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In the Thompson Lake*l'{oak Lake area of northern

Manitoba, two types of ultra-basic rocks occur" Serpentinite

at Moak Lake is situated along a structural break running

from Split Lake to Setting Lake. Ultrabasic rocks in dyke

for.ri occu.py a pronounced lineament in the vicinity of Cuth-

bert Lake" Associated r,vÍth the ultrabasic dykes is a basic

dyke s.hra1rn, The purpose of this study is tvro-fold: to

examine the ultrabasic and basic dykes of the Cuthbert Lake

area, and to compare the two types of ultra.basic rocks to

find the relationship between thern" An explanation is

sought for the fact that economic niclcel sulphide deposits

are associated r^¡ith the l.{oak Lake type of ultrabasic rocks

and not witti those of Cuthbert Lake'

A part of t,he Thompson Lake-Moak Lake area, including

the cuthbert Lalce area, was mapped d.uring the 1958 fieLd

season. A review of a portj-on of the litera-ture of ultra-

basic rocks was und.ertaken to fors a background for the

problems connected. lrith these rocks" Thin sections of

specimens of the ultrabasie and ba.sic d,ykes of the cuthberÈ

Lake area, plus two chemical analyses of these rocks ulere

useci to ascertain their petrological relationship" The

structural rela.tionships of these d.ykes and their relation-

ships to the enclosing rocks lvere studied both in the field

and by schmidt-net and stereographic net techniques' The

ABSTRACl



Interna.tional Nicke'l Company si-ipplied the v¡riter rvith a

cross section of drill core samples of the Ùloak Lake

serpentinite body. Thin sections and polished sections aS

well as a representative chernical analysis of this rock

provided material for a comparison with the Cuthbert Lake

ultrabasic dykes"

As a result of this study, it is concl-uded that the

rocks similar to the luloak Lake type of ultrabasie rock are

Alpine-type peridotite, ancl that they hrere intruded during

a perioci in r^lhich an island arc sysÈem occupied the area"

The Cuthbert Lake ultrabasic and basic dykes, on the other

hand, are found. to represent different phases of a differen-

tiated basic magna"

A feasible explanation for the restriction of

economic nickel sulphide deposits to the Ïi{oak Lake type of

ultrabasic rock is presented in a discussi-on of the different

geoLogical processes through v¡hich these rocks have passed"
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ïmportant nickel-bearing sulphide deposits have

recently been found associated with ultrabasic serpentinfte

bodíes in the Thompson Lake - Moak Lake area of northern

Manitoba" ïn the vicinity of Cuthbert Lake, which l1es

within the Thompson Lake-Moak Lake area (see figure 1), an

ul-trabasic dyke and an associaÈed basic dyke swarm forn an

important part of the lithology" However, economic nickel

deposits have not been found associated with these latter
rocks "

The purpose of this study is to examine the relation-
ship betv¡een the basic a¡rd ultrabasic dykes of the Cuthbert

Lake area, and to compare the ultrabasic rocks of this region

with the nickel-bearing ultrabasic rocks in the vicinity of

Ivioak Lake" AD explanation is sought for the fact that

nickel ore d.eposj-ts are associated with one group of ultra-
basic rocks and not with the other"

CHAPTER I

TNTRODUCTÏON

GENERAL STATHVIENT



The followÍng surunary of the early geological history
of the area has been taken from Dawson?s report (lg5Z).

The earlíest geological work in the Thompson Lake-

Moak Lake area was done in 189ó by J" B. Tyrrell of the

Geological Survey of Canadau He followed the canoe route

from Sipiwesk Lake through Landing, llintering, Painte and

Ospwagan lakes, and ascended the Burntv¡ood River to Nelson

House" His report gives a brief description of the rock

types encountered in the southern and western parts of the

area o

During the summer of 1906, William McÏnnes, also of

the GeologÍcal Survey of Canada, descended the Nelson Rj.ver

to Split Lake and proceeded west up the Burntwood River' He

reported the presence of greenstone along the lower part of

the Burntwood River"

Another Geological Survey of Canada party, Ied by F. J"

Alcock, mapped. the Ospwagan Lake area in 1920 and outlíned

a greenstone belt extending north to the Burntwood River"

The years 1928 and L929 marked a period of mineral

exploration in the area, This resulted in the diseovery of

several prospects, chiefly of base metals" In connection

with this actÍvity, J. F, Wright of the Geological Survey of

Canada travelled dornm the Grass River from l{ekusko Lake to

Thicket Portage during the late sunmer of 1930, In the

PREVTOUS GEOLOGTCAL I,JORK
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course of this trip, he examined the geology and mineral

prospects of Paint, Ospv,ragan, I'iystery, Partrídge Crop,

Natawahunan, Wintering, and Landing lakes"

-A,n S. Dawson, in the surnmer of 19L1, mapped Ëhe area

bounded by longitudes 960l+5r and 98of5r west and, latitudes

55oI5î and 56oO?t301 I north for the Manitoba Department of

Mines and. Natr,¡ral. Resources" This work, published in J.952

under the title lf Partrídge Crop Lake Areatt e was done in one

sunmerê The area surveyed. by F, J. Alcock in 1920 was noË

re-done, but was incorporated into Dawsonts worko which was

published, on a map at the scale of one inch to two miles,

Durín.g a tr¡¡o-v¡eek period of the srunmer of 1950¡ J. C.

Gill mapped the geology of the Mystery Lake area for the

Manitoba Department of Mines and Natural Resourees" ThÍs

survey 'Ì^ras coneerned only with the geology around, Mystery

Lake and the jmmediate vicini.ty" The result of this survey,

published as the ttGeology of the Mysüery Lake Arealr (1951),

was accompanied by a map at a scale of tv¡o inches to one mile,

In 19117 the International Nickel Company of Canada

began a program of i¡tensive geological and geophysical work

in the area along the north side of the Hudson Bay Railwê.¡¡o

The discovery of base metal occurrences sti:nulated interest

in Èhe area and much ground was staked" Subsequently, the

Canadian Nickel Company, the International NÍckel Company of

Canadars explora.tion subsidiary, discovered a large low-grade

nickel deposit at Moak Lake and a high-grade deposit at

3



Thompson" The latter Ís to be brought j.nto production

1960. Further exploration by numerous mining concerns

still being conducted in the area,

The diseovery of the large nickel deposits at Moak

Lake and Thompson Lake drew much attention to this area of
Manitoba" As a resulÈ of this interest, the Manitoba

Department of Mines and Natural Resources initÍated the

mapping of the Thompson Lake - Moak Lake area on a larger

scale than had heretofore been attempted" A five-man party

under ühe leadership of J, M. Patterson was sent to the area

in the spring of 1958 to begin the program" The writer lras

assigned to the party as senior assistant. During the

suamer of 1958¡ a porti-on of the area was mapped (see figure I)"
The remainder is to be finished during the sutrmers of 1959

and 1960,

It was suggested to the rqriter thaü the mapping of

a perldotite dyke extending frcn Cuthbert Lake to Begg Lake

and a cmparison of this peridotite with the ultrabasi.c

rocks of Moa-k Lake be nade the basis of a thesis study. In

accordance with thís, the geology of illoak Lake was mapped,

and a month was spent by the personnel of the field party

studying the perÍdotite dyke and the surrounding area fronn

Cuthbert Lake to Begg Lake. the winter months were spent

PRESENT hIORK
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plotting the field data and studylng rock specimens taken

from the map-â.rêâø
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The writer is much indebted for the help and suggestions

of Ju Mo Patterson, the party leader, throughout the field
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dd, arul guidance of Dr, H. D" B. ilJilson, thesis director

dr:ring the w"inter" The writer is also much obliged to
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In order to study the uLtrabasic rocks of the area

in their proper perspectíve, the writer has made a partial

study of the literature pertaining to the characterisbics

and genesis of ul-trabasic rocks in general" The following

chapter is a sunmary of this studY"

DTSCUSSTON OF ULTRAB¡,SIC ROCKS

CHAPÎER TI

INTRODUCTTON

Throughout this report, ultrabasic rocks will be

distinguished from other rock üypes on the basis of their

silica contenÈ, This is in accordance with the definition

adopbed by Turner and Verhoogen (1951) r as well as by

Willia¡s, Turner, ffid GilberË (1955't , in whÍch ultrabasic

rocks are those igneous rocks v¡hich have a silica content

of ¿*5 per cent or less,

The minerals composing the rocks of the ultrabasic

suite are among the first ones Èo crystallize from a cooling

magnaø The major constituents are olivine, orthopyroxenet

and clinopyroxene" Locally, spinel, iron oxi-des, and

GENERAL CHAR,ACTER



sulphides are prominent, Mi.nor constituenËs are calcic

plagioclase, phlogopite, garnet, amphibole, and others"

The rock types within the ultrabasic group are

normally characterized by the scarcity or absence of feld-

sparu One possible exception is anorthosite composed of

anorthite wtth minor pyroxene, in which the Iov¡ silica
percentage requi.res that it be classified as an ultrabasic

rock, The ultrabasic rocks are generally dark, due to the

presence of a large amount of pyrox€flêo PartiaL or compl-ete

serpentinization of either olivíne or pyroxene aceentuates

the dark appearanee of these rocks, The rocks are generally

rnedir.rm- to coarse-grained, although the alteration to

serpentine gives the surface a fine-grained appearanceó

Effusive rocks are rare" In fact, many doubt that a liquid

magma corresponding iJì chemical composition to a rock of

the ultrabasic group has ever existed"

A complete classification of the ultrabasíc group of

rocks was presented by Johannsen (1938) " The two main

groups are desÍgnated as peridotites and olivi.nites,

Peridotite is composed primarily of orthopyroxene, clino-

pyroxene, olivine, and minor accessories; pyroxene pre-

domínating over olivine. Olivinite is composed of the sane

minerals as peridotlte, but differs in that ol-ivine

predominates over the total quantity of pyroxene in the rock"

Subordinate Ëypes are Íncluded in each of these two main

I



groups, and are distínguished by the ¡relative proportions

of the main constituents as well as by the presence of
predominating minerals" The subordinate rock bypes wÍLr not

be discussed. some monomineralic or anchimonomineralic

rocks are also classed within the ultrabasic system. Examples

are pyroxenites (+gO/, pyroxene), duniÈe (+g}f' olivine) o

and anorthosite (a variety cl-assed as an ultrabasj.c rock

r¡¡hen composed of +9O% anorthj.te)" For the purpose of

simplification, all ultrabaslc rocks Ìrill- be referred to as

peridotites throughout this report unless otherwise specifÍed.

Ultrabasic intrusions occur in several different
forms, briefly described in the following paragraphs, Only

two are considered in detall, They are distinguished as the

Alpine-type peridotite (Benson." 1926) and the Bushveld,-type

peridotiÈe (Hess, J-955l,,

One form of ultrabasic intrusion was called by Benson

(1926) the si]l and batholithic phase, Peridotite in this
form exists as one of a series of associated intrusions

which range frø peridotite to granite, Turneaure (L955,

p.56), in describing the igneous activíty of the Sierra

Nevada province, wrote;

?rÎhe intrusive sequence proceeds from basic and ultra*

9
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basic types to granodiorite and quartz-monzonite, the
prevailing rocks of the main batholith and satellitic
bodies, The ultrabasic intrusions, which occur in the
Jurassic formationso have been involved in the folding
and have been metamorphosed by the more acid differen-
tiates that postdate the deformation, fntrusive
bodies of peridotite also occur in the Francisean
forration which is IaËer than the bathofith"ll

the Caledonian group of intrusive rocks studied by

Nockolds and Mitchell (L9b6) might also be classed with the

sill and batholithie phase, These rocks are represented by

intrusions, ranging from peridotite to granodiorite as well

as apl-ite and some pegmatite, which aLl show a definite
pebrographic relationship,

This association of intrusions is for:nd in orogeni-c

provinces, It i.s noted that the intrusions range in size

from sills to batholibhs, The peridotÍtes in these regÍons

are perhaps a modification of the Bushveld type which will be

discussed later" However, it is thought preferable by the

writer to group this occurrence with those of the sill and

batholithic phase.

Roeks of ultrabasic composition also occur as ol-ivine

bombs in basic Iavas" These bombs are inclusions of olivine-
rich rock, normally no greater than 2 feet in diameÈer,

They are commonly elongated and in many instances possess a

smooth surface, which is j-ndicat'ive of resorption to some

extent, Ol-ivine bombs have been reported from two maÍn

geographic uones. One zone extencls from Breslau in west

Poland to Saxony in cenbral Germany" Another zone extends

10
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west from Graz along the north flank of the Alps to the

Black Forest, 0ccurrences are al-so reported from Hungary,

Bulgaria, Sweden, France, Portugal, Sardinia, Japan, Morocco,

lWanchuria, Nigeria, and tÌre Hawaij-an fslands,

Another form in r¡rhich ultrabasic rocks occur in
relatively small quantities is that of stock-like intrusions,
An intrusion described by Daly (L933) as a chonolith has

been reported from Tulameen, British Col-unbia, The horüon-

olite pipes which cut the Bushveld complex and kimberlite
pipes of South Africa may also be classed here"

LOCATION AI\ïD ENVIRONMENT

OF THE- ALPTNE - TÏPE PERTDOTITES

The Alpine-type peridotites are formd associated with

present-day island arc systems, major mountain systems, Ðd

the eroded roots of older mountai-n chains, Hess (1938-A)

!¡rrote thât Alpine-type peridotites are strictly Ii:nited to
such zones and are completely absent elsewhere.

these peridotites, I^rith spilitic-type lavas, comprise

the ophiolite suite" The members of this suite are not

always closely associated.. The peridotites are most often

found in the areas where thrust faulting is mosÈ obvious on

tl" surface. Hess pointed out that these rock types have

been inÈruded. onl-y during the first period of deforrnation"

Subsequent defomtaËions do not have peridotite associated



with them" Spilitic Iavas, however¡ oceur throughout

different tectonic parts of mountain ranges" They are not

restricted to the first period of deforrration, either, but

occur during subsequent periods of tectonic activity.
Often associated with the A1pine-type peridotites are

radiolarites and cherts as well- as fine-grained pelitic
l-imestones and greywackes" Benson (1918) pointed out that

the peridotites are generally found in unaltered sedl-ments,

which may have a high water content. The sedimentary rocks

indicate deposition during an unstable tectonj.c períod, the

presence of greywackes indícating that rapid erosion was

occasionally prevalent. Turner and Verhoogen (1951)

reported that spilitic lavas, also, are frequently developed

as submarine extrusives. These associations ind.icate that

Alpine-type peridotites were intruded.into a submarine basin

or into a structure v¡hich once existed as sucho

The Alpine-type peridotites in many places are altered

completely to serpentine; hence the name serpentinite, which

is commonly applied to this type of rocku Hot¡ever, fresh

dunite and harzburgite may be present in varying, although

commonly minor, proportions within the serpentinízed masso

Lenses of gabbroic rocks and pyroxenite are sometimes found

assocíated hrith these peridotites in negligible amounts"

iq?rere these masses of serpentinite occur without associated

unaltered ultrabasic rocks, the mesh and bastite structures

of the serpentine indicate that it has been derived from an

].,2:



olívíne- or enstaÈite-rich peridotite,
The form generally taken by Alpine*type peridotites

is that of long, narrow, steeply-inclíned, silI-like masses

concordant vrith the attitudes of the surrounding rock and

parallel to the general strike of the structural lines in

the surrounding region. Taliaferro (L9l+3), in describing

the serpentinite masses invading the Franciscan sediments of

California, commenÈed on the intrusive nature of these

masses, Bodies of peridotite are concordant with the

sediment, but small apophyses from the peridotite are found

cutting the sediments" fn addition, the occurrence of a

large l-ens of peridotite on one limb of a fold is commonly

represented on the other limb of the same fold. by a series

of smaller lenses of peridotite" According to Talia-ferro,

both of these phenomena indicate tha.t the peridot'ite was

intruded into the sediments"

The size of the Alpine-type peridotite masses varies

considerably. Benson (1926) reported that the peridotite

belt of Australia extends intermittently along a well-marked

structural plane for a distance of ?5O miles. The peridotite,

although in many plaees only a few yards w'ider flâ1r increase

to a mile in width" Daly (L933) noted that the belt of

peridotite in New Caledonia occurs in 22 separate bodies

with a total outcrop area of 5500 squa.re miles. The belt

occupies a zone along the main axis of t'he j-sl-and. Turner

and Verhoogen described occurrences in southern New Zealand

t3



as vertical sheets of Âlpine-type perídotite, bel-ieved to
be of late Palaeozoic age, díssected to a relief of 5000

to 7000 feet" They exceed l¡0 miles in length, and loca11y

attain a width of from 3 to 5 miles" These ultrabasie masses

are, however, usually much smaller, occurrlng as narrohr

l-enses ranging from a hundred yards to a miJe in length"

These lenses often compose large parts of areas in which

hundreds of similar sub parallel masses are arranged lfen

echelonll or in linear series along the axes of broadly

contemporary fold mountain chains. Turner and Verhoogen

(]-gSt) staÈed that in North Carolina several hundred

indívidual masses, rarely exceeding 100 yards in width, have

been mapped along the axis of the former Appalachian mountain

chain 
"

According to Benson (L926), Suess believed that the

i-ntrusion of the A1pine-type peridotites took place during

a period of orogeny, and occurred along bedding planes

between whieh there had been differential movement. From a

study of comparatively recent belts of uLtrabasic rocks in
the East Indies and. West Ind.ies, Hess (fg:g-B) concluded

that the peridotite was always present in the most deformed

zones and that it had been intrud-ed during the first
period of deformation" A second period of deforrnation with-

in the area resulted in no further intrusion of ultrabasic

rock 
"
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Hess (L937) has conpiled a comprehensi.ve 1ist of
occurrences of Alpine-type peridotites throughout the world,
The foll-owing surTmary from Hessts list indicates the

spatial distribution of the occurrenceso Hess believed the

ages of these occurrences to range from Preeambrian to
Tertiary" He divided the occurrences between present island
arcs and mounta.in systems and their eroded rootso

A. Present, Island Arcs

1, West fndies

2u East ïndies

3, New Guinea

B" Mountain Systems and their Eroded Roots

J. Andaman fslands, Burua, and along the Himalayas

to Arabia

2n Northern Caucasus

3" UraI Mountains

4, Alpine belt of southern Europe

5, Pyrenees to the Dinardes, conti-nuing to southern

Asia l'{inor

6. The east-west belt i¡t central France

7 " The belt along the Finland-Russia border

8, Irjewfoundland to Alabama

9" Alaska to Lower California

l0,Northern South America to Ecuador

ll.fn Africa from the Sudan to the southern tip of
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From the above compilation, it is evident that the

Alpine-type peridotites, though of world-wide distribution,
are restricted to regions intensely disturbed by ovêf,-

thnrsting and alpine orogeny"

the continent

The Bushveld-type peridotites occur Ín an enüirely

different tectonj-c setting from the Alpine-type" The most

common occurrence is as a basal phase in layered lopoliths
or basic sheets and sills* There, the peridotite oceupies

the lower portions of the structure, From this basal phase,

the rock grades upwards into norites, gabbros, and oüher less

basíc rocks" The change from one rock type to another may

be gradational or a sharp boundary may exist between them"

These peridotites are found in regions which have not under-

gone contemporaneous orogeny" fn a few places, however,

they are associated with volcanic provinces, and seem to be

chemically equivalent to strictly volcanic series dominated

by ba.saltic lavas"

The most coamon occurrence of this type of peridotite

is as a basal- member of lopoliths" Lopoliths are funneL-

shaped j-ntrusions v¡hich have an unconformable contact with

the enclosing rock. They have a roughly elliptical plan

OF THE BUSHVELD - TTPE PERIDOTTTES

LOCATION AIID ENVIROMIENT
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vietr{. The igneous rocks within the structure often exhibiü

banding, the individual bands of rock dipping in toward ùhe

centre" The dip decreases from the edge inluards and is
shallower than t,hat at the contact between the structure
and the intruded rocks" the resulÈing layers of a lopolith
resemble saucers stacked one upon the other, lying concave

side upwards.

Peridotites forr the basal phase in a number of knou¡n

lopolithic structures, The Bushveld lopolith, afÈer which

the type is named, occurs in the Transvaal-, South Africa"
ït is an irnmense intrusion, covering an area of approximately

201000 square miles, and having a vertical section of as

much as I miles" 0n1y ultrabasic rocks occur in the trough

of the intrusion" Their thi-ckness was first esti¡rated at

15r000 feet, but subsequent drilling has indicated that they

are much thicker than this (H,D.B" l¡Jilson, 1956) , The

ultrabasic rocks grade upward into norites and gabbros and

possibly into granitic-type roeks. Several other struetures

generally accepted as being the same type are: the Sudbury

lopolith of Ontarioo the Kungwe Bay lopolith of Tanganyikao

the Insi,zwa intrusion, the Stillwater complex of Þfontana,

the Duluth gabbro, the Baltimore gabbro, and those intrusions

of a similar type which occur along the Ural Mountain sysËem"

these intrusions, whether large basic sheets or lopolithsu

are all characterized, 1Íke the Bushveld, by a layer of

ultrabasic rocks along the base and by an upward gradation



into basic and i.ntemediate rocks"

A second type of structure, with a cross-s€ction

similar ùo a lopolith, differs from it by having the surface

expression of a dyke" The Great Dyke of southern Rhodesia:

is the only reported example of this type" ft is approx-

imately 300 miles long and from 3 to J miles wide, Because

the ultrabasj.c rocks which form the basal part of it grade

upward inÈo basic roeks, the structure is thought to have the

same origin as the lopoliths despite its different surface

expression.

Intrusive rocks occurring as a still different strue-
tural type, but showing a gradation from ultrabasie to
gabbroic and dioritic rocks are also known" Tnstead of
having been intruded as a liquid magma with differentíation
proceeding rlin sitult, this type is believed to have differen-
tiated in a subterranean magma reservoir with subsequent

intrusion producing rocks of different compositions, lrlager

(1958) stated that a remapping of such rock types on Skye

is building up w"ider evidence to indicate that they T/,rere a

bottom accumulation of a layered peridotite eomplex" Sub-

sequent injection produced the dykes aud sil1s of different
compositions represented by the ultrabasic and basic assemb-

lage. This type is thus but a variation of the Bushveld-type

peridotite, the processes of differentiation and intrusion

being reversed"
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ÐïSIINAII0N$ BET!uEI]N ALPINE-TYPE PERIDOTTTE

A review of a portion of the available literature
on Arpine and Bushverd peridotites indicates numerous

crÍteria by which Èhe tv¡o types may be distinguishedo some

of the foLlowing points have been adopted from Hess (1958) 
"

1. Alpine-type peridotites are usually intrud.ed into
sediments and lavas associated with mountain structures"
They bear no direct relation to other igrieous rocks in the

areao 0rî the other hand, the Bushveld-type periclotites
generally show a systematic connection to other basic

igneous rocks Ín the vicinÍty,
2" Pri.nary banding 1s rare in the Alpine type and conmon

in the Bushveld type"

3. Alpine-type perldotites are associated with areas

showing evidence of over-thrusting and orogenic deformation;

Bushveld-type peridotites occur in areas which have no

evidence of a period of contemporaneous orogeny.

