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ABSTRACT 

Large quantiti es of three samples of sulphide-bearing ultra
mafic rock have been collected; two from the Werner Lake-Gordon Lake 
district of northwestern Ontario and one from the Gi ant Mascot Mine at 
Hope, B. C, The latter sample is a peridotite; the other two are serpen
ti nized hornblende metaperidotites. All three samples have been crushed, 
ground, and thoroughly homogenized before being analyzed for a number 
of elements . 

The primary purpose of the samples is to provide standards 
for the determination of S and ascorbic acid-hydrogen peroxide soluble Cu, 
Cu, Ni, and Co in ultramafic rocks. Analysis for these components forms 
the basis of a geochemical method for evaluation of the ore potential of ultra
mafic rocks. Repeated determinations of the latter three components using 
a two-way analysis of variance design shows that each of the samples i s 
homogeneous for these components. The samples may also prove to be useful 
standard mater i al for other elements, such as chromium and the platinum 
metals. They have been analyzed for Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K, 
P, HzO, COz, Cr, Zn, and total Cu, Ni, and Co in addition to the components 
listed above. Bottles of each of the standards U,M, 1, U. M. 2, and U. M, 4 
are being distributed by the Canadian Standard Reference Materials Project. 

/ / 

RESUME 

Trois sortes d ' echantillons de roche ultramafique sulfuree ont 
ete recueillis en grande quantite. Deux proviennent du d i strict des lacs 
Gordon et Werner du nord-ouest de !'Ontario, et le troisieme de la mine 
G iant Mascot a Hope, en Colombie-Britannique. Ce dernier est un echan
tillon de peridoti te; les deux autres sont constitues de metaperidotites de 
hornblende serpentinisees. Ces trois echantillons ont ete concasses, broyes 
et parfaitement homogeneises avant d'(!tre analyses relativement a uncertain 
nombre d'elements. 

L'objectif initial de l ' etude de ces echanti llons est d ' obtenir des 
normes permettant de determiner leur teneur en S et en Cu, Ni et Co, 
solubles en acide ascorbique et en peroxyde d 1hydrogene. L'analyse de ces 
composants constitue la base d'une methode geochimique d'evaluation du 
potentiel mineral des roches ultramafiques. Des analyses repetees de la 
presence des trois derniers composants (Cu, Ni et Co), a l'aide d'une methode 
en deux etapes (analyse et preuve par !'inverse) indiquent que chaque echan
tillon a une teneur homogene de ces composants. Ces echantillons peuvent 
egalement (!tre utiles en tant qu' elements de normalisation pour d'autres ele
ments, tels que le chrome et le platine. On a analyse leur teneur en Si, Ti, 
Al, Fe, Mn, Ca, Na, K, P, HzO, COz, Cr, Zn, et leur teneur totale en Cu, 
Ni et Co, outre les composants precites. Des flacons contenant chacun des 
echantillons-normes, U.M. l, U.M.2 et U.M.4 sontdistribuesparleCanadian 
Standard Reference Materials Project. 





THREE GEOCHEMICAL STANDARDS OF SULPHIDE- BEARING 
ULTRAMAFIC ROCK: U. M. 1, U. M. 2, U. M. 4 

INTRODUCTION 

Recently, a geochemical method for evaluating the ore potential of 
bodies of ultramafic rock has been described (Cameron e t al., 1971). It was 
shown that samples taken from bodie s that are associated with Ni-Cu sulphide 
ores are richer in S, and in the sulphides of Cu, Ni, and Co, than are samples 
from barren ultramafic rocks. In order to measure the amount of these metals 
present as sulphides in the samples, it was necessary to us e a selective l e ach 
technique (Lynch, 1971) which dissolved t1:1e sulphides, but did not remove any 
of these metals present in the rock as a solid solution component of silicate 
minerals. 

Such s e lective leaching techniques are much more subject to inter
laboratory analytical bias than are analytical methods designed to measure 
the total element content of rocks. This is b ecause selective leaching rarely 
make s a perfect separation between the different components of the samples. 
In the case of the method used in this work, at least some of the silicate 
component of the metals is dissolved along with the sulphide fraction. Varia
tion in the strength of the leaching solution or in the conditions under which 
leaching is carried out between laboratories or from day to day within the 
same laboratory may markedly influence the amount of metal dissolved from 
a given sample. 

