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ABSTRACT 

The ultramafic portion of the Bird River Complex (SRC) is composed of at least 

thirteen igneous units characterized by cyclically repeated unidirectional 

developments of olivine crystal habits. It has been shown that crystal 

morphologies are sensitive to the environment of crystallization (Drever and 

Johnston, 1957) and that olivine crystal shapes are mainly dependent on the 

melt's degree of supersaturation (Donaldson, 1974; Lofgren and Donaldson, 

1975). Donaldson (1976) demonstrated that the morphological complexity of 

olivine crystals in a melt is mainly a function of the cooling rate. It is 

thus proposed that the cyclically repeated increase of the complexity of 

crystal shapes observed from the stratigraphic bottom to the top or the 

igneous cyclic units in the BRe is caused by differences in the cooling rate, 

i.e., relatively rapid cooling at the top, becoming progressively slower with 

increasing depth. 

Pt and Pd concentrations vary between each cyclic unit and correlate with 

abundances of S, OIl and Ni. Chromite is generally not associated with Pt and 

Pd; however, an exception is observed in cycle 10 of the eastern cut. 

Significant inhomogeneities 1n lateral distribution of Pt and Pd within a rock 

layer are suggested by the observation of high concentrations (179 ppb Pt. 532 

ppb Pd) in a distinctive sulphides and chromite rich layer in the western 

cut. IVen higher concentrations (511 ppb Pt, 1145 ppb Pd) were recorded in 

samples taken from this layer but approximately 50 m east of the western cut. 

It is suggested that the ultramafic portion of the SRC may not be a simple 

intrusive body, but a multilayered igneous complex that contains significant 

amounts of Pt and Pd • 
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Pigure 2: General geology of the Bird River Complex and location of the 
·Chrome· property. After Trueman (1971) with modifications. 
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INTRODUCTION 

Platinum group elements (PGE) are concentrated in some stratiform ultramafic 

to mafic rock complexes in stable Archean cratons. Recent improvement~ tn 

assaying techniques and analytical detection limits (Haffty et al., 1977; 

Hoffmann et al., 1978), combined with a steady demand and relatively st.able 

prices have resulted in a surge of interest in these commodities. 

The Bird River complex (BRC) is a stratiform mafic to ultramafic rock 

assemblage of Archean age (T1nunins et al., 1985). This paper presents the 

results of a study initiated in 1982 that investigated the distribution of Pt 

and Pd in the BRC. 

I.OCATION AND GBNBRAL GBOLOGY 

The BRC in southeastern Manitoba, canada (Pig. 1) is a stratiform marte to 

ultramafic rock: complex that occurs in the north and south limbs of an nast 

plunging anticline (Fig. 2) in the Rice Lake Group of volcanic and sedimnntary 

rock~ (Trueman, 1971). In the area of the Chrome property (Fig. 3) which is 

located on the south limb of the anticline, the BRC is subdivided into a 

northern, stratigraphically lower ultramafic zone that is overlain by a 

southern mainly gabbroic rock suite (Trueman, 1971). Rocks of the BRC are 

weakly deformed and metamorphosed to the lower amphibolite facies (Ermanovlcs 

and Froese, 1978; coats et al., 1979). 

PR8VIOUS WORK 

Initially, interest in the geolo9Y and mineral potential of this area was 

generated by the discovery of Ni and CU sulphides near the northern limb of 

the BRC in 1917 (Colony, 1920; Cooke, 1922; wright, 1932). Chromite-bearing 

rock:s discovered in 1941 were considered to be part of a faulted, but 

originally continuous sill (Bateman, 1943). Subsequent investigations by 

Springer (1948, 1949, 1950), Davies (1952) and Trueman (1971) are sununarlzed 

in Trueman (1980). Bateman (1943) envisaged the BRC to have formed as a 

result of two different magmatic pulses: the first of ultramafic composit.ion, 

followed by a separate pulse of mafic (gabbroic) composition. Osborne (1949) 

- 3 -
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proposed a complex. multi-injection model, whereas Trueman (1971) and Sc:oates 

(l9S3) favored a single magmatic injection followed by in situ differentiation • 

IHVBSTlGATION TBOINlQUBS 

Three semi-continuous sampUng sections were cut across the BRC using portable 

rock saws. The western and the eastern ·cuts· were sawn across the ultramafic 

portion of the BRC, whereas the central cut was sawn across a large part of 

the gabbrolc unit (Fig. 3). These cuts provided an approximately continuous 

sampUng across the steeply dipping rocks. Despite the lack of continuous 

exposures, the cutting of numerous short sections (Fig. 3) resulted in a 

semI-continuous cross-section with only minor overlaps and gaps. The position 

and length of all gaps are recorded on the tables and graphs. 

petrographic studies were conducted on more than 200 thin sections and over 

600 polished rock slabs. Concentrations of S, CU. Ni, Au, Pt and Pd were 

determined for approximately 250 samples. Selected samples of the eastern cut 

were ctlso analyzed for Cr and several samples were analyzed for Os, Rh, Ru and 

Ir. sample.intervals were initially 2 m, however. this was reduced to 50 em 

for follow-up work. 

Chemical laborator1es, analytical techniques, detection levels and 

computational conventions used are given in the data tables. 
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PBTROGRAPHY 

Ultran:aflc rocks of the SRC consist predominantly of serpentines after 

olivine. Olivine has also been replaced by chlorite and tremolltic 

am(lhibole. Other minerals present are dlopsidlc clinopyroxene. in places 

amphiboli t ized and/or chlori tized. maqneti te. chromlte. minor ta 1 c and 

carbonate. Chromit~. normally an accessory mineral. occurs as chrom1tite 

layers within the upper part of the ultramafic section of the SRC. These 

layers have been investigated for their economic potential and a summary of 

investigations was recently published by Bannatyne and Trueman (1982) and 

Wa tson (1985). 

The original textures of the rocks are excellently preserved despite 

serpentinization (Fig •. 5). The intercrystalline matrix composed of very fine 

grained acicular and plumose mineral aggregates (chlorite?) is interpreted to 

have been devitrified glass. 

IGNI!:OUS CYCLES 

Crystal habits have received widespread attention from petrologists since 

crystal shapes are sensitive to their environment of crystallization. Orever 

and Johnston (1957) presented an excellent summary of their own and previous 

research on crystal habits of forsterit1c olivine and concluded that skeletal 

olivine crystals indicate rapid in situ crystal growth in an undercooled 

magma. More recent experimental evidence indicates that skeletal crystal 

growth can be induced in a supersaturated magma (Lofgren and Donaldson. 1975) 

and that supersaturation in a magma is generally caused by supercooling. but 

to a minor extent may also be caused by rapid decay of confining prcnsure 

and/or rapid loss of volatiles (Donaldson. 1974). Donaldson (1976) also 

established that the morphological complexity of olivine crystal shapes in a 

melt is mainly a function of its cooling rate. He also argued that skeletal 

cry~tal habits of olivine are the result of crystal growth rather than crystal 

resorption: a concept that had been previously supported by Drever and 

Johnston (1957) and by Martin and MacLean (1973). 
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Olivine crystals in the BRC exhibit repeated proqressions from simple. ovoid 

crystal habits to complex dendritic crystals with several intermediate stages 

of increasing crystal complexity. The stratigraphic base of an idealized 

ma9~atic cycle (Fig. 4) is defined as a layer of fine grained. tightly packed 

granular olivine cumulate (lensoid stage) that has an abrupt lower contact 

with skeletal (hopper) or dendritic olivine. "This type of contact is shown in 

Pigure 58 drawn from a polished rock slab of the eastern cut. However. in 

most cases the beginning of a new magmatic cycle is indicated by an abrupt 

reversal of the normal crystal habit development sequence. 

