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ABSTRO\CT 

The liasheib:l!;laga Thundercloud Lakes·area in che liabigoon 
v-

Greenstone Belt. southeast of Dryde-n. Ontario, was studied and r.lapped. 

Pet!"os!"aphic e~a::l±n:ltion of the v:l:-ious :oeck types "'as c:l.rried out and 

geoche::!ical whoIe rock and trace ele:lent data "'as obtained using X.R.F. 

::!ethods. 

The area can be subdivided into three u"'1i ts:' 

1) The 10"'"r volcanic sequence of ::!etabasalts (lo"e,. greenschist 

facies) is presc:-vcd .1.5 a steeply-dipping, no:-th-facing hO::1oclin:ll 

volcanic pile six kilo~etres thick. The basalts ~how trace element 

(Y. Sb. :r. Si. S3. Rb. S!"'). ~eochemicJ.l simila:-ities to :nodern 

ocean-floor tholeiitic basalts, 

:) T~e Thu.!1de:-cloud QU3!"t:-Po~hy!"y int~...:des the lo __ er sequence and 

is believed to represent 3. vcnt-plut: fillin~ a latc-st3ge felsic 

volcano. Acco::,:?3.nyin,g explosive volcanism produced 3. th:-ee-'ki lome-tre 

thick sequence of COarse pyroclastic'and,cpiclastic rocks and tuffs, 

he~eaf!le~ called the middle sequence. Associ.:.lted dacitic and auto-

brecciated ~hyolitic flows have calc-alkaline affinities and are 
, 

che::u.cally dis~inct\ from both volc~l. .. ,ic sequences. They appear not 

~. 
to be. a diffe:-entiated product but to have originated as 3. sepa:-3te 

n;agma. 

iii 



3) The upper Yolc3nic sequ~nce of met3basalts is composed of tightly 

folded, massive to pillowed flows. The contact with the 1.IDderlying 

el'iclastic and pyroclastic rocks is at an angle of thirt)" degrees, 

implying either profo1.IDd angul:lr 1.IDconformity or a fault contact. 
, 

The l..'Pper sequence is cherucall>' distinct from the lower sequence. 

Trace element abundances (K, Rb, Sr, Ba), suggest similarities with 

modern island-3rc tholeiites or back-3rc-basin basalts. 

The dat3 "'ill be used to compare the thesis area with other Archean 

settings and ",i th ::Jodern analogues. In doing this a tectonic interpreta-

tion of the l'iasheib=ga - Th1.IDdercloud Lakes area will be presented. 
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CHAPJER 1 ~ INTRODUCTION 
" 

ii location arla Accessibility 

The Washeibamaga - Thundercloud la'kes Area is bounded by, 

latitudes 49°20'N and 49°27'.N and 'longitudes'92°32'W and 92°37'W, 

in the district of Kenora. The area covers over 100 square 

kilometres, being 8 km wide by 13 km long • 

The study area is 10C:il.ted on Dryden Sheet (No. 52f) of the 

NationafTopographic Series and is included in the geologic map 

compiled by the Ontario Division of Mines (Thomson, 193~). The 

area can alsO' be located on Map 2115, Kenora-Fort Frances Sheet, 

Geological Compilation Series (Davies and Pryslak), 1965. 

Access by ai rcraft or water transport to the study area is 

possible from Dryden, 52 km to ,the northwest, or from Fort Frances, 

110 kmto the southwest, see Figure 1. A lumber road extending 

south from Highway 17 at Jackfish lake to Snake Bay. is usable in 

the summer manths. Access south of this point, on Snake Bay Road, 

is possible,with permission 'and key from the Reed Pulp and Paper 

Company. It extends neaTly to the base of the present map area. and 

is mainly a corduroy road. 

Within the map area, short portages connect all the lakes • 
/ 

and are Rassible with small canoes • ......... -' 

• 
1 
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i i) Pre vi ous Work 

This area has previ'Ously" been mapped on a reconnai sance 

scale (1 'mile to 1 inch), as part of a larger mapping project of 
,J 

\ , 
\ 

the Manitou-Stprmy Lake Area (Thomson, 1933). In i936-38, 

: ' Pettijohn (1937) and Bertholf Jr. (1946), in the course of studi es 
" 
J on 'Archean sedimentation, c'arried out geological mapping in the 

Mosher Bay area~of Upper Manitou Lake and the Washeibamaga Lake 

vici nity. 

A"more detailed mapping project (1/4 mile to.! inch) began 

in 1972, by the Ontario Division of Mines, under the direction of 

C. E. BlacktllJrn, and in 1974 and 1975 included the area of this 

thesis. Preliminary results of this work have been published 

(Blackburn, 1975). 

Other projects that have been carried out in the area 

include Pichette (1976), Casey (1976) and McMaster (1975). In 

addition R. Teal has completed a sedimentological study of Manitou 

La~e and Sabag is working within the Meggisi Lake Batholith. 

iii) S"tatement of the Problem 

Previous mapping of the area by Thomson (1933) defi'ned the 

boundaries of the Manitou Series and the Thundercloud Lake 

Porphyry. He described the porphyry as "irregular stocks ,and dikes 

'of the same general age as the Algoman granite". Bertholf (1946) 

recognised that the del ineation of the relative ages of the quartz 
/' 
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," 

-porphyry ~nd Manitou sediments was important, but was not prepared 

to undertake an extensive program of chemical analyses) and relied 
.. 

on Thomson's ina~aild field relati9nships to explain it-s 
I 

association. I 

Thus,-a detailed examination (petrographic and geochemical) 

of the volc.anic, pyroclastic, epiclastic, and porphyry rocks in the 

vicinity of Washeibamaga. and Thundercloud Lakes was undertaken, 

.~ with the following objectives in mind: , 

1. To map the area, elucidate the detailed stratigraphy, 
\ 

and describe (the vatious lithologies and structures. 
r~ 

. v' 
2. To determine the inter-relationships between the three 

maj6r sequences,·and the relative time sequence 

i nvo 1 ved. 

3. To investigate the spatial and chemical relationships 

between the porphyry and the volcanics. 

4. To outline the processes involved in the format~on of 

the diverse Middle Felsic Sequence. 

5. To draw conclusions regarding the nature and tectonic 

sett'ing of the study area. 

iv) Present Study 

.The present study was carried out over three summers. In 

1974, as a geological assistant with the Ontario Division of Mines, 

the author traversed the mafic vo..lcanics north of Kenny Lake, and 

,.. 
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. 
became familiar wi~h the Manitou Series on.~pper ~anitou L~e. 

1975, as a senior assistant with the Ontario Oi·viSion of Mi®S, 

In 

the 
J 

~- • I • 

.: author i~dependently mapped the area south of Wash'litibama9a Lake. , 
Mappin.9 in the spring of 1976, east .of Washeibamaga Lake to ·the 

Snake Bay Road, tied in the remaining part of the map area. 

Maps were drawn at a scale of In to 1/4 mile, based on 

shore-l ine outcrops and pace'-and-compass· traverses run at 0.4 k·m 

intervals· roughly perpendi.cular to the strike elf formations. A 

detailed geological map of the area, Figure 2, can be found in the 

back pocket of the thes is. 

-
. . 

, 
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CHAPTER II - GENERAL GEOLOGY 

Part 1 - Introductiow 

i) Regiona1 Ge010gy 

The Manitou - Stormy Lake Arei\ is characteri zed by an 

arcuate metav01canic - metasedimentary be1t 19 km wide and 80 km 

10ng. The be1t consists of thick v01canic and s~dimentary 

sequences intruded by porphyry stocks, dikes, gabbroic bodies, and 

granitic stocks (Bla~kburn, 1976). 

The general stratigraphic sequence of the cent ra 1 port i on 

of the belt (present study area) begins with a lower sequence, 

8,20G m in thickness, of pillowed, porphyritic and mafic 

metavo)canics. The base has been deformed by the intrusion of the 

Meggisi batholith. The middle sequence, formerly assigned to the 

Manitou Series (Thomson, 1933), consists~of intercalated 

metavolcanics and metasediments • Amygdaloidal flows, . 
volcaniclastic coarse pyroclastic, epiclastic, and autoc1astic 

units in the Washeibamaga Lake Area are 3,000 m thick. The 

clastic-metavolcanic sequence is structurally overlain by east-west 

striking metavolcanic flows and gabbroic intrusions. At both 

Mosher Bay and Washei bamaga Lake, the stri ke of the bedd i ng in the 

c1astic sequence is at an ang1e of 30° to 40° to the contact with 

6 
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the overly,ing mafic metavolcantcs, implying either an angular 

unconformity, or a fault contact. 

Granite rocks at Meggisi Lake are part of the Irene -
, ' 

. Eltrut lakes Batholithic Complex (Sage et a1. 1975). 'It consists 

of an early, centrally located, medium grained, equigranular . . 
granodiorite to quartz monzonitic phase, containing abundant mafic 

metavolcanic xenoliths. It is succeeded outwards and intruded by a 

seriate to porphyritic granodiorite to quartz-monzonitic phase 

(Sabag and Blackburn, 1977). 

Two granit~ stocks intrude the supracrustal· sequence in the 

area. The Scattergo.od Stock, south of Sunshine Lake in the west, 

and the Taylor Lake Stock between Sunshine Lake and Washeibamaga 

Lake, to the east. The Taylor Lake Stock forms the I<estern 
• 
boundary of the s'tudy area. Pichette (1976) described it as a 

" granitoid complex composed of nine distinct phases, ranging from 

quartZ)nonzonite to granodiorite in nature. It intrudes the apical 

area of a~ antiformal structure produced by intrusion of the 

batholith, and thus, post dates the bathol ilh. An Rb-Sr date of 

2640 :: 31 my has been reported by Birk and McNutt (1977). 

Quartz-feldspar porphyry plugs and dikes also intrude the 

lower sequence. Thomson (1933) delineated a large porphyry body, 

between Washeibamaga and Thundercloud Lakes, (here named the 

Thundercloud Porphyry) and Blackburn (1975) mapped one south of 

Sunshin~ Lake.! The stocks are 

equivalents of !aCitiC to rhyol itic 

thought to be subvolcanic 

flows that occur within the 

pyrocl ast i c sequence and represent loca 1 i zed felsic vent pl ugs. 

-
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A composite s~~atigraphic c~lumn sho~ing general 

·thicknesses and re1ati"l""e positions of the units' has been erected 

(Figure 3). The Up'per Sequence is included for completeness, 

although time relationshi-ps are implied ,from, its position at the' 

top. 

. . 
i i) Met amorp,h ism 

Metamorphic grade is lower greenschist facies or low-grade 

metamorphism (Winkler, 1974). A typical mineral assemblage for the 

mafic metavolcanics is; albite-ch'lorite'-actinolite-epidote (Figure 

4). 'The stable epidote mineral at low-gr:ade metamorphism is iron­

poor clinozoisite, and occurs as polygons replacing ferdspar laths. 

Pyroxenes and' plagioclases are altered to uralite and saussurite 

respect i ve ly. 

The porphyry contains abundant sericite and minor biotite, 

resulting in a mineral paragenesis of albite-biotite-sericite-K 

spar + chlorite. Tuffaceous (sandstones) rocks of the middle 

sequence contain abundant biotite and minor amounts of chlorite and 

chloritoid. 

iii) Structure 

Structurally, the map area is divisible into three units: 

the lower metavolcanic unit, the middle felsic unit, and the upper 

metavolcanic unit. 
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Figure 4 ACF-K.and AFM metamorphic~~cies diag~ams, showing composition 
of average rocks in the thesis-area. Diagrams after Winkler (1974). 
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The lower metavo1cani"l: unit fonns the east limb of a broad 

anticlinal structure. The,anticlinal structure may be the resu1t 

of the intrusion of the Meggis\ Batholith. Foliations within 300 ~ 

of the contact, in the east have an attitude of 310°/ 30 0 N, and in 

the west, south of Secret Lake, 220°·/35N°. The surroundi ng 

~canics plunge to the north (354°) at approximately 20° (Figure 

5). The nose is in the vicin.ity of Dorothy Lake (Sabag and 

Blackburn, 1977), at the southwestern ma·rgin ·of the map sheet. 

Correlation of plagioclase-porphyr"itic units and a coarse 

gabbroic unit indicates tops to the NNE in the lower sequence.· 

This has been confirmed by top determinations in the pillowed 

lavas, both to th.e SE and SW of Thundercloud Lake. In three 

1 oca t ions, pi 11 ows \~ere hori zont a 1 and may ha ve been reo ri e nt ed by 

porphyry intrusion and doming. The rocks have shallow dips of 25 

to 30° in the vicinity of the batholith, increasing northwards to 

vertical, the common mode for most of the Wabi goon Belt. N-NW 

trending faults cut the lower sequence, prooucing a left lateral 

displacement of about 270 m in the coarse, massive, and pillowed. 

flows, as well as the Meggi,si Bathol ith. 

In the middle felsic unit, the dip is generally near 

vertical. The strike of the bedding in Facies Band C (see Part 

3), based on the long direction of the pebbles, was 120° (300°), 

similar to that of an amygdaloidal flow unit found within Facies B. 

In only two places, (1) on the road north of Katisha Lake, and (2) 

the central joint blocks of Dark Hor~e Lake, could the orientation 

of the pebbles be checked against the plane of the outcrop surface. 

: 
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• pole to foliation 

Figure 5 Stereographic determination of plunge and orientation 
of foliations within the mafic volcanics north of 
the Meggisi Batholith. 
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Bertholf (1946), states that "the long-direction approximates the B· 

(intermediate) axis, and the A (long) axis dips into the outcrop 

with the bedding plane", whiclJ is in agreement with observations 

made by the author. Top determi nai.ions were based on scour and 

fill structures in the thinly bedded tuffs (sands), cross~bedding 

and normal and reverse grading in the coarse clastic sequences. 

A 11 indicated tops face rou.ghly 030 0 NNE. . 
Bedding within the bande~ i~n formation and argillaceous 

metasediments north of-the Kennewepp.eko River also has a strike of 

120° • ./ 

The .northern cont.act of t~e Middle and .Upper Sequences is 
-, 

thou.ght to be a fault. Clasts in the underlying -coarse pyroclastic 
. -

, facies, are severelY distorted, (Fi gu're 6), up to a meter in length, 
, -

<rnd are severely contqrted with kiok banding, or "s" drag folds 

(Figure 7)- The exact contact is not seen since a large moraine 

cuts across the area (Zoltai, 1961). Slickenslides on the north. 

shore of Washeibamaga Lake were reported by Bertholf, and he 

interpreted the northern block as the downthrown side. The. pi llows 

north of the contact are distorted, with lengths up to 4 meters and 

widths less than 1 meter, the vesicles contained wit'hin the 

selvages are elliptical -(Figure 8). QuartZ-filled tension gashes, 

and intensely Sheared mafic volcanics 'were al so' present (Fi gure 

9) • 

The upper unit consists of a s~eeply dipping isocli~al 

sequence of metavo'tcanics. Top determinations on pillows indicate 

tops to the north; Between Washeibamaga Lake and Boyer Lake, two, 
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Figure 6 Intt.:':1st..' shcaring of uppt.:'r scqucn~e b.3salts north 
of Snake Bay. ncar the contact b('t~een the 
~iddlc and upper sequences. ,: 

Figure j Scverely contorted clasts. displaying kink banding 
l1:" 's' dr.:lg folds. on an island in i~·ashcib.:1m.1g,J 

LIke just south of the ~iddlc/upper sequence contact. 

1 
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FiSure S Str~tchcd .:l:1d deformed pillo· .... ·s north -of the 
middle/upper sequence contact. 

Figun.! g ()u,y: ... t::-f:llt.'d t('n~'1on !~;J:.;ht.'!:' ::1 si1c.J.rt.:'J :n.1fic 
\'"olcanics of upper seC1,UL'TICL'. 
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possibly three fold axes are discernible,' based on reversal s in 

pillow top direction (Blac'kburn, 1975). Minor N-NW trending faults 
f \ 

are also evident. 

Jointing is prominent throughout the area, and controls the 

major outline 'of the topography. The brientation of three hundred 

joints were recorded from all three sequences, and plotted on 

Schmidt nets. An attempt was made to Obtain a uniform distribution 

of joint ,data. This is dependent on outcrop control, and ther,e 'is 

undoltbtedly some bias to lakeshore data. Ins~ection of the 

contoured stereograms (Figure 10) showed that a number of trends 

were present, and repeated in all three groups. Therefore, there 

~ is no change of orientation due to lithological variations. Thus, 

it was possible to reduce the data \Appendix B) to one stereogram 

(Figure 11), whic.h was contoured using the Schmidt method 

(Stauffer, 1966). It shows a strong maximum at 290°, with poorly 
. 
developed maxima in the; ~045°m 070°, 320°,' 010° directions.' The 

-' 
and 100°/80°. (Standard right hand attitude was used.) The joint 

trends can be related to a stress system with a N-S compression. 

Joints Sl, S2, are interpreted as shear directions with a conjugate-

shear angle of 70°. Joints T1, T2, are extension jOints roughly 
• 

parallel to, and, at right angles to the stress. The weakest joint 

set, at 100°/80"', is believed to be related to E-W faulting (Figure 

12) • 

The E-W homoclinal sequence in the south, and isoclinal 

sequence in the north, can be related to a N-S maximum stress. 



~ 6 joints per 1% area 

e 4-6 joints 

o 1-3 joints 

Figure lOa Contoured stereogram of poles to measured joints 
in lower s~quencc, using Schmidt method. 

17 



o 

@ 6 joints per 1" '" area 

• 4-6 joints 

0 1- 3 joints 

Figurel0b Contoured stereogram of poles to measured joints 
in porphyry, using Schmidt method. 
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8 6 joints per 1: area 

• 4-6 joints 

0 1-3 joints 

FigurelOc Contoured stereogram of poles to measured joints 
in upper sequence, using Schmidt method. 
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Q 6 joints per I" '" areo. 

@ 4-6 joints 

0 1-3 join ts 

Figure 11 Contoured stereogram of poles to all measured .ioints 
in the thesis area, using Schmidt method. 
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faulting and folding 
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Figure 12 Orientation of ,ioint sets and regional stress field. 
Sl and S2 are shear joints, Tl and T2 are tensional joints. 
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Faults with a general orientation of 025 0 to 030 0 have left lateral 

displacement aDd are associated with Sl - S2 jointing. 

,Part 2 - Lower Seguence 

22 

The lower sequence cons i sts of over 6 km of mas s i ve,. pi 11 owed, 

and porphyritic flows. The lavas are ordinarily fine-grained, dark 

green to-pale yellowish-green to almost grey-green in hand specimen. 

Pillowed units are the most common, with flow units achieving 

thickness' of (.6 km. Massive metavolcanics of the lower sequence look 

very fresh in hand specimen, and are devoid of internal structure. No 

amygdaloidal or vesicular flows were found in the lower sequence. Two 

porphyritic lava flows can be traced across the entire map area and 

westward for 16 km. Phenocrysts of feldspar, often euhedral, and up to 

25 mm in diameter, occur in flows up to 300 m in thickness (Figure 13). 

Note that each flow unit may be made of many individual flows. 

The rocks of the lower sequence in thin section are generally 

hypocrysta11ine, and vary from porphyritic to diabasic in texture. By 

far, the largest constituent is the fjne-grained black matrix, which 

contains chlorite, cal~ite, plagioclase, leucoxene, and ilmenite (Figure 

14) • 

Sericitized plagioclase microlites, 0.2 mm to 0.4 mm in size, 

are found embedded in the matrix. Certain coarse-grained "gabbroic" 

phases grade into pi 11 owed flows and may represent th"e cent ra 1, s 19w1y 

o 
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Fi~ur\..· 13 Pl)rphyritic b~l~alt ..... ·ith \..>llhl'dr~ll phcnocry:-;t~ 

uf fL'ld:;p.:1r. tvpic:ll of L.'!\.,'L'f SI.'qUL"'i1CC. Sample B-2:::. 

figur~ 14 Photomicrc~r~p11 of tYric~l m~ssive basalt 
of lO .... ,;L'r sequence. Sample 6157-1. 

63x 
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cooled zone of a lava flow. In thin section the gabbroic phase is an 

idiomorphic granular rock with alt,ered plagioclase and pyroxene in a 

subophitic texture (Figure 15). The plagioclase crystals are 

poikilitic, riddled bY'inclusions of clinozoisite, carbonate and 

chlorite. These saussuritized grains are 0.5 mm to 2 mm in size and are 

intimately intergrown with, each other. As saussuritization increases 

• the twin lamellae become obl iterated. The, interstitial pyroxene is 

irregularly fractured and replaced by fibrous-amphibole. These crystals 

are 1 mm to 2 mm in size and some display relict twinni'ng, typical of 

augite. The uralitization of clinopyroxene yields platey pleochroic 

fibers of actinolite. Both leucoxene and siderite are p~esent in this 

phase and'occur as irr~r euhedral 
, ( 

gra ins. 

In areas of dike injection or shearing, carbonate occurs as 

hypidiomorphic crystals disseminated throughout the slide. It appears 

to have formed at the expense of both plagioclase and pyroxene. 

Carbonate also is present as cross-cutting veins. The vein material 

consists of coarse quartz, up to 3 mm in sjze, actinol ite needles 2 mm 

in length, euhedral 1 mm carbonate crystals and pyroxene grains, in an 

interlocking fabric. 

Part 3 - Middle Seguence 

Stratigraphically above the lower sequence is a 3 km thick 

section of coarse pyroclastics" laharic breccias, conglomerates, 

• 

/ 
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~1h(ltlT.licr('l~~r,'lt'h 0:- C(1,]r~L·-~r3int.;'J g3bbn,ic rock 
of lO~t.;'r sequence. Sample G-12. 
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epiclastic rocks, dacite flows and porphyry .intrusions;", This seCl.uen.ce 

" has been subdivided tn:t;.o six facies. Facies'is used here to denote the 

aspeCt of a" ro,ck oody or· unit." ,The facies are discriminated .on the 

basis of the follo,wing 5 elements: 

'. 

f 
1) clast (grain) type; 2) clast (grain) size; 3) degree of 

angula'rity of clasts; 4) .structural relationships (regional 

and local); 5) textural relationships. 

The 5i x faci es are 1 i sted here: 

F Argi 11 aceous Rocks .;:::--
/ I 

I 

E Autoclastic Breccia 

0 Quartz - Porphyry 

C Coarse_ Pyroclastics ,-

B Lahari c Brecci as an.d Relat~ Sedi ment s " . 
A Oacitic and Rhyolitic Flows 

The section described here refers to a detailed stUdy along the 

Snake Bay Road. Outcrop percentage elsewhere was less than ten percent 

and irregular. Shoreline outcrops on Washeibamaga Lake ar~ poorly 

exposed, severely weathered and eroded by water and winter ice. The 

identification of clast types in many cases was impossible because of 

thick 1 ichen cover. If clasts contained distinctive quartz-eyes it was 

classified as a quartz-porphyry fragment. Individual units could not be 

traced laterally. They probably represent discontinuous lenses and 
" ' . 
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interbedded pyroclastic and epiclastic rocks associated with the 

volcanic and sedimentologic events. 

For the purpose of this thesis pyroclastic rocks are defined as 

the entire spectrum of fragmental volcanic rocks formed by' and emplaced 

in an~ physiographic environment by any volcanic process or mechanism, 

and consisting of solely synvolcanic, volcaniclastic- rocks, ~.e., 

contains no allocthonous material, like,gr.anite, (Annells, 1974). 

Epiclastic rocks are those that are formed by er.osion or reworking of 

• original igneous and pyroclastic rocks and have been transported from 

their or~ginal Site, of emplacement (Parsons, 1969). The size boundaries 

for ash, lapilli, blocks, and bombs, etc. follows that of Fisher (1961), 

and ParsonS (1969). 

i) Facies A 

Facies A corresponds to a 0.8 km thick felsic flow unit(s) 

that outcrops in two locations in the map area. In the northwest 

it is associated with th~ northwest limb of the Thundercloud 

Porphyry. The flow unit is truncated to the west by the Taylor 
• 

Lake Stock and is superceded by both Facies Band 'E. In the east 

it cO,nformably overlies massive basalts at Katisha Lake and is 

associated with an area of intense quartz-veining. Bedding within 

the'unit, (as observed on"the north-central shore of Katisha Lake), 

is 30·/90·, but weak. 

In hand specimen the rock varies from a fine-grained 

tuffaceous dacite to a "green-blebbed u rhyol ite. The latter was 
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the field description given to a whitish weathering rock-with 

green, elliptical blebs, (Figure 16).· The blebs are in two forms: 

a. as irregular, stretched, dumbell shapes, filled with 

calcite polygons, and therefore may have been vesicles 

originally (Figure 17). 

b. as irregular patches, 5 to 6 mm in ·length, of very 

minute la1;hs of hornblende and pyroxene (?). in a dark 

black matrix, and may represent basic inclusions 

(Fi gure 18). 

In thin section the flows are generally crypto-crystal1 i ne 

rocks with a very fine-grained quartzo-feldspathic matrix. 

