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INTRODUCTION 
Exploration  for platinum in British  Columbia is hampered 

by a lack of data on its distribution and behavior in the 
surficial environment. To obtain some of the information 
required and suggest practical guidelines  for  exploration,  this 
study,  involving  systematic  sampling  and  analysis of soils 
and other media in the  vicinity of a platinum deposit in the 
Tulameen district of southwestern British Columbia, was 
initiated in 1988 (Fletcher. 19x9). Preliminary  results of work 
in progress  are described. 

DESCRIPTION OF THE STUDY AREA 

LOCATION AND ACCESS 

Tulameen River, approximately 25 kilometres west of Prince- 
The field area, on Grasshopper  Mountain  north of the 

ton, is divided into the main study area, on the  southern  slope 
of the mountain, and  a second, smaller  area near the  summit 
(Figure 6.2- I ) .  The lower part is accessible by pack trail from 
the Tulameen River road. Several  kilometres of recently 
constructed  drill  road  on the north and  west sides of 

g e o l o g y ,  Tulameen ultramafic c o m p l e x .  B . C .  
Figure 6-2-1, Location of the study areas and generalized 

(1)  Nicola Group (2) syenogabhrn. (3) dunite. (4) olivine 
clinopyroxenite,(5) homblendr~linopqmxenite. (6)rnyloni- 
tic rocks. (7) Eagle  granodiorile (modified after Nixon  and 
Rublee. 1988). 

Grasshopper  Mountain connect with the  Lawless 'Creek 
forestry  road  and provide access  from both the  village of 
Tulameen and the  Coquihalla Highway. 

BEDROCK GEOLOGY 

dissected  dunite core of the Tulameen ultramafic complex, a 
Grasshopper Mountain is the  northern  segment o' the 

Late Triassic zoned  Alaskan-type  ultramafic-gabbroic  intru- 
sion within metasedimentary  and  metavolcanic  rocks c,f the 
Upper Triassic Nicola  Group.  Geology of the complex, 
described by Findlay (1969) and  Nixon and Rublea (1988). 
comprises a  dunite core surrounded by crudely  concentric 
shells of olivine  clinopyroxenite,  hornblende c h o p r o x -  
enite  and  gabbroic  rocks  ((Figure 6-2-1). 

The  focus of the  current  study is within the dunite :ore. 
The dunite is typically Fine grained, extensively sepen- 
tinized, and  weathers buff-brown  on exposed  surfaces "lati- 
num mineralization is restricted  to  chromite-rich  dunite 
(Nixon e t a / . ,  1989; St. Louis er a l . ,  1986). Platinic  chromite 

Cliff  Zone  area (Bohme, 1987) of Grasshopper Mountaln,  as 
is best exposed in the summit region and in the sub\ertical 

randomly  distributed  massive to discontinuous pods, segre- 
gations.  schlieren and disseminated grains.  Schlierel  are 
randomly  distributed thrcmughout the  dunite  and  are  thought 
to represent  foliation-concordant  remnants of former  cumu- 
late layers  (Nixon and Rublee, 1988:1. Several con-s of 

central region of the cor'?  (Bohme, 19x7). but till-covered 
mineralization have beer1 defined within the  well-exposed 

areas  are  largely  untested. 

platinum-iron alloys and platinum antimonides  occurring as 
Platinum-group  minerals  (PGMs)  include  several 

euhedrdl to subhedral  inclusions within chromite grains, as 
anhedral  platinum  arsenide  (sperrylite) interstitial to chro- 
mite grains, and platinum as a solid solution in native c8,pper 
(St.  Louisetal., 1986: Nlxonetal.,  1989). Nickel  sulphides 
include pentlandite, violarite,  and possibly millerite. PGMs 

to 120 microns have been observed. 
are  typically  less than 30 microns in size, although  gmins  up 

PHYSIOGRAPHY ANI) SURF'ICIAI. GEOLOGY 

Thompson Plateau in its transitional zone with the Cascade 
Grasshopper  Mountain  lies on the w,estem margirl ,-rf the 