The textural stages in the idealized magmatic cycle (Fig. 4) are: 

1. Lensoid stage: This textural stage is characterized by oval to 

subrounded. small (1.6 nun average long axis) tightly packed olivine 

crystals that form a crystal supported cumulate (Pig. 4. stage 1). 

The groundmass consists mainly of devitrified glass. This stage 

ranges from a few em to approximately 2 m in thickness • 

2. Porphyritic stage: An initially subtle but eventually rapid decrease 

of crystal packing density results in a matrix supported fabric. 

concurrent with a marked growth in the size of individual olivine to 

2 - 3 mm with crystal habits. similar to those in the lensoid stage. 
is called the porphyritic stage (Pig. 4. stage 2: Parts of Pig. SA 

and upper part of Fig. 58). The thickness of this stage ranges from 

a few em to approximately 1 m. 

3. Rod Stage: This stage is characterized by olivine crYfitals 

exhibiting a pronounced elongation of one crystal axis. A common 

length to width ratio is approximately 5:1. The individual crYfitals 

are matrix supported and are well separated from each other by a 

groundmass consisting mainly of devitrif1ed glass. The rod stage 

ranges from a few em to approximately 1 m in thickness. (Fig. 4. 

stage 3) 

4. Rods with buds stage: Olivine crystals in this stage occur bafiically 

in the rod stage configuration. however, they are characteri7.~d by 

- 7 -
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the occurrence of minute' buds that mar the normally smooth rod shaped 

crystal surfaces. The transition of the rod stage to the rod with 

buds stage 1s gradual. (Fig. 4, stage 4) 

5. Horseshoe stage: Olivine crystals of the horseshoe stage are rod 

shaped olivine crystals that exhibit a pronounced curvature of their 

long axis resulting in the ·U· shaped olivine crystals. This crystal 

habit stage ranges between 1 m and several metres in thickness. 

(Fig. 4. stage 5) 
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Figure 4: Stratigraphy of an ideillized cyclic maCJlllattc unit. Textural stages 
of olivine crystals: 1. Lensoid stage. 2. porphyritic stage. 
3. Rod stage. 4. Rods with buds stage. 5. Horseshoe stage. 6 
Hopper stage. 1. Dendritic olivine. 
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Figure 5: Textures of poLished rock slabs. A. Olivine crystals of the 
lensoid stage, but several zones show a decrease of crystal packing 
density to the porphyritic stage. B. Transition from lensoid 
stage (Lower part) to porphyritic stage (upper part). C. Hopper 
sta9~ (small crystals). D. Hopper staqe (larqe crystals). E. 
Contact between two cyclic units; overlying the hopper ntaqe 
ol1vln~ of the lower cycle, are tightly packed lensoid ntaqe 
olivlnes of the stratigraphically higher cycle. 
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6. Hopper stage: olivine crystals of this stage are characterized by 

bumpy. sub rounded amoeboidal shapes with numerous embayments. 

Crystal sizes range from a few mm to 3 em. Most of the crystal 

shapes of this stage are interpreted as the basic -U- shaped 

horseshoe stage crystal. adorned by numerous buds and branches. 

(Pig. 4. stage 6; Fig. 5. C and D.) The hopper stage is by far the 

predominant texture in the aRC. Rock layers characterized by hopper 

olivine range between 1 m and 30 m thickness. The term -hopper­

olivine for this crystal shape was first used by Donaldson (1976). 

7. Dendritic olivine: These olivine crystals grow as wispy dendritic 

aggregates out of a common stem resulting in fern shaped crystals up 

to 10 em long. This type of olivine crystal was observed in only 

one. approximately 30 em thick. rock layer of the eastern cut. 

On the basis of crystal morphologies. the ultramafic part of the RRC is 

subdIvided into thirteen cycles in the western cut (Pig. 6) and thirteen 

cycles in the eastern cut (Fig. 7). The cycles range from 1.5 m to 46 m and 

average approximately 13 m in thickness. Most cycles contain several parts of 

the idealized crystal habit sequence shown in Figure 4: however. others are 

missing either because they are very thin layers or have been truncated by 

structural dislocations. 

The rock textures and crystal habits within two of these magmatic cycles 

(cycles 5 and 6 of the western cut. Fig. 6) are described for illustrative 

purposes. Cycle 5 (from approximately 52.5 m to approximately 62.2 m) is 

characterized at its stratigraphic bottom by an approximately 15 em thick 

layer of lensoid stage olivine. Olivine crystals are rounded to oval 

measuring an average of 0.28 mm in diameter and are in a tight packing with 

little or no intercrystalline matrix. An increase of crystal sizes (up to 

approximately 1 mm average diameter) concurrent with a pronounced decrease of 

the crystal packing density (ratio of crystals to groundmass approximately 

80:20) over a few centimetres leads to the porphyritic stage. 

Stratigraphically higher parts of the porphyritic stage include a few randomly 

distributed rod-shaped and horseshoe-shaped olivine crystals: however. within 

this particular cycle the rod stages and the horseshoe stage are not well 
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developed. The porphyritic olivine crystals acquire with increasing 

stratigraphic height numerous randomly oriented amoeboidal and dendritic 

appendages or outgrowths that tend to obliterate the original olivine cry~tal 

shapes. These textures characterize the hopper stage (Fig. 5C). The hopper 

stage is by far predominant in this cycle extending over approximately 9 m 

thickness. Several minor inhomogeneities in the form of lumpy aggregates of 

porphyritic olivine are recognized in this cycle. 

An approximately 10 em thic~ layer of densely packed fine grained len~oid 

olivines, overlying the hopper olivine stage with an abrupt contact, is 

consldered to represent the bottom of cycle 6 (from approximately 62.2 m to 

approximately 63.8 m). This cycle is outstanding due to its extreme 

thinness. The porphyritic stage is represented in this cycle by an 

approximately 5 em thick layer of up to 1 mm diameter olivine crystal~ with 

rounded outlines in loose packing. The upper part of the porphyritic stage is 

charucterized by the appearance of rod and horseshoe olivine that leads into 

an approximately 3 em thick layer of mixed rod and horseshoe olivines. This 

transition zone is overlain by an approximately 140 em thick layer of hopper 

olivine that is in turn overlain by lensoid olivine of the following cycle 

(cycle 7) • 

- 11 -



STRATIGRAPHY OP 'l'HB BRC ULTRAMAFIC ROCKS 

Pigures 6 and 7 depict the major stages of crystal habits within p.ach 

identified igneous cycle in the western and the eastern cut. Barring large 

scale tectonic disruptions these figures probably represent stratigraphic 

columns since the BRC is a steeply dipping rock complex. 

