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Micromineralogy and geochemistry of sphalerites from
Sulitjelma mining district, Norway

KISHANIAL RAI

Rai, K. L.: Mieromineralogy and geoehemistry of sphalerites from Sulitjelma mMing distriet, Norway,

Nor,k Geologisk TidssArift. Vol. 58. pp. 7-3 I . Oslo 1978. ISSN 00291 96X.

A wide range of zine-rieh to zine-poor ore hodies eharaeterizes the fammis Caledonian pyritie eoppes-

zine ore deposit of Sulitjelma. It is, however. observed that, in general. the sphalerites from the two

main assemblage types of ores in different ore budies display remarkably analoyous minor- and traee-

element geochemistry marked with comparable coneentrations of individual elements, The distrihution

of eerilun common minor elements hetween sphalerile and eo-existing iron-sulphide minerals tends to he

regular. On the erystal seale too. the sphalerites show no evidenee of physical or ehemical

heterogeneity. The impliealMns of the study in deciphering equilihration or re-equilihration of ores

dusing regional melamorphism and the prohahle optimum geoharometrie eonditions have heen

considered.

K. I,. Rai. lhpartment of Applied Geolngy. Indion School of Dhanhad - 826004. hihdr.

The Sulitjelma mining district, located at ca. 67°

N. lat. in northern Norway, constitutes a small

yet important suhprovince of the great Caledo-

nian metallogenetic province of Scandinavia. It

owes its economic significance to the occur-

rences of several pyrilic copper-zinc ore bodies

that have sustained a mining and smelting

industry in this part of the country since the turn

of this century. By 1975. the district had already

produced more than 19 million tons of raw ore,

the annual production in recent years having

heen about 360,000 tons of ore that yields about

20.000 tons of copper concentrates, 2000 tons of

sine coneentrates and 80,000 tons of pyrite (1968

figures).
The present study on sphalerites from this

important, and in many respects, representative

deposit of its type in the Scandinavian Caledo-

nides. was undertaken as a part of a larger

project dealing with demiled mineralogical and

geochemical studies of Sulitjelma ores. The

primary objective of this study is to evaluale and

assessthe physical, mineralogical, and geochemi-

cal characteristics of sphalerites belonging to

various types of ores and the ore hodies repre-

sented in this deposit. No such study seerlis to

have heen carried out so far. Limited informa-

tion hased on the analyses of a few sphalerite

samples from this deposit has, of course. heen

availahle in certain earlier publications dealing

with broad-scale studies on sphalerites from the

Norwegian/Scandinavian sulphide deposits

(Oftedal 1940, Kullerud, Padget & Vokes 1953).

2 -tg Geologisk I glsskr

The ore geology of the Sulitjelma

district

The Sulitjelma deposit lies in the central section

of the 1.5(X)km long Caledonian mountain hell

within a sequence of eugeosynclinal volcanic-

sedimenMry rocks that constitute the 'western

facies of the Caledonian geosyneline. Tectoni-

these rocks helong to the lower of the

two nappe units that have been distinguished in

Sulitjelma region. The rocks have, in general.

undergone a complex tectonic, structural, and

metamorphic history, principally during Caledo-

nian orogeny. Exhaustive accounts of all these

and various other aspects of regional geology

and tectonics are tdready availahle in (he puh-

lished literature (SjOgren 1900, Vogt 1927, Kaut-

sky 1953, Mason 1967, Nicholson & Rutland

1969, Henley 1970, Wilson 1973).

Sulphide mineralization in the region consists

of a series of stmta-hound, elongated lenticular

ore hodies that ofien lie en-echelon with their

longer axes running parallel to the preferred

odentation of the minor fold axes and linear

structures of the country rocks. These ore

hodies occur well within a single struetural unit

of the area (Wilson 1973) at or near the lower

junction of the Sulibelma amphiholites with the

underlying Fundund Group metasediments (Fig.

I). The exact nature of the geologic setting of

sulphide mineralization has received varied inter-

pretations from earlier workers 11. Vogt

1894, Th. Vogt 1927, Kautsky 1953, Wilson

1973).
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SUL1TJELMA MIN1NG DISTRICT

(NORTNERN PART)


( Mochlted alter Fr Carlson, 1924-1930)
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Two coninnon paragenetical types of rnassive
namely pyritie and pyrrhotitic types.

whose general occurrenee in the massive sul-
phide deposits of Norwegian Caledonides has
been highlighted hy Vokes (1962). are also
observed in the Sulifjelma deposit in elose
assoeialion and with widely variable propor-
tions in us different ore bodies. The pyrrhotitic
ores represent distinetly a younger mineraliza-
fion as they clearly CIII aeross the massive
stratiform pytit le ores at several places.

