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INTRODUCTION 

The Problem of'Greenstone Belts  

`-- 	 Each continent has regions of very old 

T"T -;,Precam4rian rock-exposures which form its shield areas. Parts 
3 

.of these shield areas consist of greenstone belts which are 

tightly folded synformal structures containing sequences of 

metavolcanic and metasedimentary rocks and intrusive plutonic 

rocks of diverse composition. Greenstone belts are of con-

siderable geologic interest. Apart from their proven economic' 

potential (Sharpe, 1965), these formations are among the oldest 

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

others, 1969, p.2177). 

At the present time not enough is known about 

the various greenstone belts collectively to construct a 

generally acceptable model for their development (Pettijohn, 

1970, p.243) . Studies involving- all aspects of-geolog_ic.. _ 

investigation are needed to obtain a more factual appreciation 

of their development and indirectly, as presently available 

data suggests, a bettor understanding- of crustal tectonic 

history and continental origins (Goodwin, 1970, p.30; 

+Pettijohn, 1970, p.2431 Gill, 1966, p.15) . 

The writerks objective ih this report is to 

present the results of field and laboratory studies of rocks 

• of the Sakami.. Lake greenstone belt of northwestern Quebec 

and correlate these results with some known aspects of 

greenstone belts in other parts of the Superior Province. 



to a hundred miles in width and some are several hundred miles 

long (Pettijohn, 1937; Goodwin, 1968). 

Synthesis of data from various studies indicates 

that greenstone belts have several features in commons 

(1) Greenstone belts probably developed on a sialic.crust.. 

(2) Greenstone belts formed on a relatively thin, flexible 

crust although they are presently situated on the thicker, 

more stable parts of the continental masses: (3) `,Greenstone" 

2 

!t is_ ,hoped ..that the results of this study, and others, will 

ultimately lead to an understanding of these portions of the 

ancient_continental crust. 
ti 

The Archean of the Canadian Shield 

The various Precambrian formations of the 

Canadian Shield have been divided into two main groups: those 

formed during the Early Precambrian, or Archean, _Eon and those 

formed during the younger Proterozoic Eon (Stockwell, 1968, 

p.696). The Superior Wyoming and Slave structural provinces 

of the Canadian Shield (Engel and Engel, 1970, p.297; Stockwell, 

1968;p.695) consist predominantly of the major exposure areas 

of Early Precambrian in North America. The rocks concerned 

were severely affected most recently by the Kenoran Orogeny 

which occurred about 2.5 billion years ago (Engel and Engel, 

1970,.p.297). 	The Superior Province is characterized by east- 

west trending belts which consist of gneissic and massive 

granitic rocks separated by belts of greenstone. These 

granitic and greenstone belts generally range from a few miles 



tend to exhibit a strong regional 

The Significance of Granite in the 

Field evidence, experimentaland theoretical 

considerations, and conclusions drawn from lunar studies 

(Wetherill, 1972) coincide to indicate that the earth's crust 

was predominantly granitic.during at least a major part of 

its early development, ihcluding the period of time in which 

greenstone.  belts were forming. The presence of numerous 

granitic plutons in and near greenstone belts may be explained 

The results of lunar studies done in association 

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 

would tend to be impermanent (Anhaeusser and others 1969; 

Martin 1969; Wetherill, 1972). However,, by about 3.5 billion 

years ago radioactive decay (K4°  and U235) would have 

diminished considerably and the- resulting lower temperatures 

at the earth's surface would allow a thin sialic crust to 

develop, the base of which would be at a depth of about 

thirty kilometers (Wetherill, 1972, p.18). This concept of 

development conforms with earlier theoretical considerations 

suggesting that an initial graniticcrust existed (Rittmann, 

Studies conducted by Patterson and Tatsumoto 

g concentrations of potassium, uranium, thorium 



andlea& from- pôtassium feldspars indicate that tile earth 

experienced.aperiod of relatively high migration of 'these 

elements from the interior to the crust about 3.0 - 3.5 

billion years, ago or about `a billion years after the earth's 

formation. This phenomenon is considered to be associated 

with the development, through differentiation and migration, -

of huge volumes of granite in the earth's crustal areas 

during and immediately 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 

degassing of the earth has been going on up to the present 

AEng_e.l,_1.970 E_.p.  440.) 

It appears, therefore, that the various 

greenstone belts could have developed on a relatively thin 

sialic crust before the'final assembling and consolidation 

of the great thicknesses of granite which now characterize 

the .Early Precambrian, shield areas. 

Tho suggestion of the existence of a pre-

volcanic or pre-Keewatin granitic crust is substantiated by 

sulphur isotope studies on granitic material from Dome Stock 

in the Red Lake greenstone belt of western Ontario which 

indicate that the sulphur hag been fractionated and enriched. 

in the sulphur isotope S34. T is enrichment, according to 

• 



the authors (Gross and Ferguson, 1965, p.945), indicates 

that-the granitic material was, at some previous time, 

exposed at the earth's surface. 

Radiometric age determinations from zircon 

crystals taken from, Archean gneisses in southwestern 

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

1963; Goldich and others, 1970). This result indicates that 

these rocks formed before the Kenoran Orogeny occurred 2.5 

billion years ago and conforms with radiometric age dates 

from other continents which indicate the existence of rocks 

up to about 3.5 billion years old in several shield areas 

of the world (Wetherill,. 1972, p.8; Salop, 1972, p.254). 

Several geologists have presented theoretical, 

experimental, and field evidence indicating that pre-existing 

granitic crustal-.rocks could be intruded into younger, 	over-

lying volcanic and sedimentary rock sequences under certain 

circumstances. The emplacement of basic volcanic material . 

on less dense granitic rock would create an unstable situation 

in which the granitic rock would tend to be displaced upwards 

by the force of gravity (Anhauesser and others, 1969; Thompson 

ànd others, 1968). Experimental work on models in a centrifuge. 

conducted by Ramberg (1957) tends to "substantiate this concept. 

Various greenstone belts in the Archean are 

characterized by numerous granitic intrusive bodies which tend 
r...  

to show features compatible with this concept. These bodies 

show (Pettijohn, 1970, p.243): (1) regionally conformable ' ` 



p,439). 

In addition, Engel (1966, p.439) suggests that 

the telescoped-nature of the metamorphic aureoles where 

boundaries with local cross-cutting or injection features; 

cataclastic features, often distinguishable along the 

border areas.; (3) greenstone dipping away from the contact 

areas and suggesting the upward movement of the granitic 

material; (4) anticlinal regional structure and clustered 

occurrence; (5) low grade metamorphic effects confined to 

the greenschist facies. 

Some Similariti.es 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 (Engel, 1970, p.437). This system is very similar 

'to the succession found in parts of the Phillipine Islands. 

The lower part of the Swaziland System (the Onverwacht Series) 

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 

ranging from about twelve to fifteen kilometers, there is a 

distinct suggestion that the old greenstone belts of North 

America and other areas developed in crustal material much 

thinner. than .that• in which they presently exist (Engel, 1970, • 
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granites'`are in contact with greenstone, the bimodal nature 

of the mineral facies, and the absence of blueschists are 

indicative of a thin-crust, low pressure environment. 

Investigations by Jakes and White (1972) of 

the chemical composition of volcanic rocks in island arc areas 

show a distinct trend in K20 content in relation to position 

in the sequence and also in relation to depth to the Benioff 

zone. Oceanic tholeiitic basalt tends to be .the first 

manifestation of island arc evolution (Baker, 1968). However, 

the=-K20 content tends to increase with successively higher 

levels. This, variation was also 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 K,0 content of the, volcanic • ocksre1tive to the 

SiO2 content increases across an island arc toward the con- 

tinental side, and is expressed by a progressive change from 

tholeiitic basalt, through rocks of the calc-alkaline series, 

to shoshonite on the continental side of the arc structure. 

Research conducted by Wilson and others (1965) 

involving analysis of 261 samples from ten greenstone belts 

in the southern part of the Superior Province indicates that . 

the metavolcanic rocks all belong to the basalt-andesite 

rhyolite (or calc-alkaline) suite (Barth, 1962, p.170) which 

is considered to be typical of continental and island arc 

orogenic regions. The authors conclude that there must have 



been a continental nucleus in existence during Archean time •  

Although the analyses of Wilson and others 

olcanics of the cale
-alkaline suite over a wide 

(1965) show v... 

of 	reernst
one-belt structures in the Superior Province 

Ce 

area 	g 	 show the presence ~d _ 	(1968) 
the more detailed studies 

of Baragar
reenstone 

of oceanic tholeiitic metabasalts in the 
Abitibi g 	

similar 

belt. Baragar.
also states that his analyses are very 

s from the Yellowknife area in the Slave Province. 
to analyse 	 erior Province 
These variations in analysis suggest that the Sup 

greenstone belts may yield a wider variety of data as more 
ions. 

detailed stuides are undertaken In various regs. 

Pro•ressive Chan es in Rock-T 
.e Pro e ties 

The exact nature of the earlier crustal rocks is 
eo ogical 

uestion. Comparison of g ~ 
still very much an open q 

provinces 
es. of North America shows a gradual but distinct change 

in rock typ
es with time. Sedimentary rock zones of the 

rank 

Superior Province contain 
about 70 percent o

f high  

and are relatively poor in the more mature sedi
- 

mentary rocks (carbonates and quartzites) whereas p g 

incas 
show a much higher relative content pf 

younger prou 	 and carbonate 
rocks such as sandstone, quartzite, 

sedimentary  
p.300). Engel and Engel- (1970) 

(Engel and Engel, 1970, 
 

rocks 	ra acke 
state that it is Impossible for the metabasalt

-g Yw 

suites 
of the Superior-Wyoming Province to have formed on a 

well defined continent of the present day type. 



Some Aspects of Archean Stratigraphic Studies  

The construction of a stratigraphic column for 

the Archean of the Canadian Shield has been continuing since 

the last century. Although stratigraphic successions have 

'been described for local areas using local names, the question 

of major divisions within the Archean is still an unsettled 

question. 

In the early part of this century Archean or 

Early Precambrian volcanic rocks were considered to be 

extrusives onto a pre-existing granitic crust (the Laurentian 

granites). Lawson's work (Lawson, 1913) in the Rainy Lake 

region of western Ontario indicated that the basement or 

Laurentian granites were actually intrusive into the volcanics. 

In addition, Lawson found that the volcanics conformably 

overlay micaceous schists and gneisses of sedimentary origin. 

Lawson compiled a stratigraphic chart for the 

Archean in western Ontario which showed five major rock types 

(Lawson, 1913) which 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 (5) the Algoman Granites. 

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

Algoman Granites was used in referring to those granites which 

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

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

referred to would be equivalent to what is now called the 



Subsequent studies by numerous geologists 

showed a striking lithological unity in the various green-

stone belts across the Canadian Shield and a tendency 

developed to place formations into simple groups (King, 1951, 

p.8). Volcanic. zones were called Keewatin type volcanic 

rocks and sedimentary rocks above volcanic rocks were called 

Timiskaming or Knife Lake type. Granites intruding volcanics 

were called Laurentian type. and granites intruding higher 

sediments were called Algoman type. A major unconformity 

was thought to have developed after the emplacement, of the 

Laurantian granites an,d was referred to as the epi-Laurentian 

interval (King, 1951, p.8). Stratigraphic succession charts 

for the Precambrian in North America were based on rock 

properties and show divisions within the Archean (King, 1951, 

p.7). 

The application of radiometric methods of age 

determination and the realization that the Archean, and 

Precambrian as a whole, were much longer eons than previously 

thought gradually led to much revision of correlation techniques 

in. Precambrian rocks (James, 1960;. Pettijohn, 1970). Some 

geqaçgists could not uphold the distinction made between 

Laurentian and Algoman granites (Bass, 1961; Thompson, 1936 

Stockwell, 1968). The Archean came to be regarded as a single 

volcanic-sediMentological rock group on the assumption' that 

the Laurentian and Algoman granites were essentially the. same;,; 

--- - 	or—couldanot_.be_distinguished and that the conglomerates 



:associated with the Timiskaming group were only of local 
• 

significancc_and.did not represent a widespread erosional 

However, some investigators continued to dis-

tinguish . aLaurentian 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 . abou~ the indivisibility of the 

Archean. Apparently, great thicknesses of conglomerate and 

associated 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 that" 

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 

the knowledge of early crustal development indicates that more 

studies are necessary for the realization of Pettijohn's 

concept of an acceptable model for greenstone-belt development 

and, consequently, enhancement of our knowledge concerning 

early crustal development. Although contributions have been 



Stich areas as lunar studies it is apparent that more 

-investigations-are required-in the areas of stratigraphy,. 

petrology of the volcanic rocks, and the provenance 



.REGIONAL RELATIONS 

The southern part of the Superior Province 

has been the subject of numerous studies beginning in the 

last cdntury and parts of some belts have been studied in 

'considerable detail. However, the northern part of the 

Superior Province, in northern arid northwestern Quebec; 

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 

.Sakami Lake regions (Shaw,. 1942)1' 

Accessibility and Location  

The region concerned in this research is 

part of the Superior Province in the Precambrian Shield, 

in west-central Quebec east'of'James Bây (Figure 1). 

Accessibility to the region is most easily achieved•by 
e,  

float plane . from Fort George, or from Matagami which is 

located about 610 kilometers (380 miles) south of Sakami 

Lake. Matagami is accessible by highway from the Montreal 

region and both Matagami and Fort George are serviced 

regularly bÿ commercial airline from Montreal. A highway.. 

from Matagami to Fort•-George is maunder construction and.wilk 

pass a few kilometer to the west of, the mapped area: . 

however, • the road. 'is not expected to be Open-  to, the publia., 
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Figure Location and Regional Geology of the 

Sakami Lake;; Area. 
(Archean and Proterozoic according to 

'LEGEND 
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1:- 

Aadock, 1934) 1".1•:"';', ';,.." - 
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. f7 • s 
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• 
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411••••=..  
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y, 

; 
Granite to granodlorite, massive to poorly foliited; 
includes minor granite gneiss 

Granite gneiss, pprphyriti.c in part; varies to banded 
gneiss and paragneiss; includes minor amounts of 2 and 6 • 

Trend lines (from air photographs) 	  

Fault (approximate. assumed)' 	  ee.ev AAA, A 1 AI AP . 

Anticlihe (trace 'of crest plane) 	  ••.--- 

Syncline (trace of trough plane) 	  

Mineral occurrence 	 X Cu 
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3 
Gneiss and schist derived primarily from sedimentary 
material, interlayered with white to grey granite and 
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• SYMBOLS FORIAETALS OR MINERALS 

Copper (stain)  	T Cat 
Iron ox4de (rusty zones) 	 Fe 
Ma gneiite 	sands  	!nag 

Pyrite    PY. 
•Ciarti.magnetite iron-formable& 	if 

2 Trading post 	  
Gneiss and schist derived from sedimentary (S) and 
volcanic (V) rocks, commonly with minor granitic' 
material; in part derived from I 

• 
1 	• 

• 
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This part of the Superior Province has been 

glaciated and exhibits many of the features considered typical 

of continental glaciation (Cotton, 1958, p.242, 338-347; 

von Bandat. 1962, p.306-312). Drainage in the region is w9dt-

ward to Hudson:and James .Bay and taie major rivers, including 

the Fort George and the Eastmain, appear to be part of the 

'superposed system to which all of the major streams in 

streams flowing into some of the lakes appear to be controlled 

Early publications of the last. century 

(Low, 1889, 1900a, 1900b; Leith, 1910) are mainly concerned 

with regional surveys along the east coasts of Hudson Bay 

and James Bay with relatively more attention--given -to--a--f-ew--

areas such as the Nastapoka Islands in southeast Hudson Bay 

Regional reconnaissance surveys were done over 

a large area (about 140,000 square miles or '360,00.0 square 

kilometers) of central and western New Quebec during the late 

1950's (Eade, 1966, 1971). •The coordinates of the surveyed 

area are: longitude 68°00'•- 80°00' W., latitude 52°00' 

56°00' N,. As a result of this survey, which includes the 

Sakami Lake region,-a large part of the shield area was 

°divided into fifteen major rock groups. Nine of these gr 



were considered to be Early Precambrian or Archean (Eade, 

1966_,'. p.10-11)_........Four_ .of._the _ bedrock groups were delineated 

in the Sakami Lake - area. 

The areas of the various rock groups are, 

indicated'on map 1155A which accompanies Eade's report• 

(Eade, 1966) and are also shown on map 23 - 1957. 	This 

preliminary map with notes on part of this region,. concerns 

the area with coordinates of longitude 74°30' - 80°00' W., 

and latitude 52°50' - 56°00' N. (Eade and others, 1957). 

Ead .considered the' several greenstone zones in the reg'Sn-- 4  

part of the Superior Proven 

in a younger granitic`térrain 

(Eade, 1966, p.17). •The major 

Ln the legend accompanying Figure 1. 

Contacts between the major rock groups 

to be the oldest rocks in this 

described them as remnants 

However, 

the various exposures of the Proterozoic Sakami Formation, 

which consists of quartzitic sandstone, are 'considered to be 

bound by fault planes.and owe their preservation to down 

Folds thrôugh the region are generally broad, 

and open. with minor folds superimposed on the major structures. 

The 'axial trends of major folds are generally about 090°: 

ranging.. to about 045°  (Figure 1). 



,...'patterns and the distribution of massive granite (Unit 7, 

Figure 1) and foliated granitic rocks (Unit 5, Figure 1) 

Massive granite tends to be concentrated in anticlinal 

structures' •and more foliated rocks tend to be concentrated 

in synclinal structures (Eade, 1966, p.65).. 

In some parts of the western region of Eade's 

survey the contact of massive and foliated rocks follows a 

sinuous coursé coinciding with the noses of plunging; major 

folds (Eade, .1966, p.67). 

Faulting  

Faulting among the metasedimentary and 

metavolcanic rock units is indicated by slickinsiding and 

fault gouge or breccia in many,.areas. .A major fault zone , 

of regional extent appears to occupy a topographic low,whfch-

extends through the. Lake Duncan area striking about 070°. 

The zone is 20 to 25,kilometers wide and consists of a series 

of short enechelon faults with some east-west trending cross— 

faults (Eade, 1966, p.68). 

Many of the lakes in the mapped area, such as . 

Lake Cataseau and Long Lake, are in basins controlled by 

bedrock structure. Investigation of topographic maps (Sakami 

• Lake map 'sheet 33-F) and, satellite photographs indicate that 

'many of these structurally controlled lakes and rivers are 

parts of larger networks of fault and/or joint systems which 

extend over thousands of square miles. •At least four 



atterns -are 'Apparent, which, with slight variations trend 

0100, 0500,  .1000  and _130°. 

Metamorphism 

ar; 
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r Two distinct gradesof.regional metamorphism 

are observed in'this part of the Superior Province (Eade, 1966, 

p.62). The western two-thirds of the area, which includes the 

Sakami Lake region, is predominantly in the amphibolite facies. 

The eastern third of the region contains large areas which are 

considered to be in the granulite facies. 

Radiometric Age Determinations. 

. Radiometric age determinations have been made. 

on biotite and muscovite from parts of the reconnaissance 

survey region (Eade, 1966, p.61). The analyses were made by 

the Geological Survey of Canada Laboratories in Ottawa. 

The average age obtained for the oldest rocks in the region 

is about 2.3 billion to 2.5 billion years with a suggested 

error of about +125 million years -(Lowden, 1960, p.2, as 

quoted by Eade, 1966, p.62). EadO (1966, p.2) suggested 

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

He assumed, therefore, that the rocks affected are Early 

Precambrian•, or.Archean. None of the locations listed in 

t14e table of results (Eade 1966, p.61) are 'in the immediate a 

map area concerned in this report. 

Chemical Analysis  

Chemical analyses were done on spécimens 

collected by Eade. În compiltng,the results :the . New Quebec 

region was divided into unit areas and the Sakami Lake region 



n unit area number 14. Results for each of the 

various;..rock-•groups-•have -been -tabulated (Fade acid Fahrig, - 1971; .. 

p.34) and the average chemical composition for theUnit areas 

.anà'° .for.the Archean of New Quebec as 

The average chemical composition of unit area 

number' 14, which includes the iSakamiLake' region, is based on 

gpécimens.from rock groups 1, 5, 6, 7, 9 and 10. Table 1 

lists the average composition for unit area number 14 and 

for the Archean of New Quebec. 

' ' 	OXIDE 
AVERAGE 
UNIT AREA 14 

AVERAGE ARCHMN 
OF NEW QUEBEC 

Si02  65.8  64.9 

AL203
.  

 	,. 
15.7 16.2 

Fe203  1.1 1.5 

Fe0 2.8 3.0 

MgO 2.5 	. 2.3 

Ca0 3.0 3.3 	. 

Na20 4.3 4.1 

K20 2:7 2.8 

TiO2 0.42 	, 0.49 

P205 0.16. 0.16 

Mn0 0.08, 0.08 
, 

CO2 0.30 ' 0.20 
, 	

H20 ( ) . 	1.0 0.80 

(FROM: 

+ 
Eade and Fahrig 1971, 	P.41) 
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REGIONAL 'GEOMORPHOLOGY, STRUCTURE, 
AND PETROLOGY OF THE SAKAMI LAKE AREA 

The mapped area consists of approximately 1826 

square kilometers (705 square miles) in the Sakami Lake region 

of north western Quebec (Longitude: 76°45' W., Latitude: 

53°20' N.) which is about,137 kilometers.($5 miles)'east of 

Fort George., on the east coast of James Bay (Figure 1). 

Surficial Geology 

The Sakami Lake area is part of the regional 

slope down to sea level at James Bay from the Kaniapiscau 

Highland area about 645 kilometers (400 miles) to the east 

at the headwaters of the Fort George and Kaniapiscau Rivers. 

The mapped area is drained by'the Sakami-Fort George River 

system (Figure 1). 

Maximum relief in the area is about 153 meters 

(500 feet) 	The- higher elevations -are- about-260 275-meters--. 

(850 feet'- 900 feet) above sea level and are located in the 

hill regions along the. east side, of'Sakami Lake. The'lower 

elevations are about 122 - 137 meters (400 feet - 500 feet) 

above sea level and are located in the Long Lake and Alder 

Lake areas in the northwest part of the mapped area. 

Features of glaciation in the area include 

undeveloped drainage, numerous swamps and lakes, ground -

moraine, sand. and'gravel ridges, glacial straie and grooving 

of.bedrock. Many of the lakes are bound by morainal deposits. 

Some till deposits are irregular: others however,-are 

elongate, having a consistent north-northwest strike, and 

• 

~ 



are fairly evenly spaced thereby resembling. the washboard 

•-- moraines characteristic of the Chapais area to the south.. 

Glacial straie were ,observed ih several locations and 

indicate a general southwest direction of ice movement. 

This direction of ice' movement is also suggested 'by the 

general northeasterly elongation of eskers which, in some 

areas, intersect the washboard moraines at about 90°  thereby 

forming a rough square-like pattern of ridges. 

Bedrock Exposure 

Bedrock exposures in this -region are pre-

dominantly isolated hills and low rises, but there are some 

large exposures which are more than about two hundred meters 

across. Exposures are separated by swamps or wooded areas 

and exposed rock surfaces are generally weathered to some 

extent. . In some places the weathered surface„enhances, 

observation of rock texture and strüctürë, büt other -exposed 

surfaces are covered by a dense mat of lichin 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 show rock texture and. 

structure which could not be found otherwise. 

As a result of the isolated pattern of outcrops, 

contacts between major rock groups are generally -unexposed and 

could only be inferred after the plotting of _field data. 

Foliation and layering are usually ,parallel within the major. 

rock groups, and boundaries between rock groups tend ,to be« 



Fracture Patterns  

the section 

- Several of the linear patterns discussed in 

on faulting appear to have formed at least three 

within the mapped area. 

more of the 'linear patterns. The zones. 

(1). the area. between Long Lake, Lake 

Dacey and•Hook Lake which .involves the intersection of 

possible fracture zones striking at about 110° - 120° 
 and 

045° - 060°;  
(2) the west end of Lake Cataseau'appears to 

be an.areâ of intersection of two fracture zones striking 

at 120°  and 060°
; (3) the central region of Sakami Lake 

zone of intersection of lineaments striking 

020°  and 050°. The lineament striking at 

above, passes through and is parallel 

the lineament striking at about 120°  

the zone which passes through Lake 

Interrelationships of the linear 

Sakami Lake region suggests that both 

Two main rock groups were delineated in the 

mapped region by Shaw (1942) . These groups were:_ . (1) pre-, 

granites which included the Metasediméntary and Metavolcanic 

rocks; and (2) undifferentiated granites. Detailed strati 

zones, of intersection 

zones involves two or 

of intersection are: 

seems to be a 

at about 135°  

060°  mentioned in (2) 

to Lake Cataseau and. 

is a continuation of 

Dacey and Long Lake. 

s through the pattern 

right and left lateral apparent movement has occurred. 

