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Abstract—High-precision analysis of sulfur isotope composition was carried out for sulfide fractions from ten
samples of olivine gabbronorite that composes a thick (approximately 300 m) swell of a ore-bearing a?ophysis
that is parallel to the basal part of the Yoko-Dovyren massif in northern Baikal area, Russia. The 8°*S values
were found out to widely vary from +11%o to —1.9%0. The maximum enrichment in isotopically heavy sulfur
was identified within the basal horizon, which is 10 m thick, whereas the minimum values of §*S were
observed near the upper contact of the intrusive body. Sulfide droplets in chilled picrodolerite from the lower
contact zone (Pshenitsyn et al., 2020) show a narrow range of §3*S (+8.65 % 0.34%o, n = 5). Lower values of
534S ranging from +2.09 to +2.53%o are characteristic of the sulfide-rich net-textured ores, the mineralized
olivine gabbronorite, and a cutting leucogabbro dike. The sulfur isotope compositions of two samples of
pyrite-bearing rocks from the host carbonate—terrigenous rocks display discrete values of 8*S = +2.20%o
and 84S = +9.40 + 0.14%o at a whole-rock sulfur concentration up to 3.5 wt %. Simple scenarios of the addi-
tive mixing of isotope-contrasting reservoirs corresponding to a juvenile magmatic source (8**S = 0 and
+2%0) and a provisionally chosen contaminant (5**S = +9.4%o) are demonstrated to require a high degree
of assimilation of host rocks (as much as 60—80%) and complete isotope equilibration of the hybrid system.
In the contact picrodolerite with rare globular sulfides, the mixing mechanism is inconsistent with the esti-
mated sulfur solubility in its parental magma: approximately 0.08 wt % (Ariskin et al., 2016). The high §3*S
values in rocks from the basal part of the apophysis may be explained, under the assumption that contact-
metamorphic H,S-bearing fluid was introduced into the magmatic system, by the thermal decomposition of
pyrite coupled with dehydration of the host rocks. The proposed mechanism does not require a volume
assimilation of crustal materials and is consistent with petrological and geochemical characteristics of the
Dovyren magmas and derivative cumulates.
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INTRODUCTION

The origin of Cu—Ni—PGE sulfide mineralization
in layered intrusions involves mechanisms responsible
for the localization of sulfide accumulations and the
formation of orebodies, which depend on the parame-
ters of silicate—sulfide liquid immiscibility as a factor
controlling the origin of protosulfide liquids
(Naldrett, 2004, 2011). It is therewith assumed that
the base metals (Fe—Ni—Cu—Co) and PGE are pro-
vided by the magmas themselves, from which these
elements are extracted into the sulfide phase. This
subdivision into the dynamic (transport phenomena)
and physicochemical (P—T parameters, magma com-
positions, etc.) aspects of the ore-forming processes

implies that the dynamics of magma emplacement in a
specified geological—tectonic environment is interre-
lated with the migration of immiscible sulfides
through the crystallizing magmas and cumulates
(Rad’ko, 1991, 2016; Maier, 2001, 2005; Likhachev,
2006; Song et al., 2011; Chung and Mungall, 2009;
Barnes et al., 2016; Robertson et al., 2016; Mao et al.,
2018; Wang et al., 2020; Yao and Mungall, 2021). In
both instances, it is critically important to estimate
timing of the silicate—sulfide liquid immiscibility, i.e.,
to understand which factors controlled the relatively
early or late origin of the very first sulfide globules in
the magmas. The dominant factors are the decrease in
the sulfur concentration at sulfide saturation (SCSS)
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during the fractionation of mafic—ultramafic magmas
and the probability of crustal contamination, which
involves the effects of decreasing SCSS when the
magma interacts with more felsic rocks and/or sulfur
introduction into the magma systems from the host
rocks. Starting from the 1960s, the “factor of sulfur
introduction” is thought to control the origin and
accumulation of sulfides in magmatic systems, regard-
less of the types and resources of the corresponding
Cu—Ni—PGE deposits (Naldrett, 2004, 2011). It is
pertinent to mention that proponents of this viewpoint
ceased to be so categorical over the past few decades.

On the one hand, experience gained in the experi-
mental modeling and thermodynamic simulations of
SCSS (Li and Ripley, 2009; Baker and Moretti, 2011;
Ariskin et al., 2013, 2018a; Fortin et al., 2015; Kiseeva
and Wood, 2015) indicates that the effect of felsic con-
taminants on SCSS is insignificant. On the other
hand, data on various mineralized volcano-plutonic
complexes imply that additional sulfur introduction
into the magma conduits and chambers is not neces-
sary for sulfide liquid immiscibility to emerge, and the
juvenile sulfur concentrations are commonly suffi-
cient for magma saturation with respect to protosul-
fide liquids already after 20—30% silicate crystalliza-
tion (Maier and Groves, 2011; Ariskin et al., 2016,
2018a, 2018b). This led to the viewpoint that the intro-
duction of crustal sulfur into orthomagmatic systems
predetermines the origin of supergiant and other eco-
nomically important Cu—Ni sulfide deposits, whereas
smaller occurrences of ore mineralization and sulfide
orebodies might have been formed in the basal por-
tions of magma chambers and in the feeders as a con-
sequence of the crystallization of the parental magmas
(Ripley and Li, 2013; Karykovski et al., 2018; Ariskin
et al., 2018). Some researchers believe that crustal
contamination cannot play any significant role even in
producing giant deposits (Krivolutskaya, 2016).

This situation implies that sulfides in individual
intrusive complexes may have been formed under
broadly varying conditions so that solutions of genetic
problems are to be predetermined by the possibility of
computation of SCSS trajectories in the course of
crystallization of primary and contaminated mafic—
ultramafic magmas (including the application of con-
tamination criteria for estimating the scales of the pro-
cesses). This paper is devoted to the analysis of these
problems with reference to plagioperidotites of the
Baikal Cu—Ni sulfide deposit in the northern Baikal
area. The problems are attacked with the application
of newly acquired data on the isotope composition of
the sulfides.

ORE POTENTIAL OF THE DOVYREN
INTRUSIVE COMPLEX

The Baikal deposit was discovered based on results
of exploration operations conducted at the Yoko-
Dovyren massif by the Baikal Multipurpose Geologi-
cal Team of the North Baikal Expedition in 1963—
1964 under supervision of L.M. Baburin (Baburin,
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1964). This large layered intrusion occurs at a distance
of approximately 60 km of Lake Baikal and is topo-
graphically expressed as a long ridge (Dovyren Ridge),
which is the watershed between the Tyya, Ondoko,
and Olokit rivers and trends 45°—50° northeastward.
The Ondoko River cuts across intrusive rocks in the
southwestern flank of the body, where its closure part
is made up of rocks analogous to those composing the
lower nearby ridge of Yoko. Geological maps show the
Yoko-Dovyren massif as a lens-shaped body with
steep contacts (dipping at 80°—90°), approximately
26 % 35 km, which is nearly exactly conformable with
the host carbonate—terrigenous rocks of the Ondoko
Group in the Synnyr rift (Gurulev, 1965; Konnikov,
1986; Kislov, 1998; Rytsk et al., 2002). The intrusive
rocks of the Dovyren complex were dated at 724—
728 Ma (Ariskin et al., 2013; Ernst et al., 2016).

