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GEOIOOY OF 1lm J'QHAN BEB'l'Z AREA 

SapeD.!l CoUBty 

INTRODUœ'ION 

Locat10n of Area 

ihe .J'ohan Beetz Area 1a situated on the north shore of the Glllt ot 

st. Lawrenoe and ls bounded br latltudes 50015'N and 50030'N, and br 

longtitudes 6203O'W and 63°00 'W. It masures about 22 miles east-west 

and 17 miles north-south and 18 appl'Ox1mate17 350 square miles iD area. 

J'ohan Beetz, atter whlch th18 area has. been named, ls a suU 

settlement on the shore about micbray between the east and west boUDdarie. 

ot the area. It ls 44.0 miles downstream t1"Olll ~beo 01 t1' and 34 mile. 

east ot Havre st. Pierre, one of the princ1.pal seUlemants on the GQlt. 

'!'he locatlon ot th. ares la ahown br figure 1. 

Mlana ot Aace.s 

In 8UD1D1!tr, boats of the Olarke Steamsh1p Comp8D1' Limited, .8111128 

:trœa Mentreal and Q.Uebec, mate regular stops at .J'ohan Beetz. 

ihere are numel"OUS large lakes in the area su1table for landing 

br seaplanes. The marest seaplane base 18 at sept Isles, l~ miles 

we.t ot .J'ohan Beetz. J'rOm HaTr8 st. Pierre, whioh has an airplane 

landing strip, a motor-driven :t1sh1ng barge oan be rented to reach th. 

area. 

Travel Wlthin Tbe Area 

~vel w1th1n the area 1. best accomp11ahed br seaplane or br 

_tor-equ1pped canoe. '!hen are numerous lakes aultable for landing, 

so that aU parts of the area can be reached br a1r. The largest 
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rivera in the area are, troll. east 1;0 west, Yatshishou river, Piashtiba1e 

river, Ltttie Piashti river and Corneille river. bae are the DIOst 

entable oanoe routes inaSJDUch as *1'. together, give acoe8S to Dear17 

al1 parts ot the mç-area. Little Piashti river is the most important 

ot the abave routes because it ia COlllleoted by sSTera! short portages 

wi th both the Corneille river route and the Piashtibaie river route. 

~e ri vers in the area oonte.in many rapids and chutes, but they 

ou be bypassed by well-wom portagea. Jll the portages are short 

uoept the one leading tram Cabane-Neuve 1ake to Prtldent laD and the 

seoond portage north ot TUrgeon l.ake. severa! portages have been out 

at ditterent plaoes along these main rou1ies to pro vide a008SS to amaller 

lalœs and rivera. 

Table 1 lista the number and the total distance ot the pOrtages 

beneen the _jor l.altes along eaeh ot the !Our routes. 

TAmJ!! 1. 
1'ot&1. 

lbut. J'rom 1'0 Portages Length 

Corne111e Bea T8D8UQ' 1.. 4: 8800 ft. 
Tanguay I.. !t1rgeonI.. 5 7800 tt. 
TUrgeon L. J'erland L. 4: 7500 rt. 
J'erland Le Traverse Le 1. 900 :rt. 

J.1 tt1. Piaahti J'ohan Beetz Salé L. 0 
salé 1.. Le Piuht1 L. 2 2700 ft. 
L. Piaahti L. i'!1rgeon Le 2 2300 t't. 
L. PiashU L. cabane-Brulé. L. 4 2700 ft. 
L. Pia8hti 1.. Big Piashti L. 4 2800 ft. 

Piashti baie Sea Cabane-Brulée 1. 
(outlet) 6 4000 t't. 

Biver (outlet Brulée L.) Villeneuve 1. 3 6300 ft. 
Outlat Cabane-Brulée 1. Bellanger 1. 5 6000 ft. 
Bellanger L. Napoleon L. 3 2100 ft. 

watsh1shou Sea Veronique L. 10 5300 ft. 
Veronique L. 1. Veroni que 1. l 1&00 :rt. 
Veronique L. lork in fi. Biver l 600 :rt. 
lPork 1n W. Biver cabane-Neuve L. 7 5300 tt. 
Cabana-Neuve 1. Pl'Udent L. l 5100 tt. 
Cabane-Neuve L. Theo dule 1. 3 1100 tt. 



-4-

:r1gure 2 ill.uatre.tes the var10us canoe routes ln the area. 

À. motor-driv8n tishing barge .as used to travel along the coast. 

n.ld Work 

Mapplng ot the area was done at a .cala ot one-halt mile ta one 

inch by s1Stsmatlc pace-and-oompass traverses spaoed at intervsls ot 

appronmately one-halt mile. J.JI tar as possible, the traverses .ere 

arranged to oross the trend ot the formations. Shore eJq)osures ot the 

more accessible 18lœs were examined in detail. 

'l'be ooastal seotion ot the eastern halt ot the area was mpped at 

a eoale ot approximately one-quarter mile to one inch, c0rr8spond1ng to 

the scale ot theaerial photographs ot that aeotion. !lut western pari 

ot the cout was mapped at the scale ot one-halt mile to one 1nch. 

Vert1cal aerial photographe .are uaed con tinually 1n the tield. 

They •• re usetul 1n determin1Dg the structure of the are. and &oted .s 

a guide 1n toUmr1ng the contacts beneen 41tterent rock t11)es. 
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Previous York 

Hlports ot minera! occurrences within the map-area, and in are8.8 not 

tar removed tl'Om it, are oontained in publications by De Puy jalon (1899) 

and Wallter (1911). A more recent investigation _as made by Elenborn 

(1925) ot the te1dspar ~arr.r which 1a located on the east side ot 

Q,uetachou bay. 

In 1943 Longley (1950) oarried out a geo1081081 reoonnaissanoe 

survey ot the north shore ot the Gult ot st. Lawrenoe batween Mins&n and 

.&guanish. '!he geo10gy ot the 8h.ore11ne ot the Johan Beetz .Area 1s in­

c1uded in his report. 

Claveau (1945) made a briet examination ot the quartz deposits ot 

watshishou Knoll. These deposits _ere atudied in detai1 by Owens in 

1949 (Owens 1951). 

The area immed1e.tely to the north was mapped by Granier (1950, 1951). 
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lü.TUlUL BESOURCES 

Vegetation 

Vegetation consists ot black spruee, balsam, poplar and a amall 

amount ot white b1rch. 111e best stands ot t1mber 1n the area are in 

the valleys borderiDg the ri vera and laDa. J'or the IIIOst part, how­

ever, these are l1m1ted in area and are ot auch quality auitable only 

tor pulpe Only scrub spruce grows on the h1gher hills beeause ot their 

steepœss. ])1e to the atrong wind which blows inland mm the Gult, 

very li ttle vegetation is able to grow along the shore. The 15011, wh1ch 

1s present 100al17, w1 thin the area 18 too lean and thin ta be used for 

agricultural purpoaes. 

Fish and GanB 

Marine tlsh are plentitul in the coastal waters and provide the 

chiet :rœans ot livellhood ot the inhab1 tants ot J'ohan. :eeetz. salJoon 

are netted along the shore, ohietly st the mouth ot watshishou river. 

Lobsters sre trapped in thia v1cin1ty and in A,ppititatte baye 

Trout and salmon are abundant in Watshishou, Little Watshishou, 

and Corneille rivera. Thar. are tn trout ln Piashtiba.1a river and. 

owlng to the helght ot the talla at 1 ta mouth. salmon are not known ta 

mount the river. 

trhalea and porpoise are plentif'Ul. in the ottshore watera and a 

tew seale live amang the Islands eaat ot Pontbr1ande baye 

'Ihere are no moose or deer in the area and tell oaribou. Fur­

bearlng animals, ehietly muskrat and mink, are trapped during the 

winter months. Spruee partridge, rabbit and porcupine are tairly 

numerous. 



Wild duck are abundant, p&rticularly eider duck, which next in 

large numbers along the coast • 

.1 sn:all t1shing village has been estab11shed at the mouth of the 

Watshishou river by the inhab1tants or Johan Beetz. 
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HlYSIOGBAmY 

General Considerat10ns 

'!he .Tohen Beetz Area 1s located in the eastern part ot the Pre­

cambrian Sh1eld. The geIleral. slope ot "his part ot the sb.leld is south 

et approximately 30 teet per mile. Hartever, .ast and west ot the area, 

this slope becomes much steeper and elevations ot up to 2000 teet are 

reported within a tew miles ot the coast. 

1'0 understand properly the local topography, i t is nece8sary to 

raview briefly the general phyaiographic histor,y ot the Canadien Shield. 

This h1story has been traced by numerous werkers, in particular by 

Cooke (1929, 1930, 1931) and by Wilson (1939). 

Studiea of tbose areas of the sb.ie14 where post-Archean rocks are 

tound have establlshe.d beyond doubt that the surtace ot the 08nad181l 

Shleld la an ancient, partly dlssected peneplaln. FUrther, uncontorm­

itiea expoaed through ero810n ana. that the sb.ield has under,gone DOt 

one, but ~ cycles ot ero&10n, some ot which have produeed penepla1ne. 

One such peneplain is fbund beDeath the lower Paleozo1e aedtmentar,r 

l'Ooka that triDge the sb.1eld and ooeur local~ wlthln 1t. 

!he even alqline obserYed in lDOat . ueas 18 general17 regarded · as 

marking the position ln the present topography ot the l •• t :fairly oom­

plete peneplaine This remaiD8d close to sea-level untll about mid­

Tertiary, at whloh tlme uplitt, ln relation to the sea, reaultad in re­

ne.ed dawn-outting and rapid erosion ot the weak rocks. EXtensive 

straths were developed and ware inoiaed batore the onset ot glaciation. 

U,plitt and westward tllt1ng ot the eastern part ot the Shield bordering 

the Gult 0 t st. Lawrence and J.tlanti (3 Ooean took place . in Lata Tertial'7. 
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This rising ot the Shield muat baTe been slow, beCBuH some ot the 

major atreams were able to continue cutting Bcross the rising mountains, 

oarv~ng deep gorgesl Hamilton and IDwer saguenay rivers. At the seme 

t1me, dissection ot the marginal parts ot the peneplain proceeded 

rapidly, giving rise to the young mountainous topography ot the 

IAurentian and 'l'ol'llgats. '!'he oycle was interrupted in Us early stages 

by the Pleistooene glaciation. 

Looal 'l'opography 

~e land rises trom a low, tlat lrregular shore (Plate 1) to an 

average helght ot less tban 600 teet. In the eashrn part of the area 

there is a rldge and valley topography inland, but in the .estern part, 

the inland surface has the torm ot a gentle sloplng plateau. Theretora, 

the area may be diTided lnto three topographicunits, the charaoteristios 

ot eaoh dependent upon the underlying rocks and thelr structure. 

COutli:ae 

1'he coutllne la very lrregular and ls lndented . by numel'OUS b87S. 

The struoture of the underlylng rocks ls the most important taotor in 

determ1D1ng the shapes ot the bays. J'rOm J'ohan Beetz to latshiahou 

Knoll, the baya are long and narrow, the1r long direot10n trends nerth­

east parallel to the atrtke ot the bedding ot the quartzite. They are 

extensions ot valleys of the interior. The peninsulas, whlch are under­

lalnby pegmatite or gabbr? lntruded into quartzite, ris. to a helght up 

to 50 teet above the water. 

East ot Watshlshou lO1Oll the bays are more open, owlng to variations 

ln the trend ot the underlylng l'Ooks. The lrregulari tiea of the shore 

ot the bays, suoh as Pontbrlanœ bay, are due partly to the strike ot the 
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PLATE 1 

Fig. 1 Low irregular shoreline east ot 

watshishou Knoll. 

Fig. 2 1.0. irregular shore1ine west ot 

Watsh1shou KnoU. 
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gneiss in that area and partly to a prominent system ot joints which 

strike N100X and seo~. 

l'est of l'ohan Beetz the shore 1s more regular. l'ointing and toli­

ation 1n the granite eut of Corne1lle river cause minor irregularities, 

but west of the r.lver the granite 1s massive and the coast 1s, theretore, 

SIlO 0 th. 

There are a large number ot low, barren bands along the coast, 

part1cularly east of watahishou Knoll. The1r shape and orientation is 

due to the underlyiJ:lg l'Ock st1'l1cture. 

The low coast, with its DUmerous bays and islands, is a typioal 

·slciirgârda coast and 1s slm1lar to the ooasts of the Baltl0 Sea. par­

t1cularly the southern coast of l'1nland. 

Bidge and Valay Topographl 

lOng narrow ridges al ternat1ng w1 th narraw valleys are oharacter­

isUc ot that part of the area underlain by metasedimentary rocks and 

gabbro (Plate 2). The ridges outline the structural trend ot the araa. 

Becauae the gabbro 1s more res1stant to eros!on than are the metased1-

mentary rocks. the ridges are underla1n by gabbro or gabbro injected 

quartzite. They are highest in the north, sloping gently toward the sea. 

The vallay~which are underla1n by matased1mentary rooks, are 

occup1ad by lakes and SIlB.ll streams. Eawt and west ot Villeneuve lake. 

howevar, whers thare are relatively few intrusions ot gabbro, resistant 

beds ot quartz! te tom low ridges. Th1s ares has oons1derably' less 

relief the the rema1nder ot the map-area. 

Plateau 

That part ot the srea northwest of l'ohan Beetz, which 1s underlain 
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Fig. l H1gh ridges of gabbro northwest of 

Bellanger lalœ. 

Fig. 2 Gabbro ridges southeast of Ledoux lao. 
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by granite,is a gentle undulating surtace, sloping southward. Many ot 

. the irregularities which would be expected in a ragion underlain by 

well-jointad granite ot this type have been smoothed out through glaoial 

action. The deeper depressions are oecupied by lakes. The shape ot 

the se lalœs 18 controlled, te a large degree, br jointing in the granite. 

~t corresponding distances trom the sea, the plateau is at a 10ger 

elevation than the gabbro ridges. 

The area, taken as a whole, slopes gentl,y to the south. i'he high­

est points are along the gabbro ridge which tollows the east side ot 

B1g Piashti lake. Here there are heights over 600 teet above sea-level. 

!'he southern part of the area, part1cularl,y the southeut corner, has 

very 11ttle re11et, 1ts elevation being close to aea-level. 

'!'he shores of most of the lakes .here they are bordered by quartzite 

are 10., ot the order of twenty teet above lake-level. In oontrast, 

those lakes bordered by gabbro have steep shores. In many places clitts, 

ovar 100 teet high, ertend down to the .ater' s edge. 

All the lakea in the oountry underle.1n by the sed1mentar,v roeks 

and gabbro, w1th the exception of Bellanger lake and Cabane-Brulée lake, 

have str1k1ng shapes. They are long and narrow, paralleling the trend 

of tba rook formations. They oecupy low portions ot persistent 

depressions, tormed by selective erosion, along the line ot contact be­

tween quartzite and gabbro. Bellanger lalœ consists ot two parts j01ned 

by a narrow passage. The large east bay oecupies a low area 1n a .1de 

band ot quartzite; the west bey filla depressions bat.een high gabbro 

ridges. Cabane-Brulée lake fills several shallo. depress10ns underla1n 

by sediments.ry rocks and surrounded by gabbro. Passage bat.een these 
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depressions has been made possible by' eroa10n 1n areas wheN the gabbro 

1a highly jointed. 

Basides the major lakes of the area, which occupy low portions of 

the main valleys or broad baBins in the granite plateau, there are many 

small lams t1ll1ng low areas in the gabbro ridges or quartzite bills. 

Draill!§e 

'!'here is no well-develope4 drainage system in the area. In DIOat 

cases, a !&ke overtIows into the one below by a short series of rapids 

and cascades. This is partioularly true ot Little Piashti river. Al1 

the rivers are aballow, but contain sutticient water for travel by 

oal108, even in d1'y' seasons. 

The c!ra1nage of the area is directed to the Gult of St. Lawrenoe 

through tour main drainage basins: 

(1) Corneille river; drain1ng laltes Traverse, Jrerland, '!'Urgeon 

and TaDguay and several smal.l lakes wbich tIow 1nta these. 

(2) Little Piash,t1 river; Large Pie.shti, Little Piashti and Salé 

lalœs are drained by th1s r1ver, wh1ch empties 1nto the Gulf 

at J'ohan :eeetz. 

(3) Napoleon and Bellanger lakes, as well as oabane-Brulée !&ke 

and numeroua smal.l lake8 drain1ng 1nto 1t, belong ta P1asht1-

baie river which discharges 1nto ~etachou baye 

(4) watsh1shou river and 1ts west tributary, drain1ng lakes 

Theodule and cabane-Neuve, which empties inta the Gulf five 

miles eut of Johan Beetz. 

Beddes these min rivers, nwœrous smaller streams, such as 
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Villeneuve, Little watshishou and Pontbriande r1 vers discharge 

independent1y into the Gulf. 

Ph18iographic Histary ot the Area 

The physiographic history ot the ~a may be summerized brietly 

as tol10"8: 

1) Erosion ot the Preoambrian rocks and development ot a peneplain 

by &t least ear1y Paleozo10 time. 

2) SUbmergeance ot this penepla1n and depositlon ot Paleozoio rocks. 

Evidenoe tor this submargeanoe can he round &oross AppUi tatte b8.7 where 

Paleozo1c (Ordov10ien) rooks rest unoonformably upon Precambrien rocks, 

similar to thoss observed &long the western part ot the coast ot this 

area. Many sandstone dykes yere observed ti111ng fractures in granitio 

rocks between Appit1tatte bay and ~etaohou baYe These re.emble the 

basal sandstone ot the Paleozoie sed1mentary rocks. 

3) SIlDmit Penep1ain. It 1s probable that severa! oyc1es ot erosion 

attected the area betwsen the beg1nn1ng ot the Paleozo1c and the and ot 

the Mesozo10. No deta1ls can be woriBd out in th1s area, but it e8ema 

conoeivab1e, tram etudies in other parte ot the sh1eld, that the summit 

pen.plain had be.n fbrmed and part1a1ly d1ssected betore the onaet ot 

gla01ation. '!he age ot th1s peneplain 18 not kDon det1nitely, but it 

bas been correlated with the summit peneplain ot the jpp8lachian slstalli, 

wh1ch 1s variously dated as late Oretaoeous to Y1ddle Tertiarr or aven 

latar. D. 1r. J'ohnaon, a:rter extensive studies, has advocated a Tertiary 

age :fbr it (J'ohnson 1931). 

-4) Bejuvenat10n, through d1tterential uplitt. A new c1cle was 

developed during wh1ch extensive straths were developed in valle1s 



-18-

adjusted to structnre. 

5) Differentia! Uplif't during which time the rivera were enciseêl. 

This movament was slow, a!lowing rivers to maintain their courses 

acl'OSS the structure (e.g. Hamilton and Lower saguenay rivers). 

6) Pleistooene Glaciation, during which the topography was modi­

f'led and the drainage disturbed. 

7) Post Glacial- Cycle: l!'ollowing the retreat of the glaoiers, a 

modern cyole was developed which is now in the stage of youth. 

Evidence of' recent uplif't of' the ares has been observed at several 

loo.81i ties along the Gulf'. Claveau (1950) reports reeent terraces at 

the mouth of' the Natasquan river 35 miles east ot the east boundar,y. 

Post-glacial terraces have been reported on !nticosti Island 30 miles 

south of' the area (TwsDhof'el 1921) and on the J41ngan Islands. 
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GLA.CIAL GEOLOGY 

!here is abundant evidence throughout the region ot continental 

glaciation. Glacial striae, erratic boulders and morainic debris are 

tound on practically eve17 high hill, as well as in the valleys. 1he 

intenai ty ot the glacial action cannot be calculated tull.y until more 

detailed work has been done in the area. 1t is certain that the 

greater part ot the el'Osion pattern is ot pra-glacial age and that the 

work of the glaciers consisted ot soouring the valle ys and smoothing 

the hilltops. Many of the gabbro hills and the valleys between tham 

have amooth rounded profiles, undoubtedly caused by the ettects ot 

glAciation. 

'!!le genaral direction of mvem.ent of the glacier ..,as 8outh­

southwest. Glacial striae were observed along the shores ot many lakes. 

These strike between seo. and ~OOy. Glacial grooves are abundant in the 

amphibolite. 'nl8Y are particularly well-developed along the ooast. The 

grooves range tram six to welve inohes ..,ide and are up to twenty teet 

long. They have smoth sides and strike bet..,een SlOOW. and S20oW. On the 

relati vely 10.. shores of many lakes triction cracks were trequently seen 

in quartzite. 1t ..,as not possible to de termine the direction ot ice 

moTement uaing this feature. 

A.t mGy locallties large grooTes, thirty 1;0 tort y feet long, .. ra 

observed in the walla ot the larger valleys. This indicates that the 

moTement ot the glacl'.r was controlled, in part at least, by the top­

ography. 

FI1rther atteots ot glaoiation oan be seen dong the coast in the 

charactar of the topography. The outcrops are very smooth, wall- l'Ounded 
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and pol1shed. BeTeral baTe the appearance ot SDall "roches lDOutonées·. 

Deposits left by the retreat of the glacier are te.. In most places 

the bedrock has been left clean, or is cOTered by a tMn mantle ot sand, 

graTel and~. Glacial depo8its consist mainly ot erratic baulders, 

unsorted till and clay. Brratic boulders are coDlllon on Dl8ny of the high 

hills (Plate 3, J'ig. 1), but are more nUJll8rous in the Talleys (Plate 3, 

Pig. 2). A tew Talleys are cOTered by unsorted and unstratit1ed till, 

but the1r aerial ertent i8 sllllll. A band ot sandy clay 1s exposed along 

Villeneuve river. The clay 18 massive, l1ght bu:f't 1n colour, Tery tine­

gra1ned and up to th1rty teet thick. 

In many places the glacial. depos1 ta have been reworlced by" the present 

streams. Tbe resulting post-glacial dep081ts are numerous, but ot l1m1ted 

aer1al extent. In the upper reaches ot Watshishou river there are 

numerous graTel bars. Man1 sand and gravel depo81ts are present along 

L1ttle Piashti river. 
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PUTE 3 

Fig. 1 Erratl0 boulders on long portage south 

ot Ferland lake. 

J'ig. 2 Erratic boulders in a "ide valley three 

miles east ot Corneille river. 
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GENERAL GEOLOGY 

Introduction 

All the consolidated rocks ot the area are ot Precambrian age. 

'!he oldest formations cons1st ot metamorphosed sed1mentary rocks, 

grading trom pure quartzite through 1;0 'biotite schist. At three 10c81-

i ties in the south.rn part ot the area and at J'erland lake, the meta-

8ediDBntary rocks have been tr8D.stormed into migmaU te. Intrllsive in­

to the meta8edimantar,y rocks is a series ot long, tabular sill-like 

bodies ot altered gabbro. East ot Corneille river, a coarse-grained 

gneissic granite cuts the metasedimantar~ rocks and contains inclusions 

ot quartzite and gabbro. This granite is eut b~ a younger medium­

grained generally massive granite. A small stock ot coarse-grained 

grani te is exposed at Ferland lake. '1he youngest rocks ot the area are 

also intrusive and condst ot a series ot pegmatite d~kes and si11s 

which eut the granite, gabbro and quartzite. 

Metased1mentary rocks OCCUPY' sl1ghtly more than one-third ot the 

area, gabbro slightly less than one-third and granite and migmatite 

about one-quarter. 
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Table of Formations 

Cenozoic sand, clay, gravel, erratio boulders. 

Great UUcontorudty 

Pegmatite 

Intrusive Contact 

Medi~gra1ned biotite granite 
Coarse-grained biotite granite 

IDtrusive COntaot 
PrecUlbrie Intrusive a>oka 

Gn8issio Granite and Pegmatite 

IDtrusive Contact 

uralite Gabbro and Derivatives 

(a) Uralite gabbro 
(b) ~h1bolite 
(0) Amphibole gneiss 
(d) Hybrid rocks 

Intrus1ve Contact 

Migmatite 

Mioaceous quart.lte, quartz-
biotite 8chist, quartz-hiotlte 
gneiss 

M9tased1mentary 

a>oks Grey quartzite, caloareoua 
quartzi te, cryatall1ne llllle-
stone. th in cOnglomerate lenee 
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Metasedimentarl Bocks 

Introduction 

Matamorphosed 8edûn~tar.y rocks occupy slightll less than one-halt 

ot the area. Fine-grained light to dark grel impure quartzites are 

BOst abundant. Interbedded .ith these are small amounts ot carbonate-

bearing quartzite, and hematite- and rutile-bearing quartzite. The se 

rooks are exposed throughout the entire northern part ot the JP&p-area 

eaat ot Bi& Piashti lake. The best e%posures are tound on each side ot 

Villeneuve lake, .heN the sediments torm a wide band ertending trom 

Q.uetachou bey to Bellanger lake. Else.here thel occur in banda ot 

irregular thickness between s111s and dykes ot a1tered gabbro. 

