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TETETIRIAATANTES

'tionships-indicate that the regional metamorphism was essen-

- ARTHUR HARVIN.IA‘BIN ITX

The Geology of the Opawica River COH@lLX Quebec, Canada
(Under the direct;on of GILLES O. ALLARD) :

The Opawica River Complex is a layered mafic igneous

intrusion Which cuts Archean'volcanic rocks of the Matagami-

Chlbougamau Greenstone Belt.  hhe volcanic éequenceAwas sub-
sequently intruded by the Opaw1ca Rlver Pluton and then folded:
into anreast—wesb trending antlcllne. The exnosed portlon of
the complex 1is about 15,000 feet thick and over 15 mlles long

The complex is lelded into two zones: the Anorth051te Zone

and the Gabbro~Ferropyroxen1te Zone. The volcanics and intru-

sives Vere syntectonically‘éffected‘by‘lgw‘grade'(Qreenschist‘f
facies) fegional'metamorphism beiieved‘to'be of Kenéran age"‘
( 2.7 b.ys). | | |
Hlneralogwcal studlcs using a petrographic mlcroscope
and electron probe microanalyzer indicate that the orlglnal_
cumulus phaszs were plagioclase and ciinopyroxene. -Inter—

cumulus phases were clinopyroxene, plagioclase, magnetite,

and ilmenite.

Major'element chemistry and preserved texturél rela-.

tially isochemical., Gabbroic rocks from the Opawica River

. Complex show an increase in FeO with a reciprocal decrease.

in MgO. and suggest that the Opawica River Complex formed as
a resultvof fractional crystallization of a basaltic magma

having tholeiitic affinities.
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CHAPTER I.
INTRODUCTION -

The study area iS-sitcated in the.central-part.of
Quebec, Canada;' It.is bounded by»longitudes 75° 25' and
75° 46' west and latitudes 49° 30"andd49°‘35‘5notth.in'thé
Southwest Quarter of Guerchev1lle Townshlp (Plate l), ‘and
the North Half of La Ronde Townshlp (Plate 2). A thlck sec-
tlon of Plelstocene glac1al till masks the paleotopography
and the contact relatlonshlps among certaln rock unlts.'
Pollshed outcroo surfaces with glacial striae and grOoves
a?e"commoh} Bedrock exposure is poor and generally repre—~'
sents less ‘than 1% of the map-area. .lhe area 1is heav1ly

forested and covered by a carpet of moss.’ Access tovGuerche~

' ville-Township is.limited to float plane'and canoe.d Logglng

roads in La Ronde Township enable access to the northern part
by automobile. - |

The area ls locatedvin‘the eastern part of the
Superior Province of the Canadian Shield (5igure l) It is

part of the east- trendlng Matagami- Chlbougamau Greenstone

'Belt which is bordered by the Grenville Province on-the

east and the Kapuskasing Sub-province to_the'west. This

. Archean Greenstone Belt is typical of those Which charac-

terize the Superior Province and consists of volcani¢ and

5
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volcaniclastic rocks with intrusive layered mafic complexes

‘and coeval granitic plutons. ‘These,rocks.were affected by -

the-Kenoran Orogeny dated at 2500 million years by StOckwell_“
(1964) and more ‘recently by ballmeYer eg_gls_(l975)rat
Between 2650-2700 and.2780—2820 million years. ; After meta-

mdrphiSm; the northﬂcentral portion of the étudy area was -

iﬁtruded by a cqncentrically_zoned granitic pluton.

'Previous WOrk in the area was largely reCOnnaissanCG'

in nature and con51sted of geologic maoplng at-a scale of

'1:63,360.(Shaw, 1239; Remlck 1955). Present'fleld work con= .

sisred of l:12,000 geologic.maoping,aﬁd aetailed petro- -
graphlc and mlneraloglcal studles. | ‘ |

The puroose of this study is to descrlbe ‘the petrog—
graphy and chemlstry of the rock units in the area. Special

attentlon is. glven to the Opaw1ca Rlver Complex because of

the economlc po;entlal of layered maflc 1ntru81ons
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. CHAPTER II
GENERAL GEOLOGY

Introduction

In addition to the Opawica River Complex, six,litho—‘:ﬂ;?i

logic units have been mappedfin the study‘area. The oldeSt
is a-greenstone unitfrcomposed principally of intercalated
volcanic and volcaniclastic rocks. . These lithologies were'

1ntruded by the Opaw1ca Rlver Complex and the trondhjemltlc

Opaw1ca Rlver Pluton. This entire sequence was subsequentlyj‘t:
~deformed and metamorphosed. The La Ronde Lake Pluton, a
pOSt—kinematic conoentrically zoned granitio pluton, intrudedn.“;t
Adthe'north—centrai:part of therstudy area., ‘Two other granitic :
jbodiesvhave beenudefined, however, ehronological relation—sg_

:Ships‘to other rocks is obscured by glacial drift.

Metabasalts

The metabasalts are exposed 1n the northern portlon

- of the study area (Plates 1 and 2) The basaltic rdcks can .

be divided into two rock types. metabasalts and basaltic

:metatuffs. Metabasalt is the most- abundant type. These'_.
-rocks typlcally have a fine gralned texture and a llght
~green color. Prlmary bedding and graded beddlng are comnon

- in the basaltic metatuffs. Primary volcanlc structures
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preserved'in'the metahasalts‘ihclude pillow Structuresi¢l

scorlaceous flow tops, vesiclee, and amygdulee;. PlllOW

,structures (Flgure 2) 1ndlcate a submarine orlgln for these

lavas; Scorlaceous flow tops and plllow structures prov1de

'excellent top determlnatlons, although plllows are commonly

flattened in the planerof tectonie follatlon. Metabasalts.

whlch lack plllOWS are dlstlngulshed from tuffs by the

" absence of bedding.

Metabasalts typlcally exhlblt a blastogranular
texture whereas the tuffs have a fragmental texture. Ihe
'dominant'minerals are,actinolite, plagioclase,»epidote,'and'?
Chlorite; Actinolite (z.A c = 17) occurs as prlsms generally
l mm in length with a pleochr01c formula X = straw yellow, 3
gfeen, and z = blue.v Plagloclase (AnS*),fls geherally saﬁs—

suritized.. Chlorite‘exhibits anomalous Berlin blue inter- -

_ference,colors,'light to dark'green»pleochroism and'ie
length;fast. vEpidote is colorlese to light green. ‘Accessorykffﬁﬁi
‘minerals are sphene'and magnetite.> Analysis 1 Appendix II is

'the only available analysis for the metabasalts.

Metatuffs

Metatufgs are exposed along a thin belt on the south

" limb of the Opawica River Anticline in La Ronde Township

(Plate 2). }Glacial drift covers ﬁuchtof the area and

lPlagloclase determinations marked by * were made on
sectlons perpandlcular to X, and those marked by + were nade.

_1n o0ils using Tsuboi's method._
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Figure 2.

Outcrop of plllowed basalt just north of Tush’
Lake. Geologic hammer is shown for scale.
'Stratigraphic tops are to the- top of the

photograph




| exposures are scarce. The best exposures are along bpli— ’
- dozed logging roads.  TheVmetatuffs dan.bé"sﬁbdiVided‘iﬁﬁQ

two principal rock units: basaltic”metatuffs;.and-felsiéﬁfﬁn

metatuffs,» _ , _
| The'metatﬁffé.éfe generally We11 beddeé and_graded
jbeddiﬁg:in theﬁfeisic units~provide ex¢ellentustratigraphic,  -
ijﬁop determinafiéné..'LoCally,‘thevmetatuffé*are_ingensely;%
-jaeformed,eXhibiting transposgd_primafé iayeiing.(Figuferé)‘jilun
and crenulatioﬁ gleavagé (Eigure”4f} .Because”of their'reia;.f
tive incompétenéy,_ié is likely that thesé‘uﬁits absorbe&x
- much of the regiohal ofdgenié'stréin.v' “
= ' The dominant rock type is a fiﬁe-grainednibuff
llpslorea-felsic_tuff. Quartz and plagioclase (Aﬁ9*) combrise“ f 
_ﬁore thén 75% of the rock. Sﬁbangular‘to'sﬁbrounded quarﬁz
'ﬁﬁgains (up'to 4 mm in‘diémetef) and sgricitiéed élagioclaseE 
lf (up to.3»mm) are present as megacrYSts;€ Sericite oripara—:
gbnite ié the only other major cdnstituent of this rock’type...
"Pyrite was the only aécéssory miﬁéral ideqtified. - The

 basaltic-metatuffs are similar to those previouély_discuSsed.g:

. Opawica River Complex’

ThelobaWica Ri&er Complex is a météstratiform ighedus _
intrﬁéion..»lt bears strikiné similaritiés-tblother stratiform
_;complexeé in'thézregibn eépecially‘théibofe Lake Cqmplex_
(Chibougahau) and the Bell‘River_Complex (Mafagami).'-The
Opawica Rive:,COﬁplex consists of a sequenée_of.gabbroic__

anorthosite, anorthositic gabbro, gabbro,'ferropyrbxenite, 

R



S Figure 3. '
' B transposed bedding.. Vertical features are
. , ~glacial grooves and striae. . Photograph taken
o along logging road south of Tush Lake. Three’
' L inch rule is shown for scale. S
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Figure 4. Well developed crenulation cleavage in felsic

. " metatuff. Photograph taken along a logging. = .
‘road just south of Lake Tush. Three .inch rule

is shown for scale. : S : R
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'and'diabaee that have been variably metamorphosed. The com-

plex aopears to have an overall 5111 like morpholooy, how—

ever, it is locally dlscordant to the host rock volcanlcs..

, The'volcanlc.sequenoe has been affected by deformational and

‘thermal affects associated with the Kenoran Orogeny.' The

rocks of the complex exhibit mineral assemblageS'charac—

teristic of the greenschist facies.

