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ABSTRACT

The Bird River Sill, situated in southeastern Man-
jtoba is a layered ultramafic to basic intrusive, In this
sill 45 layers consisting of serpentinized peridotite in-
terlayered with chromite bearing layers, pyroxenite, gab-
bro, anorthositic gabbro, anorthosite, hornblende gabbro,
and porphyritic gabbro form a thickness of approximately
2,000 feet.

Primary structures in the chromite bearing layers

~ and in the gabbros are evidence of thermal or density cur-
rents in the magma during crystallization and cryptic var-

jation of anorthite percent in the plagioclase shows an
inverted trend indicating crystallization downwards from

the roof as well as accumulation on the floor of the magma

chamber,

Complex faulting across and parallel in strike to
the layering of the Sill has resulted in apparent change
in thickness of, and omission of rock units in the Bird
River Sill. v

Magnetic susceptibility study and a vertical field
magnetic survey indicates a lack of magnetite in the
gabbroic rocks. The consequent magnetic signature can
thus be utilized with a knowledge of the geology to pros-
pect for non-magnetic chromite in the Bird River Sill.

i.
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INTRODUCTION

Location, Access, and Topography

The portion of the Bird River Sill studied is
situated in the Superior Province of the Precambrian
Shield of southeastern Manitoba, approximately 35 miles
east of Lac du Bonnet, The Bird River Sill outcrops ex-
tensively in this area, marginal to, and north of
Peterson Creek;

Two "all weather" roads, (Provincial Trunk High-
ways, 314 and 315), linking Lac du Bonnet, Bird Lake,
and Cat Lake, provide access to within 1/4 mileé of the
study area, Winter trails bridge Peterson Creek and join
with these roads 1.5 miles southwest of, and l.4 miles
northeast of the junction of P.T.H. 314 and P.T.H. 315,
Within the map area winter logging trails provide good
access to all points, and afford & measure of location
control.

The topography is typical of most of the Precam-
brian Shield and consists of high rock outcrop, surrounded
by low, wet, or tree covered ground, Relief is moderate
and seldom exceeds 50 feet,

Drainage in the area is by way of Peteréon Creek
west into the Winnipeg River system., Peterson Creek is
not navigable,

Glacial deposits observed consist of boulder till,
minor gravels, and varved clays, Glacial striae, chatter
marks, and plucking features indicate movement of the

Patrician ice sheet as having been from North 4,0° East,
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Previous Work and Economic Development

The first systematic exploration in the Bird River
area was conducted by J.B. Tyrell in 1898, In 1912 E.S.
Moore correlated the rocks of this area with those of the
Rice lLake district to the neorth,

The discovery of copper-nickel sulphide deposits near
Maskwa in 1917 prompted study of the Bird River Sill by
Colony (1920,-21), McCann‘(l921), and Cooke (1922). In 1942
the discovery of chromite in the Sill resulted in extensive
investigation by Bateman (1942,-43,-45) and Brownell (1942).
Later, regional mapping was conducted by Springer (1948,
-49,-50), and Davies (1952,-55). Selected aspects of the
Bird River Sill have been studied by Osborne (1949), and
Gait (1964).

In previous literature the portiéns of the Bird
River Sill studied are known as the Chrome and Page
Properties, (see also Fig. 1, page 7). This nomenclature
is retained below, and the following excerpt from Davies
et al (1962) is a concise summary of the development of
the chromite deposits in this area.,

"Parts of the main chrome band have been
drilled to a depth of 650 feet and indicated
reserves of 874,000 tons grading 25.2 percent
Cr,0, on the Page Property, and 1,220,000
tons grading 18.2 percent on the Chrome Pro-
perty. The actual reserves are probably many
times these figures, for only parts of each
property have been drilled and the chromite

bands are generally persistent,"



3

The iron content of the chromite in these deposits
precludes further development and recovery of the chromite
without extensive beneficiation processes,

Adjacent to, and east of the study area; copper-
nickel sulphides are being'explored by Bird River Mines
- Ltd., and copper-nickel mining operations are being
conducted by Dumbarton Mines Ltd. Although interest in
the Bird River Sill was first generated by the discovery
of sulphide occurrences in the Sill, their relationship
to the Sill is not known with any certainty, (Karup-

Moller, 1971)..-

Present Work and Acknowledgements

The ensuing study was undertaken under the auspices
of the Ultramafic Project of the Manitoba Mines Branch,
and the Department of Earth Sciences; University of
Manitoba. The particular study area was chosen for the
extensive expoéure of the.Bird River Sill.

| Field work was conducted during the summer and fall
of 1970, utilizing pace and compass methods supplemented
by vertical aerialvﬁﬁoﬁographs, the centres of which are
indicated on the accompanying geologic map. Mapping was
conducted on-a Scale of 1 inch = 1/4 mile; the accom-
panying geologic map being of the same scale, Detail
mapping and geophysical work ptilized air photo enlarge-
ments (1 inch = 330 feet),

The writer would like to acknowledge the assis-

tance of C.D. Anderson and A.C. Turnock of the University
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of Manitoba, and R.E.J. Scoates, J. Macek, and S.J. Parker
of the Manitoba Mines Branch for their assistance ahd
criticism in the following study. Gunnar Gold Mines Ltd.
which provided drill data, Bird River Mines Ltd., and
Tantalum Corporation of Canada are acknowledged both for
their assistance and hospitality during the course of :i7

this study,.




GENERAL GEOCLOGY

Introductory Statement

The ensuing discussion of the rocks adjacent to
the Bird River Sill is not intensive. The stratigraphy
of these rocks however, provides a necessary key to the
structural interpretation of the area.

All of the consolidated rocks of the study area are
of Précambrian age, These rocks are subdivided into two
groups; the Rice Lake Group, and the Intrusive rocks
(Table 1).

The Rice Lake Group, the oldest group in the area,
consists of a conformable or paraconformable assemblage
of metavolcanic and metasedimentary rocks. Metagabbro
sills, the Bird River Sill, and a large quartz diorite -
granodiorite body, (Great Falls Pluton, McRitchie, 1971)
are intrusive into the Rice Lake Group.

In the study area these rocks are represented in
complexly faulted segments of the south limb of an

easterly plunging anticline (Figure 1).

RICE LAKE GROUP

In the study area the rocks of the Rice Lake Group
consist of a metamorphosedxassemblage of pillowed and
flow volcanics, tuffs, fine to medium grained clastic
sediments, and conglomerate, These rocks flank the
Bird River Sill; the metavolcanic assémblage lying

north of, or "below™ the Sill, and the metasedimentary
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assemblage lying south of, or "above™ the Sill, Variation
of this relationship is the result of faulting.

Dip attitudes in the Rice Lake Group are steep to
vertical; strikes are east to northeasterly., Relict vol-
canic pillows and cross bedding in the metasediments
have south - facing tops in the area of the Chrome and

Page Properties.

