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ABSTRACT

The Blrd River s1ll, situated in southeestern Man-

itoba is a layered ultrarnafic to basíc intruslveo In this
s11}I}5layerseonsistingofserpentinizedperidotitein-
terlayered with Chromite bearing layers, pyroxenlter Eab-

bro, anorühosltic gabbro, anorthosite, hornblende gabbrot

and porphyritic gabbro form a thLckness of approximately

2r0O0 feet.
Prirnarystruetureslnthechromltebearinglayers

and in the gabbros are evidence of therrnal or density cur-

rents in the magma during crystallizatlon and cryptie var-

iation of anorthite percenÈ ín the plagioelase shows an

inverted trend índicating crystallization dor¡rnrsards from

the roof as well as accullll¡lation on the floor of Èhe magma

chamber.
complex faulti.ng across and paraltel in strlke to

the layering of the siIl has resulted in apparent' change

in thickness of, and oraission of rock units ln the Bird

River S11I.
MagneticsusceptlbilibystudyandaverÈlcalfield

magnetic sur\'ey indlcates a laek of magnetibe in the

gabbroic rocks, The consequenb rnagnebic signaüure can

thus be utlllzed wlth a knowledge of the geology to pros-

pect for non-magnetic ehromite in the Bird River siIl.
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INTRODUCT]ON

Locabion, Access, and lopography

The portion of the Bird River SlIl studied ls
situated in the Superior Province of the PreeambrÍan

Shield of southeastern Manitoba, approxirnately 35 rniles

east of Lac du Bonnet. The Bird River SilI outcrops êx-

tensively ín this area, margf-nal to, and north of

Peterson Creek.

Two trall weathern roads, (Provincial Trunk High-

hrays¡ 314 and 3L5), linking Lac dtr Bonnet, Bird Lake,

and'Cat Lake, províde access to withio L/1, mile sf the

stud.y areao 't¡iinter trails bridge Peterson Creek and join

with these roads 1o5 lniles southwest of , and 1"1+ miLes

northeast of the junction of P.T.H. 314 and P.T.H. 3L5.

$lithin the map area winter logging tralls provide good

aecess to all poinbsn and afford & measure of location

control.
the topography is typical of mosÈ of the Precam-

brlan Shield and consisÈs of high rock outcrop, surrou¡ided

by Iow, wet, or tree covered groundr Re1ief Ís moderate

and seldon exceeds l0 feeto

Drainage in the area is by way of Peterson Creek

west into the Winnlpeg River systemo Peterson Creek is
not navigable"

Glacial deposits observed consisü of boulder till,
minor gravels, and varved clays" Glacial striae, chaÈter

narks, and pluckíng features indicate movemenü of the

Patrician ice sheet as having been from North 40o East,
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Previous l¡Jork and Economic Developrnent

The first systematic exploration in the Bird Rlver

area r¡,¡as conducted by J.B. TyreII ln 1898. In 1912 E.S.

Moore correlated the rocks of this area with those of the

Rice Lake district to the north.

The discovery of copper-níckel sulptride deposits near

Maskwa in 1917 prompted study of the Bird River Sill by

Colony (t9eon -2L1, Mc0ann (rgzf), and Cooke (19221 .In 191+2

the dj.scovery of chrornite in the SilI resulbed in extensive

investigation by Baternan (tgt*Zr-43 r-45) and Brownell (19t+Zl.

Later, regional raapping was conducted by Springer (1948,

-tt9t-5O), and Davies (lgfZr-55). Selecbed aspects of Èhe

Bird River Stll have been studied by Osborrle (19¿19), and

Gait (1961+).

ïn previous literature the portions of the Blrd

River Sill studied are known as the Chrorne and Page

Properties, (see al-so Fíg. I, page 7l.. This nomenelature

is retaLned. below, and the following excerpÈ from Davies

et aL (lgOZ) is a coneise stunmary of the development of

the chromibe deposits in thls area.
lfParts of the r¡ain chrome band have been
drilled to a depth of 65O feet and indieated
reserves øf 87br0OO tons grading 25.2 percent
CrrO, on the Page" Property, and :.12201000

tons grading 18.2 pereent on the Chrorne Pro-
perty. The actual reserves are probably many

Èimes these figures, fon only parts of each
property have been dr1IIed and the chromite
bands are generally persisÈent. n
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The iron content of the chromite in these deposiÈs

precludes further development and recovery of the chromite

without extensive beneficiatÍon processes.

Adjacent to, and east of the study area, copper-

nickel sulphides are being explored by Bird River Mines

Ï"td., and copper-nickel mining operations are being

conducted by Dumbarton Mines Ltdo Although interest in
the Bird Ri-ver Si1l was first generated by the discovery

of sulphíde occurrences in the SiI'L, their relationship
to the Sil1 is not known with any certalnty, (Karup-

Mo1ler, 1971) 
"

Present Work and A.cknowledgements
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of the Ul-trarnafÍc ProjecÈ of the lútranitoba Mines Branch,
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extensive exposure of the Bird River SiIl.
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indicated on Èhe accompanying geologic r,nâpo Mapping was
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GENERAL GEOTOGY

Introductory Stateme nt

The ensuing discussion of the rocks adjacent to
the Bird River SiIl is not intensive. The stratigraphy
of these rocks hou¡ever, provides a necessary key to the

structr¡ral lnt,erpretation of the area.

Â.11 of the consol-idabed rocks of the study area are

of Préearnbrian ageo These roeks are subdivided into two

groups; the Rice Lake Group, and the fntrusive rocks
(Table 1).

The Rice Lake Group, the oldesb group in the areae

consists of a conformable or paraconformable assemblage

of raetavolcanlc and meüasedimentary rocks. Metagabbro

sflLs, the Bird Ríver Sill, and a J.arge quartz dioriüe -
granodiorite body, (Great Falls Pluton, MeRitchie, L97Ll

are intrusive into the Rice Lake Group.

In the study erea these rocks are represented. in
conplexly faulted segments of the south lir¡b of an

easterly plungíng anticline (Figure l).

RICE LAKE GROUP

ïn the study area the rocks of the Rice Lake Group

consist of a metamorphosed..assembLage of pillowed and

flow voilcanics, tuffs, fine to medium grained clastlc
sedirnents, and conglomerate. These rocks flank the
Bird River Sill; the meüavolcanic assemblage lying
north of, or trbelown the Sil"I, and the metasedimentary



RECENT and
PLEISTOCENE

P

R

E

c

A

M

B

R

I
A

N

A

R

C

iI

A

E

A

N

I
N

TR
RO
UC
SK
IS
V

E

Boulder tilI, sand, gravel, clay

B

IR
RI
DVS

EI
RL

TABLE OF FORM,ATIONS

Quartz diorite - granodiorite

Poeryhj¡rrÍtíc gabbro
Hornblende gabbro
Anorthositic gabbroo anorthosite, gabbro
Pyroxenite
Serpentinized peridotite with interlayered
and chromiferous peridotite

UNCONFORMTTY

ÏNTRUSIVE SONTACT

RICE LAKE

GROUP

llargÍnal gabbro

MetaAabbro
INTRUSIVE CONTACT

Basalt, porphyritic

]NTRUS]VE CONTACT

tuff , polymict conglornerate;
andesite; derived schists

chronitite

deríved schlsts

TABTE 1

o.
a
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asserÂbLage Iyíng south of, or trabovett the SiIl. Variation

of thÍs relationship is the result of faulting.
Díp attitudes in the Rlce I¿ke Group are steep to

vertlcal-; strikes are east to northeasterly. RelicÈ vol-
canic pillows and cross bedding in the metasediments

have south - facing tops 1n the area of the Chrorne and

Page Properties.

