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INTRODUCTION

' »

" The Problem of Greenstone ‘Belts

Each continent‘has reglons of'very4old
;Precambrian rock.exposures which form its shield areas. Parts

R _ of these shield areas consist of greenstone belts which are
tightly folded synformal structures containing sequences of
metavolcanic and metasedimentary rocks and intrugive plutonic ..
rocks of diverse composition. GreénstoneAbelts are of con- |
siderable geologic iﬁtexestﬁ‘ Apart from_their.p:oVeh economic
poﬁgntial (Sharpe, 1965), these formatiﬁns are amongzthe oldest

rocks known (Vilﬁoen and Viljoen, 1970, p.28; Anhaeusser and

. others, 1969, p.2177).

, At the present time not enough is xnown about
the various gresnstone belts COllGCtlvel) to construct a
rgenerally_acceptable model for pheir development (Pettijohn,
»“1§7GIW§IfIITt“”StudtesthVOfvingwallwaapéctéﬁof-gaoloqicgwﬁmmmw I

investiga£10nAafé needed to obtain‘a_mora factual appreciation

“of tﬁeir developmént and indirectly, as presently available

data suggests, é better understanding of crustal tectonic

history and contingntal originu (Goodwin, 1970, p.30; -
‘Pettijohn, 1970, p.243; Gill, 1966, p.15).

The writer's objective in this report is to

present the results of.fieid;and laboratory studies of rocks

" of the Sakami Lake Qreenstona belt of northwestern Quebec

’ ~ and correlate these results with some known aspects of

greenstone belts in othef parts of the Superior Province.



LIt 15 hoped that the reaulta of this atudy. nnd athars, will

'.nultimately lead to an- understanding of these portlons of the

" ancient. contlnental crust.

\
The Archean of the Canadlan Shield

‘ The varlous Precambrian formations of the
f'Canadian.Shleld have been d1v1ded into two main groups: those
formed dur;ng the Early.Precambrian, or Archean,_Eon and those
fprmed during the-younger éroteroioic Eon‘(Stockweli“LISSB,'
p.éQC)y The Superlor Wyoming and Slave structural prov1nces
of the Canadlan'ShieId (Engel and Engel, 1970, p.297; Stockwell,
1968;”5.695) consist predominantly of thelmajof expoeute areas
of Early Precambrian in North America. Tne rocks concerned
Qere severely affeeted'most_reeently by the Kenoran Orogeny
which occurred about 2t5 billion years ago (Engel and Enéel,

7:1970 P 297) : The Superlor Province is characterlzed by east-

west trendxng belts which con51st of gnelssic and massive'm'm"
granitic rocts separated by belts of greenstone. These
granitie.and greenstonewbelts'genefally'range from a:iew niles
to a hundrea miles in width and'semetare severaiwhundred miles
long (Pettijohn, 1937; Goodwin, 1968) .

ynthesis of data from various studies indicatee
that g:eenetone belts have‘several,features in commonx |
(1) Greenstene belts probably developedeen a sialic crust..
(2) Greenstone belts formed on a relatively thin, flexible
“crust although they are preqently situated on the thlcker,

more stable parts of'the continental masses. (3) \Greenstone“




Archean Crustal Rocks

-

Field evidence,experimental and theoretical
considerations, and conclusions drawn from lunar studies
»(Wetherlll, 1972) coincide to 1nd1cate that the earth's crust
was predomlnantly granitic:during at leaet a major part of
its early development, ihcluding the period of time in:- which
greenstone belts were forning. The presence of numerous
éranitiC'plutons_in and near greenetone'belts may be explained
through this concept
| The results of lunar studies done in assocxation
with the American Apollo Program suggest'that the earth was
completely'molten during part of its early history (Wetherill,
1972 p.17). During this period any thin crustal formation
*7wou1d~tend»to-be»impermanent (Arihaeusser and&othere'1969»-,
Martin’1969; Wetherill 1972). However, by about 3 5 bllllon

40 and U235

years ago radloactlve decay (K ) would have
dlmlnlshed con51derab1y and the resultlng lower temperatures
at the earth'S’surface would allow. a thin 51a11c crust to
develop, the base of whlch would be at a depth of about |
thlrty kllometers (WetherLIL, 1972, p.lB). Thls concept of

.development conforms with earlier theoretical consxderations

suggestlng that an 1n1tial granltlc crust existed (Rittmann,'

1962, p.272 - 274° Venlng Meinesz, 1952)

Studles conducted by Patterson and Tatsumoto 3

(L964) involving concentrations of potassium, uranium, thorium




“and 1ead from potassium feldspars indicate that thelearth
'Thexperienced a: period of relatively high migration of these>

_elements from the interior to the crust about 3.0 - 3.5

billion.yearsoago or about”a hillion yeers after the earth's
':formation. This phenomenon is conSLdered to be assoc1ated

with the'development, through differentiation and migration,
of huge volumes of_granite in the earth's crustai_ereas_
during and imﬁediately after the early greenstone belt
developments (Engel 1970, p.436). |

Roering (1965) states that the geosynclinal—
“orogenic'CYCle cannot adequately explain the large volume
and anorogenic aspect of so much of the granite. In'addition,
several authors have suggested that differentiating and
deqaésing of the earth has been going on‘up to the present

;(Engel, 1970, p.440).

It appears, theiefore, that the%JQEi;us"dhdd”"”
greenstone belts could have developed on a felatiuely thin
sialic crust'before the'finel assembling and consolidation
of the great thioknesses”ongranite which now characterize
thehﬁarly Precambrian:shield;ateas.- .

The suggeetion of the existence of a pree
volcanic or pre—Keewatin granitic crust is substantiated by
sulphur isotope studies on granitic material ftoﬁ Dome Stock
in the Red Lake greenstone belt of western Ontario which

indicate that the sulphur has been fractionated and enriched.

in the sulphur isotope S34

TTis‘enrichment, according to




authors (Gross and Ferguson, 1965, p 945).,indicates
“that- the granitic mater1a1 was, at some prevxous time,

.exposed at the earth's surface.

- 'Radiometric age determinations from zircon

-«crystalsjtaken-from,Archean'gneisses in-southwestern

Minnesota show an age of about 3.5 billicn years (Catanzaro,

S AL
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1963} Goldich and others, 1970). iThie~resulr indicates that
these rocks fcrmed before the‘Kenoran Orogeny occurred 2.5‘.
‘billicn years ago and.conforms'with radiometric age dates
fromfoﬁher continents which indicate the existence of rocks
“up to about 3.5 billion years old in several shield areae
of the worldl(Wetherill, 1972, p.8; Sélop, 1972, p;254).
Several geologists have presented thecretical,
experimental, and field evidence indicating rhat pre-existing
“Tgranltlc crustal rocks ‘could be 1ntruded 1nto youngerT”errsf
1lying volcanic and sedimentary rock sequences under certain
circumstances. The,emplacement of basic volcanic material
onjlese dense granitic rock wculd create en unsrable siﬁuaticn
}in wnich rhe“granitic rock\would‘tend to be.diSpiaced upwards‘
by the force of grauity (Anhauesserband others, 1969; Thonpson‘
and others, 1968). Experlmental work on models in a centrlfuge
‘;conducted'by Ramberg (1957) tends tc\substantlate this coacept.;'
. Varlous greenstone belts in the Archean are i_

characterized by numerous granitic 1ntrusive bodies which tend

- K

to show features compatlble with this concept. ‘These onieq%

T

'show (Pett:.;)ohn, 1970, p. 243) (1) regionally conformable

- . -

B e e




.boundaries with local cross¥cutt1ng or injectlon features,

1;.((2) cataclasticvfeatures,uqiten dlstanULShable along the

border areas, (3) greenstone dipping away from the contact

areas and suggestlng the upward movement of the- granltlc

~mmaterialw (4)~ antlcllnal regxonal structure and clustered
occurrence, (5) low grade metamorphlc effects confined to

the greenschist facies;

Some Similarities of Greenstone Belts
and Recent Island Arc Structures

.

Greenstone belts generally show rock;successions

similar to modern island arc orogenic areas. The Swaziland

System in the Barberton area of South Africa consists of low
volcanic sequences followed by a predominantly sedimentary
succession (Enqel, 1970, p.437).' This system is very similar

‘to the succe351on found in parts of the Phllllplne Islands.

" The” lower part of the Swazlland System (the Onverwacht Serles)
is very similar to rocks in parts of the Kurile Islands and the

Aleutian Islands.

Since the recent island arc structures such as
the-Aleutian Islands are associated with crustal thicknesses

ranglng from about twelve to fltteen kllometers, there is a

Ay Te

dlstlnct suggestlon that the old greenstone belts of North

Amerlca and other areas developed in crustal mater1a1 much

thanner than that 1n whlch they presently exlst (Engel, 1970,
P, 439) o
In addltlon, Engel (1966, p. 439) suggests that

the telescoped nature of the metamorphlc aureoles where o




granites are in contact with greenstone, the ‘bimodal nature

"of the! mineral facies, and the absence of blueschists are

S s g s R i A e e e

indicative of a thln—crust, low pressure environment.
1nvestlgatxons by Jakes and Whlte (1972) of

‘the chemical composition of volcanlc rocks 1n 1sland arc areas

..

show a distinct trend in Kzo content 1n relation to position
‘oin_the_Sequence and also in relation to depth to the Qenioff
- zone. ‘OceeniC’tholeiitic basalt tends to beuthe first
manifestation‘of'island'arc eyolution (Baker, 1968). HoWever,i"‘

the1K20 content tends to increase with successively higher

levels.  This.variation was dlso noted by Baragar (1968) in

studies of greenstones in the Abitibi greenstone belt of the

Superior Province. -In addition, according to Jakes and White
(1972, p.30),‘studies by -Dickinson (1968) and Gill (1970) show

., that the- K20 content of ‘the volcanlc .rocks. relatlve to the .

‘8102 content 1ncreases across an island arc toward the con-

tinental 51de, and is expressed by a progressive change from

tholeiitic basalt; through rocks of the calc-alkaline series,
to shoshonlte on the contlnental side of the arc structure.
Research conducted by wllson and others (1965)
1nvolv1ng ana1y31s of 261 samples from ten greenstone belts
- in the southern part of the Superlor-Prov1nce 1nd1cates.that_
-the metavolcanlc rocks. all belong to the basalt- andestte~

.rnyolite_(or calc—alkaline) suite (Barth, 1962, p.170) which

~is considered to be typical of continental and island arc

or._ogenic're‘gions. The authors conclude that there mnSt' have

T
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Some Agpecte of Archean Strat graphiC‘Studies

The construction of a stratigraphic column for

‘the Archean of the Canadian Shield has been continuing since

the last century. Although stratrgraphic successlons ‘have
been descrlbed for local areas usrng local names, the question
of major divisions within theﬂArchean is still an unsettled
question.b |

| In the earlf part of.this centurf Archean or
Early Precambrien volcanic rocks were'considered'ﬁo be
extru31ves onto a pre-exxstlng granltlc crust (the Laurentran
granltes). Lawson's work (Lawson, 1913} in the Ralny Lake
region of western'Ontarlo 1ndlcated that the basement or

Laurentian granites were'actﬁally intrusive into the volcanics.

In addltlon, Lawson found that the volcanlcs conformably

overlay micaceous schists and gnersses of sedxmentary origin.

Lawson complled a stratlgraphlc chart for the .

;Archean in western Ontario Whlch ‘showed five major rock types

(Lawson, 1913) whlch were, from oldest to youngest: (1) the.

..coutchiching Mica Schists; (2) the Keewatin Lavas; (3) the

Laurentian Granites; (4) the Seine Series or -Timiskaming

Conglomerates; and (S) the Algoman Granites.

T A

Pettijohn (1970, p.240) points out that the term

Algoman Granrtes was used in referrlng to those granites which

¢ )

cut across all other Archean rocks- and marked an. orogeny

which closed out the Archean Era. In this sense the orogeny

referred to would be equrvalent to what is now called the




10

Subsequent studles by numerous geologlsts
'showed a str1k1ng llthological unlty in the various green-
stone belts ‘across the Canadlan Shield and a tendency
vdeyeloped to plece formations into simple_groupe (King, 1951, .
p.8). Volcanicezpnes were called Keewatin type volcanic
recks'and sedimentary.rocks'above volcanic rocks were called -
'Timiskaming or Knife Lake type. Granites intruding volcanics
-were called Laurentlan type and granltes lntrudlng higher
sedlments were called Algoman type. A major unconformlty
was thought to have developed'aiter thenemplacement‘of the
'Laurantian granites and was referred to as the‘epi-Laurentian
interval (King, 1951, ﬁQB). St;atigraphic snccessiqn charts
for the Precambrian in North America were based.on rock
prdperties and show diQieions within the Archean,(king,.1951,
p-7). ! | |
'The apblieation of radiometric methods of age
determination and the realization ;hat the Archean, and
Precambrian as a whole, were much longer eons‘thanvpreviously ‘
‘thought gradua;ly‘led:to,much’revision of correlation techniques ’ ‘
in Precambrian focke'(James, 1960;. Pettijohn, 1970);, Some |
'geqlqéis;s could not,uphoid the distinction made between
Laurentian and,Algoman_g;anites (Bass, '1961; Thompson}’1936:ll
Seoekwell, 1968). The Archean came to be regarded asla‘singiee
volcanic~sediﬁéhtolpéica} rock group on thexassumptionfthaﬁfew

. the Laurentian and Algoman_granites were essentially thegshﬁe;,

-orecould;nox;be_gigginguished and that thevconglomeggges




asaociated,with the Timiskaming group were only of local
significance and did not represent a widespread erosional

.l.episode.

RN
i

ﬁ7, . ,j However, some investigators continued to dis-
gtinguish,a_Laurentian orogeny in the Archean_in compiling a
stratigraphic succession and?time classification for the
Precambrian (Goldich, 1968, p.721) and more ‘recent work has

led to some reservations abod?’the indiViSibility of the

Archean. Apparently, great thicknesses of conglomerate and
. O N : . ' {

assoc1ated graywacke which lie unconformably on greenstone
in the Yellowknife area contain Significant quantities of
material derived from granite (Henderson and Brown, 1966;
Pettijohn, 1970, p.24).> In_addition, areas in Western Ontario
have sediment accumulations containing enough quartz and
granitic fragments to indicate the presence of granitic source
.materials in major proportions (Donaldson ‘and Jackson, 1965- .
Walker and Pettijohn, 1971).. These observations suggest'thatf
a.major granitic intrusive episode may have'occurred prior to .
the development of the Seine Series or Timiskaming conglo-
meratic series (Pettijohn, 1970, p.242).

The foregOing summary of_several contributions to
xthe knowledge of early crustal development indicates that more
. studies arefnecessarf for the realization‘of:?ettijohn's

concept of an.acceptable model for greenstone—belt development"

and, consequently, enhancement of our knowledge concerning

early'crustal development._ Although contributions have been




is a?éarent that more

of stratigraphy,A
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| ﬂ'nec:om\_x. RELATIONS

i

‘The southern part of the Superior Province

hae been the- subject of numerous studies beginning in the

'.last cdntury and parts'of some belts have been gtudied in

considerable detail However, the northern part of the

Superior Province, in noxthern and_northwestern Quebec;. o y» k
has received relatively little attention although it has -
been known for several decades that greenstone beltS‘of- ‘ %
considerable dimensions exist in the Eastmain River and o |

Sakami Lake regions (Shaw, 1942)“

‘Accessibility and Location - ,“J

The region concerned in this research is
part of the Superior Province in the Precambrian Shield, : : _f_‘
in west—central Quebec east of James Bay (Figure 1). . p '# K
Accessibility to the region is most easily achieved by . " |
float plane from Fort George, or from Matageﬂn which is
lqcated about 610 kllometers (380 miles) south of Sakami
Lake.‘ Matagami is accessible by highway from the Montreal
region and both Matagami and Fort George are serviced

regularly by commercial airline from Montneal A highway \@‘

from Matagami to Fort ‘George is under construction and wil&qQ&
@

paas a few kilometer to the west of . the mapped area: i

(-

however, the road 18 not expected to be open to the public

until the summer of 1975.A L L
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Shrficial Geologz

Snei—

This part of the Superlor Provxnce has been

:superposed system to which all of the major streams in

fgiaciated and exhlblts many of the. features con91dered typlcal

g of contlnental glacxatlon (Cotton, 1958, p 2§2,»338 347,

vvon‘Bandatr_1962, p.306-312). Drainage in the region is wedt-

ward to Hudson' and James Bay and the major riVers; including,

the Fort George and the Eastmain, appear to Sejpart of the

¥

northern Quebec belong. Some of the tributory streams and’

streams flowing into some of the lakes appear to be controlled

by bedtock structure. o -

c]
Reglonal Structure and Petrologx

Early publications of the last.century

(Low, 1889, 1900a, 1900b; Leith, 1910) are mainiy'concefned

.

thh regional surveys along the east coasts of Hudson Bay

s

areas such as_tpe Nastapoka Islands in southeast Hudson Bay

¢ (Leith, 1910).

" ’ ‘, v
B.eglonal reconnaissance surveys wer%dOHG Over

'a large area (about 140, 000 square mxles or 360, 000 square

_kllometers) of central and western New Quebec during the late
1950's (Eade, 1966, 1971). -?he coordlnates'of the surveyed
area aret'vlongitude 68900'-—-80000‘ W., latitude 52%00' -
56600' N\.~ As a'reéult‘of‘this survey, which includes the
Sakami Lake reglon, a large part of the shield area was

°d1v1ded 1nto fifteen major rock groups. . Nine of these groups - .




,h

_were considered to be Early Precambrlan or Archean (Eade,
l~1966, P. 10 llL. _Four. of the bedrock groups were dellneated
| in the Sakam1 Lake ‘area. ; o

- The areas of the varlous rock groups- are,
indlcated ‘on, map 1155A which accompanles Eade s report
(Eade, 1966) and are also shown on map 23 - 1957.-» This
prellmlnary map w;th notes on part of this reglon, concerns
the area with coordlnates of longltude 74 O30 - 80 %00' W.,
and latltude 52 50‘ - 56 00' N. (Eade and others,41957)
Eade/COn51dered the several greenstone zones in the reg

’to be the oldest rocks ‘in thlS part of the Superlor Prokk
and described them as remnants in a younger granxtlc\terrain
(Eade, 1966, p.l?). The major compositional features of the

greenstone units and the other rock groups dellneated by Eade

are 1nd1cated in the legend accompanying Flgure 1.

_Contacts between the major rock groups appear

to be gradatlonal and conformable (Eade, 1966, p. 10). However,
1 .
the‘various‘exposures of the Proterozoxc Sakam1 Formatlon,

whxch consxsts of quartzltlc sandstone, are con51dered to be ;'
. !

l

bound by fault planes(and owe thelr preservatlon to down

x
faulting (Eade, 1966, p.49). ’ -
| i

Folding R
Folds through the reglon are generally broad
}.
and open w1th mlnor folds superlmposed on the major structures

i l .

The ax1a1 trends of major folds are generally about 090°

ranglng to about 045 (Flgure l).




-

A relationghlp«appears to exist between fold

vf"““'patterns and the dlstrlbution of massive granlte (Unlt 7,

e

_Flgure 1) and follated granltlc rocks (Unlt 5, Flgure 1.

'vMassive gr.nite tends to be concentrated in anticllnal

structuresﬁand more follated rocks tend to be concentrated

in syncllnal structures (Eade, 1966, p 65)

In some parts of the,western reglon of Eade' s

A'suruey_the contact of massiwe and foliated rocks follows a *ﬁ
sinuous,course coinciding with.the noses-oprlunging}‘ﬁajorh ) - i
'folds (Eade, 1966, p.67). Y . ' ,

‘ Faulting | . h_ L ‘iv, o '.ﬁ’ |
| Faulting anong the metasedinentarx and e Rt ) ‘{

_ . |

metavolcanic rock units is indicated by slickinsiding and

fault gouge or: bre001a in many ‘areas. .A major fault ZOne

R ‘
of regional extent appears to occupy a topographic low wh!ch R

extends through the Lake Duncan area strlklng about 070

-

i The zone is 20 to 25° kllometers wrde and con51sts of a serles-

of short enechelon faults w1th some east—west»trendlng cross-"
. faults (Eade, 1966, p.68); IR o - .;f ‘ #

‘Many of the lakes 1n the mapped area, such as .

w

- -

Lake Cataseau and Long Lake, are in basins controlled by -
. .“' bedrock structure.‘ Investlgatlon of topographlc ‘maps. (Sakam1
Lake map ‘sheet 33 -F) ‘and. satelllte photographs 1nd1cate tﬁgt
‘many of these structurally controlled lakes and rivers are '
parts of larger networks of fault and/or jOlnt systems whlch

extend over thousands of square miles. -At 1east‘four“11near

K




patterns are apparent, which, with slight varxations trend

i’.clo_.._oso_,r.loo > and_130%.

. Metamorphism

f ' Two'distinct-grades of,regional metamorphism
Mare observed in' this part of the Superior Provxnce (Eade, 1966,
p.62).» The western two—thirds of the area, whlch includes the
‘Sakami.Lake reglon, is predomxnantly ‘in the amphlbollte faciesw
The eastern third of the region contains large areas which are
con51dered to be 1n the granullte facies.

Radlometrlc Age Determlnatlons

Radlometrlc age determlnatlons have been made.
'on blotlte and muscovate from parts of the reconnaissance
|

survey reglon (Eade, 1966, P. 61) The analyses were made by

the Geological Survey of..Canada Laboratorles in Ottawa.

.The average age obtalned for the oldest rocks 1n the reglon

‘K.ls about 2.3 b11110n to 2 5 bllllOD years wrth a suggested
error of about—klzs mllllon years, (Lowden, 1960, p.2, as
quoted by Eade, 1966, P- 62)  Eade (1966, p.2) suggested

that the last orogeny to affect "the area was the.Kenoran.u

He assumed, therefore, that the rocks affected“are Early
.Precambrlan or Archean.' None of the 1ocat10ns -‘listed in

thb table of results (Eade 1966, P 61) are in the 1mmediate‘-m
i

map area concerned}rn this report.

Chem1ca1 Analysis

Chemical analyses were done on specimens

oo

_collected by Eade. In complllng the results the New Quebec

<

,region wasvd1v1ded into unit areas and the Sakami Lake region




was included An unit area number 14.. Results ‘for each of

" Pe 34) and the average chemical composition for the unit areas
:ana'for the Archean of New Quebec as a whole area also listed
(Eade and Fahrig, 1971, p. 41)
The average chemlcal comp051t10n of unlt area
'number 14, which 1ncludes the«Sakaml Lake' reglon, 15 ‘based on
epecimens from rock groups 1 5, 6, 7, 9 and 10. Table 1
lists the average composxtlon for unit area number 14 and

(SN

for the Archean of New Quebec.
) N

*

TABLE 1

AVERAGE
UNIT AREA 14

65.8
15.7

1.1
2.8

Mgo . 2.5
cao0 3.0 : 3.3
Naz0 4.3 B I T
-K20 2.7 2.8

Tio, |  ©0.42 .| 0.49
. P205 . 0.16 . - 0.16
MnO 0.08 . 0.08

"co2 |- 0.30° | 0.20
H0 ()] - L0 0.80

'3

(FROM: Eade and Fahrig 1971, .P.4l1)




“ REGIONAL GEOMORPHOLOGY, STRUCTURE,
AND PETROLOGY OF THE SAKAMI: LAKE AREA

The mapped area con%ists‘of approkimately 1826
Square kilometers (705 square mlles) ln the Sakami Lake region
:of north western Quebec (Longitude- 76. O45°. W., Latitude-"
53_20' N.) which is about, 137 kilometers' (85 miles)'east of
Fort George, on the east coast of James Bay (Flgure 1)

Surficial Geology

'The_Sakami Lake area is part of the regional
_slope.down;to,sea level at James Bay from the,Kaniapiecau
Highlandlarea about 645 kilometers (400 miles) to the east
at the headwaters of the Fort George‘end Kaniapiecau Rivere.
The mapped drea is drained by'the Sakami-Fort George River
system (Figure 1). S o | ’

Maximum relief in the area is aboutvls3’meters

“_(500 feet)_“'The hlgher elevatlons are- about 260 —~275 meters"f

(850 feet - 900 feet) above sea level and are 1ocated 1n the
'hill reglons along the east sxde of Sakaml Lake. The lower
elevatlons are about 122 - 137 meters (400 feet - 500 feet)
above sea level and are located in the Long Lake and Alder
Leke areas in the northwest part of the mapped area.

| . Features of glaciation in the area include

undeveloped drainege, numerous swamps and lakes, ground’

'moralne, sand and gravel rldges, glacxal strale and grooving

v

of bedrock. Many of ‘the lakes are bound by morainal deposits.*?“

o

SOme tlll dep091ts are 1rregu1ar- others however, ‘are

elongate, having a consxstent north-northwest strike, and

s




'aretrairif}eveniy snaced therebj resembling.the'washboard
*-iw—'moraines characteristic of the Chapars area to the south. .
-', Glacial straie ‘were . observed lh several locatlons ‘and
indicate a general southwest direction of'ice movement;
Thisvdirection.of ice’ movement is'also'suggested’by'the
'rgeneral northeasterly elongation of eskers which, in some
'areas, 1ntersect‘the washboard moraines at about 90 thereby
'forming‘a rough:square-like pattern of ridges. |

Bedrock Exposure

.Bedrock exposures in this region are pre-
doﬁinantly'isolateddhills and'low rises,'but there are.some
large exposures whlch are more than about two hundred meters
.across.A Exposures are separated by swamps or wooded areas
andyexposed rdck*surfaces are-generally weathered to some
fextent “In’ some places the weathered surface enhances
vobseruat{on of ‘rock texture “and structure, but other ‘eaxposed
‘surfaces are covered by a dense mat of llchln which obscures
rock.texture,'structure, and color;. At many outcrops it_was
necessary‘to strip back moss and shrubbery to increase bedrock -
exposure and to obtain moist surfaces free of moss and lichin.
Such freshly expOsed‘surfaces often showdrock texture and
structure which could not be found otherwise. 4

As a result of the isolated pattern'ofJoutcrops,

contacts between major rock groups are generally unexposed and =

'could only-be'inferred after'the plotting ofpfield dataslf-

Foliation and layerrng are uqually parallel w1th1n the major
:-ty

rock groups, and boundaries between rock groups tend to be




parallel o foliation and layering in the yicinityt apiahaae.