Opawica River Pluton

The Opawrca Rlver Pluton 1ntrudes metabasalts and
the Oéawlca River Complex - It is exposed in the ax1al zone
of the Opawlca River Anticline and is well exposed along the
shores of the Opaw1ca River and Lake Lessard. The most con-
splcuous megascopic structural feature 1s a follatlon reflec-
tlng the preferred planar allgnment of biotite and muscovmte;

This penetratlve tectonlc surface is generally subparallel to’

the trend of the Opaw1ca River Anticline (Plates 1 and 2)

The rock is a grey color and»can be cla551f1ed as a

.blOtlte trOndhjemlte according to Wllllams et al (1954) .

The predomlnant mlnerals are plagioclase, quartz, blotlte,,

‘epidote,»and muscov1te. 1Plagloclase is typically zoned -

from An 27% in the core to An 18* in the rims.j’Chlorite is

a common. alteration feature of biotite. Muscovite is inter-

stitial. Epidote is colorless and exhibits characteristic

optical properties. The accessory minerals are sphene and
chlorite. Analyses 35 and 36 in Appendix II are cHmeical

analyses.
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La Ronde Lake Pluton:
" The La Ronde Lake Pluton is an undéférméd post-

kincmatic:granitic pluton thatfintrudes metabasaltsxand-the

‘ OpaWica River Complex in'thé northvcentral poftion of‘the" j f 
studyfarea; It is concentrically zoned -from a hornblende.

monzohite border to a porphyritic quartz monzonite core. A

ébne of_brecciation'is 1ocally'developed alonglthe COntactﬁ
with_thefopawica Rivér'Complek in-GdercheVille Townéhipj
(Platé 1). Thélplutog's contacts are discordant to struc-
tural trends of the-othef rock units. ‘Locally, a folia#ioﬁ

defined by planar preferred orientation of hornblendé is

 developed subparallel to the contacts. Presumably this

fabric element developed during emplacement of the ﬁluton.

: No‘contact'metamorphic‘aUreole appears to be associated with

the pluton. ‘The above menticned descriptions are character-

- istic of'plutoné of the transition zone between the epizone

and the mesozone of Buddiﬁgton'(l955),-

| ”'ﬁqcks of the La Ronde Lake Pluton (AﬁalYSes 38-54, E
Appendix II) are'yarious shades of pink. 1In geherai'thev
pluton'is homdgeheous wiﬁh the only major.minéralogiéal Qafi—,
ation‘beingva decrease'invquartz abuhdance from'the'coielto 
rim. Perthite,and plagioclase are the most abundant minerals.
throughout the pluton, with the ratio of tﬂe two feldspars

being approximately 1l:1. - Plagioclase (An 23*) is zoned but

the cores are too saussuritized and sericitized to determine

their éomposition.. Perthite is commonly interstitial, but

localiy‘forms‘phendcrysts (15 by 8 mm) in the core of the
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u pluton.- Quartz is always iﬁtgrstitialf HOrnblénde (zAc =
L 22?) tYpicéliy'comprisésiléss than 20% by:Volﬁmefof the
:u_pIUthr”~It has a pleoéhroic formula x = strawjyelldwn y =. -

~olive green, and z = blue green. Biotite occurs as reaction

rims around hornblende. Chlorite is locally observed as an

alterati¢n~pr0dﬁct-of_biotite and hornblende. _Acceésoryv{

‘ minerdls are epidote, sphene, zircon, and apatite.

" Experimental results on thé'sysﬁémvNaAlSi084

.—SiOQ-H 0 (Bowen & Tuttle, 1950, Luth»gE §l.}v1964,~

KaLS;O8 2

and Stiener et al., 1975) have led to a better understanding

of granitic rocks. By plotting normétive'quaftz; albite,

»¢énd orEhQClasé} it is stsibie fo compare granitic;rocks
?Acontaihiﬁg-mOre tﬁan'BO% of these normative componéﬁfs to
}‘experimental results. The plot of the normative cOmPOnents
: for_the.La an@e»iake_?lﬁtOn‘(Figure 5) reveals a_clﬁsterbAl 
Enedr the 10Kb minimumrof%Luthng éi;‘(1964).' Such liquid
‘4'cdhpositions éduld‘be'genérated by fractidnal melting of -
{'guartzorfeldspathic materialfat depths of 35 kil¢me£ers‘or>

- SO. .

-Other Granitic Rocks

" Two other granitic bodies are éXposéd'in the north-.
west qUarter of La-Ronde_TownShip. The relative areas of
these two distinct rock types cannot be determined because

the contacts are masked by glacial drift. A biotite grano-

~diorite is‘expoSedviﬁ the central portion of the northwest

“quarter of I.a Ronde Township and consists of biotite, zoned
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of normative quartz, albite, and orthoclase .’
$) in rocks of the La Ronde Lake Pluton. 5
diagram of Luth and others (1964).
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Tablec l.;'Chemical Analees'of the La Ronde‘Lake‘Pluton

sio, - . 6l.5 - 66.1 . 67.6
Tio, . .0.03  0.02 0.02
293 | ., l
Fe05 107 022 0.
‘FeO . ~.0.90 : 0.34 , . 0.24

‘AL

'Mn0  _~_V_0,03‘f_ . 0.04 : 70.03>
MgO 1.40 . 0.43 o o  0.58'
..caof __f’,' 3.55 :." o2.69 R  %~28;
o 4.60 559 : ;5;44

k0 . 3.8 2.96¢  3.06

 Total ' 91.45 . 93.85 . 95.32

- 1. Average of two analyses: hornblénde monzonite

2. Average of three analyses: hornblende‘quartz:monionite_ ~7

. 3. . Average of 13 analyses: porphyritic hornblende quartz
rmonzonite R o ‘ : : '
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- plagioclase (An 28 core, An 20 rim *), quartz;'perthite,

muscovite, and epidote. fAccesSory minerals are'aoatite,

‘_spheneg'and'zircon.~ Hornblende granodiorite is’ the other

rock type.. In hand- spec1men thls rock is nedlum gralned and'
has-a‘salt and pepper appearance.v Mlneraloglcally 1t‘con— f

sists of partially saussuritized piagioclase (An'30*),'

»quartz;bhornblende (ZA ¢ = 24°) with a pleochroic formula

c-

x = straw yellow, y = blne green, and z = olive'green, bio-
tite, epidote, and chlorite The accessory mlnerals are
apatite,. magnet1 ’ and muscovite.

~ Structure

| Pillow structures, scoriaceous flow tops, graded

gi bedding;'andvtheﬁstratigraphy of the Opawica River Complex are

the top and bottom criteria used to resolve the structure.

In the northern portion of. the study area stratigraphic

tops face north while in the metatuffs to the south strati-

graphicjtops'face south. - The'resulting'structUreris an

“anticline (Opawica River Anticline) with the Opawioa'River_

"Pluton exposed in the-axial zone. Observed dips are'nearlyv

vertlcal with the shallowest dlps belng approxxmatelj 70°.
These steep dlps indicate that the antlcltne is 1socllnal.

SZ crenulatlon cleavages,were observed locally in the meta—

 tuffs, but with less. than six readings it is 1mp0551ble to

'resolve thls fabrlc element.

"Three faults hav1ng the'same'general trend'(NZ)Eé

N30E) were mapped. . .




CHAPTER III
' OPAWICA RIVER COMPLEX
" The OpaWica River Complex has been dividedAinto'two

zones (Plates 1 and 2[;'an Anorthositeizone, stratigraphi-

-

"cally the loWestoexposed portion of-theacomplex,.and a

Gabbro-Ferropyroxenite Zone which encompasses the upper,°”

‘portiOQ‘of the complex. The Anorthosite Zone has a- maximum.

outcrop width of 12,000 feet (3650 meters). Lithologies

, Within\£he-Ahor£hoSite'Zone (Analyses'2f29,,Appendix,II)‘are' ,1Q
‘(1n decrea51ng abundance) : gébbtoio,anorthosite, aeorthofe,' :
51t1c-gabbro, and gabbro. The Gabbro-Ferrooyfoienite Zone

»:(Analyseo 30-34; Appendlx II) consisting’ of gabbro, ferro- .

"_-pyroxenlte, and dlabase has a maximum outcrop w1dth of 3000

' feet (900 meters) Slnce thevrocks.are nearly Vertlcal‘ 7

outcrop w1dth is nearly the same as the true thlckness.

'TextUral Relations and Layering

Textural Relatlons

With the exceptlon of the dlabases w1th1n the Gabbro—.

Ferrobyroyenlte-Zone, rocks of the Opaw1ca Rlver Complex are

- cumulates (usage of Wager & Brown, 1967) In other Strati—

form complexeS'(Bushveld Complex, Stlllwater Complex, and
Skaergaard Intrusion) the acoumulated crystaLs are either -
plagioClase,‘orthopyroxene, olivine, Fe#Ti_oxides,'chromite,

16
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and apatite, but in the‘Opawioa River Complex plagioclase

.and clinopyroXene are the only cumulate'phases.5 Grain size .

”varies‘from 1 mm (Figure 6) totoverrlS cm (Figure 7).

Another cumulus texture that is,preValent in’tﬁe'Anorthosite

_;Zonetis a hiatal texture-charaoteriﬁea by fwo distinct sizes.
}1n the plagloclase crystals (Flgure 8) rThisztexture COuld
_{result from having  two generatlons of plagloclase crystals.“
iPrlmary pyroxene.replaced by metamorphlc amphlbole is |

‘generally intercumulus of the plagioclase and forms large ~ .

o 2T S . o a
blastopoikilitic crystals. Fe-Ti oxides form intercumulus .