Basalt. porphyritic andesiÈe: derlved schÍsts (Map unit I)
Metanorphosed pil}ow lavas (fa) are the dominant

volcanic rocks. These rocks are dark grey to black weath-

ering, fine to mediurn grained, and massive to weakly

schistose. Pillou¡ structures and relict selvaged edges

are well preserved. East of the Page Property, these rocks

are characÈerized, by greenish grey weathering, a fine
grained texture, moderate schístosity, a siliceous appear-

anee, and garnet metacrysts. Pll}ow structures ln the

garnetiferou.s rock are generally elongate, and. often

have been completely obliterated by the foliation devel-

oprnent.

Both the garnetiferous and the pillowed rnetavolcan-

ics are seen to consisü of nearly equal distributions of
hornblende and plagioclase. Â,ccessory and seeondary min-

erals conprise fibrous araphibole, magnetite, chlorite,
albite, epidote clinozoisiten carbonaten quartz,

sulphldes, and east of the Page Property, garnet.
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Porphyritic andesite forms a narrow metamorpLrosed

flow inüerlayered with the pillowed lavas. Thls rock is
light green to grey weathering, has a fine graÍned

groundmassn is massive, and is characterized by 1O to 15

percent of large (up to 3/8 inch) plagiocLase phenocrysüs.

At one location stretched vesicles are preserved.

In Ëhin section the raargins of the plagioclase

phenocrysts are corrod.ed, and the plagloclase is sâussür-

{tized. The ground.mass consists of hornblende and. plagio-

clase (albitized) with minor nagnetite, quartz, epid.oten

carbonate, chlorite, and pyrlte.

Gr,eywackg. erysþêI_luff. polyrnict conglomerate ; derived
scnisGs tMap un].t ¿!

Metarnonptrosed greyvuackes outcrop extensively south

of the Bird River Sill, and forrn the major portion of
the metasedimentary successlon. These roeks are greyískr

to black weatherlng, fÍne to coarse grained, and massive

to strongly schistose; Iepldoblastic schistosity being

imparted by the deveJ-oprnent of mlcaeeous rninerals. Bed-

ding 1s generally poorly defined and indlvidual beds

seldom are in excess of several fnches in thickness.

Cross bedding structures are not common, and other prim-

ary structures were not observed.

The metagreywacke consists of quartz, comblned

feldspars, hornblende and/or biotite. Serfcite, chlorite,
magnetiten carbonaüe, and sulphides are minor constit-
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uents.

Loeally, large (up to 2 inch) rounded quartzo-

feldspathic clasts give rise to conglomeratic phases Ín

the metagreywacke. These clasts may comprise up to bO

percent of the rock and are often rod.ded in the foliation
plane.

South of the Chrome Property several narro?ü Q-3 inch)

chert beds are interlayered with the metagreywacke. the

chert is light grey to cream in colour, aphanaitic, and

r¡lassive. These beds are generally fragmented or brecciated

and associated wíth pyrrhotite mLneralization in and near

fold structures.

Metamorphosed crystal tr¡ff ouücrops near P.T.H.

3L5 south of the Chrome Property. This rock is greyish

weatherlngn r,nassive to schistose, and displays large

euhedral plagioclase crystals lnterspersed. throughout a

fine to ¡aedium grained rnatrix. Randora orienÈation of the

plagioclase crystals, and a poorly defined beddÍng in the

unit suggest a rapid waterlain orfgin, which is sub-

stantiated by the presence of large rounded granitic cLasts.

The crystal tuff eonsists of up to l+5 percent

plagioclase crystals set in a matrix of flbrous amphibole,

plagioclase, biotite, sericiÈe, zoisite, quartz, and

earbonaüe. Secondary quartz, and. earbonate are present as

numerous irregular srnall blebs and stringers Ínjected

concordantly into the bedding.

Metamorphosed polyrnict conglomerate outcrops
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east of, and is in fauLt contact wlth the central

faulted block of the Bird River SiIl. ThÍs conglomerate

is dark weathering, moderately schistose, and character-

ized by J-arge, rounded, rnedlun to coarse grained arnphlb-

ol"ite cl-astsr âs well as smaller granitic clasts. These

clasts are rodded vertically 1n the fol-iation plane.

Cobble sized amphibolíte clasts comprise up to 30

percent of the roek, whereas the granitic clastsr of
pebble size and sacharoidal appearance, seldom exceed

IO percent. The argillaceous appearing groundmass coñ-

sists chiefly
rnl"nor amounts

of

of

amphibole, blotiteo and feldspars, wlÈh

quartz, sericite and carbonate.

INTRUSIVE ROCKS

The discussion of the int,rusive rocks is limited
in the foI,trowÍng section to the gabbro, present as s¡nall

sills Ín the metavolcanic roeks, and to the quartz diorlte-
granodioriÈe wlthin the map area.

Metagabbro (¡,lap unit 3')

Metarnorphosed gabbro is present as faulted segments

of a narrow siII which lies to the north of, and 1n close

proximlty to the base of the Bird Rlver Sill, As this
gabbro was only observed Ín the rnetavoleanicrroeks, iüs

positioning in Table I is therefore arbitrary.
The sretagabbro forrning thúsi.si11 is generally dark

grey to blaek weathering, medium to coarse grained, and
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rnassive. Oontacts with Èhe metavolcanle rocks are poorly

defined, being gradational over several feet.
Plagioclase and amphibole are the dominant rainerals

of the gabbro; the anrphibole contenÈ formÍng frora 60 to

75 percent of the roek. In thin section the plagioelase

forms subhedral corroded and extensively saussuritized

equant grains, which are parÈIy eneroached on by fibror¡s

anphibole. ZoisiÈe, carbonaten raagneblte, ehlorite,
quartzn and traees sf sulphide are common throughout.

Qr¡artz dlorite - granodioriËe (&{ap unit 9I

Quartz diorite and granodiorite form the major part

of the Great Falls Pluton (Ucnttchie, J}7J-) which is
intruded into the meÈavoleanic rocks north of the BÍrd

River SiII. The body is heterogeneous i.n nature and shows

liËtle or no systematic variation ín the dlstribution of

the quartz dioribe and granodiorite phases.

The qu.artz diorlte - granodiorite is greyish to
pínk weathering, coarse to very coarse grained, and rnassive

to weakly gneissie. Quartz diorite phases are typified
by small blebs of bluish quartz whlch display an augen ;,.1

shape where the rock is foliated. Hornblende, biotite,
and plagioqlase form.up to 90 pereent of the rock. Quartz

and magnetite are accessory, and sericite, chlorite and

epidote are co¡nnoR alteratlon prod.uets.