¿+. In general, the ul-trabasic rocks of the Alpine type

are intensely serpentinÍzed; whereas those of the Bushveld

type, in continental masses, are anhydrous except for local
alteratíons o

5. The orthopyroxenes of the Alpine-type peridotíte are

commonly stout prisms" However, nearly euhedral, settled

crystals of olivine, included in a matrix of poikilitic

AND BUSHVELD-TYPE PERIDOTITE
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orthopyroxene, characterize the Bushveld type.

6" The ratio of ultramafic rocks to feldspar-bearing

rocks ís approximately 1:10 in Bushveld types. FeldspathÍc

rocks are absent or present in only minute amounÈs in asso-

cie.ted Alpine-type rocks,

7 " Although the Mg/Fe ratio for Alpine-type peridotíte
is usually above 7"5, that of the Bushveld type generally

ra-nges betv¡een 3"5 and 7.5.

8" Alpine-type peridotites have a lower content of CaO

and A1rO, than Bushveld-type peridotites"

9" 0rthopyroxenes from the Bushveld type comrnonly eon-

tain 1"3 to 1"9 per cent CaOo which¡ or slow cooling,

exsolves as fine diopsidic lamellae parallel Èo [fOO] "

Alpine-type peridotites generally contain less than 1.3 per

cent CaO and hence fev¡er diopsidic lanell-ae form in the

grains.

10, Accessory chromite is present in nearly every thin
secti-on of Èhe Alpine-Èypê, ft is l-ess abundanÈ or absenÈ

irr the Bushveld-type, due to its concentra.tion in layerso

IL, Evidences of high-temperature cont,act metamorphism

are conspicuous in the rocks associated with the Bushveld-

type perid-otites, However, t'he roeks enclosing the Alpine-

type peridotites shorv very slight evidence of metamorphism,

even around the largest bodies"

J-2, The Alpine-type perid.otites generally shov¡ strong
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optical orientation of the constituent oLivine" Translation

parallel to [fOO] i" not uncommon" In masses altered Ëo

serpentine, the resulting antigorite flakes also show a

preferred orientation. This is not as obvious in Bushveld-

type peridotites" In the lopoLith structure, it is prac-

tically absento

13" Chill phases of lopoliths in which Bushveld-type

peridotites oecur are of gabbroic composiËion" Alpine-type

perÍdotites have no chill phase,

No single criterion can serve as an absolute indication

that a given peridotite bel-ongs to one of the two groups.

However, by using a combination of the criteria, a peridotite

belonging to either of the groups ean be elassÍfied with

reasonable certainty"

2L

AIPTNE-IYPE PERTDOTTTES AND BUSHVEID.IYPE PERTDOTÏTES

The origins of these two rock types have been

discussed frequently throughout the lit'er¿-ture. It has been

generally concluded that the differences exhibited by the

two types of perÍdotites direetly reflect the differences

in the origins, The follouring is a sunrmary of some of the

ideas and problems connected with the origins of these two

similar rock types"

DTFFERENCES IN TI{E ORTGTNS OF



The associati.on of Bushveld-type peridotites with

basic rocks and the great preponderance of basic rocks over

ultrabasic rocks has led to the conclusion that the parental

magma was basaltic in composition. A feature substan*

tiating this concl-usion j.s the occurrence of basaltic

selvages wherever chilled zones are found in conjunction

with these peridotiteso

In 1928, Bowen published results on the phase relations

of i-mportant constituents of basaltic magmas and supported

these results w'ith field observations" Careful sÈudy by

petrologists of various igneous structures has accur¡ulated

a wealth of evidence shorving that the process of erystal

differentiation as outlined by Bowen does apply in the field,
A very brief description of the process of crystal

differentiatÍon is as follows. During the slow cooling of

a basaltic magma, the first mineral to form is olivine. The

composÍtion and quantity of the olivine are determined

pri:narily by the composition of the original magma and the

rate at which it is eooledu The for:nration of olivine at

an early stage in the cooling history of a basaltic mag&a

has long been noted in the field and has also been proven

by laboratory experiments" The olivine, being denser than

the parental magma, slnks in iÈ, accunulates on the floor of

the intrusion, and i-s effectívely removed from further

THE BUSHVETD-TYPE PERTDOTTTES
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reaction with the magma" Similarly, the next minerals to

form, in most cases orthopyroxeneso also sink in ùhe liquid,
as they too are denser than the magna, As this process

eontinues, the magma is gradually depleted in the constituents

which form the first crystals" These constituents are

prirnarily iron and magnesi-uno At the ti-me orthopyroxenes

begin to forn,, calcium-rich plagioclase starts crystallizLng"
Finally, the composi-tj-on of Ëhe magma becomes such that on

further cooling, the forznatj.on of oIÍvine and orthopyroxene

gives !{ay to the formation of less basic monoclinic pyroxenes

and anrphiboles with calcirr¡'r and a1u¡oinum becomi.ng dominant

in their conpositiorl. As the magma becomes less basic, the

crystallization of the plagioclase continues until the magma

has become solid; the calcic plagioclase becomÍ.ng more sodíe

as crystallization proceedso according to the principle of

continuous reaction, Tn the final stages, the residual

constítuents solídify, with the common formation of aplite
and pegmatite dykesu

A study of this process indicates that the first
layers to for¡n in an intrusion would be rocks rich in olivine

and orthopyroxene, a typical peridotlte, Proceeding upward

in the section, norite would be found: a mixture of basie

plagioclase and orthopyroxeneo Higher stil] , gabbro rsould

be encountered, This would mark the stage at which the

crystallÍzation of clinopyroxene began to dominate over that

of orthopyroxeae in the solídifyi.ng magma, The succeedíng
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rocks rrould gradually become less basic up to the fínal
products of consolidation,

Field examples used to exemplify the Bushveld-type

peridotite provide evidence in support of this process" The

basal members consist of ultrabasic rocks and there is an

overall gradation through norites to gabbros and even j-nto

granophyres in some cases, this conti-nuous gradation is
broken when a detailed study is made; repetitions of bands

occur, Ðd gradations are sharp in places" Nevertheless,

the underl]'ing principle still applies.

Coupled with this overall gradation in rock type is
evidence of crystal settling, Struetural relationships such

as cross bedding, graded bedding, landslides of crysX¿1",

and ripple marks are found in these igneous rocks" These

are similar to the structura.l relationships found in grains

whj-ch have settled under aqueous sedimentary conditions'

This is certainly strong evidence for the accumulation of

crystals from a liquid magma" In addition, the detailed

petrologic and petrographic examination and the study of

the distribution of major elements and trace elements of

the Skaergaard. intrusion by Wager and Deer (Zf) have con-

firmed the basie principles of crystal differentiation

as outlined by Boweno Also, numerous other examples could

be quoted which support this widely accepted theoryn
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fhe process of crystal differentiation described by

Bowen (1928) adequately solves the problem of the orígin of
the Bushveld*type peridotite. However, the origin of the

Alpine-type peridotite is still highly controversial. A

sì.mmary of the various aspects of this problem is presented

in t,he following paragraphs"

ConcerninE Origr4- an

THE ATPTNE.TTPE PERTDOTTTT]S

relaüionships for the system MgO - FeO - Si0A" The results

In L93O, i3or,rien and. Schairer worked out the phase

obtained by this work hrere applicable to the Alpine-type

peridotiËe problem since the system studied embodied the

prÍmary constituents of this rock type" Previous to this,
a theory accept,ed by nany petrologists and championed by

Vogt rrras Ëhat this peridotite evolved from the injection of

a peridotitie liquid which was formed by the remelting of

accumulations of olivine crystals"

The average compositíon of t,he olivine in Alpine-

type peridotite is appro:rimately Fo 90, Vogt assumed that

the addition of 20 per cent of the fayalite molecule to

forsterite would lou¡er the melting poinb of the olivine from

1890oc to.1500oC" Even this temperature of intrusion vsas

very high, in the light of that whj-ch was estimated from
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exanj.natíons of the sËate of metamorphism of the enclosíng

rocks" Bowen and Shairerrs lvork shor¿¡ed, hovlever, that
olivine must have 75 per cent of the fayalite molecule to be

completely lÍquid at 1500oC. and must have at least l+O per

cent to even begin melting at this temperature" Study of
the olivine system shows that the teroperature at which the

most common oIÍvine in these peridotites begins to melt is
approxÍmately t85OoC, Because of the cl ose approximation of
this system to the naturally occurring rocks and the high

temperatures that wouLd be requi-red for the injecti-on of a

peridotitic liquid corresponding to this composition, Vogtrs

theory was abandoned by most petrologists.

In 1938¡ Hess introduced a new theory accounting for
the formation of the Alpine-type peridotites. Because of the

partial or conplete serpentinization of these Alpine-type

peridotite bodies, he postulated the existence, at depth, of

a hydrous magnesium-rieh magma containing between 5 and 15

per cent water. Hess visualized the magma as approximating

the composition of serpentine" This magna was proposed to

represent the lowest melting portion of the peridotitic layer

which¡ âs postulated from seismic evidence, constitutes the

upper layer of the earthls mantle. Hess believed that the

presence of a high water content in the magma would lower

the Èemperature enough to make Èhe exisËence of a peridotitic-

type magma credible" Also, he believed it would account for
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the serpentinj.zation of many of these peridoüites"

fn order to study the possibilit,y of the existence

of a. serpentine magma at depÈh, such as Ëhe one proposed by

Hess, Bowen and Tuttle (L9l+9) made a study of the phase

relations for the system MgO - S1OA - HZQ, a system closely

approximating the composition of the proposed magma. Tem-

perature and pressure condit,ions in this study carried up to
1100oC. êrrd. ¿þ01000 p,suio However, it was found that pressure

had a negligible effect on the temperature at which the

reactions took placeu

From this study, Bowen and Tutt1e were able to show

that forsterite is stable in the presence of water vapor at

all temperatures above d,00o0. Below this tanperature,

forsteríte alters t,o. serpentine and brucite" If silica is
added to this system, serpentine can forrn up to 50OoC. Thís

tempera-ture is the upper limit for Èhe formatiott :f serpentineo

Above 5OOoC", wiüh sufficient water vapor present, forsterite
alters to talc; with insufficient water vapor, to enstatite

and taLe. Thus the results of this study preeluded the

possibility of the intrusion at low temperatures ?f * magma

of serpentine composition which would crystalllze, wholly or

ín part, directJ-y into serpentine. The results also showed

that Íf magroas approaching serpentine in composition do exist,

they are completely crysballine as olivine and pyroxene at

900oC. and the water is present as a vapor"
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From a study of peridotite dykes on the ïsle of Sfcyeo

Bowen (1928) postulated a method for the intrusion of

dunite" This theory has.been accepted by many geologists

and Bowen has applied it, with a few modifieations, to the

formation of Alpine-type peridotite (Bowen and TuÈt1e, l.9lþ9] "

The theory postulates the presence of a layer of olivine
crystals with only traces of water vapor present. This can

be a layer either within the nrantle of the earth or formed

by the accunulation of olivine from a basaltic magma" Under

certain conditions of crustaL Èectonics, this crystalline
mass can be forced into accessible porti-ons of the earthts

crust. The movement of the mass is l-ubricated by a thin
film of .water, 

nsometimes only two moleeular diameters thickrt

(Sosman, 1938)" Any serpentine forrning below 500oC" would

facilitate the movement of the massu Bol,ren also accepted

the idea proposed by Hess that the crystalline mass may

i.ncorporate water from the enclosing rock which wouLd aid in
the development of serpentine and thus in the ease with t'irhich

it is ernplaced.

This theory is supported to a cerÈain degree by field
evj.dence" The absence or very h-rnited size of a zone of

contact or thermal metamorphism around occurrences of Alpine-

type perid.otite has been reported from all over the world

(Ross et aI , l95l+J o Sosman (1938) has described an inclusion

of partially altered coal within a peridotite dyke in North



carolina" After extensive testing based on the content of
three constituents of unaltered and altered coal, he arrived
at the conclusion that the temperature of intrusion of the

dyke was between 480 C" and 550 Co DunÍtes form the j-sland,

of st' Paulls Rock and have been described by Tilrey (l9l+7)"

These rocks, which form part of the Mid-Atlantic ridge, are

commonly supposed to have a deep-seated origin" The olivine
and enstatite exhibit excellent fLuxion structureo Trans-

lation gliding of the olivines and nrinutely ground fragments

of both minerals are j-nterpreted as resulting from dynamic

movement of the rock, likely at the time of emplacement"

Turner (Ross et al, L95l+) studied the structure of the

dunites of New Zealand and compared them to those on the

Isle of Skye" He concluded that those of New Zealand must

have fonned by the larninar flow of a partiallT, perhaps

al¡rost completely, crystalline mass. Thus Ít is evident

that Bowenrs theory of the origin of enplacement of Alpine-

type periCotites is supported by abundant field evidence as

well as by evidence based on laboratory experiments.

Tn spite of this, Hess (L955) has recorded abundant

field evidence which disagrees i-n part with Bowenrs theory,

Bowen called upon orogenic disturbances to provide the force

for the j-ntrusion of a crystalline aggregate of dunite" He

clai-med that as the dunite mass became partially serpentinizede

flowage would be greatly facilitated" However, Benson (1918)

indicated that most of the serpentine was of normal- roesh
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structure and noË schistose, Hess (:-'955) pointed to this
fact and commented that the delicate mesh-]ike structure
of the serpentine would probabry be destroyed on frowageu

This was taken as evidence to indicate that if the mass had,

flowed, flowage must have preceded serpentinization. One

of the prime problems of Bowenrs theory was, holuever, that
of the serpentÍnization of Èhe dunite or peridotite râsso

The Serpentine Problem

The fact that serpentine is present in various

quantities within Alpine-type peridotites has been.a

perplexing problem to most workers, Benson (1918), in a

survey of the literature on the origin of serpenti_ne,

presented proof that serpentinization is an autometamorphic

process " This has been arnply supported by the i-nvestigations.

of later workers on the subject" It has long been recogni,zedu

also, that any thernral metamorphic and hydrothermal meta-

morphic effects associated with serpentine.bodies are not

extensive" C" S" Ross (Bowen and Schairero 1933) stat,ed

that dunite areas of North Carolina have contact zones

approximately 4 centimeters wide in encl-osing quartz-rich

shists where hydrous minerals have formed, Benson (1918)

reported slight hydrothernral metamorphic effects accompanying

the intruslon of peridotite in some occurrences. These

take the form of a few antigorite veins extending from the

peridotite into the country rock" Examples have been

30'
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reported in which there is evid.ence for the expulsion of
soda from peridotite, This is revealed by the development

of albititic veins in the enclosing rock and the development

of glaucophane shists around some ur-trabasic bodies
(laliaferro, l9h3) " An analysis of the country rock pro:
ceedi.ng away from one peridotite contact showed a decrease

in soda from 8.12 per cent to 2.9 per cent within ó feet
(Benson, 1918)" Benson mentioned that there is evid,ence

ühat HZCO1, SiOA, HCI, Na20, boracic acid, and some HrS

have accompanied the i-ntrusion of peridotite in some caseso

Tariaferro (r9b3) craimed that calcite, arbite, and quartz

veins, cutting ultrabasic rocks and the enclosing rock,
have been derived from magmatic aqueous sol-utíons accompanying

the intrusion, EffecÈs such as these are rare, however, and.

are never extensively developed; this indicates a generaL

lack of rr¡ater present in the intrusion. These facts, plus

the fact that the development of serpentine is entirely
unrelated to weathering phenomena, has led to the general

conclusion that serpentinization is an autometamorphic

process¡ âs indicated by Benson, and that the intruded mass

was not excessively water-rich: A" Alpine-type peridotites
have a world-wide dist'ribution, the problem of serpentinizaËion

has a great bearing on their genesis"

Bowen and Tuttle (J.9l+9) pointed out that when olivine
becomes serpentinized, brucite is also forned" This has

been realized from equati-ons representing the reaction"
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The formation of serpentine from ol-ivine with the introductlon
of the recluired reactants resul-ts in a large volume increaseu

However, very fev¡ authors have reported finding evid.ence of
a volume increase accompanying the arteration and many.have

found no evidence for an increase at all. Furtheruore,

brucite is very rarely found within these altered rocks.

Equations representing the serpentinization process

are given by Turner and Verhoogen (1951) and presented

below. The volu¡ne increase is evident in both equations,

3MgrSiO, + tnHZO + SlO2 ---è ?HOItIerSírO,

Zlvie2SiO' + zH?A + C02 

--> 
H¿*MS:SiAO' + IvISC0,

(forsterite) (introduced) (serpentine) (magnesite)
(zqq gms. ¡ (276 grrs" i (ðlç s,s";88 coco) 120 coco) eg c.co)

If the excess material is removed in solution as

required by the second equati-on, a closer approxÍmation to
original volume remains, Hohrever, an appreeiable volume

difference still exists. This is conplicated by the fact
that enormous quantities of water are required to remove the

excess magnesitu from the serpentine. Evidence for the

existence at one time of large quanüities of water is lacking

and no increase in magnesiun is found in the enclosing rocks"

(forsterite) (introduced)
(l*zo gms";
131 c"c")

( serpentine )
(552 gms";
22O c"co)



The peridotite magma hypothesis of Hess (1938)

avoided this problem. He showed that' if the water and the

required silica for serpentinization are present in the

original accr-u,ulati.on of olivine crystals¡ Do volume

i.ncrease will take place on the alteration of this mass to

serpentine, as sholv¡r in the following equation (Turner and

Verhoogen, 1951).

ZltlSrSiOU + HIlSiO'

(forsterite )(fef c,co ) (36f coc. )

This hypothesis has been questioned by Bowen and

Tuttlers work (1941) for the pressure and temperature

conditi-ons which are assumed to exist at the top of the

peridotite layer, The equation is, however, the only one

which fits the observed facts,

0riEin of Alpine-tvpe Peridotites

+ zHZo 
---->. 

2H f,uI*r3ir0,
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W36 coc, )

The development of existing mountain ranges from

sediment,s connected with geosynclines has long been recog-

nized by geologists" The fa,ct that Alpine-type peridotites

are associated exclusively with regions subjected to

mountain-building compressional forces has al-so been realized.

Because of these facts, it is beLieved that Alpine-type

peridotites might have originated at depth. The source called

upon by many geologists has been the peridotite or dunite

(zzo cucu)



layer which is comnionly thought to form the top layer of

the earthls mantl-e. Part of the process of mountain

building takes place at depth and it is during Èhis phase

of the process thaü the emplacement of the peridotite is
believed to take place" As has been previ-ously mentioned,

Alpine-type peridotites are found without associated less

basic rocks, This is a unique feature in their occurrence,

as differentiation rrin situtr cannot then explain their origin"
À study of the roots of exposed mountain systems shows that
the rocks have been subjected to intense regÍonal metamorphism.

This is indicative of burial at depth within the crust,
possibly near or below the nornal depth of the mantle, the

source of the ultra.basic material,

An j-nteresting fa-ct concerning the origÍn of Alpine-

type peridotites has been discussed by Ross et al ø95j", L95l+) "

The authors have cornpared the mineraLs found ín these

peridotites with those which compose olivine-rich inclusions

or olivine bombs found in basaltic rocks" The ol-ivine bombs,

as previously mentioned, are found mainly in two geographic

belts, although they are also present in various areas through*

out the world" Both rock types are composed primarily of

olivine and enstatite w:ith minor diopside and spinel.

St,udies of the composition and tra.ce elements present in the

minerals from Alpine-type peridotites and olivine bombs.

produce striking sjmila.rities" In the olivines sì;ud-ied.,
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there is a variation of only I per cent silica and 2 per

cent magnesia, The similarity is not as Ðronounced for the

other ninerals. Horrever, the similarity of the olivines in
these rock types does suggest a coÍtmon source for the rocks.

The most logical comaon source is the peridotite layer
fonaing the top part of the mantleo

The presence of a peridotite layer existing below the

I{ohorovicic dlscontinuity is not knoum with certainty"
However, seismologists have long proposed its existence
(Gutenberg, L95L), as it is the only known rock type which

transmits seismj-c waves at the observed velocity for this
region of the earth under the postulated temperature and

pressure conditions. Geological contrasts between the

conti-nents. and ocean basins show that as bhe mantle is
approached, rocks bec,ome more basic, Coupled v¡ith the other

geological observations mentioned, the existence of a

peridotitic laver formj-ng the upper part of the mantle is a

credible hypothesi-s. Such a layer is the most logical source

for the origin of the Alpine-type peridotites.

t'ne Uature of "Ief
and the+I Relalion tq
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Island arc systems have long been recognized, and

have been bhe subject of eonsiderable speculation, The dis-

covery by Vening ${einesz (De Sitter, L956) of lar¡5e negatÍ-rre



isostatic gravity anomalies associated wiËh them has led in
reeent years to much study of their strueture and to theorles

regarding their importance in orogenÍ.c proeessesa

ïsland ares are groups of smal-l' isLands, conrnonly

volcanic, which forrn ar¡ arcuate surfaee expressiono concave

side towards the mainland, Exceptions to this are few"

These exceptions are similar to island arc structures in
every detaiL except that they have a linear instead of an

arcuate surface expression. IsLand arc structures aré common

along the north and west borders of the PaeÍfic Oceann They

extend almost continuously fron the Aleutian Island chain

off the coast of Alaska, southwest through Japan, the

PhilÍppines, and on to New Guinea, The West Indies Ísland

arc is the only one developed in the Atlantic Ocean which

is sÈill active.
A review of the Literature reveals severaL features

.cormon to most arc systems. The following points have been

taken from papers published by geophysicists of the LamonË

Geological Laboratory, Hu H, Hess, and other authorsn

1" Island arc systerus of the Pacífic 0eean follot¡ the

trace of ttthe AndesiËe líneTf which separates andesite

vol-canisnT of the conÈinents from predminantly basaltíc

volcanisn of the ocean basiasu The same is tnre of the West

Indies island are system" The ares thus mark a major petro-

logieal boundary"

36



2, Túhere island arc structures exisÈ, they separate the

stable oceanic areas from the stable continental areas.