'grainé." Cameron (1969) euggesté that poet—cumulus'chanées{
‘in. cumulus mlnerals could make mlnerals appear 1ntercumu—-.ffv
"lus;" It 1s pOSSlble that post-cumulus changes affected the -
;ox1des 1n the Opaw1ca River Complex in this manner, ‘but |

there is no textural ev1dence_to support this theory."The'L

diabases have an ophitic texture and occasionally contain

megacrysts of plagiOClase (Figure‘9){

Three’ types of layerlng in plutonlc 1gneous rocks

deflned by Wager and Deer (1939) were rhythmlc cryptlc, and

1gneous lamlnatlon. " ‘Hess (1960) defined two other types of

layering, phase layering and inch-scale layerlng, based on

‘observatlons of the StlllwaLer Complex, Montana.

2The suffix blasto- refers to igneous textures that

have survived metamorphism, but the original 1gneous mlneral

has been replaced by a metamorphlc mineral. .



?igure:G.
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‘Photograph.of a polished slab of a gabbroic
anorthosite sample 73BM164 displaying cumulus
texture. The light phase is plagioclase and
the dark intercumulus phase is actlnollte
renlac1ng prlmary pvroxene. :




 Figupé 7.

Photograph of an outcrop of coarse grained -
"ariorthositic gabbro exhibiting cumulus texture.
The light phase is cumulus plagloclase and the-
dark phase is intercumulus actinolite replacing
primary . pyroxene. Photograph taken along a
logglng road in La Ronde Townshlp. Six inch
rule is shown for scale. : '



. Figure 8.
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Photograph of an outcrop displaying hiatal
texture in gabbroic anorthosite. Note the two
" distinct sizes of plagioclase (light). Photo--
graph taken along a logging road in La Ronde
Township. Six inch rule is shown for scale.

b s e~



 ?-Figure_9.
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Photograph of a polished slab of sample 73BM174

“displaying megacrysts of plagioclase in_.a diabase -

from the Gabbro-Ferropyroxenite Zone.



'3i4) were also observed.',Cryptlc~layerlng,WLllobe dlscussedA !5
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Viithin the Opawica River Complex rhythmic,'cryptic{v5

“and inch-ScaIe:layeringVWere observed;:"On»the outcrop

scale, layerlng results flom elther a dlfference in the

'fmaflc to fe151c ratlo (Flgure lO),'and/or a dlfference in .
'graln'51ze (FlgureS‘ll'and 12) Sllghtly 1rregular layer-

*iings(rlgure 13) and poss1ble 1gneous cross~bedd1ng (Flgure

in another section.

Anorthosite Zone

Rocks of the Anorth051te Zone con51st of gabbromc

anorthOSLte, gabbro and anorthOSLtlc gabbro. Gabbroic

- anorthosite is the most common lithology. The rocks are

COarse:gained'with the grain size varying ffomjl mm to lS'e

- cm. Cumulus textures are common and layering is well

~developed.

Plagioclase (An 84-76+) is generally unaltered and.
is the dominant Cumulus,phase. <Metamorphic.amphiboles have.

replaced primary intercumulus pyroxene, but remnant pyroxenes

are'lOCally preserved.

len ralogx

The essentlal mlnerals are plagloclase (50- 90%),

_act11ollte (5 45%) , cllnozo;51te (0-10%), chlorlte_(O—Ss),

' ,magnetite;~and ilmenite (0-25%). Minor constituents are_'

aUQ‘?uJ éphene, and sericite'(Table 2). The sericite in the

rocks may be palagonltc sincé the rocks are low in KZO'

» (TableZB),.




L ‘Figure 10.
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Inch-scale layering in gabbro of the Anorthosite
Zone. Outcrop is along a logging road in La = -
Ronde Township. The geologic hammer is shown

for scale. Layering is the result of a dif-

ference in mafic to felsic ratio.

e b= ca———r
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Figure 1l. Layering in the Anorthosite Zone resulting from:
' = a-difference in mafic to felsic ratio and grain
-size difference. Photograph taken along a log-
ging road in La Ronde Township. Six inch rule

" is shown for scale. A well developed cumulus
texture can be Seen in the gabbroic anorthosite
in the upper portion of the photograph. The
"lower portion of the photograph is an anortho-
site. The light colored mineral is plagioclase
which forms the cumulus grains. The dark mineral
is actinolite which replaces primary inter-
cumulus pyroxene. . : »




Figure 12.

25

Layering in the Anorthosite Zone resulting from
a difference in grain size and mafic to felsic

. ratio. Photograph taken along a logging road in

La Ronde Township. Three-inch rule is shown for
scale. A hiatal texture is developed in the
lower portion of the picture. The dark mineral

-is actinolite that has replaced primary inter-

cumulus pyroxene. The light mineral is cumulus
plagioclase. ‘ ~ '




Figure 13.
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Irregular layering in the Anorthosite Zone

resulting from a difference in mafic to felsic .

.ratio. Photograph taken along a logging road

in La Ronde Township. Six-inch rule is -shown
for scale. The large light colored mineral is
plagioclase. The dark mineral is actinolite
that replaced primary intercumulus pyroxene.
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. Figure 14.

‘Possible igneous cross-bedding in the Anortho-

site Zone. Photograph taken along a. logging
road in La Ronde Township. Geologic hammer in

'fthe‘upper part of the outcrop is shown for

scale. The rocks in the upper portion dip from
top to bottom while the rocks in the lower por—

tlon dlp from left to rlght




- =

. . Table 2.

G BECR C R

Anorth051te Zone

Modal Analyses of Selected Rocks from the

‘5;:Plagioclas¢t v | ,“f j80
""vVActinéliﬁe : '_ | }10‘“
Chlorite s

' Clinozoisite—epidote- 5
; ﬁagnetite—ilmenité R  0

~ ‘Sphene’ SRR | 0

' Sericite - 0

75 .

20 -

65

15

tx

tr

45

25 °

40 -

35

40

,'45Vf

. - 74AMB3 gabbro
74RA39 gabbro

. 74AM5vgabbroic anorthosite

. 74RA125 gabbroic ahorthosite
74AM147 gabbroic anorthosite

74AM64 gabbroic anorthosite

Percentages based on -visual estimates.
. BESTREE N 2 A



Table '3. . Chemical analyses of rocks from the Anorthosite Zone of the Opawica Rlver Complcx and’
’ " Anorthositic Rocks from the Skaeraaard Intrusion and the Bushveld Complex

1 2 3 4 5 6 7 8 9 10 11 12 13
S10,°  45.7  46.5  48.1  47.1 434 42.6  47.2  47.1 47.6  45.7 451 44.0 453
Ti0,  0.18 0.2 0.83 . 1.61  2.63  1.10 0.49  0.24  0.39 ~ 0.19  0.14  0.23 . 0.19
ALO, 27.7 10.1 9.5 1.2 14.2 12,6 9.8 2.7 22,0 25.9 . 25.3 "17.8  29.7
Fe,0, 1.2 7.15  6.27 5.94  7.85 © 7.59 479 3.07  2.27 1.97 2.41 4.9 © 1.23
FeO  1.04. 8.51  5.25 11.73 11.38 - 8.63  4.03  2.65 . 3.90  1.70  2.08 ~ 4.31 1.23
M0 0.04 0.22  0.17 - 0.22 0.14  0.28 ~ 0.09 0.11 0.12  0.06 0.07 0.14  0.03
MO 4.58  8.25  8.45 8.55  6.35 7.80  8.25  7.25  4.05 ' 3.60  4.50  9.90 - 1.05
ca0  16.65 12.65 11.50 -10.50  9.50  §.60 15.90  8.60 12.90 15.10 14.85 11.60 16.65
Na,0  2.25 1.40  1.20 - 2.23  1.61 2,01 1.50  2.08 2.26  2.04 '2,19 ©1.03  2.60
0.47 1.10  0.18 . 0.63  0.25 . 0.42  0.13 . 0.00  0.0¢

K,0 - 0.43  0.13 - 0.21  0.38

Total 99.69 95.12  91.48 99.36  97.53 92.31 92.23 94.43 95.74 96.68 96.68 94.00  98.02

74AM95, Anorthositic Gabbro ‘ 8. 74RA39, Gabbro

1.

. 2. 74AM195, Gabbro . v ' : 9. 74AM5, Gabbroic Anorth051te

~ 3. 74AM1B, Gabbro - : S 10. ,74FA63 Gabbroic Anorthosite -
4. 74::83, Gabbro L 11, 74AM104 Gabbroic Anorthosite.
5. 74AP92, Gabbro - o ’ 12, 73BM39A, Gabbroic Anorthesite

. 6. 74RA55, Gabbro o SR .13, 74AM191 Cabbr01c Ancrthosite
7. 74A:‘°l Gabbro ' o :