Intrusíve contacts between the Creat Falls Pluton
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and the Íaetavolcanic rocks are exposed along a pro-

nounced air photo lineament north and west of the Page

Property. I ere the contact 1s marked by nÍnor wall rock

brecciatlon, quartz-carbonate stringers, and large

angular stoped bloeks of the metavolcanic roek. East of

the Fage Froperty, near Peterson 0reek, the Great Falls

Pluton lies Ín fault contact with the Bird River Sil]
and the garnetiferou.s metavolcanic roeks of Map unit Ib.
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THE BIRD RIVER STLL

the Bird River Sill is a layered body formed through

gravity segregation of crystals during cooling; the result-
i-ng rock types of which range from ultramafic to intermed-

Íate 1n cornpositlon. the intrusion and crystallization
of the nnagma, based on structural and lithologLc relation-
ships, oceurred while the Rice Lake Group of rocks was

essentially horizontal.

Seven rock units, forminç 45 layers, hrere ldentified
in the Bird River SilI. In addiüion, a previous study by

osborne (]_9l+9) indicaües the presence of a marginal gabbro

facies.
lhe rock u.nit's (Fig" 2') are d.escribed in order of

crystallization.

Marginal Gabbro

å. raarginal gabbroic facieso terned olivine pyroxene

gabbro by Osborne (L9l+9) was observed by Osborne in core

frorn a dÍarasnd drill hole whlch lntersected. the basal

contact of the Bird River Sill and the metavolcanic rockso

this gabbro, which is not exposed in tl¡e study area, is
described by 0sborne as exceed.ing 30 feet ín thickness

and consisting of;
rroo.mêdium graíned basic plagioclase, €x-
tensiveLy altered to rectangular patches
of clinozsisiteo o o othe only primary
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UndivÍded

ROCK TYPE

metasedimentary rocks

Anorthosite, anorthosltic gabbro

I
7

I
7

Porphyritic
llornblende

Porphyritlc
Hornblende

gabbro
gabbro

gabbro
gabbro

Anorthositie gabbro,
gabbro

anorthosite n

Pyroxenite

Chromltite, chromiferous peridotite

Serpentinized peridotite

Marginal gabbro
Undivided metavolcanic rocks

FIGURE 2: Stratigraphy ef bhe Bird River SiIl
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mineral seen in the gabbro. Part,s of the
rock csnsist merely of clino-zoisite
plagioclase patches in a naürix of fine
tremolite needles and mesh-like pro-
chlorite. In ¡nany places however, trem-
olÍte occurs as large platy crystals,
one tremollte crystal comrnonly enelosing
a number of elinozoisíte - plagÍoclase
patches. Part of ühe tremoliÈe in these
large erystals is erowded with dusty
specks, and part is clear. The elear
areas are unlforrn in size, rounded, and

have sharp boundaries with the dusüy

tremolite. Some sf them have prochl,orite
cores. Wit,h crsssed nicols, the clear
areas are Just as sharply outtrined, as

they have higher interferenee eolsurs
than the dr*sBy'frernollüe. The clear areas
are interpreted as represenLlng original
olivine, and the dusLy tremolite as
representing originai pyroxene, !t

The features described above are similar with features

Uf ttre gäbibrolË ¡odtð trigher iiij iÍi the r¡lfeirtia series¿

Serpentinized peridstÍte (Map unit lr)

Serpentinized peridotite, interlayered with chrorni-

ferous peridotite, forrns L9 distÍnct la¡rers and connprises

the basal portion of the Bird River SiII which is approx-

inaÈely ó00 feet in thickness.

The serpentinized perldotite near the base of the

SiIl ls typically brown to rusty weathering, massive, and

eoarse grained. Large lrt/lr inch) tremolite metaerysts,
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pseudomorphous after pyroxene, stand out in relj.ef on ühe

weathered. surfaces. These metacrysts constitute up to 30

pereent of the rock and poikål1ticaIly enclose granular

rnagnetite and/or ctrronite. Chronite is also present as

fine disserainatlons and irnparts a patchwork appearance

to several of the Ìayers (Plate I).
Cumulate textr¡res are well preserved fn the upper

portlon of the serpentinized peridotite. Thls upper por-

tion Ls characterlzed by light apple green weathering, 1s

masslve, and coarse grained. Serpentine pseudornorphous

after olivine forr¡s large (f/g inch) ovoids that constituÈe

up to 6O percenü ofthe rock (PLaÈe 2l. These ovoids, wlth

euhedral to anhedral flne to mediuur grained chromite, are

poiká.Iltlcally enclosed in a greylsh natrix of trernslite

and pale green chlorite.
Tws narrovÍ layers in the serpentlnized peridotite

are comprlsed of eoarser (up to 1/4 incfr) serpentine ovoids,

a feature whlch 1s also eornmoa adjaeent to chromiferous

layers (Plate 3)"
In thin section the serpentinized perldotite displays

intensive and varÍed aLteration. Pyroxene near the base of

the SlIl is extensively a3-tered to üremolite, vh ieh in
some cases eneroaches on the serpentlne ovoids, and in
other eases sharply terminates against these ovoidso

Ohrsmite ls net abundant, and magnetíte ls generally

present as fine dusty grains in rellct diallage parting

of the pyroxenes, or as selvages marginal to the pÈEpêntine
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PLATE 1: Chromite
tn serpentinized

disseminations
peridotiüe.

and patches,

Ë

*

Ë1

i{

*
$
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i$

PLATE 2z Serpentine pseudomorphs after
olivine in serpentinized peridotÍte"
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PLATE 3: Coarse serpent''ine ovoids at, base
of chromite layerr
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pseudomorphs. Serpentine group minerals consist chlefly,

of antigorite and chrysotile.
ïn the upper portion of the serpentinized perldo-

tite the alteration is less extreme. RelicÈ pyroxene Ì'dth

prominent dialtage parting marked by dusty ragnetite,
poikúlitically encloses the serpentine ovoids after oli-
vine. Tremolite alteration however 1s common and the

tremolite is formed at the expense of the pyroxene.

AntÍgorite has completely replaced the'olivine, forming

the serpentine ovoÍ.ds, and ís in turn cut'by veln.ând

mesh chrysotile associated wlth raagnetite. Minor penninite

is often present as small irregular patches marginal to
. : . -.r I 

'..
the serpentine ovoids. Disseminated chrornite, fine to

'

mediur.n Bra,lned and subhedral¡ ls Briominent, poÍkÊlitlcalLy
enclosed tn both the relict pyroxene and trernol-ite. Small

serpentiner nucLeii are conmon in the centres of many of
the chromlte grains.

..

Ghromlferous perldotiüe'ånd chrómÍtlte form 18 wett

defined, ,persistent layers within the serpentinized

peridotite (Map unit l+). ChronÍtite layers, comprised

almosÈ wholey of chromite, are generally of the order of
1 inch in thicknesé, with exeeptional variatlon being of,

the order gf I,l feet thick. Chror¡itit"e layers ctosely ,

interla¡rered with serpentinlzed peridotite give ri-se to

zones of chroraiferous peridotite (flate 4).



PLATE /+a: Massive
interlayered with
tite.

chromite (chromÍtite)
serpenbinized perido-

PLATB 4b: Delicate
and serpentinized
ferous peridotite"

interlayering of
pe:ridotÍte forrning

?T.
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,Prinary structurles are cornmon in the chromiferous

layers. These consÍst of interpenetrat'ion of chrornÍte

and serpentlnized peridotite,,(plàte 5l and disruption

of chromite layers (Plate 6). Similar.features in the

Bushveld Gomplex have been.described by Camersn (L9591 "

as being the result of ttperiodic structural disturbance

or movemenüs in the magmafrr Indlcatlon of movemenü in
the Blrd River Silt rnagma is further subsüantíated by

LJn structures in the chromitite (Plate 7).