Geophysical data indicate that the regional area of
the Bouguer gravity anomaly is several times larger
than the outcropped part of the Yoko-Dovyren massif
(Turutanov et al., 2013). Gravimetric data processed
with the application of 3D modeling techniques show
that the intrusion is now an elongate flattened body
(its width is two to three times greater than its maxi-
mum stratigraphic thickness), with much of its top
portion not exposed at the surface and occurring at
depths of 500—1000 m. The intensity of the gravity
anomalies suggests that the massif extends northeast-
ward and grades into another body (1—1.5 km thick) at
a depth, at a distance of about 10 km from the closure
exposed at the surface (Turutanov et al., 2013). It is
reasonable to hypothesize that this is an intermediate
chamber that connects the main intrusion with flows
of low-Ti basaltic andesites that crown the Ondoko
Group in a unit of volcano-sedimentary rocks
(Manuilova and Zarubin, 1981).

Depending on the assumed difference between the
densities of the rocks composing the massif and host-
ing it, the depths of the bottom of this massif were
evaluated at 1.5—2 to 3 km. It should be mentioned
that the current setting of the massif calculated from
geophysical data does not necessarily correspond to its
original setting and stratigraphy. In other words, the
gravimetric interpretations of the “top” and “bottom”
of the massif are hardly consistent with the positioning
of the real contacts of the intrusion because of its over-
turned vertical stratigraphic sequence. Hence, the iso-
pachs of the buried top of the massif also cover its por-
tions a few kilometers away from its exposed lower and
upper contacts. The positive gravity anomalies in the
peripheral parts of the main chamber may reflect the
occurrence of accompanying gabbronorite dikes and

plagioperidotite sills'.

! The term plagioperidotite is used herein as a tribute to the tradi-
tional geological description, for example, in (Kislov, 1998). In
fact, the bodies are made up of olivine gabbronorite with a
broadly varying olivine content (Ariskin et al., 2018) and are
usually cut across by leucocratic gabbronorite dikes. These vari-
ations are more adequately reflected by the term gabbro—peri-
dotite sills (Orsoev et al., 2018).
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The high-grade ores of the Baikal deposit occur off
the main intrusion, in sills that are situated beneath it
and are connected with its hyperbasite basal portion in
its central part (Kislov, 1998; Orsoev et al., 2018; Psh-
enitsyn et al., 2020, 2022). These observations are
consistent with the conclusions that the sulfides were
localized in intermediate chambers and branches of
the magma conduits (see above) and are based on data
on four thoroughly studied areas with ore mineraliza-
tion: Ozernyi (in the northeastern termination of
Dovyren), Tsentralnyi and Bolshoi (named after
streams and rivers flowing across the thickest central
part of the body), and Rybachii (southwestern termi-
nation) (Baburin, 1964). Later exploration operations
at the Yoko-Dovyren massif were not as intense
(A.G. Krapivin in 1976—1979 and V.V. Kletkin in
1986—1990). After follow-up exploration operations
headed by A.G. Stepin in 1989—1993, the predicted
resources of the Baikal deposit were evaluated at 147 kt
of Ni, 51.01 kt of Cu, and 9.47 kt of Co (Kislov and
Khudyakova, 2020), and the deposit was ascribed to
the off-balance (uneconomic) category.

Nevertheless, ore-forming processes at the
Dovyren complexes stimulated continuous interest of
many researchers. Over the past years, many scientists
(A.A. Ariskin, E.V. Kislov, D.A. Orsoeyv, 1.V. Pshenit-
syn, and E.M. Spiridonov) continued to focus atten-
tion on the sulfide-bearing rocks and ores of this
unique massif. This is largely explained by the broad
variability of the Cu—Ni—PGE sulfide mineralization,
the distribution patterns of aureoles of disseminated
mineralization near the sulfide ores, and the discovery
of new areas with PGE mineralization (Ariskin et al.,
2020). The recent studies used newly developed tech-
niques, including the simulation of crystallization of
sulfide magmas and applied aspects of X-ray com-
puted tomography, CT (Ariskin et al., 2016, 2018a,
2018b, 2018c; Korost et al., 2019). It is particularly
interesting to study rocks hosting sulfide globules,
which were found near the lower contacts of the min-
eralized sills/apophyses and suggest that the immisci-
ble sulfide liquids were formed in the chambers, and
this took place before their segregation and the devel-
opment of large accumulations (Pshenitsyn et al.,
2020). The latter paper presents CT data on sulfide
globules and irregularly-shaped blebs, up to net-tex-
tured ores, and estimates of the composition of the
protosulfide melts, which were done to identify possi-
ble correlations between the textural—mineralogical
types of the mineralized rocks and their isotopic—geo-
chemical characteristics.

EARLIER DATA ON THE SULFUR
ISOTOPE COMPOSITION

The very first estimates of the sulfur isotope ratios
of sulfide-bearing rocks from an occurrence of ore
mineralization at Dovyren were made in the mid-
1960s, when ten representative samples of pyrrhotite
No. 6
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yielded —0.6 < &**S < +3.4%o0, +1.8%0 on average
(Vinogradov and Grinenko, 1964). These measure-
ments were carried out on one of the Soviet Union’s
first mass spectrometers MS-2M (manufactured in
1953), with more advanced mass spectrometric tools
subsequently manufactured by this plant in the town
of Sumy: MI11201 (1969—1971) and M11305 (Izrailev-
ich et al., 2003). The equipment was invented when a
method for sulfur extraction in the form of SO, was
developed at the Vernadsky Institute in Moscow. The
procedure was conducted by means of stepwise heat-
ing of powdered samples and V,05 in a vacuum-
pumping assembly and the subsequent removal of CO,
and H,O from the gas mixture. These methods were
shortly afterward adopted at many research institu-
tions of the former Soviet Union. For example, these
were data on the sulfur isotope composition of pyrrho-
tite from seven mineralized-plagioperidotite samples
from the Yoko-Dovyren massif reported in (Gurulev
et al., 1978), which lied within a narrower range of
—0.5<8*S <+1.05%o0, +0.3 + 0.5%0 on average (ana-
lyst M.Sh. Koviladze, Georgian Republican Center
for Isotope Studies in Thilisi, Georgia, Soviet Union).
Data in (Grinenko, 1986) characterize 34 samples of
rocks with poor mineralization from the upper and
lower inner-contact zones of this intrusion. Sulfur
concentrations in two-thirds of the samples were no
higher than 0.01 wt % and were no higher than 0.3 wt %
in the rest. The near-roof and chilled rocks from the
lower contact zone show significant variations in their
&S, from —3.8 to +14.9%0, whereas the composi-
tions of most samples of rocks of the layered series fall
within a narrower range of +0.2 to +4%o, 3.3 = 0.7%0
on average (Grinenko, 1986).