- petrology and Structure , 

ti 



Four of the rock groups delineated by Eade 

(1966)-exist-in-the mapped ;-region (Figured  1).. However, none 

of the locations from which samples were taken for radio- 

..metric age determinations done in connection with Eade's-

regional survey are within the mapped area. 

the mapped area consists of steeply inclined metavolcanic , 

and metasedimentary rocks with associated granitic plutonic 

bodies, diabase dikes and metabasaltic.intrusives. 

Major Rock Units  

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 approximatély 090°  and 045°  

respectively, which converge towards the northeast. These 

bands, which constitute Unit (1), consist primlrily of inter-

layered metasedimentary and metavolcanic rocks and contain 

Unit (2) : ' granitic rocks• of severalvarieties 

onstitute Unit'(2), which separates the two belts mentioned 

in Unit (1) above. Minor zones of metasadimentary and 

metavolcanic rock and metabasaltic dike.rock'also occur in 

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

colored metasedimentary and darker metavolcanic rock which• 

is-  exposed n the area .immediately forth of the east-west , 



,,.,., 	 ~ 
grades northwafd into :a zone :consisting predominantly of 

'granitic rOck.-.--... 

Unit (4);: "consists of a complexly folded,'interlayéred 

sequence of fineto medium grained gneiss and granitic rock 

and composes the region southeast of the maped area. This 

sequence appears to %rade conformably into the north-easterly 

striking metavolcanic-metasedimentary rock unit mentioned in 

(1) above. 

Unit (5): 'the area directly north of Lake.Cataseau, in the 

north-central part of-the mapped area, consists of a dis-

tinctive hill region underlain by cross-bedded quartz arenite 

which, at'lower elevations, contains bands and lenses of 

partly brecciated reddish mudstone. This relatively 

undisturbed unit is part of the Proterozoic Sakami Formation 

which crops out at several locatio'ins in this part of the 

Superior Province, and constitutes• Unitd (5). 

Petrology  

The metavolcanic rocks comprising part bf. 

Unit (1) mentioned above are composed of three major 

varieties: (1)a: mafic to felsic extrusive flows and fine 

grained massive to foliated greenstone which has conformable 

and disconformable relationships with associated rocks; 

poorly sorted fragmental rock;.and (1)c: well 

foliated(rock which may be partly water-laid volcanic ash. 



a'contain pill ed avasi porphyritic,and amygdaloidal 

d..rock.which contains. what. may be compressed 

or sheared fragments; and-pinkish weathering felsic • flow 

rock which contains rounded fragments of - rhyolitic material 
f 

and rounded fragments of highly quartzitic, granular rock 

(Plate 1, 'Figure. 1) .  

Metavolcanic rocks of unit (1)b include: 

massive.greenish-gray'we4thering.rock which contains angular 

to rounded fragmen of various rock types including granite; 

banded fragmental rock in which the fragments appear to 

consist of the same material as the matrix; and medium to 

dark greenish-gray weathering rock which contains light olive 

green weathering, round fragments which may be highly altered 

fragments of mafic rock origin. 

The well foliated rock of possible volcanic 

ash•origin (unit (1)c) forms light grayish-pink weathering 

exposures. In some places the rock is well banded and 

extremely hard and tough. In other places the material is 

crenulated, relatively soft and apparently highly sheared. 

Metasedi.mentary rocks of Unit (1) are of several varieties 
C: 

which are mainly: (1)d: medium-gray weathering, banded, 

impure.  sandstone;r (1)e: light gray weathering, micaceous
l 

 

sandstones (1)f: very fine grained, banded, garnetiferYous, 

medium gray weathering rock; (1)g: garnetiferrous ban Qd 

quartz iron formation, which is usually highly crenulated and 

folded (Plate 1, Figure 2); and (1•)h: medium gray, line 



grained,.. laminated rock•which.contains clots and veins of 

•-i  reddishron-- - carbonate. -Thése~~ .rocks are discussed in more 

detail in subsequent sections of the report. 

The granitic rocks of Unit (2) consist of three 

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

foliated, biotite granites,-which are usually porphyritic, 
} 

contain conspicuous quartz, and are often gneissic (possibly 

due _ to a high degree of shearing or cataclasis); . (2)b: 

sheared, light to medium grayish-green quartz porphyry rock 

in association with contorted metabasaltic or greenstone 

dikes; (2)c: massive granite which has variable quartz 

content,-cross-cutting relationship with fine grained banded 

tuffs, (Plate 2, Figure 1), numerous dark inclusions of 

amphibole-rich material, and partly digested fragments of 

fine grained, medium to dark gray rock (Plate 2, Figure. 1). 

As mentioned earlier, Unit (3) consists of an 

interlayered, steeply inclined sequence in which felsic 

layers of foliated feldspathic metawacke are intercalated 

with darker greenish-gray weathering layers of mafic 

composition. 

In the eastern part of the area underlain by. 

Unit (4), the banded rocks consist of granitic.gneiss and 

also fine-grained, dark feldspar-biotite schists. The 

coarse-grained more massive granitic rocks have•both 

conformable and disconformable relationships with the 

foliated banded units. Some of the rocks are garnetiferrous-~ 



~ a 
andlcontainconspicuous well formed tourmaline.. The:western 

outcrops of'Unit.(4) çonsist predominantly of~~medium gray, : .. 	 . 	 _.. _......__ .. ~:~.,... ..~. 	. 	-- -- - . 	- 
slightly brownish metasandstone and metasiltstone which has 

.what appear to be pre-consolidation slump structures in 

several exposures (Plate 2,•Figure 2).' 

Unit (5), as.mentioned earlier, consists of, 

cross-bedded, reddish weathering, quartz arenite. The lower 

parts of the sequence contain units of zones or brecciated 

very fine-grained massive, reddish weathering mudstone. 

Also, observable in some zones are occasional thin lines 

of well rounded gravel and pebbles. 

In addition to the various rock types discussed 

above,.greenstone dikes and, to a lesser extent, granitic dikes
, 

are common features. in a large part of the mapped area. In 

some locations the greenstone dikes have been contorted or.. 

folded and"faulted (Plate 3, Figure 1), whereas in other 

places, they are massive with no indication of involvement 

in deformation. 
The various rock groups mentioned above will 

be discussed further in subsequent sections of the report. 



PETROLOGY. 

"Petrology discussed in this section concerns 

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 in the previous section 

which are essentially extrusive flows now consisting of fine,. 

massive, foliated, and porphyritic greenstone; amygdaloidal 

\,9,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 to 

_-- any- particular.-  part -of- the 'mapped area. Eowever- ,_ _they 

appear tô 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 Lake Cataseauf 

't e 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 môuthaf,the.Sâk'' ,. . 



e'Cataseau, massive to sheared porphyritic 

granitè'appears to be intruded by greenstone. At some 

'contacts the greenstone has distinct foliation adjacent 

the apparently more massive granite (Plate 3, Figure 1). 

Thé region bordering the west side of the 

zone of the metavolcanic-metasedimentary rocks at Sakami 

Lake contains an interbanded and interlensing sequence of 

granite and greenstone. Some of the greenstone contains 

phenocrysts of highly altered, light gray feldspar which 

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

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

centimeters in diameter. These phenocrysts are randomly 

distributed. in most cases., but in some exposures feldspar 

concentrations change abruptly suggesting some internal 

segregating process operating at the time of emplacement. 

Most 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. 

Considerable . epidote in the highly altered 

phenocrysts suggests that these features were primary 

plagioclase crystals with a high calcium content which would 

be expected in a mafic rock. ', 

The.greenstone units tend to parallel the 

regional foliation'and appear td be less numerous westward. 

from the main metavolcanic-metasedimentary rock band:_ Only 
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e - nar rower • .uni'ts appear` to have a high phenocryst content 

whereas:` occasionalphenocrysts are observable in the thicker 

bands ,to the -east. 

-Inclusions of greenstone were found in the 

associated granite in some places and foliation within the 

greenstone fragments has been crosscut by the surrounding 

granite. More continuous units of greenstone have also been 

intruded by granitic rock. A folded sequence of meta-

-sedimentary rocks, probably greenstone .tuffs, pillowed lavas, 

and massive intrusive greenstone occurs in the southwest 

part of the mapped area. 

Banded quartzitic iron formation and garnetifer-

rous-amphibolite schist constitute. the metasedimentary layers 

with conformable units of finely' banded greenish-gray rock 

which may be banded tuffs. Pillowed lavas occur in the 

vicinity which show upper surfaces facing north-northwest. 

Greenish-gray weathering metabasalt shows intrusive ,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 
r 

in the massive greenstone. 

The presence of a reddish garnet assumed to,be 

almandine, green amphibole, minor.amounts of sillimarii e, and • 

.•some white mica in the area suggests that metamorphism had 

reached the almandine-amphibolite facies, probably'the• 
~ 

~:E 



silliïnanite-almandine-musco'vite subfacies (Turner and ;   

Verhoôgen",` 1960, p.544). • - 

The apparent interbanded nature 6f the. green-

stone..and granite, the interpenetration of the two rocks in 

some places, and the cataclastic features observed in several 

exposures provides some information relative to emplacement; 

specifically the following are observed: 

(1) granitic units, as well as much of the greenstone, 

have elongate'' forms paralleling regional foliation; 

(2) some of the granitic rock, as indicated by features 

of cataclasis, was tectonically disturbed or possibly 

emplaced.while in the solid or semi-solid state; however, the 

penetration by granite into greenstone and the occurrence of 

greenstone fragments in granite indicates that the granite 

was fluid or highly mobile in some places; (3) • the 

occurrence of massive greenstone crosscutting folded folded 

metasedimentary layers (.Plate 1, Figure 2) indicates that. 

basaltic rock was emplaced in the région after the phase of 

tectonic activity represented by the folded units. 

The occurrence of basaltic intrusive rock 

into folded metasedimèntary rock suggests that sedimentatio; 

had occurred before basaltic intrusive activity in at least 

some parts of the region. In addition, the interlayered 

aspect of,granitic'rock and greenstone and the occurrence 

of what appear to be greenstone dikes in granite in nearby. r  

areas suggests that granite in some parts of the mapped 
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redates•metavolcanic rocks.. However, the presence 
ryE: 

of finely banded rock, probably tuffs,. conformable with the 

folded metasediments indicates earlier volcanism occurred and 
6 

contributed material to the:metasedimentary sequences. 

Greenstone;. ►tnygdaloidaÏ, Pillowed Lavas 

Amygdaloidal rock of basaltic to intermediate 

composition is exposed in the Sakami Lake. and Long Lake 

regions. Exposures' observed in the Sakami Lake area are 

dark greenish-gray weathering units with distinct ovoidal 

features observable. Some of these structures are empty 

and some are partly to completely filled with afeldspathic 

mineral.., These features, which suggest a. vesicular structure 

in the original rock, range from several millimeters to 

about two centimeters acrôss and have y a direction of elonga- 

tion highly inclined to the exposure surface.. 

Similar features characterize a light green 

weathering rock in the Long Lake region where weathered. 

surfaces show well defined ovoid quartz bodies. Thin-

section studies show numerous ovoidal,to irregular quartz 

filled amygdules randomly distributed through the rock. 

(Plate 4, Figure 1). The greenish color on weathered surface 

appears to be due to a. high epidote content in the matrix. 

Pillowed lavas are exposed at several 

locations within the mapped region; these include the Long:' 

Lake area, the central and northern regions of Sakami Lake, 

and the southwest part of the mapped area. Pillowed ' lavas 
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orm sevexal; outcrops •i .-the westward extension of the 
77  

reenstone belt, to the west of the mapped area in the 

region around Lake Duncan and north of the•lake; The 

pillowed structu es were useful as top indjcators in four 

of the regions  within the mapped area. Rinds are not well 

delineated at all of the outcrops, but where they are thick 

and distinctive, they are darker than the central parts of 

the pillow and consist of tough, slightly flakey rock which 

weathers more easily resulting in a slight hollow between 

the pillow structures.. Thin-section studies of some. of the 

pillow rock show that it is fined grained, highly altered. 

with considerable epidote content, and contains minor 

scattered, irregular amygdûlVs consisting of calcite and 

quartz. 

Greenstone; Fragmental, Banded Tuffs 

Banded greenstone in the Sakami Lake region 

is conformably associated with more felsic metavolcanic and-

metasedimentary rock including banded-quartzitic iron 

formation. The east-west trending, zone around Long Lake 	g: 

continues to the west of the mapped area and divides into.  

tw6 distinct belts, one trending northwest and the other. 

southwest toward Lake Duncan. These belt contain banded, 

fragmental greenstone as a major component. The metavolcanic 
• 

metasedimentary rock zone trending northeast in the SakamiH 

Lake regioz ,also contains banded fragmental greenstone'as 

a major component. 

:,{+, i,:}xn 
.1 . t_Yi4.l:r.»5 
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Several 'zones of greenstone are finely banded, 

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

--the rock--consists of light to dark greenish-gray crenulated 

.:bands. Atone outcrop, observed west of the mapped area, the 

`crenulated, finely laminated greenstone has been intruded by 

light gray aplitic rock. The random orientation of tuff frag-

ments in the aplitic dike indicate the fluid' nature of-the 

intrusive lock (Plate 3,  Figure 2). Thin lense-like structures, 

forming part of the finely banded sequence suggest that flat-

tened fragments or bodies make up part of the banded sequence. 

Well layered greenstone has, been found to grade 

into complexly folded zones which contain minor iconspicuous 

light gray bands which serve to delineate folds, the highly 

contorted.  nature of which suggests preconsolidation movement 

or slumping. 

The Long Lake area contains several exposures 

showing the close, gradational relationship of banded green 

stone tuffs and coarser fragmental greenstone in which frag- . 

, ments are up to several centimeters across and sometimes 

angulàr. Fragments appear to be of the same composition as 

the surrounding greenstone with the exception of some reddish 

fragments... The reddish color may be due to a higher degree 

of oxidation of the iron'content or the fragments may be from 

a different ,parent rock. 

An ektrusive subaqueous environment is 

indicated by the several occurrences of pillowed lavas and 

also by the various exposures of extrusive flows and. 
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e';,;.tuffs which .contain bande offelsic metasedimentary 
: I 

~ 

, rock. Some 'topographic relief is also suggested by the • 

, various occurrences of:\apparent'slump structure in layered' 

sequences. The occurrence of interbanded felsic•meta- 

sedimentary. rocks and units. of volcanic origin coincides 

with the suggestion made previously that volcanism probably . 

was a recurring phenomenon. 

Post-deformational intrusion of granitic rock 

is indicated by intrusion of aplite into banded greenstone 

tuffs (Plate 3, Figure 2) and also by intrusion of massive 

granite into banded tuffs in other-regions (Plate 2, Figure 1). 

Part of the area south of Long Lake consists 

of massive granite in contact with fragmental rock of 

volcanic origin. Several exposures of the metavolcanic 

rock indicates that the zone extends for. more than a 

kilometer and is more than twenty meters wide. 

The fragmental rock consists'of angular to 

rounded mineral and rock fragments some of which are 

granite (Plate 4, Figure 2). The fragments are randomly 

distributed in a greenish-gray matrix rich idepidote, 

chlorite, and felsic minerals, which suggests that this 

zone is in the greenschist facies, probably the quartz-' 

albite-muscovite-chlorite subfacies (Turner and Verhoogen 

1960,, p.534). The contacte zone is gradational over a zone` 

about ten meters wide consisting of fractured granite, the 

fractures . containing greenish-gray material like that 

!;T4W~ti ~;~ 



orrning'the matrix in the fzi4mental rock. The intensity 

f fracturing is gradational from thin irregular fractures 

to partings several centimeters wide in which blocks of 

granitic material are apparently sdparated from the main 

granitic mass and surrounded by the greenish matrix material. 

The.wyt contact of the fragmental zone was not observed; 

however,, available exposure indicatesthat the zone is over 

twenty meters thick. 

At least four possible explanations can be 

considered from the observed metavolcanic-granitic rock 

sequence: (1) the fragmental rock was emplaced on pre-

existing 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 glacial in origin, and represents a till deposit 

on pre-existing granite, the surface of which was prepared 

by frost action in a subaerial environment; (4) the granitic 

rock, is intrusive into the fragmental rock. Lack of detailed 

information in the area makes 'definite conclusions about 

origin unwarranted; however, in each case mentioned the 

common.. factor is the presence of crustal rocks of several 

types prior to'the.event.concdrned. 

fëelsic:Metavolcanic Rocks . 

Felsic metavolcanic rock is exposed in 

several places in the region: Varieties consist of rhyolitic, 

flows; quartz-feldspar-porphyry rock, fragmental flows; an 



',a very fine grained, well banded, felsic rlock whioh may be 

water-laid tuffs. 

Exposures gémerally weather light•gray to 

slightly pinkish and are foliated to massive. In the Long 

Lake region exposures of rhyolitic flow rock contain rounded 

fragments consisting entirely of highly sutured quartz. 

Collectively, these fragments give the exposure a con-

glomeratic appearance on weathered surface (Plate 1, Figure 1). 

A distinctive wavy crenulation is observable on some exposures 

of very fine grained, finely banded and sheared felsic rock 

which may consist of water-laid tuffs. 

Felsic Metavolcanic Rocks; Porphyritic  

Exposures. of felsic, porphyritic, inetavolcanic • 

rock contain phenocrysts of quartz which are usually resorbed 

to some extent. Albite phenocrysts are more numerous than 

potassium feldspar phenocrysts and also are more commonly 

observed than quartz phenocrysts. The matrix is felsic with 

minor brown biotite and calcite observable. Minor amounts 

of epidote occur in some places. 

• In some exposures quartz consists of elongate 

to ovoid units which contrast in shape with the euhedral 

feldspar crystals. These quartz units may be vesicle 

fillings or amygdules. 

Although some exposures contain fresh looking. 

feldspar phenocrysts, other exposures contain phenocrysts 

which are highly altered so that they are only vaguely 



• 

stinguishable in thin section. In other cases the 

phenocrysts 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 distributed .feldspar phenocrysts in a 

foliated felsophyric groundmass which also contains elongate 

clots and lenses of brown biotite and quartz-feldspar 

aggregates. Some feldspar grains are well formed, others 

are altered and partially disintegrated appearing has ovoid 

to round clots with indefinite boundaries. 

Several examples suggest that there is a 

gradation between the porphyritic rock and slightly-banded 

rock which contains some coarser feldspar units and also 

stringers and clots of biotite and chlorite. This slightly 

banded and foliated rock.. may be of sedimentary origin. .. 

Exposures in some parts of the 'Long. Lake 

region consist of porphyritic rock 'in which zoned plagioclase 

phenocrysts are surrounded by distinct flow or compaction 

features.. The:zoning in the plagioclase is delineated 

by a high degree of alteration which is more extensive in 

the central portions of the grains. Flow lines around the 

grains are made more conspicuous by orientation of greenish 

amphibole which is a common constituent of the granular 

grOundmass in addition to minor amounts of brown biotite., 



,Felsic 	Rocks; Fragmental  

•-•`r 
	 Feliic_metavolcanic rocks of pyroclastic 

origin are exposed at several 'locations in the Long Lake 

region. The rock and mineral fragments are highly 

saussuritized and some units appear to consist of alteration 

products in the form of fine granular agtregates. The finer 

fraction consists of felsic minerals and minor amounts of 

chlorite, epidote, opaque mineral grains, occasional grains . 

of amphibole and calcite. This assemblage suggests that 

metamorphism is in the greenschist fâcies, probably the 

quartz-albite-muscovite-chloritesubfacies (Turner and 

• Flow or compaction features are common 

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 aré coMmon. constituents (Plate 4, Figure 3) and the-

finer.fraction consists of felsic minerals with minor 

calcite, biotite. and opaque grains. 

The variety of felsic metavolcanic rocks-.  

observed indicates that rhyolitic flows and possibly frag-

mentl ash flows occurred in the region. These felsic 

units accumulated in the vicinity of greenstone units of 

extrusive origin and have similar attitudes suggesting that 	", 



the volcanic 
one are indicated by the close association 

1 
'ôf banded`sed mentar

ÿ-units and more massive fragmental 

;metavolcanic rocks and the felsic flows. This situation 

also-suggests1 that the sediments may be of vôlcânic origin. 

Chemical Anal ses  

I Chemical analyses of mafic and felsic 

metavolcanicslfro
m different parts of the mapped area, the 

• 
tabulation of;which is given in Appendix 3, were analysed 

according to the alkali-lime index or Peacock diagram 

(Peacock, 1931, p.54) and the Rittmann suite index or 
sigm 

value calculation (Rittmann, 1962, p.110). 
Results suppor 

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). 
Grapns inuica~~,~y 

alkali-lime index are shown in Figure 2. The results 

......_...... ...s_.. 
indicate  _a continental orogefliC environment of 

volcanism. 

Calculation of the Rittmann sigma value, or 

suite index, for thé various results shows 
arrange of value 

from one to five with; a distinct 
concentration in the range 

of 1.2,, to 2.5: These; values place the vdicanism in the
. 

strong to average portion of the calc-alkaline group 

(Rittmann, 1962, p.110)• 'The sigma value is arrived at 

by the following formûlâ in which the oxides are 
in weight, 

2/Si02 - 43. 
percent: 	Na2O( 	- K20)  

The plotting of alkali-lime indexes (Figure 

in accordancewith the Peacock diagram gives an index of 



Weight x CaO 	
#_ 

Weight Z Na20 + K20 	't 

Alkali-calcic character Truk 
Islands, Oceanic, 
Calc-alkali range, 7 greenstone. 

belts, Superior Province,; 
Calc-alkali character, Sakâmi 
Lake. 
Calcic character, Izu Japan, 
Continental. 

A;B,D, and E taken from Wilson and others, 1965, p. 170-171. 



	 'OttedagiiiiisttheLcorreap9pding_piq2  value in eich_analysis. 

Similarly 	values are plotted against SiO2  in each 	'H 

analysis. Curves drawnthrouglk the alkali and calciC'plots 

intersect at some intermediate point between the extremes ,of 

SiO2 content. This point of intersection fs related to the 

suite type of volcanic rock. Volcanic rock from the Truk 

islands considered to be typically oceanic, has an alkali-

lime index of 51.5 and is of the alkali-calcic suite or 

charact4r (Wilson and others, 1965, p.170). The Izu group 

from Japan is calcic. in  nature with a lime-alkali index 

value of 62.5 on the Peacock diagram (Wilson and others, 

The results discussed above indicate that 

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

_lime index of about 57.8 belong to;the same suite as meta-

volcanic 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- . 

177Tr."1"(e'r'75'7777'-7.:,77'..71-'77,7   
' 
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baslâlt, ;5âiïdé`site,; dacite, rhyodacite, _ and rhyolite.'. The 

alkalilime`index value for these averaged values is in the . 

range ,of 57.5 - 60.0 and the Rittmann sigma value averages' 

1.2 with 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 belt mentioned. ti. 

Plotting of Na20 values against Si02  values 

indicates that the volcanic rocks 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,•.p..17.4). The value for the average spilite is consider- 

ably higher than-any Na20 values found in these analyses. 

The significance aof these results is discussed 

further under conclusions and discussions. 

Metasedimentary Rocks  

Metasedimentary rocks associated mainly with 

the major metavolcanic zones in the mapped area consist of 

several varieties: (1) ,banded quartz-iron formation, ;most, 

of which is strongly magnetic; (2) massive to finely 'layered 

feldspathic wacke,with'gradations to arkosic wacke and 	*, 

feldspathic arenite; (3) banded quartz arenite; (4) banded r` 

quartzitic, limonitic rock;, (5) banded amphibolite schists ', 

and lithic wàcke of both mafic and fels'Lc.varietiès. 





- 	. 	 • . 	. 
several parts of the mapped area and also forms part of the 

westward extension ok the greenstone.belt around Lake Duncan 

and to the north of the lake. In all exposure areas observed 

the iron iron formation units are associated with, or are in the 

near vicinity df, metavolcanic and metasedimentary units; 

Pronounced banding •is observable in-all 

exposures which consists of interlayered bands and lenses 

of light gray weathering quartz-rich units (Plate 4, Figure 

4), bluish-gray weathering magnetite-rich lenses, and, dark 

greenish-gray weathering amphibole-rich layers. These units 

occur in different proportions in the various exposures and 

in different parts of the same outcrop. The, layers are 

generally folded and, in some places, highly contorted. 

