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VALERIYA ALEKSEEVNA SUVOROVA¥*

TEMPERATURE DEPENDENCES OF SULFUR ISOTOPE FRACTIONA-
TION FACTORS BETWEEN SULFIDES (EXPERIMENT AND IMPLICA-
TIONS)

(Tabs. 4)

Abstract Elementar synthesis of pairs of molybdenum, lead, zinc,
antimony, tungsten sulfides as well as of the galenite-herzenbergite pair
have been carried out under controlled conditions. The temperature de-
pendences were established for heavy sulfur isotope refractionation bet-
ween the above sulfides and applied to the Losen ore field, Eastern Rho-
dopes, Bulgaria.

The sulfur isotope composition of sulfides from the productive galenite-
-sphalerite-chalcopyrite mineral assemblage from the Losen deposit was
determined. The temperature of deposition of major metallic sulfides
at the metal deposition stage were estimated. A decrease in the sulfur
isotope content from + 7 to 4 3%, is related to the temperature drop
from 350 to 250 °C in the course of evolution of the hydrothermal system.

Pe3tom € : B KOHTPONMPYEMBIX YCJIOBMAX ObLIM CHMHTE3MPOBAHBI M3 DJIEMCH-
TOB MOMApPHO Cyabchuast monubjeHa ¢ cynphuiami CBMHLA, UMHKA, CYPMBbL,
poJiphpama, a Tak ke napa raneHuT-repueHbepuT. ITonyueHbl TEMNEPATYP-
HBEIE 3ABMCHMMOCTH NEpPEpacnpeAcICHMA THXENOro M30Tona CCpel MEKAY yKa-
JAHHBIMM CYJIb(MAAMH, KOTOPBIE MCIIOAL30BAHB HA NpHUMePe JIO3EHCKOTO Py~
HOTO mojisi 8 BocTounsix Pogonax (Bosarapus). ONpeAesed M30TONHBIN COCTaB
cepbl cysbOA0B TPOAYKTHBHOM TaleHNT-canepuT-XanbKonMpPHUTOBONH MHUHE-
panbHO accoyManuu MecToposkaenisa JI03eH. OUEHEHB TEMICPATYPBl OTIO-
SKCHMSA OCHOBHBIX METANIMYECKMX CYJIb(MAOB HA NMOMMMETAJIIMYECKON CTAfMM.
[TOHMMKEHME 130TOMHOTO COJEP)Kanua cepsl o1 -+ 7 no+ 3 %, orpaskaet nouu-
JEHME TEMIEepaTypsl oT 350 fo 250°C B XO[€ 3BOJIOIHK THAPOTEPMABHOI
CHCTEMBL.

Beginning with the classic paper of Jury (1947) in which he calculated
stable isotope fractionation factors between species of geochemical interest, there
has been an increasing use of stable isotope wariation in matural materials for
studies in the Earth and cosmic sciences. Equilibrium fractionation factors that
measure the distribution of a rare stable isotope between two species have been
determined direetly by laboratory experiments and also by calculation using the
methods of statistical thermodynamiecs. These fractionation factors have been
used in geochemistry to quantify the conditions under which mineral phases
undergo crystallization.

The present paper is concerned with the use of the heavy-to-light sulfur iso-
tope ratios for deriving geological thermometers. The sulfur isotopic composi-
tions of coexisting sulfides have been shown in a number of theoretical (Sakai,
1968, Bachinski, 1969) and experimental (Kajiwara etal, 1969, Kaji-
wara—Krouse, 1971) studies to be useful for determinations of the for-
mation temperatures of these minerals.

* Dr. V. A, Suvorova, Institute of Experimental Mineralogy, Academy of Scien-
ces of US.S.R., 142 432, Chernogolovka, Moscow district.
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The proposed method is based on the fact that during the high-temperature
formation or recrystallisation of sulfides, the sulfur isotopic content varies with
the temperature.

However little was known on the sulfur isotope ratios in minerals synthetized
under controlled conditions. Therefore a systematic experimental study has been
designed to study isotope equilibria in the sulfides of molybdenum, zine, lead.
tin, antimony and tungsten with the aim of deriving isotopic geothermometers.
The time and temperature dependences of the S% fractionation factor () were
determined for the above sulfides synthetized under equilibrium conditions.