Mineralogically, the ores comprise prineipally
pyfite. pyirbotite, chalcopyrite, and sphalerde
that often constilule over 95'4 of the ore mass.
Onantitatise differences in the mineralogy of
various ores relate largely to the two iron-
sulphkle nunerals and to a lesser extent. to the

matrix base-metal sulphides. Other minerals
oecurring in minor- 10 trace amounts and rarely
exceeding 2 or 3 percent of the ore mass include
galena. arsenopyrite, letrahedrite. molybdenite,

dbachinawite, hournonile. and rnany other sul-
119Shosalls, I he occurrence of a multitude of Cu-.

Ag-. As-, and Sb-sulphides and sulphosalls
and silver, gold, and iintinlony as native metals
was reported hy Ramdohr (1938) from an anti-
mony-rich paragenesis at Jakobsbakken mine,
thal had been ahandoned about 30 years ago,
jfhe common gallgtle minerals observed in the
ores Jive qiiiirti. ealeite, hornhlende, kyanite. 


feldspar. and anhydrite. The ohserved textures
Jind microstructures show that the ore,, have, in
general, undergone varied effeets of high-grade
regional metamorphism.

Classification and micsomineralogy
of sphalcritcs

Sphalerite occurs as a common and imporiani
matrix sulphide next only to chalcopyrile in the
Sulirjelma ores. Considerable variations, both of
qualitative iis sseII as quantitative nature. how-
ever, eharacterize its occurrence in the different
ore types ind ore bodies conStiffiting the de-
posit.

Variations in quanfitative proportion of
sphalerile to other hase-metal sulphides in clii-
ferent ores and ore hodies of the deposil seem-
ingly find hest expression in the iiverage hase-
metal composition of the ores. Relevant data in
thus connection assembled and depicted in
iriangular diagram in Fig. 2, shows that a wide
range of zinc-rich to zinc-poor ore hodies is
represented in the deposit. No systematie fiend
in the geographie distribution of such ore hodies,
however, seems diseernihle. Ahnormally high
zinc conteni of rakohshakken ores for example.
prominently contrasts with the zinc-poor ores of
Sagmo ore hody which lies in Jin exactly similar
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Fek 2. Triangular diagram sh ng h: merai compo.nion of ores from differem ore hodies il Sel irrla depomi

geologic environment only aboul a kilometer

north of iakohshakken Mine. On the seale of an

individual ore hody. however, the variahility of

the average hase-metal composition of ores

seems to he rekitively much less. and often
restricted hetween eharacteristically narrow
limits.

In the light of the observations made as ahove.

it was considered desirahle to study the differ-
ences, if any, in the sphaleriles helonging to

different ore i ypes and ore hodies of the deposit
and subsequently evaluate t heir prohahle sig-
nificance. With this in view, detailed studies
were planned on ahout 120 samples of sphalerile-

hearing ores collected aecording to definite
sampling schemes, principally from four ore
hodies of the deposil under active exploitation.

namely Giken, Hankahakken. Charlotta. and
Hursi. Detailed megaseopic and microseopie
studies of these samples helped to evolve ihe 


following elassification on the hasis of eharac-

terislie mineral assemhltiges:

Group A: Pyrite-sphalerite :issemhlage twith no

visible pyrrhotile3

Group 13: Pyrrholite-sphalerite assenthlage Iwith

or without pyrite I.

troup C: Sphalerite-galena :isseruhlage.

Chalcopyrite oceurs as a common constiluent of

all the assemblages mentioned tthove.

Group A and R tisseruhlages represent the two
most common lypes of sphalerite-hearing ores,
tillhough gradations hetween them ttre also

present in the deposit. Typical megascopW and
morphologie charaeteristics of these ores are

depicted through representative pe eimen

pholographs in Figs, 3A and 3 11. Studies on
chaleopyrite-sphalerite ore show that it can be
remohilized equivalent to one or the other of the

two prineipal ore types. Such ore, found usually



Fig. 3A. Representative specimen photograph of massive pyritic ore at its contact with the wall roek. Sphalerite rnay be seen
infilling the interspaces of the pyrite crystal aggregates.
Fig. in. Specimen photograph displaying the contaet øf pyrrhotitic ore (Po-ore) with massive pyritic ore (Py ore),

20 • K. L. Rai NORSK GI:01()CISK IIDSSKRIFT I (197F0
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belonging to

in association with pyrrhotitic ore. however.
seems to be of limited occurrence in the deposit.