Mountains. The flatter  topography of the summit region,, 
with a  maximum elevation of IS00 metres, is dceply dis.. 
sected by the steep forested S ~ O ~ K S  of  the. Tulameen Riv8:r and 
its tributaries.  Prominent  cliffs and sparsely  forested  scree 

ldegroot
1989



SAMPLE MEDIA LOCATIONS AND C-HORIZON SOIL PLATINUM CONTENT 

TILL 
a 2.0 - 1 1.3  ppb 

0 11.4 - 23.1 ppb 

0 23.2 - 128.3 ppb 

0 > 128.4 ppb 

COLLUVIUM 

23.2 - 128.3 ppb 

> 128.4 ppb 

0 BOG SAMPLE SITE 

@ STREAM  SEDMENT SAMPLE S r E  

* PLATINUM  OCCURRENCE 

LIMIT OF C-HORIZON  COLLUVIUM 

4 
N 

Secondary Study Area f 
1445 

Figure 6-2-2.  Sample  locations  and -70 mesh  C-horizon-soil  platinum a m e n t .  Grasshopper  hlounrain.  Tulameen. B.C. 
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slnpes  occur on the southeast  and  southwest faces of the 
mountain ahwe the  Tulameen  River  and  Britton Creek.  The 
mountain.  with  stands of niature  Douglas fir, i \  largely 
unlugged  near  the  study areas. 

tion (Rice.  1947) and the forested slopes of Grasshopper 
The region was ice-covered  during the Pleistocene  glacia- 

Mountain  are nuw Inantled with glacial t i l l .  Near the summit 
[hi\ is thin and  discontinuous.  and  disintegrating bedrock 
locally  forms  near  residual  coils. I n  this vicinity glacial  striae 
indicate a south-southwesterly  direction of ice movement. 
There is a thick  pnstglacial  apron of  actiYe  \Cree below the 
cliffs (Cliff Zone) on the  southeast  face of the nmuntain  and 
on the western slopes till is buried by stabilized  dunitic 
colluvium Fluvial  channel  deposits  are  exposed i n  roadcuts 
a t  two localities. At one site  three soil parent materials - t i l l .  
fluvioglacinl nutwash and  colluviuni ~ were ohserved. At 
lower elevation\,  tluvioglacial  sediments are exposed in the 
valleys of the Tulameen River and its tributaries. 

main study area and there  are  pcrched hog\ on the summit. A 
Small  seepage-zone  hoes  occur in the lower part  of the 

sniall intermittent  stream. GrasshopperCreek.  tlnwsthrwgh 
the area into the Tulameen River. 

DISTRIBUTION OF SOIL PROI'ILES 
TABLE 6-2-1 

ACCORDING  TO  STUDY A X E A  AND  PARENT  MATERIAL, 
GRASSH0PPE:R MOUNTAIPI;. R.C. 

Studl) Area Sludy Area Total 
Main Secondary 

Till 3X I1 
Culluviurn 25 

19 
21 

DlSTHIBCTlOM OF SAMPLE MEDIA 
TABLE 6-2-2 

GRASSHOPPER MOUNTAIN. B.C. 
ACCORDING  TO  STUDY AREA. 

Study Area Study Area Told 
Main Secondary 

SOILS 

Soil development.  limited hq high relief and  active COIL 
luvial processes, i \  generally .ju\enile.  The thickness 11f 

surficial LFH hi~rizc~ns  seldom  exceeds a  few  centimetres. 

units(unst;lbleci~llu\iuni, steep fmestedslope\. and base-of- 
The main study  area  has  three principal physiographic 

\lope  area\) each with distinctive soil types. Unstable c n -  

are  absent.  although a t  some  sites  dnwnslope of serpentinite 
Iuviuni is characteriLed by orthic rrgo\ols. Genetic  horizons 

i ~ u t c r ~ ~ p s  the fines  content  increases with depth and there is an 

exhibit a rangr of soil types with humo-ferric  pod7ols  and 
orange-hrnwn surfice c n l ~ ~ r a t i ~ n .  Steep  forested  slope\ 

minor  orthic regmols predi~minating i n  the east  and  eutric 
hrunisols in the west. Development of near-residual  hru- 
nisdic soils is mmst prnnounced  on  gentler \lope\ and  ridges 
and on the \umniit  area  whcrc cnlluvial act i \ i ty is minor. 
Relati\,ely flat base-of-slope xens  are characterized by 
seepage  zones.  small  bogs  and  gle)\olic sl~ils. 