A representative data set acquired at about the
same time at the same laboratory in Tbilisi character-
ized 45 fractions of pyrrhotite and sphalerite in one of
the samples from the ore mineralization of different
type (Kacharovskaya et al., 1986). The newly collected
samples of the mineralized plagioperidotites yielded
lower &3S values (+0.12%0 on average), whereas the
gabbronorites with disseminated sulfides showed a
tendency toward depletion in the heavy 34S isotope
(8%*S = —0.38 + 0.95%0). The average values for the
massive and breccia ores are +0.89 * 1.32%o0 and
+1.22 + 0.78%o, respectively. Later on samples from
Dovyren were studied at the Laboratory for Isotope
Studies and Geochronology of the United Institute of
Geology and Mineralogy, Siberian Branch, Russian
Academy of Sciences, in Novosibirsk on a Finnigan
(modification D) mass spectrometer (Glotov et al.,
1998). The study was conducted with 44 whole-rock
sulfide samples from the dominant types of the miner-
alized plagioperidotites, massive and disseminated
ores, and (mostly) sulfide-bearing gabbroic rocks and
anorthosites from two platiniferous reefs of the Yoko-
Dovyren massif (Distler and Stepin, 1993; Kislov,
1998) at the Ozernyi, Tsentralnyi, Bolshoi, and Ryba-
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chii prospects. In addition, analyses were made for
several samples of the host rocks, a pyrite-bearing
quartz vein, and a galena—barite veinlet from the
Rybachii Prospect.

Figure 2 shows some of the 1964—1998 results: data
on the high-grade ores containing more than 5% sul-
fides (n = 32) and related sulfide-bearing plagioperi-
dotites (n = 15) from the basal part of the massif.
These data demonstrate that the sulfur isotope com-
position becomes insignificantly but systematically
heavier in the ore samples. No data are available on the
possible spatial variations in 84S in the areas, particu-
larly in relation to the position of the sampling sites
relative to contacts with the host rocks or in the vertical
sections of the mineralized sills/apophyses. Data pub-
lished herein partly bridge this gap with reference to
the widely known mineralized body below the contact
between the Yoko-Dovyren massif; this body consists
of several of types of ores and sulfide mineralization:
apophysis DV10 (Pshenitsyn et al., 2022).

SAMPLES

According to results of exploration operations in
1964—1979, high-grade breccia (locally net-textured)
ores were found below the bottom of the Yoko-
Dovyren massif in the area of Bolshoi Stream. The
ores were constrained to the holocrystalline rocks of
an unnamed plagioperidotite sill. According to map-
ping data acquired by A.G. Krapivin and A.G. Stepin
(see above), this sill connects with the basal zone of
the pluton in the watershed area of Bolshoi and Tsen-
tralnyi streams (northeastern occurrence of ore miner-
alization) and is, in fact, an apophyse (a long branch),
which is mostly parallel to the general strike of the
structure (Fig. 1). According to (Konnikov, 1986), the
orebody is constrained to the central part of this body,
and its “...marginal chill picrite zone is devoid of ore
mineralization...”. In 2006—2019, we traced the upper
and lower contacts of the apophysis and thoroughly
sampled its rocks, using mostly exploration pits and
trenches directed across the body trend. The body
itself was then named apophysis DV 10 after the starting
point and coordinates of the first profile sampled in
2006. The results of the work show that outcrops of the
high-grade ores coincide with a swell of the apophysis
(in which its thickness increases to 280 m; the thick-
ness decreases to approximately 150 m southwestward,
in the area of Magnitnyi Stream). The sampling pro-
cedure, the inner structure of apophysis DV10, and its
sulfide mineralization are described in detail in (Psh-
enitsyn et al., 2022). This material was used in further
isotopic—geochemical studies: Table 1 lists the ten
samples whose sulfur isotope composition has been
studied, along with the stratigraphic setting and major
features.

The major-component composition of five rocks
from Table 1 is listed in (Pshenitsyn et al., 2022), and
that of the other studied samples is presented in Table 2.

ARISKIN et al.

Figure 3 shows the variations in the normative miner-
alogical composition of the rocks, which were calcu-
lated for all of the analyzed samples. These data indi-
cate that practically the whole vertical section is made
up of olivine gabbronorite, and only the lower contact
zone includes a thin (approximately 5 m) unit, whose
rocks can be classed with picrodolerite and transition
varieties based on their textural features. The picro-
dolerite of the chill contact zone is a massive porphy-
ritic rock with an ophitic groundmass. The rock con-
tains less than 15% large (up to 1.5 mm) olivine phe-
nocrysts, and the ophitic groundmass abounds in
small laths of andesine and labradorite and in elongate
augite and hypersthene crystals. The minor minerals
are phlogopite (about 2.5%) and locally occurring sul-
fides. The accessory minerals are ilmenite (~1%) and
aluminochromite (~0.5%). Olivine content increases
upsection, and the primary porosity of the olivine
cumulates decreases, as is evident from that the rocks
are gradually depleted in incompatible elements,
whereas the MgO/Zr ratio increases (Table 1). The
grain size of the intercumulus phases also increases,
and the rocks become poikilitic owing to plagioclase
and pyroxene oikocrysts that cement the variably sized
olivine grains with Al-chromite inclusions.

The vertical section thus displays an upward
enrichment of the gabbronorite in olivine. Its maxi-
mum content of about 70% was found at the strati-
graphic levels of 160—190 m (Fig. 3). This tendency is
disturbed in the high-grade net-textured ores and
dikes of olivine-bearing and/or olivine-free gab-
bronorite that locally cut portions of the stratigraphic
profile of the apophysis. Another important observa-
tion is that the rocks of the chill and inner-contact
zones are not devoid of sulfide mineralization. We
found sulfide mineralization within the lower contact
zone already in the course of its primary inspection:
sample DV10-4 contains small (1-2 mm) sulfide
droplets. Later we found picrodolerite hosting larger
roundish sulfide globules ranging from a few to 15 mm
near the contact between the body and host black
shale (Pshenitsyn et al., 2020).

