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BARITE FROM THE ANCIENT VMS-DEPOSIT AND MODERN HYDROTHERMAL
SULFIDE FIELDS: A COMPARISON OF FORMATION CONDITIONS

B pabore wu3mOXKEHBI pPE3yJAbTAThl M3YYCHHS MUHEPAIBHBIX AaCCOLMAIMA, XUMHYECKOTrO
Y WU30TOIMHOIO COCTABOB, TEPMOOAPOre€OXMMHUYCCKIX XapaKTEPUCTHK (Diroraa, o0pa3oBaBIliero 0apur u3
CEPHOKOJTYCIIAHHBIX KOJUIOMOP(HBIX U 00JIOMOYHBIX Py Tasico30ickoro CagbsSHOBCKOrO MECTOPOXK/Ie-
Hust (Cpenauii Ypai) v KallHO30MCKIX THApoTepMabHbIX moseil Cemenos-1 u Cemenos-3 (CAX).

B PE3YIbTATE MPOBEACHHBIX I/ICCHG[{OBBHI/Iﬁ YCTAaHOBJICHBI Y€PThHI CXOJACTBA U OTJIMYUA IIPO-
IIECCOB 00pa30BaHMs OAPUTCOACPKAIMX MUHEPATBHBIX ACCOIUAIUI B PAa3JIMYHBIX TEKCTYPHBIX THUIAX
Py U3 Pa3HOBO3PACTHBIX KOMUYEIAHHBIX MOCTPOEK. B Opekuusx, B OTINYKE OT KOJUIOMOP(HBIX U TOH-
KO3CPHUCTBIX pyd, OTMCUACTCA CXOACTBO MHUHCPAJIbHBIX aCCOHI/IaHI/Iﬁ 6apI/ITOB. OTnn4ust BBISIBIIEHEI B
coZiep’)KaHUHM MUKPOIIPUMECEH, H30TOITHOM COCTaBe U MapameTpax (uironaa, 00pa3oBaBIIero Oapur.

Barite is one of the widespread gangue minerals both in on-land volcanogenic-hosted massive
sulfide deposits and submarine hydrothermal sulfide vent systems. The different formation conditions
of barite are recorded in its morphology, chemical and isotopic composition, and fluid inclusions [Pay-
tan et al., 2002], thus it may serve as an indicator of formation conditions of accompanying massive
sulfides. This work presents the comparative study of barite from low-metamorphoused Devonian
Saf’yanovka VMS-deposit in the Central Urals and Cenozoic Semenov-1 and Semenov-3 hydrother-
mal sulfide fields in the Mid-Atlantic Ridge. The mineral assemblage, chemical and isotopic composi-
tion, and fluid inclusions were analyzed in barite from colloform, fine-crystalline and clastic sulfides.

The barite-bearing ore samples from the Saf’yanovka deposit were collected from the main
orebody in the operating open pit. The deposit hosted by rhyolitic—dacitic-andesitic—basaltic volcanic
complex [Yazeva et al., 1991]. Based on the detail ore-facial mapping, the major subvertical triangle-
shaped ore lens was reconstructed as a destroyed sulfide mound [Maslennikov, 2006]. The colloform
pyrite ores with barite and quartz in the top of the sulfide body represent the fragments of seafloor
hydrothermal slabs. The sulfide breccias and sandstones with clasts of massive and colloform ores and
black smoker chimneys cemented by barite, quartz and, locally, by C-bearing silty sandstones are lo-
cated in the southern flank of the main orebody.

Massive sulfides from the Semenov-1 and -3 hydrothermal fields were collected in the 30"
cruise of the R/V Professor Logachev in 2007. The hydrothermal fields are the part of the large Se-
menov massive sulfide cluster [Beltenev et al., 2007]. The Semenov-1 field (13°30.87? N, 44°59.24?
W) is situated near the seamount foot at a depth of 2570-2620 m. It represents a single mound or,
more probably, a series of coalescent sulfide mounds and their destruction products [lvanov et al.,
2008]. The dredged samples included serpentinized ultramafic rocks, altered basalts, and massive sul-
fides, containing up to 20 vol % of barite. The Semenov-3 field (13°30.70? N, 44°55.00?W) is located
on the northeastern slope of the seamount at a depth of 24002600 m and is associated with altered
basalts [Beltenev et al., 2007]. Sulfide breccias with marcasite—pyrite clasts enclosed in the fine-
grained sulfide—quartz cement were recovered from the seafloor.
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The abundance of fine-crystalline, porous, nodular, banded, and colloform textures, predomi-
nant iron disulfides over Cu-Fe-Zn-sulfides and presence of barite and less abundant quartz bring to-
gether the Saf’yanovka and Semenov-1 colloform sulfides, indicating similar way of their formation.
Barite crystals from both objects are large, tabular and form rosettes that is typical of hydrothermal
barites [Paytan et al., 2002]. Barite from the Saf’yanovka colloform ores is associated with late quartz
and was formed after major sulfides. The most part of barite from the Semenov-1 fine-crystalline mas-
sive sulfides is the earliest mineral precipitated before the sulfides. Less amount of barite was formed
at the final stage of mineral deposition.

