursor analysis is particularly useful in detatled studies around 

Inlnclal dcposlt~ whcrc the immerliate surrounding vo1camc rocks consist of a few well­

dclincd Unlts 1 n thcse cases, anh ~ysis of numerous outcrop and dnll-hole samples 

enablcs good IItho~tratlgraplllc correlation and delineatlOn of host rock types even un der 

cxtlCIllC altcratlon 

In a larger rcgional survey with widely spaced samples, such as this thesis 

plOjcct, a detailed assessment of each Unit based on precursor identification and well­

dclincd alteration IlI1es was not possIble Each unit has less th an 10 samples, ev en for 

the ~oo m thick Cléncy Rhyolite 

On the Ti02-Zr and Alp~-Zr plots of least altered samples from the thesis area 

(Fig 22a,h), several separate fractionatlOn trends can be inferred in mat'ic rocks and 

rhyolites The least altered samples define the fractionation trends On thls regional 

scale of stratIgraphie interpretatlon, these trends may represent several batches of 

magma These batehes are probably derived from various stages of partial melting, 

magma I11IXJI1g, or assimilation of wall rock Eaeh of the magmas formed by these 

ptoccsses would be then affeeted by fractional erystallization 

The volcamc rocks 111 thls 6 km transect likely represent several different batehes 

of magma and wi II not plot on one or two specifie traetionation trends. Where there 

are many samplcs from one or several ad.loining stratigraphic units of the same affinity, 

slIch as the Cleri(;y Road Basait and Cléricy Rhyolite, a single igneous fractionation 

tlend could be defincd \Vhen many stratigraphie units (as ln the thesis area) are ploued 

togethcr on one diagram, they form, as expeeted, a continuous series of fractionation 

trends (Fig 22a,b) 
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DEFINITION OF LlTHOSTRATIGRAPHIC UNITS 

ln prcvlOus studies, the volcanic rocks in the area have been subdivided lI~to 

broad hthologlcal untts based initially on thelr stratigraphic relationships and 

sllbscqucntly on geochemlcal characteristics Some existtng regional lithostratlgraphic 

c1a~Slficatlon schemes coyer ail or parts of the vo\cantc succession in the thesls area 

(Spence and de Rosen-Spence 1975, Gélinas et al. 1977, 1984, Dlmroth et al 1982; 

Glbson and Watkmson 1990, Latlèche et al 1992) 

For thls stlldy, subdivision of the voleantc stratigraphy utilizes lithogeochemical 

evaillation of the maJor and HFS trace elements, as weil as the REE, to determine the 

geochemlcal affimty The ratios of the ImmobIle and incompatIble trace elements and 

vanolls geochemlcal plots of the rock lInits are lIsed for the classification 

Based on mdlvldual chemical analyses and group averages of the respective 

members, the rocks in the study area are divided into lithostratigraphic units and three 

overall hthological series (Table 6, Fig 23) 

The Lower Transitional Series forms the upper part of the Central Mine 

Sequence It IS overlain by the thick Middle Tholeiitic Series to the east The Upper 

Senes, fllrther to the east, is a InIxed group of alternating transitional and tholeiitic 

un Its 

The lithogeochemical subdivision uses Zr/Y ratios of 1 to 4 5 to distinguish 

tholeiltic rocks, and 7 to 30 for cale-alkaline rocks Ratios between these two ranges, 

l'rom 45 to 7, are deslgnated as transitional rocks. On the basis of LaN/YbN values, 

tholelitic rocks have values from 1 to 3, and cale-alkaline rocks from 5 to 40 

TransitlOnal rocks are taken as having from LaN/YbN from 3 to 5, between the two 

IllaJOI glOups 
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TABLE 6, Volcanic Stratia:raphy alolla: the D' Alcmbel't-CI t'I'ifl' TI'llllSl'ft 

Upper Mixed Transitional-Tholeiitic Sel'ies 

Mobrun Rhyolites (tholelltic and transttional) 

Cléricy Rapids andesite (tholeittlc) 

Lac Dufresnoy Rhyolite (tholelitic) 

Lac Dufresnoy Andeslte (transitional) 

Cléricy Rapids Rhyolite (transitlonal) 

Middle Tholeiitic Series 

Cléricy Rhyolite 

South JevIs Andesite-Dacite 

- contains minor felslc volcamcs 

Cléricy Road BasaIt 

Lower TransitioDal Series 

North Jevis Rhvolite 

D'Alembert Rhyolite 

Ncwbec Rhyoltte 

Newbec Andesite 

Amulet Andeslte 
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C.lc ·Alkalln. 

AL-__ --------------------------M 

Fig. 24. AFM diagram for D' Alembert-Clericy ~amplc." 
showing fields of tholeiitic (fil/cd circJc and doublc-dottcd 
boundaries), and tran!litional (open circ/c and finc-dotted 
boundaries) samplc.,. The heavy da\hed Ime i\ the 
boundary between the tholeiitic and ca/c-alkahne fields 
according to Irvine and Baragar (1971). 
The ~amples were dc!.ignated as tholciitic or tran!.itional 
using Zr/Y, LaN/YhN, and other HFSE ratiol, . 
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FIg. 25. Miyalolhiro Diagrams, least altered rock" only, after Mlyashiro (1974). 
The grey area is the field occupied by the majority of tran~it\Onal rocks in the transect area. 
Felslc rocks change to constant S102 and FeO* wlth extreme fractlOnation, 
and deviate from Mlyashiro's boundary lines (see Ichang'i and MacLean 1991). 
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Since maJor element dltTclcnees are more rl'fleetl\ e of Itthnlpglcal and 

mineralogical chalc1ctenstlcs than arc tlace clemcnts, the IIFSE-bascd rlaSSlflcatl\lflS aIL' 

compared \Vith malOI elenH:nt ,\Fl\1 plot (FIg 2·1) ,lIld the l\11\',IShlll1 (1l)7-l) dl,lgl,lI11s 

(Fig 25a,b) On the AFI\I diagram, the rocks deslgnated as th,,)!t-lltIC lISlIlg the III'SI­

classifications plot ln the tholclltlC field as ou!ltned bv 11\ Illl' ,\I1d Bal agal (11)71) l'hl' 

transitlOnal sarnples plot tI1 the ca\c-alkalll1c ficld Thus the tlilllsttlonai and tllll' l'ale­

alkaline rocks are not dlsttngUlshed the malol e1e111~nl AI-1\1 plot FOI Ihe I\ltvashlln 

diagrams, the two maJor afftlllty groups aIC sepal ated, c'\cept 1'01 il fl'\\ thO!elltll 

samples whlch fall ln the calc-alkallne/transltlonal field 'l'hl' ddll'ctlon and tlattl'Illng 

of the trends for rhyol i tes of ail afti nt ti es arc causcd bv 1'1 acl H Hlat IOIl or quaI Il and 

tèldspars at the gral1lte eutectlc, as dlsclIssed by Ichang' 1 and M,Id .l'an ('l)l) 1) Jï1l' 

HFS trace elements are pretèrred bccause they arc tI1compatlble (and alli() Ilot alTeclcd 

byalteration) and provlde an affinity detelminallon on a !'.tI1gle sample haslli whlch IS 

very useful in stratlgraphlc correlatIOn 

LOWER TRANSITIONAL S.:RU:S 

This transitional group includes the Amulet and Ncwbec Ândeslles, and Ihe 

Newbec and D'Alembert Rhyolites The Amulet malle lavé\1i have ail avelHgc ZI/Y 

ratio of 4 7, the Newbec Andesite 43, and the Ncwbec Rhyolttc ranges ftom () '1 to 

13.5 The D'Alembert Rhyoltte is of transitlonal affinity a" tn(hulted hy La..fYh:" 

Thfl-If, Th/Yb, and Zr/Th ratios (Appendlx Table 1), hut ha!'. a low ZIIY vaille of 1 () 