Sulfide mineralization is seen in all samples from
apophysis DV10 and consists of globules (which are
commonly irregularly shaped and are as large as 2 mm
across) or localized sulfide disseminations, and only
the lower part of the body (within 10—20 m from the
contact) contains globular and high-grade net-tex-
tured ores with about 12 wt % sulfur (or up to ~35%
sulfide material, Table 1, Fig. 3). Away from the high-
grade ores, the content and size of the net-textured ore
material decrease, and the size and content of the
blebs also simultaneously decrease. With regard to the
textures of the mineralized rocks, they can be classi-
fied into four types (Pshenitsyn et al., 2022): (1)
inner-contact picrodolerite with sulfide droplets
(samples 16DV627-1-2 and 19DV928-1); (2) olivine
gabbronorite with sulfide droplets (samples DV10-4
and 16DV627-1-3); (3) mineralized olivine gabbronorite
No. 6
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Fig. 1. (a) Geological map of the Yoko-Dovyren massifand (b) the setting of apophysis DV10 and sampling sites (after Pshenitsyn

et al., 2020).

Sampling sites are shown only for sulfide-bearing rocks and rocks whose sulfur isotope composition of sulfides was analyzed

(Table 1).

with irregularly shaped blebs that grade into domains of
net-textured dissemination (sample 16DV628-2); and
(4) net-textured ores with a matrix of olivine gab-
bronorite (sample 07DV107-1) (Table 1, Fig. 4). Sam-
ple 16DV629-1-2, which was taken from above the
main mineralized horizon, represents a leucogabbro
dike with sulfide droplets (Figs. 4c, 4d).

The sulfide mineral assemblages do not correlate
with the type of the sulfide mineralization and include
pyrrhotite/troilite + pentlandite + chalcopyrite
(*cubanite). The minor minerals are sphalerite and
galena (Kacharovskaya, 1986). Pyrrhotite and troilite
were identified in all of the rocks in the form of typical
vermicular lamellas of exsolution Mss into pyrrhotite
(Po) and troilite (7r), which occur in a roughly equal
proportions, with rare pentlandite grains. The chalco-
pyrite (Cpy) grains are commonly anhedral and occur
in sulfide accumulations and droplets as anhedral
grains or aggregates with pyrrhotite. More rarely Cpy
lamellas are found in a Po— Tr matrix. Cubanite (Cub)
was identified as a product of Iss exsolution in chalco-
pyrite, sometimes as elongate lamellas or platelets with
scalloped outlines at contacts between pyrrhotite and
pentlandite. The pentlandite was found as two variet-
ies: Pn-1I, which occurs as subhedral aggregates 0.1—
0.3 mm usually at pyrrhotite—chalcopyrite contacts,
and Pn-1I, which occurs as flamboyant lamellas in
pyrrhotite. It is often constrained to boundaries
between sulfide grains and to cracks in sulfide aggre-
gates. Pentlandite lamellas hosted in a single pyrrho-
tite grain are sometimes parallel. The differences in the
composition of the two pentlandite populations are as
follows: the composition of Pn-1 is less variable (31.5—
33 wt % Ni), and it contains higher Co concentrations
No. 6
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of 1.5 to 2.6 wt %; whereas Pn-11 is characterized by
broader variations in the Ni concentrations (~30—
33.5wt %) and by Co concentrations lower than 1 wt %
(Pshenitsyn et al., 2022).

SULFUR ISOTOPE COMPOSITION

The isotope composition of sulfur was studied at
the Laboratory of Isotope Geochemistry and Geo-
chronology of the Institute of Geology of Ore Depos-
its, Petrography, Mineralogy and Geochemistry, Rus-
sian Academy of Sciences, in monomineralic sulfide

10 ~
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g
2
L
5
54
g
=
Z 7]
8348
0 T T T T 1

4 6 8 10

Fig. 2. Histogram of the sulfur isotope composition of the
mineralized plagioperidotite and high-grade sulfide ores of
the Dovyren intrusive complex (based on results obtained
in 1964—1998, review in Kislov et al., 1998, appended in
Glotov et al., 1998).
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Table 1. Stratigraphic setting and characteristics of the studied rocks of apophysis DV10

CIPW, MgO
wt % Fo S, Cu, 3
Sample h, m Rock oD wt% | ppm 8>S, %o
ol Pl Zr
19DV920-1 279.7 | Contact picrodolerite n.d. n.d. n.d. n.d. n.d. n.d. —1.86
19DV903-3 274 | Olivine gabbronorite 499 | 282 n.d. 5964 | 0.05 64 1.00
19DV908-1* 190 | Olivine gabbronorite 70.2 18.9 83.6 13085 | 0.63 327 2.42

. . . 2.50 £ 0.17
16DV629-1-2**| 23 | Mineralized leucogabbro (dike) n.d. n.d. n.d. n.d. n.d. n.d. n="3)

. . .. . 2.53£0.15
16DV628-2* 21 | Mineralized Olivine gabbronorite| 32.6 23.9 80.6 4157 | 3.43 824 (n="3)
07DV107-1* 12 | Net-textured ore 34.1 8.4 81 18240 | 9.11 |6685 2.09
DV10-4* 11 | Olivine gabbronorite ** 51.4 | 20.6 80 5103 | 0.82 | 1029 6.20

10.33 £
16DV627-1-3 8 | Olivine gabbronorite ** n.d. nd. | 78.1 5027 | 0.54 676 | 042 (n=
3)
19DV928-1 3 | Picrodolerite ** n.d. n.d. n.d. 2802 | 0.12 249 11.80
-1- +
16DV627-1-2 0.1 |Picrodolerite ** 25.5 35.5 75.5 2328 | 0.22 355 8.76 :0'25
(droplet 1) (n=2)
16DV627-1-2 . N 8.48+0.35
( droplet 2) 0.1 |Picrodolerite — — — — — — (n=3)

n.d. means than no data are available.