Mineralogic and textural characteristies of
different types of sphalerite-bearing ores and the
essential aspects of the micromineralogy of their
sphalerites are hriefly described below.

roup A: Pyrite -sphalerite assemblage

Sphalerite in samples of this group occurs
commonly as the principal matrix mineral oc-
cupying the interstilial spaces of the interlocked
mosaie aggregates of pyrite crystals (Fig. 4A). It
is often fine- to medium-grained the diameter of
grains commonly ranging from 0.05 mm to 2 mm
or even more.

The mineral generally appears light grey in
colour and sometimes shows a little birefring-
ence, possibly duc to strain effects. It commonly
shows yellowish and reddish internal reflections.
Lamellar twinning is exhihited by the mineral in
some of the sections (Fig. 413).

Sphalerite commonly shows mutual boundary
relations with pyrite (Fig. 5A). Fracturing due to
cataclasis. so commonly observed in the pyrite
crystals of this paragenesis. is also noted some-
times in the interstitial sphalerite mass (Fig. 5B).
thalcopyrite, though most commonly associ-
ated with sphalerite of this group, is never seen
exsolved or intergrown in it.
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Cp

Fig. 4 A (right). Sphalerite (Sp) occurring as the infilling of the interspaces of pyrite erystal aggregates in massive pyritic ore.

Magnification x50.

Fig. 4 A (left). Sphalerite (Sp)showing larnellar twinning. Associated chalcopyrite (Cp) also exhibits similar twinning. Magnifica-
tion x t00.

Fig 5A. Photomicrograph displaying typical mutual boundary relations between sphalerite and pyrite of sphalerite-pyrite

as)emblage. Magnification x 100.

Fig. 5B. Photomicrograph exhibiting large-scale fracturing of groundmass sphalerite and to a lesser extent of pyrite, both
belonging to sphalerite-pyrite assemblage. Magnification x 50.

B

t f»

'

Group B: Pyrrhofite-sphalerite assernblage


Sphalerite of this assemblage commonly occurs


as aggregates, patches or crude bands within the


pyrrhotite or chalcopyrite rich ore mass. It is


also frequently seen infilling the fractures of the


cataclastically-deformed pyrite porphyroblasts.


Larnellar twinning possibly caused by shearing


stresses during crystallization is more comrnonly


seen in sphalerites of this paragenesis.

Under the microscope, the mineral appears

grey to dark-grey in colour and shows deep-

reddish or reddish-brown internal reflections. In

some of the sections, it shows weak to distinct

anisotropism. Under high magnification, some

of the sphalerite grains are seen containing

numerous blebs or shreds of chalcopyrite in

random or vague orientation.

The mincral commonly replaces earlier gen-

eration (usually porphyroblastic) pyrite often

along its fractures and cracks (Fig. 6A). The

latter has to be distinguished from pyrite of

sphalerite-pyrrhotite assemblage which is often

characterized by perfect cuhedral shape and

freedom from effects of cataclasis (Fig. 6B). The

textural relations between various rninerals of

this assemblage, by and large, indicate con-

temporaneity of their crystallization/recrystalli-

sation (Figs. 7A and 7B).

Sphalerite belonging to remobilized-type

chalcopyrite-sphalerite ore, which is occasional-

ly found associated with pyrrhotitic ores, shows

coarse unmixing of chalcopyrite (Fig. 8A). The

unusual shape and distribution of chalcopyrite

bodies in and around (particularly near the grain

boundaries of) sphalerite of this ore, possibly
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Table. Comparison of atomic ahkorption speetrophotometrw. eleetron mieroprohe, and X -ray diffraelion data on seleetedsphaleriles from Sulitjelma mining distriet, Norway.

