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IRON FORMATIONS AND ASSOCIATED ROCKS 

IN THE MOUNT WRIGHT AREA (qUEBEC) 

INTRODUCTION 

General Statement 

1. 

This thesis is a study of iron-bearing formations 

and associated rocks in an area approximately 24 miles SSW 

of Mount Wright in Central Quebec. 

During the summer of 1958, the writer bad the 

opportunity to mar in detail an area of about four square 

miles. This area is a part of a concession held by Quebec 

Cartier Mining Company, for whom the survey was undertaken. 

The mapping roughly followed a series of anom­

alies outlined by an aero-magnetic survey. 
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2. 

Location and Means of Access 

Jean Lake is situated in the Ashuanipi district 

at latitude 52° 23 1 north and longitude 67° 35' west, in 

Saguenay County approximately 24 miles SSW from Mount Wright 

and 159 miles NNW from Seven Islands. 

The area can be reacbed by hydroplane from Seven 

Islands or from Roberval. A newly constructed road connects 

Lake Jeannine, which is 42 miles SSW of Jean Lake, with 

Seven Islands. A proposed railroad will connect Port Cartier 

(the site for a town and loading docks on the St. Lawrence 

near Sbe1ter Bay) to the ore deposits of Lake Jeannine, 

about 190 miles away. (Map 1) 

Mapping Procedure and Coverage 

A series of surveyed base lines, 12 feet wide, 

were eut through areas of anomalies. Picket linas were eut 

at right angles to the base lines at 200 foot intervals. 

These picket 1ines were planned to cover all the area of 

anomaly and to extend into the formations associated with 

the iron bearing rocks. 

The area was mapped on a scale of 1 11 = 200 1 • 

Field data were plotted on field sheets and later trans­

ferred to base maps. 

The amount of outcrops in the surveyed area var­

ie~ greatly from place to place. Average exposure is not 

more than 5 to 10%. 
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4. 

Sources of Information 

This thesis is based mainly on the writer 1 s de­

tailed geological mapping of Jean Lake area and Lake Lamelee 

area. More than 1500 faet of diamond drill core from Jean 

Lake area were available for study. The laboratory work was 

mainly petrographie. Eighty thin sections and 25 polished 

specimens were examined. Chemical analyses and fluorescence 

X-ray determinations were done in the McGill University 

1aboratories. The optical properties of some of the minera1s 

were determined using cil-immersion metbods. 

Previous Work 

Gi1l . Bannerman and To1man (1937) did reconnaissance 

mapping in the area south and west of Wabush Lake. In 1949, 

Ross mapped the area around Manicouagan Lake. 50 to 60 miles 

south of Jean Lake. G.A. Gross, in 1955, submitted a thesis 

at the University of Wisconsin entitled "The Metamorphic 

Rocks of the Mount Wright and Matonipi Lake Areas of Quebeo". 

In 1956, K.L. Currie wrote a report on Peppler Lake which 

lies a few miles south-west of Jean Lake. 

The Jean Lake area was systematically mapped for 

the first time by the writer. 



TOPOGRAPHY AND GLACIAL GEOLOGY 

The topography of the Jean Lake area reflects 

the geology and structure of the bedrock. Relief is moderate, 

nowhere exceeding JOO to 400 feet ahove lake level. (Fig. 1} 

Prominent ridges and bills are usually underlain by resistant 

rocks such as granite gneiss or less frequently, quartzite. 

The area drains into the St. Lawrence River basin. The 

drainage pattern has been modified by glaciation and the 

numerous lakes in the area are connected by small streams 

and rapids. 

Glaciation rounded and polisbed the more resist­

ant outcrops. Glacial striae, chatter marks and nail head 

grooves are common features. (Fig. 2). The glacial till 

is mainly sand and silt of fluvioglacial origin with few 

pockets of gravel. On the west side of Jean Lake diamond 

drilling showed the sands to be more than 140 feet thick. 



Fig. 1. Photograph showing the topog raphy and 
type of veg etation in the Jean Lake area. 

Fig. 2. Photog raph of chatter marks on a quartz­
mae netita outcrop. 

6. 



GENERAL GEOLOGY 

All the consolidated rocks of Jean Lake and Lake 

Lamelee area, which is situated 3 miles east of the SW shore 

of Jean Lake, are of pre-Cambrian age. These areas lie in 

the Grenville sub-province, near the Grenville front and 

are part of the soutbwest segment of the Labrador Trough. 

The rocks in these areas represent sedimentary units of 

the Trough which have been engulfed in Grenville-type 

regional metamorphism. 

The rocks have been folded into open overturned 

to the east structures trending NW and commonly doubly 

plunging. In the southern part of Jean Lake, the formations 

bave been folded abnut NE trending axes. A later folding 

took place in a ENE direction. 

Both the metamorphosed iron-bearing rocks with 

their minor recrystallized ebert and the associated marble, 

quartzite and garnat gneiss are of Huronian type. This 

wbole assemblage of rocks appears to be associated with 

metamorphism of the amphibolite facies. The geological 

formations are listed in chronological order in the table 

of formations. 



8. 

STRUCTURAL GEOLQ..GY 

Structurally the Jean Lake area is part of an 

orthotectonic region characterized by isolated longitudinal 

belts of intensely folded sediments showing cleavage and 

schistosity. 

The general structural features of this area 

re sul ted from folding about tl40 sets of axes. The dominant 

set. ranp,in~ in strike from N 40° W to N 30° E, is crossed 

by a poorlv developed s~t trending N 70° E. Detailed mapping 

of the scanty rock exposures and data obtained from diamond 

drilling revealed that the structural elements in the northern 

part of the area consist of a series of minor open folds 

overturned to the east. These minor douhlv-nlun~ing folcis 

have developed on the western flank of a major overturned 

anticline which bas its cresta! lin~ trending NE and 

roughly parallel to the south-west shore of the lake. 

Locally the irnn-bearing formations appear to be 

a superficial cover over tho granite gneiss and were folded 

independently of their substratum. Examination of cores from 

di.amo11d drill holes #14E-2 and #255 revealed a zone of 

faulting and brecciation wher~ the quartzite and marble are 

mis~ing, and where the qua rtz-mag netite lies directly on the 

P,ranite gneiss. From this evidence it appears that the 

relatively incompetent iron-bearing rocks were folded and 

upthrust onto the more rigid granite-gneiss. 

No direct evidence of faultinp on outcrops was 



observed in mapping the area. A series of en-echelon 

trenches, however, striking approximately N J0° E and local-

ly truncating the belts of outcrops suggests the presence of 

cross-faulting separating zones of folding. 
0 

A set of joints striking approximately S 60 W 

were the openings which controlled the emplacement of a 

transgressive pegmatite at the end of base line No. J. 

Ptygmatic folding is common in the quartz-spec-

ular hematite rock and in the garnet-gneiss formation. 

While in the first case the ptygmatic contortions are 

probably a result of plastic buckling on boundary planes 

due to differentj_al response of the rock to interna! 

deformations, those in the garnet gneiss appear to be assoc-

iated with mobilization during orogenie movements and are 

not restricted to planar surfaces. 

Banding and foliation in the garnat gneisses 

appear to be parallel to the original bedding planes and to 

define contacts between formations. All the rocks in this 

area show mimetic recrystallization. 
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11. 

DESCRIPTION OF ROCK FORMATIONS 

GRANITE GNEISS 

The granite gneiss, also, referred to as the 

basement gneiss is of widespread occurrence in the Jean Lake 

area. These rocks which are abundantly exposed on tops and 

sidas of hills were examined in a cursory mannar. Under the 

term of "granite gneiss" the following types of gneiss were 

mapped: 

1. A pinkish, coarse grained granitic gneiss often 

ptygmatically folded. 

2. A white-gray, variety characterized by coarse 

guartzitic layers and containing local lenses of 

flaky biotite. 

3· A composite or migmatitic variety probably pro­

duced by injection of granitic magma along foliation 

planes. 

In the white gray variety gneissosity appears to 

have been derived from an original bedding. Drilling of 

holes #14E - 3 and #255 revea1ed an area of intense shearing 

and brecciation in the quartz-magnetite rock at the contact 

with the granite gneiss. The marble and quartzite horizons 

in this particular place are missing. 



12. 

THE MARBLE FORMATION 

The diopsicle marhle of Jean Lake lies comform­

ably on the granite gneiss and is overlain by quartzite. 

This formation is ~idely distrihuted, constitutes a good 

stratigraphie marker and attains locally a maximum tbickness 

of' 200 feet. 

As a rule, paral.lel bands of pale green diopside, 

often regularly spaced, alternate with even layers of granular 

crystalline limestone. (Fig. J). The diopside bands consists 

of crystals which are often lamellar massive and twinned. 

Because of differentiai weathering, the diopside bands stand 

out in white ridges whereas the calcite occupies the depres­

sions between the diopside bands and exhibits yello~ to dark 

brown weathered surfaces. 

Under microscope, the calcite grains are arranged 

in an inequigranular granoblastic mosaic. In both the calcite 

and diopside bands nearly rectangular sections of wollastonite 

are present. (Fig. 4). Accessories are scapolite, phlogo-

pite, and amphibole (poqsihly cumm~ngtonite), antigorite 

after forsterite and enstatite altered to bastite. The 

amphibole forms a corona around enstatite grains. 