WBSiBRII CUT 

The western cut is 160 m lcng; however, this is not the true thickness of the 

ultramafic unit, since both the northern and the southern extremities are 

covered with overburden. Thirteen cycles have been distinguished (Fig. 6). 

one of these (cycle 10) is a troctolite that has abrupt contacts to the 

overlyluC:J and underlying ultramafic units. Both its composition and the 

abrupt contact may indicate a tectonic emplacement. A part of cycle 1'- is 

composed of subrounded fragments that are mainly of dunitic composition and 

range from grains to pebbles in size. Frequently they contain vagup.ly 

spherical chromite accumulations. A number of chromitite and pyrite fragmr.nts 

are also present. Preliminary outcrop investigations indicate thaL the 

chromltite fragments are part of a disrupted chromitite layer. The chromitite 

layer suites investigated by Scoates (1983) and Watson (1985) occur in cycle 

13. 

BASTBRN CUT 

The 200 m long eastern cut started approximately 20 m from the northern edge 

(stratigraphic bottom) of the ultramafic unit. A total of 13 cycles were 

distinguished in the cut. Parts of cycle 10 in the eastern cut are similar 

both in composition and texture to parts of cycle 12 in the western cut. It 

is at present unknown whether this distinctively disrupted and inhomogeneous 

rock layer containing rounded to subrounded fragments of chromitite, dunite 

and pyrite is continuous between the western and the eastern cut, i.e. a 

distance of approximately 700 m. This rock layer may coincide with Scoates' 

(1983) -disrupted layer suite-. 
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Pigure 6: Western cut: schematic petrography and 
magmatic cycles. A. Lensoid stage 
olivine. 8. Porphyritic stage olivine 
and clinopyroxene oikocrysts containing 
olivine inclusions. c. Thin layer of 
hopper stage olivine. D. Hopper stage 
olivine with abundant devitr1fied 
glass. I. Troctolite. P. Disrupted 
rock layer containing dunite. 
chromitite and pyrite fragments and 
spherical chromite accumulations. G. 
Rock layer including olivine of the 
following textural stages: 
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Pigure 7~ Bastern cut: schematic petrography and magmatic cycles. (See 
caption of Pig. 6 for explanation of symbols). 
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Although there are' similarities between these two cuts such as: a} the number 

and approximate thickness of cycles; b) sequence of crystal habit 

development: c) occurrence of a disrupted rock layer: and d) the chromitite 

layers occurring in cycle 13 of the ultramafic sequence. there are also 

distinct differences such as: 1) The occurrence of a troctolite layer (cycle 

10 western cut) and 2) distinct differences in the development and 

distribution of crystal habits. cycles in the eastern cut are characterized 

by a predominance of hopper olivine at the expense of all other cry~tal 

stages. whereas western cut cycles are characterized by relatively thick basal 

lensoid stage and porphyritic stage olivine and an ample development of all 

intermediate crystal stages leading eventually to the hopper staqe. Moreover, 

dendritic olivines have only been encountered in the eastern cut. 

The significance of these differences are discussed in the concluding remarks. 
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PBTROCHBMIS'l'R! AND Pt - Pd DISTRIBUTION 

Table 1 lists the major element chemistry of two rock samples from the eastern 

cut taken at 18 m and 51.8 m respectively. The samples are from the top of 

two different magmatic cycles and are made up of a network of interlocked 

hopper olivine. These rocks are thought to have undergone rapid 

crytitallization and thus have experienced little differentiation. The 

chemistry of these samples is thus expected to closely resemble the parental 

magma. 

Si02 
TiO,. 

A1203 
Fe 0 * 2 3 
MnO 

MgO 

Table 1: Major elements in weight per cent of two 

rock samples from the BRC 

BRC 18 m BRC 51.8 m BRC 18 m 

39.20 39.50 CaO 3.81 

0.15 0.17 Na~o 0.01 

5.98 6.26 K20 0.01 

10.90 11.50 P20S 0.11 

0.16 . 0.15 L.O.I. 9.45 

28.70 29.10 TOTAL 98.46 

Analysis by Bondar-clegg' Company Ltd. 

* Total Fe 

BRC 51.8 m 

3.21 

0.01 

0.01 

0.11 

8.95 

98.95 

Figures 8, 9, 10, 11 and 12 show that each cycle is characterized by 

distinctive concentrations of S, CU, Ni, Cr, Pt and Pd. Minor 

inconsistencies between cycle boundaries and chemistry are the result of 2 m 

sampllng lengths used prior to the recognition of the magmatic cycles~ in 

some places they overlap c(cle boundaries. 

Figures 8 and 9 show a close correlation between the concentrations of Pt, Pd, 

S, CU and Ni in the western cut. TWo discrete zones with high concentrations 

- 16 -

• 

~ 

'! 



, 

• 

, 

-
t -

-
I -• 

t .. 

. ' 

I 
I M\ 

10 40 .. .. ..... 
• i • : , •• , GY_ 

tlO t.e t .. 

II Ii I. Ii 

Figure 8: Western cut; concentrations of Pt and Pd versus distance from the 
base of the ultramafic unit. Location. number and thickness of 
magmatic cycles are indicated at the bottom of the diagram. 
(Hachured portion represents a sample gap). 
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of these elements are recOCJllized: a) coinciding with cycles 3 and 4: and b') 

roughly coinciding with cycles 11 and 12. Figure 10 shows the Cr 

concentrations in the western cut. Concentrations of Cr are found in cyc:les 3 

and 4 and in the lower part of cycle 5. i.e. coinciding with some the cycles 

carrying high sulphides concentrations. This correlation. however is not 

repeated in cycles 11 and 12. The close correlation between concentrations of 

S and Ni indicates that most of the Ni - above a certain as yet undetermined 

base value - is bound in sulphide minerals. The progressive decline in Ni 

concentrations above cycle 12. however. is interpreted to be caused by a 

progressive differentiation of the parental magma. A similar effect in neen 

in the Ni contents of the eastern cut (Fig. 11) from cycle 6 up. 
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CHROMl'l'I AS A PGI COLLlC'l'OR IN THB BRC 

Chromite is reported to be a good but erratic collector of PGE~ for example, 

significant enrichment in Pt, Pd and Rh in chromitites of the Stillwater 

Complex has been reported by Crocket (1979), Page et a1. (1976), and Page 

(1980). The association of PGE with chromitites of the UG - 2 and the 

Kerensky Reefs are commented on by Hiemstra (1979). Recent investigations on 

chromite specimens of the SRC by Talkington et ale (1983) identified laurite 

(Ru, as, Ir) 52 and iridosmine (as. Ir, Ru alloy) inclusions but no Pt and 

only negligible amOunts of Pd were det~cted. 

The role of chromite as a collector of Pt and Pd in the SRC is ambiguous. The 

good correlation of the Cr concentration with the other analyzed elements in 

cycles 3 and 4 of the western cut (Figs. 6, 7 and 8) reflects a coincidence 1n 

the concentrations of chromite and sulphides. Without any further 

investigations of these chromites for their contents of Pt and Pd it is 

impossible to state if and in what quantities Pt and Pd are associated with 

the chromites of these cycles. The lack of correlation between the 

concentrations of Cr, Pt and Pd of cycles 11 and 12 of the western cut (Figs. 