Phenocrysts of quartz are deeply embayed, bipyramidal crystal s up 

to 2!l11l in size. Feldspar occurs in two forms; (1) as angular 

crystals, less than 1 mm in size, replaced by clinozoisite and (2) 

as porphyritic laths, 3 to 4 !l11l in length. The latter are commonly 

zoned and riddled by inclusions. _SOme of the plagioclase laths are 

rimmed by a fine-grained fOOsaic of equigranular quartz, feldspar 

and sericite. Clumps of chlorite·and biotite flakes are common 

around the periphery of the feldspars. 

Flow banding is defined by thin seams, rich in chlorite 

(variety ~e) and tabular chloritoid crystals (Figure 19). 
'-. 

Near the contact with the porphyry is a planar schistosity, 

developed by the elongation of biotite flakes and the presence of 

cummingtonite wisps. Some of the feldspar phenocrysts and included 

.. 
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Fiburc 16 H3nd s3 .. ~ple of the fine-grained tuffaceous 
dacite or 'green-blcbbcd I rhyol ite. 
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Figure 17 PhotomicroF,r.J.ph of irregu13!'? stretched? 
dUr.lhcll .shape of blebs of the 'green-blebbed' 
rhyolite. Sample 8064. 

, 

Figure 18 Photomicrograph of minute laths of honblende 
and pyroxene(?) in blebs of I green-blebbed' 
rhyolite. Sample 8053-3. 
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Figure 10 Photoi.licro~r;)rh of flot,.: b.:md Lng in felsic flQl,o,' 
unit defined hy thin scams of chlorite ,:md 
chloritoid. Sample 8053-2. 

31 

4x 



. 
32 

sericite needle.s are bent and deformed. Black opaques.are 

disseminated throughout the sample • 

.ii) Facies B 

• Gradationally above the felsic flow uriit is a 400 m to 

1200 m sequence of interbedded pyroclastics and sediments. The 

facies thins westward, where it is superceded by Facies' C and E 

and truncated by the Taylor Lak~ Stock. Eastward this facies is 

I 
equivalent to Bertholf's (1946) Sagenak Conglomerate. Lineation 

·direction (strike?) of the bedding, as defined by the long 

dimension of clasts, is roughly 300 0 (120°). It is difficult to 

decide whether the rocks are pyroclastic or. epiclastic. The author 

agrees with Thomson (1933) who sai~ "that it is almost impossible 

to differentiate the pyroclastic rocks from the clastic rocks in 

the vicinity of Washeibamaga ~ake." 

Outcrop is such that only two-dimensional examination of 

the clasts is possible. Variations in the size of the clasts was 

estimated in the field by calculating the mean of the largest axis 

of the ten largest clasts, at individual outcrops. This 
9 

measurement is hereafter referred to as 01l0. By measuri ng the 
« 

apparent width (W) and length (L) of the clasts (mutually 

perpendicular axis), and dividing one by the other 0(L/W)/10, the 

two-dimensional elongation can be determined. Most determinations 

were carri ed out on outcrops with areas of 10 to 20 squa re met res. 

The measurement data is found in Appendix C. 
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The basal two metres consists of a tuffaceous rock, 

contai ni ng sparse .cl asts randomly ori ented (Fi gure 20). The 0/10 
. 

was 7.2 cm with over 80S~f the clasts basaltic in composition. 

The matrix is a fine-grained felsic mat of quartz,"and feldspar, 

showing no signs of sorting or the presence of clastic .. 
ferromagnesian minerals. This may represent the basal breccia, of 

vent materi a 1. As the porphyry i nt ruded the vol ca ni c pi 1 e the" 

resulting dome (cone?) fragmented, throwing basaltic dome material 

into the felsic flows and tuffs that were being produced. • 

The ~asal section grades upwards through 170 m of 

pyroclastic material, with a greater percentage of clasts. The 

0/10 is only slightly hi,gher at 8.8 cm. Basaltic clasts account 
. 

for about 50S of the clast types, the rest being porphyry and 

felsic flow material (Figure 21). The average size of basaltic 

fragmental material decreases and the sl ight increase in 0/l0 is 

the result of the dominance of larger felsic material. .. 
Above the lower 175 m of pyroclastic rocks is 100 to 150 m 

of interbedded tuff and felsic flow material. Lineation direction 

(strike), as defined by the long axis of the clasts was 138°. The 

0/10 was 3.8 cm with.0(L/W)/10 of 3.4, significantly different from 

the unit(s) below. The clasts were lapilli in size and all are 

felsic. Individual units are up to 15 m in thickness. Associated 

with this unit is a 0.2 m thick shear zone, over a horizontal dis-

;; tance of 23 m. A minor gabbroic intrusion occurs about 0.8 km 

north of Katisha Lake. 
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Figure 20 Tuffaceous rock of basal t .... ·o r.1ctres of middle 
sequence contains random b3saltic clasts. 

Figure 21 Basaltic clasts(fragments) account for ahout 
50% of the clast types, outcrop just north 
of Katisha Lake. 

~ 
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The next 450 m consists of interbedded pyroclastic and epi­

clastic rocks. Many of the clasts 'are subangular and intersec"t 

each other (Figure 22). Other clasts wrap around larger clasts and 
.0 

are pOinted or tapered (Figure 23). In one or two instances, elon-

gated chert fragments are found within conglomeratic lenses. ~e 

of the clasts exhibit internal bedding (Figure 24), indicating 

erosion of consolidated material. 0/10 values in the first 200 m 

are in the range of 26-36 em w~th constant 0(LlW)/10 ratios of 1.7. 

Bedding directions determined from long axis orientation, is in the .. 
100-200· range. There is less than 20~ matrix material, gO to 95~ 

of the clasts are felsic, apportioned between quartz-porphyry and 

dacitic (felsic) flow material in a 3:1 ratio. 

Poor expos~res made reconstruction of stratigraphic 

sections difficult and sometimes questionable. One general section 

(Figure 25), although of limited (traceable) lateral. extent, ... is 

schematically depicted here and is described below. 

The basal 1 to 2 metres of bedded to non-bedded tuff is 

overlain by 5 m of unsorted fragmental material. Felsic clasts are 

completely random within the minor tuffaceoui matrix. This is 

capped by 7 to 8 m of inverse-graded volcaniclastic rocks. Cl asts 

5 to 6 cm in length, increase upward s to 35 to 40 em. Thes e 1 a rge 

clasts project well abl1ve the upper parts of the beds. fn 

addition, tuffaceous material drapes over them (Figure 26). 

Similar relationships are common of debris flows in Oregon and 

Washington (Schmincke, 1967). Overlying the 1 to 2 m of tuffaceous 

to 'sandy material is 5 m of normally graded material. The large 
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Figure 22 Intersection nf C'l.:l~ts and tht..' suh.:mgulat" 
clast shape is typical of Facies B. 

Figure 23 Photl1gr.:1ph shm .. 's the pointed ctnd tapered habit 
of some of the felsic cl.1sts. 
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Figure ~4 PhOtL"'gr~lph ~ho","'s intl'rnal ~l>ddin~ of some 
of the cl.1.sts. indicating erosion of consolidated 
material. 
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Figure 25 Schematic section of part of the middle sequence, 
simibr to debris fl"",s described by Schminke (1967) . 
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"-
clasts (boulders?) in the base, create load cas); features in the 

underlying tuff (Figure 27)., This finin~pward sequence is 

repeated three to five times. the upper contact generally not seen. 

The upper 5 m is typified by well-bedded sandS,with cross-bedding. 

Cross-stratification, represented 'by a single pebble row, is 

inclined to regional bedding and top is roughly to the NNE (Figure 

28). Similar forms of cross-stratification were found ,by R. S • 

Hyd,e (personal cOlr/iluniciltion) in the Temiskaming area. Thus, the 

section represents ,a two-fold sequence: 

1) a lower, unsorted to inv'erse graded fragmental pyro-

clastic unit, fol.1owed, by , 

2) a normal graded epiclastic sequence cappe'd by bedded 

and cross-bedded sands and tuffs. 

Near the-top of Facies B is a 15 to 18 m thiGf,amygdaloidal 

flow, (Figure 29). It contains vesicles, 25 mm to 50 mm in 

diameter, filled with carbonate_ This flow occurs in two locations 

both at the same stratigraphic level, but separated by about 3 km 

(see map' for locat ion). 

regional strike of 120°, 

The flow contacts are paralyfl't~ the 

and cut through clasts (Figure ~O). Con-
" 

tained within the flow is a small bed (lens) of clastic fragmental 

material which has been stretched and boudinaged. The top 10 ern of 

the entire flow, contains angular mafic fragments of flow material , 

and is thought to represent a'flow-top breccia (Figure'31). 

• 
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Figu~e 26 Large clasts project ~~ll above the upper 
parts of the bed. tUf~3CeOU$ material drapes 
0Ve r ther:t. 

Figu n.:' LO.3d cast :c.]tures in und('rlyi~ tuff 
large boulders in overlying unit. 

cause d by 
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Figure 28 Cross-stratification rcprese~ted by a single 
pebble, r"", is inclined to regional bedding. 
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Figure 29 A!TIysdaloidal flo\..' unit just cast of the 
southeast arm of Dark Horse Lake. 
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Figure 30 Contact of the a:nygdaloidal fl"", unit and 
the c13sts of the middle sequence. 

Figure 3l Close-up of contact 
in the amygdaloidal 

shO'w"s flo...· flf\unit. top b rc ccia tion 
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iii) Facies C 

Stratigraphically above (J) Facies B and extending from 

Washeibamaga Lake eastward, is a uni~ of massive fragmental rocks 

0.4 to 1.6 km in'thickness. This uni~ is noted for the almost 

total lack of suitable bedding on which to take strike and dip 

measurements and the lack of tuffaceous and sandy ,interbeds. The 

upper contact, is nowhere exposed. 

"Bertholf (1946) subdivided this sequence, his Dark Ho~se 

Conglomerate, into lower and upper sections. The base of each con­

tained andesitic, pebbles. No such pebbles were positively ident i­

fied in th,is study and thus were probably included ·as felsic frag-

mental rocks. Over 90% of these felsic clasts were quartz-porphyry 

in nature. 

The bottom BOO m of Facies C contains massive, unsorted 

pyroclastic material. The D/lO increases upwards from 20 cm to 

39 cm with a constant D(L/W)/lO of 1.8. Matrix material accounted 

for as much as 35%. The porphyry fragments are e11 iptical to sut­, 
rounded, many are tapered. In one location a boulder-size clast 

contained fragments of basalt and quartz-porphyry, but in general 

little evidence for reworking was present. 
_ .6-

The top 900 m is also a massive unsorted pyroclastic 

• sequence. It also has upward increasing clast sizes, with D/lO 

valves from 24 cm to 78 cm. The fragments are very tightly packed 

and matrix accounts for less than 10% of the rock (Figure 32). 

Again two clast types, felsic flow material and quartz-porphyry, 



• 
/' 

• 

Figure 32 Tight ?3ckin~ of clasts ~ith less t1lan lO~ 

~~trix m3t~ri31 is characteristic of the 
uppc.r part of Facies C. 

45 
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predominate. The 0110 measurem'ent of 78 cm may be a tectoni c 

~ 

fabric, however, no evidence to suggest this was observed in the 

field. The 0(L/W)/10, although not entirely constant (a value of 

5.3 for the OlIO, 78 value) averages about 2.2. 

The last 1200 m of this section was very poorly exposed. 

The 0110 varies from 18 em to 35 em. High wate~vels on Washei-

bamaga Lake and extensive sand and gravel deposits of the Eagle­

Finlayson moraine (Figure 33) obscured~ rocks and prohibited any 
" J 

) 
detail, work. 

iv} Facies D and E 

Facies D, the Thundercroud Porphyry and Facies E, the auto-

clastic breccia, are very similar in appearance. The fragm,ental 

rhyolite, previously mapped by Thomson (1933) as porphyry and by . , 

Bertholf (1946) as a recomposed porphyry or basal conglomerate is 

in fact a brecciated fonn of. the POrphyr~lf. Facies E is thus 

interpreted to be the autoclastic or flo~l-top'brecciation of the 

extrusive porphyry andDecause of similar char'ac..teristics, they 

will be discussed together. 

The Thun~cloud Porphyry outcrops in the center of the map 

area around Thundercloud lake. The southern contact with the lower 

metavolcanics is concave northwards. Several small, 30 m by 3 m, 

apotheses project southward and can be traced di rect ly into the 

porphyry. The contact between the porphyry and 

the vicinity of Thunde~oud and seggemak' lakes 

lower volcanics in 

is unique, in that 

, 
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.. 

Figure 33 E.3g1c-Fin l.1.yson moraine in .3. gr.1.vcl pi t 
on Snake Bay. 

47 
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the volcanics outcrop as large cliffs, 40 to 60 m in height (Figure 

34) • Generally the area is noted for its lack of relief, except .... . 

near the porphyry. It is. here that the pillows are horizontal, as 
, 

mentioned previously. 

In outcrop the quartz-porphyry consists of a felted gray, 

or pale yellow matrix containing round, 0.5 to 3.0 mm, glassy 

quartz-eyes. The rock varies from foliated to massive and is 

relatively homogeneous throughout. In places it is severely 

weathered, with the top 20 to 25 mm iron stained and crumbly. 

In thin-section the rock averages 60% matrix and 40% pheno-

crysts. 

is very 

The matri'lvaries from sericite to quartz-albite rich 

fine-graded. The phenocrysts are mainly feldspar 

and 

and 

quartz_ Both plagioclase and potassium feldspar phenocrysts are· 

found (Figure 35)_ The potassium feldspar is orthoclase. It 

occurs as anhedral to subhedral phenocrysts, 0.1 mm to 3 mm in 

diameter, riddled by sericite. In many instances accurate ident i-

fication between it and- similarly altered plagioclase was diffi-

cult. Some phenocrysts are fragmental and small microcl i ne 

crystals have-recrystallized in the sutures between the larger 

fragments of orthoclase. The plagioclase is also altered by 

sericite and twins were not always preserved. Small, 0.1 mm 

euhedral, tabular plagioclase crystals have low extinction angles, 

10 to 20 0 (Michel-Levy Test) making them albitic in composition. 

Other large, 3 rrrn, subhedral to euhedral phenocrysts had smaller 

extinction angles and may have been oligoclase. In most cases the 

determination of An content was approximate. 

-/ 
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Figu re 34 Large ~liffs of mafic volcanic rock in the , 
vicinity of the porphyry on Thundercloud Lake. 



I 

so 

53x 

\ 

Figure 35 Photornicrogr.1.ph of the qU.3rtz~rorp.hyry. Sample ?-S. 
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By far'the most important (for ide.ntification) an~ most 

variable constituents within the rock were the quartz-eyes. They 
- . 

are found in approximately six different habits (Figures 36a-f): 

a) in subrounded to bipyramidal shapes (strained and 

unstrained) 

b) as heavily embayed quartz-eyes 

c) with· internally sutured grain boundaries 

d) as former quartz-phenocrysts now recrystall ized as a 

coarse mosaic of granular .quartz 

e) as quartz-eyes with a recrystallized rim.<of optically 

continuous groundmass quartz 

f) as flattened elliptical phenocrysts 
~ 

I 
including ,.r~gular 

blebs -filled with carbonate and matrix materi 1. 

The quartz phenocpsts ra.ng~ f~om unstrained _ bipyram 

rounded grains to those displaying undulose extinction, to th 

formation of elliptical or elongate grain aggregates. In many 

instances highly strained grains can be found side-by-side with 

recrystallized grains. Hopwood (1976) has interpreted similar 

textures in quartz-porphyri es of northwest Ontari 0 to represent 

both primary crystallization and secondary porphyroblastic growth 

of quartz within a matrix which was actively deforming during the 

development of regional schistosity. 

In some areas, notably the southern end ef Washeibamaga 

Lake, the quartz-porphyry appears to grade into a quartz-porphyry 



"J 
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Photomicrograph of the subrollnd~d shape l)f 

some of the quartz-..:yL's. Sample P-12. 63x 
. I 

---.) 

Figure 36b ?hot0rnicroF,t'.3ph of hC3vily crnb3y~d quartz-eyes. 
S:Lllple P-12. 

S2 
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Fi.,ure 36c 

'" 

, " 

Photomicrograph displays the intcrn.11 suture~ 
h.3.hit of ,the qU.:1rtz-ey~ grain boundaries. 
S;.lnple ?-35, 

?i~ure 36d Photor:ticro~r,)ph of quartz phenocrysts n""",· 
fe,crystallized to .:1 co.:ltse !':lOSale of sr3~ul.J.!" 
quartz. Sample pr. 

• 
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'. 

~igure 36e Photonicrograph of a quartz-eye l,..·ith a 
rccryst.::111ized. rim of oPtic3~ly continuous 63x. 
groundrnass quartz. Sample P-l. 1 

--
Figure 36f Photomicrograph of poikilitic quartz porphyroblast, ) 

Sample P-l, 

.' 

.J 
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breccia •. This fragmenta1 rllyolite is the rock .type referred to as 

a mill-rock.by Sangster (1972). porkose by Reid (1945) and recom---- ._-- --/. --- ---- ----
posed 'porphyry by Bertholf (1946). Mac~oscopic~l1y the rock 

consists of fragments of quartz-porphyry up to a metre in length. 

in a quartz-porphyry matri x; It :grades imperceptibly into the 

porphyry. and frequently fragments ~ould not have been discerned 

save for the weathering of the rock which made the angular frag­

ments display ~ight relief '(Fi-9ure~7). 
In thin-section it is similar to the porphyry, with large 

• phenocrysts of feldspar and quartz. S~~e angular clasts were 

riImled by biotite making the~ stand out. Euhedral feldspars were 

as corranon as in the porphyry and twins were parallel to th~ crystal 

outlines. 

Just southeast of ~e southern tip .of w~sheiba~aga· Lake a 

sm@ll outcrop of the brecciated porphyry ~ccurs within the 

porphyry. 

v) Facies F • • 

The uppennost portion of the Middle Sequence is co~posed of , 
fine-to-medium grained epiclastic metased.iments, i.e., sandstone, , . 
siltstone and argillite. ,It constitutes a very. s~all p.art of the 

9 . 

preserved seq~ence. less ;han 0.3 km, and its true lateral and 

vertical extent cannot be traced'. The type outcrop occur·s at the 
• 

N~ end of washeib~aga Lake. where Kennewapekko River. flows into . , 

• . , 

!. 
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Figure 37 Hand quartz-porphyry breccia. 
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t,he lake. 'This knoll consists of 2 to 5 em beds of siltstone and 

argi1l ite. 
'\ 

To the west, a small o"utcrop, just north of the fi rst 

waterfall' on the Kennewapekko River, and on a small island .west of 

the headland in Washeibamaga lake, sandstone (greywacke) is the 

dominant rock type. In thin-section it consists of 0.1 to 0.6 mm 

sand size clasts of quartz and feldspar. Magnetite occurs as 

disseminated matrix material. large cl.a?ts, up to 6 mm in 

diameter, of basalt an~rtz-porphyry are common. The basaltic 
~ 

fragments display intersertal textures; the plagioclase laths are . 
distinct but the .material filling the interstices could not·be . . 

dis,cerned (Figure 38). Feldspar fragments were subangular to sub­

rounded, twin lamallae were not parallel to crystal outlines as the 

outlines had been worn off during transport. Quartz occurred both 

as subrounded to rounded clasts and in the matrix. The greywacke 

also contained a large proportion of secondary carbonate material 

and would be termed a lithicwacke based on thin section descrip-

tion: 

Banded iron formation was found in.one outcrop. 

bands, 25 mm to 75 mm thick are' found interbedded' with fine-grained 

argillite beds, 25 mm to·O.3 m in thickness. Bedding was at 

296/80 o NE and parallels regional strike. In thin-section the rock 

is bedded on a very fine scale, 0.5 mm. The bedding. in some 

sections is defined by bfotite, but in most cases is defined by 

magnetite layers. Soft sediment deformation is prevalent, along 

with microfaulting and microsedimentary structures. The magnetite 

/" 

! 
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1 
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Figure 38 Photor:licrog r3 ll h 0: the ~~r~::\ .. :,J(k~ snm .. 's 
V.3 :-iety of c 1.35 t ty?CS includ ing coarse-
gr3ined g3bbroic clasts. 

\ 
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displays both normal a.ndinverse gradi ng and d.efi nes smaH· scal e 

cross-stratificat"ion, Slump fe!\tures are also pres!!n~. Granular 

quartz occurs as mosaic matrix,material (Figure 39). 

Part 4 .- Upper Se~uence 

The upper sequence consists of over 3 km of massive, pillowed 

and coarse-grained flows. Only .a small portion occurs within the 

present study area and will only be briefly discussed. Further detail 

can be found in Blackburn's (1975) report on the Boyer lake area • 

. It is isoclinally folded around east-west trending fold axes, 

with vertical dips. The contact with the middle sequence is not 

observed but is believed to be fault-bounded (as discussed in the 

structure section). Therefore, the upper section is part of Pettijohn's 

(1943) "Keewat i n Problem", as to the rel at i ve age of the overlyi n9 meta-

volcanics. 

up t~ m in 

thickness. The.pillows, just north of the fault (?) are stretched;--ap 

Pillowed sequences are by far the most common, 

to 4 m in length, and have vesicular margins. This feature was not 

found in the iower sequence, but is common in the upper sequence. Some 

pillowed flows north of this study area, are variqlitic and have thick 
\ 

selvages.- No porphyritic units we~ found as far north as Boyer lake '-J 

(McMaster, 1975). l • 



• 

• 

Figure 39 ?hoto~icrogr3ph of the b3nccd-iron fOrID3tion 
on the \,,:cst end of Kasheib.J.i:1..J.ga L...'1kc. ~ote the 
variety of soft sedinent de:ot1n.:ltion styles. 
Sarnp le 6190-1. 
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On the north shore of Washeibamaga Lake, a 200 m thick coarse-

grained flow or ~ill outcrops across t~e entire map area. It consists 

of coar5e:grajned gabbroic rocks with large pyroxene phenocrysts. In 

thin-section, large prismatic pyroxene 'crystals, 3 to 5 mm in length are 
• 

. warped and bent around interstitial laths of plagioclase. The cores of 

the plagioclase laths are severely altered and replaced by clinozoisite. , 

Both ophitic and subophitic textures occur. At lease three phases could 

be defined: a fine-grained chilled margin, a leucocratic equigranular 

phase and a pegmatitic phase. The latter was very coarSe-graifed and 

contained abundant myrmekite (Figure 40). No detailed work has been 

1975). 

~,GabbrO La,ke Sill (MCMaste~, undertaken but it -maybe analogous to 

The basaltic rocks in thin-section are generally hypocrystalline 

and vary from vesicular to intergranular in texture. By far the largest 

constituent is the devitrified matrix of fine-grained chlorite, albHe, 

ca'lcite and ilmenite. The plagioclase laths are subangular to sub-, 

rounded and completely saussuritized, no relict twins are visible. 

Pyroxene, uralitized to actinolite, has no relict cleavages visible. In 

" most cases the petrography of the upper sequence is similar to that of 

the ~ sequence. 
/ 

J 



Figure ~O Abundant my:-mekite in photo~icro~raph of. 
coarsc-hr~incd intru~ivc north of 
\;asheibamaga Lake. Sample 5268. 

62 



/ 

r , 

63 

CHAPTER III - CHEMICAL NATURE OF' THE ROCKS 

i) Introduction 

A total of 90 samples have been analyzed by X-ray fl uor-

escence for major and trace elements. The chemical analyses were 

carried out using a Phil ips Model 1,450 AHP automatic sequential 

spectrometer. The parameters, machine settings and data a1"e all 

found in Appendix O. A detailed summary of the analytical errors;· 

precision, accuracy and sensitivity (Apperr~ix 0), shows that the 

results were satisfactory, (i.e., falling within the acceptable I 

range as outlined by Shaw (1969) in his paper on the evaluation of 

data) • 

The purpose of doing the desc~riptive geochemistry is as 

follows: 

1. to chemically classify the rocks. 

2. to hopefully use the chemical trends as an aid in the 

interpretation of the genetic history of the area. 

ii) General Chemical Features 

In deal ing with Archean rocks we are faced with the 

possibility that chemical changes have occurred due to metamor-
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phism. For example, Anderson (1969) innis s~udies of metamor­

phosed PreCambrian volcanic rocks in Central ~rizona, recognized at 

least three forms' of metamorphism; f.e. albitization, sericiti-.. 
~aiion and chloritization with the migration of Na~ K and Fe and 

Mg, -respectively. 

Cann (1970) and Pearce (1976) also ;ecognized that albiti- . 

zation and sericitization were serious problems affecting Ba~ Rb 

and Sr abundances. Sericitization also results in the formation of 

amphiboles and epidote. Greenschist faciei metamorphism often 

leads to a' depletion of Ca sites, especially when 02 pressure and 

C02 pressure are 10~1 thereby decreasing the abundance of Sr 

(Franklin, 1976). HO~lever,'Nicholls' and Islam (1971) point out 

that no real systematic c~ange can be defined. They also con­

cluded', that for ocean~J basalts along the Mid-i\tlantic"~idge, 
geographic anci petrographic character are more important in the 

variation of elemental abundance, than post solidification pro-

cesses. Therefore not all original va·riations are lost during 

Greenschist Facies metamorphism. 