The REE plots of these rocks have sltghtly negatlvcly !'.Ioplllg profile .... (hg 2()a, 

27a) with LaN/YbN ratios of 4 0 for Amulet Andc~lte, and 2 ~ and 1 '1 l'or Ncwhcc 

Rhyolite 
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'1 he Zr/Y ratios from the Newbec Rhyolite are high, and one is in the ca\c­

alkalme range, however, the REE profiles have moderate slopes ln the range of 

tlélnsltlOnal IOcks Other HFSE ratios, Zr/Th and Yb/Th (Appendix Table 1), also 

IndlCélte a transltlOnal affinlty This rhyolite IS host to a small YMS depostt at the old 

Newhec I1l1n(. '. he high Zr/Y value could have been caused by loss of Y during strong 

hydrothermal alteraIÏon 

MIDDLE THOLEIITIC SERIES 

TllIS 11lIddlc tholeiitic series IS composed of thick mafic and rhyolitlc unit'i which 

occupy the central portIon of the study area ft rncludes the thm D' Alembert Ande~.ite, 

as descrrbed by WIlson (1941) and Paradis et al (1990), l.Jcated on the traverse to the 

west of the D'Alembert pluton at the base of this tholeiltic series 

Cléricy RO;Id Basait 

ThIs unrt ranges from mamly basait to lesser basaItic-andesite. The tholeiitic 

nature of thcse rocks IS rndicated by the group average of Zr/Y ratio of 2 n, and the 

charactcllstlc tlat REE profiles (FIg 26a) with an average Lal'/YbN of 1 3 

Tlw. matie sequence has a distinctly dlfferent geochemical affinity from the 

horderrng transitlonal unrts, and probably is from a more prrmltive source The massive 

to plliow tlows \Vere the products of tholelitic vo1canism on an Archean ocean floor 

The more evolved transItIon al and ca\c-alkaline rocks are composed largely of 

IIltermedratc and felslc massive to pyroc\astic material, and may have formed as a 

volcani-: arc complex on top of this tholeiitlc ocean floor 

84 



• 
a. 

b. 

• 

~ 100 
.C:: 
-0 
C o 
~ 
U -~ 
(.) 
o 

Cl: 

~ .C:: 
-0 c o 
~ 
U -~ 
u o a: 

10 

100 

10 

Tholeiitie and Transitional Mafie Rocks 

1 N~·2 NP; 10 NP;29 NP;34 NP; 15 NP:24 NP;32 NP?J 

• •• • ••• 1 ~ 

1 
Il! 

La Ce Nb Sm Eu Tb 
Transllional 
Tholeillic (Clency Raad Basait) 

Clericy Rhyolite Unit 

1 N~.7 NP;18 NP;19 Np·2û NP;21 NP;36 1 

La Ce Nb Sm Eu Tb 

Yb Lu 

Yb Lu 

Fig. 26. REE Plots. Normalized ta chondrite values of Evensen et al. (1978) . 

85 



• 

(X) 
0) 

a. 

CI) 

E 
~ 

6 
r­
u ..... 
.>0: 
g 
a: 

1,000 

100 

10 

• 
Newbec and D'Alembert Rhyohtes b. North and South Jevis Units 

[--NP·53 NP.'54. NP·55 
• ..& 0 

;;::;:;;: :::.. . fl 

"1 .. 
.' 

<7 • ... 
~ 

La Ce Nb Sm Eu Tb 

c. 

...... "" 0 .... " .. 
6 '. 

Yb Lu 

1,000 f~ --;:===========~-l 
NP-4 NP·26 NP·3D NP·31 NP·33 

100 

10 

• 40. • 

. .. 
i 

La Ce Nb Sm Eu Tb 

... ;=1:.'& ---:. 

Yb Lu 

Clericy and ~ 'obrun Mine Area 
1.000 ff --;:::::;:::==-::::=:; -:===~==-==:;--.., 

NP-6 NP·39 Nf 41 NP·50 NP·56 

~ 
{5 
c: 
o 

.L: 

100 

• • • D a 

Rhyohtes 

Andesltes and Basalts 
& .... -

6 .. 6 . 6.. fi. 6 4 6 

Fig. 27. REE Plots. Ü ~. D ••••••• 0 ". .... . ...... . ~ 
Chondrite normallzed REE pattern 

...... 

.:JI! 
o 
o 

a:: 
, 

1 

for felsic and maflc units in the transect 10 

La Ce Nt- Sm Eu Tb Yb Lu 



• 

• 

North and South Je\'is Felsic l1nits 

The North Je\'ls and South .lcvIS units occur \\ IIhlll tlll' thick t1lllklltll' C1Clll'\' 

Road BasaIt They are massive tn pylOcilstlc 1 hyohtc, dal'ltl" and andl'sltl' Illl ks l'hl' 

felsic rocks ofboth umts have mostly tlansltlOnal REl-' plotik:-. (FI,!.!. 27h) l'hl' Nllith 

Jevis unit IS transltional, \VIth li/V --= S R, and La,/Yb, 24, whlle the South .Il" IS unit 

has both transitional and tholelitlc membcis (Appcndl' Table 1) 

These two felsic-mtermediate volcamc UllIts hkclv ICpll''\cnt t'1<\l:tlOnatcd 

members of an arc sequence The large plOpOltlons of \'olcalllc hll'Cl'Ias, lapll" tulTs, 

and ash tuffs mdlcate they are dIstal l'Will thelr volcalllc SOlllCl'S Il '"as not posslhll' 

to determme the source of the pyroclastlc rocks of the North .levls Rhyolite, hut the 

sorting of the voicalllc c1asts III the South Jl'vis Rhyolite Il1dicate Il IS dCllved t'Will a 

vo\calllc source to the south 

Cléricy Rhyolite 

ThiS thick group of rhyolites IS detined as tholelitlc based on thc" avel age ZI/Y 

value of 3 5 and La)Yb, of 2 8 (Appendix Table 1) The tholelltlc lIlagmatlc alTinlty 

of the rhyolites suggests that they are related to the C1em.:y Road Basait, togcthel 

forming a tholelitic basait-rhyolite bimodal sUIte The ('Jéncy Rhyolite 1'> dll'f'elcllt 1'10111 

the major rhyolite formatIons in the Mme Sequence to the we'>t and the Molllllll 

Rhyolites to the east, which are mostly of transltlonal affifllty The C1éllcy Rhyolite 

complex represents an episode of major felslc magmatic actlvlty, Inlllt UpOf1 rclated 

Cléricy Road ocean floor basalts 

87 



• 

• 

UPPER MIXED TRANSITIONAL AND THOLEIITIC SERIES 

Thc appearance of alternating transitional and tholeiitlc volcanic sequences defines 

the Upper Mlxed Scnc~, contrastmg wlth the thlck Tholelitic Series to the west This 

scctlon or volcamc stratigraphy contams several paired andesite-rhyohte units of elther 

tholclitlc and transitlOnal affinity The mafic rocks in the Upper Mixed Series are 

mostly andesltlc, distmct from the basaltic matie rocks in the Middle Tholeiitic Series 

The Upper Mixed Series includes the voluminous Mobrun Rhyolite formation on its 

castern side, which hosts the "MS deposits at the Mobrun mine 

The advent of volcanic eruptlons of alternating lithogeochemlcal affinities 

IIldlcate adlhtlOnal sources of transltlOnal magma in the Upper Mixed Series relative to 

the Tholciitlc Series It tS likely that new me!t material from assimilation or mixing 

contributed to the generation of the Upper Mixed Senes 

Cléricy Rapids Rhyolite 

The transltlonal Cléncy Rapids Rhyolite, has an average Zr/Y ratio of 5 0 

(Appcndlx Table 1) The REE plot of a sample from thts unit has a slightly steeper 

plOtile (Fig 27c) th an those of the adjacent tholeiitic Cléricy Rhyolite It has an 