* According to data in Table 1 in (Pshenitsyn et al., 2022). ** Contains sulfide droplets/globules.

fractions. The sulfide material was extracted from pol-
ished sections of the samples or immediately from the
surface of the samples using a diamond needle. We
have studied ten samples. In picrodolerite of sample
16DV627-1-2, two relatively large droplets were stud-
ied (Fig. 5). Most of the sulfide samples consisted of
pyrrhotite and troilite. From each droplet from sample
16DV627-1-2, we separated single fractions domi-
nated by either chalcopyrite of pentlandite. The por-
tions of the material contained recalculated amount of
30—50 mg pure sulfur, except two portions that con-
tained as little as 8 pug (sample 19DV908-1) and 23 ug
(sample 19DV928-1). To conduct isotope analysis,
the sulfide mineral samples were converted into SO,
using a FlashEA HT 1112 element analyzer at 1020°C
in a reactor filled with CuO and WO;. The samples
and standards in tin capsules were successively placed
into the reactor using an autosampler. The sulfur iso-
tope composition of SO, was measured by CF-IRMS
in a continuous He flow on a DELTA V + (Finnigan,
Germany) mass spectrometer. The internationally
certified standards TAEA-S-1 and IAEA-S-2 were
measured at the beginning and end of measurements
of each series of the samples, and the reference values
of the standards (—0.3 and +22.67%o, respectively)
were used to calibrate the data on the VCDT (Vienna
Canyon Diablo Troilite) scale

5 Sumpe = (*8/78) i [ (S/78) e~ 1

The reproducibility of the data obtained by this tech-
nique was £0.2%o.

The measurement results are listed in Table 1 and
plotted in Fig. 3. A principal feature seen in the behav-
ior the sulfur isotope system is that the heavy isotope
34S enriches sulfides in the basal part of apophysis
DVI10 below the main mineralized unit. All of the four
samples from the depth range of 0—11 m from the
lower contact show &**S values from +6 to +12%o,
with the maximum enrichment of the 3*S isotope typ-
ical of the basal picrodolerite with the minimum sulfur
concentration (0.12% sulfur or ~0.3% sulfides),
whereas the minimum (for this basal unit) value of
84S = 4+6.2%0 was found in the olivine gabbronorite
that contains 0.82% sulfur (~2.3% sulfides). Sulfides
in the high-grade ores above the unit are not any sig-
nificantly enriched in the heavy isotope, and their &**S
varies from +2.1 to +2.5%o. Further upsection, sulfur
content in the rocks is only occasionally higher than
0.1 wt %, and the 8*S values decrease to +1%o and
even to negative values at the upper contact of the
apophysis (Fig. 3). The values of 8%**S of five samples
from two sulfide globules from picrodolerite at the
lower contact (samples 10 and 11 in Table 1) were
No. 6
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Fig. 3. Variations in the normative composition of the rocks, their sulfur, nickel, and copper concentrations, and their sulfur iso-

tope composition in the stratigraphic section of apophysis DV10.

Based on data form Tables 1 and 2 and on rock analyses in (Pshenitsyn et al., 2022).

undistinguishable within the analytical error: +8.65 +
0.34%o0 (n = 5) on average.

DISCUSSION

The uneven distribution of mineralized rocks in the
vertical section of apophysis DV10 indicates that sul-
fide material was accumulated in the bottom part of
the subchamber from the main volume of the gab-
bronorite magma, which has been saturated with sul-
fides. The unique setting of the main orebody, which
is constrained to a swell of the apophysis, suggests that
the vertical transport of sulfides from higher strati-
graphic levels (Pshenitsyn et al., 2020) was associated
with the horizontal transfer of sulfide masses along the
lower contact with host rocks, in the form of heteroge-
neous magmas or mush of unconsolidated cumulates.
These processes were obviously accompanied by the
local deposition of sulfides in pockets and potholes
(Pshenitsyn et al., 2022). The intercumulus melts were
therewith squeezed off the pore space of the subcotectic
(Ol £ PI) olivine-rich cumulates, as follows from the
drastic depletion of the high-grade ores in normative
clinopyroxene (see Fig. 3 for the distribution of Cpx).

A key problem in the origin of sulfides in the dis-
seminated mineralization and net-textured ores and
ore blebs is the source of their sulfur: whether the sul-
fur was juvenile or it was isotopically heavy sulfur

extracted from the host rocks. The answer seems to be
self-evident in view of the fact that sulfides in the basal
horizon are enriched in isotopically heavy sulfur.
However, it is worth mentioning that the highest 8**S
values of approximately +(8—12)%o are typical of
rocks poor in sulfides and occurring near the contact,
whereas the sulfur isotope composition of the sulfide
ores and sulfides disseminated throughout most of
apophysis DVI10 is characterized by values no higher
than +2.5%o0 (Table 1). This limit is consistent with
earlier data shown in Fig. 2.

The additive contamination mechanism for the
Dovyren magmas shall thus take into account the
interaction of the mantle reservoir that had mantle
&3S values (0 to +2%o) with host rocks, whose sulfur
isotope composition varied within broader limits. Of
all possible scenarios of the process, the two following
ones deserve special mention. According to one of
them, the magmas could interact with sulfides in the
host rocks, which are enriched in the heavy sulfur iso-
tope (their 8°*S is higher than approximately +10%o).
Another scenario involves the interaction of the mag-
mas with crustal sulfides characterized by a bimodal
distribution of 8**S values: approximately +2.5%o and
higher than +10%e.. In the situation when the assumed
contaminant is a heterogeneous mixture of sulfur
sources of different isotope composition, different
No. 6
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Fig. 4. Panoramic images of thin sections of two rocks with sulfide droplets.
The left-hand photos were taken in plain-polarized light (PPL, crossed polarizers), the right-hand photos are in transmitted light.
(a, b) Picrodolerites, sample 16DV627-1-2, (¢, d) mineralized leucogabbro, sample 16DV629-1-2 (Table 1).

PETROLOGY Vol.29 No.6 2021
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Droplet 2

Fig. 5. Microphotograph of two sections of a sulfide droplet from picrodolerite, sample 16DV627-1-2.
Numerals show the sites from which microsamples of sulfides were mechanically extracted using a diamond needle.

mixing models with different magma/rock ratios shall
be analyzed. To solve this problem, it is necessary to
specify more accurately the range of the 83*S values of
the host rocks.

One of the first published values was &S =
+3.2%0, which was obtained for pyrrhotite from
quartz—pyroxene—plagioclase hornfels with abundant
disseminated pyrrhotite—chalcopyrite mineralization
in the basal zone of the Yoko-Dovyren massif (Vino-
gradov and Grinenko, 1964). Later on S.A. Gurulev
et al. (1978) published a value of &S = —0.18%o0 for
pyrrhotite from a sandy bed in flysch-like sequence of
the Ondoko Formation, which underlies the pluton
(Konnikov, 1986). Sulfides richer in the 3*S isotope
were found (Glotov et al., 1998) in the siltstone with
pyrite—pyrrhotite veinlets and dolomite with pyrite—
sphalerite mineralization: 6*S = +7.8%0 in both
instances. The broadest variations in the sulfur isotope
composition of sulfides in the host rocks were pre-
sented in the dissertation by L.N. Grinenko (1986):
data on approximately 30 samples lie within the §**S
range of —10%o to almost +27 %o, with a mode of S =
+2%o0, at an average sulfur concentration of 0.54 +
0.15 wt %. Neither petrographic description of the
samples nor their geological settings are presented
therein.

