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ABSTRACT

Following Dimroth et al. (1973), volcanic rocks from the Rouyn-
Noranda region of the Abitibi Belt can be divided into the Kinojevis
(older) and Blake River Groups. The chemistry of the meta-volcanics
in these Groups permits achemo-stratigraphic division to be superpo-
sed on the broad field classification such that the Kinojevis Group
can be suvdivided into the Hunter Mine, Deguisier tholeiitic, and
Destor tholeiitic series. The Deguisier tholeiitic series comprises
a monotonous sequence of meta-basalt and minor meta-andesite flows
displaying two cycles of Fe-enrichment. The Destor tholeiitic series
is charvacterized by ultramafic Javas and high Mg basalt within meta-
basalt and meta-andesite, minor meta-rhyolite and intrusive ecquiva-

lents of the meta-volcanics,

The Blake River Group can be subdivided (from the lower stra-
tigraphic sections upward) into the Duparquet-Destor-Manneville tho-
leiitic series, the Rouyn-Noranda tholeiitic series, the Reneault
and Dufault calc-alkaline series and the Dufresnoy tholeiitic series.

The tholeiitic scries consist mostly of mcta-basalt and meta-andesite
flows with minor meta-rhyolite, while the calc-alkaline scrics consist
mostly of meta-andesite and mcta-rhyolite. All series display a composi-

tional gap between 64 and 71 percent Si0
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The most plausible model for the Archean tecctonic environment

leading to the formation of the Abitibi pile is that of a continental
island-arc similar in many rcspects to the Plecistocene volcanism of
the Taupo province, New-Zealand. This model is compatible with such
features as the common quartz-normative state of almost all tholeiites
analyzed, even in the Kinojevis Group, and the abundance of meta-rhyo-
litesin the upper stratigraphic sections, Evidence exists to suggest

that most of the volcanics were derived from shallow depths most proba-

bly less than 50 kilometers and in all possibility less than 20 kilometers.
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INTRODUCTTION

Although rocks of volcanic derivation make up some 30% of the
area of the Archaecan shield of Canada which in tum makes up
more than halt of the sub-continent, only in the last ten years has
significant wovrk been done on the interpretation of these mildly
metamorphosed but unquestionably volcanic rocks. Wilson et al. (1965)
chemically analysed more than 200 samples from volcanic belts of Mani-
toba and Ontario and showed them to consist of basalts, andesites,
dacites and both sodic and potassic rhyolites., They concluded that
Archaean volcanics weré similar to those of modern calc-alkaline se-
vies of isTand-arcs, Since that stuly, these ancient meta-volcanics, and
most particularly the meta-basalts, have been found to show some simila-
rities with modern-day volcanics originating in other tectonic settings.
For instance Glikson (1970) stressed the similarity between tholeii-
tic metabasalts from Australia, Africa and Canada and modern sea-floor

basalts,

We are hence presented with conflicting data and, hypothesis for
the origin of the Archean meta-volcanics; they may be summarized as
follows:

a) the monotonous, pillowed, metabasalts represent ancient sea-
floor basalts, and the basalt-andesite-rhyolite horizons re-

present superposed island-arc material,
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b) The pillowed mctabasalts are primitive island-arc tholeiites
of the type described by Jakés and Gill from Fiji (1970),
The basalt-andesite-rhyolite superstructure would be again

superposed on more mature island-arc material.

c) The rocks are continental island-arc series resting on

sialic crust much like the New-Zcaland, Japan and Peru examples.,

d) The pillow basalts are continental flood basalts résting on

a sialic base and result from continental rifting,

e) The Archean sequence is unique, and no directly comparable

modern equivalent exists.

Rcccﬁtly, considerable progress has been made in distinguishing
between these possibilities for more recent rocks by the use of
certain trace-elements which are resistant to secondary modification
(e.g. the Ti, Zr, Y, Nb studies of Pearce and Cann (1973), Floyd and
Winchester (1975)). Nonetheless the fact remains that major-elements
have been used to subdivide volcanic rocks into broad associations
such as tholeiitic and calc-alkaline (following Kuno (1968) and Miyashiro
(1974)). The almost complete restriction of the latter association to
orogenic, island-arc settings is in itself a type of major-element fin-
gerprint. With this possibility in mind, we initiated a detailed in-
vesfigation of the petrography and major-element chemistry of Archean

volcanics along a sampling traverse north and south of Rouyn-Noranda,
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Québec (figure 1), with the aim of firstly characterizing the main
volcanic associations and secondly distinguishing the most plausible

tectonic environment responsible for their formation.

In this paper we prcsent the results of this investigation and
show that despite pervasive alteration and secondary mincralogies, we
con distinguish both tholeiitic and calc-alkaline associations along
our sampling traverse and that these distinct volcanic associations
permit a chemically-based stratigraphic division of this part of the
Abitibi volcanic pile., The most plausible tectonic environment des-
cribing these Archean volcanics is an ancient analogue of a modern-

day, continental island-arc,

GEQLOGICAL QUTLINE

The southern part of the Superior Province contains east-
trending metavolcanic belts, alternating with meta-sedimentary belts,
The metavolcanic belts are typically arcuate and complexely deformed,
with lenticular granitic rocks intruded along antiforms. The Abitibi
volcanic belt (Coodwin and Ridler, 1970) in the castern part of the
Superior Province is one of the most cxtensive of these Archean belts
and from size consideration alone it is unique even when compared
to South African and Australian examples. The belt is complexely
folded about generally east-west trending axes, and the diagnostic

and traceable ultramafic, mafic and volcano-sedimentary horizons are
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FIGURE 1 - Regional geology of the Abitibi Belt in the vicinity
of Rouyn-Noranda; the heavy lines limit the boundaries
of the detailed map figure 2.
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oriented mostly east-west., Our traverse within the Abitibi belt
was oriented north-south, in order to intcrsect the dominant trends

within the belt,

The belt contains large scale isoclinal folds generally displaying
two superposed schistosities and subvertical minorfolds (Dimroth, et al.,
1973)., The intensity of deformation within the belt varies considerably,
and certain strongly deformed zones have been used to structurally segment
it, One such zone of deformation termed the "Duparquet-Destor-Manneville
break" (Dimroth, et al, 1973; hereafter the !'DDM break!) intersects
our line of traverse. The overall metamorphic grade of this belt is
prehnite-pumpellyite to low-greenschist facies, a feature we attribute
to the thermal buffering effect of considerable thickness of volcanic
rocks during post-formational regional metamorphism. Delicate and
ornamental quench textures preserved in many of the meta-basalts and
meta-andesites have already been described (Gélinas and Brooks, 1974)