SAMPLE COLLECTION, PREPARATION, 
AND  ANALYSIS 

SamLE COLLECTION 
Soils.  stream  \ediments and ahsociated hanks.  hogs  and 

waters were sampled  (Tables 6-2- I :wid 2) .  Soils were profiled 
and  sampled i n  76 pits dug i n  the ~ W O  separate  study  areas 
during 1088 and I Y X Y  (Figure 6-2-21, Duplicate  samples of 

mineral hori7on\.  Snil pcdms were classified  according to 
IO 111 15 kilograms  each were typically  collected  from 

thr Canadian  System nf Snil  Classification  (Agriculture 
Canada  Expert  Comnlittee  on Soil Survey.  1987). 

Stream  sediment\ were collected at apprnximately 100- 
nietre intervals from swen sites  along  Grasshopper  Creek. 
Moss-mat  samples were also  collected. if present.  and  hank 

Gt~olo,qicrrl F i~ l r l~vork  1989, Paper 1990~1 

samples were taken at five of the site!.. Bog-centrr  and 
]marginal samples were takm  from three  hogs. Followirlg the 
spring  snownielt i n  I'XY. water\ were sampled and pH 

Waters  were filtered to <0.45 micron and acidified with 
measured at stream  sediment  sites,  hogs ;and some soil pits. 

hydrochloric acid in the fidd. 

SAMP1.E PKEPAKATION 

tive split of all C-h~~r i z r~n  \oil, stream sediment, mos,c-mat 
Preparation o f  samples involved wet sieving a reprerenta- 

and bank samples to obtain  a -70 mesh (<212 micr~msi 
fraction. Two-hundred-gram  splits were then  taken wi:h a 
Jones  riffle  and  ground to approximately - 200 mesh in a 
tungsten  carbide  ring mill.  Ground LF:H and dried hog 
samples were ashed in a mufflc furnace at 700°C'. 

ANALYTICAL TECHNIQUES 
Samples were analyzed for three  groups of elements  and 

ma.jor element  oxides at a  commercial laboratory. 
(I) Pt-Pd-Au-Rh by lead-fire assay on 10.0 gram subsam- 

ples  using an ICP-MS  finish in 1983 and ICP-A135 i n  
1989.  For  platinum  concentrations €eater than IO ppb 
analytical  precision, Ihased on duplicate analysts. is 
better  than ? 20 per  cent at the 95 pzr  cent  confidence 
level 

( 2 )  As-Sb-Bi-Ge-Se-Te by hydride  generation. A 0.5 gram 
sample  was  digested with 3 millilitres 3: 1.2 HCI-HYO,. 
H 2 0  at YS"C for  one hour  and  diluted to 10 millilitres 
with water. Hydrides are then determined by ICP-.4ES. 

( 3 )  Whole-rock  analysis. f i  0.2 gram  sample was fused with 
LiBO?, dissolved in I00 millilitre:; nitric acid. and 
analyzed  fnr Si, AI, Ff,, Mg, Ca, Na. K,  Mn. Ti, I?. Cr, 
and Ba by ICP-AES Loss on isnition  was . ~ l s o  
determined. 

