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ABSTRAcT

_ 
'Ihre€ 

samples of Kelley Lake (Sudbury district,
Ontario) bottom sediment ayerage (in pp;) l S pt,
0.2 Pd, 0.3 Au, and 0.03 Ir. These consentrations
are in excess of the noble-metal concentrations of
common rocks by factors of 100 to 1000. It is un-
likely tlat rock weathering in the drainage basin
or input of glacial sediment is a significant contri-
butor of noble metals at these levels. Comparison
of the average noble-metal content of Sudburv
Imrpive sulfide ores with Kelley Lake sediment
does not support normal weathering of the ore de-
posits as a mailr source of noble metals. Evidence
from nickel content versus lake sediment core deoth
indicates that the Ni levels in Kelley Lake bottom
sediment reflect human activity. Such is also prob-
ably the most reasonable explanation for the-high
noble-metal levels. An analysis of a stack particulate
samplo showed significantly higher noble-metal con-
tent for all four metals than Kelley Lake sediment.
The possiblo sipifisaa.. of atmospheric loading as
a contributor of noble metals to Kelley l-ake botiom
sediment is briefly considered.

Rfsuu6

Trois 6chantillons de s6diments du fond du lac
Kelley (r6gion de Sudbury, Ontario) ont une moyen-
ne, en ppm, de 1.8 Pt, 0.2 Pd, 0.3 Au et de 0.03
Ir. Ces concentrations d6passent, dans une propor-
tion do 100 A 1000, le taux habituel de concentra-
tion en m6taux pr6cieux qui pr6vaut dans des roches
ordinaires. Il no semble pas que ce soit la d6com-
position rocheuse dans le bassin de drainage ou
I'entr6e de s6diments glaciaux qui procurent, de
fagon significative, oes niveaux de m6taux pr6cieux.
Une comparaison entre le contenu moyen de m6-
taux pr6cieux des mingrnis de sulfure du Sudbury
Irruptive et les s6diments du lac Kelley n'appuie
pas I'hypothdse qui veut que la source majeure des
m6taux pr6cieux soit la d6composition normale des
d6p6ts de minerais. La preuve obtenue en comparant
lo contenu de nickel avec la profondeur des carottes
de s6diments du lac, indique que les niveaux de Ni
dans les s6diments du fond du lac Kellev sont la
manifestation d'activit6 humaine. Telle esi aussi la
plus raisooable explication des niveaux 6lev6s de
m6taux prdcieux. ks r6sultats d'analyse d'un 6chan-
tillon de particules de cheminde indiquaient un
contenu significativement plus 6lev6 en m€taux pr6-
cieux pour tous les quatre m6taux que pour leJ s6-
diments du lac Kelley, On considdre bridvement le
fait que I'e chargement atmosph6rique contribue au

contenu de m6taux pr6cieux dans les s6diments du
lac Kelley.

(Iraduit par le journal)

INrnopucrroN

This study presents preliminary data on the
concentrations of four noble metals, pt, pd, Au
and Ir, in bottom sediments from Keliev Lake
and particulate collected from the International
Nickel Company's (INCO) 1250-foot (4l7ml
y,oke. s!ac!-_at Copper Cliff, Ontario. Kelley
Lake is in Waters and Broder Townships and
pu{y_in the city of Sudbury. It is approiimate_
ly ,?.5 miles (4 km) SSW of the i,250_foot
@17 m) stack ar Copper Cliff and atout 4.5
\i\" Q.Z km) SW of the eenter of rhe city of
Sudbury, Noble metals occur as uace consti_
tuents of the NiCu sulfide ores of the Sudburv
Irruptive. Their concentrations are usuallv in
the ppb range in ore although their distribution
is irregular and ppm levels are characteristic of
relatively _small portions of some deposits.
Through floatation concentration and smllting,
matte containing ppm levels of noble metals is
produced. Although background levels of the
noble metals analyzed in this study are known,
wil! ftrg excelrtion of-gold, only moderately
well, it is highly probabie tlat common rocks
and most soils contain noble metals in the range
0.01 tg_-l0 ppb. Noble metals are, therefoie,
potentially sensitive indicators of human acti_
vity_ involving metallurgical processes which
produce a product gentaining ppm or 100 ppb
Ievels of these metals. ThJ objective of ilur
study was to characterize Kelley Lake bottom
sediment with respect to noble_metal content.
and_to qualitatively evaluate possible .ou."."
ot these metals.