In thin section the chrouritíte and. chromiferous

peridoÈite are seen to consfst of chromite and an

unidentifi,ed .chlorite. Euhedral üo subhedral' chronfte

shov¡s slighü rounding of grain bound.aries, írregular
fiacturesi ,and sone conþaín smal} nucleii of 'serpe,ntíne.

the aratrix consists of colourless to very pale green,

weakly pleochroic chlorite whlch displays dark greyish

interference .colours. Bateman (l9b3, -b5) has identified
thÍs chlorlÈe as amesite, :

Pyroxenite (Map unit 5l

Altered pyroxenite forms a narron layer in contaeÈ

hrith and. stratlgraphically above the serpentinized per-,

id.otit'e. The upper and lower contacts of this layer $¡ere

not observed, due ¿s.poor exposure; the position of this
layer beíng characÈerized by a narrow topographic s

possibly fault depression. Spatial relationships of ad-



PLATE 5z Interpenetration of chromitite
ând serpentinized peridotÍte"

PLATE 6; Disrupted chrornite in serpentin-
:.zed peridotite"

jt,

. ..:

:.,:1:ì
:l::¡l¡llt





25.

that the layer is not in excess of lO feet ln the map

Afea. 
,

The pyroxeniüe is rusty weathering, eoarse to very

coarse grained, and massLve to híghly schistose. Ir{assive

pyroxenite displays a verJr coarse knotted appearance on

weathered surfaces, a result of pseudomorphic replacement

of the orlginal pyroxene by,trernoliüe (plate 8).

' d.onainantly of tremolit,s ¡rlr¡ibh': poikalitically encloses

pseudomorphs after., òlivlne and plagigclâ,sêo Plagioclase , :

' and minor chromite are bhe only :-frrimaw,rnínerals present. ':

-Trernolite has pseudornorphíCally'reptá'eed both the ' : '' '

t 
----l -a-^-! -la ^4 !L^ 

-a^-¡^^l^^^')'.orrgina1o1ivine,anda}most,a1loft,hepIagíoc1â.Sêo:

through the olivine and plagioclase pseudomorphso grains
,

, and the ollrrine and plagioclase are seen to have ænprised

and plagioclase were present as srnall subhedraL to &rl-

' hedral- equant grains.

Dtrsty magnetite, carbonateo clinozsisite, and r:i'l

chlorite (penninite) are present in minor quantities, the

]...'magnetitebeingthemostabundant.Chromite,presentas
i" subhedral to anhedral crystals is widely dissernínated :

throughout the unit.



PTATE 8: Coarse
pyroxenite as a
replacernent of

knotted ap.pearance of
result of pseudornorphic

pyroxene by treraolite.
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bbro (pi"p unir 6)
Ånorühositic gabbro, anorÈhosite., and gabbro form the

rnajor portion of the Bird River sÍ11, with an estimated.
thickness of trzo0 feet. The dístribution of these rocks
is shown in Figure 3. conÈacts between rayers within this
unlt are generally grad.ational and. are placed where
nineralogical or te:cturar variation Ís sÍgnificant; these- --:: 

¿v

layers beÍng persistent throughout the nap areac .

,.' Gabbro forms the basar portion of Map unit 6, and
is approximatery 80 feet in thickness. The gabbro is
greyish green weatþerinB¡ ver]¡r ,coarse grained 'and raassíve.: ' ' .: . . .

Plagl0crase (An g4',) ,is, present in equal distrlbution''
wiÈh interstitiar actinolfte, whicrr'in,thin section is.. -.-------- "-.-
noted üo ppfkâltticarly encr-ose pseudornorphs after olivine.:
These pseudomorphs, simirar to those in the marginal
gabbro, are srnalr anhedral equant g""i:rru of colorless to- ,

blue green pleochroic amphibole comprJ.sing about 5 per_ . :

cent of the rock. pragioclase, twinned on carrsbad,
åIbite, carlsbad - Albite and pericrfne Ìaws, forrns rarge
( < I inch) crystars, strongly, zoned, strained and micro- " '

faurted wÍth some saussuritizationn Actinolite is present
as anhedral feathery and brade-like aggregates which in
part cut the pla.giaclase. chrorit,e, some penniniteo
saussurite and: atulte' fo"* minor alteration products"
usually associâ.ted in deformationar zoneso
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:

Anorthositic gabbro is the dominant rock type in

Map unit:ó, showing only textural variation' The anorthos-

itie gabbro is greyish vlhite weatheringo very coarse

graíned, and massive.'P1agioclase forrns up to 90 percent

of the rock which is typified by large blades of inter-
stitial green acLinolíte (P1ate 9't. Two narrow }ayers

(ffg. 3) are characÈerized by pronounced poiki,litic and

synneussiüic textures imparted by the actinolite (plate

10).

Plagioclase (en 9b - An 56) comprises up to 90

percent of the anorthositic gabbroo and 1n thin section 
:

ís se'en to be tr¿inned on alL lawsr zoned, bent, broken, '

strai.nedr, ârrd partly saussurltláed. Fibrous and blade-

Like actinolite, blue green pleochroico in part cuts,

and is lnterstítial to the plagioclase. Chloriteo sericiteo
gaussur:ite and atblte are rninor'alteration pnoducts

Ànorbhositepredom1naÈesintheupperpartofl4ap

unit ó and in the extrerae west of the map area lies in
sheared contact with the metasedimentary rocks above bhe

Si].t. ,'The anorthosite (> 9O percent plagioclase) is
greyish to white r¡¡eatheritg,?, ,very coarse grained, and

massive. Mlnor interstiùiaf blacied actinolite fs of ran-

don occurrenceo

In thin section lhe ànorthosite is' seen Èo conqist
''

almost solely of plagioclase (An 90 - Nn 5,6) which displays

the same habit; as that of, the angrthosiÈfc gabbro" Actin-

olite forrns shredd.y aggregates interst,itial to, and. cut-
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actinolite in

TE 9u:
inol,ite

Coarse bLades of
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P"LATE loa: PoikaLitic texture exhibited
by actinolite in plagioclase of anortho-
sitic gabbro.

PLATE 10b: Synneussitic texture of actin-
olit,e in anorthositic gabbro"
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LATE 1l: Gloneroporphyritic gabbrå
age Property.

L2¡, Layered
gabbro and

contacÈ between horn-
anorthosiÈic gabbro.



I weathering, coarse grainecÌ, massive, and is characterized
I

I Uy a delicate layering (Plate 13).
I

I fn thin sectíon the rock consists dominantly of
I

I hornblende, with lesser amounts of plagioclase (Xn 76
I

I nn 54). The plagioclase forms narrow, twinnedn zoned,

brov¡nish to blue-green amphibole, and are cut by fibrous

aggregates of actinolite" Mlnor interstitÍal quartz is

',' : ClínozoÍsiter'altite, and chl-orite are forned at

the expense of the',above a$semblâg€r .and leucoxene forms

'.-:'irregu}ar'patchesassociated.I^''ith,and.cutt'i.ngthefibrous
:. ... ,1i...' .

aetinolite r

A tendancy'''fôr'the plagioclase'to lie with the c- 
:

1968). This feature may have been the result- ,of cr:ystal

precipitation in the presence of lateral magma currents,

thus giving rise to the delicate layering (ptaté 13 ).