Basalt, porphyritic andesite; derived schists (Map unit 1)

Metamorphosed pillow lavas (la) are the dominant
volcanic rocks. These rocks are dark grey to black weath-
ering, fine to medium grained, and massive to weakly
.schistose, Pillow structures and relict selvaged edges
are well pfeserved. East of the Page Property, these rocks
are characterized by greenish grey weathering, a fine
grained texture, moderate schistosity, a siliceous appear-
ance, and garnet metacrysts, Pillow structures in the
garnetiferous rock are generally elongate, and often
have been completely obliterated by the foliation devel-
opment,

Both the garnetiferous and the pillowed metavolcan-
ics are seen to consist of nearly equal distributions of
hornblende and plagioclase, Accessory and secondary mine
erals comprise fibroué amphibole, magnetite, chlorite,
albite, epidote - clinozoisite, carbonate, quartz,

sulphides, and east of the Page Property, garnet.



Porphyritic andesite forms a narrow metamorphosed
flow interlayered with the pillowed lavas. This rock is
light green to grey weathering, has a fine grained
groundmass, is massive, and is characterized by 10 to 15
percent of large (up to 3/8 inch) plagioclase phenocrysts,
At one location stretched vesicles are preserved.

In thin section the margins of the plagioclase
phenocrysts are corroded, and the plagioclase is saussur-
ditized. The groundmass consists of hofnblende and plagio-
clase (albitized) with minor magnetite, quartz, epidote,

carbonate, chlorite, and pyrite,

Greywacke, crystal tuff, polymict conglomerate; derived
schists (Map unit 2)

Metamorphosed greywackes outcrop extensively south
of the Bird River Sill, and form the major portion of
the metasedimentary succession., These rocks are greyish
to black weathering, fine to coarse grained, and massive
to strongly schistose; lepidoblastic schistosity being
imparted by the development of micaceous minerals, Bed-
ding is generally poorly defined and individual beds
seldom are in excess of several inches in thickness.
Cross bedding structures are not common, and other prim-
ary structures were not observed,

The metagreywacke consists of quartsz, cdmbined
feldspars, hornblende and/or biotite. Sericite, chlorite,

magnetite, carbonate, and sulphides are minor constit-
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uehts.

Locally, large (up to 2 inch) rounded quartzo-
feldspathic clasts give rise to conglomeratic phases in
the metagreywacke, These clasts may comprise up to 40
percent\of the rock and are often rodded in the foliatién
plane.

South of the Chrome Property several narrow (2-3 inch)
chert beds are interlayered with the metagreywacke. The
chert is light grey to cream in colour, aphanaitic, and
massive, These beds are generally fragmented or brecciated
and associated with pyrrhotite mineralization in and near
fold structures.

Metamorphosed crystal tuff outcrops near P.T.H.

315 south of the Chrome Property. This rock is greyish
weathering, massive to schistose, and displays large
euhedral plagioclase crjstals interspersed throughbut a
fine to medium grained matrix, Random orientation of the
plagioclase crYstals, and a poorly defined bedding in the
unit suggest a rapid waterlain origin, which is sub-
stantiated by the presence of large rounded granitic clasts.,

The crystal tuff consists of up to 45 percent
plagioclase crystals set in a matrix of fibrous amphibole,
plagioclase, biotite, sericite, zoisite, quartz, and
carbonate, Secondary quartz, and carbonate are present as
numerous irregular small blebs and stringers injected
concordantly into the bedding.

Metamorphosed polymict conglomerate outcrops
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east of, and is in fault contact with the central
faulted block of the Bird River Sill. This conglomerate
is dark weathering, moderately schistese, and character-
ized by large, rounded, medium to coarse grained amphib=-
olite clasts, as well as smaller granitic clasts., These
clasts are rodded vertically in the foliation plane.
Cobble sized amphibolite clasts comprise up to 30
percent of the rock, whereas the granitic clasts, of
pebble size and sacharoidal appearance, seldom exceed
10 percent, The argillaceous appearing groundmass con-
sists chiefiy of amphibole, biotite, and feldspars, with

minor amounts of quartz, sericite and carbonate,

INTRUSIVE ROCKS

The discussion of the intrusive rocks is limited
in the following section to the gabbro, present as small
sills in the metavolcanic rocks, and to the quartz diorite-

granediorite within the map area,

Metagabbro (Map unit 3)

Metamorphosed gabbro is preseﬁt as faulted segments
of a narrow sill which lies to the north of, and in close
proximity to the base of the Bird River Sill. As this
gabbro was only observed in the metavolcanic:rocks, its
positioﬁing in Table 1 is therefore arbitrary.

The metagabbro forming thisisill is generally dark

grey to black weathering, medium to coarse grained, and
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massive, Contacts with the metavolcanic rocks are poorly
defined, being gradational over several feet.,

Plagioclase and amphibole are the dominant minerals
of the gabbro; the amphibole content forming from 60 to
75 percent of the rock, In thin section the plagioclase
forms subhedral corroded and extensively saussuritized
equant grains, which are partly encroached on by fibrous
amphibole. Zoisite, carbonate, magnetite, chlorite,

quartz, and traces of sulphide are common throughout.

Quartz diorite - granodiorite (Map unit 9)°

Quartz diorite and granodiorite form the major part
of the Great Falls Pluton (McRitchie, 1971) which is
intruded into the metavolcanic rocks north of the Bird
River Sill., The body is heterogeneous in nature and showé
little or no systematic variation in the distribution of
the quartz diorite and granodiorite phases,

‘The quartz diorite - granodiorite is greyish to
pink weathering, coarse to very coarse grained, and massive
to weakly gneissic, Quartz diorite phases are typified
by small blebs of bluish quartz which display an augen -
shape where the rock is foliated, Hornblende, biotite,
and plagioclase form.up to 90 percent of the rock. Quartz
and magnetite are accessory, and sericite, chlorite and
epidote are common alteration products,

Intrusive contacts between the Great Falls Pluton



and the metavolcanic rocks are exposed along a pro-
nounced air photo lineament north and west of the Page
Property. Here the contact is marked by minor wall rock
breecciation, quartz-carbonate stringers, and large
angular stoped blocks of the metavolcanic rock. East of
the Page Property, near Peterson Creek, the Great Falls

Pluton lies in fault contact with the Bird River Sill

and the garnetiferous metavolecanic rocks of Map unit 1b,

13,



THE BIRD RIVER SILL

The Bird River Sill is a layered body formed through
gravity segregation of crystals during cooling; the result-
ing rock types of which range from ultramafic to intermed-
iate in composition. The intrusion and crystallization
of the magma, based on structural and lithologic relation-
ships, occurred while the Rice Lake Group of rocks was
essentially horizontal.

Seven rock units, forming 45 layers, were identified
in the Bird River S5ill. In addition, a previous study by
Osborne (1949) indicates the presence of a marginal gabbro
facies. |

The rock’units (Fig, 2) are described in order of

crystallization.