Diopside marble of this nature is the cbaracter­

istic product of regional metamorphism of siliceous dolo­

mitic limestone. The presence of wollastonite in this case 

would not indicate that the temperature of the wollastonite 

mineral phase was attained, but, as H.L. Bowen (Jour. Geol., 



1940) pointed out, solutions could induce the formation of 

wollastonite providing that the solutions were not saturated 

with co2 • 



14. 

Fig. 3. Photog raph showing the contact zone bet~een diopside marble and quartzite, D-diopside; L-crystalline limestone; Q-quartzite. 

Fig. 4. Photomicrograph of a rectangular cross section of Wollastonite in twinned 
diop side. W-Wollastonite; D-Diopside; 
C-Calcite. Cross Nicols. Low po•er. 
x 9 



THE ~UARTZITE FORMATION 

In the Jean Lake area, the quartzite formation 

always overlies the marble and is overlain by the iron sili­

cate formation. The stratigraphie thickness of quartzite in 

the northern part of the Jean Lake area ranges from 20 to 

150 feet or more. In the south, the quartzite horizon is 

only about 5 to 10 feet thick. The wavy irregular nature 

of the contact between the marble and the quartzite and the 

presence of debris of eroded marble within the quartzite in 

the contact zone, is evidence that a period of erosion and 

non-deposition occurred before the quartzite was deposited 

on the marble erosional surface. (Fig. J). Near the end 

of base line No. J, the auartzite formation is locally 

missing and the marble is overlain by the iron formation 

with slight angular uncomformity. Small marble fragments 

were found imbedded in the iron formation. 

Currie (1956), in his study of the quartzite of 

Peppler Lake concludes that the variable thickness of the 

quartzite horizon was the result of accumulation of quartz 

sands in hollows on the erosional surface of the marble. 

This was probably the case if the deposition on a regional 

scale is considered. Thero is local evidence, however, that 

a period of erosion occurred after the quartzite was 

deposited. 

The quartzite formation in the Jean Lake area 

is a well-defined readily recogni~able horizon. It was 



16. 

mapped as the "silica-auartz" formation. Exposures of this 

quartzite are characterized by massive, rounded and often 

polisbed surfaces, and by milky-~hite to light brown colour. 

Weathered surfaces exhibit, locally, a pinkish tinge and thin 

layering of contrasting colour and texture which would appear 

to be a relict after an original stratification. Small voids 

and rounded cavities oriented along parallel lines and partly 

filled ~ith a green clayey material or with brown goethite 

are present. 

Under the microscope, these rocks display a mos­

aic of uneven but chiefly coarse grains ranging in size 

from 0.5 to 1.5 mm. The milky-white dense variety is 

characterized by: ahsence of preferred orientation or 

elongation of grains by intense crenulation of borders of 

the grains and by numerous sub-microscopic rutile inclusions 

aligned in parallel rows ~ithin the auartz grains. Sub­

parallelism of the elongated grains and severe fracturing 

and absence of interlocking of grains is noticeable in the 

layered pinkish variety. In most of the thin sections 

examined, the qua rtz grains are closely interlocked in a 

granoblastic texture. Strain shadows are quite pronounced. 

They appear to be related to metamorphic conditions instead 

to be inherited. Sorne grains are anomalously biaxial and 

exhibit Bohm striations and marginal granulation. No signs 

of outlines or patterns suggesting authigenic gro~th or 

addition of quartz to the original grains ~ere detected. 



Quartzites which are relatively thick and closer 

to the marhla horizon than to the iron formation are ex­

centionally pure (95 Per cent qURrtz). The pink layered 

variety in proximity to the iron formation contains up to 

15 per cent of garnet ~rains. These garnet. grains are small, 

commonly euhedral and are aligned in roNs usually e.long- the 

f.JUart~ grain houndaries. Layers of small granoblastic auart,-. 

~rains accompanied hy numerous parnet grains Alternate with 

layers of elongated coarse-grain~d ouartz devoid of garnat 

grains. It would appear that the garnat ~rains as vell as 

minor phloF,opite and an amphibole, presumably tremolite, were 

derived from metamorphism of interstitial clays rich in 

calcium and magnesium. Numerous rounded drop-like rutile 

grains are present. in sorne of the garnat-rich layers. 

(Fig. 5). 

Calcite in the quartzite is definitely interstitial 

and is present in negligible amounts. Close to the marble 

formation, however, as much as 10 per cent calcite is present, 

usually along cracks. The calcite in this case was prohahly 

introduced :i.n the auart?.ite from the adjacent marble during 

regional metamorphism rather than being derived from pene­

contemporaneous pre~ipitation or introduced by meteoric 

waters. 

Tiny flakes of chalcopyrite and pyrite are 

locally prese nt in the q ua rtzite. 



18. 

The Epiclastic Origin of the ~uartzite Formation 

This type of quartzite is evidently the result 

of regionally metamorphosed well-sorted first-cycle orth­

oquartzite which was deposited under sub-aerial conditions 

following a p~riod of intense base leveling. The presence 

of rutile is diagnostic of an allogenic origin. No cross 

bedding, grain gradation, or oth~r features characterizing 

deposition of clastic material in shallow water conditions 

were observed. 



19. 

Fig. 5· Photomicrograph of quartzite with detrital 
drop-lika grains of rutile. Q-quartz; 
G-garnet; R-ruti e. Plain polarized light. 
Medium p wer. X 28. 



20. 

rt,UARTZ ROCK 

Thin lenses of dense cherty, light gray quart­

zite occur within the iron formation. This type of quart­

zite consists of small interlocking quartz grains in a 

granoblastic texture. Quartz is predominant (95 per cent) 

accompanied by interstitial calcite and clay minerais. A 

few grains of magnetite are visible along quartz boundaries. 

The general appearance of this quartz rock, the fine crys­

talline granular fabric and the absence of heavy minerals 

of detrital type and most important, its position within the 

iron formation are proof that this quartz rock was produced 

by recrystallization of a ebert. 



21. 

GARNET GNEISS 

The garnet gneiss, also referred to as the mafic 

gneiss. is a fine to medium grained rock often displaying a 

~ell developed foliation and a poorly developed cleavage. 

This rock occurs both on top of and within the iron formation. 

Locally. it rests comformably on the quartzite or on the 

marble member. The contacts are macroscopically sharp. As 

a rule. the contact is between quartz magnetite and gneiss 

rather than between quartz specularite and gneiss. The 

thickness of the garnat gneiss ranges from few inches up to 

fifty feet or more. 

Augen and ptygmatic structures consisting of 

microcline and ouartz aggregates are a cbaracteristic 

feature of sorne of these gneisses. Pegmatite bodies occur 

~ithin or close to the garnat gneiss and are spatially and 

genetically related to them. 

The garnat gneiss of Jean Lake are of three dis-

tinct varieties: feldspar - hornblende -biotite gneiss; 

feldspar - quartz - biotite gneiss and feldspar - quartz -

mica - cordierite gneiss. 

Most of the feldspar - hornblende gneiss ~as 

encountered by diamond drilline in the northern portion of 

Jean Lake area. wbereas the gneiss rich in cordierite is 

well exposed in the southern portion of the area. at the 

end of base line No. J. The banding in the gneiss is 

locally empbasized by layers rich in biotite or ~iotite 



22. 

hornblende al.ternated with layers of liRht coloured minerais 

such as quartz and feldspars. With a rtecrease in feldspars 

and/or quartz and an increase in biotite and hornblende, a 

transition from granoblastic to lepidoblastic fabrics take 

place. Biotite occurs locally in decussate arrangement. 

Feldspar - hornblende - biotite gneiss. 

The feldspar (commonly orthoclase and minor micro­

cline or albite and oligoclase) is the dominant mineral. 

Hornblende exceeds biotite or is present in equal amount. 

Quartz is subordinate to feldspar, hornblende and biotite, 

and never forms more than 15 per cent of the total compo­

sition. Myrmekitic structuros are common. Garnet grains 

of the almandine variety are abundant and are idioblastic 

and often poikilitic. (Fig. 6). Locally the garnets 

forcibly thrust apart the biotite folia. Accessories 

minerais are: apatite, magnetite, sphene, zircon. Apatite 

and magnetite are always present in amounts varying, respect­

ively, from 2 to 5 per cent for apatite and from 5 to 7 per 

cent for magnetite. Scapolite is seldom present as an 

alteration product of the plagioclase. 

Feldspar - guartz - biotite gneiss 

Orthoclase, quartz and hiotite are the dominant 

minerals. Orthoclase is preponderant and occurs in the form 

of augen and a ggregates. Hornhlende is absent. Other subor­

dinate constituants are almandine garnets and apatite. Acces-

sories are mag netite, zircon and rutile. 



Feldspar - nu~z - mica - cordierite ttnei.ss 

This variety is characterized by the presence of 

enual amounts of microcline, quartz, biotite anrt muscovite. 

This muscovite-rich gneiss contains considerable cordierite 

(up to 15 per cent) which is anhedral and often occurs in 

formless, elonp,ate grains. Most of the ~rRins, and especially 

the margins, are altered and veined by fine-grained sericite 

( pini te) • (Fig. 7). Garnet porphyrobla.sts, which rnake up 

.5 per cent of the total composition, are r:i.ddled with 

inclusions of quartz, cordierite, microcline and biotite. 

Cordierite is also poikilitic and encloses quartY. and 

biotite. The inclusions in the cordierite and the cordierite 

itself may have persisted from an early metamorphic stage. 

An attempt to establish a seauence of crystalli~ation from 

the study of inclusions in the poikiloblasti.c structures 

agree~/ however, with the generalized sequence of the idio­

blastic order, which in the case is: 

1. biotite, ~uartz, microcline, 

2. cordierite, 

3· garnet. 