‘FeO and Fe,0, are- calculated by using the method of Carman et al. 1975 Ratios. are based on known FeO and
»Fe203 on rocks from the’ Opawica River Complex See Appendix I for analytlcal proccdures. o R
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Table 3 (continﬁcd);u. '
% 15 .16 17 18 19 . 20 21 22 23 2 25 26
810, 50.1  45.7 464 47.7  46.8  46.2  45.5  44.1  46.2  46.5  45.3  36.9  44.0
S Ti0, 0.43  0.18 0.19 . 0.20 0.20 -0.58  0.24 0.21 ~ 0.19 - 0.21 . 0.20  0.19  0.21
AL, 19.0  25.7  24.2. 26.0 30.8  29.4  25.8  26.9° ©26.4  33.5  28.7  29.9  27.6
Fe,0, 3.29 1.37 2,52 . 192 1.15  1.21  2.76  2.03  2.80  1.50  2:47  1.64  2.08
FeO . 2.8 1.18  2.1§  1.66  0.99  1.04  2.20 .1.75° 2.42  0.71  2.13  2.39  1.80
MaO . 0.18  0.04. 0.07 ~ 0.06  0.03 ~ 0.01 . 0.08  0.06- '~ 0.05 .0.04 ' 0.07  0.03 . 0.04
MgO 1.00  1.45  2.00  2.55  1.50  0.55  2.90 3.00  4.80  1.45  3.30  4:40 .00
Ca0  14.45 - 13.85 17.75 17.00 14.35 °16.60° 15.15 “'16.15 = 13.90 15.90 < 14.35 = 15.50 - 16.40
? Na,0 2.70 3.93 1,95 2.12  2.38  3.40  2.28  1.96  1.62  2.26  1.50  2.05  1.50
| K0 0.28 0.09 ©0.00° 0.00 0.00 0.0  0.23  0.00 ~ 0.03- 0.03  0.03 0.13 - 0.00
Total 94.27 93.49  97.26 99.19 98.20 98.99 97.14 96.16  98.41 102.10 . 98.S0 103.13 96.63 -
14. 74AM199, Anorthositic Gabbro | 21, 73BM168, Gabbroic Anorthosite
. 15. 74RAl24, Gabbroic Anorthosite o 22.. 74MM172, Gabbroic Anorthosite
; . '16. 73BM118, Gabbroic Anorthosite = ' 23. . 74AM102, Gabbroic Anorthosite
Ho .. 17. 73BML64A; Gabbroic Anorthosite - ' ' 124, - 74AM64, Gabbroic Anorthosite .
’ ‘ 18. 73BM110B, Gabbroic Anorthosite 25. 74AM147, Gabbroic Anorthosite .
A 19. . 73BM38, Gabbroic Anorthosite = . . - 26. 73BM167, Gabbroic Anorthosite .
i ~20. 74AM17, Gabbroic Anorthosite ’ S ' S S -

0g - ‘.f. 




. Table

3 (con;inued)b

33,

35.

27 28 29 30 31 32 33 3 35

SiO2 .46.0 44 .6 48.9 47.5 53;3l-.}50;5 49.5 48.9 50.7

Ti0, 0.21  0.23 0.00 . 0.00  0.10 . .C.10  0.05  0.10  0.50

ALO,  27.8  17.2 30.0 32.3 233 27.4 - 2.8 26,5 25.5

Fe203 2.08  6.99 ©0.50 - 0.70 0.95 1.10 .0.00 0.45 1.11

FeO 1.80  5.87  1.30  0.38 ~ 2.15 1,55 4.45  2.45: 4,07 -

MnO - 0,06 - 0.18 0.00 - 0.19° © 0.00 0.20 - 0.00 0.00 0.16

Y 3.25  8.50 . 0.55 0.38 0.85 0.15 '11.05 - 4.25 1.90

.Ca0 --16.25 9.95° 16.90 16.00 - 11.15 12.90 -.12.45' 14.05 ;11.74:.-'

NaZO 2.00 0.78 1.95 1.92 4.35 . 3.85  0.90 2.10-  3.54

K,0 0.00 0.26 0.15 0.43 ,1.95 0.50 0.05  0.00  0.36
- Total 99.45 94.56 100.25> 99.84. 98.00 98.20‘,100.20. 98.70 .. 99.57

27. 74RA125 Gabbroic Anorthosite:
- 28. . 74AM4, Gabbroic Anorthosite ' ' g

29. Anorthosite, Critical Zone, Bushveld Complex Analy81s I, p. 104 Analyses of Rocks, Minerals,
- ‘Ores, Coal, Soil, and Waters from South. Carica, Mem. Geol., Surv. S. Afr., 32, 876 pp.

30. Anorthosite, Critical Zone, Bushveld Complex, Analysis-III, p. 104, same- reference as 29
31. Anorthosite, Main Zone, Bushveld Complex, Analysis IV, p. 104, same reference as 29.
. 32.. Mottled Anorthosite, Main Zone, Bushveld Complex, Analy51s V, p. 104, same reference as.'29.

 Anorthositic Norite, Bushveld Complex, Analysis VI, p. 104, same refernce as 29. =

34. Spotted Arorinositic Hanging Wall Norite, Bushveld Complex, Analysis. VII, same reference as. 29

Leucocratic: Laer LZa, Skaergaard Intrusion, Anqu51s III Table 5, P 152 Lavered Ioncous Rocks :

588 pp.

1€
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Polysynthetically_twined plagioclaseioccurs as

-eUhedral cumulus grains varvjng in size from l‘mnﬂélS cm. -

The contacts between plagloclase and blasto lntercunulus

actlnollte commonly have a border of clln020151te (Flgure

15y, Clinozoisite is also present along cracks and frac— B
tures in plagloclase and, locallyi as pSeudomorphsVof'prlmary‘f’m

jplagloclase.

Metamorphlc actinolite (ZA c..ll°—20°, Anelyses'l;

| 2, 3, Table 4) has a pleochr01c formula x = straw yellow, .
'y = green, and z' blue green. -Granoblastic’and blasto-
_p01klllt1c varletles (Flgure 16 A and B) are always 1nter—' ,

cumulus to plagloclase

Remnant primary cllnopyroxene (Analyses 4 and 5

Table 4) were identified. All observed cllnopyroxenes have

.exsolutlon lamellae of orthopyroxene (Figure l7) and are'

altered to actlnollte.
Pale green chlorlte is present 1n most thln sectlons
studied- It is pleochr01c from colorless to pale green and.

1s length fast. Chlorite is commonly found near or along ,'

‘> grain bOUndaries with plagioclase (Figure 18). . This'iS'

‘probably due to the availability of Al from.plegioolase"

during metamorphism, however, chlorite can pseudomorph

. pyroxene and be intercumulus to plegioolase.‘

Fe-Ti oxides are found as "intercumulus" grains
9

throughout the Anorthosite Zone. They'do.not; however, con-

stitute more than 25%’by-volume (Table 2). Ilhenite.is;the_

i;only oxide observed in the loWer half of the zone, while
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Figure 15.
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Photomicrograph of gabbroic anorthosite (74
AM95) displaying blasto-intercumulus actino-
lite (A) with clinozoisite (C) ‘at the grain
boundary with cumulus plagioclase (P).: Crossed
polars, width of field 6.5 mm. =~ = ) :



}Figure 16A.. Photomicrograph of gabbroic anorthosite (74RA125)

Figure 16B.

3

AT O o3 Gt SR
'?aagﬁﬁfiitﬁtL_~¢xﬁxiL&u

displaying granoblastic intercumulus actinolite
-(A) and cumulus plagioclase (P). Crossed polars,
width of field 6.5 mm. o ' \ S
: AP

i o, i . 1

Photomicrograph of gabbroic anorthosite (74AM147)-

displaying blastopoikilitic intercumulus actinolite

(A) and cumulus plagioclase (P). Crossed polars,
width of field 6.5 mm. - L
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Table 4. Electroprobe Analyses of Amphiboles and Pyroxenes - .
o ~from the Anorthositc Zone of the Opawica River Complex -

An. No. 1 . 2 .3 g4 o5

si§2_. a2z s34 50.0  54.9 'f 'ff47;317ff
A0, 165 40 1000 3.4 28
"Tibz I 0.0 0.0 -  ¢}°’ ~'  ’ 018} 4 
 Feo ' 13.5 11.4 13.8 8.2 . 111
Mgo . 10.8 ' is.2 . 12.5  16.8 '  1408

Lca0 11.8 1209 11.3 © 14.5  19.3

Total ~ 95.8 96.9  97.6 - 97.8 96.1

Analysis No.

* l.f'Sample 748M17, Actinolite (zA c=20, x = pale yellow, y =
_  green, z =-‘bluish green) Ce T

2. Sample 74AM95, Actinolite , | |

3. Sample 74AM64, Actinolite (zA c=17, x = pale yellow; y =

green, z = bluish green)

v 7-4f Sample 74AM95; Diopsidic augite

et atytibolo Eulielogt ik fon

“1

SQ"Samplé 74RA_55, Diopsidic augite

Seé_Appendix_for analytical procedures.
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Figure 17. Photomicrograph of ‘a gabbro (74RA55). = Clinopy-
T roxene (CPX) that has been partially replaced by
actinolite (A). Horizontal lines are exsolution-

lamellae of orthopyroxene. The diagonal lines

are cleavage traces. Crossed polars, width of

field 3 . mm. . - o
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Figure 18.
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Photomicrograph of gabbroic anorthosite (74AM5). .
Blasto-intercumulus actinolite (A) with a border
of chlorite (CH) at grain boundaries with cumulus
plagioclase (P). Crossed polars, width of field
6.5 mm. ' o : : S _ :
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‘magnetite and ilmenite'oécur'in the upper half; In

'reflected light '1lmen1te is grey brown in color and strongly

anrsotroplc whlle magnetlte is grcy ln color ‘and 1sotrop1c

'Magnetlte gralns generally contain exsolutlon lamellae of
‘~1lmen1te (PJgure 19) Ilmenite also occurs,as-dlscrete
_gralns.' In some 1nstances,'magnetite is'replaced by epiaote ff.

-and chlorlte, but lamellae of 1lmen1te may Stlll be 1dent1—

-

_flable (Plgure 20) .

Sphene and sericite are accessory minerals. Seri-

‘cite is found associated with plagioclase. In some cases,

‘the sericite mav be paragonite since7the'rocks"haveAvery‘low

concentrations of K20. Sphene commonly occurs as a fine

dust in actinolite, and. probably formed from the release of

" T. in- the reaction: tltanauglte + HZO = actinolite + sphene.

d

It ;s also found as a replacement product,of ilmenite.