Porphyritic gabbro (t{aP unit S)

Porphyritic gabbro is exposed on the Chrome Property
...: I .i,

and forrns two layers which are interlayered with the '

ese two layershornblende gabbro. The total Ëhiekness of th

is approximately L70 feet, and they are cha¡iasterized by

írregu1arzonesofs1igLrt1ymorefe1dspathicand0o[-

3l+.
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PLATE 13: Delicate layering in hornblende
gabbror
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porphyritic gabbroo

;The porphyritic gabbrq,ls.,Breyish bo black weather-

ingr coarse grained, massiveo and porphyritic. I"arge

phenocrysts of hornbl-endeo mantled by plagioclase, are

sporadically developed and form up to 25 percent of the

rock (Plate 1ll,).

In thin section the rock consists of equal'distrib-
utionsofsub-ophiticaraph1boIeandp1agioc1ase(gn85
An 5b). The amphibole consists of the hornblend.e pheno-

crystsn interstitlal hornblendeo and fibrous actlnolfte.
The plagioclase is presenü as small,.narrowo,twinnedn,.

. ..,... .,.. .. - : ,: :.
poorIyzoned,euhedra1,partia11ysaussurlt-ized1a}hs

cut by the actinolite. The phenocrysts consist of brownish

greenstrong1y.P1eochr'o.ie.hornb1.endew1th.nar.rowb1ue-

greén alteraÈion haloes. Thêse haloes are in turn mantled

by euhedral ptagioclase laths which form a pseudo augen
'l ' :- 

' 
:

s ructrrre'thg.t, trails out in the layeri.ng plane"

., rOlÍnozoisíte, alblte, chlori,teo and leucoxene forrn

minor alteration producÈs; the leucoxene d.isplaying a
, .1,

mrked preference for Èhe fibrous amphibole. Interstitlal :

quartz is scattered throughouü, and in some places forms

up to 3 percent of the rock.

Overlying the upper layer of porphyritic gabbro is
a 20 to 30 foot thick zone whlch grades from a dark grey

green amphibole rich gabbro to a light greyn fine to
coarse grained massive, slliceous appearing ¡rock comprised



PLATE 14: Porphyrltie gabbro.
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. . .:' STRUCTURAL GEOLOGY

-

itr" regional seuiing of the map area 'has been des-

cribed above and is shown in Figure 1. Development of the
:'

Bird River -'C"t.'låfe anticLine lttas probably syntectoni,e

with the 
"*p}"c:"*ãnt, 

'of't he Great Fal-l-s Plutono and al-

though not, known. with cerËainty, this event rnay have been
' '_l

responsible for the developrnent ;of the foliation obsqrved
'

Ín the Rice l,alce'Grroup,of rocks. The lack of a slmilar

foliation fn 'th" rocks of the Bird, River si.LL ñtâJ': there-

fore be a,reflection of the cornnetenc¡ 
:: 

tn*"","1-li_

EVidence rías not observed that mÍght indícate 
.tn":, 

tn'

foliation in the Rice take Group was devqloped prior'tol'

the intrusíon of the Sill" :

'

Faulting
.' Faultingr the dominant stru.etural feature Ín.the ,

r,nap arean.may be classed on t,he basis of directlon, into

fourgroups'Theseare;para11e1to1ayering,nort'þ-
.

south trending, northw.esterly trendÍngn and at a shallow

angle to the layeiing. The latter class, not promlnently

deve1oped,resu1t,sinanextens1onof'the1ayering,:and

is'probably related to the faulting paraIIel to layerÍng.

The first three classes are described. below, t,he norÈh.-

south and. northwesterly' trending faults. bing deóCribed

together.
:

of the rocks were observed at the basal and upper con-
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tacts of the Sill on the Chrome Property, and along the

upper eontact of the SilI on the Page Property. Field

evidencen and. drill core informatíon further sulgest

the presenee of similar faujlting wíthin the pyroxenite

1ayer.DivergenceindirecÈionofthisfau1ting..has
resr¡Ited in braid,ing, and a wlde zone of cataclasis above

rhe siI] (Plare.i.l5 ) .

Equal area projection of data from Èhe faults para-

IleI to layering and drilL core data indicate a divergence

ofdipfrornthatof1ayeringsuchthatthesefau1ts
transect' the ì-a¡¡ering of Èhe rocks at 10 to 15 degrees;

in sorne p1a ees this divergence ,bqing as greaÊ as 35 d,egrees"

The dips of these fauLts however are generaì.ly steeply

south.

FaultÍng in north and northwesterly dÍreetions is
responsible for Èhe offsets observed in the rbcks,of the .

'rnap area. These far¡Its, possibly üransgress.ive, cut the

layering at hígh angles and display dips whfch range frou¡

74degreeswesttos11ght1yeastofvertica1(p1atet6)'
In the uf,tramafic' rocksthese fauLts are marked b¡¡ brec-

ciaüíon, developrnent, of picroliùe, and drag feaLures.

faults cut theLittle deformation Ís evid.ent whe.re the

gabbroic rocks.

Several features of ift" north and northwesterly '

trending faults were described by Bateman (f9þ3 ) as being

suggestive sf rotational faulting. These feaÈures lnclude
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progressfvely greater amounts of offsettlng in chromíte

layers vrith changes in dip of those layerso and apparent

abrupt terminatlon of the faults. Corresponding to these

observations is the apparent change in thickness of rock

units.

extent of offsetting cannot be accomodated by simple

rotation wiühout signifieant changes 1n dip. Such changes

onn and Shimerin dip were not, observed in the field, D

(fg¡8) indieate that rotational affects and dip changes
'.

are cornmon however, ,ín and near the terrnination of strike
slip faults. {n conjgnçtion Hit,h tntu,r .the change in
thickness of iucx units: ià a result :of 'dip s1íp rnove-

ment on those faults parallel.and sub-parallel to the

1"ayeríng of the rocks.

:.
In the study area several of the north and north-

westerl¡¡ trending faults truncatei the easterly trending

faultsr 3nd in sone cases these fâults termlnate qgainst' '

the. easterly trending faults, Both of :,these relationships

have ailso been: described by Davies (L95ã) in the Bird
:

Lake.,area. The truncetion of the easterly trending faults
and the lack of possibte-offsettlng in the north and north-

westerly faulüs suggest-s therefone'that the easterly

faulting anbedates the noftherly faults.
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.:. . ., .:

In conjunction with movement on the'northerly trend-"

ing fault.s ib 1s, proposed, that reuewed movement of a dlp

slip nature took place on the easterly,trending faults

resulting in thickness changes of rock units within the

separate bl-ocks formed of the Bird Rfver SÍIl. ,

In Figure l+o a schematic representation, faults

shown in.sectíon are'inherent¡ âDd the plan view displays .

the" affect of subsequent movement on the outcrop pattein : ,

of the rocks. In Figure l+ (A) no movement has been affected

and a true sestÍori of the SilI is shown. Figure ll. (B)

dispIaystheresu1tsofmovene.nt,.suchthatXX-YYis
normally fault-e.d:;¡o the tevet, of,,AA .-, BB" The case in '

FÍgure ¿Þ (C)n wlth the faul--t-s,.1n9}rned,as is the actual 
,'

situabio,.',.í,,dÍcat.es].t-hel.*.,,,,*"inwhichthegabbroie
.' :

rocks have been placed fn:juxtaposition with the basal .