3" The arcs are always concave towards the continenËal

regions wherever an arcuaËe fona is present.

b" Deep trenehes are found on the concave side of arcs

and remain pa.rallel- to thenn throughout the length of the arc

system" The deepest parüs of the Pacific Ocean are found

at the botton of the trenches"

5. The slope of the walls of existing trenches is from

3 degrees to 15 degrees,

6. Large negative isostatic gravlËy anomalies are

associated with the outer convex side of the main ârcø The

anomalies appear to be a single eontinuous band for each are

systen, They usually correspond to the positioa of the deep

trench, but in some places they are independent of the trench

and are found over the islands of the maÍn ârco

7" Negative isostatic anonnalies are rarely over -200

nilligals, and *150 milligals is co¡nmon" These exceed all
continental anomalies o

8" The w'idth of the negative strip averages 150 kilo-
meters, with the strongly negaËive part usually less than 50

kÍlometers w'ideo

9, The negatÍve anomaly is conmonl-y bordered on either

side by belts of positive a¡omalies whÍch generally

correspond to topographic swells" The inner swell is usually

emergenö and forms the islands of the arc systemo
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10" Ïlhere geological evÍdenee is available on islands

forming arc systems, extreme folding and overthrusting

towards the trench is indicated. This uone of deformation

is relatively narro!ì¡ and is bordered by a broad zone of mild

deformation,

11, The arc area is composed of upthrust rock which

contains volcanic rocks, peridotites, radiolarian chertso

and greywackes,

l-2" Volcanoes associated urith the East fndies and tüest

ïndies arc systems l-íe on the concave side of the arc

approximately 100 kilometers to 150 kilometers away from the

axis of t,he negative anomaly, These are predominantly

andesitÍc types" Nunerous volcanoes are also found on

these and other arc systems associated with the isl-ands

forming the arc itself" These are aligned parallel to the

negative anomaly along the topographic high for the island

â.fCo

13 " Peridotite intrusions occur along or close to the

negative strip and within 75 miles of it, Commonly tt{o belts

are for:ired, one on either side of the negative anomaly and

parallel to it"
14" Correlations of sei-smic activity w1th present day

isl-and. arcs (Benioff , L95l+) and with the west coast of South

America show the presenee of planes along which the earth-

quakes are aligned. Earthquake epicenters vary from shallow

under the trench to deep*seated under the eontinental margins,
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From a study of shock waves, these planes are believed to

represent fault planes dipping under the continental sectors

at angles varying between 30 degrees and 6O degrees, dependíng

on the arc system and the depth of the position of the plane,

Shock waves also indicate that the plane is a thrust faul-Ë

with movement such that the continental area is movi-ng

relatively over the oceanic area, The fault plane is believed

to extend between 175 kilometers and 72O kilometers into the

mantl-e, the depth at which seismic activity ceases€

The following data deal only with the West Tndies

system and along the Tonga Trench, the only two areas for

which seismi-c reflection work was found available'

16" The crust thickens from the oceanic sections to the

base of the trench" This is from 12 kilometers below sea-

l-evel in the ocean to 20 kilometers below sea-leve1 beneath

the trench for bhe Tonga region, The crust varj.es from þ

kilometers thick in the oceani-c region to 7 kilometers thick

under the trench for the Puerbo Rico ârêâo

L7, Few or no sediments are found in the trenches"

18" Seismic profiles across the Puerto Rico trench area

show that the crust is raised under the isl-and arcs and

depressed under the trenches'

19, The Caribbean basin section on the concave síde of

the West Indies arc is intermediate in nature betl.¡een oceanic

sections and continental sections. No normal- Mohorivicic

discontinuity was found in this âr€âo
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20, The depths to the lvlohorovicic discontinuity in the

oceanic section are 5 kil-ometers bel-ow sea bottom. Belor,rr this
break, seismic velocities indicate rocks of ultrabasic
composition"

Several- interpretations have been given for these factsu

Ït is readily apparent from geological evidence, and supported

by seismic evidence, that island arc areas are ones of

intense compressj-onaL deformation. The trench a.reas are

interpreted as being the surface trace of thrust fault planes

dipping under the continental sectors (Benioff , I95l+). These

facts indicate that island arc systems mark major structural
discontinuities as well- as petrographic discontinuities
betl¡¡een the continental and oceani-c areas" Officer et al

ft957) interpreted the Caribbean area on the concave side of

the lÍest fndies isl-and arc as representlng a portion of

oceanic crust, which is in the process of being converted to

continenta.l crust. This is in accord with the theory that

island. arc systems represent the first stage in the process

of mountain building. i[ountain-type structures fou.nd in
these regions plus the obvious orogenic movements in the

area and. the general instabil ity of the region as shown by

the large isostatic gravity anomalies present, suggests this
theory" The presence of Alpine-type peridotite associated

with island arc systems i-s a further indication that the

theory is correct" Although the association betr'¡een island

arcs and. the forrnation of mountain ranges remains to be proven,

Ä.0



it is beconing more widely accepÈed by geologists and

geophysicists throughout the world,

tf,ith the assumption that j-sl-and arc systems do

represent embryonic mountain ranges, the source for Alpine-

type peridotites and their method of emplacement becomes,

perhaps, more readily apparent. Peridotite rocks are

present in island arc systems" Seismic evidence indÍcates

that the depth to rocks of ultrabasic composition is approx-

irnately 5 kilometers belorv the oeean botton" The deepest

position of the ultrabasic layer in trench areas v¡here seisroic

work is available is 20 kilometers belovr sea-level (Raitt et

al, 1955l, " Birch (L955) calculated temperature gradienËs

for varÍous sections of the earthrs crust. The postulated

temperature existing at a depth of 20 kilometers in island

arc areas does not exeeed 50OoC"

If the conclusions of Bor,,ven and Tuttlels work (1949)

are correct and if these proposed temperature gradients are

correct, then at the top of the uLtrabasic layer in these

regions, condÍtions are such that serpentine could exist'
It would be in the solid forin and not in a hydrous magnesian-

rich melt as proposed by Hess (1938) " Also, if the ultra*
basic layer were dunite or peridotibe, and if compression in

the area of the lsland are systern forced soae of it into

higher hori-zons, the temperature of tire mass would nob

inhibit alteration to serpentine" Then¡ oh corning in 
"ottt:-:j=_,

.:--'-^;liY ^ ",with water vapor, it would alter to serpentine in such r+S':-:,,*",:' ì
1 L1'- þ r,:

\r.r^r*ro.2jl'qÞ?æsjÃfd'
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quantitÍes as there is v¡ater vapor available"

But this does not all-eviate the problem that, during

alteratíon, excess material must be reinoved as indicated in
a previous section" As no evidence for the removal of

material is present in Alpine-type peridotite bodies,

alteration of dunite to serpentine cannot have taken place

at the position where it is nolr exposed, Perhaps removal

of excess material or an increase in volume took place at

the mantle, or at a section lower than that at which the

peridotite is now exposed" ïf so¡ evidence for this change

would not be present in the rocks now enclosing these

peridotites, and this hypothesis v¡ould be tenable. Hess

(A95b) postulated that mi-nor differences in velocity observed

from seismic work for Ëhe layer below the }"[ohorovicic dis-

contínuity might be correl-ated r,ribh the degree of serpen*

tinization of the peridotite at this horizon, Ïf this is
correcb, it is the only evidence of alteration to serpentine

at this depth"

Bor¡ien indicated that water vapor would be rare at the

depth which was postulated for the existence of the peridotite

layer" But these observations might not be as valid at the

temperature and depth at which the peridotite layer is now

believed to exist, Perhaps rvater vapor does exist in such

quantities at these conditions that a portion of the dunite

could be serpentinized. Then compression in an island are

area v¡ould. force a mass composed partly of dunite and partly

ltz



of serpentine to higher leve1s. The distrÍbution of the tiqo

types l,¡ith respect to each other would then be fortuitous,
as is found in surface exposuresø

This situation would explain many of the problenrs

connected w'ith the intrusion of Alpine-type peridotites.

ft would explain the lor¡¡ temperature of intrusi-on of dunite

and its resulti.ng granulation" The absence of associated

basic rocks woul-d be accounted for" Benson (1918) in¿icated

that many bodies of duniËe are peripherally serpentinized,

This could be due to the intrusion of solid dunite which¡ ofr

coming into contact urith water vapor at higher surroundings,

would alter to serpentine along its margins, As sediments

were forced lnto the hotter portions of the crust, excess

water in the form of water vapor would strea¡n upwards along

zones of weaknêss, As intruding peridotite masses would

undoubtedly follow these same zones of weakness to the sur-

face, the coincidence of water vapor w-ith peridotlte in

these zones could conceivably account for a large part of

this peripheral alteration. If peripheral serpentinization

of dunite bodies did take place, then l-ess force would be

required for further intrusion because of the ease with tohich

serpentine shears, ldater being driven off fron sedimentsu

and incorporated into ultrabasic rocks, might account for

many of the smal-l lenses of serpentine that exist along the

Appalachian chain" Also, if only tÌre outsiCe of a serpentine

body was sheared during emplacement, the fine mesh structure
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of serpentine so often observed lvould be more easily preserved

in the interior porti-ons. By ;oostulating the existence of a

layer on the top part of the mantle cornposed of both serpen-

tine and duni-te or peri-dotite, most, if not all, the problems

associated w'ith the intrusion of Alpine-type peridotite

bodies can be explained.

But what of the rnethod of intrusion of these bodies?

Hess has suggested. a plausible means. He believed that t

under compressional forces which exist in island arc struc:

tures, a lens of d.unite altered to serpentine at its border,

or a lens of serpentine, would move through the enclosing

rock along zones of weakness much as a rnelon seed does when

squeezed between onets fingers" This v¡ould shear the borders

of the ultramafic body and leave the interior more or less

intacË" Taliaferro (l-9b3) described bodies of serpentinite

v¡hich he believed were serpentinized at depth and i-ntruded

to their present position as a solid' Sheari.ng along the

margj-ns of other serpentine bodies described by the same

author has been attributed to the vol-r-me increase due to

alteration of d.unite to serpentine in p1ace. This shearing

could. possibly be due to the enpla.cenent process only"

The oceurrence of olivine bombs in basaltic nagroa ean

be interpreted in Èhe light of ti:e netu seismie evid.ence and

te¡nlrerature gradients" Considera.tion of the temperature aE

which basa-lt melbs, the geothermal gradient and the compositíon

of the crust and mant,le indicates ttuo possible ori-gins for
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basaltic liquid" DÍfferential fusj.on of the perid.otitic
mantle rocks along the proposed major fa.ult planes dippÍng
under the continents could generate a ba.saltic magma,

Powers (L955) has proposed a simÍlar origin for Ëhe Hawaiian

Ïslands basalts" A foeal- increase of radioactive heat wiËhin
Ëhe crust rnight cause differential fusion lsÍth the production
of a basaltic magma" The Mohorovicíc discontinuity is nuch

deeper under continental- areas than it is under oceanic

areas' Thus, it is conceivabl-e that a basaltic magma

generated within the continental nrass could be intrud,ed, ínto
the mantle i-n an oceanic seetíon" The intrusion of sueh a
magma to the surface of an oceanic area would. pass through
the surface peridotite layer of the mantle and possibly
incorporate sone of this material-" The heat of the basaltic
magma would only convert any serpentine in the incorporaÈed

peridotite to oliviner âs the temperature of the magma would

not be great enough to melt the olivine" Olivine would remain

in the basalt as a sol-id forming the bombs found in these

intrusive layers. This agrees with the hypothesis of Ross

et al (J-951+) which states that Alpine-type peridotite and.

olivine bombs have a common source,

By combining the

evi-dence, a satisfactory

CONCLUSIONS

resul-ts of

hypothesis

laboratory lvork

for the orlgin
with field
of Bushveld-



type peridotÍte vras found, These methods of study combined

with seismic work have finally succeeded in forning a

credible hypothesÍs for the origin of Alpine-type peridotites,
Although details still have to be explained for both rock-
types, many workers now agree that the nrain problems con-

cerning the origins of these rocks have been solved..
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CHAPTER TTI

DESCR]PTTVE GEOLOGY
%

Ii'JTRODUCTIOI{

The geology of the CuthberË Lake section i_s discussed

in this chapter, with special attention focussed on the dyke

swarm in the area. The lt[oak Lake ultrabasic body is coil-

sid.ered v'r"ith reference to this dyke swarrn.

AR,E,A,L GEOTOGY

GENER/TL CHARACT]'R OF THE AREA

The Thonpson Lake-I¡loak Lake area lies entÍrely within
the drainage basin of the ltlelson River, The Nelson Ríver

flovrs past the southeast corner of the map-area. The

relief of this area nor,t'here exceeds 200 feet, and the average

elevation is 600 feet" T?'ro tributaries of the Nel-son Biver,

the Burntwood and the Grass rivers, drain the area, These

flow into the Nelson River at Split Lake, past the northeast

corner of the map-area" The Manasan River flows ÍnËo the

Burntwood just west of Thompson Lake, and the Odei River,

which drains þloak Lake, enters the Burntwood River just to

the northeasÈ of the map-area" The Grass River flov¡s
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diagonally across the area from the southwest corner to the

east-central side. Paint Lake, Partridge Crop Lake, and

Natatvahunan Lake are large irregula.r expansions of the river"
The drainage relationships are shov,rn in Figure 1.

The large lalces and rivers of the area have rocky

shorelines, with weeds and stìramps in places forming sizeable

portions" Numerous small lakes dot the map-area, but these,

çep.pIed with the small creeks and streams, present for the

most parÈ a sv\iampy environment"

GTÄCIAL GEOLOGY

Glacial materiaL covers most of the area, formi-ng a

gently roljing to flat surface, Boulders of Precambrian

rock are present in these deposits but are rare" Glacial-

stria.e, where observed, indicate the direction of ice rnove-

ment Èo be westerfy; the azimuth of the striae ranging from

80 degrees to 90 degrees,

The most dominant feature of the topography is a

seri-es of well-defined moraines rising several hundred feet

above the surrounding country" These trend northeast just

north of I'ioak Lake, and extend soubhwest to i'fyster¡' Lake,

where they cover much of the west and southv¡est part of the

area baek from the lalce" These rid.ges are composed of

boulder clay and gravel" Some of the gravel is suitable for

use in the construction taking place in the area, Diamond

drilling has revealed that these rid-ges cover the bedrock



to a depth of l+00 feet in places,

Data concernÍng the regional geology of the Cuthbert

Lake area have been derived in part from Dawson (]-952) and

in part from field work done by J" l'i" Patterson and the

w-riter during the slr:nmer of 1958"

Sedimentary gneisses predominate in the northern part

of the Thonpson Lake-Moak Lake area" The gneisses are l.rell

banded and are composed of feldspar and quartz with rninor

biotite, hornblende and other accessoriesu The gneisses

contain nunerous bands of amphÍbolite and veins of pegmatite,

Accompanying the gneisses is a belt of sediments, metamorphosed

to the amphibolite facies, extending from Ospwagan Lake

(Dawson, L95?) in the southwest part of the area to i{ystery

Lake " Quart zít,e, argillite, greywacke, and j.ron-formation

are all represented in this belt in varying amounts,

lvlinor amounts of volcanic rocks of andesitic or

basaltic composition !ùere found along the Burntv¡ood and Odei

rivers in the northeast corner of the map-area, Alcock

(Darn¡son , L952) reports that a narrow belt of greenstone

extends f rom Ospwagan Lake to Mystery Lake " Evid.ence f or

this greenstone was not found in the vicinity of l"lystery La.ke"

fntrusive rocks of the area include granite and gabbro"

Both rock ty;oes appear to follor^¡ the primary structura.l

features of the area" Peridotite l¡ith associated pyroxenite

REGTONAL GEOLOGY
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phases is found in a long narrovr belt from l,{oak Lake through
ï'4ystery Lake and past Ospwagan Lake" peridotite in diamond

dril-l core was found by the writer along the northeast part
of the Burntv¡ood River. Basic dykes are râ.re in the area

except in the region of the Cuthbert Lake dyke swar.m"

According to Dawson, the southwest part of the map-

area is occupied by sedimentary gneisses intruded by granite,

LOCAT GEOIOGY

The nperidotite dykestt of the cuthbert Lake section
range in composi.tion from peridotites to basic gabbros. rn
thÍs report, however, they are referred to as peridotite dykes

except where otherwise designated"

The rocks enclosing the cuthbert Lake dyke swarm are

a complex mixture of orthogneiss and paragnei-ss intermixed

with metamorphosed basic rocks and recognizable sedimentary

rocks, These rocks are intruded by the Cuthbert Lake dyke

swann v¡hich in turn are believed to be intruded by a series

of ol-ívine diabase dykes"

As the wrÍter was more

ultrabasic dykes of the area,

greater detaiL than the other

concerned þrith the basic and

these will- be treated in much

rock types"

The follor,rring table of formations hras generally out-



lined by Davrson (tg5Z) " FÍeld work in the Cuthbert Lalce

area by J" l'{, Patterson and the wriËer duri-ng the srrmmer of

1958 confir¡ns the relationships betr,veen the rock types as

they are presented. The rel ation betr¡¡een the sediments and

paragneiss is speculative because exposures of Èhese rock

types in contact were not seen" However, both rock types

appear to conform closely to regional structural trencì.s"

Also, quartzite and limestone were the only sedimentary

rocks seen" Both types would be expected to remain as

sepa-rate entities under regional metamorphism which would

convert more argi.laceous rocks to paragneiss"
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TABLE OF FORITITTIONS

Pleistocene G1acial rnoraine and glacial clay

rosional Contact

Olivine diabase dykes

Intrusive Contact

Peridotitic and
assoeiated basic dykes

fntrusive Contacb

Precambrian Plagiocl-ase anphibolite

ïntrusive Contact

Orthogneiss and
assoeiated pegnatite dykes

'fntrusive Contac

Paragneiss, crystalline
limestone, quarËzites



This rock tSrpe is predomi-nant in the area, ït is
intruded by acid and basic rocks" A characteristic of the

paragneiss is the presence of a pyroxene, usually hypersthene,

in arnounts commonly not exceeding 20 per cent" The presence

of pyroxene in these rocks indicates thaÈ the area Ìras

subjected to regional metamorphism of the upper amphibolite

or pyroxene-granulite facies"

In hand speeimens, stubby grains of feldspar sometimes

give these roeks a distinctive granular texture. Ïn thin

section, these rocks possess a definite recrystallized

texture with most minerals present as anhedral grains"

Pyroxene and feldspar in places form subhedral grai-ns.

The surface of these rocks is pitted in many places,

due to the weathering out of pyroxene or its alteration

produets. The pits are generally small-, round¡ or slightly
elongaÈed; and distinct from those fo¡nied by the weathering

out of long, narrow lenticles of biotite and hornblende" Ûn

the surfa.ce the rock ranges frora moderately well foliaËed to

massÍve" Contpositional banding is present in some outcrops.

BasÍc clots of biotite and hornblende with J0 per cent or

less plagioclase are colnmon, These clots average approximately

6 feet in length,

As previously mentionede pyroxene is a characteristie

mineral in these rocks, Light, greyish-brown feldspars thaÈ

Sereæqrså
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give the rock a dístinctive colour are common, Flesh

coloured or white feldspar is also present" Large feldspar

metacrysts as much as å inch long occur but are rare. Thin

sections of the rock show that the o,uarËz content varies

consíderably but is never greater than J0 per cent" The

mafic niinerals compose between 15 and 20 per cent of the

specimens" A percentage composltion of an average specimen

of this rock Ëype: âs estimated visually from a thin section

by J, 14, Patterson (personal eor¡nunication) is as follows.

Oommon accessories are biotite, hornblende, magnetite,

pyrrhotiËe, calcite, zoisi-te, apatite, garnet, and potash

feldspar" Accessories, w1th the exclusion of bíotite and

hornblende which are major constituents in some rocks, rarely

exceed 5 per cent of the specimens.

This rock type is believed Èo be of sedimentary origin"

Evid.ence for this conclusion is the variable composítion of

differerrt bands of the rocks" Some bands contÐ.in a very

high percentage of quartz, the origin of which is highly

improbable by other than sedimentary means. Bands are usually

distinct and are confornable with the strike" They are

eoramonly marked by the developmenÈ of garnet" These bands

are believed by the writer to be remnant sedimentary strucfures.

Plagioelase
Suartz. n o

Hypersthene
Accessories
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Cuthbert Lake area" The outcrops are charac'cerized by a

very roughly i,veathered, massive appearanceo They are all a

dirty bLack to brovnr colour on the r,veathered surface, None

of the visible outcrops are extensive" The majoriby are

narror/ü bands¡ up to 30 feet wide, which conform to tire

s-r,rike of the encl-osing rocks" They are usually interbedded

with gneiss which contains qluartz, plagioclase and hornblende"

Olivine and spinel are readily visible on the fresh

surface and in places spinel is promi-nent on the weathered

surface. l'[inerals found in thin secti-ons of the limestones

are, in order of abundance; ealcite, olivine, spinel; and,

in some specirnens, phlogopite" Olivine generally shor,'rs

partíal alteration to serpentine.

Dav¡son (l-952) gives tlrro analyses of limestone from

an occurrence on Natawahunan Lake, These are reproduced in
Table ï.

Dar¡sonr s interpretation is that this rock lvas originally
a dolomite or magnesian liraestone nrith s¡rall- amounts of

clayey and sandy impurities. This interpretation is
consistent irith tire other occurrences of limestone seen by

J. i!T. Patterson and the lv-riter,

Only minor outcrops of limestone are found in t,he

Crystalline LimesËone
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Analysis of Crystalline Limestones
in the vicinity of CuthberÈ Lake

CaO. o ô

MgO,øøoooô
SiOrcoeooo
AlcÕaand FeoOe
coi ánd Hzo: I c

TABTE Ï

From Dawson (1952)

Occurrences of tliis rock type in the Cuthbert Lake

area are evenly distributed, bub rare" The rocks range 1n

appeara.nce from massive to slightly granular. ivlost quartzites

contain approximately 85 per cent quartzo with additional

smaIl amounts of feLdspår¡ muscovite, and biotite" Epidote

and zoisite occu.r as accessories. Riebeckite, calcite, and

sulphid-es are minor constituents in one thin section"
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This rock type occurs interbanded ¡rith the paragneiss

and plagiocl-ase arnphibolite" The gneissocity of the rock

corresponds to the regiona.l attit,udes, indicating that ihey

v¡ere emplaced before the cessation of regional meta¡rorphism*

These rocks are granitic in appearance and possess a



more igneous texture than the paragneiss, The sheared

appearance cofrüron to these rocks is due, primarily, to the

altered and elonga.ted appearance of the mafÍc minerals.

The orthogneiss contains approximately 15 to 20 per

cent mafj-e minerals composed primarily of biotite and

chlorite" Thin sections of these rocks show that they

contain varying percentages of quartz; J0 per cent being

found in thin sections from some outcrops, Feldspar is
usually of tu¡o typeso One is microcline and the other i.s an

antiperbhite or a sodic oligoclase. Biotite is Ëhe primary

mafic minera.l but chlorite and hornblende are present in
places. Accessory minerals include apatite, magnetit'e, and

clinozoisite 
"

Several pegmatite dykes consisting of very coârs€-

grained feldspar, some biotite, and quartz are found in corl-

junebion with the granitic gneísses' They cut the orthogneiss

and probably represent a late intrusíve phase of the granite"

Commonly they are shearedo which i-ndicates that they hlere

intruded before metamorphism of the area had ceased.

Ele
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Rocks of this type are extensively developed in the

area that vras mapped and fort¡, in places, mappable uni-ts'

They also occur in great quantities as clots wiÈhin the

orthogneiss and para.gneiss. These clots are small? very



irregular in shape, and are too smal1 to be shown in the map.