Ore hody Speei- Atomic ahsot plion 11leetron Mieroprohe X-ray diffraction resultsmen No. spectrophotometne Results lin Mole (71
Results 1in mole peleen0




FeS MnS Cds i otalres MnS Measured
eell
edge (A)

Apparent
mole 114
FeS

( 'aleulal;
ed eell
edge (A

Giken (;/III 2.3 0.38 0.11 2.99 1,0 0,35 5.4180 6.4 5.4174Giken 6/107 7.3 0.14 0.15 7.59 1,5 0.14 5.4164 4.1 5.4165Giken 6/37 5.8 0.04 0.14 5.88 1.3 0.02 5.4170 5.6 5.4158Giken 6/39 3.7 0.10 0.19 3.99 6.3 0.08 5.4165 4.1 5.4157Giken G/57 2.0 0.06 0.25 2.31 2.0 0 .115 5.4165 4.3 5.4157Giken G/51 9.9 0.12 0.16 0.18 1.5 0.09 5.4160 3.5 5.4154Giken G/48 3.3 0.13 0.14 3.57 6.0 0.09 5,4175 6.3 5.4176Charlolla G/102 2.9 0.14 0.21 3.25 4.0 0.13 5,4172 5.8 s 4176Charlotta C/94 6.5 0.16 0.15 6.80 4.1 0.14 5.4170 5.6 5.4165Rursi 13/7 6.2 0.12 0.17 6.49 3.9 0.17 5.4165 4.3 5.4167Flursi R/21 4.5 0.09 0.20 4.79 3.4 0.1N 5.4176 6.5 5.4170Hankahakken Hil 33.6 0.10 0.514.211.9 0.09 5.41164.3 5.4126

NORSK G1

7ohle 2. Con

()re hody an.
mine level

Giken1 100
Giken1 106
Gikeril 142
Giken( - 233
Gikent 233
Giken1 233
Giken( - 2561
Giken1 283
(liken( 351
Charlollal -
Hankahakker
Bursi

Average (of
Standard de,

bodies were carried out principally to detect and
study the microchemical zoning, or the iron-rich.
patches in sphalerite, if present. The samples
were also analysed for their iron- and manganese
content as a measure of cross-check on the

•esults of atornic absorplion spectrophotometricanalyses. I n addition, zinc- and sulphur content
of samples were also determined to provide a
check on the correction procedure.

The analyt ical work was carried out at Sentral-
institunet for industriell forskning in Oslo, with
the kind cooperation of Dr. W„,.L.Griffin, on an
A. R. I.. EMX-Model Eleetron probe microana-
lyser at 20 KV with an effective specimen
current of 0.05 MA. Standards used were ZnO,
natural pyrite, natural sphalerite and manganese
sulphide of well-established composifion kindly
provided to the author by Dr. Otteman of the
University in Heidelberg. Instrumental correc-
tions for absorption (Philibert 1963). fluores-
eenee (Read 1965). dead-time, and atomic num-
ber effect werc calculated using the Springer
Programme on the computer. Under the analyt-
ical conditions employed, detection limits were
0.02 % for iron and 0.01 % for manganese deter-
mination. In the iron-concentration range com-

encountered, analytical precision was
usually better than + 2 % of the amount present.

The results of analyses by this method have
been presented in Tables I and 4.

Unit - cell nleasurements of sphalerire. - Cell di-




mensions of sphalerite from the above-

mentioned 12 selected samples were determined
by the X-ray diffractometric method of Smith
(1955) as revised by Short & Steward (1959).
Extrapolation of these measurements on the X-
ray determinative curve of Barton & Toulmin
(1965) was then adopted to cstimate the iron
content of the corresponding sphalerite samples.
For purposes of comparison. these results ex-
pressed as apparent FeS content are incorpo-
rated in Table I side by side with the results of
atomic absorption spectrophotometric and
rnicroprobe analyses.

Comparalive stwly of analytical resultv
Comparative study of analytical restills on the 12
selected samples which were analysed hy all the
three methods mentioned above (Table 1) brings
out a fairly good agreement of the electron-probe
and atomic absorption spectrophotometric re-
sults for both the FeS and MnS content of the
sphalerites. X-ray diffraction results on the mole
pereent FeS content of sphalerites. as obtained
from the measured ce11 dimensions. on the other
hand, appear to be generally on the high side as
compared to the corresponding electron probe
or AAS results. This is presumably attributable
to the expansion of unit-cell dimensions of
sphalerites by their manganese- and eadmium
contents. In order to check this, the unit-cell
dimensions of the sphalerite samples were ealcu-
lated, using the atomic absorption spectrophoto-