Presence of cordierite would indicate high-grade 

regional metamorphism at high temperature and relatively 

lower stress. The amount of garnet in the gneiss seems to be 

related to the presence of hornblende; hornblende-rich 

varieties containing considerable garnets. 

The mineralogical composition points to a defin­

i te sedimentary oripin for these gnei!'lses. ThP follm4ing 
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features, characteristic of paragneisses, were observed in 

this garnet gneiss formation: 

~ considerable variation in grain size in a mineral 

species; 

h pronounced mineralogical bancling involving biotite 

and quartz; 

~ abundance of biotite in the hornblende feldspar type; 

~ presence of zircon and rutile in small rounded grains 

of definite detrital origin. 

The feldspar - quartz - mica - cordierite gneiss 

probably originated from an argillaceous sediment rich in 

magnesium, whereas the hornblende-rich type may have derived 

from quartzose sediments containing dolomite or calcite­

cblorite. 



Fig . 6. Photomicrog raph of poikiloblastic garnets in 
feldspar-hornblende-biotite gneiss. Cross 
nicols. Low power X 9• 



Fig. 7. Photomicrograph of feldspar-quartz-mica­
cord ierite gneiss. C-cordierite; P-cord­
ierite altered to pennine; Q-quartz: 
B-biotite; M-muscovite; Cross nicols. 
Medium power. X 28. 
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THE PEGMATlTg PRORLEM 

Ga_t:leral St~~eft!!.t 

Five distinct types of pegmatite were investi-

gated in detail. (Map II). Thin sections from them were 

obtained and anaJ.ysed petrographically. These five types 

are: 

27. 

1. ~-tra~l"!.sgressive we_dee-~haped branching l?egma­

ti tU!:!_....P~<!..~~ gua,:t z-magneti te and. ir_on-s ilicate. 

2. Concretion pegmatites in a gar~etiferous 

feldsP-ar-ouartz-mica-~ordierite gneiss. 

3. Pty~matically_folde~~gmat~tes in a garne­

t iferous fe ldspar:.g_uart z-mica-cordiari te gne ill• 

4. A lens-shaped comformable zoned peg~~U 

~~d iron-siticate. 

5. A_le.n.~s):!_aped comformabl~ oee;matite _in ~!!!:­

net~feroq~io~ite-hornblen~e-guartz-f~t1sy_~~~~~· 

The pegmatites are made up of quartz and feldspars 

crystalloblasts which ara eouigranular to ineo.uigranular and 

dominantly anhedral. Localization of these five different 

types of pegmatite was controlled by the following factors: 

MPchanical properties of the host rock; local 

tectonic evolution which g ave rise to folding , faultin~. 

and jointing; and grade of metamorphism. 

The mechanism of emplacement was: 

Permi~_sill ( tyoe 1-4-5) • with crystallization in 

openings where the pegmatitic material was emplaced by a 
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process of diffusion. 

Concretiona~ (type 2-J), with the pegmatitic 

material locally derived from the host rock. 

Transeressive ~edge-Shaped Pegmatite 

This cross-cutting pegmatite consists of an equi­

lateral wedee transecting a banded quartz-magnetite, iron-

silicate horizon. (Fig. 8). The sides of the wedge are 

roughly sevan feet long, non gradational, and locally macros­

copically sharp. The outline of the contacts is irregular, 

but the northern and eastern sidas present a certain linear­

ity since they coincide respectively with a minor fault and 

with a tension joint. The branches are short, tongue-shaped, 

and noncomforma.hle. 

The rock is essentially a white, medium-grained, 

quar.tz-feldspar pegmatite with minor garnets and biotite. 

Although this occurrence cannot be considered a zoned peg­

matite senso-stricto, a well-defined border zone, an inter­

mediate zone, and a central zone are present. The border 

zone is of irregular thickness, is coarser-grained, and 

consists chiefly of almandine garnets. ( lfig. 9). The garnat 

crystalloblasts attain sizes up to an inch in diameter and 

contain up to 10 per cent magnetite. Other inclusions in 

the garnets are: 

Cblorite of the penninite variety. 

Staurol i te altered to fihrous sillimanite. 

Allantte wbich produced numerous expansion cracks. 

(Fig. 10) 
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Helicitic structure, suggesting rotation of the 

garnet crystalloblasts during growth, is absent. Other 

minerals accompanying the garnets in the border zone are: 

Biotite, locally altered to epidote and chlorite, 

orthoclase microcline and minor amounts of undulose quartz. 

Micro-myrmekitic intergrowths of quartz and acidic 

plagioclase are rare, but are present in the border zone. 

Incipient metasomatic replac~ment of biotite by feldspar 

can be seen locally. The intermediate zone consists essen­

tially of an aggregate of medium-grained alhite-microcline 

and undulose ~uartz. Antiperthite intergrowths are common. 

Although biotite and garnets are invariably present in the 

intermediate zone, they are not preponderant as they are 

in the border zone. The core, or central zone, is not a well­

defined one, but differs from the intermediate zone because 

of its higher content of garnets and biotite. Basic inclu­

sions within the pegmatitic body consist chiefly of altered 

biotite and hornblende with minor amounts of potassium 

feldspars. 

The garnet-hiotite reaction border zone was formed 

because of the chemical incompatibility between quartz-felds­

pars and the silicates of the amphibole group of the host 

rock. 

The iron formation transected by this pegmatite, 

along with the other adjacent sedimentary memhers, is part 

of a tiFhtly-folded overturned syncline-anticline system. 

A minor fault strikine S 60° W and of unknown dip forms the 
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contact line between the quartz-magnetite and the iron­

silicate formation in the proximity of the pegmatitic body. 

A set of joints striking in a direction perpendicular to the 

h~dding and supposedly parallel to the direction of compres­

sion were with the fault the openings which controlled the 

emplacements of the pegmatite material. 

Quartz-magnetite and iron-silicate, which are 

brittle and competent rocks, are not susceptible to plastic 

flowage, but rupture readily under tension, thereby creating 

favourabl~ sites for the emplacement of pegmatites. Incipient 

~oning and lack of orientation of the pegmatitic minerais 

perpendicular to the contact walls would sug gest that mobil­

ity was very limited. 

Concretion Pegmatites 

Individual concretions consist of small lenses, 

pods, auge~ and schlieren arranged parallel to the foliation 

of the gneiss. Well-developed augen reach a maximum length 

of thre e inches; small l~nses, pods and sch~ieren a re only 

fractions of an inch long . (Fig. 11). The concretions are 

grains of microcline or a ggregates of grains of microcline 

and quartz. A se lvage of b i otite muscovite plates forms the 

bordering zone betwe en the concret i on s and the matr i x. 

The matrix, which is fine-grained and exhibitsa well-developed 

foliation, is characteri~ed hy the presence of an equal amount 

of mica (biotit e a nd muscovite), mi crocline a nd cord ierite. 

The q unrtz is undulose and not as abundant as the microcline. 
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Idioblastic garnets contain numerous inclusions of quartz, 

biotite, microcline and cordierite. Few grains of apatite 

and zircon ~ere identified. The host gneiss contains up 

to JO per cent hy volume of concretions. 

The host gneiss of the concretions overlies the 

banded auartz-maRnatite-irnn-silicate member transected by 

the wedge-~haped pegmatite. Environmental conditions and 

structural setting were therefore similar to thnse previously 

described in the case of the transeressive wedge-shaped 

pegmatite. AccordinF, to T.F.W. Barth, diffusion along 

ectivity gradients and successive excess of pressure would 

ac~ount for the formation of the concretions. 

Ptygm~tically Folcted Pegmatites 

The shape of the ptygmatic folds is best illus-

trated by the figure. (Fig. 12). They are irregular and 

have locally-~ttenuated limbs and thickened hinges. The 

average length of a fold is one foot, but smaller folds are 

quite common. These folded pegmatites are white to light 

cream in colour; aggregates of auartz grains within the 

pegmatites h~ve a greasy lustre. Microscopie examination 

of the pegmatitic material revealed the presence of micro­

cline in Preponderant amounts, accompanied by undulose 

quartz and neRligible albite. The host rock is a fine­

grained garnetiferous feldspar-quartz mica-cordierite 

gneiss. A microscopically visibl.e rim or border zone of 

biotite muscovite, locally altered to chlorite, appears to 
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follow the contortionsof the ptygmatic folds. 

The local tectonic evolution, which is related to 

the origin of the ptygmatically folded pegmatites anct the 

bost gneiss, was identical to the one briefly outlined in 

descrihinF. the syncline-anticline system in connection to 

the transgressive pegmatite. The lineation planes in the 

gneiss are suh-parallel to the fold a~es of the ptygmatic 

veins: this would indicate tbat the folds were formed in the 

crystalline st.ate as a result of compression of the plastic 

incompetent gneiss, perpendicular to its linear structure 

(Ramberg). The above-mentioned structural characteristic 

would entai! a synkinematic folding process rather than a 

post-nmplacement foldin~ process. 

Lens-ShaEed .92~2rmable Zoned Pegmatite 

Because of tbe paucity of outcrops in this parti­

cular area, only one exposure of this lens-shaped comformable 

pegmatite was examined. It has not been possible to establish 

the length of the body, but there are indications that it is 

less than lOO feet long, and never attains a widtb greater 

than five feet. 

A definite zoned structure is apparent here. 