:il3 



'LATINUM DISTRIBUTION ULTRAMAFK: TLL I 
J ULTRAMAFIC AND NON-ULTRAMAFIC  TILL 8 16 - 3 0  ppb 
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Figure 6-2-3. Distribution  of  Platinum (A) and  Cr,O, (B) in ultramafic  and  non-ultramafic t i l l .  main  study  area,  Grasshopper 
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Au-Rh as above.  Platinum content of waters was determined unaffected by outliers, give a better  approximation of typ cal 
Ashed LFH and organic samples were analyzed  for  Pt-Pd- colluvium (120 pph) is comiderahly greater. Median YdILes, 

at the  Geological Survey of Canada, Ottawa, Ontario. concentrations of platinum - 7.5 pph in non-ultramafic l i l l ,  
36 ppb in ultramafic till,  and 88 pph i n  colluvium.  The 
maximum  concentration (81:5 pph) is  in colluvium below ,one 

RESULTS of the Cliff Zone platinum (occurrences  (Figure 6-2-41, 

C HORIZON SOILS 

soils on till and colluvium  parent  materials  are  shown in 
Preliminary  analytical  results of the platinum content of 

Figure 6-2-2.  Mean and median concentrations of platinum 
and  selected elements are given in Table 6-2-3.  

C H R O M I U M  

platinum. Thus, colluvium has the grea.test mean Cr:O, 
Distribution of chromiurn is generally  similar to that  of 

content (0.33 percent) whereas  soils on ultramafic  ande:rotic 
tills have mean  contents of '0.20 per cent and 0.07 per  cent, 
respectively (Figures 6-2-3 and 4; Table 6-2-3). However, on 
a  more  detailed scale, there  are differences. For example, 
within the  area of ultramafi': till a  zone of higher  chromium 
values  lies  downslope and to the  southeast of an arm of 
relatively high platinum wlues. Similarly,  although an a r m -  
alous  chromium value coincides with the  maximum platinum 
concentration of 885 pph in colluvium below the  Cliff Zone 
(Figure 6-2-4), the chromiulm anomaly  ext'snds  considerably 
farther,  following  a general trend  for chromium contenl of 
colluvium to increase downslope. 

TILL COMPOSITION 

Two distinct  non-overlapping till populations of MgO 
concentrations  occur in the main study  area below and 

boundary between the  two is shown in Figure 6-2-3. The 
adjacent to the colluvium.  The south-southwest-trending 

population in the western half (If the area  has a mean MgO 
content of 16.51 per cent  and is associated with generally 
higher values of platinum and chromium.  The second  popu- 
lation, in theeastern  halfofthe area.  has  a mean MgOcontent 
of 5 . 6 0  per cent.  These  are  considrred  to he predominantly 
ultramafic  and a non-ultramafic exotic till,  respectively. OTHER ELEMENTS 

are  summarized in Fable 6-.2-3. The most notable features 
Concentrations of palladium, gold, arsenic  and an t imny 

are: ( I )  concentrations of palladium  are  generally  less  than 5 
pph except in soils  derived from ultramafic  till; ( 2 )  similar 
average  arsenic  concentrations in soils on all  parent  materials 
with 90 per  cent of the values being greater  than 10 ppm. 
High  arsenic  values,  up to 411.5 ppm,  are found  downslope of 
the showings in the  Cliff Zone; (3) the  three to four times 
greater  gold  content of colluvial parent material from .he 

PLATINUM 

Contour values for  platinum were determined  using  log 
probability  plots to separate lower (2.0-1 I .3 pph) and upper 
(23.2-126.3 pph) platinum  populations in soils on tills (Fig- 
ures 6-2-2 and 3). These populations  generally  correspond to 
soils  derived from the ultramafic and non-ultramafic tills, 
which average 52 and 9 pph platinum, respectively, in the 
main study  area (Table 6-2-3). The mean platinum content of 

MEAN,  MEDIAN.  AND  RANGE OF PLATINUM  AND  OTHER  SELECTED  CONSTITUENTS OF C-HORIZON  SOILS 
TABLE 6-2-3 

ACCORDING TO PARENT  MATERIAL.  GRASSHOPPER  MOUNTAIN. ILC. 