Fracture Patterns

_.Several of the linear patterns discussed in
‘the section on faulting appear to have formed at least three
zones of intersection within the mapped area. Each of the
zones involves two or more of the linear patterns. The zones
rof intersection are: (1), the.area.between Long Lake, Lake
Dacey and - Hook Lake which .involves zhe intersection of
p0551ble fracture zones striking at aboutillOQ.- 120o and
,045 - 060.;t (2) the west end of Lake Cataseau appears to
be an,area of intersection of two fracture zones striking
’at 120° and 060° .(d) the central region of Sakami Lake
seems'to be a zone of intersection of lineaments striking
at:abgutgl35?,3920 and 050 The lineament striking at
060?‘mentioned in (2) above, passes through and is parallel
to Lake Cataseau and the lineament striking at about. 120°
is a continuation of the zone which passes through Lake -
Dacey and'Long Lake. Interrelationships of the linear B
patterne”through the:Sakami Lake region suggests that both

right and left lateral apparent movement has occurred.

Petrology and Structure.

TwO main rock groups were delineated in theigiv
, mapped region by Shaw (1942) These groups were‘-_fl):pfe_“i“
granites which included the Metasedimentary and Metavolcanic

 rocks; and (2) undifferentiated granites. Detailed strati

graphic stuties ere not attempted.




Q~~—~{l966) existwin the mapped region (Figure 1). However,

— vmetric age,det

Four of the rock groups delineated by Eade

none

.

of the locations from which samples were taken for radio-

erminations done in connection w1th Eade' s

regional survey are within the mapped area.

Results of the writer's work indicate that

L} .
the_mapped area consista_of steeply 1nclined metavolcanic,

and metasedimentary rocks with associated granitic plutonic'
bodies, diabase dikes and metabasaltic intrusives. '

Major'Rock,Unith

Five major rock units have been delineated in

‘the mapped area:
Unit (1’;' in the'northwest and central parts of the area are

two elongate belts, striking at approx1mately 090 and 045

wards the northeast. These
“

consxst primgrily of 1nter—

respectively, which converge to

bands, which constitute Unit (1),

’ layered metasedimentary and metavolcanic rocks.and contain

.

the major greenatone units in the mapped area..
‘L:.

“Uhlt (2) ‘granitic rocks of several~varieties
he two belts mentioned

v

onstitute Unit (2), which separates t

in Unit (l) above. Minor zones of metasédimentary'and

¢ rock and metabaaaltic dike rock ‘also occur in

v

_metavoicani

this zoné. = .. . B
—r~— R

' _ Unit (3): consists of an interlayered sequence of light

colored metasedimentary and darker metavolcanic rock which

rth of the east—west

)

ia&exposedﬁinIthe.areafimmeaiately no

i R -




,eationed,in Unit (1) above. This sequence

A “'(!"llﬂlw—-u WAL

- ripgg;awzqneycénsisting predominaatlyroik,
granitic rock..~' o ' |
Unit;(d); consists of a complexly folded, lnterlayered

@so medium gralned gnexss and: granitic rock
the region southeast of the mapped area. This

”sequence’appearé~to grade conformably into the north-easterly
.striking metavolcanic-metasedimentary rock:unit mentioned .in

v

_(lf‘aboyé. L ,_i .
‘Unit (55: ‘the-area directly north of Lake.Cataseau, in the
north-central part of- the mapped area, con51sts of a dis-
tlnctlve hlll region underlain by cross-bedded quartz arenite
'whlch, at 1ower elevatlon;, contalns bands and lenses of
partly brecciated reddish mudstone. This‘relatively |
undlsturbed unit-is part of the Proterozoxc Sakaml Formation

ﬂ whlch crops out at several locatldhs in thls part of the |
Superior Province, and constmtutes,Unltv(S).
= | ,Petrologx-c?

.f o : The metaVolcanic rocks‘comprieing part bf

Unit (15 mentiobed above are composed of three major

.vardeties} (L)a: maflc to fe151c extrusxve flows and fine

grained massive to foliated greenstone which has conformable ;f:

o

and dlsconformable relationships with assocxated rocks,

- Q\\}l)b. poorly sorted fragmental rock;'and (l)c wcll

follated rock whlch may be partly water—lald volcanic ash.

-

“; The mafic to”’ felsic extrusrve flows of unit*




a’ contain piliguég:iavas; porphyritic.and'amygdaloidal

':rockp. atégefgff\i?lch contains what may be compressed '

or. sheared fragments, and~pinkish weathering felsic flow

‘rock which contains rounded fragments ‘of rhyolltic material

DRI

and rounded fragments of highly quartzitic, granular rock
_(Plate 1,'Flgure.1). ;ﬂ>i

| Metavolcanic rocks of unit (l)bbinpluder, | ‘;f
massive.greenish-granyeaEnering'rock which contains.angular s ;1;
to rounded fragmen&s of various rock types including granite.
banded fragmental rock in mhxch the fragments appear to
consxst of the same materlal as the matrlx,‘ and medlum to
dark greehish-gray weathering rock which contains 1ight olive
green weatherxng, round fragments which may be hrghly altered

fragments of mafic rock origin. °

‘The well follated rock of possible volcanic o

ash origin (unlt (l)c) forms 1lght grayxsh—pink weatherlng

"exposures. In some places the rock_is ‘well banded and
extremely‘hard and tough. 1In other places theimaterial is
crenulated, relatively soft and apparently highly sheared. .

‘ : .
'.Metasedimentary_rocks_of‘Unit (1) are of sevéral varietiés'

’ ”

which are mainly: (1)d: medium gray weathering, banded; -
impure sandstone" (1)e: light gray weathering, micaceous
Sandstone; (1)f: very fine greined, banded, garnetiferrous,
medium gray weatherxng rock; (l)g: garnetiferrous.banded
quartz iron formation, which is usually highly crenulated andf?

folded (Plate 1, Figure 2); and (L)h: medium gray,'fiq

)




v

detail 1n subsequent sections of the report.

.

o »' ' The granitic rocks of Unit (2) consist of three

., main groups or varieties: (2)a: light dray weathering,

follated, biotite granites,whlch are. usually. porphyrltlc,

contain- consplcuous quartz, and are often gneissic (p0551bly . ;Q::
‘ due,to a high degree of shearing or cataclagis); (2)b: . ,»t'
sheared, light to mediug_graYish—g:een quartz porthry rock

in association with contorted metabasaltic or greenstone

d;kes} (2)c: messive granite which has variable quartz

content, cross-cutting relationship with fine grained banded
tuffs,A(élate 2, Figure_l),vnumerous dark inclusions of S %
amphibble-fichAmaterial, and partly digested fragments of | |

flne gralned, medlum to dark gray rock (Plate 2, Figure 1).

As mentioned earller Unlt (3) con51sts of an
interleefed, steeply 1nclined>sequence in wh;ch:fels;c
laye;s ef foliated‘feldspathic metewaeke are intescalated
with darker greenish-gray weathering 1aye£s of mafic |

7eomposition;' ’ o - o T |

In the eastern part of the area underiein’by.
Unit (4), the.banded rocks consist of graniticféueiss aud
alsplfine-grained, dark feldspar~biotite'schists. The
cearse;grained mofe massive granitic rockS'have‘both
conformable and disconformable relationshxps with the

foliated banded units. Some of the rocks are garnetiferrous

..
. .




”slightly brownish metasandstone and meta311tstone which has

'fwhat appear to be pre-consolidatlon slump structures in
.‘mseveral exposures (Plate 2, Flgure 2) .

Unit (5), as: mentxoned earller, consists of .
cross—bedded, reddish weathering, guartz arenlte. The lower
b,parts of the’ sequeqce contain units of zones or brecciated
very fine*grained massive, reddish weatherlng mudstone.

'Also; observable in some zones are occa51onal thin lines
of well rounded gravel "and pebbles. |

o In addition to the various rock types dxscussed
| abovergreenstone dikes and, to a lesser extent, granitic dikes
are common features in a large part of the mapped area. Ini
‘some_locetions the greenstone dikes have been contorted or'
‘foided,and“faultedA(Plate 3, Figure 1), whereas in other
plsoes; they are,massive with no indicstion of involvement
in deformation. | | | |

The various rock groups mentloned above wxll

be disoussed>further in subsequent sections of the report.

. .
“,




PETROLOGY .

Petrology discussed in this section concerns.

e g

major points of field and microscope work together with some
results of chemical analysis. More detailed petrography and
_ additional chemical calculations are in Appendix 1.

Metavolcanic Rocks

This section is a-discussion of the several

metavolcanic rock types mentioned 1n the. previous gection
.which are essentially extrusive flows now con51stinglof fine,
massive,.foliated, and porphyritic greenstone, amygdaloidal

) and pillowed lavas; and fragmental and banded greenstone

- tuffs.- ‘Felsic metavolcanic flow and fragmental rocks are

‘also included.

Greenstone; Massive, Foliated, Porphyritic

MaSSive greenstone units are not confined Lo
any particular part-of -the- mapped area.weﬂowever,wthey
appear to be more conspicuous in certain places such as: the
area around, the east end of Long Lake and to the northeast
of the lake; the region immediately south of Leke Cataseau:
’the southwestern part of the mapped area; and a zone
paralleling the west side of the northeasterly trending
metavolcanic—metasedimentary rock band at Sakami Lake.
Massive greenstone is found as dikes in granite rock and as

’_conformable units within banded greenstone zones: In- some ;

:“;places the massive greenstone is porphyritic.

In the region around the mouth of tha Sakam‘




Lake Cataseau, massive to sheared porphyritic

granite-appears to be intruded by greenstone. At.some .

"and ranges in size from a few millimeters to two or three

contacts the greenstone has- distinct foliatlon adjacent to

7dthe apparently more massive granite (Plate 3, Figure ).

The region bordering the west side of the

,Mlzone of ‘the metavolcanic-metasedimentary rocks at Sakami

Lake contains an 1nterbanded and 1nter1ensrng sequence of
granite and greenstone. Some of the greenstone contains
phenocrysts of highly altered, 1ight gray feldspar which

form up to 25 percent or more of the rock. in some places

centimeters in diameter. Thege phenocrysts are‘rahdomly
distributed,in most‘cases} but’in‘some exposures feldspar
concentrations change abruptly suggesting some internal
segregating process operating at the time of emplacement.'

gost of the phenocrysts are anhedral, however, some have

well formed euhedral outlines'observable'in exposure surfaces.:
There is no apparent orientation of the phenocrysts and
foliation has not developed around them.

COnSLderable epidote 1n the highly altered

phenocrysts suggests that these features were primary

plagioclase crystals with a high calcium. content which would

SV

be expected in a mafic rook.

. The. greenstone units tend to parallel the

' regional foliation and appear to’ be less numexrous westward

from the main. metavolcanic—metasedimentary rock bandn_ Only




"~ intruded by granitic rock. A folded seguence of meta-

bands to the east.

RS -

_~Inclusions of greenstone were found in the

associated granite in sone places and foliation within the

-jgreenstone fragments_has_been.crosscut by  the surrounding

granite.: More continuous units of greenstone have also been

\

3fmsédimentary rocks,vprobably greenstone tuffs, piliowed lavas;'

‘and ma351ve 1ntru31ve .greenstone occurs . in the .southwest
part of the ‘mapped area.. .

Banded quart21tic iron formation and garnetifer-:
rousTampnibolite schist constitute,the metasedimentary~layers
thh conformable units of finely banded greenish gray . rock
which may be banded tuffs. Pillowed lavas occur in the
v1c1nity which show upper surfaces fabihg‘ﬁaithéﬁbéihwéstl”
Greenish-gray weathering metabasalt shows intru31ve ,Cross-—
cutting relationships with the folded metasedimentary units in

several outcrops. In some places inclusions of light‘gray

"quartzite, which have alteration zones “around the edges

indicated by a distinctive change to lighter gray color, occur
£ .

v

in. ‘the massive greenstone.
R ' - The presence of a reddish;garnet assumed to be

’ \ ! i
almandine, green amphibole, minor amounts of sillimani e, and‘v-

some white mica in the area suggests that metamorphism had

reached the almandine-amphibolite facies, probably the




w1960, 18 544).

1

The apparent interbanded nature of the green—

fstenefand granite, the interpenetration of the two rocks in

some places,'and the cataclastic features observed in several
exposures provmdes some informatlon relative to emplacement,
spec1f1cally the following are observed-

(1) granitic units,_qs-well as much of the-greenstoﬂe,
" have elengate~forms baralleling»regional foliation;

(2’ - some of the éranitic rock, as indicated by features

of cataclasie, was tectonically disturbed or neSSibly'
'empleced while in tne solid or semi-solid state; however, thel
Apenetratlon by granite into greenstone and the occurrence of
greenstone fragments in granlte indicates that the granite
was fluid or highly mobrle in some places; (3)‘1 the
”*;rndccnrrencemof“massivemgreenstene—crosécuttingﬁfolaedﬁ;;
metasedlmentary layers (Plate 1, Figure 2) indidates that
‘basaltlc rock was emplaced lg the regidh after-the phase of
mtettonic activity represented by the folded\units. fﬁ

| The occurrence of basaltic xntrusive rock

into folded metasedimentary rock suggests that sedimentation

had occurred before basaltic intrusiveiactivity.in,at-least f

- P R

_some parts offthe region;? In. addition, the interlayered“'““h
aspe&t‘of,granitiC'tock'And greenstone and the occurrence

© of! what appear to be greenstone dikes in granite in nearby

» £

areas suggests that granite- in some parts of the mapped

? : ., ey N




rea predaves metavolcanic rocks., However, the'presenCe

[folded metasediments indicates earlier volcanism occurred and
contributed material to the’ metasedimentary sequences.

Greenstone, hmygdaloidal Pillowed Lavas

Amygdaloidal rock of basaltic to intermediate
composition is erposed in the Sakami Lake. and Long Lake
regions. Exposures "observed in the Sakami Lake area are

dark . greenish~gray weathering units w1th distinct ov01dal
features observable. . Some of these structures are empty -

" and some. are partly‘to completelyvfilied with-a]feldspathic
mineral... These featnfbs,'which suggest a!vesicular structure
in the original rock, range from several millimeterszto
about two centimeters_acrdss and have a direction of elonga-
tion highly 1nclined to the exposure surface. |

Similar features characterize a light green

weathering reck in the Long Lake region where weathered.

surfaces show well defined_ovoid quartz bodies. Thin-

section studies show numerous ovoidal. to irreguiar quartz-»

filled amygdules randomly distributed through the rock.

(Plate 4, Figure 1l). The greenish color on weathered surfaceh!

appears,to'be‘due to a,high epidote content in the matrix.t
| Pillowed lavas are exposed at: several

v

locations within the mapped region, these 1nclude the Long

and the’ southwest part of the mapped area. Pillowed lavas




regionfaround Lake Duncan and north of the-lake; The
“pillowed structd;;s were useful as top indicators in four
of the. regions within the ~mapped area. Rinds are not well
dellneated at all of the outcrops, but where they are thick
and dlstlnctive, they are darker than the central parts of
the plllow and con31$t of tough, slightly flakey ‘rock which
weathers more easrly resultlng in a slight- hollow between
the plllow ‘structures. . Thin-section studles of some of the

pillow rockwsho#'that‘it is fined grained, highly altered.

with considerable epidote content, and‘contains‘minOr

scattered, irregular amygdulﬁs congisting of calcite and

&

quartz.

Greenstone, Fragmental Banded Tuffs

Banded greenstone in the Sakam1 ‘Lake reglon:wm

is conformably associated w1th more fe151c metavolcanxc and

metasedlmentary rock 1nc1ud1ng banded quartzltlc iron

»

formatlon. The east-west trendlng zone around Long Lake
continues to the west of the’mapped area and divides into
two distinct belts, one trending northwest and the other

southwest'toward Lake;Duncan.‘ These be1t§ contaln banded

fragmental greenstone as a major component. The metavolcanic-

metasedimentary rock -zone trending northeast in the Sakamil
Lake region.also ‘contains banded fragmental greenstoneias

a major component.

1 .
\ . . [




Several zones of- greenstone are finely banded,

uggesting an ash of fine fragmental origin.' In.some places

the—rock consxsts of 1ight to dark greenish gray crenulated

¢

'bands. At one outcrop, observed west of the mapped area, the
:crenulated, finely laminated greenstone has_been intruded by
ﬂlight»grayfaplitic rock. The random orientation of tuff frag-
ments in the aplitic dlke xndlcate the fluid nature of-the
,intrusive Yock (Plate 3, Figure 2). Thln lense—llke structures;

- forming part of the fineiy banded sequence suggest that flat-

-, tened fragments or bodies make up part of_the banded seqnence.

1

Well layered greenstone has been {ound to grade
1nto complexly folded zones which contain mlnorxconsplcuous|
light gray bands which serve to delineate rolds, the highly
contorted nature of which suggests preconsolidation»movement
or slumpings |

| ThegLong Lake_area contains several exposures:
-stWing the close;“gradational’relationsnip'oflbanded greene
stone tuffs and coarser fragmental greenstone 1n which frag-.
«ments are up to several centlmeters across’ and sometimes
angular. Fragments appear to be of the same composxtlon as
the surroundlng greenstone w1th the exception of some reddish
fragments., The reddish color"may be due to a higher degree
of-oxidatio of the iron content or the fragments may be from
avdifferent parent rock. o B

An ektrusive subaqueous-environment is

‘indicated byithe several occurrences of pillowed‘lavas and;;h

also by the various ekposures of extrusive flows and.




K. “§o§e topographic relief is also suggested by the -
'various occurrences of\apparent slump structure in layered
?.sequenqes. The occurrence of_interbanded felsic meta-

‘Sedimentaryfrocks.and units. of volcanic origin coincides

with»the suggestion made,previously that volcanism probably

'was a recurring phenomenon. .
| Post-deformational 1ntrusion of granitlc rock
is indicated by intrusion of aplite xnto banded greenstone
btuffs (Plate 3, Flgure 2) and also by intrusion of massive
granlte into banded tuffs in other. reglons ‘(Plate 2, Flgure 1)
Part of the area south of Long Lake" con51sts
of massive granxte in contact with fragmental rock. of
‘volcanlc orlgln. Several exposures of the metavolcanic
vrock 1nd1cates that the zone extends for’ ;ore than a
mkilometer and is more than twenty meters wide. |
The fragmental rock conszsts*of angular to .
rounded’mineral and rock fragmen;sksone‘offuhich‘are
granite (Pfate 4, Figure 2). fhe fragments are randomly
‘distributed in a greenish-gray matrix rich in epidote,
chlorite, and felsic minerals, which suggests that thisl
zone is in the" greenschist facies, probably the quartz—

albite-muscovite-chlorite Subfaciea (Turner and Verhoogenfgif

1960, p 534). The contacﬂ zone is gradational over a zone“
about ten meters wide consisting of fraotured granita. the

fractures_containing‘greenish—gray materia; like th?tsﬁ

'
.
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partings several centimeters wide in which blocks of
granitic material are apparently sébarated from the main_‘A
granitic mass and surrounded by the greenish matrix material. '
The w%ft contact of the fragmental zone was not observed- |
. however, available exposure indicates that the zone is over
twenty meters thick. | |

At least four p0551ble explanations can be.

considered,from’the Qbserved metavolcanic-granitic rock

sequence: (1)' the'fragmental rock was emplaced on pre-
existlng granitic rock the surface of which was broken up
by weathering processes; (2),~the fragmental rock represents

fluidization processes, * (3) the fragmental rock is not

volcanic but glacxal in origin, and represents a tlll deposit

on pre—ex1sting granite, the surface of which was prepared
by frost action in a subaer1a1 envxronment, (4) the granitic.
rock is intrusive into the fragmental rock. Lack of detaiied
information in the area makes definite conclu31ons about |
origin unwarranted however, in each case mentioned the
commonﬂfactor is the presence of~crustal rocks of several

types prior to the event concérned.

W

Eelsic Metavolcanic Rocks_

Felsxc metavolcanic rock is exposed in

o

‘severa1~places in the region: Varietles ConSlSt of rhyolitic

'fiows;'quartz-feldspar—porphyry rock}‘fragmental.flows;jandi




very fine grained, well banded, felsic qfck which may be l

*_liwater-laid tuffs.

e ‘ , Exposures gémerally weather light gray to
“.sligﬁtly'pinkish and are foliated to massive. In the Long
Lake region:exposuras of rhzolitio flow fock‘contain-rounded
fragments oonsisﬁing entlrely of highly sutured quartz.
_Cdllectively,léhese fragmants give the exposufe‘a'con—
.gloﬁeratic appearance on weathéred surface (Plate l;‘Figuré 1).
A»distinctivaoﬁav§ crenulation is observable on some exposures
of very fine grained, fihely banoed and sheared felsic rock
.wﬁich‘may consist of water-laié tuffs. |

Fe151c Metavolcanlc Rocks, Porphyrltlc

.

Exposures of felsic, porphyrltlc, metavolcanic'
rock contain phenocrysts of quartz which are usually resorbed
_to some extent. Alblte phenocrysts are more numerous than
potassium feldspar phenocrysts and also are more commoaly
observed thanvquartz.phenocrysts. Tha matrix is felsic with
minor.orownvbioiité'a;d calcite obSefvable. Minor amounts
‘of epidote occur in some:places. o |

P

In some exposures quartz ConSlStS of elongate

to ovoxd unlts which - contrast in shape with the euhedral

.t

feldspar crystals. These<quartz units may be vesicle
fillings or amygdules. - | B | B
, Although some exposures contain fresh looking
-faldsbaf phenqcrysts, other éxposures~c0ntain phenOcrysts :

‘which are highly altered so that they are only. vaguely '




distinguishabl 1n thin seotion. In‘other‘caeea the.

phenofr;sts have been granulated through cataclasis so that.
'they appear as round structures with ill-defined. boundaries
randomly distributed through the rock.
Some exposures in the Sakami Lake region .
consist of randomly distributedrfeldspar phenocrysts in a
foliated felsophyric groundmaes which-alsoAcontains'elongete
clotsvand lenses of brown biotite and quartz;feldspar
aggregates. Some feldspar grains'ere well formed;fothers
are altered and partlally dlSlntegrated appearlng/%s ovoid
to round clots w1th lndeflnlte boundarles.
. Several examples suggest that there is a
gradation betweén ‘the porphyrltlc rock and sllghtly banded
rock which,contalns some COarser feldspar unlts and also
strlngers and clots of biotite and chlorlte.: ThlS sllghtly
wbanded and follated rock. may be of sedlmentary orlgln ﬁ%ﬁ
Exposures in some parts of the'Long‘Lake
region consist of’porphyritic rock ‘in which roned plagioclaee
"phenocrysts are surrounded by distinct. rlow or compactlon
'features.. The ‘zoning in the plagioclase is dellneated
bf a high degree ofﬂalteratlon whlch is morezextensive in
'»the'dentral portiOns‘of the grairs. :Flow lines around the
grains are made more.eonspicuous byiorientation of greenish

:amphibole-which is' a common constituent of the granular

-grOundﬁase in addition to minor amounts of brown biotite.
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Felsic metavolcanic rocks of pyroclastic

7'origin are exposed at several locations in the Long Lake
region.‘eThe rock and mineral fragmente are highlg‘ .
saussuritizedfahd some units.eppear to consist ofvalteration
ptoductsiin_tﬁe.fo:m_of fine grenulér aggregates. The finer
fraction-consists of feleic mioerals'and minor amounts of
_chlorite, epidote, opaQue‘mineral graihs,ioccasional-grains
of emphibolevand‘celcite.. This assemblage suggests that |
'metamOrphism is in the'greenschist"facies, probebly the
guartz-albite- muscov1te-chlor1te~subfac1es (Turner and
Verhoogen, 1960, p. 535) |

Flow or compaction features are cominon

_textural elements and in some cases give the rock a definite

foliation. Other exposures contain more massive, less

_altered rock in which partially resorbed or embayed quartz
grains are common: constituents (Plate 4, Figure. 3) and the-

finer. fraction consists of felsic minerals with minor

N

The variety of felsic metavolcanic rocks

-

obServed indicates that rhyolitic flows and possibly frag-

calcite, biotite‘and‘opaque grains.4

mental ash ‘flows occurred in the region. These felsic rdé}

uni.ts accumulated in the vicinity of greenstone units of

)

extru5ive origin and have simllar attitudes suggesting that;'

>

the two rock types may belong to the same volcanic episode;n'

Subaerial and subaqueous environments within:




umetavolcanic rocks and the felsic flows. This situation

”’also suggest lthat the sediments may be of volcanic origin.