These rocks consist almost entirely of plagioclase and

amphibole Ín approximately equal proportions, although

pyroxene is present in some outcrops" Elongated a.nphibole

grains give the rock a lineation but the plagiocLase usually

has a granular appeara.nce,

Sorue of the large units of the plagioclase amphíbolite

have been i-nterpreted by Dawson (lgSZ) as being metamorphosed

gabbro intrusions, Hov¡ever, the extensive development of

these rocks as clots within the gneisses indicates that' they

might represent the development of sills and lava flows,

subsequently,metamorphosed. One observation suggesting

that these rocks might once have been sills is their con-

cordant nature wíth the enclosing rock and the lens shaped

character of their outcrop" Contacts with the host rock are

also sharp and well defined,

Basie Dykes
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Nr.¡merous basic dykes are present in the Cuthbert L,ake

area. They represent two periods of intrusion" The first
period eonsists of ultrabasic dykes with nunerous related

basic dykes, which transect the regional structure almost at

right angles, This set is cut by a younger seb of olivine

diabase dykes, which conform, io general, to regional

attitudes" Very few dykes of this set were seen, but their

intrusíve nature w1th respect to the first set was established'



BoÈh sets of dykes Ì¡Iere intruded later than the

regi-onal metamorphism of the area as all are relatively
unmetamorphosed" These dykes will be described in detail in
the sections to follow,

STRUCTURE OF THE CUTHBERÎ LAI{E SECTION

Thls section describes the structure of the basic

and ultrabasic dykes in the Cuthbert Lake area" An attempt

is made to show hov¡ the structure of the enclosing rock has

controlled the emplacement of the peridotitic eomplex"

INTRODUCTORÏ STATEII,IENT
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The Cuthbert Lake linea¡Tent is a promi-nent feaËure of

the Thompson Lake-Moak Lake area, This topographic lineffq€nt¡

which has an average strike of north 28 degrees easÈ, extends

from Cuthbert Lake in the southo through Natawahunan Lake

and Buckingha.aT Lake, to Begg Lake in the nort'h' This gives

an approximate length of 2/+ miles to the lineament' The

lasÈ three of the above mentioned lakes are elongated in a

general easterly direction, corresponding to the strike of

the regional structure" The lineament is, however, very

promínent through Cuthbert T,ake and through the creek joining

SETTTNG



CuËhbert Lake to Natawahunan Laker âs both lie along i.t"
Although it is still obvious, the li.neament is not as

strongly marked through Natawahunan Lake, Between Natawahunan

Lake and Buckingham Lake is a smal-l l-ake which empties into
Buckingha¡n Lake via a smal-l creek" This lake is elongated

in the direction of the li-neament and both the lake and the

creek fonn a portion of the feature. Begg Lake empties into
Buckingham Lake by way of a narrow meandering creek" This

creek forms the northern part of the lineation,
Dawson (tgSZ) stated that this lineament Ís due to

the presence of a peridotite dyke. The peridotite, being

much softer than the enclosing rock, weathered much more

easily, and is now marlced by a series of ro¡aten¡ays. Dalvson

considered the erosion of the dyke Ëo have played an important

part in the formation of the drainage of the area"

Dawson also presented evidence that this dyke extends

pasÈ the southern tip of Cuthbert Lake to þlinteri-ng Lake

(Dar,vson, L952a page 16):

ttThis dyke, although largely drift-covered in the
southern part, appears to have a continuous length of
more than l¡0 miles and is somewhat less than f mile
j-n average w'idthøo.eeøoøô The dyke extends from the
southeastern bay of I¡iinterìng Lake through Paynter,
Cuthbert, o o o o, ",,ârtd. Begg Lakeg"lt

6t

The r,vriter did not work south of Cuthbert Lake"

However, oÐ the basis of the mapping done in the Cuthbert

Lake area, it is considered highly improbable that a contin-



uous perídotite dyke is associated w'ith the lÍneation, even

thou-gh the lineatlon may extend for the length described by

Da!,Ison,

The distribution of the perid.otite does indicate that

it is in a dyke-like form, even though contacts beti'reen it

and the gneiss are not visibl-e" The fact that fresh peridotite

is found in t,he area only along the Cuthbert Lake lineament

is significant" Because this Iíneament cubs the strong

regional structural trend at approximately right angles,

it is necessary to assune that the peridotite has been

intrud.ed in the fonn of a dYke "

6L

The peridotite outcrops are distinctive in the field"

They have a dark broivn to btack weathered surface, vrhich is

generally pitted due to the weathering out of constituent

minerals, At first sight, the rock appears to be very fíne

grained, The rock is extremely tough and hard to break with

a hammer, The peridotite is composed almost exclusively of

mafic minerals"

The shape of the outcrops is al-so distinctiveu They

are usually lowp îo more than 6 feet above water; although

some were found i¡ihich ?¡ere close to 20 feet above water Ievel"

DESCRIPTTOIS OF THE PERIDOT]TE

General Characteri-stics



The outcrops are commonl}r smoothly rounded, rising gentl-y

from the v,¡aÈer to the highest part of the outcrop. They

are usually elongated in the genera-l direction of the

lineament "

The size of the outcrops ranges from /¡. feet by 5 feet

to 1500 feet by 60 feet, The widest outcrop was 1lç0 feet

measured perpendicular to the average strike of Ëhe lineament"

The detailed petrology of the peridotitic complex will
be discussed in a later sectionu

Description gL the_ Joint Se_bs-

Joints developed in Ëhe peridotite outcrops are the

only consistent structural feature noted in these rocks. Ïn

each outcropp ât least one set of joints is prominent; in
some outcrops, 2 sets of joints are t¡ell developed; in others,

up to 4' sets of joints are present"

Balk (19¿þ8) discussed. joint sets which are developed

during the cooling of an igneous dykeo He sÈated that cross

joints are developed perpendicular Lo the walls of the

intrusion, They are longer and straighter than other joinÈs

and are often recognizable by their rer¿arkable persi-stance

and evenn€sso They are anong the first fra.ctures to fort ín

a congealing igneous mass and often have a coating of hydro-

thermal minerals on the joint surfaces" It is by the

separation of cross joints that the igneous body is lengthened

on cooling, Balk stated that cross joints can only be
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identified by the presence of flotr l-ines which are perpendic-

ular to -r"he joints, If fl-ow lines are not visible, cross

joints as such cannot be distinguished, although eorresponding

fractures may exist"
Balk d.escribed longiüudinal joints as joints r¡hose

strike is parallel to tÌ:e trend of the flow lines" Flow

lines, in turn, develop para11el to the wa1ls of the dyke"

They introduce an element of mechanj-cal weakness into the

rock fabric and- therefore fractures embracing these lines

form relatively easi-Iy. It is these fractures r¡¡hi-ch are the

longitudinal joints" Longitudinal- joints differ from cross

joints in that they are rougher and lack the clean-cu'b,

smooth surfaces of the cross joints, Longi-tudinal joints also

tend to develop zones in which they are closely spaced"

fn describing joints formed in an igneous dyke, Lahee

(tgSZ) said that tension joints are equivalent to cross jointso

but their relationship to the true cross joints must be

established in order that the term trtension jointlt can be

used" He pointed out that cross joints differ from tension

joints in having associated flow Iines, and that joints

formed by tension in the eooling of a dyke can lie in various

plane d.irections perpendicular to the wal-l of the dyke*

The joint sets in the o-ur.tcrops of the peridotitic

complex in the Cuthbert Lalce area are of several distinct

types" These sets could be distinguished on the outcrop by

their attitud.es and by their characteristic appearâoc€o
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One set of joints present in the outcrops can be

distinguished on the basis of 1ts regularity, This set has

a strike which is roughly perpendicular to the strike of the

Cuthbert Lake lÍneament and dips steeply to either the south

or the north" Joínts of this set are very prominent on the

outcrop, They are wide and usually planar over the v¡idth of

the outcrop" These joints are spaced. from I to 15 feet

apart on most outcroPs"

A second set of joints is also present on most

peridotite outcrops. These joints are characterized by the

fact that they strike approxilnaLely paralle1 to the stríke

of the Cuthbert l,ake lineament. These joints always dip

steeply in either an easterly or westerly direction. Another

characterj-stic of the joints of this set is that they are

very c] osely spaeed. fn some outcrops, these joints were

found to be spaced. no more than 1/8 inch apart" Joints of

this set are more irregular and not as continuous as those

in the set previouslY deseribed.

Other joint sets are found in conjunction with the

peridotite outcrops. One set, present in some outcropsu

strikes parallel to the first set of joints described above.

This joint set has a much shallov¡er dip than the first set

and is poorly defined" Another poorly defined joint set has

a stríke roughly parallel to the Cuthbert Lake linea¡rent"

In this respect it is símilar to tire second joint set;

however, the dip of these joints is much 5þ¿f1 ower than that
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of the second set" 0n some outcrops a joint set roughly

bisects the angle made by the first two sets of joints
described in this section" Thi-s set is generally steeply

dÍpping and poorly defined" Joints of this type vüere

regarded by Lahee (tgft) as being shear planes produced by

a compressional force norrral to the trend of the flolv lines

in the dyke, This diagonal joint set 1s present in only

some of the peridotite outcrops"

Distribution of the Peridotite

The outcrops of peridotite in the Cutirbert Lake area

are distributed diseoirtinuously but evenly throughout the

length of the linearnent" Several small outcrops occur

removed from the immediate vicinity of the lineament but

these are rare€

Peridotite was seen in conbact with the enclosing

gneiss in only two places" One occurrenee 'hlas found at the

north end of Cuùhbert Lake on the v¡est shore" There, a

peridotite dyke approximately ?5 feet wid.e is exposed in

contacË r^rith the eirclosi-ng gneiss for a length of 2 feet"

Elsewhere along tiris exposure, the contact i^¡as obscured,-'

The second occurrence is on the north shore of Natawahunan

Lake where two peridotite dykes, each v¡ith an exposed r,vidth

of approximatel-y 5 feet, flank a narrow strip of gnei-ss

approximately J feet ltide, The exposed contact on each dyke
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is approximately 10 feet Ín length, Other outcrops of
peridotite occur as islands or as isolated outcrops along

the shore so Èhat attitudes for contacts were not avail-able

exeept in the above mentioned places.

The geological flâp¡ drafted on a prelimÍnary scale of

I inch equals 1000 feet, shows a definite distribut,ion of the

peridotite outcrops. This distribution takes the form of a

series of smal1 dyke segnients arranged j-n an îÎen echelontl

pattern along the length of the lineament. The dyke segments,

proceeding from north to southe are offset to the west with

respect to each other and, in general, have a more northerly

strike than has the main linea¡nent "
A study of the joint pattern was undertaken to test

the validity of this apparent distribution,
To understand the basis of a sbudy of this nature, it

i.s necessary to understand the relationships which exist

between joint sets in a dyke $rhich has been subjected to

ideal cooling" During the ideal cooling of a dykeo a

longitudinal joÍnt set forms parallel to the walls of the

dyke and several tensional joint sets form at right angles

to the wall-s of the dyke (naU<, 19/+8)" These tensional joint

sets can lie in any pl ane perpendicular to the walls of the

dyke, depending on the forees acting in the dyke during the

cooling Þroc€sse

For a dyke v¡hich has undergone ideal cooling, all
tensionaL joint sets vrill be perpendicular to the longitudinal
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joint set' lfkren these sets are plotted on a stereographic

net, the pole to tire longitudinar joint set wilr lie on the
line of intersection of any two or more tensi-onal joint sets

present in the dyke. Therefore, the longitudinal_ joint set

can be identified. as the set of joints whose pole corresponds

to Èhe line of intersection of the tensional joint sets"

Thus, for an outcrop revealing no contacts, if one joint set

can be identified as a longitudinar set, the aËtitude of the

dyke or dyke segment of v¡hich it, is a part can be deteruj.ned,

Possible dyke segments brere isolated by studying the

distribution of peridotite outcrops with respect to those of
the enclosing gneiss" The joinb sets in the outerops

comprisíng each suspected segment tr{ere plotted on a stereo-
graphic neto In general, one seÈ of joints for each segment

proved to be conmon t,o all the outcrops compri-si-ng a particular
segaent. The pole to this set was found to lie within a

cone with a radius of 15 degrees from the line of intersection
of other joint sets present in the segment. The attitudes
of all the longitudinal joints in the dyke segment $rere

then averaged" The resulting attitude was assurned to be the

average attitude of the dyke segment" This value for all
the dyke segments analyzed appears on the map accompanying

this report" Thus, by comparison of the actual joint set

distribution to that of an ideal casee oïle set of joints was

shown to be a longitudinal join-r, set. The remaining joint

sets whose line of intersection corresponded to the pole of
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the longitudínaI joint set were shown to be tensional joints.
ïn Figures 22 3, 4, and 5, the joints for each outcrop

of a typical dyke segment are shown as they are plotted on

a stereographic net" ïn these diagrams, the longitr-idinal
joint set strikes at approxirnately north 25 degrees east,

The pole to this set lies close to the l-ine of intersection

of sets of joints v¡hose strike is about 90 degrees to the

longitudinal joint, set" Figure ó shou¡s the cLose correspon-

dence between poles of the longitudinal joints and the

average attitude of the tensional joints of the dyke segnent

represented in the preceding fi-gures, Joint sets of the

other dyke segrnents r"rere trea.ted in a similar manner, and

the sarne rel-ationship betv¡een the joint sets was evident"

It may be noted thab by a comparison of the physical

appearance of the joint sets on the outcrops to the descrip-

tions of joints as given by Balk and Lahee and previously

recorded, longitudinal joint sets could have been established"

Hov¡ever, this was not a sufficient means by which to identify
these joints, l{ithout confinnation of hovi elosely the joint

sets of the dyke segraents correspond to the ideal case¡ ho

conclu.sion coul-d be drawn as to the attitude of the individual

dyke segments" It had to be deterrnlned bhat the joint sets

were essentially free from later deformation and that they

forrned in elose to id.eal conditions, A comparison of the

ideal systern to the actual one as found in the field enables

the joint sets to be designated i,vith certainty"
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FIGUffiË ?"
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DIAGRAM OF JOIFf SEÎS FOR LæAÎION NAil'

Jol-at sete are, plotted on a stereographfc net,
A. longttudlnal Jolnt. Strlke - north 15 degrees.east,, Dtp

vertLcal,
B. Tenslonal Jolnt" Strlke - south JO degrees east. Dip -

degreeo northerly,
C, Pole to longltudi.nal Jolnt"
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FIGUffiË 3
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JoLnt sets are plottød on a ster€ographie net,"
å" Iongitudtn&l Jolnt" Strlke - north Z0 degrees ôast, Dip.*

80 degrees wosterly,
B. Tenefonal Joj.nt" Strlke - south {!5 degrees, êBSto Ð1p * gg

degrees southerlyo
t" Îønslonal Jolnt, Strike - south 6O degraeg oaet,, DLp * 75

degreos northerly,
Ð" Pole to Ïongltudlnal Joånt,

DIA,GRA¡{ OF JOTNT SETS FOR TCCATTON 1'81'
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FIGURË 4
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.Iolnt sets ere plotted on a stêf,Êograph3e net'
A, Iongltudinal Joint, Stråke - north 35 degrees east' Dlp'-

75 degroes westerly"
B¡ Tenslãnel Joint. Strlke - eouth ?0 degrees eastn Dlp - 60

dbgrees southerly,
C, Tenslonal Jolnt. Strike - south 45 degr€es east. Ûl.p - 65

degrees nortberlyo
D" PoLe to longltudinal Jofnt,

DIAGR.A}'Í OF JOI}{T SETS FOR LMATTON IICIT



FIGURË 5
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DTÀGRA$ CF' JOINff SE"rS FOR LæAITOT{ Ì'D'9

Jolnt setE a¡e plotted on a etereograpble not.
A" Iongttudinal Jolnt. Strike - north l0 degrees ea.sË. Dip -

80 degnees westerly,
B" socondary' longlh¡dina-l Jof.nt, strlke - north lo degneee east,

DLp - 25 degrrees easterly,
C" lenslonal JoLnt, Strtke - south 65 degr@es eaetn mp - 6l

degrees eoutherl-y,
D. sbear Joint" strike - eoruth 1g degreøs east" Dlp - 65 degrees

westerly"
E" Pole: to longt tudj.nal. Jotnt,



It was found thab not all the peridotite outcrops

could be fitted into a postulated dyke segrnent. These

outcrops are therefore not incl-uded in the segnents shown

on the mape

It was also found that there are joints present in

the peridotite which are obviously neither longitudinal or

tensional joints" These may be shear joints which are poorly

developed in the outcrop and which approximately bisect the

angle betv,¡een the longitudinal and the tensional joints"

Because of the cl-ose degree of correspond-ence betvreen

the joint sets on the peridotite outcrop and those which

urould fon¡r in an ideally cooled dyke, it may be assumed with

a reasonable degree of certainty that the postulated dyke

segments do exist and that they exist as essentially planar

features" In an analysis of the dyke Segrnents, some variation

in the attiËud-es of the longitudinal joinbs was noted" This

coulcì. be ex;olained by variations in the stress field in

which the joints formed as the dyke magma cooled" ft is

also possible that the surfaces of the dyke segments are not

planar but are slightly undulating. The difference in the

attitudes of the longitudinal joints could be a reflection

of this undulating surface" It is proba-ble tha.t the variation

in the attitudes of tþe longitu-dina.l joints is due to a

combination of these tv¡o possibilities'

It
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Ru'{rT.N'*uT#oiSiï"i3'äili"3äiffi'ilT*l r.rNrs AND rHE

Clrcles indleafe bhe position of poles to longitudlnal Joints
from locatlonsrrArr¡ rrBrte rr0rt, and rrDlt ag plotted on a stereo*
graphle dlagram" The plane represents the average of the
tenslonal joÍnt planes from ùhe above locations.



Dawson (L952) inaicated that the peridotite ín this

area forms a cont j-nuous dyke " To be continuous, the

peridotite would necessaril y be branching and extremely

si-nuous, The \,friter has established the presence of individ-

ua] dyke segments as shown on the map accornpan¡rl¡1g this

report" These segments are arranged in an tlen echelonrt

pattern over the length of the lineament in the Cuthbert

Lake area, The outcrops of peridotite which are not

included irr any of the dyke segments have longitudinal-type

joints roughly parallel to the main lineatlon of the âr€â"

It is statistically doubtful that any ehanges in the strike

of the longitudinal joints, r¡¡hich might indicate a sinu-ous

chara.cter to the peridotite, lvould not have been found' The

absence of any such portions of the dyke is a strong indicat'ion

that the periclotite is not continuous but that it exists as

a number of individual dyke segments as shown on the map"

The possibility i-s not discarded that dyke segments may be

united at depth or that the-rr may be joined by very narroüi

veinlets of dyke materialr âs in some basic dykes yet to be

described" However, the writer does not bel-ieve that the

peridotite is continuous in the sense implied by Dawson

(tg5Z) z that its width remains relatively constant through-

out the length of the linearnent "

Distribution of the Peridotite
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Associa.ted r,.¡ith the peridotite dyke segments are

hundreds of basic dykes ranging in composition from basic

gabbros to diorites" These dykes range in width from l- inch

to L00 feet, the averege width being approxima.tely 15 feet,
Very few dykes exceeding 100 feet in widt,h vrere found"

During the course of the field ¡¡Joï.k in the Cuthbert

Lake area, attitudes were recorded for 276 dykes" An equal

number of dykes were seen whose attibudes were not taken"

The exbent of this dyke shrarm is approximately knorr¡n"

ft inost certainly extends to the east and. south of the

Cuthbert Lake area because numerous dykes have been recorded

in these areas by Dawson (t952) 
"

The Sipiwesk map sheet (Harri-son, ].95l.) shov,rs a

rernarkably stralght portion of the Ne1son Rivei" over a dis-

tance of about l¡0 miles" The l-ineation striÌ<es north 20

degrees east and lies 2[ mi]es east of the Cuthbert Lake

l-ineament. In ].877, Bell(Dawson, I95l.) reported that a

peridotite dyke underlies this area. Gn C, Milligan (personal

communication), who aided. in the reconnaissance rnapping of

the Sipiwesk area, reported that east of the northeri-y-

trending portions of the lrlel-son River, basic dykes are almost

totally or totally absent" This includes ihe area of Dafoe,

Cauchon and Goul-et lakes as I^Iell as the south part of

Sipii'resk Lake. Dykes are absent in the Utik Lake and Bear

DTSTRIBUTIOI'I OF THE ASSOCI.;I,TED DYKE SI.JAM.{
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Lake arees. However, towards the nort,heast part of Sipiwesk

Lake and the outlet of the lake, dykes become rnoi'e numerouso

Ifilligan also reported that dykes are exceptionally nr;rnerous

in Landing Lake. The eastern border of the dyke swaum

appears to be the straight, northeasterly-trending part of

the Nelson River. The southeastern boundary is indicated to
be Sipiwesk Lalce

In the Split Lake area, l,{illigan (1956) reported that

numerous basic dykes occur but that they are conflned to the

part of the area which l-ies south of the Split Lake-Setting

Lake break

In the Uhlman Lake area (lrrrisht , L953) and the Nelson

House area (QuÍnn, 1955), both of which lie to the north and

west of the Split Lake*setting Lake break, basic dykes are

either rare or absent" This break appears to form the

northern boundary of the dyke swarrìI"

The writer found that the dyke swarÍi does noË extend

as far north as the Burntwood River" J. M" Patterson reports

that the number of dykes decreases in the vicinity of

Isbister Lake (personal communication) " Dykes are a rarity
in the Apussigamasi Lake area, It appears that the t^iest

boundary of the dyke s?¡arnl lies not far west of Isbister

Lake, and presumably roughly paralle1s the Cuthbert Lake

l-ineament.

To arrive at the predonri-nating attitude of the dykes,

the writer divi'ded theni into two groups; those lying to the
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east and those lyíng to the west of the lineament, The poles

to the attitudes of the dykes in each group were plotted on

separate Schmidt net diagrams. These points were then

contoured according to the procedure outlined by Billings
(tgl+Z)" The results are j-ncl-ud.ed in Figures 7 and 8"

These figures show bhat the statistical concentration

of the poles Èo the dykes on the l^IêsÈ side and on the easË

side of the peridotite lies within the salne area on the

Schmidt net" The strike represented by the peak of the

pole concentration in Figure 7 is north 30 degrees east,

with a vertical dip. The corï'esponding strike for the peak

sho',"trrì in Figure I is north 30 degrees east with a dip of

72 degrees westerly. The similarity of the attitucles of the

dyiees on either side of the lineament is significantu

Because of the distribution of the contour lines in the

figures, the discrepancy in dip is not considered important"

It is significant that poles to dykes do not occur in the

northeast and southwest quadrants of either diagran" The

si¡rilarity between the di-agrams suggests that all the dykes

belong to the sa:ne period of intrusion"

H\TPLÄ.CEIì,IITNT OF TIJE DYKES
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Thls flgure sho,rs contours for 1?0 polos to attltrndes of baslc
dykes pLotted on a sehmldt net, lbe maJor pak represents ân
attltude the strlke of which ls north 30 degrees east and the dlp,
vertlcal.