.Gabbro-Ferropyroxenite Zone

The Gabbro-FerropyroxXenite Zohe'(Platelz)'iSZexposed':;' '

only in La Ronde Township. Metagabbro} metaferropyroxenite,

‘and metadlabase are the major rock types that constltute the

zone. The rocks are generally flner gralned than those of

the Anorth051te Zone. The metaferropyroxenltes resemble the

-enc1051ng metabasalts, however their lack of volcanlc

. features and . the ‘abundance of flncly dlssemlnatcd magnetlte

distinguished them from the metabasalts. . The gabbros'are_
dark green and exhibit well developed cumulus textures

(Figure 21). The metadiabases have a subophitic texture
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Figure 19.
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Reflected light photomicrograph of a gabbro
(74RA55) . Magnetite (M) grain with exsolved
. lamellae of ilmenite (I). The texture resulted
" from the oxidation of magnetite. ‘




Figure 20.
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/AR SRRSO TR,
TR YRR LIRS
hNeAFine |
Photomicrograph of anorthositic gabbro (74AM195). -
Shown is an original grain of titaniferous magne-'

RN .
PO <

- tite that has been replaced by epidote (E),; and
- chlorite (CH) leaving only the ilmenite (I) B
lamellae. Plain light, width of field 6.5 mm.
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Figure 21. Polished slab of gabbro (74RAl44) displaying

S cumulus texture. Note the intercumulus nature
of the plagioclase (light) and the cumulus
actlnollte and pyroxene (dark).

' A s & 2t e aninn koAt smmm i - amamse
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and megacrysts of plagloclasc (Flgure 9) are’ common : Meta—

lmoprhlsm appears Lo have produced more extens1ve recrystal—"
'llzatlon in. rocks W1th1n the Gabbro Ferropyroxenlte Zone-

.:“than in those of the Anorth051te Zone.

~Mineralogy -

The principal minerals of the Gabbro—Ferropyroxenite

' Zone are plagioclase, actinolite, clinozoisite-epidote, °
‘chlorite, and Fe-Ti oxides. Minor constituents are ferro- . VT”D7

- hastingsite, clinoperXene, énd quartz._

Polysynthetlcally tw1nned plagloclase (An 69+) occurs

jln the gabbrog both as cumulus and 1ntercumulus gralns. The
fplagloclase in the metaferropyroxenltes and dlabases is

- “generally saussuritized.

_Metamorphio actinolite and ferroactinolite ate
pfcsent as pSeudomorphs of primaiy clinooyroxene. lhese“}
amphlboles vary in color from green to pale green to yellow )
(Analysesv 1, 2, 3 Table 5) | o

, ‘ W ‘ 3 : . _
'Ferrohastlngsite occurs associated~with lamellae of -

:ilmenite (Figure 22).- This amphlbole has a 2V of 10- 40°

- and ishstrongly pleochro;c."x = straw yellow, y = daLk green,

2 = dérk bluish green. - It is thought that ferrohastlnglte:
formed from the reaction: plagioclase + magnetitetf“augite
+ watef = ferrohastingsite. Baskin (1975) reports ferroQ

hHastingsite from the Dore Lake Complex and writes a similar

~ reaction: plagioclase + magnetite + ferroaugite =' ferro- -

hastingSite,‘ Electron microprobe analysis of




Csio, o 448 47.2 56.6 40.6 - 51.9

' FeO . 21.0 - 2L.0 13.2  23.8 . 10.4

ca0. . 1l.6  11.6 ~ 13.9 9.4  21.6

Total 96.8  99.0  100.3 94.8 - 101.3

o vt

' Table 5. Electlonrncroprobe Ahalvses of Amphlbdles and

Pyroxenes from the Gabbro- Ferrooyroxenlte Zone -

j'of the Ogaw1ca Rlver Complex }

Al,05 12.8  .10.2 1.4 0.8 2.7

V03 D

'10.0
1300

21.6

99.2

Ana1y51s No.

1. Sample 74RA30 Ferroactinolite (zAc¢=19, x =fyeliow, y
~ _green, blue green) . - ‘ R
2.  Sample 74RA30 Ferroactinolite

3.. Sample 74RA144, Actinolite (zA c=zl17, X = pale,gféen;:Y“

yellow, z = bluish green).

.4;: Saaple 74RA143, Ferrohastingsite (ZA\C_l3 x;; yelibwi

y = dark green, z = dark bluish green) A
Sample 74RA144, Diopsidic augite (zf\c 42);
"Sample 74RA144, Diopsidic augltc =

Seé_Appendik*for-analytlcal procedures.

M



Figure 22.

ferrohastingsite (FH) replacing magnetite, but‘:.:‘
the lamellae of ilmenite still remains. - Plain

‘light, width of field 6.5 mm.

PO UL
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‘ferrohastingsite (Anaiysisié‘ Table.S).reveais an;appreciable
:amount of V203 hagnetltes from the Opaw1ca River Conplex

'contaln con51derable amounts of Vanadlum (Table 8) >whlleviad-;$uh
‘PYroxenes contaln no vanadium (Table 5) .. | The‘vanadium con4w3ﬁa?f3'

tent of thc ferrohast1ngs1te and 1ts a35001at10n w1th lamellaej

of 1lmen1te suggests that magnetlte supplled much of thc ;f
needed 1ron to form ferronastlng51te.v

T Chlorlte is more strongly colored than chlorite from
the Anorth051te Zone and varies from pale green to green.uh

It has anomalous Berlln blue 1nterference colors and lS

length‘fast.

.Fe~Ti oxides occur as "intercumulus" grains with
similar textural relations as described in the Anorthosite -

Zone. _Ilmenite‘is_grey'brown and strongly anisotropic while -

- magnetite is isotropic; -Sphene occurs as an alteration of .

1lmen1te (Flgure 23)

Remnant prlmary cllnopyroxene 1dent1f1ed as auglte,:

_iwas observed in one thin. sectlon. It occurs as cumulus

gralns that eXhlblt varlous stages of alteratlon to actino-

lete (Flgure 24).

- Cryptic Variations
‘Hess'(l960) describes cryptic layering as ". . the
inconspicuous, and for the most part gradual change in com- .
position of~mineral phases upward in the ;ntru51ve; _Plaglo—f
clase, clinopyroxene, magnetite, and ilmenite will be used to

illuStrate cryptic variations within the Opawica River Complex.
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Table 6. Chemical AnalyPcs of Rocks flom the Gabbxo—“
L ‘ Ferloavroxenlte Zone . :

‘An,No. . 1 . 2 3 4 5 & 7 . 8. 7

Si0, ' 44.0 48.7 48.6 47.6 45.4  48.8 47.4 45.4 |
7i0, . 1.52 1.04 ~2.25 1.49 0.23 2.10  0.88 1.10
“-Aléo3 ‘10,2 8.0 11.1 '13.5 11.9 10.8 15.3  10.4 -
273

Fe,0, ' 2.8 2.8 2.0  7.10 4.50 6.10 3.06 3.01
' Fe0. | 7.19  9.70 14.64 °5.97 3.79 9.27 8.94 . 7.57

S MnO 0.20  0.24  0.25 0.05 ° 0.17 0.21 ©0.21 - 0.20

N

;R N TN S B T o0 B G G O O S = =

Mgo  12.80 10.50 5.05 6.60 6.65 4.45  6.90 - 11.45
ca0 . 7.00 14.50 8.30 11.75 11.35 9.60 - 9.55 4.10 - -

a,0 . 0.25 0.50 2.90 - 2.38 2.84 0.95 2.58 0.58

Total 86,06 956.40 95.29 96.75 89.90 92.29 95.31 83.96

- 74774, Metaferropyroxenite
74RX144, Gabbro
74RA30, uehaferropyroxenlte
74RA97, Metadiabase
. 74RA134, Metadiabase
;'-74AH135, Metaferropvroxenite
74RA148, letadiabase '
.  “74RA50, Metaferropyroxénite

N U W N

See'Appendix for analytical procedures.

L e e st e e — - 2t 18 1 o A S ——————————
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 Figure 23. Photomicrograph of a gabbro (74RA144). Sphene (S)
- " has partially replaced lamellae of ilmenite (I)
‘white carbonate (C), epidote (E), and ferrohas-
- tingsite (FH) have replaced magnetlte. Crossed
_polars, w1dth of field 3 mm. : C
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Figure 24. Negative representation of a thin section of

S . . 74RA144 a gabbro. Cumulus primary clinopyroxene
(CPX) is partially replaced by actinolite (A).
Plagioclase {P) is intercumulus. . :
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Plagloclase

Plagloclase pers1sts as a cumulus phase throughout e

fthe Anorth051te Zone and a portlon of the Gabbro—"”
'therrooyroxenlte Zone. Whlle plagloclase (An 84- 69+) at the

”';top is more sodic than at the bottom, there 1s no clear

trend.- There does, however,_appear that fluctuatlons ln An ff'

;contentboccurs'withian increase in structural height (Figure
25).'fHess (1960) attributes similar fluctuations in”An'con->7'"

»Ltent'Of,plagioclaSe'in the Stillwater Complex; Montana, to

varied rates”of_crystal”accumulationQ On the other hand,"

Wadsworth"(l961) attributes fluctuations on anorthlte conf.

ftent'to=the'replenishment of the magma chamber byvparentalf
magma. It is prooosed that Hess s hypothesis best explalns

fthls phenomenon 1n the Opaw1ca River Complex.