SAMpLE Drscnrprron

The f(elley I-ake samples are dredged bot_
tom sediments taken from eastern, central. and
western stations in the lake. Sampling was con_
ducted by the Ministry of thj nn=vironmenr
(Ontario) and tle analyses for Cu and Ni re-
po'rted in Table 1 were performed in Ministry
of the Environment Chemical Laboratori;;:4"
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TABLE ]. NOBLE-METAL CONTENT (IN PPt'l) OF KELLEY LAff BOTIOI.I SEDII'IENTs AND PARTICULATE FROI'1 THE INCO Iz5O.FOOT STACK

59

Sanple

K.L- l  Ke l ley  Lake,  eas t  loca t ion  1 .0  0 . l l  0 ,13

K,L-z  Ke l ley  Lake,  cent ra l  loca t lon  1 .7  0 .20  0 .27

K.L-3 Kelley Lake, west locat' lon 2.8 0.23 0.40

INCo 1250-foot stack particulate (4 June, 1973) 11 2.5 0.77

lNCo 1250-foot stack particulate, average of
l0 sanples (8 June - 13 July, 1973)
(e l ley  Lake Average 1 .8  0 ,2  0 .3

Stack particulatelKelly Lake average 6 14 3

I T Cu Ni Ni, /Cu P\ lPd Pt lAu Pt/ l r

0 . 0 1 4  1 , 0 1 6  I , 5 9 0  1 . 6

0 .020 9 ,060 20 ,000 2 .2

0 . 0 5 6  5 , 5 2 5  1 0 , 1 0 0  l , B

0 . 2 5 0
32,056 23 ,530 0 ,7

0 .03  5 ,200 10 ,56 !  2

9 6 2

9 . 1  7  . 7  7 1

8 . 5  6 . 3  8 5
' t2 .2  7  ,0  50
4 . 4  1 4 . 3  4 4

se.diment samples were provided by Dr. J. R.
Kramer, McMaster University.

The stack particulate sample was collected
from INCO's 1250-foot (417 m) stack at Copper
Cliff, Ontario. The sample was taken at an
elevation of. 267 feet (89m) in the stack. It is
a composite of 88 individual sampling points
from which 0.7354 gms were obtained. The
sample was taken on June 4th, 1973 by INCO
in collaboration with the Air Management
Branch, Ministry of the Environment. Details on
compositional characterization of similar sam-
ples are presented in the Interim Report on the
INCO 1250 Foot Stack Emission Study, Air
Managernent Branch, Ministry of the Environ-
ment, Ontario (1973). The sample was provided
by Dr. J. R. Kramer, McMaster University.

ANervtrcel PRocEDURE

The noble metals were determined by neu-
tron-activation analysis using a method de-
scribed by Crocket et al. (1968) with certain
modifications as described below.

Irrodiation - Samples of approximately 100
mg wele irradiated in the McMaster Nuclear
Research Reactor for a period of three days.
After cooling (decaying) for eight days the sam-
ples were re-irradiated for L2 hours, cooled a
further 12 hours and then processed chemically.
In the first irradiation, 2.69-day Au'o' and 74-
day Ir10' activities were induced. The second ir-
radiation was necessary to produce 13.5-hr.
Pd100.

Method - Relative to the procedure noted
above, two main modifications were involved.

1) The steps for Os and Ru were omitted.
Because of this, the initial peroxide fusion cake
from Step 1 could be dissolved in a mixture of
HCI and HNOs acids rather than water.
- 

2) Due to the high Pt/Au ratios of these
samples it was feasible to -{etermine platinum
from ttre 158 KeV 1 of Auree. This photopeak
appears in the goldar€pectrum due to the re-

action Flle8 (r, r) Pttne 
e.*irr* 

Attnn.

Thus, a specific Pt separation was not required
and Step 8 was omitted.

Counting - Beta radiation from Pd1* was
counted on a low background Geiger-Muller
counter as described by Crocket et al. (1968).
Au and Pt were counted from the L58 and 4L2
KeV photopeaks of Aultt and Autt' respectively
with a gamma spectrometer employing a Ge(Li)
detector with a resolution of 3.3 KeV and peak-
to-compton efficiency of 11:1. Irt02 was counted
with the same spectrometer using the 316 KeV
7 photopeak.