as have the variolites of the Rouyn-Noranda district (Gélinas et al., 1975),

Following Dimroth et al, (1973) the meta-volcanic rocks of the
Abitibi belt are divided into two Croups, the Kinojevis Group and the
Blake River Group (figure 2). The former is located north of the DDM
Break and can be subdivided on field criterion alone. Three divisions
are recognized: the Hunter Mine, Deguisier and Destor series, where the
term "series" has a magmatic differentiation conotation rather than a

stratigraphic one, although both aspects are implied. The Blake River




LEGEND

INTRUSIVE ROCKS
(™) Diatast
C'_—:? CRANITE GRANODIORIEE

[T uitacansae

SEDIMENTARY AND
VOLCANIC ROCKS
CADILLAC GROUP
[76573 conciomtartt GALYwACKE, QUARIZITE
CUPARQUET GROUP
foo5° ) CONGLOMERATE ANTOSE. CREVWACKE. SMALE
BLAKE RIVER GROUP
BUTRESNOY THOLEMTIC SERIES
{TAE ) werasasatt. META ANDESITE, METADACIIL
Eeatyd merannyoure
[®4Ea] varioune tavas
DUFAULT CALCALXKALINE SERIES
META ANOESITE, WETABASALT
[407] uerannvarne
REXEAULT CALCALKALINE SERIES
{ZaC ) wetaanpsie, metanasa
(24T 4 praacuasnc
[2AC< ] uenarkvouine
[T wrnmeanene

ROUYN XOAANDA THOLENTIC SERIES
I 4B | METABASALL, META ARDESITE

L7407 ] wrasanese
[®4Be] vamoume tavas
DUPAROUET DESTOR MANNEVILLE THOLETIC SERIES
{2A" ) weramasact. meta anosig
[$2A%T] vantoumic 1avas
KEWAGAMA GROUP
CONGLOMERATE. GALYWACKE. SHALE
KINCJEVIS GROUP

DESTOR THOLENTIC SERIES
ENZCIE] v118ANAFIC 1AYAS AKD MAGKESIAN BASALT

[TZC ] memaeasatl. seia anoesie
2C 54 PORPHYAY
[52C__] MtrACABBRD. MITAPYROXINITE
DEGUISIER THOLENTIC SERIES
[T2677 Menasasaur, wema anagsie
[X2ATT3 HUNTEAMINE ¢ORMATION

FONTIAC GROUP
ETZ7572) cONCLDMERATE. GREYWACKE. SHALE

arent BAYLY
< FACING [FILLO¥ LAVA)
~ FACING 1SEDIMENTARY AOCKI
~% 7 ANTICUINE
% sexeunt
o CONTALT BETWEEN YOLCANIT SERIS
oo =T PREHNITE ruunum!} METAMOAPHIC

-
— T Bignrt

e = SAMPLING TRAVERSE

ISOGRADS

FIGURE 2 - Geological map of the Rouyn-Noranda district showing
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Group however cannot be subdivided solely on the basis of field obser—
vation, and a combination of fiecld and checmical data are necessary to
effect this. The resulting subdivision from the lower stratigraphic

sections upward is: the DDM tholeiitic series (south of the DDM break),

the Rouyn-Noranda tholeiitic series (south of Rouyn) both tholeiitic

series are believed to form the base of the Blake River Group; the
Reneault and Dufault calc-alkaline series (overlying the basal tho-
leiitic series); and the Dufresnoy tholeiitic series (believed to

be the youngest volcanic series found in this part of the Abitibi vol-
canic belt)., A detailed account of cach of these volcanic series is

given in the section entitled chemical stratigraphy.

MINERALOGY AND PETROCRAPHY

Because of the sccondary nature of most of the minerals found

in the metavolcanics we cannot overlook the mineralogy and petrography

of the rocks. We will not belabor this section however with a detailed

written account, but instead we have summarized the pertinent observations

in two tables., The first table (Table No I) presents the observed mi-
neralogical assemblages within the prehnite-pumpellyite zone of meta-
morphism as well as the assemblages from the biotite zone of metamor-
phism, We cannot distinguish in the field the usual intermediate sub-

facies between them (chlorite zone) due to the stcep thermal gradient




in the vicinity of batholiths, however an approximation of this zone
is recognized from the disappecarance of prehnite-pumpellyite and

primary augite to the first appearance of biotite (figure 2).

Unlike the observations of Jolly (1975; and this volume) we have
not observed under the microscope any fresh calcic plagioclase anywhere
along our line of traverse or in the gdjacent areas, Neither have
we observed fresh olivine cr orthopyroxene in mafic meta-volcanics from
the Rouyn-Noranda region (we have obseryed fresh olivine in ultramafics.)
In order to be absolutely sure of our microscopic identifications (or
absences of identifiéations) we completed a large number of X-ray powder
diffraction and microprobe analysis on thin-sections of the rocks, and
the results completely confirmed the microscopic observations, namely

total absence of primary mineralogies save for the presence of clinopyroxene.

Despite the fact that the mineralogies are almost totally se-
condary in nature there are many igneous textures preserved within the
rocks. They have been the subject of earlier publication (Gélinas and

Brooks, 1974) and we have summarized the observations in Table IX.

Examination of the pseudomorphed primary minerals and their

textures leads to reconstruction of the primary sequence of
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crystallization, Tor tholeiitic rocks, the magnesian mcta-basalts (1)
have olivine (Plate I-A) or clinopyroxene {Plate I-B) as the liquidus
minerals, followed by plagioclase. The olivine tholeiites have olivine

as the liquidus mineral followed by plagioclase and clinopyroxene., The
meta-basalts and meta-andcsites of the tholeiitic and calc-alkaline series
have plagioclase as the liquidus phase followed by clinopyroxene (Plate I-C,
I-D). These observations based primarly on skeletal textures are sum-
marized in figure 3., As previously noted (G&linas and Brooks 1974) we

can adequately describe these rocks with the terminology of Miyashiro

et al, (1969), in which the type of basalt is tagged with the name of

the first mineral to crystallise. Our observations jndigate the PL-

tholeiite is much more common along our traverse than OL-tholeiite.

CHEMICAL STRATIGRAPHY-PRENIMINARY CONSIDERATIONS

Tundamental aspects:

The chemical characterization of the meta~volcanic rocks in the

study area was largely carried out by rapid routine instrumental

(1) The terminology used is as follows:

Basalt < 54% Si0 (volatile free),
andesite 54-62% gio2 (volatile free),
dacite 62-67% Si0, (volatile free),
rhyodacite 67-71% SiO2 (volatile free),
thyolite > 71% §i0, (volatile free),

High magnesium meta-basalt:> 8% MgO (volatile free). Tho-

leiitic olivine metabasalt: containing normative olivine—diopside-
hypersthene. Tholeiitic meta-basalt: containing normative diopside-
hypersthenc—quartz. High-alumina metabasalt: following Kuno's (1960)
classification, Tholeiitic metaandesite and calcalkaline metdandesites:
using Irvine and Baragar's (1971) division line on the AFM diagram.