In the practical application of these techniques to exploration, if v alid 
comparisons are to be made between the data obtained from different labora
tories, it is important that the various sets of analyses are not analytically 
biased with respect to each other. To help achieve this we have prepared and 
have analyzed large quantities of a number of mineralized ultramafic rocks 
which will serve as standards to calibrate the r esults of different laboratorie s. 
They will. initially serve as a reference to tlie data on S, Cu, Ni, and Co published 
by Cameron et al. (1971 ). They may eventually prove to be useful standards 
for other components , such as chromium and the platinum group of metals. 

Four 150-pound samples of ultramafic rock were collected, two from 
the Giant Mascot Mine at Hope, British Columbia, and two from outcrops in 
the Werner Lake-Gordon Lake district of northwestern Ontario. These were 
crushed, ground, sie ved, and homogenized in the laboratories of the Mines 
Branch of the Department of Energy, Mines and Resources. The material 
was stored iri 130-gram bottles. Eight of these bottles, chosen at randomfor 
each of the four samples, were repeatedly analyzed for ascorbic acid-hydrogen 
peroxide leachable Cu, Ni, and Co. The resulting data have been examined 
by analysis of variance techniques to estimate the homogeneity of the material 
between bottles and to measure the day-to-day and within-day analytical varia
ance. Sulphur; total Cu, Ni, and Co; and the total content of certain other 
major and trace components have also been determined, but less exhaustively. 
Two of the samples (from the Giant Mascot Mine) resembled each other quite 
closely in Cu and Ni contents. One of these samples has, therefore, been 
discarded. The followin g description will be for the three sample s that were 
retained. 

Original manuscript submitted, December l, 1971 
Appr ove d for publication, December 17, 1971 
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A numb e r of persons have take n part in th e co llection, pre paration, 
and analysis of these samples. Their contr ibuti on is listed below. Th<' as
sistance of the managements of G iant Mascot Min e s Ltd., and o f Conso lidat ed 
Canadian Faraday Ltd. in obtain in g the sample mater ial is gratefu lly acknowl
edged. 

Samp l e co ll ec tion: M. Larose. 

Sample preparation: R. P. Bailey, D. E . Pickett, L. E . Shah eC' n, ( Min<'s 
Branch); C. C. Durham. 

As co rbi c acid-hydrogC'n p e roxide t e a c hable metals: J. J. Lynch, 
Mrs. A. Ma c Laurin. 

Atomic absorption analysis for total C u, N i, Co, /,n (A.A.S.1, in Tabl e 2): 
J. J. Lynch, Mrs. A. Mac Laurin. 

Va ri ous determinations (A. A. S. 2, Tabl e' 2; CodC'S 2-5 , Table 3): 
S. Abb e y, J. L. Bouvier. 

Direct-reading em issi on spectrometry: R . Horton. 

Description o f thin s ec tions: T. N. Irv ine . 

Descr ip tion o f polished s ect ions: C.R. McLeo d. 

Analysis of va rianc e : E. M. Cameron, D. Hobbs. 

Bottles containing approximate ly 130 grams of e ach of the thr ee stan
dards may be obtained at a cost of C. $45. 00 p e r set , including cost of deliv
e ry by air, fr om : 

Dr. A. H. Gilli e s on, 
Canadian Standard Refe rence Mate rials Project, 
Mineral Science Division, 
Mines Bran c h, 
D e partment o f Energy, Mines and R e sources, 
5 55 Booth St re et, 
Ottawa KIA OE8, Ontario. 

SAMPLE COLLECTION 

Sampl e U. M. I (lat 49 " 28'; long. 121 ° 30') This sample was take n from an 
outcrop of p e ridotite, with disseminated sulphides, imm C'd iate ly n o rth o f the 
main shaft of the Giant Mascot Mine at Hope, British Columbia. The outcrop 
is part o f a large p e ridotite stock, about l. 5 square miles in ar ea. 

Sample U . M. 2 and U. M. 4 These sample s were t aken from small l e nticular 
masses of p eridot ite that occur along a major east -we st fault zone in the 
Werner Lake district of northwestern Ontario. Sample U . M. 2(lat. 50° 27'; 
long. 94° 52') was t aken from a small mineralized intrusion beside the mouth 
o f a creek that flows from the north into the eastern end of Werner Lake. 
s,.mple U. M. 4 (lat. 50° 28'; long. 95° 01 1 ) was taken from a surface outcrop 
in the immediate vicinity of the shaft on th e northwest co rner of an island o n 
Almo Lake, to the west of Werner Lake. 
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SAMPLE PREPARATION 