Marginal Gabbro

A marginal gabbroic facies, termed olivine pyroxene
gabbro by Osborne (1949) was observed by Osborne in core
from a diamond drill hole which intersected the basal
contéct of the Bird River Sill and the metavelcanic roékso
This gabbro, which is not exposed in the study area, is
described by Osborne as exceedihg 30 feet in thickness
and consisting of;

",..medium grained basic plagioclase, ex-
tensively altered to rectangular patches
of clinozoisite..so.the only primary

14,
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MAP ROCK TYPE

UNIT

2 Ef Undivided metasedimentary rocks

6 Anorthosite, anorthositic gabbro
8 Porphyritic gabbro

7 Hornblende gabbro

8 Porphyritic gabbro

7 Hornblende gabbro

6 Anorthositic: gabbro, anorthosite,
gabbro _
> _ — Pyroxenite
Chromitite, chromiferous peridotite
Serpentinized peridotite
k3 Marginal gabbro
1 §§ Undivided metavolcanic rocks

FIGURE 2: OStratigraphy of the Bird River Sill
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mineral seen in the gabbro. Parts of the
rock consist merely of clino-zoisite -
plagioclase patches in a matrix of fine
tremolite needles and mesh-like pro-
chlorite., In many places however, trem-
olite occurs as large platy crystals,
one tremolite crystal commonly enclosing
a number of clinozoisite - plagioclase
patches, Part of the tremolite in these
large crystals is crowded with dusty
specks, and part is clear, The clear
areas are uniform in size, rounded, and
have sharp boundaries with the dusty
tremolite. Some of them have prochlorite
cores, With crossed nicols, the clear
areas are just as sharply outlined, as
they have higher interference colours
than the dusty tremolite. The clear areas
are interpreted as representing original
olivine, and the dusty tremolite as
represénting original pyroxene,!

The features described above are similar with features

5f the gabbroié rocks higher up in the ldyered seriess

Serpentinized peridotite (Map unit 4)

Serpentinized peridotite, interlayered with chromi-
ferous peridotite, forms 19 distinect layers and comprises
the basal portion of the Bird River S5ill which is approx-
imately 600 feet in thickness, |

The serpentinized peridotite near the base of the
5ill is typically brown to rusty weathering, massive, and

coarse grained. Large (1/h inch) tremolite metacrysts,
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pseudomorphous after pyroxene, stand out in relief on the
we athered surfaces, These metacrysts constitute up to 30
percent of the rock and poikilitically ehclose granular
magnetite and/or chromite, Chromite is also present as
fine disseminations and imparts a patchwork appearance

to several of the layers (Plate 1).

Cumulate textures are well preserved in the upper
portion of the serpentinized peridetite. This upper por-
tion is characterized by light apple green weatherihg, is
massive, and coarse grained., Serpentine pseudomorphous
after olivine forms large (1/8 inch) ovoids that constitute
up to 60vpercent of the rock (Plate 2)., These ovoids, with
. enhedral to anhedrél fine to medium grained chromite, are
poikdlitically enclosed in a greyish matrix of tremélite.
and pale green chlorite, |

Two narrow layers in the serpentinized peridotite
are comprised of coarser (up to 1/4 inch) serpentine ovoids,
a feature which is also common adjacent to chromiferous
layers (Plate 3),

In thin section the serpentinized peridotite displays
intensive and varied alteration. Pyroxene near the base of
the Sill is extensively altered to tremolite, which in
some cases encroaches on the serpentine oveids, and in
other cases sharply terminates against these oveids.
Chromite is not abundant, and magnetite is generally
present as fine dusty grains in relict diallage parting

of the pyroxenes, or as selvages marginal to the serpéntine



PLATE 1: Chromite dlssemlnatlons and patche
+in serpentinized peridotite,

PLATE 2: Serpentine pseudomorphs after
- olivine in serpentinized peridotite,
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’l\:the serpentine ovoids.,Dlssemanated Chromlte,'
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pseudomorphs. Serpentlne group mlnerals censlst chiefly
of antlgorite and chrysotile.;“ | |

In the upper portlon of the serpentlnlzed perido-
tite the alterat1on 1s less extreme. Relict pyroxene with -
}prominent diallage'parting marked by dnsty mgnetite, n
poikilitically encloses the'serpentine ovoids after eli-
vine. Tremolite alteration however’islcommen anddthev |
. tremollte is formed at the expense of the pyroxene,
) Antlgorlte has completely replaced the ollv1ne; forming
the serpentlne ov01ds, and is in turn cut’ by vein and “
. -mesh chrysetlle associated with magnetlte. Minor penninite.pc;pg_Qi

’ils often present as small 1rregular patches marglnal to.

:ine to riﬁ»'
'tjpmedlum grained and subhedral is prominent, poikalltically

kdenclcsed it both the rellct pyroxene and tremollte. Small

o serpentlne nucle11 are common ‘in the centres of many of

o ;the chromite grains.-

“5g~Chrom1ferous perldotlte, chremltlte

Chromiferous peridetlte and chromltite form 18 well
:vdeflned, per31stent layers w1th1n the serpentlnlzed o
| perldotlte (Map unit 4) Chromltlte layers, comprlsed
almost wholey of chromlte, are generally of the order of?‘
‘1 inch in thickness, with exceptlonal varlation belng of
vthe order of 1.5 feet thick. Chromltlte layers closely

1nterlayered»w1th serpent;nized peridotite give rlse:to: ol

zones‘ef chromifereaSFPeridotite,(Plate L),




PLATE La: Massive chromite (chromitite)
interlayered with serpentinized perido-.
tite,

'PLATE 4b: Delicate interlayering of chromite
and serpentinized peridotite forming chromi-
ferous peridotite. S
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Primary strqctores'are oommoo.in the chromiferous
- layers. These eonsist‘of iﬁtefoenetration of chromite
~'aﬁd Serpentinized'peridotite»kPlete 5) and disruption
~of chromite layers (Plate 6). Simllar features in the
Bushveld Complex have been descr1bed by Cameron (1959)
as being the result of "perlodlc structural dlsturbance
‘or movements 1n the magma." Indication of movement 1n
| the Bird River Slll magma is further substantlated by
”"scour and flll“,structures in the chromltlte (Plate 7) |
In th1n ‘section the chrom1t1te and chromlferous i
I"”perldotlte are seen to con51st of chromlte and an -
:"unldentifled chlorite. Euhedral to subhedral chromite
}shows slight roundlng of graln boundarles, 1rregular

"ﬁfractures, and some contaln small nucleil of serpentlne.

o ”The matrlx consists of colourless to. very pale green,

;;weakly'pleochrolc chlorlte which displays dark greyish
‘ t'1nterference colours. Bateman (1943, -hS) has’ 1dent1fiedﬂ '

- this chlorite as amesite.

:‘Pyroxenlte (Ma§ unit'5) o

Altered pyroxenlte forms a. narrow 1ayer in contacti°:

: with and stratigraphlcally above the serpentlnlzed per-:
idotites The upper and 1ower contacts of this layer werejsji;"‘
‘ not observed due to poor exposure"the p061t10n of this:

layer belng characterlzed by a narrow topographlc,

B possibly fault-depression. Spatlal relationships of ad-




PLATE 6: Disrupted chromite in serpentin-
~ized peridotite.