6 and 8) indicates that in these cycles Pt and Pd are associated with 

sulphides -only. However, in cycle 10 of the eastern cut the correlation of 

. Cr, Pt and Pd and the absence of sulphides (Figs. 11 and:12) suggests that in 

this rock layer, Pt and Pd are associated with chromite. Chromite layers in 

the stratigraphically higher cycles 12 and 13 are, on the other hand, not 

associated with Pt and Pd as evidenced ~y the absence of a correlation between 

the concentrations of Pt, Pd and Cr in these cycles (Fig. 12). 

CU/NI VS PT/PD 

It is a well known observation that Ni strongly partitions into olivine 

whereas CU tends to concentrate in the residual melt of differentiating 

ultramafic magma and that the ratio CU/Ni is therefore a good indicator of the 

degree of differentiation of a magma. Naldrett and cabri (1976) and Naldrett 

et ale (1982) suggested the existence of a negative correlation between the 

Cu/Ni ratio and the Pt/Pd ratio in sulphide-rich rocks of tholeiitic 

provenance and of low pt/Pd and CU/Ni ratios 1n sulphides associated with 
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komati1t1c rocks. However, page et al. (1980) reported Pt/Pd ratios 
, 

fluctuating with stratigraphic position and a positive correlation bct':leen 

cu/~i ratio and the Pt/Pd ratio of the Fiskenaesset complex of southern 

Greenland. 
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'lIle cuJNi vs ptlPd ratios of the western and the eastern cuts (Figs. 13, 14) 

show erratic fluctuations with a tendency to increase with stratigraphic 

height. Inspection of the Pt/Pd ratios (Figs. 15 and 16) shows only minor 

fluctuations and that much of the fluctuation in Figures 13 and 14 is due to a 

rise of the CU/Ni ratio with increasing stratigraphic height that is primarily 

attributed to a concurrent increase in magmatic differentiation. 

It is therefore concluded that in the BRC there appears to be no evidence of 

chanCjes in the pt/Pd ratio that can be directly attributed to magmatic 

differentiation. 

CHamRITB NORIW.IZBD PGI RATIOS 

'lIle ratios of PGI are supposed to be of use in characterizing the genesis and 

history of the parental magma (Naldrett et al., 1979 and 1982). Chondrite 

normalized PGI ratios (average chondrite concentrations, McBryde 1972) of 

several samples of the eastern cut and the mean of these samples are plotted 

on Figure 17. TWo of these samples (48 m, 54 m) show a strong depletion in Pt 

and Pd, respectively. Average chondrite normalized PGB ratios from the Levack 

V and the Little Stobie mines published by Hoffman et ale (1979) are plotted 

for comparison. The ratios of the sudbury sulphides and those of the BRC are 

CDmparable although the PGI concentrations in the BRC are much lower. 
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DISCUSSION 

SamplIng across most of the ultramafic unit of the ORC demonst~ated the 

existence of discrete rock layers characterized by distinctive c~ystal habits 

and elevated concentrations of Pt and Pd. Maximum Pt and Pd concentrations 

recorded were 179 ppb Pt and 532 ppb Pd: however, higher concent~ations (511 

ppb Pt and 1145 ppb Pd) were detected in samples taken from the disrupted rock 

. layer (part of cycle 12) approximately 50 m east of the western cut. 

It was shown that the ORC exhibits cyclic units, defined by unidirectional 

succ~ssions of c~ystal habits. The crystal habits are dependent on the d~grce 

of supersaturation that is mainly a function of the melt's cooling rate. 

supersaturation due to rapid loss of confinir~ pressure and/or loss of 

volatiles (Lofgren and Donaldson, 1975: DOnaldson, 1976) or due to 

inhomogeneous distribution of crystallization centres (Lofgren 1983) is 

discounted since these potential causes are expected to affect the magma mass 

equally throughout its entire thickness. The delineation of these cyclic 

units casts doubt on the previously held interpretations of the ORC as a 

sinql~ magmatic int~usion. 

Bxperimen~al evidence (Donaldson, 1976, 1979) indicates that rapid cooling (at 

least up to 800 C per hour) is necessary to induce the type of skeletal 

olivine growth observed in the upper parts of the cyclic units in a magma of a 

composition similar to that of the ultramafic part of the ORC. cooling rates 

of this magnitude are exceptional, but theoretically possible, in a magma 

chamber replenished with hot and dense fresh magma. DOuble diffusive 

convection concomitant with violent turbulence will ensue in the injected 

mag~a, if the resident magma and the injected magma are sufficiently different 

both in their temperatures and densities (Huppert and Sparks, 1980). However. 

no evidence of turbulence nor of substantial compositional differences between 

cycles have been observed. Moreover, it is difficult to envisage the physical 

configuration and the mechanics of a magma chamber that could accept repeated 

(at least thirteen) magma pulses that are then subjected to a comparable, 

relatlvely rapid cooling history. 
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An alternative model that envisages the aRC as an edifice of subaerial 
volcanic flows is tentatively proposed. The absence of additional evidence 

such as flow breccia, flow boundar-ies etc. detracts from this model; ho~cver, 

it appears much more readily to account for the repeated high cooling rates 

and the observed cyclical repetition of crystal habits. The behaviour of 

komatiitic flows has been studied recently by Huppert et ale (1984) and 

Huppert and Sparks ~1985). They report that cooling rates as high as lOOOoC 

per hour can be readily accommodated in these flows. High cooling rates such 

as these lead to large delays in the nucleation of olivine (Donaldson, 1979). 

It could be speculated that olivine crystallization may have been delayed 

until cessation of turbulence in the magma, accounting for the obncrved 
undisturbed crystal layering. However, ' much more field and laboratory work 1s 

required before the true nature of this complex is recognized. 

It is suggested that other ultramafic bodies should be investigated for 

cyclical igneous units regardless of their presumed geological nature and Cr 

minerul1zation in order to determine their PGE potential. Emphasis should be 

placed on sampling any sulphide-bearing units present • 
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BXPLORATIotl FOR PGB IN 'l'HB BRC 

PGB in the BRC appear to be concentrated in discrete rock layers characterized 

by anomalous. laterally fluctuating mineralization. Anomalous amounts of Pt 

and Pd in the western cut are essentially restricted to igneous cycles 3. 4. 

11 and 12 (Fig. 8) whereas Pt and Pd in rocks of the eastern cut show a 

diffuse distribution pattern of several rather lower peaks of concentration in 

several igneous cycle~ (Fig. 12). 

AlthouCjh superficially similar. it appears to be impossible to correlate the 

rock units of the western with those of the eastern cut. The only truly 

ca~~ feature - discountinCj the chemical composition and certain described 

petroCjraphic details - appears to be the occurrence of chromitite layer~ in 

the stratigraphically higher layers of the ultramafic unit. However, the Pt 

and Pd distribution patterns show some features that could be used in their 

exploration: 

a) the chromitite-rich stratigraphically higher layers appear to be devoid of 

Pt and Pd. (An exception is cycle 10 of the eastern cut which cont.c'ltns 

high Cr. Pt and Pd mineralization). 

b) generally low concentrations of Pt and Pd within the stratigraphically low 

parts of the ultramafic units. 