The sampl e s we r e kindly pr e pare d by t h e Mine s Branch of the 
D e partme nt o f Ene r gy, Mine s and R e s ourc e s. Large, unwie ldy blocks o f 
sample w e r e first broke n to fist-si ze piece s with a sledge hamme r. The 
sample was the n proc e ss e d to 1/4-inc h c hips by a "Chipmunk" c rushe r with 
st ee l jaws and the n t o a coarse powde r by a ve rtical steel con e gr inder . The 
sample was th e n split into 25-pound c harges and e ach was rolle d in a ste e l 
ball mill for fi ve hours. The powder fr o m the ball mill was si eve d to -200 m e sh 
through a continuous fee d v ibrating stee l scree n, and the oversize r e turne d 
for ball milling. Evl'ntually, all of the sample was r e du ce d to - 200 m e sh. Tl1 e 
e ntir e sampl e , o f approximately 150 p ounds, was then loade d into a rotating 
st0e l con e drum b l e nd e r with mixing blade s. It was roll e d for e i ght hours to 
comple td y h omoge ni ze t h e sample . The p owd e r wa s the n sample d and bottled 
immediatf'ly fr om the drum. All o f the u ltram afi c samples w e r e tr e ate d ide n
t i c ally and quit e s e parate ly. 

During sample preparation s o m e iron and alloy e l e m e nt c ontamination 
was intr odu ced , parti c ularly fr om the stee l grind in g balls. Mino r zinc con 
tamination may have b een introduce d when the co ars e sample c hips pass e d 
through a galvan i ze d metal sample collector. 

DESCRIPTI ON OF MINERALS EXAMINED IN THIN SECTION 

Sample U. M. I This r ock is a p e ridot it e consisting of 80-85 % o livine, 3-5% 
o r th opyrox e ne (br o n z it e ), 5% augite, 5% pale y e llow hornble nde , 5-10 % sul
phide s, and I % c hromite . The ro c k has a cumulate -type t e xture, with closely 
pa c k e d, subhe dral g rains of o livine surrounde d by interstitial to slightly 
p o ikiliti c pyr oxe n e s, hornble nde, and sulphide s. Chromite occurs as small, 
e uhedral grains, s o m e as inclusions in the o li vine. The r e appears to b e lit
tle alt e ration o f the ro c k . 

Sample U. M. 2 This distinctly bande d rock originally consiste d of about 30 % 
olivine, 10 % hypersthe ne, 45% hornble nde, 5% s emi - opaque olive-green spine!, 
and 5 % opaques, mainly sulphides. The olivine is now mostly altered to 
gree nish y e llow s e rpe ntine , with veinlets of s econdary magne tite. The pyrox
e n e and the hornble nd e grains t e nd to be e l ongated paralle l to the banding and, 
together w ith the o liv ine , show mutual inte rfe r e n ce textures. The o ve rall 
fabri c and mine ral assemblage of the sample indi cate r e lativ e ly high grade 
(amphibo lit e faci e s) m etamorphism of a primary ultramafic rock, perhaps a 
picri te. The sample is best classifi e d as a s erp e ntiniz e d hornblend e 
m eta p e r idotit e . 

Sample U. M. 4 T h e rock was originally comp o s e d of about 30 % olivine, 55% 
pale h ornble nde , 10% hyp e rsthene , 5% dark o live - g r een spine !, and minor 
sulphide s. The o livine is now completely altered to pale s e rpe ntine; s econdary 
magnetite is present, but is comparatively rare; and a small amount of talc is 
pr e s ent. The o l ivine was appar e ntly g ranular; th e pyroxe n e is som ewhat 
poikilitic; the spine ! grains are commonly almo st spherical; and the hornble nde 
occurs in fin e g rains with mutual inte rference boundarie s. The r e is no 
mark e d pr efe rred or ient ation of the m inerals, o r conspicuous banding . Like 
the previous sample this rock has formed by high g rade metamorphism of a 
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pr imary ultramafic rock. It may similarly be classified as a serpentinized 
hornblende metaperidotite. 

DESCRIPTION OF OPAQUE MINERALS EXAMINED IN POLISHED SECTION 

Sample U. M. l Sulphides commonly occur as elongated, multiphase, grains 
up to 1 mm in length that are usually irregular in. shape and are interstitial 
to the silicate minerals, Pyrrhotite is the most common constituent of these 
grains, usually with associated pentlandite that occurs as subhedral grains, 
or as flame-type inclus ions, or as intergrowths that range in size from a few 
microns to nearly 0. 5 mm. Many of the grains of pyrrhotite and pentlandite 
also contain some chalcopyrite. There are some grains composed of 
chalcopyrite-pentlandite, with no pyrrhotite, but these are rare . Grains of 
monominerallic sulphide are, most usually, chalcopyrite. This mineral also 
occurs as a fracture filling w ithin silicates or interstitially between them. 
Sulphide grains 2-3 microns in diameter are present, but are rare . They lie 
within the ~ilicates or w ithin chromite. Their composition could not be 
determined by optical methods. However, composite grains . of pentlandite
chalcopyrite, less than 10 microns in diameter, were observed. 