Mioacaous quartzite, quartz~biotite schist and gneiss, and biotite 

schist conet1tute a second, minor, group ot sed1mentary rocks. ihey 

are exposed throughout the southarn part ot the Rraa between ~U8tachou 

bay and Appit1tatte bal_ They are commonly iriterbedded with varying 

amounts ot dark gral quartzite. A tew bands are present in the north-

ern part ot the area, but the number 1s smal1 relative to the more pure 

quartzite. 

This subdivision of the sed1mentary roCks Into two groups, based 

on mineralogical composition, does not, ot oourse, mean that there was 

a break: in sedimentation, or that one group is older t~ the other. 
, 

.lotually, al1 gradations between the wo groups were observed in the 

field in suoh a manner as to suggest a change in the type ot sed1m8nt-

ation ·in the sou thern area. 

Basides the no groups noted above, a minor amoWlt ot coarse1y 

cryatalline limestone and a small lenes of conglomerate were observed. 
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Primary bedding (Plate 4, J'ig. 1), ripple marks and oross-bedding 

were observed in the quartzites. The last wo teatures are well enough 

preserved to 1nd1oate the tops ot soma ot the beds. 

Grey Q.uartz1 te 

Grey quartzite 1s the pr1no1pal metasedimentary rook ot the ares. 

It 1a hard, tough and fine-grained. S1ngle beds range !.rom a fraot1on 

ot an 1noh to three te et in thiolmess. '!'he colour varies tram aJ.Dx)st 

pure white to dark grey. The quartz1te has a rough ooncho1dal fraoture, 

the perfection of wh10h 1s oontrolled by the degree ot reorystall1zat1on 

ot the rock. Usually .1ta weathered surtace 1a light grey. In many 

places, however, the surface and the rock tor a tew mi1l1meters beneath 

1 t 1s pure wh1 te. '!h1e oolour has been produced by the 1each1ng of the 

1ron oxide impurities whioh have been oarr1ed away in solut1on and re-

depos1 ted lower down as limon! te, :f'ormiDg an iron-rioh band some di stance 

below the surtace. 

The pure quartz1 te 1s exposed 1n narrow bands between aills and 

dykes ot amph1bo11te east ot Little Watsh1shou river. The rock 1s 

sugar-gralned. Its mineralogical composition, as deter.m1ned w1th tbe 

petrographio microscope, 1s as follows: 

Quartz 
l!'aldspar 
Mlscov1te 
Epi dote 
Oh1orite 
.t.ccessories 

75 - 90 percent 
5 - 15 peroent 
3 - 15 percent 
o - 3 percent 
o - 5 percent 

!pat1te, tourmaline, sphene • 
biot1t~oarbonate 

The average grain s1ze ot this l'Ook is larger tban that ot the 

impure types. The quartz1 te bas been reorystallized to sucb. an extent 

that none ot the orig1nal outl1nes ot quartz gra1ns can be o'bserved. 



- 26-

PLATE 4 

Fig. l Primary bedding ln gray quartzl te, 

Q.uetachou baye 

J'ig. 2 Photomicrograph of impure grey quartzite 

show1ng poiki11t1c texture in biotite. 

Natural ligh t. (X64 ) • 
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POre spaees and sandy textures are a.bsent. The quartz grains are highly' 

stmned.Bath orthoclue and microcline a:re p:resent. The latter is 

clear, but orthoolase has been altered. This a.lteration has formed 

seriel te. MUscovlte occurs as small, tabular crystals between grains 

of quartz or lnoluded near the outer edges ot quartz grains, whieh 

suggests that sl1ica has been added to the original quartz of the rock. 

Ohlorite was observed in one thin-section, as an alteration product ot 

biotite. Another th1n-sect10n showed irregularly scattered epidote. 

The type 10cal1 ty for the grey quartzite 18 east ot V1lleneuve lake 

where 1 t torma a continuous band enending trom Bellanger lake to the 

sea. The mineralogical compos1tlon ot thls lOck ls: 

Q.uartz 
Feldspar 
B10tite 
MUscovite 
àphlbo1e 
Magnetite 
Accessories 

60 - 75 percent 
4 - 20 percent 
2 .. 10 percent 
8 - 13 percent 

accessory - 20 percent 
acoessory - 8 percent 
oarbonate, apaUte, toumaline, 
sphene, epidote, gamet, rutile, 
pyrite, scapo11te 

The average grain s1ze of the grey quartzite is 0.2 mm. in diamater. 

Q)lartz, tbe _jar constituent ot . the quartzite, ocaurs as irregularly 

shaped inequigranular crystals whose boun4aries are trequently sutured. 

onder the Ddcro8cope, lt ls dlttlcult, lt not impossible, to d1atingu1sh 

1ndi v 14ual grains in plaln 11gh t, u:oept where quartz abuts &gainat 

oalolte, mica or te1dspar. In such cases, the quartz has a well-rounded 

outline. Many grains d1sp1ay undulatory extinction, part10ularly in 

the southem part ot the area, where some ot the rocks have been granu-

1ated. Inclusions of other minerals are common about the edges of 

quartz. 
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In six thin-sections of ~is rock, exsm1ned by the _riter, • small 

amount of tine-gra.ined (0.01 lIIIl. in diameter) quartz in clusters 0.2 DIB. 

in diamater .as observed interstit1el to the l~er grains. The 

quartzite ot these thin-sections is considerably less detormed than that 

of the other thin-sections. 

!hree teldspars are present in the quartzite - orthoclase, micro-

cline and albite. One or more may be lack1ng trom plaoe to place, œt 

oiten all three are found together. The orthoclase 18 optieally nega­

U Te .i th 2V = 700• The bisetrix X maleea an angle ot f'rom 4° - 60 _i th 

010. Invariably it is altered and, in D1I1ll1' grains, the alteration has 

been intense, produoing a tibrous matte ot kaolin and serieite. Baeause 

ot tnis alteratlon and its well-rounded grain out11ne, orthoclase 1s 

considered to be pr1mar,y. Microcli9 on the other band, ls always tresh 

and shows micl'Oc119 t1rlnn1ng. J.s 1 t 18 present Interat! tial to and . 

partly encloslng quartz, blotite and orthoolase, It 1s considered to be 

a secondary m1neral. Ve~ 11 ttle alblte 1s present. It geMrally 

oocurs as irregularly shaped, cleu g~ins or intergrown .1 tb. micl'Oe11ne 

as microperthite • 

.&. small amount of bioU te 18 present in the quartzite. The optical 

properties of tb.is minera! are : 

Pleochroic fom.ula - Z :1 dark bron to opaque 
y • yellow brown 
X = pale yellow 

Absorpt10n - Z'Y>X; (-) 2V: 0° to ver.y small. 

The biotite ls lath-shaped and 0.4 mm. or less long. The larger 

graina contain BUmerous small inclus10ns ot quartz 1n poik1l1t1c tashioD 

(Plate 4, Fig. 2). Other inclusions are magDet1te, apatite and zircon. 
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Illere the 1'Ook ha. been granulated the blotl te ls al tered to chlon te. 

Mlscovl te forme. tabular Cl'18te.ls 0.3 mm. long and 0.1 DIIL wlde, 

Interati Ual to and pan17 surl"Ollnding quartz grains. The mineral la 

oolourleas. In tuur thin-seotions olots ot tiD8-grained tibreus white 

mica (pos81bl7 prlmary) toms the matrix ot the l'Ock. In this case 

large cry'stals ot muscovite are rare, it IlOt absent. 

~e amphlbole most commonly present ln the quartzite ls hornblende. 

Its optloal pl"Operties are: 

Pleoohroie formula: Z = dark bluish green 
y : pale ollve green 
X = straw 18110. 

In three thin-sections a maeh peler less pleoeh1"01e amphibole was 

observed. i'be optlcal properties of this mine:ral are: 

Pleeehraic tormula: Z: light bluish green 
y = very pale olive green 
X • colourless 

Absorption - Z>Y>X; ZAC. 160 ; (-) 2V • 860 

These l'reperUes correspond cl.oseq to tremol1 te. HOl1lblende usualq 

ensta in eloll8ated c17atals ben •• n graina ot quartz. Some crystals 

are polldll tie, encloaiug Jlumerous quanz grains. This suggests that 

the hornblende la secondary. 

Scattered gralns ot magnetite are distributed th1'ol1ghOUt neul,. 

all the thin-sections ot the quartzlte. They have a sub-angular out-

line. In two thin-sections, magnet1te is concentrated in narrow bands, 

suggeating that It ls detrital. A tew grains ot rutlle were obaerved 

associated .1th the m8gnetlte, but thi. mineral 18 more abundant in 

the hematlte- and rutile-bearing quartzlte deacribed below. 



- 30-

ot the aeoessory minerals, carbonate, apatite. tourma.l.lne 8l1d 

aphene are the most widespread. Oarbonate 13 present in olusters or 

single grains. The oarbonate la assumed to be oalcite beoauae a.ny 

magnesium present would be uti11zed in the tormatlon ot amphibole 

durlng reeryatalllzation. Spune oeeurs in two modifications - as 

excellent .edge-shaped erystals included in biotite and as wall-

rounded grains oiten 8ossocl8oted ri th magneti t",. 'rh1s latter occurrence 

ot sphene suggests that these grains are detri tale !pati te and tourma-

1ine are colllllOn constituents sc80ttered irregularly' throughout the rock. 

They torm subhedral to euhedral crystals inoluded in quartz or betwe. 

thase minerals. 

)pldote 18 a common assoclate of maDJ quartzites. It has the 

following optioal properti&s: 

Pleochroio tormula - . Z • ye110. green 
y = pale greenish ye1lo_ 
X :: colourless 

Absorption - Z>Y>X; ZAOOl cleavage = 260 ; (-) gr = SOO 

These properties indic80te an iron content ot approximately 15 molecular 

percent. 

In one thin-section, epidoteand gamet are intricately lntergrowD. 

Because or th1s close assoc:1at10n between the t_o minera1s. _hich would 

have rendered the results inaecurate, a determination of the speeit1c 

gravi t1 ot the gamet n8 not 8ottem.pted. The mean re1"racti ve 1ndex 1s 

1.795+ and a borax be80d test indie80ted the presenoe ot maaganese. 

These propertles correspond closely to those ot sp8ssart1ta. 

SIIall crystals ot zircon .ere obserYed inoluded ln biotite. They 

are surrounded by pleochroic halos. 
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Pyrite was obserred in three thin-sections. 

~o thin-sections cut trom samples taken t~ close to tne gabbro­

quartzite contact contain scapolite. It fbrms anhedral crystals partly 

surrounding quartz grains and contains num,erous inclusions ot quartz 

grains around the outer edge ot the crY'stal • 

.1 variety ot the greY' quartzite, hematite- and rutile-bearing 

quartzite, outcrops 10c81ly throughout the map-area. The best expoaures 

are east ot Little Piashti lake, north ot Oabane-Brulée lake, and OD. the 

west side ot ~etachou bay-. The rock is Characterized bY' black bands, 

averaging 1/32 ot an inch thick, altern.at1ng rlth bands ot gl"8Y' quartzite 

tbat are 1/4 inch to six 1nahes thick (Plate 5, Fig. 1). l!'requently the 

black bands em1blt excellent cl'Oss-bedd1ng. Severa! zones ot hamatite­

and rutile-bearing quartzite, up to three teet th1ck, are present in 

about twentY' teet ot greY' quartzite. 'Dle zones are lenticular. The:r 

are seldom e%posed tor more than twentY' teet elong atrike, 'tut one zone, 

three teet vide and 100 teet long, vas obàerred two mile. north ot Oabane-

. Brulée lake. 

In thin-section the black bande conta1n hlgh pereentages ot magne­

tite and hematite. Sphen8 and rutile are Bleo present. The magnetlte, 

heatite and some sphene torm well-rounded grains. Most ot the sphene, 

however, has an 1rregular crystal outline. Rutile fbrms accicular 

crystals. 

The occurrence ot magœt1te in sedimantarY' rocks is DOt uncommon 

and i ts primary sedimentary or1gin is well establ1shed. The or1g1n ot 

rutile ia more ditt1cult to e%plain. RUtile in occurrences ot 

economic interest are tound mainly in gabbro pegmatites, but the minera! 
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Fig. 1 Rand specimen of hematite- and rut1le-

bearing quartzite. Upper scale in 1nches. 

Fig. 2 Photomicrograph of calcareous quartzite. 

Crossed nicols. (X45). 
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is qui te common as an accessory in grani te and other rocks. No gabbro 

pegmatites are known in the area. The presence of rutile in sed1mentary 

rocks has led to the be11et tbat it may form authigenically at the ex­

pense ot il.men1te and biotite (Derby 1891; Greemrood 1917; Thomas 1909). 

Possibly some ot the rutile has formed in this manner. The aphene may 

also have tormed authigenically at the expense ot ilmenite. 

Calcareous Qpartzite 

Beda Dt ealoareous quartzite, three feet or bss thick, were 

observed interbedded wlth gray quartz1te. Good expoaures are tound 

south ot Bellanger lake, east ot Little P1ashti lake and on the west side 

of ~etachou baYe The weathered surtace ot the rock resembles the dart 

gray quartz1te with the exception that i1l8 surtace 1s pitted, dI1e to the 

solution ot the carbonate. 

The average mineralogical composltion ot the rook is as tollows: 

Q.uartz 
carbonate 
l!'e1c1spar 
Biotite 
MIscon te 
Magnetite 
Aecessor1ea 

30 - 60 percent 
12 - 25 percent 

5 - 30 percent 
10 - 20 percent 

5 - e percent 
acce.sory - 4 percent 
ep14ote, sphene, apat1te, 
zircon and tourmaline 

The rock 18 tine-gra1ned - 0.1 nm. average graln diameter. 1t 1a 

d1tticult to disUngulah the grain boundaries of quartz except whera 

they are ln contact with carbonate or teldspar. Rere the quzrtz has a 

subrounded outllne. ot the teldspar, secondary Ddcrocline 1a most 

abundant, but orthoclaae and soma secondary albite wera observed. 

B10ti te 1s al1rays more abundant than mU8cov! te. Olusters ot minute 

tlaky cryatals ot white Ddca flraquently ooour inter8titial to the quartz 

gra1ns. 
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Calei te tol"JU in c:Lusters or single grains scattered irregularly 

throughout the l'Oek (Plate 5, ng. 2). 

ot the aeeessory millerals, epidota and apatite are MOst abundant. 

Sphell8, tourmaline and zircon are frequently included in bioti te, 'tut 

also oeeur intersti 1;ial to the grains 01' quartz and teldspar. 

C;ratalline L1mestOIl8 

laBBes 01' eoarsely erystalline limestone, interealated with grey 

quartzite, outerop on the northwest side 01' Quetachou baYe These lenaes 

are tram six to aight 1n~hes thlek end up to twenty teet long. They are 

distr1buted in l'O_S slong the bedd1ng 01' the quartz! te and are clearly 

the remnants of originally cont1nuous beds whieh have been squeazed and 

dra_n out under pressure baween th1ek quartz1te beds to thap01nt 01' 

ba1ng sevared 1nto dlscont1nuous lent1cular segments. 

The m1neralogical composition 01' tne rock, as detennined w1th the 

microscope, 1s as tollo.s: 

Calci te 
Diop.1de 
Q,uartz 
Feldapar 
Acee.80ries 

55 - 70 percent 
20 .. 35 percent 

5 - a percent 
3 - :; percent 
apheBe, &patite 

Calcite, as irregularly-ahapad grains rugins troJ]l 0.2 DIIL to 2 DDIl. 

1n 41ameter, i8 the pr1ncipal mineral.lt 1s 11ght · grey 1n colour, . 

un1ax1al negative and ha. high b1rafringence. 

Diopside 18 colourless and torms anhedral to subhedral crystal •• 

Its opt1cal propert1es are: (+) 2V • 600 ; ZAC = 400 - 42°; disper8ion . 

r~v, weak. Thase propert1es 1ndieate that ~e d10pside eonta1ns 

e1ghteen percent of hedenberg1te. 

Q,uartz and feldspar are present 1n almost equal 8lDOuntS. The 
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teldapar (orihoclase) 1a b1ax1al DegaU ve and has a 2V equa! to 850 • 

The extinction angle XAOlO is 6°. It forma somewhat rounded grains and 

ia generally altered to sericUe. !!he presence ot quartz in tbe l1me­

atone, in round grains which were obviousllr present in the original sedi­

ment, is round recrystallized aide by side with ealcite. This indicatea 

that the conditions ot metamorphism did not always allow the combination 

ot quartz with lime, a reaction wh1ch requires the dissooiation ot the 

carbonate and the escape of carbon dioxide. 

A small mnount of apat1 te and sphene is 80attered irregularly 

throughout the rock. 

Thin COnglomerate Lense 

An exposure ot conglomerate .. as observed on the northwest side ot 

a sme.ll island in the Gult one mile and three-quarters west ot the lDDuth 

ot Watshishou river. This exposure is a large inolusion in a.mphibolite 

and maa.ures 85 feet in length and 40 feet across at ita widest point. 

Well-rounded pebbles and boulders, up to one foot in diameter, were 

observed. These have been elongated Slightly in tne direotion ot strike 

and cons!derabllr so in the direotion ot dip. They are oomposed ot 

medium- to tine-gre.1ned quartz! te, some ot wh1ch are bédded. A. 'ln 

cobblea ot t1118-grained granite .. ere obaerved, but no tragmenta ot darlt 

rook. 

At the south end of Croche lake, wo discont1nuous bands ot 

"pebbly" quartzite, two to twenty feet wide, were observed in a mioa­

rich quartzite (Plate 6, Fig. 1). The bands strllœ N~O°E., parallel to 

the schistoslty ot the quartzite. 'lhis shear zone, which la 400 to 600 

teet wide, was traced 1500 teet south ot the lake. The "pebbles" range 
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PLATE 6 

Fig. 1 Pseudoconglomerate south of Croche lame 

Fig. 2 Photondcrograph of ndcaceous quartzite. 

Crossed nicols. (X50). · 
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in size trom one-halt ta three ineb.es in diameter. 1b.ey are tlattened 

slightly in the plane ot the bedding. The "pebbleslt are composed ot 

Tery tine myloni tized quartz, a tn grains ot magneti te and a smal.l 

amount ot tibrous white-mica. The matrix ot the lOck i8 sheared 

quartzite, containing a high percantage ot biotite and mU8coTite. 

These bands ot pseudoconglomerate represent two beds ot pure 

quartzite which were ~ptured during moTsme~t. Continued detormation 

rolled the tragments into their present torm, whereas the adjacent 

quartzi te, being rioh in mioa, was able to torm minute S-surtaces. 

Micaceous Q,uartzite 

This quartzite is eaaentially the same as that of the tirat group, 

but contains more impuri tiea and is darker in eolour. NarrOlr beds ot 

mica schist, quartz-biotite gneiss and quartz-biotite schist are inter-

bedded with the quartzite. Al! gradations trom mioaceous quartzite to 

achist were observed. The m1ne~ogioal composition ot the m!caceouIJ 

quartzite ia variable as shown in the table below: 

Q,uartz 
Biotite 
Feldspar 
MUscovite 
Magnetite 
.looe8sories 

20 - 60 peroent 
25 - 30 percent 
10 - SO percent 
o - 40 peroent 

aeees.ory - 10 percent 
apatite, carbonate, zircon, 
ep1dote, sphene, tou~a11ne, 
chlonte, gamet and pyrite 

In tnin-seot10n the rock is tine-gra1ned (0.02 mm. to 0.05 mm. in 

di amete r) and in8quigran~ar (Plate 6, Fig. 2). Although the micas have 

a strong preterred orientation in thin-section, hand speclmsns ot the 

rock show no schistose or gne1saic structure. 

Q,uartz is usually atra1ned, particularly wbere the rook has been 

granulated. The contacts between quartz crystals in the non-granulated 
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rook are autured. Grain boundariea cannot be dlstlngu1shed in plain 

light. Orthoelaae ia altered to seriei te, btlt miorocline and albite 

are tresh. The lest two minerals are interst1 tial to quartz and mica. 

Pleoohroic brown biotite, as lath-shaped grains 0.05 mm. long and 

0.01 mm. wld8, Is the most CODDnOn ma1'ic mlneral. It is genera~ 

orientated parallel or nearly- parallel to the 'bedd1ng. 

One thin-seotlon contains porphy-roblasts 01' blotite up to 0.3 mm. 
long. These have an irregular outllne and are poikilitic, enclosing 

numerous amall grains of quartz. Zircon, surrounded by- pleochroic 

halos, forma incluslons in biotite. The biotite i8 altered toohlorite 

in two thin-sections. This mineral i8 light green, has low blrefringence 

and is opt1cally- negati ve. Muscovite may form ory-stals equal in size to 

biotite, but these are seldom poikilitic. Small rounded grains of 

magnetite are anolosed by- the muscovite. Elsewhere, magnetite is 

scattered throughout the rock. 

j,patite, sphene and tourmaline occur as subhedral cry-stals. A 1'ft 

grains 01' carbonate and epidote are present. In ~ee thin-sections 

gamet was observed, but it ls not pure, containing minute flakes 01' 

mica and grains of magnet! te. 

guartz-blotit~ Sahist 

These sediments are intercalated with micaceous quartzite and grade 

into this rock. 'lb. thickness 01' a bed is variable, rot is alw87s less 

than one ~ot. 'lbe rock ls 1'ine-grained (less than 0.1 mm. in diameter). 

The mineral composition of the rock, as determined by a study 01' thin­

sections, Is as 1'ollo.s: 
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ctuartz 
Biotite 
B1scovite 
Feldspar 
Accessories 

10 - 40 perceDt 
. 20 - 60 percent 

20 - 40 percent 
5 - 20 percent 

magnetit., epi4ot., sphene, 
hornblende, carbonate t apati te, 
zircon, tounaal.ln., ohlori t. t 
gamet 

Qaartz la olear and inequigranular. In three thin-seotions, abun-

det mioa is ooncentrated in narrow bands s.paraied b:y quartz-rich banda, 

pl'Oduclng a microscopie gnebaic structure. The quartz grains in the 

lamella rioh in mica are larger than the grains in the mica-poor layers. 

Biotit. and muscovite are present togeth.r, but never in equal 

amount. InTariably, the mica miœre.ls are larger than the l'8Dlalning 

oonstitu.nts. One thin-section shows small slender cr,ystals ot hornblende 

up ta 0.5 mm. long randomly scatterad throughout the rook. Tbe aoo.ssory 

minerals .... re obser'l'ed in all the thin-sections ot this rook, but magne-

tite and epidote are moat abundant. In one thin-section epidote torma 

three percent of the rock composition and is asaociated with biotite and 

ho mblende. 

Biotite schist was obser'l'ed at two localities in the area. On the 

west shore ot Mine Bay an exposure of biot1 te schist 600 teet 10118 and 

varying in ... idth trom twenty to tort y feet outorops bet ... een grey quartz-

ite and a large pegmatUe d:yke. The deformation of the l'Ock has pl'Oduced 

an undulating achistosity. Large <UrYed orystals ot biotite and a small 

amount ot ~lonitized quartz are tBe main oonstituents. Severa! amall 

lenses and stringers ot quartz have intruded the 1'0 ok &long the toliate 

planes. Wine coloured gamets ranging in size up to one-half inch in 

diemeter may torm as much as twenty percent ot the volume ot the rook. 

The gamet contains tlakes ot biotite, as 1I'ell as SIIlall gralns ot 
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magnetite and epidote. 

for a distance ot a mile and one-halt east ot Appititatte Bay, 

biotite schist outorops interbedded with micaceous quartzite, quartz-

biotite schiet and quartz-biotite gneiss. This schist i8 atm1lar to 

that described above, but oontains oDly a tew crystals ot gamet. 

Veinleh, lenses and. irregular stringers or pegmatite, whioh pinch 

and nell along strike, have been injected along the schiatoaity o~ the 

rock. 

gaartz-biotite Gneiss 

This lOok, aasooiated with schist and micaceous quartzite, outcropa 

throughout the southweat part ot the map-area. The rock possesses a 

pronounced gneissic struoture. Individual layers average tour miili- . 

matera wide, but their width may exceed one centimeter. They are alte~ 

natelr rich in quartz and mica. The table belo. gives the average minera! 

compost tion ot the rock: 

Q,uartz 
Biotite 
!&1soovite 
J'eld.par 
MagDetite 
Carbonate 
Amphibole 
Aocessories 

10 - 50 percent 
15 - 55 percent 
accesso~ - 40 percent 
acceseory - 20 percent 
aoce8sory - 5 percent 
acce.sor.y - 3 percent 
acceasor.y - 3 percent 
apat1te, zircon, spheDe, ep1dote, 
tourmaline, gamet 

There i8 considerable variation in the grain aize or the gneiss. 

Q,uartz grains are generally small, 0.2 mm. or less in diameter. Mica 

varies trom 0.1 mm. up to 0.5 mm. in length. 

The rock mar be aonaidered as a combination ot thin beds ot biotite 

sahist and micaceous quartzite. The association and occurrence ot the 

minsrals in the mica-rich bands ia sim1lar to that ot the quartz-bloti te 
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schist. The mica minerals are generally' aligned parallal or œarly 

parallel to the bedding. 