PLATE I

Mg-Basalt with skeletal olivine replaced by micro-
c¢rystalline guartz aggregates; spherulitic clino-
pyroxenes in groundmass are partly replaced by
actinolite.

Mg-Basalt with skeletal clinopyroxene (high relief)
partly replaced by actinolite,

Tholeiitic basalt with skeletal plagioclase of limpid
albite (e.g. belt-buckle type in the centre field).
Calc-alkaline andesite with skeletal plagioclase of
limpid alkite.
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techniques (principally X-ray fluorescence). To better appreciate the
data, we have prepared the following statement on the precision and

accuracy of the determinations:

1- Precision: throughout the analytical work, we intermittently submit-

ted two rock samples, preparcd accurately and in sufficient quantity,
to our laboratory under different specimen numbers. One rock was
a metarhyolite and the other was a meta-basalt, We believe that de-

viations obtained for these two samples truly represent an all inclu-

sive measure of precision; instrumental, sample preparation-and technician

errors are necessarily all included in this appreciation of precision.
The data are summarized in Talkle 3 and require Tittle additionnal
commgnt. We concludé that the petrological interpretation derived

from the analytical mea%urements are well within the limits of the pre-

cision of the data.

2- Accuracy: periodically, calibration curves were established using

well documented international reference materials. We used 16 such

reference materials:

2,1 The United State Geological Survey materials:
basalt BCR-1, peridotite PCC-1, granite G-2, dunite
DTS-1, granodiorite GSP-1 and andesite AG V-1,

2.2 The Centre de Recherche pétrologique et gé€ochimique
materials (Nancy, France):

serpentine VB-N, granite GH, basalt BR, granite GA




RESTRR §5¢

Frecision and accuracy

of analytical data

Gravimetry

™
!

h — Analysis is doeclared acceptable if total lies between 99,30 and 100,70

OXYDIS e CORINOLITE o _ BASALT o CALIBRATLON
- I - CURVES
X Oy X o‘x
n = 14 n= 13 Sx
S'i,O2 74.59 0,33 A7.54 0.50 0.23
/\1203 11.80 0.16 13,78 0.15 0,19
b 1~‘c203 0.61 0,21 5.21 0.33
a TIc0 2,71 0.18 10,48 0.31 0,09
MgO 0,63 0,02 5,73 0.11 0,18
Ca0 0.36 0.01 9,69 0.13 0.07
c Na20 2,35 0.02 1.57 0.02
!f,)C‘ 5.06 0.09 0.07 0,04 0.04
'l‘j()? 0.26 0,02 1.86 0.03 0.03
d PZOq 0.07 0,03 0.11 0,07
e 002 0.22 0.14 0,21 0.14
e S 0.22 0,06 { 0.14 0.04
£ 1,0 + 117 0,09 3.67 0,22
g HZO - 0.06 0.02 0.14 0.05
h  TOTAL 100,11 100,20
a ~ Wet chemical analysis
b - Te,0, = (1rcmr -Fed x ,7773)/0.6994
¢ - Atomic absorption spectrophotometry
d ~ Calorimetric mothods
¢ ~ Volumetric analysis
f - Penfield technique
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and diorite DRN,

2,3 The Canadian Standard Reference Materials Project:
~gabbro MRG-1, sycnite rock $-3, and ultramafics
VM-1, VM-2 and VM-4,

Our own three internal standards (basalt, dacite and rhyolite)

fitted these calibration curves well and were used for the routine

runs.

We propose that the crror of estimation obtained from the cali-
bration cufves using these 16 reference materials reflects roughly
the accuracy of our analytical data, We propose that although it is
an imperfect measure, it does have some useful meaning, These errors

of estimation where available are given in Table 3 (last column).

The basis for treating the data obtained was the AFM diagram in
which a division into tholeiitic and calc-alkaline association can be
made (following Kuno, 1968; Irvine and Baragar, 1971). In this paper
rocks that plot within the field of tholeiites and show clear trends
towards iron-enrichment are considered to be true tholeiites, while
those plotting within the calc-alkaline field with clear trends toward
alkali-enrichment (or following Miyashiro (1974) iron-depletion trends)

are accepted as true calc-alkaline rocks.




In cyder to support the scparation of volcanic series based on
the AFM diagram {and especially for those scries which showed limited
range in SiOz) we have also treated the data according to Miyashiro
(1974). The data when plotted on the I FeC/Mg0 versus SiO2 and versus

%.Te0 diagrams (Zl'e0 refers to the sum of I'cO - F0203 express as FeQ)
confirm the broad chemical divisions based on alkalis, iron and
magnesium (the diagrams arc not reproduced in this paper but are
available on request), A further study to support the chemo-strati-
graphic divisions recvealed on the AKM diagram was made on the Dufresnoy
tholeiitic series. It will be shown later that this predominantly tho-
leiitic series contains a section of calc-alkaline affinity exposed

on cach Himbof a syncline, A aumber of additional traverses were made
some distance from the main traverse in order to examine the persistence
of the chemical variation along strike. In cach case the chemical identity
was consistent along a strike distance of nearly 10 kilometers thereby
lending confidence that the c¢cmo-stratigraphic divisions as established

are primary properties of the volcanics and ones that describe both

lateral and vertical variations in the pile.

Role of alteration:

Throughout this study we were faced with the pervasive secondary
modification that characterisesthe Archean sections., Clearly, any

assumption that Archean total-rock, major-clement analysis reflect
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primary parameters is a gross over-simplification that camnot be made
without considerable preliminary trecatment of the alteration patterns
observed, Our experience with Archean secctions both in Quebec and
elsewhere suggests that even the freshest metavolcanics have been
subject to minor modification and special care must be exercised

in the appraisal. To minimize the secondary effect in interpreting
Archean meta-volcanic data, we have developed a series of criteria
with vhich we identify and reject from further consideration, those
rocks whose chemistry is anomalous. The full treatment of chemical
alteration of thesec meta—vqlcanic rocks will be reported in necar
future, but the maiﬁ highlights of the rejection package as applied

to mafic and intermediate rocks are follows.

In order of application the criteria are:

(1) Limpid albite in mafic rocks, This contrasts with the usual

intergrowth of albite and clinozoisite, or albite and prchnite, both
intergroﬁths of which pscudomorph calcic plagioclases, The presence
of limpid albite (one of the petrographic indexes for spilite) does
not necessarly mean that sodium has been introduced into the rock but
"usually means that calcium has been removed with the deficit being
taken up by volume adjustement or the introduction of other elements

(e.g. si0,, K 0).

2
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(2) volatile contents. A cut-off of 3.87 total H,0 and CO,

is applied to all data., Rejection based on this criterion and at
similar cut-off levels is not new (e.g. Wilson et al, 1965,; Brooks et

al., 1969), and is justitied since much of the CO, occurring in the

2
metavolcanics and H20 have been introduced from outside sources

(Brooks et al. loc. cit.).