Chromite is the most common oxide; it occurs associated w ith the 
sulphides, or interstitial to the silicates, and as inclusions uptoafewmicrons 
in diameter within silicates. The maximum grain size is about O. l mm. 
Magnetite is present, associated with the chromite, but it is rare. 

Sample U. M. 2 The sulphides are disseminated through the sample, com
monly interstitial to the silicates. The maximum grain size of the sulphides 
is about O. 5 mm. These grains consist of intimately associated violarite, 
pyrrhotite, chalcopyrite, and pyrite. Both the pyrite and pyrrhotite show 
evidence of alteration to marcasite and goethite, and violarite presumablyhas 
replaced pentlandite. Many of the sulphide grains have associated magnetite, 
commonly as crosscutting veinlets or as fracture fillings. Sulphide grains 
a few microns in diameter, and too small to be identified optically, occur 
disseminated within the silicates, but this occurrence is relatively rare . 

Magnetite is commonly found as inclusions within chromite grains 
and as veinlets and fracture fillings in chromite and the sulphides. It also 
occurs as thin wispy films between the silicates and along fracture planes 
within them. Individual chromite grains are up to l mm in diamete r, and as 
well as containing the abundant inclusions of magnetite noted above also contain 
some multiphase sulphide inclusions. Most of the chromite shows evidence 
of fracturing, with thin sulphide inclusions along, or at the junction of frac
tures; hence they should be readily released by crushing and grinding. 

Sample U. M. 4 Sulphide grains, that range up to 1 mm in length, are gener
ally interstitial to the silicates, and are concentrated primarily in a band 
3-5 mm wide that crosses the section. Magnetite shows a close association 
with the sulphides, apparently the result of replacing the latter, The sulphides 
present are violarite, chalcopyrite, pyrite, pyrrhotite, pentlandite, and 
marcasite, with the violarite having replaced pentlandite, and the marcasite 
having replaced the pyrite and pyrrhotite. Tiny specks of sulphide, up to a 
few microns in diameter, lie within silicate minerals, commonly along grain 
boundaries of the silicates. 
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The section examined has one cluster of about 20 chromite grains, 
plus a few other isolated grains. They range up to 1. 3 mm in size and a few 
contain sulphide inclusions, some of which are onlyafewmicrons in diameter. 

ANALYSIS OF ASCORBIC ACID - HYDROGEN PEROXIDE 
SOLUBLE COPPER, NICKEL AND COBALT 

For this analytical method it is desirable to estimate the short term, -A>r with
in batch, error variance; and the long term, or between batch, variation. 
For a material to be used as a chemical standard it is essential to estimate 
its homogeneity. These three conditions have been measured for each element 
in all the samples by repeatedly analyzing this material. This has been done 
in a fashion that allows the interpretation of the data by a two-crossed class
ification, with replication, analysis of variance design (Bennett and Franklin, 
1954, pp. 368-379): 

x = µ. + s . + 11. + "· . + € •. ija i J lJ lJa 

For each element in each standard there are determinations, Xija• 

where i = 1, .... 8 different bottles of each standard; j =first and second 
batches; and a = first and second replicates in each batch/ bottle cell. In the 
above equation Si is the variation due to sample inhomogeneity between bottles; 
11j is the analytical variation or bias between batches; "-ij is the interaction 
effect measuring the variation due to particular combinations of bottles and 
batches; and eija measures the variation between replicates. This latter 
quantity can be considered to be the analytical variance for identical sample 
material anal yzed in the same batch. 

Eight bottles of each standard were chosen at random from all bottles 
of each standard. Two 100-mg aliquots of sample were taken from each of 
these bottles and analyses for ascorbic acid-hydrogen peroxide soluble Cu, 
Ni, and Co following the method described by Lynch (1971 ). All samples 
were analyzed on the same day using the same bottles of chemical reagent, 
constant instrument settings, and the same working curves. The entire 
procedure was repeated the next day to produce a second batch of results with 
a different set of sample aliquots from the same bottles, new reagent solutions, 
and different instrument settings and working curves. The two day's work 
thus produced 32 determinations per element per sample. 