Chemical Anal&ses. ;W
SN
1
1
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?
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Chemieal analyses‘df‘mafiexand felsic
metavolcanics from different parts of the mappsd area, the
abulation of which 15 given in Appendix 3, were ahalysed

acdording to the alkali -lime index or Peacock diagram |,
(Peacock 1931, pP. 54) and the Rittmann suite.index or sigma
value calculation (Rittmann, 1962, p.110). Results support
one another in indicating that metavolcanic rocks in the
mapped ‘area belong to the calc—alkaline or Pacific suite

of Rittmann (Rittmann, 1962, p- .110). Graphs indicating the

alkali lime 1ndex are shown in Figure 2. The results

"Lindicate a- continental orogenic env1ronment of volcanism. L

1

% Calculation of the Rittmann sxgma value, or
euite index, for the %arious results shows a'range of values
from:one to five w1th a distinct concentration in. the range
of 1. Z;to'Z.SE hese values place the vdﬂcanism in the
strong to average portion of the calc alkaline group
(Rittmann, 1962, p- llO) 'The. sigma« value is arrived at
by the following formula in which the oxides are in weight_f}
percent: . (Na, 0 = k0 /sm - 43. | e

v ?‘The plotting of alkali‘lime indhxes‘(Figure‘i
15355&6£a;5&e§w1th the Peacock: diagram gives an index of |

i

i
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‘Alkali-caleic character Truk
Islands, Oceanic.
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belts, Superior Province.;
: Calc-alkali character. Sakami
" Lake.
~Calcic ‘character, Izu Japan,
Continental._
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~Weight % alkali and lime

Weight % $10p

'AB,D, and E taken from Wilson and others, 1965, p. 170-171.




'plotted agains_ the corresponding Sxoz.value in, each_analysis.

....\

’Similarly)dthe Ca0 values are plotted against Sio in each
,analysis.» Curves drawn throudﬁ the alkali and calcic plots

-iintersebt at some intermediate poxnt between the extremes of

-.,, v .

‘Sio content. This point of intersection ¥s related to the

suite,type‘of volcanic rock. Volcanic rock from theATruk

. . :
islands. con31dered to be typically oceanic, has an alkali-

lime 1nﬂex of 51.5 and is of ‘the alkall -calcic suite or

-

charactér (Wilson and others, 1965, P. 170). The Izu group
from Japan is calcrc in nature w1th a-‘lime- alkali index
value of 62.5 on the Peacock diagram (Wilson and others,

1965, p 170).

{{ The results discussed above indicate that

metavolcanic rocks in the Sakami Lake. region, with a alkali-

1 ime dex of about 57 8 belong to the same suite as - meta—-

volcanii rocks from seven different greenstone belts in the
northern Ontario area of the Superior Province in which
alkali—lime indexes range from 56.1 to 60.6 (Wilson and |
others,,1965, P. 171) " The Sakami Lake results are particular-
ly close to the results for Timmins and Longlac areas which
are 58 0 and 58.6 respectively (Wilson and’ others, 1965,

. P 171) '*’ ’ ’ ) ‘I

. .




alkali'lime_index vaiue for these averaged values is in the

P B . l

.frangefb£;57.5'- 60.0 and the Rittmannhéigma value averages

|
:

"11.2.witb'extremes of 0.9 and 1.5. These values strongly

’suggest that volcanism in this part of the Superior Province

also belongs to the same- suite as the -Sakami Lake region as

~well as the several other greenstone belts mentioned

Y

‘Plotting of Nazo values against 5102 values

indicates thatvthe volcanic.rooks are not spilitic (Figure 3).

* This result coincides with the tendency‘for_greenstone belts

- of the-Superior Province not to be spilitic (Wilson and others,

1965,"§v114)4' The value for the average spilite is consider-
ably higher than»anyvNazo valuee found in these analyses.

| The significancéﬂof these results is discussed
further under conclnsions and discuSsionS. |

_Metasedimentary Rocks .

Metasedimentary“rocks assooiated'mainly with-

the major metavolcanic zones in the mapped area consist of

'several vagieties: (1)lbanded quarti—iron formation,'most’*

.,,-.

1 of which is strongly magnetic, (2) massive .to flnely layeredf

,feldspathic wacke .with gradatlons to’ ark051c wacke and

feldspathic arenite, (3) banded quartz arenite, (4) banded

qu&rtzxtic,ﬂlimonitic rock- ‘(5) banded amphibolite schists"

iand lithic wacke of both mafic and felsxc varieties.

I
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Bended quartz—iron formation crops out in

,.severabpparts of the mapped area and also forms part of the

'westward extension of the greenstone belt around Lake Duncan
”enand to the north of the lake. In all exposure areas observed
the iron formatlon unlts are associated w1th, or are in the
near_v1c1n1ty of, metavoloanic and metasedimentary units.

Pronouneedhbanding~is'observahle,in:alln :
_exposures: which conSists'of interlayered.bands and‘lenses
'of_light'gray weathering quartzfrich units (Plate 4, Figure
4) , bluish-gray weathering magnetite-rich'lehses, and dark
greenish-gray weatheriqg amphibolearieh‘layers. :These units

“’occur in different proportionsAih the various exposﬁres-and'
in differeqt parts of the same outcrOp. .The;laYers are
generaliy foided and, in_some pldCes, highly cohtortedf
‘;~;”ﬁeddishihrOWhﬁWEathering garnetrEErrous*bandsLare“most“
consplcuous in exposures in the southwest part of the area
(Plate 1, Flgure 2). _

Thin-section studies ind{oete that the 1ights
gray weathering bands consist meinly of granular‘quarti
with minor magnetite and greenish amphibole. Magnetite-

»rlch bands consxst predomlnantly of magnetlte 1n assoc1ation

with quartz and amphlbole.A In some xnstances the three-w

-minerals form’ 1nter1en51ng unlts in which one or, the other

l

mlneral predomlnates. In\some exposures the magnetlte

grades from granular aggregates w1th quartz to massive




Exposures of banded iron formation along ‘the

:f‘south shore of Long Lake contain highly magnetic, bluish-
gray,-ironerich 1ayers associated w1th-light gray siliceous
bands. The layering is discontinuous in some. zones -where

it is slightly disturbed or disrupted The iron formation
units in this region are associated with light grayish-
green, hard felsic rock of pOSSlble volcanic origin. . To
the south of the lake the iron formation-is finely bahded,
crenulated, highly magnetic, and associated with greenstone.

The westward continuation of the Long Lage
greenstone belt north of Lake Duncan, contains extensivei
units-of‘bahdediiroh formation which are highly magnetio in
part. The iron formation is assdciated with layered green-
stooe_which inclodee‘pillowedglavas and is complexly. folded
_in some areas. In one area tﬁe:banded'ironwformatiOn has
been intruded by gabbro which occurs as a lenSe-shaped-onit|
in the irohvformation. Some of the banding adjacent‘to the
gabbro is highly contorted suggesting that the layered"
material was in a relativelyvincompetent; pliable etate
adjacent to the gabbro‘intrusive. The garnetiferrous iron
'formatioﬁ in the southwest regionNie'also folded and,intrudedgw
by massive greeostone.f | | _

The conformable association‘of'the iron

formation w1th metasedimentary units ]acking magnetite—rich'

it

“_layers and with mafic metavolcanic rocks suggests that the




.fvolcanic regions and that volcanism may have supplied at

»"nleast some ¢ of the iron represented by theAmagnetic rich

Smnnin PN
B L4

layers.v This association of metavolcanic and metasedimentary
rocks with layered magnetic quartz-iron-formation in which
.layers of magnetite are interlayered with’ quart21tic units.
(Place 4, Figure 4), some of which are entirely quartz, is

a commonly observedjrelationship in greenstone belts of the®

\

Superlor Province (Goodw1n, '1952) and has been ‘called the

“

Algoma type iron formation (Douglas, 1970, p. 174)

The 1ntruSion of iron formation by maSSive
mafic‘rocks (Plate .1, Figure 2)'indicates,7as mentioned.
previously, that sedimentation and tectonic act1v1ty
predated some of the volcanism or at least emplacement of

massxve basaltic units. The slump structures occuring in

"
.

~somewofftheutronwformatlon units«squestswunstablewconditions¥w~4¥

‘and some“topographic relief in-the'region. This condition )
-viskalso indicated by terture and.composition of some of the
‘_metasedimentary~rock‘units discussed in tne following.

'sections.l,.ﬂ;i“l | - | o

‘Metasedimentary Rocks; Arkosic and Feldspathic
Metawackes, Quartz and Feldspathic Meta—Arenites

Metamorphosed 1mpure sandstones, ranging in

.

maLurity from arkosic metawacke to quartz meta arenites,

are major components 1n the metavolcan1c~metasedimentary

rock belt in the Sakami Lake area. There %ppearsfto be a;t‘.

conformable‘gradation from this zonehinto theipredominantlyﬂ




zone todthe east.

fid:3i\ Arkosxc and feldspathic metawackes are
exposed along the west short of Sakam1 Lake " (north) 1n a
northeasterly trending zone, Exposures weather medium gray
and;ehow”banding in some places. Ekposnres are more varied
along'the east side of the lake as metawackes“grade into a.
sequence contalnlng feldspathlc arenite and coarse granite
»units., |
Some'exéosures in thie eaéterly region contain
vell developed dark tourmaline crystalé in a diablastic

habit. Exposures of arkosic metawacke, in which minor bands

hof lighter gray rock show well developed boudinagevstructure,

also occur.

| Exposures con51st1ng of flne gralned, dark
'Aigray and buff weatherlng metasedlmentary rock units _occur
in the central part of the metasedhmentary-metavolcanlc rock
belt at Sakam1 Lake.- Some of: the layers are dlsrupted and
have a rolled structure (Plate 2, Flgure 2) The occurrence>

.

of the dlsturbed unlts lmmedlately adjacent to more

continuous layerlng suggests that the dlsturbance may be due -
to- preconsolldatlon slumping. - ) |
Banded brownlsh—gray weathering metasedimentary”
’unlts are exposed 1n the northwest part of the lake. Some of

the bands have been fragmented and the fragments have random

qrientationg: Contacts with'neighbor;ng layers varyffrom'




sharpiand straight to slightly gradational and disturbed.‘

_‘This structure also suggests preconsolidation slgmping._
£ A common associate of banded greenstone,
igreenstone flows, and massxve greenstone, is a medium to
light gray weathering metasedimentary rock in which coarsel
diablastxc green amphibole. probably actinolite tremolite,
occurs as a major constituent.. Thin section studies 1ndicatel'
that the rock is a fine grained fe151c metawacke in which
greenish chlorite forms part of the fine fraction. vAmphibole'
forms up to 10 percent or more of the.rockvand has a -. |
conspiguoes sieve texture suggesting a secondary origin.:
The.rock.has conformable and disconformable relationships
with the-associated;greenstone indicating intrnsion b&
basaltic rockd. B | |
Chem1ca1 analy31s of thlS rock shows that it
<ls‘chem1cally 31m11ar to some graywackes, particularly to.
a variety from the Miocene of Papua (Pettijohn,.1975, p. 306)L
. A. comparlson is glven iﬁ Rows F and G of Table 2. Pettijohn
(1957, p.303) suggests that such rock is,derived from, or is *
contamlnated by, basaltic tuffs. This view coincides Withg
the metavolcanic assoc1atlon observed in the field at Sakami
Lake mentioned‘in prev10us paragraphs. - |
Arkosxc and feldspathic metawacke units inter-'ﬁ

layered with greenish—gray‘weathering garnetiferrous-

amphibolite bands occur in the southwest area. Bands of

'hglight gray, soft; sericite~schistland, to a Eesser?éxten




fComparison of Chemical Compositions

of Some Metasedlmentary Rocks

T
G H

B | . D | E

55.8| 50.4
14.2

I

*Average of 23 grajwackes (Pettljohn, 1957,»»w

Average of 6 feldspathlc arkosmc wackes,
Sakami Lake area. '

Average of 3 graywackes from the Archean of
Minnesota (included in (A) above).

V'Typlcal looking feldspathic wacke, Sakami
: Lake area.

Averagé of 2 ark031c wackes, Sakaml Lake
area.

Graywacke from the Mlocene of Papua (lncluded
in (A) above).

- Average of 2 probable volcanic graywackes from
the Sakami Lake area.

Average of -2 basaltlc‘ llthlc wackes from the~
Sakami Lake area. L .




ands o!vhighly quqrtzitia schist also occur in this regien.,.

,Thewbended sequence grades northward into banded iron

formatxon and greenstone and into a granitlc region southward.
| Metasedlmentary rock units in the . distinctly

| banded zone between.Long Lake and Alder Lake‘in the_northwest
»part‘of the map‘aree oonrain light gray wee;hering layers of-
feldspathic'metaWaoke’ihterbahded with‘fihe greenishfgray'
weathering greenstone. At one 1ocetion,‘thehsoufh-fecing_~'
side of one of the light gray bands'iS'slightly disturbed

and fragments of light gray rock:occur within the greenstone.
The fragments are randomly orlented and consist of very fine-
grained,. light gray-feldspathic_metawecke to.feldspathic
mete-arenite in which foliation hed devefbped prior to

" disruption. | | |

Metasedlmentary rocks comprlslng the arkosic

“and feldspathlc metawackes and’ meta arenltes contain ferro-"w”“'

.magnesxan mlnerals -and opaque mlnerals to varying degrees in -
‘xladdrtlon to the predomlnant,felslo mineral conteht. Chlorxte;f“
biotite'ahd amphibole_are the most common ferromagnesian
minerals. ’ Garnet and tourmalihe, usually'eXhibiting well
'“developed sievevtexthre, ocour innsohe zones. Opaque minerals.
forﬁ minor constituents. Those ohseréebiewere magnetite,ﬂw
hematite; pyrite, ilmenite and leucoxene.. The leucoxene is
found in association with opaque mineral which is dark in

reflected llght and is probably leenlte. The felsic‘minerEIS




in the central part of the region appears to be in several
ﬁsubfaCies of the greenschist facies.‘ ZQnes containing
Hchlorite and white mica in assoc1ation with quartz and
valbite are 1ndicative of the" quartz-albite-muscovite-

chlorite subfacies. In addition the chlorite- -actinolite

association found in many 20nes of‘metawacke derived in.part

:

PN

-at least, from mafic volcanics (Table 2) is also indicative L

of this - fac1es. ‘The presence.of brown biotite in'places'

-

suggests’ that parts of the region had been in the quartz-

albite-epidote-biotite subfac1es,'xhowever, many of the

chlorlte subfac1es. Some zones contain the almandine—biotite

assemblage which. 1ndicates the occurrence of the quartz—

:albite-epidote-almandine subfacxes.

[}

g - The occurrence of tourmaline at several

-

,locations suggests that it may be a minor, but commonly
'occurring,constituent among the metawackes and also . indicatesv:’

vthat boron was a constituent in the original sediments.

' gircon is a common constituent in biotite

\ in which pleochroic halos are also observable. Sillimanite

’occuns as’a’ very minor constituent in the very fine, impure
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Banded guartz Arenite_..wm4 A \
| Banded quartz arenite, in whxch brecciated;

‘}fmudstone and . lenses of rounded gravel and pebbles occur in

.qthe lower members, forms a dxstlnctive hill reglon immediate-

'ly north of - Lake Cataseau, in the north part of the mapped

area.

In addxtlon to quartz,feldspar (1ncluding

mlcrollne) and calc;te are minor constituents. The‘gralns

are moderately to-well_sorted'and.roundedxto subrounded.

[y

Reérystallization:and sutnring has resulted'in a tight,
interiooking fabric in somevplaces;'fIn other places inter-
granuiarrzones.occur;andharehoccnpied by finer;felsdc'
mineral grains.

| . ThlS sequence of quartz arenlte lS part of
-} the Proter0201c rock assemblage dlscussed earller 1n the
section on regional relations. It contraStS'with the‘
Archean units in being distinctly-cross bedded'in many
places. Moreover, bedding in these units is only slightly
1nc11ned whereas the Archean units in the vic1n1ty are-

steeply lnclined and’ consxst of a varlety of rocks.
Quartz arenite is also exposed as conformable

.

units in the Archean metasedlmentary -rock sequence of Sakami

Lake (north) Sericite, biotite, chlorite and amphibole'_i

form minor constituents in varying proportions. Some oOf.

the sericite has well developed.sieve texture. pisruptiOn




urved 1ayers~of amphibole”in an” otherwlse massive fabric
ofﬂinterlocking quartz grains.'

o _ The zone of predominantly me tamorphosed
'impure sandstones at Sakami Lake represents a continuous
tunit of clastic metasedlmentary rocks adjacent ‘to a
metavo;canic-metasedimentary zone which consistently forms

;;therock_sequencevto the»westband“northwest_; The banded
units'in‘thefsouthwest, including the iron:formation,;are_
on strike'ﬁith_these clastic rock uniits and may be a“facieso

in an essentially contemporaneous sequence of wide lateral

-extent across the mapped area.

=3

Rows A, B, C, and D of Table 2 indicate that .

i

the feldspathiclarkosic metawackes, representing the major
pert of the 1mpure metasandstone zone, have the chem1ca1
composztlon of graywackes. The metawackes ‘from the Sakami

Lake area are similar in chemiéal composition to graywackes

- .
. a

from Archean areas of the Shield as well as graywackes of
: more‘ recent ‘developrnent . (T.able 2) .

The presence of banding‘withinvthe unit
suggests'variation in oonditions and composition. This is
shown bf the presence of‘conformablefbands of arkosgic

arenite (Table 2, Row'E) and metawacke units_of.mote mafieﬁ“
composition (Table 2, Row G)

Foliated FelsiteA

. ‘8

The northwest part of the Sakami Lake area




layersnrich in micaceous ﬁineral which appears to be sericite.
Layers“of an opaque mineral constitute about 15 to 20 percent
of the rqck and are more commonly observed in the micaceous
‘zones. . The opaque mineral is whitish gray in reflected
llght, suggestlng that it is leucoxene. AChlorlte, OCCurring
gas clots-andblenses, forms about S'percent of the»rock;

-Some exposuree in the region'contaih.a

similar,appearing rock which is a fiae-grained'quartz

'metawacke. It is highly sheared with slip surfaces inter--

secting at low angles. A micaceow mineral forms about'
25 perbept of the rock.

Banded Quartzitic, Limonitic Rock

Flne grained llght gray to rusty weatherlng
't;quartzltlc sandstone is exposed in several places in’ the

Sakaml Lake reglon. " Limonite content in ‘the rock causes
T\

the rusty appearance of the weathered rock, and much of’
this limonite appears to be due toprrite,alteration. Some;f'
bands contain a hlgher concentratlon of llmonlte and weather

to a sllghtiy darker brown.

Several exposures ‘are quartzrte units- with
P :
streaks and lenses of dark gray, very fine shaley materia1.3

The sugary or saccharoidal texture of the almost'clear
quartz suggests that it may be recrystalllzed chert and the

:dark lenses may be origlnal argillaceous material.




Long Lake.

o Many of the exposures,particularly in the
’Sakami Lake region occur on strike with ‘each- other and

these rocks may represent a particular facies of considerable

lateral extent in the mapped area.

Banded Amphibolitic'Schist)and Gneiss - -

Banded amphibolitic schist and‘gneiss are
exposed at several locations in the metavolcanlc-metasedx-

mentary rock bands and in adjacen{ zones. Fine gralned

foliated,‘amphlbole-gneiss.units consist of interlensing

of felsic minerals and greenish amphibole in which sieve

texture is often observable. ‘The fine grained nnits of

'erlshc mlnerals have altered fe191c gralns which appear to

" be feldspar.i Amphlbole, epldote.hand opaque gralns in small

clots and stringers are mlnor constltuents. An opaque
m;neral often forms the core .area of bead- like aggregates
.of sphene; thesexrelationships suggest-that the opaque
minerallis.ilmenite“and that'the_sphene is derived fromrthe
ilmenite. | : B |
Amphiboleequartz gneiss consists‘of'inter-f
layered unxts of fe151c mlnerals, mostly quartz, and o

amphlbollte units- whlch are garnetiferrous 1n part. Units

h~range from a few milllmeters to several centxmeters in

.

'.thickneSS and are associated,with‘the banded magnetio-irqn




on»zones. Zircon, usually distinguished by

%pleoohroic halos, is a common constituent of the amphibolitic

llayers,' The zircon tends to be concentrated in elongate
lenses; however, these concentrations are not related to -
amphibole-grain‘boundaries. ‘These lenses mayvrepresent
relict bedding in an otherwise recrystallized rock.
Quartz—rich layers appear to be disrupted

zones of‘moreﬂfinely banded“rock,as thin,elongate and curved -
stringers'of.amohiboleAOutline‘fold patterns. This’feature~'
is'opservable in the amphibolitic units also, in which case
foidé“a&é ‘dutlined by contacts between colorless andAgreenish
eamphibole,units. - o

| " It appears that anphibolitig gneisses,. in
some cases at least, represent disturbed and recrystallized
bodies of rock which were originally more finely banded.-
'”ThiSthenomenonwis further"enemplifiedfinmexposuresuinfthe
northwest part of Sakami Lake where-nedium to coaree grained
amphibole- chlorite layers, which are 1ntercalated with
quartz-calcite layers, contain parallel stringers of fine

'opaque m1neral which transect the grain boundaries of the

much coarser amphibole and chlorite (Plate 5, Figure 2)

Another variety of amphibole-rich rock
con51sts of amphibolitic schist in which in which 1ayers
‘of p01kilob1astic amphibole are interlayered with’ felsic
units consisting mainly of quartz, colorless epidote, and

jbrown biotite as a.minor constituent in saome zones\J‘Some'




. \

Y

Minor, fine granular opaque grains form
discontinuous stringers in some layers.' Howeverp in the
l.coarser amphibolite-rich units the opaque grains constitute
.clots and minor scattered stringers. "As in the instances
.mentioned above it appears that the stringers of opague
mineral may be relicts of primary bedding which has been

disturbed to varying degrees.

. In some . zones greenish chlorite—rich layers}
are intercalated with fe131c units conSisting mainly of
quartz-and‘feldspar w1th calcite and epidote as minor

_constituehts. Occa81onally opaque grains form elongate
_Alenses adjacent to the felsic: units.‘ There appears to be

a gradual variation in the frequency of the relsic and |

opaque—m1neral bands relative to the chlorite -rich units

.

which suggests a rhythmic variation in the original

depositional conditions.-

thhLC Metawacke : o : >

Units of lithic metawacke consist of rock
cwhich has lithic fragments of predominantly mafic
composxtion and varieties An . which rock fragments are
fe131c, mainly of granular quartz.:” ‘
The units which‘are more mafic contain

poorly sorted: aggregates of amphibole grains, amphibole-

felsxc rock fragments, quartz grains in, minor amounts,




brown alteration products which contaln flecks: and

patches of an opague mlneral. ~Calcite also. forms scatteted

patches. Other varieties contain clots and\irregular'

" curved lenses of fine qfanular felsic minerals which appear:

.

-to be’ remnants of dlsrupted layers (Plate 5, Flgure 3).

Units of fe151c, l;thlc_mehawacke are
exposed in the Sakami Lake region which conhain rounded
fragments composed of sutured quartz'grains. Quartz,
feldspar, séricite and biotite form the finer fraction;m
There appears to be a gradatlon between thls rock . and rock
1n whlch there is a more ‘continuous gradatlon of graln size
between the coarser llthlc fragments and the finer fractlon.

Some exposures ‘in the Long Lake area consxst

.

- *of*diSrupted“sedimentary“unitsfin~associatiOnsWifhwmaSSes+m~

-

hof chlorite, calcite and quartz. -The'fragments of sedi-

H

mentary rock oonsist of ia}erS'of'highly sutured.quaitz
lnterbedded w1th relatlvely thin layers of granular
magnetlte.x The chlorlte ca1c1te—quartz matrlx also contains
Wellfformed, randomly_distributed pyrite grains. ‘
| Thin—section'studies“oftmafic,-lithic meta-

wacke- indicate that these'rocks probably ate derived from

mafic volcanicsﬁ In addition, chemical analysxs (Table 2,f}"

Row H) show that some of these rocks are szmllar to. basalts’

chemlcally.

iMassive units of amphibolesr'éh'rook, ;n'




to recrystallization.

Plutonic Rocks
————=C Rocks

plutonic.o:igin consigt of granites, pegmatites, diabage. -
and gabbrg., The gabbroic‘rocks are closelyvassociated
with'greenstone units and the term is yseg in the field

. L]

to indicate A mediunm grain sjze, Fine to coatse,grained

... Tocks Of ultra-matic’ igneoys origin, or Possibly of |

sedimentary origin,




and‘th common occurrence of zoned plagioclase suggests the

.igneousdorigin of the granite.»

[

Cataclastic texture is- commonly observed in

' most granlte units and gne1951c structure is due to
catac1a315 in many places. _fﬁi

Some exposures, partlcularly around the

Sakam1 Lake metavolcanlc-metasedlmentary rock belt, show

granlte'and~greenstone units 1nterlayered or‘interlensing

and 1nterpenetratlon between .these rocks has resulted in:
exposures where greenstone and dark schxsts occur . as
fragments in granitic rock.

*\//(

"Diabase occurs as dlkes and rock of ultra-'
mafic igneous origin is suggested by several exposures of
_amphibole—pyroxene beeringfrock and, in other places,
tremollte-anthophylllte rlch unlts.‘ Thln—sectlon studles .,

of some of these rocks are discussed in Appendlx 1

'-Amphlbole Granite

The mapped reglon south of Long Lake conthlns
areas underlain by emphlbole granlte (Plate S,AFlgure_4)
. which has.a Variablelduartz content. Theiarénlte.isemedium

gralned, massive, and weathers pinklsh gray; maflc\u_f

inclus:.ons are common features.