7able 3. tor

Ore hody an
mine ley1e1

Gikerd 127.
Giken1 • 611
Giken( 4611
Gikerd III
(urken( .233,
('uiken( 396,
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Buryi1 i 80R /
Buryil 6OR
Hursi( 5R 1
1a kohshakke.
Jakohshakke

A Yenige tol '
Standard de

Meltic re,
Barton &

- 5.409

were x, y
CdS. and
obtained
side with
I for corni
there is gi
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difference
the limits
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ated with pynte only Ipyrrhowe heing ahornO.

sphalerites 25

)rehody and Speel-FeS MnS ( dS (ia ( N1 Pb
minele5e1 men Nomolc moIe mole PP/9 12190 PPM




Giken( 4100) (41119 3.9 0.08 0 18 7 60 20 0.11
Giken(106) 6/37 5.7 0.04 0 14 8 5)) Is 0.08
Giken( - 1421 (1/38 3.4 0.09 0.15 6 SS 20 0.01
Giken( - 233) G141 6.2 0.06 0.23 8 25 Is 0.11
Giken( - 233) 6/57 2.0 0.06 0.25




2.5 20 0.01
(iiken( --233) G/24 3.7 0.06 0.14




40 IS 0.02
Giken(256) 6/42 3.9 0.09 0 15 10 50 21) 0.02
Giken(283) G/43 4.1 0.10 0.19 1s 15 20 0.03
Giken( -351) (1/46 9.5 0.06 0.22




40 2, 0.03
( harlotlal2331 (755 5.7 0.09 0.15 15 120 15 0.02
Hankahakken H/20 1.2 0.06 0.23 10 2, 20 0.20
111051 13/7 6.2 0.12 0.17 12 110 Is 0.02

Average Cof12sampIc/51




1.8 0.08 0 18 9 54 20 0 OS
Slandarddevianon 1.9 0.02 0 04




11 5 0.03

Tobk 3. Composifion of Group-13sphaleriles as -lated pyrrhotile Iwith or wOliout pyrdel.

Ore hody and
minelevel

Speci-
men No

FeS
mole 5/

MnS

molc

Cds
rnole '7

(ia
ppm

( oNi
PPmPrm

Ph
(;.

•
(hken1 1271
Gikenl 61)
(Oken)1-61)
Gikenl III)

191)
Giken1 346)
Charkital ( 17)
Charlollal- 233)
Charlotlal -2891
Charloilal- 289)
Charlottal- 32)

ursii KOR)
Bursi1-1-60R)

5R1
Jakohshakken

Jakohrhakken

Average (of 16samples)
Slandard devialion

G/II0 3.4 0.06
(1/108 2.9 0.09
6/107 7.3 0.14
G/19 1.7 0.10
G/S1 9.9 0.11
6/74 4.5 0.16
G/IO2 2.9 0.14
(994 6.5 0.16
(974 4.6 0.19
(99 7.1 0.08
C/78 9.9 0.06
13/1 4.5 0.10
13/4 8.2 0.06
R/13 2.4 0.06
1/1 2.7 0.31
1/2 5.7 0.21

4.7 0.12
2 4 0.06


10

6
15
7

5

2

8

8

5

0
0

0

5

1
0.02 4

70 22 0.15
50 20 0.03
75 30 0.05
40 25 0.1
75 2s 0.0
611 12 0.0

110 15 0 0
75 30 0.0
95 30 0.0
65 20 0.0

200 40 0.0
75 20 0.14

120 12 0.01
120 12 0.01
65 /8 0.04
70 15 0.05

80 22 0 04
38 7 0.04

0 17
0.16
0 1S
0 19
0 17
0.15
0 21
0.15
0 15
0 19
0 11
0.17
0 20
0.20
0.22
0 19

0 17

•
metrie resnils. from the following function after

Skinner (1967):

an -5.4093 +0.000456 x + 0.00424 y +0.00202 z

were x. y. and z represent the mole percent FeS.