PLATE 7: Scour and
tite layer




| 'jacent layers, above and helOw the pyroxenite, indicate
” ~that the layer is not in excess of 50 feet in the map
| area,

The pyroxenite‘isvrusty*weathering;-ooarse to very
coarse grained, and massive to hlghly schistose. Massive
pyroxenlte dlsplays a very coarse knotted appearance on
weathered surfaces, a result of pseudomorphlc replacement
of the original pyroxene by tremolite (Plate 8). |
‘ In thin section the pyroxenite is seen to con31st
h domlnantly of tremollte whlch poikalltlcally encloses

»pseudomorphs after ollvine and plagloclase.vPlagloclase

e-:fand mlnor chromlte arefthe onl ,p,imaryﬁmlnerals present.

Tremollte has pseudomorphlcally replaced both the
'j orlglnal ollvine, and almost all of the plagloclase.<
,.Desplte contlnulty of the tremollte from the pyroxene

}' through the ollv1ne and plagloclase pseudomorphs, gralns(::
'~and grain boundarles of the pseudomorphs contrast markedlyl

‘aand the oliv1ne'and plagioclase are seen to have comprised

la'about 10 percent of the orlglnal rock. Both the ollv1ne

"and plagloclase were present as small subhedral to an—
‘"hedral equant gralns.

Dusty magnetlte, carbonate, cllnoz0151te, and

';‘chlorlte (penninlte) are present in mlnor quantlties, the'

"*A,magnetite belng ‘the most abundant., Chromite, present as

k subhedral to anhedral crystals is w1dely dlssemlnated

| throughout the unlt.




PLATE 8: Coarse knotted appearance of
pyroxenite as a result of pseudomorphic
replacement of pyroxene by tremolite.




‘Anorthositic‘gabbro, anorthosite; gabbro (Map unit 6)

Anorth051tlc gabbro, anorthosite, and gabbro form the -
ma jor portlon of the B1rd Rlver Slll w1th an estimated
thlckness of 1,200 feet. The distrlbutlon of these rocks
is shown in Figure 3. Contacts between 1ayers within thls
‘unit are generally gradatlonal and are placed where
- fmlneraloglcal or textural varlatlon is 31gn1f1cant, these '

'layers belng perslstent throughout the map area.

| 'l Gabbro forms the basal portlon of Map unlt 6 and
‘is approx1mately 80 feet 1n thickness. The gabbro is
greyish green weatherlng, yery coarse grained and mass1ve.~'

Plagioclase (An 94) 1s present 1n equal dlstributlon,

ol with 1nterst1t1al actlnollte wh1ch 1n thln sectlon is'*e5'

noted to poikilltically enclose pseudomorphs after ollvine.‘~?”

\ These pseudomorphs, s1milar to those 1n the marglnal
vgabbro, are small anhedral equant gralns of colorless to
"vblue green pleochroic amphlbole comprlslng about 5 per—'

cent of the rock Plagloclase tw1nned on Carlsbad

. Albite, Carlsbad - Alblte and. Perlcline laws, forms large IR

;(<:l 1nch) crystals, strongly zoned, stralned and mlcro-
ufaulted wlth some saussurltlzatlon. Actlnollte 1s present -

iﬂas anhedral feathery and blade-llke aggregates which in

‘;sdpart cut the plagloclase. Chlorlte, some pennlnlte

,saussurlte and alblte form mlnor alteratlon products

7usually assoC1ated 1n deformatlonal zones.
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Ancrthositic-gabbre,is the dominant rock type in
Map unit 6, showing only textural~variation. The anorthos-

itie gabbro is greyish white weatherlng, very coarse

'; gralned and massive, Plagloclase forms up to 90 percent

of-thevrock Wthh is typlfled by large blades of inter-
._stitial green actinolite (Plate 9). Two narrow layers,
’e(Fig. 3) are‘characterizedvby pronounced poikiiitic and-
synnen331t1c textures imparted by the actinollte (Plate_
10). | o '
Plagloclase (An 9h - An 56) ccmprises up:to 90 -

'percent of the anorth031t1c gabbro, and in th1n section.

o is seen to be twinned on all laws, zoned bent broken,tei;v

5:_stra1ned and partly saussurltized.,F1brous and - blade-»”"ﬂJ
| like actlnollte, blue green pleochr01c, in part cuts, g
‘and is interstltlal to the plagloclase. Chlorite, serlclte,/
saussurlte and albite are mlner alteratlon products.
: Anorthos1te predominates in the upper part of Map
; unlt 6 and in the extreme west of the map area lies in
k;'sheared contact w1th the metasedimentary rocks above the |
':t81ll.~ The anorthosite (>>9O percent plagloclase) iS”'

"greylsh to white weatherlng, very coarse grained and

’f~ma531ve. Minor 1nterst1t1al blaaed actlnollte is of ran-»

"~ dom eccurrence.

- In thin section'the»anorthosite istseen to_COnsiSt‘

almost solely of plagloclase (An 90 - An 56)'which'dispiays‘
| the same hablt as that of the anorth051tic gabbro. Actin-‘

olite forms shreddy aggregates interstltlal to, and cut-




LATE Qa: Interstitial
northositic gabbro,

tinolite in anorthositic gabbro.




PLATE 10a: Poikalitic texture exhibited
by actinolite in plagioclase of anortho-
‘sitic gabbro,

PLATE 10b: Syﬁﬁeussitic texture of actin-
olite in anorthositic gabbro.,
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tingvthe plagioclase. Biotite is presént in small anoants
near the top of the Slll, and saussurite, chlorlte and al-k
- ‘bite are common throughout. o |
Glomeroporphyrltlc gabbro was: observed on both the
Chrome and Page Propertles, where it forms narrow ( 50
- feet) layers in the anorth081tlc gabbro. These layers are
in gradatlonal contact w1th the anorthosltlc gabbro and
appear to wedge out along strlke° thelr total exposure
'belng less than 200 feet along strike, |

The glomeroporphyrltlc gabbro 1s dark grey green

,;?weatherlng, very coarse gralned and ma351ve. On the Chrome -

Property large (l - 6 1nch) _spheres and irregular aggregates
]of plagloclase are enclosed in a matrlx of bladed actln-

5fsolite. On the Page Property the rock is 51milar, exceptlng ;

‘*;v-that coarse actlnolite 1s in equal dlstrlbutlon with a’

_lflner gralned gabbro in the matrix (Plate 11).
Minor sinestral faultlng has resulted in-a progres—_.

";s1ve off-settlng of the glomeroporphyrltlc gabbro.

lbl,;Hornblende gabbro (Map unlt 7)

TR Hornblende gabbro forms two layers in the B1rd
lRlver Sill, the lower of which lles 1n sharp contact with
the anorthositlc gabbro of Map un1t 6 (Plate 12). This
:.unlt outcrops extensively on the Chrome Property only,

. and has a total thlckness of approx1mately 150 feet.

The hornblende gabbro is dark grey ‘to black




LATE 11: Glomeroporphyrltlc gabbro on
age Property.