' ClinopxroXeneﬂ

Remnant prlmary 1ntercumulus ‘and cumulus cllnopyroxene

'fcontalnlng exsolved lamellae of orthopyroxene was: 1dent1f1ed”

from the Opawica Rlver Complek. Pyroxenes from. the Opaw1ca

Riuerlcomplex'fTables'4“and 5) exhlblt a sllght iron .~

'enrichment trend (Figure 26), however, their most striking
-compOsitiOnal variation is in calcium content.: The trend iS[
'somewhat mlsleadlng because the exsolved orthopyroxene was

.not analyzed

Fe-Ti Oxides

| Three samples contalnlng coexisting magnetlte and

ilmenite’ were chosen for analySLS in order to 1llustratc any
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‘Figure 25. Anorthite conbenﬁ of plagioclase (determined
« o optically) plotted against height above contact
with the Opawica River Pluton. -
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. Figure 26. Plot of pyroxenes from the Opawica River Complex.
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" chemi.cal variation exhibited by the minerals;;3The anelyzed-'

"umagnetite (Table*B)'cOntained exolved”ilmenite'which'Were”'

i

not 1ncludcd in the analy51s.“

‘i In Flgures 27 and 28 ma]or and minox ox1des are

Jplotted agdlnqt structural helght above Lhe 1eve1 of" 1ntru510n-h'i
:;ofvthe Opawica River Pluton{ :Vanadlum-was‘dlscovered to_f’

;have higher cohcenttatiohe in the'magnetites‘while.the
hilmenitee'had.a“highertcOncentration offmanganese, A 'Simif

-iar teietionship-exists'betWeen the haghetites and'ilmenitee-

_of the Dore Lake Complex (Caty, 1970). .

Géochemistry'

'Afone‘of the pUrpoees'of’this stﬁdy was.to;define‘the
}:chemical.chaiaéteristics_of_thefOpaWica River Complex. The
.ipreSer§ation of original igneous sttuctﬁres aha texttres.'
(Figutesfé' 7,'8, 10, 11, 12, 13,'ana 14y and‘the siﬁilefity
~between orlglnal minerals and their metamorphlc equlvalents
L-lndlcate that metamorphlsm was essentlally 1sochem1cal thus ‘
“theé. bulk chemlstry of the rocks was unaffected (Table 3)
vSlnce cumulate rocka do hot represent lquld comp051t10ns, s
'honly gabbroxc rocks were chosen to deflne the complex
ichemlcally.

‘,Sevetal chemical series are fecognized;in:baeeltic‘_i
'igneohs tocke aﬁong‘theee‘alkaline,'calc+a1kaline,Aahdi '
tholeiitic;_ The.(Na20v+ Kzo)/SiO2 Vafiation diagrem‘of |
ﬁacDohéid and Katsura (1964) and Kuno_(l965) cen be used to

distinguish the alkaline series from the calc-alkaline and




Table,? An=lyscs of: Magnetltes from the Opaw1ca Rlver Complex, Dore Lake Comples,‘
- Cand Bushveld Complex o

Total Fe as FeO o’ég.s“} _93i6f“{791;21 83.92 86.06 81.88  70.78 70.49  63.95
Tio, '\_nd-oj nd " o35oﬁdf' 7.02 . 4.65. 5.72 12.36 16.56  18.19
MnO ,Q_oé | 70;35 0.28 ~ 0.15  0.08 L?.lz, | 0,213_‘”0,25 - 0.37
,v2o3 2,26 2}05,:;';Q18f1;_1-27 B 1t33.4: i;36 ;;0;99L‘.VQ§41 f;_o;15,oQ_;{

Total 96.88 96.03 94.17 92.36  92.12 89.08 84.34 . 87.71L  82.67

74AM92, Opawica River Complex (eleotron-microprobo analysis)

- 1.
2. 74RA55, Opawice River Complex (electron microprobe analysis)
3. . 74AM83, Opawica River Complex (electron microprobe analysis)
4. 3005, Dore Lake Complex (modified from Caty, 1970, p. 102) :
5. 3006, Dore Lake Complex (modified from Caty, 1970, p. 102) :
6. 3007, Dore Lake Complex (modified from Caty, 1970, p. 102)
7. LG, Bushveld Complex (modified from Wager and Brown, 18967, p. 398)
8. MG, Bushveld Complex (modified from Wager and Brown, 1967, p. 398) . .-
9. UG, Bushveld Complex (modified from Wager and Brown, 1967, p. 398)
nd - not determined

€5
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Figure 27. ‘Oxide variation in magnetites from the Opawica River Complex o I
plotted against structural height above the level of lntruc,lon o , R
: of the Opav\vlca R:Lver Pluton. ‘ '
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Figure 28{

Oxide varlatlon in ilmenites from the Opawica: Rlver Complex ‘
plotted against. structural helght above the level of lntru510n
of the Opaw1ca River Pluton. _ e
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ltho]eiitic seriee. An AFH diagram can be uSed‘to‘diStinguiSh'
dthe thOlellth series from the ca]c alkallne serlcs Thedfw”'
-'calc alkallne trend 1s marned by analkall enrlchment and

'fllme 1mpoverlsnment whlle the tholelltlc trend 1s marked by

an 1ron enrlchment as well as an alkall enrlchment and llme

plmpovexlshment

The gabbr01c rocks of thc Opaw1ca River Complex have

‘ bcen plotted on the (ﬂa O + K O)/Slo2 Varlatlon dlagram
(Flgure'29) Nost of the analyzed rocks are thOlellth

-accordlng to MacDonald and hatsura (1964), ‘but many plot in.

the hlgh alumlna'basalt f;eldvof_Kuno_(l965)f Ollvelra

(1963)Ahas'desCrihed similar ohemlcal‘characteristiee'for :
basalts'andygabbros'from bhibougamau,'and'used the Sibé-A1203~ny
2O’+ K O) diagram=to:resolve this disorepancy. Rocks
from ‘the Opaw1ca River Complex are plotted on the 8102—=

JAl 05- (Va o} + K. O) varlatlon dlagram (Flgure 30) and all fall -

2

.'w1th1n the tholelltlc field.

L An AFH dlagram was used to dlstlngulsh the calc—'”

alxallne series from the thOlEllth series (Flgure 31) The; -

'l”chemlcal variations observed for the rocks of the Opaw1ca

Rlver Complex exhlblt an 1ron enrlchment trend but no alkall‘

enrlohment. The abSane of an alkali enrlchment trend llke ‘

- the one exhibited by the Skaergaard Intrusion (Figure 32)

can be explained,by the absence of granophyric differentiates

in the Opawica River Complex. Even'though there is no alkali

:enrichment, the differentiation trend exhibited by the roeks'

of the Opawica River Complek'has tholeiitic affinities.




2

10 .

Alkali olivins baéalt;"‘

 "Alkalic basalt

. Oy
A

\n
\

fu
l
-]

Weq0 + K0

1~ Tholeiitic
L ”.v”{, © ‘basalt - O

e Lt ;_'e‘ e
4045 500 55 6o

¢
joura

':65,

Figuré 29. (Na,0 + K, O)/8102 plot for gabbr01c rocks of the
S - OpaWwica Rlver Complex. (* 3 after lMcbonald -
and Katsura, 1964), ( , aLt;r Kuno, 1965) o
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18I0, 45.00-47.30

510,=4781-50.00

SiG, = 50.01-82.50

‘;\3020 + KZO

. 8i0.,-Al 503-Na O + K,0 varlatlon dlagram (Kuno, '

1965) f01 gabbroic Yocks of the Opawica River

‘Complex (wt. $). T = Tholeiite, H = High alu-f‘

mina basalt, A = Alkali olivine basalt.
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AFM dlagram of the gabbr01c rocks of the Opawmca Rlver Comolex (wt. ). w
A = Na,0 + K,0, F = Fe,0, + FeO, M = MygO. Magma flelds afLer Kuno,
1959 2 2" 273 e T T

Figure 31.
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"Figure. 32. AFM diagram for the Skaergaard Complex aftcr
‘ Wagner and Deer (1939)
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Crystalllaatlon Hrstory and Evolution of the
OPanca Rlver Complex :

lIn‘order toldesign a mOdel'for'the crystallization

history of the Opawica River Complex,‘it-is necéSsary-to

llSt 51gn1f1cant charactorlstlcs of well studied layered

‘maflc 1ntru51ons.' Most layered complexes have- very 51m11ar
'stratlgraphlc sequences (Flgure 33) The stratlgraphy can_
hbe Slmpllfled 1nto four. major ‘zones or thelr equlvalents
'(Allard 1973) (1) an ultramafic zone, (2) anorth031te T
.zZone, (3) layered zoné or gabbro zone,land (4) granophyre
‘zohe‘ Although in the Opadlca Rlver Comolex only two of the'

” zones are exposed, it is postulated that a granophyre zone

ex1sted and possxbly an ultramaflc zone.

The orlglnal form of the Opaw1ca Rlver Complex is

.helieyed to be that of a tilted sheet-like body‘(Flgure’34);

"It is necessary for the intrusion to be tilted_in order to

explain the present;outcrop'pattern,(Plates'l_and 2); A

 single intrusive pulse filled the magma chamber, and crys—

tallization proceeded in a closed system with the‘original
magma hav1ng thOlellth afflnltles If the'diabasiC’rocks

of the compleh represent a chllled border phase, then the

} megacrysts of_plagloclase ‘suggest that»the orlg;nal magma- a

was charged with plagioclase crystals. Assuming a»densitya

‘of 2. 7 for the magma (Hess, 1960; Wager & Brown, 1967) it.m

is llkely that the plagloclase crystals would have remalned
suspended until they reached a size that would enable them

to 51nk,accord1ng to Stokes Law. The_cumulatelnature of
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Figure 34. Sketch of the Opawica River Complex after crystallization. ' Sketch
o not drawn to scale. o _ , . - ' _
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METAZACALY

Figure 35. Sketch of thé'Opawica.River Complex'aftéf foiding but béfbfé‘érosion;
: Sketch not drawn to scale. - : : R ' ‘
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" CHAPTER IV
i--}ETArvxo_RPHIS_M

A 51ngle metamorohlc event believed to be assoc1ated

.w1th the henoran Orogeny altered the rocLs of the Opaw1ca

Rlver Complex Lxcept for relict prlmary igneous mlnerals,‘_"

typlcal greenschlst mlneral assemblagcs~characterlze the

. complex and related rocks. The most‘lmportant'prlmary ,
'igneousvminerals-of the complex wetevulaéieclase; elino¥
_eyrexene, magnetite, and ilmenite.. The mineral assemblage
albltt-+act1n011te+-clln020151te Fchlorlte 1n.the rocks of

the study area 1ndlcate reglonal metamorpthmfof the~quartz-.:"f

alblte muscov1te chlorlte subfaCLes of the greenschlst facies.