LaN/YbN ratio of 4 2, higher Lllan ItS tholeiitic rhyolite counterpart which averages 2.8 

(Appendix Table 1) 

Lac Dufl'esnoy Andesite 

SrI( ùut of eight samples of this andesitic unit are transitional (avg Zr/Y = 4 9), 

whcreas two are tholeiitlc (avg Zr/Y = 2 7) (Appendix Table 1) The tholetitic subunit 

IS at the northwest margin, which borders the tholelitlc Lac Dufresnoy Rhyolit~ unit . 
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The REE plots (Fig 27c) also demonstrate the contrasting Itthogcochcmical amllltil'S, 

with the tholeiitic sam pIe having a tlatter profile (La'IJlYh, --= 1 7) than the tl ansltional 

one (LaN/YbN = 3 3) 

Lac Dufresnoy Rhyolite 

This unit of tholelitic rhyolite has an average Zr/Y _0 3 q Two samples rlom 

this unit have characteristic flat REE patterns of tholclltic rocks, \VIth LaN/YhN values 

of 2 1 and 1 2 (Appendlx Table 1) 

Cléricy Rapids Andesite 

/ ... sample taken at the bridge at the town of Cléncy with ZI/Y 0; :1 X and a Ilat 

REE profile \\'Ith LaN/Yb'IJ = 20 (Appendlx Table 1) IS of tholciitlc aftinlty The othcr 

sample was to the south near LllC Savard, and had a transitional Zr/Y value of 'i X 

Further field mapping and sampltng IS requlred to deterll1l11e the dIstributIon of 

magmatic types 

Llke the Mobrun Rhyolite formatIon to the east, the Imxed amllity mdicatcs that 

successive eruptions ofvolcanic material w~rc denved from dlft'crcnt magmat\(; sources 

Mobrun Rhyolite 

The rhyolite sequence around the Mobrun orebodies tncludes the Coppel Ilrlt 

rhyolite and the rhyolites hostmg the Mobrun orebodlcs Sornc of the Ihyolrtes arc 

tholeiitlc, and others are transltlonal wlth Zr/Y ratIos rangmg l'rom 2 'i to over 7 0, and 

LaN/YbN values rangtng from 1 <) ta 6 4 (Barrett ct al 1(92) Thc hangmgwall of the 

Main complex is tholeritrc, and the footwall IS transltional, for the 1 100 (;omplex, the 
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footwall rhyolite is tholeiitic, while the hangingwall rhyolite is transitional (Barrett et 

al 1 <)<)2) The contrastlng geochernical affinities of the rhyolites indlcate that somewhat 

varicd magmatlc sources were tapped durmg successive eruptlve phases 

OTHER CHEMOSTRATIGRAPHIC CLASSIFICATIONS 

This thesis project is part of the continuing scientific study into this section of 

the Noranda dlstnct stratlgraphy This study provides a more detaJled geochemical 

contnbution to the c1assiticatlon of the volcanlC units in the D'Alembert-CI éricy area 

With the application of mcompatible HFSE, It is shown that the rocks are mainly of 

li ansltlOnal and tholellllC affinity Using lithogeochemical data to asslst in 

Icconstructing the tectono-volcanic setting of the stratlgraphy, the successive active 

volcanlc phases and their magmatic products can be improved 

The volcanlC rocks in the thesis area have been c1assified Into chemostratigraphic 

uni1s lISlI1g major elements and other discrimination criteria by Gélinas et al (1977, 

1(84) and Illodltied by Trudel (1978, 1979) These authors subdivlded the mafic rocks 

11110 a succeSSIon of tholelltic and calc-alkaline members From west to east in the field 

area, they are the calc-alkaltne Dufau\t Unit, the tholeiitic Trémoy unit, the calc-alkaline 

C'lél icy unit, the tholelltlc Destor unit, and the calc-alkaline Reneault unit 

Relative to the subdivIsion ofGélinas et al (1984), the Lower Transitional Series 

is l110stly cqUlvalent ta the Dufau\t and Trémoy unlts, while the Middle Tholeiitic Series 

cOllcsponds to the C'léncy and parts of the Trémoy units The Upper Mixed 

TI ansltlonal and Tholelitic Senes generally are the volcamcs of Destor and Reneault 

Unlts Th~ study of the rocks in the eastern part of the area by Laflèche et al (1992) 

also cstablished a chemostratlgraphlc divisIOn of the matic volcanic rocks, similar to the 
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one presented ln thls thesis A siglllficant diffelcnC(' is that thc Pll'sl'nt thcsls studv 

reeognizes the transltlOnal atlimty of the Uppcr l\lixcd SCIICS, 1 <ltlll'i than cak-al"al1l1l' 

as designated by Laflèchc et al (1992), and that SOI11C orthc 1I1l1ts alc 1111'~" thoklltlC­

transition al in aftinity The present the~m study IIlCOIpOlatcs thc Ihvol1tlC as \\clI as thl' 

matie rocks ln th IS part of the district, and uti hzcs thell gcochcl11lcal chat actcllst ICS III 

the chemostratigraphic classification 

COMPARISON OF CHEMICAL. DIS('RIMINANTS 

The HFSE plots and trace element chscllmmatlon dlaglams arc lItdl/cd 1'01 

distinguishmg rock sUItes and assisting m the defimtlon of the I1thostratlgl apille lIIuts 

in this project They are shown to be useful and have good COli clat Ion \VIth maJOI 

element discrimination plots The Zr/Y ratIo, ln partlcular, IS an casy and 1 eaddy 

applied tirst-step mdicator of the rock affinitles It should he compated \Vllh olhel 

geoehemieal dlscnmlllants, such as the LaN/YbN ratIO, whlch applm,lInates Ihe slope of 

the REE pattern In thls study, the REE data correlatc wlth the ZIIY latlos rOI Illost 

samples, but yields a different affimty determmatlon for SOJl1C samples The '-REl-: ale 

found to be mobile under sorne strong alteratlon conditions (MacLean 1 ()XX) and Ihls 

should be taken into account Nevertheless, REE plots for transitlonal locks III the 

thesis area generally have steeper profiles than tholclltlC rocks 

The Mlyashiro and AFM dlagrams serve to compare and conti ast the ch elllll.:a 1 

affinltles deduced from tmmobtle and incompatible Itthogcochemlcal plot~ Both the 

AFM and Mlyashlfo graphs reasonably dlscnmlnate between the tholelltlc and 

transitional fields for most of the least altered samples Howeyer, li rew or the samples 

lie in different fields relative to their affitllty as tirst e ... tablishcd us mg IIFSI~ ratios, 
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mo~tly Zr/Y The "wayward" samples may be somewhat altered rocks The scatter on 

thc Miyashlro and AFM dlagrams IS due m part to the mobihty of FeO, MgO, SI02 and 

alkahc-; dunng altcratlOn The AFM plot IS not a positive Identifier on a smgle sam pie 

oaSIS, but ln gcneral thclc IS good agreement when only fresh rocks are used The 

IInmooJlc tracc clements are more specifie, and affected ta a mueh lesser degree during 

hydrothermal water-rock alteration pro cesses 

TECTONIC SETTINGS 

Trace elemeilt plots uttlizmg HFSE can be used ta help m discerning their 

tcctonie environments of Archean volcanlc rocks The HFSE ratios vary according to 

magma source and provlde discrlmmation fields for different volcanic rock types For 

thls purposc, only the least altered matie rocks are used 

Tcrnary discriminatIOn dmgrams, (Hf/3-Th-Ta after Wood et al 1979 and Nb*2-

Zr/4-y after Mcschede 1(86) indicate that the mafic rocks in the thesis area include 

ennchcd MORBs, and withm-plate tholetites, and volcamc arc material for the mafic 

lavas (Fig 28a,b) On binary plots of Nb-Y and Rb-Y+Nb (after Pearce et al 1984), 

the matie rocks are mainly volcamc arc basalts wlth sorne ocean ridge tholeiites (Fig 