The border zone exhibits conspicuous biotite flakes oriented 

perpendicular to the walls. The outer zone is characterized 

by graphie texture where sub-parallel quartz rods penetrate 

coarse crystals of oligoclase. The central, or inner, zone 

consists mainly of quartz, exhibiting a mosaic of undulose 
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extinction, and garnets. The garnets were partially replaced 

and locally penetrated by the quartz. Noticeable in the gar­

nets are the ahsenc~ of inclusions and the presence of ~oizite 

veinlets. A micrnpegmatite, consistinP- of qu~rtz, microcline, 

and acidic plagioclase, with local micro-myrmekitic structure, 

is part of the central zone. The plagioclase of the border 

zone appears to be slightly more basic than the plagioclase 

from the central portion. The host rock to the pegmatite in 

this case is the iron-silicate formation, where banded sili­

cates of the amphibole group alternate with auartz magnetite 

bands. 

The emplacement of this comformable pPgmatite was 

definitely controlled by a tension fracture resulting from 

refolding along a ENE direction. It is significant that 

the lens was emplaced where refolding was most intense. 

Zoning in pegmatite is ordinarily considered a criterion 

for mobility. 

Le~-:_ShaP~.9-.9..~mf~Z:I!'~ Pe_g_!llat ite 

No surf'~ce outcropping of' this pegmatite is 

visible. The occurrence was encountered by il.D.H. No. 253 at 

80 feet from the collar, and by D.D.H. No. 254 at 391 feet from 

the collar. The oegma.tites revealed by D . .ù.H. No. 253 consist 

of a few aupen and streaks in a fine-grained, well-foliated 

gneiss, overlain by the quartz-magnetite member. The pegmatite 

eut by D.D.H. No. 254 is at least 25 feet wide and is also 

overlain by quart?.-magnetite. The contact between the peg­

matite and the iron form~tion is comformable ana macroscopi-
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cally sharp. The miner.alogical composition of this pegmatite 

does not differ greatly from the composition of the pegma­

tites previously descrihed, and consists mainly of sub-cuhe­

dral grains of quartz, microcline, minor microperthite, and 

subordinate amounts of muscovite epidote and magnetite. A 

calcite vein cuts through the quartz grains. Augen and 

streaks encountered by diamond drill hale No. 253 are concre­

tionary aggregates of qUCI.rtz, alhi te and orthoclase grains, 

linearly arranged in planssparallel to the foliation. The 

host rock is a garnetiferous quartz-hornblende biotite 

alkali-feldspar gneiss. 

Due t0 the scarcity of structural data, it can 

only be inferred that these two different pegmatitic sections 

belong to the same occurrence. The portion eut by diamond 

drill hale No. 254 was locali~ed by a tension fracture in a 

tightly-folded minor syncline, whereas the concretions formed 

in a relatively unsheared area. 
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Fig. 8, Photograph showing a transgressive wedge 
shaped pegmatite in banded quartz-magnetite 
and iron silicate. 

Fig. 9. Photograph showing the garnet border zone of 
the transgressive wedge shaped pegmatite. 
B-border zone. 



Fig. 10. Pbotomicrograph of a garnet of the border 
zone with expansion cracks and pleochroic 
halo produced by radioactivity in allanite. 
A-allanite. Plain polarized light. Low 
power. X 9· 
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Fig. 11. Photograph of concretion pegmatites arranged 
parallel to the foliation of the feldspar­
quartz-mica-cordierite gneiss. 

Fig. 12. Photograph showing ptygmatically folded 
pegmatites in a feldspar-quartz-mica­
cordierite gneiss. 
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D I S C U S S I 0 N 

Summary 

All the accumulated evidence shows that these 

ductless quartzo-feldspathic pegmatites are the result of 

metamorphic processeg and formed by mechanical and aqueous 

diffusional transfer of matArial derived from quartz-feldspar 

biotite gneisses in regionally metamorpbosed areas. The 

following discussion is an analytical study of the observa­

tions and data Fathered in the liF,ht of Rambergstheories 

on metamorphic pegmatites. The probable physicochemical 

conditions and milieu existing at the time of formation are 

also takAn into consideration. 

Structural Setting and Type of Metamorpbic Facies 

All the pegmatites examined occur in highly­

folded rocks. There is a definite direct interrelation 

bAtween the degreA of folding and frequency and localization 

of pegmatites. All the pegmatites in thA Jean Lake area 

were formed in highly deformed zones, where folding and re­

foldin~ were most intense. This was because the strain 

caused by creation of openings and minor fissures decreases 

the resistance apainst diffusion tbrough rocks. favouring 

therefore the formation of pegmatites. 

In the case of pegmatite No. 1. the fact that the 

transected wall rocks are consi~tently present on opposite 

sides of the peF.matite without offset would be proof of 



nondisplacement. Incipient zoning implies relative mo­

bility. No rocks of magmatic origin have been found in 

the arAa. 
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The mineral assemblage and the presence of certain 

minerais which arc good relative temperature indicators would 

place these pegmatites in the amphibole-facies complex. The 

presence of micro-antiperthite and microperthite could, 

however, indicate evolution at the P-T conditions of granu­

lite-facies, because in a poly-component system of potasb 

feldspar-albite, the top of the immiscibility gap is 550°C 

for the microcline (Laves 1952, pp. 436~450, 549-574). The 

presence of subordinate amounts of muscovite in the pegmatites 

would indicate high water pressure conditions at the time of 

formation. 

A study of the gneissic rocks which are consider­

ed to be the source of the pegmatitic material yielded the 

following important information: 

1. The gneisses and the pegmatites were formed 

under similar P-T conditions, and therefore the pegmatites 

conform to the degree of regional metamorphism of the source 

rock. This would not be possible if the pegmatite bodies 

were formed by injection and crystallization of a melt. 

2. There is an evident lack of pegmatite-forming 

minerais in the gneisses close to the pegmatites bodies. 

J. All the pegmatites occur within the gneissic 

rocks, or only a few feet from them; this is because transfer 

by diffusion takes place only over short distances. 
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P-T Conditions at T~~-o~ For~~ 

The temperature o~ formation of the pegmatites, 

which corresponds to the temperature of the boundary between 

amphibolite and granulite facies, was slightly below 600°C. 

The presence of such minerais as muscovite and epidote would 

indicate considerable water vapor pressure at the time of 

formation. ~ince all the pegmatite bodies examined are 

located close to the marble member, a co2 vapor pressure 

derived from the dissociation of carbonate rocks during 

regional metamorphism must also be taken into account, along 

with water as an active solvant. 

Mobility and Diffusion-Transfer Mechanism 

The reason why all the pegmatites examined consist 

of quart~ K-feldspar~ and acidic plagioclase can be attri­

buted to the high molecular mobility which is achieved in 

the quartzo-feldspathic rock àuring regional metamorphism; 

such mobility is considerably greater than that of basic 

rocks, conditions being the same. The fundamental driving 

energy of diffusion is the partial molal free-onergy gra­

dient. Diffusion is aiming at a complete thermodynamic 

equilibrium in the system. This condition is achieved if 

the high free-onergy gradient, which rose above normal 

conditions during regional metamorphism, is lowered. 

The molal free-anergy of minerals and mineral 

aggregates is lowered when they are transferred into low 

pressure zones such as rock pores, minute cavities, zones 

of shear, fissures, etc. 



The ahove-mentioned mechanism of transfer would 

explain why the driving energy of diffusion is molal free­

energy, and why the pegmatites form in cavities, fractures, 

sbears, etc, and occur in intensely deformed rocks. 

In the case of concretionary pegmatites, or 

minerais which grew in clusters, the free-energy will 

decrease when clustering takes place. In the dimineralic 

concretions of pegmatite No. 2, forming of concretions took 

place because the host rock was suparsaturated witb quartz 

and microcline, whi.ch has a considerahle force of crystal­

lization and a strong chemical affinity for each other. 

Wbile the bjntite in the host gneiss was pushed aside by 

the force of crystallization of the growing quartz micro­

cline, the p,arnets replaced and included quartz, microcline 

and biotite. Constant presence of biotite in the border 

zones of most of the pegmatite examined would indicate a 

reaction zone created hecause of chemical incompatibility 

between amphiboles and quartz feldspar. This reaction 

border zone of stable minerais such as biotite also repre­

sents a place of lower molal free-onergy. 



IRON BEARING ROCKS 

General Statement 

On the basis of physical properties, mineral 

composition and structural and textura! characteri~tics 

the iron bearing rocks of the Jean Lake area have been mapped 

under the follo,ving classification: Q.uartz - }lagnetite form­

ation - Iron-SilicAte formation and Quartz-Specular Hematite 

formation. (Map III - IV). 

THJ.~ LiUARTZ-:MAGNETITE FORMA'.riON 

The quartz-magnetite formation was mapped as a 

separate unit. Because of its distinctive physical and 

lithological character and its a'r!al extent, it constitutes 

a very important stratigraphie marker. The magnetite rocks 

are almost invariably associated with iron-silicates (born­

blende, actinolite, grunerite, orthopyroxenes) and calcic 

silicates (diopside and tremolite). Because every gradation 

can be found hetween the two, a separation is often problem-

a tic. In the field, the separation is made on the basis of 

the iron content rather than on litholOF.ical criteria. 

Outcrops of ouartz magnetite rocks, when massive, 

are ~enerally rounded, dark gray in colour, and resistant 

to weathering. The banded quartz-magnetite iron-silicate 

rocks exhihit prominent differentia! weathering, the thin 

magnetite bands standing out in relief and the iron silicate 
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bands forming the trough~between ridges. 