- Reddish-brown-weathering garnetirrous bands are most - 

Thin-section studies indicate that the light 

gray weathering bands consist mainly of granular quartz 

with minor magnetite and greenish amphibole. Magnetite- 

r.ich bands consist predominantly of magnetite in association , 

with quartz and 'amphibole. In some instances the three 

minerals form interlensing units in which oie or•  the other ,.  

mineral predominates. In\some exposures the magnetite  

grades from granular aggregates with quartz ,to, massive 



tnagnetite%in which grain boundaries are indistinguishable. 

Exposures of banded iron formation along the 

south.shore of Long Lake contain highly magnetic, bluish 

gray, iron-rich layers associated with 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 possible volcanic origin. To 

the south of the lake the iron formation is finely banded, 

crenulated, highly magnetic, and associated with greenstone. 

The westward continuation of the Long Lake 

greenstone belt north of Lake Duncan, contains extensive 

units of banded iron formation which are highly magnetic in' 

part. The iron formation is associated with layered green-

stone which includes pillowed , lavas and is complexly folded 

in some areas. In one area the banded iron formation has 

been intruded by gabbro which occurs as a lense-shaped unit, 

in the iron formation. Some of the banding adjacent 'to the 

gabbro is highly contorted suggesting that the layered 

material was in a relatively incompetent, pliable state 

adjacent to the gabbro intrusive. The garnetiferrous iron 

formation in the southwest region is also folded and intruded 

by massive greenstone. 

Thé conformable association of the iron 

fôrmaion,with.metasedimentary units lacking magnetite-rich,  

layers and'with mafic metavolcanic.rocks suggests that the-, 



n farina ,ion was 8aposito4 in favorable] envirenmonta in 

volcanic regions and that volcanism may have supplied at 

least some of the iron represented by the.magnetic,rich 
r 

layers. This association of metavolcanic and metasédimentary 

rocks with layered magnetic quartz-iron- formation in which 

layers of magnetite are interlayered with'quartzitic units. 

(Place 4, Figure 4), some of which are entirely quartz, is 

a commonly observedirelationship in greenstone belts of the°  

Superior Province (Goodwin, 1952) and. has been called the 

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

The intrusion of iron formation by massive 

mafic rocks (Plate,1, Figure 2) indicates,•' as mentioned. 

previously, that sedimentation and tectonic activity 

predated some of the volcanism or at least emplacement of 

massive basaltic units. The slump structures occuring in 

some of the iron formation units suggests-unstable-conditions-

and some, topographic relief in the region. This condition 

is also indicated by texture and composition of some of the 

metasedimentary'rock units discussed in the following 

sections. . 

Metasedimentary Rocks; Arkosic and Feldspathic 
Metawackes, Quartz and Feldspathic'Meta-Arenites  

Metamorphosed.impure sandstones, ranging in 

maturity from arkosic metawacke to quartz.métà-arenites, 

are major components in the metavolcanic-metasedimentary 

rock belt in the Sakami Lake area. There .ppears'td be a,'. 

conformable'gradation from this zone into the predominantly.. 



etavolcanic zone to the west and .into the granite-gneissic 

zone."to' the' east. 
• 

Arkosic and feldspathic metawackes' are 

exposed along the west short of Sakami Lake (north) in , a 

northeasterly trending zone. Exposures weather medium gray 

and show banding in some places. Exposures are more varied 

along the east side of the lake as metawackes grade into a 

sequence containing feldspathic arenite and coarse granite 

units. 

Some exposures in this easterly region contain 
l 	

well developed dark tourmaline crystal's in a diablastic 

habit. Exposures of arkosic metawacke, in which minor bands 

of lighter gray rock show well developed boudinage structure, 

also occur. 

Exposures consisting of fine grained, dark 

gray and buff weathering metase.dimentary_rock units _occur 

in the central part of the metasedimentary-metavolcanic rock 

belt at Sakami Lake. Some of .they  layers are disrupted and 

have a rolled structure (Plate 2, Figure 2). The occurrence 
• 

of the disturbed units immediately adjacent to more 

continuous layering suggests that the disturbance may be due 

to preconsolidation slumping.. 

Banded brownish-gray weathering metasedimentary 

units are'exposed in the northwest part, of the lake. Some o 

the bands have been fragmented and the fragments have random: 

orientation. Contacts with neighboring layers vary. from 



arp and straight to slightly gradational and disturbed.' 
, 	 . 	. 

This `structure also suggests preconsolidation sling. 

A common associate of banded greénstone, 

greenstone flows, and massive greenstone, is a medium to 

light gray weathering metasedimentary rock in which coarse 

diablastic green amphibole, probably actinolite-tremolite, 

occurs as a ¶ajor constituent. Thin-section studies indicate 

that the rock is a fine grained felsic metawacke in which 

greenish chlorite forms part of the fine fraction. Amphibole 

forms up to 10 percent or more of the rock and has a 

conspicuous sieve texture suggesting a secondary origin. 

The rock.has conformable and disconformable relationships 

with the•associated greenstone indicating intrusion by 

basaltic rock. 

Chemical analysis of this rock shows that it 

is chemically similar to some graywackes, particularly to 

a variety from the Miocene of Papua (Pettijohn,, 1975, p.306).. 

A•comparison is given ii Rows F and G of Table 2. Pettijohn 

(1957, p.303) suggests that such rock is derived from, or is 

contaminated by, basaltic tuffs. This view coincides with 

the metavolcanic association observed in the field at Sakami 

Lake mentionedi.in previous paragraphs. 

Arkosic and feldspathic metawacke units 

layered with greenish-gray weathering garnetiferrous- 
n 

amphibolite bands occur in the southwest area. Bands of 

'light gray, soft, sericite schist and, to a lesser, extent, 

}y~,3:.~~°} '~ !1 .,, J 



'`:Comparison of Chemical Composition's 

of Some Metasedimentary Rocks 

=oxide A .B C D E F G H 

Si02 64.7 63.14 62.40 63.9 72.3 53.30 55..8 50.4 

AL203 14.8 15.54 15.20 14.9 15.2 18.33 13.9 14.2 

Fe203. 1.5 0.57 2.41 

Fe0 3.9 7.44 4.61 7.2 1.0 2.36 9.3: 15.2 

Mg0 2.2 3.62 3.52 3.7 0.3 2.62 5.0 6.5 

CaO; 3.1 5.84 4.59 ° 	4.7 5.3 5.88 10.7 9.9 

Na20 3.1 3.80 2.68 r 3.5 4.4 2.18 3.6 2.9 

K20• 1.9 1.11 2.57 2.1 0.9 1.72 0.9 0.1 

TiO2 0.5 
~ 
0.35 "0.50 0.5 0.3 0.84 0.7 1.3 

Mn0 0.1 0.06 - - - 0.08 0.01 0.1 

Average of 2'3 graywackes„ (.Pettijohn ,`  

P. 307) . 
Average of 6 feldspathic-arkosic wackes, 

Sakami Lake area.' 	. 
Average of 3'graywackes from the Archean of 

Minnesota (included in (A) above). 
Typical looking feldspathic wacke, Sakami 

Lake area. 
Average of 2 arkosic wackes, Sakami Lake 

area. 
Graywacke from the Miocene,of Papua (included 

in (A) above) . 
Average of 2 probable volcanic.graywackes from 

the Sakami Lake area. 

Average of'2 basaltic lithic wackes from the .. 

Sakami Lake area.  



41 ,of highly qugrtsitic achiat also occur in this region. 

banded sequence grades northward into banded iron 

formation and. greenstone and into a granitic région southward. 

Metasedimentary rock units in the distinctly 

banded zone between Long Lake and Alder Lake in the northwest 

part of the map area contain light gray weathering layers of.  

feldspathic metawacke interbanded with fine greenish-gray 

weathering greenstone. At one location, the south-facing. 

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 oriented. and consist of very fine-

grained, light gray .feldspathic .metawacke to' feldspathic 

meta-arenite in which foliation had developed prior to 

disruption. 

Metasedimentary rocks comprising the arkosic 

and feldspathic metawackes and meta-arenites contain ferro- 

magnesian minerals and opaque minerals to varying degrees in " 

addi.tion to the predominant.felsic'mineral content. Chlorite, 

biotite and amphibole are the most common ferromagnesian 

minerals. Garnet and tourmaline, usually exhibiting well 

developed sieve texture, occur in some zones. Opaque minerals 

form minor constituents. Those observable are magnetite, 

hematite, pyrite, ilmenite and leucoxene.. The leucoxene 

found in association with opaque mineral which is dark in 

reflected light and is probably ilmenite. The felsic;mineral 

are predominantly quartz and altered albitic feldspar. Color 



aericite is observable in most zones to some 
~ r~ 4 	

, ~ 	. 	,. 	 •- 	' 	 . 

Crocline_aleo._oGcurvas_, a_minor._::constituent in 

Metamorphism among the various metawackes 

.in the central part of the region appears to be in several. 

subfacies of the greenschist•facies. Zones containing 

'chlorite and white mica in association with quartz and 

albite are indicative of the'quartz-albite-muscovite- 

chlorite subfacies. In addition the chlorite-actinolite 

association :found in many zones of metawacke derived in part 

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

of this facies The presence of brown biotite in places 

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

albite-epidote-biotite subfacies; 'however, many of the 

biotite grains contain 	otite suggesting prograde or 

retrograde transitions to the quartz-albite-muscovite-

chlorite subfacies. Some,zones contain the almandine-biotite 

assemblage which.. indicates, the occurrence of the quartz-

albite-epidote-almandins subfacies. 

• The occurrence of tourmaline at several 

locations. suggests that it may be a minor, but commonly 

occurring, constituent' among the metawackes•an4 also indicates 

, that boron was a constituent in'the,original sediments. 

Zircon is a common constituent in biotite 

in which pleochroi'c• ,  halos- are also observable. Sillimanite 

occurs as a very minor constituent in the very" fine, 'impure ' 



andedAuartz'.. Arenite..__..._.__. 

Banded quartz arenite, in which .brecciated. 

mûdstone and lenses of rounded gravel and pebbles occur in 

the lower members, forms a distinctive hill region immediate-

ly. north of Lake Cataseau, : in' the north part of the mapped 

In addition to quartz, feldspar (including 

microline)and calcite are minor constituents. The grains 

are moderately to well sorted and rounded.to subrounded. 

Recrystalliza.tion and suturing has resulted in a,tight, 

interlooki.ng fabric in some places. .In other places inter-

granular zones occur and are occupied by finer felsic 

This sequence of quartz arenite is part of 

the Proterozoic rock assemblage discussed earlier in 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 

inclined whereas the Archean units in the vicinity.aré _ 

steeply inclined and consist of a . variety of rocks. 

units in the Archean metasedimentary-rock sequence'of Sakami. 

Lake (north). Sericite, biotite, chlorite and amphibole 

form minor constituents in varying proportions. Some 

the •sericite has well developed sieve texture. Disruptions;; 



layering' ie indicated in some places by thin 

— curved-layers-of -amphibole-inw an otherwise massive ' fabric 
S'. 

of: interlocking.quartz grains. 

The zone of predominantly metamorphosed 

impure sandstones at Sakami Lake represents a'continuous 

unit of clastic metasedimentary.rocks adjacent to a 

metavolcanic-metasedimentary zone which consistently forms 

' the rock sequence to the west and northwest. The banded 

units in the southwest, including the iron.formation,•are 

on strike frith these clastic rock units and may be â facies . 

in an essentially contemporaneous sequence of wide lateral 

extent Across the mapped area. 

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

the feldspathiclarkosic metawackes, representing the major 

part of the impure .rnètasandstone zone, have the chemical 

composition of graywackes. The metawackes from the Sakami 

Lake area are similar in chemical composition to graywackes 

from Archean areas of the Shield as well as graywackes of 

:,more recent'development•(Table 2). ,.. 
The presence of banding within the unit 

suggests variation in conditions and composition. This is 

shown by the presence of conformable bands of arkoSic 

arenite (Table 2, Row E) and metawacke units of more mafic 

composition (Table 2, Row G). 

'Foliated Felsite 

The northwest part of the Sakami Lake are 

contains several exposures of a very fine grained,highl; 

~..._~_.. 



sheargd,crenulated felsic rock which consists mainly of 

alternâtinq., zones: of .. very.: fine. granular, felsic layers and 

layers rich in micaceous mineral which appears to be sericite. 

Layers .o .an  opaque mineral constitute about 15 to 20 percent 

of the rock and are more commonly observed in the micaceous 

zones. The opaque mineral is whitish gray in reflected 

light, suggesting that it is leucoxene. Chlorite, occûrring 

as clots and lenses, forms about 5 percent of the rock. 

Some exposures in the region contain a 

similar appearing rock which is a fine-grained quartz 

metawacke. It is highly sheared with slip surgaces inter-

secting at low angles. A micaceo* mineral forms about 

25 perlent of the rock. 

Banded Quartzitic, Limonitic Rock  

Fine grained light gray to rusty weathering 

quartzitic sandstone is exposed in several places in the 

Sakami Lake region. .Limonite content in the rock causes 
11. 

the rusty appearance of the weathered rock, and much of° 

this limonite appears to be due to: pyrite, alteration. Some_ 

bands contain3  a higher concentration of limonite and weather' 

to a slightly darker brown. 

Several exposures are quartzite units with 

streaks and lenses of dark gray, very fine shaley material. , 

The sugary or saccharoidal texture of the almost clear 

quartz suggests that it may be recrystallized chert and- the.. 

dark lenses may be original argillaceous material 



Several exposures of quartz-limonite rock ~ 	v 
also-occur-in the=metavolcanic=metasedimentary zone north 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 metayolcanic-metasedim. 

mentary rock bands and in adjacerft̀ zones. Fine grained, 

foliated, 'amphibole-gneiss units consist of interlensing 

of felsic minerals and greenish amphibole in which sieve 

texture is often observable. The fine grained units of 

.felsirc:minerals have altered felsic grains. which appear.to' 

be feldspar. Amphibole, epidote, and.opaque grains in small 

clots and stringers are minor constituents. An opaque 

mineral often forms the core area of bead-like aggregates 

of sphene; these relationships suggést.that the opaque 

mineral is.ilmenite and that the. sphene is derived from the 

Amphibole-quartz gneiss consists of int 

layered 'units of felsic minerals, mostly quartz, and 

amphibolite units which are garnetiferrous in part. 'Uni,ts,; . 

range from a few millimeters to several centimeters in 	r 

thickness and are associated with the banded magnetic-iron:'» 



58 	er,  

rmaiicn'zones. Zircon, usually distinguished by 

plecchrbic halos, is a common constituent of the amphibolitic 

layers. The zircon tends to be concentrated in elongate 

lenses; however, these concentrations are not related to-

amphibole-grain boundaries. These lenses may represent 

relict bedding in an otherwise recrystallized rock. 

Quartz-rich layers appear to be disrupted 

zones of' more finely banded rock, as thin, elongate and curved 

stringers of amphibole outline fold patterns. This feature 

is observable in the amphibolitic units also,  

folds'are clutlined by contacts between colorless and greenish 

amphibole. units. 

It appears that amphibolitic gneisses, in 

some cases at least, represent disturbed and recrystallized 

bodies of rock which were originally more finely banded.'  

'This phenomenon is further exemplified in exposures in the 

northwest part of Sakami Lake where medium to coarse grained 

amphibole-chlorite layers, which are intercalated with 

quartz-calcite layers, contain parallel stringers of fine 

opaque mineral which transect the grain boundaries of the 

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

Another variety of amphibole-rich rock 

consists of amphibolitic schist in which in which layers 

with felsic 

units consisting mainly of quartz, colorless epidote and 

brown biotite as a minor constituent in some zones,. SomeJW 

• 

• 
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have a distinctive boudinage strûatv►re . 	~   ~ 	
.. 

	

quartz 	g t ,^beinhe,majormineral_. in:.the...fracture-areas 
a,• 	

- 	 __. 

eén ` the ' boudins . 

Minor, fine granular opaque grains form 

.discontinuous stringers in some layers.' However,• in the 

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 opaque 

mineral may be relicts of primary bedding which has been 

disturbed to varying degrees. 

In some zones greenish chlorite-rich layers 

are intercalated with felsic units consisting mainly of 

quartz and feldspar with calcite and epidote as minor 

constituehts. Occasionally, opaque grains form elongate 

lenses adjacent to the felsic units. There, appears to be 

a gradual variation in the .frequency of the-félsic and 

opaque-mineral bands relative to the chlorite-rich units 

which suggests a rhy.thmic.variatiôn in the original 

depositional conditions. 

Units of lithic metawacke consist of rock 

which has lithic fragments.of:predominantly mafic 

composition and varieties in which rock fragments are 

felsic, mainly of granular quartz. 

The units which are more mafic contain 

poorly sorted aggregates of amphibole grains, amphibole-

fragments , quartz grains in minor amounts, 



patches of°chlorite, opaque grains, and clots of massive, 

efine brown alteration products which contain flecks• and 

patches of an opaque mineral. ,Calcite also forms scattered 

patches. Other varieties contain clots and-irregular 

- cursed lenses of fine granular felsic mineral's which appear 

.to be remnants of disrupted layers (Plate 5, Figure 3). 

Units of felsic, lithic metawacke are 

exposed in the Sakami Lake region which contain rounded 

fragments composed of sutured quartz grains. Quartz, 

feldspar, séricite and biotite form the finer fraction. 

There appears to be a gradation between this. rock and rock 

in which there is a more continuous gradation of grain size 

between the coarser lithic.fragments and the finer fraction. 

Some exposures in the Long Lake area consist 

of disrupted sedimentary-  units .in association with -masses-= 

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

mentary rock consist of layers of highly sutured quartz 

interbedded with relatively thin layers of granular 

magnetite. The chlorite-calcite-quartz matrix also contains 

well formed, randomly distributed pyrite grains. 

Thin-section studies` of mafic, lithic meta-

wacke-indicate that these rocks probably are derived from 

mafic volcanics. In addition, chemical analysis (Table 2,,. 

Row H) show that some of these rocks are similar to basalts 

chemically. 

Massive units of amphibole-r 
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Plutonic Rocks 

Medium to coarse-grained rocks of 
PlutoniG,origin consist of granit 	Possible 

es, pegmatites, di abase. and gabbro. The gabbroic rocks are close 

with greenstone units and the 
	closely associated 

term is used in the field to indicate a medium 
grain size. Fine to coarse grained rocks of ultra-mafic- igneous  gneous origin, or possibly of

sedimentary origin, are exposed 
in several places. 

The granitic rocks consist of massiv 
amphibole granites 	 e  

(Plate 5, Figure 4) and porphyritic 
granite in which mafic minerals consist o 

% epidote and 	of biotite, chlorite, amp
hibole in varying Proportions. Phenocrysts 

consist of feldspar and, to a lesser extent, 
 Feldspar is commonly 	

quartz: 

y highlyaltered: however, numerous 

occurrences of zoning and relict twinning Indicates that 
plagioclase is the predominant feldspar in the 
rocks. Analysis of albite ̀twinnin 	

granitic . 
g shows that the  



claisésris ' in ;large pârt, albite with some andesine observable, 

and .the common occurrence of zoned plagioclase suggests the 

igneous origin, of the granite. 

Cataclastic texture is commonly observed in 

most granite units and gneissic structure is due to 

cataclasis in man Y Places. 	-4 

Some exposures, particûlarly around the 

Sakami Lake metavolcanic-metasedimentary rock belt, show 

granite and greenstone units'interlayered or interlensing 

and interpenetration between these rocks has resulted in:. 

exposures where greenstone and dark schists occur as 

fragments in granitic rock. 

'Diabase occurs as dikes and rock of ultra-

mafic igneous origin is suggested by several exposures of 

amphibole-pyroxene bearing'rock and, in other places, 

tremolite-anthophyllite rich units. Thin-section studies 

Amphibole Granite 

which has .a variable quartz content. The granite is medium 

grained, massive, and weathers pinkish gray; mafic 

inclusions are common features.  

The pinkish-gray weathering is due to a high, 

degree of alteration in the feldspar much of which is zoned 

~ J 



staining 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 injectéd,by. the 

amphibole granite (Plate 2, Figure 1). and many of the 

contact areas contain inclusions of the greenstone in 

various stages of incorporation in the massive granite 

Some inclusions have a conspicuous develop-

ment of, secondary light gray feldspar and some of these 

feldspar grains transect the contact of the granite and 

the inclusion. Inclusions are'also observable which contain 

inclusions of pre-existing rock, well defined and darker 

than the host material... Many of the inclusions in the 

granite and some contact zones with the- banded greenstone 

have reaction zones several millimeters thick which appear 
r 	 . 

to consist of dark green amphibole. 

Scattered darkgreen mineral clots which 

are commonly ovoid are observable in the amphibole granite 

in some areas. These clots range from two to; 
 

,three centi-

meters up.to ten and twelve centimeters across and all 

appear to consist of green amphibole which often shows a 

radiating habit in the smaller structures.'- Largerunits .,..f 

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

which the fibrous crystals are perpendicular'to.:the.asurfaçe 



The'~interior .:of : these; features consists of a cluster of 
randomly4oriented.:crystals;of amphibole which appears to be 

the same `typé, but of slightly finer grain size. 

Only one, analysis of the amphibole granite 

available (Table 3). The analysis shows a close 

similarity to Daly's average diorite and a little less 

acidity than Daly's average tonalite. •To what extent 

Oxide A B C 

SiO2 58.5 59:7 62.4 

11L203 14.6 16.9 16.4 

FexOy 6.8 7.2 6.4 

Mg0 3.5 3.6.:2.8 

Ca0 10.1 6.2 5.5 

Na20 4.8 3.5 3.4 

K20 1.1 2.1 : 2.1 

TiO2 .0.6, 
, 

0.4 0.7 

Mn0 0.0 0.0 0.0 

Analysis of one.sample of amphibole . 
granite rock, Sakami.Lake area. 

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

(C) - Daly's average tonalite :(Hatch, Wells 
and Wells, 1949, p.267). ' 



contamination.has affected the composition of the rock type. 

.incertain..._ The scattered occurrences of amphibole clots, 

zoned plagioclase, and observable variation in. quartz conten 

in many exposures suggest that the rock may vary from 

dioritic to granitic comQosition. 

Granite; Porphyritic, Sheared  

The region west of"Sakami Lake has numerous 

exposures of medium-grained, medium gray to slightly pinkish-

weathering granite which is predominantly porphyritic and has. 

a variable quartz content. 

,The phenocyrsts are mainly plagioclase and, 

to a lesser extent, quartz. Ferromagnesian minerals consist 

of chlorite, biotite, amphibole, and epidote in varying 

proportions with chlorite, biotite, and epidote being 

consistent components. Massive units of greenstone, some 

of which are fragmental, are exposed among granite units and 

some exposures are observable in which greenstone fragments,  

are included in granite and in some cases greenstone fragments 

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 

has incorporated more mafic rocks during its emplacement or, •:. 

as sd°ggested in the,section on metavolcanic rocks, granite 

and greenstone, particularly granite,.has, been remobilized 

to some extent during tectonic activity. This action could 
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'result in granite.penetrating and fracturing units of green.- 

stone.. which were associated with the granite previously. 

Stringers and lenses of lighter quartz-rich granite could 

have originated from late stage fluids within the granite . 

body. 

The randomly distributed phenocrysts in the, 

granite vary from light gray to,slightly pinkish and the 

associated matrix commonly has a"light greenish color 

similar to a variety of porphyritic granite mentioned 

in subsequent paragraphs. 
,'. 

This northeast-trending zone immediately 

west ôf"the metavolcanic-metasedimentary rock belt at Sakami 

.Lake contains units of granite interlayered with and cross- 

cutting greenstone units some of which are porphyritic and 

_discussed ..under .metavolcanic rocks. 

This region around Sakami Lake also contains 

exposures of porphyritic granite in which phenocrysts of 

zoned plagioclase and microcline are commonly observed.' 

Larger grains are well formed and mafic-mineral inclusions 

give some of the phenocrysts a sieve texture. Brownish= 

green biotite, minor ,greenish amphibole, and epidote'are 

the mafic constituents and form about 10 percent of the 

rock. Quartz forms about 15 percent and tends to form, 

,clots or clusters of grains.. 