CdS, and MnS respectively. The results so
obtained from calculations are placed side by

side with those of actifal measurements in Table

I for comparative observalions. As may be seen,

there is generally a good agreement between the

measured and calculated cell dimensions, the
difkrences (often + 0.0003) being well within
the limits of tolerable error in the measurement

The observed agreement confirms that the iron.

manganese, and cadmium are the principal

elements affecting the cdl dimensions of sphal-

erite. It also confirms that Ihe contents of these

elements. as delected by atomic absorption
technique, largely represent their amount fixed

wilhin the lattice of the respective sphalerites.

p •

•
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Results

Iron content of sphalerites

The FeS-eontent of sphalerites belonging Io two
principal groups of ores in Sulitjelma deposit
varies, iii gencral, frorn 9.5 to 19.9 mok pereent.
the ranges of variation for the two groups
overlapping caeh other for the major part of their
spreads Fig. 9a). The range from 12 to 17 mole
ri? FeS Culters nearly 90 of (iroup-A and 75'
of Group-13 sphalerites and, therefore, largely
represerns I be composition of sphalerites of the
deposir in general.

The pattem and trend of variation of iron
content in sphalerites of the two groups of ores
may he hest studied on the scale of an individual
ore body. Accordingly, a study of Ihe ;uudysed
camples from Giken ore body. the higgest ;ind
most representative of the deposit drig. 930,
leads to the following interesting and significant
observations.

Group-A sphalerites show a variation in mole
r; IreS from 9.5 to 16.2 with an average of 13.6
and a mode of 13.9 while those while I hose
belonging to Group-13 exhibit a range from 9.9 to
17.3 mole (7; FeS with an average of 13.6 and a


mode of 12.2. Group-A sphalerites thus tend to
show relatively higher FeS-content than their
Group-B counterparts.

The pattern of distribution of iron analyses in
either group is unimodal with pronounced mode
in 12 to 14 mole FeS range. In cither group,
over 65 of the analysed samples have their
iron analyses elustered eIosely within or ;rround
the mode.

The spread of analyses is comparatively larger
for sphalerites of the pyrrhotitic assernblage.

Manganese C011 e lit

The two paragenetical groups of sphalerites
exhibit fairly distinetive and rather eharaeteristie
ranges of their manganese content. Group-A
sphalerites seem to have generally low and
relatively more eonsistent manganese content in
the narrow range of 0.02 "A to 0.07 %. Group-13
sphalerites, on the other hand, exhibit higher
manganese eontent in a wider range of 0.04 (X to
0.22 ??. Sphalerites from the Jakobsbakken ore
body show ahnormally high manganesc content,
usually exeeeding 0.2 X.

The graphic evaluation of the iron-manganese
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relationship in Fig. 10 brings out elearly discern-

ible sympathetie correlation between the iron
and manganese content of (.1].(nlp-A sphaleriles.
No such relationship. however. is visible in
Group-B sphalerites.

Cadmium content

The cadmium content of the two prineipal

groups of sphalerites varies over a character-
istically narrow range of 0.11 (7(to 0.19 '» with a
prominent modal coneentration around 0.14 `X.

Ranges of eadmium content pertaining to the
two prineipal groups of sphalerites appear to be

overlapping for the large part of their spreads.

The eadmium content of sphalerite from the

sphalerite-galena assemblage, on the other hand,

appears strikingly high, heing .thout 0.37 '; in its
;malysed sample.

Thme is no diseernible linear nor logarithmie
correlation between the iron- .1m1 cadmium

content of Group-A or Group-I3 sphalerites of
the deposit.

Other trace elements

Elements deteeted in trace amounts in almost all
the sphalerite samples of this study inelude

gallium, cobalt, nickel, silver, arsenie, and anti-
mony.'Fhe abundanees of the first three of them,

determined quantitatively appear in Tables 2
and 3. It is difficult to say how rnuch of the
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Tahle 4. Chemical composition of dilTerent paris of selecied sphalerge cryslals,

Sample
No.

Part of the crystal




Zn Fe Mn
(7,

S

Yr

(1/107 ('entral part (core) 
 57.02 8.79 0.13 34.74




Margmal part 
 56.14 8.37 0.11 35.18




Ila) 0.86 0.16 0.00 1.00




12a1 0.85 0.15 0410 1.00

(1157 Uentral part (core) (1) 583)0 7,49 0,03 33.99




Marginal part 121 58.15 7.77 0.03 34.22




(Ih) 0.87 0.13 (1,(X) 1.00




1213) 0.88 0.14 0,00 1.00

1(a) and 2(a) and 1(1)) and 2(b) represenI no. of aloms calculaled from the

analyses 1 and 2 on the hasis of 1(5).

observed abundances of these elements in the
analysed sphalerite samples should be ascribed
lo the microcrystalline particles or grains of
chalcopyrite, galena etc. that may be occurring
as minute. invisible, and inseparahle inclusions
in sphalerite, or to the copper possibly present in
solid solution with zinc. In this conneetion, two
important facts have to be taken into account:

The analytical results show fairly low concen-
tration of both copper and lead in the analysed
sphalerite samples, thus indicating minimal con-
tamination.