29a,b) Thcsc al e III general agreement with the paleotectonic interpretations of the 

other workers ln the al ea (e g Dlmroth et al 1982, Latlèche d al 1992) 

Other traœ clement dlagrams have been appheci to petrogenetlc studies of 

magma gcncratlon and fracttonatlon modelling of the volcanic rocks The Nb/Th versus 

Zr bUlary plot shows a progressive decrease in Nb/Th with Zr, or in general, wlth 

advanccd fractlOnation (Fig 30) This is mainly a result of the enrichment of Th ln 

tllUlsltlOnal and calc-alkalme rocks relative to tholelites, which causes the Nb/Th ratio 
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ta decrease towards the calc-alkaline rocks The trend may also ICpll'Sl'nl ({llllllllllllIS 

batch melting of magma in the mantle, magma IllI'Xlllg. 01 conlalllll1allnn h\' nuslal 

rocks (Pearce and Norry 1979, Latlèche ct al 19(2) The pll'sl'ncl' of hoth Ihnll'lIlll' 

and transitional rocks along the Nb/Th versus Zr curvc shows il COIlIIl1UOUS 1 :lngl' of 

magmatic affinity for the rock units in thls thlck section of voIcalllc sil allgl aphv alollg 

the D'Alembert-Clé ricy transect 
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Fig. 28. Discrimination diagrams for tectonic settings 

(mafic lavas only). Both indicate a mixture of enriched ocean 
ridge and convergent plate volcanic arc basalts . 
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Fig. 29. Discrimination diagrams for teetonic setting (lcast altcred 
mafie lavas only) after Pearce et al. (1984). 
The teetonic setting for the volcanism in the thesi~ area is 
Iimited to a volcanic arc environ ment by thcse plots . 
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Fig. 30. Nbrrh vs. Zr diagram showing compositional trends 
for the tholeiitic and transitional rocks in the transect 
(After Laflèche et al. 1992) . 
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Chapter 5 

SUMMARY AND CONCLLJSIONS 

This research project produces a reglonal geologH:al svnthesls of the \'Ollllllll: 

stratigraphy along a transect III the D'Alembert-CI encv éIIca The \'lllcallll: SlIlTCSSlon 

along the transect conslsts of low-K basalts, basaltu,;-andesllcs, andcsltc'\, and 1 hYlllltcs 

The rocks belong to two major lithogeochenllcal affillltics tholclltll: and ttansltlonal, 

the latter having geochemlcal charactenstlcs mtennc(hatc bctwccn tholc"tu: and cak­

alkaline sUItes The vo\camc sequences can be subdlVHlcd mto tllIce bload 

lithogeochemlcal-stratigraphic groups a Lower Transltional SCIICS, a Middle TholciltlC 

Series, and an Upper Mixed Tholeiltlc-Transltlonal Sencs 

The geochemlcal characteristlcs and alteratlon conditions of thc volcanlc 1IIl1ts 

providt: useful mformation to help to assess the potentlal fOl YolcanogcllIe nHlSSIVC 

sulfide (VMS) deposits m the area The approach 111 th IS study mtcgl atc!> 

lithogeochemical techniques with field mappll1g, volcanic faCies interpretatlon, altclatlon 

mineraI geochemlstry, and petrographic studies 

Lithogeochemlcal techntques provlde a means for stratIgraphIe cor relatIon, and 

as such, are especially suitable for mmeral exploratIon The nece'\sary malor and trace 

element data are avatlable from standard analytical packages and arc !caddy adaptcd to 

exploratIon programs Fractionatlon and alteratlon trends can be Identlf-tcd, and the 

intensity of aIteration processes such as stlicltication, sencltlZéltlOn, and chloritll.atlon, 

can be quantified 
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The volcamc ~tratlgraphy in the field are a has characteristics similar to that of 

the Central Mme Sequence (CMS) a thick assemblage of bimodal volcanic stratigraphy, 

tholelltlc ba~alt-J hyolJte and ~ransitJOnal andeslte-rhyolite sUItes, substantlal amounts of 

rhyohtlc rocb, presence of felsic breccJa and pyroclastlc rocks, and local successions 

contammg both tholelltlc and transltional lithologIes 

Thcre arc al50 distinct dlfferences relative to the Central Mine Sequence volcanic 

tCI nun ln most of the thcsis area, the rocks are steeply dipping, from 75° to 90° NE, 

whcrcas in the central part of the Noranda dlstnct, the sequence is shallowly dipping 

at Joo-.15" NE There are tholeiltlc as weil as transltional rocks lf1 the thesis area, 

whereas IOcks ln the ('MS are essentlally transitional with only the Flavnan Andesite 

containmg tholelltlc unlts The rocks of translticnal affinity in the tllt'sis area and in 

the CMS are 1110stly andeslte-rhyol.te sUites Overall, a greater proportion of the mafie 

rocks ln the thesls area are ba~alts There IS also a higher proportIOn of lapilli-ash tuffs 

and fine glamed volcamclastlc rocks 10 the thesis area than in the CMS 

The analysis and resllits of thls study tndlcate the D'Alembert-CI éricy arca has 

favolll ab le attnbutes for the occurrence of massive sllifide mineralizatlon The bimodal 

volcalllc stlatlglaphy, hlgh amount of tholeiltic to transitional rocks, and significant 

plOpOl tlon of rhyohttr umts are the key features of this pmmlsing terralO The 

gcologlcal and Itthogeochem:cal eharaeteristles are shared by the hlstorical1y productive 

Centlal Mme Sequence 

ThiS lesearch pro.tect indlcates some speclfic localities for targets of massIVe 

sullidc c'\ploratlon The Cléncy Rhyolite ndge, Iying above a tholeiitic matic-felslc 

tl<1l1sltlon, warrants more cxploratlon assessment Geochemical alteration anomalies in 

thls lIIHt have been outlined III thls thesls and by l'rudel (1978) These anomalies along 

\VIth thc plcsence of a lammated pyritic tuff unit are eVldence that hydrothermal 
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systems were actIve in thls terrain The OCCllIICIH:C of fla~nH'ntal Ih"nllll' matL'llal n 

the Cléricy Rhyolite 15 also a favollrable chatactcnstlc 1'01 \"i\IS Illllll'Iail/alton 

The area arollnd the Newbec Rhyoltte, and the as-;oclated Nl'\\bl'C \'I\IS dl'pOSI', 

merits more exploration work At thls localttv, the ~eolllglcld .1I1d ~l'lll hl'lIllca. 