The region south of. Lake Cataseau and'' 

immediately west of the Sakami River contains exposure 



Yhighly, sheared quartz-porphyry granite in association with 

contorted and folded dike-like units ofgreenstone which 

are• discussed in the section on metavolcanic rocks. 

phenocrysts in the granite, which are predominantly quartz, 

appear on weathered surfaces as, light' colored coarse knots' 

which, in association with the highly sheared ctreenish matrix, 

give the rock a fragmental appearance. 'The greenish color 

appears to be due to the fine texture and a consistent 41 

chlorite and epidote content. Some feldspar phenocrysts 

are ôbservable• which are high .'q:n°'tered and granulated 

Granitic zônés in the Sakami Lake and Long 

Lake areas appear to be elongate units interlenbing with 

greenstone bands, 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 struçture'of the amphibole 

granite which is also apparent in thin section, where signs 

of cataclasis were not observed,, is in màrked•contrast to 

the highly cataclastic texture observed in much of the 

predominantly•po.rphyritic granite. It appears that the 

massie 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 or=was emplaced in a seMisolid' 

or . solid state for the most- part. ~.. 



The map area east of Sakami Lake consists of 

a folded, interlayered sequence with granitic intrusives 

which have tonformble and dis.conformable relationships'with 

the . layered rocks. The layered rocks consist of fine grained, 

dark, feldspar-biotite schists and coarser, granitic gneisses.  

Medium-grained, light gray, foliated, granitic 

• gneiss composes a large part of the, central region east of 

the lake. The material is often friable and is fairly 

equigranular. Biotité forms about 3 percent of the rock. 

It is evenly disseminated and alignment of the grains forms 

a distinct foliation. Minor amounts of garnet and muscovite 

Some dike rocks in this foliated rock have 

foliation conformable to that in the host rock. Foliation 

is indicated by aligned biotite grains some of which tran- . 

sect the contact between the dike material and the host 

rock. Coarse, pinkish-gray, massive, granitic dikes intrude 

the finer granitic gn6iss in several areas and these dikes 

many outcrops. 

Feldspar-biotite schist interlayered Kith 

medium.to fine-grained grar4te is exposed in mist areas, east 

of Sakami Lake. In addition to interlayering there are ' 

disconformable contacts betn the ,two rocks and inclusions 

of schist exist in the granitic rock. Ptygmatic structures, 



nvôivi g irregular, granitic veins in the
. schist are common 

occurrences. 

The feldspar-biotite schist is fine grained, 

medium to dark gray and contains variations to a more 

gneissic structure. The biotite content is variable but 

moist often appears to be about 20 to 25 percent of the 

rock. The schist often has granitic bodies associated with 

ri  it which vary from bands conformable to foliation to 

irregular ptygmatic-like features. In some instances, 

these structures are observed to connect with more conform-

able granitic units and appear, to represent mobilized or 

injected materials derived from the larger masses of granite. 

The feldspar-biotite schist often occurs as 

large inclusions within the gray granitic rock units. 

These. inclusions vary from irregular, folded or contorted 

features to relatively undisturbed structures with alignment 

and foliation parallel to that of other schist exposures 

in the vicinity. 

Thin quartz lenses occur - in the schist in 

someareas. In some cases straight, thin, quartz stringers 

or veins form a distinct crosscutting pattern over the. 

exposure and give the impression of quartz-filled joints. 

The interlayered schist and granitic rock 

contain coarse, gray to pinkish granitic dikes.which'in 

some places occur as irregular blobs and pods in the finer 

host rock. The dike rock contains occurrences of euhedra 



urmaline crystals which, in some zones, have a common 

attitudè ; expressing a mineral lineation. Apparently the 

tourmaline -crystals occur on planes coincident with foliation 

planes in the granitic host rock. This phenomenon suggests 

that the tourmaline is of metamorphic. origin. and developed 

under directioned.stresses in the area. 

Coarse, massive light gray to pinkish 

pegmatitic units form massive exposures iA some regions 

east of the lakes These units vary from dikes a few centi-

meters wide to large ridges and cliffs. Light gray to , 

pinkish feldspar, often euhedral and subhedral, forms the 

greater part of the rock. Quartz blebs, traces of biotite, 

and occasional clusters of dark tourmaline form the remain- 

der. Graphic granite is a minor feature in 'some exposures. 

The distribution of minerals in the smaller 

pegmatitic units varies considerably in some regions. 

In some places the distribution is uniform, but, in others 

quartz, or sometimes, biotite, is concentrated in blebs or 

lenses in the central portions of the dikes. Tourmaline 

is a major accessory in some exposures and in some places 

the tourmaline crystals have their longaxes normal to the 

contact zone or- in a slight radiating pattern centered near 

the contact wall. 

Some of the large pegmatitic bodies which 

form-distinct ridges have units of feldspar-biotite schist'; 

associated in the lower protected areas of the steeper, . 



1ff fprming slopes. It appears that the massive pegmatite 

conformably.`interlayered with the feldspar-biotite schist. 
• • 

such instances`:- 
Several exposures of distinctly reddish-pink 

granitic rock occur in the area east of Sakami Lake. These 

form a:minor'part of the exposed rock. Some of these units 

have light pinkish-gray feldspar similar 4,that in the 

coarse pegmatitic rock but with a distinct reddish staining 

on the exposed surfaces of the feldspar grains. which appear: 

to be iron oxide. 

Diabase 

Large exposures of diabase are not numerous 

in the map'area. In most instances exposures do not show 

contact relationships and regional trend is,' therefore, not 

often decipherable. One large diabase dike, situated in the 

-west-part of-the  central Sakami Lake area, cuts across banded 

material and also cuts across aplitic dikes associated with "--- 

the banded rock. Contacts are sharp And there is no apparent 

contact-alternation zone. Some, parts ôf the dike, which 

strikes 335°  are weakly magnetic. The diabase weathers 

brownish-gray and exhibits a medium-grained diabasic or 

ophitic tèxture, A large diabase dike of regional extent 

occurs in the northeast part of the area trending across 

the north part of Sakami Lake, at approximately 315°. This 

feature cuts across the steeply inclined northeast trending 

metavolcanics and metaseditnentary rocks and forms several 	̀: 



small islands ; in the lake. At one location in .the meta- 

volcanic-metasedimentary,sequence the dike has•been faulted 

.and offset. 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 K20 value relative to typical 

tholeiitic flood basalts is very suggestive in considering' 

the time of intrusion of the Sakami Lake diabasic rock. 

Both tholeiitic and alkalic basalts form 

diabase, dike swarms in the Canadian Shield (Stockwell and 

others .1970, p.131). Analyses of various dike swarms 

indicate that the tholeiitic dikes generally are pre- 

Neohelikian'(late Proterozoic) in age and the alkalic dikes 

are younger. In addition, Leich (1966) has suggested, on 

the basis. of.. radiometric age determinations based on the 

potassium-argon method, that the increasing K20 content 

coincides with younger age.' 

The relative alkalic nature of the Sakami 

Lake analysis (Table 4) and .he relatively high K20 content 

in relation to tholeiitic flood basalts (Table 4) would 

suggest that the diabase dikes,at Sakami Lake • are not Archean',  

in age but Proterozoic or younger. This suggestion is com  
1.L 

patible with field features which show that diabase has cut 

acrossr other rock units and postdates folding in the region. _;' 



.Chemical Analysis of Diabasic Rocks 

Oxide  A B C D 

SiO2  
47.6 46.8 50.6 51.9 

AL203 13.1 14.6 13.6 15.1 

FexOy 10.8 11.6 13.1 10.3 

Mg0 8.7 6.8 5.5 6.6 

Ca0 14.7 12.4 9.5 10.0 

Na20 ' 2.4 2.6 2.6 2.1 

K20 2.3 1.1 0.7 0.9 

TiO2 0.4 3.0 1..9 1.3 

Mn0 0.01 0.2 , 	0.2 0.2 

(A) Analysis of diabase sample, Sakami 
Lake area. 

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

Average of 11 Deccan basalts (Turner 
and Verhdogen, 1960, p.208, after 
Washington, 1922). 

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

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, 



and talc-carbonate schist. 

The north part of the mapped area in the 

Sakami'Lake region contains several exposures of massive, 

medium to coarse grained rock which_ weathers dark gray to 

slightly reddish in some.places. Major constituents appear 

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, quartzitic rock. 

Massive anthophyllite-tremollte-bearing rock 

occurs on several islands in Sakami Lake. Randomly 

distributed dark gray blebs show distinctively on the 

medium-gray weathering' surface. Thin-section studies 

indicate that the rock is mainly massive anthophyllite . 

and tremolite with talc and minor pale-brown, mica. The 

darker gray blebs appear to be pseudomorphs after olivine 

consisting of tremolite, a colorless fibrous serpentine 

minera and opaque grains some of which are pyrite. 

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. 

The rock consists of anthophyllite, tremolite and a pale 

brown micaceous mineral. Contact zones with the feldspar- 

biotite schist are highly foliated and irregular suggest-

ing a possible intrusive origin for the rock. 

Calcareous talc schist is exposed in the . 

southwest part of the mapped area. The.. rock is,highly 
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crenelated and foliated. Talc fotma,aboat 80 percent of the 

rock": and carbonate mineral forms.most of_•the remainder in the 

form of thin lenses. Dilute hydrochloric acid does not react 

with the carbonate mineral which suggests that it is dolomite 

or possibly magnesite. About 1 to 3 percent of the rock 

consists of pyrite grains. 

, The Mineral assemblage• contained in these 

rocks in addition to the relict olivine structures mentioned 

' is highly. suggestive of regional metamorphism of ultrabasic 

rocks (Harker, 1939, p.275 - 278; Williams, Turner and Gilbert, 

1953, p.223 - 225). The mdst essential aspect of this 

alteration procedure is the presence of an aqueous solution 

containing SiO2  and CO2 which can enter into reactions; 

correspondingly, magnesian and ferrous carbonate may migrate 

away from the area or collect in distinctive units. 

Winkler has indicated (1'967, •p.2-7 - -29) that 

the talc-dolomite and/or magnésite mineral assemblage may 

result from the alteration.of siliceous, magnesite bearing, 

dolomites in the albite-epidote-hornfels facies of contact 

metamorphism or in the greenschist facies of regional meta-

morphism. In addition, the talc-tremolite-anthophyllite 

assemblage may occur as a result of reactions in siliceous,.:  t ;  

carbonate rocks in the hornblende-hornfels facies (Winkler, 

1967,.p.37 - 39). 

F 
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4•*-t-HCONCLUSIONS AND DISCUSSIONS 

- The evaluation' and correlation of results 

from this study indicate that the Sakami Lake greens tone 

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 likelyhat 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 complex 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 accompanying maps). In this 

section conclusions are presented concerning four distinct 

aspects of the region which are listed below and will be 

discussed in that order. Following this discussion a 

sequence of events will be presented in tabular form. 



ock 'Assemblage at Sakami Lake  

The rock assemblage at Sakami Lake is 	. 

similar 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.' Subaerial conditions appear to have prevailed in 

some regions. 

	

3. 	Regional variations in the Rock Assemblage of  
Greenstone Belts  

The greenstone belt assemblage. 	appears to 

be a conformable phase of a more extensive metasedimentary- 

•metavolcanic rock group. Some granitic rook units in the 

greenstone belt region, may be,the result of reconstitution 

and recrystallization of pre=eçisting layered rocks. 

	

4. 	Tensional Origin di the Sakami Lake Greenstone Belt  

The Sakami Lake greenstone -belt.._appears...-to _. 

be part.of a regional network of belts which originated 
___ 	-----  

through fracturing - 1ri the earth's, crust. 

Discussi°Ons  
, 	• 	• 	. 

	

1. 	Pre-volcanic Terrane  

' Felsic plutonic rocks and/or gneissic 'rocks • 

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 

elongate section along the east side of the main metavolcan 

metasedimentary.rock è fal]. within the grâywacke ra~<ï 
, 	

. 
sequence 	

. 	. .. t .... „_ 



composition (Table 

--t-Thin-section studies studies indicate that the •felsic 

graihs are '.fairly equidimensional and the quartz contains 

few impurities or inclusions although trains. of dust-like 

particles are common: Undulant extinction., was not noticeably 

strong among the quartz grains. Rock fragments were not 

observed among the wackes. Although some of the mafic 

mineral grains could be reconstituted mafic rock fragments 

the grains observed appear-to be clastic mineral fragments. 

These features coincide with Pettijohn's view (Pettijohn, 

1957, p. .303) that the average graywacke is mainly quartz and 

feldspar, approximately two-thirds of the total, and is 

therefore derived mainly from felsic plutonic rocks. A 

probable granular, felsic-rock origin is also suggested by 

the very. close similarity in chemical composition between 

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

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

Lithic units in the felsic-lithic metawackes 

which form part of the metasedimentary rock sequence consist , 

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-

aicative of a felsic-plutonic source -area (Walker and Pettis '< 

extinction suggests that the grains could have come, from 

granular units which had suffered some directional pressure1 



agi:tentn
; 
ot;  granitic rook are rrieaible in. 

association with fine-grained greenish gray and 

reddish metavolcanic fragments in the metavolcanic band 

youth of Long Lake. Various components have also been 

describeQ in thin-section studies. The rock and, mineral 

for a source area containing granular felsic rocks. 

Grains larger than granules (2-4 millimeters) 

were not observed iwthe metasedimentary rock sequence 

suggesting that the proposed source area was in low relief. 

In addition, the occurrence of arenaceous units in several 

areas indicates that periods of less rapid deposition 

occurred and conditions shay have been similar to'a stable 

shelf environment particularly in the eastern zone of the 

It appears that a hinterland area of low 

relief and consisting, in large part at least, of felsic 

plutonic rocks existed.at this time and,was supplying sedi-

ments to an elongate trough area at the time of volcanism. 

This. concept is further substantiated'by the 

,chemical analysis of the metavolcanic rocks which belong to 

the calc-alkaline suite (Figure 2) which is° indicative of a 

continental orogenic or island arc environment. • 

2. 	Rock Assemblage at• Sakami Lake  

The greenstonë-belt•assemblage at Sakami'Lake 
.. 	_  

consists of the following'.main :rock 'types: (1)` metamorphosed 



clastic:̀sediments of graywacke chemical composition inter- 

lâyered ~ with minor bands of arenaceous metasedimeintary.rocks= 

(2)L ,banded'quartzitic iron formation closely associated with 

metavolcanic rocks and more mafic fragmental units, and tuffs; 

(4) rhyolitic fragmental zones and finely banded felsic meta 

sediments of probable felsic volcanic origin; (5) metavolcanic 

units interlayered with metawackes of probable mafic volcanic 

origin. Preconsolidation fold and slump features exist at 

several locations within the banded metasediments. (Plate 2, 

Figure 2) and in the banded iron formation. 

o s 

	

	 This assemblage is similar to that found in 

many of the greenstone belts in the Superior Province 

(Pettijohn, 1943). The greenstone belts are considered by 

some authors (i.e. Pettijohn, 1943) to represent eugeosynclinal 

conditions. One exception or difference in the assemblage at 

Sakami Lake appears to be the lack of conglomeratic zones; 

however, such zones may be found,in the future. 

A subaqueous environment is indicated by the 

several assemblages mentioned, previously. However, subaerial 

conditions are suggested in some places by the occurrence of 

fragmental felsic units in association with porphyritic felsic 

zones. Research done by Cook (1966) and Ross and Smith (1961) 

strongly suggests that bodies of rock ofln referred•to as 

rhyolite flow are actually fragmental ash flows, or ignimbrites, 

which ate erupted subaerially. The apparent close association. 

and/or variation from subaerial to subaqueous environments 



parts. ofl taie area, possibj.y indicating the existence of a 

group of- islands, is suggested by the close association of 

felsic, fragmental units and finely banded units. which may 

be water-laid equivalents of the fragmental.extrusi-ves .. 

erupted subaerially. 

Several authors have stated that rhyolitic 

volcanism, and especially the extrusion of ignimbrites, 

occurs towards thé 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 thefelsic extrusive 

zones in the Sakami.Lake belt represent the last phases of 

volcanism as well as subaerial conditions, it has been 
q  

established that a consistent pattern or sequence does not 

prevail in the greenstone belts of the Superior Province. 

Research conducted by. Moorehouse (1965, p.947- 

948) indicates that the stratigraphic succession within 

documented greenstone belts in the Canadian Shield does not 

conform to an overall consistent pattern . In the majority 

of cases volcanic rocks are succeeded by sedimentary rock 

units. However, in at least 15 percent of the cases, recorded 

volcanic rocks stiforsede sedimentary rock units. In some 

cases volcanic rocks are interlayered with sedimentary rocks, 

forming a repeated succession. Instill other instances the 

sedimentary rocks form a unit between volcanic sequences. 

Within the volcanic rock sequence mafic units underlie ;felsic 

units in the majority of cases. In about 15 percent of 



t  

e'sâcdession is ;epeatea more than once, beginning 

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

cycle in about 20 percent of the cases. Moorehouse suggest 

that this variation is what should be expected in the vicinity 

of vdolcanic activity and quite different sequences may be 

•Regional, variations in the Rock Assemblage o 

Several features suggest that the metavolcanic-  

'and metasedimentary rock units at Sakami Lake may be a con-

++; formable part of a more extensive metasedimentary rock complex 

I • in which metavolcanic rocks form some units. 

The quartz-feldspar-biotite schist units east 

of Sakami Lake appear. to be conformable and grade into the 

metawackes at Sakami Lake. Similarly, the region immediately 

to the west of the Sakami Lake greenstone belt appears to be • 

a conformable continuation of the belt units although much of 

the mineral content has recrystallized (Plate 5, Figure 2). 

Reconnaissance work done by the writer in the 

region north of. Lake Duhcan, to .the west of•the mapped area, 

indicates that gradations occur from well-banded, felsic, and 

.mafic .sequences`to zones in which the mafic units are crosscut . 

or injected by a felsic fraction, giving the appearance of • 

mafic inclusions in granitic material. These layered 

sequences Were also found to contain some zones of mafic. 

,,,the'same region.la,rge areas"consist of granodioriticrocks 



which are often elongate in form paralleltô. the .regional 

.strike of foliation and have zones containing mafic inclu-. 

sions. The occurrence of mafic inclusions in felsic plutonic 

rocks was also a commonly observed phenomenon within the 

mapped area. These observptions tend to, substantiate Eade's 
r 

view (Fade, 1966, p.63) that the felsic units in this part 

of the Canadian Shield are predominantly of sedimentary 

origin. A further development of these observations suggests 

that large bodies of massive, felsic plutonic rocks in the 

remobilized units which had 'previously 

métavolcânic 

and metasedimentary roçks. 

The incorporation and digestion of mafiç , 

units by more mobile felsic material could result in massive 

plutonic bodies of intermediate to graniticicomposition such 

as- 

 

the amphibole granite (Table 3). 1 possible-mechanism 

-for ,..such •a phenomenon'has been suggested by Henderson. and, 

Brown (1966), and Boyle (1961) in-their interpretation of 

field and laboratory studies done in the Slave Province of 

northwestern Canada; where features occur - which are similar 

in many respects to those observed by the `writer. 

Renders 	and Brown. (1966,.p.46).observed 

that mineral and structu 1 variations' occur in g5anitic 

near greenstone contact •are,as in the Slave Province. The '`:° 
^ !:; 	 r 	 . 	.. 	 ; •.• 	 3:. 

; 	 ,.. 
'sodium tô%

r
potassium' ratio> is high near the I çontact, wherea~',;t 

"  
the ratio is much lower away from the contact. ',These chè7mi c~ 

consisted of interlayered felsic and 



`,qu 3.itie coincide with the occurrence of granodiorite in the 

contact zones and granite farther from the contact. In 

addition,. near the contact, there are zones of greenstone 

•:inclusions which form.up to:30 percent'of the' rock volume. 

Areas of assimilation contain inclusions partially transformed 

into clots of hornblende and some are entirely transformed. 

This hybrid rock is cut'by normal granodioritic rock. Boyle 

(1961, p.74) suggests that the transformation of sediments 
. • 

below •  the volcanic assemblage had resulted in 'granitic 

material which in turn was basified near the greenstone ' 

contacts resulting 'in granodiorite.. 

In addition to these granodioritic modifica- • 

••tions irregular shaped bodies of dioritic composition exist 

which contain varying proportions of hornblende and feldspar 

and a few small quartz ,elies. Some of •these Units contain 

undisttfrbed tuff beds. These "islands"' are on strike with` 

the main tuff bands, and form up to about 40.percent of the. 

rock volume in some areas. :The'âuthors suggest that these 

bodies'represent' dioritizatioîi of greenstone by refusion, 

recrystallization.or by replacement (metasomatism). . 

4. 	Teniional_Origin of the Sakami Lake  

a trough or depositional basin in which volcanism occurred. 

However,,  the cause of this crustal feature can only be 



d,:`areà 4,together with interpretations of pre-existing 

aeromagnetic sürvey maps (Geological•Survey of 

aCan'ada "1971)indicates that the belt at Sakami Lake is part 

of a network of greenstone belts containing several branches 

or`fdrka. It is suggested here that this network may 

represent rifting in the continental mass. The several 

belts in.the region come together at angles of up to 45° 

and and more in some places (Figure 4). Some bands show an 

approximate parallelism. This pattern would seem more 

compatible with fracturing under tension than regional 

compressive forces which would tend to result in parallel 

and semi-parallel troughs.  

It is possible that the metavolcanic rock 

concentrations represent extrusion along the fractures and 

the associated metawackes represent sediments derived from 

adjacent areas of higher: elevation, although some are derived 

from the volcanic extrusions. In this sense the metasediments 

in the greenstone belt are essentially contemporaneous with 

the volcanism. 

This concept is compatible with the previously 

made statement that the greenstone belt at Sakami Lake has 

some similarities to the eugeosnyclinal environment as 

visualized by Pettijohn (1943). However, eugeosynclinal• 

zones are 'Often forced down to considerable depths as a' 

'preludeto upheaval and mountain building.-  Anhaeusser has 

stated (1969,. p.2187) that greenstone is not̀ likelyto be 



Approximate pattern 
of greenstone belts 
in the Sakami Lake 
area: 

Greenstone Belts Sketch Map 

Lake Cataseau 



part of,geosynclinal zones which were taken down to the 

environment of anatexis_for.they..still maintain a low meta-

morphfc`'faci.es. Volcanism through rifting. does not 

necessarily involve the geosynclinal sequence•of events 

although the trough-like structure involved could result in 

an accumulation with similarities to geosynclinal deposits. 

The following paragraphs briefly outline .. 

major features and resulting conclusions drawn from several 

studies of greenstone belts,in the Superior Province and 

the Slave Province. In each, case fracturing of a pre-

existing crust, is stipulated. 

Work in greenstone areas of the Slave Province. 

(McGlynn and Henderson, 1970) indicates that.the'volcanic 

sequences there are essentially a marginal facies in a 

sedimentary accumulation. Conglomeratic units associated 

with. the sediments and volcanics contain rounded granitic 

fragments' in contrast.,. to minor, angular volcanic fragments. 

The authors suggest that the conglomerates are derived from 

an essentially granitic hinterland. The trough is considered 

to be the result of crustal tension and normal faulting 
9 

during which•fracturing,occurred along'the trough margins 

allowing extrusive activity. Threelocations'are referred ;. 

to in which possible exposures of pre-volcanic crust may. 

exist.:' In each case the rock type is considered` to be 

highly altered granitic'material (McGlynn and Henderson, 

1970, p. 34-35) . 	a: 



The- synthesis ôf- field-work - donë ..,in,-the -  . 	. 	.. 

itibi'greenttone belt of westen Quebec and eastern Ontario 
,~.r..> 	-~~~-~•- ---..n-.~ 	... ....... .. _.. __._. . ., ..... . _. _ _ _ 	. 

;t(Gôbdwin:.  and ':Ridler, 1970) suggests that the belt develope 

through the separation of two tectonic units or-platée. 7 

widening structure appears to have had two major fracture 

tones along an east-west axis and along which extrusive 

activity led to the formation of several volcanic piles. 

Sediments associated with the south part of the trough region 

indicate that a'sialic material composed, the hinterland to,. 

the south and southeast. In addition, gravity surveys show 

average readings for the area surrounding the trough -in 

contrast to distinct high negative and low negative readings 

associated with granitic and mafic units respectively within 

the trough. 