RBsur-rs

The noble-metal coirtents of Kelley Lake se-
diment and the stack particulate are presented
in Table 1.. Data for Cu and Ni on the Kelley
Lake samples and comparative Cu, Ni data on
other stack particulates are also inclu.ded in Ta-
ble 1. The stack particulate data for Cu and Ni
are the average of L0 samples collected over
the period June 8th, 1973 to July 13th, 1973.

Table 2 presents various averaged values for
the noble metals, copper and nickel content of
rocks, soils and Sudbury nickel-copper ores.
Although the nobleqretal data are limited and
in some cases highly uncertain, they serve to
indicate the unusual nature of the noble-metal
levels of Kelley tr-ake bottom sediments,

DrscussloN

Two aspects of the noble-metal data on Kelley
Lake bottom sediments are worthy of note: (1)
noble metals in Kelley Lake sediments exceed
the averages for igneous rocks by factors of
100 to 1000 (2) the proportions of noble metals
in the three samples analyzed are very consis-
tent. For any one set of metal ratios, say Ptllr,
the maximum difference between the three sam-
ples is about 4OVo, These observations place
certain restrictions on the probable sources of
noble metals in Kelley Lake sediments.

Relevant comparison with noble-metal con-
centration levels in other lake sediment is pre-
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TABLE 2. ABUNMNCE ESTIMTES FOR NOBTE METALS AI{D CU, NI IN COMI.ION ROCKS ND SUDBURI ORES

Pt (ppb)

.0 .5 (4 f

4 ( 3 ) '

Pd (ppb)

< 0 . 5 ( 2 ) '

6 (26)b

Au (ppb)

2.2(87src

4 . r  ( r 276 )c

2.3(48)c

Ir (ppb)

0 . 0 3 ' "

75(2764\n

27 (5782)n

25(355)h

t30s

689 shale
209 carb.

40d

cu (ppn) l{l (ppm)

9(6669)h  l5sAcld Rocks (mlnly
granite, rhyol lte, granodlorite)

Baslc Rocks (basalt, gabbrc)

Shales and
Carbonate rccks

S o l l s

Sudbury Irruptlve ores 106012780(55)e 90!300(54)e 3t  r56  (  5s  )e

crustal abundance estl@te based on 65 analyses. Flgure ln parenthesls ls the nwber of samles.
Reference '  (a )  Ardres-Jones  ( t968) ;  (o )  ca)c le t  ( I9 i0 ) ;  (c )  c rocket  ( rgza) j  ia j -e reen i ; " ;  e i ' ; i .  ( r924) ;  (e )  Keays  3 '  c rocket  (19 ;0) ;( f )  Rowe & S lmn;  (g )  Turek tan  & l , te iep6h i  (1961) ;  ( t )  xe iupont  t i i zq l . '

cluded by the complete lack of such data. It
is apparent, however, that a very significant in-
crease in noble-metal concentration levels is
shown by Kelley Lake sediments relative to ordi-
nary igneous and sedimentary rocks. Although
rock-abundance data are incomplete, approxi-
mate levels of 5 to O.O5 ppb are suggested by
the averages in Table 2 for noble-metal abun-
dance in common igneous and sedimentary
rocks. The Kelley Lake averages ffable 1) ex-
ceed these levels by 100 to 1000 times. The im-
plication of this comparison is that the weather-
ing of ordinary rocks in the Kelley Lake drain-
age basin or input of glacial sediment derived
from such rocks is unlikely to be a significant
contributor to noble-metal concentrations at
the levels present in Kelley Lake.

Rather than a general source, localized
sources of high noble-metal content are prob-
ably much more relevant. The Sudbury-Cbbalt
Sheet 2188 (Ontario Dept. of Mines Geological
Compilation Series) records numerous metal-
liferous deposits in the district, but onlv the
nickel-copper sulfide deposits of the Sudbury
Irruptive are known to contain high levels of
noble metals. It is difficult to estimate average
noble-metal content of these ores due to the
very irregular distribution of the noble metals
in the Sudbury ores. The averages presented in
Table 2 are computed from the data of Keays &
Crocket (1970, Table 2) and represent the
Creighton, Frood, Falconbridge and Strathcona
deposits, although about one-half the analyses
are from Strathcona. The averages presented
are arithmetic means. They are higher than the
corTesponding geometric means or modes due to
the influence of two or three samples of very
high noble-metal content. The variability of
noble metals is reflected in the large standard
deviations associated with the averages.