T?¡e L% contour line Ís shownn The contour lnterr¡aI for the
renainÍng eontours ts 2$,

ATTITUDES OF DTKES I{EST @ TTIE CI]THBERf I,AKE LINEA}4EMf
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ATTIÎÌIDES OF DTKES EASÎ OF THE ClTTHBEff LAKE TTNEAMENT

Thls flgure shows contours for Ì.06 poles to attltudes of baslc
d.ykes piotted on a sehr¡Ldt net. Tbe maJor pek represents an 

_

rltituäe the strlke of whteh ls north 30 degrs€s east and the dlpu
"/2 degrees northerlY"

The 1ß contour llne is shglir¡. The contour interrral for the
renaining contours ls Zfi"



might have controlled the intrusion of peridotite into its
present IocaËion.

the poles to all the available attitudes of the

enclosing rocks ürere plotÈed on separate SchmÍdt net diagrâIrso

Poles to attitudes for rocks east of the linea¡Tent were plotted

oa one diagram a¡d those for rocks to the west of ühe líneament

were plotted on another díagram, the points representing the

poles were then contoured to obtain the frequency distribution,

the results of this study are shown in Figures 9 and

10o The peak for the diagran representing the rocks to the

west of the lineanent corresponds to a strike of south 80

degrees east and to a dip of 78 degrees northerly. The peak

on the diagran representing the roeks to the east side of

the lineament corresponds to a strike of nor'th 57 degrees

east and to a dip of 7?'degrees northerly,

Three features of Èhese diagrams should be noted;

the pronounced eoncentration of points; the complete absenee

of attitudes the poles of whieh Lie in the central belt of

each of the diagrans; and the discrepaney between the

concentration peaks for the poles to dykes on either side of

the lineament.

The large diserepancy in the attitudes on either side

of the lineament at fÍrst suggested the possibility that the

lÍneament was a fault along whlch rota.tional movement had

taken place and that this fault was a zone of nreakness along
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thte ftgure'shows eontours for 208 poles to the gnelssosity of the
country rock plotted on a sclmtdt-îete The naJor palc repr"esents
an attLtude the strlke of wbich 1s south 80 d.egrees east and tbe
dipe 78 degrees northerLy.

Tlne Ifl eontour l1ne is sho¡¡nu the eonùour interval for the
renaining contours ts 271,

ATTTTUDES OF THE GÌ,TEISSOSITY IdEST

OF THE CUTHBEM LAKE LTNEA¡{EI¡T
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rhls flgure Ehows eontours for 1/+5 poJ.es to the gne!.ssoslty of theeountry roek pLotted on a schmrdt net" The naJoi peak represents
an attltude the strike of r¿hleh ls north 57 degreee east and tbe
dl,pe 72 degrees northerì_y,

\he lß contour rine is sh6m, The eontour r¡rterr¡ar for the
renalning eontours lE 218.

ATTTTTDES OF THE GNETSSOSITT EASÎ
OF ÎTIE OUTHBERT LAKE TTNEAMEIüî



l.¡hich the peridotite had been intruded" However, the

d.istribution of the segnents of peridotite is not in accord

with this idea" Consequently, Schmidt net diagrams hlere made

showing the poles to the attitudes for the rocks rn¡hieh are

ímmediately adjacent to the Lineament. Separate diagrams

were mad.e for the rocks to the east and to the west of the

lineament. The resulting contoured diagrarns showing the

frequency distributlon of the poles are represented by

Figures 11 and 12e

A very close degree of approximation is evident

between the two figurês" The attitude represented by the

peak on the figure for the west sid.e is south 86 degrees east,

with a dip of 7L degrees northerly. The atti-tude represented.

by the peak on the figure for the east side is south 86

degrees east2 w"ith a dip of 72 degrees northerly" The

difference bettdeen the two attitudes is negligible.

These results suggest that there has been no fault

movement along the lineament" Ido movement direetions seem

feasible r¡¡hich would give the results found by the study of

the abtitudes, The writer bel-íeves that the discrepancy in

atiitudes shoum betlveen Figures 9 and 10 can be explained by

ihe presence of a drag fold of regional dimensions in the

area. The Íntrusion of peridotite was governed by a zone of

weakness existlng in this fold" This zone was opened v¡hen

forces resulting in tensional strain acted upon the area"

The fac¡, tha.t such a z,one of weakness existed in the gneiss

8lr
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ATTIfl]DES OF THE GNETSSOSITT ADJACENT TO TITE WEST STDE
OF THE SUTHBENT LÀKE ITNEAI"ÍENT

Thls figur€ ûbows eontourg for 86 pores to tho gaetssosity of the
countryr. roek lylng {'n"edlately to the west of tbe Cuthbert Lake
llneamont, The poles are plotteô on a setmldt net, The naJor
paak represents'an attltude the strlke of r¡hleb is south 86 d.egrees
eaet and the dlp, 7lr degrees northerly.

The ]116 contour llne is showno The contour fnterval for the
renaining contours is 2î6"
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AMITUDES OF THE GNEISSOSITT ADJACENT TO THE gAST STDE
OF THE CUTHBEtrT LAKE LINEAMEI'rI

Thls figure shor,rs contours for g5 poLes, to the gneissosity of the
-cguntry rock lyl-ng_ lnnediately to the sast of tËe cuthberl Lakellneanent' The polos are plolted on a sãumiát-n"t" The maJorpak represents ar¡ atfi-tude tho strtko of r¡hich is east 4 dågreesgouth and tho dLpu T2 degroes northerJ_y"

The Lß conÈou¡ rine fs sho*m, rhe eontour inte'r¡al for theremaiqlr¡g conÈours ls Zfi"



is suggested by shearing in the gneiss adjacent and parallel
to the lineament in some locations" Subsequent erosion has

produced the present appearance of the lineation"

BillÍngs (l-gbz) and Anderson (rg¡r) stated that dyke

swarms are eomrnonly caused by tension, This is a logical
explanation for the origin of the dyke sÌrarn in the Cuthbert

Lake area. On1y by a tensional force coul-d a seri-es of sub-

paralIel fractures form" The filling of these fraetures by

igneous rock material forrned the dykes as they are now found

in the fie1d,

The attitude of the peridotite dyke segments also

ind.icates that a tensional force has caused the opening of

the fractures. Noble {]952) stated that an îten echelonrt dyke

pattern is possibly caused by tension fractures forned

between opposed shear forces, The lren echelontf patÈern of

the peridotite segments conforms to this suggestion" Horvever,

not enough work was done in the area to enable the writer to

propose what type of forces ca.used the tensional fractures

or r,¡hat the orientation of these forces might be"

Anderson (f9¡f) stated that dvke fissures must be

caused, by tensional forces, These forces can be of two

kinds; regional- tensions, and tension caused by the lvedging

a.ction of the intru.ding dyke magma"

Associated Dyke Swarrut
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There is evlclence that both types of tensional- forces

have operated in the forrnation of the cuthbert Lake dyke

sl4larm" Many of the dykes sholv no evidence of deformation at
aI1. These are massive in the centre and rernain so out to
their contacts. The writer considers the massive dykes to
have originated as liquid inagma, which well-ed up along

fractures opened by regional tensj-onal forces.

A minority of other dyl<es in the area shov¡ evidence

of forcible injection, with a wedging action of the magma

playing an irnportant role in their emplacement" Several

occurrences Ìrere found in which the dykes are massive in
their interior, Their conta.cts, ho'biever, indicate shearing

parallel to the walls ' This shearing is thoi-rght by the vrriter
to be a result of forcible i-ntrusion, fn one occurrenee the

end of a dyke i,vas exhibited in plan vie!,¡. I{ere, the gneiss

was contorted around the end of the dyke. This phenomenon

vÍas considered by Noble (l9SZ) to be evidence of forcible
i-ntrusion"

There is also evidence that the dykes har¡e been

intruded along zones of pre-existing v¡eakness in the rock.

In one occu.rrence a dvke 2 f eeþ wide abuts against a shear

zone in the gneiss which strikes at right angles to the

strike of the dyke. The main part of the dyke stops at the

shear zoneu but â flarroìf veinl et of d)rke material 2 inches

i¡¡ide follows the shear zone f or nea.rLy 20 f eet. The dyke

resuJnes its forner width and strike on the opposite side of
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the shear zone, The dyke in the vicinity of the shear zone

is not sheared" Flow lines are developed in the dyke where

the first sectÍon described abuts against the shear ÁorLaø

These ind,icate that the magrra flowed in the dyke, turned p0

degrees, and followed the shear zone in the direction

indicated by the dyke veinlet. A similar method of inürusion

would, serve to explain why the segments of peridotite are

offset. In another occurrence, a dyke occupies a sheared

portion of a pegpatite dyke, The basic dyke is massive

throughout with no evidence of shearÍng. Exanples similar

to the two just described were found" This is evidenee that

the location of the basic dykes was controlled, in partr by

pre-exlsting structures in the gneiss, This makes more

plausibLe the suggestion that the peridotite dyke segnnents,

too, are localized, in parÈ, by strucÈures previously existing

in the gneiss"

POST*DYKE DEFORIUATTON

There is evidence that minor movement occurred in the

area after the emplacement of the dykes' In several places,

small fault zones, striking easterlYa lúere found in the

perÍdotíte" In these places, the peridotite has been altered

to talc, Shearing effects are visible up to 10 feet fron

the faul-t zone but are usually less extensive" Small faults

cutÈing gabbroic dykes are also present" These are someti-mes

acconpanied by shear zones that contort the whole dyke"
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These occurrerlces are rare and the peridotite outcrops and

basic dykes are general-ly unaffected by deformation"

The country rocks show that the Cuthbert Lake area has

been subjected to a high degree of metamorphisrn, Extensive

shearing has also taken place in some loeations. But the

high degree of freshness and the general lack of disturbance

of the peridotite and the associated dyke swarm make it
obvi-ous that these roclcs were intruded after the waning of

the metamorphic and dynamic forces which affected the whole

area" Only the final stage of regional metamorphism or a

second minor period of movement has affected the basic and

ultrabasic dykes,
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DESCR]PTION OF THE CUTHBERT LAI(E PERIDOTÏTE COI{PLEX

lilineralogv gnd lt{inera} Associations

ïntroduction

PETROGRAPHY Äh]D PETROGENESIS

The composition of the Cuthbert Lake peridotite complex

is not uniforrr" For the purpose of classlfieation, three

divisions have been establ-ished" The divisions are based on

the relative proportions of olivine and plagioclase present

in the thin sections"

A tlperidotitelt is an igneous rock which contains more



than 10 per eent olivine and less than 1O per cent plagioclase,

with the renrainder made up almost exclusively of pyroxeneo

An ttolivine gabbrott contains more than 10 per cent olivine
and more than 10 per cent plagioclase, with amphibole and

pyrolcene comprising the remainder" A ttpyroxj.ni.tert contaÍns

less than 10 per cenË ol-ivine and less than 10 per cent

plagioclaseo the bal-ance being pyroxene and amphibole fornred

secondarily after pyroxeneo The value of 10 per cent taken

as the divídíng line between roek types has no particular

significance, ït is rnerely a convenÍent value upon which to

base distinc'bions,

0n c,orrelating the Cuthbert Lake uLtrabasic rocks to

those of Johannsenls classificaÈion (193S); i.t v¡as found. that

most of the Cuthbert Lake rocks are therzolites and wehrlites"

Minor a:nounts of cortlandite and saxonite are also present

in this group,

All phases of the peridotite complex are composed of

olivine, orthopyroxene, clinopyroxene, hornblende, plagioclase,

and minor accessories, All these minerals are present in
most of the l+3 thin sections of the complex r¡¡hich 'Frere

examined

In most thin seciions, the quantity of pyroxene exceeds

that of olivine, though i-n some sections, this condition i-s

reversed, All the sectíons show that olivine was the fÍrst
mineral to crystallíze" It was followed b]'minor primary

magnetite and perhaps a spinel" The next mineral group to
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form was the pyroxenes. fn most of Ëhe thin sections,

orthopyroxenes had crystallized before clinopyroxene" In
some sections, this condition hras reversed, and in oühers

these tv¡o minerals formed contemporaneously. Plagioclase and

hornblende crystallized last" The parageneüie relations of
these two minerals resemble those of the pyroxeneso

F-{aior Primarv lvlinerals

Several types of olivine occur in the Cuthbert Lake

peridotite complex" One prominent forn is that of euhed.ral

crystals elongated in the tC] direction" These grains have

welL-developed pyramidal faces at either end. They occur as

individuals disseminated Ëhroughout the sections" They sortre-

tímes exhibiË a preferred orienÈation, but thls is never

pronounced, ïn some sections, these grains show partial
alteration to serpentine, but usually alteration is restricted
to grain margins or to minute fractures in the grains" The

euhedral, elongaËed grains are often darker than other grains

of olivine. This colouration is perhaps due to a high

content of iron or to snrall inclusions of magnetite grai.ns

in the crystals" Grains of this type are best developed

where olivine in the specimen is under 20 per cent"

OLivine also occurs as small roundecl grains' These

are indicative of partial resorbtion of the olivine duri-ng

the process of crystallization" Alteratj-on of these grains

0livine



to serpentine is usually complete,

Between these trrro extremes, all gradations in erystal

shape and. degree of alteration are found. Most grains are

subhedral, with some cleavage faces present" Euhedral and

anhedral grains are also common. Another gradation in the

olivine is the clarity of the individual grains. Some grains,

as mentioned. previously, are dark coloured; whereas others

are clear, with the typical greenish colour of olivine"

In some thin secËions, there are v¡hat appear to be

two generations of olivine" One is the nornal, v¡e1l-

crystallized, medi-r:rir-grained type that is commonly dark coloured,

The other generation occurs as fine-grained subhedral and

anhedral.fragments" The well-fornred grains show no evidenee

of crushing" The wrj-ter conc.l-udes that the sma1l fragments

represent individuat grains which have formed during a períod

of rapid crystallization. The smaller grains are commonly

enclosed in later euhedral pyroxene crystals and are usually

not altered"

In one section, olivi-ne exists as separate fragmenüs

surrounded by late plagioclase, w'ith the fragments all
possessing a similar optical orientati-on" No evidence of

crystal granulation was seen elsewhere in the section, and

it, is deduced that the fragnrents are snall protrusions from

one grain"

In a fer,v sections, olivine forms. loosely packed

clusters composed of several individual, euhedral grains'
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Ït appears that the grains forrned. separately, becorning

clustered r¡¡hile the rest of the rock was stí1I liquid.
The size of the individual grains of olivine varies"

The variation is not from section to section but is usually

appreciable within each individual section" The longest

olivine grain measured is 2"J mllLimeters long, Other grains

are 0"1 mill-ineters long; and fragments of olivine are much

snraller, The average variation in a thin section 1s from

O.75 to 0,25 mil-limeters, The average size of oIÍvine grains

is approximately 0.5 millimeters" Generally, there are nore

large grains of olivlne in a thin section when the percentage

of olivine in the section is rel-atively lo!v, Large grains,

usually dark-coloured ? are more conunon in the border phases

of the peridotite complex,

Orthopyroxene

Orthopyroxene is rather prominent in the thin sections,

Hypersthene is the primary orthopyroxene although enstatite

was found in one section" The optic sign was used as a basís

for distingi-rishing tirese two minerals, In any section in_

which doubt exj-sted as to which orthopyroxene inlas present,

enough favourably oriented grains were found in which the

optic sign could be obtained" Pleochroism of the hypersthene

aided in distinguishing this mineral"

Hypersthene is present in many differenb forns. One

promÍnent form is that of subhedral to euhedral grains' Ïn



thÍs fornro hypersthene is usually the second mineral to
crystallize. rnclusions of olivine in the hypersthene are

common" In some thin sections, the grains are elongated,

with a preferred orientation. This is not as apparent as

in the olivine grains

ïn any one thin sectÍon, the grain size and the form

of hypersthene are relati-vely consbant" However, variations
do exist" One section was found to contain large euhedral

grains of hypersthene as r^¡ell as small subhedral to anhedral

fragments of bhe same mineral. No evidence of mineral

granulation was seen in the secti.on; this is presumably the

reflection of a period of unstable cooling conditions withj-n

the rock,

Hypersthene crystallized after clinopyroxene in some

rocks" Thj-n sectÍons of these specimens shovr hypersthene in
the form of large anhedral grains poikiliËically enclosing

earlier clinopyroxene and olivine" Occurrences of this type

are not common" In many slides, the crystallization of

hypersthene and clinopyroxene appears to have taken place

contemporaneously,

One phase of the peridotite complex seen in the field
was composed of grains of hypersthene up to an inch long"

In this forto, hypersthene is usually subhedral but good

cleavage is commonly developed in the grains" Ïnvariably,

the hypersthene contains olivlne that is usually well formed,

Hypersthene appears to be a product of crystallization rrin
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sj-turl ¡ âs no evidence of granulatlon can be seen on the

outcrops or i-n the thin sections,

Individual grains of hypersthene appear uniform

throughout" However, evidence of zoning is present in sorne

sections" This takes the form of uneven extinction across

the grain and is probably a compositional- effect, as no

indication of stra.in is ey,hibited elseu¡here in the sections

containing these grains"

Ïn severa.l sections, hypersthene eontains minute

inclusions of another pyroxeneø No positive identification
of this pyroxene was possible because of its small- size.

The inclusions possess a higher birefri-ngence and a slightly
lower index than the enclosing hypersthene, Poldervaart

(f9b7 ) ¿:-scussed oecurrences in v¡hich lamellae of ortho-

pyr,oxene are found in a parent orthopyroxene, the tvro f orrns

having the same composition, but possessing a different
optical orj-entation" Hess (19&1) stated that this is an

exsolution phenomenon and is due to a calcÍum-rich clino*
pyroxene which has exsolved from the orthopyroxene upon

eooling. The writer is of the opinion that the examples

found in the Cuthbert Lake peridotite complex are lamelIae

of clinopyroxene in orthopyroxene" This is suggested by the

fact that the birefringence of the lamellae is lovr second-

order in some sections"
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A clinopyroxene is present in most thin sections. 
. 
In

some sectj-ons, it is the only pyroxene present; in others,

hypersthene is the only pyroxene. The elinopyrolcene is of

two types: augite and diopside" The distinction between

these types is based on the relation between the vibration
direction and the cleavage (Rogers and l(err, Lgb?) " The

reliability of this method in distinguishing between these

pyroxenes is questionable. However, the grains identified
as diopside were usually of a slightly paler colour than

those identified as augite" Also, the grain ou-tlines rrere

best developed in the diopside " .

ïn most thin sections both pyroxenes were identified,
with diopside usually slightly more abundant than augite,

The order of crystallization of these two pyroxenes is
difficult to establish" Generall¡r, diopside forms more

euhedral grai.ns than augite, which suggests crystal-lization

prior to that of the augite"

Clinopyroxene formed after orthopyroxene in most

sections, although the reverse relationship is someti¡les

evident " Clinopyroxene commonly encloses ea.rlier f ormed

minerals,

In some exam'ples, cli.nopyroxene had reacted with

olivine during crystallization, In lhese examples, pyroxene

partially surrounds olivine, The outlj-nes of the ol-ir.ine

Clinopyroxene
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are partially rounded adjacent to.the pyroxene, At the

junction beÈween the two minerals, there is often a thin
line of magnetite dust" It appears that the clinopyroxene

was unabl-e to incor.oorate all the iron of the olivine into

its structure" The excess iron l,ras converted to magnetite

and remains as evidence of the reaction"

In some sectionsr âil inexplicable intergrorr'Uh hras

observed in the clinopyroxenes" This is restricted to
particular grains in the section, A single grain is some-

times composed of what appears to be a very fine vermicular

intergrol'rbh between clinopyroxenes" Although no evidence of

this intergrol'rbh was seen in plain light', it rvas stríking

under crossed nicol s" There appears to be no definite

orientation of the component parts. The l-a¡Tellae are usually

continuous over the length of the grain but are rather

i-rregular" Cleavage is absent in these grains"

Plagioclase
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Plagioclase Ì¡as recognized in all- but one of the thin

sections.of the peridotite complex" The quantity present is
variable, ranging from less than 1 per cent to approximately

l+5 per cent, Despite this extreme range, t'he compositj-on

remai-ns relatively constant" Plagioclase was seen ranging

from LruTZ t,o 4n41, However, most of the thin sections con-

tain plagíoclase betv¡een Än6, and An7g"



The composition of the plagioclase was deterrnined by

the extinction angle on the al-bite and carlsbad ttuins "

Although the average percentage of plagioclase in the sections

is betrn¡een 10 and 15 per cent, grains are commonly very well

twinned. As a result, the composition of plagioclase in any

one section was found after the extinction angle had been

measured on an average of l0 grains per sli-de' The writer

feels. that the consistency in the composition from slide to
slider âs derived by this method, indicates that the method

is reasonably accurate"

There is no coruelation bet¡¡reen tire amount of plagio*

clase present in the slÍde and its composition" Some of the

lowest anorthlte values of plagioclase are in sections

containing less than 10 per cent of the mineral.