This pattern is interpreted by the authors as 

indicating _.'.the _.,existence of mixed rock units around the 

trough whereas distinctive granitic batholiths and basaltic- 

rich volcanic piles form large parts .of the trough structure. 

These interpretations suggesting the occurrence 

of exposed rock units prior to the emplacement of the volcanijcs 

and sediments which compose the greenstone belts also âpply . 

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

sions made.by Anhaeusser based largely on studies.. done in 

\South Africa in which he suggests "that greenstone bands were 

initiated by parallel downwarps or fault-bound troughs on a 
• 

thin, unstable tsialic crust (Anhausser and others', '1969, 

p.2179)  



Suggested sequence of the main geological events in the 
.. Sakami- Lake region. 

1. 
1. 	Recent glaciation, erosion, development of swarms 

and bogs, river and lake deposits. 

1. Various events, including normal and transverse 
faulting and Paleozoic sedimentation. 

2. Intrusion of diabase dikes. • 
3. Proterozoic sedimentation on eroded surfaces. 

'UNCONFORMITY 

A
R

C
H

E
A

N
.  
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1. 	Disconformble intrusion of plutonic amphibole granite 
of variable composition, indlusion of mafic units and 
banded tuffs. 

2: Regional folding; 	formation of isoclinal folds in the 
'.. , trough areas and development of regional foliation 

trends; 	development of regional metamorphism correspond-
ing to the greenschist and almandine-amphibolite facies; 
probable intrusion of felsic plutonic units, in the 
semi-solid state, during folding. 

1. 	Intrusion of basaltic dikes..-into_surro 	ing regions 
------ in association with eruption's in the trough areas 

2. Slumping of sedimentary units within the trough, 
possibly triggered by volcanic eruptions and 
earthquakes. 	• 

3. Occurrence of islandsduring the volcanic eruptions 
fran which subaerial extrusion of felsic volcanic 
materials occurred. 

4. Volcanic extrusion along the fractures; 	formation 
of wackes,arenites,and banded iron formation. 

5. Submergence of part of the continentalmass and the 
formation of fractures; 	probably through tensional . 
forces. 

UNCONFORMITY 

1.. The formation of a continental nucleus of low relief 
with exposed felsic, plutonic rocks. 



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

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 m the hammer which 
is about 35.5 centimeters long or 14 inches. 



PLATE 1 



Greenish gray banded tuffs (A) disconformably 
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. 

Banded metasedimentary rock, Sakami Lake area., 
The light bands havé 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 35.5 centimeters long or 14 inches. 

Figure  2 
„r1 

?`a 
Intruded greenstone tuffs, north of Lake 

Duncan, west of Long Lake. Finely banded, steeply 
inclined, and crenulated greenstone tuffs (A) have 
been disconformably intruded by aplitic 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 fragmenti may have contributed to the 
banded sequence. Scale - the sunglasses which 
are about 12 centimeters long or 5 inches. 



PLATE 3 

Figure 1  

A1-?2a
.  

J". 

Figure 2  



Aniygdaloidal basaltic flow rock Long Lake 
area. Note the well formed plagioclase pheng- 
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. 

Figure 2 

retavolcan.ic 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 epidote. Plain 
light, 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 millimeters. 

Figure 4 

Banded magnetic iron formation, Sakami Lake 
region.' Relatively coarse, magnetite-rich bands 
(A) are'interlayered with amphibole-felsic binds ' 
(B) and- zones (C) containing intertonguin'g lenses 
of amphibole grains and felsic mineral grains which 
seem .to be mainly quartz: Some lenses contain all... 
of these minerals in varÿing.proportions. Plain s  
light, 5.9 millimeters. 

,. 	• 	. 





Figure 1  

Felsic lithic wacke, Sakami Lake region. 
Rounded to subrounded fragments of polycrystalline 
quartz (A) randomly distributed in a finer grained 
felsic matric (B) which contains minor amounts of 
biotite'and.sericite. 	Crossed nicols, 5.9 milli- 
meters., 

Figure 2  

Amphibole-quartz gneiss, Sakami Lake region. 
Bands consisting of amphibole .and chlorite (A) and 
containing thin discontinuous stringers of opaque_ 
minerais (B) are interlayered with felsic layers 
composed of granular quartz and carbonate (C). 
Plain. light, 5.9' millimeters. 

Figure .3  

.Lithic•wacke, Lake Cataseau region. Fragments 
'of disrupted very fine grained, granular feldspathic 

'wacke (A), and other fragments consisting. of amphibole, 
quartz, quartz-feldsparwith some chlorite, clots 
of ;chlorite and fragments of granular quartz. The 
finer fraction consists - of quartz, feldspar chlorite 

and biot'ite. 	Plain light, 5.9 millimeters. 

Figure 4 - 

Massive amphibole.:granite,. Long Lake area, 
composed of ,altered, zoned. plagioclase (A) , green 
amphibole (B) , •andr quartz (C) . 	Crossed nicols, • 
.5.9 millimeters.. 	. 
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AP pENA~.1C t ~ 

`~ ? 	 in~~ -section . petro,graphy of: mafic and felsic 

ïâetavolcânic ~rockà~
i
; metasedimentary rocks•;. rocks of plutonic 

.. 	~a ~• 	 ,  

origin; and rock of probableultramafic origin. 

Metavolcanic Rocks, ' 

Greénstone; Massive, Fine ta Coarse 	 

'Fine, medium, and coarse-grained rocks of mafic 

composition consist of abTuequàl amounts: of ferromagnesian 

minerals and felsic minerals. Epidote, sphene, calcite, and 

opaque minerals are minor rock Components. 

In the massive to foliatO';fine grained rock 

the feldspâr is commonly xenoblastic and occupies space be-

tween xënbblastic greenish amphibolegrains. Some of the 

felsic minerals grains are clear or colorless and contain 

distinct grains .of epidote and fine, elongate amphibole grains.M _ 

b . 	 . 

Other grains contain alteration products in the formf - - ne, 

fibrous material. Vague relict twinninc.exists in some grains , 

indicating plagioclase. Distinct quartz groins are occasional- 

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 consists of xenoblastic 

amphibole and minor chlorite together withxenOblastic 
a 

plagioclase. The amphibole is slightly pleochraoic in pale, 

.yellowish olive green to medium-light green, whereas the 

chlorite has similar pleochroismbut distinctive purplish 

blue.interference colors. Sieve texture, is common 'through 

1 	 e, 



The amphibole mineral. has , an intergranular to 

subophitic.'textural relationship with the plagioclase. However, 

the plagioclase, which is xenoblastic, often shows a common 

optical orientation with several other plagioclase grains in'the 

vicinity. Relict twinning exists in most of the plagioclase 

which suggests an igneous originfdr the rock. 

Epidote forms about 7. percent of the rock and is 

randomly disseminated. Sphene forms about 3 percent of the 

rock as scattered clots of bead-like graiüs. In some zones 

cataclasis is indicated by deformed twinning in plagioclase 

and granularity between some grains. 

Greenstone;.Porphyritic  

Prophyritic metabasalt in the region consists 

mostly of rocks in which highly altered plagioclase . phenocrÿsts'" ', 

form.the coarse fraction; in other cases augite forms pheno- 

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

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

of the metabasalt. 

anhedral, colorless, and form up to 20 percent or more,of the 

-rock volume. The phenocrysts,YiaVe been altered to.epidote, a 
4 

fine fibrous mineral, and minor chlorite which'has purplis h... 
a •  

blue interference colors. Some of•the pseudomorhs after 

plagioclase contain some brownish biotite and a fine, opaque, 



miners . in; ,the grain margins. 

Ili those' outcrops where augite phenocrysts occur 

they;.form`about, 5 - 7 percent of the rock and are randomly 

distributed. They are colorless to very faint bluish-gray in 

plain'light, optically positive with a 2v of about 45°, and 

tend to have an ovoid to stubby b.ipyramidal form. The crystals 

also commonly display curved fractures. 

The groundmass of the metabasalt is similar in the 

various sections. It is subophitic with amphibole being 

slightly predominant and composing about half the rock volume. 

Amphibole grains are randomly oriented with jagged or comb 

like grain boundaries and have a prominent sieve texture: The 

plagioclase laths making up part of the groundmass are random-

ly oriented and have a subhedràl to anhedral outline although 

the crystals are highly altered to a fine, fibrous, .felted 

mineral. 

, Some of the augite-porphyry rock contains random 

clotB of what appears to be fine, fibrous alteration products 

including some epidote; in addition, epidote forms part of the 

matrix in all sections observed. In some places the mineral 

forms grayish blotches°or clots some of which partially enclose 

plagioclase laths. Sphene forms bead-like aggregates of high `.} 

relief in Some zones and an opaque' mineral occasionally forma;..' 

,irregular units around plagioclase grains; some grains are 

bounded by straight lines giving the plagioclase an angular 



distributed plagioclase phenocrysts and ovoid to irregular 

amygdules in a fine, massive groundmass which is medium to 

dark grayish brown in plain, transmitted light. 

Plagioclase phenocrysts are predominantly euhedral 

partially altered, and usually show. some sieve texture., enclos-

ing epidote and patches of alteration products. Several 

examples of albite twinning indicate a maximum extinction 

angle of about 18°. Euhedral phenocrysts, showing vague 110 

pericline twinning show an angle of about 0° between twin 

planes and the grain edge. ,f,These twinning properties suggest 

that the plagioclase is andesine in the An36 `n40 range of 

composition. 

Amygdules are ovoid to irregular and show a range 

of sizes from coarse to fine. Several of the ovoid amygdules 

show flow structure around their borders. Most of the amygdules 

consist of highly sutured quartz with distinct undulant extinc 

tion. Some.of the smaller amygdules consist of a fine granular... 

mass which is brownish-gray in• plain transmitted light and seems 

to be a mixture of epidote, chlorite and a felsic mineral. 

The groundmass consists of epidote, fine, partly 	tfr 

altered plagioclase laths, and chlorite. It appears'that 

medium to light greenish colo lof the thin sections,,,when ̀k 

held in reflected ^light, is largely due to well ;disseminate 

epidote and chlorite in the groundmass. 



Greenstorie; Fragmèntal 

Exposures, of. massive, fragmental metavolcanic 

rocks which contain unsorted, angular to.subrounded mineral 

and rock .fragments . of various compositions_are observable in 

the Long Bake region. 

The finer faction consists of felsic material, 

epidote, and a ferromagnesian mineral which appears to be 

amphibole: Among the coarser components are: quartz, massive 

and"foliated granite fragments, amphibole, sphene, plagioclase, 

metabasaltic fragments, and fragments of highly altered fine 

grained material. 

The quartz consists of angular fragments, 

rounded fragments, highly sutured granular quartz, and some 

fragments which are rounded and show slight embayments which 

suggest partialesorpti 	Some /of 	
angular fragments of 

--.._. ._.-. 	resorption. on. 	/. . 

quartz show fine conchoidal-like cuspate features suggesting 

that thé grains may have been chipped. 
Soin granitic frag- 

ments are massive and consist 6f plagioclase, quartz and 

amphibole and minor calcite. Other granitic fragments are 

foliated, medium to fine grained; consist of quartz, altered 

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

clasis. Occasional.frâgments of quartz-feldspar rock are 

observable in which the feldspar contains .myrmekite. 

Amphibole grains are randomly spwed through the 

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

	

r 	
of ive gréen .to med9 light àn . sôme;,are' plaochroic in~ Tight 
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green;,:; all? tend to be elongate, but rounded and show a 'low

extinction angle. Chlorite exists as small irregular 

patches and as parts of grains and tends to show parallel 

".extinction with purplish-brown interference colors. Fragments 

of metabasalt consist of massive amphibole, plagioclase 

laths, chlorite and minor epidote and sphene. 

Some fragmental material of mafic composition 

has been discussed in the appendix section on metase4mentary 

rocks ,under lithic wackes. 

Felsic Metavolcanic'Rocks;- Porphyritic  

Phenocrysts of either, or both, quartz,ànd 

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

phenocrysts ere usually embayed or partly resorbed and 

feldspar phenocrysts are altered,.to some extent. Many of 

the grains are fractured and broken. . . The presence of.albite 
P 

plagioclase is indicated by 'the analysis of relict albite . 

twinning on some of the grains. 

The felsophyri.c groundmass consists of quartz, 

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

of a colorless, micaceous minera]. (Traces of an opaque 

(  mineral and chlorite exist togetherforming stringers which 

are parallel ,to' flow or compaction structure around some of 

the phenocrysts. Some of, the opaque mineral is whitish gray 

in reflected light which•suggests that leucoxene has formed 

as an alteration product of ilmenite. 



rock contain, about 10 percent\o f quartz.phenocryats. Flow. 

structure .̀is delineated .by fine, semi-opaque stringers which 
~. 	. 	 ! 

appear 
 

to contain considerable epidote and scattered clots of 
\", 

green chlorite with minor epidote... The 'matrix. consists of 

green chlorite and a colorless, micaceous mineral. 

In some instances the quartz bodies are 

irregular in shape and consist of interlocking.quartz grains.. 

The matrix consists of green chlorite and a colorless 

micaceous mineral in association with~~granular: quartz and 

feldspar. Scattered pyrite forms about 2 percent of the rock. 

' Feldspar-quartz porphyry rock, in which the 

feldspar'is almost unaltered and the quartz occurs in the form 

of elongate, ovoid structures composed of highly sutured, 

interlocking grains occurs in some parts of the Sakami Lake 

area. The feldspar phenocrysts form up to about 50 percent 

of the rock and are predominantly euhedral. The ovoid quartz 

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

amygdules. Flow or compaction structure occurs around some  

In some samples brown biotite forms about 3, 

percent of the rock and contains traces of zircon with 

associated pleochroic halos.' *. 

The matrix is felsophyric consisting of 

granular quartz and feldspar and 7 to 10 percent of brown . 

biotite. In some portions of the' rock chlorite and epidote 

form part of the matrix. In addition epidote and micaceous'. 



minerals also occur as alteration products' of the feldspar . 

phenocrysts. 

Some of the porphyritic.rock contains%.pheno- 

crysts which have been granulated and fractured through 

cataclasis. Granulation has resulted in some round grains 

with ill-defined margins whose fractures contain finer, 

secondary, feldspar and quartz. 

Feldspar porphyry rock exhibiting distinct 

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 twinning is vaguely distinguishable in some grains. 

.. Granophyric . rims are observable around some of the pheno 

crysts. 

.The matrix 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 phenocryats. 

Some of the amphibole grains, have a well 

developed sieve texture suggesting that some of the crystals» 

are of secondary origin. The zoned structure of- the pheno-

crysts suggests that the rock Is 'Of igneous ôrigin.i 

Some units in the Sakami Lake region constat. 

of randomly distributed feldspar in a foliated, felaophyri 



matrix which ç contains elongate lenses and clots of biotite '' 

and 

 

quartz-feldspar units. -There is a distinct gap in the 

grain size ..of. .the e• matrix-and the coarser, randomly distributed 

feldspar. This rock variety shows a complete gradation to. 

the• quartz-feldspar porphyry extrusive rock discussed above. 

Feldspar units are altered but some show relict twinning 

and euhedral outlines are occasionally observed. Other 

feldspar units occur- as clots of vaguely defined feldspar 

grains which deem to be the result of the break-up or 

dissociation of pre-existing larger feldspar grains. 

The matrix consists predominantly of granular 

quartz aria feldspar with traces of biotite, chlorite and 

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 
1 

occur in the matrix in some zones. 

Ovoid to lense-like clots of calcite with 'Minor 
' 	t 

quartz are randomly distributed and constitute about 15 to 20 •
. 

'percent of the, rock in some areas. These structures dô not 

:form layers anc},seem to be independent units res
ulting from 

mineral replacement or the. filling of voids.  

Felsic - Metavolcanic Rocker Fragmental  

• Extrusive rocks consisting of.fragments and , 	.. 	, 	ti 
} 	 . 

phenocrysts in.â 'felsophyriagroundmass,are,exposed in the, 

Long Lake region (Plate .g, Figure 31. phenocrysta .'and,some 
. . 	~ 	• - 	• 	~ ,. 	 . 	. 	. 	 . 

fragments consist of partially, resorbed.quartz,  



aaussüritized feldspar, including albite, and minor amphibole. 

O*her~;fragments'.observable consist of pre-existing rock and ' , ïi 
mineral grains which are partially amphibole and partially 

~. 	. 	 . 

	

Chlorite. 	~ 

n some'places. the coarse 

almost entirely of saussuritization products 'as pseudomorphs 

many of which are well defined rectangular 

forms up to about 5 percent of the rock as 

scattered grains and aggregates. 

The matrix consists of very fine,. highly 

sutured quartz and feldspar with light greenish chlorite, 

traces of'. epidote and opaque grains, and occasional traces 

of amphibole and calcite. Flow or compaction structure is 

common feature. around' fragments and phenocrysts. 

This section concerns supplementary informa-

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

mentary rocks which are essentially: (.1) banded iron 

formation; (2) 'arkosic and feldspathic wacke;`''(3) foliated 

felsite; (4) quartz arenite; (5) amphibole schist and 

eneiss: and (6) mafic and felsic lithic metawackes. 

Banded magnetic iron formation in the mapped 

area consists mainly of ferromagnesian rich layers inter 

banded with units.consisting,predominantly of 'quartz'and 



Cyclic variation' is observable in some zones. 

One of these locations shows three phases, (Plate 4, Figure 
.T 

41: (A) azone of granular ferromagnesian mineral and 

fe1sig mineral with minor magnetite which grades into 

(B) which_is an interlayered sequence of relatively thin 

bands of felsic mineral and • magnetite with 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 

The magnetite is fine grained but slightly 

variable'in•.grpin,_size and is éuhedral 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 positive and extinction iâ inclined at an angle 

of about 18°. Banded magnetic-iron formation in the region 

north of Lake Duncan, to the west of the mapped area,. also 

'consists of interlayered amphibole and quartz-magnètite-rich, ,s 

units; contacts between these layers are shown to be 	,. 

S1tla 

slightly gradational in thin-section studies.  

The quartz-magnetite units are fine grained ~{' 



and contain minor scattered amphibole grains. Amphibole- 

rich units consist of massive, randomly oriented, colorless 
• 

grains with minor scattered grains 'of quartz and magnetite. 

Sieve texture is observable in the amphibole as a result 'of 

• included quartz grains. Rust staining is commonly observed 

through the amphibole and often consists of.patches or stains 

on individual. grains. 

The Long Lake region contains exposures of 

iron formation which consist of interlayered quartz and 

magnetite. •Some of the quartz units contain scattered 

magnetite grains near band margins. However, some magnetite 

units are massive 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 structurel 
• 

features suggest preconsolidation movement. 

Arkosic and Feldspathic Metawackes 

Several varieties of feldspathic metawacke 

exist in the area. The region north of Long Lake contains 

layers'of feldspathic metawacke interlayered with dark green-' 

weathering.mafic units. The wacke is fine grained, foliated: 

and contains about 10 percent'greenish'chlorite and.  about' 

1 to :3 percent epidote. 'Layering within.  the bands is forme' 

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

sizé of quartz. The feldspar is made conspicuous through 



n 	,:. w  ch,,,givëtfie grains
.:.
a cloua  :f ne alteration products whit 	

ysgrgy 

'color relative to quartz °ih plain transmitted. light. Some 

of the layers have been fragmented in part resulting in the 

random distribution of angular fragments in a matrix of fine 

felsic grains and greenish chlorite which is purplish brown 

A prominent variety.of feldspathic metawacke 

in the Sakami Lake region is a. slightly to well foliated, 

medium tofine grained type, in which biotite'is usually. 

the main ferromagnesian 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 associated pleochroic 

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

the biotite has greenish patches, particularly around the 

edges•of grains, which suggests a partial transition toq, 

chlorite through retrograde metamorphism. Traces of 

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 

the long diagonal which also has positive elongation. 

Traces of olive green tourmaline and scattered, coarse, 

quartz grains are often present. The feldspar has some 

'fine alteration products associated with it which gives th 

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



In the southwest region at Sakami Lake', 

feldspathic metawacke is exposed .which has coarse brown 

biotite with well developed sieve texture forming about 30 

percent of the ,rock. The sieve texture is formed by inclu-

sions of - felsic'grains and occasional greenish tourmaline 

grains. Coarser tourmaline with well developed sieve texture 

forms about 15 percent of the rock, and also is olive green. 

Coarse garnet forms 3 to 5 percent of the rock and also has 

conspicuous sieve texture formed by the inclusion of 

tourmaline and felsic mineral grains. 

Secondary amphibole with conspicuous sieve 

texture is the major ferromagnesian mineral in some 
zones 

of feldspathic metawacke in the Sakami Lake 
region. The 

rock is fine to occasionally coarse grained and massive. 

Trâces of green chlorite and brown biotite are observable
. 

throughout the rock. 
Feldspathic meta-arenite forms part of the 

metasedimentary sequence' in the Sakami Lake area. It i3 .a 

medium to coarse grained rock in which some recrystalliza- 

tion has formed a tight fabric of'interlocking.grains. ;..Light 

greenish-brown biotite forms up' to about 10 percent of the' 

rock and contains occasional grains 	zircon and associated,
, k  

Cataclasis has formed shearing 

granulation around some grain boundaries. Boehme lamelldeifl  

developed at oblique angles to the foliation trend, area, Ÿ 



Arkosic ietawacke exists in the region in 

several ;  variations.. Some of•the material is very similar to 

thé biotite-rich feldspathic metawackes except for the 

greater feldspar content. Other varieties have a relatively 

high epidote'content and some zones contain a high quantity 

of amphibole 'which has well developed sieve texture. 

One variety'of-. arkosic metawacke appears to 

have originated' from porphyritic granite. The rock is 

coarse to fine grained and is slightly foliated. Sericite 

and light to medium green biotite form about l0 to 12 percen 

of the rock and epidote forms about l to 3 percent. Cata 

clastic effects haie resulted in coarse plagioclase grains 
Y  

being granulated and broken and many have bent twinning. 

Quartz bAs---formed lenses: of 	grains with strong 

Fine grained, foliated arkosic metawacke 

which•coritains'about 7 t 10 percent epidote is exposed in 

the Long Lake area. The'epidote exists as grains and lense-

like clots'. Chlorite forms about 10 to 12 perdent of the' 

rock. It is greenish ih plain light and purplish brown in 

pôlarized,light. Most of the chlorite has fine stringers 

of very fine, semi-opaque, granular mineral which appears 

to be'epidote... Feldspar is altered and appears as cloudy. 

gray grains in plain light.  

In many parts of the mapped area fine to ye 



fine 	'ne rarkosic-metaWacke with. coarse, '' secondary' 

4amphibole development is a commonly observed rock. The 
: 

amphibole has well developed sievetekture. Some grains • 

are l elongaté in needle-like form and others have jagged 

terminations or comb-like texture commonly associated with 

secondary growth. Chlorite forms about .7 to 10 percent of 

the rock. It is fine grained and randomly distributed 

through the granular felsic matrix. Variations , of this 

rock have coarse amphibole fyirming up to about 35 percent 

of the material. Opaque mi4rAls, which/exist in minor 

amounts, varies from dark in reflecte4 light to whitish 

gray which suggests ilmenite with associated leucoxene. 
1 	, 

Several exposures were observed in the .north-

' west part of Sakami Lake which consist of very fine grained, 

highly sheared, and crenulated felaiC reek; The, rook 

contain i abou4'15 to 20. percent of ophqué minerals and has 
. 	1 

alternating zones of very fine granular, 'felsic units, and 

micaceous mineral.unitd which appear to be 
ro 	

iledominantly 
.• 	• . 

sericite.. Opaque minerals ,re observable in,Lpoth the granular 
k,  

felsic units and,the micaceous units, but ismore concen- 

traded in the micaceous tones. ,It is whitishAray in 
. 

reflected light suggesting that it is leilcoxene. Chlorite 

	

. 	r,V 

-forms.about5 percent 'of the rock as clots andgenses. In 

addition to being crenulated, thin-section studies in 	- 



contorted 'suggesting preconsolidation movement. 

Some exposures contain a similar appearing 

.rock which is a.fine quartz metawacke. The rock is very 

fine grained and highly sheared with sericite and chlorite 

common constituents in shear zones. Slip surfaces intersect 

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 exist to some extent in all of the metawackes. 

Much of the opaque mineral is yellowish in reflected light 

which suggests.â pyrite_ content. However., some sections 

show many of the opaque grains as whitish gray in reflected 

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

phenomenon suggests that•leucoxene has developed through 

alteration of ilmenite. In some areas, the opaque mineral 

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

change color, in transferring from play n to polarized .light. 