LATE 12: Layeréd contact betweeh hbrn-
lende gabbro and anorthositic gabbro.
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-.,weathering,‘coarsekgrainéd,»massive,‘aﬁd is characterized,u
‘by:a delicate layering (Plate 13). | o
In thin section the r0¢k consists dominantly of
hornblende, with lesser amounts of plagioclase {(An 76 -
An 54). The}plagicclase forms narrow,'twinned, zoned,
 and saussuritized laths,’These'laths are”enclosee by
. ‘brOWnish to blue-green amphibole, and are-cutwby fibrous
aggregates of actlnolite. Mlnor interstltlal quartz 1s
k,.also present in the upper hornblende gabbro layer. ;'
Clln020151te,H lblte, and chlorlte are formed at
ithe expense of the above assemblage and leucoxene forms
,irregular patches associated w1th and cuttlng the fibrous
'llactlnollte. s Fee g | ' |
A tendancy for the plagloclase to 11e w1th the c- _17
axis orlented in the common layerlng plane is apparent 1h o
?thln sectlon, giving rise to “1gneous lamlnation" (Wager,;j'

| 1968)5 This feature may have been the result of crystal"

'::vprecipltatlon in the presence of lateral magma currents,

'}thus giv1ng rlse to the dellcate layerlng (Plate 13).

- Porphyrltic gabbro (Map unit 8)r

Porphyritlc gabbro is exposed on: the Chrome Property :"

**g_and forms two layers thCh are 1nterlayered w1th the

ffhornblende gabbro. The total thickness of these two layers

is approx1mately 170 feet,‘and they are characterlzed by f‘

"*lflrregularfzones of sllghtly_more feldspathlc and non-ff




PLATE 13: Delicate layering in hornblende
gabbro. ' '
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porphyrltlc gabbro.

The Porphyrltlc gabbro is greylsh to black weather-ff=b
: 1ng, coarse gralned mass1ve, and porphyrltlc. Large
phenocrysts of hornblende, mantled,by plagioclase,aare

o SporadiCally developed and form up to 25 percent.ofvthe,:’

 .rock (Plate 14),

In thin section the rock con51sts of equal dlstrlb-'”'“
‘utions of sub-ophitic amphibole and plagloclase (ﬁn 85 -

."Ank5h) The amphibole consists of the hornblende phenou v

'cryets, interstitial hornblende and f1brous actinolite.

:i‘The plagloclase is present as small narrow, tw1nned

"ﬁfpoorly zoned, euhedral partlally saussuritlzed laths

'cut by the actlnolite. The phenocrysts con31st of brownlsh

‘}green strongly pleochr01c hornblende with narrow blue-

""lf;green alteratlon haloes. These haloes are. 1n turn mantled

1"_}eby euhedral plagloclase laths whlch form a-. pseudo augen

"“'45;structure that tralls out in the layerlng plane.

Cl1n920151te, albite,'chlorlte and leucoxene form

- '?5"m1nor alteratlon products' the leucoxene dlsplaylng a

'frfmarked preference for the flbrous amphlbole.»lnterstltial
;syquartz is scattered throughout and in some places forms
“up to 3 percent of the rock." |
Overlylng the upper layer ef porphyrltic gabbro 1s
a 20 to 30 foot thick zone which grades from a dark grey ‘
green amphlbole rich gabbro to a llght grey, flne to

coarse gralned mass1ve, siliceous appearlng reck comprlsed




PLATE 14: Porphyritic gabbro.




mainly of plagieclase and quartz.,Near the base of thls
zone actinolite forms long (2 - 3 1nches) bladed crystals
j'fvorlented perpendlcularly te the layerlng plane, and
»anorthos1tic strlngers are common.;vaff_.‘ | |
| In thin sectlon the upper portlen of the zone is

seen to consist dominantly of plagloclase (An? - An2)
* which is 1nt1mate1y intergrown w1th quartz (Osborne, l9b9)IA
This assemblage extensively corrodes highly saussurltized .
tw1nned subhedral plagieclase laths whlch form up to 15
” percent of the rock. Flbrous actlnolite, interstltlal to
’and cutting the plagloclase, shows decrease in abundance j”[f;? o

 towards the top of the zene. Mlnor bletlte and leucoxene

_compr1se 1to 2 percent ef the rock. ‘}:
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E STRUCTURAL GEOLOGY

The reglonal settlng of the map area “has been des-
cribed above and is shown_ln Flgure 1. Development of the ;
Bird Rlver - Cat Lake antlcllne was probably syntectonlc J
with the emplacement of'bhe Great Falls Pluton, and al-
| though not known w1th certalnty, this event may have been.sc
vresponsible for the development ‘of the follatlon observedv

in the Rice Lake Group of rocks. The lack of a simllar vf

":igfollatlon in the rocks of the Bird Rlver Slll may there-

' fore be a reflectlon of the competence of ‘these rocks. ;ffgf‘f”
”»EVldence was not observed ‘that mlght indlcate that the R
"follatlon 1n the Rice Lake Group was developed prlor to

“fl4the 1npru31on of thec31ll. =

' Faultlng | .

Faultlng, the domlnant structural feature 1n the: 3

'lmap area, may be classed on the basis of dlrection, 1nto“};;'
’four groups.‘These are; parallel to layering, north.-t;

.;south trending, northwesterly trendlng, and at a shallow :

angle to the layerlng.,The latter class, not prominently

l developed results in an extension of the layering, ‘and

is: probably related to the faulting parallel to 1ayer1ng. s

- The first three classes are descrlbed below, the north -f

‘fd‘south and northwesterly trendlng faults belng descrlbed f

E together.v'l” i |

Faults parallel in strlke to that of the layerlng

of‘the'rock53were observed at the basal and upper con-




tacts ofltue Sill on the Chrome Property, and aleng the
| upterﬁeontact of the Sill ontthe‘Page'Propefty; Field |
evidence, and drill core‘infoumation,furtheriSuggeSt
the presence cfrsimilar faulting'within,the’pyrexenitev
'layer. Divergehce in directieh'ef this faulting ‘has
resulted in braldlng, and a wide zone of cataclas1s above
the Sill (Plateils). | | |
Equal area prOJectlon of data from the faults para-
-1lel to 1ayering and dr111 core data 1ndlcate a dlvergence l
of dip from that of layerlng such that these faults
 transect the layerlng of the rocks at 10 to 15 degrees~
blzln some places thls divergence belng as great as 35 degrees.
,The dlps of these faults however are generally steeply v
-‘ south, : | |
| Faulting in north and nerthwesterly directionsdis
”tivlresponsible for the bffsetsJOBServed in the fbcksfef'the.;,lf’:
map area, These faults, p0531bly transgress1ve, cut the .
wvda: 1ayer1ng at hlgh angles ‘and dlsplay dlps which _range from l'
73?5,7# degrees west to slightly east of vertlcal (Plate 16)
‘fIn the ultramaflc rocksthese faults are marked by brec— - :
.01at10n, development of p1cr011te, and drag features.
:thtle deformatlon 1s ev1dent where the faults cut the
: gabbr01c ‘rocks, _ul A v_ |
Several features of the north and northwesterly

trendlng faults were described by Bateman (l9h3)_as be;ngV'

suggestlve of rotatlonalvfaultlpg.iThese,features include .