One ot the moat successtnl. olassitications ot metamorphic l'Ocks 1s 

the tacies classification advooated by EskDla (1920), wh1ch has been 

adopted by ~rous geologists. This classitication ot rocks is based 

on certain minera! associations which are stable under a particular set 

ot physical chemical conditions. '!he principle is valid regardless of 

whether chem1cal reconstitution ot the rook took plaoe in response to 

naing or talling temperatul"e; whether the reaction has talœn place 

through the madium ot pore solutions or interstitial gas, or w1thout the 

intervention ot aDy' l1quid phase. 

In choosing a particular set ot minerals to detine a metamorphio 

tacies, it 1s important to select those whioh are stable with1n rela-

tively narrow limits ot tempe rature and pressure. Bacaus. quartz 1s the 

major const! tuent ot the- metasedimentary rocks ot the l'ohan Beetz area, 

1 t 1s necessar;y to use amall quanti ties ot matic minarals to detem. 

the atamorphio facies to wh1ch the se rocks belong. The &ssociation ot 

the.e minerals is l1sted below: 

1. biotite - hornblende - epidote - albite 
2. biotite - muscovite - epidote - albite 
3. calcite - ep1dote - hornblende - albite 

Mlorocline is an addi tional minera1 in the .abo'Ye assemblages. 

J'or rooks in whicll microcline 1s not present, the mineral assemblages 

are: 

1. biotite - hornbl&nde - epidote - albite 
2. biotite - bornblande - ohlon te - albite 
3. biotite - chlorite 
4. epidote - garnat - albite 
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The hornblende whIoh appears continually throughout the meta8edI-

menta..ry rocks 18 a deep bluish green variety. Aooording to Turner (1946, 

p. 98) th18 amphibole 18 aharaoterist10 ot the alb1te-ep1dote açh1bo11te 

taoies. !he minera! aasoo1ations l1sted above are oharacteristio ot th1. 

tac1~s. 

The relaUonship between epidote and plagioclase 18 shown in the 

equilibrium. diagram ot Bamberg (1949) in Figure 3. 
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The transition temperatQre batween anorthite and ~idote ia bet.aen 

4000 and 500ooalltigrade. The solid ourve gives the approximate oompo­

sition ot the plagioclase teldspar which may ex1at in equilibrium with 

epidote in potassium-ma rocka. i!l. stippled CurTe represent. plagio­

clue in equil1briUlD .i th epidote in rocks oontain1ng musQOvite end, or 

potash teldspar. 

i!le composition ot the plagioclase associated with epidote in the 

metasedimentary rocks ot this area varies batween AnS and J.nl2. Using 

Anl2, the highest anorthite contant, the association batwaen plagioclase 

and epidota is representad b" point A on the stippled curve in Figure 3. 

This tem;erature corresponds to the lower part of the albite-epidote 

amphibolite facies. The ettect of pressure on this equilibrium d1agram 

i8, as "et, not tully- known. Howsver,the CUl'Te at least gives an 

appronmation. Even it the transition temperature bet.een epidote and 

plagioclase were 6000 (corresponding to a depth ot 20 km.), the &aso01-

ation albite-epidote would still lie within the albite-ap1dote aaphi­

bo11te tacies, although at the upper l1m1t ot the taciese 

strat1graph" 

Tlle distribution ot the sed1mentary rooks in the area hu alreaq 

been discussed, but it ~ he restated at th!. point. The purer sedi­

ments, that is, the light to dark gray quartzites, the he.matite- and 

rutile-bearing quartzite, and tbe calcareous quartzite, are tound pre­

dominantly in the north and east parts ot th. map-area. Progressing 

south and west, micaoeous quartzite becom8s more abundant. In the 

southesst part ot the area, underlain by mstasedimenta17 rocks. mica 

sohiet and quartz-biotite gneiss, as weIl as micaceous quartzite, 
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increase relative to the a.ount or ltght srey quartzite. This Change in 

the Ddneralogical comp08ition ot the sediments is gradual and inconsist­

ent throughout the w1dth ot the area, indioating that the oonditions ot 

sedimentation _ere undergoing oontinuous changes. 

The grain da ot the sediments ia extremely variable. The small­

est grains are 0.01 mm. in diameter, while the largest graina, exclwUng 

the porphyroblasts, are 0.5 mm. in diameter. As an average condition, 

the least recrystallized quartzites, that is, ~ose containing tine 

interstUial sandy material, average 0.2 DIIl. in diameter, while the 

grain size ot the recrystall1zed types ranges between 0.1 mm. and 0.3 mm. 

in diameter. The grain size ot the tomer 18, in all probabllity, close 

to the original grain size batora compaotion and recr.yatallization. 

"hereas that or the latter i8 undoubtedly greater. Ho.ever. becau.e the 

degree ot recr;rstalllzation . ls not higtl, the grain s1ze or these moka 

1s probably close to i ta original size betore recryatallization. 

The northern aedimants, conaisting predoll1nantly or quartz wi th a 

amall amount ot teldspar. looally. caloi te and other minor impurities. 

represent a series ot well-sorted tine-grained rooks and presupposes a 

long per10d or erOàion or a predomiIl8Dt gram. t. t1Pe landmass. The 

universa! tine grain ot the .Tohan :Beetz sediments indicates i'1n"ther, that 

the landmus was one ot relati vely 10. reliet or that the sed1mu.ts 

travellad a considerable distance betore depoait10n. 

The sedimentary rocks tom ft series ot tolds. _hi.h, in the north­

ern halt ot the area, plunge south et an angle batween 250 and 40°. 

Near the uis ot the tolds, the oldest sediments would outorop et the 

north boundary and the rocks 'WOuld be progr8ss1vely younger to the 
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BOUth... '!'he northern sediments ara ralatlvaI.,. purs qua~Z1tes, whereas 

thoae in the south are impure. B'tIrthermore, the grain size deereues 

southward. l!'l'om these tacts 1t may be postulated that the reli&t ot 

the landmass was being lowered, or that the basin racelv1ng the sedi­

œnts waa gradually sink1ng. The lnterbedded character ot mica sohist, 

quartz-biotite schist, quartz-biotite gneiss and micac.ous quartzite 

wlth gray quartzite, however, suggests the basin tloor reoeiving the 

sediment was close to sea level, at Umes baing deep enough to allow 

the Bdoaceous impurities to settle. ~ rise ot the bottom ot the basin 

would allow the currents to transport the tiner grains 0 t quartz 8D4 

mica to deeper water. Thus, in the shallow part ot the basin, purer 

sediment would he deposited. !he presence of croas-beddlng and ripple 

marks preserved in the quartzites Slpports the hypothesis tbat the,. 

were deposlted ln a shallow basin. 

'!!te thickness ot the metased1mentary l'Ocks ot the .rohan Beetz area, 

as meaeur.d across the west limb ot the Bellangerlake antlcline, 1s 

between 15,000 and 20,000 teet. It is the opinlon ot the .liter that 

the tne thickness ot this sedimentary serles i8 much les8 than thi8 

figure. This leads to the conclusion that certain parts ot the serl es 

have been repeated by taulting. Although no evidenc8 ot taultlng "as 

observed within the area, this does not preclude the possibl1it,. that 

such taul ts do eXiste Strike taults, parUcularly, would he ditficult 

to observe in an arsa such as this, in which the sedimantarr series 

contains no marker horizons and at tne "scale the area was mapped. 

Correlation and Age 

Very 11 ttle is known about the geology ot the north shore ot the 
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Gulf 01' st. Lawrence. EJ:eept ter a few reconnaissance surveys, whieh 

have been made slong the coast and soma 'of the large rivers in the 

interior, detailed geological investigat10ns have been confined ~o that 

part of the north shore north 01' Havre st. Pierre and J"ohan Beetz. 

The total area covered by metasedimentary I"Ocks 01' mineraloglcal 

composition s1m1lar to those tound in the J"ohan Beetz area i8 not 

lmown. They have been napped tor a distance 01' 53 miles north trom the 

coast, but 1iheir northern 11m1t lies 1n unmapped terr1tory. The Bmaine 

ri ver 18 the appl'Ox1me.te east boundary 01' th1s trough. The sediments 

here can be correlated with thoae mapped by Longley (lg48) and, hance, 

w1th the sediments 01' thenorth end 01' the tl'Ough. '!'he east I1m1t of 

the sed1ments 1s not bown, but 1 t ean be appra1aed t'rom a atudy 01' 

topograph1e maps, beoause the north trendiDg sediments are retleoted in 

the dra1nage pattern. On the bas1s 01' auch observations and trom in­

formation given the author by prospectors who have worked in that area, 

the east limit 01' these sediments lies east 01' the Nabis1pi river. 

This river diseharges 1nto the Gult twelve miles east of the east bound­

ary 01' the map-area. Thus, the minimum dimensions of the sedimsntary 

belt are 53 miles in a north - south direction and 35 miles in an eut -

west direction. No other basins are lmown to 8%is1; aloDg the north shore. 

It i8 not adv1sable to attempt any correlation between the rocks 01' 

this tl'Ough w1 th those 01' better k:nown regions. 'lbe tollow1ng d1s­

cussion, however, has been included to illuatrate the d1tticulties 01' 

correlation and to present ~e available infOrmation. 

The Johan Beetz sediments are located on the eastern e%tension 01' 

the Grenville Province (Gill, 1949). Betty has mapped the sediments 
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&long the a>maine river as Grenville in age CHatt y, 1944). The 

characteris'tics of the Grenville Province have been described by numer­

ous writers (in particular Adams and Barlow, 1910; Wilson, 1925; 

Osborne, 1936a, 1936b; Dresser and Denis, 1944). These eharacteri.tic8 

may be summarized as tollOlrs:-

(1) Geœrally high degree of Jl8tamorphism te which the rocta 

have been subjected. 

(2) Fold axes ot Grenville l'Ocka, although oomplioated in 

detail, have a geœral noriheast trend. 

(3) In Ule tigb.tly t'blded belts ot Grel1V'ille rocks, the in­

trusions hue been emplaced parallal to the bedding and sChistosUy ot 

the sedimente and paragneissea respecti vely. ID. the more open t'blded 

balte, the Greuville rocks are assoeiated with large anorthosite in­

trusions. 

The johan Beetz sed1men ts are not highly metemorphoae4. The tald 

axes of these rocks strike north and are, theretore, at a high angle to 

the geœral trend ot the Grenv1lla rocks. ttle possibili ty ari ••• that 

they may be a relatively unmetamorphosed series of Grenville rocks in a 

crosa-told ot the Grenville. TheY' D'l8Y', theretore, represent .. cas. 

a1m.1lar to that ot the Bristol seriea ot Bristol township in south_est­

ern ~uebec (Wilson, 1924). These rocks are les8 &ltered and leas 

atrongly tolded than the average Grenville l'Ocks. Honver, tbe Bristol 

series is elearly tOlde,d wi th the neighbouring Grenville l'Ooks. 1he 

sediments in the southwest part of th1s e.rea and those œe.r the mouth of 

the :soma1u ri ver ara DOre highlY' detormad and bave a northeast trend. 

Mdi tioDlll mapping 1a requ1red in the areas to 'the north and east in , 
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order to test these relationships and to establlsh the oT.rell general 

trend ot the f'old axes on the nonh shore. 

Béland (1950) has tentatiTely put fortrard the hypothesis tbat the 

rocks of' the Wakeham lake area north ot J"ohan Beetz were tO.l'!Iled at the 

same Ume as a s1m11ar suite in the Gabbro lake area at the south ead 

ot the labrador trough. BélaDd has worked in both areas and wa8 

impressed by the petrographic 8im11arities between them. He balieTes 

the Gabbro lalte sui te 18 Lower lnlronlan, which would mke the J"ohan 

Beetz sedimants the seme age, should his hypothesis be oorreot. HOw­

eTar, oorrelations OTer 8uob lone distances are ot little Talue, par­

tlcularly in the lightot present lalowledge conoerning the distribution 

and age relationships beu_en the sediments ot thi. area and the rema1n­

ing rock tyPes expoaed in the north shore ragion. 

Considering the thlrd charaoteristio tabled above. the J"ohan Beetz 

sediments haTe been intruded b,y a series ot sheet-like bodies of' gabbro, 

whieh are generally parallel or nearl.y parallel to the beddlng. 1his 

complex la looated closa to a large body ot anorthosi te e%posed north 

of' Havre st. Pierre. 1'he anorthoai te 1s oonsldered ta be younger the 

the sedim&nts and paragneisses, but older than the gabbro (Bltty, 1944; 

Olaveau, 1949). Tb.ere 1s no known intrusion separating the emplaoement 

of' the anorthosi te and the gabbro. These oondi tions are s1m1lar to the 

belts ot open tolded Grenville rocks. 

'!'hus, there ia a s1m1larity between the Grel1T111e l'Ocks and the 

rocks ot this area, but the st:ra.ctural trends and the low degree of 

metamorphlam are not charaoter1stic of the Grenville. 



Migmatite 

IntroducUen 

'Dle term ItmigmaU telt _as proposed by Sederholm (1907) tor gneissea 

which eonta.1n no elell8nts 01' dl1'terent genetic Talue, ODe, a sch18toae 

sedlment or 1'ollated eruptlTe, the ather, eltber to~ed br reaalutlon 01' 

materlal like the tirat or br 111. je ct ion tram without. 

lAter TUrner (1948, p. 11) detlned migmatites as -

"Composl te rocks in wh1eh the etteets 01' 
metamorphiam haTe been oamplicated by soakiag 
ot reoks ln magmatlc 1'luids, or b,y the devel­
opment 01' leni1eles and aheets ot liquid magma, 
ei ther lnjected trom ertemal sources (lit-par­
llt inject10n) or segregated as products 01' 
d1tterantlal fUslon 01' the host rock itselt 
(anatexls).-

Migmatites were observed at fbur locallt1es wlthln the map-area: 

eaat 01' Watshiahou Knoll; on PUy jalon Island and on the ma1nland east 01' 

the 1s1and; one and three-quarter· miles west 01' the mou th 01' l'atshishou 

rlTer; and 111. the vicln1ty ot l'erland lalte. 

At the 1'1 rat WO 10cal1 tles, the migmatite possesses a pl"Onounoed 

gneiasose stl'Uoture, but at the last wo, 'the rock 18 deTold 01' aD,J 

toliate 3tructures. 

In view 01' the tact tha.t 1he m1patite exposed at each 100al1t7 

cUtters trom tbat exposed at any 01' the other areas, the migmatite at 

eaoh 10ca11ty wl11 be described separately. 

Miet! te But 01' lfat8hlshou boU 

The bedrook along the cout east 01' 'fatshlahou Knoll ls composed 

01' gneisslc rooks 01' granitlc compositlon. !he,. extend beyond the east 

boundary ot the map-area. 
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Wi'thin this area, long œrrow bands o~ amphibolite, which para­

lle1 th. gneissose structure, outl1ne the gelleral trend ot the sneissie 

rocks. Olose 110 the sea, the amphibo1ite bOdies are smaller and appear 

on the surface as long, discontinuolas lenses and streaks. A tew have 

the torm ot irregu1ar blocks. 

nykes of granite and dykes and sills of pegmatite were observed to 

eut the gneiss. Mal:Jy amaU zones ot pegmaU te and much intiltrated 

pegmatit1c materi&! is assoeiated with the gneiss near the coast. 

In the field, no distinot types of gneiss were distinguiahed -

banded gneiss and augen gneiss. 

Banded Gneiss 

This rock 1a expoaed batween Watsh1ahou Knoll and Pontbriande be,y 

and north of the group ot peninsulas which torm the east side ot the 

bay. 

The character1stlca of the banded gneiss are excellent1y dlsplayed 

on the ls18nda at the moath of Little watshishou :ri ver. The gnei8s 18 

pink, medium-gralned, and has a granular tenure. Thin, discontinuol18 

seams ot mica 1/16 to 1/8 inch wide, whieh altel'lB.te with narrew bands 

ot :re18ic materia.l l/S to 1/4 inch wide, gift the rock a pronounced 

gneiasic struc.ture. 

The average minera! composition ot the banded gneiss, as deter.m1nad 

.. lth the petrographic microscope, ls as tollows: 

Q,Uartz 
Mi o 1'0 ol1ne 
Plagioolase 
Blotite 
Acoessor1es 

30 percent 
30 percent 
20 percent 
15 percent 
magneti te, sphene, apati te, 
and gamet 

'lbe average grain size ot the rook la 1.00 mm.. Q,uartz t'orme irregular 
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asses 1ntersti t1al to tbe reDB1n1ng grains, parUy surround1ng biot1 te 

and teldspar and pl'Oject1ng 1nto the se m1nerals 1n irregul.arly-shaped 

tODgllea and apophy'aes. · SOme quartz 1a lntergrown w1 th f'eldapar 1n 

typloal myrmeldtic tashion. Mlcrocl1ne tends to tbrm equidimansional. 

grains, but th8ir outl1nes are, in datail, very irregular. They are 

usually trash and contain irregularly-shaped patches ot altered plagio­

clase. Plagioclase (oligoclase) fbrms stubby lath-shaped grains, but 

more commonly the crystala ara anhedral. Albite and Carlsbad twinning 

.are observed in many graina. S8condary albite torma a mantle sur­

l'Ounding the inclusions ot plagioclase in micl'Ocline. Else.bere, it 

forma snall clear patches, interstltial to several plagioclase cry8tals 

and replaces this mineral. Biotite ia pleochl'Oic in light yellow and 

golden brown. Clusters or single grains in parall.el orientation torm · 

Barrow discontinuous seams which give the rock a distinct gneissose 

structure. ~e outlines ot aome grains, hoveTer, are controlled by 

th8 crystal boundar1es ot quartz and :t'eldspar. 

Plagioclase has been al. tered 10 seconda.ry mica, SOlDe epidote and 

zoisi te, but the al'teration 1s sl1ght. Biot! te bas been altered te 

chlor1te (peDnin1te), which bas been developed slong the cleavages ot 

the bio",i te. J. te. crystals of green hornblende and several cryatala 

ot gamet are present in some ot the thin-sections. 

The mineralogieal .ompoaltion ot the gneiss changes gradually- in 

a northerly direction. The emount ot quartz inereases, wh&reas the 

contant ot teldspar and biot! te dim1nishes. The rock retains i ts 

gne1ssic structure, although it ia not as pronounced as at the .aa. 

FUrthermore, the rock develops a compost Uona! banding due to the 



- 52 -

concentration ot biotite in certain bands and quart z and teldspar in 

others. ~e width ot each band or layer ranges trom one to tnree teet. 

The contacts bet_een adjacent bands are sharp, olose to the contact 

_ith the quartz! te, but become gradational ta_ard the sea, wbere the 

gneiss shows its best developmant. 

Augen Gneiss 

'!!lat part ot the coast bat_een Pontbriande bey and the east 

boundary is underlain by augen gneiss. Bands ot a.ugen gnei8s, _hich 

vary in thickness trom a tell inohes to several teet, _ere observed on 

the Islands at the month ot Little Watshisbou river and on the œ1nlend 

at tbat place (Plate 7, J'1g. 1). The typi~al gneiss outcrop. on the 

eaat shore ot Pontbriande baye .I.enaes ot ausen ot pink telsie material 

are 8l1.010sed in a grey banded matrix. The 81 ze ot the augen i8 variable. 

The largest augen are t_o inches long and one inoh in diam.eter (Plate 7, 

J'ig. 2). They are composed ot aluaters ot small microcline crystals 

and a amall l!IIlOunt ot quartz. A.t aeveral loC'alit1es, however, augen 

compo8ed ot a single crystal ot teldspar were observed. The matrix 

enclosiDg the augen is composed ot _ell .. banded gneiss, slmilar to the 

banded gneiss described aboYe. The biotite banda of this matrix are 

arohed al'Ound the susan. Augen comprise between 50 and 80 pa roen t of 

the volume ot the rock. 

Exposures of the gm iss st the mou th ot Little Watsh1ahou ri ver 

exhibit all gradations between I!ltlgen gneiss and banded gneiss. J.ug.en 

gneiss forma long tabular bodies in banded gneiss. '!'he contact bet1reen 

the wo rock types ia _ell-detined. Ihen the augen gneiss la traced 

&long strike, however, the sugen gradually marge into long narrow 
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PLATE 7 

~1g. 1 Bands ot augen gneiss in banded gneiss, 

one-halt mile east ot the mouth ot Little 

watshishou river. 

~1g. 2 Rand specimenot augen gneiss. (Scale 1s 

6 inohes long. 
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lenae. end streaks of pegmatite. !he characterist10 shape ot the augen 

is lost and the rook becomes essentially a banded gneiss oontaining 

innumarable amall concordant lenses and stringera ot pegmatite. Where 

the augen are well developed in these masses, the rock 18 devoid ot 

pegmatitic material, yet the banded gneiss on each side of it contains 

numarous pegmatitic stringers. S1m1larly, the aagen gneiss on the east 

side ot Pontbriande bar ls devoid of pegmatitlc matarial, except :t'or a 

'le. wall defined pegmatite dykes. 

Gneiss West of Watshlshou BiTer 

One and one-quarter miles west of the mouth of Watshi8hou river, 

aeveral discontinuous and irregularly-shaped bodies ot m:z:ed rocks, 

separated by bands of impure grey quartzite and amphibollte are expoaed 

over an area approximately one mile ride and enending trom the sea to 

the north and ot Foin lalte. 

The rook 18 composed ot lanticles ot pink telaie material embedded 

in a pink or grey tine-gralned matrix. These lent! oles vary fram a 

traction ot an inch 1x> one inch long, ud are up to one-halt inch ride. 

A.t a te. places, the matrix ot the rock exhibits a disUnct toliation. 

The majority ot the exposurea ot this rock, however, show very li ttle 

struoture, except for the characterlst1c ahape of the plnk telsic 

lenticles. 

Exam1nation ot the rock in thin-section reveals that the lenticle. 

are composed ot an aggregate ot tine-gra1ned equidimenslonal crystals 

ot microcline and a small amount of' quartz. The mineralogical composi­

tion ot the matrix ot the rock ia atr1k1ngly s1m1lar to that ot the 

impure grey quartz1 te. Indeed, all gradations tram quartzite through 
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to gneiss were observed. Where the rock is toliated, its mineralou 

~d texture are essentially the seme as the quartz-biot1te gneiss 

described in the section on metasedimentary rocks. The pink colour, 

which was observed at many localities, ia due to two tactors. First, a 

_idespread distribution ot numerous amall, irregularly-shaped aggregates 

ot microcllne crystals and second. th.e introduction ot miorocline to the 

matr1x ot the l'Ock as veinleta and interstitiel material. 

The nUInber ot augen varies tl'Om plaoe 110 place and tbey '~ tom 

bet_een 20 to 80 percent · ot the volume ot the rock. 

These rooks di fier tl'Om the augen gneiss described abOTe in miner­

alogy, grain aize and composition ot the matrix. 

Gneiss at PUy jalon Island 

This rock may be deacribed most accurately as being a biotite-rioh 

banded gneiss with augen facies. In band apec1Iœn, the rock emibits a 

pronounced gneissic structure result1ng fl'om the parallel orientation 

of biotite flakes along closely spaced layers. These alternate w1th 

seams rich in quartz and feldspar.. Ocoassionally, small augeD, about 

one-quarter inch _1de and one-balt inch long, are d1atri buted along the 

light coloured bands. 'lbese a.ugea are compose4 ot an aggregate ot 

coara. teldspar crystals. Basides having the gœissic structure, the 

rock 18 banded. Rach band, which may be one or WO teet ride, has a 

slightly Utterent miDeralogical composition tram the bands on either 

side ot i t. '!he clark bands contain abundant biotite and quartz and 

only' a small DlOunt ot feldlilp&r, wharas th.e light coloured bands oontain 

abundant teldspar and quartz and les8 biotite. 

D1Jœ. and sille ot pegmatite and ~kas of granite are abundant in 
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this area. 

In thin-section, the e8ttmated mineralog1cal compoaition ot the 

dark bands i8 biotite: 35 pereent; quartz: 45 percent; and teldspar: 20 

percent.Tba biotite fIOrmalong. tabular crystals wh10h are orientated 

parallel to thegœissic structure. Quartz is severel,. strained and the 

contacts between the grains are highly sutured. Many quartz orystals 

oompletely enclose crystals ot biotite. Beth potaah and plagioclase 

teldspar tom anhedral crystals, generally int"erstit1al to quartz. 

Plagioela-.e (An24) has been altered to sericite, epidote and zois1te, 

"whereas the potash teldspar (mi Cl"O cline ) is tresh. J. teVl mi croacopie 

grains ot teldspar are ineluded in quartz. Magnetite, sphene, apatite 

and a te. Cry8talS ot epidote are the accessory minerals. 

1!le light-coloured layers al."e eomposed ot quartz: 30 percent;; 

mi crocl1œ: 30 peroent; plagioclase: 20 percent; and biotite: 20 percent. 