The local extent and distribution of the magne-

tite rock is well illustrated hy the maps. (~Iap III - IV). 

The quartz-magnetite formation and interlayered 

silica rocks are found underlain either by quartzite or 

m~rble) or by the granite gneiss. The garnet gneiss and the 

quartz hematite formation lie on top of the magnetite-rich 

rocks. It bas not been possible to calculate the exact 

stratigraphie thickness of the magnetite horizon because of 

the possible presence of rePeated heds. The quartz-magnetite 

formation is only a few feet thick in the area transected by 

base line No. J. In the northern part of the area. however, 

the magnetite formation appears to be at least )00 feet thick. 

lletailed mapping and e~aminatjon of cores reveal­

ed that garnet gneisses and rocks of the iron silicate 

formation are almost always associated or adjacent to the 

quartz-magnetite formation and rarely to the quartz-hematite 

rock. This characteristic is significant and pertinent to 

determination of depositional environment. 

In the quarty,-magnetite rocks. abundant magnetite 

is the predominant iron oxide mineral; quartz is essential. 

and iron silicate is common. In the southwestern part of 

th~ area. par.allel hands of green calcium-mag nesium-iron 

silicates 1 to 2 inches wide alternate with thinner but 

prominent bands of quartz and quartz magnetite. The bands 

are commonly of uniform thickness hut splitting and joining 



of bands is common. Outcrops of massive character consist 

of fine-grained equieranular quartz and maF.netite with 

small amounts of iron silicate minerals. These outcrops 

exhibit thin layers of coarse recrystallized magnetite. 

The quartz-magnetite-iron-silicate ratio sho~s 

considerable variation. The magnetite is relatively fine 

to medium-grained and occurs as octahedra, rounded minute 

particles, or elongated grains. Coarse grains of magnetite 

are conspicuous in zones of recrystallization and in border 

zones with transgressive pegmatites. The silicate minerais 

associated with the magnetite formation consist mainly of 

pale, apple-P,reen diopside often altered to tremolite, 

tremolite altered to talc, and, more rarely, actinolite. 

A band of a hrown-grey rock 3 feet thick and occurring 

within the magnetite appears to be composed chiefly of 

quartz, a pyroxene ( p ossibly enstatite), and minor dolomite. 

Strongly pleochroic epidote of the pistacite variety occurs 

locally, along with actinolite, hornblende, and coarse 

tabular crystalline specularite. Accessories are garnet, 

apatite. quartz and pyrite. Calcite and minor dolomite 

are present in the quartz-magnetite rock but never exceed 

5 per cent of the volume and appear to be secondary. 

The av:3ra g e bulk comp osition of the magnetite 

rocks of Jean Lake, calculated by microscopie petrography, 

is as follows: 

1w1agneti te 

Quartz 
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Diopside 10% 

Tremolite 5% 

Calcite-Talc 5% 

These maenetite rocks commonly exhibit inequi­

granular quartz and magnetite grains arranged in a grano­

blastic fahric. The grains of magnetite are chiefly anhed­

ral and fine Erained (0.2 to 0.5 mm. in diameter). Coarse 

recrystallized grains of magnetite attain up to 1 mm. in 

diameter and are associated With coarse grains of quartz 

and diopside. Quartz grains show undulatory extinction 

and minor fracturing. 

Intricate folding is a characteristic feature of 

the highly banded magnetite rocks; the folds are mostly of 

small dimension, often ptygmatic, and in many places fract­

ured and faulted. (Fig. 13). 



~~.ooo N 

~, · 000"' 

MA..P Ill 

JEAN LAKE 

Ob:b·"·..._ 2'52 

.l 

~
1 } . 

,f 

/ .r 
' · •. 

/ : 
' . 1 ~ •• 

o D . .... -a :tS"' 

'-·j{o:· .. 
r--------------+. ·~------------r--------------

.. \.. 

\ 

\ 

• 1 •.' 

\ ' 
1 \ 
1 

~ .~. ~· 
, · ~ ' 

.. '".!-.· 1 ,. 

' 
' ' >· . 

Q .. 
J-"'-...:..:S:_·_,o~o~o;!.'_N!._ ____ -+.ë'~2. :..._o._,o=-o=E=-------+'.::"':.:ll:_·:.:<>:::.!:!o:!:o!..!:~:._ _____ .!,;':,:":: .. :..:..:· o::;o:::,:::o~------.J...:..' <>::::..::~>:.:·..::<>:::o:::..!:"'~e.'-----1 

LA\-'<E. NOR.>H 

CJ lRo,.... l"'oRr-\A'T\0~ MAR6LE. 
(SPEC. .) 

C..A~~E.T 
~ ·~o ..... FoR,_,A,.tON CJ GNe:,<;.c;. 

( MA.C.,\ 

CJ ·~cl'-\ 511-.IC..A"TE PE.C..t'\A"q\ 

Gil UA. R"l';E, 1,... e:. 
Grc::tA. ~\"TE. 
&NL..\!i>S 



q\, oao t--1 

~O• OOC ~ 

e, ·OOON 

,, ,, 

48 . 

MAP '" 

loS· OOQE. \O'- · oooE. 

ASSCC:::.\A-\ E:b 

Poc~s 

JE -AN LA.V<E. 50UïH 

1q0N Fo~MAT\01'\ 
(5PEc. .) 

1~0~ FO~'t-\AT\O'N 
(t-'A~.) 

\~ON 

QuA.. ~'"T"Z. 1.,... e:: 

!"'1A~ BLE. 

r--1 "A~ 1'\ E.T 
L____J U H E. 1 CO C:, 

PE.~t"A"T"rtE 



Fig . lJ. Photog raph showing ptygma tic folding and 
·ointing in quartz magnetite. 
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THE _!RON SILICATE __FORHATION 

Under the term iron silicate were mauped all the 

calcium, magnesium and iron silicates, such as: hornblende, 

actinolite, grunerite, diopside, tremolite, orthopyroxenes. 

Rocks of the iron-silicate formation are intimately associated 

with those of the QUartY.-magnetite formation. 

In the nortbern section of the Jean Lake area, 

jron-silicate rocks outcrop over a wide area ~nd form promi­

nent ridges and ho~backs which are re~istant to weatbering. 

The colour of the iron silicate rocks varies markedly but is 

commonly dark green, ~ray-gree~ or brown-green. The maximum 

observed thickness of the iron silicate formation is 150 

feet. Most freauently, the iron silicate rocks lie conform­

ably on the quartzite and are overlain hy auartz-magnetite 

rocks or by the quartz-specular hematite formation. 

Iron silicate rocks appears to be typical of a 

changing environment at the time of deposition and are 

tbere fore transitional between clastic and cbemical deposit-

ion. 

Banded iron silicate rocks consist of diopside­

quartz, minor actinolite and calcite, alt e rnat e d witb thin 

bands of quartz - magn e tite. The massjve gra nular tvpe of 

iron silic~te rock consists chiefly of diopside altered to 

tremolite and ~ctinolite or Rrunerite with minor hypersthene. 

Hornblende , hiotite, ~uart~, g a rnet s and occas i onally cum­

min~tonite are often present hut in subo:rdinate amounts. 
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Magnetite occurring in the massive iron silicate rocks 

consists of clusters and irregular concentrations of coarse 

recrystallized grains. 

A singular feature in the massive iron silicate 

of the Jean Lake area is the occurrence of ellipsoidal­

like bodies of concentric structure. These bodies attain 

as much as 1 foot in diameter and consist of an outer 

ribbonlike layer of hyperthene i inch thick and a nucleus 

of coarse quartz, hornblende and soft iron oxide. The 

enclosing matrix is made up of fibrous radiated, often 

nematoblastic, crystals of grunerite riddled with magnetite 

grains. (Fig. 14 - 15). Ribbonlike hypersthene layers are 

also found lining cracks and fractures. These structures 

are probably derived from concretionary bodies of ebert and 

greenalite. 

Da rk brown oxidized bands of iron silicate, a 

fe~ feet wide, are found in the southernmost end of the area. 

These bands consist of thin layers, 5 mm. wide, of iron 

oxide alternating with layers of g ranoblastic quartz-magne­

tite and hypersthene with minor calcite and magnetite. 

Other common mineral associations in the iron silicate 

formation are a lternating layers of diopside quartz, and 

magne t i te-garnat.. 
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Fig. 14. Photomicrograph of a ribbonlike layer of 
byperstbone enclosed in a fibrous grunerite 
matrix. H-hrpersthene; G-grunerite. 
Cross nicols. Low power. X 9· 

Fip. 15. Photomicrograph sbowing a mass of fibrous 
grunerite of the iron silicate formation. 
Cross nicol. Medium p er. X 29. 
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THE ~UART~-SPECULAR H:K~<IATITE FORMATION 

Outcrops of specular hematite are exposed only 

in the tract eut by base line No. 1. This type of lamin­

ated iron bearing rock exhibits a splendent metallic blue 

colour and tends to be friable and easily weathered. This 

formation attains a maximum stratigraphie thickness of 

about JOO feet and lies on top of a well banded quartz 

magnetite and iron silicate rock. 