LATE 16: Northwesterly faulting on Chrome
roperty. Note also progressive displace-
ments on small scale faults,
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progressively greater amounts of offsetting 1n chromite |
'1ayers w1th changes 1n dip of those layers, and apparent
abrupt termination of the faults. Corresponding to these
“ebservations is the apparent change 1n thickness of rock
vunits. k '
The change in thickness of rock units, and the
fextent of offsetting cannot be accomodated by 31mple
rotation without 51gn1f1cant changes in dip. Such changes
?.,in dip were not observed in the field. Donn and Shimer -
"(1958) 1ndicate that rotational affects and dip changes
-.are common ‘however, in and near the terminatlon of. strlke
- slip faults.vIn congunction w1th this, the change 1n‘,.
thickness of rock units is a result of d1p Sllp move-
“v:ment on. those faults parallel and sub-parallel to the

layering of the rocks.‘

rStructural synthe31s ‘ o
In the study area several of the north and north-

'Zwesterly trending faults truncate the easterly trending

e faults, and in some cases these faults terminate against

'the easterly trending faults. Both of these relationshlps i”
,have also been described by DaV1es (1955) 1n the Bird

Lake area. The truncation of the easterly trending faults
-'and the 1ack ef pos51ble offsetting 1n the north and north- ﬂ

westerly faults suggests therefore that the easterly

faulting antedates the northerly faults.'“




ln conjunctlon wlth’movement on. the northerly trend—f‘
. ing faults it is proposed that renewed movement of a dip
‘Sllp nature took place on the easterly trendlng faults
resulting in thlckness changes of rock unlts w1thin the 1”
separate blocks formed of the Bird River Slll.__
In Flgure L, a schematic representatlon,’faults pp
‘_shown 1n sectlon are 1nherent and the plan v1ew dlsplays ;,
the affect of subsequent movement on the outcrop pattern
of the rocks. In Flgure L (A) no movement. has been affected
and a true sectlon of the Slll is’ shown. Flgure h ( )
e‘dlsplays the results of movement such that XX - Y 1s
:lnormally faulted to. the level of AA - BB. The case in “
Flgure b (C), with the faults 1nc11ned as is the actualtf:h
',51tuatlon, lndlcates the manner 1n whlch the gabbroic
rocks have been placed in Juxtap031tlon W1th the basal
-peridotlte layers, exemp11f1ed at the east end of the
.Chrome Property.-;‘ R v | |
| The metagabbro 5111 and the porphyrltlc andes1te
lvfhave been included’ 1n Flgure h and despite the faultlng
”“hl'malntain a fairly constant separatlon from the basal |
- contact of ‘the Slll.vIn the map area th1s relatlonshlp

~1lS best exhibited north of the small central block of the

turrslll and at the west end of the Chrome Property.
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PETROGENESIS OF THE BIRD RIVER SILL

Chemical and normative data

Chemical analyses of rocks in the Bird River Sill,
obtained from previous literature (Bateman, 1943, Osborne,
1949) are presented in Table 2, with corresponding CIPW
normative data., Table 3 displays chemical analyses of the
chromite bearing rocks; these data being taken from
Bateman (1945) and Gait (1964).

The normative data given in Table 2 display a high
percentage of plagioclase feldspar in the serpentinized
peridotites, This plagioclase is not present, but is a
reflection of the chromite content., The chromite, because
of it's high alumina content has been described by Gait
(1964) as a chromian spinel, an observatien ﬁhigh is in
accord with that of Thayer (1946) who notes that chromites
found in peridotites associated with gabbro tend to be
high in alumina.

The ratio of ferrous and ferric iron in a rock is
considered by Wager (1968) to represent the oxidation
state of the magma at the time of crystallization. The
lack of ferric iron in analysis (1) (Table 2) of the
marginal gabbroic rock therefore indicates a low oxidation
state at the time of intrusion of the Bird River Sill.
This oxidation state undergoes a change which is reflected
by increase in ferric iron (analyses 2, 3, 4, Table 2)
and this change is further indicated by increase in

normative magnetite (Wager, 1968).
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CHEMICAL ANALYSES

~in the Bird River Sill

OXIDE (1) (2) (3) (&) (5) (6) (7)
510, 45027 36,59 33,08 38.16 40.19 49.31 54,00
A1,0, 17.91 13.79 .76 8.71 25,50 23,22 . 19,02
 Fe,0, 0,00 1.12 4,70 6.10 0.52° 0.04 0.00
FeO . 5¢59 8,40 4.33 5.52 4,08 5464 647
M0 Lo53 24,18 30,45 31.33 9.37 5,18 6.21
Ca0 7.25  6.19 55k 0.83 11,33 13.01 10.53
Na,0- 1.52 0.04 0,16 0.21 2.68 2.17 2,64
K,0 . 0.59 0,01 0.00 0,00 0.37 0.26 0.35
H,0 + 3.57  8.74 8,40 - 7 6441 4L.18 0.80 1.10
Hy0 - 0.10 0.28 0414 0.09 = 0.16 0.00 0.03
co, tr 0.05 - 34500 1.76 tr 0.00 0.00
Ti0, 0,00 0.13 0.10 0.26 0.00 0.00 0.00
P,05; 0.00 0,02 0.13 0.18 0.00 0,00 0,00
5. 0.00" 0.00 0.16 0,08 0,00. 0.00 0.00
Cry05 'o.o9_v 0.10 0,38 0.53 0,09 0.00 0.00
MnO . 0,00 0.28 0.02 0.06 0.00 0,00 0.00
- Ni0 0,00 0.00 0.23 - 0.15 0.00 0.00 0,00 ~
TOTAL - 99,49  99.92 99.38 100,38 98,97  99.63  100.95
CIPW NORM (WEIGHT %)
MINERAL (1) (2) . (3) (&) (5) (6) (7}
qQ N 2.0
OR 3.7 2.0
AB 13,8 0.3 1.9 0.8 18,5 22,3
AN 3847 33.6 26.5 3.2 59,4 5304 39.0
NE ' 0.8 12,5
DI 507
HE A 3.9 :
EN 16.3 504 40,0 6.0 13.8
FS L5 1.3 2.0 4.8 9.7
FO 15.8 4L2.6 60.8 31.4 18.2 3.9
FA 4.8 11.4 13.2 1.7 5.6 2.7
LA : 1.2
c 1.7 2,7 7.9
MT ' 1.7 9,6 0.7
1L 0.2 0,2 0.5
CR 0.1 0.1 0.6 0.8 0.1
ATy oo ~o)
PY 0.3 0.1
~ TABLE 2: Chemical and normative data of rocks ( )
con.



(4)

(5)
(6)

L7.
Key to Chemical Analyses (Table 2)

Marginal gabbro...after Osborne (1949); "altered
drill hole specimen, about 15 feet below the base
of the peridotite.™

Serpentinized peridotite...after Osborne (1949);
"Drill hole specimen about 150 feet above the base
of the peridotite.™ D. Robertson, analyst.
Serpentinized peridotite...after Bateman (1943);
"Surface specimen, immediately beneath chromite
horizon." R.J.C. Fabry, analyst.