Jl!gnetite, apati te, zircon and &phene are 'the aooessory m1nerala. ~. 

rock is inequ1granular, individu&! graina measuring beneen 0.1 mm. and 

2 cms. in diameter. 

1he quartz gnins are clear, high4r atrained and have very im'egU-

1ar shapes, otten 8urround1ns and projectins 1nto teldspar. Irregu1ar 

pe:tohes and glObules ot quartz are incl.uded in plagioclaae. In places. 

II1crocl1ne forma e~d1manaional crystals, but more commonlY, irregularly­

shaped graina ot microcline fill the interstices between the other 

minerals. ADhedral crystals ot plagioclase (intermediate ol1goclase), 

so_ ot whieh are !ath-ahaped, have been altered to serici te. A tew are 

coatec! w1 th clear albite. Plagioclase is aleo intergrown .i th micro­

oline, fbrming microperthite. Pleochroio brou biotite in clu.ters or 
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81ngle OlT8tals tOl"lll tbin dlsoontinuous aeema. Magnetite, .phene and 

zlrcon are Included in biotlte. Zircon is surrounded by pleoahro1c 

halos. Sphene and magneti te are al80 present as inclusions ln quartz 

and as amall orystals Interstitial ta the other minerala. Spheœ tre­

quently ilDrms a mentle about magn&t1te. 

Ferland Lake Migmatite 

At several places on the shore ot 1Perland lûe, a rock composed 

essentially ot quartz and mica was observed te contaln large oryatala 

ot teldapar. Good exposures ot th1s rock "ere observed in wo bands 

which traverse the point at the aouthwest oorn&r ot the le.te. :llae­

where, Incltl810ns ot this rock "ere observed in the granite &%posed ln . 

that area. 

Where the amount ot teldspar Is rela.tlvely small. the rock breaks 

into d1aaontinuous parallel layera one-halt to no 1nches thtck. Thi. 

layering or parting dips toward the lake at mm 50 to 100 • The part­

ing 1_ ver" proDOunced lD4 ob_oures the poorly-developea soh1stoaity 

in the rock, to wh1ch 1 t i. parallel. 

'!he pmportlon ot minerals in the rook: la not coDatant over a large 

area and 18 dependant upon the number ot porphyroblasts ot teld.par in 

the rock. 

P'Our tb.ln-sec"t1ons ot this Hok were examined. Potash, as well as 

plagioolase teldspar, oonstltutes the large grains, wheraas ~. tine­

grained matrix is composed ot quartz, biotite, aome potash teldspar and 

accessory min.erals apati te, Bphene, magnati te, zircon, hornblende and 

pyrite. The composition ot the plagioelase varies beneen J.Dl2 and 

A.n26. Alteration ot many crystal. has produeed abundant .e1'1eite, 
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epldote and zolslte. Mlcrocllne torma lath-shaped grains wbich contain 

patches of altered plagioelase. The twinn1ng and cleavage ot these 

pe-tehes are pertectly aligned, which indioates that the microcl1ne is 

the product ot the replace1l8J1t ot original cryatala ot plag1Gclue. 

Orthoolase, 1n the torm. ot 8DIlil rounded graina, is altered to serioite. 

~e biotite 1a 1n random orientation and is present as oluatera 

betw.en the large teldspar or,vatals or 88 narrow seams which arch areund 

the teldspar. In many places, the biot1te exhibits ourTed Cleavages. In 

OBe thin-aeotion, tae biotite has. been altered to chlorite (pennlD1te). 

Orlg1n ot Mlpatites 

SCope ot the Probl.em 

The orig1n ot granl tie rocks, and particularly ot gran1t1e 

gneisses, has long been the subject of controversy. The idea that gran­

ite can be tormed tl'Om sed1lD1tll.tary rocks, as well as by oryatallizatlon 

trom a granitic magma, has been attractive to even the earliest studeBts 

in geology. '!he present dlverg1ng opinions may be aummarized briefly 

as tolla.s: one group ot geologists holds the Tiew that granites are 

torme4 through the consolidation of a .magma. Another group, however, 

tavours the opinion that granites are tormed by the reple:C8D8Jlt or alte~ 

ation ot pre-existing rocks, whioh may or may not be connected .1 th 

magma. :Pœst geologists agree that both proeesses operate, but there is 

!l.O agreement concern1ng the _ount ot grani te tonaad by e1 tber m.thod. 

Although the pl'Oblem under oOllai4eration at present coneems 

the or:igln ot the various m1gmati tea ot the area, the information con­

tainecl in the tOllowing pages will be ot Talue in the disoussion ot the 

source ot the g1'8Jlitizing material. As an introduction to the dia-
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oussion o-t the origi. of ~ha migmatites, the vanous ide.s ot eaoh 80hool 

will be reTiewed brietl1. 

Origin ot Granites 

Sinoe BUlton tirst proposed the magmatic theor,y (Bradle7 1928, 

p. 362-364), eTidenoe of the intrn.iTe nature ot granite masse. has been 

co11eoted by maD7 geo10gist8. The tbllowing lista some of the DOat 

important of the se obser'l'ationa: cross-outtiIlg relations; oontact met-

amorphism w1thout gradation; chil1ed borders; angular and non-orientated 

fragments of older rook ino1uded in granite; consistent patterns of 

internal structures, such as oross-jolnts, diagonal joints, 1ineation 

and foliation; un1formit7 of texture; euhedral phenocryeta deve10ped in 

a subhedral mtr:Lx; presence of high temperature minerals; presence of 

unU8Ual accessor,y minerals in diverse types of 19neous rocks in BD.y area. 

Certain ohaMoteratics of todies o-t granite rooks, however, 

are diffioult 1;0 explain with ~is hypothesis. MOst notable is the 

presence of gradational boumarles batween grani te and sed1meœa or 

schists; the contol"Dli V of .tria and dlp of toliate structures, bed41Dg 

and othar teatures ot incluslons w1th theae s.tructures in the host rock; 

the un1tormity ot composition bet_een phenocrysts ln the granite and 

metacrysts in the nelghbouring sohlet wall, as for lnatance. along the 

border ot the Rapakivi granite. 

In order to explain satlsfactor1ly the existence of granitl0 

gneisses. several hypothes8s of granitizatlon have been advanoed. Â 

brief summary of the main theories is givan be1.ow. 

ByP0thesls of Granite Infiltration 

A.coord1ng to this theory. migmatites are produced by the 
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injection of layers and atreaks of magme 810118 S-surtaces in the in­

vadad rocks. The ~ccess ot thia hypothesis requiras that the 8-sur­

taces be close17 spaced and is dependant upon the tluidi ty ot the magma. 

A well mon illustration ot thia phenomenon ia the observations made 

byFaDDer (1914) in the Highlands ot liew Jersey. Here numeroua grada­

tional transitions trom granite ta inclusions that lie parallel to the 

regional schistosi ty were observed. Most of" the strata show soma evi­

dance ot orumpl1ng and twisting. Vertical expoaures illuatrate, in 

addition, that tnin tabular sneets were given support by the magma. 

From this data, lDDae~ concludes (1) that the intrusion was aftected 

among the layers ot a previously scMstos. or :fbl1ated l'Ock: wi thout 

causing great diaturbances in position; (2) th&t the lIBgII& wu th1n, 

but not as tluid as water. 

B)'ROthesia ot Kagmet1c SOaldDg 

JTench geologists, iBpressed by the trans1tional teatures 

along granite contacts, developed the 1dea of" graait1zation. While 

still maintaiD1ng that a granite magma was involved in granitization, 

they be1ieved that its intrusion was preced.d by a cortège ot emana­

tions that transformed the wall rock: 1nto granite, or 80 made pOSSible 

ita assimilation by the advancing granite. Sederholm considerab17 ex­

tended thiahypothesis to explain the formation ot misœatites on a 

reg10na1 soale in Fin1and (Sederholm 1923, 1926, 1934). 

FollowiDg the 1ead ot these geologists, many worlœrs have 

adopted and developed, in w1 de17 separated ragions, the concept ot 

mbi1e t1uids accolDPaD1ing the main intrusion (Barth, 1936; B1111ngs, 

1938; McGregor, 1938; Stark, 1935). Many stud811ts ot thb sohool 
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consider that the resulting granitio rooka: are due to metuomatio 

changes 0 f the host rock by these emanations, rather than bY' a 

mechan1eal intrusion 8S .as considerad by the tirst hypothesis. 

B)Pothesis o~ Differential FUsion 

The hypothesis of d1tferent1al tusion has been put torth bY' 

Sederbolm, tOllowlng his extens1ve studi8-s ot tire Precambrian rooks ot 

Finland. He hu obeen'ad areas which he olaims represent regiona 

where aroaion hu reached a c!epth to which a granite masma waa tormecl 

through tuaion ot the deeper parts ot the earth's crust. The procas. 

ot subsurtace lII8lting, SederholJil oalls "anatens". Whera movemat has 

tollowed th8 b1rth ot a new magma, the r8aur1"8ot1on 1a called 

"pal1ngenesie". 

lbether or not the produot ot anatexis should be oalled a 

primary mgma is st111 unsettled. Budd1ngton (1943) would use the tem 

·primary magma" onlyo it part ot that part ot the s1al subjected to 

anatexis was prim:>rdial. 

The proc!llct ot oonsolidation of tuaed sedimellts, hovever, 1s 

considered by lDOat geologists to be granit., proT1d1ng the oompos1t1on 

ie appropr1ate. 

HtPOthesls ot Granit1zat10D Without Magma 

This hypothes1s is aupported by geologiats (the transformists) 

who reject the neoessity ot 8 magma and who cons1der the product1on ot 

granite rocks to take place by"emanat1ons" without det1n1ng 8l3Y 8C)urce. 

One pl"Oponent ot this theory, Backlund (1946), cona1dera gran1tization 

ot a serles ot aedimanta cu be bl"Ought about as a result ot aet1Tat1on 

ot the original liq1l1d contained ln the pore spac.s by elevation ot the 



-62-

temperature of the rock. 

Maording to Re1IlOlds (194'1), the pl"Ooess involved in this 

hypothes1s consists of the addition of oertain substanoes, notably: soda 

and lime, "i th oonoomi tant expulsion of material unneoessar:r tor the 

formation ot granite. Thia-exoeas- material, suCh as 18, MS, etc., be­

comes t1xad in the basic front ot gri.ni tization. This procas a requires 

a great transter of material,,,hieh m&7 talce plaoe as solid ditfusion 

(BII7IlOlds, 1947) or .ith the halp of .ater. 

bre ls much diaagreem.eJ1t among geologists concerning the 

validity: ot this th.aory:. Among the questions y:et to be ana_red U'e 

the absenoe ot basic tronts in lI.8.II\Y gl'8l11 tio areu J the BOurce for the" 

emanations; the mans by: whioh the transformation ot materiel is aCGomp­

lished; and "the ditfioulties ot explain1ng zoned plagioolase orystals in 

an othe:rwise homogeneoua granite. 

lbrmation of the Migmatites ot J'ohan Beetz .Areta 

The _ri ter ballevea that the migmati tes ot the ;rohan Baetz area 

.. re fo:rmed by reoryatalllzat10n and intl"Oduction ot pegmatitio and 

granitie aolutions to pre-existing sedimentary rocks, and, to a lesaer 

d.gree, to the amph1bo11te. In vie_ of the distanoe between the areaa 

ot migmatite, the formation of the migmatite in eaah area will be dea­

cribed separately. 

The contact between the gnelss east of Watsh1shou ltnoll and the 

sed1mentary rocks was observed at two localities, eaat of Watshiahou 

!)loll and east of Pontbr1ande river. At bath these plaoes no detinite 

line can be drawn between the two rock types, the change trom quartzite 

to gneiss being graduel. A.ctually, the transition zone from quartz1 te 
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to typieal banded gneiss, S1~ as the gne1ss exposed at the sea, ia 

almost a mile wide 1n some places. Rowever, 1t 1s possibl& tosepar­

ate the ro cka into quartz1 te and gœiss an the bases o"r mine.ra1og1cal 

compos.ition, tenure and atructure. Renee, the trana1tion zone can be 

narrowed down ta within severaI hundred teet. 

At Watshishou Knoll the mineralogical composition ot eaoh type 

shows a tendency to he segregated into d.tin1te layera which are ea811.y 

recognize.d by their colour.l!'or example, in the. sedinBlltary rocks, 

certain bands, rioh in mica, are duk ooloured, ..mile others, oontain­

ing less mica and more quartz and teldapar, are llght coloured. The 

adjaoent gneiss oan be separated into s1milar layera ot equal th1okDess. 

1hey parallel the bedd1ng ot the quartzite. Where the rock was obaerved 

tram et. di stanoe and whers the granoblaatic texture ot the gneisB was not 

disoernable, the banding 1n the gneiss is very s1m!larto that ot the 

quartzite. On cloaer exam1nation, however, sl1ght ditterences in com­

position were note~, which enabled the rooks to be class1tied as 

quartz! te or gneiss. In the dark bands, quartz and b10U te are the 

essential const1tuents, whereas the gneiss conta1ns abundant teldspar. 

S1m1larly, the light coloured bands ot quartzite conta1n a h1gh peroent­

age ot quartz relat1ve to teldspar and mica, ",hereas in the gneiss, 

quartz and teldspar are theessential const1 tuents. FUrthermore, the 

texture ot the gneiss 1s typically granoblast10, coarser grained 8Jld 

the mica minerala have a det1n1 te preterred orientation. 

1he contact bet",een quartzite and gneiss was observed a mile esst 

ot Pontbriande river and ~ne and three-quarter miles north ot PoD.tbriande 

baye 1he quartz! te !n this area is the pure type o"r quartz! t. deser!bed 
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on page 25 in this thesis. Several beds of impure quartzite contain1ng 

mica are 1ntercalated with the quartzite. The white oolour of this 

assemblage changes to pink south"ard along the strike and across the 

strike. At the same time, white mica gives "e.y to biotite, 1Ihich is 

orientated parallel to the bedding of the ne1ghbour1ng quartzi te. 

This pink coloured rock is the tirst representative of the gœiss in 

this area. !he transition trom quartzi te to gneiss talœs place across 

a zone 500 feet ,,1de. 

This transition gneiss lias observed in thin-section. The rock is 

composed of porphyroblasts ot quartz 0.4 nm. "ide and 0.8 m. long, en­

classd in a matrix of quartz, biotite and teldspar. The porphyroblasts 

have developed et the expense of the original quartz and biotite, and 

shows helicitic structure. Other porphyroblasts co~tain incluSions of 

quartz, but not biotite. The biotite is arched &round the porphyro­

blast, ind1cating that it has forced this mineral aside. 'l'be matrix 

has been recrystall1zed and i8 considerably more eoarse-gra1œd than 

the neighbouring quartzite. FUrthel'DW)re, the presence ot microcl1ne 

and, tarther a"ay trom the quartzite, of plagioclase, even to the 

bands whioh oan be traced to pure quartz! te, indicates that these 

minerals have been intl'Oduced. The gneiss in this area is layered, 

8ach layer retlects the composition of the original quartzite. 

'!'he mineralogic8.1 change in the gneiss continues southlfard to the 

sea. The ehange 18 atfected br an increase in the emount of micro­

cline and plagiOClase. Oorrespondlng to this change, the amount of 

pegmatitic and granit1cmaterie1 increa8es. At tne contact between 

the quartzite and the gneiss, there is no pegmatite. South"ard, 



-65-

oacasional pegmatite stringers, lenses and Qykes inarease 1n abundance 

and, at the sea, they are vel"Y' numerous (Plate 8). Pegmatite dykes 

wh1ch out the gneiss do not have a ~arp contaot, but attheir edges 

they"teatherlt along the gœ1ssose structure. 'lb1a "teather1nglt 1s 

MOst pronounced in those bands containing abundant biotite, because 

these bands otter easier channels fOr the solutions than the massive 

banda poor in biotite. The mob1l1ty ot the granitic solutions ia 

shown by dykes ot granite wh1ch cut the rocks .ithout ob11terat1ng the 

gneissose stru.cture (Plate 9, Fig. 1). 

These ~ke. and aills ot pegmatite and granite are conàidered to 

represent exceas material which .as intmded 1nto the ~ck8 during and 

tollow1Dg tbe recrystal11zat1on and the transt01'Dl8.tion ot tbe sedi­

mentary rocks to gneiss. 

'lbe composi tional banding in the gneiss ia nsi ble eTen .bere the 

t1Pical granite gneiss is e%pos.d, although in these area. it ia much 

less distinct. 

The gœ1ss centains sills ot emphibolite which range in thiclm.ess 

trom a te. teet to over 2,000 teet. These amphibolites do not rapresent 

"basic fronts", bu.t are intruai ve bodies. They oan be traced te large 

amphibolite bodies (matamorphio derivattves ot tbe gabbro) which eut the 

sed1mentary rocks north ot the area ot migmatite. JUrthermore, the 

amphibol1tes haTe been deformed and intruded by pegmatite and granite. 

'l!1e tormation ot the gœias, therstore, took place following the in­

tl"Usion ot the gabbro sills and ~kes. The alteration ot the amphibo­

lite has been MOat intenae whers tbe gneiss Shows its best developmant. 

Near the contact bene en the quartzite and gneiss, the amphibol1te has 
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PLATE e 

Fig. 1 Irregular dyJœs and stringers of' 

pegmatite in banded gneiss at the 

mouth of' Little watshishou river. 

Fig. 2 Small. irregular lanses of' pegmatite 

in banded gneiss at the mouth of' 

Little watshishou river. 
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PLATE 9 

Fig. 1 l)y'lœs of granite cutting banded gneiss 

at the mouth of Little Watshlshou river. 

Note gnelsslc structure ls not obllterated. 

Fig. 2 Interbedded sch1st and micaoeous quart~ 

ite injected by string.rs of pegmatite. 

Note well-deflned baD41ng. 
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sufferad no alteration other the intènse ahearing. Where the typleal 

gneiss i8 exposed, the narraw s~lls have been drawn out into long lense-

shaped bodies and streaks, whereas the larger s111s were rttptured and 

the gœ1ss flowed into the intervening spaces. Much of the hornblende 

and bioU te ot the small masses has been altered to chlori te. In 

addition, the plagioclase has been lntense17 saussuritlzed and replaced 

by aecoDdary albite. Potash teldapar and quartz have been added. 

Nowhere in the area is there 8DY evidenee that the rooks reaehed 

a molten state. 111e composition.l banding, a relle structure ot the 

original bedding, has been preserved even at the sea where the e Ueots . 
ot the solutions have been most intense. l!'Urther, the amphlbol1tes,· 

although ruptured and detormed, have not becoma molten. No areas ot 

homogeneous gram te grad1ng to gneiss were 0 bserved. 

The discussion in the preoedlng pages ahOlrs tut the attects ot 

gramtlzation inoreas. toward the southeast and east. A brier exam1-

nation ot the region east of the map-area Mowed that the gneiss 

grades into gnelssic granite and henoe to massive granite. 

Bskola (1933) in discussing granlt1zation, emphaslzes the 1m-

portance ot difterentia1 fusion in the f'o:rmat1on or migmatites. In 

this connection he recognizes three Indefini tely detlned depth zoœs, 

subjeot to local upward dlsplacement in orogenie belts or to local 

inversions in regions where there has been intense latera1 migration ot 

magma. These zonas are - (a) an uppermost zone ot. reglonal metamor-

phlsm and hydrotbemal activlty; (b) a middle zone of' potaah metasom­

atism and injection; (cl desp zone ot differential anatexis. The 

character of the rooks ot this area tits lnto the middle zoœ as · 
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derined by Eslmla. The incraaslng amount or gran1 tic and pegmatl tic 

material south and eastward tram the quartzite gnels8 contact lndicates 

the8e direction8 are toward tbe: deeper zone. It 18 8ugge8ted, there­

tore, that th1s uea repreaents the outer 11m1t ot a large area or 

migmatl tes which pre f'o:rmed by' recryatalllzation, metasomatlsm and 

lnjection or pra-exlstlng 8ed1men.tary rooka and gabbro during a per10d 

ot extensive granitizatlon .ot the bedroek, e1thar by mans ot anatexis 

and pal1ngenesls, or magmatlc actlvlty. 

On PUy jalon Island, a sim1lar gradat10n ~m sed1mentary rocks 

to gneiss was observed. The sedlmentary rocks ot this locality are 

mica 8chists and quartz-biotite gnaiase~ 1nterbedded with a minor 

amount ot micaceous quartzite, which have been intruded by nurow em­

phibolite 8ills. This assemblage bas been Injected by pegmatitlc 

material and, wi th inoreasing amounts ot pegmatite, grades Into gran-

i te gœlsse8. Wh.ra the l!tIIlount of' pegmati tlc mate ri al is ' .mall. the 

Original compost tional banding ot the sedill8ntary rock Is easily visl­

ble on 1he surf'ace (Plate 9, l'ig. 2). As the amount 01' pegmatite in­

creases, the banding is more dlf'ticult te recognize (Plate 10, lN.g. 1) 

and, wh&re the sedi_nta have been completely' saturated wi th the peg­

matite, 'the resulUng l'Ock ia a banded gneiss coataining nWD8l'OUa 8IIall 

pegmatite lanses and atringers (Plate 10, J'ig. 2). At certain placea, 

quartz and teldsp&l' have cry'atalllzed together as small blebs which, 

duril2g their growth, fbrced aaide the lamella 01' the schlst which now 

arches around these augen. 

The amphlbolite a111s in thls area have been detormed in a mannar 

similar to that d.scribed previous]y, but the daf'ormation was not 80 
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P!ATR 10 

Fig. l Interbedded seh1st and udcaeeous 

quartzite partly migmatized. Compos1-

Uonal banding ditt1eult to reeognize. 

Fig. 2 Banded gneiss eut by 1rregular 

stnngers of pegmat1 te. 
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1ntease. 

1he migmatization 1nc:reases toward t1» granite and gne1ss1c gran-

1te masses in the area. This suggests, theretore, tnat the g~iss 1s 

related, genetical.ly, to one ot these granites. 

~e medium-grained biotite granite contains inclusions ot migma­

tite and gneissic granite. The contact bet_een the inclusions and the 

granite is &harp. Other bodies ot medium-grained massive granite 1n 

the area are not '&8sociated .ith migmatites, their contacts being well­

detinsd. Furthermore, dyms ot madium-grained granite cut the migœa­

tites wtth sharp contacts. These tacts are evidence that thls granite 

. was not the source of the migmat1z1ng solutions. , 
In the ca .. ot the gnelssic granite, there are two poes!b!litiea -

the granite is the result ot granitization or the granite supp1ied the 

solutions which transtormed the aedimantary rocks ta gneiss. !ll the 

availab1e evldence in the tield indicates thst th.s granite ia intrusive. 

This evidence will be discussed in a later section. The sediments 

north and east or th!. body cons1st predominantly ot 'tairly pure tQartz-

1 te. '!'he1 have been 1ntrnded by _~ pegmat1 te s1l1s ad C1yDs, but 

have net formed lII1.gIœtl tes. Inc1uslons ot sed1DBntary rocks and gabbro 

in the granite are hlghly digested and granitized. MOreover, tba 

gneiss!c granite 1e DOt cut by as ma~ pegmatl tes as the surrounding 

rocks and the pegmat1tes which cu.t the granite have sharp contacts. 

The writer conc1udes trom the above tacts tbat the sed1mentary schiste, 

which orter an ea8y passage to solutions in compar1son nth the IDassive 

quartzites, were transrol"Jœd ta migmatite during the emp1ao8D8nt ot 

the gne1ss1c granite. Possibly the migmatite is a large root pendant 
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in tba granite. 

The description or the udgmatlte or Jerland laka shows that the 

porpbyl'Oblasts developed in the mica schlst are compoaed or reldspar 

cr,rstals similar in composition the the granite in the area. bss zones 

or mismati tes are enol.osed in granite and are, the-refore, large inclusions. 

Inclusions of quartz! te and gabbro in the granite have not been al tered 

extelJ8ivel.y. 'lbe schists, however, allowed eas,. passage or the graniUc 

material and porpbyl'Oblasts or tel.dapar were developed in them. The 

original porpbyroblasts were plagioclase, but these have been partialJ.y 

replaced b,y microcline. The growth of the porphyroblasts was accomp­

liahed b.Y torcing the adjacent lamelle of biotite to one side so that,in 

the :t1nal .pl'Oduet, the :foliation arches around the porphy-roblasta. 

The migmatite west of 'lha mouth. of 'ifatsh1shou river 1s composed of 

lenticles of microcl1ne and quartz 8llolosed b,. a matr1% of udcaceous 

quartzite. These lenticles have bean developed only in quartzites con­

taining a relativel,. large proportion of mica. ID. the initial stage, 

where there are relativel,. tew augen or lenticles, the l'Ock has all the 

cbaracteristics ot e sediment. AI3 the number or augen increeses, all 

semblance to the quartzi te is lost and the rock has an igneous-looldng 

tenure and compost tlon. 'lhe resulting rocks contain approximately the 

same proportion or biotite and muscovite as the micacaous quartzites in 

the aree. '!he quartzites or this area are relatively poor in teldspar. 