environment is favourable for hostlllg addltlOnal maSSI\ e ~lIlfide oll'bodlcS l'hl' all'.\ 

around the North Jevls Rhyolite Just south of Lac ()'t\ICllIbl'lt also ha" poll'ntlal 1'01 

base metal mineraltl.ation Here the transltlonal IhyolttlC locks élie Intellayell'd \\Itllm 

a tholelltlc matlc volcantc package As weil, the presence of l'l'bIC \ok.lIllclasllcs and 

alteratlon along a nearby tàuIt zone tndicate pOlentlal 1'01 Illtncl.t1l/alloll 

New hlstoncal perspectives are gall1ed \VIth a leVIC\\- of Ihe C\ olullOIl .\Ild 

development of the geologlcal concepts of the Noranda dlslllcl As ~lIch, Il I~ Il li pOllanl 

to recogntze the pioneering work and valuable conlllhullons by Ihe e,1I1 y plO ... pel'lll 1 s 

and geologists The geochemlcal and ore deposlt mndels 1'1 (lm the cally \,e;" ... III 1 he 

present have mfluenced mdustry exploratIon strategIes and rcseal Lh 1I1tCI t.'~I~, alld \VIII 

continue to do so as new techntques and approaches ale dcveloped 'l'hl" Ihl'~I" \VOl k 

represents a reglOnal geologlcal synthesis based on ~tratlgl aphy and III hogcochcllllsll y, 

and provides an improved framework for YMS CXplolélllon III Ihe ca~tc"l NOlallda 

district 
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Amulel -\ndeslle Ne"bec Rh}oltle Ne" bec AndeslIL Lac D'AlLmben Rhy 
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AI,Ô. 1694 1633 1349 1572 1479 1681 Il 15 II 13 1648 1575 1209 
Fd) 1> 14 674 694 623 857 642 1 15 1 63 778 796 419 
MnO o 12 011 016 015 025 o 13 001 001 013 012 009 
MgO 432 505 4 II 301 5 Il 394 031 o 13 561 369 1 32 
CaO 796 6 17 10 18 1483 722 1335 () 43 096 588 }. 72 353 
!\Ia.O 445 .; 55 1 93 038 459 1 66 5 57 527 528 257 1 83 
K.Ô 02J 050 [) 8ï 09 o Il! 108 04 017 004 245 251 
P:O. 017 li 17 o lb () 25 (116 015 003 () 02 009 036 010 
10\ 190 190 149 1 69 \ \9 \ 43 1) 73 0·;7 276 596 437 
Total 99 52 ~9 Ji 9404 I()() 21 9766 9942 9921 9953 9968 9932 9901 

ppm 211 187 240 \92 264 \98 21 14 \65 175 49 
Cr 127 55 113 83 98 138 106 10 127 21 10 
NI 54 58 57 33 36 63 17 Il 60 30 Il 
Ba 65 92 262 409 \3 386 51 ~I 154 253 379 
Rh 6 Il 30 28 4 26 8 3 0 42 40 
Sr 9' 123 234 265 77 101 17 64 204 29 31! , 16 :!2 24 21 19 20 23 46 \9 31! 6l! 
Zr 80 1 I~ IP 98 73 89 3\ 1 297 89 151 248 
Nh Il ~ 9 7 7 16 13 7 12 15 

Ht 2 1 8 73 26 44 
Th 07 32 28 1 7 38 
T4 (} 3 3 1 7 1 14 
Sc 25 63 55 26 91 
La Q 2 23 20 165 276 
Ce 20 48 47 38 64 
NJ Il 27 26 22 38 
Sm 2 () 56 66 59 96 
Eu li S2 056 143 16 144 
Th 05 08 ! 5 10 2 1 
H- l 5 ~ 445 539 414 ~ 21 
lu o ~3 0-'; 082 f) 66 J 25 

Sl fi'" InJc\ III _,1 -Il .: 39 3 3,9 5k 

Zr' .:; tlTR 5.tTR HTR 4' TR 38TH 45 TR 135 C-\ 65 TR 4" TR 4 f) TH 36TH 

La, 'l>, .j 1 TR 35 TR :; 5 TH 2 -;' Th 23 TH 
Zr ,l- '.: TR -1 TR 56 TR 3'; T'1 32 TH 
Th HI 0-'3 TH li': TH fi 38 TH fl 65 TR f) 86 C'" 

Th 'l- \) ~t<TR l' -2 TR <) 52 TR () 41 TR (J46 TR 

Zr Th 1 [- TH CI<) TH ,1)- TH 95 TH 69 TR 
\F\I C ... CO\ C ... -,J ,j C ... 
\\l\.l~lj(' C\ C ... C ... Co\ ~~ c ... 

•• ' .. 'te C -\ = ":Jh'>ll L.1ll'1.e TH = th ... 'lcurl~ TR = ·;'"ln',th .... r..Ji nJ = f"ltl~ ..!::-le-ml'··.l~1e ltf,n1t\ dlS\:q~-n·n.1.',\."'''' D:L..ed Cî Jt',\\e ·-:.:e an': nasr e'err;.t:fl~ fl'KS 
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• • 
-U>PE\lllX Table 1 

D "'Iembert Pluton ~orth Je\ .s Rh}ohte South Je\l; Lmt 

Samplell 91·1 90-1 91-31 91-30 Ql .. 27 91-26 Q()~ 91-5 90-5 91~ 91-32 91·33 
Rock Type GRA ... ·F GR. ...... ·F RHY·F RH)·F RHY-" "'ND--\ RHY-F RH)·F D-\C·F D ... C·F "'/IoD-F D .... C-F 
S.O, .... 1'7. 6484 6714 7363 7344 7396 593 7843 6875 6308 6393 59 Il 6158 
no; 053 042 016 010 023 081 018 1 19 1 :!7 1 3 088 133 
Al,O; 13 83 1275 10 75 1300 1142 1623 1028 1321 1· 40 1443 1664 1513 
FeO 455 393 259 275 333 696 148 407 ' 49 5 88 661 734 
MnO 006 022 007 005 009 015 004 009 018 013 011 016 
MgO 1 48 1 65 038 034 001 3 19 005 1 31 16<l 1 19 319 233 
<..aO 3 19 335 1 51 1 19 864 672 277 313 346 356 704 449 
Na,O 467 394 452 651 086 25 363 496 4 17 5 13 3 i8 470 
K,O 119 110 078 046 023 1 16 064 076 032 065 071 023 
P,O, 014 010 002 004 004 014 005 024 038 026 o 15 044 
LOI 445 483 1 8 141 090 229 095 166 1 99 199 241 198 
Toral 9894 99 43 9621 9939 9971 9945 98 6<l 9937 9934 9945 100 13 99 71 

V ppm 72 40 16 10 21 153 10 75 42 59 173 61 
Cr 61 120 36 10 10 10 250 10 91 151 80 10 
N. 51 10 16 10 14 39 31 32 10 190 48 10 
Ba 318 480 176 155 61 265 190 297 201 188 149 117 
Rb 39 23 21 9 4 43 24 17 6 9 16 4 
Sr 134 72 47 52 476 182 93 123 122 141 172 184 
Y 20 26 35 33 67 30 29 33 32 40 13 38 
Zr 129 153 224 221 302 174 179 129 125 142 110 128 
Nb 8 10 13 13 18 10 10 8 9 9 7 12 

Hf 5 54 28 39 26 33 
Th 26 25 21 13 Il 14 
Ta 15 1 06 07 09 06 
Sc Il 13 17 23 16 24 
La 15 1 129 17 132 12.5 13 
Ce 30 32 36 30 25 31 
Nd 17 16 19 17 12 20 
Sm 4 43 44 43 27 54 
Eu 079 091 114 152 082 1.54 
Tb 09 09 08 1 04 Il 
Yb 488 506 324 407 13 425 
Lu 075 086 05 064 02 06 

Senctl Index 20 22 15 7 21 32 15 13 7 Il 18 5 
Zr/Y 65 TR 59TR 64 TR 67 TR 45 TR 58TR 62 TR 39TH 39TH 36TH 85 CA 34TH 
laN/Yb. 21 TH 17TH 3.5 TR 22 TH 65 CA 21 TH 
Zr/Yb 49TR 45 TR 55 TR 36TH 87 CA 31 TH 
Th/Hf 052 TR o 46TH o 75TR 033 TH o 42TH o 42TH 
Th/Yb 053 TR 049TR 065TR o 32TH o 85 CA 033 TH 
Zr/Th 91 TH 90TH 85 TH 112 TH 103 TH 94 TH 
AFM CA CA nd nd nd TH TH CA CA TH 
Mlyashlro CA CA TH TH nd CA CA CA C .... TH 

** Note CA '" calc-alkahne, TH '" tholelluc, TR = transtllOnal, nd = not determmable, affimty dlscnmmauon based on above trace and major elemem rattos 
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• • 
APPElI,DIX Table 1 