The essential constituants of this formation are: 

specular~ hematite, quartz, often with a pinkish cast and 

minor quantities of diopside, tremolite, actinolite and 

hornblende. Bands of quartz-specularite (5 mm.) alternate 

with diopside-~uartz-specularite layers (2mm.). The spe­

cularite grains are flaky, equidimensional and elongated in 

the plane of banding. The quartz is also slightly elongated 

and undulose. (Fig. 16). Magne ti te in the quartz-specular 

hematite formation occurs in bands a few feet thick but is 

usually erratically distributed. Bands a few millimeterS 

thick of fine grained quartz-mar:netite alternating with 

silky White fibrous aggragates of tremolite and minor magne­

tite were encountered in sorne of the drilled core. Bands 

of dense cryptocrystalline quartz rock, a few feet wide, 

with streaks of flaky specularite and thin layers of 

diopside occur within these hematite bearing rocks. 

Specularite hematite grains have an averaee size 

of O.J mm. Coarse granular recrystalli?.ed hem?tite occurs 
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wainly in ~ones of fracturing and in cavities. Cub~-like 

rhombohedrons of hematite i an inch across and finely 

stri.ated were found along with slender prisms of actinolite 

partially replaced by hematite. Light coloured constituants 

in the laminated specular hematite consist, in order of 

abundance, of diopside, tremolite and actinolite. Subord-

inate amounts of hornblende and epidote are found with coar­

se granuler hematite in zones of intense folding and fract-

uring. Calcite is present in irregular veinlets, as inter-

stitial patches, and, along with talc, as a product derived 

from alteration of lime-bearing silicates. 
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Fig. 16. Photomicrograph of quartz-specular hematite. 
Texture showing elongated grains of specular 
hematite in a quartz matrix. Plain polarized 
light. Low power. X 9· 



.~.!:9.f\ABLE ORIGIN, f.'iETAMORPHIS~i AND OXIDATION 

OF THE IRON BEAHING ROCKS 

Although this is not a study of the origin of 

iron bearing rocks, an attemnt was made to visualize the 

type of environment and the conditions which prevailed at 

the time of deposition of the iron hearing rocks. 

Mineralogical differences amon~ the various form-

ations can be ascribed mainly to the depositional environment 

and do not appear to be the result of metamorphic conditions. 

The magnetite-silicate auartz rocks probably de-

rived from ferruFinous calcium-ma~nesium carbonates and 

interbedded ebert. The following evidence supports this 

postulated origin. 

1. Presence of ahundant diopside. (Di.opside is 

a characteristic mineral nf repionally metamorphosed sili-

ceous dolomitic limestone). 

2. Stratigraphie relations. (Transition from the 

quartzite horiy,on to the overlyinp, ferrup,inous carbonate-

ebert rock, which in this case was metamorrhosed to a mag-

netite - silicate - auartz rock, could be interpreted as a 

h 
chanp,e from self type deposition to deep basin type deposit-

ion. This change is in accordance vith the generalized 

sequence followed by the tectonic evolution of a basin). 

3. Rocks of a ferruginous carbonate - ebert type 

are easily altered to a magnetite - silicate - quartz rock 

at relatively low temperatures. 
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The intimit~ association of th~ magnetite and 

the iron silicate rocks could be interpreted as the result 

of fluctuation of depositional environmental conditions. A 

mildly reducin~ environment and low 02 atmospheric pressure 

at the t\me of depo~ition inhibited the formation of a higher 

oxicte than magnetite. The calcium-maFnesium-iron silicate 

of Jean J.ake may represent an original greenalite-c~rbonate­

chert sedimentary facies which was metamorphosed to grunerite­

hypersthene-diopside and quartz. The garnet gneiss overlyine 

the magnetite-silicate rocks and separatinF it from the quartz­

specular hematite formation would represent a peri.od of 

deposition of clastic material. The hematite is believed to 

have been chemically prAcipitated as a ferric hydrosol in 

shallow waters well aerated by wave action. 

AJ.l the rocks of the Jean Lake area Were subjected 

to a major regional tectonic evolution and to other deform­

ations of local character caused by recurrences of orogenie 

forces. 

A~ reslJlt of reeional metamnrphism, the hematite 

was changed tn specular i te, the chert was recrystalliyed to 

~ranular 0uartz, and mapnetit~-silicate-nuartz rocks were 

fnrmed, probably from ferruginous-carbon~te-ch ert. The 

r e troprade- metamornhism features present are interpreted as 

the effects nf a later stage m~tamorohism superimposed on 

the more intensive earlv metamorphism. Diopside, wbich is a 

widesnread ~jneral all through the iron hearin~ rocks, is 

often assoriated with calcite in narrow tectonized zones. 
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At the contact between these zono~ and au::.rtz rock layers, 

granul~t\on is intense. (Fjg. 17). Retro~rade m~ta~orphjc 

ch~nP,es are evident, aspecially in zones of intense foldine 

and fracturinp:. As a result of retro~rade reactions, diop-

side was partially amphibolitizcd to tramolite. PassaRe 

from the amphiholite facies to the epidote-amphibolite facies 

is cbaracterized hy fonnP.tion of iron rich epidote, actinolite 

and chlorite. The actinolite needles are sometime~replaced by 

hematite. (Fip;. 18). 

DiaP,enetic chanp;es such as rearranp;ement and 

recrystallization of map;netite and hematite grains are also 

associet~d with foldin~ and dislocation, and probably were 

penecontemnoraneous to the orogenie forces Which caused the 

retro~rade metamorphic changes. 

Investiftation of sev~ral polished sections reveal­

ed various stapes of martitizC~.ti on of mRpnetite. This 

process of oxidation is associated with zone of hrecciation, 

mir.rofolclinp, faultinr;, and water segpage. The alteration 

to hematite i~ most pronounced at the mar~ i. ns of the maenet­

ite grains and proceeds inward along cracks and RlOnR the 

octahedral planes. (Fig. 19 - 20- 21). 

Sections of core from diamond drill hole No. 253 

in a zon e of microfo l ding show progressive oxidation al on~ 

octahedral Pl<mes in a fine i'iidmanstatten-like texture. 

(Fi~: . 22). Small octahedra of homatite pseudomornhous 

after ma~netite are often present aod are char~cteri~ed by 

weak anisotropiqm, twinnin~. Rnd a hi~her r~fJectivity 
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index than normal hematite. Sorne crystals of specular 

hematite exhibit textures similar to growth zoning where a 

number of smaller crystals are stacked together in almost 

parallel orientation. 
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Fig. 17. Photomicrograph showing the contact between 
quartz rock and diopside zone. Q-quartz rock; 
D-diopside; M-magnetite; G-granulation. 
Cross nicols. Low power. X 9. 

Fig. 18. Photomicrograph of a retrogressive metamorphic 
zone. A-actinolite; P-pistacite; H-specular 
hematite pseudomorph after actinolite. 
Plain polarized light. Medium power. X 29. 
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Fig . 19. Pbotomicrograph sbowing martitization of 
magnetite in a zone of brecciation and micro­
folding . M-magnetite; m-martite. 
Reflected lig bt. Medium power. X 84. 

F i g . 20. Photomicrograp h of ma rt i ti ?.ation a long ma r g ins 
of mag netite g r a ins a nd a long cra cks. 
M-mag net i te; m-martite. Reflected Li ght. 
Medium power. X 84. 



Fig. 21. Photomicrograph showing martitization of 
magnetite alone octahedral planes. 
M-magnetite; m-martite. Reflected ligbt. 
Medium power. X 84. 
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Fig. 22. Photomicrograph sbowing martitization of 
magnetite along cracks. Note the iidmans­
tatten texture. Reflected light. 
Medium power. X 84. 



ANALYSES OF IRON BEARING· SAMPJ .ES 

FRO?<l THE JEAN LAKE AREA 

Representative % Fe % MnO 
Sampl~ of ouartz-specular 

CfL T'O 
fU ~ 2 

hematite 35.50 .09 

Representative % Fe % MnO 
SamplP. of ouartz 
ma~netite 30.00 1.24 .02 

Analyst: Dehn H., Geocbemical Laboratory, 
McGill University. 
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~HE MAGNESIAN TACTITE 1 ZONE 

OF LA~lELEE LAKE -----------

A tactite zone in the nose of a northwesterly 

plunginR syncline overturned to the west lies comformably 

between the quartz-magnetite and the quartz-specular hematite 

horizon. The s~ncline structure resulted from folding about 

two sets of axes. A dominant NW trending set is crossed by 

a later developed ENE striking set. ( J.!ap VI) 

The tactite zone consists of the following 

elements: 

1. A serpentinite derived from the alteration of 

an ultrabasic ro_~. 

2. An enstatite-chlorite aureole. 

J. A cummingtonite schist aureole. 

4. A-ÈXPersthene-do1omite~~~· 

THE SERPENTINITE ROCK 

Only three sma11 outcrops of this easily weathered 

serpentinite rock were seen. This rock is fine grained, 

dense, black to clouded dark gree~ and mottled with red 

1. According to F.L. Hess (Am. Jour. Sei., 4th. Ser., 
Vol. 48, 1919) a tactite may be defined as a rock of 
complex mineralogie composiliion formed by contact met-
amorphism and metasomatism of carbonate rock. 



stains of iron oxide. Masses and dissemin~ted grains of 

olive-green olivine frequently coloured honey-yellow, 

brown or red by oxidatjon of the iron are present in this 

serpentinite. 

Under the microscope, this rock appears to consist 

chiefly of a structureless mass of serpophite, talc and minor 

flaky antigorite. (Fig. 23). Accessories are: residual 

grains of an olivine, magnetite, spinel of the pleonaste 

type, ilmenite, dolomite and zircon. Thin sections of the 
...1 

serpentinite often show a peculiar structure like the meshes 

of a net; the lines marked by minute grains of magnetite 

follow the original cracks and cleavage direction of the 

olivine. (Fig. 24). The nature of the original minerals 

of the serpentinite can thus be inferred and in this case 

is mostly olivine and pyroxene. 