Plagioclase and hornblende were the last minerals to

crystallize in the rocks, ild, like the pyroxenes, thei-r

order of crysta.llization is interchangeable" Because of

this phenomenon, plagioclase is present in several different

forns. In places, plagioclase forms separate, subhedral

graíns" An example of this is presented in Plate Ï" This

type of occurrence is most conmon when plagioclase

crystallizes before hornblende and there is a large percentage

of hornbtende in the section, However, clusters of subhedral

plagioclase ÏIere seen in some sections where it has erys-

tallized l-ast and forms a large portion of the grou-ndmass "

PLate TV sho¡ss plagioclase forming the matrix of the section
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although clusters of the mineral are absent. As is evident

in the photomicrograph, plagioclase forms large, well:tv¡ínned

grains which poikilitically enclose the previously formed

f erromagnesian mj-nera1s. There i-s no evidence of reaction

betv¡een plagioclase and these minerals" fn most, sections

plagioclase is anhedral" ft occurs in small patches

completely interstitial to the earlj-er mineral-s ¡ âs

illustrated in Plate IIï.
P1agiocla-se is found in l-ate pegmatitic phases in the

peridotite complex. The pegmatites are small- l-enticular

bodies usuaÌly no longer than 2 feet" These are not common,

but several !'Jere seen in outcrops of the peridotite complex"

Plagioclase in the Lenticles 1s coarse grained, with crystals

attaining a length of I inch in places" Crystals are usually

subhedral with well developed cleavage" ïn one section of

pegmatitic material, the plagioelase (OrrO) is relatively
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fresh and is corroded only around the edges and along frac-
tures in the grains.

fn only one secti-on of the conplex do the plagioclases

show signs of alterati-on" fn this specimen, plagioclase is
interstitial and has been reduced to a very fine-grained mass

composed of some calcite, a fine-grained clay mineral, and

probably quartz plus a more sodic-rich plagiocl-ase, The last
two products are too fine grained for positive identification"

Plagioclase is clear in rnost of the sections,

although in some sections it has a brown, dusty appearance



due to the presence of minute uniCentífied inclusíons, It
is probable that the inclu-sions are smaLl rnagnetite grains,

Amphibole

This mineral is present as both primary and secondary

grains in the thin sectj.ons of peridotite complex" Both of

these types are varieties of hornblende, Hornblende is most

commonly associated with plagioclasee and has crystallized

after plagioclase in most cases. SecÈions were seen,

however, in which amphibole is the only intersËj-tial míneral

present

In sections ¡¡ith a low hornblende content, this

mineral is interstitial. Some degree of reaction is usually

present when the mineral is in contact u¡ith a clinopyroxeneø

Reaction rims are not as coiTtmon when it is in contaet with

orthopyroxene or olivine.
The primary hornblende varies in eolour from green to

reddish brol'¡n with variations betlrreen these col-ours in some

individual grains" Pleochroism is usually.pronou¡rced" The

cause of the colour varia.tion is not known¡ âs it is not

related to reaction with adjacent minerals" fron or

titania might possibly be responsible for this variation in

colour, If so¡ its distribution in the grains is fortui-tous"

Jn some sectj-ons, hornblende fornrs large anhedral

grains and constitutes the matrix of the slide, In this

form, 1t encl-oses the earli-er minerals poikilitically
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(see Plate I),
grains 

"

Good cleavage is present in some of these

Primary magnetite is present in the thin sectíons"

It takes the form of small octahedral or subhedral grai-ns"

None j-s found incorpora.ted in olivine or hypersthene,

However, clinopyroxene often contains most of the magnetite,

ft is also found in hornblende and rarely with plagioclase"

Primary rnagnetite never fonns more than 1 per cent of any

thin section of the peridotite complex"

Spinel

Primary Accessory tiinerals

I{agnetite

A spinel is present in some of the thin sections" It
is difficult to identify¡ âs grains of the mineral are small"

ït never forns more than a trace minera.l in the sections,

Tt occurs, like magnetite, 1u smaLl octahedra and as small-

aggregates, Like magnetite, none is evidenb enclosed in

olivine or hypersthene. It appears opaque in thin section,

but the grain margins are slightly translucent and of a

browr colour" The spinel is probably chromiferous and a

varíety of picobite or chromite"

Sulphides
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Sulphides were rarely seen in the thin sectj-ons of



the peridotite complex" l{hen present, they are only a trace

mineral. The grai-ns are individual and minute. The sulphide

grains were all idenÈified as pyrrhotite"

Alteraþågjl Sroducts_

Serpentine

ïn thin section, serpentine is primaríIy associated

with olivine, ïn every section, olivine shows some degree

of serpentinization. Alteration is usually confined- to grain

boundaries and fractures within individual grains, but in
some sections, ollvine is completely altered. Examples of

the partially altered grains are included in the plates

accompanying this report, Serpentine also partially or

completely replaces orthopyroxene in some sections,

Serpentine is presenb as three speci-es which are

identified as antÍgorite, serpophite, and iddingsite"

Antigorite is a flaky serpentine with low first-order bire*

fringence. Serpophíte is distinguished from it by its very

low birefringence and its amorphous structure" These two

varieties are the most common, and the al-terati-on of olivine

usually includes them both, Iddingsite is present in some

sections in the form of thin alteration rims around olivine

grains, This species is brcwn eoloured, with a lamellar

structure" The lanrellae are perpendicular to the grain

bounclaries. It was identified on the basis of its colour

and its parallel extinction on the larne]lae'
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ïn some outcrops, serpentine is inti¡rately associated

wibh the joints" One outcrop has veinlets of serpentine up

to 1! inches wide along the longitudinal joints, Veinlets

like this are rare; the average width of the veinlets is
approximately 1/8 inch. Serpentine is developed along both

tensional joints and longitudinal joints" Although

serpentine predominated in one of these trro sets of joints
on a single outcrop, the preferred joint system va_ried from

outcrop to outcrop. Generally, serpentine is better developed

along tensional joints Ëhan along the longitudinal joints"
Associated wlth the serpentine are smaLl stringers of

magneti.te. When serpentine is found with the longitudinal
joints, magnetite stringers are commonly found within the

serpenËine, However, when the serpentine j-s concentrated in
the tension joints, magnetite lenticles are predominantly

developed in sma1l longitudinal joints abutting against the

tension joints. iu{agnetite, in these occurrences, common}y

cuts the serpentine and never extends more than a foot from

the tension joint"
It is possible that this alteration forme{ ut a late

magmatic stage of the dyke injection, after the dyke had

partially cooled and the joints had formed" The serpentíne

is a result of volatiles which attacked the olivine and

pyroxene of the dyke, leaving the magnetite as the residual

product" Tension joints are thought to be the first joints

formed j-n an igneous body. This accounts for the tendency
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of serpentine to form along these joints¡ âs they form the

first channels for the migration and concentration of the

volatiles from the rock mass. The distribution of magnetite

is perhaps due to the fact that t,he serpentine cl_ose to the

tension joints could mlgrate to these joints when they forsed

and the magnetite could not, This suggests that magnetite

has a tendency to remaj-n where it has formed, whereas the

serpentine can move to an area of lower stress"

Magnetite

Secondary magnetite ís formed when olivine is altered

to serpentine" Ì,Ihere iddingsite is the alteration product,

magnetite is not forned and the iron is absorbed into the

structure of the serpentine" The secondary magnetite forms

very fine-grained particles, dust-like in appearance, fts
form and association make it readily distinguishable from

primary magnetite.

Amphíbo1e
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A secondary variety of amphibole, believed to be an

aluminous hornblende because of its light green eolour and

weak pleochroism, is present in many of the sectíons" It
forns narrow ri:ns around the primary minerals, most eommonly

affecting primary hornblende and clinopyroxene" The

alteration aLso penetrates in cleavage directions in Ëhese

minerals" In some seetions, complete pseudomorphs of horn-



blende after clinopyroxene were found. Orthopyroxene is

commonly rimmed with hornblende but the alteration does not

proceed past this stage.

A dark, iron-rich amphibol-e believed to be a variety

of hornblende is found rimming some olivine grains" This has

much the. same appearance as iddingsite but the lamellae have

inclíned, instead of parallel, extinction,

Uralite is present in Èhe pegmatitic stage of the

peridotite complex" In the only section of this phase

exanined, most of the clinopyroxene had been replaced by the

uralite" Plagioclase in this secÈi-on ruas also corroded by

uralite "

The r'rrriter believes the secondary amphibole in the

complex to have formed at a l-ate magmatic stage of crys:

tallizati.on "

TaIc
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Tale, although present i-n many secbions, is not an

abundant mineral. ft commonly replaces serpentine formed

from the alteratíon of olivine and pyroxene" It also replaces

pri-nrary hornblende Ín some sections" Talc has a peculiar

green colour and. a micaceous habit. These features, plus

its high birefringence make it distinctive. In these forms,

talc is considered to be the result of fate magmatic

alÈeratiofis o

Peridotite 1s commonly reduced to talc along sma1l



shear zones" Talc in the shear zones has resulted from

dynarnic meta¡rorphism and is not a late magmatic alteration"

Chlorite is a mj-nor alteration product which generally

replaces primary hornblende and clinopyroxene. The chlorite
commonly has a greeni-sh brown tinge in polarized light" It,
a1so, is a result of late magroatic alteration"

Bandine in the Peridotite Complex

Chlorite

The outcrops of the Cuthbert Lake peridotite complex

are not all ali-ke" Differences in overall mineralogy exist
between outcrops as well as within single outcrops" These

differences are readily visible in the fie1d"

Several phases of peridotitic rock were recognized.

One phase consists of large grains of pyroxene and some

olivine. The pyroxene varies in size" fn some places iÈ is
composed of large individual grains of hypersthene up to

1 inch long. In others eaeh ttgraintt is composed of a cluster

of smaller augite grains, This phase invariably has dark,

euhedral grains of olivine enclosed in the pyroxene" Plagio-

clase is rare and is sporadically distributed. Hornblende

is present i-n places" It occurs as large primary grains,

to the exclusion of pyroxene in a few examples" ft is also

present as a minor, interstitial mineral in some sections'
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between the peridotitic complex and the gneiss. on both sides

of the dyke segments, As previously mentioneci, Ro eontacts

were found between the segraents and gneiss; buË in places

where exposures are found to within 20 feet of the contact,

the pyroxenitic phase of peridotitic rock is the phase that

is present

fn, one outcrop, six different phases are recognizable

on the weathered surface. Contacts are both sharp and

gra.dational- betv¡een these phases. Thin sections of the first
five of the phases were studied" A visual estjmate of the

mineral percentages in each section is presenÈed in Table fÏ'

TABTE TÏ

Visual Estimate of IVIineraI Content
in Varying Portions of One Outcrop of Peridotite
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Section

M*637 -L-58

M-637*2-58
M*637*3-58
M-637 *b-58
M-637-5*58

Oli- Hypers- Cl-ino- Plagio-
vine thene pyroxene clase

to/,

25

I5
20

I5

?or,

10

10

L5

I

IVt*637-L^58

M*637 -?-58
rq*ØT^3-58
rr-637*t+*58
l,t'!-637-5-58

lotal width

Lo/,

3O

35

5o

57

Obtained at the edge of a peridotite outcropo
approximately 15 feet from gneis_s.--

raf<èà ¿+¡ feet ä"rôss stri$e fñom IV.-637-t-58"
iär,"" 6i teer across strike frorn In-637^L*582
iãÈ"" 1Ó¿+ feet across strike from r''r*937*I*5q"
tàt<en 12i feet across strike from 1"1-637*L*58"

of outcrop approximately 140 feet"

none
i

AnUr-traee
LnUr*IOfo

AnrO-10

Others

An6O-15

Hornblen d,e-6Of,
Magnetite-1
Hornblende-30
Hornblende-3CI

Magnetite-5
Hornblende-5



The figures in Tabl-e fI are only approximate"

However, a sufficient difference exists to indicate the amount

of variation from one phase Ëo another"

Clots of one phase of the complex ïüere found. enclosed.

in a different phase" All the clots found have an elongation

roughly parallel to the longitudinal- joints in the outerop,

Several outcrops r,r¡ere seen which contain clots of coârsê-

grained pyroxenite in a finer-gralned feldspathic phase"

Contacts betv¡een clots and the enclosi-ng rock vary from sharp

to gradati-onal over 3 or b inches. Some clots are 6 feet

long and 3 feet wiCe" Very few are any larger" One ourtcrop

of perídotitic rock was seen wÌ:ich enclosed a elot of very

fine-grained material 7 feet by 2 feet. A visual- mineral

approximation made frorn thin sections of these types appears

in Table fII"

TABTE ÏÏI
Visual lr{ineral Estimation

for Peridotite Ît0lo'btr and the Enclosing Peridotite
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Sample

M-h.57 (host)
M-t+57 ( clot )

01i- Hypers-
vine thene

The

parallel to
outcrop in

35%

3o

strike of the contacts betv¡een phases is roughly

the strike of the longitudinal joints in the

which they occur" However, dips of contacts are

Lo/,
25

Clino- Plagio-
pyroxene clase

tof"
20

AnUr-LO/,

20

Others

Hornblende*35f'
Opaques-Z/o



difficult to obtain" No accura.te attitudes were found, but

band.s are most probably dipping steeply to vertical"

Vertical banding in igneous rocks has been described

Ín the literature" Coats Og16) reported small scale,

vertical banding in a voLcanic plug in the Monteregion Hills"

He stated that the banding is. due to the alternation of

mi.neralogically unlike layers, already differentíated before

the magma reached its present position. Coats stated that

bands may have any aÈtitude but they are commonly paral1el

to the contacb of the intrusive body" He also reported that

the thickness of bands varies up to many feet and that

contacts betv¡een bands may be grad-ational or sharp"

Harker (fgO&) described banding in the peridotite

rocks of Skye" He believed that large-scale banding is due,

in part, to distinct injections. There is no evidence of

the transgression of bands. Harker stated that the absence

of a chi1l phase betv¡een two bands is evidence that the

earLier phase was still fluid when the later one was forced it1.

Judd (]893 ) described banded dykes in Arran" He

postulated that differentiation of a magma had taken place in

a subterranean chamber" Successive injections of differenÈ

fractions of the magma along the saJne fissure then gave ri se

to the banded dykes, Judd also reported that later injeetions

are most commonly found to intrude the eentre of earlíer

Causes of Banding
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injections, This occurs because of the fa.ct that the

interior of the earlier injection is the last part to
solÍdify" It isr.then, a zone of weakness until it cools to

a soIid. As such, it is the channel- for a fresh pulsaËion

of magma.

The writer believes that the bands in the peridotíte

complex at Cuthbert Lake must have originated in a simil-ar

manner to those descrj.bed by Judd" The peridotite complex

has been sholvn previously to be a dyke.relatively undisturbed

by folding or metamorphism. Therefore, near-vertical banding

precludes the theory that the bands origínated fron differen-

tiation 1Îin situÎÎ, Also, the compositlon of the various

bands shows no progressive order of crystallization with the

continual enrichment in later bands of later minerals" This

is furÈher evidence t,hat differentiation did not take place

lrin sitult, Contacts between phases of the complex are

undulatory but are not tra.nsgressive" As mentioned prevíously,

they are either sharp or gradational" For such contacts to

exist, different periods of injection must have taken pIace"

The presenee of xenoliths of the early pyroxenitic phase

in later phases of peridotitic rock further substantiates

this supposition,

From the nature of the contacts within the peridotite

complex, it appears that earlier phases had not completely

cooled before other injections of magma occurred. This is

indicated by.the absence of chilled contacts even where
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contacts are sharp" The presence of the pyroxenític phase

on both borders of the dyke segments indicates that this
phase was Èhe first to be intruded and that the rest of the

complex was injected later. In some cases, it is doubtful

that some phases had completely .crysta.llized before another

injection of magma took place, This is indicated by the

presence of gradational conüacbs between distinctly different
phases,

The Èexture of the thin secËions of the peridoÈitíc

rocks indicaËes that the rocks were intrr¡ded in primarily a

liquid staÈe" Ïn none of the sections is there evidence of

either crystal granulation or recrystallization of the

constiüuent minerals, which must be present if the materíal

was intruded as a crystallj-ne mush" 0n the contrary, the

hypidiomorphic-granular texture of the sections indicates

normal crystallization of the minerals rtin situ.lt.

However, the writer does believe that there was a

parËial crystallization of some of the minerals before

intrusion into their present position. Thi-s is suggested

by the large, rrell-shaped crystals of olivine and hypersthene"

Although this might be expected from normal crystallization
rtin situ?t, the preferred orientation shown by these grains

in some sections shor'¡s that bhey must have formed before the

injected magma had come to rest' This is clearly evident in

Plate VII. The photornicrograph is of a eontact betrn¡een

paragneiss and an ultrabasíc dyke 25 feet in width" The
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matrix of the dyke material looks like recrystallized glass;

its constj-tuents are too small to identify" However, large

olivine grains present in this material show a preferred

orientatíon parallel to the contact, This shows that this
dyke material was a liquid containing some crystals in

suspension at the time of ínjection" The presenee of similar

oli-vine grains in well*crystalli-zed dyke segments indicates

that these grains have had a simi-Iar history.

The size of crystals of olivi-ne and hypersthene

compared to other minerals in the salne secöion indieates

that the olivine, and, in some specimens, hypersthene, had

formed before injection. The presence of two phases of these

minerals in some sections suggests that there was a rapid

temperature ehange early in the crystallization history. fn

some sections previousl-y described, olivine occurs as large

euhedral grains and as minute anhedral grains. Hypersthene

occu.rs in the same manner j-n some sections. This suggests

that the larger grains formed slowly at depth. Before

crystalJ-izatj.on was complete, the liquid v¡as f orced into

cooler surroundings, At these lower temlreratureso the

remaind.er of the oli-.'ine erystallized rapidly in the forn of

the small grains observed, A parall-e] cooling history is
probably responsible for the two generations of hypersthene

found in some sections"

The composition of the tiquid from r.shich the dyke

material crysta'l lized is not known. However, an analysis of
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olivine-free dyke material from the contact just described

should give a reasonable approximation of the composition"

This vras not done by the writer, That the liquid magma was

quite basic is indicated by the.mineralogy of the rock"

From the nature of this contact, the magma does not appear

Ëo have been excessively hydrou.s" An above-nonnal quantity

of amphibole is developed in the gneiss up t,o 1å inehes.from

the contact" The crystallization of prinary hornblende, the

presence of coarse-grained pegmatitic.phases and the

development of late magmaüic, hydrous, secondary minerals

a}l indicate the presence of some water vapor" But Èhe

degree of freshness of the pyroxenes and olivj-nes in the

seeti-ons indicates that the content of volatiles was very

low in the original magma.

Metamorphic Effects of the Peridotite Complex
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Contacts between peridotitic rock and the enclosing

gneiss are rarely exposed. Therefore, the metamorphic effects

of the complex are difficult to ascertaín, However, the

writer was able to obtain the follovring information in the

area 
"

North of Buekingham Lake along the ereek draining

Begg Lake¡ âî outcrop of paragneiss was found with a layer

6 inches wj-de of chilled dyke material along one side " As

Èhe dyke material was adjacent to the linearnent caused by

the erosion of peridotite, it was thought that the chil-led



phase might represent the border of a peridotitic dyke

segr-nent" Three thin sections of the gneiss were studied in
order to ascertain the effects of the dyke on the rock' Olae

secti-on was taken from.the contact; the second, L foot from

the contact; the thirdo L2 feet from the conta.et" Except

for alteration of hypersthene, no change which could be

caused by theiroal metamorphism is present in the specímens"

fn the contact sample, only remnants of hypersthene are

present in the slide; it is almost completely altered to

aetinoli-te plus some anthophyllite' At 1 foot from the

contact hypersihene forrns large grai.ns which have reaction

rims of a light green amphibole, probably actinolite,

surrounding them" Tt is probable that this change is due to

the thennal effects of the dyke which initiated retrogressive

metamorphism" No evidence of hypersthene or possible

alteration products was found in the remaining section"

At the north end of Cuthbert Lake, a contact is

exposed between a 75-foot wide peridotiie dyke and the

enclosing gneiss" Samples of gneiss were taken at the contact,

L5 inches from the contact, Ðd 10 f eet 10 j-nches from the

eontact, No progressive change in the mineralogy and texture

of the gneiss is evident in sections of these samples' The

only abnorrnality is a pronounced development of dark, iron-

rich anphibole and biotite in the gneiss up to I inch frcm

the conta.ct "
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Benson (fgf8) described oecurrences of ultrabasic
rocks in which soda has been expelI-ed" 1o determine

whether alkali metasomatism had accompanied the intrusion
of perídotite, the writer analyzed. sa.nples of the Èhree

specimens for sodium and potassir:m, using a fla¡oe photometer"

The results are as follows.

TABLE TV

Analyses of Alkalies in Gnei.ss
Adjacent to Peridotite Cuthberb Lake

Sample

P*596-8"
P*596-c -

P*596-D 
"

This analysis suggests that potassir:n fronr the coun*

try rock has been mobilized and concentrated along the contacË

of the peridotite complex, The 1ow content of potassium in
the peridotite as shown in the following analyses makes it
improbable that it has been expelled from the peridotite,

The high content of potassium in the contact sample is
probably incorporated in Èhe exeess of biotite and hornblende

found ín this secbion" There is no indication from the

analyses that sodirm has migrated at all"
The small peridotite dyke also contains an inclusion

of gabbroic rock" In a thÍn section of this inclusion,
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Distance
from Contact

. .0 inehes. ,

" "L5 inches ø

. "130 inches.

{" Na

6"22"
o o 6"39"
e ô 6.2a.

%x

" 3"99
, 2.67

" 2"65



plagioclase shows some alteration to epidote" Both clino-
pyroxene and orthopyroxene are either partially or completely

uralitized.
From the study of the above specimens, it appears

that the temperature at which the cornplex was intruded was

at least equivalent to the upper range of the epidote-

amphiboliÈe facies" AIso, if the country rock adjacent to

the complex. reached the same temperature as the peridotite

melt itself, then the temperature of intrusion of the 25*

foot*wide dyke did not extend inÈo the temperature conditions

of the pyroxene-granulite facíes. This places the minimum

temperature of the intrusion of the dyke between IOOoC" and

500oC, Thermal equilibríum between the dyke and. the enclosing

gneiss or the inclusion could not have been reached as

unaltered olivine and pyroxene are still present in the dyke'

ff equÍlibrium had been attained., *ren pyroxene should show

alteration to hornblende" Therefore the minimum temperature

values for intrusion are probably too low" No similar

studies were possible with the peridotitic rock which forsrs

the individual dyke segments"

Alteration of the primary minerals of the peridotite

complex has been discussed previously" Apart from this

alteration, several locations were found in which dynamic

metamorphism, in the form of snall shear uones, had affected

the peridotit,ic rock" A section of one shear zone revealed

t,hat, no primary minerals remain" The ferromagnesia¡ minerals
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have all been reduced to tremolite, anthophyllite, and

chlorite" Plagioclase has reerystalLized and much calcite
and some epidote are present" The oxide minerals are límonite
and hematite" rn other shear zones, talc is the predominating

rnineral-.

DESCRTPTION OF THE ASSOCT.¡I,TJTD BASIC DYKES

Several thin sections of the basíc dykes assoeiated

vrith the peridotite complex were examined. The mineralogy

of the dykes is essentiall-y the same as that of the eomplex,

Ïn some sectionse some minerals characterj-stic of the complex

are absent" The most distinctive difference betu¡een the

sections of basic and peri-dotite dykes is in proportions of

the constituent minerals and the change in texture resuLting

from this,
The most prominenþ change between the ultraba.sj-c

complex and the basj-c dykes is in the plagioclase" The

sections of basic dykes which were exarnined contai.n an

average of L,5 per cent of this mi.neraL and 60 per cent is
not uncommon. Also, plagioclase is common]y present as

individual grains. It is not a late interstitial minera.l,

but is one of the first minerals to crystalllze" The grains

are lath-shaped in some dykes, giving the rock a diabasic

texture. In the basic dj/kes plagioclase ranges from a

medium andesine to a sodic l-abradorite, whereas in the

peridotite complex the range is frorn calcic labradorite to
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sodic byËonnite. Plagioclase is not uncommonly zoned in

the basic dykes and the zones are alr.iays more calcj.c totrards

the centre of the grains. Zoned plagioclase i-s not present

in the peridotitic rocks" The plagioclase is al-so much

more ttdustyil, due to minute inclusions, in the basic dykes

than in the complex"

Olivine and hypersthene are rare in the basic dykes"

li[any of the sections of the basic dykes contain neither of

these minerals, Holrrever, in Some they are present as traCe

minerals and in others form a total of 15 per cent of the

section, These minerals, when present, are euhedral, but

always sho1.¡ pa.rtial or complete alteration to amphibole or

serpentine.