..'':
pe.ridotite layers, exemplif,ied'aÈ the east end of the

Chrome PropertY.

The metagabbro sil-l and the porphyritic agdesÍte ,l

have been lncluded' in 
"Flgur'e 

l+ and despite the faulting

maintain a:fairly consüánt Sqparation fro¡n tkre basaL'

I ts relationshiPcontact of the Si}l. fn LL're nap area thj

is best exhibited north ofìthe small central block of. the

Sil}, and at the west end'of the Chrome Property
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PEÎROGENESIS OF THE BIRD RIVER SILL

Chemical- and normative data

Chernicat analyses of rocks in the Bird Ríver Sillt

obtained from previotls l-iterature (Bateman, l9l+3, Osborne,

LgEg) are present,ed in Table 2, with corresponding CIPW

normative data. Tab}e 3 displays chemical analyses of" t,he

chromite bearing roeks; tthese data being taken from

Bateraan ft9t+5) and Gait (196lr).

The normative data given in Table 2 display a high

percentage of plagioclase feldspar in the serpentinÍzed

peridotit,es. This plagioclase is not present, but is a

reflection of the chromite content. The chrornite, because

of ítts high alumina cont,ent has been described by Gait

(L961+) as a chrornian spinelr â4 observation whigh is in

accord with that of Thayer ft9!6) who notes that chromites

found, |n perldotites assocÍated with gabbro tend to be

high in alunína.

The ratis of ferrous and ferric i-ron in a rock is

considered by lr{ager (196S) to represent the oxidation

state of t,he megma aü the time sf crystallization. Tt¡e

lack of ferric iron in analysis (1) (Table 2l of the

rnarginal gabbroic rock therefore indicates a low oxídation

state at ühe time of intrusion of the Bird River SlIl.

This oxidation state undergoes a change which is reflected

by increase in ferric iron (analyses 2r 3, bt Table 2l

and this change Ís further indicated by increase in

norrnaüive r,nagneÈf-te (Wager, 196d) .
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C}{EMICAL ANALYSES

OXIDE

si02
AI2O3

FeaO,

Fe0

Mso

Ca0

Naa0

Kzo
Hro +
Hzo -
coz
Ti02
PzoS
c.

CrrO,
Mn0

Ni0

TOTAL

(1)

L5.27
L7.9L
o"00
5,59

ì t 11

7 "25
L,52
o.59
3.57
0.10
tr
o.o0
o.oo
o.ob
o.og
o.00
o.00

(21

36.59
]-3.79
r. 12

8. /+0

1t 't d

6. rg
0.01r

o.0r
8.71+

o.28
o.o5
0.13
0.0?
o.00
o. r0
o,28
o.o0

(3)

13.o8
8.76
l+.7O

4.3J
't^ I c

S.Str
O" Ió
0.00
8.,+O

O.l-l+

3;0o
0.ro
0.13
o.ló
0.38
o.02
o.23

te:îð

(4)

38.16
g.?r
6.10
5.52

)L.33
0.83
o.21
o"00

' 6.41
0.og
L.76
o.26
0.18
0.o8
o..53

0.0ó
0.15

TOOJE

(5)

40.19
25.56
o.52
4.08
^òn

l_1.33

2.68
o.37
4. r8
0"16
tr
o.oo
o.oo
0.00,
0.09
0.00
o.00

(ó) (7t

I+9.3L 54.00
2).22 L9.Q2

0.04 0.0o
5.64 6.t+7
r rC l.41
). Lo v. Ji

13.O1 10.53
2.17 2.6b
0.?6 0.)5
o.80 r..10
0.00 0.01
o.o0 0.00
0.00 0.00
o"00 0.00
0.00 0.00
o.oo o.oo
0.o0 0.00
o.00 0.00

99"1+9 99.92 98.97 99 "6 Ì00.95

CTPW NORM (WEIGHT %)

ÞlINERAL

a
OR

AB

AN

NE

DI
HE
E'NI

FS

FO

FA

LA

c
MT

IL
CR

PÏ

(r)

).7
13.8
38"7

Ió" 3

4.5
15.9

t+.8

L.7

o.l

0.3
33.6

<r.
r.)

l+2.6

11.4

2.7.

1.7
o.2
O¡1

26.5
o.8

ó0.8
l-3.2
T,?

o.2
o.6
i,l
o,3

l"g
3.2

lr0.O

2.O

31.4
1.7

7"9
9"6
oo5

0.8
r)",.

0.1

(6)(5)(Il )(3)(2\ 0')
?.Q
2.O

22.3
39.0

Ohemical- and normative
in the Bird River SiIl

o.8
59,4
L2"5

18.5
5) "I+

5"7
3.9
6"0
L.8
3,q
2"7

18.2
5.6

o.7

0.1

13.g
9.7

TABIE 2: data of rocks
( con. )
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Key to Chernical Anal.yses (Table 2)

( 1) MargÍnal gabbro. . . af ter Osborne ( 19¿19) ; traltered
dril1 hole specir,nen, about L5 feet below the base
of the peridotite. rr

Q) Serpentinized peridotit€. . . af ter Osborne ( f ç¡+gl ;trDrill hole specinen about 15O feet above the base
of the perldotite.tt D. Robertson, analyst_. _ _.

(3 ) Serpentinized peridotitê...after Bateman (1943 ) ;ttSuiface specimen, immediately beneath chromite
horizon. rr R. J. C. Fabry, analyst.

(l) Serpentinized peridotité...afler Bateman (1943 ) ;trsuiface specinen, from above the chromite horizon.lr

( 5) Tailli"å"3iIitäËåtËåf;"",,...afrer osborne (1e4e) ;
from the base of Ëhe ltupper gabbroic seriesir.

(6) ttornblende gabbro.."aftêi Osborne (19¿19); rtfrom-
upper gabbroic series. Surface specimen, about 554
fóet above t'he Èop of the peridotile.tt

Q) Hornblende gabbro...after Ösborne (1949); ttwith
Ínterstitial Ab 70 (gn 30) plagloclase and quarÈ2,
from upper gabbroic series. Stlrface specimenn about
958 feet, above the top of 'the perldotite.



TABLE 3:

OXIDE

si02
41203

FerO,
Fe0

Mgo

Ca0

Nar0

Kzo
H20 t
coz
Ti02
Pzo 

5
S

Cr^0-¿)

Partial chemical analyses of chrsmitite and chromiferous
peridoËite in the Bird River SiII

(8) (e)

1?;1 9'4
18.7 rg"b

18.[ l-g.5

5.2 l+.)
1.1 o.7

(10) (11)

13.8 11.0
tl+.8 17.8

1&.O f 8.4
25.O 2O.5

0.¿p o.5
o,o2

(8)...average of several partÍal analyses of Page org; after Hudsonrs Bay
Mining añA Smelting Co.r as reported in Bateman, (1943)"

(9)..,Huãsonrs Bay Miñing ánd Smeiting Co., as repórted in Bateman (1943).
(10) (14)...whoie roek-analyses as ieporúed in Gait (f9ó4). K. RamlaL,

analyst o

(f5)...äverage of 5 analyses of the main zone, after Gait (f96/+). K. RamIaI,
analyst.

o.I o.1

26.3 ?9.3

(]2) (13 )

2r.o 14.8
Ll+.5 8.2

rl.1 18.6
2b.2 23.5

3.6 0.6
0.03

o.2 0.28

(11)

29.2
9"8

6,7
28.5
6.0
0.1

2O.l+ 27.3

(15 )

18.5
L5.2

TT,-2

26.L
2.9
0.01

0.15 O.?l+ 0.0¿l O.27

18. 5 32.7 6.j L5.5

.t.
æ
a
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Differentiation trend

Figure 5 Ís a standard plot strowing behavior of

MgO - FeO - and total alkalÍs in the Bird River SiIl.