Serpentinized peridotite,..after Bateman (1943);
"Surface specimen, from above the chromite horizon.”
R.J.C. Fabry, analyst. |

"0livine diallage gabbro"...after Osborne (1949);
from the base of the "upper gabbroic series™.
Hornblende gabbro...after Osborne (1949); "from .
upper gabbroic series, Surface specimen, about 55
feet above the top of the peridotite.” :
Hornblende gabbro...after Osborne (1949); "with
interstitial Ab 70 (An 30) plagioclase and gquartz,
from upper gabbroic series. Surface specimen, about
950 feet above the top of the peridotite.



TABLE 3: Partial chemical analyses of chromitite and chromiferous
peridotite in the Bird River S5ill

OXIDE (8) (9) (10) (11) (12) (13) (14) (15)

810, 1351 9ol 13.8 11,0 21.0 14.8 29,2 18.5

A1,0, ‘ 18.7 19.4 148 17.8 14.5 8,2 9.8 15,2

F3203

FeO 18.4 19.5 14.0 18.4 11.1 18.6 6.7 11.2

MgO 542 Le3 25,0 20.5 2L.2 23.5 28.5 26,1

Ca0 1.1 0.7 Ouk 0.5 3.6 0.6 6.0 2.9

Na,0 0,02 0.03 0.1 0.01
K,0

H,0 %

C02 . :

Ti0, 0.2 0.28 0.15 0.24 0.04 0.27
P05 0.1 0.1

S

Cr,0, 26.3  29.3 204 27.3 18.5 32,7 6.5 15.5

(8)...average of several partial analyses of Page ore; after Hudson's Bay
Mining and Smelting Co., as reported in Bateman, (1943).

(9).e..Hudson's Bay Mining and Smelting Co., as reported in Bateman (1943).

(10) - (14)...whole rock analyses as reported in Gait (1964). K. Ramlal,
analyst. ‘

(15)...average of 5 analyses of the main zone, after Gait (1964). K. Ramlal,
analyst.
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Differentiation trend

Figure 5 is a standard plot showing behavior of
MgO - FeO - and total alkalis in the Bird River S5ill.
This trend is contrasted with similar data (inset). after
the Skaergard (Wager, 1968) and Stillwater (Hess, 1960)
complexes, |

A trend line is not shown in Figure 5 for the Bird
River Sill data, as a best fit line would be subject to
‘bias on the basis of the limited éhemical data. Points
given are therefore numbered according to the analysis
number in Table 2,

A broad trend in Figure 5 is apparent showing
some iron enrichment from early to middle stages of
crystallization, and a later stage of alkali enrichment.

This differentiation trend is not however, well defined,

Crystallization sequence

Previous workers, (Bateman 1943, Osborne 1949,
Springer 1949, Davies 1952, =55) have described several
and varied origins for the Bird River Sill, These include;
two separate intrusive events, such that the gabbroic and
ultramafic rocks were not differentiates in situ, the
concept of several small separate intrusions giving rise
to the irregularity in thickness as well as subsequent
differentiation, and intrusion and differentiation in a
highly irregular magma chamber, giving rise to observed

changes in thickness, The latter two cases recognize a

L9.
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Total iron

Skaergard rocks

-------- Stillwater rocks

Total alkalis ' MgO

Total iron

Total alkalis MgO

FIGURE 5: Differentiation trend of the Bird River Sill



differentiation in situ and this mode is appealed to
below, The nature of the variation in thickness, and
omission of map units is recognized as being a result of
structural deformation, and it is considered that the

Sill magma was injected as a sill-like body along an in-
herent plane of weakness; the metavolcanic - metasediment-
ary contact.

Post-crystallization alteration of the Sill has to a
large extent masked the primary'nature of the rocks, and
as a result, interpretation of the crystallization sequence
is based on relict textures and minerals, normative min-
eralogy, and primary structures as evidenced in the chrome
layers and gabbroic rocks.

The intrusion of the Sill magma was accompanied by
the formation of a chilled marginal facies; the basal
gabbro described by Osborne (1949). Analytic data for this
gabbro indicates that the magma was, by the ratio of iron
oxides, in a low oxidation state.

Textural evidence indicates that olivine formed as
a cumulus phase and with chromite co-precipitated from
the magma. Pyroxene formed as an intercumulus phase,
giving rise to peridotites. Normative data suggesting the
formation of plagioclase has been attributed to the alum-
ina content of the chromite,

During the formation of the ultramafic cumulates
the magma appears to have undergone change in oxidation
state which is shown by the chemical analyses (Table 2,

# (2), (3), (4)). Similar change, reflected in the ratio

51.
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of iron oxides, has been suggested by Jackson (1963) as
being responsible for the origin of massive chromite
layers in the Stillwater Complex., Primary structures
evidenbed-in the deformation of the chromitite and chrom-
iferous peridotites of the Sill indicate the formation
of density or thermal convective currents in the magma by
the time chromite precipitated as a sole cumulus phase.

The‘first‘apﬁearance of plagioclase was coincident
and overlapping with the culmination of olivine precip~
itation. Both the olivine and plagioclase, not abundant,
were enclosed by pyroxene, probably augite, forming the
pyroxenite.

Plagioclase forming almost to the exclusion of other
minerals resulted in transition from normal gabbroic rocks
above the pyroxenite to anorthositic and anorthosite
gabbros, The nature of the related amphibole in these rocks
is uncertain, as replacement textures are not apparent.
Colony (1920) interpreted the rocks as having been a
norite, with the amphibole having formed by the uralitiz-
ation of hypersthene, a}view held élso by Osborne (1949).
Karup-Moller (1971) interpreted the amphibole as being
primary on the basis of it's texture.

Cryptic variation of anorthite content in the plagio-
clase of the gabbroic rocks is shown in Figure 6, These
data indicate that with the formation of the lower member
of Map unit 6, crystallization; or accumulation, commenced
from the roof of the Sill downwards, thus forming the

upper member of Map unit 6, The culmination of crystal-
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FIGURE 6: Anorthite content of plagioclase:
' Gabbroic rocks of the Bird River Sill

* values given represent range of several determinations,
Determinations by J. Macek, Manitoba Mines Branch,
utilizing Fedorov stage and curves after Fediuk (1961).



lization may therefore be represented by the extensive
corrosion and alteration observed in those rocks con-
taining the albite feldspar (An2 - An7), Current movement
indicated by the development of glomeroporphyritic gabbro
and igneous lamination were still operative as crystal-
lization commenced at the roof,

The appearance of primary hornblende in the porphyr-
itic gabbro and subsequently formation of the_altered
zone represent the last stages of crystéllization of the
late hydrous phase of the magma; these rocks being saﬁd-
wiched into their stratigraphic position by the earlier
formed anorthositic gabbro. A similar tendancy for the
positioning of the last formed rocks has been described
by Holtz (1953) for the granophyres of the Dillsburg
Sills. |

Deuteric alteration undoubtedly followed crystalliz-
ation, giving rise to éérpentinization and probably some
uralitization, The extent of this alteration is uncertain
as later hydrothermal affects, consanguinous with fegional

metamorphism have been superimposed on the Sill.