The results of the analysis of variance are given in Table 1. The 
analytical \rariance of replicates within batch/bottle cells (MSE) is satisfacto
rily low. If these variances are expressed as a coefficient of variation Cxy 
for element x in sample y: 

Cxy 

100. MS
1
/
2 

~. xy 

Xxy 

they vary between 1. 6 - 5. 1 %. The low ratios of mean squares between bot
tles, MSB• to error mean squares, MSE, expressed as FB with 7 and 16 
degrees of freedom, shows there is no sample inhomogeneity between bottles 
for the three components measured. FB values less than unity for 7 of the 
9 columns may indicate some deviation from randomness in analyzing the 
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samples. The ratios F 0 with 1 and 16 d eg r ee s o f fr ee dom indicate that there 
is a significant differe n ce for more than half o f the sampl e / e l eme nt combina 
tions be tw e en analys e s made on diffe r e n t batches. The ratios F 80 b e tween 
the inte raction m ean squar e and erro r mean square ar e l ow, indi c ating that 
there is no analytical v ariati on due to inte ract i on between bottles and batche s. 
Becaus e F BD is so l ow it may b e d e sirable to poo l the inte r act io n sums o f 
square s and the e rro r sums of squares to form the d enominator in the ratios 
giving F B and F D (Dixon and Mass e y, 19 57, p. i 68 ). Whe n this was d one, 
the new F ratios did not affec t any of the conclusions given above. 

In summary, the r e sults o f this exp er iment show that the standard 
mate rials ar e h o m ogeneous for the components measur e d, but that the r e is 
signific ant analytical bias between s o m e determinations ca rried out on differ 
e nt batche s. The d egrees o f bias may be gauged by comparing the mean 
e l e m e nt v alu e s for e a c h day listed in Table 1. The maximum differ e nc e 
b e tween batche s is 7. 4% o f the ave rage amount pr esent for Co in U. M. 4. 

ANALYSIS FOR OTHER CO MPONENTS 

In Table 2 are liste d the total metal analys e s for Cu , Ni, Co, and 
Zn . The form e r t wo m etals have been inde p e ndently d e t ermined by thr e e dif
f e r e nt analytical m e tho ds. M e thod A. A. S. 1 invo lve s d ecomposing the sam
ple s with a mixtur e of HF, HN03 and HCl04, followed by diss o luti on and 
m e asur e m e nt on an atom i c absorption spectrometer. The values given in 
Table 2 are the ave rage of fi ve such analy s e s. For m ethod A. A. S. 2 the 
sample was decomposed with a lithium metaborate flux (Abbey, 1970), fol 
l owe d again by m e asure m e nt on an atomic abs orpt ion spectrometer . The 
results for th i s method are bas ed on two s e parate analyses. The third m ethod 
e mployed was X -ray analysis, for which the sample s were first fus ed with 
lithium tetraborate and lanthanum oxide . C. A. A. S. sulphide o r e was us e d 
as a primary standard for all three methods using the foll owing valu es : 
Ni 14, OOO ppm, Gu 8200 ppm, Co 510 ppm. F o r Ni and Cu the thr ee s e ts of 
data ar e in good agreement. 

Table 3 contains data for a variety of major and minor e l e ments. 
The se data ar e included for general informatio n; insufficie nt wo rk has been 
c arried out on these compone nts f o r the d ete rminati ons to be con s idere d as 
standard values. Si, Ti, Al, Fe, Mn, Mg, and Ca have been determined by 
two diffe r e nt laboratorie s. In the first the sample s were fus e d wit h a lithium 
t e traborate flux containing stabilize rs and inte rnal standards and sparked on 
a direct -reading spect rometer using a Danielsson tape mac hine . Three anal
yses were ave rage d t o prov ide the data in column (a) of Table 3 . In the 
s econd laboratory a var ie ty o f gravimetric, color imetric, and atomic absorp
tion proc e dur e s were e mploye d. The r e sults are bas e d on singl e ana lys e s. 
The chemi c al measurements for t otal ir on and for M gO are consis tently l ower 
than the data from the e mission spectrome ter. Otherwise, agreement is 
good. Excepting for the data taken from Table 2, the r emainder of th e v alue s 
in Table 3 are based on single analyses by a var i e ty o f chemical pro cedur e s. 
The oxidation state s of ir on in the sample s w e r e not m e asur ed because o f the 
interfering e ffe c ts of the sulphides. 
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