Chayes (1966) suggested that basalts, with Fe203/FeO ratios 

greater than 0.6, and H20 contents greater than 3~ by, weight be re­

j.ected as sever ely alter ed. Vol at 11 e 'content, as determi ned by 

loss on ignition (see Appendix 0), for most of the rocks in the 

study 
, 

area I,as less than 3~ and those above 3~ I,ere~ 

Condie (1976) and Pearce and Cann (1973) found that Ti, Zr, 

Y and Ni '-Iere unaffected by diagenesis or 10~I-grade metamorphism. 

Pearce (1976), used dtscriminant analyses and l'las successful (at 

i 
1 
1 . 
; 

i 
1 
i 
~ , 
i 
~ 
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tne'95% level) in classifying metamorpho~d,Archean rocks within 

compositional fields consistent with current usage" suggesting that 

basalts remain closed, systems for certain elements·. 

Care was taken, in this study, to avoid rocks containing. 

~ secondary carbonate or severely weathered surfaces. The lack of 

veining and bleaching and the internal consistedcy of the geo-
IS 

chemistry (rock samples of equivalent stratigraphic height but 

sep'arat~ geographic iocations had similardyses, e.g. 8035 and 

B-7, G-32 and 8013-2) argue in favor of isochemical metamorphism. 

Hallberg et al. (l976al and Furnes et al. (1977) used similar 
, 

Criteria in their work on metamorphosed Ar,chean rocks. .. 

iii) Graphical Representation 

among 

Chemical varia~n within the rocks of one magma seri~s, or 

the rocks of different petrogenetic provinces can be con-

veniently illustrated by means of variation diagrams. However, the 

literature shows little agreement among petrologists as t~ the best 

variation di agram fo'r graphically portrayi ng chemical. data for 

igneous rocks. 

The Harker diagram, a plot of weight percent oxide against 

5i02, has been utilized since 1909. MacOonald and Katsura (1964) 

subdivided one of these diagrams (Na 20 + K20) vs. 5i02 (modified by 

Irvine and Baragar, 1971) into the fields of alkaline and subalka-

line rocks based on ~alyses from Hawaiian rocks., Harker diagrams 

assume that in the evolution of a consanguineous magma series, 

.\ 
) 
j 

1 
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.~ 



, 

/ 

/ 

.66. 

there is a continuous increase in 5i02, but this is n~ always 

true. The tholeiitic,trend, for example, does not have.5i02 ~ 

richment and thus Hark~r diagrams may not be too useful. In spite 

of this they have been used with success in the description of 
"> 

Archean rocks, Clifford and McNutt (1971), Carmichael et 

a1. (1974). Blackburn (1976), Irvine and Baragar (1971). 

Irvine and Baragar (1971)- use AFM diagrams, the alkali-

silica plot, A1203 vs. normative An content and normative colour 

index vs. normative An content to discriminate Between calc-

alkaline and tholeiitic basalts and to chemically classify 

volcanics. 
;;.0 • 

The plots, K20 - Na20 - CaO, and the normative An - Ab - Or 

are used here. A widely used plot is the AFM tri angle. It is 

based 

which 

It is 

on Wager and beer's (193? ) work on the Skaergaard Intrusion, 
~ 

shows the change in liquid composition with differentiation. 
~ 

useful because it shows the relationship between; 

i) r1g0 which fractionates early into oliv-.!ne and pyroxene, 

which-results in, 

ii) an increase in FeO in the liquid, followed by 

iii) pyroxene and plagioclase crystallization, followed by· 

iv) .Na2 + K20 enrichmen~ in the feldspars. 

It is ]:>eyond the scope of this thesis to undertrake a 

detailed discussion of 'the pros and cons of each method. Suffice 

it to say that all of the aforementioned plool:.ts were examined and 

) 

. , 



utilized to sO!l1e ex.tent. For- the purposes 'of plotting the 

following- units have been given separate !;ymbols: 

-------

1. Lower Sequence 

2. Felsic flows and Tuffs (Middle Sequence) 

3. Quartz - Porphyry 

4. Brecciated Porphyry 

5. Upper. Sequence 

iv) Major" Element Characteristics. 

The results are presen~ed in AppenBlx A and Figures 41-4.8. 

The following trends are observed: 

. 
1. Table 1 shows the average major element chemical 

compositions of some typical Archean basalts, repre-

sentative of different shield areas, compared with the 

lower and upper sequence of this thesis. Generally the 

Si02, MnO, A1203, NaZO and PZ05 are very similar in all 

areas. 

JP The Ti02 content shows a bimodal distribution. The 

lower sequence of the thesi's area and lower mafic unit 

of Begg's (1975) ~lOW Ti02 values, compared to the 

hi ghE!r (1.0%) for the uflller sequence. The CaO contents 

of Begg's (1975) units and the' lower and upper 

67 
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Table 1 

Major Element 
• Comparison Chart - Mafic'Rocks 

Si02 Ti02 A1203 Fe+ MnO MgO CaO Na~ K20 P20S 

'\. 

1 48.9 1.06 14.5 11.17 .21 6.27 8.74 2.51 .45 .07 

2 50.0 1.09 14.7 11.03 .21 6.11 8.93 2.21 .39 

3 52.36 1.42 13.52 11.03. .26 6.13 7.35 3.05 .24- .22 

4 49.86 .70 14.25 10.32 .17 7.32 10.69 2.54 .16 .05 

5 51.4 .85 15.4 11.2 .22 6.8 11.9 2.19· .11 

6 52.2 1.<5 13.3 14.8 .24 6:3 9.2 2.65 .02 

7 50.51 .86 14.28 13.0 .21 7.65 11.24 2.23 .19 .07 

8 51.90 1.18 14,77 11.91 .20 5.50 9.94 2.73 .44 .11 

d f 

1 - average basalt Superior Province, Goodwin (1968jt 
2 - average Lake of Woods - Wabigoon Belt basalt, Goodwin (1969) 
3 - average basalt Meekatharra Australia, Hallberg et ale (1976) 

. 4 - average basalt Onverwacht Group" Vtljoen & Viljoen (1970) 
5 - lower mafic unit, Sturgeon Lake Area, Beggs (1975) 
6 - upper mafic unit, Sturgeon Lake Area, Beggs (1975) 
7 - average basalt of lower sequence, Thundercloud Lake Area, 
8 - average bas~lt of'upper ~equence, Washeibamaga Lake Area .. 
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sequences are higher than the other basalts. 'Also the . '. - ,.. . 

caO values for the upper units of the Sturgeon La~e 

area and'Washeibamaga Lake are similar and 'smaller than 
.,' 

the accompanying lower units •. The potassium'content of 
, . . ' 

the ,upper sequence, like the average basalts of Goodwin 

(1968). are higher than the other examples. The lower 

sequence has low'K20. significantly less than the upper 

sequence. The lower mafi c and. upper mafi c un5 ts of 
~ 

Begg's (1975) 'are ,analogous to the lower and upper 

sequences of the thesis. 

2. Table 2 shows the average major element chemical 

composition of some typical felsic' Archean rocks com-" 

pared with the felsic flows. porphyry and- brecciated 

porphyry of this thesis. The Si02. Ti02. A1203. and 

Na20 contents of the middle sequence are sim.ilar to 
~ 

,those of the 'rhyodacite of the,take of the Woods and 

the felsic flows of Sturgeo~ L~ke. In contrtst the 

'!1liddle sequence is enriched in pO,tassium compared to 

the other two exampl~s, In most', elements it is 

analogous to the felsic flow~ of the Sturgeon Lak~ 

area. The Thundercloud Quartz Porphyry and brecci ated 

porphyry are very. similar with no notab.le differences • .. ' 

• 
Unlike the average rhJ!olitf! of th~ Lak,:' of, the Wood's • 

the 'Na20/K20 ratio fur the. other .areas is in the 2 to 3' 
" ..." . , 

range; .... 
, 

',' 

.. ' .. ;-. - ,,,,' 
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Table 2 ( 

·~ajor Element 
• Comparison Chart -.Felsic Rocks' 

Si02 Ti02 A1203 Fe+ MnO MgO Cao ,NazO K20 

. 
..... 

1 68.1 .39 ~5.2 3.11 .05 '1.65 3.19 2.39 1.76 

2 74.9 .25 14.8 '1.10 .03. ' .78 • 89 1:85 3.29 

3 78.2 :10 11. l' .80 .03 ' .30 1.10 3.7 2~6 

4 71.35 .31 15.0'2 1.96· .02 1.11 ~26 6.48 2.37 

5 67 • 5S 15.7 . 6.3 • 10 2.6 3:7 2.56 1.54 

6 '70 .40 . 16.0 3.2 .Q8 1.4 2.3 5.36 .98 

:54 • 7 67.26 15.75 4.91 .08 '2:5 2.4 2.89 2.55 

8 73.18 .22 15.34 1.79 .03 .90 1.75 4.32 2.15 

9 73.79 .19 15.15 1~25 .04 .69 1.56 5.09 2.38 . 

1 - average rhyodacite Lake of the Woods, Goodwin (1968) 
2 - average rhyolit.e Lake of the Woods, Goodwin (1968) 

P205 

*n.d. 

*n~d • 

.01 

.08' 

*n.d • 

*n.d. 

.12 

.08 

.06 

3 - Marda Rhyolite Porphyry, Australia, Hallberg et al. (1976) 
4 - Theesprui~ Komati Porp~yry, Barbeton Area, Glikson (1976) 
5 - Felsic Flows of Sturgeon'1:ake Area, Beggs (1975') , 
6 - Quartz Feldspar Porphyry of Sturgeon Lake Area, Beggs (1975) 
7 - Middle Sequence Felsic Flows, 'Washeibamaga Lake Area 
S - Brecciated Porphyry average, Washeibamaga Lake 'Area 
9 - Quartz Porphyry average, Thulldercloud" Lake Area .-

, ! 
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The qaartz-feldspar porphyry o~ Begg's (1975) is unique 

. in that it has a very low K20 content, with a Na~/K20 

ratio greater than.5. 

3J-Classification of the rcrck samples in this area 

following Irvine anq Baragar (1971):shows that both the 

4. 

. . 
upper and lower sequences' classify as basalts,while 

the porphyry arid brecciated porphyry classify as 

rhy.odacites to rhyolites (Figur.e 41)". The middle , 
sequence shows a }arge ·scatter from basaltic-andesites 

. to dacite. Some of this scatter may be' the. result of 
. 

including tuffaceous material .. which may in fact be a 

fine-grained sandstone or water-l~id tuff which are 

affected by reworking and alteration. They are 

included for completeness and a statement con~erning 

their pare!1t-age based on chemical si"milarities and 

differences will be discussed at length later. 

~ 

The CaO vs. Si02 plot (Figure 42) and the A1203 pl~t 

(Figure .43) show that there are no distinct ·.differ-

_ ences between the lower and upper sequences and betwe~n 

the porphyry and brecciated porphyrY.in the .contents· of 

5 •. The-alkalies-silica plot (Figure 44) fndicates that all 

th~ roc~s of the thesis area are subal~aline. The 
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trend shown is one of steady alkali enrichment with 

increasing silica in the basalt range, followed by two 

trends. The dominant one is to a s~aller increase in 

total alkalies with silica as you go towards the 

porphyry.- A weaker trend, shows no al ka 1 i enri chment 

as represented by the middle unit. A similar two stage 

trend was found by Clifford and McNutt (1971) in the 

Mt. St. Joseph area. The pattern is also similar to 

the Canadian Shield Archean trend of -Baragar and 

Goodwin (1968). 
. - -

Based an the trends, the upper and 

lower sequences:may be related. while the porphyry and 

brecciated porphyry indicate a separate magma source • 

• 6. The mafic index vs. Si02 plot (Figure 45), shows two 

-
broad trends. The lower and upper sequences, if 

considered as one group displ.ay the normal tholeiitic 

trend of Osborn (1959), of sharply increasing mafic 

index with a slight Si02 increase. The felsic group 

shows the normal calc-alkali trend of essentially 

constant or ~i1owly increasing mafic index. A similar 

double trend was found by Clifford and McNutt (1971). 

Both the Archean trend and the normal igneous trend 

have higher mafic indices for the felsic rocks and 

lower mafic indices for the mafic rocks then is shown 

for the thesis area. 
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7. On all Harker diagrams CaD, A1203, Alkalies, ,Mafic 

Index, there is a gap between 53~ and 60~ Si02, which 

corr,esponds to the, andesite gap of Barker and Peterman, 
~~ 

(1974). In studies of the early PreCambrian crust they 

found'that a bimodal suite of tholeiitic:'dacitic 

magmatism is common in all Archean rocks. Glikson and 

Lambert (1976) suggested 'that the scarcity of andesit;.s 
, , 

in the Yilgarn and other greenstone belts, renders 

progressive fractional crystallizatipn of ascending 

magmas unlik~ly, as this should generate a contin~u~ 
spectrum of compOl5ition, including intermediate rocks. 

Theoretical work by Green and Ringwood (1968), showed 

that dehydration of the lower parts of a downgoing slab 

of hydrous crust and upper mantle would release 

sufficient H20 to prohibit the formation of andesitic 

liquid in the' upper part of the slab. Based on this 

and other experimental work Barker a~d 'Peterman (1974) 

believed that the "gap" was characteristic of Archean 

rocks. However, recent work by'Page (personal 

communication) in the Minnitaki Area shows that this is 

not always the case. In this thesis -area a "gap" does 

exist and is believed to be real as all rock types wer:e 

sampled and the'alyses represent a complete sequence 

of rock types within the area. The absence of rocks of 

intermediate composition in the Coolgordie Norseman 
~ 

Area led Hallberg (1970) to the 'conclusion that the 

, 
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acid porphyries were derived from a separate magma 

. source rather than-'by differentiation or contam_ination 

of tholeiitic magma. Base~.on these qbse(Vations it is 

s)ggested that th; Thundercloud Porphyry and the 

ocks in the ,area formed from separate sources. 

mafic 

8. Using the differentiation index as ordinate, the Fe203+ 

plot (Figure 46) shows two trends. The first is con­

stant Fe203+ con~ent with increasin~OI.for by the 

lower and llpper sequences.' The fe 1 sic group shows a 

negative correlation with increasing 01. The middle 

unit deflnitely shows affinities for the felsic group 

of rocks. 

-, 
9. On the AFM plot (Fi gure 47), the lower and upper 

sequences lie in'the tholeiitic field of Irvine and 

Baragar (1971). The middle sequence shows.a distinc­

tive calc-alkali trend with a relatively constant F/M 

rat i o.~ The lower sequence shows a di st i nct Fe' enri ch-' 

ment trend but not so for the upper' sequence. ·There is 

J signific~nt MgO enrichment in any of the basalts, 

therefore no olivine-rich, picritic or komatiitic-

basalts have been identified in the area. • 
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The normative feldspar' plot- (Figure 48) illustrates the' 

very low' and constant' content, of ,Or in. the ,mafic 

sequences, which is t() be expected as only plagioclase' 
•• p-~. ~ • 

is crystalJizing.· Tire Or content varies' conside-rably 

in the middle sequence ,as t~o feldspars are crys': 

talTizing,as. well as, biotite and hornb~de. lhe 

porphy~y ami. ~recci atedporphyry rocks 1 i e in the Na-
.' 

. enriched field ot: average rocks, which is charac-
, " 

terist.icof many Archean'porphyries. Note that a' 

distinct sep'aration exists" between the two mafic 
~ :. 

sequences in that the upper seque,nce, has co~s i stent ly 

higher Or cootents. This may su'ggest that the sources. 
, . 

were different for the two mafic sequences. 

'v) Trace Element Characteristics 

" ,..-
. '-I 

The results are presented iri'Appendix A and Fi~ures 49~54 •. 
• 

The following trends are observed: 

.. 
"11. Tab.1e 3 shows the average trace element -compositions 

.' for the thesis area, compared with averages of Baragar . .~ 

and Goodwiri (l969~ and the Austral iJ{1 Meekatnorra' 

. basal t of Ar~hean age. Rb and No, ~here determi ned, 

are l~ss than,lO ppm. Note that the Rb values. for'he 

lower sequence are quoted at' being' less than' l' ppm. 
" . 
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4 <1 120 43 125 25 ... 
5 9 154 138 69 31 
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95 

6 1300 (1300) 

7 4040 448 

" 

.098· 

(.001 ) 

.058 

1 - average mafic rock Superior Province, Baragar & Goodwin (1969) 
2 average Lake of the Woods basalt, Baragar & Soodwin (1969) 
3 - average basalt Meekatharra Austra1ia, Hallberg et a1. '(1976) 
4 - average basalt of lower sequence, Thundercloud Lake'Area 
5 - average basalt of upper sequence, Washeibainaga "lake Area 
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T.abl e 4 
: 

"~race Element 
Com2arison Chart - Felsic "RocKs 

0'· 

• 
Rb Sr Ba Ni Y Zr Nb K/Rb Rb/Sr . ~ 

1 317 450 19 210 • 
2 71 III 1104 12 31 171 9' 21000 296 .6 

3 46 346 673 2 14 126 9 14000 317 .13 

4/~ 267 561 50 12 135 1(1 22300 314 .265 

5 48 494 713 12 6 l!J2· . 6 17200 358 .097 

6 73 435 686 7 5 ·89 3 19100 261 .167 

1 - average Lake of Woods rhyolite, Baragar & Goodwin (1969) 
2 - Marda Rhyolite Porphyry, Australia, Hallberg et a1. (1976) 
3 - feldspar porphyry Sturgeon',Lake Area, Franklin (1977) 
4 - Middle Sequence Felsic Flows, Washe1'bamaga Lake Area 
5 - Brecciated Porphyry average, Washeibamaga Lake Area 
6 - Quartz-Porphyry average, "Thundercloud Lake Area 
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Although this valu.e approaches- toe ~e_nsitivity limit 

(see Appendix D), it is significant that roost Rb values 
• 

for the iower sequence bad values of 1 ppm or l~ss 

compared 'to 9 ppm (range of 6-14- ppm) -for the upper 
• I 

" . 
sequence, This distinction between the upper and lower 

'sequences in Rb conteJ~ts !11ay, suggest" separate' sour ces. 

The upper seque~ce is also enriched in Ba, Sr and Zr 

and depleted in Ni~ the Ba, Zr and Sr values for the 
• 

thesis area are rlepleted in comparison to the averages 

of Baragar and Goodwin (1969). The upper sequence 

shm,s close similarities with the Meekatharra basalt 

except for Sr aRd Ra. 

12, Erlank and Kable '(lgI.6) from their study of the incom-

) 

patible elements of the Mid-Atlantic-Ridge Basalts, 

demonstr ate that the ,abundances of Zr and Nb ar e 

apparent ly unaffected by sea-water alteration: Ther e-

fore the Zr!N~ ratio is considererl to be. representative 

of the source and a m~asure of the degree of depletion. 

It is interesting that typical Mid-ocea~idge-basalts 

have Zr/Nb ratios ranging from 30 to 110, similar to 

the 5 to 100 range fo; the lower s~uence. In contrast 

the lrpper sequence has a.range of 7 to 40, similar to 

high alumina basalts, (Erlank and Kable, 1976, Zr/Nb. 

within the range of 2~ to _50)., The var,iation may be 

./ 
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the result of differences in the differentiation pro­

cesses and/or the related tectonics. 

.~ 

13. On a log plot of K vs. Sa (Figure 49). the porphyry and 

brecciated porphyry overlap in4icating a possible 

genetic relationship. The middle sequence falls in the 

region of the porphyry again suggesting similarities 

between the two sources~ The upper mafic sequence is 

enriched in both K and Ba comp'ared'to the lower 
'1 

sequence. The K/Sa ratios of' approximately 60 is con-

units. 

14. The Sr vs. Ba log plot (Figure 50) shows that the lower 

sequence overlaps the oceanic tholeiites as defined by· . 
Kay et al. (1970). The up'per sequence seems to follow 

the island-arc trend of Jakes and White (1972). How-

ever, there is a large scatter for the upper sequence: 

some samples fall within the mid-ocean ridge trend, 

while others don't. The average Archean examples shot 

close similarities with the upper mafic sequence. 

The porphyry and brecciated porphyry plot near the 

upper limit of the island-arc trend. 

15. The porphyry. brecci ated porphyry and mi ddl e se.quence 

show a close cluster on the K vs. Sr diagra1n (Figure' 

• 

\ 
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51) argues in favor OJ .them !laving one source. The" 
, . 

fel sic flows and tuffs of the mjddl e seqLqence show no 

affinities for either mafic sequence •. Unlike the 

constant K/Ba ratio, the K/Sr ratio varies from a low 

of 10 for the lower sequence to a high of 100 for the 

upper sequence. 

16. A plot of K vs. Rb (Figure 52) separates the rocks of 

the thesis area into 3 main groups; the lower sequence, 

the upper sequence and a felsic sequence made up of the 

porphyry, brecci ated porphyry and middle sequence. The 

lower sequence is characterise~y low K and very low 

Rb values, with corresponding high (1000 to 3000) K/Rb 

r.at ios. The upper sequence has i ntermedi ate val ues for 

K and Rb and a consistent K/Rb rat i as of 400 to 500 .. 

The felsic rocks have higher Rb (100 ppm) concen-

trations but still have a consistent K/Rb ratio similar 

~o the upper sequence. 

Work by Shaw (1968) on 21 suites of igneous rocks, 

-using covariance analyses, delineated three principal 

patterns: 

a) main trend - shows a sl i ght decrease in the K/Rb 

ratio with increasing K and Rb. 

4 
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Ii' .. 
b)- 'oceanfloor trend - distinct trend of K/Rb de-

'. creasing from 3500 and mergi ng 

with the mai n trend, exi sts for 

ocean ri dge basal ts and achon­

dritic'meteorites. 

c) pegmatite - hydrothermal trend of extreme Rb. 

COr:1parison with Shaw's (1968:) trends fRows that the 

lower sequence falls along the trend for ocean-ri~ge 

basalts. The upper sequence follows the ,mai n trend, 

K/Rb ratios being similar to those found by Jakes and 

White (1970) for ,island arc rocks. The fel sic' rocks 

are an extension of the main trend. 

17. On· aRb vs. Sr diagram (Figure 53) the rocks of the 

middle se~uence all plot tight ly together with a 
• 

noticeable separation between it and the upper 

sequence. ~here is also a separation between the lower 

and upper sequences. The Rb/Sr ra t i 0 increases by a 

factor of 100 going from the lower sequence to the 

felsic group. ,O'Bierne (1968) and Ha11berg (1972) have 

shown that c~siderable differences in Sr levels exist 

between the low K-tholeiites (100 ppm) and the acid 

porphyries of th'e Kalgoorl i~ region (600 ppm). They 

poi nt out that this separation argues agai-nst 
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'fractional crystall.ization as a sole mode for'the 

·ori 9 in o{ the porphyry from ttio.1ei it:ic magma. 

, 
; 

, -./ 

In the th.esis area the distinct separation 'of the 
,. ,-. 

sequences .on the ,Rb v~., Sr di agram suggests varying 

tec;tonic' styles for all 3 sequences (lower, upper 'and 

felsic). 

Yttrium follows 'ca'lcilim in igneous, metamorphic and 

sedimentary rocks due to its incorporation in, Ca, 

minerals. figure 54 shows the relative. locations of 

: 
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" 
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l 
the various unit.s compared to 'the calc-alkaline 'trend .' 

and specifi,c examples of Lambert and H.ollanB (1974)~ 

The calc-alkaline trend represents a compi:lation of 

averages of rocks from different settings (e.g., Tonga., 

Yeova1 COl:lplex, West Indi.es). The resu l't i ng shape is 

caused by cli"nopyroxene-plagiocl~s,e fract"ionation. 

The lower sequence falls' at the upper end of the curve. 

The upper sequenc~ ,y val ues are genera.lly hlgher 
. 

(however low values, 8 pp~, db exist)' and fall to the 
r 

,right or V-rich side of the trend. The porphyry and 

brecciate<:i porphyry have low CaO and Y value and plot 

in the'vicin~ty of ~he Archean 

sedimentary processes th~·.ca(/·rat i 0 

.' 

rh yo lit e s • 

becomes lower 
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,shales and· sandstones as reflected by the middle 

\

J' 

sequ~nce. 

! 

vi) Summary 

The stratigraphic separation of the three sequences is 

in their chemical trends. The middle fel.sic sequence can also be 

separated into three units [felsic f10ws and tuffs, brecciated 

porphyry and porphyry) based on chemical similarities and differ-

ences. Most plots show that the porphyry ancj brecci ated porphyry 

are chemically identical and can be considered the same rock type. 

The middle sequenc~shows close affinities for the porphyry and 

brecciated porphyry and is thought to have originated fr'om the same 

source. SOme of the tuffs/sandstones compare closer to the upper 

sequence hasalts and thus may be actually sedimentary deriv~tives. 

f~m the upper sequ~nce. 

Th~ lower and upper sequences, although similar in many 

major element concentrations (Figures 41, ~2, 43), show marked 

separation 'based on trace eleme~t analyses (Fjgures 50, 51, 52). 