Thus, the transformation to migmatite requires the intl'Oduction ot 

sodium and potassium. to torm mi.cl'Ocl1ne. This mate rial wu introduce4 

in two ways - (1) as s.mall veinlets ot udcrocline which were observed 

to traverse the width ot s8veralthin-sectlons, (2) through the inter-
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stitial spaces ot the rook. Some veinlets pinch out within the area 

eovered br the thin-section and others act a8 teeders ta the lenticles. 

These have developed by replacement ot the orig1n8l quartz ot the rock. 

'lhere ia no evidence that the gro1l'th ot the l.enticles n8 controlled br 

a nuoleous. It is possible, hOll'ever, that the nucleous 1I'as an original 

teldspar grain in the sediment about which 'lne lentieles gre.. '!'he 

source ot the solutions which tomed these meks is unknOll'n. They are 

out br large pegmatite dylœs and sills believed ta be related to the 

intrusion ot the med1um-grained grani:te. It is possible that these 

rocks .ere transtormed at the seme time as the tormation ot the older 

granites. The reason this partlcular area .as atteoted br the process 

is still unknown and 11'111 require speoial atudy, whlch the w-ri ter was 

not able ta undêrtake. 

In SUJmlJ!try, migmatites have been tormed at tour locali ties within 

the map-area br recrystall1zation and addition ot pegmatitic and gran­

ltic mater!al to pre-existlng sedlmentary rocks and, to a lesser ex­

tant, to the amphibollte. The migmatite at PUy jalon Island and 

l!'erland lake seems ta be related to the granite in each ot these areas. 

It is suggested that the migmatites west ot Watshishou Rnoll represent 

the outer edge ot a large ragion ot migmatl tes tormed durlng grani tl­

zation ot the bedrock, either br anatexis and palingenesis, or magmatie 

int rusl on. No or1gin tor the solutions whioh transtormed the rocka 

west ot watshlshou Knoll could be givan. 
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Oralite Gabbro and Derivatives 

Introduction 

The oldest intrusive rocks in the area aonslst ot a series of 

altered gabbro sheets. Ind1vidual sheeta vary tram one-quarter of a 

mile to over a mile wide. Some plnch out wlth1n the map-area, but the 

major1ty extend beyond it8 boundaries. These haTe been mapped north 

of the area for a distance of more than 35 miles. 

The th1ckness of an1' lndlvidual sheet ls DOt unitorm, but they 

pinch and nell along strike. In the southeast part of the area, the 

gabbro is highly lnterf1ngered w1 th the quartzite. ~ of the gabbro 

sheete are concordant with the lntraded metased1mentary roCks. Many 

bodies, however, eut the be4ding of the sediment. at a small angle. At 

severa! localities, such as south of Oabane-BrUlee lake and northwest 

of Oroche la1œ, the gabbro :masses are 1rregular 1n shape. HoweTer, aven 

in these :masses, the long cU.reotion 1s parallel ta the bedding of the 

sedimentary rooks, but the gabbro 1s discordant in detail. 

~s system of multiple sills and d;vlœB 1a. an unusual. occurrence. 

The writer knows of no other Buch assemblage in the Oanad1en PTecambr1an 

Shield. Gabbro 1s not an unconmon l'Ook 1n the sh1eld, but 1t ocours in 

1rregularly-shaped masses of varying th1ckness, as stocks and 88 th1ck 

sheets which are or- l1mited areal extent. The diabase sills of the 

PUrcell District of British Oolumb1a, mapped by Daly (1912), are 

alm1lar in some respects ta the gabbro in this area. Numerou8 large 
, 

sills and dykes of gabbro intrude the bedrook in the Pector1a Ares, 

SOuth Atrica, but these are considered to be related to nor1té (Hall, 

1928). 1\I.e gabbro of the Johan Beetz ares is near a lal'ge body ot 
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anorthos1 te which ia exposed north ot Havre st. Pierre, and the two 

rocks are probably related. 

In the northern masses, the rock bas the appearanee ot a gabbro. 

E1:e.mination in thin-section shows that, in many cases, i t possesses 

an ophi tic texture. Where the rock ia coarse-grained, the oph1 tic 

texture can he seen in hand specimen. However, the rock has been altered 

to such an extent that i t i8 no longer I!I. normal gabbro petrographically. 

The petrographie dividing line between ga.bbro and diorite, based on the 

compos1tion ot plagioclase, lIOuld classity most ot it as diorite 

(~ohannsen, 1937, pt. 111, p. 146). 

SOma ot the sills are the southern extensions ot olivine gabbro­

diabl!l.se, mappe4 by Olaveau (19498), in which the composition ot the plagi­

ocla.se 1s labradorite. '!'he term fturalite gabbro" 1s, thereto1'8, applied 

ind1ce.t1ng that the comPosit1on ot the rock is due to the alteration ot 

the matie minerals and the plag1oclase. Throughout the d1scussion, 

however, the term "urali te" 1s orten omitted and the rock 1s reterred 

to as gabbro. 

POur types ot this rock have been distingu1shed on the baa1s ot 

their degree ot alterat1on. Nowhere does the rock contain pyroxene, 

the matie mineral present be1ng amphibole. '!he gabbro, shor1ng an 

oph1t1c texture, 1s confined to the northeast part ot the area. south­

ward, tn1s rock passes 1nto amph1bo11te. In ~ vic1n1ty ot the granite 

masses, the alteration 1s more intense and, south ot 'rnaguay laD, the 

rock beoomes hybridized. The types d1stingu1shed in the description 

that tollows, and on the accompanying map, are: 
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(1) oralite gabbro 
(2) Jmphibolite 
(3) Amphibole gœias 
(4), aybrid rocks 

No line o~ demaroation can be dra.n bet.een types 1 and 2 or, tor 'that 

matter, between any two adjaoent types in the above liste The change 

trom urali te gabbro to amphibol1 te and trom this to gneiss and t'1nally 

to hybrid rock is gradual. Ul stages ot the alteration oan be tollowed 

in the field. Baoh rook type .as examined in thin-section. 

'!he age relationship bet1reen the gabbro and the gram tes i8 well 

established. Gabbro Sheets are truncated by the younger granite, whioh, 

in addition, projects into the gabbro in tongues, dykes and small 

stringers. Nttmerous altered and partly digested inclusions ot gabbro 

"re observed in the granite. 

orali te Gabbro 

The 1east altered representatives ot gabbro are exposed west ot 

Large Piashti lake, north.est ot Cabane-Brulée lake and between lakes 

Theodule and Prudent. 

The rock ia massive, utremely hard, dark grey to blaok and 

medium- to ooarse-graiœd. The distribution 'ot grain size in any in-

d1vidual body ls extremaly irregular, except in the narmw sills end 

dykes. In these, the outs1de edges are ~1ner gra1ned. 

Petrography 

In thin-section, the rock Shows an ophitio texture (Plate 11, 

Fig. 1). The plagioclase i8 relatively tresh and lath-shaped. Amphi-

bole occurs as single crystals or aggregates ot crystals bet1reen the 

teldspar (Plate 11, Fig. 2). The variation in the composition ot the 

gabbro is shown in the tollowing table: 
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PLATE 11 

Fig. 1 Photom1crograph of urall te gabbro. 

Crossed nicols. (X26) • 

Fig. 2 Photomicrograph of urel.lte gabbro. 

Note c1uster ot amphibole crystals in 

upper right hand corner. Cl'Ossed niools. (ne). 
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Amphibole 
Plagioclase 
Biotite 
Magnetite 
Ilmenite 
Accessories 

45 - eo percent 
40 - 55 percent 
o - 7 peroent 

accessory - 3 percent 
accessory - 1 peroent 
apatite, tounnal1ne, sphene. 
epidote and carbonate 

Very few large orystals of amphibole were observed. The majority form 

clusters of accicular or stubby prismatic crystals which have randDm 

orientation. In many cases, they tbrm a contused D1aSS, but tibrous 

and compact needle-shaped crystals of amphibole, in parallel orienta-

tion, were observed in "thin-section {Plate 12, Fig. l}. In SOD18 thin-

sections, the large amphibole crystals grade !nto needle-shaped tibrous 

amphibole which have diverse orientations, or into a complex mass ot 

fibrous amphibole in parallel orientation, or into a comb1nation ot 

both. One thin-section showa tibrous amphibole in parallel orientation 

replaoing larger amphibole or,ystala. 

EXcept tor a tew colourl.ess amphiboles and those which have a 

distinct bluish tinge, the optical propert1es of the remain1ng crystala 

are a1m.11ar. They are slightly pleooh1"Oic; X • pale 78l1ow, Y • pale 

yellow green, Z • pale green. The abaorption formula is Z>Y:>X. The 

m1neral 18 opt1oally negat1ve, with 2V a 750 _aOo• The extinotion angle 

varies between l40-170 tor the needle-shaped and short prismat10 

orystals to 190 -240 tor the larger amphiboles. The colourleas amphi­

bole is optically negative with 2V = 75°. The extinotion angle ~C • 

14°_17°. Because of the larger extinction angle. the large crystals 

ot amphibole are classed as hornblende. wh.ress the optical properti8s 

of the fibroU8 and stubby prismatio orystals correspond to those of 

members of the actinol1te-tremo1ite series. Aocording to Winchel1 
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PlATE 12 

Fig. l Photomicrograph or uraU te gabbro showing 1'1 brous 

amphibole in parallel orientation. Note amphibole 

replacing plagioolase. Crossed nicols. (Xl8). 

Fig. 2 Photomicrograph or urallte gabbro showing sphen8 

torming a mantle .round crystals or il.meni te. 

Naturel. 11ght. (X50) • 
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(1951, pt. 2, p. 436) the colour ot hornblende depends upon its il'On 

content, but Eskola (1914, p. 103) has shown that the content ot 

alumina determines the colour. 

Many thin-sections contain cryatals ot green amphibole which 

have a distinct bluish tinge. 'lhe tibl'OUS amphibole grade into th1a 

bluish green amphibole where they are in contact with plagioclase. The 

optical properties ot this minera! are: 

Pleochl'Oic tormula X = pale 7el1ow green 
y • l1ght green 
Z = blu1sh green 

Absorption - Z~Y>X; (-) 2V = 800
; ~O = 170 

This amphibole (hornblende) is considered to be soda-bearing (Iddinga, 

1906, p. 364). 

Plagioclase 1a invariably lath-shaped. Albite, peric11ne and 

Oarlsbad twinn1Dg were observed 1n thin-section. Noma! zoning waa ob-

served in maDy' crystals, the composition ot the core ia An.7 and thet ot 

the outer edge AD34. !he uuoned plagioclase has the composition JJJ57. 

'!'ha cores ot the zo:ned crystals are altered, mereas their outer edges 

and the unzoned crystals are fresh. The alteration bas produced epidote, 

zoisUa and a small amount ot seneite. lIhere the alteration ot the 

gabbro has been intense, the plagioclase, oontains numerous inclusions ot 

amphibole. Snall veinlets ot amphibole were also obsened cutting 

across severa! plagioclase crystals. The teldspar has been attactsd by 

secondary albite. '!his minera! forma a growth around the or,-g1nal 

crystal or replaces it 1n homogeneouB patches and ve1nlets. 

Biotite is present in the highly altered gabbro. IJofM biotite 18 

associated with magnetite, which assumes a striking pattern ot 8ke11tal 
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crystals, conslstlng ot or!ss-crosslng bladesbetween _lch the biot! te 

ls present. The optioal properties ot the biotite are: 

Pleoohroic tODDUla X = straw 1811011' to colourless 
y = llght brown to slight greènish 

brown 
Z :: golden brown to opaque 

Absorption - Z>Y> X; (-) 2V • 00 to very small 

Besides occurring in the above-described tbrm, magneti te is elso 

assoclated wlth large hornblende crystals to~ng blade-like inolusions 

along the cleavage planes ot that m1œral. Elaewhere, i t is pre •• nt as 

irregular grains or elusters ot small crystals lasociated with biotite • 
. 

Ilmenite ia present 1n SIlOunts up 1;0. one peroent. In soma plaoe_, it 1s 

coated wlth a lIIUltle ot amall crystals ot sphene (Plate 12. 7.18. 2). 

Chlorlte oeours as the alterat10n prodaot ot biotite and amphibole. 

Gene.rally, it toms &long the cleavages ot these minerals. The ohlorit. 

(pennin1te) i_ uniaxial positive and has a hlgh blretringence. 

other minerala present inolude small crystals ot carbonate, ep1dote, 

tourmaline, and apatite. Carbonate and sphene were nowhaH obaerved 

together. Jpidote ls present in one thin-section only. Âpatite and 

~oUl."Dll!Ù.ine 1ncrease in abundance towards the granite masses. 

Amphi boli te 

Jm.phlpolite outcrops throughout the southern part ot the map-area, 

but the' best exposures "re observed southeaet ot Veronique Jake. 

Northward, thay grade into the massive urallte gabbro. They tiret make 

their appearance whera the regional trend of the formation changes trom 

south ta southwest. A tew outcrops ot amphibolite were obeerved east 

of Ferland lake. Long narrow s111e or amphibol1te, IIJ!DY ot which are 

sheared and ru.ptured, were obeerved in the area UIlderlain by migmatite. 
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South.ard, these bodies grade Into hybrld 'Q'pes. 

The emphlbollte Is black, tough and f1œ- ta msdium.-gralned. At 

m.any places, the rock possesses a d1st1D.et tollatlon, o.ing to the 

parallel arrangement ot biotite. 

Petrographl 

In thin-section, the tenure ot the amphibollte is hypld1o­

morphlc inequigranular. J.bundant amphibole, bloti te and plagioelase 

are the essentiel constituents. Apatite, sphene, carbonate and magne-

tite are the accessor,y ndnerals. 

The most common amphibole is a pleochro1c green hornblende 

which has the tollowing optical pl'Operties: 

Pleoohroio tormula X = pale ys llow green 
y • pale green 
Z • deep green 

Absorption - Z>Y>X; (-) ZV : 75°-80°; ZAC • 16°.19° 
dispersion - r<v _ealt 

In two thin-sections, several atubbl prismatic er,ystals ot 

colourless amphibole _are obsaNed. Some cr18tals ot this minera! are 

twinna4. Ite optloal properties are: 

These optlcal propertles oorrespond to th088 ot cummingtoni te. 

l!'eldspar toma stubbl, lath-shaped ol'letals, which 1nvariably 

are altersd. This alterat1011 hall produced a dark grey opaque t1bl'OUS 

mass, soma epidote and zols1te. Determination ot the less-altered 

plagioclase gave the composition An34. 

Biot1 te in BmOunts up ta 20 perce11t ls pleochrol0 as tollo_a: 

X :: llght buU 
y : 1ight bl'OlUl 
Z • golden bron 
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Absorption - Z>Y>X; (-) 2V :II 00 to very small 

The biotite contains inclusions ot ma:gnet1te. 

InQlusions ot sphene were observed 1n amphibole and magnetite. 

Sphene also forma small anhedral cr,ystals 1nterstitial to amph1bole. 

Where the amount ot sphene 1s high, magnetite 1s present in relat1vely 

large amounts. 

A!phibole Gne1ss 

Representatives of th1s group are tew and occur princ1pally close 

to the TUrgeon laka granite. Other expoaures were observed aJ.ong the 

coast bat_een ~uetachou bey and Watshiahou Knoll. The typical gneiss 

containa compact aggregates ot elongate crystals of amphibole, seper-

at8d by aggregates of plagioclase cryatals. The l'Ock ah.sa strong 

preterred orientation. This structure i8 attributed to detol'mllt10n ot 

parts ot th. sills, part1cularly near their contacta with the aed1-

mentary rocks, dur1ng the intrusion ot the granite. The. gneiss centains 

abundant amphibole (60 percent), plagioclase (30 percent) and biotite 

(10 percent). Elongate pr1smatic crystals ot hor.nblende are ooncentra­

ted along well-def1ned layers, separated by layers rich in plagioclase. 

The opt1c81 pl'OpertieB ot the hornblende are: 

Pleochroic fOrmula X = pale ye110w b~n 
y ~ green _i'th brown1sh t1nge 
Z = dark green 

Âbsorpt10n - Z>I>X; (-) 2V • 750
; ZAO :II 190 

Severa! erystals contain numerous small quartz crystals in poildli tic 

tash10n. 

1be plagiOClase 1& lath-ahaped and 1a relati valy tresh. The com-

pos1tion was detamned ta be o11goolaae (Ab79 AD2l). 
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Bioti te 18 everywhere assoclated wlth hornblende. It ls strongl.y 

pleoehroic as follo.s: 

x • straw yellow 
y • yellow brown 
Z :: dark bro.n to opaque 

The absorption i8 : Z'Y?X. The mineral ia optically negative with 

av • 00 to very small. 

In one thin-section, biotite is present in an anount equal to that 

of amphibole. These two minerals compose 60 percent of the volume of 

this rock. They are present together, f'orming poorly-defined bands 
, 

separated by plagioclase-rich layera. The plagioclase Is eonsiderably 

more aitered in this gneiss, the alterat10n having produced serieite 

w!'th some patchea of zoisite, epidote and calcite. Chlorite (penn1mte) 

has for.med along ~e eleavages of some biotite cr,rstals. 

Blbrid ~cka 

Many exposur8s of gabbro close to the contact of ~e granite masses 

show various degrees of alteration. New constituents were added and, in 

many exposures, there appears to have been a complete redistribution of 

the original mate rial. 

Exposures of hybrid rocks were fbund between the l'erland lake 

grani te and the TUrgeon lake gram te, and between the 'l'Urgeon lalœ 

gran1 te and the granites exposed dong the coast. Other exposur8s "ra 

mapped in the area underlain by the migmatites and ri tb,in the granites. 

The alteration of the gabbro in these areas has net been unifor.m 

in aay one body or, for 1hat matter, between one body and the ne%t. 

Indeed, many ot the large gabbro inclusions in the Turgeon le.ke granite 

show relati vely few ettects ot the intrusion ot th.- granite. The 
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contact between the granite and the gabbro ls snarp and an ophltic tex­

ture 1a clearly visible on the weatb.&red surtace 01' the gabbro inclus­

ions. Inc~us1ons 01' gabbro in the J'erland lake granite and the gmi8sic 

grani te, however, show varying degrees 01' digestion by the granite. .AB 

a reault, the rock has little resemblance to the original gabbro. 

One type ot hybrid rock, observed between lakes Ferland aad TUrgeon, 

ls black and very heaVY'. Ferromagnesian minerala are the essen'Ual oon­

stituents, but smll. clots 01' telsic minerals, up te one-halt inch in 

diameter, are present in all the exposu1'8s. COlllDOn green horilbl.ende ia 

the !DOst abundant matic mineral. It forma short primatie orystals in 

compact o~UBters and at random orientation. !bundant magnetite and 

small amounts ot biotite and ilmeni te are present. 'Ble telaic olots are 

oomposed ot aggregates ot anall c1"1stals 01' plagioclase and quartz. 

A. seoond type ot hybrid rock, exposed south ot Tanguay lake, has 

the composition ot quartz diorite. It ia composed ot hornblende, plagio­

clase, biotite and quartz. Apat1te, tounnaline and magnetite are the 

acces80ry minerals. The hornblende 1s anhedral, needle-shaped and 1. 

dispersed irregularly throughout the rock. The plagioclase (80dic · 

andesine) and quartz are present in alJnost equal. sounts. Biotite and 

hornblende occur together. 

The JOOst highly altered varieties ot the gabbro àre tound in the 

areas underlain bY' the migmatites, and, 1n particular, where the migma­

tite is best developed. TheY' fbrm discontinuous, elongated masses .hich 

parallel the strike 01' the gne1ss and represent tortœrllr cont1nuous 

sheets which .ere drawn out and ruptured ~ing the fOrmation ot the 

granite gneiss. A. te. bodies are hi~y sheared. 
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In tGin-section, the rock consists of pleochroic green hornblende, 

chlorite, magnetite, epidote and plagioclase. Much ot the ahlorite has 

tormed as an alteration pl'Oduct of hornblende. A fe .. crystals, however, 

have the outline of biotite and are probably the alteration product of 

that minera1. The alteration of the fe1dsparshss been intense and 

these cryatals are coated ... i th a grey, opaque, fibl'OUS matte of kaolin 

and seriei te. Addi tional minera1s incl.ude quartz, apati te and sphaJle. 

Alteration of the Gabbl'O 

The writer believes that the gabbro intruded the aed1mentary rocks 

as a series of multiple ai11s and dy'lœs durill8 the 1ate stages of the 

initial fo1d1118, but that, in the southem part of the area, tectonic 

lBOvementa further defo~d the l'Oak. In the northern parts of the si1la 

and clylœs, there is no evidenae that tb.e rocks were 1n'V01ved 1n large­

scale tectonic movement. The only s11ls wh1ch are sheared are those 

borde ring th& granite as, for .examp1e, east of Ferland 1ake. E1aewhere 

the l'Ock 1s massive and 18 not ruptured or faulted. ExlJllination of the 

gabbro 1n thin-section tal1ed to Show any physieal deformation other 

than the chemical redistribution of the original constituents and the 

addition of new IIIlteria1. The gabbro has an oph1t1c texture and the 

minera1s are randomly orientated. In the adjacent metase41m1mtary 

rocks, ho.ever, biot1te has a pronounced preterred orientation. In 

addition, a schistosity has been produced in the mica-rich beds. 

In the southern part of the area, the gabbro has been rear,ystal-

1ized to 8Uch a degree tha t the ophi tic texture has been eomp1etely' 

ob1iterated. JUrther.more, the rock has a pronounced foliation, due to 

the para1le1 arrangement of plat y m1œra1s, such as biotite. Mmly 
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sills are highly aheand and. in tha area underlain by the gneiss, the 

amphibolite der1vat1ves ot tne gabbro are trequently drawn out and 

ruptured. 

In the introduotion to the desoription ot the gabbro bod1es, the 

tem "uralite" was pl'Oposed to desor1be the less altered masses. This . 

tem was t1ret applied by Bose (1842) to a minera! with the orystal 

tom ot pyroxene and the structure ot amphibole. ])ma (1947) states 

that the change begins at the outer edge of the pyroxene, transto~ 

it into an. aggregate ot slender amphibole orystals parallel in position 

to each other and to the parent pyro:œne. uraU te gabbro 1s the D8DI8 

gi ven to gabbros whose original. pyl'ODne has been tranatormld to 811.­

phibole (Xohannsen, 1937, pt. 111, p. 228) • 

.ilthough no pyroxene was observed 1n any ot the thin-seotions ex­

amilied by the wnter, the tormer presenoe of that minera! 1s 1ndicate4 

by the excellent oph1 t1c texta.re ot the least-altered representati Tes 

ot the gabbro and the secondary origin ot the amphiboles just mentioned. 

All 1h.e large hornblende crystals contain minute blades of magnati te 

along tbe cleavages, ind1cating that the magnetite 1s a release4 product 

ot the transformation trom pyroxene to amph1bole. FUrther.œore, aeveral 

ot the sills in the eastern part ot . the area can be traced north ot the 

area, and here they have the compost tion of oliTine gabbro. '!'he 

present minera! composition of the gabbro 1s, theretore, cons1dered to 

be due to the urali tization ot pyroxene to.rmerly present in the gabbro. 

In Tiew of the variation and complexity ot the ohemioal campo.it1on ot 

the amphiboles, the a.lteration ot the rock cannat be represented by 

simple ohem1cal equation.. It was probably complex, 1nvolv1ng a oont1n-
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ual redistribution of the original constituents, as well as the addition 

of new material. In soa places, a single amphi bole cry~tal occupies the 

former position of the p1'roxeœ, whereas else.here, compact f1bl"OU8 and 

slender pri8matic crystals of amphibole, in both parallel and random 

orientation, are present between the plagioclase laths. Some of the 

fi brous amphibole has tormsd b1' the replac8lDl!tn t ot the large hornblende 

crystals. This phenomenon wa8 observed in thin-section. In plain ligbt, 

• large prismatic crystal bas all the appearance ot a single crystal. 

How.ver, when examined .ith crossed nicols, what app.ared to be a single 

crystal, 1a seen to consist or unreplaced re11cs ot large hornblende 

surl"Ounded and penetrated b1' compact fibrous tremolite and actinolite. 

As a r8sult ot the alteration, the emount ot amphibole increased 

and the amount ot plagioclase decreued. This 1s shawn b1' the replace­

ment ot plagioclase by amphibole end the greater amount ot amphibole in 

the more highly altered types. At the S8.D18 Ume, the amphiboles re­

acted with the plagioclase to produce the sOda-rich hor.nblende whieh 

to:rms a mantle around both the large hornblende crystals and the t1 brous 

masses. A turther ettect ot the alteration was the tormation ot 

abundant sphene in the more highly altered gabbro. This mineral 1s 

asaoclated with 1lmen1te, wi th which 1t 18 1ntergrown. and around wh1ch 

it torms a mantle. The association ot these two minerals indicates 

that the sphene 1a derived :from the ilmenite. 'l'1lle1'- (1921, p. lOS) 

represents the reaction by tna fOllowing equation: 

Oa(Œ)z + TiOt. + Si04; : Oa Ti SiOs -+ H .. O. 