(3) Abnormal normative minerals, The existence of normative

(CIPW) corundum, nepheline and wollastonite in subalkaline metavol-
canics is indicative of considerable alteration. The pertinent detalls
accompanying the existence of these minerals in the CIPW norm for these
rocks are as follows:corundum - indicative of a peraluminous composi-
tion duc to ecscape of calcium; (re: criterion 1) nepheline - indicative
of introduction of Si0 andNaZO;w011ast0nite - indicative of addition

2

of calcium and the presence of abnormally high iron contents (figure 4).

(4) Total alkali content. If the metavolcanics plot within the

alkali field of MacDonald and Katsura (1964), they show alkaline af-
finity even although they may have normative olivine, and hypersthene

or olivine and quartz. On this basis they are rejected.

(5) Potash content, Using the Trvine and Baragar (1971) diagram

for normative anorthite, albite and othoclase we reject data that plot

within the potassic field of sub-alkaline rocks,
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ZFeO

ALK

FIGURE 3

WEIGHT %

AFM diagram of Kinojevis and Blake River Groups summarizing
sketetal crystal occurence, grouped according to volcanic
association. '

The liquidus minerals and association are as’ follows:
open circle - plagioclase, calc-alkaline series
close circle - plagioclase, tholeiitic series
closed square- clinopyroxene, tholeiitic series

closed triangles olivine, tholeiitic series.
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ALK

TIGURE 4

—

WEIGHT %

AFM diagram showing the anomalous composition of altered
basic lavas with respect to their CIPW index mineralogy
(basic data from Smith 1968). (solid circle-nepheline
normative, open circle corundum normative, closed triangle-
nepheline and corundum normative, open triangle nepheline
and wollastonite normative, open square-wollastonite nor-
mative).
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Typically more than one criterion will lead to rejection of
an altered sample and the most common combination for rejection was,

volatiles greater than 3.8% coupled with corundum in the norm.

In the Kinojevis Group, the meta-basalts and meta-andesites
show local evidences of sea-floor metamorphism, with the occurrences
of 1limpid albite in intimate association with chlorite and either pri-
mary clinopyroxene or its mineral pseudomorphs, chlorite-actinolite.
In the mafic metavolcanics displaying quench textures, the evidence
of spilitization is ubiquitous; skeletal primary calcic plagioclase
gfains are always replaced by a very fine mosaic of limpid albite
grains, as shown in Table I, A rapid glance at the photomicrographs
in Amstutz (1974) confirms the intimate relationship between the ra-
pid cooling rate of mafic volcanics and their subsequent mode of alte-
ration to spilite, Similar observations are noted for the mafic meta-
volcanics of the tholeiitic series of the Blake River Group; however,
the calc-alkaline meta-andesites of the Dufault series, in the vicinity
of ore bodies and rhyolitic domes display intense spilitization on a
regional scale. The degree of alteration of the mafic meta-volcanics
in the various Series of both the Kinojevis and Blake River Groups are

given in Table IV,

In Tables V and VI we report average data for the different rock

types encountered in each chemo-stratigraphic series. This data is




- 21

TABLE 1V

Percentage of altered mafic meta-volcanics in the

various series according to the criteria given in the text

SERIES % ALTERED ROCKS
Deguisier tholeiitic series, cycle I 31%
Deguisier tholeiitic series, cycle II 50%
Dufresnoy tholeiitic series ek
Rouyn-Noranda tholeiitic series 72%
Reneault calc-alkaline series 73%
Destor tholeiitic series (Lavas) 75%
Dufault calc-alkaline series 77%




TARLE V
Weishted mean chemical analvsis of the Kinejevis Croup

Kiriojevis Group

SIRTES TECUISIER tholeiitic series (cycle 1) DEGUISIIR tholeiitic series (cycle 2) DESTOR tholeiftic serfes {lavas)
N 22 12
Mg Nasalt Andesite Ma- Olivine Basalt Andesite Mg Basalt Andesite Tacite
Pasalt Basalt Basale Dasale
n 7 1 4 1 3 4 4 1 1 2 2
SiOz' 51 .91(‘) 51.54 55.35 47.57 51.00 i 52,23 58.46 53.27 53.73 60.63 63.56
A]z".‘) 15,09 14.97 14.58 16,12 15.40 24,04 15.28 15,19 15.38 14,78 13.99
}'QZOJ 1.7C 2.25 1,61 2.69 2.2% 3,03 2.30 0.74 3.1s8 2,19 2.53
Fed 9,79 10.39 8,75 10.18 10,53 10,55 - - 8,09 9.23 9.76 7.36 6.86
MgO B.41 6.73 7.10 .10 5.86 4,83 4.51 8,70 4.05 3,44 2.2)
Cal 9,82 10.42 9,21 11.23 8,77 9,45 . 6.25 8.12 7.83 4,36 4,46
3'120 2,07 2.04 2.10 2.1 3.59 3.24 338 2,56 3.58 5.5 5.07
.(20 0.3} 0,15 0.16 .77 .26 t 0,17 0.51 1M .24 0.23 0.1
Tioz 0,01 1.m 0,51 1.11 1.15 1,48 1.08 0.71 1.60 1,09 [\M: g
r205 0,03 d.04 0.02 .10 0,06 0,18 0.14 0.08 0,34 0,24 020
C{)2 0.1 0.2% 0,23 0.3 0,47 0,60 0.38 0,40 0.0 0.37 3.62
nzo 3.66 »29 3.36 3.63 2,95 2.52 3.36 .50 2,65 3.18 2,
.

- C.I.P.¥, Norm - % Catien equivnlmts(b)
Qe 2,20 4,28 9.87 0.00 0,00 4,53 13,78 c.00 7.1 12,37 21.70
or 1,98 0.59 0.95 4,55 1.54 1,00 3.0 7.92 1.42 1,36 0.65
An 30,91 31.28 29,88 32,24 25,14 24.90 25,02 26,00 25.19 16.0¢ 10,52
Ad 17.52 17.26 17.77 17.8% 30,38 27,42 28,43 21,66 30,29 45,42 42,90
A ' 8.29 B.36 6,99 10,46 6.90 6.92 1.18 5.69 $.04 0,72 -
He $.20 7.02 4,62 6.62 5,48 7.24 1.02 3.50 4,43 0,71 -
i 7.10 12.84 14,44 4,95 9.36 8.82 10.68 18,33 3.21 8.23 5.55
Fs 12,31 12,19 10.94 3.59 B.53 10.58 10,61 12.91 10.32 9,36 g.,91
Yo - - - 7.27 3.17 - - 0.49 - - -
Fa - - - 5,92 3.19 - - 0,39 - - -
¥ 2,46 3.26 2,33 3,90 <26 4.9 3.3 1,07 4,57 3.47 3.67
11 1.73 1.92 1.54 2.1 2,18 2.81 2.08 1.35 3.04 2,07 1.84
Ap 0.07 Q.09 0.07 0,24 - 0,14 V.43 0.33 0.9 1,04 Q.57 0,47
Ce ,0.41 0.52 0.52 0.7l 107 ° 1,36 0,86 0.9 0,23 0,84 3.68
c: - - - - - - - - - - 1.65
(1) values are recalculated, volatile free, major elcment compositions,
{b) C,I.P.N, Norm of recalculated chemical analysis to 100 without Hzo and CO,; with an upper limit on Pezoa

Bet according to the following equation: SFe203 = S‘I‘.l()2 + 1,5; the excess of Fny
Fed (Irvine and Daragar, 1971).