The abundances of the above-mentioned
microclements in the analysed sphalerites. in
gencral, fall within appreciably narrow ranges.

I t is, therefore, surmised that the observed
ahundances of the trace elements by and large
represent the amount fixed within the lattice of
sphalerite itself, and the contributions of the
impurities, if any, are almost negligible.

Unlike iron, manganese. and cadmium, none
of the trace elements mentioned above exhibit
any dependence upon the paragenetic grouping
of sphaleriles. The ranges of abundance of the
various trace clements corresponding to the two
paragenetic groups of sphalerites are found 10be
characteristically narrow and almost overlapp-
ing for the whole or the large part of their
spreads.

Sphalerite romposition on 0 crystal seale

Microprobe analyses of numerous spots repre-
senting central (core) and marginal (rim) port ions
of several sphalerite crystals in ahout a dozen
selected samples of the two principal types of
ores were carried out to examine the homo-
geneity/heterogeneity of sphalerite composit on

on the crystal scale. Representative results of
this study referring to two typical samples.
summarised in Tahle 4, exhibit nearly idenfical
composition in the core and rim portions of the
crystals thereby indicating total absence of
zoning in them and almost homogeneous chemi-
cal constitution of the sphalerites.

Following suggestions of Scott & Barnes
(1971), microprobe traverses across a few sphal-
erite grains in three polished sections of typical
ores belonging to sphalerite-pyrrhotite assem-
blage were also undemaken in order to detect the
presence of iron-rich patches, if any. No such
patch. however, could be detected in the ana-
ysed sphalerites.

Element distribution between sphalerite
and associated inm-sulphide minerals

The partitioning of some common minor ele-
ments, particularly manganese and cobalt be-
tween sphalerite and pyrite of pyritic ores on the
one hand, and sphalerite and pyrrhotite of
pyrrhotitic ores on the other. was studied on a
limited scale. The results of this study are
presented graphically as 'Roozehoom diagrams'
in Fig. Il. As rnay be seen the study brings out
fairly distinct and meaningful distribution pat-
terns. The distrihution of cobalt between sphal-
crite and pyrite. as well as between sphalerne
and pyrrhotite, shows remarkahly little scatter
of points on the diagrams. The distribution of
manganese in hoth the mineral pairs, on the
other hand, exhibits less distinct. yet stilUdeline-
able trend lowards consistency of distributional
relationship. The magrntude of deviations, of
toll rse, appears relatively more but is still within
reasonable limit of error.

•
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While it may be desirable to have many more
analytical resuhs to Study partitioning of ele-

ments, the aforesaid study possihly succeeds
within its limitations to flcius upon the discerni-
ble trend towards regularity of element parti-
tioning in the typomorphic mineral pairs repre-
senting the two ore-types.

Synthesis and discussion
The overall observations of the present study
confirm the classification of sphalerite-hearing
ores of Sulitjelma deposit into three typomor-
phic groops that have disfinguishahle modes of
occurrence mineral associations. and micro-
mineralogic and geochemical characteristics of
sphalerites. This fact is. in itself. suggestive of
the polycyclic nature and complicated history of
sulphide rnineralization in the region.

The first two groups of sphalerite-hearing
ores, represented by pyrite-chalcopyrile-sphal-
erite and pyrrhotite-chalcopyrite-sphalerite as-
semhlages, constittite over 90 r/( of the ore mass
in the deposit. They vary considerahly not only
in their own relative proportion in the average
ore mass. but also in their average chernical
composition from one ore hody to another. A hig

range of zinc-rich to zinc-poor ore hodies having
no definite pattern in their setting is conse-

quently represented in the deposit. This observa-

tion has significant hearing on the prohlem of

ore genesis in the region (Rai 1972, 1977).
In contrast to the above-mentioned picture

regarding their average chemical composition,
the two groups of ores exhibil only minor
differences, essentially of quantitative nature, in
the minor- and trace-element geochernistry of
t heir sphalerites. ranges of variation in the
content of an element in sphalerites of the two
groups of ores are overlapping for the large part
of their spreads in the casc of minor elements
like iron and manganese and cadmium and are
generally quite narrow and indistinguishahle for
trace elernents like gallium, cohah, nickel. etc.• Similarities in the pattern and trend of distribu-
tion of analytical results of iron in the Iwo groups
of sphaleriles are also striking and significant.
All these ohservations seem to he suggestive of
final crystallization or recrystallization of the
two groups of sphalerites and related ores under
almost identical physieo-chemical conditions cor-

responding possibly to the isofacial high-grade
metamorphism of ores and the country rocks.