This mineral appears to be limonite or- goethite. 

Quartz Arenite  
w 

Thin-section studies of rock from the reddii'. 

the north side of, Lak 



ataseau indicate, that p'these rocks are medium . to coarse . 

rainedquartz'arenites with minor amounts of calcite and 

feldspar"including some microcline. The roc s mo era e y 

to well sorted.and grains are rounded to subrounded. 

, In some zones, recrystallization and suturing 

has formed a tight fabric of interlocking grains. Other 

zones haye the areas between larger grains filled with finer, 

felsic mineral. - Many grains have a fine. opaque dust around 

their boundaries which appears to be the iron oxide which 

gives the rock a marked reddish color in surface exposures. 

Other regions around Sakami Lake contain 

layers 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 

4:quartzarenite occur randomly oriented in a matrix of very 

,.fine felsic grains and pale green chlorite. 

Poorly sorted quartz arenite which is very 

fine to fine grained with randomly distributed coarse frag- 
5 

ments occurs in some areas. The grains are rounded to 

recrystallized *resulting in a fabric of interlocking rains. 

Many ôf the grains contain trains or stringers of very small:- 

inclusions. Minor amounts of sericite are observable which 

have a distinct sieve texture. Also minor amounts. of.brown, çr 

biotite and greenish chlorite are observable. 

• Some zones of quartz arenite are, in part;at~r 

curved bands of amphibole.in 



grained, massive fabric of interlocking quartz grains.. 

Minor,.;amounts of greenish to .brown biotite are present in 

Nwhich`tscattered zircon grains and associated pleochroic 

halos occur. Sieve téxture is a common feature among the 

ferromagnesian minerals., suggesting that they are secondary 

developments. 

Banded Amphibolitic Schist and Gneiss  

Finer grained amphibolite schists tend to 

show distinctive foliation in thin section and consists of 

interlensing stringers and lenses of greenish amphibole 

and granular felsic minerals.  

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 sieve texture in the 'form of epidote, ,amphibole 

and some opaque grains as inclusions. The opaque minerals 

are observable as individual grains and as small clots and,; 

stringers. Some of the opaque grains are yellow in reflegtec~, 

light suggesting pyrite., Opaque units are often observed 

as core areas of; bead-like aggregates of sphen®'w`hich;su 

that the. .opaque min9ral is'ilmenite and the:'sphene has 
for 

through alteration .of iline ni te.  

Some of the 'f ine amphibole-rich uni,ts con 
. 



stringers and lenses of felsic minerals some of which is al- 

tered tó a very fine fibrous mineral which suggests that the 
• 

stringers contain altered feldspar as a major component. 

Chlorite rather than amphibole is the 

predominant ferômagnesian.mineral in some.'of the green-

s.chist. The fine grained, well foliated rock owes its 

layering to; variation in felsic, ferromagnesian, and 

opaque mineral concentration. 	/ 	 c 

The ferromagnesian mineral is chlorite which 

has distinctive purplish blue interference colors and forms 

the foliation. Chlorite forms about 40 percent of the rock°. 

-Felsic'mineral content appears to be quartz with some 

feldspar, including_albite, suggested by occasional grains 

showing some twinning.. tpidote forms about 15 percent of 

the rock ,and is observable as scattered grains and clots 

which.appèar as,grayish blotches in plain light. 

opaque-grains are'observed as individual,;"• 

• 
grains :antt elongate copcentrations..adjacent to felsic 

r
, 

,`d 
'layers . ' Somt bf • the opaque grains 'Are `yellow in reflected 

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

, 

•
is associated with the margins of some opaque units indicat- 

"light irregular Tense-likepartings 

e 
• 
endicular°.to foliation are observable in some section

ï 
p rp 	 .~~. 
These  partings,or fractures are filled with calcite'whict}

f9rms about 7 to °l6: percent of the rock in some.placës.t. 



calcite arealso observable âs scattered./v 

grains~ thrôugh= `the main: mass of the rock. ._ 	 .. 

rhythmic-variation ...in environmental 

conditions.: is suggested by the gradual',• increase in :the .•... ;. 
. 

opaque:,mineral-content,in âssociation. with more felsic 

mineral-rich unitsfollowed by•a reversal of the sequence. 

Amphibole-quartz-gneiss in.which amphibole- " 
, 	. 	 . 	 . 	 ,~ 	 •. 	• 

rich layers. are interbanded with felsic_,.layers rich in. 

The: layering varies from' a.few millimeters to.several 

Centimeters 'and xenoblastic.amphibole. is  a commonly_ 

observed feature. 

'Amphibole-quartz-gneiss. associated with' 

banded magnetic iron formation consists-of contorted, 

granular,- quartz-rich layers interlayer.ed with u_ni.ts • 
•J 

consisting'.pf xengblastic green or colorless amphibole and. 

ienoblastC 'garnet, which has  distinctive sieve texture
. 

The individual quartz units, consist of fine , 

layers which 'have been crenulated without, apparently, 

affecting the''adjecent 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 b' relatively thin concentrations:of the 

colorlèss amphibole. Limonite occurs as small, clots'` 

scattered through the quartz and , particularly ,yin` asspcia 

Lion with : hin'amphibole ,bands. 	It also exists on 



amphibole. . 

s a postconsolidation development.', 

Amphibole, observable as a colorless to green 

low extinction angle, and 

low order interference colors. The greenish 
l

ariety is 

pleochroic in.light olive green to medium green with a 
I 

slight bluish•tinge. Grains are elongate and randomly 

i 

oriented. • The greenish variety of amphibole is generally
. 

predominant; however, the colorless variety' is predominant 

along contact areas with the quartz•-rich units and also is 

the type occurring as grains in the xenoblastic garnet 

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

Amphibolé grains which are partly colorless and partly 

green also occur. 

Some amphibole units have a conspicuous 

zircon content and associated pleochroic halos. The zircon 

has no apparent relationship to the amphibole grains, but 

tends to concentrate in elongate clusters or lenses.. This 

phenomenon suggests that, the zircon represents'$riginal 

bedding in a fine grained sediment which subsequently 

suffered recrystallization resulting in the coarser 

, 	 •.•,,~ 

Some exposures of layered rockl'in the green- 
. 	. 	• 	I., 	• 

stone gonft immediately north of Long Lake.contâin well 
i 

developed tourmaline grains in a matrix.of fine amphibole 

~.~ 



oni ~t~d has a well developed .sieve 
f .. 	 , 

; numerous inclusions-of ~~amphibole. The 

amphibolel;grains are colorless, have positive elongation, 

a 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 

a lesser extent, pale green chlorite are randomly distri-

buted through the amphibole. Calcite forms .bout 1 to 3 

percent of the rock in the form of slightly irregular 

fracturé'fillings. 

Exposures • in the northwest par of Sakami 

Lake contain amphibole-quartz gneiss which consists of 

calcareous quartz bands interlayered with °amphibole-

chlorite units .in
, which stringers of opàque'°minerals are 

commonly observed. 

Amphibole and chlorite form a coarse 

grained, massive texture within the individual mafic units.. 

However', the stringers of relatively.line opaque grains 

form. parallel and semi-parallel` layers which extend across 

the boundaries of thé amphibole and chloŸite grains' (Plate' 5, 

Figure 2). The, amphibole and' Chlorite are greenish and show • 

•pleochroism.in'-tale olive green to medium green; however,• 

the chlorite; shows distinctly bluish,.interference colors. 



art-;o 
ayered felsiç'units which, in some places, show,a boudinage 

60• percent of 'the rock. The amphipole has some preferred 

orientation and has sieve textùre formed by the inclusions 

of clear, rounded felsic grains. The amphibole grains 

have positive elongation, inclined extinction of about 

18° and pleochroi
sm is in pale olive green to medium green. 

The'felsic units consist of quartz and color-

'less epidote and, in some places, minor amounts of brown 

biotite and feldspar. In the instances of boudinage 
develop-

ment the-tension release fr
actures in_ the felsic unit 

contain quartz concentrations. E.
pidote and amphibole form 

inclusions in some of the felsic grains which appear to be 

feldspar. 
opaque grains form stringers parallel o 

foliation in some of the relatively thin bands; however, in. 

zones of thicker moremassive amphibole units, the opaque 

grains are randomly distributed or in clots with occasional 

slightly irregular stringers observable. 

Lithic Metawacke  
Lithic metawacke similar in some respects to 

ome of 	P the feldspathic met,awacke mentioned above is exposed s 
in the Sakami Lake region (Plate 5, Figure 1). Coars@` to ; 

nts form about 10 perc  very coarse qu~rtz~fragme 	
ent'of`the 

rock. These fragments consist of sutured, interlocking. ~,~ 



t,quart grains. The fragments are rounded to subrounded and 

andomly distributed, some of the fragments show 

compression features around them in the apparent pushing 

asie of micaceous mineral grains. Biotite',•sericite and 

chlorite.are observable in varying amounts and total about 

,'n 4- 1 nc~rr_cant of the rock with sericite often showing 

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'ând consist of very fine, granular, dark gray masses 

of minerals which seem to be alteration products consisting 

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-

ference colors. Occasional scattered quartz grains and 

fragments of granular quartz rock are also observable. 

The finer fraction consists of greenish chlorite and felsic 

minerals. Calcite forms about 7 to 10 percent, of the rock 

in the form of randomly distributed grains and clots. 

Lithic metawacko derived in part' from .mafia 

rocks and in part from disrupted feldspathic metawacke 

occurs in the Lake dataseau area. The rock consists of fins; 



o coarsegrained amphibole,-quartz, and felsic fragments 

containing a some. chlorite. Also fragments of altered mafic 

minerals ,'including chlorite, and fragments of granular 

quartz-rock, are observable in a matrix of chlorite, 
• 

biotite, quartz, and felsic minerals.; Scattered through 

this 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 

composition forms massive, poorly sorted units and also 

foliated rock in which there is some layering due to 

variation in mineral concentration. The massive, poorly 

sorted -rock consists of amphibole, amphibole-felsic fragments, 

patches of chlorite, scattered quartz grains, opaque grains, 

and patches of brownish alteration products which contain 

The greenish amphibole grains are slightly. 

elongate and often. appear to be bent. Green chlorite is 

commonly associated with the amphibole and has a distinctive 

pùrplf_sh blue interference color. Fragments of amphibole- 

felsic 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. 



Plutonic Rocks  

Amphibole Granite  

The amphibole granite exposed in several areas 

west of Sakami Lake and south of Long Lake is a massive, 
A 

medium grained reddish-gray weathering rock with amphibole 

rich inclusions in some zones. 

The feldspar, content consists of zoned 

plagioclase, some albite-oligoclase (An10) and microcline. 

Green amphibole is the-predominant mafic mineral and greenish 

chlorite is present in minor amounts. Fine epidote is 

observable as part `of the saussuritization products produced 

through: plagioclase alteration. 'Sphene anck opaque mineral 

grains` are Observable in minor amounts. 

Plagioclase is commonly zoned with the central 

part of,the grains being more conspicuously.aitered and with 

epidote forming part of the alteration.. Relict albite 

twinning is observable on some grains, the analysis of which 

indicates albite-oligoclase (An10). Microcline.is less 

abundant than the plagioclase and exhibits a well developed,' 

cross-hatched twinning. 

Fine to medium grained, amphibole-rich units 

are observable in some sections. Felsic minerals in these 

units consist of plagioclase, microcline and quartz. 

Plagioclase consists of scattered,.: coarse, altered: grains 

containing some epidote. Microcline forms large coarse 

.grains which have inclusions of amphibole.in the form?') 
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individual crystals and clots of crystals. About 30 to 40 

percent of the units consist of amphibole. 

Granite;, Foliated, Porphyritic  

Porphyritic granite 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. 

is predominantly medium grained and is massive to foliated. 

'Biôtite, epidote, feldspar, and quartz form the finer 

fraction in addition to occasional clots of highly sutured 

quartz grains. 

Quartz and feldspar form phenocrysts and 

chlorite•'afso forms coarse units. Feldspar is altered with 

many grains'•broken and bent, indicated in part by curved and 

displaced albite twinning planes,. Analysis of several thin 

sections indicates that plagioclase is albite-oligoclase in 

the range of An4 -. Anlo with a predominance in the area of 

An7. Some of the coarser feldspar grains are highly 

granulated and some are fractured with finer grained, 

reconstituted feldspar in the fracture zones. Quartz grains 

are highly sutured and exhibit undulant extinction. Some ~. 

quartz grains show slight ambayments which may be due to 

resorption. In some places the rock fabric has a fragmental 
• 

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

degree of cataclasis suffered by the rock. 

In some Sectors the granite is predominantly;; 

medium grained and, only slightly prophyritic. Feldspar 



about -3 percent epidote 

consists  predominantly of albite, minor amounts of microcline 

an d'a'few scattered grains showing myrmekitic texture. 

Ferromagnesian mAperals consist of about 3'percent chlorite 

and minor amounts of epidote. Some zones contain brown bio- 
. tite with zircon. 'tataclasis is indicated by granulation of 

• 
coarser grains and reddish. iron-oxide staining is commonly 

observed. 

and minor 

One variation of the granite mentioned above 

contains distinctive chlorite units in which. quartz forms 

elongate lenses parallel to the cleavage in the host 

chlorite which is readily observed by its purplish blue 

interference colors. The quartz bas a fibrous-like 

structure (perpendicular to the chlorite-quartz contacts) 

which isindicated by the extinction pattern ofthe quartz 

• during stage rotation under crossed nicois. The chlorite 

grains also have a fine epidote content in the form of semi-

opaque stringers parallel to cleavage,in the host mineral. 

Exposurei of granitic rock occur in the area .  

between Sakami Lake and Long Lake in which mafic minerals 

consist of amphibole.and brown biotite and form about 10 

percent of the-rock. Some of the amphibole has a well 

developed sieve texture. Plagioclase consists, in part at 

least, of aligoclase (Alt120)* Minor amounts of sphene are 



~ Some exposures consist of medium to coarse 

grained  massive granite in which a graphic intergrowth 

of quartz and feldspar can be observed. Albite and'minor 
o

. 	. 
amounts of chlorite are alsô observable. 

Diabase 	
.. 

ophitiç to subophitic -texture in the form of euhedral plagio-

clase crystals partially to completely enclosed by a ferro-

magnesian mineral, probably altered clinopyroxene. The : 

plagioclase sows relict twinning 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'•twinning indicates a compositional range 

of about An45 - Àn52. Calcite forms scattered irregular 

clots and constitutes about 15 percent or more of the rock 

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 contain what appear to be 

pseudomorphs after olivine which consist of tremolite, 

serpentine and opaque minerals. 

The pseudomorphs after olivine have curved.,' 

fractures delineated'by very"fine, fibrous, colorless. 

serpentine. Central zones of these fractures 'contain .enses 

and clots of a very fine, opaque mineral which is black,in'+ 



talc consists of box-like structures composed of a fine, 

very pale buff, micaceous mineral. 

Some areas of the altered ultramafic rock 

contain zoning which is indicated by variation In .the 

relative amounts of tremolite, anthophyllite and talc. One 

example of this zoning displayed in a thin section consists 

of fine, fibrous tremolite (which has been crenulated prior 

to the development of the coarser anthophyllite). adjacent to 

a zone of massive, fine tremolite. Adjacent to -the tremolite 

is a zone of fine, felted, pale brown talc containing coarser, 
. 	 w 

randomly oriented anthophyllite in minor quantities. 

Calcareous-Talc-Schist  

Highly crenulated and foliated calcareous-. 

talc-schist is exposed in the southwest part of the mapped ••• 

area. Talc content consists of fine, fibrous, çolorless to 

pale green grains which exhibit high.o der jnterferencQ 

colors. The carbonate mineral is concentrated in.thin lenses. 

which form about 15 percent of the rock. 'It is colorless, 

granular, and does not react with dilute hydrocholric acid. 

Some grains show a well developed, rhombic outline which 

suggests that at least some of the carbonate recrystallized 

'after the'crenulation and foliation development in the talc. 

The lack of acid reaction suggests that the carbonate may:: 

be dolomite or possibly magnesite.  

About 1 to 3 percentof_the,rock :consists 0f~= 

randomly distributed pyrite grains which, in thin section, 



are yellow ïn reflected light. These grains,;•some--of which 

show a well, developed. cubic• outline in thin section, are 

yellow in reflected light. 



Investigation Procedures 

Field Procedures 

Field work was accomplished. over three 

field seasons by a field party of the basic type used 

the Quebec Department of Natural Resources for semi-

reconnaissance work. The party consisted of seven members: 

the writer, a senior assistant, two junior assistants, a 

cook, and two field guides or bushmen. 

:All work was conducted from tent camps and 

field equipment consisted• of the basic.necessities for 

mapping. Plane tabling or similar surveying practices were 

not attempted. Trânsportatiori was,dofe by.canoe or ôn 

Camp moves, however, were usually done by float'plane 

Which' always:necessitatedcamping:on::lakes.'of a certain 

Base maps were made by the partography 

section of the Quebec Department of Natural Resources from 

aerial'iihotographs. The' base maps were transparéncies from 

which ordinary print-off maps could be made.. The base'maps 

of some aerial 

numbers. Both 

photographs with•the photo and flight-line: 

the base maps and aerial pho•tographs have a 



}about:_half'mile or 0.8 kilometer intervals. Aerial photo- 

ra its weréused"in" planning :traverses and were -used -in the' , 
P 

field;}' forrecordingthe locations of outcrops In addition 

`to note taking and sampling photographs were often .aken of 

outcrop•features." Data taken in the field was later trans-

, ferred to base maps which eventually resulted in an outcrop 

map in which colors were used to delineate: the various rock" 

types. Traverses and station numbers were also recorded on 

separate base maps'. 

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 

analysis is discussed in subsequent paragraphs. Thin-

section studies were done through the use of a Leitz research 

polarizing microscope. Photographs of selected features' 

were made through the use of' a;rolleif lex twinlense-reflex 

camera mounted on the microscope'. dome plagioclase analysis 

were done with a Zeiss four-axis universal stage mounted 

on a Zeiss polarizing microscope. 	.. 

Chemical Analysis  

Atomic absorption' analyses, were done with 

the Perkin-Èlmer 403, spectrophotometer,. Samples were prepar 

According to the technique outlined by. Trent and Slavin 	~4 

(1964) in which an accurately weighed portion of sample, 

about one gram, is dissolved in HF and H2SO4 acids then 	{' 

dilutedo 25Qmillimeters'with about 9 percent. HCL. 	.5;~} 



rive .rock stanlarAa fttim two aeuror#s war* gmgd 

the_anaiÿsis:_ theUnited,StatesGeological Survey 

preparations G-2, BCR-1, and PCC-1 which are granite,basalt,+ 

and peridotite respectively; the University of Nancy 

preparations DR-N, and BR which are diorite and basalt 

respectively. , These powder preparations were prepared ih 

the same manner as the unknown samples. The results of 

analyses for the United States Geological Survey preparations. 

are listed in.a publication by F.J.'Flanagan, (1969). 

Results foriThe Nancy preparations are listed in a publica- ' 

tion by De La Roche and Govindaraju (19.71). 

• Stock solutions were prepared for each element. 

required`•and these were used as standards during the analysis 

iof unknown samples. The known rock standards from the 4. 

institutions mentioned were analysed at the same time as the 

unknowns and served as an indication of accurate preparation 

Absorption values for each text were recorded ., 

one graphs by ,a recorder (Perkin-Elmer model 53). Each graph 

represents a total. of about ten readings each of which 

represented 'a machine signal average of ten readings. The 

concentrations were then calculated according to the formula 

proposed.by Abbey (1968) which has been computerized: 



Ca _ concentration in' the sample 

CL = concentration in the lower standard 

Aa = absorbance of the sample 
AL = absorbance of the low standard. 

'AH' . = absorbance of the high standard 

CH 	concentration in the higher standard 

For each determination the readings were 

taken in the sequence: 

Low standard 

= High standard 

The atomic absorption technique mas -= !xsed -to 

determine the concentration, in parts per million, 3.n each 

	

~ 	t ;• 

sample forn each of the f llowing elements: aluminum,  total 
~ 	 1 

iron, magnesium, calcium, sodium, potassium, titanium,• and  

màriganese. From thé concentrations the percent composition 

by weight of Ithe corresponding oxide was calculated: Thé;;', 
• , 	. 	 , 	, 

approximate silica content was calculated by subtracting ttîe 
L- 

total•of all the other oxidés from one hundred.  
. . 	 ( 

In order to obtain a meaningful analysis by 
~ 	i 

the computer, the value for total iron had to be divided i••  , 	. 	. .• 	. 	. 	•  
into oxidized and reduced states . (Fe203 'and PeO) . The 



ÿ5onby comparing the percentages of the other 

with analysis of various_ igneous rocks listed 

962,, p.58) and Hatch., Wells, and Wells (1949) . 

The results obtained for the samples of 

igneous origin were subjected to a computerized program 

for'the CIPW.norm calculation. These results, and also 

the weight`percentages of the various metal oxides result-
/ 

ing from atomic absorption analyses, have been listed in 

Appendix/3. 



Append~ix ,3.0.cor~sists .of. the results. of . CIPW 
, 	 . 

norm calculations from'chemical data obtained by atomic 

absorption analyses. The CIPW norm calculations consist 

weight percent of oxide 100 

molecular weight of the oxide 

P/, molecular weight of the oxide 

Q X 1000 X D,where D a calcu- 

lation factor concerned in the compu 

The reference for the computer program used 

The University of Quebec, at Montreal, Canada, geology 



.'S102 =7 71.025 
AL201 s  ? 14.9 
FE203 = 7 0.79 
FEO • = ' 7 0.19 
MGO = T 0.32 
CAO 	= ? 4.53 
NA20 = ? 4.94 
K20 • = T 2.89 
T102 s= ? 0.194 
P205 _ ? 0.00 
MNO 	= ? 0..02 
CO2 	= T 0.00 

OXYDE. 
SI'02: 
AL203 
FE203 
FEO 

*GO 
CAO 
NA20 
K20 
1102 

.P205 
MNO 
CO2 
H20+ 
H20- 

• . PM • 
. 7102 60.0848 
. 1490 . 101.9612 
.0079 159.6922 --- -- -- 	 - 
.0039 	71 .8484 	' 

A 
.011821 
.001.461 . 
.000049. 
.000054 • 

.0032 	40,.3114 ' .000079 

.0453 56.0794,.° .00080.8 

.0494 -61-.9790 .000797 
• .0289 	94.2034 	.000307 

.0019 . •79.8988 •.000024 
0.0000 141.9446 0.000000 . 
.0002 '70:9374 .000003 

0.0000 44.0099 0.000000 
6.0000:  17.007 
0.0000 17.007 .  

PC 
65.6032' 
16.2203 

.549 1 
43012 
.4406 

4.4830 • 
8.8469 
'3.4052 , 

.1348 
0.0000 

.0156 
0.0000 
'0.0000 

0 .0000 . 

C 
11.8208 
2.9227 

.0989 

. 0  S.A-3  

.0794 

.8078 
1.5941 
.6136 
.0243 

0.0000 
.0028 

0.0ô0o 
0.0000 
0.0000 



MINERAL CONTENT IN VOLUME PERCENT 

.QUARTZ 	 =` 23.75 

; ORTHOSE - :' 	 = 17.08 . 

`.PLAGIOCLASE 	_ 51..75 
-.~(ANORTHITE = c).95). 
(ALBITE = 41 .80) 

NEPHELINE = 0.00 . 
LEUCITE' 	 = 0.00 
KALI OPHI LL,I TE 	: 0.00 

' ACM I TE 	• 	= 0.00 
METAS 1 L 1 CATE DE NA . ■ 0.00. 
METASILICATE DE -K. _ '0.00 

; CORINDON 	' • = 0.00 
WOLLASTONITE 	= 4.31 
DIOPSIDE SS 	= 1.72 

	

(DIOPSIDE 	1.72) 
(HEDENBERGITE = 0.00) 

° ' HYPEISTHENE . 	' _ . 0.00 
,(ENSTATITE = 0.00 

~ ~ 
 

(FERROSILITE = 0.00) 
OLIVINE 	 : = 0.00 

(FORSTER1TE= 0.00) 

	

. (FAYALITE 	.n 0.00) 
. ORTHOSILICATE.DE • CA = 0.00 

--- MAGNETITE .._ 	 a 	.76 _.. 	-.  
HEMATITE , • 	'm : .27 . 