3

0, is converted to

cc
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Nake Fiver Sroup

SERTES BUIRESAOY tholelitle serics n ROIMIN-NORANDA tholeiltic sevies
N Az 32
Olivine Fasalt Tholeditic Cate-ulhaling Rhvoducit, j Ihyslite - I Olivine Rasalt Andesite Rhyolite
Rasalt Andesite Andesite fasite )
n 3 1 10 4 7 2 3 Y 4 17
510, 49.«”(") 2,04 56,08 54,31 74.57 ERIY | 43,492 52,35 58,04 Tu.%)
‘]"03 15,04 16.17 14,7 17,43 13,51 du,87 1uv,72 15.28 1p,70 1z,03
Fel0y 3.2 3.4 3.8 1.61 1.23 1.74 2.70 2.39 1.89 0.T3
Fel 10,24 5.97 9.0 5.64 1.9 8.20 10,37 9.4 6.63 2,96
MgO 5.53 4,91 4,08 4.36 0,4 9.06 ©.51 $.33 3.56 0,59
Cal 10.24 222 7.38 6.11 1,79 12,07 10.84 10,73 T.94 1.30
Na 0 3.32 2.55 3.a 4.53 5.33 1.68 2.40 2,28 3 3.5
K,)& 0,29 Q.10 013 0.3 0.60 0,03 0.10 011 0.66 1.4
1io, 1,65 1.58 1,65 1.03 [\ 0.8 1.44 1.39 1.2 0.37
| XY 0.39 0,22 0.15 0,17 0.07 0.04 0.0 0,10 0,20 0.5
N 0,47 0.31 0.1 0.34 c.52 07 0.22 0.33 0.36 1.2
u,8 3.08 3.45 3.8 2.98 0,93 ‘3.539 3.26 2.74 2.34 1.39
. A b
C.I.p tion egquivaients
Qz 0,00 7.33 13.75 7.51 36,89 0.54 0.0 6.84 13,94 47.76
or 1.1 0.71 0,77 2.07 3.55 Q0,18 0.59 0.65 3.90 7.33
An 24.% 32.32 26.43 24,58 5.14 35,73 34,55 31.13 29,57 1.19
Ab 28,69 21,58 25,47 41,33 45.52 13,37 20,31 19.29 20,49 30,12
Di 8.10 4.30 2.72 l.27 - - 11.29 7.29 8.57 2,79 -
He 7.69 4,00 2,77 0.75 - - 5.36 5.64 7.66 2.37 -
En 7.79 J0.24 8.90 10,27 2.64 1.59 17,33 12,83 9.30 7.57 1.47
Fs .56 10.97 16.39 7.0 5.25 2,01 9.45 11.39 9.54 7.39 4.22
Fo 1.2 - - - - - - - ~ - -
Fa 1.32 -~ - - - - - - - - -
Mt 4,65 4.55 .57 2,33 1.39 1,78 2.52 4.00 3,47 2,74 1,06
i1 3.19 3.00 3.13 1.96 0.93 0.53 1,52 2.73 2,65 2.28 0,70
Ap 0.92 0.52 0.36 0.40 0,26 0.17 0.09 0.24 0.24 0.47 0.12
Cc 1.07 0.71 0.93 0.77 V.80 1.18 .39 0.50 0.75 o.82 2.7
Cc - - . - | 2.23 2,13 - - - - N
SFRIES RENEAULT calc-alkaline series DUFAULT calc-alkaline series
N 1 24
Theleiitic | Calc-alkaline | Rhyolite V- Olivime Basalt Andesite Rhyolite
Andesite Andesite Basalt Bazalt
n 1 L 1 1 1 2 10 10
S10 56,92 57.94 79,42 51.73 50.53 53.00 57.84 76.27
‘1263 15.93 17,13 10.76 16.13 15.73 16.33 16.30 12,07
Fe 0 2,09 1.74 1.04 1.26 2.35 1.35 1.35 0,65
Fes 3 7.77 S.89 1.02 7.85 B.22 8.87 €.70 3.00
Mg0 5.02 4.04 V.87 8.05 6.79 7.61 4.64 1.52
Ca0 7.59 6.84 2.93 10,42 11.05 7.74 7.08 1.14
Na O 2.67 4.2 J.10 2,97 3,10 3,37 4,01 3.65
K25 0.38 0,38 a.12 0,45 0.21 0.37 .73 1.29
’1‘102 1.36 1.36 0.08 1.01 1.76 1,20 1,18 0.33
r.¢ 0.05 0.2 0.05 0.11 0.24 0,13 0.1% 0,05
C& 5 0.14 0,36 0,10 V.26 0.33 0.09 0,2 0.58
n,0 3.44 3.02 1.00 2,73 1.93 by 1 2.3 1.55
C.1.P.W. Yorw - % Cation equivalents t
Qz 12,37 10,37 50.13 0.0d 0,00 0.52 E.l6 45.09
Or 2.25% 2.7 0.71 2.60 31,24 2.19 4.3 7.62
An 29.46 26.68 12.40 29,35 28,44 28.34 24.32 1.66
Ab 24,29 35,71 31.31 25.13 26,23 25.82 33,93 30,89
bi 3.34 1,83 0.70 10,77 12,11 4,40 4.11 -
He 2,40 1.13 0.25 5.48 .40 2.67 2,87 -
En 10.95 9.22 1.84 11.39 lo0s 16.91 .05 3.79
¥s 9.02 6,53 V.75 6.04 6,45 11,77 7.72 4.45
Yo - - - 2,58 Q.44 - - -
Fa - - - 1.66 030 - - fo-
Mt 3.03 2,52 1.51 1.7 3.4 1.96 1.9 0.94
11 2.58 2.58 0.15 1.92 3,34 2,28 2,24 0.63
. Ap 0.2 0,50 0,12 o2 0.57 0.1 VAR TN 0,)2
Ce 0,32 0,K2 0.21 Q.59 0,75 0,20 0,45 1.32
Co - - - - - - - 4.00
(&) Vadues are yocalenlated, volatlle frov, majar elenest corpwsitions,
(L) CLL P, Somn of recalenlated chemicu) analysin ta HOD without 1o and Co o with an upper Tirit on be, 0

et accordineg to the fotlowing Gluation:

PO {fvvine and Fargcar, 1971),

,‘Icqn‘ ST, 4

S othe oceny ot Fe

3

1
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for those analyses ("fresh") remaining after rejection of "altered"
rocks, Tﬁis identification is maintained throughout the diagrams
used in this paper. The main result from using the rejection packa-
ge was not the identification of trends that were hidden when all
data was used, but in almost all cases use of the package eliminated
outliers, reduced data dispersion and considerably refined and
highlighted trends already in cvidence, For instance, based on this
package, we can confidently say that the calc-alkaline metavolcanic
trend cannot be produced by sccondary modification of tholeiitic series
rocks; we firmly believe that the analytical data reported in this
paper are as close to primary metavolcanic chemistry's as can be
reached with current techniques and levels of understanding. However,
when such data will be correlated with less mobile minor and trace-

element data (e.g. Nb, Y, Zr etc), further refinement may well be

possible,

CHEMICAL STRATICRAPHY - RESULTS

Kinojevis Group

Hunter Mine series:

Because of poor exposure we have limited knowledge of the chemis-
try of the Hunter Mine series, the basal series within the Kinojevis

Group. It appears to be mostly an association of meta-rhyolite with




minor meta~andesite and meta-basalt and clearly indicates that the
Kinojevis Group does possess some markedly differentiated rock types

(cf Jolly 1975),

Deguisier tholeiitic series:

This series which overlies the Hunter Mine series consists of
a monotonous sequence of mecta-basalt with minor mecta-andesite flows,
and beds of chert and tuff, In progressing upward from the base of
the section, the Deguisier series displays two cycles of iron-enrichment.
The cycles are very similar with exception that the first one commences
with a meta-basalt containing skeletal clinopyroxcnes set in a strong-—
1y chloritized matrix, while the sccond commences with a cumulus oli-
vine basalt. This is the only occurrence of skeletal pyroxenes in
either of the two cycles of iron-enrichment., Although skeletal crys-
tals of plagioclase are common throughout the two cycles, the skele-
tal clinopyroxene occurrence at the base of the first cycle is unique,
and as such it can be used to define a stratigraphic marker. The che-
mical variation of ZFe0O, MgO, SiOZ’ A1203, Ca0 and Ti02, with
stratigraphic position is shown in figure 5. The two cycles are

most clearly evident for Il'e0, MgO, Si()2 and Ti0,_,. Other major-

2
elements are less convincing, and Ca0 especially, shows a wide disper-

sion of data-points, a feature we attribute to secondary processes,

The meta-volcanics of the two cycles when plotted on the AWM diagram
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(figure 6) show strong iron-cnrichment, and can be clearly termed
tholeiites following the convention adopted in this paper. The meta-—
volcanics are mostly quartz tholeiites with only a few being olivine
tholeiites (figure 7). Some of the meta-basalts show strong iron-
enrichment (SiO2 = 49, TLFe0 = 17.9): they are anomalously high when
compared to similar rocks from the Tonga-Kermadec volcanic arc (e.g.

for $i0, = 52.5 LFe0 = 15.9; cf Brothers and Searle 1970),

Destor tholeiitic -series:

This series which occurs in the vicinity of the DDM break, is
characterized by ultramafic Javas intimately associated with high
Mg-basalt containing relicts of skeletal olivines. These ultramafic
flows occur within meta-basalt and meta-andesite of tholeiitic affi-
nity (figure 8). Meta-rhyolite flows are of minor importance in this
sequence (there is no volcanic representatives between 64 and 73 per-
cent SiOz) although intrusive rocks are relatively common. These
intrusive rocks plot in the same general locations on the AFM dia-
gram as the extrusive rocks, indicating that they may be metavolcanic

equivalents of the extrusives (figure 8).

The ultramafic lavas in this series plot (figure 9), on the Ca0 -

Mg0 - Al diagram in or near the Geluk field of basaltic komatiite

203

(viljoen and Viljoen, 1969). These rocks are not chemically within

the 1imits of komatiite as given by Brooks and Hart (1974) but do
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FIGURE 5

Stratigraphic variation diagram for Deguisier tholeiitic

series showing internal division into two cycles.

Closed

circles represent least altered rocks, open circles rocks
rejected following application of rejection criteria (see

text), crosses represent average data for the different rock
types from each chemo-stratigraphic series, Tables V and VI.
This figure legend applies to all AFM diagrams in this paper.
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FIGURE 6 - AFM diagrams for the Kinojevis Group Deguisier tholeiitic
series, (5A - first ecycle, 5B - second cycle) showing
trends towards iron-enrichment. The broken dividing line
between tholeiitic and calc-alkaline fields is after
Irvine and Baragar (1971).
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FIGURE 7 - Nepheline - olivine - quartz normative diagrams for
the Deguisier tholeiitic series (5A - the first cy-

cle, 6B ~ second cycle) showing the abundance of
quartz-tholeiite basalt in this "primitive" series.
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FIGURE 8 — AFM diagram for the Kinojevis Group, Destor tholeiitic
series which includes komatiites, meta-basalts, meta-
andesites and meta-rhyolites (closed and open circles,
see figure 4), as well as intrusive equivalents (open
triangles). The superposed chemical trends are as follows
(1) Raoul Islands, (Brothers and Searle, 1970), (2) Tonga
Islands, (Bryan et al., 1972) both from the Kermadec Group,
Western Pacific; (3) Nasu tholeiitic series, Japan (Ka- '
wano et al., 1961). The unnumbered broken line is the
dividing line of figure 5.
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FIGURE 9 - Ca0 - MgO - Al,03 diagram showing the komatiites of the
Destor tholeiitic series with respect to the South Africa
fields (Viljoen and Viljoen, 1969). Fields are 1, 2 peri-
dotitic komatiites, 3, 4 and 5 basaltic komatiites (Geluk,
Badplaas, and Barberton types respectively).
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qualify if the less rigid chemical criteria of Arndt (1976) is adop-
ted, specifically with regard to the CaO/A]zo3 ratio.,

Comparison of the Destor and Deguisier tholeiitic series reveals
that the younger series (Destor) is more differentiated than the
older series but because the older series crops out over a much bigger
area than the younger, the impression one gains is that the Kinojevis

Group is largely a monotonous scquence of mafic meta-volcanics.