Cléncy Road BasaIt 

Samp1e# 91-51 90-2 91-2 91-3 91-28 91-29 91-10 90-3 91-34 91-9 
Roel. Type BAS-F BAS-A BAS-F B-A-F BAS-F BAS-F B-A-F B-A-F BAS-F B-A-F 
S.O, \\1% 47 1 4542 44 02 5069 4920 4765 5222 5098 4714 5376 
no: 157 059 136 1 12 2 15 146 138 148 17 164 
A1,O, 1139 1866 1703 2047 \3 79 1524 1579 1481 1494 12 \3 
FeO 1438 862 1231 709 15 15 1262 1164 1125 1522 \3 43 
MnO 038 016 021 014 026 019 026 022 029 035 
MgO 494 988 823 231 431 644 499 482 52 312 
CaO 69 10 54 iO 42 668 825 928 506 8 14 1096 724 
Na,O 19 1 94 1 12 551 247 3 18 389 351 06 279 
K,Q 006 077 003 036 018 013 016 028 006 048 
P;O, 012 010 o 14 009 025 015 015 014 016 014 
LOI 736 363 423 253 285 272 371 358 347 353 
Total 9610 100 31 9910 9699 9886 9906 99 :!5 9921 9974 9861 

\' ppm 380 132 265 272 409 254 246 270 384 404 
Cr 48 262 270 160 16 138 339 476 96 27 
NI 40 296 225 112 30 74 183 222 78 60 
Ba 9 147 9 234 18 19 121 56 74 51 
Rb .2 20 .2 Il 5 2 4 5 2 Il 
Sr 53 85 305 138 144 122 35 71 185 132 
'r 40 9 15 13 31 21 ]7 16 19 56 
Zr 104 32 33 29 79 49 38 48 39 154 
Nb 8 4 5 5 8 6 5 6 7 12 

Hf 13 12 Il Il 
Th 03 03 02 02 
Ta 03 04 03 03 
Sc 41 34 33 41 
La 41 38 3 1 35 
Ce Il 10 8 9 
'IId 8 7 6 7 
Sm 23 23 1 8 22 
Eu 094 08 037 089 
Th 06 06 04 06 
Yb 1 Q7 .2 1 154 212 
Lu 029 03:: 025 034 

Senm Indet -' 1S 3 6 4 4 7 9 15 
Zr' 26TH -' 0 TH .: ~ TH 22 TH 25 TH 23TII 22 TH 30TH 21 TH 28 TH 
Ll, '1'0, 14 TH 12 TH 14TH Il TH 
Zrn 18 TH 24 TH 26 TH 19TH 
Th Hr (123 TH \)25 TH o 18TH 018 TH 
Th Yl> Ù 15 TH o 14TH 013 TH 009TH 
Zr Th II-TH l-OTH ::00 TH 205 TH 
-\F\' TH TH C-\ TH TH TH Tri TH TH 
\h\l.~m,l TH TH TH TH TH TH TH TH TH 

ss '\"'te C-\ ::; ~.lk·J.IL3.hne TH = :.rh.'1lcnuc TR = tilnSlUonal nd = n('[ èe:errnmable af·'fil~ dlSCnmlIUtl0n oa..~d on ll)0\e tra.:.e and maJl..lr element rauos 
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• • 
.\PP~l>~ Table 1 

Clénc) Rhyolite 

Sample 1/ 91·23 91·21 91·18 91·19 91·20 91·16 91·17 91·7 
Rock Type RHY· ... RHY·F RHY··\ RHY·" RH'!·'" RHY·" RH'!·" RHY·A 
SIO. "'1% 7796 7688 7503 7079 7563 7108 7355 7944 
TiO; 011 015 o 15 016 016 o ~8 o o~ -, 023 
AI,O, Il 35 Il 84 II 82 III Il 97 Il 81 11 61 1044 
FeO 1 47 263 274 293 2 78 449 274 1 37 
MnO 001 005 006 006 006 007 007 002 
MgO 004 068 108 072 05 079 089 016 
CaO 033 028 080 296 445 217 157 062 
'IIa.O 372 577 059 113 1 65 329 123 456 
K,Ô 441 083 452 32 1 65 237 332 176 
P,O, 001 002 002 001 002 007 005 004 
LOI 023 059 1 98 2 12 1 19 246 189 046 
TOI3I 9964 9972 9879 95 18 100 06 9908 9719 '19 10 

V ppm 20 12 24 27 30 46 29 26 
Cr \0 \0 14 10 \0 10 62 10 
NI li 18 13 32 19 Il 15 11 
Ba 391 133 936 745 344 493 495 597 
Rb 60 11 116 83 42 61 103 21 
Sr 27 30 35 65 123 25 52 28 
Y 94 93 83 9! 97 39 76 66 
Zr 290 314 315 30S 309 158 270 243 
Nb 21 20 20 20 20 8 15 15 

Hf 75 82 73 73 83 
Th 52 6 57 57 52 
Ta 2 1 16 2 22 16 
Sc 62 64 64 65 56 
La 447 379 426 418 32 
Ce 91 87 92 90 73 
Nd 47 48 48 49 37 
Sm 11 Il 12 12 84 
Eu 1 32 114 158 156 089 
Th 24 25 27 28 1 8 
Yb 909 \0 30 \03 \09 73 
Lu 140 158 1 56 169 114 

Senel! Index 54 13 88 74 50 42 73 28 
Zr/Y 31TH 34TH 38TH 34TH 32TH 41 TH 36TH 37TH 
LaN/Yb. 33 TR 25 TH 28 TH 26 TH 30TR 
Zr/Yb 35 TH 32 TH 32 TH 29 TH 34TH 
Th/Hf o 69TR 073 TR 078 TR 078TR o 63TR 
Th/Yb o 57TR 058TR 055 TR 052 TR 071 TR 
Zr/Th 61 TR 54 TR 58 TR 55 TR 47 CA 
AFM nd 
Mlyashuo CA 

** Note CA = caJc-alkahne. TH = lholellllc. TR = translllOnal. nd = not deterrnmable. affimty dlscnmmatlOn based on above trace and major element rallos 
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• • 
APPENDIX Table 1 

Cléricy Rapids Rhyolite Lac Dufresnoy Andesite 

Sample /1 91-36 91-47 90-8 91-22 91-6 91-8 91-37 91-49 91-48 91-38 91-41 
Roc~ Type RHY-A RHY-" RHY-A AND-A AND-F B-A-F AND-F B-A-A AND-F B-A-F AND-F 
SIO, \H~ 7531 7593 7673 5946 5479 5422 6143 51 14 5709 533 5848 
TIO: 028 012 018 044 093 105 068 101 105 172 159 
"1,0, 1216 \0 97 Il 36 1636 1750 1712 1302 1528 16 \3 1251 1249 
FeO 268 498 140 498 609 595 793 1585 579 1496 966 
MnO 004 001 003 011 009 007 012 029 0\1 032 019 
MgO 049 071 035 525 455 585 285 829 497 373 315 
CaO 033 001 029 453 858 824 836 076 807 75 539 
Na,O 457 047 402 1 12 336 528 371 085 568 155 358 
K,O 262 265 304 455 089 007 01 053 012 023 014 
P,O, 004 002 001 008 012 01 0\1 01 01 015 o 19 
LOI 065 260 049 269 221 168 1 13 519 099 3 412 
Total 9917 9848 9790 9957 9911 9963 9944 9929 100 \0 9897 9898 

V ppm 25 \0 14 100 219 279 179 263 274 424 323 
Cr 10 \0 172 55 94 179 76 34 77 14 14 
NI \0 15 15 62 80 45 55 23 28 24 16 
Ba 582 768 570 747 183 \09 9 184 106 87 90 
Rb 44 42 38 112 27 2 2 9 , 6 3 
Sr 36 7 27 137 208 123 179 6 198 \17 \02 , 60 47 47 18 18 17 17 15 18 56 54 
Zr 330 231 213 91 88 81 82 81 80 151 141 
Nb 15 33 16 7 6 7 6 8 7 12 \1 