C') good and consistent correlation of Pt, Pd and sulphides. 

Exploration for PGB in the ultramafic portion of the BRC should therefore 

concerltrate on those rock layers that are located stratiCjraphically below the 

chromitite layers and contain sulphides. Identification of these rock layers 

outside of the Chrome exposure. which are generally covered by overburden and 

disrupted by faultinCj. may be facilitated by the use of a gradiometer. This 

instrument was shown by Watson (1982) to be successful in the identificat.ion 

of individual chromitite layers in the Chrome exposure. The results of this 

trial may justify the expectation of similarly useful results in areas covered 

with overburden. 
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APP!NDIX 1. Western cut ~2 m interval s!m2les} 
Rock Geochemical Data 

(ll (2) (3) (4) (5) (6) (7) (8) (9) (10) .. Sample II From To (m) H& S CO Hi Pt Pel Au Cr Fe 
t. t. ppm ppm ppb ppb ppb ppm t. 

t 
1 0 2 14.2 0.23 487 1788 10 SO 2 3650 9.21 
2 2 4 13.2 0.02 288 1323 10 34 2 1780 9.11 
3 4 6 13.8 0.03 116 1555 10 14 2 2100 9.24 
4 6 8 15.7 0.07 145 1775 10 40 3 3230 9.65 
5 8 10 16.1 0.11 257 1979 19 72 5 3030 8.96 
6 10 12 16.2 0.08 211 1825 10 69 5 3390 8.95 
7 12 14 16.9 0.06 . 83 1692 15 34 2 2880 8.35 
8 14 16 17.3 0.08 101 1856 15 30 2 5960 8.94 
9 16 18 17.4 0.07 140 1718 10 26 3 4340 8.83 

10 18 20.6 17.3 0.08 129 1767 10 18 63 3960 8.39 
11 22.6 24.6 16.8 0.05 192 1621 10 43 5 3240 9.10 
12 24.6 26.6 16.2 0.13 327 2385 41 140 10 3900 9.28 
13 26.6 28.6 16.0 0.07 116 1570 10 32 5 3150 9.01 
14 28.6 30.1 15.6 0.03 119 1477 10 19 2 3130 9.09 
15 30.3 32.3 14.2 0.03 365 1322 10 26 5 2750 8.90 
16 32.3 34.3 14.5 0.08 946 1683 39 84 8 2750 10.50 
17 34.3 36.3 13.9 0.40 1109 2467 96 343 16 8850 9.94 
18 36.3 38.3 13.4 0.13 920 1717 39 111 8 11250 9.27 
19 38.3 40.3 14.2 0.31 1448 2419 49 213 16 7850 9.62 
20 40.3 42.3 14.9 0.42 1141 2551 55 255 15 4860 9.88 
21 42.3 44.3 13.2 0.69 1953 2951 10.70 

.. 
92 364 29 11590 

22 44.3 46.3 14.6 0.26 689 2313 52 166 8 5980 8.91 
23 46.3 48.3 15.1 0.06 286 1315 22 37 8 2970 8.31 
24 48.3 50.3 15.1 0.24 719 2708 82 290 22 8560 9.08 • 
2S 50.3 '52.3 16.0 0.19 604 2717 99 291 24 10720 9.55 
26 52.3 54.3 17.4 0.06 54 1770 10 4 4 4430 9.14 
27 54.3 56.3 17.1 0.03 49 1588 10 3 2 2800 8.91 
28 56.3 58.3 16.6 ·0.03 49 1627 10 5 2 4250 8.65 
29 58.3 60.3 17.5 0.03 51 1771 10 5 2 3660 8.98 
30 60.3 62.3 16.5 0.03 47 1478 10 3 2 2560 8.79 
31 62.3 64.3 14.8 0.02 40 1398 10 3 2 1730 7.91 
32 64.3 65.7 15.6 0.02 49 1453 10 23 2 1660 7.93 
33 65.9 67.9 14.5 0.03 79 1353 10 4 2 1570 8.41 
34 67.9 69.7 13.7 0.05 135 1446 10 9 2 1170 10.50 
35 75.6 77 .6 15.1 0.09 107 1363 10 3 2 1340 8.08 
36 77.6 79.6 12.7 0.01 542 1158 10 2 5 1490 7.72 
37 79.6 81.6 10.1 0.00 93 853 10 5 2 914 7.69 
38 81.6 83.6 6.99 0.01 116 493 10 4 2 495 5.96 
39 83.6 85.6 7.61 0.02 97 481 10 5 2 50S 6.75 
40 85.6 87.6 7.01 0.01 185 575 10 13 62 510 6.47 
41 87.6 89.6 7.00 0.01 168 496 10 12 6 597 5.66 
42 89.6 91.3 7.24 0.01 159 495 16 17 2 648 5.96 
43 93.7 94.4 14.2 0.16 327 2089 24 84 4 1670 9.11 

t 
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(I) (2) (3) (4) (5) (6) (7) (8) {9} (10) 

Sample II From To (m) Mg S CU Hi Pt Pd Au Cr Fe 
ppb ppb ppb ppm !. 'l 'l ppm ppm 

44 95.4 97.4 14.2 0.19 349 2099 25 84 6 1380 8.32 

45 97 •• 99.4 17.1 0.13 328 1858 23 • 70 6 17101 8.11 
46 99 •• 101 •• 16.9 0.14 541 1930 46 163 12 1590 8.65 

.7 101 •• 103 •• 17.1 0.18 556 2042 44 135 11 1720 8.20 
48 103 •• 105.4 18.0 0.29 411 2214 27 109 9 1480 8.86 

49 105 •• 107.4 17.9 0.29 337 2214 33 152 10 1840 9.59 

SO 107 •• 109.4 18.6 0.26 447 2090 26 109 9 1600 9.22 

51 109 •• 111.7 18.6 0.38 543 2406 51 203 11 1730 10.60 

Botes: 

(1) 'the chemistry of each sample represents the composition of approximately 2m thickness of 
the Bird River Sill; variations from this norm are introduced by outcrop configuration. 

(2)- Analyses by Manitoba Enersy and Kines, Chemical Laboratory; borate fusion - atomic 
absorption (Minimum sensitivity O.l'l). 

(3) Analys.s by Manitoba Enersy and Mines, Chemical Laboratory; Leco Furnace (MinUDwn 
.ensitivity 0.01!.). 

(.) Analyses .by Manitoba Energy adn Mines, Chemical Laboratory; borate fusion - atomic 
absorption (Minimum sensitivity 5 ppm). 

(5) Analyses by Manitoba Energy and Mines, Chemical Laboratory; borate fusion - atomic 
absorption (Minimum sensitivity 10 ppm). 

(6) Analyses by Bondar-Clegg & Company Ltd.; Aqua regia-fire assay-DC plasma (KinUmwn 
.ensitivity 10 ppb). 

(7) Analyses by Bondar-Cless & Company Ltd.; Aqua regia-fire assay-DC plasma (Minimum 
sensitivity 2 ppb). 