According to the common practice, the S¥/SH ratios are expressed as § values
which are defined as § = (¢ — 1) . 1000, where

_ (8™/S32) sample
“ 7 (S%/S%) standard

Troilite from the Sikhote-Alyin meteorite was used as the standard (§ S =
= 0.0 ") for reporting sulfur compositions. The measurements were performed
by the compensation method on the MI 1309 mass spectrometer with a 90°-two
beam analyzer. The run samples were prepared on a conventional apparatus
for sulfide oxidation using copper oxide (Y¢TnnOoB—Tpunenk 0, 1965). Repro-
ductibility of results was within + 0.4 %,.

Experimental part

Equilibrium sulfides in the systems sphalerite-molybdenite, galenite-molybde-
nite, galenite-herzenbergite, tungstenite-molybdenite and antimonite-molybde-
nite were synthetized in quartz capsules with 50 ", excess sulfur of super purity
grade. Pure (99.5 " ) metallic zine, lead. tin, antimony and tungsten were crushed
to grains of up to 30 um. Powdered molybdenum (grains not larger than 10 um)
obtained by reducing molybdenum oxide was 99.9 " pure. The reagents charged
into capsules were separated from one another with quartz wood or sand that
while not interfering with the flow of gaseous sulfur kept the metals apart. At
the same time. both metals reacted with the mobile sulfur. As a result. the gas
phase promoted the isotope exchange between the sulfides and excess sulfur
by the reactions

ASH 4 S = ASM - g2 (1)
BS# L 8% = BSM 4 g2 (2)

and after summation, the isotope exchange between the sulfide proceeds as:
AS32 L BS¥ = ASH + BSR (3)

The capsules were evacuated to 1+ 3.10"¢ mm mercury column, welded in
the oxygen forch and held in furnacles at every given temperature for various
periods of time. All runs were conducted in sillite KO-14 furnaces with auto-
matic temperature control. The temperature was measured by a platinum-
-rhodium thermocouple; the temperature regulation was accurate to + 5°C.
Run durations were based on preliminary kinetic experiments. The run pro-
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Table 1

Equilibrium constants for isotope exchange of reaction (7)—(11)

A
1000 1n « B e
t' OC - —

_sphalerite galenite galemte tungstenite antimonite

molybdenite molybdenite herzenbergite molybdemte mnlybdemte
30045 29+04 14404 3.5+0.4 3.240.3 2.6+0.3
400+5 2.1+0.1 1.0+0.4 22403 1.9402 1.7+0.2
50045 1.6+0.1 0.7+0.1 1.44+0.2 1.3+0.1 1.1-+0.1
60045 0.84+0.1 0.5+0.1 1.640.1

ducts were quickly in cold water to prevent any isotopic exchange taking place
during cooling. The capsules were opened and owing to the cotton wool position
the sulfides produced in the runes were easily separated from one another,
The sulfides were ground in an agate mortar, washed with carbon tetrachlo-
ride to remove sulfur and identified by X-raying on a DROH-1,5 diffractomater.
The kinetic analysis has shown that the A values which are normally defined

A $8My_g =488, —§ S¥;=1000 In wa-s (4)

as attain finally a constant value to indicate that the equilibrium isotope ex-
change had been achieved.
According to Bigeleisen—Mayer (1947). the constant for isotopic
exchange relates to the temperature in the following way:
In @ = AT+ B )

where A and B are experimentaly derivaed constnats, T is the absolute tempera-
iure. Hence,

100 ln Gx—p = "'. S:,'('_-_I B r\T-I" ‘E‘ B (G)

Table 2

Times of equilibration

run duration. days
sulfide pair

300 °C 400 °C 500 °C GO0 C
ZnS—MoS, 210 100 G0 —
Phs—MoS. 70 a0 20 —
PhS—SnSs 70 20 i} 10
WS.—MoS, 140 a0 (i1} 30

ShuS—MoS, 120 0 40 30
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Sample
N No.
1 L-129
2 L-129
3 L.-129
4 L.-122
5 L-97
6 716450
7 719410
8 722573
9 726,502
10 L-82
11 L-55
12 L.-88
13 L-81
[ 14 L-116