ILMENITE 	 = .37 
'SPHENE 	 = 0.00 
..PEROWSKITE ~ ,.. = 0.00 

RUT I LE 	' 	_. 0.00 
CHROMITE 	 = 0.00 
APATITE 	 •= 0:00 
FLUORINE 	 _ .0.00 
PYR I TE •'. 	.= 0.00 

CARBONATE DE NA 	= - 0.00 • 
CALCITE 	 _; 0.00 
- THENARD ITE 	 =. 0.00 
HALITE ' + 	 = 0 .00 
ZIRCON . ; 	 At 	0.00 ,, 

H2O* 	 ~ 	_ 0.00 
H2O-; 	 _ 0.00 



WEIGHT PERCENT or THE:OXIDES 
• 

1 S102, 	69.09 
2 AL203 _ ? 18.00 
3 FE203, _ ' ? 1.6 	 ~ 

4 FEO - 	7 1.5 
MGO. 

CAO 
NA20• 
K20 
T102 
P205 
MNO 
CO2  

? 0.61 
? 1.18 
? 5..32 
7 ,2.62 
? 0.05. 
? 0.00 
?0.01 
? 0.00 

OXYDE 	P . 	PM 
8102 	.6909 60.0848 
.AL203 .1800 101.9612 
FE203 .0160 159.6922 
FEO 	̀ .0150 	71 .8484 
MGO 	.0061 ' 40.3114 
CAO 	.0118 	56.0794 
NA20 .0532 61.9790 
K20 	.0262, 94.2034 
1102 	.0005 . 79.8988 
P205 . 0.0000 141.9446 
MNO .0001 700374 
CO2 0.0000 44.0099 
H20+- 0.0000 17.007 
H20- 	0.0000 	17.007. 

.011499 

.001765 

.000100 

.000209 

.000151. 

.000210 

.000858 

.000278 

.000006 
0 .000000 
.000001 

0.000000 

C 

11.4987 
3.5308. 

.2004 

.2088 .. 

.1513 
,.2 104 
1.7167 
.5562 
.0063 

0.0000 
.0014. 

0.0000 
0.0000 
0.0000  

PC 
63.5957 
19.5274 
1.1,083° 
1.1547 
.8369' 
1.1637 
9.'4945 
3.0764 

- .0346' , 
0.0000 
.0078 

0.0000 
0.0000 
, 0.0000. 



PW MINERAL CON ~NT IN VOLUME PERCENT 

Specimnen: 1? ;H-2A 

~ OUARTZ~`` , 	_ 24.06 ~ 
' ORTHOSE 	 ' = 15.48 
.PLAGIOCLASE 	= 50.87 

( ANORTHI TE _: 5.85 )' 
(ALBITE' = 45.102) 

NEPHELI NE- _ . 0.00 ' 
LEUCITE , 	. = 0.00 
KALI OPHI LLITE 	= 0.00 . 

~ ACM ITE' 	 0.00 
METASILICATE DE NA _ 0:00 
MET.ASILICATÉ DE K 	= 0.00 
CORINDON 	'7= 4.27 
WOLLASTONITE 	= 0.00 

= 0100 
00) 
,0.00). ~. 
2.09 
52 
1.37)t 

z 0.06 
00) - 
0.00) 

= 6.00 .. 
m' 2.32 

.09' 
= .D.00 
a 	p .00 
= 0.00• 

0.00 
• .0 :',00 

= 6.00 
= 0.00• 
= 0.00 
0.00 

_ 0.00 
= 0.00 

0.00 

0:00 

D10PS'DE SS 
MI OP SIDE  = 0 . 
( HEDENBER(3 I T,E . : 

HYPER STHENt 	: 	o 
(ENStAT1TE = 1 . 
(FERROSI LI )'E ? 

OLIVINE  
(FORSTER•I TE= 'A 0: 
(FAYAI.ÎTE .. .x s ' 

'ORTHOSILICATE DE CA 
MAGNET MA 	 1 ~~ 
HEMATITE , 

1LMENITE 	 a 

SPHENE • 
PEROWSKITE 
RUTILE 

• gHROMITE 
APATITE 
FLUORINE 
PYRITE -   ~  

~~CARBONATE  - DE NA 
CALCITE  
THENARDI TE << 
HALITE 
ZIRCON 
H20+ 	' 
H20-.., 



WÉIGHT PERCENT OF THE OXIDES 

1.5102 a? 74.976 
2 AL203 12 ? 13.4 
3. FE203 _ 7 3.34 
4 FED 	a 7 1.76 
5 MGO 	= ? 0.2. 3 
6 CAO 	_ ? 2.48 
7 NA20 a ? 1 •2 . 1'2 
8 K20 	e ? 1.48 
9 1102 = ? 0.21 

10 P205 = ? 0.00 
I1 MNO 	7 0.004 
12 CO2 	= 7 0.00 

C 	It 	PC 

	

12.4784 	721.1521 
2.62851  15,11982 ' 

.4183', 	•,'2'.,4187. 

.-2450 '. 	1.4164 	-  

.0571 	. ï .3299 ' - 

.4422 , 	2:5\57I 

.6 841 ' • • '3 .9556 

.3142 . 	1.8I68 

.02153 	.1520 

	

0.0000 	0.Ô000 
.0006 	.0093 

0.0000 ; 0.0g00 

	

0.0000 	o.cidoo 
0.0000 	0.0000 

OXYDE 
1 5102' 
2 AL203 
3  FE203 ----._ 4 FE0 
5 MOO 
6 CAO 
7 .NA20 
8 K20 
9 	T I 02 

10 P205 
11 MNO 
12 CO2 

. H20+ 
+20- 

TOTAL 

p 	PM 	0 
.7498• 60 .0848 	.012478 
.1340 	101 .4612 	.001314 

	

.0334 ' 159.6922 	.000209 
71 .8484 .. .000245 

	

.0023 	40 .3114 	.0000`57- 

	

.0248 	56 R 0794e 	.0004 
.0212 61.9790 .000342 
.0148 . 94 .2034 , . .00015*. 
.0021 79.8988 .000026 

0 .0000 141 +944`6 0 .000000 

	

.0000 	70 .9374 	.000001 

	

0 .0000 	44 .0099 O .000000 

	

0 .0000 	1 7 .007 
0.0000 	17.007 



, 	• 	 - 	 . 	• 

`CIPW MINERAL CONTENT ' IN VOLUME PERCENT . 
. . 	+ . -- 	 • 

QUARTZ:. = 51 .26 	 Spec 

ORTHOSE 	•  
PLAGIOCLASE 	 = 30.24 

(ANORTHITE  
(ALBITE _. 17.94) • 

NEPHELINE = 0.00 
LEUCITE 	 _• 0.00,  

; KALIOPHILLITE 	_ ..0.00 . 

ACMITE- 	 _ -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). 

HYPER$THENE 	• 	_ 	•71 
(ENSTATITE = 	.57 
•(FERROSILITE ._ 	.13) 

OLIVINE 	 = 0.00 
(FORSTERITE= 0.00) 
(FAYALITE' • = 0.00) 

ORTHOSILICATE DE CA =- 0.00 
'MAGNETITE 	 _ ' 4.84 
HEMATITE 	 _ 0.00 

L LMEN. 1TE  . _  

SPHENE 	 - 0.00 
PEROWSK I TE 	 = 0.00 
RUTILE 	 _ 0.00 
CHROMITE 	 0.00 
APATITE 	 = 0.00, 
FLUORINE — 	 = 0.00 
':PYRITE 	 = 0.00 
CARBONATE DE NA , _ 0.00 



PC 

	

9.5998. 	54.7576; 

	

3.8642 	22.0417. 

	

.5.886 	3..3576' 

10::143.'V• 

	

.3895 	2.2215 

	

.0232" 	.1322 

	

.9778 	5.5771 

.8089. , ' 4.6139 '• 

	

.2328 	1.3279 

	

'0.0000 	0.0000 • 

	

.0028 	•0161 ` 

	

0.0000 .  	0.0000 . .' 
a.0000 ` 0•0000' : 
ô .0000 . 0.0000 

• 

CALCULATIONS 

1 	' OXYDE ' ` 	P 
I .  S102 	.5768 
2 AL203 	.1970 
3 . fE203` 	.0470' 
4 FEO 	4.0750 
5 MGO 	.0157 
6 CAO 	.0013 
7 NA20 ' .0303 
8 K20 	'.0381 
9 1102 	.0186 

10 P205 	0.0000 
11 MNO 
12 CO2 

H20+ 
H20- 

TOTAL 1.0000 

. PM 
'60.0848 
101:9612 
159.6922 
71.8484 
40.3114 
56 .0794 
61.9790 
94.2034 
79:8988 

141.9446 
• .0002 	70:9374 
0.0000 6* 44.0099 

	

, 0.0000 	17.007 
0.0000 17.007 

.009600 
.001932 
.00.0294 
.001044 
.000389 
.000023 
.000489. 
.000404 
.000233 

0 .000000 
.000003 

0.000000 

WEIGHT PERCENT OF THE:OXIDES 
, 	. 	• 

Specimen: 24-H-6B 1'$102. _? 57.68 '' 
2 .•AL203 . s' t• . -  19'. TO 
3 FE203 m ? 4.70 
4 FEO 	= ? 7.50 
.5 MGD 	a  ? 1.57 
6 CAO 	= ? 0.13 
.7 NA20 a ? 3.03 
8.K20 	a ? 3.81 
9 110? d? 1.86 

10 P205 s ? 0.00'. 

11 MNO 	r ? 0.02 . 

12 CO2 	r ? 0.00 

1 



'QUARTZ 	 =:I9.73 
ORTH.OSE. 	 z.  22.51 
PLAGIOCLASE 	= 26.28 

(ANORTHITE.= 	.64) 	• 
(ALBITE = 25:64) 

NEPHELINE = 0.00 
LEUCITE' 	 = 0.00 
KALIOPHILLITE 	_• 0.00 

ACM 1 TE 	 .= 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) , 
( HEDENBER G I TE = 0.00) 

HYPERSTHENE 	= 10.76 
(ENSTAT I TE = 3.9t 
(FERROSILITE = 6.85) 

OLIVINE 	 = 0.00 
(FORSTERI TE= 0.00) 
(FAYALITE 	= 0.00) ' 

ORTHOSILICATE DE CA = ,0.00 
- MAGNET I,TE" 	 = 6.81 , 	. . 
HEMATITE 	 ' = 0..00 

ILMENITE 	= 3.53 
SPHENE 	 = 0.00 
•PEROWSKITE Q  = 0.00 
RUTILE 	 = 0.00 
CHROMITE 	 = 0.00 

. APAT I TE 	., 	.= 0.00 
. FLUORINE 	 .' 0.00 
PYRITE 	 = 0.00 

'CARBONATE DE NA 	= 0.00 
CALCITE 	 . : _• 0.00 

THENARD I T E - .. 	= 0.00- 
HALITE 	 • 4 0.00 
ZIRCON 	 . '= 0.00 

, 	H20+ 	 .. ,= 0.00 
'H20- 	p 0,.00 

TOTAL, 	a 100.000048 
• 



WEIGHT PERCENT OF THE OXIDES 

1 5102 =? 48.522 
2 AL203 = ? 12.0 
3 FE203 m 7'4.0 

	

4 FEO 	_ ? 12.0 
5 MGO = ? 5.6 
6 CAO ._ ? 14.0 

' 7 NA20 = ? 2.02 

	

8 K20 	_ ? 0.12 
9. T102 = ? 1.72 
10 P205 = ? 0.00 

	

11 MNO 	= ? 0.018 

	

12 CO2 	s ? 0.00 

Specimen: 26-H-1A 

CIPW ;>`iqRM.  CALCULATIONS 

1 OXYDE P 	PM 
1 5102 	.4852 60.0848 
2 AL203 	.1200 101.9612 
3 FE203 	.0400 159.6922 
4 FE0 	.1200 71.8484 
5. M(10 	.0560 40.3114 
	6_.-....CAO. ..- _ 	..1400 _ 56.•.0794 
7 NA20 	.0202 61.9790 
8 K20. 	.0012 94.2034 
9 1102 	.0172 79.8988 
10 P205 0.0000 141.9446 
11 MNO 	'.0002 70.,9374 
12 CO2 	0.0000 44.0099 

H20* 0.0000 ,17.007. 
H20- 0.0000 17.007 

0 
.008076 
.00 1 1'77 
.000250 
.001670 

. .001389 
i.002496' 
.000326 
.000013 
.000215 

0.000000 
.000003 

0.000000 

8.0756 
2.3538 
.5010 
1 .6702 
1.1892 
2.4965 
.6518 
65Ï8  

.0255 
:2153 

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 

TOTAL 1.0000 



CIPK MINERAL CONTENT IN VOLUME 
4

. 	 - .,1. 	. 	 . 	. 	.. 	. 

.68 
.ORTHOSE 	' 	a 	.71 
PLAGIOCLASE 	= 40.41 

(ANORTHITE = 23.32) .. 
(ALBITE x.17.09) 

NEPHELINE = 0.00 
LEUCITE • . 	= 0.00 
KALI OPHI LLITE 	= 0.00 

'ACMITE 	 x, 0.00 ' 
METASILICATE DE NA = 0.00 
METASILICATE DE K 	= 0.00 
CORINDON 	 = '0.00 
WOLLASTONITE 	= 0.00 
DIOPSIDE SS 	= 38.34 

(DIOPSIDE _. 19.22) . 
,.(HEDENBERGITE = 19.13) 

HYPE.R ST HENE 	i 10.79 
• (ENSTATITE = 5.04 

-•dFERROS1LITE = 5.75) 
OLIVINE 	 = 0.00 

(FORSTERITE= 0.00) 

	

(FAYALITE 	= 0.00) 
ORTHOS I LI CATE DE CA _' 0.00 
MAGNETITE 	. 	4 _ . 5.80 

. HEMATITE. 	 = 0.00 
ILMENITE 	 a 3.27 
• csPFiENE 	 _ - 6.00 

PEROWSKITE. 	= 0.00 
RUTILE 	 = 0.00 
CHROMITE 	_ 0.00' 
APATITE 	 x 0.00 
FLUORINE 	 = 0.00 

• PYRITE 	 _. 0.00 
' CARBONATE DE 	0.00 
. CALCITE . 	 a 0.00 

THENARDITE 	 _ .0.00 
HALITE 	 = 0.00 
ZIRCON 	 s .0.00 

a 0.00 
H20- ' 	 a 0.00 



Aw;~` , . . 

4s  

WEIGHT PERCENT OF THE OXIDES 

1 S102 =4 78.11 
2 AL203 = 7 11.70 
3 FE203 = ? 2.3 

	

4• FEO 	? 1.8 

	

5 M(î0. 	m 7 0.69 

	

6 CAO 	= 7 0.32 
7 NA20 ® 7 3.42 
8 K20 ' "= 7 2.12 
9 1102 = 7 0.50 
10 P205= 7 0.00 

	

II MNO 	a 7 0.04 

	

12 CO2 	= 7 0.00 

Specimen: 3-F-4B. 

CIPW NORM CALCULATIONS 

1 OXYDE 
1 SI02 
2 AL203, 
3 FE203 
4 FEO . 
5.  "GO 
6 CAO 
7 NA20 
8 K20 
9: 1102 
10 P205 
11 MNO 
12 CO2 

H2O+ 
H20- 

P PM- 

	

.7811 	60.0848 

.1170 101.9612 

.0230 159.6922 

.0180 71.8484 

	

.0069 	40.3114_ 

.0032 56.0794 

.0342 61.9790 

.0212 94.2034 

.0050 79.8988 
0.0000 141.9446 
'.0004 70.9374 
0.0000 44.0099 
0.0000 17.007 
0.0000 17.007 

0 

.013000 

.001147 

.000144 

.000251, 

.000171. 

.000057 

.000552 

.000225' 

.000063 
0.000000 
.000006,. 

0.000000 

_...... 	._....... 	... 	. 	. ._....___ 

PC 
13.0000 73.5139 
2.2950 12:9780 

	

- • .2881 	1.6289 - 
• .2505 	1.41'67 
• .1712 	.9679._ 

	

.0571 	.3227 

	

1.1036 	6.2406- 

	

.4501 	2.5452 . 

	

.0626 	.3539 

	

0.0000 	0.00,00 
• .0056 	.0319: 

	

0-.0000 	0.0000; ,' 
0.0000.- 	0.0O00' ; • 
0.0000 	. 0.0000 



CIPW 1•IINERAL CONTENT IN VOLUME 

QUARTZ I r . 
ORTHOSE 	48.09 

PLAGIOCLASE, 	a 
12.53 
30.53 ''(ANORTHITE .= 

'(ALBITE = 	
1.59) 

NEPHELINE =
28.94) • 

LEUCITE 
, 0.00 

= KALIOPHILLITE 	
0.00 

ACMI.TE 	 0.00 

METASILICATE DE NA 	
0.00 

METASILICATE DE K0.00 
= CORINDON 	 0.00 

WOLLASTONITE 	
a 2.20 
= 

	

DIOPSIDE  SS 	
0~. 00 

(DIOPSIDE = 	
S f0•00 

(HEDENBERGITE 0.00) 
HYPERS:THENE 
	0.00) 

(ENSTATITE = c 2.37 1.72 
-.: •(FERROSILITE __.._.-___., 

OLIVINE 65) 

(FORSTERITE= = 0.00 
(FAYALITE 	

0•00) 

'ORTHOSILICATE DE 
CA =0.00) 

	

MAGNETITE , 	 0.00 

HEMATITE 	3.33 
ILMENÎTÉ 0.00 
SPHENE 	.95 

PEROWSKITE 	' 0.00 
RUTILE 	 ' 0•00 
CHROMITE ~ 	0.00 
APATITE 	 = 0•00 
FLUORINE 	

= 0.00 

PYRITE 	 = 0.00 

CARBONAT DE NA 	= 0.00 
0•00 CALCITE  

THENARDITE , 	
s 0.00. 

HALITE 	 ' 0•.00 
ZIRCON 	 = 0.00 
H204, = 0..00 
H20- . 	 = 0.00 

= 0.00 



1• S102 
2 AL203 
3 FE203 
4 FEO 
5 MOO 
6 ̀CAO 
7 NA20 
8 K20 
9 1102 
10 P205 
11 MNO 
12 CO2 

CIPW :WORM-  CALCULATIONS 

P 	PM 
.4463 60.0848 
.1380 101.9612 
.0458 159.6922 
.0912 	71.8484' 

0 
• .007428 
.001353 
.000287 
4001269 
.001880 
.002907 
.000447 
.000022 
.000124 

0.000000 
.000003 

0.000000 

.0021 94.2034 

.0099 79.8988 
0.0000 141.9446 
.0002 70.9374 
0.0000' 44.0099 
0.0000 17.007 
0.0000 ' 17.007 

C 
7.4278 
2.7069 
.5736 
1.2693 
1.8804 
2.9066 
.8939 
.0446 
.1239 

0.0000 
.0028 

0.0000 
0.0000 
0.0000 

PC 
41.6597 
15.1819 
3.2171 
7.1192 
10.5462 
16.3019 
5.0132 
.2501 
.6949 

0.0000 
.0158. 

0.0000 
0.0000..  

0.0000' 



PW : MINERAL' ' CONTENT IN VOLUME PERCENT 

Specimen: 7-P-9A 
QUARTZ' 	a 0.00 
ORTHOSE 	 ' 1.24 
PLAGIOCLASE 	 a 27.58 

ANORTHITE 9 24.60) . 
(ALBITE .a 2.98) 

NEPHELINE 11.08 
LEUCITE 
KALIOPHILLITE 

ACMITE 
METASILICATE DE NA 
METASILICATE DE K' 
CORINDON 
WOLLASTON I,TE . 
DIOPSIDE SS 

(DIOPSIDE a 30.04) t' 
(HEDENBERGITE n 15.76) 

HYPERSTHENE' a 0.00.: 
- 	(ENSTAT ITE = 0..00 
(FERROSILITE _ 0.00) 

a 5.77' 
3.47) 
= 2.30,) 
CA 	0.00 

d .6.64 
is 0.00 
1.88 

a - 0.00 
a 0.00 
a 0.00 
0 0.00 
,a 0.00. 
a 0.00 
a 0.00 
~ .0.00 
0.00 . 
u.: 0.00 
a ; 0.00 
■ .0•00 
A ,000. 
a 0.00. 

OLIVINE 
(FORSTERITEa 
(FAYALITE 

ORTHOSI LI CATE DE 
MAGNETITE , 
HEMATITE 

ILMENITE 
SPHENE•• 
PEROWSK I TE ' 
RUTILE- 
CHROMITE 
APATITE 
FLUORINE 
PYRITE . 
CARBONATE DE NA 

CALCITE 
THENARDITE 
HALITE- ; 

-• ZIRCON' 
411204-' 



WEIGHT PERCENT OF THE OXIDES 

1 5102 •;? 47.778 
2 AL203 = 7 13.0  
3 ,FE203 m 7 3.6  
4•FEO 	= 7 10.8 
5 MOO 	a . ? 6.72 
6'CAO 	w 7 14.8 
7 NA20 = 7 2.63 
8 K20 - 	7 0.66 
9 T102 = 7 1.21 
10 P205 = 7 0.00 
11 MNO 	: 7 0.012 

12 CO2 	■ 7 0.00  

CALCULATIONS 

p 	. 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 

CIPW NORM 

1 OXYDE 
1 

	

_ S102 	.4778 
2 AL203 	.1300 
3 FE203 	.0360 
4' FCO 	.1080 
5 MOO 	.0672 
6 CAO 	.1480 
7 NA20 	.0263 
8 K20 	.0066 
9 1102 	.0121 
10 P205 0.0000 
11 MNO 	.0001 
12 CO2 	0.0000 

	

H20+ 	0.0000 
H20- 	0.000 

'TOTAL 

.007952 

.001275 

.000225 

.001503 

.001667 

.002639 

.000424 

.000070 

.000151 
0.000000 
.000002 

0.000000 

C 
7.9510 
2.5500 
.4509 
1.5032 
1 .6610 
2..6391 

.0481 

.1401 

.1514 
0.0000 
.Ct011 

0.0000 
0.0000 
0,0000 

PC 
44.A1 .31 
14.2421 
Z.5%03 
0.39g.8 
9.3110 
14.140â 
4,1441Z 

•8499 
0. 000~+0 
,.0094  

p1,â1W! 
0,0404 
0‘0,04'  



CÏpW MINERAL CONTENT IN VOLUME 
QUARTZ' 	 • 0.60 
...ORTHOSE , 	' . 3.90 
PLAGIOCLASE 	• 33.99 

(ANORTHITE • 21.72) 
(ALBITE • 12.28) 

NEPHELI NE • 5.41 
LEUCITE 	 • 0.00 
KALIOPHIILITE 	• 0.00 

ACMITE 	 • 0.00 
METASILICATE DE NA • 0.00 
METASILICATE DE K 	a 0.00 

DIOPSIDE 5S 	 • 4~.0~ 
(DIOPSIDE ■ 2401) 
(HEDENBEROITE.• 18.61) 

HYPERSTHENE 	• 0.00 
„(ENSTATITE. •  0.00 
(FERROSILITE • 000) 

OLIVINE 	 • 1:18 
' (FORSTERITE• 3.93) 

(FAYALITE 	• 3.85) 
ORTHOSILICATE DE CA a 0.00 
MAGNETITE 	 • 5.22 
HEMATITE 	 • 0.00 

ILMENITE 	 • 2.30 
SPHENE 	 • 0.00 
.PEROWSKITE 	 • 0.00 
RUTILE 	 • 0.00 
CHROMI_TE• 	 • 0.00 
APATITE 	 • 0.00 
FLUORINE, 	 • 0•00 
'PYRITE 	 . ` ' * 0.00 
CARBONATE DEr NA 	IN 0.00 

CALCITE 	 • 0.00 
THENARDITE 	 • 000 
HALITE 	 • Q.00 

. ZIRCON  ' 	 • 0.00 
H20+ 	 * 0,00 
H20.!:, 	 4 0,00. 