This is interpreted to reflect differences in the magma ·sources 

and/or the differentiation history for the two mafic seq~ence~. " , 

~omparison with modern examples show that the lower sequence had 

Mid-ocean~ridge or Mi<1-ocea.,,-floor b'asalt affinities, while the . 
upper sequence &ompares favourably with Island-Arc Tholeiites. 

1 
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• CHAPTER-. IV - PETROGENESIS. 

• 

The Qetrogenesis of the rocks. of the Wa'sheibamaga .,. Thunder­

cloud Lakes Area will be discussed in three parts: • 

Part 1 - The.Volcanics 

Part 2 - The Porphyry and Brecciated Porphyry 

Part 3 - The Volcaniclastic Rocks 

" 

Part 1 - The Volcanics 

• 

,1) 1 nt roduct i on 

Archean volcanic rocks of the Canadi an Shield and other 

shi~ld areas compare closely in nature and composition with present 

~day volcanic rocks of known'tectonic settings, The geochemical 

patterns exhibited· by recent and ancient volcanics are remarkably 

similar and many authors (Goodwin and West 1975, G1i1<son 1971, Hart 

et al. 1979, White. et al. 1971)i nterpret this in terms of 

similarities in the tectonic enllironments. If these patterns are 

interpreted with respect to prate tectonic theory, it appears 

possible to use the geochemistry of ancient volcanics to study the 

f ear.ly tectonics of the earth • 

\ 98 
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Volcanicactivity on the- Earth is concentrated in four gee-

graphic-U!ctonic settings; 1) ocean ridge systems, 2) island arcs, 

3) oc!!c:ni,c islands and 4) continental ,basalts. The- first two ,­

groups comprise, volumetr{~ally, the most significant volcanis~l 
, 

'active today and are therefore_ of pr'iriie importance. to' the 

integrated ttieories of petrogenesis (McMaster, 1976). Although 

tholeiitic basalts are dominantly"' generated at oceanic ridges or in 

association with island arc~, continental basalts of tholeiitic 

affinities cover large areas. Pearce et al. (1975) compiled a 

large number of analytical data on both oceanic and continental 

tholeiites and by means of a Ti02 - P205 - K20 diagram were able to 

discriminate between the tw~types. Figure 55 shows such a ploV 

usi",," the thesis dat-a. From this it is concluded that no 

continental type basalts occur in the thesis area. ROCkJ 

associations in Archean greenstone successions suggest the 

existence of two tectonic settings; the equiv~lent" to (1), modern 

ridge basalts and (2) calc-alkaline association wit~ island arcs • 
./ ' 

The basic tenent· of ocean-r.idge (floor} basalts are now 

reasonably well ,understood due to intensified oceanographic studies 

(DSDP, Project Famous, etc.). Basalts predominate, although 

differentiated rocks i.n the serres, basalt'-andesite-rhyolite do 

occur, they are rare. Recent geochemical and petrological studies 

of ocean-floor basalts have shown that the rocks are the result of 

partial melting of upper mantle rocks along lin!!ar zones. The 

ascending peridotitic mantle material undergoes 10-20% partial 

fusion in the depth range, 15-30 km, yielding 'j)redominantly silica-

, 

, . 
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, satu;:"ted low-Kbasaltic J-l-trt{ids (Glil<son 1971, Condie 1976} •. c-_ 
.' 

Specifics of the melting and subsequent fractionation of ocean­

ridge basalt parental meJts need not be considered here - the 

important pOint is that the products of this process· appear to 

maintain a first order chemical homogeneity· on a world wide basis. 

Bryan et al. (1972) found that over the whole earth, ocean-floor 

basalts show only sl ight·ly greater diversity than that shown at a 

single well-sampled Mid-Atlantic-Ridge site.' 

There presently exists no model of arc volcanic petro­

genesis which can suitably explain all the constraints (petro­

graphical or geochemical) .i nherent in the data (Tarney et al.~· 

1975). Lateral variations in the composition of the volcanic rocks 

across- island arcs and their correlation with depth to the Benioff 
r"\\i " 

established (Jakes and White t97'~\, Miyashiro 1974, Zone has been 

Green and Ringwood, 1968). Tholeiites occur on the oceanic side of 

island arcs, followed landward by .low, ·medium and high potassium 

calc~alkaline rocks and finally by shoshonites or alkaline rocks. 

Shoshonites are rare in the Archean (Smith and Longstaffe, 1974), 

and will be omitted from further discussion. The two main suit'es 

of rocks are island arc tholeiites and calc-alkaline I'ocks. Petro-

genetically the two series can be explained by underthrusting of a 

slab of hydrated oceanic crust enriched in alkalines. H20 released 

from amphibolite ·in the subducted oceanic crust causes partial 

melting to occur in the pyrohte wedge above the Benioff Zone and 

subsequent differentiation under high PH20 of such a, liquid woyld 

produce.a tholeiitic magma (Ringwood, 1974). As deeper level s are 
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.-
tapped '(de'pen4ent on angle and rate of underthrusting) calc-

" ' 

alkaline ,magmas are' generated •. The range' of rock types ~nd charac­

teristic plagioclase phenocrysts ·of both suites suggest that they 

'tTave undergone extrusive and probably near-surface fractionation 

(J akes and Gi 11, 1970). 

Compari sons of anci ent and recent vo 1 ca ni cs from most of 

the shield areas have been attempted. Viljoen and Viljoen (1971) 

show that the lower Onverwacht seri es of bas i crocks correlates 

with oceanic tholeiites, while the upper Onverwacht dacites and 

rhyolites show affinities for island ~rc domains. The Norseman 

greenstones of Western Australia are so similar chemically to 

island arc tholeiites that they. may be considered to be metamor-

phased arc equivalents (White et al., 1971). K, Rb, Sr, Ba and REE 

data of volcanic rocks from the Vermilion greenstone belt of 

north-east Minnesota, suggests that these rocks were formed in an 

ancient island-arc system (Jahn ~ al., 1974). For the Knee Lake -

Oxford Lake greenstone belt of Manitoba, Hubregtse (1975) concluded 

from his data that correlation with ocean-floor basalts seemed mre 
• 

plausible, Franklin (1977) and Beggs (1975) foun'd that the 

volcanic rocks of the Sturgeon Lake area showed close affinities 

for island-arc tholeiites and calc-alkaline rocks. 

ii) Comparisons with the Study Area 

A simi lar comparison is made for the thesis area. Most of 

the data was presented fn Chapter Ill. Tables 5 and 6 compare the 

-

.. 
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,Table 5 

Major Element Comparison Chart 

(wt~) LS us MS 6FB 

Si02 50.51 51.90 67.26 49.94 . 
Ti02 0.86 1.18 0.54 1.51 

A1203 14.28 14.77 15.75 IP.69 

Fe+ 13.00 11.91 4.91 il.49 

MnO 0.21 0.20 0.08 0.18 . 
MgO 7.65 5.50 2.50 7.28 

CaO 11.24 9.94 2.40 11.86 

Na20 2.23 2.73 2.89 2.76 

K20 0.19 0.44 2.55 0.16 

P205 " 0.07 0.11 0.12 0.16 

'. 

• 

/ 

LS, US, MS of thesis area. 
OFB ocean-floor basalt (Enge,l et al., 1965) 

rAT 

51.57 

0.80 

15.91 

9.78 

0.17 

6.73 

I 

11.74 

2.41 

0.44 

0.11 

; 
I 

/' 

IAT island-are-tholeiite (Jakes & White, 197~) 
IAF island-arc felsic rock (Jakes & White, 19(2) 
BAB back-arc basalt (Page, 1977) 

103 ! 

IAF BAB 

66.80 ~9.25 

0.23 1.66 

18.24 17.74 

2.27 9.15 

0.06 0.11 

1.50 5.92 

3.17 11.23 

4.97 3.26 

1:92 .45 

0.09 .14 
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Table 6 -. 

. Trace Ele~ent ComEarison Chart 

(ppm) LS US MS OFB IAT , 

Rb 1 9 71 1 7 

• )r 
120 154 267 ll5 207 

43 138 561 15 100 &a 

y 25 31 12 30 19 

Zr 57 95 135 95 52 

Ni 125 69 50 125 20 

K 1300 4040 22300 1400 2500 

, 

LS, US, MS of thesis area. 
OFB ocean-floor. ,basalt (Engel et al., 1965) 
IAT island-are-tholeiite (Jakes & White, 1972) 
IAF island-arc felsic rock (JakeS & White, 1972) 
BAB back-arc basalt (Page, '1977) 

.. 
"104 

IAF BAB 
• 

50 5 

305 186 

520 38 

20 

100 

5 69 

17100 4100 
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major and trace elements of the thesis area [lowe!'"' se"qu.ence (LS), 

upper sequence" (US), and middle sequence (MS)] to averages for 

ocean-f.loor basalts (OFB.), island-arc tholeiites .(Ift.T) , caic­

alkaline felsic rocks (IAF) and back-arc basal~s"(BAB1. The latter 
• . " -

represent an6ther mechanism of producing tholeiitic magmas -related 

to island-arc development, i.e. active spreading and volcanicity 
/~ .. . 

behind the arc. Such phenomena have been documented for-the 

.Mariana trough basahs "Hart et a1., 1970) and the Lau Basi n 

basalts (Hawkins Jr., 1976). They show no fundamental differences 

from mid-ocean ridge basa1ts and seem to be generated from similar 

sources and by similar petrogen~tic p'rocesses. Kari g (1970) thus 

concluded that spreading plate margins, in both large and small ,-
basins produces rocks of the same compositional range. Subsequent 

work by Page (personal corrrnunication, 1977) points out that most 

back-arc basalts are enriched in AI, K, Sa, Rb "and Sr,. and depleted 

in Ni and Ti, compared to ocean-floor basatts. 

From the major element comparison table it is evident that 

both the "lower and upper sequences are low in Ti02, A1203 and high 

in Fe compared- to modern basalts. The rower sequence has low K20 

and normal MgO values analogous to ocean-floor basalts, while the 

upper sequence is low in MgO and high in K20. 

The significance of potash with respect to the ori gin of 

tholeiitic basalts has been discussed by Jamieson and Clark (1970). 

The average value for oceanic tholeiites is 0.16% and for rAT is 

0.44%. These are extremely close to the values reported for the 

lower sequence (0.19%) a~d upper sequence (0.441) respectively. 

"-. 
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The relationship between Fe and Mg in the thesis is (the lower 
. . 

sequence has higher values for both) comparable to that of ocean-

floor basalts and island-arc tholeiites. This relationship, that 

of lower sequence basalts and ocean-floor basalts, upper sequence~ 

basalts ann island-arc tholeiites is also borne out by 5i02 and MnO . -.~.- . 

contents. The low aluminum levels of the lower ,sequence (14 to 

15%) are typical for Archean rocks. Accorning to Gl ikson (1971) 

this indicates that the melts nid, not orig{nate or equilibrate at, 

depths greater than 15 km, from which high-alumina liquids are 

derived due to ~he instability of plagio~lase. 

The elemental abundances of K, Rb, Sr .and Sa, in Table 6, 

have been normalized against those of ocean-floor basalts and 

depicted in a plot similar to that of Jahn et al. (1974). It is 

clear from Figure 56 that the lower sequence basalts have patterns 

similar to ,ocean-floor basalts, with low K, Sr and Rb but the Ra 

contents of the thesis rocks'are higher than that of ocean-floor 

hasalts. The tholeiites of island-arcs and the upper sequence are 

similar, as the Curves are parallel, hO\;ever, there also seems to be . ' 

some analogies \;ith back-arc basalts for everything but 8a. 

In terms of Sr vs. Ra (Figure 50) the lower sequence is 

comparable to the mid-ocean ridge values o(Kay et al. (1970) the 

upper and middle sequences fall along Jakes and Whites (1972) 

island-arc trend.,: Other Archean data g'athered by tiart et al. 

(1970) show association with the upper sequence data. On the K 

vs. P.b diagram (Figure 52), as previously discussed, the high K/Rb 

ratio for the lower sequence is similar to the ocean-floor ,basalts 
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1-
Sequence » 

Island Arc Felsic Rocks 

.' . 

Upper Sequence 

Island Arc Tholeiite 

Lower Sequence 

~ack-Arc-Basin Basalt 

i 

Oc~an Floor Basalt 

Sr K Rb Ba • 

FIGURE 56 
Sr-K-Rb-Ba variation ~iagram for various types of volcanic rock. 

All rock values are normalized against the value for oceanic 
floor basalt, after Jalm et a1. (1974). 
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of Engelet a1-. (1965), the upper sequence and middle 'sequence fall , 
. ~ . 

'on the main trend of Shaw (1968)., However caution rust be used in 

. mobile elements. -, 
-, ... . ... 

, Reported Ni values of oceanic. tholeiite,.s fall withjn the 

range 70 :to 20'0 ppm, the average for Mid-Atlantic Ridge tholei ites 
.. " ." .' '. 

, -
being 123 ppm which is very clase to 125 ppm for thelowe.r 

se'quence. The Ni values for the 'upper sequence seem clo'ser'-to 

those of back-arc basalts than island-arc tholeiites. The:Ni 

values for bot~ the upper and middle sequences are conSidera'bly 

higher than those for corresponding fsland-arc 'environments" a 

common feature of Archean basalts. 

Pear:ce and Cann (1971) found t"hat Y" Zr,Ti and _Nb 

apparently preserve their~riginal abundances through complex post­

volcanic processes. Using discriminant ~nalyses they were ,able tll 

classi\y recent volcanic environments schematically on three basic 

diagrams: Ti-Zr-Y, Ti-Z, and Ti-Zr-Sr. Their basic composition 

requirement was that '20~ > CaO + MgO > 12%. On'the T-.i-Zr-Y plot 
, 

(Figure 57) the lower sequence falls within field S, i.e. 

ocean-floor basalts and low-K tholeiites. The upper sequ~nce 

values essentially fall in field B also but a few are in,the 

within-plate-basalt classification. On the Ti vs. Zr plot (Fi gure'-

58) the lower sequence shows definite affinities for ~ean-floor 

basalts. The upper sequence falls in fields C and 'D, calC-alkaline 

basalts and ocea~-floor basalts respectively., The Ti-Zr-Sr plot 

(-Figure 59)" shows that the lower sequeiic~, clusters ,i~-the ocean-
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f100r basalt field, while the upper sequence is dispersed in all 

three fields. 
. . , 

This may be the result of metamorphic processes 

,affecting tile amount of 'Sr, as previously ·discussed. . .., 
• "-Ca-Y'data (Figure 54) sugges.ts that -the upper and .~I'!er 

'"' sequences are separate entities. .,~ 

iii) Magma Sources 

One of the potentially most valuable applications of trace 

element d~tributions in Archean greenstone belts is the study of 

the processes of magma generation, that is it. may b~ possible to 

evaluate the role of fractional crystalfization and progreSSive 

melting in the formation of greenstone magmas. It is interesting 

to note that the Sr contents in the basalts of very different ages 

are quite simi~ar 

lower sequence). 

(115 ppm for ocean-.floor basalts, 120 ppm for the .. 
According to Jah~t .a1. (1974) the distribution 

coefficients for 1<, Rb, Sr and Sa are greater than one (dicoeff = 

Xmelt/xsource). Unless the upper mantie is an infinite reservoir 
" 

for the trace elements (which is unlikely) continuous extraction 

would result in depletion in modern rocks. However, observations 

from trace element abundances in the thesis area show that recent 

and ancient rocks are almost identical. Jahn et al. (1974) have 

suggested two possible solutions: a) trace elements have. been 

repeatedly and fully recycled in a cl"Osed system during the last 3 

billion years, thus ~idS derived from the same degree of partial 

melting would have the same trace element concentrations and b) the 

.. ~. 
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oj 
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loss of trace elements by partial melting and segregation of the 

melts ttt'he crustal regime, is replenished' by addition from the 

lower part of the mantle, by as yet undefined processes. 

In comparison with Condie's (1976) DAT (depleted Archean 
, 

tholeiites) and EAT (enriched Archean tholeiites), (Table f), it 

can b~ seen that the lower sequence is similar to the· depleted 

• 
Archean tholeiite. The major elements are comparable but 

differences exist in trace element concentrations. The lower 

sequence is lower in Ni and Sa and higher in Y. The upper sequence 

is comparable to the enriched Archean tholeiites. Again major 

elements are similar hut the upper sequence is higher in Ba ilnd Y 

and I ower i n t: i. A c cord i n g tor. 0 n die (1 g 7 6) EAT b e c 0 me S 

P!ogressively more abundant at higher stratigraphic. levels in most 

greenstone bplts. An overall sinilarity is apparent between DAT . ~ 

and modern rise and arc tholeiites and between EAT and nOdern calc-

alkaline and oceanic island tholeiites. If these similarities are 

carried into the modelling, it appears that the lower seqaence, 

like OAT, requires 25-35% melting of lherzolite or 10-20:-; melting 

of plagioclase - peridotite to 

eleme,nt distributions. EAT and 

achieve the rareJearth and trace 
~ , 

the upper sequence requires 45-55~ 

~lting of eclogite (Condie, 1976). The lack of REE analyses 
--

negates any quantitative discussion ,at this time. A detailed 

discussion of nagna generation in Arch~n times is beyond the scope 

of this thesis. It is hoped that REE analyses liill be carried out 

by other workers in the area so that definite conclusions can be 

drawn. Existing trace elenent data indicates that Archean volcanic 

, . . 
! 

, ., 
.~ 
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Table 7 • 
..... . , 

Chemistry of Washeibamaga - Thundercloud Area 
Compared to Condie's (1976) Archean Averages 

Si02 Ti02 A1203 Fe+ 11nO. 11g0 CaO Ua20 K20 P205 Cr Co Ili Rb Sr Zr Ba Y Ce 

LS 50.51 .96 14.28 13.00 .21 7.65 11.24 2.23 . 19 .07 

US 51.90 1.18 14.77 11.91 .20 5.~0 9.94 2.73 .44 .11 

P 73.79 .19 15.15 1. 25 0.04 .69 1.56 5.09 2.38 .06 

BP 73.18 .22 15.34 1. 79 .03 .90 1.754.32 2.15 .08 

OAT 51.4 1.92 14.8 10.4 

EAT 49.7 1.0 14.9 11. 4 

OSV 71. 7 .19 16.4 1.6 

USV 73.5 .14 12.7 2.1 

LS - lower sequence, thesis area' 
US - upper sequence, thesis area 
P - porphyry, thesis area 

6.7 

6.3 

.5 

0.8 

BP - brecciated porphyry, thesis area 

10.7 2.7 

9.4 2.1 
1.7 5.0 

1.1 3.3 

OAT - depleted Archean tholeiite (Condie, 1976) 
EAT - enriched Archean tholeiite (Condie, 1976) 
OSV - depleted siliceous volcanics (Condie, 1976) 
USV - undepleted siliceous volcanics (Condie, 1976) 

.-/ 

0.18 -
0.32 

2.0 

3.0 

- - 125 1 120 57 43 25 8.1 
69 9 154 95 138 31 13.1 

15 50 7 73 435 89 686 5 12 
15 35 12 48 494 102 713 6 26 

350 60 225 4 100 55 80 10 10 

175 50 100 10 165 100 90 15 25 
12 ~ 10 41 110. 30 490 2 35 
12 3 10 43 100 .350 750 3095 

/ 
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.. 
assemblages, as suggested by Condie (1976), are produced by complex 

mtilti-stage pro~esses involving both progressive melting and 

fractional crystallization of the magma. 

iv) Conclusijn 

In concluding'the comparison between Archean and recent,., 

volcanic rocks, the following observations are pertinent: 

a) the basalts of the lower sequence conform to the 

principal criteria laid down by Engel et al. (1965) for 

the classification of ocean tholei ites, but are 

-noteably lower ion Ti, AI,. and Zr, and higher in Fe and 

Sa. It is concluded that the lower sequence basal ts 

represent the equivalents of those being generated 

today at actively spreading oceanic ridges. 

b) the basalts of the upper sequence show affinities for 

~ island-arc tholeiites in terms of most of the major 

elements.(excluding CaO and TiOZ) and large ionic lith­

ophile elements (Rb, Sr, Sa). Concentrations for Y, 

Zr, and Hi are definitely higher in the upper sequence 

than in is'land-arc tholeiites and may be analogous to 

back-arc basalts in these terms. The different field 

character of the two sequences argues against similar 

sources and it is suggested here that the upper 

sequence basalts may have i nheri ted some ocean-floor 
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basalt characteristics from the subducted ocean crust 

and may have been generated in back-arc basins. 

Although it cannot be definitely concluded, the upper 

sequence basalts are-taken to be either island-arc or 

back-arc basin basalt equlvalents. 

Part 2 - The Porphyry and Brecciated Por~yry 

i) Introduction 

Facies D and E (Chapter II) are very similar in appearance 

and petrographic criteria. - The problem of distinguishing between a 

graded unconformable contact and an intrusion gained prominence at 

the turn of the century. The difficulty arises chiefly where such 

acid igneous rocks as quartz porphyries are the source of the 

sediments. Bertholf Jr. (1946) realized a similar problem existed 

in the Washeibamaga Lake - Thunde'rcloud Lake Area. He reached the 

conclusion that some of the mass was truly a porphyry, but much of> 

it proved to be a sediment of "recomposed igneous rock". 

Comparisons with other porphyry occurrences in the Superior 

Province found varying conclusions. In the Vermilion Lake area of 

northwest Ontario, Hurst (1933) argued that the quartz-porphyry was 

intrusive into the overlying Abram series of conglomerate. However 

Pettijohn (1935) believed that the Abram series rests unconformally 

on the quartz-porphyry. He based this on tire total absence of 

, 
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dikes or other intrusive phenomena in the adjacent sediments. [n° 
\ 

.theStuntz Bay, Vermilion Lake area of northern Minnesota, Smythe" 
. 

and Findlay (1895) did not recognize the brecciated porphyry asa" 

sediment, but included it in pseudoconglomerates formed by" .. 
brecciation of the q~Z - porphyry: However subsequent work by 

Winchell (1899) and Clements (1903) disputed his conclus~on, 

stating that the conglomerate of the brecciated prophyry is 9f 

sedimentary origin. Similar arguments exist for the relationship 

of the porphyry and brecciated porphyry in the Porcupine, Little 

Long Lac, and Rouyn district of northern Ontario (Langford, 1938; 

Reid, 1945; Cooke, James and Mawdsbey, 1931). 

Microscopically no significant difference exists. N~ 

gradation in grain size was s-een and plagioclase twi-«s were 

observed to be parallel to grain boundaries. Subsequent rounding 

and evidence of transport is lacking, as all grain boundaries 

approximate the crystal boundaries. Chemically, for both major and 

trace elements, the two are ident ical. On all plots the fi el ds of 

porphyry and brecci ated prophyry overl ap and exhibit the same gross 

patterns (seJ$thapter III). 

i i) Compari son with the Study Area 

In describing the Keweenawan Rhyolite on Davieaux Island, 

Minnesota, Green (1971) found that brecciation.occurred near the 

top of the sheet, where small sub-angular blocks of rhyol ite were 

set in amatrix of continuous rhyolite of identical composition. 

-
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These blocks are thought to represent the rapidly congealed top of 

the rhyolite which was broken and ~ngulfed or injected by the still 

plas~ic material moving beneath. This ,is a possible explanation 

.. for the brecciated, porphyry, i.e. the result of the breakup of a 

thick ca'rapace during movement and emp.lacement of the still plastic 

lower part of the flow. 

According to Condie (1976) the siliceous rocks in Archean 

greenstone belts fall into two groups based on trace-element 

distribution (see Table 7). The depleted siliceous volcanics (OSV) 

have heavy REE and Y deplet,ion compared to modern examples. The 

undepleted siliceous volcanics (USV), recognized in only a few 

greenstone belts (Barberton, Yellowknife and Kenya) show no 

depletion. Both groups have higher Cr, Ni, and Ni/Co ratios than 

modern arc rhyolites. The Thundercloud Porphyry and brecciated 

porphyry are analogous in their mafic element values to the OSV 

rhyolite, however, large discrepancies do exist for Co, Rb, Sr, Zr, 

and Ba, in that they are higher in the thesis rocks. As noted . 
earlier, some of the early formed feldspar have normal zoning 

probably formed as a result of local disequjlibrium near the 

"'-margins of'the porphyry. The albite rich rims formed on feldspars 

would trap an excess amount of Sr, due to increase uptake of Sr by 

"An poor feldspars (Phillpotts and Schnetzler, 1970). This may 

account for the abnormally high Sr con(ent. It appears that the' 

Thundercloud Porphyry doesn't fit in~o Condie's (1976) classifi-

cation. 

. 
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iii) Magma Sources 

The fact that transition trace elements are .enriched in 

Archean sil i ceous volcani cs strong(y su gges ts that they have not 

been produced by fr~al cryst~llization, since the large 

distribution coeffic~f transition elements in fractionating 

magmas would result in their rapid removal. Based on these and 

other REE data, Condie (1976) suggests that DSV volcanics result 

from 10-20% melt i ng of ec 1 ogite. "" 

The comparison with the Theespruit Komati Porphyry of the 

"Barberton area, as discussed in the previous chapter suggests that 

similar sources may have produced the Thundercloud Porphyry. 