NON-ULTRAMAFIC TILL 
Main Study Area 
( " = 2 1 )  

ULTRAMAFIC  TILL 
Main Study Area 
( n =  171 

ULTRAMAFIC TILL 

A r e a ( n = X J  
S r u o n d q  Sl"d> 

Mi" 
M 

Ma\ 

9. I 
7.5 

20 
2 

4.0 
3.0 

15 
2 

7.9 15.2 
6.0 14.3 

2 8.1 
34 23.2 

0 . 9  
I .n 
0.5 
1.8 

s.m 0.117 
5.44 0.05 
3 . ~ 6  0.03 
8.23 0.16 

4.66 
4.75 
3.13 
5.51 

2.64 
2.58 
2.34 
3.211 

5 2 . 8  
36.0 

311 
16 

8.4 15 .8  

21 52.5 
2 5.3 

x.n 13.1 
0.3 

0.1 
0.8 

0.2  

0.4 
0.4 
n. I 
0.8 

0.6 
0.5 

16.51 0.20 

28.73 0.29 
10.45 0 . 1 2  
16.25 0.19 

I .27 
1.13 
0.85 
2.08 

x 

Min 
M 

Max 

x.9 
6.5  

48 
2 

3.71 
3.61 

5.58 
I .88 

x 

Mi" 
M 

M U  

158.1 

455 
42 

89.0 
7.0 
2.5 

36 
2 

5.1 18.5 
4.1) 15.6 

I 7 .4  
I O  30.5 

13.84  0.28 
13 .21  0.26 
IO.M 0.12 
19.06 0.51 

3.28 
3.46 
I .24 

I .72 
I .83 
I .06 
2.29 4.48 

I .73 
I .90 

21.0 21.3 
18.5 15.x 

24.16 0.33 
23.29 0.32 

COLLUVIUM 

(" = 251 
Main Study Arcit 

Min 
M 

Max 

120.0 
88.0 

2 .6  
2 .0  

0.83 
0.85  

n..u 
n.:x 

X85 
24 2 

5 56 56.3 
2 1.5 0.2 

I .2 
0.35 
3.29 

0.08 
1.44 

x = mean 
M = median 
Mm = minimum value 
Max = maximum value 

Geologicul Fieldwork 1989, Puller 1990-1 



PLATINUM DISTRIBUTION IN C-HORIZON COLLUVIUM 
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Figure 6-2-4. Distribution of Platinum (A) and Cr,O, (B)  in C-horizon colluvium,  main  study  area.  Grasshopper  Mountain. 
Tulameen. B.C. 
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Cliff Zone (average 21.0 pph with up to 54 ppb in serpen- 
tinized material)  compared to soils on tills; and (4) antimony 
values ( I  . 2  - I .X ppm) in the  seepage zone at the base of the 
main study  area that are three t n  six times  greater than those 
upslnpe. 

LFH HORIZON SOILS 

from  the  secondary  study  area  where a zone of high LFH 
Up to I67 ppb platinum has been obtained in  LFH horizons 

platinum values appears to be indicative of the  underlying 

colluvium  contain  up to 141 ppb platinum.  Elsewhere plati- 
mineraliration.  The few LFH horizons  sampled  from  active 

num cnntent nf LFH horizons is low (typically  less than 10 
ppb) and erratic.  The data have not yet been evaluated for 
contamination by mineral matter. 

STREAM  SEDIMENTS  AND  WATERS 

Platinum  concentrations in stream  sediments  from 
Grasshopper Creek  range  from 8 to 91 pph (Table 6-2-4). 
Associated  moss-mats  contain 8 t(1 47 pph platinum. Mobt 
stream water and seep samples at lower elevations contain 

the  summit  area contain I .3 - 3.5 parts per trillion platinum. 
less than I part per trillion platinum. However, samples from 

DISTRIBUTION OF PLATINUM I N  STREAM  SEDIMENTS 
TABLE 6-2-4 

AND  MOSS-MATS,  GRASSHOPPER CREEK. 
GRASSHOPPER  MOUNTAIN. B.C.  