This trend is contrasted wlth simirar data (inset)' after

the Skaergard (Wager, 19618) and Stillwater (Hess, 1960)

complexes.

A trend line is not shown in Figure 5 for the Bird

Ríver SiIl datar âs a best fit llne would be subJect to

bias on the basis of the limited chernlcal data. Points

given are ther:efore nurnbered according to the analysis

nnmber in lable 2.

A. broad. trend in Flgure 5 1s apparenü showing

some íron enrichment from early to rniddle stages of

crystallízation, and a later stage of alkali enrichment.

This differentiatfon trend is not however, well defined.

Crystallization sequence

Previous workers, (Bateman 1943, Osborne L9b9 ¡

Springer L9I+9, Davies l-952, -5n) have described several

and varied origins for the Bird River SilI. These include;

two separate intrusive events, such that the gabbroic and

ultramafic rocks were not differentiates in situ, t,he

concept of several small SeþaraËe::ùntrusions givfng rise

bo the irregularity in thÍckness as well as subsequent

differentiation, and fntrusion and differentiation in a

highly irregular magma chamber, giving rise to observed

changes in thickness. The latter two cases recognize a
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FIGURE 5z Dlfferentiation trend of the Blrd Rfver SilI

Total iron
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differentiation in situ and this rnode is appealed to

below. The nature of the variation in thickness, and

omission of rnap units is recognized as being a result of

struetural deformatÍon, and lt ls considered that the

Silt magma was injected as a siII-like body along an in-

herent plane of weakness; the ruetavolcanic - metasediment-

ary contact.

Post-crystallization alteratLon of the SiII has to a

large extent rnasked the primary nature of the rocks, and

as a result, Ínterpretation of the crystalllzation sequence

is based on relict textures and ninerals, normative min-

eralogyn and. primary structures as evidenced in the chrome

Iayers and gabbrofc roeks.

The intrusion of the Sill magrna was accornpanied by

the forunabion of a chilled rnarginal facies; the basal

gabbro described by Osborne (f949). A,nalytic data for this
gabbro indicates ühat the nagna hras, by the ratio of iron

oxides, in a low oxidation state.

Terctural evldenee indlcates that oLivine formed as

a cumulus phase and with chromite co-precipitated from

the magma. Pyroxene forrned as an intercumulus phase,

giving rise to peridotltes. Normatíve data suggesting the

formation of plagioclase has been attrlbuted to the alura-

ina content of the chromite.

During the formation of the ultramafic curnulates

the nagma appears to have undergone change in oxidaüion

state which ls sho¡vn by the eher¡ical analyses (table 2,

# (21 , (3 ), (4)). Simil-ar change, reflected in the ratio
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of iron oxides, has been suggested by Jackson (L963) as

belng responsible for the origin of massive chrornite

layers in the Stillwater Courplex. Prímary structures

evldenced 'in the deformation of the chromitite and ehrom-

Íferous peridotltes of t he SilI indicate the formatlon

of density or thermal conveetive cuments in the magma by

the Lirne chromite preclpitated as a sole cumulus phase.

the first appearance of plagÍoclase was coincident

and overlapping with the cu}nination of olÍvine precip-

itation, Both the olivine and plagioclase, not abundant,

Ìvere encLosed by pyroxene, probably augite, forming the

pyroxenite.

Plagioclase forrning almost ts the exclusion of other

minerals resulted fn transition from norra¿I gabbroíc rocks

above the pyroxenite to anorÈhositic and anorthosite

gabbros. The nature of the relat,ed amphlbole in these rocks

is uncertaÍn, as replacernent textures are not apparent.

Colony (lgeO) interpreted the rocks as having been a

norit'e, with the amphibole having formed by the uralitiz-
ation of hypersthene, a view held also by Osborne (19¿19).

Karup-Moller (1971) interpreted the arnphíbole as being

prlmary on the basls of itts texture.

CrypÈic variation of anorthlte content in the plagio-

clase of the gabbroic rocks is shown in Figure 6o These

data indicate that with the formation of the lower member

of Map unit 6, crystal}izationr or accurnulatlon, cornmenced

fro¡n the roof of the SiI1 downwards, ühus forming the

upper me¡nber of PIap unit óo the culmination of crystal-
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MÂP

UNIT
SAMPLE

NUMBER

t9-70-48-2

19-70-¿11

L9-70-20

l-9-70-r2

L9-70-37

L9-7o-32

ertical scal-e ' 1tt=33O t )

ANORTHTTE
( cOnu, ) ,'

90-8ó

89-8ó

92-80

9L-85

94-93

96-92

ANORTHÏTE
(RIM),F

68

4t
b3-27

60-59
59

83-81

ROOF

5l+85-80
75-58
59-565-27-)
7- I+

77-75
79-54

85-5b
76-65

L9-70-99
L9-70-59
19-70-98
L9-70-b3
19-70-97
L9-70-96
19-70-r00
\9-7O-4Ì+

L9-7O-Lt+
L9-7O-t+O

FIGURE 6: Anorthite content of plagioclase:
Gabbrolc rocks of the Bird River Sill

'l' values given represent range of several determinations.
DetermÍnations by J. Macek, Manitoba Mínes Branch,
utilizíng Fedorol stage anðl curves after Fediuk (196I).
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lization may therefore be represented by the extenslve

corroslon and alteration observed ln those rocks con-

tainlng the albite feldspar (4,n2 - An7). Currenü raovement

indicated by the development of glomeroporphyriùic gabbro

and igneous lamination urere still operative as crystal-

Iization coulmenced at the roof.
The appearanee of primary hornblende in the porphyr-

iÈic gabbro and subsequently formation of the altered

zørre represent the last stages of crystallization of the

late hydrous phase of the magr¡a; these roeks being sand-

wiched. into their stratigraphie positÍon by the earlier
forraed anorthositic gabbro. A similar tendanei for t,he

positioning of the last formed rocks Ììas been described

by Holtz (J-9'53) for thre granophyres of the Dillsburg

Si11s.

Ðeuteric alteration undoubtedly followed crystalliz-
ation, giving rise to serpentinization and probably sone

uralitization. Th'e extenü of this alterati.on is uncertaln

as later hydrotherrnal affects, consanguinous with regional

metamorphism have been superimposed on the SilI.

Petrogenetic considerations

The behavior of magnetÍte formation in a magma has

been discussed extensively by lrlager (fg6g) with respect to

the oxidation state of the magma. Accordingly a highty

oxidized rnagr,la will reflect an lncreased amount' of early
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formed magnetite, and display little iron enrÍchment at

later stagesn than a corresponding magma of low oxidation

state, Concurrent r'¡ith such development will be an in-

creased,ramount of anorthosite and anorthositic gabbro, and

an increased amount of granophyre.