Petrogenetic considerations

The behavior of magnetite formation in a magma has
been discussed extensively by Wager (1968) with respect to
the oxidation state of the magma. Accordingly a highly

oxidized magma will reflect an increased amount of early
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formed magnetite, and display little iron enrichment at
later stages, than a corresponding magma of low oxidation
state, Concurrent with such development will be an in-
creasedamount of anorthosite and anorthositic gabbro, and
an increased amount of granophyre.

These trends may be exhibited by the Bird River Sill
which contains a proportionately high volume of anorthos-
itic rock, a possibly late residuum as evidenced in the
altered rocks above the porphyritic gabbro, éhdvlittle if
any magnetite in the gabbros. This lack of magnetite is

further corroborated by geophysical study.



MAGNETIC STUDY OF THE BIRD RIVER SILL

Geophysical study of the Bird River Sill consisted
of magnetic susceptibility determinations and a vertical
field magnetic survey., This work was conducted primarily
on the Chrome Property (see accompanying map) which was
selected because of its extensive exposure and ease of
geologic correlation. Trial observations were also con-
ducted on the Page Property to test the validity of éx-

trapolation of results to other parts of the S5ill.,

Magnetic susceptibility

In theory the effective magnetization of a rock or
rock unit is the vector sum of remnant and induced magnet-
ization, Induced magnetization is the response of the rock
to an ambient magnetic field, and the intensity of this
induced magnetization is directly proportional to the
ambient field applied. The constant of proportionality is
termed the magnetic susceptibility and is denoted as K.

In practice the magnetic suséeptibility of a rock
may be considered as proportional to the volume percent
of magnetite in the rock (Dobrin, 1960). Ilmenite affects
magnetic susceptibility, but to a considerably lesser ex-
tent in comparison to magnetite,

Magnetic susceptibility measurements of the Bird
River Sill were conducted in situ through use of a Carey

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

in the determinations and data thus obtained are consid-
ered more representative, A complete description of this
type of appératus is given by Hood (1967).

Data were obtained systematically in conjunction
with the magnetometer survey, and also randomly on var-
ious layers or rock types in the Sill., These data are
presented in;Figure 7 which displays the range of values
observed fof the separate rock types of the Sill,

The serpentinized peridotite and pyroxenite display
high susceptibility reflecting both primary‘magnetite aﬁd
magnetite attendant with the serpentiniéation process,
The gabbroic rocks are characterized by anomalously low
values of susceptibility which in part is probably related
to the presence of ilmenite rathér than magnetite,

Chromitite and chromiferous peridotite display
susceptibility values that fall within the range of that
of the serpentinized peridotite, although the mean value
of several determinétions of the chromite bearing rocks
is considerably less than that of the serpentinized perid-
otite., The overlap in susceptibility values of these two
rock types precludes sufficient susceptibility contrast
to enable detection of the chromite bearing rocks using

conventional magnetic means.

Vertical field magnetometer survey

The vertical magnetic field survey was conducted
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with a Sharpe SM-4 fluxgate magnetometer, Measurements
were taken at 25 foot intervals on lines spaced at 40O

foot intervals., These lines were oriented across the

strike of layering in the S5Sill, and controlled through

use of vertical aerial photo enlargements (1"=330!'),

Base readings on each line were closed at half hour periods
with a common base. Drift was negligible;

Data obtained from this survey are presentéd in
Figure 8 and are shown in:superposition with the corres-
ponding geology.

The magnetic signature of the Sill is a direct ex-
pression of the magnetic susceptibility, both of which are
shown in Figure 9. The magnetic susceptibility profile is
noted to be high and variable over the ultramafic rocks,
but is essentially flat, as are the magnetic profiles,
over the gabbroic rocks.

The variable nature of the vertical field over the
ultramafic rocks masks the presence of the chromite
bearing layers, and identity of these layers was only by
direct observation. The narrow thickness (maximum 10 feet)
of the chromite bearing layers further precludes any
magnetic isolation of these layers unless a very close
station interval is maintained. The results of such a
survey would nevertheless be highly interpretive and the

detection of chromite bearing rocks fortuitous.

Correlation of geology and magnetic studies

Magnetometer surveys have been conducted elsewhere on
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the Bird River Sill in prospecting for chromite (Bateman,
1943). This work was done with a foreknowledge of the
geology, and the magnetic signature was presumably utilized
in defing the ultramafic - gabbro contact, with which the
chromite bearing layers maintain a fairly constant strat-
igraphic relationship.

The magnetic signature of the Bird River Sill can be
extrapolated to other areas of the Sill, and as a result
indirect prospecting for chromite can be carried out with
magnetic means. Such a procedure is in accord with Hawkes,
(1953), but in the specificicase ofithe Bird River:Sill.is
contradi¢ktory to his conclusions.

Study of aeromagnetic data of the Bird River - Cat
Lake area indicates the presence of significant magnetic
anomalies over segments of the Bird River Sill. Other
segments consisting of the gabbroic rocks only, lack cor-

- responding anomalies. It is suggested therefore that
hitherto undiscovered or unexposed sections of the Sill
may exist, for example in the Anson Lake area, and con-
sist only of the gabbroic rocks,lacking magnetic expres-

sion.



CONCLUSTIONS

Within the map area the Bird River Sill is intrusive
along the contact between the metavolcanic and metasedimen-
tary rocks of the Rice Lake Group. This sill, approximately
2,000 feet in thickness, was, on the basis of structural
attitudes intruded while the Rice Lake Group was essential-
ly horizontal. The intrusion of the Sill was accompanied
by the formation of a chilled marginal gabbro (Osborne,
1949), after which peridotites, now serpentinized, began
to form as cumulus rocks. Chemical data suggest that éub-
sequent change in oxidation state of the magma may have
affected precipitation of chromian spinel and later gave
rise to extensive volumes of anorthositic gabbros, Inter-
layered with the anorthositic gabbros are hornblende and
porphyritic gabbro.

Primary structures éxhibitedrinﬁdeformation, bifur-
cation of, and scour structures in the chrome bearing
layers indicate that thermal or density currents were
present in the magma. This is further corroborated by
lamination in hornblendevgabbro.v

Variation of anorthite content of the plagiocl ase
in the gabbroic rocks indicates that crystallization of
the gabbros proceeded from both the roof and floor of
- the magma chamber inwards, culminating in a zone of
alteration of these gabbros,

Faulting along the basal and upper contacts of the

Sill, and across the layering has resulted in a complex
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outcrop pattern., Contemporaneous movement on the two fault
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 Sill, with
movements of the order of 5,000 feet.

Magnetic susceptibility determinations of the gab-
broic rocks of the Sill indicate a lack of magnetite in
these rocks., The magnetic signature of the S5ill, a con-
sequence of the distribution of magnetite, is evident in
magnetometer work, and thus with knowledge of the geology,
magnetic methods may be utilized in prospecting for chro-

mite in the Bird River Sill.
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