We obtained new data on four samples of the host
sulfide-bearing rocks (Fig. 6), whose major-compo-
nent and mineralogical compositions have also been
studied (Table 3). The samples of the banded black
shales (metasiltstone, samples 07DV104-2 and
07DV105-1) were taken from beneath the central por-
tion of the Yoko-Dovyren massif, at distances of 340
and 300 m from the lower contact (Bolshoi Prospect).
The quartz sandstone sample (17DV815-1) was sam-
pled at the northeastern closure of the pluton, at the
southern tip of Inyaptuk Lake (Ozernyi Prospect), at a

distance of about 500 m of the lower contact. The
sample of the poorly mineralized quartz-bearing dolo-
mite (17DV842-1) was taken at the Rybachii Prospect,
in the valley of the Ondoko River, approximately 1700 m
northwest of the lower contact. The varieties of the
sampled rocks characterize the variability of the Late
Proterozoic sandy shale rocks of the Ondoko Group
with carbonate beds (Konnikov, 1986). The sulfide
mineralization of all of these samples is dominated by
pyrite (Fig. 6). In spite of the high abundance of sul-
fides in samples 07DV104-2 and 07DV105-1 (approx-
imately 5.5 and 10%, respectively), we failed to hand-
pick sufficient amounts of the reasonably pure fine-
grained fractions. We were thus left with the only pos-
sibility of assuming that the &**S values of these sam-
ples are close to +8.0%o0, which has been obtained for
the pyrite-bearing siltstone (Glotov et al., 1998). We
have studied sulfur isotope composition in samples
17DV815-1 and 17DV842-1 (Table 3).

Mass-balance calculations for the mixing of the sul-
fur sources. The traditional approach to evaluations of
the degree of crustal contamination of an orthomag-
matic system involves the application of material-bal-
ance equations that describe the mixture of two reser-
voirs (components), which have the following form
when applied to sulfur isotope composition (Ripley
and Li, 2003):

34 S 34 S
6348 _ 8 Scon.f;:onccon + 8 Smagfmagcmag
mixture S S
fconCcon + fmangag

where 8*S,, and 8*S, are the isotope composi-
tions, f.,, and f., =1— f,, are the mixing propor-

tions, and C>,, and C;ag are the sulfur concentrations
for the assimilated component (contaminant) and
original sulfide magma. The denominator of this

expression includes an expression for the bulk sulfur

, (D
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Carb

Fig. 6. Microphotographs (in transmitted light) of the studied host rocks with pyrite mineralization (microphotographs in
reflected light in the insets). Samples of the banded black shales (metasiltstone): (a) sample 07DV104-2, (b) sample 07DV105-1
(with quartz sandstone beds), (c) quartz sandstone, sample 17DV815-1, (d) pyrite- and quartz-bearing dolomite, sample
17DV842-1.
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Table 3. Composition and isotope characteristics of the host rocks

Component 07DV104-2 07DV105-1 17DV815-1 17DV842-1
Sio, 58.59 57.30 81.92 32.22
TiO, 0.77 0.69 0.31 0.05
ALO;, 14.46 12.89 3.08 1.39
FeO 5.01 5.22 4.90 6.23
MnO 0.08 0.05 0.01 0.35
MgO 2.36 2.41 1.60 9.28
CaO 9.39 10.97 0.24 21.19
Na,O 1.34 0.70 0.08 <0.05
K,O 3.55 3.05 0.32 0.30
P,0; 0.11 0.08 0.05 0.03
Cr,0; 0.012 0.010 0.020 0.002
NiO 0.005 0.004 0.004

S 1.96 3.08 3.26 0.16
LOI 1.60 2.79 3.58 27.97
Total 99.23 99.24 99.38 99.17
534S, %o n.d. n.d. 9.40 £ 0.14 (n = 2) 2.20

concentration in the contaminated system (as the final
mixture of the components). An analogous calculation
for the concentrations of major and admixture ele-
ments in the mixture makes it possible to estimate how

realistic are the model values of £, and f, .. This is
often ignored, so that discussion of the assimilation
effects is reduced solely to the analysis of the isotope

(but not chemical) characteristics.

In using Eq. (1), one cannot specify the degree of
homogenization of the sulfur isotope ratios in the con-
taminated system assuming that the mixing products
are groups of sulfide clusters with an equally probable
distribution of 8*S;... OVer the volume. This prob-
lem becomes, however, acute when one tries to inter-
pret data on mineralized rocks and ores that might
have been originally formed as a result of earlier accu-
mulation of sulfides with juvenile sulfur characteris-
tics. Hence, mass-balance calculations shall be
appended with considerations of the probable mecha-
nisms of isotope homogenization of the mixture, if a
homogeneous distribution of sulfur isotope character-
istics in grains of the ore minerals is observed (partic-
ularly if the contamination proportion is high).

Figure 7 displays calculated mixing lines for the
systems ore-bearing magma—contaminant, in which
the contaminant is assumed to be a virtual host rock
having characteristics of the pyrite-bearing quartzite
(sample 17DV815-1) that contains 3.26 wt % relatively
isotopically heavy sulfur with %S, = +9.4%0 (Table 3).
The simulations were carried out for four samples
from apophysis DV10: (1) picrodolerite 16DV627-1
with large sulfide globules and droplets and with aver-

age characteristics corresponding to 8%*S = +8.65%o0
at 0.22% S in the rock; (2) olivine gabbronorite DV10
with small sulfide droplets (8**S = +6.2%o, 0.82% S),
(3) mineralized olivine gabbronorite 16DV628-2 (53*S =
+2.53%0, 3.43% S), and (4) net-textured ore
07DV107-1 (8**S = +2.09%0, 9.11% S). With regard to
the aforementioned uncertainties, the calculations
were of semiquantitative nature, and the possibility of
rock contamination with an even heavier sulfur iso-
tope composition was not analyzed at all (see Table 1
for data on samples 16DV627-1-3 and 19DV928-1).

If each of the samples is a result of mixing accord-
ing to Eq. (1), then the only unknown quantities are
the composition of one of the components of the mix-
ture, namely, the composition of the original sulfide
magma (including 834Smag and sulfur concentration

Ciag) and the proportion of the contaminant £, that
shall be added to this sulfide precursor to make the
composition of the product matching that of the real
ore or rock. The problem is simplified if the isotope
composition of the precursor is either known or can be
specified: in our situation, we have studied two scenar-
ios, which corresponded to juvenile sulfur with 8**S, ., =
0 (Fig. 7a) and &**S,,, = +2%o (Fig. 7b). The solution
can then be found analytically, by adding relations for the
estimation of the bulk sulfur composition to Eq. (1)

s s
Smixture =fconCcon + fmagcmag and fmag =1- f(;on (29 3)
or numerically, by selecting optimal values for 834Smag,

S . .
Cinag» and f,, from among a series of arbitrary param-
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Fig. 7. Calculated lines of contamination of the original sulfide systems (sulfide precursors) with a component with characteristics
of the pyrite-bearing quartzite, sample 17DVS815-1 (Table 3). Blue circles are the composition of the real sulfide-bearing rocks
and ores (Table 1). Numerals near the mixing curve show the proportion of the contaminant. Gray dashed lines show the sulfur

solubility in the Dovyren magma (Ariskin et al., 2016).

eters. Figures show data obtained by the latter tech-
nique.