(8) Analyses by Bondar-Clegg & Company Ltd.; Aqua regia-fire assay-DC plasma (MinilllUlll 
.ensitivity 2 ppb). 

(9) Analyses by Bondar-Cless & Company Ltd.; borate fusion-DC plall1lUl (Minimum sensitivity 1 
ppm) • 

(lO) Analyses by Bondar-Clegg & Company Ltd.; borate fusion-DC plasma (Minimum sensitivity 
0.01'1). 

Conventions: 

IS ppb Pt were assigned the value of 7 ppb Pt 
2 ppb Au were assigned the value of 1 ppb Au 
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APPDlDIX 2'. Western cut (SO cm interval samples) Rock geochemical data 

(1) (2) (3) (4) (5) (6) (7) (8) 

Sample interval M& S Cu 9i Pt Pd Au 

Sample From To ~ ~ ppm ppm ppb ppb ppb ') 

100 32.3 32.8 15.40 0.04 16 1225 IS 4 1856 

101 32.8 33.3 16.00 0.11 490 2048 30 172 2536 t 
102 33.3 33.8 17.00 0.27 2720 1679 73 272 2837 

103' 33.8 34.3 15.60 0.11 1407 1949 40 102 3160 

104 30\.3- 34.8 17.20 0.41 527 3165 69 400 3755 

105 30\.8 35.3 17.80 0.59 1460 4070 89 348 3951 

106 35.3 35.8 14.80 0.51 1971 3470 96 358 8860 

107 35.8 36.3 14.60 0.22 936 2735 66 247 12100 

108 36.3 36.8 14.40 0.18 997 2515 34 157 14080 

109 36.8 37.3 14.00 0.14 482 1953 68 150 15488 

110 37.3 37.8 15.00 0.15 791 1803 IS 56 6373 

111 37.8 ' 38.3 14.60 0.06 165 1346 27 77 12782 

112 38.3 38.8 14.60 0.15 421 2345 48 123 19987 

113 38.8 39.3 16.80 0.42 IJ54 2410 46 156 3906 

114 39.3 39.8 16.80 0.64 978 2905 109 322 3518 

115 39.8 0\0.3 14.60 0.29 1835 2305 49 170 6576 

116 40.3 40.8 15.00 0.52 1847 2705 49 194 7358 

117 40.8 41.3 16.80 0.23 656 1400 35 85 5516 

118 41.3 41.8 16.80 0.35 803 2660 132 286 5637 

119 41.8 42.3 14.80 0.25 842 2535 68 216 5048 

120 42.3 42.8 12.80 0.89 2530 4730 114 414 8972 

121 42.8 43.3 9.60 1.03 4440 4750 137 532 11693 

122 43.3 43.8 13.20 0.34 1267 2485 68 277 9746 
;; 

123 43.8 44.3 14.80 0.55 1533 2475 179 317 9031 

124 44.3 44.8 15.20 0.35 623 2130 34 117 6033 

125 44.8 0\5.3 15.40 0.36 855 2515 65 188 8800 .. 
126 45.3 45.8 15.40 0.21 545 2725 64 210 5050 

127 45.8 46.3 16.80 0.18 507 2565 50 152 4019 

128 46.3 46.8 14.40 0.04 121 1473 28 40 4695 

129 46.8 47.3 14.40 0.06 204 1322 20 48 3274 

130 47 .3 0\7.8 16.00 0.06 155 1096 15 14 2771 

131 47.8 48.3 16.80 0.14 568 1711 70 131 3108 

132 48.3 48.8 16.00 0.14 365 1743 18 67 4155 

133 43.8 0\9.3 15.60 0.26 859 2980 92 256 12573 

130\ 49.3 0\9.8 15.40 0.19 483 2875 93 350 9437 

135 49.8 50.3 15.60 0.34 831 3750 104 387 8310 

136 50.3 50.8 16.00 0.27 689 3375 104 354 13090 

137 50.8 51.3 16.20 0.36 890 4625 126 395 11890 

138 51.3 51.8 17.20 0.21 379 3375 78 191 13210 

139 51.8 52.3 18.60 0.24 389 4000 61 228 8492 

140 99.4 100.0 18.00 0.10 345 3375 81 301 1162 

141 100.0 100.5 18.80 0.13 455 2375 30 104 1369 

( 
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(U (2) (3) (4) (5) (6 ) (7) (8) 
Sample interval l!& S Cu Hi Pt Pc! Au 

Sample FrOlft To ~ ~ ppm ppm ppb ppb ppb 

II 

142 100.5 101.0 16.80 0.26 713 2625 50 165 1833 
143 101.0 101.5 19.00 0.11 507 2200 46 16<\ 1730 , 144 101.5 102.0 18.00 0.23 545 2200 47 160 1696 
145 102.0 102.5 18.80 0.33 657 2625 63 199 1496 
146 102.5 103.0 18.00 0.23 576 2875 78 228 1578 
lU 103.0 103.5 18.80 0.31 595 2750 63 155 1392 
148 103.5 104.0 19.20 0.36 352 2875 20 79 1280 
149 104.0 10<\.5 19.60 0.30 495 2400 56 213 1216 

150 104.5 105.0 19.20 0.41 481 3250 73 223 1113 

151 105.0 105.5 20.00 0.31 28<\ 2625 45 174 1759 
152 105.5 106.0 18.40 0.32 302 2400 35 145 1790 

153 106.0 106.5 17.20 0.43 518 2750 60 251 1429 
154 106.5 107.0 19.00 0.38 499 2750 31 117 1387 
155 107.0 107.5 18.40 0.26 315 1795 18 65 1328 
156 107.5 108.0 18.40 0.21 339 1983 27 74 1220 
157 1.08.0 108.5 18.80 0.24 299 1954 34 88 1193 
158 108.5 109.0 18.80 0.39 551 3000 104 317 1607 
159 109.0 109.5 18.80 0.38 661 3000 90 278 1419 
160 109.5 110.0 18.80 0.65 917 4125 123 461 1781 

161 110.0 110.5 20.00 0.26 279 1820 20 87 1533 
162 110.5 111.0 19.60 0.38 496 2750 64 211 1547 
163 111.0 111.7 20.00 0.47 520 2750 55 244 1444 .. 
164 111.7 112.0 17.80 0.22 691 2700 67 243 2937 

• 165 112.0 112.5 18.40 0.29 588 2625 51 178 1556 
166 112.5 113.0 20.00 0.21 389 2375 28 79 1538 
167 113.0 113.5 20.40 0.19 210 2125 :5 39 1643 