Clinopyroxene is always present in the basic dykes"

Some outcrops are characterized by numerous phenocrysts up

to L ineh Iong, In thin seetíon these phenocrysts are

euhedral to subhedral but often eompletel¡r or partially

altered to uralitic amphibole" ThÍs alteration is fr1üch more

common in the basic dykes than in the peridotit'e dvkes'

Clinopyroxene is either the first or the second mineral to

fornn in the basic dykes" It alternates i"¡ith plagioclase in

this respeet,

Some minera.ls are found in the basj-c d"ykes l,¡hich are

absent from the peridotite complex, These are quarlzu

apatite, and. biotite" The latter tv¡o minerals are only

accessories in the sectíons exami-ned, but quartz forms up to
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10 per cent of some sections" All these minerals are

prinary"

Amphibole is present in the basic dykes as both a

primary. and secondary mineral" Secondary amphibole is mostly

uralite, associated with the clinopyroxene as mentioned

previously" A seeond variety is found as rims around the

pseudomorphs of uralite i-n some sections" Prjmary amphibole,

believed by the writer to be hornblende, generally h1t a

definite brownish tinge in the basic dykes" However, this

colour is solid and not unevenly distributed as it is in
grains of hornblende found in Ëhe peridotite complex.

Titanium is thought by the writer to be more conmon

in the basic dylees than in the ultrabasic complex. The clino-

pyroxenes in some sections of the basic dyices have a purplish

tinge indica.tive of the presence of titania" This feature

is not evident in the peridotitic rocks. Also, sphene is
present in the basic dykes" It is found in conjunction with

the alteration of primary hornbl-ende to secondary amphibole"

fn this reaction, ti-banium appears to have been released from

the primary grains with the ensuing formation of sphene.

Sphene is never encountered in the peridotitic rocks"

Titaniferous magnetite or ilnienite is also present in the

basic dylres. Formation of leucoxene on some of the opaque

minerals is proof of this. Leucoxene was not observed in

the sections of the peridotite complex'
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Some basic dykes have visible sulphides disseminated.

through them. Sulphides identified in the dykes are pyrite,

chalcopyrite, and pyrrhotite" The sulphides are, holvever,

present as only.a trace mineral in the thin sections. Ïn

three locations, trenches are present in the basic dyke where

small shoi,rings of sulphj-des occur. One showing has had

several feeb of core drilled from it" None of the showings

appear to be of any economic significance.

DESCR]PT]ON OF THE OLTVINE DIABASE DYKES

The writer found very little evidence of the presenee

of olivine dj-abase dykes in the area" One ontcrop was found

that contained smaIl dyÌ<es striking north /0 degrees west,

cutting gabbro dykes wlth the typica.l northerly strike" A

thin section indicates that the you.nger dyke contains a

higher percentage of magnetite than any of the basíc dykes"

The minerals also have a very fresh appearance in thin

sectíon, io contrast to the altered nature of the ferro-

magnesian minerals of the basic dykes' Dr' H" D. B" Wilson

(personal communication) describes olivine diabase dykes in

the vicinity of Ospr,'ragan Lake. The dykes in this area are

fresh in appearance and contain a high percentage of

magnetite, whi-ch aceounts for pronounced magnetic anomalies

associated wiÈh the dykes" The dykes at 0spwagan Lake have

the salne attitudes as the dyke seen by the lvriter in the

Cuthbert Lake area" Dykes uiith similar attiÈudes bu-t whích
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do not exhibit intrusive relationships with other dykes are

present' in the Cuthbert Lake area" 0n the basis of the

similarity of the dykes in the two areas, the wrÍter belíeves

that there has been an intrusion of olivine diabase dykes

in the map-area. These dykes are later than the basic dykes

comprising the dyke swanTr and are the last intrusive rocks

recognÍzed in the area"

DESCRTPT]ON OF THE IVIOAK LAKE SERPENTTN]TE

Little is knolvn about the }.[oak Lake-type serpentinite"

It appears to be loealized along a structural break extending

from Split Lake to Setting Lake, AccordÍng to Quinn (rL955} 
,

the serpentinite along this break is sinuous and lenticular

in shape"

The International Nickel Company supplied three

sections of samples across the serpentinite body at Moak Lake.

The samples are I-inch to Z-inch pieces of drill core taken

approxÍmately every 20 feet across the serpentinlte' No

information on the attitu-des of the dril1 holes or of the

serpentinite body was supplled¡ so it is not knovrn if the

three drill holes represent one composite sample or if they

each represent a cross*sectj-on of the body' Ït is not knot¡n

if the length of each drill hol s represents a true width of

the serpentiniteu However, the samples do represent the
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body from hanging rorall to footluall (personal comrnunication,

G, I'f, Thra1l, Exploration Geologist, Canadian NickeL Company,

Limited) " Vertical intersections between the drill holes

and the serpentinite average f00 feet belolv surfa-ce"

The width of the serpentiniter âs represented by the

three sets of samples, i.s 506 feet, l+90 feet, and l¡00 feet"
The samples vrere logged, and thin seeti-ons made from

representative samples" Polished sections were also made

from seetions of core that contained visible disseminated

sulphides "

Core Specimens

The specimens from the three sections of serpentinite

are composed primarily of serpentine with minor quantities

of other seeondary minerals. Shearing is evident 1n nany of

the specimens, but is especially prevalent near the margins

of the body" ïn two sections, the margins are sheared for
a distance of 70 feet in from both conta.cts. In the third
section, the shear zone is not as wide" lvlinor slips are

present throughout the sections but these zones are usual]y

less than an inch wide"

The sheared serpentine has a meditrm to light green

colour, Carbonate veinlets are common and hematite stains

are present along shear surfaces and as flecks throughout

the core. In unsheared portions, the colour changes to dark

green, with small light green flecks and specks of red



hernatite throughout " Pser-rdomorphs of primary rninerals are

obvious on the surface of the core. Smafl veinlets of

serpentine, i-n some places chrysotile, are present in sorue

specimens, Disseminated sulphides and sulphides along shear

zones, though rare, can be seen in the coreo

Thin Sections

minerals remain in the rock. Hoh'ever, distinct pseudomorphs

of antigorite and serpophite a-fter olivine are conmon in

unsheared porËions" The pseudomorphs usually have an

elongated shape and show a strong preferred orientation.

An example of this is presented in plate IX. Pseudomorphs

of serpentine after pyroxene are also recognizable" The.

difference between olivine and pyroxene pseudomorphs calr, in
plaees, be recognized by the distribution of magnetite formed

as a result of the alteration of the primary minerals. From

the appearance of the thin sections, this rock was once

composed prÍ.marily of olivÍne 
"

In sheared portions of the serpentinite¡ ho pseudo-

morphs are recognizable. The antigorite fiakes are either

destroye& or shorv a strong orienbation suggestive of the fact

that serpentinization took place prior to shearing" Carbonate

is disserni-nated throughout rnost of the sheared portions" In

places, actinolite needles are colTimon. Chlorite is a.lso

proryinent in shea-red serpenËinite and appears to be an

A study of thin sections sholvs Ëhat no primary
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alteration product of the serpentine"

A chemical ânal¡rsis of this rock is given in Table V"

The ânal;rsis was made on a composite sa.inple. composed of

drill core specimens from hole number 12993, supplied by the

InÈernational Nickel- Company of Canada. Core specimens were

taken every 20 feet between 320 and 67O feet inclusj-ve.

Speclnens in this interval were relatively weakly sheared'

Care was taken in el-jminating vei-nlets of secondary material

from the sample

Fiom thin section and polished section study, as well

as from examination of the core¡ oo difference was seen betv¡een

the section analysed and the other sections available"

The chemical analysis obtained from the composite

speeimen is assumed to represent the composition of the Moak

Lake serpentinite and simiLar ultrabasic bodies in the area.

Polished Seetions

I?6

several polished sections were examined from core

speei.:nens in which disseminated sulphides were visible. The

only sulphide mineral seen was pyrrhotite" It is present in

small blebs¡ âs is evident in Plate X" Grains are found

within olivine pseudomorphs as well as around the borders

of recognizable pseudomorPhs " .

Although pyrrhotite eomTnonl]¡ occurs as separate grainsu

it is al-so present associated with magnetite' In thls form,
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the two minerals form a single grain with an irregular

contact present between the tr¡ro mineral-s, IË is possible

that the pyrrhotite has formed from the alteration of

magnetite" Most of the magnetite in the sections, however,

has obviously formed from the alteration of olir¡ine, as its

cl-ose association with pseudomorphs is obvious in some

polished sections"

ORIGIN OF THE BASÏC

AND ULTRABASIC DYKES OF TiiE CUTHBERT LAKE DYKE SWAR]VI

Introduction

The basic. and ultrabasi-c dykes of the cuthbert Lake

area foran a major part of the lithology of the area" Both

the similarities and differences of these dltkes indicate

that they are genetically related" The writer has put forth

the suggestion that bands of the peridotite complex of varying

composition were caused by the injection of chenieally

different magma portíons from the same source. Proceeding

with this theory, it is the ¡rriterls bel-ief that the basic

and ultrabasic dykes represent different portions of an

igneous mass thab differentiated at depth' The remainder of

this sectj-on will be devoted to the study of the relationship

betroreen the ultrabasic and basj-c dykes.
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The petrology of tÌre ultrabasic and basic dykes

suggests that these igneous bodi-es uiere derived from the sane

magrna ehamber" Progressive changes in the mineralogy which

parallel the changes observed in differentj-ated l-opolíths

are present in the dykes"

One símilarÍty colTrmon to the ultrabasic and basÍc

dykes under consideration is their mineralogy" The same

minerals are found in the dykes of all compositions, However,

the ratio of one mineraL to another varies as the rock

becomes less basic" No mineral is present in one group of

rocks and absent in the other, to indicate different origins

for the dykes. In addition, the sane forms of soroe minerals

are coûunon throughout the sequenee" Olivine and hypersthene

are examples of this, 0livine is present in tv¡o principal

fo:rns: as elongated euhedral crystals terninated by

pyramidal faces, and as rounded anhedral grains' Both types

are present in both the ul-traba.síc and the basic dykes'

Also, euhedr¿'l grains of hypersthene of uniforur size are

included in feldspathie portions of the peridotite complex

as well- as in the associated basic dykes" Euhedral grains

of clinopyroxene are present in some sections of the ultra-

basic d.ykes as l^¡ell as in the basic dykes, The presence of

sj¡nilar forms of these constituent minerals suggests that

the dykes had a collrmon origin'



Variations 1n the percentages of the minerals present

Ín the dykes indj-cate that differentiation of the source

magma took place prior to tir.e injectlon of the dykes.

Evidence for this is the decreasi-ng ferromagnesian to plagio-

clase ratio, corresponding to the increasing silica percentage,

proceeding from uftrabasic to basic dykes' Samples of

peridotitic roclcs contaj-n betrn¡een 100 per cent and 55 per

cent fercomagnesian minerals. Tn the basic d¡rkes, these

minerals compose only 35 per cenù of some rocks" A complete

gradation exists between these extremes"

There is, in addiÈion, a variation in tire type of

ferromagnesian minerals present" In rocks v¡ith a Low Silica

content, olivine fon'ns the bulk of the sanple in many cases"

As feldspar becomes more prominent, the percentage of olivine

decreases, through to the basie rocks" In one basic dyke,

A5 per eent olivine is present" Olivine is, holqever, usually

either present as a trace mineral or absent from the basic

rocks. The saJne trend. is observed with hypersthêflêo As

this mineral formed after olivine in most eases, it is less

plentiful than olivine in most ul-trabasic rocks" Ïn the

least basic rocks, irr which olivine is absent, hypersthene

is con-irnonly present in trace amounts. Iflhen both mineral-s

occur in the basic rocks, hypersthene is usually predominant

over olivine. Clinopyroxene parallels tÌrese mineral-s in that

its content also varies with the rock type, However, it is

enriched in the basic rocks in comparison to the ultrabasic
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rocks, It is a major constituent in the basic rocks and is

usually present to the excl-usion of the earlier-formed ferro-

magnesian minerals" These three minerals crystalllze in the

salne order and are enriched in the same phases of the dykes

as they are in dj.fferentiated lopoliths"

A change is also noted in the composition of the

plagioclase in these rocks, In the peridotite rockso the

average range of the plagioclase is bettseen AnU, and h70"

Tn the basic dykes, this range t" O*ru5 t'o An5O' A compleËe

overlap in these values exists between the ultrabasic and

basic rocks. Hohrever, the general trend, shown by the

decreasing calcium content of the plagioclase and accompanÍed

by a corresponding increase in sitica content of the rock,

agaín is sj-milar to the basaltic-type magma.

The titaniirm eontent of the rocks also appears to

increase with increasing silica" No evidence for the presence

of titaniu¡r was noted, in the peridotite rocks. However, in

the basic dylces, some clinopyroxene had a purplish tinge

indicative of the presence of this element, Also, the

presence of sphene in conjunction with the al-teration of

primary hornblend.e indicates the presence of titanium in the

amphibole" Leucoxene assocj-ated. r^rith the opaque minerals

indicates the presence of titanj-ferous magnetiõe or ilmeníte'

Trace element studies show titanium to be enriched in the

later ferrornagnesian minerals, such as hornblende and biotite"

fts concentrati on in the basic dykes is in accord t¡ith the
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process of norma.l differentiation"
Primary magnetíte ÌJas found to fol] or¡¡ the general

patbern common to differentiated intru-sions. Althoi-tgh present

in the peridotitic rocks, it usually forms less than 1 per

cent of this rock. In the basic dykes, nagnetite comnonly

foraTs 3 per cent to 5 per cent of the rock" This parallels

its oecurrence in lopolíths, in which magnetite is usually

concentrated near the contact between noritie and gabbroic

phases,

In a differentiated igneous mass, the more basie

phases are found to have a loruer concentration of volatiles

than the more acidic phases. This relationship is evíd-enü

in the dykes of the Cuthbert Lake area-. The peridotite phase

shov¡s little evídence of the presence of volatiles" The

coriunonly low percentage of hydrous minerals suggests that

lsater vapor idas present J-n only a srnall amount " The basíc

d,ykes contain a larger percenta.ge of hydrous minerals" The

altera-tion of primary pyroxene to amphibole is conunon in the

basic rocks" This change also appears to be gradational frorn

the ultrabasic to basic rocksr âs some of the ultrabasic

phases have an appreclable content of hornblende"

There is petrographic evid.enee that partial cr¡r56t1:

lization of the magma had been attained before it was injected

as d.ykes, Phenocrysts of olivine in the chilled phases of

the perid.otitic rocks, and of clinopyro:cene and plagioclase

in the chilled phases of t,he basic dykes is the best evidence
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for this, ft is supportedo moreover, by the development of

tr^ro genera-t,ions of olivine and hypersthene in some of the

specimens of the ultra.basic dyke segments" One genera-tion

is coarse grained, forming euhed.ral crystals i¡¡hich indicate

a long period- of formation under storrrly cooling conditions"

The other phase consists of a profusi-on of minute, anhedral

fragnents suggestive of rapid cooling. One interpretation

of these phenomena is that the large crystals formed in a

d.eep*seated magfna chamber. Before crystallization was

complete, intri-r-sion of this portion of the magma into a cooler

envirorunent took place, resulting in the rapid formation of

the remainder of the mineral, In some sections, olivine and

hypersthene form euhedral crystals which are much larger than

the other constituents. These are found in the ultrabasic

as well as the basic d.ykes, ed suggest that these minerals

formed under more slovily cooling conditions than did the

remainder of the grains.

In this regard, the plates aecompanying this report

are instructir¡e, Large eurhedral grains of olivine, hypers-

thene, ild clinopyroxene are evident" The interstitial
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character of plagiocla-se and/or arnphibole is also apparent"

Plate VII shor.iing the contact between a perid.otite dyke

segment and the enclosing gneiss ilrovides proof that graíns

had crystallj:zeð. from the magna prior to intrusion" similarly

shaped crystals of olivine and hypersthene are present in

both the peridotite dyke segment and the basíc dykes. Thís



is further evid.ence Èhat these dykes had a common origin'

Cnemicaf Compositlq

The results of two chemical afial1'5ss of the rocks

comprising the Cuthbert Lake dyke swarm are presented in

Table Vï"

A microscopic examination of specimen M-667-58 (laUle

VI) reveals that it is composed of approximately 2l per cent

subhedral to euhedral olivine crystals which are present as

clusters and as individua} gralns found throughout the slide'

Olivine clu-sters are evident in Plate II, a photomicrograph

of the thin secti-on" No obvious orientation to the olivine

is evident. The crystals have a very rrdustylt appearance

because of small lnclusions of magnetite" Talc has formed'

as an altera.tion product of olivine and constitutes roughly

5 per cent of the section.

Euhedral hypersthene, forming approximately 20 per

cent of the section, encloses otivine and has crystalli-zed

Iater than olivine. Und.ulatory extinction of individual

grains suggests that bhey are zoned" Grains of hypersthene

in this section sholv no obvious pleochroj-sn: but are optically

negative, ind.icative of a high magnesium content"

clinopyroxene shows evidence of crystallizing l-ater

L3b

than both olivine and hYPersthene,

these rninerals " This could be due

between the first formed crYstals

as it forms rirns around

to a reaction Phenomenon

and the remainlng liquid'
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Euhedral grains of clinopyroxene are present, but are

restrícted in their development by earl-ier crystals of

olivine and hypersthene. Clinopyroxene forms approximately

J0 per cent of the thin sectj-on"

The remaining minerals, excluding a trace of prÍmary

magnetite, are hornblende and plagioclase, both interstitial"

Each constitutes approximately 10 per cent of the thin sectíon"

A portion of the hornblende is secondary, fornring reaction

rims around. the pyroxenes and olivine" The majority is

primary hornblende, with a typical dark reddish brown colour"

The plagioclase is unaltered' fts composition, as detennined

from extinction angles from the albite twins, is An6Z"

In Johannsenls classification of ul-trabasic rocks

(1938), thÍs specimen resembles a therza]-i-te"

Specimen P-538-58 represents one of the associated

basic dykes of the dyke snrarm, The relative proportions of

the minerals in this sectj.on were estimated by traversi-ng

the thin section with a mechanj-cal stage' Over sixteen

hund.red. mi-neral deternrinations were made '
This thin section contains 5"7 per cent olivine, most

of which is altered to serpentine or hornblende" These grains

are typically rounded in the basíc dykes'

Ptagioclase for.rns 41 ,7 per cent, of the thin section"

Its composltion, determined by extinctíon angles on albiöe

tl^fins, is Èn62" It comnonllr forms well-shaped lathes r^rhich

give the rock a good diabasic texture. An example of the
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texture formed is presented in Plate VIIf, This mineral has

apparently crystallized contemporaneously, at least in part,

v¡ith clinopyroxene. Some smal-I lathes are enclosed in later-

forrned pyroxene, However, pyroxene appears to have ceased

crystallizing before ptagioclase stopped forming"

Hypersthene forns 1"2 per cent of the thin section'

It forms subhedral to euhedral grains. Some s¡eall grains

are imbedded in feldspare

Clinopyroxene, along with plagioclase, constitutes

the major portion of the rock. The thin section contains

l¡J,0 per cent of these minerals" Clinopyroxene usually forms

subhedrat to euhedral grains"

Primary hornblende with narrolÀ,' rims of secondary

hornblende forms 6"6 per cent of the thin sectíon.

Prì:nary magnetite, forning 1.7 per cent of the section,

makes up the remainder of the bhin section"

In addition to these analyses, tv,ro determinations of

siliea in rocks of the Cuthbert Lake peridotite are presented

in Table VII"

TABLE VÏT

Silica Analyses for Two Cuthbert Lake Peridotite Samples

---.-.---..-
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Sample

I{t*522-C*58
rvr:l+86*58

æ------.=-:-æ
Analyst: D, Brov¡"n, Assay Laboraiory, ivÏan" li{ines Branch'
Anorthite content estimated from extinction angles on

albite twins,

Síoz f"

l+5 "3 Lþ

l+5 "91+

of plaeioclase
An content

Ao6o
Atóg



The structural analysis of the basic and ultrabasic

dykes has been discussed" The feaüures suggesting a possible

origin for these dykes wil-f be reviewed briefly in this section,

It was stated previou-sly that the overall strike of

the Cuthbert Lalce peridotite complex j-s norÈh 28 degrees east"

The predominant strike of the basic dykes on both sides of

the peridotiter âs deri.ved, from FJ-gures 7 and 8, is north

30 degrees east, The differenee in the attiÈudes of these

roclc types is negligible,
Evidence has been presented indicating that the ultra-

basic dyke segments occil.py a fracture zone of weakness which

was probably activated by tensional forces to al1ow the intru-

sion of this rock. Fie1d evidence was also presented

indicating that the forces v¡hich caused the fractures nolr

occupied by the basic dykes was Èensional. There is thus a

similarity in the forces initiating the fractures for both

t¡les of dykes "

These two features, the similarity in the attitudes

of the dykes and the sjmilarity in the proposed forces causing

the fractures occupied by the dykes, suggest a common origin

of the basic and ultrabasic rocks. The most reasonable source

for the rock material is a deep-seated magma chamber"

Sum¡narv

Structure
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structural, point to a common origin for the basic and ultra*
basic dykes in the Cuthbert Lake area" The evicience indicates

that this source was a partially differentiated magma and

that the differentiation of the magma took place at depth

into the phases represented by the dykes of varying composition"

DTSTIIICTIONS BET'y'IEEI{ THE Ì\'IOAK LAKE

SERPENTTNITE AHD THE CUTHBERT LAKE PERIDOTITE COIVIPLEX

The ]vloak Lalce serpentinite and the Cuthbert Lake

peridotite complex are both ultrabasic roclcs. However,

numerous distinctions can be made between then.

These d.ifferences are obvious in a compari-son of the

petrology of the two rock types. As the petrology for these

rocks has been discussed previously, only a list of the

differences will be compiled here"

1o The original mineral composition of these tv¡o rock

types diff ers, In places where Èhe I'ioal< Lake serpentinite

has not been sheared, the original minera] content is

d.iscernabl-e from outlines of pseudomorphs" These i-ndicate

that the rock was coniposed ;oriinarily of oLivine with minor

orthopyroxenes and oxides. The Cuthbert Lake peridotite

cornplex has a. mu-ch nore varied mineral content, and grades

into basic gabbros in Places'

2" A strong orientabion is visible in the grains of

olivine replaced by serpentine in the Íloak Lake bod-y' Arr
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orientation is present but to a much lesser degree in the

Cuthbert Lake peridotite rock.