Weathering of Nickel Imrptive sulfide depo-
sits with subsequent collection and precipitation
of soluble species is an unlikely mechanism to
account for the noble-metal levels in Kellev

Lake sediment. The average gold content of
these sediments is four times higher than aver-
age Irruptive ore and the fr contents are ap-
proximately the same. Thus, unrealistic con-
straints are placed on Kelley I-ake as a catch-
ment basin for weathering products from the
Irruptive in respect to Au and Ir. Althougb the
average Pd levels in the Irnrptive ores are ap-
proximately five times that of Kelley Lake sedi-
ment, other evidence argues cogently against a
significant influence from weathering of Irrup-
tive sulfide deposits. Thus, Allan (1974) obtained
a very high nickel content from a surface dredge
sample only (11,050 ppm Ni), whereas much
lorrer Ni values prevailed at sediment depths
of 5 to 25 cm (4 samples taken at successively
deeper 5-cm intervals in core gave L746,99,59,
and 56 ppm Ni). These data imply that the high
heavy-metal values are recent in origin. possible
mechanisms noted by Allan (1974) whereby
human activity in the form of mining operations
might cause high metal levels in lake sediments
include introduction of tailings or tailing leach-
ates, mine effluents, or smelter airborne parti-
culate.

We shall consider the final factor, airborne
particulate, in the light of the particulate data
from Table L. If we consider the stack parti-
culate as a potential airborne fallout contributor,
then noble-metal concentrations in excess of
those in Kelley Lake sediment are required to
accommodate dilution by normal rock-fragment
detritus. As indicated by the comparison of
Kelley Lake metal averages and stack particu-
late, the latter material is 3 to 14 times higher
in noble metals than tle sediments. Other siack
particulates are also considerably higher in both
Cu and Ni than the sediment. Thus, stack parti-
culate does represent a concentrated noble-metal
source which could sustain dilution bv normal
sedimentary , detritus and still yield the high
noble-metal levels observed in Kellev Lake Je-
diment.

A further significant point is that the propor-
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tions of metals in the three sediment samples
are fairly consistent. The variation in PtlPd,
PtlAu anO nZfr ratios is 30Vo, t8Vo and 4lVo,
respectively, over the three samples in each set.
Further, the concentrations of all four noble
rnetals in any one sediment sample are either
higher or lower than all four metals in any
other sample. Thus, K.L.-3 contains the highest
Pt, Pd, Au and Ir values whereas K.L.-l is
characterized by the lowest values for the four
metals. These observations tentativd suggest a
source of rather uniform noble-metal content as
might be expected from srnelter matte. It is,
however, important to emphasize that no direct
analytical verification of the homogeneity of
stack particulate is available, our evaluation of
stack particulate being based on one sample'
Further, Kelley Lake noble-metal ratios differ
appreciably from stack particulate metal ratios'
Tilus, the ptlpO and Pt/Ir ratios in stack parti-
culates are approximately one-half those of
average Kelley Lake sediment whereas the Pt/
Au ritio of stack particulate is approximately
double that of the sediments. These differences
may be generated by reaction of particulate
witl bke waters, and may reflect largely the
relative solubilities of the mineral components
of the particulates in the rather acidic Kelley
Lake waters.

CoNcrusroxs

The noble-metal levels in Kelley Lake sedi-
ments are too high to be explained by weather-
ing and erosion of rocks in the drainage basin
oi even Nickel Irruptive ores. Iluman activity
is a more plausible agency. Some properties- of
the noble-metal content of stack particulate
support atmospheric loading as a .significant
contributory factor. Specifically' the noble-
metal soncentrations of stack particulate are
suitably high. The differences in noble-metal ra-
tios of stack particulate and Kelley Lake sedi-
ment suggest that such particulate is modified
by reaction with Kelley Lake water, or that mul-
tiple highJevel noble-metal sources are in-
volved in tne heavy-metal loading of Kelley

Lake sediment, or that stack particulates are
rather variable with respect to noble-metal con-
tent.
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