Turner (1968) and WlnﬂlCl (1967, 1974) stress the

"importance of the catalytic actlon of water during metamor-

phism}gwithout which "the metamorphism of‘basaits to amphi-

i belites‘orhChlofite—epidote‘greenschistsAwould have been

impossible" (Winkler, 1374).:’Original.intercumulus minerals

'eﬁidently acted as . a chahnel for water and other volatiles

durihg metamorphism. As a result, original intercumulus
pyroxehe altered to'amphibole; calcic plagioclase rcmalned

stable except along grain boundalles with amphibole where

'20151te and.alblte'became-the stable assemblage, and cumulus

pyroxene remained stable except along grain boundaries with

-plagioclase where actinelite became - the stable_assemblage..
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Such'conditiOns may indicate either insufficient quantities

of water avallable for more complete altcratlon of cumulus

'vphases or 1nsuff1c1ent pOrOSlty permeablllty to allow thevi3”

vaoassage of water to the entire rock

vPlagioclase o

Plagloclase 1s the most abundant cumulus nlneral 1nv
'the comolex - Calcic plagloclase (An 84 69+) has for the
‘most part.surv1ved metamorphism. As described above,,where
water was available in sufficient quantities calcic plagio--
clase altered to an aggregate of clinczcisite-ahd/dr'epidote'
and albite. The following reaction describes’ the transfor-
mation:
5-calcic plagioclase (An 80) + H,0 = 2 clinozoisite +albite +2510, +A1,05
o : T T Ty

,..= v L + . oo 1
[NaA131308-+ACaA12 8]fFH20>i2Ca Al3813012(0ﬂ)-tNaA1$1308 2§102-f§1203

502.9 cc . 466.9 cc
Petrographic evidence indicates that the'excessf
Aaluﬁina'reacts with augite to form chlorite, which when
~:’piesent is:found at graihnbOundaries.betWeen.plégiquase'and
aCtinOlite (Figure 36).
" Pyrosene
Auglte is the only orlglnal maflc 51llcate mlneral .

ideutifled from the Opawxca R;ver Complex. Orlglnally, 1t

‘was preSent‘throughout the'complex as-an intercumulus phase

m b -
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and a cumulus phase in'the Gabbro-Ferropyroxenite Zone.

5 augite + H,0 = actinolite + 3 Ca0 + 25i0,

g:.SCa(Wg,Fe)Slz 6 HZO'='¢a2(ﬂg,Fe)5$i$Q22(OH)2 + 3C§0 f 2§i02 : ”;;”}g)

392,47 cc. 406.13 cc

‘Subseguently, augite was altered to actinolite and chlorite: -

There‘is petrographic evidence.that chlorite formed

A.fron'the“alteration of augite with'the additibn of'alumina{ |

[

reactlon

5 augite + AL,0, + 4H,0 = chlorite + 5Ca0 + 7510,

2 3 22

V;??é(M8,Fe)Si206-FA1203-f4H20j='(Mg,Fe?sAl 51,0, (OH) -FSCaO-F75102 (3)

417.96 cc 0 Usk2.14 ce

Thé excéss siliba and lime producedrby thevab0ve1‘
reactlon 1s avallable for the formatlon of sphene from

1lmenlte (reactlon 6)

" Magnetite . .

"ZIn the Opawica River,Complekvmagnetite.is;ﬁreSent:

»only as an intercumulus phase. Petrographiciand'chemical

ev1dence 1ndlcate that magnetlte was an 1mportant reactant

in th° formation of ferrohast1n951te and epl%ode Ferro-

hastingsite evidently repldced magnetite leaving lamellae

oriented paréllel to the magnetite (111) direction (Figure

22) . :BaSKin’(l975) repotts ferrchastingsité from the Dore

-~ The, Lormat¢on of chlorlte can be descrlbed by the follow1ng .

. e
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__La e Comole“, Chibougamau, and}prOposeS thejfollowing

reaction:

Na§l$1308 + 1/20a51251208 +’3/2Ca(Mg,Fe)Sl 06 fvl/ZPe2§1QZ6 + e ;ié)._g:é_iﬁ

- | - ... ‘Mo T . T 3 '..
: #‘l(zre304 e_NaCaz(Mb,Fe)éfe Sl6A12022(0H) +\5102

. An alternate reaction, perhaps better suited to the

formation Qf‘ferrohastinQSite‘in the OpaWica'RiVerthmplek‘?~

follows:

Albite +fZanorthite:+2magnetite +2augite + §i02 +vl/2A1203n+ ZHéO +

0, = ferrohastingsite + epidote + FeO + 1/402

Y2

] N'zx[v‘\18130-8+2CaAlrSl 0, + 2Fe Oz‘l-*".ZCa.(Mg,Fe_)Slzo()+8102.+ 1/?41203 + H20 (5)

271278 3

572.78 ce

6 222 2

0, Si Olz(OH)-FFeO + 1/40

=NaCéZ(Hg,Fe)41e 351 Al.O, (ou) -FZCaFe 3al
567 45 cc
Ilmeni;g}'
Ilmenlte occurs as an 1ntercumulu"f phaée'and vas‘
'previously discussed, as. 1amellae parallel to the (111) .
direction in mthetitc.» Sphene is observed as an alteration-
of ilmenite (Figure 23) [ the following’reaction is prOpOSed x'
to explaih_the fdrmatiqn of .sphene in the complex:
ilmenite + CaO + SiO2 = sphene + FeO (6)

FeTiO, + CaO + $i0, = CaTiSiO; + FeO

72.31 cc 68.02 cc

T s
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:n:D.scusslon
| Winkler_(l974)nStates that metamorphism is essenti-

ally an isochemical process. The preservation of original .

'igneonSIStructUreshandltextures_(Fignres 6, 8,'10)_11/ 12) .

in,the rocks“of the Opawica'RiVer.Complex support this

Jhypothe51s, but these observatlons alone are not sufflclent

Hcrlterla to,support 1sochemlcal metamorphlsm,; Turner

(1948) states neither bulk composition’nor‘SPecificvgravity“'
of the rock remains constant during'metasomatic metamorphiSm-

Table 8. compares spe01flc grav1ty of rocks from the Bushveld :

’Complex and Stlllwater Complex Lo those of the Opaw1ca Rlver

Complex. ,lhese comparlsons indicate that the spec1flc

vgrav1ty of rocks from the Opaw1ca Rlver Complex are baSLCallyl

lunaffected by metamorphlsm Postulated metamorphlc reactlonsb

can bevused'as,a criteria for isochemical metamorphism. In -
‘_ ‘the written’reactions ror observedkmineral'assemblages in-f
”the Opawica RiQer Comnle% theraddition of-COnponents:fron:l, r,;;
'outside the system is-not necessaryv(reactions l,}Z, 3,15;“

and 6).

Preservatlon of orlglnal 1gneous textures and struc-
tures, minor changes in spec1flc grav1ty of the rocks and

postulated metamorphlc reactions suggest_that metamorphLSm

was essentially isochemical and isovolumetric with any mig-

ration of clements limited to a few millimeters.




Table 8. Comparlson of Specmflc Grav1t1es of Rocks from the Opaw1ca Rlver Complex,;f-
' Bushveld Complex, .and Skaergaard Intrusion.

1 2 . 3 4 s & 7 8 9 10 11 12 13

2.78 2.85 2.83 2.79 .3.03 3.03 2.79 2.74 2.73 2.79 2.92 2.98 2.95

1. 74RA124 Gabbroic Anorthosite, Opawica River Complex

2. - 74AM17 Gabbroic Anorthosite, Opawica River Complex

3. 73BM39A Gabbroic Anorthosite, Opawica River Complex

4. 73BMl67 Gabbroic Anorthosite, Opawica River Complex

5. ~74RA148 Metadiabase, Opawica River Complex

6 ‘74RA134  letadiabase, Opawica River Complex. e _ R : SRR

7. - Anorthosite, Bushveld Complex Analysis I, p. 104 Analyses of Rocks, MJ_nerals, Ores,

. Coal, Soil, and Waters from South Africa, Mem. Geol Surv. S. Afr., 32, 876 pp.

8. - Anorthosite, Bushveld Complex, .Analysis II, p. 104, same reference ‘as 7 :

9. Anorthosite, Bushveld Complex, Analysis III, p. 104, same reference as 7.
10. Anorthosite, Bushveld Complex, Analysis IV, p. 104, same reference as 7.
11. Anorthositic norite, Bushveld Complex, Analysis VI, p. 104, samne reference as 7.
12. Chilled Marginal Gabbro, Skaergaard Intrusion, Analysis XII;.fold out after p. 335,
: ~Wager, L. R., and Deer, W. A, - Geological Investigations in East Greenland, Pt. III. .

The ’ Petrolog] of the Skaergaard Intrusion, KangerdIugssuaq, East Greenland, Meed on . -

- - Gronlané, 105, No. 4, 352 pp.
13. Chilled Marginal Gabbro," Skaergaard Ineru51on, Analy515 XIII same re;erence-as 12.

zL



. CHAPTER V-
BCONOMIC GEOLOGY -

'NEXPloration for-base'metal'Suifide'deoosits of'

‘}'Archean to Tertlary age has become more sophlstlcated 31nce

'tne volcanogenlc nature of many of these base metal dep051ts'-'

was recognlzed. Volganogenlc massive- sulflde dep051ts have

. many similiarities.(Sangster, 1972). 'However,dthese-are not‘-

the only important type deposits found in therArchean rocks

of the Canadlan Snleld ’Exoloration-in Archean rocks of

- the Canadlan Shleld snould be dlrected toward mlneral deposrts

hav1nc a’ magmatlc orlgln w1th soec1al attentlon glven to

ultramafic ‘rocks and layered intrusions as well_as,toward

' the volcanogenic type deposits.