Blake River Group

Duparquet-Destor-Manneville tholeiitic series:

'This series consists of meta-basalt and meta-andesite flows with
minor amounts of meta-rhyolite. We have no chemical information on
this series which is extremely thin and not well exposed in the re—
gion of traverse (maximum thickness of about 3,000 ft,). TFurther
along strike in either direction from the line of traverse, variolitic
horizons of tholeiitic affinity occur, and bccause of this occurrence
and because such variolites are entirely restricted to tholeiitic series
in the Rouyn-Noranda district, we make a preliminary identification of
the Duparquet-Destor-Manneville series as tholeiitic. Dimroth (written
commmication) indicates that this terminology may not exactly descri-
be this sequence of rocks since they are not in evidence in the township

of Manneville, but only developed between Hébécourt Lake and Reneault.
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Hence this series may have to be revised in the future,

Rouyn-Noranda tholeiite series:

This series is believed to be the stratigraphic equivalent of the
Duparquet-Destor-Manneville series. It consist mostly of meta-basalt
and meta-andesite with minor meta-rhyolite, and contains three horizons
of variolite which can be traced for many tens of kilometers, These
variolites have been linked to immiscible processes in tholeiitic vol-
canism (Gélinas et al, 1975). There is a compositional gap between
64 and 71 percent SiOz.

The data for this series plot as a zone that straddles the di-
viding line between the calc-alkaline and tholeiitic fields (figure
10B). Because the meta-basalts shows a moderate trend of iron-enrich-
ment we have termed them tholeiitic, however they could in all likeli-
hood be also termed primitive calc-alkaline series since some data points
fall in the field of calc-alkaline rocks, Our bias is towards the iron-
enrichment trend, and here we refer to the series as tholeiitic (cf Jolly,

this volume).

Reneault calc-alkaline series:

This series consists mostly of meta-andesite flows and andesitic
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FIGURE 10 - AFM diagrams for the Blake River Group tholeiitic series,

viz, Dufresnoy (9A) and Rouyn-Noranda (10B) showing iron-
enrichment in the mafic members. The numbered trends in
10A are those of figure 8.
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to dacitic pyroclastics, withi minor metabasalt, The rocks plot on
the AFM diagram within the calc-alkaline field and show a clear trend

towards alkali enrichment (figure 11 A).

Dufault calc-alkaline scries:

This series is either younger than or equivalent in age to the
Reneault series. It consists mostly of meta-andesite flows but unlike
the Reneault series the more differentiated members are rhyolitic and
appcar t¢ be primarily pyroclastics with subordinate flows. A compo-
sitional gap is observed within this series: no dacites or rhyodacites
(SlOz between 64 and 71%) were encountercd.

On the AIM diagram (figure 11B) the data define a trend towards
alkali enrichment within the calc-alkaline field, No evidence of an

iron enrichment trend is observed,

In figure 12A, we have plotted the meta-rhyolites from the Dufault
calc-alkaline series in the system anorthite-albite-orthoclase - SiOz,
an inspection of this diagram reveals that the meta-rhyolites plot
within the quartz field and define a tight trend. By comparison the
meta-rhyolites from the Rouyn~Noranda tholeiite series (figure 12B)
plot either close to the cotectic for .5 kb of water pressure, or within

the plagioclase field, Only 4 of the calc-alkaline meta-rhyolites plot

e AR
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FIGURE 11 - AFM diagrams for the Blake River Group calc-alkaline series,
viz, Reneault (11A) and Dufault (11B), showing alkali-enrich-
ment and iron-depletion trends, The numbered trends in 11A are

1 ~ Cascades (Smith and Carmichael, 1968),
2 - Calc-alkaline trend of Turner of Verhoogen (1960), and
3 ~ The Nasu calc-alkaline trend (Kawano, et al., 1961).
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FIGURE 12 - Truncated anorthite-albite - orthoclase - quartz tetrahedron
with cotectic planes for 10 Kb Py,p and the cotectic line
for 0.5 Kb Py,p shown. 12A is fofr Blake River Group calc-
alkaline rhyolites. 12B for Blake River Group tholeiitic rhy-
olites. Circles are the analyses seen in three dimensions,
and the crosses their projection from the anorthite pole.
The calc—alkaline rhyolites plot well within the quartz field
whereas the tholeiitic rhyolites plot in the vicinity of the
0.5 Kb PH,0 cotectic line.
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in a similar location and this implies a fundamental differcnce in the
PH 0 conditions existing-during the formation of the rhyolite of the two
2

series, The PH 0 in the acidic magma of the Dufault series must have
2

been significantly greater than that for the Rouyn-Noranda series. It could
be argued that the meta-rhyolites of the Dufault series have been modified
by sea-floor metamorphism which led to increase in the relative SiO2 con-
tents, however it is unlikely that the two series, which contain similar
evidences of submarine volcanism (mafic pillows etc), were subjected

to markedly different histories while on the sea-floor. Hence we tenta-
tively view the trend shown in figure 12A as primary, reflecting varia-

tions associated with magmatism,

Dufresnoy tholeiitic series:

This series consists mostly of meta-basalt and meta-andesite with
minor meta-rhyolite; there is no dacite, 62 - 67% SiO2 or rhyodacite,
67 - 71% SiOz). The series is the youngest of the Blake River Group
and it occupies a syncline flanked by the two calc-alkaline series of
the Group, Like the other tholeiitic series it contains a variolite
horizon although in this series it is more discontinuous than those in

the older series.,

When plotted on the AFM diagram the data for this series are

seen to fall within both the calc-alkaline and tholeiitic fields
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(figure 10A), This dispersed picture becomes rapidly clarified however
when stratigraphic position is considered. The data plotting within
the calc-alkaline field comes from a restricied and stratigraphically
related section on both flanks of the syncline, The former shows a
trend of increasing iron-carichment with decrecasing age (figure 13).
wWhile we have termed the series tholeiitic (based on the dominent
rock type) it should not be forgotten that the series is a mixed
one, The field boundary (figure 2) between the Dufresnoy series
and the subjacent series is evident only where rocks of contrasting
mineralogy are juxtaposed in the field. VWhere the adjacent series
rocks are both mafic volcanics, the contact is only approximate and
usually drawn as an "along strike" cxtrapolation of a more obvious

fiecld contact,.
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FIGURE 13 - Stratigraphic variation diagram of total iron
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DISCUSSION AND CONCLUSIONS

The main highlight of the chemo-stratigraphic division of the
Abitibi belt north and south of Rouyn-Noranda is the identification
of (a) a mafic basal section (Kinojevis Group) in which the metavolca-
nics show pronounced tholeiitic affinity, and (b) a younger sequence of
tholeiitic and calc-alkaline lavas (Blake River Croup). These rela-
tionships are summarized in Iigure 14, The intcrﬁinglcd tholeiitic
and calc-alkaline lavas are not randomly associated but occur in
definite stratigraphic position such that individual volcanic series
can be identified. Fven in one of the series which shows an intermin-
gling of associations (Dufresnoy), the calc~alkaline rocks are stra-
tigraphically isolated from the tholeiitic rocks. This, of course,
has important implications in any regional compilation of data from
the Abitibi belt, in which the chemically distinct associations are
not separated, and individually assessed (see Table 1), Such compi-
lations will obviously obscure the fundamental petrogenetic relationships

essential to the understanding of Archean volcanism,

On first appraisal, the results of the geochemical investigation
of the metavolcanics of the Abitibi belt, Rouyn-Noranda District
would seem to confirm the previous suggestions of Gélinas and Brooks