• 168 113.5 114.0 24.00 0.18 130 1925 22 66 1377 
169 114.0 114.5 20.40 0.23 178 2400 34 108 1415 
170 114.5 115.0 18.00 0.15 98 1900 22 41 1411 
171 115.0 115.5 21.00 0.19 70 1750 20 28 1267 
172 115.5 116.0 22.40 0.19 210 2100 23 54 1316 
173 116.0 116.5 20.00 0.16 129 2000 21 49 1375 
174 116.5 117.0 19.60 0.15 86 1900 19 30 1334 
175 117.0 117.5 20.80 0.15 110 2200 17 16 1227 
176 117.5 118.0 20.80 0.21 115 2800 16 21 1299 
177 118.0 118.5 21.20 0.16 140 1900 15 9 1270 
178 118.5 119.0 20.40 0.15 90 1950 17 25 1233 
179 119.0 119.5 19.60 0.11 78 1800 15 14 1248 
180 119.5 120.0 19.60 0.12 137 2200 15 12 1307 
181 120.0 120.5 21.00 0.22 267 2600 21 22 1233 
182 120.5 121.0 21.40 0.21 335 2500 16 15 1244 
183 121.0 121.5 22.00 0.04 33 1825 15 6 3506 
184 121.5 122.0 22.40 0.06 44 1800 16 20 3299 
185 122.0 122.5 23.20 0.20 122 2200 15 10 1572 
186 122.5 123.0 20.00 0.09 35 1900 15 5 2677 
187 123.0 123.5 20.80 0.07 37 1950 15 2 3<\34 
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(U (2) (3) (4) (5) (6) (7) (8) 
Sample interval Hg S CU 9i Pt Pd Au 

Sample From 'to ~ ~ ppm ppm ppb ppb ppb 

) 
188 123.5 124.0 21.20 0.09 38 1950 15 4 3476 
189 124.0 124.5 20.80 0.05 37 2000 15 2 3162 
190 124.5 125.0 22.00 0.03 33 1925 15 2 3437 

~ 191 125.0 125.5 20.80 0.06 44 1925 15 2 3134 
192 12S.S 126.0 22.80 0.06 44 2000 15 2 3258 
193 126.0 126.5 22.60 0.03 35 2000 15 2 3056 

.194 126.5 127.0 20.00 0.05 37 1800 15 2 2545 
195 127.0 127.5 21.60 0.03 32 1850 15 2 2163 
196 127.5 128.0 20.80 0.07 29 1825 15 2 2693 
197 128.0 128.5 22.00 0.05 32 1825 15 5 2786 
198 128.5 129.0 18.80 0.02 24 1600 15 2 2663 
199 129.0 129.5 23.20 0.04 36 2000 15 3 2397 
200 129.5 130.0 23.60 0.04 36 1950 15 2 3197 
201 130.0 130.5 24.00 0.04 32 2000 15 2 3744 
202 130.5 131.0 22.00 0.04 26 1850 15 2 4135 
203 131.0 131.5 21.20 0.04 32 1875 15 5 3367 
204 131.5 132.0 20.80 0.06 31 1800 15 3 4042 
205 132.0 132.5 22.40 0.05 28 1900 15 3 3166 
206 132.5 133.0 21.60 0.04 27 1900 15 9 3538 
207 133.0 133.5 22.80 0.04 32 1850 15 6 3217 
208 133.5 134.0 22.80 0.02 48 1850 15 3 3688 
209 134.0 134.5 21.40 0.03 63 1800 15 8 3439 
210 134.5 135.0 21.60 0.02 26 1800 15 8 4613 
211 135.0 135.5 22.80 0.02 32 1700 15 10 2728 .. 
212 135.5 135.8 21.20 0.03 38 1700 15 10 3297 
213 136.0 136.5 18.40 0.04 28 1600 15 6 8358 
214 136.5 137.0 21.20 0.02 50 1600 15 5 3687 • 215 137 .• 0 137.5 15.20 0.04 45 1250 15 5 1458 
216 137.5 138.0 24.00 0.02 55 1800 15 3 2432 
217 138.0 138.5 22.80 0.07 38 1750 15 4 11560 
218 138.5 139.0 23.80 0.05 36 1850 15 6 5660 
219 139.0 139.5 21.60 0.04 52 1700 15 5 4393 
220 139.5 140.0 21.20 0.03 41 1625 15 4 4279 
221 140.0 140.5 20.80 0.04 54 1600 15 39 4517 
222 140.5 141.0 20.80 0.03 76 1650 15 3 3117 
223 141.0 141.5 18.00 0.03 58 1450 IS 2 20,000 
224 141.5 142.0 18.40 0.04 60 1500 36 6 20,000 
225 158.0 158.5 10.40 0.02 12 700 15 2 20,000 
226 158.5 159.0 15.20 0.03 28 1150 15 3 20,000 
227 159.0 159.5 14.60 0.03 20 1150 16 4 20,000 

lotes: 

(1) 'the chemistry of each sample represents the composition of 
approximately 0.5 m thickness of the Bird River Sill; 
variations from this norm are introduced by outcrop 
confisuration. ( 

( 
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• 

• 

J 

(2) Analyses by Bondar-Clegg & company Ltd.; multiple acid 
digestion-atomic absorption. (Minimum sensitivity O.Ol~). 

(3) Analyses by Bondar-Clegg & company Ltd.; gravimetry. (Kinimum 
sensitivity O.Ol~). 

(.) Analyses by Bondar-Clegg & company Ltd.; multiple acid 
digestion-atomic absorption. (Minimum sensitivity 1 ppm) •. 

(5) Analyses by Bondar-Cleu & Company Ltd.; multiple acid 
digestion-atomic absorption. (Mintmum sensitivity 2 ppm). 

(6) Analyses by Bondar-Cleu & company Ltd.; multip Ie acid 
digestion-atomic absorption. (Mintmum sensitivity 15 ppb). 

(7) Analyses by Bondar-Cleu & company Ltd.; multiple acid 
digestion-atomic absorption. (Minimum sensitivity 2 ppb). 

(8) Analyses by Bondar-Cleu & Company Ltd.; borate fusion-DC 
plasma. (Kinimwm sensitivity 1 ppm). 

Conventions: 

15 ppb Pt vere assigned the value of 7 ppb Pt 
2 ppb Pel were assigned the value of 1 ppb Pd 
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APPENDIX 3. Eastern cut (2 m interval s!!!!!2les) 
Rock Geochemical Data 

(I) (2) (3) (4) (5) (6) (n (8) (9) 
~. 

Sample , From to (m) Kg S cu Hi Pt Pd Au Cr 

" t. ppm ppm ppb ppb ppb ppm 

( 
1 0 1.1 18.7S 0.06 88 2081 10 18 5 1834 
2 6 8.1 17.50 0.09 150 1950 10 21 39 1790 
3 8.1 10.2 14.80 0.08 124 2008 10 17 4 1514 
4 12.0 14.9 17.00 0.16 538 2240 23 59 10 2580 
5 14.9 15.6 15.00 0.23 598 2335 36 108 11 2370 
6 19.1 21.1 14.50 0.38 237 1827 10 17 439 1450 
7 21.1 23.1 14.00 0.06 186 2043 10 20 6 1859 
8 23.1 25.1 16.80 0.05 186 1999 10 12 6 n.d. 
9 25.1 27.1 17.50 0.04 156 2015 13 14 3 1465 