'_plagloclase (Plate 5% F;gure 4). In‘eddition,qxron—oxlde

2

R




taining is a common feature and some exposures contain.

reddish veins of very fine material some of which appears

to be . highly altered constituents of the host rock.
Several regions contain banded greenstone
units which have been disconformably injected by -the
amphibole granite (Plate 2, Figure 1) and many of the
contact areas contain inclusxons of the greenstone in

various-stages of incorporation in the-massiveﬂgranite

. (Plate 2, Figure 1).

o

. Some incluSions have a ConSplCUOUS develop~‘

Le

ment of secondary light gray feldspar and some: of these
feldspar grains transect the contact of the granite and

the inclu51on. IncluSLQns are also observable which contain‘
inclusions of pre-ex1sting rock, well defined and darker
than the . host material Many of the lnCIUSlonS in the_ |

granite and some contact zones w1th the- banded greenstone

A N
v

.- Kave reaction zones several millimeters thick which appear
to consist of dark green amphibole.
Scattered dark green mineral clots which
l-are commonly ovoid are observable in the amphlbole granite‘

in some areas. These clots range from two to ‘three centi-

~

Ny Ny
metérs up. to ten and twelve centimeters across and all.

"
N

appear to conSist of green amphibole Wthh often shows a

AN

radiating habit in the.smaller structures. Larger units

tend to have an outer rim one to two centimeters thick in




aeidity»thanrbaly's average‘tpnalite.-NTo”what‘ektent

Table 3

Comparison: Intermediate Plutonic Rocks

A

lAnalySls of one:sample of amphibole
»granlte rock, Sakami Lake area. '

Daly s average diorite (Hatch, Wells
.and Wells, 1949, p 267)

Daly s average tonalite (Hatch, Wells
and Wells, 1949, p 267)

31milar1ty to Daly's average diorlte and a llttle less




on?has affected the composition of the roek type
is uncertain. The scattered occurrences of amphibole clots,
7zoned plagioclase, and observable variation in quartz content’
ingmany,exposures suggest that the'rock'nay vary from

_dioritic tovgranitic coméosition.

Granite; Porphyrltic, Sheared

The region west of - Sakami Lake has numerous
‘exposures of medium-grained, medium gray to sllghtly pinkish-
.weatherlng granite which is predominantly porphyrltic and has
a variable quartz content. .

, The phenocyrsts are malnly plagioclase and,
to a lesser extent, quartz. 'Ferromagnesian minerals con51st
of Chiorite, biotite, amphibole, and epidote 1n~varyrng
proportions_with chlorite,‘biotite; and.epidote being |
-’conslstent components. Massxve units of greenstone, some.
of which are fragmental, ‘are exposed among granite units and”m
some exposures are observable in‘whloh greenstone fragments~
are included in granite and in someicasesfgreenStone fragmentsf
‘have been penetrated by the granite. In addition,.exposures
occur in which the granite contains dike-like structures,
stringers and lenses of lighter, more quartz-rich granitic
.rock. ~These penetration features suggest that granitic rock Qx.
has incorporated more mafic rocks during its- emplacement qr,ﬂ
as suggested 'in the section on metavolcanic rocks, granite

and greenstone, particularly granite, has ‘been remobilized

to some extent durlng tectonic activxty. This actlon could




'body.

_eeult~in“granite,penetrating and fraoturing‘units'oflgreen?

-etonerhioh,weré associated with the-gtanite~previously.
NfStringers andulenses_of lighter quartz-richvgranite could

.have originated from late stage fluids w1thin the granite

®
k)

The randomly distributed phenofrysts in_the_

.granite vary fromaiight qray'toaslightly pinkish and the

associated matrix commonly has a‘light greenish color

similar to a variety>of porphyfitic granite mentioned_

‘in subsequent paragraphs.

ThlS northeast trending zone 1mmed1ately

west_of‘the metavolcanic—metasedimentary rock belt at Sakami

wLake‘contains'units of granite interlayered with and cross- '
‘cutting greenstone units some of which are porphyritic and

...discussed. under metavolcanlc rocks.:k,,”

~This region around Sakami Lake also contains

ekpoeures of porphyritic granite in whichnphenocrysts of

zoned plagioclase and microcline are commonly observed.

'Larger grains are well £ormed and mafic—mineral-inclusions

“give some of the phenocrysts a sxeve texture. Brownish—

'“green biotite, minor greenish amphibole, "and epidote are /"

w

the mafic constituents and form about 10 percent of.the:

rock. Quartz formslabout 15 percent and_tends.to:fofn*

..
.

clots or clusters of grains._

The region south of Lake Cataseau and

immediately west of ‘the




fhif ly sheared quartz-porphyry granite in association with:

1Tcontorted and folded dike-like units of greengtone which
'are discussed in. the section on metavolcanic rocks.

.

vghenocrysts in the’ granite, which are predominantly: quartz,

appear on weathered surfaces as, light colored coarse knots

which, in aSSOCiation with the highly sheared areenish matrix,‘

give the rock a fragmental appearance., ‘The greenish color

appears . to be due to the fine texture and a consistent -

'chlorite and epidote content.a Some feldspar phenocrysts

are observable ‘'which are highl@tered and granulated

through cataclaSis.

SR Granitic zones in the Sakami Lake and Long
Lake areas appear to be elongate units interlensing with
greenstoneabands, SOme’of which‘are dike-like features

- and others, fragmental.”“ The amphibole granite discussed

earlier is a more maSSive unit With a more irregular shape.

- [

“The ‘massive strUﬂture of the amphibole

TN ‘

.granite which is also apparent in thin section, where Signs
- of cataclasis were not observed, is in marked contrast to
the highly cataclastic texture observed in much of the
predominantly porphyritic granite. It appears that the
massiye amphibole granite postdates any severe tectonic.
~activity: in the region and was - definitely emplaced 'in the

‘fluid state whereas the highly sheared granite was involvéd'

)

in severe tectonic activity orrwas emplaced in a semisolid

or. . solid state for the most part. .




ock;’ Gneissic Pegmatitic . ‘ : U .

The map area east of Sakami Lake consists of
“:a folded, interlayered sequence with granitic intrusives

;which have conformable and disconformable relationships ‘with

'e”the layered rocks. The layered rocks consist of fine grained,

dark, feldspar-bxotite schists and coarser, granitic gneisses.
. Medium—grained, light gray,,foliated, granitic
gneiss composes a large part of the. central reglon east of
the lake. The material is often friable and is fairly
equigranular.l Riotite forms about 3 percent of the rock.
It is evenly disseminated and allgnment of the gralns forms
'a distinct follatlon; Minor amounts of garnet and muscovite
are also present.
' SOme ‘dike rocks in this foliated rock have
foliation conformable to that in the ‘host rock. Foliation,
”is ndicated by aligned blOtlte grains some of which tran—Qef
sect the contact between the dike materlal and the host
rock." Coarse; pinklsh-gray, massive, granltlc dikes 1ntrude
the flner granitic gnéiss in several areas and these dikes
’have various attltudes and:donstitute_the greater part of
many outcrops. | | |
Lf Feldsparhbiotite SChlSt 1nterlayered w;th

medium to fine-gralned granite is exposed in most areas east»

.A.l B

of Sakami Lake. In additlon to interlayerlng there are

- of schist exist in the granitic rock. Ptygmatic structures<




?ianlving 1rregular;granitic veins in the ‘schist are common

{occurrences;
BRI " The feldsoar-biotite-schist is fineborained,
medium to dark gray and contalns variations to a more |
gneissic structure.~ The biotlte content is varlable but
- most often appears to be about 20 to 25 percent of the
rock. . The schist often‘has granitic bodies associatedeith
it 3hich vary from bands conformablebto foliatiou to |
irreguiar ptygmatic-like features. In some instances}.
these structures are observed to connect with more conform}
able granltlc units and appear to represent mohiiiied or

injected materials derlved from the larger ‘masses of granlte.

o

-

-The feldspar—biotite schist often occurs as
' large iuclusiohs within the gray granitic rock units.
;hese 1nclus;ons vary from 1rregu1ar, folded or contorted
features to relatlvely undlsturbed structures with allqnment
“rand foliation parallel to that of other schist exposures
in the V1c1n1ty. S o ' |
Thin quartz lenses occurvin_the'schist in

,sometareas. In some cases stralght, thin, quartz stringers
or velns form a distinct crosscuttlng pattern over the . '
exposure and give the impression of quartz—fllled joints.'f

| The lnterlayered schlst and granltic rock
’contain coarse, gray to pinkish granltlc dlkes which in®

some places occur as irregular blobs and pods in the flner>

host -rock. The dike rock contalns occurrences of: euhedral

B




[tourmaline crystais which, in some zones, have a common
‘attitude expressing a mineral 1ineation. Apparently the
jitourmaline crystals occur on planes coincident with foliation
d.‘planes in the granitic host rock. Thrs phenomenon suggests
‘that the tourmallne is of metamorphic orlgln and developed
under dlrectioned stresses in ‘the area.
) Coarse, massive llght gray to plnkish .
pegmatitic units,form massive exposures iﬁ some'regions
east of.the 1a§é\v<These units vary fromgdikes a few centi-
meters wide to"large ridges and cliffs. Light gray to.
plnklsh feldspar, often euhedral and subhedral, forms ‘the
greater- part of the rock. Quartz blebs, traces of blotite;
and occa51onal clusters of dark tourmalxne ‘form the remaln-k

-

der. Graph;c granite is a minor feature in some exposures.

The distrlbutlon of mlnerals in the smaller

\

pegmatltlc units varles con31derably ln some reglons.
‘( )
In some places the dlstrlbutlon is uniform, but, ln others

quartz, or sometlmes blotlte, is concentrated in blebs or

1enses in the central portlons of the dlkes. Tourmallne

is a major accessory 1n some exposures and in some places
|

the tourmallne crystals have their long,axes normal to the

»contact zone or‘in a slight radlatlng pattern centered near

v
[

the contact wall.
Some of the large peqmatltlc bodles whlch
form dlstlnct rldges have units of feldspar-blotlte schist

-agsociated in the lower protected areas;of the steeper,

it
1




orming slopes. 'Itvappears that the massivecpeomatitev

“Several eXposures of’éistinctly reddish-pink

' “granltxc‘rock occur in the area east of Sakami Lake. These
form a: minor'part of the expased rock. Some of these units
have. light plnklsh-gray feldspar SLlear tg\that in the

coarse pegmatltlc rock but with a dlstlnct reddlsh staining
on the exposed surfaces of the feldspar gralns which appears

to befiron oxide.

Dlabase

Large exposures of dlabase are not numerous
in the map  area. In most lnstances exposures do not show
contact relatlonshlps and regronal trend is, therefore, not
often dec1pherable. One large dlabase dike, sxtuated 1n the
wmwest part of the central Sakam1 Lake area,‘cuts across. banded
material and ‘also cuts across aplitic dikes assocrated_thh‘
the banded rock. Contacts are sharp andlthereris_nofapparent‘
contact-alternat;on zone.x Some parts of the dike, which
strikes 335o are weakly magnetic. The dlabase weathers
brownlsh gray and exhlblts a medlum—gralned dlabasrc or
ophitic teXture. A large dlabase dxke of reglonal extent
occurs in the northeast part of the area trending across
the north part of Sakami Lake at approx1mately 315° This

- feature cuts across the steeply inclined northeast trending

‘metavolcanics and metasedimentary rocks and. forms several -
. . 1 T N . ’- “ "o




Umal islands,in'the lake. At one location in thé meta-

and offs;t by several hundred feet showing an apparent
-right-lateral movement. ' .

| » Only one analysis of the diabase is available

-(Table 4)? however, ‘this . analysis suggests that diabase in,

the Sakami Lake region is alkalic rather than tholeiitic.
This feature and the high K,0 value relative to typical

tholeiitic flood basalts is very suggestive‘in'consédering'
the tlme of intrusion of the Sakaml Lake d1abasxc rock.

Both tholelltlc and alkallc basalts form
diabase,dlke swarms in the Canadian Shleld (Stockwell and
others,. 1970, p-. 131) " Analyses of various dike swarms

glndlcate that the tholelltlc dikes generally are pre— |
Neohellklan (late Proter0201c) in age and the alkalic dlkes?*

L

are younger.L In addltion, Lelch (1966) has suggested, on‘~~

the ba51s of . radiometric age determlnatlons based 03 the
potassiumrargon method, that the increasing Kzo content
c01nc1des w1th younger- age.

N\

The relative alkallc nature of the Sakami

Lake analysis (Table 4) and :he relatively high K,0 contentj

in relation to tholexltxc flood basalts (Table 4) would .
suggest that the diabase dikes at Sakami Lake are not Archean
in age but Proterozoic or younger.f.This suggestxon is com—t

patible with field features which show that diabase has cu




Table 4

.Chemical Analysis of Diabasic Rocks

,
4/

A

Analysis of diabase sample, Sakami
Lake area. ~

Average effusive aikali basalt
(Barth, 1962, p.59, after Nockolds,
1954). ’

Average of 1l Deccan basalts (Turner
and Verhoogen, 1960, p.208, after
Washington, 1922).

Average of diabase from 4 different
parts of the world (Turner and
Verhoogen, ‘1960, p.215).

v

Rocks of Probable Ultramafic Origin

Rocks of possible ultramafic origin in the

region consist of dark gray, massive pyroxene-amphibole-

garnet?bearing rock}‘massiVe anthophyllite—tremolite—talc,

"




it and talc-carbonate schist..

W .

The north part of the mapped area in_the

' Sakami ‘Lake region contains several exposures of massive,

‘medium to coarse érained rock~which.weathers dark gray to

Major constituents appear

slightly reddish in some.places.

to be pyroxene, amphibole and to a lesser extent garnet

These rocks are exposed in the vicinity of greenstone, grani-'

tic rock and banded, rusty weathering, quartzitlc rock.

Ma551ve anthophylllte—tremol1te—bearlng rock

occurs on several islands in Sakami Lake. Randomly

distributed dark gray .blebs show distinctively on the

medium-gray weathering surface. Thin-section studies L "fﬂ

indicate that the rock is mainly massive anthophyllite,
and tremolite‘with.talc and‘minor pale—brown\micag The
.Ldarker gray blebs appear to be pseudomorphs after olivrne.
“consrstlng of tremollte, a colorless flbrous serpentrne |
mlnera& and opaque gralns some of whlch are pyrlte. wn : :5”‘”f‘“.
To -the east of these exposures an outcrop

of fine, massive rock with a distinct diablastic texture

-

is exposed in association with feldspar-biotite-sChist.

fhe.rOCk"consists of anthophyllite> tremolite and a pale
brown micaceous mineral. Contact zones with the feldspar;.;
biotite sdhist are hlchly foliated and irregular suggestﬁb‘ﬁl
ing a 90581b1e intrusive origin for the rock. |

Calcareous talc schist. is oxposed in the.f

v

southwest part of.the‘mapped area. The rock is, highly




Tala forms about 80 percent of the

orenul_;ed“and‘toiiated.e

rock and carbonate mineral forms most of the remainder in the

Tform of thin lenses. Dxlute hydrochloric acid does not react -

- 'with the carbonate mineral which suggests that it is dolomite .

-or_poseibly»magnesite. About 1 to 3 percent of the rock
consmsts ‘of pyrite grains.

»§$ ' E - . .The mineral assemblage contained in. these

rocks in additlon to the relict olivxne structures mentioned

is highly,shggestive of regional metamorphism of ultrabasic
rocks (Harker, 1939, §.275.— 278; Williams;'Turner andfGilbert,
1953, p.223 - 225) The mdst essential aéﬁecé of this
alteratron procedure is the presence of an aqueous solution
contalning 5102 and CO, which can enter into reactions;
correspondingly, magnesian and ferrous carbonate may migrate

.away from the area or collect ln dlstlnctlve unlts.

“*“‘t‘“““*'“ Winkler has indicated (1967, P 27 --29) that -

“the talc-dolomite and/or magnesite mineral assemblage may "

result from the alteration.of siliceous, magnesite bearing,

dolomites in the albiterepidote-hornfels faeies of contacte

metamorphism or in the greenschist facies of regional meta=

morphiam. In addition, the talc—tremolite—anthophyllite

assemblage may occur as a result of reactions in SLIiceous

<‘carbonate rocks in the hornblende—hornfels facies (Winkler

11967, p.37 - 391.




--»~;<-coa¢msms AND DISCUSSIONS

The evaluation and correlation of results

_from this study indicate that the Sakami Lake greenstone

belt has similarities in several respects with other green-

‘stone belts of the Superior Province, mainly in the petrology
of the metavolcanic and metasedimentary rocks, and in the
evidence that felsic plutonic rocks were sources‘for some

of the sediment. It seems likely*thet the greenstone_belt

at Sakami Lake developed in the same way as the other green-

stone belts of the Superior Province and it is also probable

that .the Sakami Lake belt is an integral part of the
Superior Province complen of greenstone belts and can be

subjected to the same model of development.

As a result of the studies done in the Sakami

—

\

Lake area appropriate boundaries of several rock groups

haVe been delineated (see aééompanyingvmaps); ‘In this -

section conclusions are presented concerning four distinct

aspects of the region which are listed below and will be B
discussed in that order. Following this discussion a
sequence of events will be presented in tabular form.

Conclueions L .

1. PreQVOICanic Terrane . | | o o
Rocks of. mixed COmpOsition‘including‘felsicf”'

plutonic rocks constituted an exposed hinterland of low‘

relief at the time of the volcanism from which the meta,

0

volcanic rocks at Sakami Lake are derived.




wsimilar to that occurring in many other greenstone belts
in the\Superior Province which have, according to Pettijohn
(1943), assemblages-typical of the eugeosnyclinal environ-

ment.E’SuBaerial conditions appear to have prevailed in

some regions.

i

3. Regional variations in the Rock Assemblage of
- Greenstone Belts

-

“The greensgone belt assemblage appears to

be a conformable phase of a more extensive metasedimentary-

' -

.metavolcanic rock group. _Some granitic.rock“units'in the

greenstone belt region, may be .the result of reconstitution

vand recrystalllzation of pre- existing 1ayered rocks.

4, Tensxonal Origln 3f the Sakami Lake Greenstone Belt

+

st The Sakami Lake greenstone ~belt. appears to.

be part of a regional network of belts which originated

2 et USSR - [P

through fracturing in the earth's crust.

Discussions

Y

1. Pre-volcanlc Terrane

Felsic plutonic rocks and/or gneissic rocks

1

constituted at least part of an exposed hinterland of low

relief at the time of the volcanism which formed the pre-'
cursors of the metavolcanic rock units at Sakami Lake.

The. various metawackes constituting the g

[




Thin sectiOn studies indicate that the felsic

'grains are fairly equidimensional and the quartz contains

‘few impuritiesAor inclusions althoughytrains of dust-like -
" particles are common; Undulant extinction was’ not noticeably

istrong among the quartz grains. Rock fragments were not
'observed among the wackes. Althouqh some of the mafic
mineral'grains could be reconstituted mafic rock fragments
the grains observed appear-. to be clastic mineral fragnents,
These featuresicoincide with Pettijohn's view,(Pettijohn, ‘
1957,>p.w363) that the averaée uraywacke is mainly quartz'and
feldspar, approxxmately two-thirds of the total, and is
therefore derived mainly from fe151c plutonic rocks.' A

ti probable granular, felsic-rock origln is also suggested by

the very close simllarity in chemical composmtion between

Daly s average diorite (Table 3, Row,B) and the typical

feldspathic wacke of Table 2, Row D, in the previous section.

’Lithié’ﬁﬂité in.the fe1319411£h;c“ﬁeééﬁaékéé*

»whichtform part of the metasedimentary rock'sequence consistit

of relatively coarse polycrystalline quartz fragments (Plate

5. Figure 1) These fragments are very similar to_quartz

fragments noted by Walker ‘and Pettijohn in'graywackes_assoc—

iated with greenstones in western Ontario and considered in- | .

dicative of a felsic-plutonic source -area (Walkerﬂand Petti+d?f

john, 1971, p.2122). Severely strained quartz with undulant;

'extinction suggests that the grains could have come from




outhfof’Leng Lake. Various components have also_been
f&:?i:::h in,th;n-section:etudies. The rock' and mineral
:agsociatien found in this ﬁnit subetantiates the other'
vevidence‘for a seﬁrce‘area'cohteiniﬁé'granular_ﬁeigic.roeks,~

Grains larger than gréﬁdlés-(2—4 hillimeters)

were not observed in'the'merased}mentary rock sequence
suggesting that rhe propOSed source area was in low relief.
In'additien, the oceurreﬁce'of arenéceous'hnits in several.
areae';pd;cates that periods of‘less rapid deposiﬁion'
occurred and conditions may have been similar tO‘a'stable
'shelf environment perriCularly in the eastern zone of the

‘l‘

mapped area.
) ;‘A"b It appears that a hinterlard area of 1ow
;relief and conSLStlng, in large part at 1east, of felsic
wplutopic’ rocks.exxsted.at this time and”was supplylng_sedl-
ments toian elongate'trough area at the timeref'volcanism.
| | Thls concept is further substantiated by the

chemical analysis of the metavolcanic rocks which belong to

the calé-alkaline_suite (Fighre 2) which is’indicative of eAfl“

cénﬁinental"orogenic or island arc'environment.'>

2. * Rock Assemblage at Sakami Yake

'




iﬂlayered with minor bands of arenaceous metasedimentary rocks;

v

"“(2) banded ‘quartzitic iron formation closely assocrated with

"-metavolcanic rocks and more maflc fragmental units, and tuffs;

" (4) rhyolitic fragmental zones and flnely banded felsic meta-
sediments of probable felsic volcanic orlgin, (5) metavolcanic
units interlayered with metawackes of probable maflc volcanic

origln.: Preconsolldatlon fold and slump features exist at-

several 1ocations within the banded metasediments (Plate 2,

Flgure 2) and in. the banded iron formation.

fhls assemblage is similar to that found in

many of the greenstone belts in the Superior Provxnce
(Pettljohn, 1943) The greenstone belts are conSLdered by -

some authors (i,e. Pettijohn,_1943)fto represent eugeosynolinal'
bcondltions. ‘One exception or difference in the assemblade at
'Sakaml Lake appears to be the lack of conglomeratlc zones-
.however, such zones may be found in the future.

A subaqueous environment is 1nd1cated by the
several assemblages mentioned prev1ously._ However,'subaerlal
conditlons are suggested in some‘places by the occurrenoe_ofb
fragmental felsic‘units in association Qith'porphyritlc felsic

zones. Research done by Cook (1966) and Ross ‘and. Smith (1961)
'strongly suggests that bodles of rock oftgn referred to as’
'rhyollte flow are actually fragmental ash flows, or ignimbrites,

whlchfare erppted subaerially._ The apparent close association

_~and/orvvariation from subaerial to subaqueous envxronments‘in%




_ggroup of islands, is suggested by ‘the close association of

bfelsic, fragmental units and finely banded units which may
be water~1aid equivalents-of the fragmental.extrusives:
erupted subaerially. LK | |
| S : Several authors have stated that rhyolitic
volcanism, and especially the extrusiop of 1gnimbrites,
,occurs;towards the end of the tectonic episode or in the
later stages of the geosynclinal cycle (i.e. Cook, 1966, p 15)
Although this. concept would suggest that the fe151c extrusxve
zones in the Sakami Lake belt represent,the-last phases‘of
volcanism as'well'as.subaerial conditions, it has been L
established that a consistent pattern or sequence ‘does not
prevall in the greenstone belts of the Superlor Province.'
Research conducted by Moorehouse (1965, p 947-

”948) lndlcates that the stratlgraphlc successxon ‘within
documented greenstone beltd in the Canadlan Shield does not
conform to an overall con51stent pattern.: In the majorlty

of cases volcanic rocks are succeeded by sedlmentary rock -
unlts. However, in at least 15 percent of the cases recorded.
volcanlc rocks supérsede sedlmentary rock units. In some
cases volcanic rocks are lnterlayered w1th sedlmentary rocks,
formlng a repeated succession. In Stlll other lnstances?the
sedxmentary rocks form a unit between volcanic sequences,

Wwithin the volcanic: rock sequence maflc units underlie’felsic

units in the majority,of-cases.r In about 15 percent of th




cases,thensuccession 13 xepeated more than once, beginning

with mafic'materials. Volcanism recurs at the end- of the

RN

vcycle in about 20 percent of the cases. Moorehouse suggests~

. that this variation is what should be expected in the vic1nity

"of qplcanlc actlvity and. qulte different sequences may be

contemporaneous.

3; Reg10na1 varlatlons in the Rock Assemblage of
Greenstone ‘Belts -

\

RS Several featuree suggest that'theAmetayolcanic‘
'/and metasedimentary‘rockinnits at Sakami Lake may be a con-
jformable'part of a‘more extensive metasedimentary rock complex
Alinlwhich metavolcanic rocks form‘some.units. |
| The'quartz-feldspar4biotite schlst units east

. of Sahani.Lake appear_to beiconformable‘and grade into the
frmetawackeslat Sakami Lake;- Similarly, ‘the region immediately_'.

to the west of the Sakaml Lake greenstone belt appears to be

a conformable contlnuatlon of the belt’ units although much of

the m1neral content has recrystalllzed (Plate 5, Flgure 2)
. ' Reconnalssance work done by the writer in the

reglon north of Lake Duhcan, to the west of the mapped area,; d
1nd1cates that gradatlons occur from well-banded, fe131c, and
,maflc sequences to zones in whlch the maflc units are crosscut
or 1njected by a fe191c fractlon, g1v1ng "the appearance of - |
.mafic 1nclu81ons in granitic materlal. These 1ayered '
<sequences were also found to contaln some zones of mafic

rocks and minor, banded, magnet}c,@iron-formation units.;ﬁ;n

"\. "v_
the same region large areas consiat of granodioritic rocks




v . ‘

'sions.v Thegoccurrence of mafic inclusmons 1n;fels1c plutonic

4rocks‘w§s’also a commonly observed phenomenon within the

mapped area. These observ?tiOns tend to substantiate'Eade's
viewu(Eade,’l966, p-63) that the felsic. uniés in this part

of the Canadian Shleld are predomlnantly of sedlmentary ‘f
i ..

origin. A further development of these observatlons suggests

that large bodies of maSsive;"felsic"plutonic rocks in the -

reglon could be remoblllzed units whlch had prevxously

consisted of lnterlayered felsxc and mafic: mgtavolcanlc

and metasedlmentary rocks.