WEIGHT PERCENT OF THE OXIDES 

1 S102 2? 58.45 
2 AL203 ■ 7 1.4.60 
~3.FE203 , m ? 2.80 
4 FE0 ï a ? 4.00 

	

5.MG0 	O ? 3.53 

	

6 CAO 	̀~ ? 10.10 

	

'7 NA20 	? 4.82 

	

8 K20 	2 t 1.12 

	

9 1102 	? 0.61 
10 P205 s 7 0.00 

	

11 MNO 	a ? 0.01 

	

12 CO2 	a.? 0.00 

CIPW.NORM CALCULATIONS 

1 OXYDE 
i S102 
2 	A 'j203 
3 FE203 
4 FE0 
5 • MOO 
6 'CAO 
7 NA20 
8 K20 
9 1102 
10 P205 
11 MNO 
12 CO2 

1420+' 
H2O- 

0 
.009728 
.001432 
.000175 
.000557 
.00087.6 
.001801 
.000778 
.000119 
.000076 

0.000000 
.000001 

0.000000 

fP 
.5845 
.1460 
.0280 
.0400 
.0353 
.1010 
.0482 
.0112 
.0061 

0.0000 
.0001 

0.0000 
0.0000 
0.0000 

PC 
53.9040 
15.8690 
1.9431 
3.0849 
4'.8523 
9 .97 97 
8.6185 
1.3176 
.423Q 

0.0000 
.0070 

0.0000 
0.0000 
0.0000 

C 
9.7279 
2,8638 
.3507 
.5567 
.8757 
1.8010 
1.5554 
.2378 
.0763 

0.0000 
.0014 

0.0000 
0.0000 
• 0.0000 

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 
17.007 

TOTAL 1.0004 



Q 
.008312 
.001265' 
.000229 ' 
.001189-
.001769\ 
.003156 
.000324 
.00009 7 
.000099 

0.000000 
.000002 

'0.000000 

C 	• 
8.3124 
2.5304 
.4584 
1.1886 . 
l •7-68-7 ._ 

3.1562 
;6486 
.1932 
.0989 

• 0.0000 
.0021 
0.0000 
0.0000 
0.0000 

PC,  
45.2806 
13.7838• 
=2.4970 
6.4748 . 
9:..634.9  
17.1931 
3.5332 
1.0524 
.5386 

0.0000_- ._  

1 5102 •T 49.945 
2 AL203 = T 12.9 
3` FE203 a T 3.66 

	

q FEO 	A 'T 8.54 

	

5 MOO 	7413:  

	

'6 CAO 	y,a 7 17.7 
'7 NA20 a T 2.01 

	

8 K20 	o T 0.91 
9 1102 a T 0..79 
10 P205 a T 0.00 

	

II MNO. 	a T 0.015 

	

12 CO2 	: T 0.00 
' , 

CIPW NORM CALCULATIONS 

1 OXYDE P 	PM 
.4994 60.0848 

	

; .1290 	(,01 .9612 
.0366  159 .6922 

	

.0854 	71.8484. : 

.0713 	40.3114 

.1770 56.0794 

	

.0201 	61..9790 
K20 •0091 94.2034 
1102 	.0079 	79 .8988 
P205 0.0000 141•9446 . 
MNO .0001 70.9374 
'CO2 	0.0000 • 44.0099 
H20• 	0.0000 	.17.007 • 
• H20- 	0.0000 	17.007 



t Ë! 	«      

YCIPW MINERAL. CONTENT IN VOLUME PERCENT 

-QUARTZ 	 ■ Q.00 
-ORTHOSE 	 @ 5.38 
PLAG I OCLASE • 	a 31.51 

(ANORTHITE a 23.44) 
(ALBITE = 8.02) . 

1 NEPHEI.1 NE a 4.87 
LEUCITE 	 = 0.00 
KALIOPHILLITE 	a 0.00 

ACMITE 	 = 0.00 
METASILICATE DE NA = 0.00 
METASILICATE DE K 	0.00 
CORINDON 	' 	 0.00 
WOLLASTON.ITE 	a 0.00 
DIOPSIDE SS 	= 52.46 

(DIOPSIDE = 33.65Y 
(HEDENBERG I TE = L8.80) 

HYPERSTHENE 	_ 0.00 
( ENSTAT I TE = 0.00 
IFERROSILITE = 0.00) 

OLIVINE,+, 	• 	• = 	2.58 
(FORSTER I TE= L.54) 
(FAYALI TÉ 	= 	1 .07 ) 

, ORTHOS I'L I CATE DE CA _ 0.00 

._: MAGNETITE,. .. 	_ '5.31 
HEMATITE 

. . .._.  ... 	 _• '0.00 	
.. 

ILMENITE 	 = 1.50 
• SPHENE 	 = 0.00 
PEROWSKITE ' 	= 0.00 
RUTILE 	 = 0.00 
CHROMITE 	- _ °0.00 
APATITE 	 a '0.00 
FLUORINE ,~ 	_ -0.00 
PYRITE, 	 • = 0.00 
CARBONATE DE' .NA 	~ o.ob 

CALCITE 	• 	_ -0.00' 
THENARDITE . 	= 0.00 
HALITE . 	 a 0.00 
ZIRCON ' 	 'a 0.00 
H20+ 	 ■ 0.00 
H20- 	~ 	. a 0.00 



2.111203 	? 
• 3 FE203'm 
.4 TEO • t 
5 MGO 	.se / 
6 CAO 	m 
7 NA20 • 
8 K20 	'21'7 

' 9 7102 • 7 
:)0p205 a, 
II'MNO 	• 
12P.02''u 7 

CIPW NORM CALCULATIONS 

t OXYDE 
I 5102 
2. AL203 
3 FE203 

FEO 
5 MGO 
6 CAO 
7 NA20 
8 K20 

1102 . .0050 
10 P205 o.ospoo 
II MNO' 	.0002 
12 CO2 	0,.0000 

H20+ 	0.0000 
. H2O- .0.0000 

.011154 

.001628 

.000094 

.000348 

.000412 

.000685' 

.000973 

.000091 

.000063 
0.000000 
.000003 

0.000000 

P 	PM 	. . 
.6702 60.0848 
.1660 101.9612 
.0150 159.4922 
.0250'-  11.8484 

	

.0166 	40.3114 

.0384 56.0794 

	

.0603 	61.9790 

.0086 ' 94.2034 
79.8988' 
141.9444 
70.9374 
44.0099 
17.007 
17.007 

PC 
61.1642 
17.8550 
1.0301 

• 
2.2581 
3.7548 
10.6699 
1.0012 
.3432 

0.0000 
.0155 

0.0000 
o.oboo 
0.0000 

C 
11.1-542 
3.2561 
.1879 
.3480 ' 
.4118 
.6847 
1.9458 
.1826 
.0626 

0.0000 
.0028 

0.0000 
0.0000 
0.0000 



QUARTZ 	 = 17.51 
ORTHOSE 	 R . 5.08 
PLAGIOCLASE 	 a 66.71 

(ANORTHITE = 15.69) 
. (ALBITE m• 51.02k 

• NEPHELINE = .0 .00 
.LEUCITE 	 = '0.00 
KALI OPHI LLI TE 	_ 0.00 	. 

ACM-FE 	 = 0.00 
METAS I LI CATE DE NA = 0.00 
METASILICATE DE K 	= 0.00 
CORINDON 	 = 0.00 
WOLLAST ONI TE 	= 0.00 
DIOPSIDE SS 	. = 2.74 

(DIOPSIDE = 	1.78) ' 
( HEDENBER G I TE _ 	.96) 

	

. HYPERSTHENE 	 = 5.36 
(ENSTAT I TE = 3.31 

• (FERROSILITE = 2.05) •' 
OLIVINE 	 = 0.00 

(FORSTER I TER' '0.00). 
(FAYAL I TE 	= 0.00) 

ORTHOSILICATE D£ CA = 0.00 
:MAGNETITE 	 R 2.17 

HEMATITE 	 _ 0.00 
ILMENITE • 	 _ 	.95 
SPHENE 	 = 0.00 

' PEROWSKJ TE 	 0.00 
RUTILE . 	 _ 0.00 
CHROMITE " 	 = 0.00 
APATITE 	 _ ' 0.00 
FLUORINE 	 = 0.00 
PYRITE 	 R 0.00 
CARBONATE DE NA 	\_ 0.00 

CALCITE 	 a 0.00 
THENARDITE 	 a' 0.00 
HALITE  
ZIRCON . ' 	 '_-0.00 
H20+ 	 = 0.00 
H20- 	" 	 a 0.00. 



CALCULATIONS 

P 	PM 
.4640 60.0848 
.0398 101.9612 
.0340 159.6922 
. 0590 -- ..- -7 1..8.484 

	

.3300 	40.3114 

.0555' 56.0794 

	

.0007 	61.9790 

.0082 94.2034 

.0005 79.8988 
0.0000 141.9446 
•.0013 	70.9374 
• 0.0000 	44.0099. 
0.0000 `17.007 
0.0000 17.007 

C~ 
.007722 
.000390• 
.000213 
-.000821' 
.008186 
.000990 
.000011 
•000087 
.000006 

0.000000 
.000018 

0.000000. 

C 

7.7224 
.7807 
.4258 

_-:--• 8212 
8.1863 
.9897 
.0226 
.1741 
.0063 

0.0000 
.0183 

0.0000 
0.0000 
0.0000 

PC 
40.3316 
4.0773 
2.2239 
4.2887' 

42.7542 
5. 1687 
.1180 
.9092 
.0327 

0.0000 
.0957• 

0.0000 
0.0000 
0.0000 

1 . 5102 = ? 46 .40 
2 AL203 e ? 3.98 
3 FE203 n 7 3.40 

	

4 FEO 	= 7 5.90 

	

5 MGO 	= ? 33.00 

	

6 CAO 	a ? 5.55 
7 . NA20 = ? 0.07 

	

8 K20 	a 7 0.82 . 

9'1102 = '7 0.05 
10 P205 = ? 0.00 

	

11 MNO 	= 7 0.13 

	

12 CO2 	= ? 0.00 

CIPW NORM 

OXYDE 
1 	5102. 

2 AL203 
3 FE203 

= 4 
 

FED- --- 
M60 
CAP 
NA20 
K20 
TI02' 
'P205 
MNO 
CO2 
H2.0+ 
N20= 

TOTAL 

5 
6 
7 

8 
10 
11 
12 



CIPWNINERAL CONTENT IN VOLUME PERCENT 

.OUARTZ: 	 • 0.00 	Specimen: 
'ORTHOSE 	 • 4.85 

'.PLAGIOCLASE 	 • 8.72 
(ANORTHITE.• 8.12) 
(ALBITE ' 	.59) 

'NEPHELI NE ■ 0.00 
' LEUCITE 	' 	- 	.'■ 0.00 

KALIOPHILLITE. 	= 0.00 
ACMITE 	 a 0.00 

METAS I l.I CATE DE NA = 0.00 
METASILICATE DE K 	• 0.00 
CORINDON 	 • 0.00 
WOLLASTONITE 	a 0:00 
DIOPSIDE SS 	a 15.26 

(DIOPSIDE 3 14.04) 	
. 

( HE:DENRERGI TE a  1.22) 
HYPERSTHENE 	= 22.55 

- ' (ENSTATI TE = 20.50 
(FERROSILITE = 2.04) 

OLIVINE. 	 a 42.90 
• (FORSTER ITE= . 38.66 ) 

(FAYALITE 	= 4.24) 
ORTHOSILICATE DÈ CA = 0.00 
MAGNETITE _ 
-HEMATITE 	

4.93 
... '. = 0..00 
ILMENITE' 	 _ 	.09  
SPHENE 	 a 0.00 
PEROWSK I TE 	 a 0.00 
RUTILE 	 • 0.00 
CHHOM1TE 	 _ : 0.00 
APATITE 	 _ .0 .00 
FLUORINE . 	 0 0.00, 
PYRITE' ' 	 • 	0.00' 	' 
CARBONATE DE NA 	a 0.00 

CALCITE 	 a 0.00 
THENARDITE 	 _ 0.00 
HALITE 	• 0.00 
ZIRCON 	 a. 0.00 
'H20+ 	 :(:).00 
H20- 	 a 0.00 



WEIGHT PERCENT OF 

1 S102 .■ 7 43.568 
2,AL203 e ? 13.7 
3 FE203 ■ 7 4.7 

? 9.3 
7 7_.26 
? 17.9 
7 2.19 
? 0.26 
7. 1.104 
7 0.00. 
7 0.018 
7 0.00 

1 OXYDE 
I , 5102 
2 AL203 
.3- "-FE203 
4 FEO 
5 MOO 
6 CAO 
7 NA20 
8 K20 

. 10 T102. 
!0 P205 
11 MNO 
12 CO2 

H20+ 
H20- 

P 	PM 
.4357, 60.0848 
.1370 '101.9612 
.0470 159.6922 
• .0930 	71.8484 
.0726 . 40.3114 
.1790 		56 .0794 

	

.0219 	61.9790 

.0026 94.2034 

.0110' ; '79.8988 
0.0000 ' 1'41 .9446 
.0002 70.9374 

0.0000. 44.0099 

	

0.0000 	17..007 
0.0000 17.007  

.007251 

.001344 

.000294-

.001294 

.001801 

.003192 

.000353. 

.000028 

.0001 38 
0.000000 
.000003 

0.000000 

C 
7.2511 , 
2.6873 
.5886-
1.2944 
1.8010 
3.1919 
.7067' 
.0552' 
.1382 

0.0000 
• .0025' 
0.0000 
0.0000 
0..0000  

PC. 
40.9275 
15.1680 
3.3224-- -- 
7.3060 
10.1653' 
18.0162' 
3.9888 
.3116:  
.7799' 
0.0000 
.0143 

0.0000,! 
0.0000'. 
0.0000H. . ~;, 



Ir. 

CIPW MINERAL CONTENT IN VOLUME PERCENT 

QUARTZ 	 a 0.00 

	

'ORTHOSE - 	 a 0.00 

	

PLAGIOCLASE 	a 26.78 
(ANORTHITE a 26.78) 
(ALBITE la. 0.00) 

NEPHELINE = 10.04 
LEUCITE 	 a 1.20 
KALIOPHILLITE 	= 0.06 

ACM I TE 	 a 0.06 
METASILICATE DE NA' =. 0.00 
METASILICATE DE K 	7 0.00 
CORINDON 	 1 = 0.00 
WOLLASTONITE 	a 0.00 

	

'DIOPSI6E SS 	. 	a 46.75 
(DIOPSIDE a 30.16) 
(HEDENBERGITE = 1,6.59) 

HYPERSTHENE 	s 0.00 
" '(ENSTATITE a 0.00 

' 	(FERROSILITE o 0.00) 
OLIVINE 	 = 4..87 

(FORSTER I TE9 2.87') 
(FAYALITE 	= 2.00) 

ORTHOSILICATE DE CA = 1.45 
MAGNETITE- 	 = 6.81 
HEMATITE 	= 0•00 

I LMEN I TE. 	" 	=.2.10 
SPHENE 	 = 0.00 
PEROWSKITE 	 = 0.00 
RUTILE 	 = 0.00 
CHROMITE 	 = 0.00 
APATITE 	 ,a 0.00 
FLUORINE . 	 = 0.00 
PYRITE 	 _. 0.00 
CARBONATE DE... 	NA 	a 0.00 ....... 	 ~ 

CALCITE . ' 	_,. 0.00.. 
THENARDITE• 	 a 0.00 

.. HALITE, 	 a 0.00 
ZIRCON 	 a 0.00 
H20+ 	 a .0.00 
H20- 	. .• 	 a 0.00 

Specimen: M-28-9 



'WEIGHT PERCENT OF THE 
; I S I 02 0? 46.85 
2 AL203 n 7 16.60 
3 FE203 m ? 5.20 
.4 FEO ' • T 9.20 

	

5 MGO 	■ ? 6.10 

	

6 CAO 	~ ? 10.40 
T' NA20 ~ ? 4.35 

	

B K20 	a ? 0.51 
9 T102 = 7 0.63 

I0' P205 = ? 0.00 

	

11 MNO 	= 7 0.16 

	

12 CO2 	m 7 0.00 

CIPW NORM 

TOTAL 

1 OXYDE 
I 5102 
2 AL203 
3 FE203 
4:._.. _.FEO .. ,.._._. . 

S MGO 
6 CAO 
7 NA20 
8 K20 
9 7102 

10 P205 
1I MNO 
12 CO2 

H2O+ 
H20- 

P PM 
.4685 60.0848 
.1660 101.9612 
.0520 159.6922 
.0920 - 71.8484 
.0610 	40.3114 
.1040 56.0794 
.0435 
	

61.9790 
.0051 
	

94 .2034 
.0063 
	

79.8988 
0.0000 141.9446 

.0016 
	

70 .9 374 
0.0000. 	44.0099 
O.0000 
	

17.007 
0.0000 
	

17.007  

.007797 

.001628 

.000326 

.001280 

.001513 

.001855 

.000702 

.000054 

.b00079 
0.000000 

.000023 
0 ..000000 

~. 	. 	. 

C 
7.7973 

' ` 3.2561 
.6513 

1.42805-
1:• 5132 
i \•8545 
I '•,4037 
.1083 
.0788 

0 .0000 
.0226 

0.0000 
0.0000 
o .aôoo 

PC 
43.3997 
18.1236 
3.6249 
7.1271 
8.4225 

10.3222 
7.8130 

.6027 

.4389'~"'`. 

0.0000 
.1255 

'0.0000 
0.0000 
0.0000 



IPWMINERAL CONTENT IN VOLUME PERCENT 

:J'QUARTZ 	 ■ 0.00 
ORTHOSE 	 3.01 
PLAGIOCLASE 	 = 45.83 

(ANORTHITE o 24.26) 
(ALB I TE v 21 .57 ) 

' 	NEPHELI NE a •8.26 
LEUCITE 	 0.00 
KALIOPHILLITE 	= 0.00 

ACMITE 	 0.00 
METAS I L I CAT E DE NA = 0•.00 
METASILICATE DE K 	9 0.00 
CORINDON 	 = 0.00 
WOLLASTONITE 	= 0.00 
DIOPSiDE SS 	 = 22.43 

( D I OP Sl DE = 13.35) 
. (HEDENdRGITE = 9.08) 

HYPERSTHtNE ; 	' 	= 0.00 
(£NSTAT I TE = 0.00 
(FERNOSILITE = 0.00) 

OLIVINE 	 = 11.74 
(FORSTERITE=  
(FAYALI TE 	_ , '5.43)., 

ORTHOS•I LI CATE DE CA n 0.00 
MAGNETiTE . 

ILMENITE•' 
SPHENE 

'PEROWSKITE 
RUTILE 

• CH12OMiTE 
APATITE 
FLUOR  I NE 
PYRITE 
CARBONATE .DE 

, CALCITE 
THENARDITE• , 

HALITE 
ZIRCON 
•H20' 
H20- 

= 7.54 
= 0.00 

= 1.20 • 
a 0.00 
= 0.00 
= 0.00 
s 0.00 
= 0.00 
a 0.00 
m 0.00 
O 0.00 

m 0.00-
=0 0.00 
A 0.00 
a 0.00 
~+ 0.00 
a 0.00 
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VI AU HAP CAR TOG h APHY PRiPARRO SY 
THE OUIRIC DEPARTHONT 04 NATURAL 
R 1 SOLLACIIS PROM AIRIAL PHOTOGRAPHS 
TAIKIN IN 1959-60 
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t, trye rLgc: 1 -`1 areas lacking bedrock expoeure 

lntere!,,!dde0. quartz arenite and reddish mudstona 
brecciated in part 

Cua_ t 	 banded, light brown to alightly 
_cdo::c:1, ::.edium to fine grained, occasional iI_• 
c-o..s ! rcicicd 

`. h,.bole-pyroxene rock medium to coarse grained, 
to greenish, occasionally garnets-

errour, 

t•:_, ive trt•^.oltte-ant iophyllite rock with 
l._c,:,a ► ~le .01t.ra basic derivative 

,,' 

5 3'3 0' 
t' iulr gray granitiz rock, variable quartz 

content, c._ -as.onal inclusion of mafic 
material 

Porphyrit i.- granite, massive, prominent zor•.ad 
pla~i~cl 	nediu:7 to light gray weathering 

Mediurl, gr..::,ed granitic gneiss, weathering 
friable, .`cliatccl 

Co<]vs2 	 Pin'.ish granite occasional 
tourmaline content 

Jttkosic to feldspathic rr.etr.uac!ce ar.,71 r.rko5ic 
arenite i.^.terlaye:ed with granitic rock 

Ir.terbr.nCcd .grayish granitc• and biotite-ieldr.1r 
schist 

Interlayered amphibole ac-hist. .;rre:,atont: and 
granite zones 

Porphyrit ic g-anite, cataclastic, light to mt'di+.rm 
gray to greenish in part, zones of mansivt and 
banded yteonstor,.. 

Amphibole granite, variable quartz content, +. 





• 

N ~, 
W *

iiY.. 

.~~.1c1.y'~ 

11 to 

~. . •  
x~+~,_ 



~!µ 
kdaltie"‘ ,. 

SAkAM / 



vt: 

53'2 5' 

Àikosiç to feldspathic ratbwacke any: arkosic 
arenite in.terlayered with yranitie rock' 

Ir.terbendcd grayish granite and btotite-£eeldul-ar 
schist 

Interlayered amphibole schist : rre:rnt.one and 
grenue :ones 

Porphyritc granite, cataclastic, light to m.,di'lm 
gray to greenish in part, zones u£ coartisiv_ ar.d 

banded yrceaston` 

Amphibole granite, variable quartz cc:ltent, 
medium to coarse grained, pozphyr.tic to 
part, gradations to porptyr.trc granita 
contai:l l ng fine greenish matrix 

r.,ranite,, medium to coarse grained, porphyritl'_ 
in part. Minor areenstone zones and grac. .ions 
to sIig;ltLy green:5h matrix 

â3nO' 

Quartz arenite, light gray, interlaycred with 
darker feldspathic metawacke and ari:osic 
mettlwacke 

Banded q:iartzitic rock, light gray, fine grnined, 
• rust weathering 

r.rk.,,c • 	il~ fc l 3s 	th:c rrrt:awacl: _̂ , felsic-li chi.c: 
cluactz-.;chl.it, 

t.11 (-,izhcna_•: schist, ÿr:iilitll' units 

Ft- 1.?rn,, ~ hir to lrkosic ra::t.,► wackP uith zones of 
,;;::lrt.z arenite 

1 :),-`, ily:lt grav-pinkish, grayish 
c., lc,r banding, foliated 

::une.; of rr::";• Jccnc .1r..1 matawackea  

ban.'.L.,a to r.las:;lvo, plllowe3d laws, 
cll::l. :: 1 t- ica.^;? 	:~~ri: i'., 	>:.-hist :Qr,es, banded 
c;u. _̀Cl..i..lc .l'f,l .,urn ~ t ' .c`--nuti lto-tOr:^..atlOn 

i'ITph11).J1t.' 	 .1l+c1 9n.'ls;;es 

l;cndf7c3 tc mass-,'e ,~-e~ .~c`;l • , pillu:rc] lavas, 
cllbnro:C 	 ", of vo1::.lf lc or luin 
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: Glacial striae 

: Bedrock exposure 
areas 

: Swamp or bog 

: Slickcnsiding 

: Dragfold axis, plunge 
of lineation 

: Foliation, dip unknown 

: Pillowed lavas, 
trend inclined 

: Pillowed lavas, 
trend vertical 

Pillowed lavas, tops 
unknown and elonga-
tion plunge 

: Pillowed lave: over-
turned, pluncr -)f 
elongatic)n 

O 

0 

d 

Miner; li ::at iors 

: Magnetic iron 
formation 

. Diab~ay~ 

MAP SYMIIOLS 

.ro 

o 
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: 

: 

: 

: 

Foliation, 	vertical 

Foliation inclined, 
plunge on 	foliation 
plane 

Jointing, 	inclined 

Jointing, 	vertical 

Approximate rock ur:it 
boundary • 

: Limits of mapped area 

Regolith areas 

: Gradational. boundary 

Possible bedroc); 
V\ V\ 	fracture zone 

Synform, overtArncd 

: Antiform axis arca 

_ : Synform axis area 

: Collation, inclined 

63'15' 
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: Bedrock exposure 
areas 

: Swamp or bog 

: Slickensiding 

: Foliation, dip unknown 

: roliation, inclined 

	 1,10 
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r. Bedrock exposure 
areas 

: Swamp or bog 

fillrknnslrling 

Dragfold axis, plunge 
of lineation 

AQ 

turned, plunge: o 
elongation 

Minerali l:atiur\ 

: Magnetic ir ,,n 
f orn,lL l l.n 

Diabacv d 

sa 

: Foliation, dip unknown 

: Coliation, inclined .to 
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