Magmatic Ore DépositS' T

. Oxide and Sulflde mlnerallzatlon is known to. occur

" as horizons in layered comolexes Chromrte, vanadlfer>us'

magnetite, and sulfides of the platlnum group mlnerals,

cooper and nlcxel, are found assoc1ated w1th laycred com~"

_pl es.' Chron‘te and sulflde horlzons are assocrated w1th-

mafic to ultramarlc.roc&s (Cameron & Desborough, 1969,

Bichan, 1969 Cousins, 1969 and Souch & Podalsky et al.,

71969)3v Because these mlnerals occur at the same stratlgraphlc[
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horlzons, exoloratioﬁ”should'be directed to ultramafic rocks

ﬁassoc1ated with layered conplexes. :In the Opawica River Com- L
plex thcre is no’ exposeo ultramaflc zone.. If éﬁ'ultramafic

'zone ex1sts, 1t would probably be located below the Opawxca

Rlver Pluton.‘ Vanadlferous magnetlte is belng n1ned from p;_"

.3the Bushveld»Complex._Magnetltes from‘the Opawica Riverx cOm-,-lf

plex have very'similar chemistry to magnetitesﬂfrom.the Bushe

veld Complex ana Dore Lake Complex (Table 8) - The magnetites,v“f
'occur in tne Gabbro Ferropjroxenlte Zone and are deflned by ad;.
| magnetic high.- In the'lltnologles studled, magnetlte com*f‘*.

'U.prised less than.25%'of’the rock by yolumew.”The large

amounts. of glac1al drlft could; however; mask COncentrations

of magnetlte 81mllar to those 1n the Bushveld Complex.

'Hence, more-work is necessary~1n order to détermine if eco-

nomic concentrations of magnetite are present.

Volcanoqenlc Ore De3051ts‘

Syngenetlc deOSltS are generally aSSOClath w1th a
volcanic Sequence tens of thousands of:feet'thlck (Goodw1n;.

1968).. The. volcanlc complex can be d1v1ded 1nto three maln-,

'1portlons -lthe lowermost part conalsts of plllowed and
'_ve51culated flows generally of basaltlc comp051tlon, the
ﬂ:second,part consists of flows, flow brec01as,_and_tuffs

‘mostly of andesitic'compositioh, and the upper'most'portion

con51sts of flowJ and pyroclastlcs of dac1t1c to rhyolltlc

comp051tlon (Sangster, 1972). Another characterlstlc of

“these deposité is that the volcanic pile has been 1ntruded
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by rocks of varying compositions. Acid intrusions are the -

most common rock types associated with the volcanic pile |

,_(Sangs;ef;,1972). However, the Chibougamau and Matagami

'”areasféré’twobnotable exceptions in that they have layéred”f'

‘intrusions in the volcanic core, as does theA0pawica River:

area.  These layered intrusions could represent volcanic -

_cenﬁgfs, If there -is a link between mineralization and

layered intrusions, the volcanic rocks in La Ronciére;g 

Guercheville, Gand, and Lespérance Townships should be con-

sidered as exploration targets for volcanogenic ore deposits.’

" Within the Opawica River Complex, as‘invfhe Dore Lake Com-—

plex, mineralized shear zones could be expected to occur in -

' the Anorthosite Zone, but no areas of intense alteration ...

have been observed. However, one must remember that approxi-

métely'99% of thé area is drift covered.




CHAPTER VI .
SUMMARY

'gThe.Obawic& River Compiex'i$t§n>ArcheanFlayé¥ed_
intrusion; 'Itrihtruded4discofdahtly vqlcanic rd@kéféfuthe ;7
»Maﬁagami-Chibougamau Greenstone'Belt;  Thé voléaﬁicsfénd.:
Opawicé River Complex we:é‘infruded_byvthe Opawica-River
Pluton, consisting mostljkof_biotife trondhjemite,vahdi
fblded:intdan.east-weStftrenéing antiélihé_duriﬁg thé

‘Kenoran Orogeny. The La Ronde Lake Pluton, a post-kinematic .

zoned.ékanitic pluton, has ‘intruded the Opawica_RiVéf Complex;'¥ £*

andTVOlcanicégv'The complex and encloéing volcanics_have fpr_
the_moét part been metamdrphosed to the quarfz—gibifef
muécovite-thorité éubfabies 6f,the.gréehschistJfacies.'
Originél»igﬁéous structures and textﬁres havé'been Qell,pfee”
served. | S ﬁ

- The OpaWica RiVer~Com§lex is-diQided int0'£Wo éones;
 Ahofthésite'Zoné and the gabbro—FerfOpergehite[Zone; Dgé.

.to the7tilted nature of the>driginal magma chamber énd:fold—

»iﬁg the Gabbro-Ferropyroxenite Zone is notv¢ontinous over.the,*7J'"

%'eﬁtireuougcrop length of the complex.

o " The rocks are markéd by an,enrichmen£ bhAFQQ'and
depletion of MgO. The rdcks are characterized'by a high ratio
 Qf Na20_:K2O.‘;Thé Opawiéa River Complex is'the.result of 
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7T
fractional crystallization of a basaltic magma having tho~
leiitic affinities..

- Similarities in geology with the Chibougamau and - -

Matagami areas make the Opawica River-La Ronde ‘Lake region

an excellent exploration'térgét“for VOléandgenid:sulfide'L.

debositég Also, one might expect to find magmatic ore-

dépositSIWithin»the Opawica River Complex since 1ayéredicom£ f‘fﬁﬂP

plexesna;é'knowh to contain deposiﬁslof thisvtypé{v_}
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" approximately 100 r@ck samples Were.studied using_a Zeiss

':84-"

APPENDIX I
" LABORATORY PROCEDURES

Petrographic and Mineralogical Techniques. . -

Several laboratory techn1ques~were utlllzed to obtaln

, petrographlc and mlneraloglcal data. Thln sectlons from"'

 patrograph1c mlcroscope :Plagioclése-compdsitions—we:e
}:determlnea with the mlcroscope u51ng F. C Calklns'-Cuses
3{;for sectlons perpendlculxr to X. Immer51on 0115 and Tsub01 s: _T

,5¢urves for refractlve ;ndlces of cleavage fragments (Kerr,.
;31959)>were’used on plagioclases from thé Opawiéa River Comf  3

vfplex;

'Analysés of seieéted mineral épeciméhs werevobtained'
using a Materlals Analy51s Company 4005 Electron Mlcroanaly- ”:'
zerQ: Analyses were made on pollshed sectlons and pollshed
thin. sections whlr‘h had. been coated w1th a 2502\ carbon fllm
ﬁsing a Varian Vacuum»eQaporator.' An'operatlng voltage of

15KV and a samplé current of 0.05 microamps weére used. An

- ‘average of five spots on each sample were analyzed using
' twenty second counts and a beam diameter of five microns.

' Only background and drift corrections were made since

standards were selected to be very similar to the unknowns.

rimnw . w t et am tmm maer e s . o .
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- Semi—quantitative'analyses of all major'elements'for-f

'

d5act1nolltes were obtaand u51ng a Canberra energy dlsper51ve:jj
_detectlon system composed of a llthlum—drlfted 51llconb
‘;:cryatal -and a bload spectrum, multlchannel analyzer. X—ray
:’emlsslon soectrographs were made for unknown and natural
'jmineral standards.’ Data Weretcollected in 100 second counts.:
B {Peak heights of allrmajor’elements in the standardsfwere" .
' éraphically plotted and.a=line of Calibrationjdrawn:betweentif
correSponding elements of standards.‘ Observedipeak-heightsv ‘
of elements in the unnnowns were compared with thls calxbra—- :

-tlon to obtaln ox1de percentages

Whole Rock Chemical Techniques

Major elements except sodium and magneSium were.
'analyzed by x-ray:fluorescence. A cylindrical teflon mili
'(MCCrone’micronizing mili; Mcérone Research Corporation).
‘filledIWitn COrundnm chinders was loaded withj4.006 gramsﬁ
of rock powder and 1. 000 gram of cellulose. Standards were'
prepared in an 1dentlcal manner to comoensate for possxble
“alumlnnm contamlnatlon.‘ Ethyl alcohol was added to the mlll
and‘agitated iO minutesr_~The resulting slurry was_rlnsed
~and dried. - Thé dry matcrial was placed in a pellettdie and
.éressed at 20 tons'into a solid, stable pellet.’ o
| Pellets were analyzed on a Phillips-Norelco x-ray
fluoreSCenCe instrument (Model Number PN‘3260). .Pellets.of‘

"USGS standards;Were‘used to construct working curves. A

pellct of Si02 was utilized as a blank for all,elements
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' eYCethSiliCon - An 1nterna1 standdrd was analyzcd at eVery

" ’

fourth count to prov1de for drlft correctlons. Count tlme
was 100 seconds. Drlft and background correctlono were made.
on all samples. |
| Sodlum'and magneelum analyees were obtained w1th a.
~Model 303 Perkins- Flmer ALomlc Absorption Spectrophotometer;
Instrunent settlngs were essentlally those recommended by . thc
[manufacturer's handboonk. Samples ware prepared for chemlcal
le'__analy51s employlng the method developed by Medlln, Surh and
~ Bodkin (1969). ' | |
- ' Ferrous iron determinatlons‘were made-by'thelﬂwilsbn-'
‘method“ as descrlbed in Jeffery (1970) ' The'merhod oonsiste
of a back tltratlon u51ng ferrous ammonlum sulfate with barlumi
dipheylamine as an indicator. *USGS'sample W—l was used as'

a standare.:
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