The Oa(OH}2. and the SiOt. are considere4 te he released pl'Oducta ot the 

uralization ot p1'roxene. That new material has been introduced, i8 
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shown by the presence ot blot1 te in the more higb.ly altered varieties. 

Biotite doea not occur in the less altered gabbro and its presence, 

theretore, indicates tbat potassium. and water haVe bean 1ntrodueed. 

Jpatite and tourmaline are addi t10nal minerals which, altbough present 

1n the least alteNd varieties, are moN abundant in the h1gbl.y altend 

gabbro near the granite. 

The causes ot ural1tizat1on haYe been described only brietly in the 

, literature. Duparc and Honung (1904) IStlggest that atter tœ pyl"Oxene 

has Cl'7stall1zed in the magma, lt 18 aoted upon by the residual magma, 

transtorming the pyroxene lnto patchas of amph1bole. Later, Daparc 

(1908) atat8d that the phenOlDetnon ot uralltizatlon 1s cont1ned ch1etly 

to teldspathio IOoks and he attributed 1t to a latar 1njection ot felds­

pathic magma. Colony (1923) concluded that uralltization oan be a 

deuteric change and that the resulting ural1 te shows great penetrating 

po_ers by invading the teldspar in every direction. Schwartz (1939) 

states that urali tization is a traquent pl'Oduct ot hydrothermal alter­

ation, but tbat 1t may take place œring metamorphis:in ot various types. 

Oliver (1951) concludas that ~e ura11tization ot the SUdbury norlte 

took place without any important change in the chemical compo.ition ot 

the rock. He belleves that the proeess was oaused by a res1dual. llquid 

earrying small BDDunts ot 81l10a and alumina. 

The prevailing med1um- to fine-gra1œd te:rlu:re and the presence of 

fine-grained ohilled borders of the gabbro aills, 1ndicates that the.y 

oooled qUickly. Very coarae-grained facies only oecur in the central 

part of the large bodies. lnt these are rel.e.tlvaly rare. The etfect ot 

the 1ntruaion on the sed1mental'7 rocks ia lIOderate. Epidotizatlon and 
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amph1bo11t1zat10n are oonf1ned to w1thin a fe. inehes of the contact. 

Seapol1te has been formed over a greater distance, but the alIDunt is 

small. No high temperature minerals, auoh as dlopside and wollastonite, 

were observed in the calcareous quartz1te. It appears h1ghly improbable, 

therefore, that the alteration of the gabbro was produced as a late 

magmatic or deuteric stage. 

The distribution of the altered gabbro masses in the area 1s such 

that the most al tered types are tound close to, or betweell granite 

masses. The presence ot minerala such as apat1 te and tourmaline in 

increasing amounts toward tbe gran1tes, the formation ot biot1te and, 

tinal.l.y, the introduction ot quartz close ta the granite bodies 1nd1cates 

that the gran1 te was respons1ble tor the alterat10n ot the gabbro. 'rhe 

abova minerals, pB.rt1cularly blot! te and quartz, are too abundant to be 

explained entirel.y as a rearrBDgement ot the constituents ot the rock, 

and it is concluded, therefore, that the mat.rial to torm. t~m has bas 

intrOduced. 

O1'1$in ot the Gabbro 

Th1s area, and indaed a large sec·tion ot the north shore ot the 

Gulf ot st. Lawrence, 1s oharacter:lzed bY' multiple aills and dY'kes ot" 

gabbro. TheY' range in composition trom tresh olivine gabbro-diabase to 

various metamorphic derivat1ves .uich have an extremely- diverse mineral­

ogical composition. Theae gabbro bodies are in close pro%1m1 t;Y to a 

number ot large a.œrihosite masses. The1r exact number and their 

dimensions are still unknown, \:nt theY' have been observed for a con­

siderable distance north. ot Havre st. Pierre. tthe ege rela:t1onsb.ip 

between the gabbro and the anorthosite has not been provan conolus1vel;y. 
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'l!le ava1lable eT1dence, oollected b7 Betty (1944) and Olaveau 

(1949), aloug the Bc>DB1.ne r.lver 1nd1cates that the gabbro 1a th. 

younger l'Ock. 1'he assoc1at10n ot these two rooks Indicates tbat 

they may be related genetically. 

Buddiugton (1939), who st11d1ed the anorthoaite and the re­

lated gabbros in the Adirondacka, discusses the possible methods 

by which gabbro may be derived trom the parent &llDrthosite. 

Accord1ng to one .hypothes1s, the gabbros may be ot the nature ot 

residual liquid trom crystallization ditterentiation duriug 0001-

ing. In th1s oase, the composition ot the plagioolase should be 

less caleic than that ot the anorthosite. On the other band, it 

the gabbro .ere the product ot partial melting ot primordial 

gabbroic or no ri tio anorthosi tic horizons ot primordial layers, 

then the plagioolase ot the gabbro ahould be more caloic the that 

ot the anorthoaite. The composition ot the plagioclase in the 

anorthosi te north.est ot the ana varies beneen .An50 and .An56. 

In the present map-area, the leaat altered gabbro contains plagio­

olase ot thecampositlon An47. Kowever, these cr,rstala are 

probab17 les8 oüc1c than the plagioclase ot the origial rock, 

in vi" ot the tact tba.t, in 1iIle transtormation trom pyroxene to 

amphibole, . calcium. ia talœn up by the œwl.y tormed amphibole at 

the expense ot plagioclase. It ia concei vable. theretore, that 

the plagioclase. prior to . the uraU tization ot the gabbro, •• 8 

considerablymore calcic. The orlgln ot the gabbro, theretora, 

can he explalned by the seoond hypothesis. 

Coneldering the derivation ot the matic magma, Buddington 
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(1939, p. 220) states 

H ••• the deepseated anorthosite horizon might 
pernaps be banded with layers ot noritio, 
trooto1itic, or gabbroic anorthosite. SUch 
more matie bands might be eomplately' molten at 
the S&m8 tampe:rature at whieh 1he anorthosite 
was only partly' lIBlted to yield the magma ot 
assum.ed composition. Such more matie miœrals 
wOuld, however, be ot h1gher density than the 
less matic nagma and would tend to settle out 
as units trom it and not necessar11y appear as 
contemporaneous tacies. Daly (19l4) observes 
that, 1n general, 'the temie pole whioh would 
settle at the bottom would remain there in­
visible unt1l a later eruptive ettort torces 
1t up through the anorthos1te or country l'Oak,.n 

The above explanation tor tœ or1g1n ot the gabbro, as suggested by 

Buddington and Daly, 1s cons1dered by the .. ri ter to be qui te plaus-

lble. 1he gabbro 1s closely' related in t1Jœ 110 the Dortho.Ua tor, 

as tar as ls known a.t present, there 1s no 1ntruslve event in the 

Ume scale betYIeen the emplacement of the anorthosi te and the in-

tru.lon ot the sills and dykes ot gabbro. 

Gneisslc Granite and Pegmatite 

Introduction 

Gne1ssie granite 1s exposed west of Johan Beetz, between 

Corneille river and Long Point. west of Corneille river, a band ot 

gneissic granite, one-quarter to one-halt mile wide, extends east-

ward to App1titatte ~. 

The 11 thology ot the gne1ss1c gran1 te ls ta1rly unlform. In 

geœral, the l'Ock: ls coarse-grained, p1nk or light gray and strongly' 

gne1ss1c. The gne1ssose structure 1s clearly v1sible in band 

specimen - thln discontlnuous seams ot biotite alternate with 

narra. bands composed ot elongated orystals of teldspar and quartz. 
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Pet rography 

In thin-seotion, the rock is coarse-grained, allotriomorphic 

and inequigranu1&r. The essentiel mineral constituents are quartz, 

35 percent; potaah teld.par, 35 percent; plagioclase, 17 percent 

and biotite, 13 percent. i'he average grain size ot the minerala 

1s 0.9 Dm. 1n diameter. 

Q,uartz is xenomorph1c. Invar1ably i t is strained and some 

grains are tractured. Lines 0 t inclusions and bubblea were 

observed to out ind1ser1m1nate17 across severa! cryatals, but 

theee have no preterred orientation, Equid1menslonal c17atals ot 

microcline and EDall, irregular patches of miCl'Ocl1n8 ":re ob-

S8rv8d tilling the interstioes between plag10clase and quartz. 

Microoline is altered, but only sllghtly, to sericite. Plaglo-

o1&se fbrma stubby lath-shaped cr,yatals which have been altered to 

sericite. Wh&re the alteration has been intense, secondary albi.te 

forma a el.ear mentle around the crystals. The compos1 tion ot the 

plagioolase is Anl7. Irregular long narrow stringers and patches 

ot plagioclase are intergrown wi th micl'Ool1ne, forming microper-

th! te. Olusters of biotite cr"atal.s in parallal orientation torm 

long, narl'OW seams, givlng the rock a distinct tol1ation. Rare17 

does 1t occur as single cr,rstals. Biotite is pleoohroic as 

follows: 

x = yellow brown 
y :: golden brown 
Z • very dark green to opaque 

1'he absorption 1s: Z> Y>X. The miœra! 1s opt1cally negati ve w1 th 

2V ::a vert small. 



... 94 -

Alteration of the biotite bas been intense, produeing ahlonte 

along the c18avages. 'lbe optical properties of th1s minera! are: 

The chlorite 1s p1eochl'Oic .i th X • colour1ess to ye110. green, 

y = green, Z • green. The absorption 121: X<Y = Z. The minera! ia 

uniaxial negative. These properties aild the -ultra bluelt intel""­

terence colour are ab.aracterist1c ot pennin1 te. 

Small •• dge-ahapecl cr,ystals ot sphene and subhedral crystala 

ot apatite are inc1uded in biotite. 

J'1e1d Blla.tionahips and Me 

All the availabl& evidence 1n the tield indicatesthat the 

gram te 1s younger than the .ed1mentar,y rocks and gabbro, but older 

than the medium-grained massive biot1te granite. 

The contact bet.een the sed1mentar,y rocks and the north and 

ee.st edge of the gran1 te is abrupt and sarp. The gram te contains 

inclusions of quartzite, sch18t and gabbro wh10h have been penly 

digested by the granite. Oylœs of medium-gra1118d mass1ve granite 

cut sharply acros8 the gnei8s1c granite et a high angle to the 

foliation. :Burther proot tUt the gram te i8 older than the 

madi~gra1ned mas8ive granite, 18 shown by t.o stocks of the 

younger granite which are 1ntrusive 1nto the older rock. Thase 

younger granites also contain blocks of gneissic granite as inelu­

sions. 

The fOliation of the granite 1s parallel to tbe soh18toa1ty 

and beclding of the surrounding .tased1mentary rocka, ancl th1s 

1nd1cates that the emplacement ot the granite took place betore 

the comp1et1on of reg10nal metamorph1sm.. The pattern produoed by 
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the fol1ation 1s remarkably consistent with the attitude ot the Intruded 

sec1imentary rocks. The tem "mantled do_li (Iskola, 1949) could be 

appl1ed to th18 teature. 

Eù:ola has studled the probl.em ot mantled domes ln the Kare11d1c 

zone ot J'1nland and later the domes in Maryland. He believes that the 

domes have been pl'Odœed by a prooe.s ot grani tization, wherab,. pm­

exlat1ng intrua1ve granites were made mobile dur1ng tectonic movemants 

and •• ra foreecl up.ard, lifting the over171ng country l'Ook and Injec'tlDg 

Into 1 t. '!he grani tlzati.oD, wh1 ch accompanied the domiDg. caus_d the 

upriaing o~ treah granltic material and tnla granite magma collected 

into 8eparate Intm8ions, whlch tore_d their • .,. thl'Ough either the 

domes or the eountry rock. 

The mantled dome ot this area is s1m1lar to those deBcribed br 

bkola. However, the 70unger granite masses of the &rH are tar too 

large to be conaidered as the result Ot palingenesis of an older granite 

intrusive. !i.>reover, they have the charaoter1stloa of late kinematic 

intrusions. 

Although the goai.sic granite appears to be Injected into the 

country rocka, 1 t dosa not follow that the wr:t ter postulat es an 19neous 

source for the rock. wnether tae granite is a differentiation pro~ct 

of a magma or the 1"8sult Ot fUsion of older rocks at depth la not knoW11. 

There ia an absence of granite d,.Jœs in the aurroundlng country rock of 

appropriate composition other than the massive tine-grained dykes which 

eut all the rocks and are probably related to the younger granite. The 

gradation fl'Om the Jl8tasedi.mBnta17 rocks on pu,.jalon Island te migma-

ti te and hance to gIleissic gran1 te. suggests that the two rocks are ra-
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lated genetically. 

'Ble migmatites in the eastern part ot the area also sem to be 

related to gneissic granite exposed east ot the present map-area. 

This leads to the poasibllity that tha granite may be tme r8sult ot 

palingenesis and that the "new born" magma intruded the overlying 

l'Octa, partly by the process ot doming. as auggested by Kamla, and 

comparable to the lftaDDer suggested by MacGregor and 'I11son (1939, 

p. 201) whereby !IObile migmatltes are injected into the non-mobile mig­

mati tes or hast rock and baTe sharply det1œd contacts. 

Thare la ample eTidence in the area ot two ages ot pegma.tl tes. 

The older group generally forma narra. allls and dykes wh1ch cut the 

metased1menta1'7 rocks and m1gmati te. These pegmatites teather-out 

along the tol1ation ot the m1gmati tes and the schistos1ty ot the sohist 

members ot the metasedimentary rocks. The younger group cuta Ind1a­

cr1m1nately across the older pegmat1 tes and has well detined sharp con­

tacts .lth the enclosing rocks. They are usually coarser-grained and 

larger than the older group. :rurthermore, the old pegmatlte. haTe 

been detol.'Dled (Plate 13, J'ig. l). whereu the younger pegmatites are 

undetormed. The f::trst group ot pegmatites were Intmde4 beiore the 

em;placemant of the young granite. Dykea or medium- to tine-srained 

gran! te were obaerred cutting pegmatite and, in turn, both tbaae rock 

types are eut by the later pesmat1tes. The medl~ra1Ded s~lt. COD­

tains lncluaions ot quartzite and schiat injectecl by pegmatites (Plate 

13. Fig. 2). !hase inclusions haTe sharp contacta with the enclosing 

gl'8lÛ te. The granite bas been intruded by later large coarse-gralœd 

pegmatites. 
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PUTE 13 

Fig. 1 Deformed pegmatite s111s forming 

boudinage structure. 

l'ig. 2 Inclusion of quartzite and sch1st cut by 

pegmatite 1n granite. Note sharp contact. 
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J'erland Lake Granite 

Introduotion 

An area ot approximately ten 8qUal.'e ~lea in tha north_e8t cornar 

ot the map-area la undarlaln by coarae-grainad granite. Thi8 l'eek 

varie8 trom l"8ddish plnk to grey and ls generally massiva. The ctta-

tillOtlTe teature ot the l'Ock la 1Ile large aize Dt the teldspar cryatala 

in compari80n to th.e re:maln1ngmineraJ.a •. In SOllle axpo8Ur8s, these are 

lath-ahaped and have a preterred orientation parallel to the contact ot 

the granita. ~olnting in the granite lB very pronounoed, one set 

atrikes approrlmately at r1pt angles to the contaot and a second set 

is parellel to 1t. 

Petrography 

In thin-seotion, the granite ls coarse-gra1ned, hypidiomrphia and 

inaqulgranular. The large teldspar crystala impart a porphyritic tax-

~ to the ~ck. 

'!he average Mineralogiesl ctompositlon ot three thin-.. ctions ot 

th1s granite ia: 

Q,Uartz 
Potash l!'eldspar 
Plagioclase l!'e1dap&r 
Biotl:te 
AcceBoSones 

25 percent 
40 percent 
20 pel"08Ilt 
15 percent 
magnati te, sphene, apat1 'la, 
zircon 

Crystala ot mic1"Oc1ine and plagioclase te1dapar, no csntimetera long 

and mre the one oent1meter ride, are eDeloaed in a matrix ot quartz, 

biotite and teldspar. '!he plagioclase ia invariably altered to senci te, 

_hereas the micl'Ocl1ne is relatively tresh. The compoaition ot the pla-

gloclasa ia ADl9. Many 1ath-shaped microcl1ne cr,yatala contaln alterad 

remnanta ot plagioclase. 'lOngues and apophyses ot tresh microcl1ne _ere 
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observed eat1ng into the large plagioclaae crystals, indicating that 

th1s miural has been partly replaced by microcl1ne. 

Quartz ia clear and has an undulatory extinction. Plat y orystals 

ot biotite tom cluaters in the IDIltrb: and single grains are present 

between quartz and teldepar. The biotite ie pleoohrolc with X • 8traw 

ye11o., Y • olive green, Z = grase green. Th8 absorption i8 Z>Y;>JC. It 

is opt1cally negative with a very small optic anglEt. All but a te. 

crystals have been al tered t.o chlorl te (pennlni te). This mineral ia 

uniu1al, ugaUve and has abnormal blue interterence coloure. Bath 

potaeh and plagloelase teldspar are present in the matrlx. Potaah 

teldspar (microcline) 1s highly altered to serle1te and kaolin, 1 wh.raas 

thealteratlon ot the plagioclase la maderate. In one thin-sectlon, 

quartz and microcl1ne are lntergl'O.n ln granophyr1c tashion. 

ot the aooessory murala, magnet! te and aphene are present only 

in the matrlx. Zlrcon torma inolusions in biot1 te and apatl te ls 1D­

cluded by all the essent1al mineralse 

Field Bllationship and Age 

ihe age relationah1p betnen the granite, gabbro and aed1mentllr7 

rooks 1. well •• tabl1sbed. Numerou. inclusions ot gabbro and metued-

1mentary rocks .. re obserY'ed in the granite. '1'hey have a wide range ln 

slze and are irregular in shape. The attl tude ot" the bedding ot the 

quartzite ls dltterent ln eaah lnclus10n and dltters trom theattltu4e 

ot th. quartzite ot the country rock. 

This granite ls aeparated tl'Om tœ 'rurgeon lake granl te by a wide . 

band ot œtaaedlmentary rocks and gabbro. Consequantly, the age re­

lationship between th.' two bodies ls unknown. Petrographiaally, the 



- 100 -

'rurgeon lake granite is finer-grained and fairl)r homogeneous. South­

west of Ferland lalœ t wo narro. dylœs of medium-grained pink grani te , 

wh1oh, in hand speciœn, resemble the aouthern granite, out the 

lrerland lab massa This suggests tha.t the l!'erland lam granite i8 

older than the TUrgeon lake body. 

*dium-Grained Pink Bioti te Grani te 

Distribution 

Four, more or less, distinct unite ot I118dium-grained pinkbiot1te 

grani te are exposed in the map-area.. The largest of these, the TUrgeon 

lake gram te t underlies approximately 53 square miles in the western 

halt of the map-area. It extends f'rom the south side of Tanguay lalte 

to a point 2 miles north ot TUrgeon lalœ in a north-south cttreotion. 

and t1'Olll , the east sicle ot Little Piashti lalœ lfesward beyond the west 

l1m1 t of the map-area.. 

~o small stooks al'8 e:1:poaed along the coast. A.t J'ohan Beetz. 

biotite granite extends fram Mine Bay te a point 2-1/2 miles northwest 

of the village. The J'ohan Beetz granite is dlvlded into wo parts by 

a band ot quartz1 te and schlat, which outcrops east ot the Village. 

The Corneille river granite extends tram the mouth of Corneille river 

weaward to about a mile east ot App1 t ,1 tatte bay, a distance of tour 

miles. It 1s e:x:po8ed north trom the ooast tor a martmum d1stanoe ot 

one mile. 

'l.b.e tourth gran1 te stook outOl'OPS over an ares ot haa than one 

square mile around the- north.est bay ot yilleneuve lake. Gran! te 1s 

exposed on a small island wo and three-quarter miles east ot J'ohan 

Beetz and on the weat si de ot Watshishou Knoll. 
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In general, the composition and tenure ot all the granite masses 

are s1m1lar. Quartz, potash teldspar, plagioclase teldspar and biotite 

are the essential constituents, but the relative amount ot these 

minerala varies slightly in each grani te. 'lb.e TUrgeon lake granite con-

tains more plagioclase and hss potash teldspar than any ot the other 

bodies. 1he gram tes are medium-grained and massive. Sl1ght ditter-

encas in texture were notad within aach mass and between any two sapar-

ate bodies. For example, west ot Little Piashti lata crystals ot miCl'O-

cline feldspars, measur1ng trom oœ-halt to two inches long and one-halt 

inch wide, impart a porphyri tic taxture to the granite. North.est ot 

Tanguay lake, the parallel orientation ot b1ot! te flakes g1 ves the gran-

i te a slight graiss1c structure. Jl:)st ot the COrne~lle river gran1 te is 

massive, but in some places an obscure foliation was obsenad. 'lbe 

Johan Beetz and Villeneuve lake stocks are mass1ve. 

Petl'Ography 

In thin-seotion, the gram. te i8 med1ua-grained, b.ypid1omorph1c and 

inequigranular (Plate 14, lI'1g. 1). The mineralogical composition ot 

the l'Ock is shown in the table below. 

Q,uartz 
Potash Feldspar 
Plagioolase 
Biotite 
Âccessories 

25 - 35 percent 
30 - 45 percent 
15 - 25 percent 
5 - 15 percent 

magnetlte, apatite, sphene, 
zircon and epidote 

The average grain size ot the granite is 0.5 mm. in diameter. ~artz 

torma interlooking anhedral orystals, which contain small gas bubbles 

and flakes ot mica. Most Dt the grains show undulatory extinotion. In 

two tbin-sections, taken fram speoimens ot the TUrgeon lake granite, 

amall fraotures in quartz bave been tillec! with secondary quartz 8Dd 
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H.A.TB: 14 

Fig. 1 Photom1cl'Ograph of IIIBdium-grained biotite 

gremi t e . Crossed nicols. (120) • 

Fig. 2 Inclusion of · quartzite in 'l'I1rgeon lalœ 

gram te. Note aharp contact. 
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small crystals ot white mica. Small oval-shaped graina ot quartz are 

1ntergrown w1th miorocl1ne 1n ~rmeld tic tash1on. The predominant 

teldspar ot the rock 1s microol1u. This mineral toms equidimensional. 

and lath-ah~ed crystals. 1he lath-shaped c1'7stals contain 8DlÙl 

1rregular patcbes ot altered plagioclase. 'l!l1. teature .eus observed in 

three thin-sectioI1.8 ot tha Targeon lake granite. Small irregular shaped 

Cl"Y'stals ot microcllne .ere observad between the larger minarals. Where 

they are in contaot .ith plagioclase, ton~es and small apophyses ot 

miorocl1ne enoroach and partly replace that mineral. !the composition ot 

the plagioolase varies betYIeen A.nl4 and .Anl7. Invariably, i t is lath-

shaped and a tew Cl"Y'stals have curved cleavages. Albite and Oarlsbad 

triIl.Il.ing were' observed in most crystals. 

Biotite ~rms elongated tabular-shaped crystals. They are o~ 

pletely enclosed by microcline and ware observed interstitiel to al! 

minerala. B1ot! te 1a pleochroic; X • straw yellow, Y • grass green, Z • 
. 

dark green to opaque. ~e absorption ia Z> Y>X. '!!le mineral 1s biax1al, 

negat1ve and has a 8lI8ll optic angle. ~t1te, apatite, aphene and 

zircon torm amall inclusions in b10ti te. but a~ one or all ot these 

minerals lDIl,Y be absent. Ziroon, it present, is surrounded by pleoehl'Oio 

halos. Elsnhere, the aocesso1'1 minarals tom. sœU subhedral to 

euhedral orystala scattered throughout the l'Ock. Micrescopic crystals 

ot sphane t1"8quentl.y tom a caating around magnetite. l!.lsoov1 te an4 

ep1dote were observed in one thin-section. '!!le musoovite toms an inter-

grorih wtth biot! te. Severa! small crystals ot epidote oocur between 

quartz and teldapar. 

The teldapars and biotite in the granite have been altered, but the 
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alteration has been moat intense in the Villeneuve l.ake mass. The 

alteration ot the microcline has produced a smll 8IIIOunt ot sericlte 

and kaolin" wheraae this alteration has been more intense in the pla­

gioclase. Severa! plagioclase orystals are ooated with a thin film ot 

albite wh1ch, in 8&_ cryetals, has part~ replaoed that m1œral. 

Ohlorlte hae fbrmed at the expenae ot blotite and ls now lntergrown 

along the cleavages ot that mineral. 

D;rkes ot granite are numerous throughout the southern part ot the 

area. 1.hey are fine-grained and pink coloured. M1neralogical~, they 

have a composition s1m1lar to the larger granite masses. The dykes 

oontain considerable more secondary albite than the granite. This 

mineral has tilled the interstices between ~e teldspars and veinlets 

ot albite have replaced both the microcline and the plagioclase. The 

greater part ot this replacement is contined to the outer edges ot the 

crystals, torming a saw-tooth type ot perthlte. 