. .

. The lncorporatlon and dlgestlon of maflc .

"

units by more mobile felsic material could'result in'massive

plutonlc bodles of lntermedlate to granltLC(comp051tlon such -
i as -the amphlbole granlte (Table 3) A\poss1ble mechanlsmv:
. for. such ‘a phenomenon has" been suggested by Henderson and:
Brown'(1966), and Boyle (1961) in-their interpretation of
fleld and 1aboratory studles done in the Sl%ve Province of
northwestern Canada, where features occur- whlch are 51m11ar

in many respects to those observed by - the erter.v

and Brown (1966, . P 46) observed
\

near greenstone contact areas in the Slave Provxnce. The
o p / A vt . :




*qualitles coincide with the occurrence of granodiorite in the

<.contact zones and granlte farther from the contact. In

addition, near the contact, there are zones of greenstone
:1nclus;ons whlch form up to:30_percent'of the:rock volume.
.Areas"of'assimilation contain inclusiohs partially transformed'
;into glots_of hornblende and some are‘entirely trahsﬁormed.

This hfbrid rock is cut by normal grahodioritic rock. - Boyle
(l9tl, p.74)" suggests that the transformatlon of sediments
'-below the volcanic assemblage ‘had resulted ln‘granltlc
material-which'in turn wasibasifiedxnear the greenstone
.contacts_resultinglin granodiorite,.
| : In addition to these granodioritic modifica- -
.tions‘irreéular shaped bodies of dioritic comﬁosition exlst'
- whlch contaln varying proportlons of hornblende and feldspar
‘ ,and a few small quartz eyes. Some of these unlts contalh‘
'undlsturbed tuff beds.' These” 1slands“ are on strlke w1th
the main tuff bands, and form up to- about 40. percent of the
rock vclume 1n some areas. The authors - suggest that these

bodles represent’ dlorltlzatlon of greenstone by refusion,

, recrjstalllzatlon or by replacement (metasomatlsm).

|v
(Nt}

4, Tenslonal Origin of the Sakam1 Lake
' . . Greenstone Belt : -

«

The greenstone belt at Sakami Lake representsj

a trough or deposxtxonal basin in whlch volcanlsm occurred.5“1

{

il
However, the cause of: thxs crustal feature can only be

’suggested here. .

coa
3
1

Reconnaissance work done by the:




\

_of a network of greenstone belts contalnlng several branches

1

'¥"°r{:9?kslﬂ~1t ls suggested-here that this network may

represent rifting in the continental mass.h<The several

_beltsfin»the‘region come together at<angles of—up_to‘45°'

and and’more in some places (Eigure 4). Some bands shouvan
approximate parallelism. This.pattern would Seem'more
compatlble with fracturlng under ten31on than. regxonal
compressxve forces whlch would tend to result in parallel

and semi-parallel troughs.

1t is possxble that the metavolcanlc rock

c e

concentratlons represent extrusxon along the fractures and

\

the assoc1ated metawackes represent sedlments derlved from

adjacent areas- of hlgher elevatlon,'although some are derlved

from the volcanic extrusions. 'In thls sense the metasedlments

in the greenstone ‘belt are essentlally contemporaneous with

-

the volcanxsm.

Thls concept is compatlble w1th the prev1ously

made statement that the greenstone belt at Sakam1 Lake- has

L]

some szmllarltles to the eugeosnycllnal env1ronment as

N
A

v1suallzed by Pettljohn (1943) However, eugeosyncllnal
zones are often forced down to consrderable depths as a»
prelude to upheaval and mountain. bulldlng | Anhaeusser has

statedn11969¢ p.2187) that.greenstone is not‘rlkelyyto be:.

\ . VT




FIGURE 4

Grednstone Belt’ Sketich Map

) 7

Approximate pattern
of greenstone belts
in the Sakami Laké
area: = o=




morphic facies. Volcanism through rlftlng does. not
necessarily involve the geosynclinal sequence of events

although the trough-like structure involved could result in

.'an accumulation with similarities to geosyncllnal deposxts.

The followrng paragrdphs briefly outline
major features andvresulting conclusions drawn from several

studies of greenstone belts :in the Superior Province and

the Slave Province. In each case fracturing ofla‘pre-.

existing crust_is stipulated.

"Work in greenstone areas of the Slave Province

(McGlynn and Henderson, 1970) indicates that the volcanlc

‘sequences there are essentlally a marginal facies in a

sedimentary accumulation.“ Conglomeratlc units assoc1ated

"w1th the sedlments ana volcanlcs contaln rounded

:fragments 1n contrast_ to minor,: angular volcanlc fragments.

The authors suggest that the conglomerates are derived from

an essentlally granltlc hinterland. The trough lS con51dered

to be the result of crustal tension and normal faultlng

s
durlng whlch fracturlng occurred along’ the trough margxns

allowing extru31ve actrvxty. Three. locatlons are referred

-to in whlch poss;ble exposures of pre- volcanlc crust may

exiat.’ In each case the rock type is con31dered\to be |
hlghly altered granltlc materlal (McGlynn and Henderson,_

1970, p. - 34- -35).




F(Goodwingandtkidler, 1970) suggests that the ‘belt developed
through the separation of two tectonic units or. plates. The
-widening structure appears to have had two major fracture-

zones along an east-west axis and along which extrusive

ct1v1ty led to the formation of several volcanic piles.
Sediments associated with the southjpart of the trough region
indicate that a'sialic materialhcomppsed,theihinterland to .
-the sputh and southeast. In addition, gravity‘surveys show

verage readings for 'the area surrounding the trough “in
contrast to distinct high negative and low negative readings
»a38001ated with granitic and mafic units respectively thhin
the trough,

This pattern is interpreted by the authors as

.;indicating the ex1stence of mixed rockwg its around the.‘

B

trough whereas distinctive granitic batholiths and basaltic-'

rich volcanic piles: form large parts of the trough structure.
These interpretations suggesting the occurrence f.

of ‘exposed rock units prior to the emplacement of the volcanics

‘..

and sediments which compose the greenstone belts also apply

. to the Sakami Lake belt and coincide essentially with conclu-v

sions made by Anhaeusser based largely on studies, done in ;°2ﬁ3

I

which he suggests ‘that greenstone bands were

/
initiated by parallel downwarps or fault-bound troughs on.a;

South Africa 1n

thin, unstable sialic crust (Anhausser and others, 1969,

- P. 2179).




Suggested sequenoe of the min geological events in the
---Sakami - Lake regicn.

,

 1. Recent glaciaticm, erosion, developnent of saanps

and bogs, nver and lake deposits.

Various events, including normal and transverse
faultmg and’ Paleozoic sedimentation.

Intmsmn of dlabase dikes. 3 . ' '
Proterozo:.c sedlmentatlon on eroded surfaces.

UNCONFORMI.TY

ARCHEAN

Dlsconformable intrusion of plutonic amphibole granite
of variable canpos:.tlon, inc¢lusion of maflc unlts and
banded tuffs.

Regional foldirg; formation of isoclinal folds in the
trough areas and development of regional foliation
trends; development of regicnal metamorphism oorrespond-
ing to the greenschist and ahnandme—amphlbollte facies;
probable intrusion of felsic plutonic umts, J.n the
semi-solid state, durmg folding ’

Intrusion of basaltic dikes‘jnto;surma\mihg_mims '

in association with exuptions in the trough areas.
Slumping of sedimentary units within the trough,
possibly triggered by volcanic 'emptims and
Occurrence of -islands during the volcanic eruptions

fram which subaenal extrus:.on of felsxc volcanic
materials occurred. :

Volcanic extrusion 'al‘origA the fractures; formation
of wackes, arenites, and banded iron formation.

Sulmergence of part of the continental mass and the -
formation of fractures;. probably h tensiaonal .
- forces. : ' :

UNCONFORMITY

. The formation of a contmental nucleus of low relief
w:.th exposed felsic, plutonic rocks.




?Piggfe'l )
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Rhyolitic extrusive flow rock, Long .Lake
area. Light gray-pink rounded structures (A)
occurring in a slightly darker pinkish gray matrix
-(B) o Scale = 15.2 centimeters long or 6 inches.

Figgre 2

Banded, magnetic quartz-iron formation,
Sakami Lake area. The folded iron formation (A).
is garnetiferrous and contains medium to dark
gray magnetite in thin discontinuous bands.

The sequence has been cross-cut by a massive
greenstone dike (B). Scale = the hammer which
is about 35 5 centimeters long or 14 inches.







5Figure 1
Greenlsh gray banded tuffs (A) dlsconformably

“intruded by medium grained, massive amphibole ,

- granite (B), Long Lake area. Banded tuff fragment
(C) .and a zone of inclusions in the granite at
‘various stages of incorporation (D).

‘Scale = 15.2 centimeters or 6 inches.

Figure 2

Banded metasedlmentary rock, Sakami Lake area..
The light bands have been fragmented and have a
rolled structure (A) which suggests pre- -consolida-
tion slump movement. Scale = 15.2 centimeters
or 6 inches. ’







Massive granitic rock ,(A) in contact with °
'greenstone dike rock (B), Lake Cataseau area.
Note the foliated nature of the greenstone along
‘the contact zone (C). . Scale = the hammer which
,is about 35.5vcentimeters-long or 14 inches.

.

Figgre 2 - _ 7 : -
Intruded greenstone tuffs, north of Lake
Duncan, west of Long Lake. Finely banded, steeply
inclined, and crenulated greenstone tuffs .(A) have

been disconformably Aintruded by aplitlc rock.
The fluid state of the intrusion is indicated by
the disconformable attitude of the larger inclu-
sions which were rotated. The discontinuous
lense-like habit of some bands (B) suggests that
compressed fragments may have contributed to the

banded sequence. Scale = the .sunglasses which
 are about 12 centimeters long or 5 1nches.

.







Figure 1° _ .

' Amygdaloidal basaltic flow rock Long Lake
area. Note the well formed plagioclase phenqg-~
crysts (A) and the ovoid to irregular amygdules
(B). The finer groundmass (C) consists of
.epidote, felsic minerals, chlorite, and relatively
small round amygdules. The groundmass is -a medium

brown-gray in plain light. Cross nicols,,
5. 9 millimeters.' . ' '

Fiqure 2
Metavolcanic rock of fragmental origin, Long
Lake area. The rock contains fragments of foliated
granite (A), altered plagioclase (B), angular quartz
fragments (C), fragments (D) containing about 50 per
cent- chlorite and amphibole in addition to felsic
minerals, traces of sphene, calcite and epidote.
Grains ' of chlorite (E) are randomly distributed.

The finer fraction (F) consists of quartz, chlorite,

amphibole, felsic minerals and epldote. - Plain
llght 5 9 millimeters. '

Figure 3

Felsic metavolcanic ‘rock of ‘fragmental origin,
Long Lake area. Altered plagioclase of albitic
composition (A), embayed quartz (B) occur in a
felsic groundmass which contains minor amounts: of
calcite, biotite, and opaque mineral grains. '
Crossed nicols, 5.9 milllmeters.

f . N R »
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Figgre 4

; Banded magnetic iron formatxon, Sakami Lake ~ .
freglon. Relatively coarse, magnetite-rich bands -
(A) are interlayered with amphibole-felsic bands .

- (B) and zones (C) containing intertonguing lenses

of amphibole grains ' and felsic mineral grains which
seem to be mainly quartz. Some lenses contain all.
of these minerals in varying proportlons. Plain . ©
1ight, 5.9. millimeters. . -,







Fiqure 1 |
Felsic lithic wacke, Sakahi Lake region;
Rounded to subrounded fragments of polycrystalline
quartz (A) randomly distributed in a finer grained
fgls%c'qatric (B) which contains minor amounts of -
biotite ‘and .sericite. Crossed nicols, 5.9 milli-
meters.a ) o L . ! .
» @ : ’ | .. ' %‘
Figgie 2
Amphibole-quartz gneiés, Sakami Lake region.
Bands consisting of amphibole .and chlorite () and
containing thin- discontinuous stringers of opaque _
minerals. (B) are interlayered with felsic layerg -
composed of granular quartz and carbonate (C).
Plain light, 5.9 millimeters. :

N e . 4
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Figuré 3 - ' ,
[} : .

. gﬁLithic‘wacke; Lake Cataseau region. Fragments
" of disrupted very fine grained, granular feldspathic -

‘wacke (A) and other fragments consisting -of amphibole,. -

quartz, quartz-feldspar rock with some chlorite, clots.
‘of chlorite and fragments of granular quartz. The
finer fraction consists of quartz, feldspar chlorite
_and biotite. Plain light, 5.9 millimeters. "

h r . ‘

»

Figgré 4 - ’ ._':f

. Massive'amphibolefgranipe,.Long“Lake area,
composed of ,altered, zoned plagioclase (A), green
‘amphibole (B), .-ang quartz (C). ' Crossed nicols, -
5.9 millimeters,' " .. ‘ B

v
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Quebec Department of Natural Resources whlch also .

supplied the necessary field equipment and assistant

personnel overnthe three“field seasons of_mork;:
The Geochemistry of Solids Laboratory
of the Department of Earth Sciences at the Unlversity

\

- of’ Quebec in Montreal klndly afforded the writer the

use of departmental equlpmentnand storage facxlltles.

Spec1al thanks is hereby given to Mr. R. Mlneau ford

. . r

his excellent work in conductlng atomlc absorption

3 1 s'v ‘..' ) . . } .. .
analysis o . -

N - . . e

The writer takes thls opportunlty

A

to thank his thesxs advisory commlttee at the

“w Unlversity of Kansas, of whlch Dr. M.E. Blckford K

LS

was ‘chairman; and Dr. J E: Anderson, formerly on».:

.the“stafi;at‘the,University‘of_Kansas,‘who-acted ;‘
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appmoxx i \

:section petrography of' mafic and felsic

vmet_,olcani r cks. metasedimentary rocks, rocks of plutonicb-

'-forigin, and’rock of probable ultramafic origin.

o

i f\» . Metavolcanic Rocks,

'Greenstone; Ma551ve, Fine to Coarse )_~_;///
= “ i -

Fine, medium, and coarse—grained rocks of mafic’
compOSLtion consist of abogsfequal amounts of. ferromagnesxan
minerals and felsic minerais% Epidote, sphene, ca1c1te, and .
opaque minerals are minor rock components.

In the maSSive to foliated fine grained rock

the feldspar is commonly xenoblastic and occupies space be—'
. .

tween xenoblastic greenlsh amphibole’grains. Some of the

"felsic minerals grains are clear or colorless and contain
| s

s‘d-stinct grains of epidote and fine, e10ngate amphibole grains.
_ rd ‘

X3

Other grains contain alteration products 1n the form 6f fine, -

" fibrous material. Vague relict thnninq exists in some grains
_ : T
1ndicat1ng plagioclase. aDistinct quartz grains are occaSional-
ph
ly seen in some zones as minor constituents.&/Epidote forms up
‘& -

to about 12 percent of the rock in. some places..

Some of the coarser material conSLSts of xenoblastic

amphibole and minor chlorite together thh xenoblastic
Py :
plagioclase. The amphibole is slightly pleochﬁoic in pale,

yellowish, live green to’ medium—light green, whereas the

chlorite has similar pleochr01sm but distinctive pﬁrplish—f

blue interference colors.. Sieve texture is common through-the

I




The amphibole mineral has an intergranular to

«;.y

"subophitlc textural relationship with the plagioclase. However,

;:;tbe plagioclaseppuhich lS xenoblastic, often shows a common

B optical orientation with several other plagioclase grains in ‘the
v1cin1ty. Relict twinning exists in most of the plagioclase
which suggests an igneous origin for the rock.

Epidote forms about 7. percent of the rock and is

randomly disseminated.. Sphene forms about 3 percent of the

LIS

rock as scattered clots of bead- like grains. In some zonesf
catacla31s is. indicated by deformed- tw1nning 1n plagioclase‘
'1

and granularity between some grains.

Greenstone- Porphyritic

Prophyritic metabasalt in the region consists

i mostly of rocks in which highly altered plagioclase phenocrysts

form the coarse fraction, in other cases augite forms pheno— .

-

crysts. Coarse clots of calcite, some of which is assoc1ated

with minor quartz, also forms coarse, felsic structures in some~

of ‘the metabasalt.

4

KR The plagioclase phenocrysts are subhedral to
Y anhedral, colorless, and form up to 20 percent or more. of the "

‘rock volume..’ The phenocrysts BaVe been altered to epidote, a‘f;?;
‘.N [E

fine fibrous mineral, and minor chlorite which has purplish-'*

\

blue interference colors.v Some of the pseudomorphs after ’

plagioclase contain some: brownish biotite and a fine, opaque




the,grain margins. : _

In those outcgops where auglte phenocrysts occur »
they form about 5 : 7 percent of the rock and are randomly
dlstrlbuted.A They are colorless to very falnt blulsh-gray in
plain llght, optlcally positive with a 2v of about 45° and
tend to hav; an ov01d to stubby blpyramldal form. The crystals
also commonly dlsplay curved fractures. |

The groundmass ‘of the metabasalt is similar in the
varxous sectlons.- It is subophltlc w1th amphlbole belng
i:sllghtly predomlnant and composing about half. the rock volume
Amphibole grains are randomly orlented with jagged or comb—

3

like grain boundarles and have a promlnent sieve texture. The

Aglplagloclase laths making up part of the groundmass are random— =

ly oriented and’ have a subhedral to anhedral outllne although

the crystals are’ hxghly altered to a flne, flbrous, felted

e oo i e e e e s s i B S 1 S A e P o m e e o i e nr € i

mineral. WMl;LMMAa_,__M o »ff,3fl,-:;lmgu

,_Some%of tﬁe-augite—porphyrx rock contains random
clots of what appears'to be fine, flbrous alteration prpducts
including some epidote; in addition, epidote forms part of tha
matrix in all sections observed. In some places the mineral
forms grayish blotches or clots some of which partially enclose'
plagioclase laths. Sphene forma bead-like aggregates of high;

relief in ‘some: zones and an opaque ‘mineral occasionally forma




v3Amygdaloida1 metabasalt consists of randemly
,distribnted plagioclase phenocrysts_and oyoid to’ irregular
'amygdules in a fine, massive groundmass which is medium to -

»dark grayish brown in plain, transmitted light.,

ann o B e

Plagioclase phenocrysts are predominantly euhedral,
?partially altered, and usually show.some sieve texture, enclos-

“ing epidote and patches of alteration products.f Several

]
examples of’albite twinning indicate,a maximum extinction

'angle of about 18° Euhedral phenocrysts, show1ng vague %

' pericline twinning show an angle of about 0° between tw1n

planes and‘the grain edge. QThesevtwinning properties suggest

oy

. that the~p1agioclasejis andesine in the An36 = An40-range_of~*

composxtion. ‘ S - o - :

Amygdules are ovoid to 1rregular and show a range

”?ﬂ50f siées from coarse'to fine. Several of the ovoid amygdules

show flow structure around their borders. Most of the amygduleSMd
vﬂconsist of highly sutured- quartz with dlstinct undulant extinc-i )
tion. Some‘of the smaller amygdules consxst of a fine granular
'mass nhich 15 brownish-gray in plain transmitted light and seems
to be ‘a mixture of epidote, chlorite and a fe151c mineral._f

The groundmass consists of" epidote, fine, partly‘@

-altered plagioclase laths, and chlorite. It appears that the

3

B




‘

Greenstone, Fragmental

N f N

Exposures of. massive, fragmental metavolcanic'
rocks which contain unsorted, angular to subrounded mineral

and rock fragments of various comp051tions .are observable in
. o

the Long 'Lake region.

1

The finer faction consists of felsrc material,
epidote, andla ferromagneSian mineral which appears to be

amphibole. ong the coarser components are: quartz, massive
=

andftoliated granite fragments,'amphibole, sphene, plagioclase,

-:metaBaSaltic fragments, and fragments of highly altered fine N

grained material.
The quartz consists of angular fragments,_I
roundéd fragments, highly sutured granular quartz, "and some’

fragments which are rounded and show slight embayments which

;msugggﬁtwgaxtial resorption. SOme/bf the angular fragments of

'quartz show finé'conchordal like cuspate features suggesting

that;thé_grains,may havevbeen“chipped.. Some’granitic frag-"
ments are massive and consist of’plagioclase, quarts and’ -
amphibole and minor calcite.- Other granitic fragments are
foliated, medium to fine grained, consist of quartz, altered '

S

feldspar, calcite and chlorite; and display signs of cata-

;clasis. Occasional fragments of quartz feldspar rock are

observahle in which the feldspar contains myrmekite.."

. o®

”'” Amphibole grains are randomly quged through the

rock. These grains are in various shades of green in plain

lighb and some are pleochroic in 1ight olive green tOfmedium




and showﬂavlowf

extinction angle., Chlorite exists as small irreguiar'

~y .

patches~and‘as parts of grains and tends to show parallel
extinction with purplish—brown 1nterference colors.x Fragments
p'lof metabasalt consxst of massive amphibole, plagiociase”
laths, chlorite and minor epidote and sphene. |
. Some fragmental material of mafic composition.
has been discussed in the- appendix section on metased}mentary
ocks,under llthlc wackes.

FelsiC’Metavolcanic Rock" Porphyritic

Phenocrysts of either, or both, quartz and

feldspar form up to about 30 percent of these rocks.: Quartz

feldspar phenocrysts are altered to some extent. Many of
the gralns are fractured and ‘broken. . The presence of albite

plagioclase is indicated by %he analy51s of relict albite,ﬁ

.
by

twinning on some of the graine.
| | The felsophyric groundmass consists of quartz,

feldspar, minor amounts of brown biotite, and about 20 percent

of a colorlees, micaceous mineraL /Traces of an opaque A
’mineral and chlorite exist together forming stringers which
lare parallel to flow or. compaction structure around some of

the phenocrysts. Some of the opaque mineral is whitish gray
i inlreflected light which squeets that leucoxene has formed

? as. an alteration product of ilmenite.

Some varieties of felsic, extrusive porphyrit'




o k.containyabout 10 percent\of quartz phenocrysts. Flow
it ; . .‘J|\
;structure is delineated by finey semi—opaque stringers which
v \
appear to contain conSLderable e%idote and scattered clots of

green chlorite w1th minor epidote.; The matrix.conSists of

green chlorite and a colorless, micaceous minera1.=
A .

[
3l

In some instances the quartz bodies are
'1rregu1ar in shape and consist of interlocking quartz grains.
‘The matrlx consists of green chlorite and a colorless
micaceous mineral in assocxatlon w1tﬁ\granular quartz and
feldspar. Scattered pyrite forms about 2. percent of the rock.
Feldspar—quartz porphyry rock, 'in which the
feldspar 1s almost unaltered and the quartz occurs in the form
of elongate, ovoid structures composed of highly sutured,
1nterlock1ng grains occurs in some parts of the Sakami Lake-
area. The feldspar phenocrysts form up to about 50 percent

o :
‘.

of the rock and are predominantly euhedral. The ov01d quartz

units form less than 7 percent. of the rock and may be

5

,angdules. Flow or compaction structure occurs around some .

.

grains;

In some samples brown biotite forms about 3

percent of the rock and contains traces of zircon With

-

associated pleochroic halos. fai g . ﬁl‘

«'.

', The matrix is felsophyrlc consisting of
granular quartz and feldspar and 7 to 10 percent of brown

biotite.' In some portions of ths rock chlorite and epidotef

s i
|

;form’part of”the.matrix.‘ In addition epidote and micaceou




aﬁinerale"aleovoccur'asualteration_productsfof the feldspar
_phenocrYSte. | | |
Some of the porphyritic rock containsg: pneno-
crysts which have bBeen granulated and fractured through
cataclasis. Granulatlon has resulted in some round grains

with ill- defined margins whose fractures contain finer,

'secondary, feldspar and quartz.

Feldspar porphyry rock exhibiting disﬁinct
“u Il
flow or compaction structure is exposed in some areas east

of Long Lake. Phenocrysts form about 25 to 30 percent of

the rock.‘ They are commonly zoned and highly saussuritized
with the central regions of the grains being more altered.

The saussuritization products include epidote and sericite.
Relict tw1nn1ng is vaguely distinguishable in sone grains.-

'

_Granophyric rims are observableraroundrsome of the pheno-
crysts. o e .