Glikson (1976c), using REE models found that it corresponds to 

about 25% melting of quartz eclogite of dolerite composition or to 

1% meHing of quartz eclogite of ocean-floor tholei ite chemistry. 

Comparison of all analyses from the Coolgardie - Norseman area of 

West Australia (Hallberg, 1970) shows that no relationship exists 

between the basalt associations and the acid porphyries. He argues 

that they were deri ved from separate magma sou'rces rather than by 

differentiation of contamination of tholeiitic magmas. Glikson 

(1976~) suggested that the albite prophyries of the Barberton 

regiOn~ay represent shallow-level hypabyssal equivalents of 

ancie~ ~nalites. This is in keeping with Tauson's (1967) work on 

cryst~chemical dispersion and residual.concentrations in abyssal 

to hypabyssal intrusives in Russia. At this point it is 

interesting to note that Elbers (1974) has reached similar qual ita-

-
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tive conclusions for ca·1.c-alkaline pluto.nism and volcanism in 

northern Manitoba. He believes that the porphyrtic cupolas, stocks 

• I and dikes which occur as magmatic protrusions into the greenstone 

belts are' connecte-d to the major batholiths in the area. In the 

thesis area this would mean connection of the porpnyry and the 

Megissi lake batholith. At this time it is impossible to make any 

definite conclusions. Work is presently being done by Sabag at the 

University of Toronto to determine the chemical characteri stics of 

the bathol ith. I 
Glikson (1976c) argues that experimental data "renders 

likely concomitant ,fusion of mantle and mafic crust". The melting 

~fiC crust in the v;cinity of rising mantle diapirs would give 

rise to the observed ultramafi~- afic-acid cycles in the Onverwacht 

Group and Kirkland lake area. 

Normat ive data, r the porphyry have been plotted on a 

ternary projection, he Q-Ab-Or face of the Q-Ab-Or-An system 

(Figure 60). The position of the cotectic line at 5Kb H20 pressure 

(Winkler et al., 1975) is shown for reference. The average quartz 

porphyry value is designated by a solid circle in Figure 59. In 

the Q-Ab-Or part, this rock has 8% An, i.e. it lies only' 1 to 2% An. 

above the cotectic surface Q+Pl+L+V (Winkler et al., 1975, Figure 

10). In the An-Ab-Or diagram (Figut:e 48) the composition of the 

porphyry has only 1% less,quartz than it would have had, had it 
" 

been situated on the Q+Pl+L+V cotectic surface. From this 

information it is clear that the composition of the porphyry is 

close to the cotectic surface Pl+Q+L+V. Therefore, after a short 

• 

• 
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temperature intervaJ where only p1.agioc1ase cry.stallizes. quartz:·· 

" win also. begin to crystallize. As estlmatedfrom Figl,Jre 60. the 
",', 1-. , 

Q+Pl+L+V cotectic surface, will nave been reachea..<lt 670-680°C and . ~ . 

with a 15° drop in temperature. the cot~c 1 i ne wi 11 be reach~d 
along.whlch alkali feldspar, quartz and plagfoclase crystallize 

• • 

together within a narrow. range of temperature until all is sold. 

The deduced sequence of crystallization is: 

plagioclase 

plagioclase + quartz 

plagioclase + quartz + alkali feldspar 

When this magma reaches very shallow level s or .zones of 
• 

weakness in the crust it may have erupted onto the surface, 

producing calc-alkaline volc~ism. Spatially quartz .porphyry 

intrusions are commonly associated with fel sic volcanics and are 

chemically similar. 1'n the thesis area the quartz porphyry, the 

felsic flows (Facies A) and the brecciated porphyry, show obvio-us 
" 

similarities as previously discussed (in the field and chemical 

descriptions) .. It is suggested then that these are coeval' igneous 

differenti~tes and that the porphyry represents the 'ancient 

volcanic neck and feeder column to felsic volcanism. ,This 

conclusiori has alreadY,been tentatively put forward by Beard (1975) 

and Blackburn (1976) during reconnaissance ~ork in the area in 

conjunction with the author. 
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Beard, (1975) in his economic r~port of the Wabi goon Belt 

suggested that "the porphyries (Esox Lake, Dash· Lake" Hi gh [ake, . ' 

Thunderclo'ud'Lake) may represent' in part, rhyol ite do~es: made l.I~fof 
., .' 

" 

rhyol iteflows~. ' He goes' on to suggest that as s~h" they offer 

excellent exploration targets, both for stratabound, exhal at i ve, 

type base metal deposits and for porphyry ~opper and gold deposits. 
, . 

_ To this date, the only known economic work in the area has "been 
, . 

carried' out by Osis'ko Lake Mi.tles Ltd., on the old Pelham Gold Mines 
l 

Ltd. property between Washeibamaga and Kennewapekko Lakes in 1973/ 

Considerable trenching, assaying and diamond drilli~9' produced 5.i 
oonces/ton of gold. This pr:operty, in the lower volcanics, lies 

within 100 feet of the contact with the porphyry and is associated 

with two or more coarse-grained mafic dikes. The porphyry of the 

thesis area is-unli,ke the small, lenticular"structurally 

conformable bodies of the Abitibi area -that ha've' hi~ 
concentrations of various metals. Detailed economic eVi\luation and 

comparison with other areas is beyond the scope of this thesis. 

Preliminary wor\; is being done by Blackburn for the Ontario 

Di_vision of Mines (personal communication). 

i v) Concl usion 

'" In concluding the discussion ,of the fel sic volcanics the 

following observations are pertinent: 

" 

• 
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" 

a) . the poq)hyry and brecciated porphyry'are similar petro-

• araphic:ally and chemically.-· The latter is ,thought to 

represent the autocl ast i c brecci at i on of the roof of 

the porphyry.' 

b) crystallization of the porpbyry is preceded by highly 
".' 

c) 

explosive subaerial, acid volcanism producing pyroclas-

~ic deposjtS' and dacitic to rhyol itic deposits and' 

flows. 

source, as indicated, may be from partial melting and 

differentiation of ;rel~ted batholiths. 
. . 

th.e- porphyry crystal 1 i zes over a short temperature 

interval beginni,ng at approximat~ly '675°C and SKb H20 

pressure to give the characteristic quartz-eye texture. 
'. 

the' porphyry represents the final stage of felsic 

volcanism • 

Part 3 - Middle Seguence 

i) Depositional Environment 

General descripti~n of the Middle Sequence permits deduc-

tions to- be made regarding the volca.nic-sedimentary processes and 

the depositional environments of the volcaniclastic rocks. For 

this purpose Facies Band ,C, which inculdes 'all the cParse clastic 
, 

rocks of the thesis area, are discussed together'~-ause- their 

1 • i 
j , 
j 
! 
1 
! 
j , 

. , 
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field relationSRip indicates deposition in the same gener a 1 envi-
~ 

, ronment but by somewhat different processes. For the pyrposes of 

this discussion the coarse volcaniclastic rocks \-lin be referred to 

aseithe~ conglcmerates or breccias. No gehetic implications 

should be associ ated with these terms. The problem of'distin-

guishing between the two ~Ias dis~ussec previously. Facies,F, the 

greYl~acke-argiilite (slate) rocks \-li11 be discussed separately • 

The basic characteristics, ~n which the interpretation of 
~ \ . . ~ 

.-

Facies Band C is based, are as shown in Tables S & 9. 

Turner and ,'!alker (1973) note that there are few r.lodern 

environments in "Ihich conglor.leratic Interial is presently 

_accuJ:1ulating in large quantities. They list; 1) braided rivers, 2) 

beaches, '3) turbidite and deep-sea SUbr.ldrine fans, 4) glaci?l till, 

and 5) alluvial fa,ns. Based on both positive and negative evidence 

it is argued that Facies Sand C best fit deposition in an,alluvial 

fan environJ:1ent. The other environr.lents are rejected as 

possibilities for deposition of. Facies Band C following the 

detailed aiguJ:1ents of Turner and ,ialker (1973) fror.l their work on 

the Archean Ament Bay ForJ:1ation. A brfef synopsis of the criteria 

used are referred to here, additioilaLdetail can be obtained froJ:1 

Turner's (1972) thesis. The fo11ol-ling environments were rejected 

for the reasons listed: 

(1) Braided Rivers 

a) the lack of cross-stratification in the tuffaceous 

rocks and coarser rocks. 

<-

o 
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Table 8 

Sub-facies 

0. 

,/ 

Characteristics of Facies B 

Thickness 

170 m 

. ,'. 

0/10 Description 

7.2 - S •. S basal 2 m tuffaceous with random 

clasts of basaltic material (SO%) 

and a quartz - feldspar matrix 

grades u~ards. into 160 - 170 m 

of conglomerate, with a maximum 

of 50% bas<l,Hic materi al, 

decreasing upwards. 

( 
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(2) 100 - 150 m 3.4 - 3.S interbedded tuff and felsic flow 

(3 ) 450 m 26 - 36 

materi al, clasts are lapill i size 

and felsic in composition, 

individual units up to 15 m in 

thickness. 

interbedded volcaniclastic and 

epiclastic rocks, subangular to 

subrounded clasts, some clasts 

intersect each other, small 

clasts wrap around large clasts, 

tapered and poi nted cl asts 

common, less than 20~ matrix. 

\ 
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Facies C 

.' 

i 
I 
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Sub-faci es Thi ckness OlIO. Oescri pti on 

(1) 80.0. m _ 20.-39 massiv'e unsorted pyroclastic rocks, up 

., 

(2 ) 90.0. m' 

(3 ) 120.0. m 

. to 35~ matrix m~terial, eiliptical to ' 
~ 

subrounded fragments, normally graded 

on a large scale. 

24-78 massive unsorted, tightly packed with 

less than ID~ matrix material. 

18-35 poorly exposed, !'kink banding" of some 

clasts, clasts somewhat deformed. 
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(2) Beaches • 
a) thick accumulation (up to 50 m in the thesis area) 

of conglomeratic material is unlike the generally 

thin units 'in trans'greOive or regr.essiv.e 

sedimentary sequences. 

b) the angularity and immature natare of most clasts 

is inconsistent with this high energy shoreline 

envi ronment. • 
c) clast shapes are elongate to elliptical in the 

thesis area, unlike the common disc-like shapes of 

beach environments. • 
d) lack of abundant cross-stratification in the 

tuffaceous interbeds. \ 

(3) Turbidite & Deep Sea Fan Environment 

a) absence of repeated sequences of)edimentary 

structures (Bouma Sequence). 

b) ge nera 1 1 ack of gra ding (Bouma Sequence) 

c) lack of ,interbedded argillaceous horizon suggests 

that deposition was in an environment distinctly 

unfavourable for the slow accumulation and 

preservation of muds. 

d) large scale cross-stratification in the upper part 

of Facies B is not consistent with a deep basinal 
;. 

environment, more li~ely it suggests some form of 

'1 
• 
! 
; 

i -
! , 
• I 

; 
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shallow water currents (however it .is not incon­

~ sistent either, Johnson personal communication). 

e) lack of associated greywackes. 

(4) Glacial Till 

a) lack of glacial textures (grooves, striated and 

faceted stones). 

b) no evidence of dropstones. 

c) monomicti"c character of clasts in the thesis area. 

The volcaniclastic rocks of the Washeibamaga Lake area show 

similarities to younger alluvial fan deposits and it is with an 

alluvial fan origin that the two facies are discussed. According 

to Bull (1972), physical characteristics provide the surest means 

of identifying alluvial fan deposits in the strati graphic record. 

In general ~lluvial fan deposits are characterised by; 

(5) Alluvial Fan 

a) a tendency to occur as sheet s 

b) to be made up of greatly differing lithologies, 

however this is not the case in th"e thesis area 

where porphyry fragments account for up to 90% of 

the clast types. 

c) more than one mode of depos:ition occurs on most 

fans and the propert ies of different types of 
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deposits may vary both vert ically and in the 

downslope directions from the fan apex. 

Each bed of a fan represents a single depositional event 

that has. resulted from one of a wide s~ectrum of precipitation and , 
e~ events in the area, due to changes in runoff, source, 

amount~ sediment and mode of transport. Two main modes of 

transport are recognized; water-laid deposits and debris flow 

deposits. 

, 

a) Water-laid Deposits 

Water-laid sediments occur as sheetflood, channel or 

sieve deposits. Sheetfloods are deposited by surges of 

sediment-laden water that spreads out from channels on a 

fan. Deposition is a result of widening of the channel 

floor which leads to a decrease in depth and velocity' of 

the flow, and thus is not necessari ly due to a chClnge in 

slope. The conglomeratic material is relatively well 

sorted, large-scale planar cross-stratification is 

common in the conglomerates. The coarse/fine 

(conglomerate/sandstone) units are usually impersistent 

laterally, evidence of erosion i,s commonly on a scale of 

I 
0.5 m and ,occasionally up to 2 m at conglomerate bases • 

The most important characteristic is the lack of fines 
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in most of the deposits. This type of deposit is 

s.imilar to some of the beds of Facies B. 

Stream channel deposi~s are coarser grained and poorly 

sorted compared to sheetflood deposits. Bedding is poor 

to crude and is generally less than one metre in 

thickness. Cut and fill structures are common. 

Evidence of this type of deposit was observed in the 

upper part of Facies B, but generally is rare in the 

thesis area. 

Sieve deposits have unique source area conditions that 

provide little sand, silt or clay so that the materi al 

is extremely permeable which allows the flood discharge 

water to infiltrate the fan entirely before reaching the 

toe of the fan, resulting in lobes of gravel. Hooke 

(1967) states that because water passes through rather 

than over such deposits, they act as strainers or sieves 

·by permitting the water to pass, while holding back the 

coarse material in transport. Jointed quartzites are 

typical source rocks,. the clasts.supplied are 

predomi nant ly subangu 1 ar instead of well roundect. _grave_~s. 

The excellent sorting of sieve deposits results in 

massive beds and poorly defined contacts between them. 
• 
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b) Debris Flows 

Debris flows by definition (Johnson, 1970) is a process 

, by means of which granular solids, sometimes mixed with 

~ relativelyrninor amounts of water and air move readily 

on low slopes. Debris flows have high density and 
~ 

viscosity compared to stream flows. The flow is 

genera lly 1 ami nar, as observed by Sharp and Nobles 

(1953) on the Wrightwood debris flow of California. The 

debris is handled gently so that the large boulders and 

fragile clasts retain their respective identities during 

flow. The ability of debris flows to carry coarse 

clasts is ~e to the high density of the flow, poor 

sorting and the cohesive strength of the clay-water 

fluid phase (Rodine and Johnson, 1976). Debris flows 

typically do not abrade the underlying bed. 'Si nce 

Blackwelder's (1928),classic paper on the subject, Hooke 

(1967) and Johnson (1970) ,have conducted nur:oerous 

experiments on the mechanics of the flow. Accordi ng to 

them, debris flows should t!ave a positive-skewed size 
. 

distribution. Assuming a source material' with an 

approximate normal distribution of part icle sizes, all 

those grains too larg'e to be supported by the fluid 

should be left near the source IrIhile the rest of the 

material is carried to the site of' final deposition. 

However, Middleton and Hampton (1973) point out that 
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this skewness may be obscured by a strength sufficient 

to carry almost all material available or by 

p'articipation of other support mechanisms or by a· 

late-stage period of bed load transport. Many debris 

flows are irregularly ihterspersed with fine grain 

material indicative of quiescence, as evident from 

Beaty's ,(1963) wO.rk in the White Mountains of 

Cal iforni a. 

One unique type of debris flow is a lahar. Lahar. is an 

I ndones i an word that descri bes mudfl ows and debri s flows 

originating on the flanks of volcanoes, and was first 

used by Van Bemmelen (1949). It fncludes all of the 

broad textural range of debris and mudflows of volcanic 

origin, in being; poorly sorted, unstratified, contains 

subangular components, may be interstratified with 

fluvial gr.avel and is generally homolithologic in clast 

composition. The most detai led work to date has been 

carri ed out in Washi ngton State, by Mull i neaux and 

Crandell (1962) in the Mt. St. Helens area and by 

Schmincke (1967) on the Ellensburg Formation. The 

latter defined three prominent zones in a typical lahar: 

a basal, vagu-ely stratified, fine to coarse sand (tuff) 

overlain abruptly by a central massive to normally 

graded zone, consisting of subangular to subrounded 

blocks in a pebble supported framework grading upwards 
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into an upper bed_ded' sand .(tuff), 'reworked' and' 

cross-stratified. ' The bases of lahars are 'gene.rally 

sharp and load features are common. The top of a bed 
• 

may, have clasts prot;,.uding above the top of the bed with 

drape over top. 

• 
ii) Petrogenesis - Facies B 

Subfacies 1 

The basal breccia of the Washeibamaga - Thundercloud Lake 

/lrea has a l.lized distrib,ut'ion and a different composition and 

texture from the other volcaniclastic rocks higher in the sequence. 

'The fact that the boundary of the basal brecci a with the fel sic 

flows is gradational and is not in contact with the prophyry 

suggests that it is not due to the erosion of the quartz - porphyry 

body. The abundance of random basaltic fragments (up to 80~ in the 

lower 2 metres) suggests that they may be the result of intrusion 

into the volcanic pile by the porphyry and the E!xplosive nature of 

the felsic flows and tuffs being produced. It is {nlike the basal 

conglomerate of the /lment Bay Formation whic~a straight and 

sharp contact with the quartz-porphyry, is massive and contains 

coarse clasts. This requires that the porphyry in the Ament Bay 

area be eroded to a plane surface prior to the deposition of the 

basal conglomerate. Turner (1972) used a flood. surge process to 

produce this deposit. No similar deposits are evident in the 

thesis area. 

.' 

-, 
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Subfacies 2 

The origin of the felsic tuffs ,is questionable. ' Thej r 

massive nature, abundant euhedral feldspars, low quartz content, 

and restricted composition (essentially that of- the quartz-
- . . 

• porphyry), suggests that these are not reworked tuffs. According 

to Ross and Smith (1961) a principal characteristic of ash-flow 

tuffs'is their common occurrence in thick 'units of typically 

non-sorted/non-bedded material containing lithic fragments. This 

is typical of. the lithic tuffs on the east sh~re of Washeibamaga 

Lake and is here interpreted to be ash-flow material. The 

tuffaceous deposits on the nortt-L shore of the Katish Lake are well 

bedded and contain no lithic fragments and resemble 'more closely 

ash-fall material with interbeds of ash-flow material. The matrix 

of the felsic tuffs has been recrystallized so that original welded 

textures have been destroyed . 

Subfaci es 3 

• 
(a) The massive conglomerates and breccias, with sandy to 

tuffaceous interbeds (upper part of Facies B) are interpreted 

to be the result of a combination of processes. The lower 

part consi~ts of chaotically bedded, rounded clasts that 

contain little~iginal IllJd and thus are probably not debri s 

flows. The fine grained matrix material can account for up to 

20% of the rock and therefore may have been too impe,r'meable to 
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allow sieve deposits to form; As pointed out 'by Tur-ner' 
~ r ... . 

(1912), McGo~ri and Groat's proximal facies ofthejralJuvlal , .. 
~ ", • '~' .. ' - .... - . :~- .. ' -'L .;..- ", 

fan deposit in the Van Horn SandstJl'ne of Wes,t Texas> is 

predominantly interbids of sand~toriebetween massive 
, . 

C01)glomerate units, similar to the. upper part of FaCies B. 

The most probable process for,the deposition .of the Van Horn 
. 

Sands and the upper pa rt of F aci es B is sheet flood s. The 

disorg;;-nized state and lack of preferred orientation of the 

beds in the thesis area is similar to that described by Walker 

(1975) 'ilhich is deposited in feeder channels and canyons near 

to the source. This is in keeping with McGowan and Groat's 

(1971} interpretation that their facies was deposited in 

canyons near the head of the fan where flow was confined. 

Thus similar restricted channels cut into the volcano's flank 

may have been the site(s) of deposition of ,the thick 

conglomeratic-sandstone interbeds. The lack of crossbedding 

and paucity of clasts in the arkosic interbeds. suggests 

deposition from 1ess·powerfu1 currents or surges, but still 

sheetflood in origin. 

(b) Stratigraphically above 'this section is a distinct unit, .• 

described in detail in Chapter II, which is thought to be a 

lahar. Like lahars, the basal one.to two metres consists of 

bedded to non-bedded tuffaceous materi a1. Schmincke (1967) 

suggests two possible hypothesis for the origin of such basal 

port ions: 
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, -
,I) 'a watery sl urryrthat advanced and greased the wa:y for t,he 

'remainder of the lahar, or. 

2) in inertia flows grains move above the bottom and shearing 

takes place between the grains, independent of t~e move-, 

ment of the flow. Thus, the large 'grains should tentt to 

drift towards the zon~ of least shea~ strain (free 
.. 

surface) while the smaller grains drift towards the zone 

of greatest shear strain. 

The fact that the basal unit coarsens upward into the 
,~ 

) unsort~d random sectionfuggests that hypothesis two may be 

applicable ~ere. The central zone of most lahars consiits of a 

massive deposit of subangular to subroundedblocks which may or may 

.not be graded. In the unit described the unsorted fragmental zone 
-

, grades imperceptably into an inverse-graded zone. Lar-ge clasts 
" . 
within this zone protrude above the upper bed surface which is 

typical of deQois flows. Draped over these protruding 'fragments is 

a thin sandy unit which is similar to Schmincke's (1967) upper 

bedded,"reworked sand and tops off his tripartite subdivfsion. 

'Cross-beds may be lacking due to erosion of this unit by subseq~ent 

depositional processes; 

(c) The depositional process changed, as the next unit ~onsists of 

three to five cyc~es of arkosic material overlain by normally 

graded conglomerates, which are impersistent laterally, and 

" 

. ' 

" 

.. ___ .'!I 
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. ... . . 
topp~ by large scale planar cross-stratification. This is 

very. similar to 'stream flood deposits. - ".--

,,'" . 

Thus FacieS B" consists of a variety of strata repres&nting a 

particular set of ·hydraulic conditions that determined. the 

thickness. particle size. distribution and orientation. and the 

type of contact ·with the underlying bed. 

iii) Petrogenesis - Facies C 

Subfacies 1 ( 

The initial 800 m of Facies C is massive and unsorted with 

a high (up to 35%) matri~"component. On a rarge scale, based on 

0110 analyses, the unit is normally graded. 0110 grades from 21 em 

to 39 em upwards in the section. Many of the clasts are tapered I)!' 

elliptical and some intersect each other without any.resulting 

fragmentation. This type of deposit is not char.acteristic !,f 

either water-laid or de~ows. "They closely resemble Parsons 

(1969) volcanic agglomer~ w~h is part of the cone structure and 

generally monolithologic in compositi·on. This coarser material 

tends to accumulate around the vent, is not stratified, and has a 

high groundrnass (matrix)'percent, made up oJ individual angular 

crystals or lithic fragments. 

. , 

. . 
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Sflbfaei es 2 . , .. 

The next subfaci es is al so massi ve and. unsorted -but, 

contai ns les·s than 10~ grou-ndmass .lIlateri"al as the cl asts are 

tightly.packed. The unit is normally graded on a large scale, with 

0/10 values of 24 em to 78 cm. ·The clasts are ·subangular. The 

absence of fine material negates debris flows, streamflows and 

sheetfloods as tlie process (deposit) involved. The good sorting, 

m·assive· nature and lack Qf defi ned contacts between beds suggests 

that"this section probably represents a. sieve deposit type 

mechanism, as it meets most of the criteria previously discussed. 

Subfacies 3 

The upper subfacies of Facies C is poorly exposed and 

therefore difficult to interpret. 

Thus facies C consists of·massive, normally graded deposits 

which maybe the result of both primary pyroclastic accumulation and 

sieve mecha·ni sms •• 

It should be "noted'here that on the shorelines of Thuncrer-

cloud Lake a ·unique type of rock association was found which is not 

evident anywhere else in the thesis area. The rocks, which may in­

fact"have been outcrop, were initially considered to be float, that , 

is they could not be accurately identified as bedrock. As shown in 

Figure 61, the rocks are highly vesicular, subangular to subrounded 

and pumiceous in appearance. Grading, stratification and cross-



, 
Figu re 61 Photograph of outcrops on 

Thundercloud Lake, pumice 
the shores of 
fragments predominate. 

~ 
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stratification are COQmon with ~ome fragments welded tO~her. 