(1974) in which an analogy is drawn between the Blake River and
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Kinojevis Groups on the one hand an island-arc superstructure overlying

sea-floor material on the other, Such an appraisal would be in accord

with previous and current regional compilations, but however it does

not adequately account for the new data from along the line of traver-~

se, The occan floor analogy postulated to explain the monotonous pil-

lowed mafic sections of the Kinojcvis Group must provide for the fact

that,

(a)

(b)

(c)

modern sea-floor volcanics are olivine and hypersthene
normative while the Kinojevis rocks are almost exclusively
quartz-normative (indicating that even the more monotonous
Archecan mafic sections, are not as "primitive" as modemn sea-

floor volcanics),

the degree of iron-enrichment in the Kinojevis Group
mafics, (Deguisier series) is much greater than modern sea-
floor volcanics, indicating again that the most primitive
of Archean rocks are much more differentiated than modern

sea—floor volcanics, and

the Kinojevis Group bLasalts and andesites have TiO2 contents

much lower than modern sea-floor basalts., The only modern
rocks with comparalle TiO2 values are the low-K tholeiites
of similar £Fe0/MgO from island-arcs (Miyashiro, et al.,

1974; and written communication),
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Similarly, the island-arc analogy postulated to explain the Blake

River Group metavolcanics must account for the following properties

of the Group:

(a)

(b)

(c)

The differentiation trends of the tholeiitic series of the
Blake River Group are explained adequately by a simple model
of crystal fractionation of a basaltic parent under low oxi-
dation; the crystallization of titaniferous magnetite is
delayed, resulting in the enrichment in XFeO of the resi-
dual magma (Osborn, 1957; Presnall, 1966). Their early che-
mical evolution (figures 9A, 9B) is similar to that of low-
K tholeiitic island arcs such as the Tonga Kermadec arc
(Tonga Islands, Bryan et al., 1972; Raoul Island, Brothers
and Searle, 1970), the Nasu Zone, Japan (Kawano et al., 1961)
and the Souih S adwich [stands, Scotia arcs (Baker, 1968).
The late trend of Jdifferentiation scems to be controled

by liquid immiscibility; one of the liguids has a normal
low-K rhyolite composition similar to the abundant rhyolites
of the region and the other liquid is more ferruginous than
most previously analysed volcanics of similar SiO2 content

(Gélinas et al., 1975).

A1l mafic rocks (even those with calc-alkaline affinity)
have K contents lower than modern island-arc suites save for
the most primitive low—K tholeiite suites adjacent to the

trenches (see figures 9A, 10A).

No high~alumina basalt or andesite (following Kuno, 1960)
occurs in the calc-alkaline volcanic series of the Group,

despite the peraluminous nature of many of the volcanics.
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(d) 1In the Dufault calc-alkaline series, the volumetric abundance
of both the meta-andesite (54-62% $i0,, volatile free) and
the rhyolite (> 71% $i0,, volatile free) and the paucity
of associated meta-basalt are not explained adequately

with the hypothesis of crystal fractionation,

(e) Because plagioclase is the ubiquitous liquidus phase of calc-

alkaline andesite of the Dufault series, there is little
evidence for the prescnce of excessive amounts of water in

the andesitic magmas.

The available experimental evidences for calc-alkaline
andesite submitted to various water pressures indicate that
the liquidus phase plagioclase is restricted to low total
pressures (Green, 1972; Eggler, 1972). According to

Eggler (op.cit.), plagioclase is the liquidus phase of the
Paricutin calc-alkaline andesite vhen water contents in

the liquid are less than 2,0 weight percent and when the to-

tal pressure is less than 5 Kb. (15 - 20 depth Km).

The most plausible model accounting for these observations is
notone implicating modern sea~floor analogues. The Kinojevis and
the Blake River Groups most plausibly resemble successive sequences
of an ancient island-arc. The Kinojevis Group could only be sea-
floor, if the Archcan sca-floor volcanism was quite different from
the modern equivalent, There are some indications that certain as-
pects of Archean volcanism were indeed unique (e.g. peridotitic

komatiites, Brooks and Hart, 1974),but we are not ready, as yet,
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to extrapolate this to a general rule embracing large extents of volca-

nics, as would be implicated in an ancient, sea-floor model.,

On pursuing the island-arc analogy for the Archean section we
have studied, we find that our data provide some contraints on the
type of magmatism. We have information suggesting that the Archean
volcanics were derived from "shallow" depth (based on TiO2 and K20
and the presence of plagioclase on the liquidus of andesite).
Hart et al. (1970) in their trace-element model for Archean mafic
volcanism invoke magma derivation from depths of less than 50 Km by
high degrees (> 30%) of partial melting., The abundance of rhyolite
in the higher stratigraphic sections of the Archean pile, (Dufault
calc-alkaline and Dufresnoy tholeiitic series) suggests that the island
arc was of a continental rather than oceanic type (following Miyashiro,
1974). 1Independant evidence from other parts of the Superior Province,
and specifically from north of Chibougamau (Brooks, unpub. data) in-
dicates that acidic continental-type material was in existence prior
to the development of the Abitibi metavolcanic-pile., Thus if the island-
arc anolegy is valid, the Abitibi volcanics most probably formed as
a continental island-arc similar in many respects to the Pleistocene
volcanism of the Taupo province, New-Zealand (Carmichael et al., 1974).
The Archean arc was, however, much more primitive at all stages of
its development than the more nature continental arcs such as Peru (James ¢t al.,

1975). This could be linked to thinner lithospheric conditions
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prevailing in the Precambrian as a result of radioactive heat produc-
tion being approximately twice the value at present. The Dufault
calc-alkaline and Dufresnoy tholeiitic rhyolites could have been the
direct result of the accumulation of mafic, (quartz-normative)
tholeiites of both, the Kinojevis and Blake River Groups, under sub-

marine conditions, either directly upon or overlapping sialic crust.

Crustal downwarping would have depressed the sialic crust into
a region where participation in magma generation was possible. Alter-
native models for the generation of excess rhyolites above that normal-

ly resulting from differentiation are discussed by Miyashiro (1974),

We are currently pursving many of the lines of inquiry stimulated
by our findings and both trace-element and isotopic analysis studies
are being completed. Hopefully, the results will further clarify
the interpretation presented here, and will allow a much more defini-
tive model to be outlined, one involving perhaps the orientation and
development of Archean plate~boundaries related to the proposed island-

arc system.
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