6 
5 53 

7 41 
20 

x 32 

1 1  20.2 
47 

25 5 
IX.1 4I .X 

M 
G 

BOGS 
Two bogs in the lower till-covered part of the main study 

area  contain up to  9 ppb platinum and a hog i n  the  summit 
area contains up t n  21 ppb.  On the basis of very limited data, 
greater  concentratinns of platinum  appear to be associated 
with bog-margin than bog-centre sites. Concentrations of 
antimony (0.8 to 4. I ppm) in hogs are  similar or slightly 
higher than those in base-of-slope  soil samples. 

DISCUSSION 

the Cliff  Zone  clearly  reflects its origin in  mechanical 
The high chromium and MgO content of colluvium below 

weathering and mass wasting of the dunite cliffs. However, 

Gro/ogicu/ Fieldwork 1989, Puper 1990-I 

MgO concentrations  (average 24. I6 percent) in the -70 r n s h  
colluvium  are  appreciably Inwer than an average of 42.8.3 per 
cent for the dunite, based on analyses tsy St.Louis el a/. 
(1986). It is not clear to what extent  tnis is a result of 
weathering. In this context, platinumconcentrations (averlge 
I20 ppb) in active colluvium  are very similar to estimate:; of 
48 to 180 pph  platinum in dunite, serpenl.inized dunite :and 
serpentinite (St. Louis e r a l . ,  1986). Chromitic dunite, with 
an average platinum conterlt of 3410 ppb (St. Louis e! dl., 
1986) is the  most likely source of the highest platinum value 
(885 pph) in colluvium. 

Based on a south-southwesterly  direction for ice mcve- 

concentrations of MgO and chromium in tills from both the 
ment and composition of the dunite, the relatively high 

summit  area  and  the western part of  the main study area 

dunitic  material.  Conversely, lower concentrations of both 
indicate that they contain relatively high proportiors of 

elements in tills in the east(:rn part of the area  are probably 
indicative of their lower dunite  cnntent  and greater compnsi- 
tional influence of rock  units to the north or  northe,rst. 
Determination of MgO and chromium  content in soils nay  
thus prnvide a useful method of delineatlng glacial disper- 
sion, and  mixing and dilution of material derived from the 
dunite core. In this case platinum  concentrations in s ' i l s  
could be evaluated against soil  chromium or  MgO values 
(Figures 6-2-5 and 6) .  The presence of complex, composite 
soil profiles where shallow  colluvium (updope  source) w;er- 

routine soil sampling may result in erroneous interpretations 
lies till (up-ice  source) suggests that withnut  adequate  (care, 

of anomaly  contrast and prnbable source. 

platinum are not clear. However. arsenic  and  antimony con- 
The relationships between the remaining elements md 

centrations might, in part. be related to the platinum w e n -  

during  weathering. Relatkely high values of antimorn), in 
ides and antimonides in the  dunite and their redistribution 

base-of-slope and hog samples may indicate some hydro- 
morphic  dispersion  for  this element. Above average con- 
centrations of gold in serpentinized  colluvium  are  consislent 
with lithogeochemical  results  obtained tty St.Loui5 C I  a l .  
(1986). 

300 I . . I 

. i .  0 .  . . .. 
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" 8 2  0 0 3  005 0 1  n *  0 3  o s  
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Figure 6-2-5.  Pt (ppb) versus Cr,O, (%) in coIIuviuI* 

(circles). 
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CONCLUSIONS 

dominant processes influencing distribution of platinum in 
Glacial dispersion and post-glacial mass wasting are the 

the  vicinity of platinum occurrences on Grasshopper Moun- 
tain. Platinum  content of soils, ranging  from 2 to X85 ppb, is 
strongly  dependent on the  amount of dunite in the soil parent 
material. This  can be estimated  roughly from soil MgO  and 
chromium  contents.  The  presence of composite  till- 
colluvium soil profiles necessitates  careful  sampling  for 
correct interpretation of geochemical  patterns. 
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