Field Relationahip and Age 

'lbe intrusive character ot the granite cannot be doubted it one 

examines the geological map _b1ch aocompanies this thesis. All the 

grani te bodies e%hi bi t oroas-cutting relations _1 th the surround1Dg 

rocks and large tongues ot granite out indiscr1m1nately ac1"OSS both 

the metasedimentary rocks and the gabbro. The grain Bize, ot the gran­

i te is variable, but, as an average condition, the smaller bodies and 

granite dykes are fiD8r grained. The contaot between the granite and 

incluslons conte.ined therein 18 sharp (Plate 14, Fig. 2). ~ in­

clusion. are trequently angular and have no mutual orientation. Tbe 

oontaot batween the large gran1 te bodies and the quartzite is well-
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detinad. These tacts verity the hypothesis that the granite crystal-

l1zed trom a silica-rich malt. 

The gran1 te is younger than all the Precambrian rocks, except the 

younger pegmatite. The cross-cutting relations between the granite and 

the metasedimentary rocks and gabbro have been described. Inclusions 

ot granite gneiss and gneissic granite were observed in the Corneille 

river granite. Granite qykes were obsened to cut all the older rooks. 

Large pegmatite dykes and irregular masses of pegmatite cut al! the 

granite masses. except the Villeneuve lake body. At several localities 

north of Turgeon lake, narrow pegmatite dykes fill fractures in the 
. 

grani te. This indicates that these fractures acted as a passage tor the 

pegmatitic solutions. 

The close association bet.een the Turgeon lake, Corneille river and 

Johan Beetz gram tes. their textura! and mineralogical similan ty and 

age, suggest they are geneticallr related and probably contemporaneous. 

They probablr join to tom a single body at depth. The Villeneuve lake 

granite is believed to ba an outlier of the main intrusion. 

Mechantes ot Intrusion 

'!ha macl1anics ot intrusion ot granites are extremal.y comp1ex and DO 

single hypothesis has been advanced which will explain, satistactorily, 

a11 the teatures obsenad around many granita masses. That certain 80-

cùled "granites" have been tormed in place by the replacement ot pre-

eXisting rocks is recognized by many geologiats. No conclusion has baen 

reached as to the mechanisms by which the granite reached i ts present 

position in "the earthts ONst, eTen among the geologists who favour the 

int1U8ive hypothesls tor Ute or1gin of granita. ot the various mechan-

isma which hav~ been advanced, magmatic stoping and forcetul injection 
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have received favourable consi4eration. Ho.ever, .h1ch o~ thase tlfO 

processes has been moat active is still undecided, one group faTours 

the rOrIlBr mthod, .hile another group considera torcetul. injection as 

the dam1nating procesa. The literature on tne aubject is too large to 

revin at this time. .An annotation of 8elected papers on the mechanics 

of ignaous invasion has been compiled under the auspices or the Oommittee 

on Batbolith Problems of the division or Geology and Geography of the 

National Re8earch Cauna1l, Washington, D.C. e;Jundeen, 1935). Ja)st o~ the 

controvers~ 1a undoubtedly the result or persona! e%perienees which may 

have been 10ca!1zed in one area .here a.ll the available evidence favours 

one method over the oth&rs. However, in the present state of our kDowl­

edge, 1t is impossible to state the relative importanoe o~ these various 

mechanisms. 

The evidence colleeted during the mapp1ng of the J"ohan Beetz area 

indicates that at least three methods have been employed b~ tbe granite 

during its ascent through the earth's orust. It was not possible, how­

ever, to conclude wh1ch of these methods had been most active, although 

two searn to have predominated over the other. 

Magmatic stoping, forcef'ul injection and assimilation o~ the atopad­

out blocks are considered to have taken place during the intrusion. 

North of TUrgeon lake the sediments str1ke 80uth and clip eBat be­

tweeD 3cf and 100
• Hear the contaot o~ the gram te the~ have been fOl'Ced 

asid8, away trom the oontact. The dips ot 'the sediments in this ar8& are 

:tram 50~. ta vertical. 'Ibis 1a well 1l1ustrated on tl» aast si4e ot the 

TQrgeon laka granite .here the sediments and gabbro are in the torm ot a 

bulge, nose concave s1de taoes the granite. A e1m1lar phenomenon was 
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obs.rved north ot the granite expoaed at Mine Bay. At the contact with 

the granite the southwest trending sediments have been detlected to the 

east and southwest. An examination ot the geologic81 ~p. which aoo~ 

panie. this thesis, will illustrate this phenomenon. The map a180 

shows tbat the sediment. invariably dip away trom the granite. This 

SUHests the intrusion was accompanied by doming ot the overlying .ta­

sedtmentary rocks and gabbro. 

A description has already been made ot the inclusions ot the older 

rook types contained by the granite. Becauae ot the wide variation in 

the size ot the inclusions, it was possible to show only the large 

bloct. on the map. The oontact between the granite and host rock ia 

vary irregular and several large tonguea pro ject into the surrounding 

country rock. These have partially iaolated large bloeka ot country 

rock. Weat ot TUrgeon lake a long narrow xenolith ot quartzite has been 

almost completely dstached tram the sediments ot that area. These tea­

tures are oonsidarad to be evidence tbat magmatic atoping WBS the aecond 

mechanie em.ployed by the granite during its intrusion. Most ot the in­

elusions have sharp well-detined contacta, but some, partioularly the 

amaller tragments and tho.e which are highly sheared, suoh a8 the varioUB 

mica schists, have been partly digested by the granite. This SUgg8st •• 

tharetore, that, although the granite has ass1m1lated some ot the stope!" 

out bloots, the proeess wa. relatively moderate. 

No structures, such as marginal tissures, tlow lines, tlow layers 

and taults, .are recognized in the tield. Detailed mapping ot the gran~ 

it. and its eontact May result in outlin1ng such structures which would 

allow a better understa.nding ot the mechanics ot intrusion ot the 
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granite. It is conc.ivabl., ho_eTer, that _gatie stoping, tore.:tul 

injection and possibly minor assimilation were active during the 

granite intrusion. 

Pegmatite 

S11ls and dykes ot pegmatite are the youngeat rocks in the ar ••• 

They .er. observed cutting all the other Precambrian rock types and in­

clusions ot quartzite, sChist, gneiss and gabbro .ere seen in pegmatite • 

.1lthough pegmatite dykea are eommon throughout the area, they are 

most abundant and ot greatest size in the vicinity ot ~uetachou bay, 

.here many dyos are more than 1000 teet wide. Large pegmatitell are 

also exposed bet_een Quetachou bay and Watshishou Knoll and eallt ot 

Little Piashti lake. Several dykes and numerous streaks ot pegœatite 

are cO!IIII1on along the coast. 

All the dykes are characterized by ~requent pinching and .welling 

along their strike. 

The pesmatites Tary greatly in grain size. The most coarllely 

crYlltalline types .. re observed in the vicinity ot ~u.taohou bay, where 

orystal. ot teldspar up to one toot aorosll are common. Crystalll ot 

teldspar, measuring three teet by t_o teat, _are observed in the pegma­

tites on eaoh s1de ot ~uetachou bay. These very coarse-gra1ned pegma­

tites are composed predominantly ot microcline and orthoelase. ~uartz 

ooeurs interstitial to, as well as in graphie intergro.th with, the 

teldspar (Plate 15, lige 1). This phenomenon i8 clearly visible in band 

specimens ot the rock. SolDe teldlSpar crystala, ho.ever, are relatively 

rree ot quartz, but they constitute only a small percentage ot the peg­

matites. Sou. biotite and muscovite are present and, 100allJ, the latter 
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PLATE 15 

J'ig. 1 Photomicrograph of pegmatite showing inter­

growth of quartz and microcline. Orossed 

nicols. (n5). 

ng. 2 Pegmat1 te dylœ cutting quartzite, one and 

one-quarter miles e&st of Gull Island. 

NOte Bhallow dip of dyke. 
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is abundant. The muscovite crystals are ot large Bize, but have b.en 

shattered by tsctonie detarmation to aueh an e%tent that it is im­

possible to obtain a aheet more than tour inches across. 

The tlner-grained pegmatites are composed essentially ot quartz, 

potash teldspar (mi cr oc 11 ne and orthoclase) and a sma11 aDl)unt ot BlUS­

covite. Tourmaline crystals up to one inch long and one-quarter inoh 

wlde w.re obsened in soma ot tbe d1kes neer Q,uetachou bay and FerlanA 

lake, but the amount is IJIIl8.ll. Many dykes contain streaks ot tine­

gralned granuler quertzitl. material rich in garnet. Other minerals 

locally present include magnetlte, and, more rarely, beryl. 

The contaot between pegmatite and gabbro is sharp, but between peg­

matite and quartzite the contact ls, ln plaoes, gradational, partioularly 

where the dykes pinch-out. Thi. ia eonsidered to be due to the assimil­

ation ot the quart.ite by the pegmatite ln thes. areas. 

Th. majority ot the dyke. have a steep dip. One mile eaat ot 

Q,uetachou bay, however, pegmatite torma the centre part ot a large pen~ 

insula and quartzl te and gabbro are exposed around the shore. Where the 

oontaot ls exposed between these rocks, the pesmatite was observed to 

"ait" on the underlyin'g quartzite and gabbro. The dip ot the contact in 

this case dipa 25 degrees to the west (Plate 15, Fig. 2). 

The headland,ot which Watshlshou Knoll la a part, la tor.med partlal­

ly ot pegmatitic masseB whlch trend northeast and dlp ScPnorthwest. The 

pegmatite here ditters tram that encouniered in any other part ot the 

area. !hiB rock, as well as the quartzlte and amphlbolite whlch lt in­

eludes, has been thoroughly brecciated and recemented wi th opaque, milky 

white quartz ln an lntrlcate m8sh ot small veinlets. In plaoea, over 
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one·halt ths volume ot the rock ia quartz. Considerable hydroihermal 

alieration, probably related to the introduction ot the quartz, has 

atteoted this zone. Quartz ridges extend northeastward along the line 

ot strike of the zone tor a distance ot two and on .. haltmiles. 

Owens (1951) belisves ihe introduction ot the quartz took place tollow. 

ing toldins, reorystallization and traoturing ot a large band ot quartz­

ite bet_een silla ot amphibolite. He oites evidence that the deposits 

are oontrolled by drag tolding and rupturing ot the quartzite during 

the tormation ot the antloline east ot Watshishou Knoll. The quartzite, 

being more brittle than the adjaoent amphibolite, was eaaily tractursd 

and later penetrated by quartz, whersas the Bmaller quartz beds were 

proteoted by bands ot amphlbolite wh1ch acted as a barrier to th. 

migrating solutions. 

The distribution ot the pegmatite dyXes in the area suggeats that 

they were injected along a zone ot weakness, coinciding wlth the lin. 

ot contact between the quartzite and gabbro and, to a lesser degre., 

into the quartzite and gabbro alone. 
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STRUCTURAL GEOLOGY 

Introduction 

The ganeral stractural trends ot the area are c18ar1y retlected by 

the distribution ot the multiple sills and dy-kes ot gabbro, as sbown on 

the accomp8llY'ing map. Thus, in the northern part of the area the strike 

ot the metased1mentary rocks varies beneen N.15° X.and N.40° W. This 

general trend changes abruptly in the southern part ot the area and 

south ot Ferland laka to a south.est direction. South ot Tanguay laka 

tba strike ot the 1brmationa is about due west. St1"l1cturea obs.rYed in 

the matased1mentary rocks which were u8atul. in intarpratlng the 

structure are, pr1mary bedding, ripple marks and cross-bedding. Locall.y, 

the Hat wo stracturea are well enough preserved to give a rellable 

indication ot tne direction ot tops. 

In the southarn part ot the area, the mtasadlmantary rocka, par­

ttcular,q the micaceous members, and the gabbro have been sheared. All 

the mck types are traversed by joints. No structures whioh could be 

recognized det1n1 tely ta be taults wera observed. 

Folding 

The attitude ot the metasedimentar,y rocks in the northern part ot 

the map-area indicates tnat they have been tolded into two anticlines 

and two synclines. The strike or the formations 1s generally due north, 

except beneen Ledoux lake and Bellanger laJœ whera i t varies between 

N· 150 E. and N. 400 w. Dips are variable in direction and 8I1Ount. East 

ot Ferland l.ake all the rooks dip west, .. hareas west ot Big Piashti 

lake tB& beddlng dips beween 300 and 700 east. From tbese observations 

it is interred that the rocks in this area tom an. antioline. Th. 
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exact locat1on or the axis or thia :tald 1a not lmown because or the 

large body ot gabbro wh10h separates the two limbe. 'lbe att1 tude ot 

the bedding in the large band ot quartzite in the oentre ot the gabbro 

s11l sugsests that the axis passes ~ough the western part ot the band 

in a north-south direction. 

South ot Bouchard lalœ the outcrop p'attern. to:rmed by a band ot 

quartzi tEl indicates a syncline p1unging aouthward. East ot Goeland 
. . 

lake the beds dip west, whereas west ot the lalœ, the dip ot the torma-

tions is east. The p1unge ot the to1d could Bot be deter.m1ned aoourately, 

but 1a estimated at approxtmately 200 in a 8outh-southeaat airection. 

Th1s told could not be traced so~thward, owing to erratio. changes ot the 

direction ot dip ot the metased1mentary rooks south and east ot Oabane-

Brulée lalta. 

Between Goeland lake and Bellanger lake the metasedimentary rooks 

dip west. Determinations ot stratigraphie tops in gray quartzite, 

using oross-bedding and ripp1e marks, show that the- strata taoe west. 

Between the east a.nd west bays ot Bellanger lake and south ot this lalœ, 

there is oonsiderab1e variation in the direction ot dip. Many beds dip 

eaat, but an equal number have .est dipe. Determinations ot strat1-

graphie tops show th~t at least samsot the west d1pping tormat10ns are 

overturœd, whereas no o:v-erturning was observed in the east dipping beds. 

It 1s ooneeivable, th.eretore, in view ot the above observations, tbat 

all the tormations whieh dip west are overturned. Severa! drag tolds 

were observed on the south shore ot Bellanger lm. 'lb.e axea ot these 

minor tolds plunge between 150 and 25° in a S.lOo E. direotion. '1!1us, 

the attitude ot the mtasedimentary rooka in th1s are indicates that 
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they tom. an anticline, plunging to the sout_ari. ihe east 11mb ot 

the anticline 1s oTertumed. '!he exact location ot the ax1s ot this 

told 18 not knOlt'D., but probably passes through the west bay ot tbe lalœ. 

Due to the prevailing eaaterl.y dip ot the strata south ot th1s area, 1 t 

wu possible to trace th1s structure only for a distance ot three miles 

south ot the north boundary • 

. south ot the eut bey ot Bellanger lake and eut ot this laD, the 

majorit:y ot the beds 41p west. '!'op determinations in th1s araa 1ndicate 

that the tormations are upr1ght, axcept one observat1on at the toot ot 

Thaodule lake where e.st dipp1ng strata taoe west. Tbe metasedimentar,y 

l'Ocka ot th1a area, theretore, belong to the esst 11mb ot a s1l1ol1ne. 

The west 11mb corresponds to the OTerturned eut 11mb ot the ant1cline 

descr1bed above. 

Throughout the southern part ot the area, except 1n looalized 

areu, the lI8jority ot the beds strike northeast 8lld clip northwest. One 

except10n 1s mon by the attitude ot the tormations near Pierre lalœ. 

Northwest ot the lalœ the beds dip north.est, whereu northeast and 

southwest ot the lake the quartzite dips 8outneut. These observat1ons 

indicate a northea.st trend1ng ant1cUne. '!he ans ot this tt>ld strikes 

o N.45 E. 

On the west aide ot ~tacbou bey the quartzitea dip southeast, 

whereas on the eut side ot the bay they d1p northwest. nt1_ belt ot 

lIBtuecl1mentary l'Ocka extends north_rd to Bell.anger lake. It 18 

possible, theretore, that the s:ync11ne at Q,uetachou bey 1s the southem 

extenaion ot the Bel.l.aDger laJœ synclill8. It .as not possible to obtain 

suttioient readings in the 1nterYening area, however, to correlate the 
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wo tolds. 

The dips ot the formations in the vicin1ty ot Tanguay lake are 

south, whereas north ot the gneissic granite a11 the metased1mentary 

rocks dip toward the north • • The rocka ot thi. belt, therefore, tom 

an east-west trend1ng aynclinal structure. 

Severa! minor talda ara ahown by the st;rika and dip ot the gneiasic 

structure in the migmatites east ot Watshiahou Knoll. West ot Pontbr1anda 

bey tœy tom an anticlinal structttre, plungingnortb, anc1 eut ot the 

b87. the strike and dip ot the migmatites indicate an overturœd syncliœ 

plunging north. 

A d18c~s1on ot tœ regiona! structure an([ i ts interpratat10n will 

malee this section UDduly long, so 1 t wl11 ba cons1dered in a aeparate 

section. 

SChistosity 

The mica~rich mambers ot the mataaed~tary ser1es show a we11-

daveloped schistos1 ty. These roclœ ara DlOat nwnerous in the aouthem 

part ot the area where tlley tOrln narrow bands 1ntercalated wi th gray 

quartzi te. In all cases, the schistoa1ty is pe.ral.lel to the next mra 

res1stant f'ormation, that 115, · layers of' quartzite. Where badding can 

be observed in quartz1te, the sChistoa1ty ot tœ sch1st members 18 

parallel to the bedding. 

The ~rmat1on ot bedding 8chistos1ty has been attributed to aev-

'era! controll1ng tactors. The more important ot theae are listed below. 

1. Initial an180tropiam ot t1:8 sedill8Jlts. 

2. a>tation ot bedc11ng into the plane ot anal cle.vage. 

3. a,tat1on or developmant ot slip aurt&ces parallel to the 
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bedd1ng. 

4. M1met1c reer.yatall1zat10n. 

5. Plastic tIow. 

6. Inc1p1ent :recrystalllzatioD parallel to bedd1!lg under 

load or geother.mal metamorph1aœ. 

7. Bedding acting as channels tor escaplng tluids. 

J:Ay one or 8llY eomb1nation ot the aOOve tactors may be the cause ot the 

development ot bedding schiatosity. Dndoubtedly, severa! tactors .ere 

operat1ve in the devel.opment ot bedding sohistosi ty in the present area. 

However, there is a laok of ]mowledge o~ the :meohanical prino1ples ot 

the pheno_non, as well as a laek o~ laboratory and field data. For 

these reasons, the .. ri'ter cannot tom any defin1 te conclusions. 

In the scuthem part of the area parallelism ot plat y m1œrals in 

the gabbro imparta a poor~ developed 8chist08ity to the rock. The 

atrike of this sch1stoae ,structure is parallel to the atrike ot the sills 

and 1s alao parallel to tha attitude ot the enolosing metase41.mentar:r 

rocks. In places, shearill8 has been intense and has tranatol'med the rock 

to biotite and amph1bole schist. The sohiatos1ty 1n the aoutharn parts 

ot the gabbro bodies 1a attr1buted to detormat10n dŒr1!lg .. arp1ng ot the 

masaes trom a north-south to 80utheast &Dd east-.. est d1reot1o~ 

Sch1 sto st ty .. as obaened in the large gabbro sill eBat ot Yerland 

late. It 18 oont1ned to wi thin a mile ot tba contact ot thll J'erland lalœ 

gran1te and 18 not developed throughout the ent1re western part ot th. 

body • . 'lb.e sch1atos1ty strikes parall.el to the contact end 41ps to.ard 

the granite. The ong1n ot the sch1stosity in th1s ooay, close to the 

gran1te, ia ascnbed to the et1"eots ot the emplae_nt ot this body. 
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Jointiy 

.&ll the rock types are traversed by joints. lnt they are mst prout-

1ant in the grani tio rooks. Joints in the metased1mentary rooks bave 

vanoua trends, but no regular pattern. One set which is vertical, 

str1kes perpeD410ular w the bedding. Anotbar set, wh1ch 1a not d1a­

cernible 1n the tield, but whioh can be seen on the aerial photographe, 

trendanortheast. Thase jo1nts are retleote4 by the drainage pattern 

and the ahapes ot the lates such u, :!br example, the lakea and atreeD8 

eut ot Villeneuve laD. 'rhe or1gin ot the joints is somewhat obsoure, 

but the,. are probably related 10 tbe period ot reg10nel tolc!1ng. The 

vertical d1p joints may be interpreted as tension joints result1ng t~m 

sl1ght elongation parallel to tbe told axis (Billings, 1946, p. 125). 

Near the granite, various other joints, having diTerse orientations, 

were observed in the quartz1 te. They are pl'ObabJ.,. related 'IX> the in­

trusion ot the granite. 

TIrO prominent sets ot joints w.re observed in the gabbro. One set 

trends parallel to the length ot the sUls and tba other atrikes per­

peDdioular to the elongation ot the bodies. Both sets have steep d1pa 

or are vertical. bse joints are probably related 1.0 contraction in 

the gabbro during cooling and cryatellization. Beside. the two joint 

sets outlined above, various other joints were observed in the gabbro 

œar the 'lUrgeon lake granite. These joints V817 in . atrike and dip and 

their or1gin 1s cona1dered to be related ta the emplacement ot the 

granite. 

Joints are prominent 1n all the gran1 tic roclts. Iut ot Pontbriande 

bey wo sets ot vertical joints were observed. One set strims N· 100 1; 
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o the other S.80 E. West o-r the bey the joints have no regular trend, 

but strilœ approximate1y perpend1cular to the t'oliation of the gneiss 

and are vertical. Thel" mal"- be tension joints. In tbe gneissic granite 

the major.1ty of the joints ara vertical, but have no regnlar strike. 

TIro sets of joints were obserYed in the 1'1rgeon 1alœ granite. One set 

strikes northeast, the other northwest. The dip of the fomer varies 

between 70°81. and vertical and tbat of the latter beneen 850 m:. and 

vertical. 'lbe l"ar1aml lm gran1 te is traversed by numerous joints 

which have various orientations and dips. It was not possible to obtain 

sufficient readings of the joints in the various rock masses 100 analyse 

their pattern or to arrive at Gy conclusion as 100 their origine The 

majority of tl:Je joints are probab1y due to contraction dttring coollng 

of the various masses and muld be e1assit1ed as teuion joints. 

J'aultiy 

Observations _de in the field affort! li tt1e eTidence of faul ting. 

This dces not eliDdnate the possibl1itythat fau1ts are existent, par­

ticu1ar1110ngtitudina1 or bedding tau1ta which wou1d be dift1cult tD 

recognize. However, the niter did not observe any long zones of in-

tense shear1:ng or myl.oni t1zatf.on iD. the araa • 

.A. steep cliff of m&d1um-grained gabbro 1'orms part of the west shore 

of the north bey of cabane-Brulé'e lm. At several places in the gabbro 

sliclœnsidea were developed, but they could oot be traced for &ny' C!18-

tance, nor could . the sense of movement be c!etemiœd. 

On the southeast tip of the head1and at Watshishou Knoll, a Pl'O­

nounced valley trends N.50° ,1. It 18 under1a1n byquartzi te 1ntruded 

by narrow sills of amph1bollte. Both l'Ock types have beeDo h1ghl.y 
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sheared and contorted. It is possible that thera is a fault at this 

locallty • 

.1 pramll8nt topographio feature of the west central part of · the 

map-area ls 8 long we11-de1"1ned east-w •• t trencUng valley. This valley 

1s occup1ed by a seri.s of long narralf 1aJœs. lnoludiDg '!'Urgeon la1œ, 

the esst end west arma of Little PiashU lalœ and the west bay of Cabane-

,-
BrUlee 1ake. SUch a. topographio feature Day 1ndioate the presence or a 

fau1t zone. HOlfever, no evidenoe of ahearing, rupturing, otf'setting of 

r1dges or formations was observed anywhera along the length of this 

valley_ 

Blgional structure 

~e regional struotural trends of the area are c1ear17 ref1eoted by 

the distribution of the metased1n8ntary rocks and gabbro on the 

geo10g1081 map, which accompanies this thes1s • . The most oonsplcuous 

feature of ths reg10nal structure 1& the abrupt curvature of the tOrD!-

ations from north-south to southwest and, south of ~8y lake,to an 

e8st-west direction. ~1s general change in the attitude of the to~ 

aUons is DOt confined to the present map-area, but ls. apparently, the 

general condition t'or a large part of thia section of the DOrth shore. 

It oan be apprused from a study ot ths topographio maps of the area and 

has been confiœed, at least in part, by geolog10al investigations along 

the D)maine river (Betty, 1944) and exploration work ot min1ng oompanies 

eBst ot the present map-area (unpublished information). 

'ttlere are several possible interpretations of the reg1onal. struoture. 

These are d1scussed below. 