The mdtrix consists of quartz and feldspar
with about 25 percent amphibole and’ minor amounts of brown
'biotite. Elongate, green. amphibole grains delineate flow or

'compaction texture around many of the phenocrysts.. s

Some of the amphibole greins have a well

.

developed sleve texture suggesting that some of the crystals
are of secondary origin. The zoned structure of the pheno~'i

_crysts suggests that tha rook is of igneous origina-'

" Bome units in the Sakami Lake region conaiat‘

' -of.randomiy'distributed_feldapar in a foliated, elsophyri




ontains elongate lenses and clots of biotite

There is a distinct gap in the

feldspar.7 This rock variety shows a complete gradation to
the quartz-feldspar porphyry extruSive rock discussed above._g,

Peldspar units are altered but some show relict twinning

v

and euhedral outlines are occasxonally observed. Other,

AN

feldspar units occur’ as clots of vaguely defined feldspar
grains which seem to be the result of the break-up or
dissocaation of pre—existing larger feldspar grains.

T,ﬁ» - : The‘matrix consists predominantly of granular-

quartz and feldspar w1th traces of biotite, chlorite and

q' . calcite.\\ In some places biotite forms up to 25 to 30 percent

of the matrix and calcite is a major component in some cases

constituting about 10‘percent. Minor amounts of epidote

occur in the matrix in some zones.

\ﬁ Ovoid to lense-like clots of calcite with minor

<

quartz are randomly distributed and constitute about 15. to 20
percent of the rock in some areas. These structures do not ‘

form layers an% seem to be independent units resu\ting from

v

mineral réplacement ‘or the. filling of voids."

A
A

Felsic Metavolcanic Rocka; Frqg@ental

Extrusive rocks consisting of fragments and
\ H i

phenocrysts in a felsophyric groundmass are, exposed in the
\\

Long Lake region (Plate 4, Figure 3) | Phenocrysts and:some'k




7¢hlorite.w |

.. In some'places_the coarse.fraction consists

almost entirely of saussuritization products\as pseudomorphs
after feldspar, many of which are well defined rectangular
:forms.~ Calcite forms up to about 5° percent of the rock as'
écattered grains and aggregates.
The matrix consxsts of very fine, highly

f’sutured quartz and feldspar with light greenish chlorite,
! traces of’ epidote and opaque grains, and occasxonal traces

of amphibole and calcite. . Flow or compaction structure. is a .
common‘feature-around'fragments,and phenocrysts.

Metasedimentary Rocks

This section concerns supplementary informa-r

tion, based mainly on thin section studies, ‘on the metasedi-

mentary rocks which are essentially. (1) banded iron
formation; (2) ark031c and feldspathic wacke; "(3)'foliated
felsite; . (4) quartz arenite; -(5) amphibole schist and -
gneiss, and (6) mafic and felsic lithic metawackes. E

Banded Iron Formation

Banded magnetic iron formation in the mapped

atea consists mainly of ferromagnesian rich 1ayers intex-

banded with units consisting predominantly of quantz and

magnétite.,




-

%41 .(A) a zone of granular ferromagneSian mineral and

f,felsic mineral w1th minor magnetite which grades into

iw(B) which‘is an interlayered sequence of relatively thin
bands of felsic mineral and magnetite Wlth units of ferro-

' magnesian mineral and minor magnetite. This zone is followed

by (C) which is a relatiVely thick unit of granular magnetite '

and felsic mineral with magnetite predominating. ‘Contacts

. with the neighbouring cycle vary from gradational to

-
o ,

sharp.»
The magnetite is fine grained but slightly

variable in. ngin siﬁe and is euhedral to anhedral. Felsic

minerals are fine grained and appear to be entirely quartz.

" They occur as layers with disseminated magnetite and as’

fine quartz rich stringers interlayered with- magnetite—rich

units.“ The ferromagneSian mineral appears to be all amphibole.
It is green‘to -almost colorless and pleochrOic from pale

olive green to medium green with a slight bluish tint.
Elongation‘is posxtive and extinction is inclined at an angle
of about 18°. Banded magnetic—iron formation in the region o
north of Lake Duncan. to the west of the mapped area, also |

. consists of interlayered amphibole and quartz-magnétite-ric
units, contacts between these 1ayers are shown to be

slightly gradational in thin-section studies.

The quartz-magnetite units are fine grained




and contain ‘minor scattered amphibole graine.“'Amohihoiélf““”“mww““

rich units consist of massive, randomly oriented, colorless
grains with minor scattered grains ‘'of quartz and magnetite.
31eve texture is_obeerVable in the amphibole as a result of
-included quartz grains. Rust staining'is-commonly obéerved
through the amphlbole and often con51sts of patches or stains .
on 1ndiv1dual.gra1ns. |
The Long Lake region contains exposuresnof
iron formationvwhich consist of interlayered quartz and
magnetite; 'SOme'of.the quartz'units'containfscatteredi
magnetite grains near band margins. However, some magnetite'd’
units are ma551ve and completely opaque which results in:
large opaque masses forming parts of some layers. The layers
are/commonly disturbed and, in some places, the layers have |

been folded over one another and sheared,_and some. layers

have a distinct ‘rolled-up structure. These structura-“m“~~w~

features ‘suggest preconsolidation movement.

Ark051c and Feldspathic Metawackes

Several varieties of feldspathic metawacke’
exist in.the area. The region north of Long Lake contains_:'
layers of feldspathic metawacke interlayered thh dark green—'
weatheringrmafic units. The wacke is fine grained, foliated
and contains about 10 percent greenish chlorite and about 2
'1 to-3 perCent epidote. Layering w1th1n the bands is formed

by variation in the amount of quartz and also in the grain

size of quartz. The feldspar is’ made conspicuous through

A .
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fine‘alteration products which give the grains a cloudy-gray

:color relative to quartz‘ih plain transmitted 1ight. Some

Qof the layers have been fragmented in part resulting in the
f_random distribution of angular fragments in a matrix of" fine,
felsic’ grains "and greenish chlorite which 18 purplish brown
in polarized light.
A prominent variety of feldspathic metawacke
-in the Sakami Lake region is a. slightly to well foliated,
medium.to fine grained type, in which biotitegis usually
the main ferromagne51an mineral The biotite is brown to
reddish brown and forms up to about 25 percent of the rock
in some -zones. Traces of zircon and assoc1ated pleochroic

halos are a common. feature in the biotite. Occasionally,

the biotite has greenish patches, particularly around the'

A
LY

_edges -of grains, which suggests a partial tranSition toQ
chlorite through retrograde metamorphism._ Traces of | -fim
amphibole exist in some- zones. It is pleochroic in pale

to medium green, has inclined extinction, and positive

. elongation. Basal sections show extinction parallel to
zthe long diagonal which also has pOSitive elongation.

Traces of olive green tourmaline and scattered, coarse,

quartz grains are often present., The feldspar has some5

1

grains a cloudy gray color-in plain light. Also,. relict

?. N




ﬁIn the southwest region-at Sakami bakegimm
erldspathic metawacke -is exposedehich has coarse brown
'ijiotite with well developed sieve texture forming about 30
Percent ofrthe rock.. The sieve texture is formed by inclu—
“fsions of- felsic grains and occasxonal greenish tourmaline
grains;_ Coarser tourmaline with well developed sieve texture'
forms'about l5 percent_of the,rock, and aleo.is olive green.
Coarse garnet forms 3 to 5 percent of the rock and also has
conspicuous sieve texture formed by the inclu510n of
’tourmaline and felsic mineral grains.'
® Secondary amphibole w1th conspicuous sieve

.

texture 1s the major ferromagne51an mineral in some zones
of feldspathic metawacke 1n the Sakami Lake region. 'Thei
rock is fine to occasionally coarse grained and massive.

Traces of green chlorite and brown biotite are_obeeryablel

throughout the rock.

Feldspathic meta-arenite forms part. of the
metasedimentary sequence in the Sakami Lake area. It is a
medium to coarse grained rock in which some recrystalliza-
tion has formed a tight fabric of 1nterlocking grains. Light
‘greenish-brown biotite forms up’ to about 10 percentaof th’-
rock and contains occasmonal grains of 21rcon and aeeociated
pleochroic halos. - |

Cataclasis has formed shearing planes and

granulation around some grain boundaries.
N

developed at oblxque angles to‘theffoliati




E\ Arkosic metawacke exists in‘the region in

several variations.< Some of' the material is very similar to

i 1

;the biotite-rrch feldspathic metawackes except for the
.

greater geldspar content. Other varieties have a relatively
high epidotchontent and some.zones contain ‘a high quantity
of amphibole which has well developed sieve texture.

‘Orie variety of ark081c metawacke appears to
have‘originated from porphyritic granite, The rock is
coarse%to fine grained and is slightlykfoliated.d Sericite
'and light to medium green”biotite:form about»lqtto 12 percent
of the Eakk'aﬁa epidote'forms about 1 to 3 percent2V'Cata~‘
clastic“eifectsvhave‘reSulted in coarse plagioclase grains

I I ¢

being granulated and broken and many have bent twinning.

Quartz has~formed lenses of . interlocking grains with strong

undulant extinction. ‘ '

v

, Z,'i Fine grained, foliated ark031c metawacke
which contains about 7. to 10 percent epidote is exposed in
the Long Lake area. The epidote exxsts as grains and lense— »\
like clots. Chlorite forms about 10 to 12 perCent of the
rock. It is; greenish ih plain light and purplish brown in
polarized light Most of. the chlorite lhas fine stringers'
of very. fine, ‘semi-opaque, granular mineral which appearsf?

to be epidote. Feldspar is altered and appears as cloudyf

gray grains in plain light.




le: de lopment is a commonly observed rock The
4amphibolevzas well developed sieveltexture. Some grains
‘dare elongate i needle-like form and others have jagged
?terminations'or comb like texture commonly assoc1ated With
'secondary growth. Chlorite forms about 7 to . 10 percent of
the rock.d It is fine grained and randomly distributed

'through the granular felsic matrix. Variations of this

Arock have coarse amphibole forming up to about 35 percent

of the material., Opaque ﬁ%ﬁgrals, which(eXLSt in minor

amounts, varies from dark in reflected 1ight to’ whitish

gray which suggests ilmenite with aSSOClated leucoxene.

Foliated Felsite - ‘ , \

v
y

Several exposures were observed in the north-

west part of Sakami La&e which consxst of very fine graxned,»i
highly sheared, and crenulated falsia rock. Tho rock

contains abouf 15 to 20 percent. of opaque minerals and has

\ [

:

alternating zonfs of very fine granular, feISic units, and
ey

: micaceous mineral units which appear to ba. pﬁedominantly
&

sericite.. Opaque minerals’ gre observable in both the granularﬂfi‘
felsic units and the micaceous units, but is\more concen—"
‘traded in the micaceous zones. It is whitish gray in

reflected light suggesting that it is leucoxene. Chlorite

\

forms about . 5 percent of the rock as,clots and‘%enses. ‘ln

— ¢

addition to being crenulated, thin—section studies in:

reflected light indicate that layers have been folded and




’ :Some exposures contain a similar appearing
‘v?rock which is a fine quartz ‘metawacke. The rock is very
‘fine grained and highly sheared with sericite and chlorite
common constituents 1n shear zones. Slip surfaces intersect
Aat low. angles resulting in a structure which may give an
initial false impreSSion of- crossbedding.- The micaceous
mineral forms about 20 to 25 percent of the rock : Gradations
to more. feldspathic minerals are observable in which the
'opaque mineral forms distinct elongate units and clusters
which are whitish gray in reflected light.
Minor amounts of epidote and traces of

apatite occur in most of the sections ‘studied. Opaque‘
‘minerals eXlSt to some extent in all of the metawackes.
,hMuch of the opaque mineral is yellOWish 1n reflected light

which suggests a pyrite content. However, some sections

. show many of the opaque grains as whitish gray in reflected

light (in some cases only part of the grain). . This

-

phenomenon . suggests that leucoxene has developed tthugh
alteration of ilmenite. In some areas, the opaque mineral

is assoc1ated with gold-brown rims which do not appear to

change color in transferring from plain to polarized 1ight.h;
This mineral appears to be limonite or goethite. AN

.

‘ Quartz Arenite - - f ; - Q .
— . /// _ N »
Thin—saction studies ‘of rock from the reddis

. K
ki

weathering sandstones in areas around the north side




ra ned qu rtz'arenites with minor amounts of calcite and
.;feldspar includiﬁg some microcline. The rock is moderately
to well sorted and grains are rounded to subrounded

In some zones, recrystallization and suturing

. ¢

. has formed a tight fabric of 1nterlocking grains. Other

zones have the’ areas between larger grains filled w1th finer,

fe151c mineral._ Many grains ‘have a fine opaque dust around

their boundaries whlch appears to be the iron oxide which

\

gives the rock a marked reddish color in surface exposures.,
Other regions around Sakami Lake contain
1ayers of. massive quartz arenite which is fine grained and

has a tight fabric composed of interlocking grains._ Some

+

zones have been fragmented and angular fragments of the
‘g‘quartz arenite occur randomly oriented in a matrix of very

flne fe131c grains and pale green chlorite.

‘

Pcorly sorted quartz arenite which is very

fine to fine grained with randomly distributed coarse frag— '
3 .
ments occurs- in some- areas. The grains are rounded to -

recrystallized resulting in a fabric of. 1nterlocking grains.

Many of the grains contain trains or stringers of very small

inclusioqs,- ‘Minor amounts of sericxte are observable whicn
}have'a‘distinct sieve texture. Xlso minor amounts of bro’n
“blotite and greenlsh chlorite are observable.' | '

. ”f . .. Some zones of quartz arenite are, in. part*at

b

-i' least, folded or disrupted with relict 1ayering no




zwhich'scattered zircon grains and associated pleochroic
,?halos occur.. sieve texture is a common feature ‘among the
fferromagnesian minerals suggesting that they are secondary
‘-developments. . ‘

Banded . Amghibolitic Schist and .Gneiss

Finer grained amphibolite schists tend to
show distinctive foliation in thin section and consists of -
'interlensing stringers and lenges of greenish amphibole
and granular felsic minerals. -
I The amphibole is pleochroic in light olive

green to medium green with a slight bluish- tinge. Elongation-‘

&
is positive and extinction is inclined~and irregular, crystal‘.

terminations showing a comb-like texture are a common feature'
and sieve texture exists_in ‘some places.‘

The felsic zones consist of clear, granular’

material with SLeve texture in the form of epidote, amphibolef

'and some opaque grains as inclusions. The opaque nineralsv;
-are observable as individual grains and as small clots"and‘
stringer;. Some of the opaque grains are yellow in reflecteq
1ight auggesting pyrite. Opaque units are often observed

‘as core areas of bead-like aggregates of sphene ﬁhichjsu egsts

that the opaque mineral is ilmenite and the sphene_hasiforned

’f‘




iandvlenses of felsic minerals some of which is al-
ne fibrous mineral which suggests that the

stringers contain altered feldspar as a maJor component.

~

Chlorite rather than amphibole is the

o
. > .......',.4

predominant ferrémagnesman mineral in some ‘of the green—
schist. The fine grained, well foliated rock owes its
layering to variation in fe181c, ferromagneSLan, and
opaque mineral concentration. _/_- .
The ferromagnesran mineral lS chlorite'which
has distinctive purplish blue interference colors and’ forms
the foliation. Chlorite forms about 40 percent of the rock.

Felsxc mineral content appears to be quartz with some

feldspar, including albite, suggested by occa31ona1 grains

"ShOWLng some tWinning., Epidote forms about 15 percent of

A

the rock and is observable as scattered grains and clots

', - &\

C

which appear as grayish blotches in plain 1lght.« "y,nv

y. . Opaque grains are observed as indiViduakg
grains anﬂ elongate concentratlons adjacent to felsxc

’sl‘ "
layers. Somq;bf*the opaque grains are yellow in reflected

L&

light indicating pyrite. In other zones ‘a blood-red color

is associated with the margins 8f some opaque units indicat-
t "
- ing a hematite content. s

PN

e
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Slight irregular lense—like partings

perpendicular tor foliation are’ observable in some sections
These partings or fractures are filled thh calcite whi"
[

forms about 7 to 10: percent of the rock in some placgs‘

i\“
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opaque'mineral content in %ssociation w1th more felsic
-mineral-rich units followed by a reversal of the sequence.
< .lv Amphibole-quartz-gneiss in. which amphibole—'_f

rich layers. are interbanded with felSlc layers rich in.

R

‘ quartz is exposed ‘in the southwest part of the map. area.

The layering varies. from a few millimeters to several

l

centimeters ‘and xenoblastic amphibole is a commonly

r“;; : e . . ) a

observed feature. Lo ' - \;-”-/=

Amphibole quartz-gneiss assoc1ated w1th
banded magnetic iron formation consists of contorted,

granular, quartz—rich layers interlayered w1th units

. consisting of xenqblastic green or colorless amphibole and

xenoblastic ‘garnet, which has a distinctive sieve texture. _
) N . T
R ':~' ' The individual quartz units consist of fine

layers which have been crenulated without, apparently,
TN

affecting the adjacent amphibolite rich layers in each case. _
Minor amounts of colorless amphibole is randomly distributed

through the quartz-rich layers and individual quartz layers

. are . delineated by relatively thin concentrations of the

- 4 L3

Lol !
';colorless amphiboie. : imonite occurs as’ small clots

N

scattered through the quartz and particularly in' associa-ﬁ

'tion with thin amphibole bands.‘ -1t also exists onaﬁ'




phibole, observable as a colorless to green

fﬁmineral hes positive elongation, low extinction angle, and

iflow order interference colors. The greenish variety is

pleochroic in light olive green to medium green with a

~slight bluish’ tinge. Grains- are elongate and\randomly

,oriented.“ The greenish variety of amphibole as generally

5predominant; however, the colorless variety is predominant

l K )
along contact areas w1th the quartz-rich units and also is

the type occurring as grains in the xenoblastic garnet

bwhich forms up to 20 percent of the amphibole-rich units.

\ -

Amphibole grains which are partly colorless»and partly
green also occur. . ' . |

Some amphibole units have a conspicuous
zircon content and associated pleochroic-haloe. The zxrcon
hasvno apparent relationship'to the'amphibole%grains,;but.
tends to concentrate in elongate clusters or‘lenses- This
phenomenon suggests that_ the zircon representelqriginal
bedding in a fine grained sediment which subsequently

suffered recryetallization resulting in the coarser‘
amphibole. = | | s

\: Scme exposures of layered rock‘in the green-fl
stone zong immediately north of Long Lake contain well
developed tourmaline graine in a matrix of fine amphibole
and minor caloite._

N

Tha tourmaline is commonly well




low extinction'angle of about 18 and a 2V of about (

;75 to 80 ‘The grains are optically negative and basal

'

sections show the typical amphibole cleavage. These
\optical qualities suggest that the amphibole is tremolite.-

Minor amounts of light brown biotite and, to

T
.

a lesser -extent, pale green ‘chlorite are randomly distri- o
buted through the amphibole. Calcite forms‘about 1l to 3
percent of the rock in the form of slightly irregular

fracture fillings. .
L :~fwv' Exposures in the northwest part of Sakami
Lake contain’ amphibole—quartz gneiss which conSists of
calcareous quartz bands interlayered with amphibole-

”%*chlorite units . 'hich stringers of opaQue minerals are

commonly'observed.

.

s

Amphibole .and chlorite form a. coarse
grained, massive texture Within the ind1v1dual mafic units.
o '”4 However, the stringers of relatively fine opaque grains
jc €Q form parallel and semi-parallel layers which extend across
‘j\ﬂ' the boundaries of the amphibole and chlorite grains (Plate 5..

'Figure 2). . The amphibole and chlorite are. greenish and show

‘e

pleochroism in ?ale olive graen to medium green: however,,

the chlorite shows distinctly bluish interference colors.

Units of amphibole schist occur in the nortf




‘elsic units which, in some places, show a boudinage

structure. %he fine to medium—grained amphibole forms about

'60 percent of the rock : The amphibole has some preferred
’orientation and. has sieve texture formed by the inclusions
of ¢lear, rounded felsic grains. The amphibole.grains

have positive elongation, inclined extinction of about
it

‘pr-and_pleochrorsm is in pale olive green to medium green.

»The*felsic units consist of quartz and color-
1388 epidote and, in some places, minor amounts of brown
biotite and feldspar. In the instances of boudinage develop—‘_
ment the tenSion relifse fractures in ‘the felsic: unit |
contain quartz c%ncentrations. Epidote and amphibole form
inolusione in some of the felsic grains which appear to be

_ feldspar.

'7*b§a§ﬁe'grains form'etringerswparallel-toﬁmgmsuﬂ
foliation in some-of'the relatively thin bands; however,
zones of thicker more'massive amphibole units,.the opaque
grains are randomly distributed or in clots with occasional
slightly irregular stringers observable.

Lithic Metawacke

X Lithic metawacke eimilar in aome respects toA
. gome of the feldspathic metawacke mentioned above is expoaed
.in the Sakami Lake region (Plate 5, Figure l) Coarse to ﬁ
very coarse quartz traqments form about 10 percent of the t

) rocka These fragmente consist of sutured. interlocking |




e

The fragmente are rounded\to eubrounded and
andomly distributed, some of the fragments show
compression features around them in the apparent pushing

aside of miceceous mineral grains. Biotite, gericite and

N

chlorite are observable in varying amounts and total about

T8’

10 ‘to 12 percent of the rock with sericite often showing

sieve . texture.

-~ Lithic metawacke derived from mafic sources

.

is exposed in some regions in the,vicinity'of-metavolcanic

rocks. It consists of highly altered, fine grained to
very coarse grained fragments randomly oriented in a matrix

of greenish chlorite. The fragments are angular to sub-

rounded and conSist of very fine, granular, dark gray masses

of minerals which seem to be alteration products consxsting
of felsic minerals and epidote. Some fragments have a
brownish gray iron—oxide content,' other fragments conSist

of amphibole fragments and units of granulated felsic minerals
which contain clots of chlorite showing purplish blue inter—v
ference colors. Occasional scattered quartz. grains and
fragments of granular quartz rock are also observable.

The finer fraction consists of greenish chlorite and felsid
minerals. Calcite :orms about 7 to 10 percent of the rock

in the form of randomly diatributed grains and clots.

Lithic metawacke derived in part from mafio

rocks and in part from diarupted feldspathic metawacke

'

occurs in the Lake,dataseau area. The rock consists of-




o coarse grained amphibole, quartz, and felsic fragments
ucontaining some chlorite. Also fragments of altered mafic
;minerals, including chlorite, and fragments of granular,,
thquartz rock, are obser%able in a matrix of chlorite,
hbiotite, quartz, and fe131c minerals. Scattered through
thhis rock are aligned lenses/of fine to very fine grained
feldspathic metawagke some of which have been distorted

(Plate 5, Figure.3). .

| Fine -fragmental rock of possible mafic
conpoeition forms massive, poorly sorted units and also
foliated rock invwhich'there is some layering due to
'variation in mineral concentration. The maesive, poorly
sorted rock COHSlStS of amphibole, amphibole—felsic fragments,
patches of chlorite, scattered quartz grains, opaque grains,
and patches of brownish alteration products which contain
minor opague’ flecks and clots. -

" The greenish amphibole grains are slightly

‘elongate and often. appear to be bent. Green chlorite is
commonly aesociated with the amphibole and has a distinctive
.purplish blue interference'color., Fragments of amphibole—

'feleic rock contain minor amounts of calcite. Pyrite"forms

part of ‘the opaque mineral ‘content- as indicated by a distinct

yellow ‘color in reflected light. The matrix consists of

epidote, felsic minerals and greenish chlorite which also'

.

\
has purplish blue interference colors.

i




1?iutonic Rooks

' Amphlbole Granite

The amphlbole granlte exposed in several areas
’west of Sakami Lake and south of Long Lake is a massive,
medium grained reddlsh—gray weathering rock with amphibole-
rlch 1nclusxons in some zones.

1 2
' /. The feldspar, content COHSlStS of zoned

plagloclase, some albite- oligoclase (An1 ) and nlcrocline.
Green. amphibole is the predominant mafic mlneral and greenish
chlorite is present in minor amounts.. Flne epldote is
iobservable as part of the saussurltlzatlon products produced-
through plagloclase alteratlon.. Sphene and opaque mlneral
grains are observable 1n minoxr- amounts.

lagloclase is commonly zoned with the central
part of,the grains being more oonspicuously.altered“and'with—
epldote formlng part of the alteration.. Rellct albite
“twinning 1s observable on some gralns, the analysxs of whlch
indlcates alblte-olxgoclase (Anlo) Mlcrocllne lS less
.abundant than the plagiociase and exhiblts a well developed
cross-hatched twinning. o N ﬂ
| ‘ Fine to medium grained amphibole—rlch units

are observable in some sectlons. Felsic minerals in these |

units consist of- plagioclase, microcllne and quartz.

contalning some epidote. Microcline forms large coarse




‘ndividual crystals and clota of crystals. About 30 to 40

1

;percent of the units consist of amphibole.

.Granite,,Folxated Porphx_;tic M

‘; Porphyritlc granxte which has suffered
cataclasis to. varying degrees is exposed in many,parts of {
* the Sakami Lake and Lake Cataseau areas and to the west. It
- dis predomlnantly medium grained and is massive to foliated..
,Biotite, epldote, feldspar, and quartz form the flner

'fractlon in additlon to occasional clots ef highly sutured

‘quartz grains. . S e . : -

C e

*_ » Quartz and feldsparlform phenocrysts and
chlorlte .a¥so forms coarse units. Feldsparlis altereddwith
' man§ grains. broken and bent,lndlcated in part by curved and
:dlsplaced alblte twrnnlng planes.‘_AnalySLS of several thin
~sect1ons 1nd1cates that plagloclase is alblte-ollgoclase in
the range of.An4 - An An,, with a predomlnance in the area of
:An7.! Some'of~the coarser»feldspar grains are hxghly.-
granulated and some are fractured Wlth flner gralned,
reconstltuted feldspar in the fracture zones. Quartz gralns
are hlghly sutured and exhibit undulant extinction. Someus
quartz graxns show sllght ambayments which may be due to
resorptlon. In some places the rock fabrlc has a fragmental”'

appearance, however, this texture may be due to the high

degree of cataclasxs suffered by the rock.

medium grained~and,oh1y'slightly‘prophyrltrc.f Feldspar




s
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d a_ ew scattered grains showing myrmekitic texture.

iFerromagnesian anerals consxst of about 3 percent chlorite'

5

.and minor amounts of epidote. Some zones contain brown bio—

tlte w1th zircon. 'CataclaSLS is lndlcated by granulatlon of

coarser gralns and reddish’ lron—oxrde stalnlng is commonly

'observed. Some sections show up to about 3 percent epidote

" and mlnor amounts of calcxte.