10 27.1 28.1 18.80 0.04 108 1951 10 17 2 1130 
11 42.0 44.5 19.00 0.16 735 2635 36 95 10 3555 
12 45.2 46.1 17.75 0.20 1400 3748 44 176 13 3730 
13 50.0 52.0 17.00 0.06 159 1984 10 22 8 1634 
14 52.0 54.0 13.90 0.03 113 1454 10 11 3 780 
15 54.0 56.0 12.40 0.07 157 1999 10 34 7 2150 
16 56.0 58.0 17.00 0.13 300 1810 10 60 7 4090 
17 58.0 60.0 17.10 0.14 363 1865 10 49 13 2639 
18 60.0 62.0 21.00 0.18 540 2505 35 97 7 n.d. 
19 62.0 64.0 19.70 0.06 147 2035 10 20 6 1636· 
20 64.0 66.0 20.00 0.09 310 2260 20 143 13 3790 
21 66.0 68.0 19.50 0.13 439 2195 14 92 15 4020 
22 68.0 70.0. 20.00 0.13 408 2300 10 79 11 3850 " 
23 70.0 72.0 19.10 0.18 580 2485 40 110 10 5493 
24 72.0 74.6 19.00 0.10 346 2010 10 44 9 2240 
25 80.2 82.2 18.50 0.10 417 2060 20 92 7 5484 4 

26 82.2 83.7 17.30 0.06· 253 1898 10 51 5 3060 
27 88.7 90.7 16.00 0.22 559 2575 37 86 16 2282 
28 92.7 94.9 17.75 0.14 328 2010 10 52 9 1760 
29 95.4 97.0 20.00 0.45 2160 3995 123 337 43 4101 
30 97 99 20.00 0.17 590 2420 66 157 21 3030 
31 99 101 20.00 0.13 298 2395 17 58 11 1909 
32 101 103 21.00 0.10 93 7305 10 40 7 3390 
33 103 105 20.00 0.10 84 2115 10 32 5 3215 
34 105 107 20.00 0.13 81 2620 10 41 6 2960 
35 107 109 18.00 0.10 100 1918 10 27 4 3434 
36 106 III 18.00 0.10 128 1962 10 27 " 3330 
37 111 113 17.80 0.10 191 1886 10 53 7 3330 
38 113 115 17.80 0.22 586 2770 69 183 11 3270 
39 115 117 16.40 0.30 1290 2845 57 146 33 2445 
40 117 119 14.30 0.33 1260 3075 49 148 24 1970 
41 119 121 13.50 0.10 290 1897 10 68 8 3432 
42 121 123 13.70 0.15 508 2063 44 107 9 1850 
43 123 125 16.10 0.07 70 1781 10 24 6 2883 

( 

( 
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(1) (2) (3) (4) (5) (6) (7) (8) (9) 
Sample , From: to (m) l!& S Cu Hi Pt Pd Au Cr 

~ ~ ppm ppm ppb ppb ppb ppm 

.~ 

44 125 127 14.70 0.05 56 1724 10 9 2 2390 
:.. 

45 127.4 136 17.90 0.09 107 2204 10 37 3 3297 

? 
46 136 137.6 17.50 0.06 99 1831 10 28 4 2780 
41 137.6 138.8 18.00 0.07 154 1722 10 38 3 2906 
0\8 138.8 141.3 20.00 0.06 123 1776 10 22 4 2430 
49 143.8 144.7 19.25 0.l1 160 2375 17 86 3 3419 
50 144.7 145.2 17.75 0.12 100 2486 20 71 2 1481 
51 145.2 146.8 18.00 0.07 60 2065 10 5 2 9115 
52 146.8 149.4 20.00 0.07 49 2015 10 27 3 4820 
53 149.4 151.9 19.20 0.05 58 1902 10 41 2 4232 
54 151.9 153.4 21.20 0.07 77 2058 10 9 2 3360 
55 153.4 154.5 20.00 0.07 67 1917 10 7 3 5194 
56 154.5 156.1 18.50 0.10 560 2092 105 222 6 8940 
57· 156.1 158.1 14.50 0.07 460 1882 79 161 5 5 .04~(10) 
58 158.1 161.4 17.00 0.04 140 1717 10 13 2 11250 
59 161.4 163.0 19.20 0.04 61 1803 10 7 4 3471 
60 163.0 167.2 18.80 0.04 52 1705 10 8 4 ·2750 
61 167.2 171.1 19.40 0.03 46 1689 10 2 2 2803 
62 171.1 173.8· 15.80 0.03 57 1617 10 3 4 2700 
63 173.8 176.9 18.60 0.04 61 1706 10 4 3 2SS2 
64 176.9 180.4 18.00 0.03 46 1599 10 3 9 11900 
65 180.4 182.1 15.80 0.01 52 1319 6 .2~(10) 
66 182.1 184.2 18.50 0.02 117 1396 18 2 2 20000 
67 1811.2 186.3 15.50 0.02 66 1386 n.d. n.d. n.d. 5.8~(10) 

- 68 186.3 188.7 13.80 0.02 SS 14211 n.d. n.d. n.d. 20000 
69 190.0 192.0 16.40 0.04 25 1381 n.d. n.d. n.d. 1.54~(10) 
70 192.0 194.0 19.00 0.03 29 1254 n.d. n.d. n.d. 3430 

,. 71 195.0 196.0 16.50 0.02 124 1207 10 2 3 9137 
72 197.5 198.5 16.20 0.02 30 995 10 2 3 14680 
13 lCJR.~ HCJ .:; 1!1.80 0.02 31 937 10 " 7 5392 

lot.s,: 

(1) the chemistry of each sample represents the composition of approximately 2 II: thickness 
of the Bird River Sill; variations from this norm are introduced by outcrop 
confisuration. 

(2) Analyses by Bondar-Cless & Company Ltd.; multiple acid disestion-atomic absorption. 
(Minimum sensitivity 0.01~). 

(3) Analyses by Manitoba Enersy and Kines, Chemical Laboratory; Leco Furnace . (Kinimum 
• ensitivity 0.01~). 

(4) Analyses by Manitoba !nersy and Kines, Chemical Laboratory; Aqua Resia-atomic 
absorption. (Minimum sensitivity 5 ppm). 

t 

) 

- 45 -



(5) Analyses by Bondar'-Clesg " Company Ltd.; multiple acid digestion-atomic absorption. 
(llinimum sensitivity 2 ppm). 

(6) Analyses by Bondar-Clegg & Company Ltd.; Aqua Regia-fire assaY-DC plasma. (Minimum 
sensitivity 10 ppb). 

(7) Analyses by Bondar-Clesg & Company Ltd.; Aqua Reg;a-fire assay-DC plasma. (Minimum' 
sensitivity 2 ppb). 

(8) Analyse. by Bondar-Clegg & Company Ltd.; Aqua Regia-fire assay-DC plasma. (Hinimum 
.ensitivity 2 ppb). 

(9) Analys •• by Bondar-Clegg & Company Ltd.; borate- fusion-DC plasma. (Kinimum sensitivity 
1 ppm). 

(10) Analys.s by Bondar-Clegg & company Ltd.; sodium bydroxide fusion-atomic absorption. 
(Hinimum sensitivity O.Ol~). 

conventions: 

10 ppb Pt were' .ssigned the value of 5 ppb Pt 
2 ppb Pd were a •• igned the value of 1 ppb Pd 
2 ppb Au were assigned the value of 1 ppb Au 
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