These trends nay be exhibited by the Bird Ríver silt

whích contalns a proportionately high volurne of anorthos-

itie roek, a posslbly late residuum as evidenced ln the

altered rocks above the porphyrltic gabbro, and little if

any magnetíte in the gabbros. This lack of magnetíte is

further corrsborated. by geophysical study.
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IUAGNETIC STUDY OF THE BIRD RTVER SILL

GeophysicaL study of the Blrd River 5111 consisted

of magneÈic susceptibility deüeruinations and a vertical
field magnetic surveyo This work was conducted prinarily
on the Chrome Froperty (see accompanying map) which was

seleeted because of its extensive exposure and ease of
geologic correlation. Tria1 observations were also coñ-

d.ucted on the Page Property to test t,he validity of ex-

trapolation of results to other parts of the Sill.

Magnetic susceptibility
In theory the effectÍve magnetization of a rock or

rock unit is the vector su¡n of remnant and índuced nagnet-

ization. Indr¡ced rnagneti.zation is ühe response of the rock

to an ambient rnagnetic fíeldn and the lntensity of thls
lnduced rnagnetization is directly proportionaL to the

arnbient fteld applied. The constant of proportlonallty is
termed the magnetie susceptibility and is d.enoüed as K.

In practice the magr,retic susceptÍbility of a rock

rnay be considered as proportional to the volurne percent

of nnagnetite ln the rock (Dobrin, 1960). Ilmenite affects

magnetic susceptibilíty, but to a considerably lesser ex-

tent 1n comparison to magnetite.

Magnetie suscepti-bility ¡neasurements of the Bird

River SiIl $rere conducted in sltu through use of a Carey

Foster type susceptÍbility bridge. The advantage of this
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apparatus is that larger amounts of rock are involved

in ühe deterninations and data thus obtained are consid-

eed nore representative. A complete description of this
type of apparatus is given by Hood (L9671.

Data ü¡ere obtained systemaüícally in conjunctlon

with the magnetometer survey, and also randourly on var-

ious layers or rock types in the 5111. These data are

presented in.Figure 7 vshich df-splays the range of values

observed for the separabe rock types of the SiIl.
The serpentinized peridotite and pyroxenite dispJ-ay

hlgh susceptibillty reflecting bottr prlmary rnagnetite and

magnetite attendant with the serpentínÍzation processe

The gabbrolc rocks are characterized by anomalously low

values of,susceptiblliüy which in part is probably related

üo tile presence of ilmenite rather than rnagnetibe.

ChrornibiÈe and ctrromiferous peridotite display

susceptibility vaLues that fall within the range of that

sf the serpentinized peridotíüe, although the mean value

of several determinations of the chromÍte bearing rocks

is considerably less than that of the serpentinized perid-

otite. The overlap in susceptf.bility values of these two

rock types precludes sufficient susceptibility contrast

to enable d.etection of the chronite bearÍng rocks using

conventlonal magnetic means.

Vertical field nnagnetometer survey

The vert.ical magnetic field survelr üras conducted
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with a Sharpe SM-l¡ fluxgate magnetometero Measurements

þrere Èaken at 25 foot intervals on lines spaced at 400

foot intervals. These lines were oriented across the

strike of layering in the SiII, and controlled through

use of vertical aerial photo enlargements (1o:330t).

Base readings on each line were closed at half hour periods

with a cornmon base. Drift was negligible,
Data obÈained from this survey are presented in

Figure I and are shown in,,:st¿perposition with the corres-

ponding geology.

The magnetlc sigr,ratr.l.re of the Sill is a direct ex-

pression of the rnagnetic susceptÍbility, both of whích are

shown 1n Figure 9. The magnetic susceptibility profile is
noted to be high and variable over the ultramafic rocks,

but is essentlally flatr âs are the magnetic profiles,
over the gabbroic rocks.

The variable nature of the vertical field over the

ultramafic rocks rnasks the presence of the chronite

bearing layers, and identity of these layers was only by

direct observation. The narrow ühickness (maximum 1O feet)

of the chro¡aite bearing layers further precludes any

rnagnetic isolation of these layers unless a very close

station lnterval is malntained. The results of such a

survey would nevertheless be highly interpretive and the

detection of chromite bearing rocks fortuitous.

CorrelatÍon of Eeologv and nagnetic studies

Magnetometer surveys have been conducted elsewhere on
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the Bird River SilI ín prospecting for chromite (Batemann

Lg43l. Thís work was done with a foreknowledge of the

geologyo and the magnetic signature was presumably utilized

in defing the ultramafic - gabbro contact, with which the

chromlte bearing layers maintain a fairly constant, straf-

igraphic relationshiP.

the magnetic signature of" the Bird River Sill can be

extrapolated to other areas of the Sillr and as a result

indirect prospect,ing for chronite can be carried out wlth

rflagnetic means. Such a procedure is in accord with Hawkes,

Ãg5l), but in the speeiffc:,case ,of,:Ëhe Bird RÍvêti:Siltr'is

cöntradiêÈory to his conelusions.

Study of aeromagnetic data of the Bird River - Cat

Lake area indicates the presence of signifieant nagnetic

anomalies over segments of the Bird River Sill. Other

segments consisting of the gabbrolc rocks only, lack cor-

responding anomalles. It ls suggested therefore thaü

hitherto undiscovered or unexposed. sections of ühe SilI

may exist, for exarnple !n tlre Anson Lake area, and coß-

sist only of the gabbroic rocksrlacking magnetlc expres-

sion.
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CONCTUSIONS

!üithin the map area the Bird River Sil} is intruslve

along the contact between the metavolcanic and metasedimen-

tary rocks of the Rice Lake Group. This sillr approxlnately

2'OOO feet in thickness, l¡¡as, on the basis of structr¡.ral

attitudes intruded while the Rice Lake Grorrp was essentfal-

ly horizontal. The intrusion of the 5111 Ììfas acconpanied

by the formation of a ch1lled marginal gabbro (Osbornen

Lgl+gl , after whieh peridotites, novû serpentinized, began

to form as cumulus rocks. Chenical data suggest that sub-

sequent change in oxidatíon state of the magma rnay have

affected precipitaÈion of chromian splnel and later gave

rise t,o exEensive voluges of anorthositic gabbros. Inter-

layered with the anorthositic gabbros are hornb:Iende and

porphyriÈic gabbro.

Primary structures exhibùted,"in': deformation, blfur-

cation of, and Scour structures in the chrome bearing

layers indicate that therrnal or density currents were

present in the magma. This is further corroborated by

Iamlnation in hornblende gabbro.

variation of anorthite content of the plagiocl ase

in the gabbroic rocks indicates that crystallization of

the gabbros proceeded from both the roof and fl-oor of

the magrna chamber inwards, culmínating in a zone of

alteration of these gabbros.

Faulting along the basal and upper contacts of the

Sil}, and across the layerÍ.ng has resulted in a complex
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outcrop pattern. Contemporeneous movement on the two far¡It

systems is displayed by changes in thickness and absence

of rock units. Strike slip components on faults across

layering has offset major segments of the silln with

rnovements of the order of 5r0O0 feet.

Magnetic susceptlbility determinations of the gab-

broic rocks of the Si}} indicate a lack of magnetite in

these rocks. The magnebic signature of the 5111, a con-

sequence of the distribution of magneülte, Ís evident in'

magnetometer work, and thus wlth knowledge.of the geologyt

nagnetlc r,nethods may be utilized in prospecting for chro-

mite 1n the Bírd River 5111.
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