'lbe outCl'Op pattern of the format10ns resembles tbat of a single 
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major told whose axis str1lœs northwest. Olose exam1ll&t1on ot the map 

w111 show, 1t all the ava1lable evidenee 1s considered, that such an 

Interpretation is not teasible. The majority ot tna dips around the 

DOse ot the proposed told are northwest. Renee, the major structure 

would be Interpretad as a syncline plunging northwest. 'l'b.is interpret-

ation meets w~th the unsolvable ditt1culty ot explaining the direction 
. . 

ot plunge ot the minor t'olds on the northeast 11mb ot 1ha structure. 

M)reover, minor ;o)lds such as the told at Pierre lake could IlOt form on 

the nose ot a major told. ADother d1tticulty is the explanation ot the 

greater detormat10n ot the metasediœntar,r rocks and gabbro on the aouth-

west 11mb ot 811.ch a structure, as compared with the relatively mild de-

formation ot Ule fOrmations on the Jiortheast 11mb or the told. 

A structure pattern similar to that ahown on the aooompanyiJ)g map 

could be tormed in the fbllo1ring manner. Folloring tolding and intrusion 

ot the gabbro, deformation continued during the late stages ot, or afier 

the intrusion ot, the granite cauaed by torces mv1ng trom the aoutheast. 

A. large body ot granite, su.oh as the 'l\lrgeon laka m&8S, could act as a 

-butfer" about lI'hich the formations lfOul.d tend to be wrapped as defonna-

tioncontinued. In ~ch an evant, the granite should show soma ettects 

ot detomation and, near ta contact, tb8 mtasedinentary l"OcJœ would be 

extensively aheared, l'Uptured, possibly crushed an4 taulted. ObserTa-

t10ns ot the granite in the field and petrographic studies ot ~in-

sect10ns ot the mck show that it has not baen detormed.Tbe greater 

part ot the rock 18 massive. 'lhe minor tbliation, obserTed in the west-

em part ot the body. is pl'Obably due to local movelD8D.ts in the magma 

during crystall1zation. D>reover, the contact relations between the 
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granite and the oost rocks sho_ that the granite was intruded dur1ng 

the late stages or tollowing the period ot detormation. 

AnOther explanation considered during the exam1nation ot tbe area, 

assumes the presence ot a large tault or tault zone south ot th8 area. 

'lbe present attitude ot the tomations could thus be explained by- rela.­

tive movements &long this tault, dragging the strata on the north s1de 

to the west. 'lb1s 1dea 1s 111ustrated schemat1eally- below. 

FAVLT 0 .. FAULT Z.ONE" 

It such a tault zone _ere present, it woul4 be log1e&l to e%pect minor 

fractures or breaks dong the coastal section. EY1t.!ence ot faul t1ng 

along the coutal section of the north shore 18 very meagre. J'Urtber­

lOOre, 1t ls very doubttul that such a tault could be responaible tor the 

east-west trend ot the :formations 1n the south_est part ot the ares. 

Evidence 1n the area 1nd1cates tha.t st Ieaat part ot the detormat10n has 

been accompllshed by- tlowage ln response to stress. 

The najor1ty- ot th& dips ot the metased1mentary rocks wh1ch sur­

round the Turgeon lake gran! te àip nay- tram the gram te. It 1 t 1s 

• 
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aBaumed that the band o-r metasedlmentary rocks north o-r the granl te 

jolns .lth the band south o-r the granite west ot the map-area, the 

structure so -rormed is a large dome (Figure 4, A). 

/ ATTITIJOf! oç F'ORMIITI0..aS 

? -- ....... 
/' 

~ 
/ ..--

/;//-
1 l " ./ 

Il'' v-
I ( , 
, l' , 
l , 

, 
, v-

I 1 

1 œ : v 
I~ , 

\ ,- \ 

\ ~ \- v 
\ \, "--

\ ,~~'" o~ " ,_0 __ 
--r 

" " -r----
;, 
,0 
11) 
Il) 

1 ATTITliOf OF FOfll''\'''TIONS 

J1.gure 4. A. Targeon lake Dome. B. Dome east o-r Johan Beetz Area. 

The centre ot the dome Is underlaln by gram. te. This Buggests the 

poss1bil1ty that, tOlloring th& initial tolding and intl'U81on ot the 

gabbro sills and dy1œs, the strata et this locall ty _ere arched up_ard, 

:torming et dome. The cause of the doming le not kncnrn, but may he re-

lated to the emplacement ot: the granite. Th:1s hypothes18 ot 40ming, 

ho_ever, doss not explain the overall northwest dip ot the tomations ln 

the southeut part ot the area. Posal bly these :rormations are the west-

em part ot a second dome structure east ot the mep-area (Pigure ", B). 

Additional mapplng Is requlred in the adjacent areas to test thls hy-

pothesls. '!he posl tian ot the gabbro body south ot Tanguay _ould be 

dltf'1cult to e%plain by th!a theory, becaua8 the available 8v1dence 1a-

dlcates that all. the gabbro bodies 1n the area dip at a higb. angle. 
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1he hypotheaia of doming doss not exp1a1n satistaotor1ly, the genera! 

increase in deformation in the rocks !rom the northern to the southern 

part of the area. 

In ~ northern 1)art of the area tbe :to1d uea strike 80uthward. 

However, due to the abUDdanoe of wester1y dips of the formations in the 

central and 80utheastern parts of ~e area, it was impossible to trace 

the :to1ds the entire 1ength of the ma,p-area. J'Urthemore, the gabbro 

masses in the northern part ot the area show no evidence ot mecha.nical 

de formation (except the west side ot the si1l east ot Ferland lake). 

'lbe quartzi tes, on the otbar band, have been detormed. . In the aoutum 

part ot the area, the gabbro has been recrysta111zed, sheared and trans­

formed to amphi bo 11 te and, locally, amphibole and biotite schist. 

Sim1lal'ly, the metasedimantary rocks show evidence ot greater deformation 

and they have been transtormed to migmat1 tes at some locali ties. At 

:many places in the southern part ot the area, there ls evidence that the 

rocks have detormed by plastic flowage. 2Wo exemples may be citad. 

In the area undel'lain by migmatites east or l'atshishou Knoll the 

amphibol1te sUls have been elongated Wldel' stress until the plast1c 

state oou1d not he me.intaiMcS, .l'th the result that they havs besn pullsd 

apart. 'Dle di.conneotel 1)1e08S are &rruge4 in linss tollowing the 

atrilœ of the l'Ock. The result1ng oracks were :t1lled .ith more mobile 

gneiss and pegmatite. A s1m1lar phenoDl8non was observed by Adams (1897) 

:aorth of' Jl)ntl'8a1. 

Plastic flowage ot the quartzite was obsel'Ved in tha band of meta­

sedimentary rocks exposed south of' Tanguay lalœ. A good exemple is 

lllustl'ated by Figure 1 ot plate 13 on page 97. In th1. casa, deforma-
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tion in the direction o~ bedding tormed tension fractures in the fri­

able pegmatite si11s. '!he more tlenbl.e mater1aJ., that Is, quartzite 

and sch1at. ~lo .. d into the gaps between segments o~ pegmatite, round­

Ing o~~ the bmlœn edges and ~orm1ng typlcal boudinage structure. 

These observationa show that, ln response to stress. tœ mcka deformed 

ln part by ~lowase. 

The increaS6 in de~ormatlon descrl bed above la very gradual. The 

.ri ter bell.eves that the l"Oeks in the soutbam part o~ the area show a 

greater depth of el"Oaion than those of the northem part. 'Dlis hy­

pothesls of increaaing depths o~ aro.ion ~rom north to south would ex­

plain the greater amount of gram te exposed close to the sea. aa well 

as the increaslng de formation trom north to south. 

It is concaivable. theretore, tbat th& structural. pattern o~ the 

~orœ.tions in the aoutbern part o~ the area was ~ormed at a greater 

depth than that o~ the northern part and. north o~ the are. Rere the 

~olds are of the more open ahallow type. In the lower depths. close to 

and in the zone o~ ~lowage, relative mveD8nta o~ the rocks would Pl"Ob­

ably pl'Oduce minor tolds. wh1ch have no apparent relatlon to major 

structures, suoh &S tha ~olds ahowD by the miamati'\es east o~ watsh1.hou 

Knoll. 

The broad ... rping o~ the ft)rllBtlons in th& &Na may be .%plainee! b)" 

drasg1ng e1'~ects. eflused by tl.owage cblr1ng the movement of material from 

one zone to another. In Figure 5 below. abed repl'8sents an origlnal.l.y 

north-south trending vertical formation. '!he arl'OWS show the direction 

of mvement of mater1&! at depth. As deformatlon continued, drag 

effects, caused by movellBllt, muld cause formation abcd to assume posi­

tions shawn by 2, 3, 4, and 5 resp.ctlvely. ~e rol"Dlttlon naed not be . 
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4 3 

c' 

~ = direotion ot movernen.t at depth. 

abcd = vertical north-8outh trending formation. 

a'b'c'd' stc. = position of abcd in 2,3,4,5 respeotively. 

ligure 5. Sequenoe ot detormat1on of a vertical tormation. 
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vertioal. A ateeply dipping rOl'Dllt1on would a.ot in the same manner. 

'!he 'trriter ia tully hare that the aboYe hypotheala Is highly 

speoulative an4 It 18 not proposed as a conc.lu81ve explanation or the 

struoture. However, he believes that the 1dea or mOTeJDent, due to tl.ow­

age ln the deeper parts or the earth t 8 crust. may lead to a better UDde:t­

standing or the complex structures in cleeply el'Oded ares., suoh as the 

Grenville Province (G111, 1949) or the Canactian Precambrie.n Shield. 
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ECONOMIC G:J!X)LOGY 

Occurrences withln the area ot copper minerals, teldspar, s111ca, 

beryl and mica have been known tor several year. and have been reported 

and described by earller lnvestls-tors. TheBe, and additionsl occur­

rences ot metallic minerals observed by the author, are described below. 

Metallic Minerals 

COlP8r On the northwest tip of a small point in Quetaohou bay, 

three-quarters ot a mile southwest ot the mouth ot Piashtibaie river, 

chaloocite was observed tilllng a tracture ln impure quartzite. The 

tracture, whlch is one-quarter inch ride, ls exposed tor a length ot 

eight teet and is mineralized along its whole length. Chalcoclte was 

also observed disseminated in the quartzite tor a distanoe ot two inche8 

on each side ot the tracture. Seme malachite and azurite occur with the 

ohalcocite. A grab-sample, assayed in the laborator1es ot the Quebec 

Department ot Mines, yielded 7.59 peroent copper. 

Three-quarters ot a mile west ot Watshishou river, on the north­

west corner ot a small 18land, a gabbro dyke i8 cut by a narrow pegma­

tite. At the oontaot, bornite with SODe chalcopyrite occurs in &mall 

irregular pockets and traotures in the pegmatite. No minerallzatlon wa8 

tound in the gabbro. The zone ot mineralization i8 exposed tor twelve 

teet and is two teet ride. This mineralization does not contlnue either 

to the north or south. A grab-sample trom thls zone yielded 6 percent 

copper and 0.742 oz. 8ilver par ton (Longley, 1950). 

Pyrite and ChalooPyrite Very small quantities ot chalcopyrite in 

tine grains disseminsted through the gabbro were observed at several 

localitie8, particularly in the sheared gabbro near the coast. Some 
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chalcopyrite in scattered specks and irregular snall patches was ob­

served in massive and sheared granite on the east side ot Watahishou 

Knoll. 

Pyrite, as small irregular grains or well~tormed cubes, was ob~ 

served disseminated in the tine-grained taoies ot uralite gabbro at a 

tew looalit1es, but the quantity is small. A tew quartz veins and shear 

zones in the metasedtmentary rocks exposed in Appititatte bayare 

sparsely mineralized with pyrite and oocasionslly with chalcopyrite. 

~ On the southeast shore ot a small bay in Quetachou bay, one 

and one-halt miles southwest ot the mouth ot Piashtibaie river. some 

galens was observed in a one toot quartz vein and at the eontact between 

the vein and oarbonateMbearing quartzite. It was not possible to deter­

mine the trend or possible enent ot the mineralized zone, as it is ex­

pONd only at low tide and, the, only in a 1In8.11 round patoh ot about 

tour square teet. A grab~sample in this zone, aasayed in the labora­

tories ot the Q,uebeo Departmant ot Mines, yielded 17.55 peroent lead. 

~ Some ooourrenoes ot iron, though not of econo~c interest, 

are worthy ot mention. 

Notieeable quantities of magnetite in small dykes ot pegmatite 

were tound 1n the vic1nity ot Pontbr1ande bey, the mouth ot Corneille 

river and west ot Turgeon lake • . 

On the east 8ide ot the head ot Q,uetaehou bay, magneti t. as well­

detined crystal a 1s d1ssam1nated through 1mpure grey quartzite. In 

seme places this mineral forma twenty percent ot the volume ot the rock. 

Hematite 1. an abundant const1tuent ot the th1n black banda, wh1ch, 

wi th average thicknesHs ot 1/32 ot an inch, oecur in the quartzite. at 
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several localities. There is a1so soma magn.tite, in small amount, in 

these bands. 

See the next paragraph tor a turther description ot these occur­

rences. 

Titanium As already mentioned, black bands in impure grey quartz­

i te have been observed at several 10ca11 ties in th. mapwarea. The best 

known exposures are eaat ot Villeneuve lak., north ot Cabaneo;oBrulée 

lake, east of Little Piashtl lake and on the west side ot Quetaohou baye 

Magnetite, hematite and rutile are abundantly present in th.se black 

bands. The bands range in size trom 1/64 to 1/4 ot an inch in thiokness 

and they alternate with bands ot grey quartzite that are tram one~halt 

to six inch.s thick. They cocur in zones that vary in thickness :t'rom 

one-halt to three te.t; two or three such zones May occur in twenty teet 

ot quartzite. Most ot thes. iron~ and titani~bear1ng zones are lense­

shaped and do not extend, slong their strike, tor more tban 25 or 30 

t .. t. One three toot zone, two miles north ot Caban .... Brulé. lak., W8S 

observ.d, however, to have a length ot more than 100 te.t. 

MOlybdenite Small irregularly scattered tlakes ot ' molybdenite were 

obserTed in a narrow dyke ot pegmatite cutting gabbro on the east side 

ot the eaat point ot Quetacbou baYe The gabbro is a large lncluslon ln 

the pegmatite whlch underlles most ot the point. It ls out by a narro. 

lrregular dyke ot tlnewgralned pesmatlte, compoaed ot-white p~agloclase 

(011goolase) and a small amount ot quartz and biotlte. The tr.nd ot the 

dyke ie N.550 E.and parallels the long direction ot the gabbro inclusion. 

Scattered grains ot molybdenite occur in the dyke, usually near its 

contact. No mineralization was observed ln the country rocks. 
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Non-Metallie Minerale 

Beryl The wr1ter obserTed crystals ot beryl, preT10usly reported 

by Claveau (1943) and Longley (1950), on the point east ot the mouth ot 

Watshishou river. More than a dozen crystals were tound on the tip ot 

the point and aeveral others were observed on an Island composed ot peS­

matite on the west aide ot the river. These crystals, whioh average 

one-halt inch in diameter, oceur in a muscovite-rieh band in pegmatite. 

Several erystals ot beryl were obaerved 1n pegmatite dykes cutting the 

granite on the Mat side ot Ferland laks. These crystals are small. the 

largest measuring one inch in length and one-quarter inch in diameter. 

They oocur in a muscovite-rich band in the pe~tite. 

J'eldspar The largest pegmatite dykes ot this area are tound on 

each side ot Quetachou bay_ They atrike in a northeasterly direotion. 

These dykes consiat mainly ot microcline and orthoclase teldepar w1th 

quartz and some biotite and muscovite. Although the average grain eize 

ot the pegmatite is between one-quarter and on.·halt ot an inch, ther. 

are many zones in which crystals ot taldspar meaauring three teet by two 

teet were obaerved. These zones ot coarsewgrained teldspar are dis­

persed along a belt in the large pegmatite on the northeast side ot the 

esat side ot Quetachou baYe The belt trends about N.GOo E.and 18 appro~ 

imately 300 teet wlde over a length ot at least one-halt a Ddle. Quarr~ 

ing operations were carried out on the most tavourable exposurea at 

varioua t1mea between 1914 and 1927. These were unsucoesstul due to the 

presenoe ot quartz, which ooours as an intergrowth with and interstitial 

to the teldspar orystals. 

Garnet Many pegmatites oonta1n streaks ot t1n ... grained granular 
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quartzi tic mterial very rich in gamet. The gamets are very snal.l., 

lees than one-quarter inch in diameter. The greatest number and the 

largest size gamets are present in blot1 te seh1at on the east aide ot 

Mine bey. Garneté range up to ona-halt 1nch in d1a.meter and t'om as 

much a8 twenty percent ot the volume ot tbe rock. 

~ Pegmatites ot the area contain both D1Uscovi'te and bioU te 

mica. The largest expoaur& o-r mica 1s s1tuated on the t1p ot a point 

eut ot the DIOuth ot Watshiùou :river. otber expoaure8 o-r mica were 

obserYed in pegmat1te east-southeast ot J'erland lake. !he mica, DIl18CO­

v1 te which once tormec! large cryatals, haa been ehat'tered 1;0 auch an ex­

tant that i t ie 1m;poss1ble to obtain a sheet ot mre than tour 1nche8 

across. In DO place whera 1t oceur8 1s the mica tound in suttic1ent 

quantity to be miud, even as a low-grade mica. 

Silica lPl"om Watahishou lOlOll, a serie8 ot 10w hills, str1k1ng 

DOrtheast, i8 composed, in part, ot large pegmati te ~kas. At the south­

west end ot the point pegmatite has been brecc1ated and recemanted w1 th 

a mil.ky white quartz, whieh, in some places, forma over tltty percent ot 

the rock. To the northeast, however, the pereentage ot' quartz lncreases 

unt11, at watshishou Hill, two miles northeast ot the "Knoll-, it 1s a 

body ot ta1rly pure quartz more than 2,000 teet long and 200 teet .14e 

at 1ta widest point. Analysls ot c~es-eeetional grab-samples, taken 

aeroes the depos1 t at tour locall ties (see J'1gure 6), gave the tollowing 

results (Olaveau, 1945). 
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semple Lina Yez.°3 S10l. TiOz. cao MgO Pl. 05 

1 0.03 98.73 0.009 nil 0.02 ni1 

2 0.06 97.67 0.014 ni1 0.043 nil 

3 0.015 99.35 0.006 nil 0.007 nil 

4 0.03 98.81 0.007 nil 0.02 nil 

Tbere are indications of a large tonnage of high-grade sil1ca being 

available at this local1ty. 
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,-
figure 6. Me.p of Watsh1shou Q,uartz Hill. 
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SID.I4A.RY AND CONCLUSIONS 

'!he :Tohan Beetz Area ls si tuated on the north shore of the Gt1lt of 

st. Lawrence, 440 miles below ~ebec City. The area is MOst euily 

reached by boat or by seaplane. 

ihe land rises tram a low, flat irregular shore to an average height 

ot 1e8s than 600 feet. The area may be divided lnto three topographic 

uni ts. The underlying rocks and th&ir structure are the lOOst important 

tactors in controlling the shape of the topography. The coastline ls 

10., irregular and lndented by numerous 'bays. Inland, the country ls 

more rLtgged. Long œrrow gabbro ridges, .hich alternate with narre. 

valleys underlaln by quartzite, torm a ridge and valley topography in 

the eastern part ot th. area. In the western part, the inl.and surface 

has the torm of a gentle,southward slop1ng plateau. Lak:es are abundant 

throughout the area. Glacial erosion during Pleistocene tlmes has 

scoured the valleys 'and 8lOO0thed and po li shed the hilltops. Deposlts 

left by the glacier are tew andcons1st ot sand, gravel and clay, some of 

wh1ch have been reworked by the pr8sentstreams. 

Al1 the consol1dated rocks of the area ' are of Precembrian age. '!he 

distribution ot the various rock types 1s shown on the geologlcal map 

wh1ch accompan1es th1s thesis. The oldest rocks cons1at ot a series ot 

metancrphosed sediments. F1ne-grained grey quartzite 18 lOOst abundant. 

Calcsreou8 quartzite, hemat1te- and rutile-bee.ring quartzite and, in the 

soutœrn part of the area. micac.ous quartzite, quartz-bloti te gneiss 

and schist are interbedded with grey quartzite. All gradations between 

quartzite and se.h1st were observed. 'Lhase rocks have been metamorphosed 

under the tempe rature - pressure conditions corr&spond1ng to those of 
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the a1bite-ep1dote amphibollte ~acies. '!he distribution o~ the mata­

sedimantary rocks indicates that they were deposi ted in a shallow basin 

and that the conditions of sediJœntatlon were undergoing continua! 

changes. No correlation could be made between the rocks of this e.rea and 

those of better lmown regions. The similari tiss bat.een these rocks and 

those of the Grenville are dlscussed. 

~gmatltes are expoaed at four localities within the area. The se 

rocks have been tOrD8d by the introduction Ot grani tic and pegmati tic 

material to the metasedlœntary rocks. The gneisaes east of Watshishou 

Knoll ti t into the middle of three 1ndefi n1 tely det1œd depth zones as 

out11ned by Eskola. The formation of the gneisses at Puy jalon Island 

appears to be related to the pesmati tes whlch ibm an auriole around the 

gneissic granite. '!he close association between the Ferland lake granite 

and the migmatite ot that area suggests tbat the solutions which torme4 

them were derived trom the granite. The origin ot the solutions which 

transformed the metased1Jœntary rocks to migmatl te west of the mou th of 

watshishou river Is unknown. 

A series ot sheet-llke bodie.s of &ltersd gabbro are the oldest in­

trusive rocks. In the southern part of the uea they have been deformed 

to amphibo11te and, close to and between the granites, to various hybrid 

rooks. In vie. of the ophi tic texture and the secondary nature ot the 

amphi bolsa present in the rock, the term urali te gabbro is proposed for 

the less altered t,ypes, indioating the former presence of pyroxene. The 

alteration of the gabbro bas been complex, involving the redistribution 

of the original constituents and the addition of new material. The 

granite appears to have been the cause of the alteratlon Of the gabbro. 
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The association between the gabbro and the anorthosite 8XpOsed north ot 

Havre st. Pierre suggests that the two rocks are geneticallY related. 

The gabbro lDI!ly' be a late ditterentiation product ot a magma tormad by the 

partial melting ot primrdial gabbroic or anorthosi tic horizons ot pri­

mordial l~ers in the earth's crust. 

There are two ages ot grani te in the area. The older grani te, .hich 

is gneiss1c, resembles the mantled gneiss domes ot J1nland. Tbe source ot 

the granite is uncertain, but it may represent the product ot palingenesie, 

which was torced upwards, lifting the overlying country rock and injecting 

into ft. Four bodies of lD9dium-gra1œd biotite granite outcrop in the 

area. 'lbEty have similar mineralogical compositions and textures and are 

considered to be contemporaneous and genetically related. 11eld evidence 

shows tbat the largest bodies have been intruded b,y magmatio stoping, 

toreetul injection and assimilation of the stoped-out blocks ot the countl'1 

rocks. Coarse-graiœd granite is exposed in the northwest corner of the 

area. Because i t is separated by a band ot metasedi.Jœntary rocks am 

gabbro, its relation to the remaining granites ia obscure. It my be 

alightly older, inasmuch as 1 t is cu.t by no dykes ot medium-grained 

granite. 

There are wo ages of' pegmatite dykes and a111s. One group 1s older 

than the medium-grained granite; the other younger. These latter dykes 

are of' large size and coarse-gra1ned. 

'!he attitude ot the œtased1m.entary rocks in the northern part ot 

the area shows that they have been tolded 1nto no ant1clines and no 

synclines .hich plunge southward. It was not possible to trace these 

tolds the entire length ot the map-area, orins to the general north.est 
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dip of the formations in the southern part of the area. All the rock 

types ue jointed. M>st of the joints in the gabbro and greni tio rooks 

are interpreted as tension joints fOmBd during cooling and crystal­

lization. In the sehistose lœmbers of the metasediIœntary roeka, 

schistosity bas been developecl parallel to the bedding. No structures 

which could defin1tely be recognized as faults were observed in the area. 

In the. northern part, of the. area, the trend of the f'ormationa is 

south, but the trend changes to southwest and west in the 80uthem part 

of the area. Various interpretations of the regional structure were dis­

cussed. It is shown that there 1a a gradua! 1ncrease in the degree of 

deformation of the l'Ocks trom north to south. '!h1s increase in datorma­

tion 18 shown by a greater dapth of' el'Osion 1n the southern part ot the 

area. '!he change in the trend of the format10ns 1s tentat1vely inter­

preted as caused by drag affects, due to the. movsment of mater1al st 

depth. 

No depos1ts of metall1c minerals of economic importance were ob­

served in the area. Small occurrences of copper minerals, Iead, Iron 

end molybdenite and a few non-metal11c minerals are described. There are 

indications of a large tonnage of s1liea at Watshiahou Hlll. 
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