15 L-116(kp)

SUVOROVA

Table 3

substance i

ZnS 1
CuFeS, 1
PbS 1
Zns 1
Zns 1
FESQ
FESE
FeS_:
FESE
PbSs
PbS
Pbs
Pbs
Pbs
PbSs

B e L O | e e e B==NC o [l S B |
oo D
R
cocoocococooooo00
B2 1D = 00— G2 B0 W = = O b

The following isotope exchange reactions

ZnS3? + 1/2 MoS,% = ZnS% + 12 MoS,32
PbS32 -4 1/2 MoS,¥% = FbS¥ + 1 2 MoS,32

PbS#2 4 SnS% = PbS¥ + SnSH2

1'3 Sb, S¥2, + 12 Mo S,

were least-squared to give the following temperature dependences:

10% In ¢

107 In ¢

107 In ¢

107 In «

109 in ¢

ZnS

=9.6.100T2 -+ 0.10
MGS-_:

PbS

- =47.100T*—0.28
MGSE

e =04.10°T2—1.15

2= 1.04.100T2—0.79

= 8.6.1060T 2 —0.34

g = 1 3 Sbg S'IHR “lL 12 MO SL}E
12 W S¥,+12MoS%, =12W S%, +12Mo S5,

number of
determinations

00 00 G o o 0 L Wk WD o

(14)

(15).

(16)
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Table 4

Results of geothermometers sphalerite-chalcopyrite, sphalerite-galenite
and chalcopyrite-galenite

Salngle pair | Ap-p=4da—dp T4 .
L-129 ZnS — CuFeS, 0.4 290
L-129 ZnS — PbS 2.2 320
L-129 CuFeS, — PbS | 1.8 270

the correlation factors being. respectively, 0.899; 0.826; 0.947: 0.799 and 0.839
(Bigeleisen—Mayer, 1947; Cysoposa—Teunuwmesn, 1976). Tab. 1 gives
the equilibrium constants for isotope exchange reactions (7)—(11). The equi-
libration time are found from Tab. 2.

The results from this study make it possible to estimate the formation tempe-
ratures of hydrothermal sulfide deposits of molybdenum, antimony, tungsten.
tin, lead and zinc. The order of deposition as well as the coefficients of tempe-
rature dependence equations as calculated for the pair sphalerite-galenite from
the present data agree closely with Kajiwara and Krouse's (Kajiwa-
ra etal, 1969; Kajiwara—Krouse, 1971) results. The equations derived
were used to study the galenite-sphalerite-chalcopyrite assemblage from the
Losen ore field, Eastern Rhodopses.

The Losen ore field is part of a multi-root, surface volcanic-intrusive ore field
that has evolved through the prevolcanic, volcano-intrusive, ore-metasomatic and
post-ore stages. The multistage hydrothermal process has resulted in the forma-
tion of 10 paragenetic mineral assemblages of which galenite-sphalerite-chaico-
pyrite is the only productive one (Bormanos, 1983).

Lenticular or sheet-like galenite-sphalerite-chalcopyrite ore bodies occur in
the near-surface zone extending along Palaeogene sediments, rhyolites and py-
roclastic rocks (Imes u np, 1975). Galenite and galenite-chalcopyrite bodies,
both vein and scattered, occur in the immediate vicinity of subvolecanic quartz-
-diorite-porphyrite bodies and metamorphic rocks forming the pre-Cambrian
crystalline base.

Tab. 3 presents the sulfur isotope compositions of sulfides from the Losen
ore field.

The isotope [ractionation data between the minerals in sample L-129 (Tab. 3)
were used to determine the equilibrium temperatures recorded by the sample.
The geothermometers derived for the pairs sphalerite-chalcopyrite and sphale-
rite-galenite gave the temperatures of formation of polymetallic sulfides in
a sample typical of this deposit. The resultes are presentied in Tab. 4.

The temperature measurements carried out for three different sulfide pairs
show a good agreement within the experimental error limits. The isotope ratio
determinations indicate that the temperature at the productive stage was equal
to 290 £ 25 °C.

The above results agree well with the available geological evidence and earlier
isotope studies (AnTumosa 1978; Bogdanov—Zairi, 1985). The isotopre
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composition of the productive galenite-sphalerite-chalcopyrite mineral assem-
blage (§ S*) varies within 6—7 to 3—4 "y.

A somewhat heavier sulfur isotope composition relative to the meteoritic com-
positions makes one suggest that the crustal sulfur had been trapped at the ore
deposition stage.
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