In a situation with 84S, ,, = 0, the precursor of the
high-grade net-textured ore has contained twice
higher sulfur concentration than in the ore (18.5 wt %
S), which roughly corresponds to 50% sulfides in the
original system. This estimate is of virtual nature and
shows that an ore with isotope—chemical characteris-
tics of the real ore could be produced if much sulfides
had been “preparatorily” accumulated from the main
magma volume. For the mineralized olivine gab-
bronorite (sample 16DV628-2), the virtual sulfur con-
centration in the precursor practically exactly coin-
cides with that in the probable contaminant. For the
rocks with sulfide droplets that contain less than 1 wt %
sulfur but possess high 'S, > +6, the parental
magma should have contained lower (0.33 wt % S for
sample DVI10) to very low (for sample 16DV627-1)
sulfur concentrations. Thus, the solution of this prob-
lem for the net-textured ore requires the maximum
proportion of contaminant of about 60%. For sample
16DV628-2, approximately 30% assimilated material
is required, and the rock samples with sulfide globules
(DV10 and 16DV627-1) require 17 and 6%, respec-
tively (Fig. 7a).

The high proportions of contaminant required for
the ore samples imply that the hybrid systems should
have possessed anomalous petrochemical characteris-
tics, indicating that the shift of the isotope composi-
tion 8°*S,, from 0 to approximately +2%o should
have occurred at a much lower concentration of sul-
No. 6
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fides in the parental magma before their accumulation
in the chamber. At the same time, the very low sulfur
concentration in the possible precursor of the picro-
dolerite (sample 16DV627-1, Fig. 7a) sets another sig-
nal. Obviously, the fact that this sample contains sul-
fide droplets indicates that the magma was saturated
with the sulfide phase, i.e., sulfur concentration in the
magma was no lower than 0.08 wt % (Ariskin et al.,
2016) (dashed lines in Fig. 7). If this concentration is
assumed as the starting one (and also assuming, again,
that 6**S,,,, = 0), the assimilation of rocks of the same
sulfur isotope composition (8*S_, = +9.4%o0) sug-
gests that they should have contained about 0.25 wt %
sulfur, and the proportion of the contaminant was
close to 80%. This puts forth the problem of the anom-
alously high degree of contamination of the initial
magmatic system. Such estimates are in conflict with
regular petrochemical trends and geochemical fea-
tures of the contact rocks of the Dovyren complex, as
well as with the results of thermodynamic simulations,
which indicate that the variations in the temperature
and composition of the parental magmas were gener-
ally insignificant (Ariskin et al., 2018b).

Assuming a parental magma with 8*S,,, = +2
(which is close to the sulfur isotope composition of
ores in apophysis DV10, Table 1), we minimized the
excess assimilation for the sulfide-rich rocks (Fig. 7b).
This problems remain, however, for the picrodolerite
(sample 16DV627-1), if by analogy with what was
done previously, we assume that the sulfur concentra-
tion in the parental magma corresponds to the sulfur
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solubility. The condition S,,,, = 0.08 wt % provides a
numerical solution for this sample if the proposed
contaminant contains 0.45 wt % S, and the degree of
assimilation is close to 70%. We believe that this
dilemma can be resolved based on natural geological
observations, which indicate that sulfides richest in
the 3*S isotope are found exactly in the inner-contact
zone of the studied apophysis (Fig. 3). This implies
that contact processes should have played an import-
ant role and could have affected exchange in sulfur
isotopes between the magma reservoir and host rocks.

Isotope exchange mediated by a gas phase? Accord-
ing to our data, the parental magmas of the Yoko-
Dovyren massif have had temperatures of 1300—
1200°C, with the minimum estimates typical of the
marginal parts and associated sills/apophyses (Ariskin
et al., 2016, 2018b). According to (Kislov, 1998), the
thickness of the thermal aureole in the host rocks var-
ies from 100—200 to 400 m, and the outer-contact silt-
stone is transformed into quartz- and biotite-rich and
plagioclase—amphibole—pyroxene hornfels, whose
thicknesses reach 3—5 m and are locally as large as 10
m. This contact metamorphism requires large-scale
dehydration, with the possibility of the thermal
decomposition of sulfides in the sedimentary rocks
adjacent to the intrusive contact. E. Ripley was among
the first to emphasize the importance of such pro-
cesses (Ripley, 1981) with reference to the problems of
sulfide mineralization at the Dunka Road deposit in
the Duluth complex, Minnesota, United States. He
suggested that the pyrite may have been decomposed
according to the reaction

FeS, + 3H,0(vapor) + 2.5C
5 2FeS +1.5CO, + CH, + 2H,S,

and assumed that the newly formed H,O-bearing fluid
may have interacted with the troctolite magma to pro-
duce sulfides with variable sulfur isotope composition.
A thermodynamic analysis of a situation when mag-
matic plutons thermochemically affect graphite- and
sulfide-bearing pelites under strongly reducing condi-
tions is presented in (Poulson and Ohmoto, 1989).
These authors have determined that the dominant
fluid components at low pressures, high temperatures,
and relatively low oxygen fugacity are indeed H,O,
CO,, CH,, and H,S. The occurrence of H,S in the
vapor phase at high temperatures suppresses H,O
activity in the fluid and expands the ranges of param-
eters suitable for the dehydration of sulfide-bearing
sedimentary rocks. Later, a set of computations for a
broader spectrum of redox conditions and pressures
was presented in (Tomkins, 2010), with the computa-
tions done using the TERMOCALC and PerpleX soft-
wares.

The generation of H,S-bearing fluids at the periph-
eries of the intrusive body thus provides a potential for
selective sulfur transfer from the graphite-bearing
pelites into the magma chamber and does not require
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either complete melting or volume assimilation of the
host rocks (Poulson and Ohmoto, 1989). This mecha-
nism ideally suites to the geological setting in which
the Dovyren complex was formed, including intrusive
bodies and apophyses that were emplaced into the car-
bon-bearing carbonate—terrigenous rocks of the
Ondoko Group (Gurulev, 1965; Konnikov, 1986). An
indirect argument in support of the plausibility of this
transfer is the decrease in the content of organic car-
bon (up to its complete disappearance) in the terrige-
nous rocks with decreasing distance from their contact
with the intrusion (Kislov, 1998).