This type of deposit is typical in the ,tfcinity of volcanic vents, 

and r..ay be airfall material or pyroclastic flow debris. 

iv) Petrogenesis - Facies F 

/ 

Facies F consists of two subfacies, a gre:A~acke unit and an 

argillite-iron forr:lation unit. The greywacke s"bfacies consists of 

sandsize clasts of'quartz, feldspar and basalt. Three types of 

quartz were recognized; (1) polycrystalline grains, (2) monocrys-

talline grains Nith undulat'or-t extinction, and (3) nonocrystalline 

grains I~ith sharp extinction. These and other textural ;Jhenonena 

of quartz led Reimer (l971) to suggest tiTat quartz can be used as a 

, d' n' , (1 q -? \' h' k h provenance 1n lcator. uJ"Kangas _,1'1 1n lS \Vor on t e grey-

'.'aeke of the Vermilion District of northern I'!innesata establ ished 

-

five criteria used for the identification of volcanic quartz; (1) 

ellbayments 1n the crystal outlines filled Nith felsitic grounctmass, 

(2) alnos: conplete absence of mononineralic inclUSions, (3) exclu­

sively sharp extinction, (4) idionorphic outlines' and (5) bulbous 

to fine resor ption s':ructures. In the thesis area the low percen-

tage of quartz with non-undulatory extinction (volcanic quartz) in 

the greyl<ackes and the similarity of the quartz in the arkose', to 

the porphyry suggests th1!t nuch of the sandstone-gr eywacke Nas 

derived from the disintegration of porphyry bodies .:6;d that very 

little came from volcanic extrusive rocks. 11any of the basaltic 

- • 

" , 

--
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displa:ted intersertal textures quite ·similar-tothose of the gabbro 

sill on the north shore of Washeibamaga Lake. Poor expos~re limits 
.c. . .. 

·any detailed work on the grey~acke. However, the presence of 

normal and reverse grading their massive nature, and the inter-, 
• 

bedded relationship with argillite (slate) beds indicates' a 
\ 

turbidite sequence. 
, 

. .. ,.: 
The arg'i 11 aceous rocks overlyi ng the:;greywacke sequence are' 

associated with oxide facies iron forma~ion. \Similar relationships 

studied by Shegelski (1976), Franklin (1976).., Dimroth (1975) and 
,:'?~ 

Hyde (1978) indicate a turbidite environment 'in all cases. The 

debrls comprising the turbidite beds is texturally and chemically 

simil~r to the surrounding volcanic pile (middl·e felsic-w upp·er 
"-

mafic) and theses are tonsidered to be the source' for the 

turbidites. 

The parentage or these sediments can be determined' 

chemically (Nagvi, 1975), A chemical analysis of the argillaceous 

material shows it to have a composition unl ike that of the average 

Precambrian slate (Table 10). It differs in having higher 5i02, 

MgO, NaZO, CaD and a paucity of KZO. The high NazD and CaD content 

of some pelitic rocks of the Carolina slate belt has been 

attributed to significant quantities of relatively unweathered 

pyroclastic material, probably rhyodacitic ash (5un<lelius, 1970). 

Thus, the high NaZD and CaD content jn the thesis area is thought r, 

to be the result of large amounts of porphyry material from the 

underlyi ng mi ddl e sequence be i ng eroded a-nd incorporated in the 

turbidite deposition. 

. . 

~ .. 
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T~ble 10 

Composition of Argillite - Slate Rocks 

1 2 3 

Si02 62.36 56.3 61.25 

Ti02 .64 .77 .43 ;:.. 
0# 

A12Q3 15.82 17.24' 12.63 
Fe+ 8.01 8.92 15.90 

MnO .13 .10 .15 /" 
MgO 3.70 2.54 2.33 

CaO 4.31 1.0 .58 

Na20 3.20 1.23 2.56 
< 

K20 1.62 3.79 2.43 

P205 .13 

, 

1 - Argillite of thesis area. 
2 - PE slate average (Nanz, 1953) L-
3 - Savant Lake sla';e (Shegelski, 1976) 

• 
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. The· associ ation of turbidites with iron formation suggests 

that they were deposited in relatively deep water below wave base. 

The iron formation has· al so undergone the same soft sediment defor­

mation as it's host rock. The stratigraphy of the turbidites 

suggests that continuous sedimentation occurred with fluctuating 

intensity from volcanic landmasses surrounding the basin. The 

presence of both felsic and basic debris suggests that it was 

deposited in an area which was removed from the influence of a 

. slope which would supply material from only one direction. 

The iron formation facies are not of the Algoman type. It 

is very similar to those of the Sturgeon-Savant Lake Area, which 

Shegelski (1976) identifies to turbidite associ ated deposits. As 

for most Archean banded iron format i on, it is generally conceded 

that an exhalative source for the iron is favoured by its common 

association with volcanic sequences. The delicate laminations 

within the iron formation may have developed due to a pulsating 

influx of ferrugenous and non-ferrugenous silica gels. Such gels 

during consolidation would be subject to slumping, scouring and 

brecciation due to turbidite traction and soft sediment 

deformation. 

v) Summary 

The volcaniclastic rocks of Facies Band C were deposited 

on an alluvial fan. The massive nature of most of the breccia beds 

is attributed to violent ephemeral surges or sheet flood processes 



I 145 

similar to those of the Ament Bay Formation described by Turner 

(1972). Facies Band C are considered to be ·proximal aDd deposited 

on the flanks of an erupting volcano in the· vici nity of· the 

porphyry at Thundercloud Lake. Faci es F repres.ents a more -di stal 

position away from the volcano in a deep basin where material was 

deposited by turbidity currents from both the tel sic terrain to the 

south and the mafic platform to the north. 
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CHAPTER V - GEOLOGIC HISTORY &·SUGGESTED MODELS 

Part 1 - Introduction 

. . 
A great variety of volcanic and s.edimentary rock types charac­

I 
terize the stratigraphic success·ion developed in Archean gree'nstone , 

belts. Although these volcano-sedimentary,piles hav~' almost invariably 

been su jected to complex geological histories, there. nevertheless emer­

ges fro the seeming' disorder a regula~ an~ sy\:ematic pattern of green­

stone bel stratigraphic evolution (Anhaeusser, 1971a). 

e kcowledge of the lithostratigraphy and structural pattern of 

the ar in 

~red 
conjunction with the geochemistry (of the greenstones) is 

sufficient for a local reconstruction of the sequence of 

events and subsequent interpretation in light of p,resent day knowledge 

of global tectonics and magma generation. 

The local geologic history will be outlined without tectonic 

implications followed by a short discussion of tectonic models proposed 

for the Archean. FiQally, a tectonic model envisaged for this area will 

be presented. 

! 



.. 
147 

. Part 2 - Geologic History. 

The sequence of events that led to the pr:esent .configu'ration of 

the Washeigamaga - Thundercloud Lakes area is depicted in Figure 52 and 
~ 

outlined below: 

c 
I} - the extrusion of a mafic platform 

The oldest rocks in the area, in accordance with the oldest 

rocks found in other greenstone belts, are the volcanics of 

the lower sequence (Gl ikson, 1975b). Volcanism was 

extensive and prolonged, resulting in a platform that 

covered a large broad area (as the porphyritic units can be 
-> . 
'.traced 16 km to the west). Tne common oc~urrence of pillow 

I 

/ lavas within this. belt suggests that basic subaqueous lava 

flows were providing much of the' volcanic materi al. The 

cooling rates of individual flow units varied as both 

coarse and porphyritic varieties of basalt are common. 

2) - explosive felsic -volcanism 

Following the extrusion of the subaqueous volcanics a 

period of emergence above sea level resulted in subaerial 

volcanics (andesites to tuffs) and subaeri al sedimenta-

tion. 
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The rather drastic change from condit ions of 'subaqueous 

volcanism to subaerial sedimentation could be explained if 

considerable uplift occurred between the deposition of the 

volcanics and sedi-ments, which. may have' been related to 

emplacement of granodiorite bodies. It therefore becomes 

necessary to visual ize the quartz-porphY,r,Y stock and 

volcano as a mountain of considerable relief projecting 

through the dominantly mafic lowland. The volcaniclastic 

rocks of Facies Band C were· deposited on an alluvial fan. 

The simultaneous interaction of volcanic and alluvial 

the, clastic/equence having a 

high degree of internal complexit. All units are' 

processes has resulted in 

considered to be proximal and deposited on the flanks of an 

erupting volcano, as illustrate-d in Figure 63. As 

explosive activity waned the felsic material rapidly 

congealed, which was subsequently broken and engulfed or 

injected by the still plastic material moving beneath, 

producing the brecciated porphyry. 

, r. 
3) - continued uplift as a res.ult of the Meggisi batholith 

• intrusion 

- subsidence below sea level 

- eruption of mafic volcanics (upper sequence) unconformably 

an the felsic pile accompanied by marine turbidite sedi-

mentation 
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• 
At the cessa'tion of volcanism, .cons·tant 

.... : . 
dow~warpand. up 1 i ft between bas i nand hint er.l a nci .k ept the 

coastal areas steep and allowed o~ly·temporafY acc:umulation 

of ,unstable piles of sediment destined to slump and 

generate turbidity currents. Coarse. grained gabbroi c 
. . 

clasts and porphy'ry clasts within th·e. greywac-kes suggest 

that the volcanics tothe north were being' deposited and 

~rosion from Qoth felsic and mafic piles was occurring. No 
. ~ 

. exact time can be affixed to the beginning of mafic 

volcanism to the north/. however a thin amygdaloidal basic 
\, . 

unit found between Facies Band C, may imply that prior to 

the last stages of .felsic volcanism, basic lavas were being 

produced. Within the basin ferrugenous silica gels were 

deposited as part of the turbidite sequence and produced 

the oxide iron formation. Extensive calc-alkaline 

volcanism of the upper sequence brought to a~ end the 

sedimentary alluvial fan conditions which existe~ during 

the accumulation of the middle sequence. 

4) - unroofing of the batholith 

- emplacement of the Taylor Lake Stock and other granites 

faulting, foldi ng and metamorphism of the sediments 'and 

upper volcanics 

Continued uplift of the Meggisi Batholith to the south 

resulted in its unroofing. Folaing and faulting dominated 
\ 

, 

. . 
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the..upper sequence, 'resulting in the fault contact of the 

turbi dites an~ the upper sequence a'nd the' ti ght isocl i na 1 

folding'of the upper sequence.' .The relationship between 
. 

the upper sequence and the middle and lower -sequence is by 

no means certain, but observations discussed ·earl ier 

suggest that,the upper sequence is younger than the lower 

sequence and syn- or post deposition of the middle 
"\ 

sequence. 

• 
V 5) - erosion 

Glacial denudation of, the area accompanied by the 

deposition of glacial moraines and eskers produced the 

prese~t topography, 

Part 3 - Greenstone Belt Evolution 

Examination of numerous v6lcanic sections in Australia, lPuth 

Africa and ,Canada (Anhaeusser, 1969; Glikson, 1975; ViljOe~nd 

Viljoen, 1971; Goodwin and West, 1.975) has led to the observation that a 

generalized volcanic sequence is characteristic of Archean volcanism in 

all shields. In the Barberton Mountai n Land of South Africa and the 

Kalgoorlie-Norseman area of Western Australia, three main groups exist 

(Anhaeusser, 1969; Glikson, 1976a,b r c). Table 11 lists the major 
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Figure 63 Scl,ematic reconstruction of area during felsic VOlcanism\! 
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Tab.l e 11 

Greenstone Belt Subdivisions (Anhaeusser, 1970) 

<.., 
Sedimentary Group - minor volcanism 

basin development 

- increased granitic uplift· 

- some alka.lic volcanism 

volcanogenic sediments deposfted / 

- greywackes, conglomerates, agglomerates 

- turbidit.Y flows trigg~red by minor volcanic eruption 
deposit blackshales 

- cessation of major volcanism 

Greenston€ Group - basin subsidence cyclic volcanism 

- extrusion of mafic-to-fels'ic la"vas 

- pyroclastic rocks and chert development' 
extrusion of minor sills 

- intrusion of Na- and K- rich porphyries 

Ultramafic Group - extrusion of ultramafic and mafic lavas and tuffs 
- development of layered differentiated ultramafic 

igneous bodies 

- cyclic magma-type trend from primitive ultramaffl 
. " and mafic volcanics to tholeiitic volcanics 

- low alkali, high Ca/AI ratio, high I1g komatiitic and , 
per·idotitic 

I 

, 

c 



I 

1 
156 

characteristics of each group. The Ult~amafic ~oup corresponds to 
a . ' 

Glikson's (1976a) lower greenstone, ~nd the Greenstone Group corre-

sponds to his upJl& greenstone sequence. Th'e geoiogy' is complicated by. 

a number of .cycles: super-major-minor-mini (Anhaeusser, 1971a). 

A prominent feature of the Canadian Archean is the striped 

pattern of 'a1ternating volcanic-plutonic (greenstone) b'elts and 

'metasedimentary-migmatite (gneiss") belts. In the western part of .... 
Superior Province, six major east-trending belts, inc1uding three 

volcanic be1ts (Abitibi-Hawa, Wabigoon, Uchi) and three gneiss belts 

(Quetico, En.glish River, Berens) constitute the basis for the 

subdivision of the province into its component subprovinces. Within 
" 

each volcanic belt, but specifica'lly in the Wabigoon Belt, the 

stratigraphy has been subdivided into four main 

The subdivisions are characterized by 

senes. (Wilson, 1~ 

vanat10ns 1n: I 

a) the nature and. compbs i t i on of the fl ows 

b) , aJ:1ount and nature of fragJ:1ental volcanics 

c) nature and composition of subvolcanic intrusions 

d) nature and composition of or e depos it s 

as outlined in Table 12. A similar cyclic pattern has been proposed by 

Goodwin (1968) to give a platform stage, edifice stage and erosiona.l 

• stage resulting in the observed mafic-felsic cycles (Goodwin, 1968). 

r 
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Table 12 

Upper Oi ver se 

(cyclic) 

r~iddle Felsic 

Middle Rasic 

Lower Basic 
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Greenstone Selt Subdivisions (Wilson, 1974) 

- appearance of first thick, rhyolite members 
-. fragmental flows interbedded with rhyolite and tuff 

- variolitic pillows common 
- volcanism alternates rapidly from one composition to 

another 

- each CYClE followed by sediments 

- thick, monotonous group of felsic fragmentals 

- unaltered~ layered gabbro-pyroxenite-peridotite 
intrusion 

- general characteristics of lahars for volcaniclastic 

rocks 

- increase in Si; K; decrease in Ti, Fe+ 

pillowed and massive flows 

pil~s ,are.vesicular, with well developed rims and 
concentric structur~ 

- large gabbro sills witti only moderate flow 

differentiation 
- rare fragmental rocks 

- not too different chemically from lower basic 

monotonous flows of massive and pillowed 

- non vesicular lavas, no flow brecciation or 

brecciated flow tops 

- thin nonjextensive, high Ni, Cu, A1203, MgO, Fe+ 

- considered to represent basalt erupted in the 
abyssa 1 pa rt of ocea n after Wilson (1973) 
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i) Archean Models r. 

Two basic rodel s have been suggested to account for the" -.' 
• , 

noted patterns and strati graphy of greenstone be 1 ts; (a) The, Rift 

Model and (b) The Plate Tectonic Model. 

(a) The Rift Model 
• 

Anhaeusser et al. (1969) and McGlynn & Henderson (1970) 

sugge~ted that early Pre-Cambrian greenstone belts 

evolved as discrete depositories on a relatively thin 

granitic crust, and were sited along fundamental 

crustal fractures, the grai n {)f which can often be . . 
recognized in many shield areas and along which deep 

troughs appear to have developed at the initiation of 

the greenstone belts. Subsequently their shape was 

modified.~y various episodes of upwelling of granite 

and, concomitant downwarping of the heavy pi Ie of 

volcanics and sediments. These structural belts were 

surrounded by mobile gneiss belts. This model accounts 

for the rather rapid thinning of stratigraphy away from 

a t..hick pile or along a central axis, which clearly 

suggests deposition in elongate troughs or down-buckles 

in the earth's crust. The exact mode of format i on of 

the greenstone depositories are open to speculation. 

Anhaeusser et al. (1969) suggests that the development 

• 

J 
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of rouyhly evenly spaced, strongly ori ented, parallel 

downwarps of fault-bounded troughs on an unstable thin' 

. primitive sialic crust is the most likely process. In 

these areas vast amounts of 1 ava accrued to form the 

basal volcanic ,sequences' of the greenstone belts. This, 

mode 1 is further supported by numerous observat ions of 

tectonic sliding within belts. It is not uncommon to 

find two synformal str'uctures o~curri ng together 

without a complimentary antiform, which is probably a 

response to vertical movements in the crust. The 

predominance of penetrative schistosity and 

non-penetrative crenulation cleavage have also been 

cited as evidence for the ri ft system (Vi 1 joen & 

Viljoen, 1971~. Figure 64 is an attempt to illustrate 

diagramatically the evolution of a greenstone belt, 

. using the rift model, as well as some of the conditions 

that may prevail in a section across the Eastern 

Goldfields (Anhaeusser, 1971b). 

However the rift model raises some questi~ns: 

(i) the common occurrence ~f tonalitic plutons which 

invade the greenstone belts is more consistent 

with a continental subduction environment than a 

continental rift system (Tarney et al., 1973). 



0" 

0" 

(ii) ,the occurrence of lavas with oceanic geo-

chemistry in a tectonic environment which, in 

the Proterozoic and Phanerozoic produces 

alkaline volcanic~ (Tarney et al., 1973). 

(iii) the long linear troughs would provide suitable 

locations for the accumulation of the broad 

mafic volcanic platform, however the mioddle 

felsic units develop over smaller areas and in 
, 

more arcuate patterns. 

(iv) the steep inclination of cleavage, cited as 

evidence of vertical 'rifting, and the overall 

steep structrure of greenstone belts is quite 

compatible with collision tectonics, observed in 

Pha~erozoic orogenic belts where incomplete 

collision has occurred (Burke et al., 1975). 
~-

(v) the silica diapirs do not necessari ly control 

the deformation in the Barberton greenstone belt 

as first thought by Anhaeusser (1969). In fact 

the majority of rocks in this belt are strongly 

and complexly deformed in a manner no different 

from parts of Phanerozoic orogenic belts 

(Ramsay, 1963). 

(vi) this model implies a random pattern of Archean 

magmatism which is not what is observed in most 

greenston~belts (Burke et al., 1975). 

160 
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Figure 64 SimplHied rift model of Anhaeusser (1969). 
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(vii) horizontal shortening duri ng coll ision of arcs 

(vi i i) 

" and microcontinents ts mcire important then 

vertical fault tectonics (Burke et al., 1975). ,- . ' \ . 

as yet: no explanat i~n -has' been puNorward to 

account for the noted compositional differences 

'of the lower and upper mafic volcanics. 

b) The Plate Tectonic Model 

Plate tectonic models for the evolution of the Archean 

crust have been proposed by severa" authors, i ncl udi n9:~ 

The main reason for suggesting th~t some kind of 

primitive plate activity was responsible for the 

generation of Archean igneous rocks is the increasing 

evidence that the vast majority of the rocks are little 
:> 

different in major and trace element chemistry to 
-

equivalent Mesozoic and Tertiary ro.cks which did form 

as a direct result of'plate tec;tonics (White et.al., 

1971; Engel et , 1974, Jahn et al., 1974; O'Nions 

and Pankhu.st, 1978)., Accor,ding to. this view, the 

primitive Arch.ean crust consisted of an ultramafic-

.II '.-

• 
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~ , 
mafic volcanic assemblage, represented by the lower 

greenstone (or Ultramafic Group) made up of tholeiites 

analogous in most respects to modern ocean-,floor 

tholeiites. The development of subduction within 

sima;ic region~ controlled by early linear trends 

(which may be a rifting phase) gives rise to sodic 

granites and to the tholei ites and calc-alkal i ne upper 

greenstones. According to Cliffo:d t1958, 1970), 

El sasser (1957) and Ramberg (1957), the spatial 

juxtapositon within gree~ston~ belts of mantl~-derived 

lower greenstones and the calc-alkaline volcanics of, 

the upper sequence, in terms of the superposit"ion of 

the different processes is due to small plate size. 

Although showing tholeiite affinities, and plotting on 

some discriminant diagrams in the fields of ocean-floor 

basalts, it would seem difficult to regard the upper 

greenstones as true ocean-floor basalts generated at a 

spreading ridge. Furnes et al. (1977), Tarney et 

al. (1975) and Burke e.t al. (1975), point out that, 

similar rocks to the upper sequence can be produced by 

active spreading and related volcanicity in 'the 

back-arc region. Therefore the basaltic material has 

come from depleted mantle similar to that feeding the 

oceanic spreading ridge. This would account for the 

noted association of most upper sequences with meta-

" 
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greywackes' and volcaniclastic rocks. The,back-arc 

(marginal basin of Burke et al., 1975) would also 

account for the observed,high'concentrations of Ti, ir, 

Y and Nb. They cOu-+-rl-be visualized as the . 
unfractionated parii melt of eclogite where accessory 

minerals such as e, sphene and zircon entered the,' 

melt rather than behaving as refractory phases.-

Figure 65 is an example'of the type of model suggested 

for 'the Canadian Archean, and is one of a series of 
, ' 

",possible schemes suggested by Goodwin and West (1975)_ 

.. 
However the plate tectonic model does hot ,satisfy all 

'::;:;;"' " " '"."p"p"", A"h,," :-"] . 

{if Island arc volcanic' rocks have hi9her Al and lower 

Ni, Cr, Co, Fe/Fer + Mg con~ents than thei r 

! 
suggested Archean counterparts (les~ depleted 

mantle in the Archean) • 

... ' ,(ii) similarity of trace element abundances' in volcanic 

• 

rocks associated with Archean greenstone belts and 

modern island arcs is itself"not sufficient proof 

of identical tectonic envir,onm~nts (O'Nions and 

Pankhurst, 1978), however the many similarities 

are striking and merit furt~ evaluation. 

~ 
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(1975). 
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,., 
, (iii) the predominant stripe9 pattern of greensto,ne and 

plutonic belts is 'highly suggestive ,of some"sort 
I 

, 
of vertical tectoniC: control • 

(iv) the complete lack ('in'Canada at least) of oceanic 

crust and mantle similar to fully developed 

ophiolite c;omplexes. although Langford' and Morin 

(1976) poi nt out ~hat the present' level of 

exposure may be too high stratigraphically to 

contain obducted crust. 

(v) the noted absence of blueschists in PreCambrian 

~~ocks, is 1,II1like typical orogenic belts, however ~ 

,Ernst (1972) showed that this may be due to the 

limi!ed rretastability of blueschist minerals over 

geologic time. 

,(vi) subduction of crustal plates may not have been 

pos'sible because of ste,ep thermal gradi ents and 
" 

high heat flow rates (Baer, 1977). 

Further criteria 'are'needed to elucid'ate the origin of ~he 

gree~st'one\e.lts from the plate tec,tonic system or the ri'ft 

system. 

" • 

• 
, 

" 

" 
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Part 4 - S UIIIl1i!ry 

i) Speculation on a model 
r 

Direct comparison of the Washeibamaga ~Thundercloud Lakes 

" . -..:.. arl!a with inodern, environments. can be tentative at best. Because 
.. ' : 

t~e br~dregiOnal .:? relationships in the thesis area cannot bE; 

unequivocally deteniined due to ,disc.ontinuous outcrop. and because 

_ detailed mineragraphic studies ~ve not been conducted, the - , 

. . .;.. 

.'" 

. 
geochemi ca 1 data presented and interpreted in Chapters I I I a nd IV. 

-
offers the best poi nt for c9f11pari son. Thus any model proposed ITIJst 

be considered speculative • 

Goodwin and West r197S) presented six mod.els of Archean 

crustal evolution: 

(il layer-cake crust. faulted and/or. folded 

(ii) lateral acc~etion 

(iii) simple crustal spreading 

(iv) convergent plates, simple or complex 

(v) full convection system with double arcs 

,(vi) inter-arc and back-arc basin 

No model preference has been -suggested to date. However 
; 

all but the·first model inNolves,soIrreform of island arc 

d~velop~ent, the last th~ee ~pecifically involve plate tectonics.· , .. 
.' ' 

.... 
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Subsequent work by Langford and Morin (1976), although of a 

reconnaissance nature, suggested.:that the major features of the 

Archean of northwe~t. Ontari 0- are simil ar to. th~se of younger rocKs 

,in the'COr~!!era..of western Canada. Thus the Wabigoon, Uchi and· 

W~wa belts, like the'Cordillera,originated in isiand arc 

environments. 

In light of the suggested models, if we consider the data 
J--- ' , 

llrev"iously described in Chapter IV, t~e following points are 

important: 

'. a) the "basalts of the lower sequence conform to the 

prinCipal criteria l,aid down by Engel et a1. (1965) for 

the classification of oceanic-tholeiites, but are 

notably lower in Ti, Al and Zr and higher in Fe and Sa. ' 

It may be concl uded that the lower sequence basalts 

represent the equivalents of the those be-ing generated 

today at actively spreading ocean ridges. 

b) the' basalts of the upper sequence, show affi nit i es for. 

island-arc tholeiites in terms of most of the major 

elements (excluding CaD and Ti02) and large ionic lith-

ophile elements (Rb, Sr, Sa). Concentrations for Y, . . 
Zr, and Ni are'definitely higher in the upper sequence 

tha~inisland-arc tholei ites and may be analogous to 

back-arc basalts in'these terms. The different fiel d 
• 

character of the two sequences argues agai nst similar 

sources i-rtcI it is suggested I)ere that the upper 

;f 
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sequence basalts are the equivalents of those being 

generated today in back-arc basins. 

c) the middle sequence felsic"flows and tuffs show 

definite chemical affinities for island-arc felsic 

rocks in ~aving similar concentration of Rb •. Ba. Sr and 

K. The middle sequence rocks are s'l ightl{ higher in 

Ti .. Fe and Ni and lower in Al and Na. It is con~l uded ' 

here that the middle sequence is part of an island-arc' 

calc-alkaline suite of roc~. 

d) the Thundercloud Porphyry and brecci at~d porphyry 

represent the final stages of felsic volcanism and may 

represent the vent (If an exti.nct volcano that was part 

of an island arc volcanic chain. 

e) the volcaniclastic rocks of Facies Band C were 

deposited on an alluvial fan on the flanks of an 

erupting volcallo in the vicinity' of the p<lrphyry. by 

violent ephemeral surges or sheet flood processes. 