Hf 66 1 9 41 
Th 58 1 ! 14 
Ta 14 05 06 
Sc 71 21 40 
La 413 9 132 
Ce 81 19 31 
,.1 37 10 19 
Sm 0 24 6 
Fu 1 38 067 1 68 
Th 1 8 05 14 
'Il> 654 184 522 
Lu 100 029 084 

Senelt Inde, 36 S5 -13 80 21 1 3 38 2 13 -1 

Zr' 55 TR 49TR 45 TR 51 TR 49 TR 48 TR 48 TR 54 TR 44TH 2 - TH 26TH 
La, '1-, 43 TR 33 TR 1 ï TH 
Zr ,1- 5\ TR 45 TR 28 TH 
Th HI l) Sg C"' 058 TR o 34TH 
Th ,1> o SOC", o 60TR o 27 TH 
Zr Th 58 TR 75 TR 106 TH 
.. F'I C .. C ... TH C .. TH TH 
\tl\.l..:J':.m." C .. C"' C"' C .. TH TH 

... 'I.'te C -\ = ~3;":-Jlt..Jhnf: TH = tl1l.J}e'tUc TR = tra.n51th."\nal nd = nOI deœrmm.lble affifllt) L!tSCrlf'llflatW:1 (\a..sed or at.\O,\ e trace a.'ld major eleme:u raues 
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• • 
-U'PE'\DIX Table 1 

Lac Dufresno) Rh) olIte Clene) RapIds Rh)ohtt! Mobrun Rh) olne 

Samplell 91-46 91-40 91-42 91-39 91-43 91-44 91-45 91-50 90-6 90-7 QI-56 
Rock Type RHY-o\ RHY-o\ RHY-'" RHi-F RHY-F RH'r-F RH'r-F RHi-F -\'\D-F ... '\D-F RH'r-F 
SIO, wt'k 7581 7423 7590 7083 7372 7632 759 77 03 5597 5616 7996 
TIO, 019 03 027 032 033 023 031 014 1 68 109 020 
AI,O, 10 14 1287 10 09 : 180 Il 68 1262 1168 1232 1256 1552 Q 76 
FeO 175 345 3 33 446 HM 1 96 309 1 16 11 3Q 10 53 2 ~6 
'v1nO 004 002 o OS 008 009 002 002 001 020 010 003 
MgO 102 072 040 069 039 061 022 039 365 444 068 
CaO 069 059 2 18 1 81 1 71 020 06 076 H5 877 047 
Na,Q 335 271 287 495 488 557 586 576 346 1 79 -\ 36 
K,Ô 143 333 1 71 066 077 1 17 037 061 003 009 064 p;o, 002 004 005 00) 005 003 005 001 014 011 003 
LOI 103 1 65 278 232 201 093 072 122 488 120 108 
Total 9547 9991 9966 9797 9967 9966 9882 99 41 9891 99 80 9967 

V ppm 23 35 20 24 22 26 21 17 312 295 28 
Cr 10 10 36 13 10 14 10 10 27 116 10 
NI 14 22 13 25 22 Il 17 10 10 14 10 
Ba 425 974 417 274 323 327 102 30 60 33 166 
Rb 32 69 35 12 13 25 7 13 :: 3 12 
Sr 34 23 54 51 59 35 50 38 46 2i2 25 
Y 68 79 99 118 114 90 97 74 45 18 52 
Zr 163 357 358 431 420 256 401 280 172 104 242 
Nb 12 17 18 22 21 20 21 30 12 8 12 

Hf Il 83 46 53 
Th 45 66 16 55 
Ta 1 7 27 07 12 
Sc 64 48 39 64 
La 377 133 175 289 
Ce 86 32 44 61 
Nd 51 18 25 30 
Sm 13 59 66 71 
Eu 2.15 093 141 099 
Tb 28 2 14 14 
Yb 124 77 59 626 
Lu 19 121 085 094 

Senclt Index 30 55 37 12 14 17 6 10 1 5 13 
Zr/Y 24TH 45TR 36TH 37TH 37TH 28TH 41 TH 38TH 38TH 58 TR 47 TR 
LaN/YbN 21 TH 12 TH 20TH 31 TR 
Zr/Yb 36TH 3" TH 31 TH 39TH 
Th/Hf 041 TH o 80TR 035TH 1 04 CA 
Th/Yb o 36TR o 86 CA 027TH o 88CA 
Zr/Th 100 TH 43 CA 114 TH 45 CA 
AFM TH TH nd TH nd TH TH CA 
Mlyashlro TH nd CA nd CA TH TH CA 

** NOIe CA = ca1c-a1lcahne. TH = Iholeullc. TR = Iransl!lona1. nd = nol delemunab1e. aflimly dlscnmmallon based on above Irace and major elemem rallos 
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• Appendh: Tllblc Il 

Average Mineral Mlcroprohc Analyses 

Sample 91-2 Clericy Road Basait 

Mmeral Chlonte rn:mohte 1 pldOh: /01"111: 
11=5 11=1 1I~3 Il 1 

Wt% OXlde 
Si02 28 la 5490 3834 4669 
AIO IV 897 092 000 000 
AIO VI 1000 000 2407 2~ 61 
Ti02 002 000 184 002 
FeO 2194 10 94 1034 61·1 
MilO 039 049 000 000 
MgO 1791 17 84 027 001 
CaO 017 1239 2290 1796 
NaOS 002 010 002 J 15 
KO.5 000 001 012 001 
011 1158 2 10 187 195 
Total 9910 9969 99 76 99 5 ~ 

MINeRAL COMPOSIIION 
SI 58131 78449 10774 3 51!1! 1 
AI IV 2 1869 () 1551 o ooon 000(1) 
AI VI 24383 () ooon 22770 2 1384 
TI 00031 () OOl)O 01111 00012 
Fe 37956 13071 06941 03946 
Mil 00683 00593 00000 00000 
Mg 55242 38001 () 0323 00011 
Ca 00377 18966 19694 1 1781! 
Na 0.0080 00277 00031 04695 
K 00000 o OOII! 00123 00010 
011 160000 2.0000 10000 10000 
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• Average Mineral Mlcroprobc Analyses 

Sarnph: 91-R Lac Dufresno:i Andesite 
MlIlcral Chlontc 1 rC01ol!tc Lpldotc /OI~lte Albite 

n~7 n~4 n~1 n=9 n=3 
WI'Yo (JxHIc Wt% OXlde 
"iI02 2764 5232 41 (IR 1923 Si02 6896 
AIO IV 962 255 () 00 000 A1203 2005 
AH) VI 1 () 07 083 23 Il 2939 ri02 000 
IIO;? o oz 025 (JI!) 008 FcO 014 
/ cO /953 1325 6 Il 420 MnO 000 
MilO 019 016 022 031 MgO 000 
MgO 1992 1617 233 008 CaO 069 
CaO () 08 1145 2229 2428 Na20 1107 
Na05 003 047 003 00\ K20 0,04 
KO 5 001 () 05 002 00\ l'olal 10095 
011 1/ 68 207 187 192 
lotal 9879 9957 9717 9950 

MINI-,RAI. COMPOSIIION 
SI 56736 75642 32945 3 0594 SI 29822 
AIIV 23264 () 4358 () 0000 00000 A/ 10222 
AI VI 2435/ 014/7 2 \843 27008 TI 00001 
Il () Ofl24 00269 00063 00046 rc 00049 
l'e 3 350t} 1 6025 04099 02742 Mn 00000 
Mn Il 0130 00196 () 0 ISO 0020 ... Mg 0,0002 
Mg 60962 34H65 02785 00094 Ca 00319 
Ca o (li 79 17728 19153 20285 Na 09278 
Na 00/ I~ o 1304 00045 00007 K 00024 
K 00037 00088 000\9 00006 
Olf /60000 20000 10000 10000 
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• Average Mineral Microprob~ Anal~ses 