The possibility of efficient transfer of sulfur iso-
topes across a contact zone between two sulfide-bear-
ing reservoirs with different 84S values is explained by
that the H,S component of the fluid inherits its sulfur
isotope composition from the pyrite that entered
decomposition reaction (4). Because of the high tem-
peratures of the irreversible reaction (4), sulfur isotope
fractionation between the products of this reaction
(pyrrhotite and H,S) can be viewed as negligibly insig-
nificant. According to the Po—H,S fractionation
equation (Li and Liu, 2006) at 1000°C (which is the
maximum temperature for which estimates of isotope
fractionation were presented by these authors), the
sulfur fractionation coefficient in this system is
0.15%o0. This estimate is the minimal and corresponds
to the maximum temperatures of the contact processes
that were associated with the emplacement and crys-
tallization of the Dovyren complex. The maximum
estimate, which corresponds to the beginning of vol-
ume thermal decomposition of the pyrite (approxi-
mately 500°C; Yan et al., 2008), is 0.42%o0. The range
of these estimates is comparable within the accuracy of
sulfur isotope analysis. Hence, the value of 8**S of the
hydrogen sulfide generated at thermal decomposition
of the pyrite should have been close to that of the orig-
inal pyrite.

The interaction of H,S-bearing fluid with the biva-
lent iron of sulfide-saturated magmatic melt can be
represented by the reaction

H,S + FeO(magma) — FeS{ + H,0, (5)

which results in sulfides whose sulfur isotope compo-
sition was inherited from the parental magma and
modified by that of the decomposed sulfides of the
host rocks. This mechanism is able to explain the
occurrence of picrodolerite with high &°**S values of
their sulfides and low sulfur concentrations at contacts
with the apophyses, as well as the absence (or insignif-
icant values) of contamination signals in the olivine
cumulates upward from the intrusive contact. More-
over, reaction (4) implies that sulfur can be extracted
from some volume of the host rocks into a single fluid
phase to homogenize the sulfur isotope parameters of
sulfur extracted from the host rocks before reaction (5)
began. This helps in conciliating inconsistencies
No. 6
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emerging when the mechanism of simple additive
contamination is analyzed.

The scenario presented above requires iron
extraction from the magmatic melt in a weight propor-
tion that is roughly twice larger than the introduced
sulfur amount. For the picrodolerite (sample
16DV627-1) that contains ~0.2 wt % sulfur (Table 1),
this is equivalent to roughly 0.5% FeO depletion in the
melt. These relations eliminate the problem of the vol-
ume assimilation of sedimentary rocks for producing
the sulfide droplets enriched in the heavy 3*S sulfur
isotope. Hence, a factor that resulted in a significantly
heavier sulfur isotope composition in the basal zone of
apophysis DV10 at magmatic temperatures could have
been interaction of the melt with H,S-bearing fluid of,
in fact, metamorphic nature (Tomkins, 2010). If H,S
was extracted for a long enough time from a large vol-
ume of sediments or sedimentary rocks, as well as at
lower interaction temperatures, the sulfur isotope
composition of the sulfide material may have been
additionally shifted by no more than 0.5—1%eo.

Experimental evidence. Not long ago, results of
experiments that studied the partial melting of black
shales (pelites) of the Virginia Formation were pub-
lished. The rocks were sampled outside the thermal
aureole of the Duluth complex, in the host rocks (Vir-
tanen et al., 2020). The experiments were conducted
under a pressure of 2 kbar and at temperatures of 700—
1000°C. These experiments have demonstrated that
hydrosilicates are dehydrated at 700°C with the release
of most of the sulfur and carbon of the black shales
into the fluid phase. At 1000°C, the original sulfides
are transformed into droplets of Cu- and Ni-bearing
pyrrhotite. This interesting observation confirms the
efficiency of contact-metamorphic processes based on
reaction (4).

CONCLUSIONS

(1) High-precision analysis for sulfur isotope com-
position with the application of methods of local
mechanical hand-picking of sulfide fractions was con-
ducted for ten plagioperidotite samples, which repre-
sented the stratigraphic section of a thick (about 300 m)
swell of a mineralized apophysis of the Yoko-Dovyren
massif in the northern Baikal area. The &S values
were determined to broadly vary from +11 to —1.9%o,
with sulfides maximally enriched in isotopically heavy
sulfur found in ~10-m horizon near the lower contact
of the apophysis and minimally enriched sulfides
occurring near the upper contact.

(2) Sulfide droplets from picrodolerite from the
immediate vicinity of the lower contact of the apoph-
ysis (Pshenitsyn et al., 2020) show a narrow range of
8%S = +8.65 + 0.34%o0 (n = 5). The high-grade net-
textured ores, mineralized olivine gabbronorite, and a
mineralized leucogabbro dike are characterized by lit-
tle varying values of 8**S = +2.09 to +2.53%o.
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(3) The composition of four samples of the host
carbonate—terrigenous rocks was analyzed by XRF.
The rocks contain relatively much sulfur (up to 3—
3.5wt %), which corresponds to about 10% sulfides.
A sample of the pyrite-bearing quartzite (17DV815-1)
was determined to have 6**S = +9.40 + 0.14%o, and
the pyrite-bearing dolomite yielded 8**S = +2.20%o.

(4) Simple scenarios of additive mixing of isotopi-
cally contrasting reservoirs, which correspond to a
juvenile magmatic source (8**S = 0 and +2%o), and
pyrite with isotopically heavy sulfur (8**S = +9.4%0)
are demonstrated to require high degrees of assimila-
tion of the host rocks (as much as 60—80%) and need
isotopic equilibration of the hybrid system. In the sit-
uation with the contact picrodolerite with sulfide
globules, such mechanism is inconsistent with the
estimated solubility of sulfide sulfur in the Yoko-
Dovyren magma, which is close to 0.08 wt % (Ariskin
et al., 2016).

(5) The high 8%*S values in the basal rocks of the
plagioperidotite apophysis are explained by an alter-
native mechanism of the contamination of the sulfide-
saturated magma based on the thermal decomposition
of pyrite from the host rocks. This process was associ-
ated with the formation of contact-metamorphic H,S-
bearing fluid (Poulson and Ohmoto, 1989), which
interacted with the magmatic melt at the peripheries of
the intrusive body and produced minor amounts of
sulfides with elevated and high 84S values. This sce-
nario does not require volume assimilation of the host
rocks and is consistent with petrologic and geochemi-
cal characteristics of the magmas and cumulates.
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