-One varlatlon of ‘the granlte mentloned above'
contains distinctive chlorite units in whlch.quartz forms
elongate lenses parallel to the cleavage in the host
chlorlte whlch is readily observed by its purplxsh blue,_
interference,colors.‘ The quartz has’a f;brous—like'

structure-(perpendicular to the chlorite-quartz_contacts).

“which is’ 1nd1cated by the extlnctlon pattern of ‘the quartz

durlng stage rotatlon under crossed nlcols. "The chlorite

gralns also have .a fine epldote COntent in the form of semi=

- opague strxngers parallel to cleavage:in the host mineral.
Exposures of granltlc rock occur in the area

between Sakami Lake and Long Lake in whlch mafic mlnerals

'consist.of amphibole and brown blOtlte and form about 10

percent of theerCk. Some of the amphibole has a well

developed sieve texture. Plagioclase consists,‘in part at

1east, of aligoclase (Anzo) Minor amounts»of spheneuare

observable and epidote forms up to about 10




.. -

-

-ESome’eXposures consist of medium to coarse
grained massive granite in which a graphic intergrowth
of quartzland'feldspar_can be observed. Albite and’ minor

o , .
‘amounts:of chlorite are also observable.

" . .
- s

Diabase = ':

"»

\ Diabase%inythe region has an observable
ophitib to subophitxc*texture in the form of euhedral plagio-'
clase crystals partially ‘to completely enclosed by a ferro-
magnesxan mineral, probably altered clinopyroxene._ The
4plagloc1ase sbows relict tw1nning and is also highly altered

by the  formation of a colorless, fine, fibrous—mineral.» Some

of the’ plagioclase crystals are well developed lath—shaped

'_grains and albite thnning 1ndicates a comp051tiona1 range

of about An45 52‘ Ca101te forms scattered 1rregu1ar
clots and constitutes about 15 percent or more of the rock

in some places:

Rocks of Probable Ultramafic Origin

‘

" Exposures on some islands in the central
 Sakami Lake region consist of tremolite-anthophyllite-talc
schists. Some*of the rock containiwhat appear to be

pseudomorphs after olivine which ConSlSt of tremolite,

',serpentine and opaque minerals.

The pseudomorphs after olivxne have curved
Y3 =
fractures delineated by very fine, fibrous, colorleea
‘ eerpentine. Central zones of these fractures contain lensee

and clots of a very fine, opaque mineral which is black




Ve

ﬂ_very pale buff, micaceous mineral

'_ Some areas of the altered ultramafic rock
tcontaln zonlng whlch is 1ndicated by varlation in .the
relative amounts of tremolite,vanthophylllte and talc.‘ One
‘example of this zonlng drsplayed in a thln section consxsts.

of fine, fibrous tremollte (whxch has been’ crenulated prior

to the development of the coarser anthophylllte) adjacent to

a zone of massive,lfine.tremolite. Adjacent to the tremolitej

is a zone of fine,~felted, pale brown talc,containing_coarser,'

randomly orlented anthophylllte in minor quantlties."

Calcareous-Talc-Schlst , | : L -

nghly crenulated and follated calcareous—.
‘talc schist is exposed in the southwest part of the mapped "
“earea.; Talc content consxsts “of fine, flhrous, golorless to
pale green grains which exhlblt hlgh//rder rnterference

colors. The carbonate mineral is concentrated‘xn thin 1enses

1

which form about 15 percent of the rock. It is colorless,
granular, and does: not react with dilute hydrocholrlc acid.

Some gralns show a well developed rhomblc outline which -

PR

sﬁggests that at, least some of the carbonate recrystalllzed

'after the crenulation and follatlon development 1n the talc.

The lack'of acid reaction suggests that the carbonate may~*

be dolomlte or possrbly magnesite. .

About 1 to 3 percent of the4rock consists'or

randomly distributed pyrite grains which, in thin section

SREETY

SRS Al
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,refieéted 1;ght;'xTheseﬂgfainé,}ébme46ELWhtchfff*f”

show ‘well"developed cub£c~6u£fine in thin section, are

- .

e i : , ‘ . . .
j_qulowiih‘reflected‘light,;?




APPENDIX 2
“7Investigation Procedures

N

‘Field Procedures

<

Field work was accompllshed over three
field seasons by a f1eld party of the basic type used by
the Quebec Department of Natural Resources for semi—' F;~c/n\/;
'vreconnalssapce work. ‘The party consxsted of seven members.

the writer) a senior assistant, two Junlor asslstants,_a
" cook, and two-field guides orlbushmeh; | . |

.All work was, conducted;from tent camps and

e

field equlpment conSLSted of the pasic neqessxtles for

'mapping. Plane tabllng or 51milar surveylng practlces were.'

not attempted. Transportatlon was, doﬁe by canoe or on foot.

Camp ‘moves, however, were usually done by float plane

.

.;whlch always nece551tated camplng on- 1akes of a certain

‘minlmum size.

Base maps were made by the caftography

section of the Quebec Department of Natural Resources from
aerial‘photographs. The base maps were transparencxes from
vwhlch ordlnary print-off maps could be made.: The base‘maps
show the locatlon of streams, lakes, swamps and the centers
of some aerlal photographs thh the photo and flight—lineffsi
'numbers. Both the base maps and aer1a1 photographs have'

urscale of'2 lnches =1 m11e or- 1/31 680.—~._“;:"




1le r O 8 kilometer intervals. -Aerial photo-7

'7outcrop}features. Data taken in the field was later trans--
.ferred to base maps which eventually resulted .in-an outcrop
.map in whlch colors were used to delineate: the various rock
“types. Traverses and station numbers were also recorded on"”
separate base maps. 3

Several hundred standard thin sections were
made from selected rocks and ‘about 35 hand specimens were
later chosen for chemical analyses. The method of chemical
'analySLS is discussed in subsequent paragraphs. Thin-

v

vsection studies were done through the use of a Leitz research

polarizing microscope. Photographs of selected features

were made through ‘the use of a. rollelflex twinlense-reflex'w'
camera mounted on the microscope. Some plagioclase analysis
were done with a Zeiss four-axis universal stage mounted

On a Zeiss polarizing microscope.

.Chemical Analy51s

t

Atomic absorption analyses were done with

the Perkin—Elmer 403 speotrophotometer.' Samples were prepared
according to the technique outlined by Trent and Slavin:nf
(1964) An which an accurately weighed portion of sample,.

about one gram, is dissolved in HF and H2504 acids then

.’diluted\toriSQ\millimeters w1th about 9 percent 'HCL

AN . <
. e \
. o .




~?ive‘reek standards frém two aou:ocg ware uaed

~in the analysis-A the United ‘States. Geologlcal Survey

preparations G-2, BCR—l and PCC 1 which are granlte,basalt,a%
‘and perldotlte respectlvely;A the University of Nancy
‘ preparatlons DR—N, and BR which are diorite»and basalt
respectlvely.a These powder preparations were prepared in
the same ‘manner as the unknown samples. The results of

analyses for the United States Geologlcal Survey preparation&'

aré llsted in. a publlcation by F. J;‘Flanagan, (1969).

)

Results forqzhe Nancy preparatlons are listed in a publica—

tion by De La Roche and Govrndaraju (1971).

‘

- - Stock solutlons were prepared for each element‘

required”ahdzthese were used as standards during the analysis

4

'of unknown samples. The known rock standards from'the\

lnstltutlons mentioned were analysed at the same t1me as. the

S . : v

" unknowns and served as an 1nd;cat10n of accurate preparatlon

og’the unknown specimens.

Absorptlon values for each text were recorded
on graphs by a recorder (Perkln-Elmer model 53) A Each graph
represents a total of about ten readings each’ of which

represented‘a machine signal average of ten readlngs. 'The
é

concentratlons were then calculated accordlng to the formula

proposed by ‘Abbey (1968) which haslbeen computerized:

”




0 BT BRI DIV R B

%@

" CL + Aa = AL
AH - AL

1concentration-in the sample fy-' >
cpncentration in the lower standard
absprbance of the sample
.absorbance of the low standard
absorbance of the high standard .
=. concentration;in the‘higher standard;
%, : : , pante
For each determination the readings were
taken in the sequence:

L - a

Low standard
ngh standard
sample

”The atomic absorption technioue vas used4t0w~

.

determine the concentration, in parts per million, in each
sample for,each of the f%llowxng elements. aluminum, total

iron, magnesium, ca{c1um, sodium, potassium, titanium, "and

.

w ]
manganese. From the concentrations the percent composxtion

by weight of the corresponding ox1de was calculated‘

..

approximate silica content was calculated by subtracting thef

o
otal of all the other oxides from one hundred. {_7
, : 1

e Y

In order to obtain a meaningful analysis by

the c0mputer, the value for total iron had to be dividedr




igneous origin were subjected to a computerized program
for the CI?W norm calculatlon. These results, and also

the welght percentages of the varlous metal oxldes result—

- ing from atomlc absorption analyses, have been listed in

Appendlx/3.




NG
11‘

.Appendixm Wconsists of the results of . CIPW
norm calculations from chemical data obtained by atomic
uabsorption analyses. The CIPW norm calculations con31st
:of five separate figures listed as P, PM, Q, C and Pcl

In each case:

() p weight percent of_oxide//IOO

(2) PM - ',molecular weight of the oxide
(3)‘ - P// molecular welght of the oxlde
(4);,' Q X 1000 X D ,where D a calcu-
lation fector conCerned in the computer
| program%ng.technique
5) B¢ = € X 100/ EC
| The‘reference for the computer program ueed

'15:' The Unxverszty of Quebec at Montreal Canada, geology .

program- cDC 6400; FTM V30 - pzae ox:'r 1

.

24/02/72.




WEIGHT PERCENT OF THE OXIDES
1 'S102 =7 71.025 ‘

AL203. 14.9 ' v ' o
FE203 0.79 o Specimen:
FEO - 0.39 . L
MGO 0.32
CAO 4.53
NA20 4.94
X20 2.89
Ti102 0.194
P20S 0.00

MNO 0.02
co2 . 0.00

N0V ~NOCNBWN

T e W ), W ) Ve

i

. i )

CIPW NORM CALCULATIONS.

OXYDE . ‘P- . . PM -~ @ S . PC \
I S102:. ~ 7102 60.0848 .01182] 11.8208 65.6032
2 AL203°  .1490 . 101.9612  .001461. 2.9227 16.2203
" +0079 159.6922  .000049, .0989 . 5491 .
FEO 9 T71.8484 7 .000054 . . 0543301t 2
‘M@0 .0032 = 40.3114 ' .000079 .0794  .4406 '
CAO +0453 56 .0794.° .000808 +8078 4.4830
NA20 .0494  61.9790 .000797  1.594] 8.8469
K20 .- .0289 94.2034 = .000307 - 6136  '3.4052 .
TIO2 (' .0019 ~79.8988 ' ..000024  .0243 .  .|348
.P205 '~ 0.0000 141.9446 0.000000 . ' 0.0000 0.0000
MNO ° © .0002 < 70.9374 ...000003  .0028 ‘0156 .
CO2 . 0.0000 44.0099 0.000000  0.0000 - 0.0000
H20+ © 0.0000. 17.007 ~ 0.0000 °© 0.0000
H20- . 0.0000 17.007 - "~ 00000 0.0000 .

TOTAL  1.0000




L

;oUnﬁTz‘ s = 23.75

:ORTHOSE . - ' = 17.08

PLAGIOCLASE - = '= 51.75
CANORTHITE = '9.95).
“(ALBITE = 41.80)

NEPHELINE = 0.00 .

LEUCITE = 0.00

KALIOPHILLITE = 0.00

| ACMITE = 0.00

METASILlCATE DE NA - 0.00.

METASILICATE DE K. & '0.00
COR I NDON 0.00
WOLLASTONITE 4.3}

DIOPSIDE SS 1.72°

(DIOPSIDE 3 1.72)
- (HEDENBERGITE =  0.00)
HYPEﬁSTHENE .. =-:0.00
. (ENSTATITE = '0.00
" 7 (FERROSILITE = 0.00)
OLIVINE = 0.00
(FORSTERITEs 0.00)
' (FAYALITE . .= 0.00)
. ORTHOSILICATE DE CA = 0.00

CbNTENT”IN VOLUME

PERCENT

~Specimen:

MAGNETITE . . . . = 76

HEMATITE - ‘a2 .27
ILMENITE ‘ R .37
' SPHENE .
< PEROWSKITE
RUTILE
CHROMITE
APATITE
FLUORINE
PYRITE -*
CARBONATE DE NA
CALCITE .
~ THENARDITE
HALITE
- ZIRCON
- H20=::

cooo
* -

0000

00060

--------n--------

0.00

= 99 999245




.:WEIGHT PERCENT OF THE OXIDES

Sl02 n? 69.09 e o :
AL203- 18.00 : '
FE203 146 : , Specimen: 17-H-2A
FEO . 1.5

MGO. 0.61

CAO 1.18

NA20- . 5.32

K20 2.62

T102 0.0S

pP205S 0.00

MNO 0.01

co2 0.00

N-—C:ocn;ao~w.>tnho—

-—‘—
'w-dnadoonaﬂ-onaw-e

cIew NORM CALCULATIONS

OXYDE P PM ) (I PC
sto2 +6909  60.0848 .011499  11.4987 63.5957
.AL203 . +1800 101.9612 001765 3.5308 19.5274
FE203  .0160 159.6922 .0001C0 2004 . 1.1083
FEO ,0150 - T1.8484 .000209 - +2088 - 1.1547
MGO .0061  40.3114 ~ .000151 1513 .8369
CAO - «0118 56.0794 »000210 © 2104 - 141637
NAZ20 «0532 .61.9790 .000858 1eT167 9 .494S
K20 0262 . 94.2034 - .0002718  .5562 ' .3.0764
Ti02 .0005 - 719.8988  .000006 .0063 .0346
P20S . 0.0000 141.9446 0.000000 0.0000. 0.0000
MNO 0001 70:9374 .00000 | 0014 .0078
coz 0 .0000 44,0099 0.000000 0.0000 0.0000
H20+. 0 .0000 17.007 : . 0 .0000 0.0000
H20~ 0.0000 17.007. . 0.0000 . 0.0000.

N=O VD NFrUVDWN-—

TOTAL 9998 -

B




'PLAGIOCLASE

. - (ANORTHITE =i S.
, (ALBITE' = 4Sa02)

NEPHELINE =

LEUCITE .

0.00

KALIOPHILLITE

ACMlTE

'METASILI1CATE DE ‘NA
"METASILICATE DE K

COR I NDON

WOLLASTONITE'

DIOPSIDE. SS

- )

(DIOPSIDE = O.

(HEDENBERGITE =

HYPER STHENE

" (ENSTATITE = 1.
(FERROSILITE 2

OLIVINE

(FORSTER!TEH} 0.

=
=
3 4.27
=
=

= 50,81

85!

= 0.00
= 0.00.
0.00"
o.oo
0.00

0.00
0400
00) | '}

,0000’;‘ i

289
52:
1.31),

= 0.00
00)

Specimen

-

17-B=-2A

(FAYALITE .. = 0.00)

0.00

ORTHOSILICATE DE CA =

_MAGNETITE

HEMATITE .

ILMENITE

SPHENE

- PEROWSKITE
RUTILE -
GHROMITE
APATITE |
FLUORINE -
PYRITE

" CARBONATE" DE

CALClTE
THENARDITE
HALITE
ZIRCON
H20+
H20-"" ~

2.32

=" 0.00
“409"
. 0.00
0.00:

o
D annn

T
'

- ’ o ¢

0.00

.0 .00

0.00

00

.00

o
o
o

0.0
‘0.0
0.0

- -------0_---..

TOTAL

S 299.9eooee}g
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WEIGHT PERCENT OF THE OXIDES

1 S102 =7 74.976 .

2 AL203 =

3.FE203 =~

FEO =
MGo =
CAO . =
NA20 =
K20 =
T102
P205 =
MNO =
coz =

xS

R R K R

13.4
3.34
1.76
"0.23
2.48
.1’20 12
1.48
0.21
0.00
0.004
0.00

CIPW NORM CALCULATIONS

I  OXYDE
stoz
AL203

~FE203

P

«T7498-
« 1340
«0334

FEO
MGO
CAO
. NA20
K20
Ti02
P20S
MNO
coz2
H20+

CRaOCVAWN =

.0023
.0248
.0212
.0148
.002 1
0 .0000
.0000
0.0000
0.0000

0176

PM
60.0848
101.9612

S 159.6922

71.:8484
40.3114
560794
61.9790

94.2034.

79.8984
141 9446
70.9374
44 .0099
“17.007

‘H20- ~ ' 0.0000  17.007

TOTAL

_lcOOOO

Specimen: 20-HH1A

Lh

Q .
012478
+001314
«000209

a000245”“;““

.0004
.000342
.0001S5PF"
.000026
0 .000000
~» +000001
"0.000000

c. . ﬁF .
12.4784 .12.1521
2.6285 ‘'15.1982

0571 - 3299
4422 , 245571
6841 ' .- 349556
“e3142 . 1.8168
. «02%3 © . 1620
0.0000 0 .0000
.0006 - »0033
'0.0000 - ! O-Qggo_
0.0000- ' 0.0000.

- 0.0000 . ©.,0000
. . \
. Voo - 1}

\

+2450 ';_;_1:,'.,'9‘,.1 64 .



" 'CIPW MINERAL CONTENT IN VOLUME PERCENT . .

QUARTZ - N 3 S51.26 Specimen: 20-H-1A
- ORTHOSE : : s 8.75 ‘
PLAGIOCLASE 2 30.24
"~ (ANORTHITE = 12.30)
(ALBITE = 17.94)
NEPHELINE = 0.00 :
LEUCITE : = 0.00:
KALIOPHILLITE =  0.00
ACMITE. ‘ s -0.00
METASILICATE DE NA 0.00
METASILICATE DE K 0.00 -
CORINDON ,  3.80 .-
WOLLASTONITE 0.00
- DIOPSIDE SS - . 0.00
(DIOPSIDE = 0.00)
_(HEDENBERGITE = 0.00)-
HYPERSTHENE T = a1l
(ENSTATITE = «S7
A(FERROSILITE = «13)
OLIVINE = 0.00
(FORSTERITE= 0.00)
- (FAYALITE: = 0.00)
‘ORTHOSILICATE DE CA =- 0.00
"MAGNETITE = - .. "= 4.84
HEMATITE .. =~ .. = 0.00
'Tf"ﬁmmlLMEN1TE”“”“ g e 40
SPHENE : 0.00
PEROWSKITE 0.00
RUTILE 0.00
CHROMITE 0.00
APATITE 0.00
.. FLUQRINE -~ 0.00
PYRITE ‘ 0.00
CARBONATE DE ' 0.00
CALCITE .o 0.00
- THENARDITE
HALITE .
ZIRCON
. H20+
- H20-

noe.n Kl

Ly,
Y. .

TOTAL ... ‘= 100.000002

&




WEIGHT PERCENT OF THE OXIDES

‘

LY \ .
’7 57 68" K _Specimeri‘:" 24-H-6B
19..70 ' . : :
4.70
7.50
1.57
0.13
3.03
3.81
1.86
0.00
0.02 .
0.00

RN
woed-»q-ou-dsoqa

CIPW Ndﬁ&.anCULamIous'

"OXYDE~~ P PM e . C- . PC
5102 -~ .5768 60.0848  .009600  9.5998 54.7576
AL203  .1970 101.9612 001932 3.8642 22.0411

_FE203' ©~ .0470 159.6922 . .000294 Y +5886 . 3.3576
FEO .~ .0750 71.8484. ‘;00|044 i ;04394 '5.9543
MGO -~ . .01ST 40,3114 - .000389 . 3895 2.2215
CAO .0013 56.0794 .000023 .0232°° - .1322°
NA20 .0303 61.9790  .000489. .9778 .  S5.5771
K20 038\ 94.2034 «000404 +.8089 4.6139
T102 .0186 - 19.8988  .000233 . .2328 - 1.3279

. P205 0.0000 141+9446 0.000000 ~0.0000 . 0.0000

MNO . +0002 70.9374 .000003 .0028 NITIE

co2 0.0000 * 44.0099 0.000000 0.0000 0.0000

H20+ . 0.0000 17.007 ' 0.0000  0.0000 -
H20- 0.0000 - 17.007 : . .0.0000  0.0000 '

.
-—

4N-c-oua-ao.ws'd:fo-

TOTAL  1.0000

.»" 3 . ) '.




PERCENT

" specimen: 24-H-6B

*QUARTZ - = 19.73
ORTHOSE :. S = 22.51
PLAGIOCLASE =~~~ = 26.28

~ (ANORTHITE = . +64)
(ALBITE = 25+64)
NEPHELINE = 0.00
LEUCITE" L - 0.00
KALIOPHILLITE ~=. 0.00

ACMITE i .= 0.00
METASILICATE DE NA = 0.00
METASILICATE DE K 0.00
CORINDON = 10.36
WOLLASTONITE . .= 0.00
DIOPSIDE SS © .= 0.,00

(DIOPSIDE = 0.00) .
~ (HEDENBERGITE = 0.00)
HYPERSTHENE = 10,76
(ENSTATITE = 3.91
(FERROSILITE = 6.85)
OLIVINE = 0.00
(FORSTERITE= 0.00)

. (FAYALITE = 0.00)
ORTHOSILICATE DE CA = ,0.00

- MAGNETITE" . ~ .~ = 6.81
HEMATITE - 0.00

ILMENITE 3.53
SPHENE 0.00
.PEROWSKITE 0.00
RUTILE . 0.00
CHROMITE 0.00
. APATITE 0.00
FLUORINE 0.00

. PYRITE 0.00
'CARBONATE DE : 0.00

CALCITE .. = 0.00
THENARDITE - - '0.00-
HALITE o F -= 0.00
ZIRCON - ‘= 0.00
H20+ S = 0,00
"H20- - =2 ,0.00

wou auu

n o

c . v
) \
S --_---'---------_

TOTaL = |oo.oooo4a




VDN WN -

10
1
12

- T102

sio2 =7
AL203 =
FE203
FEO
MGO
CAO
NA20
K20

L]

P205
MNO
co2

ﬁ LR M Vu'l

48.522

Cand 3 ) e ) o) e} ) ) e oY

12.0
‘4.0
12.0
S.6
14.0
2.02
0.12
172
0.00
0.018
0.00

" WEIGHT PERCENT OF THE OXIDES

Specimen:

CIPW NORM CALCULATIONS

OXYDE
Sio2
AL203
FE203
FEO
MGO

_.CAQ .. _

NA20
K20
Ti102
P205
MNO
co2
H20+
H20-

TOTAL

P
+4852
. 1200
. 0400
+ 1200
<0560
. 1400
.0202
.0012
0172

0.0000
0002

0 .0000

0.0000

0.0000

| «0000

PM

60.0848
101.9612
159.6922

71.8484

. 96,0794

61.9790
94.2034
19.8988
141 .944¢6
70.9374
44,0099
1 T7.007.

17.007

.008076
«001177
.000250
.001670
001389

10002496

.000326
.00001 3
.000215

0.000000
.000003

0.000000

26-H-1A

c
8.0756

«5010
1.6702

1.3892
© 24965

«6518
«0255
22153
0.0000
«0025
0.0000
0.0000

0.0000

PC

46.4613

13.5423
2.8822
9.6091
7.9924

14.3629.

3.7502
. 1466
1.2385
0.0000.
.0146
0.0000
0.0000

0.0000

1




Specimen: 26~-H=1A .

OUARTZ ,{. -\ .se
~_ ORTHOSE - s .7
PLAGIOCLASE ' = 40.41
~ CANORTHITE = 23.32)
‘ (ALBITE 2. 17.09)
NEPHELINE = 0.00 .
LEUCITE - : - = 0,00
KALIOPHlLLlTE ' = 0.00
"ACMITE - .= 0.00
METASILICATE DE NA = 0.00
METASILICATE DE K = .0.00
COR I NDON , = '0.00.
WOLLASTONITE 0.00
DIOPSIDE SS = 38.34
(DIOPSIDE = '19.22) .