Sample 9\-22 Lac Dlifresno~' Andcsite 
Mmeral Serteltc ZOl~llc l'hlontc 1\.-ll'Id~J1.lr l'lagu1l'hl''' 

n=3 11=2 IFS 1\ 10 n \ 
Wt% Oxidc 
SI02 4!U6 31U7 26 St) SIn:! Il I l )1) "1 Il) 
AIO IV \0 24 000 10 IX ,\12<H IN ON 16 \lI 
,\10 VI 2293 2472 945 11()2 \1 00 000 
Ti02 001 003 OO:! l'c{) 001 1 hO 
FcO 1 58 969 21,25 IVln() 001 00" 
MnO 0.03 019 051 t\lg() 001 () 011 
MgO 1.38 007 1854 CaO 001 11711 
CaO 001 23.17 004 Na2() 01·1 110 
Na20 010 001 003 K20 17 ~N OhO 
K20 1143 003 003 10t.11 100 'il! 1)1) ::!N 
011 4.53 184 1151 
rotai 10059 98 \0 98.43 

MINERAL COMPOSITION 
SI 64023 3 1210 56009 SI 1 0117 1 ·100h 
AI IV 15977 00000 21991 AI Olnl6 1 15'i1l 
AI VI 35778 23693 24185 Il o O()()6 o ()IH)O 
TI 00010 o (JO \8 ooml 1 c o O() 10 OOh2·1 
Fe 01749 06589 17005 Mn o 0002 () I)()~O 
Mn 00034 o (JOOO () 0896 Mg (l 002~ () OOI! 1 
Mg 02724 00079 57560 ('.1 (l (lOlO () 7nl 
Ca 00014 20186 () 0094 Na OOIO'i o 171)7 
Na 00257 00016 00129 K 1 0078 Il Ill'i7 
K 1.9305 00026 () O()70 
011 4.0000 10000 160000 
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• Average MineraI Microprobe Analyses 

""umplc 91-25 Amulet Andesite 
Miner," 1 rcmo!ite 1 _pJ(Jote 1:01., Ile 

Il -1 n~2 n=4 
Wtry" O"lde 
SI()2 4944 3732 3800 
AIO IV j 99 000 (J 00 

AIO VI 294 2269 2577 
1102 009 (J.IR 014 
l'cO 1248 " 37 843 
MnO (III! 000 000 
MgO " 79 007 008 
('u() 149() 23 23 2373 
NaO 5 022 000 0.00 
KO 5 010 000 0.00 
OH 20) 179 185 
rotai 9H 15 9665 9800 

MINI:t{AL cOMPOSlllON 
SI 73044 3 1185 3.0745 
AI o 61,_ ') 00000 00000 
AI 05111 22345 24573 
Il Il 01110 () 01 J3 o OOR5 
l'c 1 5419 07945 0.5704 
Mn () 0225 () 0000 00000 
Mg 25971 () 0087 00097 
Ca 235H6 2 0798 20571 
Na o (6)0 () 0000 00000 
K o Ol8H 00000 00000 
OH 2 0000 1 0000 1 0000 
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• Average Mineral Microprobe Analyses 

Samph: 91-27 North Jevis Rh\'ohte 
Mmcral 1 pldotc Alhuc 

n=5 n-J 
Wt% <.hldc \Vt"" Ihldc 
SI02 JI! 07 SIt>2 6911 
AIO 1\ (J (JO ,\1201 1 X 95 
AIO \1 26.32 IID2 012 
1102 (l IJ l'cO o OX 
FeO 772 1'\'1110 o (lO 

MnO 000 I\lgO o 02 
MgO 1) 01 CIO 052 
CaO 2362 Na20 10(,0 
NaOS (J OJ K20 o 10 
KOS (l.OS lolal 1)1) 1)0 

011 1 1!6 
1'01,11 978(J 

MINCRAL COMI'OSIIION 
SI J.0725 SI J 02JO 
AI iv O.(lO(JO AI 09741 
A\ VI 2 5035 Il OOON 
rI () 0079 l'e 0002') 
Fe 0.5210 Mn 00000 
Mn OO(JOO Mg o O() Il 
Mg 00012 Ca 00243 
Ca 20425 Na OINM 
Na 00051 K OOlfl7 
K 00060 
011 I.OO()O 
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• Average Mineral Microprobe Analyses 

.... ample !J 1-2() Cleric:r Road Basait 
Mlner .. 1 ChlorJte 1 ren!ohte Lpldo\!' Albite 

n-7 n-2 n ~3 n=2 
Wt'Yr, OXlde Wl% OXlde 
')102 2644 5393 5027 SI02 69.40 
!\ 10 IV 1) 39 104 000 AI203 19.56 
AIO VI 960 064 800 li02 0.01 
'J 102 002 002 003 reo 025 
l'cO 2662 1478 1346 MnO 000 
Mn() 039 () 27 021 MgO 001 
Mg() 1481 1417 946 CaO 016 
CaO 012 1268 1575 Na20 1171 
NaO 5 001 040 027 K20 005 
K05 001 () 06 004 Total 101.15 
011 1124 207 189 
lotal 9863 10006 9938 

MINFRAL COMI'OSIlION 
SI 56398 78219 39918 Si 29983 
AI IV 23602 01781 (J 0000 AI 0.9959 
AI VI 24142 o 1091 07485 TI 0.0003 
1. o O()24 o 0022 (J.0018 Fe 0.0090 
l'e 47468 1 7924 08936 Mn () 0000 
Mn 00696 00332 () 0141 Mg 00006 
Mg 4 7()84 30632 1 1198 Ca 00074 
Ca () 0261 19701 13397 Na 0.9809 
Na (lO())1 () 1125 00416 K 0.0028 
K 00027 () 0111 0.0041 
011 160000 2 O()(IO 10000 
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• Average Mineral M Il'roprob~ :\llaI~ '>l'., 

Sumple 91-33 SOll!b Je\'!.., llnl! 
Mineral Chlorilc 1 (lldote / 11I~lle \Ihlll' 

IP3 n--I Il 1 II 1 
\Vt% O\lde \\ 1" Il (hllk' 
SI02 2716 37 112 31l JIl SI(l:! hN l'i 
AIO IV 889 000 000 :\I.:!m .:!O Il 
AIO \1 1087 22 112 21> Sil 11112 o 00 
1'102 o on 006 (0) 1 cO o 1:-
FeO 2692 Il 51 ILl Il ~In() o 0 l 
MnO 072 000 000 ~lg() o O:! 
MgO 12.25 (l(n 001 ( '.I() ln 
CaO 007 21 1 fJ 2J 50 N.I:!O 10 N l 
NaO.5 1 02 002 006 1-..20 o Oh 
KO 5 om o on 004 101.11 Ill! n 
011 1127 1 III 1 117 
lotal 9920 97 22 98 117 

MINI:RAL COMPOSIIION 
SI 57733 3 1371 3 0710 "1 2 <) \'I~ 

Allv 22267 o OOO() () O(J()O ,\1 IOl2h 
AI VI 27237 22310 2 5066 Il 00000 
Il () 0000 o (lO17 (J0010 1 c o (J170 
rc 47854 () 79H5 () 5607 ~11l 00011 
Mn 0.1297 o O()(J(J (J (lOOO Mg (l 00 Il 
Mg 3 HR24 00037 o (JO 1 2 C.I 00h17 
Ca o () 159 20S84 201,17 N.I () '101lS 
Na 04205 () 0012 o {)0')3 1-.. o Ollll 
K () 0081 00000 () (J041 
011 160()()() 1 (lO!)() 10000 

• 127 