THE ENSTATITE-CHLORITE AUREOLE 

The enstatite-chlorite rock constitutes the 

innermost zone of the contact metamorphic aureole and local-

ly surrounds the serpentinite rock. The outcrops of this 

rock are rounded, well expose9 and resistant to weathering. 

(Fig. 25 - 26). Rosette structure consisting of prismatio 

radiating aggregates of enstatite is a conspicuous textura! 

element of this taotite rock. The rosettes are light to 

dark gray in colour with a silky lustre and attain as much 

as 6 inches in diameter. (Fig. 27). The enclosing matrix 

consists mainly of translucent pale leek-green foliae of 
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chlorite (antigorite-clinocblore) and granular magnetite. 

The antigorite, which bas a thin lamellar structure, shows 

plicated foliation. 

The optical data on a rosette of enstatite are 

as follo11s: 

Biaxial positive. 

Parallel extinction. 

Low to moderate birefringence. 

nB Index = 1.670 

nK Index = 1. 672 

n~ = 1.672 correspondsto En93 which on the decimal 

classification is enstatite. 

Fluorescence X-ray analysis of rosette material 

revealed the following chemical composition: 

CaO • . . . . . . • • . . . . • 1. 0 5% 

Under the microscope, the enstatite rosettes appear 

to be rirldled with grains of magnetite. (Fig. 28). Minor 

bastite alteration and a fihrous aegregate of amphibole, 

probably tremolite, is present in some of the rosettes. 

Green plednaste seldom occurs along cracks. The following 

minerais were identifiect in thin sections of representative 

enstatite-chlorite rock: 

Enstatite 

( Antieorite, nB = 1.564 
( 

chlorite ( Serpophite 
( 
' 
( Clinochlore, nB = 1.588 



Forsterite (FiF,. 29) 

t<Iae;netite. 

Accessory Miner~~: 

Spinel (Pleonaste) 

Cordierite 

Dolomite 

Garn et 

Accessory minerais include a peculiar strongly pleochroic 

variety of olivine and few grains of a dark brown mineral 

believed to be sapphirine. 

The texture of this rock is porphyroblastic. 

Plication of the chlorite foliae and granulation of sorne 

of the minerais are common. 

THE CUMMINGTONITE SCHTST AUREOLE -· _...._ __ - - -----

A band of cummingtonite schist a few inches wide, 

occurs at the contact hetw~en the serpentinite rock and the 

hypersthene-dolomite aureole. This rock consists of yellow-

gray acicular crystals and is soft and friable. Under the 

microscope. a nematoblastic texture is e~hibited; sorne of 

the needles are partially replaced by magnetite. (Fig. JO). 

THE HYPERSTHENE-DOL01-1ITE AUREOLE 

The hypersthene-dolomite rock. which constitutes 
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the outer aureole of the tactite zone. lies comformably on 

the quartz-ma~netite hori~on. üutcrops of this rock exhibit 

a pitted, often corroded 1 surface and are rusty brown in 

colour. The magnetite and dolomite content of this rock 

becomes noticeably hiRher at the contact zone with the 

quartz-magnetite where, also, the original bedding is partly 

preserved. The composition of the hypersthene-dolomite 

rock based on the averaRe of estimated amounts in five thin 

sections of representative rock is as follows: 

Hypersthene 40% 

Dolomite-Ankerite (Fi~. Jl) 20% 

Magnetite 15% 

Amphibole (Anthophyllite-Cummingtonite) 10% 

Spinel ( Pleonaste) 5% 

Clinochlore 5% 

Olivine J% 

Cordierite 2% 

<1-a.rnet is an accessory mineral. The hypersthene 

is strongly pleochroic frow green to deep pink. Ankerite 

is present in subordinate amounts and is characterized hy 

its tendency to form euhedral crystals and by brown stains 

around the borders of the g rains and along cleavage cracks. 

The te~ture of this rock is granoblastic and the inequi ­

granular component minerais are oriented at random. The 

transition from the enstatite-chlorite rock to the hyper­

sthene-dolomite aureole takes place within a few feet and 

is marked hy an increase in dolomite content and gradual 

disappearance of the enstatite rosettes. 



THE ?J.EOCHK<I"(f! OLTVJNrt: ANH 1'fffi Si\PPJ-:riHINE ---·· 

Tablets and/ more rarely; pornhyroblasts of a 

peculiar bri~ht y~llow mineral are found both in the en-

statite-chlorite aureole and in the hypersthene-dolomite 

rock. This mineral is associated with hypersthena, dolomite, 

coJ..ourlPss chlorite, spinel and mat=r.netite. 

According to s. Kranck, a similar mineral from 

Hobdad Lake bas the follqwing characteristics: Pleochroism 

strong (Y and X, Yellow; Z, Oran~e). 

Bi? .. ~. ia..J POSi t:i.ve 

Twinnad (Fi~. )2) 

Cleavav,e poor 

The mineral has thP following chemicaJ compo-

sition (S. Kranck2 ) 

Si0 2 1.l) • 9 

Al20J J.4 

Fe2 o3 2.2 

Fe 0 11.4 

Mg 0 45.4 

:Mn 0 o.o6 

Cr 0 0.3 

Na2o o.os 

K2 0 0.01 
<;l8. 7-._ .. ____ --.~~------·-----

2. Persona! communication (Harch 19~9) 



This mineral bas the chemical composition and 

the X-ray diffraction pattern of a variety of olivine. 

S. Kranck thinks that the anomalous colours are result of 

incipient alteration to iddinRsite. 

Green spinel of the pleonaste v~riety is parti­

cularly abundant in the hypersthene-dolomite rock. SPinel 

is always associated with, and, often surrounded by mag-

netite. (Fig. 33) • 

A few tablets and disseminated grains of a 

mineral believed to be sa~phirine occur in the enstatite-

chlorite aureole as a minor constituent. (Fig. 34) • In 

thin sections, this mineral appears light to smoky brown, 

has high relief and faint pleochroism. The axi.al angle 

appears to be larRe, but cannat be easily measured. Under 

polarb:ed liRht, polysynthetic twinning and trans] ncent 

thin ed~es in red are common features. This mineral is 

always closely associated with spinel and appears to have 

formed at the expense of it. 

It bas not heen possible to obtain all the 

optical characteristics of this mineral but the mode of 

occurrence and its association are tyPicaJ. of sapphirine. 

COPPER .toliNERALIZ!~TlON AND HEMATITE-IL?-1ENI1'E 

IN THE TACTITE ZONE 

On a high, nearly vertical, slickensided face at 

the contact between tho serpentinite and the enstatite 

chlorite rock numerous green st~ins and patches of malachite 
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are visible. Examination of polished sections revealed 

the presence of the following copper minerRls in order of 

abundance; 

Chalcocite 

Malachite 

Covellite 

Bornite 

Azurite. 

The s~lphjdes occur in tiny cracks and as 

replacement of mApnetite and of crystaJline dolomite. (Fig. 

35 - 36). Bornite is locally present with chalcocite. 

(Fig. 37). Covellite locally p~netrates chalcocite along 

fractures and cleavage planes. (Fig. 38). Most of the 

chalcocite invades the core of maP,netite grains leaving 

the rims unreplaced. Secondary minute ~ranular magnetite 

outlining the houndary of the original crystals is also 

sometimes replaced by chalcocite. 

The chalcocite is orthoromhic and clearly of 

supergene origin replacing hornite or chalcopyrite. 

Seriate arrangement of ilmenite exsolution 

bodies unmixing from hematite is commonly round in the 

enstatite rock at the contact with the serpentinite. 

(Fig. 39). Ilmenite and exsolvinp hematite are present in 

the serpentinite. 



Fig. 23. Photograph of serpentinite altered to 
serpopbite. TI-dolomite; C-chalcocite; 
S-serpophite. Cross nicols. Medium 
PO\'er . X 29. 

?2. 

Fig. 24. Photomicrograpb showing minute grains of 
magnetite in serpophite .. The grains follow 

' the origina cracks and cleavage direction 
of the olivine. Plain polarized light. 
Medium power. X 29. 



Fig. 25. Pbotograph of an outcrop of enstatite­
chlorite rock. 

?3. 

Fig. 26. Photog raph showing large enstatite rosettes 
in a chlorite and magnetite matrix. 
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Fig . 27. Photog rap h of prismatic radiating crystals 
of enstatite sli~ht l y bent to indicate 
rot a tion during g rowth. 

Fi g . 28. Photomicrograp h of a rosette of enstatite 
showing pyroxene cleavag e and dark g rains 
of magnetite. Plain pol a rized light. 
Medium power. X 29. 
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Fig. 29. Photomicrograph showing forsterite tablets 
altering to serpophite and antigorite. 
F-forsterite; A-antigorite; M-magnetite. 
Cross nicols. )edium power. X 29. 

Fig. JO. Photomicrograph of cummingtonite schist 
exhibiting a nematoblastic texture. Cross 
nicols. Medium power. X 29. 



Fig. Jl. Photomicrograph of euhedral crystals of 
dolomite in the hypersthene dolomite 
aureole. Cross nicols. Medium power. 
x 29. 

Fig. 32. Photomicrograph of twinning in olivine. 
0-olivine; A-antigorite; M-magnetite. 
Cross nicols. Medium power. X 29. 