3 " The minerals of the Cuthbert Lake peridotite rock

are quite freshe with only minor alteration visible' The

Ii{oak Lalce serpentini-ie consists entirely of secondary minerals.

lþ, The chemi-cal- compositrons avail-able for these rocks

show that the }fg ratio for the Ivloak Lalce serpentinite is

7 "68. The Mg ratio for the most ultrabasic rock avail-able

frora the Cuthbert Lake district is 3'09"

5. The CaO and 41203 contents for the Cuthbert Lake rocks

are much higher than the corresponding valu-es for the l4oak

Lalce serpentinj-te '
6. The },Ioak Lake serpentinite and similar rocks have no

knotr¡n associated less basic rocks" The Cuthbert Lake ultra-

basic rocks have a large number of basic dykes assoeiated

with them"

7. Oceurrences of rocks of the it{oak Lake-type serpentinj-te

are restricted to a major stru-ctural break in the area-, and'

are highly sheared, especialllr along the borders" In contrastu

the CuthberÈ Lake dyke sÌüann occupies an a.rea of considerable

area.l extent, artd shortrs no evidence of rnajor contemporå'ry

deformation"

A comparison of ¡hese distinctions with those established

by Hess for distinguishing between Alpine-type and Bushveld-

type ultrabasic rocks 1s illuminating. It is readily apparenf
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that the l{oak Lake serpentinite corresponds closely to

Alpine-type peridotite; whereas the Cuthbert Lake peridotite

closely resembles the Bushveld-type. However, unlike rocks

typical of the Bushveld-type peridotite, in which differ'ênt-

tiation has taken place tl1n sittirt, the roeks of the Cuthbert

Lake dyke complex have been differentiated at depth and then

i-ntruded"
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CHAPTER TV

TECTONICS OF THE THOMPSON LAKE - MOAK LAKE AREA

INTRODUClION

This chapter will deal wíth the general tectonic

features of the Thompson Lake - Moak Lake âreâo Special

reference will be made to the Moak Lake serpentinite and the

Cuthbert Lake dyke swârttre

DTSCUSSION

As early as L910, Sed.erhol-ni (J" T" lRlilson - L95b)

recoguiued that the Archean should be divided into structural

provinces, each with a patËern of strike or of foliation
peculiar to it" IWore recently, several authors, among then

J, To [üilson (19¿þ9), have attempted to dívide the Canadia¡t

Shield into structural provinces. As a result of this work,

several boundaries between provinces have been advocatedo

One is the boundary lying between the Superior Province in

the souühhrest part of the Canadian Shield and the Churchill

Province in the northwest part of the shield" The boundary

between these provinces has been chosen as the Nelson River

Valley"



Ïlíth the recognition of definibe stru.cturaL breaks in

the Precambrian shield area of Canada and in other regions

of the ro¡orld, a theory of continental growbh by accreÈion

has been suggested, championed in Canada by J. T" Wilson.

The proponents of this theory believe that grororLh of continen-

tal areas took place around a central nucleus, with growb'h

marked by a series of concentric orogenic zones' Several

areas have been described as having orogenic zones located

in this manner" Hess .l-937) reported that in Australia,

orogenic zones are arranged in a concentric paËtern, becoming

progressively younger away from the nucleus.

Orogenic zones marking struetural breaks are commonly

chara.cterized by compressional mountain ranges or their

eroded roots" As has been discussed previously, compressional

mountain belts are believed to be related to present day

island arc systems, It has been advocated by J. T" Ï'Iilson

(195t+) that continental areas groi^I concentrically by the

d,evelopment of a series of island arc systems along their

marginal areaso

Several feaÈures of the Thompson Lake-Moak Lake area

indicate that it r,las once part of an acti-ve island arc system.

These features wí11- be discussed in the paragraphs to follow"

The topographic map of l.{anitoba reveals the presence

of a strong structural- break in Èhe central part of the

province" This is depicted by the dra-inage pattern in this

area, The line nrarking the break is represented in the east
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by bhe Nelson River Valley" From here, the line extends

r^¡estv¡ard to Split Lake and. Assean Lake, and then along the

Burntrvood. and Odei Rivers to it{ystery Lake, At Mystery Lake,

the line swings southerly and passes through Ospwagan Lake

to Setting Lake" At Setting Lake, the line swings wesËer]y

and disappears under the Palaeozoic cover" Itlater courses to

the south of the break have a pronounced northeasterly trend

para-l]el to the break from lt{ystery Lake to Setting Lake"

Those to the north of the break possess a dendritíc type

dra.inage pattern" The break can be seen on the gravity map

of central Manitoba that accompanies this report"

The presence of thís structural trend is readily

apparent" However, there are several features which indicate

that it marks the position of an old i-s1and arc system" One

of these is the lithologica.l sequence assocj.ated with the

feature" In the vicinity of Viystery Lake, greywackes,

argillites, quartzites, and iron-formations are exposed"

This sedírnentary belt extends discontinuously along the break

to Split Lake in the east and to Setting Lake in the south.

These types of sediments are typical associations of present

day island arc systems" In the Cuthbert Lake area, quartzibes

and. limestones, apparently contemporaneous with the paragneiss,

j-nd.icate that the area was once part of a sedimentâr-¡r 6u"to,

Lavas interbed.ded v¡ith gneisses along the Odei and Burntt¡ood

rivers indicate that the area was unstable during the period

in which sedimentation was taki.ng place. This association is



also typical of island arc arease

gneisses of Èhis area might be coruelated lr¡ith the KÍsseynew

gnelsses of the FIin Flon arear âs different, authors have

d.escribed the gneisses of these tlvo areas in a similar mannere

Harrison stated that the Kisseynew gneisses represent meta-

morphosed sediments which l\rere deposited in a geosynclinal

trough and. which underv¡ent mounËain building. He staÙed;

ttlf the gneisses mapped as pre-Assean by Dawson to the
east, anfl the gneisses mapped much further- r'¡estr.irl
Saskátche'!ìIan, áre part of the Kj.sseynew, the basin had
a length oî 25O mil-es 

" 
It

(J" M. Harrison, I95L, p,t+7)

The metanorphic grade of the parargneiss in the Cuthbert

Lake area and in the Thompson Lake-I{oak Lake area is the

pyroxene granulit,e f acies, Such conditj-ons are attained

only during the extremes of regional meta.norphism such as

might be encountered. during an orogeni-c period" Evidence of

remelting is present in many of the gneisses in the vicinity

of j,{oak Lake and }dystery Lake, iri the form of pegmatitic bands

in the rock" Rocks in various stages of granitÍzation are

present in this vicinity also. These phenomena all indicate

that the rocks have been deeply buried; this is in aecord

with the theory that this zone underwent mountain*building"

If Harrison?s correlation of the Kisseynehr gneisses

and the pre-Assean Lake gneisses of the Thompson Lake-Moak

Lake area is correct, then this entire belt appears to have

It has been suggested (Harrison, l-95l-) tfrat the
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undergone a mountain-buil-ding proeess" The beLt âpprox*

imates very elosely the posiüion of the struetural break in

the area that r'ras previously described,

The presence of serpentiaite bodies along the Split

Lake-setting Lake break ís a further indieation that the

uone delineates a former i.sland arc area and a subsequent

mountaj.n range" Serpentine has been found as far east as

Assean Lake and Split Lake and as far south as Setting Lakeu

The Moak Lake serpenüinite is one of these bodÍes. Serpen-

tinite driLl core was found by the writer along the Burnù-

wood River east of Apussiganasi Lake" Serpentinite is

known to r.md.erlie a porüion of MysÙery Lake' The Moak take

orebody is 1n serpentinitea âs is a low-grade nickel

deposit in the vicinity of Ospwagan Lake" No outcrops of

serpentinite were observed al-ong this break by the vrriter'

liowever¡ Quínn (L955) described ai.tered basic to ulËrabaslc'

rocks which are confined to the break between Setting Lake

and Ospwagan Lake" He stated that these rocks are rather

sinuous, and range fron 500 to 5O0O feet long and from

50 to 1OO0 feet w'ide" He mentioned further that these

bodies eonsigt of pyroxenite and peridotÍte and are commonly

serpentinized. The restrictÍon of this type of ultrabasfc

rock t,o a major structural break (tne SplÍt Lake-Setting Lake

break) and iÈs mode of occìrrrenee as described by Quinn are
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characteristics corÌ1aon to ul-ti'abasic rocks associated r*iith

ísland arc systerns¡ âs d-iscussed in Chapter II" The serpen-

tinite at l{oak Lake has previously been discussed as an

Alpine-type ultrabasic rock" Also¡ âs previously stated,

Hess believes Èhat serpeniinite zones are restricted to
orogenic zones v¡hich T/ere fon'nerly island arc systems"

These facts: the recognition of a serpentinite zone âccofl-

panying the structural break from Split Lake t,o Setting Lake,

the attitudes of these ultrabasic bodies, and the recognition

that the serpentinites are AlpÍne-type ultrabasics, al-l

indicate that this area was formerly part of an island arc

s)¡stem and subsequently of a mountain rangee

A negative and a positirre isostatic gravity anomaly

are characteristic of all island arc systens¡ âs indicated

in Chapter II, The negative anomaly in present-d.a-y island

arc sysbens lies parallel to, and commonly over, the trough;

and one posiËive anomaly lies to the concave sicle of the

negative anomaly at a distance of J0 to 60 rniles from it.
The Bouguer gravity map of central l4anitoba accompanying

this report shours that a marked gravity high paralleled by a

gravity l-ow at a dista.nce of 25 to 40 miles to the north,

lies along the break frorn Sp1it Lake to Setting Lake' The

gravity low corresponds closely to the position of the

serpentinite bel-t, and the belt as a whole is concave to Ëhe

southeast, These features are remarkably similar to belts

of anomalies occurring r,,¡ith presenË-day island arc systems"



T¡oo discrepanci-es in the comparison of these gravity

anomalies with those occurrj-ng viith island arc systens are

obvious. One is that the intensity of the ano¡ialies

accompanying this break are much less than those associated

with active island arc systems. The other diserepancy is

that the positive anomaly is much more pronounced than is

the negative anomalY"

Gravity anomalies in active island arc systems are

believed to be a reflection of the l{ohorovicic discontinuity

between the crust and. the mantle of tire earth. The relati-vely

small size of the anomalies in central llanitoba suggested

that they may possibly be caused by d.ensity differences in

the rocks within the cmst. However, ¿. M. Patterson has

compiled. a map of areas v¡hich inclucie or lie adjacent t'o the

Thompson Lake-lvloak Lake area (personal cotrlxlu'nication) : the

Nelson House area (Quinn, Lg5il , the Uhl-man Lake area (l'trright,

1Ç53), the Sipiwesk area (Harrison, 1951), and the Split

Lake area (Mulligan, 1955) " This map shows the rock types

to be relatively uniforrir throughout tl:e area covered by the

eor-npilation. Therefore, the surface roeks do not account

for the gravity anomalies. Because of this, it is probable

that the gravity anomalies along the SpliÈ Lake-Setting l'ake

break are a reflection of the Mohorovicic discontinuity'

The small size of the gravity anomalies in this area

eompared to those a.ssociated with island arc systems is

believed, by the writer to be a result of isostatic adjustment
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acting on the area since the i-sland arc s)¡stem became inactive'

Isostasy acting over the area r^¡ould tend i,o restore it to

equilibrium, thereby obliterating the gravitl' utto*alies"

The area is still out of isostatic equilibrium, but the siøe

of the anomalies is rnuch reduced due to this adjustment

acting through time.

The high degree of coincidence of the gravity anomalies

witïr the structural break and the persistence of the anomalies

across central li{anitoba indícate that the tlvo features are

related. The orogeni-c nature of this structural break, its

association with the gravity anomalies, and the coincidence

of sed,iments, lavas, and Alpine^type ultrabasics w1Èh it,

are strong evidence thai this area was once occupied by an

active island are sYstem.

Lt+9

SU}I}iA,RY

The Cuihbert l,ake peridotite complex and the associabed

dyke s1tratsn were shoun: in a previous chapter to result from

the Sane orogenic period and to have had a common source"

I\umerous basic dykes and Sorne ultrabasi-c dykes are reported

in the Split Lake area (1r'iulligan, L956) and in the Sipíwesk

area (Harrison, l_951) " Tn both cases, it is reported that

ULTRABASTC AND BASIC lYIlES
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the dykes are confined to the area southeast of the Split

Lake-sebting Lake break" fn the Uhl-man Lake area (l'otigfrt,

L953) an¿ the i{el-son House area (Quinn u 1955) o both of which

lie to the northwest of this break, basic dyl<es are rare, or

absenÈ" The location of these dykes is apparently controlled

by the Split Lake-Setting Lake break'

It is not knol'm if ihe forces rvhich caused the

fractures novl occupied by these dykes were related to the

forces acting during the actj-ve stage of the island arc

system. The control exercised by the break on the locatj-on

of tire dykes indicates that the forces were related. If

this were so¡ the dykes must have been intruded during the

waning stages of the island arc system¡ âs they show only

minor metarnorphJ-c effects'
The origin of the mag$a giving rise to these dykes

must necessarily renrain unl<noltrn. Hor¡¡ever, iri describing the

West Indies island arc s;rstem, Officer (L957 ) postulated

that the Caribbean area is in the process of conversion from

an oceani-c area into a continentaL area by the intrusion of

basic and acid magmas, and andesitic lavas' Perhaps the

mag¡na giving rise to the basic and ultrabasic dykes of tile

Cuthbert Lake area was a basÍc magma of this type, vrhich

originated during the tectonics of the area" This must

remain only a sirggestion" However, Ëhe evidence does suggest

that the magma giving rj-se to these dykes vias associated w'ith

the tectonics of the island arc sJ¡stem lvhich once existed in



the area,

Thompson Lake-i'{oak Lake area are associated with or related

to the bodies of ultrabasic rocics located along the Split

Lake-Setöing Lake break. lrlo similar deposi-ts of economic

importance have been found associated with the Cuthbert L,ake

peridotite complex" As the Moak Lake and Cuthbert Lake ultra-

basic rocks are considered to have had different origins, it

cannot be assu¡oed that, because sulphide deposits are

associated with one type of rock, they are necessarily

associated with both types, fn fact¡ flo sulphides have been

found in the Cuthbert Lake peridotite, and only minor showings

are found associated v¡ith the basic dykes of t'he dyke swaflno

The two ehemical analyses of the Cuthbert Lake rocks

perhaps indicate why this is the case" The rocks of the

Cuthbert Lake perídotite eomplex contain appreciable nickel

(0"/¡S per cent), while the analysed specimen of tire basj-c

dykes contains but a trace. These values agree rçith those

reported by Goldschraidt (L954, p. 670I for sj¡nilar rock types

in which the ratio of nickel in basic roeks as compared to

ultrabasic rocks is approximately l"z2}. Goldschmidtls

average value for the nickel content in ul-trabasic rocks is

0,16 per cent" Nickel is concentrated in the olivine minerals

Economic nickeliferous sulphide deposits Ín the

ECONO}IÏ C STGNIFI CJ\I]CE
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where it replaces the magnesíum ion. For this reason, it
is concentrated in rocks of the ultrabasic group.

The concentration of sulphur in the CuthberÈ Lake

dyke rocks is 1ow; a value of'0"0f per cent was reported for
the sample of ultrabasic rock analysed, and none lras reported

for the analysed basic rock" H" D" B, i'filson (1953, p"390)

has constructed a graph which shows the rel-ation between

sulphur solubility and the percentage of silica in silicate
melts (based on Vogtts data) " This provides a possible

explanation of vrhy economic suJ-phide deposits are not found

associated with the Cuthbert Lake peridotite" Accordi-ng to

the graph, a silicate melt containing b5 per cenÈ si-lica will-

dissolve between 0"J and 0"4, per cent sulphur" The ultrabasÍc

rocks of Cuthbert Lake did not, in all probabilitÍ, contain

enough sulphur for a liquid str-lphide pha-se to form' Thus

nickel present in the magma beca¡le incorporated in the early-

forming silica.te minera.ls, notably olivine, where it' remained,

Intrusj-on of this early*forned, Rickel-rich phase coul-d have

occurred before differentiation had proceeded. far enough for

an immiscible sulphid.e liquid to segregate from the sil-icate

melt" That the eariy intrusion of the first formed olivine*

rich phases occurred is supported by the fact that tlvo

generations of olirrine¡ as previously discussed, are ;oresenË

in some thin sections" If , du-ring this early stage of

crys-r,allization, nickel was incorporated in the olivine

crystals, then intrusion of this phase at, an early stage of
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differentiation would remove nickel from the system. This

woul-cl prevent it from selectively entering the i¡¡rmiscibl-e

sulphide liquid, if , ind.eed, such a liqu-id did form" Ïn

ad.d.ition, small scattered shorvÍ-ngs of sulphides, inainly

chalcopyrite with minor pyrrhotite associated with the

accompanying basic dykes indiea.te that the separatíon of a

sulphide liquíd took place at the ti-me these rocks were

being d.ifferentiated" Such sholvings remain insignificant

despite recurring explorati-on in the area, suggesting that

the immiscible sulphid.es separa-ting from the magma were not

concentra,ted in such quantity as to fomt a nickel- deposit of

economl c irrrportance'

Nickel coulcL have been effectively removed from the

system in the subterranean magma cha¡rber" Crystal settling

of olivine and its accunulation on the f100r of the ehamber

could possibly have removed it from reaction with a later*

forming irnrniscibte sulphide liquíd" Ho!'Iever, j-ntrusion of

a crystalline mass of this type lvould supposedl]t be b¡e¡lght

abou-t wiËh some mlneral granulation" Evidenee for thi-s was

not seen in any of the thin secticns examined" 0f the tv¡o

hypotheses put forth, therefore, the first appears more

plausible than the second.

chemical analyses of the ltioak Lake serpentinite and

the cuthbert Lake peridotite indicate that both these rock

types conta.ined nickel at the time of their intrusion.

Nickel in the i{oak Lake-type of ultrabasic rock has been

r53



concentrated to form economic sulphide deposits" tr'trhether

this concentration took place during emplacenent or at some

later stage in the rockls histor¡i is beyond the scope of thís

paper. If this concentra.ti-on is a result of processes sub-

Sequent to intri-rsion of the rock, these processes have not

acted on the Cuthbert Lake dyke sl^raflnr âs only loca1 defonnation

has affected the dykes, That the two rock types have under-

gone different processes is quite possible¡ âs their origins,

and probably the times of their emplacement, differ greatly.

The hypothesis presented in this chapter is that the lack

of economic sulphide deposits associated with the Cuthbert

Lake rocks can be explained by a deficiency of sulphur in the

s¡ì gina.l magmao
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indicated that several distinct types of occurrences of these

rocks exist. The Alpine-type and the Bushveld-type peridotites

vüere identified and. d.iscussed in the preceding chapters' It

was poi.nted. oub that Alpine-type peridotite is fou.nd associated

with present-day island arc systems or compressional mountain

ranges an¿ their eroded. roots; whereas Bushveld-type peridotíte

originates from the crystal differentiation of a basic magma"

A stud.y v¡as made of the structure, petrogra-PhY, and

chemical composítion of the i-rltrabasic and basic dykes of the

Cuthbert Lalce area." The wrj-ter conclu-d-ed tkrat the dykes

represenË different phases of a differentiated basic magmaø

The distribution of the joint sets on outcrops of the

Cuthbert Lake peridotite complex was studied. It was coneluded

that the complex consists of a seri es of dyke segments

arranged. in an Iten echelonll pattern and not aS a single dyke

as Dawson had previously mapped it'

on the basis of Hessls distinctions betv¡een Alpine-

type peridotite and Bushvel-d-type peridotite, it v¡as shown

that the i{oak Lake serpentinite corresponds to the Alpine-

type peridotite; the cuthbert Lake peridotite complex, to the

A, study of the literature on ultrabasic rocks

CHAPTER V
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Bushvel-d*type peridotite"

The evidence presented to show that the Split Lake-

Setting Lake break marks the trace of an old island arc

system is i-nconclusive, It is quite possible that valid

argunents can be amassed to contradict this hypothesis"

However, this hypothesis appears to comply most completely

with the facts avaiLable to the writer.
The ultrabasic rocks of Ùloak Lake and Cuthbert Lake

are Alpine-type and Bushveld*type peridotites, respectively"

Their origins, therefore, differ greatly" From the

distribution of known niclcel- occurrences in the area, it
appears that the lvloak Lake type of ultrabasic rocks contained

nickel- when they Frêrê intruded" The Cuthbert Lake ultra-
basic rocks, oil the other hand, have no knor,rn economic nickel

deposits associated with them" The reason for this appears

to be that the magura from which they originated did not

contain the necessarlr sulphur to form nickel sulphide deposits"
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The abbreviations used to describe the mi-nerals

in the accompanying photomicrographs are as follows;
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Plate ï

Cuthbert Lake Peridotite"
Early-formed olivine enclosed
by later, well-fonned Plagio-
clase. Hornblende forars the
matrix and is the last mineraL
to crvstalLizeu M-&51-A-58"
Plain'light (x70) 

"
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Plate Iï

Cuthbert Lake peridoti.te, Euhed-
ral and subhedral olj-vine grains grouped
in clusters, Euhedral hypersËhene and
later clinopyroxene surround Ít"
Plagioclase-ls interstitial" M-667*A-
58.- Plain light (x25) 

"
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Plate III

Cul,hbert Lake Þericlot j'te " J{

IarESe ci:irrìt,al of hypersthene p*r:tÍa'l'ly
for{íed around olivine" Later c}ino*
pyror{.ene f crms agai-nst - 

hypersthene 
"

Þiäeiocrase is iìiterstÍtiil" $'i*6t2-
58"-' Plain light (xe5¡.
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Plate fV

Cuthbert Lake peridotite" Euhedral-
crystals of olivine with later subhedral
crystals of hypersthene and clinopyroxeneo
Plagioclase is well-crystallized and is the
last mineral to form. lvi-&86-A*58. Crossed
nicols (x3r+),
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Plate V

Cuthbert Lake peridotite" Olivine is
shown alt,ering to both serpophite and anti-
gorite. Remnants of olivÍne and the outline
õf original olivine grains are apparent' The
veinl-et of magnetite j-s seeondary and has been
derived from the alteration of olivine" M-
[5[-a-f8" Plain light (xlo&).
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Plate Vï

Cuthbert Lake peridotite,
Euhedral grains of olivine set
in a matrix of ophitic horn-
blende, Small mineral frag-
ments in the hornblende are
primarily olivine with minor
hypersthene and clinopyroxêfÌêo
Note the large varíati-on in
erain size of the olivine"
M-tr:Z-¡go Crossed. nicols (xZ8) 

"
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Pla.te Vïf

Contact between a peridotÍte
dyke and the paragneiss from Cuthbert
Lake, Note the fine-grained nature
of the dyke matrix, probably re-
crystallized glass" Large, euhedral
olivine grains are aligned roughly
paralIeI to the contact and are the
only identifiable gráins presentu
The; contact is knife-edged P-596-
B-58. Crossed nicols (x26).
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Plate VIII

Typical, diabasic texture of the
basic dyices forming the Cuthbert Lake
basíc ayte swarm. Note the itdustyrf
appearairce of the plagioclgse lathes
anä tfreir corroded edges where horn-
blend,e surround.s thenl M-5¿þ¿l-A-58"
Crossed. nicols (x?7) 

"
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Plate Iï

Pseudomorphs of serPentine after
olivine from a section of the Moak Lake
serpentinite, Note the strong preferred
orientation and the delicate mesh struc-
ture" The mabrix (black) is a fine-
Erained, aggreEate of serpentine. DuD"Ho
#-ltlz1 (55o feet). croãsed nicols (x221"
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P1ate X

A polished section sur-
face showing the distribution
of pyrrhotite grains in the lvloak
takè- serpentinlte" D,DuH. 'iÍ L?993
(6ro feet)" Plain tisht (x11,).






