Facies F represents more distal turbidite sediment .. 
accum'ulation in a subsiding basin away from the 

vo 1 cano. 

Langford and Morin (1976). with similar data carri the 

. 'comparison a 'step fl:lrther.~ ,~~ey suggest that the island-arc system 

,in the WaDig,oon Belt and thus in the :thesis area. faced southward 

away from, the ~raton. therefore the plate was being,subducted 

towards"the north. , .. Thus ,the volcanics south of Wabigoon Lake 

' ... 
;. .: 

.' 

, 
,J 

I 
1 
1 
a 
i .. ~ 
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(upper sequence equivalents) are back-arc basalts-, the volcanics in 

the Kakagi, Manitou lakes area (lower sequence equivalents) are 

generated in an ocean-ridge environment. Their model has 

interesting implications: 

1. if the level of erosion were de-ep -enough, obducted 

material would 'be expected in the vicinity of the north 

shore of Washeibamaga Lake. Burke et al.' (1975) poi nt 

to the fact that many Phanerozoic ophiol ite complexes 

were originally identified as intrusive sills. Thus 

they suggest that some of the differentiated sills in 

the Archean may represent obducted ultra-mafic crustal 

material.· Could the sill, the ultramafic-gabbroic 

rocks on the north shore of Washeibamaga Lake be part 

of an ophiolite complex? Preliminary geochemistry is 

being~One by C. E. Blackburn of the Ontario Geological 

Survey. 

2. The-arcu.te -island-arc chain would indicate that other 

felsic volcanic centers should exist. III mt mapping 

by Blackburn and McMaster (1975) has pinpoinled a 

number of vent areas. To date three have been 

tentatively identified as discussed by Blackburn 

(1977). The locations are: 

1) south of Sunshine lake (10 km west of Thundercloud 

Lake) 

Ii 
1, 
~: , 
I 
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2) southwest of Cane Lake (9 km southwest of Sunshine 

Lake) 

3) central part of Stormy' Lake:. (14 km east of 
• 

Thundercloud Lake) 

" 

ii) Further Research 

Within the field area five avenues of research, present 

themselves: 

1. Detailed mapping and chemical analyses of the gabbroic· 

sill between Washeibamaga and Kenny Lakes: to discern 

its stratigraphic divislons and emplacement history, to 

compare it to other differentiated sills at Gabbro Lake 

(McMaster, 1975) and Kakagi Lake (Ridler, 1966), and to 

check the possibility of it being ori.ginal obducted 

crust. 

2" Elbers (1974) suggests that the porphyritic cupolas., 

stocks and dikes which occur as magmatic protrusions 

into the greenstone belts, are connected to the major 

batholiths in the area. In the thesis area this would 

mean connection of the Thundercloud Porphyry and the 

Meggisi Lake Batholith. , . 

3. Blackburn (1977) has tentatively identified three other 

centers of ca1c-alkaline volcanism. Detaile.d ch"emical 

analyses of the porphyries should be carried out and 

. 
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compared with the Thundercloud Porphyry, to derive a 

detailed history of volcanism and elucidate the 

tectonic patterns in the area. 

4. Sedimentological studies of the volcaniclastic rocks 

'surrounding these ·vents" should be consfdered. Tael 

(1977) has studied the Sunshine Lake clastic rocks 

(Manitou sediments) and integration of all four areas 

is warranted. 

5. A complete regional correlation of field data and 

thesis material studied by members of the 'ACE' Group 

of McMaster University, in the Manitou Lakes -

Washeibamaga Lake area [i.e. work by Wallace (1975), 

McMaster (1975), Pichette (1976), Birk (1"978), Tael 

(1978)] and the present study. 

Re~nal studies and careful field mappi ng are sti 11 the 

basis of geology - combined with data from various disciplines they 

provide a powerful tool for 

earth. ( 
decipheri ng the 

~ 
early history of the 

, 
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Table A-I 

Whole Rock Analyses 
'n 

Weight Percent Oxides 
• 

LO\~er 

Volcanics Si02 T i 02 Al203 Fe203 ceO HnO 

8002-2 49.55 .91 14.89 2.41 :0.45 .20 

8004-2 50.61 .94 15.68 2.44 :0.74 .22 

/ 
8-33 50.39 .95 19.10 2.45 ).20 .21 

8007-2 51.80 1.01 16.63 2.51 1.34 .26 

8008-2 49.84 .77 11.39 2.27 3.54 .20 

8010-2 49.85 1.10 15.24 2.60 : 1. 05 .22 

8011-2 49.06 1.08 15.29 2.60 : 1. 57 .21 

8012-2 51.42 .62 14.28 2.12 l. 73 .18 

" 8013-2 50.58 .75 14.16 2.25 :0.61 :20 

G-32 49.75 .89 15.08 2.39 :0.36 .18 

'8014-2 49.76 .62 10.04 2.12 : 1. 56 .20 

8018-2 48.86 .75 12.74 2.25 : 1.86 .22 

8019-2 51. 41 .89 11.80 2.39 :1.26 .19 

8021-2 50.68 .86 13.58 2.36 :1.02 .24 

8023-2 50.92 .69 11. 67 2.19 !I.OO .21 

11g0 CaO 

7.13 12.40 

6.65 9.37 

5.61 6.84 

4.99 9.57 

11.60 12.55 

5.57 12.59 

6.13 11. 38 

7.75 12.40 

7. 13 11. 57 

6.09 12.86 

13.50 10.91 

9.09 12.14 

B.15 12.39 

7.25 10.91 

10.28 10.23 

, 

L 

Ua20 K20 

1. 81 .19 

3. 11 .18 

4 00' 
\ 

.23 

3. 58- -~\23 
1. 65 .71 

1.49 .22 

2.34 .27 

2.31 .14 

2.35 .34 

1.66 .33 

1.12 .11 
1.86 .17 

1. 35 .09 

2.83 .21 

2.64 .12 

, 

,.J 

P205 

.07 

.06 

.10 

.01 

.47 

.080 

.08 

.-04 

.05 

.13 

.06 

.05 

.08 

.05 
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\ Lower 
Volcanics Si02 . Ti02 Al203 Fe2O; FeO I1nO I1g0 CaD Na20 K20 P2CS 

802S-2 48.82 .86 14.83 2.36 10.35 .19 8.55 11.89 1. 95 .13 .04 , . 
8028-2 49.32- .87 13.41 2.37 11. 24 .20 8.50 1 i'. 50 1.36 .15 .07 

"- 8030-2 48.66 .99 15.00 2.49 14.07 .24. 6.40 11.02 ;94 • 11 .08 

8031-2 48.83 .90 15.62 2.40 12.35 .22 5.69 11.56 2.21 .16 .06 

B-22 S8.47 .87 14.95 2.37 7.14 .16· '2.88 9.38 2.89 .23 .09 

4 8034-2 49.47 .72 ' 13.33' 2.22 11. 41 .21 8.69, 12.27 1.49 .13 .06 " 

8035-2 49.20 :68 14.40 2.18 10.12 .22 6.67 14.48 1.86 :16 .04 

1l-7 51.72 .45 1'5. 2~ 1. 95 8.38 . 17 4.64 15.50 1.06 .16 .08 

B'-10 46.59 .68 14.76 2.18 10.75 .19 8.90 11.60 1.84 1.26 .08 

8037-2 50.32 1.09 16.27 2.59 9.64 .24 4.49 12.99 2.12 .14 .11 

8039-2 -;:;;'09 1. 01 15.50 2.57 10.68 .20 7.20 9.40 2.19 .15 .07 

8041-2 , .58 .96 14.40 2.46 10.89 .20 5.58 12.92 1.80 .14 .07 

8044-2 49.90 1.03 14.46 2.53 12.20 .22 7.41 9.96 2.16 .08 .07 

8103-2 50.87 .7'1 14.07 2.24 10.57 .20 7.i( 11.47 2.15 .33 .OS 
" 8106-2 48.42 .99, 16.24 2.49 11. 19 .21 6.21 11.90 2.06 .23 .06 i\ -

8047-2 50.72 1. 28 14.36 2.78 11.54 .21. 4.50 ,12.14 2.29 .09 ' .09 

8110-,2 61. 24 .55 15.57 2.05 5.24 .12 4.61 5.68 ,2.97 1.88 .10 

8048-2 50.18 1. 58 13.15 3.08 13.07 .21 6.61 . 9.44 2.36 .14 t17 

8050-2 41.64 1. 61 18.23 3.11 16. 11 :25 6.33 B.52 3.~ • .13 .11 , 
8051-2 49.86 1. 21 13.99 2.71 12.98- .21 6.36 10.63 1.86 •• 07 .'10 

• 
8054-2 63.63 .43 16.35 1.93 , 3.81 .16 3.11 .47 2.99 2.62 .10 
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Lower 
Volcanics Si02 Ti02.· Al203 Fe203 FeO 11nO 11g0 G:aO Na20 K20 P205 

8055-2 66.55 .50 17.70 2.00 3.02 .10 3.18 1.38 3.20 2.28 .10 

.. IH ddl e ,. 

5310-1 67.35 .56 17.03 2.06 2.49 .05 1. 53 1.65 3:44 3.6S' .20 

5295-1 69.48 • .46 15.15 1. 96 1. 60 .07 1. 62 2.87 4.45 2.23 .11 

Osisko . ~ 

• 
0-1 63.53 .53 15.39 2.03 4.67 .12 4.03 4.65 . 3.15 1.80. .10 

0-7 50.40 1. 50 14.29 3.00 13.62 .20 6.50 6.60 3.50 .29 t.10 , 
0~25 53.09 ·2.15 12.84 3.65 Ii. 17 .22 4.97 6.94 1. 38 1. 50 .09 'i • 
• 
0-11 50.05 1. 15 14.58 2.65 11.28 .19 6.66 10.10 '2.81 .47 .07 

0-19 50.36 1. 59 13.34 3.09 12.13 .23 6.03 9.51 3.38 .• 24 .10 
\ 

0-24 • 43.48 3.12 13.80 4.62 15.88 \ 25 5.03 ' 11. 24 1.89 .61 .08 
~ 

• 
4 

Upper 
Volcanics . , " , 

\ 
. " - ,'I." • 

' ' .. 
5222-1 53.96 1. 61 16.60 3. 11 7.60 .21 3.16 10.46 2.90 '.31 .09 . ' , , 

6193-1 50.38 .97 16.86 2.47 7.96 • 17 5.78 12.25 2.40 .67 .10 
, ' ., 
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Upper I T i 02 

, 

Volcanics Si02 A.l203 Fe203 FeO f1nO 1190 CaO Na20 1(2° P205 

5261-2 53.27 2.20 d': 68 3.70 7.06 .22 3.86 10.75 4.35 .73 .20 

525~-2 55.85 1. 62 15.13 3.12 8.75 .20 2.70 7.90 4.11 .49 .11 
8113 53.43 1.66 15.09 ,3. 16 9.44 .22 3.04 9.11 4.67 .08 .12 . 
~115 49.12 1. 19 14.38 2.69 9.69 .18 8.92 11.06 1. 60 .08 .11 

0/.15. 
/ 

8118 48.89 .72 14.96 2.22 11.26 .20 10.25 1.82 .49 .U6 

5268-1 54.10 1.49 12.22 2.99 .14.82 .24 3.68 8.25 1. 75 .36 .10 

52\;5-1 52.45 .78 14.82 ' 2.28 10.76 .21 6.21 '8.84 3.35 .24 .08 

5302-1 50.85 1.39 14.27 2.89 12.44 .21 5.34 . 9.50 2.54 .43 .14 

5300-1 50.13 1. 17 14.80 2.67 11.40 .20 6.26 10.12 2.51 .64 .10 

11 i sc. • 

G.F. 

8053-2 70.60 .38 16.01 1. 88 , .7! .04 .71t . 4.71 .53 4.23 .14 

8053-3 70.46 .37 16.00 1. 87 1. 74 .04 1.64 3.26 .82 3.66 .13 

8065-2 68.27 .52 16.24 2.02 2.20 .06 2.06 1.31 ,,4' 2.36 .13 

~0.--J . I 

8060-2 73.32 .39 13.48 2.89 .63 .07 1. 90 3.22' 2:22 1. 79 .08 

8093 . 65.49 .78 16.18 2.28 5.34 .11 1. 70 4,48 2.79 .73 .12 
• t 

~ 
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T & S Si02 Ti.02 A1203 Fe203 FeO HnO 11g0 CaO Na20 K20 P20S 

,) 

8137 60.78 .51 14.57 2.01 4.11 .12 5.69 7.04 2.69 2.32 .17 

8140 73,;52 .54 14.27 2.04 2.66 .05 1.02 1. 55 2.37 1. 90 .06 

8064-2 61.49 .55 14.73 2.05 6.67 .18 4.61 5.09 3.21 1.31 .10 

! 

Arg. '" 
• 

8143 62.52 .67 16.76 2.17 6.58 .12 3.14 2.54 3.68 1.68 .13 
.. 

8145 61. 53 .71 17 .17 2.21 6.68 .12 3.37 2;4P 3.61 2.06 . • 14 
/. 

.~ ( J 
Aihyg \ 

\ 

3'32'~~ 8096-3 59.42 1. 28 14.21 2.78 6.88 .14 5,17 .49 

Brecciated 
Porphyry 

5230 73.99 .19 15.32 1. 37 0 " .02 .52 1.06 4.30 2.43 .06 ' 

5232 73.32 .35 16.09 1.85 1. 13 .04 1. 87 2.65 5.82 1.44 .16 , 
5233 74'.21 .15 15.38 1.30 0 .03 .62 1.83 3.26 2.60 .06 

5240 74.22 .19 14.58 1. 54 ° ~03 .60 , 1.48 3.90 ,-.2.14 .06 

. 8131 70.10 .40 15.63 1. 90 1.10 .04 1 .. 54 2.35 5.30 1. 52 • '13 

8134 72.85 .21 15.57 1. 52 0 .05 .57 2.87 4.15 2.17 .04 
I .... 

\ '" 0 
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Brecciated 
Porphyry Si02 Ti02 A1203 'Fe203 FeO M'nO 

\ 
8136 75.0S .20 14.57 ' 1.20 0 .05 

~8142 65.41 • .34 13.90 1.84 1. 71 ,-:'y'. 

Porphyry r------.. 
~ 

PI 73.9,7 .22 15.53 1.28 0 .03 
• 

P5 73.18 . .18 15.10 1.3r-·· 0 .04 

P12 70.42 .27 14.57 1.77 .5.5 .06 

P13 71.93 .19 14.84 1. 59 0 .05 

P23 74.68 .17 15.05 1. 15 0 .03 
, 

P24 73.26 .21 15.42 1. 23 . .0' .02 

P27 7« 94 .20 15.34 1.08 0 .03 
',,-

P28 74.19 .18 15.64 1. 07 0 .. 02 

P34 74.22. .16 15.92 1. 30 0 .03 
• 

P35 75.34 .17 15.66 .66 0 .03 

PF 74.38 .19 13.61 .95 0 .04 

, 

, 

• 

./ 

1190 CaO Na20 

•• 40 1. 70 4.59 

3.42 6.48 4.52 

.44 , 1.15 4.79 

.54 1. 45 5.77 

3.26 3.2 ' 4.36 

1. 32 2.08 5.28 

.37 1.58 4.70 

.41' 2.09 5.44 
,35 1.56 . 5.0~ . 
.35 .76 4.76 

( 

.44 1. 63 4.10 

.38 .034 6.12 

:40 1 ;'42 5.85 

K20 P205 

2/1 .04 

2.09 .14 

2.53 .06 

1.77 .• 05 

2.03 • 1 

2.26 .07 
2.79 .06 
1 • .86 .• 06 

2.17 .06 

2.4~_---./ 
2.9 .• 06 

2.42 .03 

2.10 .05 
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0-25 

0-11 
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Sr 

304,2 

199,4 

427.9' 

232,2 

279,9 

205,8 

Volcanics 

05222-1 

6193-1 

5261-2 

5256-2 

8113 

8115 

8118 

5268-1 

5265-1 

5302-1 

5300-1 

~'-' 

198,8 

156,3 

150,5 

62,8 
,44,1 

108,9 

124.9 
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Rb 
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5.6 

58.9 
15,6 
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31. 5 
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9.9 

5,8 

\ 1.9 
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[3,8 
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,~, 

Y Nb 
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.84 7..,4 ~j ,62 
15.3334'.931 
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12.6 

14 
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~~-G.F. ' ) Sr Rb Ce 80 y Nb r Zr • Th Pb .. 
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• 
80S3-2 110.3 94.3 42 S26.8 10 11 142-', 5.05 7,77 13~ j 

" • 
80S3-3 102. b 86.5 44.4 469.8 10 0 145 10 • .1 . 

. 1:\ '806)-2 242.9 S3: 7 ' 30 449.4 14 'II lSI 3.86 2.66 28.6 
., " 

T & S/ • 
" 

8060-2 243.6 45'.7 Hl.4 415.6<7 14 9 39 2.S2 4.S4 ,31. 2 

8'093 356.7 16.3 22.4 127.8 20 1 136 3. IS 10.09 63.4 

8137 1146 71.6 40.1 714.4' 9 , 9 113 3.19 'IS,92 210.6 

8140 r',300.8 SI. 1 11. 7 494 12 1 102 , 
8064-2 270.9 29.6, 28.5 ' 418.3 13 'l'2 108 .91 4.67"\ 86,8 

'1i 
Arg. , 

.c 
8143 321. 3 71. 3 52.2 416.4 22 9 124 8.25 20.43 8S.3 I, 

6.145 271.6 89.5 51.6 309. S 21 13 134 9.06 17.40 79 . . .' 
Amyg 

8090- 3 262.4 58.9 10.5 695.2 20 11 108 1~.8 ""', 
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Breeci ated 
~ 

\t 
PorphY,ry , Sr ~ , Ce Bo Nb _. \ Zr Th P1b Ni • 

, . 
; 

' . 
5230 .41~ .1 60.~ 16. 1 707.5 5 1 .99 • 03 I1.B2 14.B 

.' 
5232 463.1 40.2;" 53.2 982.5 12 12 133 4.76 . 7~ 16 32.B 

VJ--
5233 510.7 !i6.6 B.5 686 5 1 ' 79 ' .09 12.37 9.7 

('. '-
5240 410.7 53.3 17 .1 545.2 ' 5 1 87 .16 10.35 - 8.4 ~ ..../ • .", 

8131 462.3 42.B 48.9 _ 1O()5~) 7 1 130 4.11 6.54 32.2 ,. 
./ 8}34 604.2 56 

/. -
2 -V 91 .84 .14.00 9.8 807 694.8 

8136 529.9 55.5 6. 1 624.6 6 1 90 .75 4.73 • B.'9 

" 8142 559,6 49.7 49.9 752.7 9 10 108 4.74 8.07 7.04 
•. ' I 

• .. ~ / '-.!.. 

Porphyry. : . . . 
• -, 

I 

PI 448.8_ 76.5 . 3~ 8 698.7 1 1 83
r 
"0 .,10.10 '8.9 .< '.' . 

- , 

, 
P5 542.5 63.7 16.8 r1H ,I 5 .--: '~l_ .1)1 6.12 8.3 ~ 

P12 1417.1 B6.5 28.6 59 fl. 3 3 1 J.04 ' 
-' 
8.82 7 

P13 74.6 If .44 • 28.4 485.8 22.3 483.7 4 14.68. ' 
( 
. 

\ 1 i 
-, 

P2·3 574.4 85.1 7.4 785-.3 1 7) 1. 57 • 9,56 7.9 
\. , 

P24 205.8 31. 5 16.1 747. 0!.,l-~~;~'" -' 2.27' 15.18 7.3 

¥.' ' P27 442.5 59.5 . 9.1 671. 7~- -. 1 "- .--95 0 -5.40 9.3 ~ 

P28 317.1 ?2.5 10.8 654.6 4 0 93 .34 3.77 7.0 <.: .. P34 425~ 77-:-.9 10.2 950.3 1 1 91 1. 54 {1.16 ( _ 8.8 
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Table A-3 

Co ,(ppm)· 
• 

Cr* 

Cu* 

Ga+ 

Li* 

~ 

110+ «1) 

Pb* «10) 

Sc+ 
y+ 

/ 

.) / •• , 4 

'. ,. 
~ r\, . { ?

~\, 
, ,. l / 

I • ' . , ' '-...-,..( 
. j . I t, 

".\ I., _'/( 

•• , . , . 

~ -----4: " ,:tII,'· . 

Trace Elements ." '.," 

(externallab)l,. , , ~~r\.,.i' 

PI P5 eJ2 P13 m ;''' '28 :" P3S ,U131 5230 5i32 523~ 5240 0-1 0-7, r1'1 0-1; ;:~P~;5 " 
50 50 40 ](i 65 .~ 30 6!> 70 85 35 40 30 40 30 .45 65 t ~O . 85 70 . 6(1 

10 5 125 55 5 ~ 10 20 5 5 50 15 45 10, 10 180 115't't5 f40;,' 5 .40, " 

15 25 20 30 15 5~\ 5 15 15 1)5 10 10 5·,25 '10, 40 175 65 30. 360 95 
, '. 25 25 30 25 30 30 25 30 30 20 20 20 20 20 20 20 20 20 20 '35 ,25" ~" 

10 10 10 10 10 15 10, 10 20 10 10 15 10' 105 40 35 30 20 ~. ~19 '" 
1, 1 1 2 45 1 1 25 4 1 1 1 1 1 4 1 '1' 1 1 

10 10 10 10 10 20 10 lO 10 10 10 40 10 20 10 .. lO 10 10 10 10' 10 .. 

5 5' 6 5 5 5 5 5 5 5 6 5 6 5 5 20 40' 40 35 45 45 

25 25 10 10 10..f0 10 10 10 25 50 25i 45 25 20 150 400. 250 300 1300 700 

-----
\ 

In* , 
/ . 

•. . j 
45 20 50 45 20 15 15. 35~~ 35 50 35 45, 75: 70 40 85 Ilt 120· '. 

( II.' 7-1\.'..{ : . 
~ , 

* atomic absorption analyses 
+ spectogr~phic anplyses 
1 all work carried out by 11ineral 
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APPENDIX B 

, -J. ,.,sa:iw ~ TU RAL ( JOINT) DATA 
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, APPE~DIX 8 --JOINT D~ 
.",- Table 8-1 

~ 

Lower Seguence Joints* 

20/80 ' 264/90 194/89 350/80 180/60 

.. 286/57 52/60 . . 270/86 24/82 340/50 
340/90 6/90 '26/70 8/80 60/80 
350/~ 240/90 79/52 1JD/72 344/80 

32/62 50/90 0/58 . -96/62 47/80 
48/54 ,310/48 270/54 . 59/80 12/90 

242/28 ' .. '324/84 60/80 100J90 337/90 
~ 

'i~ 
2ft/70 210/84 350/80 270/60 

299/,25 164/82' 166/80, 0/80 
./ 02 0 ._, 18/72 140/86 5.0/80 

~. I 
34/84 44/7 4 .' 330/~6 166/80 ' • 

.. 
~ / . . . ~ . 

'/ +4/82 148/,74 308/9G 90!~ 304/28 ... 
/ . 

30Q'77 0 , 20/9ri' 
~.,~" 

12.9.(84 46/70 20/70 

42/84 ,~ '156/80 54/16 76/80 135/55 
42/4~ . 68/54 350/90 58/74 52/90 

"') 
24/82 150/84 300/80 340/90 135/70 

~ 1.40/80 ---5S~ 30/66, 10/90 1tl1/60 
" 80/70 \ 1"36/54' . 320/90, 270/60 280/60 

~ 274/8f~ 30/84 210/40 O/SO 348/80 • 
i30/84 50/86 30/90 80/80 34j80 

194/82 16{90 128/80 120/90 -- 55/74 , 
248/74 50/72 , 224/90 160/90 62/65 
260/48 140/90· 166/64 150/70 ' 292/90 

-' 4/90 209/67 276/60 30/50 342/90 . 

, 
• . . 

* all readings made usi·ng. standard right-hand orientation 
\ 

I "'- .. 
/ " .r-

• 

199 

70/90 

105/70' • 

15/90 C" 
165/80 

177 /80 

50/80 

106/90 

337/90 

150/80 

'160/60 

67/90 

32/90 

167/80 

~ . 

~: 

r 

.' ~. 
\ 

. 
\ 

, . 
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• 

Table B-2,' • 

J u--Porehltl Joi nts. "-,r 
/ 

244/68 344/76 270/70 ,336/64 
284/66 76/86 302/76 310/90 
30/50 136/66' -I70/82 SO/72 

130/90 '206/32 110/90 24/80 
71/34 244/90 74/54 • 110/90 . 