76. 
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Fig. JJ. Photomicrograph of green spinal (pleonaste) 
and magnetite in the hypersthene-dolomite 
aureole. S-spinel; M-magnetite; D-dolomite; 
C-cummingtonite. Plain polarized light. 
Medium power. X 29. 

Fig. )4. Pbotomicrograph showing sapphirine. 
S-sapphirine; P-pleonaste; M-magnetite; 
C-cordierite; D-dolomite. Plain 
polarized light. Medium power. X 29. 
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Fig . 35· Photomicrog raph showing chalcocite replacing 
a magnetite grain. Reflected light. 
Medium power. X 84. 

Fig . )6. Photomicrograph of atoll structure. Chalco­
cite core with unrepl a ced rim of magnetite. 
Reflected light. Medium power. X 84. 
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Fig. 37. Photomicrograph of chalcocite and bornite 
replacing magnetite. B-bornite; C-chalco­
cite; M-magnetite. Reflected light. 
Medium power. X 84. 

Fig. J8. Photomicrograpb of covellite exsolving 
from chalcocite. C-chalcocite; 
Co-covellite. Reflected ligbt. 
Medium power. X 84. 



Fi~ . 39. Photomicro~raph of seriate arrangement 
of ilmenite ex-solution bodies unmixing 
from hematite . I-ilmenite; H-hemat i te. 
Reflected light. Medium p ower. X 84. 

80. 
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~BLE SEOl[;"flliCE OF EVENTS WHICH LED TO THE FORNATION 

pF -r:H_E MAGNESIAN T.ACTITE ZONE OF LAMELEE LAKE 

1. 

2. 

J. 

4. 

Deposition of ferro-magn~~a~ carbonates and 

pelitic sedi~~nts. __ 

folding 

(Regional metamorp~ism to amphibolite facies) 

In.:t!:.!.!~.!..~!!.. -~f ultraba.s i c_ ..,!1!~~. 

(C~ntact metamorphism to pyroxene-hornfels facies; 

hematite ilmenjte exsolution). 

~efol.~in_g 

lRetrograde kinematic metamorphism with formation 

of the enstatite-chlorite aureole by complete 

dedolomitization of the hypersthene-dolomite rock). 

Hydrothermal alteration 

(Formation of hydrous metamorphic minerais 

accomp~nied by introduction of copper sulpides). 



ANALYSES OF SA!VIPLES FROM THE ?-'IAGNESI.~]i_1:_f\.QI!TE ZONE 

OF L.AMELEE LAKE 

Representative 
sample of serpentinite 
with malachite stains. 

Representative 
sample of the enstatite­
chlorite aureolP 

% Cu 

4.00 

% Cu 

.03 

%Ni 

%Ni 

.08 

Analyst: Debn H., Geochemical Laboratory, 
McGill University. 

& T"O 70 ] 2 

.1) 

% Ti02 

2.6_") 

82. 



CONCLUSION .AND DISCUSSION 

The magnesian tactite comFlex of Lamelee Lake 

appears to have originated from polymetamorphism of silica­

deficient ferro-maP,ne8i~n carbonates and pelitic sediments. 

Excess of (Mg, Fe)O and Al2o3 and a strikine deficiency of 

Si02 , K2 0, Na2o and CaO ch ara ct eri.?.P this zone. The -wide­

spread occurrence of spinel and forsterite would indicate a 

silica-poor milieu, Whereas absen~e of plagioclas~ indicates 

a deficiency in sndiu~ and potassium. Occurrence of olivine 

and sapphirine indicates an iron and alumina excess and ~ 

defici.ency in sili.ca. 

llepositi.on of ferro-magnesian carbonates and pel­

itic sediments. which were later metamorphosed into a tact­

ite zone, followed the deposition of the quartz magnetite 

formation. This could be interpreted as a chnnge from shelf 

type deposition to deep basin type deposition. 

Hecause the intensity of re~ional metamorphism 

appears ta be quite uniform throughout the area, it -would 

appear that the rocks of Lamelee Lake were also initially 

metamorphosed to the amphibolite facies. The minerais of 

the tactite zone such as hypersthene, forsterite, spinal 

cordierite and minor pl~ochroic olivine and sapphirine are 

characteristic of bigh temper~ture contact metamorpbism of 

the pyroxene-hornfels facies and are related to basic 

intrus i ons . The minerais listed a bove are siJica-deficient, 



waFnesium and alumina rich metamorphic derivatives of 

fArro-maFnesian and pelitic sediments. 
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The cummin~tonite schist aureole represents a 

temperature of metarnorpbism equivalent to the aPlphi.boli.te 

facies; such a temperature was not St.tfficient to obli terate 

the schistosity of the par~nt rock. 

!ltlo~t of the sa::-phirine occurrences referred to 

in the literature seem to be associated ~ith ultrabasic 

intrusions and are invariably accompanied by spine~ and 

less commonly by enstatite, hyperstbene and olivine. The 

high temperatures reached in the vicinity of the basic 

intrusion is indicated locally by the complete recrystal­

lization of the maF,netite of the 0uart~ magnetite horizon. 

Assimilative reactions with conversion of the 

wall rock in immedia.te contact ~ith the ultrabasic magma 

to those Phases of nvroxene and olivine with which the 

reactinF- magma was saturated, would be further proof that 

the serpentinite was ori~inally an olivine and pyroxene-rich 

magma. 

Several well-exposed, quartz-magnetite outcrops 

located in the nose of the syncline and overlain by hypAr­

sthene-dolomite and by the enstatite-chlorite rock exhibit 

a cataclastic texture, in Which F,ranules and scattered eyes 

of coarse auartz and quartz-maF,netite are set in a fine 

matrix of quartz-magnetite. The auartz snecular hematite 

rock overlyin~ the enstatite-chlorite aureole is also strong-

ly deformed and shows local intense ptygmatic folding. (Fig. 40) 



Under the microscope, thP. colorless chlorite flakes of the 

enstatite-chlorite rock exhibit strain-slip cleavape due to 

microfoldinF,. The pri.smatic radiating crystals Which form 

the enstatite rosettes are often sliP,htlv bent as if the 

enstatitc porphyroblasts were rotated durinR the growing 

process. 

All the accumulated data on the structural 

characteristics of the rocks located in the nose of the 

syncline show that while deformation in the quartz-magnetite 

and quartz-specular hematite was achieved essentially by 

mech~nical processes, deformation in the enstatite-chlorite 

rock was predominantly crystalloblastic and achieved by 

chemical processes. In the enstatite-r.hlorite aureole, 

dedolomitization wa~ complete. 

Heikki v. Tuorninen and Toivo Mikkola (1950) 

consider that during folding, thick competent heds occurr-

inR as phacolithic core fillings in foJds Rlided laterally 

whereas the incompetent beds flowed towards the hinges of 

the fnlds. Under these movements, the rock recrvstalli~ed 

to shee~ mineral.s Sllch as chlorite, etc. and simultaneously 

the excess constituants emigrated and caused an enrichment 

in Mg and Fe within the residue. This process, according to 

Tuomjnen ~ nrl Mikkola, tnok place under hydrothermal conditions. 

In the case of the enstatite-chlorite aureole of 

l .ameleP La ke, it is prohahly unnecessary to po~tulate an 

iron-~agnesi.a-silicate metasomatism derived from adjacent 

intrusions (Esknla 1914). 
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The maenesia of th~ enstatite-chlorite zone of 

Lamelee Lake was probably derived from the dolomite contain­

ed in th9 rock prior to metamorphism. The following factors. 

however, appear to be important in connection With the ~enesis 

of the enstatite-chlorite aureole of Lamelee Lake: 

1. The enstatite-chlorite aureole has been local­

ized on the nnse of the syncline. 

2. Presence of nurnerous veinlets of crystalline 

dolomite at the contact between serpentinite 

and enstatite-chlorite rock is clear evidence 

that magnesia was introduced during an 

hydrothermal phase. (Fig. 41). 

In conclusion, the enstatite chlorite aureole of 

Lake Lamelee may be explained as a product of Kinematically 

controlled wetamorphic different.iation. The folding and 

deformation probably took place simultaneously with hydra­

thermal reactions which were characterized by waters charged 

With carhon dioxide, magnesi~Jand copper sulphides. The 

talcose and serpentine rocks derived from the ultrabasic 

rock may also be the product of hydrothermal alterations. 



Fig. 40. Photograph showing ptygmatic folding in 
quartz-specular hematite . 
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Fig. 41. Photograph of veinlets of dolomite at the 
contact between serpentinite and enstatite­
chlor "te rock. 
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GENERAI, -2!_J~JMAR.Y 

This thesis presents a detailed description and 

discussion of th~ iron formations and associated rocks of 

Jean Lak~ and Lake Lamelee area')• the1=1e are located 24 miles 
l 

SS\v of ~lount Wright in central lJ.uebec. The rocks of the se 

two areas represent sedimentary formations of chemical and 

clastic oriF,in which have been intensely foldedJa.nd engulfed 

in the Grenville-type regional metamorphism. 

It is concluded that the ductless auartz-microcline 

pegmatites of the Jean Lake area are the result of metamorphic 

processes and are formed by mechRnical and aqueous diffusional 

transfer of material derived from the adjacent garnetiferous 

paragneisses. All these pegmatites are geneticallv and 

spatially related to zones of intense deformation. 

The maFnesian tactite zone which lies in the 

nose of the syncline of Lake Lamelee is thought to be the 

rpsult of re{"ional. contact and Kinemati.c rnetamorphism of 

ferro-map,nesian carbonates and pelitic sedim~nts. 
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