, (HEDENBERGITE = 19.13)
HYPERSTHENE 3 10.79
L (ENSTATITE = S.04

. {AFERROSILITE = S5.75)

OLIVINE = 0.00
(FORSTERITE= 0.00) _
(FAYALITE = = 0.00)

ORTHOSILICATE DE CA = 0.00°

" MAGNETITE . va2 5.80 |

‘HEMATITE. . . 3 - 0.00

ILMENITE -~ ' = . 3.27
et~ GPHENE - : -0.00

PEROWSKITE. 0.00

RUTILE 0.00

CHROMITE 0.00

APATITE 0.00

FLUORINE 0.00

PYRITE 0.00

CARBONATE DE NA 0.00

CALCITE . = 0.00

THENARDITE ‘0.00

HALITE 0.00

ZIRCON 0.00

H20+ ;' 0.00

K20- ' . 0.00

_ N Lk

\

TR R

Y ,1) ----o—-—.-------.,

TUTAL Com 99. 999391




'WEIGHT PERCENT OF THE OXIDES

1 S102 =7 718.11
2 AL203 = 7 11.70
3 FE203 = ? 2.3

4 FEO o 1.8

5 MGO. 0.69
6 CAO 0.32 .
7 NA20 3.42

? Specimen:
? C
?
?
4

8 K20 7 2.12
?
?
7
?

<

9 Tio2 0.50
10 P205 . 0.00
11 MNO 0.04
12 Co2 0.00

i

CIPW NORM

i
i

CALCULATIONS

1

OXYDE
S102

-FE203
FEO
_MaGo
CAO
NAZ2O
K20
T102
P205S
MNO
coe
H20+
H20~

y
2
3
4

S
é
T
8
9.
0
1
2

TOTAL

AL203

P
«78141
«1170
-0180
0069
"« 0032
+ 0342
«0212
«0050
0.0000
"« 0004
0.0000
0.0000

0.0000

1.0100

)

oM
-60.0848
101.9612
159.6922
71.8484

- 40.3114

56.0794
61.9790
94.2034
79.8988
141.9446
70.9374
44.0099
17.007
17.007

(&

Q :
+013000
+001147

+000144
000251,
«000171-

«0000S7
000552

«000225 -

«000063
0.,000000

«000006 .

0.000000

.wcu”m“m“_”

13.0000
242950
2881
.2505
1712
0571
«1036
«4501
.0626
0.0000
00000
0.0000
0.0000

pc

'
|

73.5139
12.9780
1.6289
1.4167
_+9679_
- «3227
6.2408"
2.5452 -
<3539
0 00000
«0319
0.0000, "/
0.0000;
.0.00




CIPW MINERAL CONTENT IN VOLUME PERCENT -

QUARTZ “L' ”‘; : .='4a.o9

ORTHOSE : = 12.53
PLAGIOCLASE , . = 30.53
"(ANORTHITE =
‘(ALBITE =
 NEPHELINE =
LEUCITE
KAL1OPHILLITE
ACMITE 2
METASILICATE DE NA
METASILICATE DE K
CORINDON
_WOLLASTONITE
"DIOPSIDE ss
(DIOPSIDE =
(HEDENBERGI TE
HYPERSTHENE
(ENSTATITE =
AFERROSILITE
OLIVINE
(FORSTERITE=
. (FAYALITE.
ORTHOSILICATE DE ¢4 =
MAGNETITE. - =
 HEMATITE

PEROWSK | TE

RUT[LE

CHROMITE

APATITE

FLUORINE

PYRITE

CARBONATE DE NA
CALCITE E\ " a

THENARD{ TE

HALITE

ZIRCON.

H20+

H20-

Specimen:




WEIGHT PERCENT OF THE OXIDES

15102 =7 44.63 .
2 AL203 13.8 Specimen: - T-P-9A
3 FE203 4.58
A FEO 9.12
5 MGO T.58
6 "CAO 16 .30
T NA20 2477
8 K20 0.21°
9 T102 0.99
10 P205 0.0
11 MNO 0.02
12 co2 0.0

R R

"~~~ CIPW:NORM~CALCULATIONS

I OXYDE P - PM : PC

si02  «4463 60.0848 - .007428 T.4278  41.69597
AL203 +1380 101.9612 .001353  2.7069 15.1819
FE203.. .0458 .159.6922 .000287 5736 - 3.2171
FEO. ... 0912  71.8484 001269  1.2693  7T.1192
MGO  .0758 40.3114  .001880 1.8804  10.5462
CAO <1630  S6.0794  .002907 2.9066  16.3019
K20 © .0021 ° 94.2034  .000022 ' .0446 ©.2501"
T102 .0099 79.8988  .000124 - .1239 <6949
P20S 0.0000 141.9446 0.000000 = 0.0000 0.0000
MNO «0002  70.9374 «000003 <0028 -0158
CO2 = 0.0000 44.0099 0.000000 0.0000 0.0000
H20+  0.0000 17.007 0.0000 0.0000

H20- - 0.0000  17.007 . 0.0000  0.0000

S .

N—Eomqam&

'

TOTAL  1.0000




)

Speoimcm: T-P=9A

QUARTZ S = 0.00
ORTHOSE = 1.24
- PLAGIOCLASE = 27.58
”(ANORTH!TE 2 24.60)
(ALBITE = 2.98)
NEPHELINE = |\.os _
LEUCITE = = 0.00
KALIOPHILLITE = = 0.00
ACMITE *s 0.00 °
"METASILICATE DE NA = 0.00
METASILICATE DE X = 0.00
CORINDON = 0,00
WOLLASTONITE . = 0.00 -
DIOPSIDE SS = 45.80
(DIOPSIDE = 30.04)
(HEDENBERGITE z 15.76)
HYPERSTHENE = 0.00
o U (ENSTATITE = 0.00
(FERROSILITE = 0.00)"
"OLIVINE s ST
" (FORSTERITE= 3.47)
(FAYALITE =~ = 2.30)
ORTHOSILICATE DE CA = 0.00
MAGNETITE 5 . 6.64
HEMATITE + - = 0.00
ILMENITE . = "~ 1.88
SPHENE. 0.00
PEROWSKITE 0.00
RUTILE 0.00
CHROMITE 0.00
APATITE * 0.00
FLUORINE 0.00
PYRITE ~0.00
CARBONATE DE NA .0.00
"CALCITE" = 0,00
THENARDITE . 0.00
. HALITE - ;Q.oo'
Z1RCON" 0.00
‘)’ H20+ - 0.00.
H20~v .0+Q0

n

---OQQQ--_-----Q. B

a !00-000002




- WEIGHT PERCENT OF THE OXIDES
‘a1 47.778

5102
AL203
FE203

.FEO
MGO
CAO
NA20
K20
T102
P205
MNO
co2

D WN —-

N—OWw@~NOWV

P

&

‘e

13.0
3.6
10.8
6.12
14.8
2.63
0.66
1.21
0.00
0.012
0.00

- N e e

Speciment

CIPW NORM CALCULATIONS

I__ OXYDE
s102

FEO
MGO
CAO
NA20
X20
T102
P205
MNO

€02
H20+

V@MU SWN =]

AL203
FE203

P
.4778
1300

.0360
+1080
L0672
1480
.0263
.0066
.012}
0.0000
0001
- 0.,0000
0.0000

PM

40.0848
101 9612
159.6922
71.8484
40.3114°

56.0794 .

61.9790
94.2034
79.8988
14).944%
70.9374
44,0099
17.007

e
.007952
.00121%
.000225
.001503
4001667
.0026239
.000424

.000070

000151
0.000000
+000002
0.000000

29-F-3A

€

71.9%18
2.5500
+450%
1.5032
1.6670
2.63910
RY-L1-A
«1401
1514
0.0000
Q017
0.0000
0.,0000

PC
A4.4127
14.2427

2.5183

8.39%8

2.3110
14,1403

4.1402

«182%
<8459

0.0000

0094 -

0 <0000

- Q.0000

"H20-  0.0000  17.007 0.0000 00000

“TOTAL  1.012}




OUARTZ '51 ~'-, - o 00
'ORTHOSE . © m  3.90
“ PLAGIOCLASE = 33.99
(ANORTHITE = 21.72)
C(ALBITE = 12.28)

/' NEPKELINE =  5.41 : '
"LEUCITE = 0.00
KALIOPHILLITE ‘"= 0.00

ACMITE = 0.00
METASILICATE DE NA = 0.00
METASILICATE DE K a 0.00
CORINDON C = 0.00
WOLLASTONITE = 0.00

DIOPSIDE SS " 42461
(DIOPSIDE = 24.Q1)
(HEDENBERGITE = 18.61)

HYPERSTHENE o w 0.00

“. (ENSTATITE =  0.00

(FERROSILITE = 0.00)
0L|V|NE i = 178
FORSTSR!TE' 3.93) .
(FAYALITE s 3.85%5)
ORTHROSILICATE DE CA = 0.00
MAGNET I TE - 5.22
 MEMATITE. . “» 0400
ILMENITE . : s 2.30
SPRENE s 0.00
.PEROWSKITE 0.00
RUTILE 0.00
CHROMITE - 0.00
APATITE 0.00
FLUOR I NE 0.00-
‘PYRITE 0.00
 CARBONATE DE: NA 0,00
CALCITE . ' Q.00
THKENARDITE 0.00
HALITE 0400
ZIRCON 0.00
"H20+ 0.Q0
-H20= Q:QQW

24 pn e B

TOTaL ;'5 ? . |om.aoaesa

v




WEIGHT PERCENT OF THE OXIDES

| S102 =7 $8.45
2 AL203 = 7 14.60
4 <. 3.FE203 3 7 2.80 Speciment
» 1. 4 FEO , = 1 4.00
'S MGO | = 7 3.53
6 CAO = ? 10.10
7 NA20 = ? 4.82
8 K20 = 1 1.12
9 TI02 ‘= 7 0.6
. 10 P20S = .7 0.00
"~ 11 MNO = 7 0.01
12 02 = 7 0.00
v
CIPW NORM CALCULATIONS
¥
I OXYDE P PM 0
| SI02 . .5845 60.0848  .009728.
2 ALZO3 1460 101.9612  .001402
3 FE20 .0280 159.6922  .00017S
A FEO .0400 _ 71.8484  .000SST
5 . MGO .0353  40.3114  .000876
6 CAO .1010  56.0794  .001801
7. NA20 «0482 61.9790 +000778
8 K20 -0112  94.2034  .000119
9 Tioz .0061  19.8988 ~ .00007é
10 P20S  0.0000 141.9446 0.000000
Il MNO 0001  70.9374  .000001
12 coz 0.0000 44.0099 ©0.000000
'H20+"  0.0000  17.007
H20-  0.0000  17.007
- TOTAL  1.0004

" 41-F-16 -

’

c

9.7279

2.88238

«3507
+5561
«8757

1.8010

1.5554
«2378
+0763

0.0000
«00 14

0.0000

0.0000

0.0000

o

- 0.0000

PC
$3.9040 ,
15.86 90 ..

1.9431 . .

3.0849 T

4.8%23

9797

8.618%
143116 ,

«4230 RN

0.0000 - S

0078
0.0000

0.0000Q




2 AL203 =

cUus LN —

"N-Q~€¢-4

_FEO__ .

. .

WEIGHT PERCENT.OF THE OXIDES

=? 49.945
1249
3 66
8.54
T+13:
17.7°
2.01
0.91
0.79
0.00
0.015
000

s102

-

»

o) N W) N =) N e =~

\“N

. CIPW NORM CALCULATIONS

OXYDE P
s102 T «4994
‘AL203 '+ 1290
FE203 «0366
.0854
.0713
«1770
«0201
'« 0091
<0079
0 .0000
-+ 0001}
0.0000
- 0.0000

MGO
CAO
NA20
K20
Ti102
P205S
MNO
- €02
H20+¢
. H20~

TOTAL ~ 1.0360

!
)

PM

60.0848
101.9612
159 .6922

Tt .8484

40.3114

$6.0794.

61.9790

. 94.2034

79.8988

141.9446

70.9374
44.0099
-17.007
17.007

"0 .000000

.

Speéimdn:. 44*M‘5?

PC.

45 .2806
001265 ~ 2.5304 13.7838"
.000229 .4584  '2.4970
.001189- ~ 1.1886 . 6.4748
001769  IT6BT
.003156 3.1562 17.1931
.000324 .6486 . | 3.5332
+000097 .1932 1.0524
+000099 .0989 . +5386

0.000000 - * 0.0000 '0.00007
000002 «0021 0115

0.0000 0.0000 ,
0.0000 0.0000 .. -

c ..
.008312 8.3124




CIPW MINERAL. CONTENT IN VOLUME PERCENT

-
v

-+ QUARTZ - : . Q.00 ~ Specimen: 44-M-5
. ORTHOSE ' - ‘m 9,38
PLAGIOCLASE © . o = 31.5]
" (ANORTHITE = 23.49)
- tALBITE = 8.02) . °
"NEPHELINE = 4.87 ~
LEUCITE : = 0.00
KALIOPHILLITE a 0.00
ACMlTE 3 2 0.00
METASILICATE DE NA 0.00
METASILICATE DE X .=  0.00
CORINDON o 0.00
WOLLASTONITE - = 0.00
DIOPSIDE SS - i 2 52.46
(DIOPSIDE = 33.65)
~ (HEDENBERGITE = 1.8.80)
HYPERSTHENE = 0.00
(ENSTATITE = 0.00
 (FERROSILITE 0.00)
OLIVINE » . -3 2.58

(FORSTERITE=  1.51)
(FAYALITE . = 1.07)

. ORTHOSILICATE DE CA = 0.00
 MAGNETITE, = 'S.31
O ERREITE " T B 000

ILMENITE = 1.50
SPHENE = ' - 0.00

0.00
0.00
=0.00
'0.00
-0.00

PEROWSKITE
RUTILE
CHROMITE
" APATITE
FLUORINE
PYRITE. . o 0.00
~ CARBONATE DE' NA 0.00.
CALCITE - :0.00:
THENARDITE ' 0.00
HALITE . 0.00
“ZIRCON 0.00
H20+ 0.00
H20- 0.00

a8 8 800U

TOTAL . = 103. 599954

.




- o . RN o

. WEIGHT PERCENT OF THE OXIDES
1..5102 =7 67.02 |
.2 AL203 = ? 16.60 ‘ ‘ Specimen:
FE203 = 7 1.5
FEO = 1 2.5
MGO = 7 1.66
CAO = T 3.3%84 .
NA20 = ? 6.03
X20 "7 0486
TI102 " = ? 0.50
P205 7 0.00
‘MNO 7 0.02
coz2 " = 7 0.00

'CIPW NORM CALCULATIONS

i OXYDE P PM R - I c PC

slo2 «6702 60.0848 ~ 011154 11.1542 61.1642

AL203 J1660 101.9612  .001628 3.2561 17 .8550

FE203 +0150 159.6922 .000094 .. .1879 1.0301 N
“FEQ - "~ +0250 "~ 71,8484 ~ .000348 - - +3480 - 1+9080- - . L.
MGO 0166 40.3114 .000412 4118  2.258)

CAO - +0384 S6.0794. 000685 6847 3.7548

NA20 .0603 61.9790  .000973 1.9458 10.6699

K20 . ..0086 ' 94.2034  .000091 . .1826 1.0012 .

TIOZ - .0050 ~ 79.8988*  .000063 . - «0626 .3432

'P205 - 0.0000 141.9446 0.000000  0.0000 '0.0000

MNO .0002 70.9374 .000003 .0028 0155

co2 0.0000 44.0099 0.000000 0.0000 - 0.0000

H20+  0.000Q 17.007 ... 0.0000 0.0000
" 'H20- +0.0000 17.007 " 0.0000 0.0000

N-—QOU@T~OUEWN-—

TOTAL 1.0053

o
v

]




.

Specimen. B-27-4B

\

*oUARTz L g » 17.51
ORTHOSE : s -5.08
PLAGIOCLASE - =~ = 66.71

(ANORTHITE = 15.69)
. (ALBITE = S1.02)
NEPHELINE = -0.00 o
-LEUCITE , = '0.00 g
KALIOPHILLITE ‘= 0.00 ..

ACMITE = 0.00
METASILICATE DE NA 0.00
METASILICATE DE X 0.0
COR I NDON : 0 .00
WOLLASTONITE 0.0
DIOPSIDE SS . = 2.74

(DIOPSIDE = 1.78)
(HEDENBERGITE +96)
: HYPERSTHENE = 5.36

o (ENSTATITE = 3.31

(FERROSILITE = 2.0S)
OLIVINE = 0.00

- (FORSTERITE= 0.00)

(FAYALITE a 0.00)
ORTHOSILICATE DE CA = 0.00
" MAGNETITE o s 2417
 HEMATITE = .0.00

ILMENITE | .95
SPHENE '0.00.

" PEROWSKITE 0.00
RUTILE 0.00
CHROMITE -~ 0.00
APATITE 0.00
FLUORINE 0.00
PYRITE 0.00
CARBONATE DE NA 0.00

CALCITE . . 0.00
THENARDITE ; a'. 0.00
HALITE - . . = "0.00
ZIRCON - = . w000
H2o+ = : 0.00
H20- 0.00

TOTAL o = |00-530|81




, 1.S102° =7 46.40
2 AL203 = 7 :3.98
3 FE203 = T 3.40
4 FEO s 7 S.90
S MGO = ? 33.00
6 CAO = 7 5.55
7 NA20 = 7 0.07
8 X20 = ? 0.82.
9 T102 = 7 0.05 S
10 P20S = 7 0.00 o
1t MNO "= ? 0.13
2 C02° = 7 0.00

CIPW NORM CALCULATIONS

| OXYDE P - PM
1 S102 4640 60.0848
2 AL203 .0398 101.9612
3 FE203 - +0340 159.6922
' P EQ— ~w10590f‘.7|.3454‘
S MGO . 3300 40.3114 -
6 . CAO +0555 "  56.0794
7T NA20 0007 61.9790
8 K20 .0082 94.2034
9 TI102° .000% 79.8988
10 P205 0.0000 141.9446
1L MNO “0013 70.9374
12 CcO02 © 0.0000 44.0099
"H20+  0.0000 17.007
\ H20~ 0.0000 17.007
TOTAL -

+9930

* PERCENT OF THE OXIDES

Speocimen: -

.007722

«000390%

.000213

-.000821 . .

.008186
.000990
000011
.000087
.000006

0.000000
.000018

0.000000 .

c

M-25-14

7.7224

7807
4258

. .8212..

8.1863
«9897
0226
1741
0063

0.0000

.0183
0.0000

0.0000

00000

PC
40.3316

4.0713

22239
_..4.2887 "

42 .7542

5.1687
«1180
+9092 .
«0327

0.0000

~ +09S7 -

0. 0000‘

0.0000
0 0000




X ‘
OUARTL’ _ } o f ‘= 0.00 : Specimen: M-25-14
onruosz ‘ : =  4.85 S R
* PLAGIOCLASE »= B8.72
- CANORTHITE = 8.12) '
(ALBITE = ..59) '
'NEPHELINE = 0.00 _
" LEUCITE - ‘ % 0.00
KALIOPHILLITE = 0.00
ACMITE o a  0.00
METASILICATE DE NA 0.00
METASILICATE DE K 0.00
CORINDON C " 0.00.
WOLLASTONITE 0.00
DIOPSIDE SS 15.26
" (DIOPSIDE = 14.04)
(HEDENBERGITE = 1.22)
HYPERSTHENE = 22455
-+ ¢ENSTATITE = 20.50
(FERROSILITE = 2.04)
OL[VINE. a2 42.90

(FORSTERITE=. 38.66)
(FAYALITE g 4.24)
ORTHOSILICATE DE CA = 0.00
MAGNETITE .2 4.93
TUREMATITE ™ "7 =" 0.00
ILMENITE . = .09

0.00
0.00
0.00
0.00
.0.00
.0.00.

"SPHENE
PEROWSKITE
RUTILE
CHROMITE
APATITE
FLUORINE
PYRITE = | 0.00"
CARBONATE DE NA 0,00
CALCITE a 0.00
THENARDITE - 0,00 °
HALITE 0.00
Z IRCON 0.00
‘H20+ £0.00
H20- 0.00

LE L e

99, aotsoz




'WEIGHT PERCENT OF THE OXIDES

. 8102

2,AL203

.

N=QOOVvD20UNdW

FE203
FEO
MGO
CAO
NA20
X20
T102
P205
. MNO
co2

‘m? 43.568

]

13.7
4.7
9.3
7.26
17.9
2.19
0.26
1.104
0.00 .
0.018
0.00

Do e o N ey ) s W N )

3

 Specimen:

CIPW NORM CALCULATIONS

V@ ~NCUDBWN —

OXYDE
. S1o2
AL203

“FE20%

FEO
MGOo
CAO
NA20
K20
T102
P205
MNO
co2
"H20+
H20-

‘TOTAL

p’
«4357,

« 1370
. 0470
.0930.
«0726 .

-+ 1790
.0219
0026
0110
0.0000

« 0002

0.0000

0.0000
' 0.0000

| «0000

N

PM
60.0848
101.9612

“159.6922 -

71.8484
40.3114
56 .0794
61.9790
94.2034

. '79.8988

‘141 .9446
70.9374
44,0099
17.007

17.0017

o
« 007251
«001344

.000294--

.001294
.001801
003192

.000353 .

.000028
.000138
0.000000
+000003

0.000000

c
T.2511
26873

SO Y- ¥ S

12944
1..8010
3.1919
«T067
-1382
0.0000
.002S"
0.0000
0.0000
'0.0000

PC.
40.9275
15.1680

“mwg,aggq,mww'

T.3060
101653
18.0162

3.9888

« 3116
<7199

0.0000

0143

0.0000 .

0.0000 .

.




CIPW MINERAL CONTENT IN VOLUME

‘

OUARTZ B .= 0.00"
'ORTHOSE - = 0.00
PLAGIOCLASE = 26.78
" (ANORTHITE = 26.78)
-~ (ALBITE %. 0.00)
NEPHELINE = 10.04 o
LEUCITE = 1.20
'KALIOPHILLITE ‘= 0.00
ACMITE = 0.00
METASILICATE DE NA" = 0.00
METASILICATE DE K = 0.00
CORINDON ‘= 0.00
WOLLASTONITE = 0.00

'

‘DIOPSIDE SS = 46475

(DIOPSIDE = 30.16)
(HEDENBERGITE = 16.59)
HYPERSTHENE = 0.00
" " (ENSTATITE = 0.00
 _(FERROSILITE 0.00)
OLIVINE 3 4.87
‘(FORSTERITE= 2.87)
(FAYALITE = 2.00)
" ORTHOSILICATE DE CA =  1+45
" MAGNETITE .- 3 6.81
HEMAT I TE ' 0.00
ILMENITE 2.10
SPHENE 0.00
PEROWSKITE 0.00
RUTILE 0.00
CHROMITE " 0.00
APATITE 0.00
FLUORINE
PYRITE 0.00
CARBONATE DE NA 0.00
CALCITE . . 0.00 ..
" THENARDITE:
HALITE,
ZIRCON
H20+
H20-

0.00
0.00

0.00

0.00

. 0.00
0.00

PERCENT

Specimen:’

TOTAL - “F 99 999972

M-28-9




PERCENT OF THE OXIDES
=7 46.85 -
2 ? 16.60 Specimen:
5.20 .
9.20

6.10

10.40

4.35

0.51

0.63

0.00

0.16

0.00

\

B0 W8 dgE AR B

N e N -

N—COV@~OCUDWN,—

3

CIPW NORM CALCULATIONS

OXYDE P PM ‘ 1 - PC

I slo2 .4685 ° 60.0848  .007797  1.7973  43.3997
2 AL203 <1660 101.9612  .001628  3.256]| 18.1236
'3 FE203 . .0520 159.6922  .000326 . «6513  3.6249
“4FEO " 0920 -~ 71.8484 ~ .001280 - }+2805 - T«1271-
MGO 0610 40.3114  .001513 - 1.S132 8.422S
CAO «1040 56.0794  .001855 1'e8545 10.3222
NA20 - .0435  61.9790  .000702 1 44037 7.8130
K20 .0051 94.2034  .000054 1083 .6027
T102 .0063 79.8988  .000079 .0788 +4389"
P20S  0.0000 - 14]1.9446 0.000000 0.0000 - .0.0000
MNO ~  .0016  70.9374  .000023 = .0226 .« 1255
coz2 0.0000 44.0099 0.000000  0.0000  0.0000
H2o+ . 0.0000 17.007 4. . 0.0000 ' 0.0000

H20- = 0.0000 17.007 , : o.od?o ~ 0.0000

L

~TOTAL  1.0000 B T ¥




QUARTZ : '-- "0.00 . _.Specimen: M-30-3
ORTHOSE ' = 3.0 '
PLAGIOCLASE = 45.83

‘CANORTHITE s 24.26)
. C(ALBITE = 21.57)
'NEPHELINE .=  -8.26 ‘
LEUCITE .. : = 0.00
, KALIOPHlLLITE = 0.00
ACMITE & 0.00
METASILICATE DE NA 0.00
METASILICATE DE X 0.00
COR1NDON ' 0.00
WOLLASTONITE .= 0.00
‘DIOPSIDE SS .. = 22.43
(DIOPSIDE = 13.35)
. (HEDENBERGITE = 9.08)
HYPERSTHENE : ‘ = 0.00
. .« (ENSTATITE = 0.00
(FERROSILITE = 0.00)
OLIVINE: - = 11.74
(FORSTERITE= ""6.31)
(FAYALITE s '5.43) .
ORTHOSILICATE DE CA = 0.00
- MAGNETITE ' = 7.54
i HEMATITE: ... . = 0.00
ILMENITE. 1.20
- SPHENE ' 0.00

* PEROWSKITE 0.00
RUTILE 0.00
.CHROMITE 0.00
APATITE 0.00
FLUORINE 0.00°
PYRITE 0.00
CARBONATE DE NA 0.00

CALCITE T _ 0.00 -

THENARDITE | ‘ 0.00
HALITE 0.00
Z IRCON 0.00
“H20+ 0.00
K20~ 0.00

# 04 n B U gy ¥

- S EE MR R GRS

TOTAL = 100.001794
























































