286/60 154/70 160/90 14/72 
290/64 260/54 190/90 44/50 
300/90 240/72 . 246/70 300/40 • 344/50 172/74 150/48 170/80 
320/90 130/68 208/90 100/70 
266/72 1/ 140j58. 330/60. /'" 

/ 

50/78 . ao /90 , • ' 206"/90 

344/82 ...... 306/56 / 158/74' " 32/66 260/58 ' .310/60 

300/84 194/90 • 230/90 

82/70 \ 134/52 204/90 
') 12/-76 21.0/90 236/54 

290/46 110/8tl 

28/~ / 18/58 ( 

• 10/82 \..,/' 232/80 

310/76 310/90 

260/28 
" 

40180 220/88 
80/74 0/90 

40/84 320/90 

230/80 240/90 
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, 
~ r • Table B-3 .... , -

Upper Seguence Joints ,"'., 
~ 

350/75 ' 10/74. 60/90 200/60 . 

I ~ 345/90 10,59 10/74, .' 15/~ , 
./ 340/76 15/50 Z5/85 " 60/90 

285/90 330/90 340/75 ' -10/90 

350190 
I"-

10/75 50/90 %--10/80 

'15/.90 -; ..--i 15/78 50/68 210/15 , . 
315/90 3G/90 320j72 270/58 

• 345/82 350/9b 0/77 260/30 
~ 

95/51 30/90 300/90 ' 90/67 

10/59 5/60 "4(}/54 280/90 
r 
/' 105/85 350/48 235/60 280/86 

28/85 r: 10/50 300/70 350/90-

20/80 315/80 20/75 20/85 

'350/90 1"5/70 70/20 330/85 

305/90 110/80 10/72 45/70 

20/80 10/50 0/10 350/90 , 
315/48 55/90 345/90 '340/90 

305/90 315/90 15/90 . 100/78 

150/48 20/52 340/70 • 330/90 

15/48 105/90 .10/80 0/80 

105/70 25/52 , 40/20 90/90 ~ 
./ 

20/80 95/76 
/ 

350/67 340/80 • • 285/60 285/90 340/80 20/9tJ 

0/90 20/85 90/70 346/90 

10/76 40/90 100/90 

\-
f 

)(~ , •. 
r 

~ 
( 

, I 
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APPENDIX C 

MIDDLE SEQUENCE 

CLAST MEASUREMENT DATA 
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Table C-l 

.' APPENDIX C - MIDDLE SEQUENCE CL}ST SIZE DATA • 
· ," "I. ~. • "/ • 

, . 
Facies B 1)~ • 

-. " .­.. 
~. ' ,', '.'0, 

~. --i --... 
Stat ion No. Va 1 ues .., [e~th/~idth 1 n cm ' 

.' . 
010 .' .010 (L/w) • , 

8060 . 14.5/1Q.5, -4.5/2 .• 2, 7.0/4.2:, C,.5/3;2; 

~ 

\..8062 

\ 
\ ' 

8063 

8068 

• , 

'8069-1 

8069-2 

8070' , 

8072 

80n 

. ,.\'--r , , 

6.6/4.2,'·10/1.5s 5.0/1.5, 4.0i2'....c. 
4.VJ..5. 4'.5/2.2.8.0/2.7,4/1.7. . . . 
3/2, 2.5/1.2, 4/1.2 . · , 

-
7.2 7.2/3~5~2.0 

'.. . , 
8/3, 3/1 .. 3.2/1. 2. 8/4 .... 3. 5/2_5. 
3.5/2.5, 5/3.5, 7/4.5. 4/2.5, 9/6, 
15LB, '13/5,1017,7.5/4.5.5.5/2.7 

, : .... \:, . 
. ' 

, . - 8.8 8.8/4:8"~,,· 
"j ~1,. 3.5/1, 3/1.2, 2/1.3/.5, 4/1.5, 

5/?5, ~/1:.2, 3/.5, 1.2/1.2, 1.4/.~, 
5/.7,311,6/1.'2,1.3/.3,1.2/.3 

( " 

3-.8 . 1.8/1.1=3.4 
, 

14/9.5, '12.5/11, 18/17, 21/18, 
la/12.5, 23jl5, 30/~O, 30/9, 22/11; 

'28/14.5, 33120/22/8, 2~5, 19/16, 
22.5/12 l.- /', ' 26 ',- 26/15.2=1. 7 

40/36, 30i25 , 34/22, 41/24, 35/20, ~ 
· 60/50, 40/2Q, \3.0;18, 22/14; 29/231' ' 

1!../25/21, 20/14, 42/18, 36JJ), 29/14 '38.8, 
~ J ' 

J 

"12/8, 14/4'; 12)7, 17/2, 22/5, 9/9, " 
9,5/5, 9/5, 20/12,\1}14-, 17/9, 1?5/6, 
11/10, 10/6, 11/15' . 15.6 15.6/6.7=2.3 .. 

. 19/9, 14/9, 23/15, 16/13, 17/16,. 
14/10, 15/10, .12/8, 13/10, 11/5':5, 

, 13/8, 18/11, 22/15, 14/12, 22/17 18 ~18/13.a=1.3 
~ ) 

17/8, 26/12.5, 21/14, 21/11i. 21/14,1 J 

, . ' 

16/14, 13/11. iO/l0, 9/.6, P/ll, 14/9" . /' , 
,10/10, 20/4,' 9/5.5. 8/6.5 ' , ' 1&.6/ 18.6/1I..3=1.6-', 

, , 

~ , 22/17, 18!1t},37 /28, 30/17. 28/22, , 
18/14, 18/18, 30/24. 30/22. 23115. 

, 1617,,34/22,44/33, 49/30,,44/21 

" 
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~ .. 

'. '/':' Tabl~~.-t· '. ~.-> · .' '. :.): '" f ' . 
. ' .. /' __ ~C:'" '.' . . F.ac1es C Data 

.. . 
, . 

I 

i 

. , 

. , 

'. 
> , • 
(,r " 

.. 

, ....... 

:. ." 
~. '. :, .. ~ , •... , ' . 
. ~ Stat;OH·No. Va'lues - length/Width in cm' ·010 

. : ~074- ',25/9, 13/6,' 10/4,.22/14;(36/29, ~7/fO" . 
\ '::'<15-/7, 1.8/6, 19/8, 16/10,20/13~" y' ,<~6/4, 17/8, 11/3. ' . . 20.6 2O.6/1I.5=1:8, 

'~075 ' 26/15';, 30/6: ·16 .• 5{8:30/~, 38/26, "') .' .... 26/9; 23/11, 28/14, 23/13, 37/29, 

8076 

~ 8077 

\ 

.. 
>, 

'. 

. " 

,....8079 

33/24, 27/15, ?9j16 , l!U!HJ; 19/7 30.4. ~.4/16.2=1 •. 9. 

,49/32, ,41-(23, 34~l4, 23/13', ['42125, 
23/15,"2.1118, 29/2P, 33/19.5, 30/17, .... , 
26/12. 30/11, :1~/10, ~4/15, ,18/9 33.~ 33.8/18 .. 8=1.8. 

. .,' ' .' . 
30/14, 48/26, 23/14, 65(40,' 24/22, 
31/20, 30/14, 27/14, 28/~~20!l6~ 
50/2~~/26;. 38/13, 26/~ 32/20 

15/10: 21/15, 33/8, i9/10; 21/16, 
• 17/17, 30/12,0::1.9/14, 15/10, 25/12( 

, ' 

.. 
~9; , 39/2Q. 9=1. 9 

'. " .. " ~' .... ' 
.~ , : 

. '. 20/9, 14/11., 25/1t, i8n2, 1.5/17 •• ~ 

8080 ~Y19/8, 23il0, .17/8, 12/13, 14/7 .. 2,0/10, 

24.1 24.1/11.~~. 

r 
, ·I~ 

. , .. 

),33/.1G, '23/9: 14/4, 23/8. 5 ... 1IM/8 , . 
~ .• cB:~l.'2, 23/10, 24/9, 64/l6:'~~120 , 

.r.' 
'. 

.8121· 

• 8122 

, / .. 
.42/18; 28J17" 29/13, '26/1:7:, 201iZ, . 

, 27/-15, S312Z " 38/18, 48/30', 37f21, 
59/20, .48/20, 35/15, 39/23, 27-/11 

: '5'2/13', 60/15, sS/13, 120r30~"6~h5\ 

, , 

'\ . . 
. '.';' 

?0/14, 1QO/15, 54/13,' 6Sj8, 4El/15
J
) . . ".-:,. 

. 6'3115, 97/8,,...4~/10, 40/9; 62{14.'· 78.],\78.1/14.6.:'5:)" . .' '. ",; 

.':; . ~. 1~%~)}(~'i~):~i~,;r,~1: . ". ..... . ..}.' ,j 
,,r'" .,.1!-4.:5;1l/ 5, IOl8: 1?/5,'17/10 24.8.24.8/14· •. 7=1.!7 r ~ 

8123 . 20, 16/9, 13/9,i..4!7: 20/9";"16/8, ":' 
'.. 14 6, 18{8,'23j12, i2;6, 1~/6, 21/13;" .... ,.. • ~ 
-1.,l~/7-, 16/7',2'[/9 ., ..... , '.... 18.5 18.5/g=2.0 , )~ 

r- '. \'. . .... . , "" . '." '. . ,,~ 
-J' 4 i 

~';' ~ . ~i ... -. 
.' ~ , . .. . 

.... 
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,_::- .. ~otaJl O.f 80 samples have been analysed by X-ray 

fluorescence for major and trace elements. These we're crushed to , 
-200 mesh usin.g a Spex industries shatter. box with tungsten carbide~ 

rings. Care, was taken to remove ail weathered surfaces ~fore 

cru~hing:.- Major elements were determined.using 'a fused 2:1 mixture 
.~:.... ~-..... ' .. 
~f lithium tebrabarate and rack pawder. Carban cr~ibles 

cant a i ni ~ the pawder m;'~ture were heated at 1150 ~,C for 30 mi nutes ~ 

Loss on ignition or volatile lass was ca;culated a~cou~ted' for 

le~ than 3~. Trace elements were determined using pure rack 
, . 

pawder., Pressed discs io~each scmpl-e.were made fallawing the 

pracedure autlined by Ma~hand (1973). 

The'chemical analyses were carried aut using a Philips, 

Model 1450 AHP autamatic sequential spectrcmeternoused in the 

•. Gealagy Department at McMaster Uni ~ity • .,j Raw data were carrected 

far absorptiah and ·enhancement effect (Marchand, 1973) ~nd the 

t,nal values determined against USGS standard-s.... 

The major elements analysed were:,/Sil Al, tatal Fe, Mg, 

Ca, Na, K, Ti, Mn, and P. A ''Cr X-ray tube was used throughaut. 

One sample remained in the spectrometer 'at all times serving as a 

i drift manitor. Machine settings are given in Table 0-1. 
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The trace elements analysed. were: Sr, Rb, Sa, ~, Th and 

Pb on a Mo X-ray tube and Y"Nb, Zr, and Ni ·on a Cr X-ray tube. 
r 

Machine settings are given in Ta~es 0-1 and 0-2. 

A 11 raw data were first converted from tape to ca rds. us i ng 

the ~ape-Card Conversion Program o~ Mudroch 
• 

computer programs, developed and. proven val i d , 

{1977}. Individual 

b~raduate students, 

for certain elemental groups were then used to prpduce the final 

values. All programs can be found in the computer geology 1 ibrary ., 
at McMaster University. , 

ii} Analytical Errors 

There are three sources of error in analytical techniques: 

~ .. 
statistical. error or preclslon, systematic error or accuracy and 

sensitivity (Shaw, 1969). These errors were examined in the X-ray 

Fluorescence analyses of major and trace elements and the results 

are presented here. 

Precision: Varianc·e', standard deviation and coefficient of 

variation were used to check the precision of the analyses. 

Table 0-3 shows the results for two whole rock samples run 
~ , 

in triplicate. Most oxides fall within the 0.5 to 5.0% acceptable ., 
limit· for the coefficient of variation suggested by Shaw (1969). , 
The excep~ ons are NaZO,· KZO, and P:20S. The oxid~s with high con-• .> \ 

cel)trations and count rates show precision within 1 to 4%. 

Elements with low.concentrations and couht rates are less preci se. 

., .-
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-
Th~ value for K20 is satisfactpry. in more felsic rocks [e.g •• 

samp~ip~23 of the porphyry, compa~~d t~ the ba'salt B-7). 

Atcuracy: To jUdge-tlleYc)uraCY'Of an analysis, it is 
\ . 

compared to'a reference or standard sample whose composition is , ,-
known from preparation. Comparision !t.ith W-1 and BCR-1, using the 

standard values from Abbey (1975) is' shown in Tables 0-5 and 0-6. 

The bias, in 1111 cases was low and within the acceptable 'range. In 
'1" 

calculating the % bias, elements with low concentrations resulted 

in higher values. 
, 

Sensitivity: The lower limit to an analytical method is 

determin~ by the point where a weak signal cannot be readily 

distinguished from hackground or noisp (Shaw. 1969). Following the 
. r' 

( 
worked examrles of ,Jenkin's and OeVrips (1 9 7?). thp lower limit 'pf 

det'.,rtion (I .L.O,) w"s calulated using the fornl,la: , 

TP 
LLO = 2 Tb --m 

: where Tp = peak time 
Tb = background time 
Tt = total analysis time. 

m =Rp - Rb 
% value 

Rp = c.p.s. peak . 
Rb = cps background 

Rb 
'Tt 

Table 0-7 lists the lower l(mit of detection for ten trace 

elements and the comparison standard. 
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iii) Surrmary 

, -, The· results of XRF' analyses are listed irt Appendix 'A. 
~ ~ , 

and Th have bias levels in excess of 10% and"lny interp~ation 

involving these must be guardel ,r, ,-, 
Appendix A also lis~ values for; Ag, Au. Be. Co. Cr, Cu. 

Ga, Li. pb, Mo, Sc, V and Zn for the porphyry samples and a few Ell' . 
the lower basalts. These aoalyses have been produced by ~he~ , 
Ministry of Natural Resources. No attempt has been made to analysety 

the values or errors in detail. 

C.I.P.lI. norms were calculated using a computer program by 

Mathison (1973). The total Fe content was separated into Fe203 and 

FeO components based on Irvine and Baragar', (1971) correction: 

% FeZ03 = % Ti02 + 1.5 

The results are tabulated in Appendix E. 
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.. Table 0-1 
• 

'<... 

XRF Settings 

~. 

Program 2 Whole Rock Rb-Sr 4 Ba-Ce 

Tube Cr 1·10 (',10 . 

Crystal 
'. 

\llF 200 II F 200 TLAP 
I 9'0~)0 KV -I-IA· 50- 50 50- 50 

Counter Flow Sc i nt . F I OI-{ 

Collimator Fine Coarse 
f' 

Vacuum Yes 110 Yes ': 
Windaw LL-UL 250-750 250-750 350-750 

l1igh Valtage 380-564 380-564 380-564 

No.. Samples I Drift, 3 4 4 

Standards I a rge ra nge Ims 70A, G-2, NII1-N W-I , " 
GSP-I, AGV-I, BCR, AGV -I, 
W -I BCR-1 . , 

NII1-L, G-2 

'----.. 
" 

.. 
..... 

. , 
" 

.... ~'":..!~-:·.JNiji ... l· i. d>.3t,_ :;~ .... v '-1. . ~ :-. 

5 Y-Nb-Zr 

'Cr i 

II F 200 

50- '50 

F I o\·{ " Sc i.nt. 

Fine 

Yes 
~ 

250-750" 

382-564 
\. 

4 

GSP-I + 3 more 

./ 

" 

• 
-----

8 U-Th .e 6 Ni 

110 Cr. 

LIF 200LIF 200 ~ 

8S. 25 50- 50 

Sci nt. Flo~{ & Scinto . {- tr 
Fine Fine -
No. Yes, 

250-750 250-750 

382-564 382-564 

4 4 

AGV, BCR NIM-P, JB-I, 
W-I, G-2, N1I1-II, Br 
GSP, NII1-G GSP-I, AGV-I 

., .. 

, . 

I , 

N 
a 

'" 
\ 

" 

• 

I 

.1 
I 

" 
"'''~'''J ~, ..... ;Ll'" 
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(. Tab l,e,,~-2 

~ ""-
J Par'arneter Values " \: 

~ 
1 Ilb-Sr 4 Ila-Ce 5Y-tlb-Zr· 8 U-Th 

. ' . 
• 

1121391 6600305 4180501 1000303 5125£01 7000303 8021391 6600305 ~ \ ..... , ... 
• • 

1124381 6600305 4179301 1000306 517.6581 7000304 8025901 6600305 ., 
.. 

1125801 6600305 4178241 1000303 . 5124381 7000303 8026151 6600305 .. 
1125801 6600305 4174.531 I 100.0303 5125101 7000304 8026601 6600305 

4171641(0.: 1000306 
• 

1126511 6600305. 5123311 7000303 8h27481 6600305 

4170741 ·1000303 5123721 7000304 .8028251 6600305 

5124551 7000303 . 8028751 6600305 

L....:... 5i22~11 7~0304 '8039791 6600305 

5121001 7000303 8041781 6600305-

6 Ni 5121351 7000304 8045011 6600305 

5120331 7Q00303 8048651 6600305 

6048201 7600305 5120071 7000304 8049501 6600305 • .• 
6048651 7600305 ') I .. • 
6049751 7600305 ., 

\ 
, 

" 

~'. \. 
\\ . " N 

~ 

• a 
, 

• • / 

., • e " 
•.• ,,':<; :.~.: '; .... , .. ' .. ~·'···""1··'7.i 



*Var; Variance, SO ; Standard Deviation, CV ; Coefficient of Variation 
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Table D-3 

Sample B-7 

Si02 51. 72 

A1203 15.25 

Ti02 0.45 

FeOT 10.33 

HnO 0.17 

I1g0 4.64 

CaO 15.50 

Na20 1.06 

K20 0.16 

P205 0.08 

Precision (Hajor Elements) /~ 

Mean 'I a r. Sd. 

51. 70 51. 91 51. 78 .01 0.12 

15. 73 15.70 :5.56 .07 Q.27 

0.43 0.44 0.44 0.01 

10.09 :0.28 :0.33 .02 0.13 

0.17 0.17 0.17 

4: 58 4.56 -1.59 .002 0.04 

15.61 15.85 : 5.65 .032 0.18 

1. 30 0.99 !. 12 .026 0.16 

0.15 0.14 (). 15 0.01 

0.09 0.08 (l. 08 0.006 

CVr, 

0.23 

7.22 

2.27 

1.24 

0.91 

1.14 

14.5 

6.67 

7.2\ 

. 
.' .. 

" 

N ..... 
N 
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Table 0-4 

-_._--
Precision (Trace Elements) 

Sample 8030 Hean Va r. 

Sr (104.4 104.3 105.5 104.7 .44 

Sa 30.14 30.14 30.14 30.14 

Ce 5.55 5.04 5.29 0.13 
y 33 29 30 31 4.33 

Zr 70 73 62 68 32.3 

Nb 10 12 10 10.7 1.3 

fli 79.4 79 82.8 80 2.65 

Sample P-23 

Rb 86.9 86.8 86.1 85.1 86.2 .69 

Sr 58.4 58.0 58.3 57.4 58.00 .20 

Samp 1 e P-34 

Ba 950.35 951. 67 948.45 950.1 1. 45 

S.D. CVr, 

.66, 0.64 

.36 6.82 

2.08 6.72 

5.68 8.36 

1.15 10.74 

1. 63 2.04 

.83 0.96 

.45 0.77 

1. 21 0.13 

. -
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Table 0-5 

Accuracl: '(t1ajor El ements) . 

" " ,. 
" . 

W-I )( Bias Bi as' BCR-l )( Bias Bias 

• 
5i02 52.72 52.10 0.62 1.0 54.85 54.53 .32 .58 

A1203 14.87 14.45 .42 2.8 13.68 13.54 .14 1.02 

Ti02 1.07 1.14 .07 6.5 2.22 2.30 .08 3.6 

PeOT 11. 11 11. 65 .54 4.9 13.52 13.77 .25 1.8 

MnO .17 .18 .01 5.8 .19 ~9 
MgO 6.63 6.14 .49 7.4 3.49 3.40 .09 2.6 • 

• CaO 10.98 10.70 .28 2.5 6.98 7.04 .06 .8 

Na20 . 2.15 2.83 .68 31. 6 3.29 3. 08 .21 6.4 

K20 .64 .67 .03 4.6 1. 68 1.8 .12 7.1 

P205 .14 .13 .01 7.1 .33 .36 .03 9,1 
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Table 0-6 

Rb 

, . Sr' • ... 
Ba , 
Ce 

y 

Nb . 

1r 
, 

Ni 

Th 

" Pb-

.., 
~ 

*x = Mean 

• 

• 

• 
• 

• ,. 

• 
. .... ... 

" 
-, 

\ 

, ' , 

~ \ . 
Accuracy (Trace Elements) 

W-I 
, 

22 

190 

210 

23 

fZ5 

15 
~ • 
10'5 

78 

2.4 

8 

'x 

21.6 

191 

203-

22 

26 

l;5 

• '105 
~. 

c , 

, ' 

87 ' • , 

3:3 

9 . 

, , 

.. 
" Bias Bias 

' ,4 1.8 

1 .5 

7 3:3 

1 4.3 

1 4.0 

,~ 

:0-
9, 11.5 

" 
' '.9 , 3]. .• 5 

I, 12.5 

, , 
• 

" , 

of fou r determi nat'fons' 
, ' 
i 

,.. 

-I 

f , , ,-. 

" ----. BCR J l x Bia~ 

I 
48 48 

332 338 6 .,.., 

680 697 17 

54 56 12 

'46 44 2 

14 14 -, 

185 17~ 11 

16 15 ' , I' 

6 6.2 .2 
~ 

15 '14.4 .6 

, 
" •. "f 

- . 
" 

",' ,J 
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, .. 
" Bias 

<:Q 
\ , 

-' " 1.8 " 

2.5, ' 

3,7' 

4.3 . 

'- - f 

5.9 1 , 

6.2 .. 
3.3 

4.0 

. 
, 

: 

: 

...,. ~- , 
, , ,~ .... . .. ,. ," : ,-
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• Table 0.:7 

--
1 -r " \ 

• 
'. 
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• 
. ', 

'. 

" .. J; ... 
,. 

" 

, . 

',:,_ :1'-:.., .\'" . -~:';"~ ... 
" :.' . . .' 

-.. . ..... 

.', . .... , . 

: 

. ," ',. " . 
, . 

I ". ~ ,. 0" 

ll;6. ~ ... 
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.' 
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-. 
• 

~/. 
..~. ____________ ~ __________ ~_=S~e=~~it~l~'v~i~t~Y ______ ~r~~ ____________ __ 

I 
Element 

'\ 
Rb 

Sr 

Ba , 
",Ce 

y 
./ 

I 

Nb -( 
... 

Standard 

W-l 

W-l 

NIM-N 

N'IM-N 

.GSP 

GSP 

• 'LtDl '(ppm) 
.:;,.. , 

0~8 

0.6 

17: 

.. 9 
• '\ 

. ~ LL02 (ppm)' 

'/-<. . r' 
1.0 

1.0 

'20 . 

,. 
10 

• 
.2.0 -

.. , ( .. , ,. . '\ • 5.5 .• 
• > J-

Zr, 
• ~ 

W .. l 

.'~ ~. 

1.7 

5.3 

3.7 4.0 
" 

/' , 

,. 

Th 

Pb 

Ni 

• 

LL01 
. 1 

':\ GSe· 

" ",~GSP .. '. 
~ NIM-N 

. '~ 
./ 

~, 
, 2.1 

2.2 

1.6 

. ", I 
= calcul~ted'lower limit o~ detection • 

, . LL02 = lowe'r'--Uinit used for cutoff , . 
\ 

, 
• \ :> 

. , . , ' 

..J )' ; . • • 
'. .' ~. ,! I ... 

, 
" 

! ',. 

• 
:-, ." 

.. 2.; 

" 2.5 

2.0 
'" .) 

" .. 
, 

<.. 

" 

.. ' 

\ . / 

.:0 ..... 
'.... . 

. . . -' . 

.' 

. , 

. .. ' 

" 

, ., 

;: 

. . 
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~ 
,--'" 

8034-2 f, • 12.61 . 29.30 .25.6~ 25.89 1.05 3.22 1. 37 .1~ +- ' 100.00 
• 

"''\.1}00.01 " 8035-2 .95 15.74 30.47 33.97, '10.07 4.26 3.16 1. 30 .0 
( 

~'f" 
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4.03 2; 43 .23 100.00 
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8096-3 12.51 10.69 28.09 ~8.53 4.15 19.33 
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P24 29.72 10.99 46.03 9.32 1.02 .04 .14 .46 1.04 1.23 100.00 • 
P27 32.69 12.82 42.73 6.77 .87 .06 .14 • 41 2.20 1.08 99.78 
P28 35.19 14.53 40.28 2.89 .87 .04 .12 .39 4.09 1.07 99.48 
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