In the Giken ore body. the sphalerites of
pyritic assemhlage exhibit a lendency to he
slightly richer in iron as compared to the
sphalerites of the pyrrhotitic issemhlage. While
this significant observation needs to be strength-
ened with a larger data base covering the entire

deposit, it may he mentioned that a similar
pafiern and trend of sphalerite composition has
been observed recently in the massive lead-zinc
deposit of Sullivan in British C olumbia, Canada
(Barton pers. comm. 1975). I I is difficult to say if
observations of this sort can he explained simply
by high (total) pressures during crystallization or
by the equilibrafion at low temperatures or even
both. As suggested hy Barton, a better explana-
tion might welI be multiple mineralization or
limited re-equilihrafion wherein the pyrite was
inert. The possihility of interactions hetween
some phases while others remained inert or
sluggish as temperatures and pressures feil has,
accordingly, to be considered. The modifying
role of lower temperature phenornena which are
capable of clouding or even destroying the

records of metastable stages also needs proper
evaluafion in this connection.

'Fhe present study on sphalerites tilso has an

important bearing on the problem related to
equilibrium control of ore formation in the
deposit. The observed textural relations of sphal-
erite and associated iron-sulphide minerals in the
two ore types indicate essenfially the co-existing

nature of the sulphide minerals concerned. The
homogeneity of sphalerile composition on the

crystal scale, as brought out by the microprohe
studies, seems to be suggesfive of effective equil -
ihrafion even on the micro scale in the ore mass
of the two ore-types. This is further suhsbin-

tiated by the observed regularity in the parti-
tioning of certain minor elements. particularly
rnanganese and cobalt, hetween sphalerite and
associated iron-sulphide minerals in the two ore-
types. The study on minor- and trace-element
composition of sphalerites further brings out a
close approach to compositional uniformity of
sphalerites of each group on the scale of an ore
body as well as the ore deposit in general. All
these micro-, macro- and mega-scale observa-
tions suggest a good degrce of equilibritim
control of ore formafion in the deposit under
study.

As shown hy Scofi c'tcBarnes (1971) and Scolt
(1973), sphalerite co-existing with pyrrhotite ;ind
pyrite may be used confidently as a geoharo-
meter in most of the geologic environments. In
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regionally metamorphosed sulphide deposits.
according to them, (his geobarometer is most
likely to suceeed because the duration and
extent of the metamorphic event offers optimum
conditions for equilibration and homogenization
of minend assemblages. Accordingly, in the
Sulitjelma deposit, where the equilihration of
mineral assemblages on all scales has afready
been surmised and is presumably an effec«,f the
regional metamorphism, the sphalerite geoharo-
meter seems io be best-suited for deciphering
the pressure conditions of deposition and meta-
morphism of ores. Paucity of adequate data
regarding the temperature conditions of ore
formation, however, circumscribes the effecrive
application of this geobarometer. Meanwhile.
some provisional estimates regarding the pres-
sure conditions may be made on the hasis of the
following available data:

Henley's (1970b) estimates regarding the up-
per limit of temperature of recrystallization of
country rocks at 550°C-000°C. this heing pre-
sumably applicable also to the ores in the light of
isofacia I nature of regional metamorphism of
country rocks and the ore deposit.

Fhe estimates of minimum temperatures in
375-425°C range, as obtained from the applica-
tion of pyrrhotile geothermometer,

.1'he composition of sphaleriles co•existing
with pyrrhotite and pyrite commonly in the
range of 12to 17mole % FeS. as observed in this
study.

.1.he extrapolation of the above data on
Ihe geobarometric curves of Seott & Barnes
11971) indicates the pressures of 4.0 + I Kb in
the deposit. While presenting this estimate tenta-
tively. it may be emphasized that the existing
composition of sphalerites in both the major
paragenetical groups of ores represent s at hesI
the optimum conditions undergone by them
during regional metamorphism and not necessari-
ly the primary conditions of ore-formation in Ihe
deposit.
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