Barite from the Saf’yanovka and Semenov-3 pyrite breccias is a late mineral formed after de-
struction of the early colloform sulfides and their cementation by newly formed sulfides. Barite from
the Saf’yanovka clastic ores is most likely postdiagenetic, because it develops after diagenetic pyrite
framboids and metacrystals. Barite crystals, locally with stylilote boundaries, are deformed as
a result of increasing pressure. The compact barite aggregates owing to the straitened crystallization
conditions are similar in morphology with diagenetic barite from ocean sediments [Paytan et al.,
2002]. Barite from the Semenov-3 field is a product of late hydrothermal input. It grew in the large
cavities in clasts and cement, forming the typical radial aggregates of large tabular crystals and, lo-
cally, associating with late chalcopyrite.

Based on microprobe analysis, Sr is a major admixture in barite. Sr contents in barite from the
Saf’yanovka deposit (0.00-0.83 wt %), Semenov-1 (0.31-4.45 wt %) and Semenov-3 (0.50-2.84 wt
%) fields are typical of barite from many ancient VMS-deposits and modern hydrothermal sulfide
fields. So, Sr content by itself could not be the reliable genetic indicator.

Different trace element distribution based on ICM-MS analysis is caused by different reasons.
The increased Zn contents in barite from the Semenov-1 field and elevated Zn, Pb, As, Te, Hg and Bi
contents in barite from the Saf’aynovka clastic ores reflect microinclusions of sphalerite (Semenov-1)
and sphalerite, galena and various sulfosalts (Saf’aynovka). The elevated Co, Ni, Mn, and U contents
in barite from the Semenov-1 field derived from seawater. The higher Cu, Ga, Ge, and Sb contents in
barite from the Semenov-3 field may be attributed to the contribution of high-temperature hydrother-
mal fluid during coeval precipitation of barite and Cu-Fe-sulfides.

Increase in 8*'S values in barite from the Saf’yanovka colloform (+25.5 %) and clastic (+27.0 %o)
ores relative to the *S values of the Silurian-Devonian seawater (+23...+24 %o) [Claypool et al., 1980]
is a result of bacterial activity that agrees with numerous relics of sulfidized near-hydrothermal fauna in
colloform ores and their clasts in breccias. This fact also corroborates the presence of N,, CO, and CH,4
in gaseous mixture from fluid inclusions. Sulfur isotopic composition of the Semenov-1 barite (+21.0
and +21.3 %0) completely corresponds to that of the contemporary seawater (+21.2 %o) [Rees et al.,
1978]. Little decrease in *S values in barite from the Semenov-3 breccia (+20.6 %o) may indicate con-
tribution of some portion of light sulfur isotope from the high-temperature hydrothermal fluid.

Barite in the Saf’yanovka colloform ores and Semenov-1 fine-crystalline sulfides was crystal-
lized from relatively low- to medium-temperature and low-salinity fluids of compound composition:
182-204 °C, 1.5-4.5 wt % NaCl-eq., NaCIl-Na,SO,~H,0 and NaCl—NaHCOs;-H,0 (Saf’yanovka)
and 83-224 °C, 0.6-3.8 wt % NaCl-eg., Na,SO,~K;SO,~H,0 and Na,SO,~NaHCO5;-H,0 (Semenov-1).
The hydrothermal fluid most likely underwent phase separation that is evident from low salinities. The
presence of SO, and CO, in fluid inclusions in barite from the Semenov-1 field may indicate the
magmatic contribution. Barite from clastic ores was formed from medium-temperature (150-190 °C),
low-salinity (1.0-5.5 wt % NaCl-eq.) NaCl-dominant fluid at the Saf’yanovka deposit and high-
temperature (270-340 °C), medium- to high-salinity (4.5-9.5 wt% NaCl-eq.) Na,SO,~NaCIl-H,0 fluid
at the Semenov-3 field.

The results of our study have revealed similar formation conditions of hydrothermal barite from
the ancient massive sulfide deposit and modern hydrothermal sulfide fields. Barite from the colloform
ores was formed from the low-temperature low-saline fluid of compound composition in contrast barite
from clastic ores, which was crystallized from moderate- to high-temperature higher saline NaCl-
dominant fluid. Phase separation of the fluids played important role in formation of barites from collo-
form ores that may be deduced from one- and two-phase fluid inclusions and low salinity relative that of
seawater. Some discrepancies in chemical composition, sulfur isotopic composition or fluid inclusion
data reflect specific geological-mineralogical environments of barite formation. The high-temperature
barite from the Semenov-3 clastic ores could incorporate some portion of light sulfur isotopes from the
high-temperature hydrothermal fluid that was resulted in slightly decreased *'S values. Increased sulfur
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isotopic composition of barite from the Saf’yanovka ores is a consequence of bacterial reduction that is
in accordance with abundant fauna relics in the deposit. Barite from the Saf’yanovka ores was formed
under more reducing conditions that is evident from the higher CO and CH, contents in gaseous compo-
sition of fluid inclusions. High Cu content, higher homogenization temperatures of fluid inclusions and
higher salinity of the fluid in barite from the Semenov-3 clastic ores are related to its precipitation from
the high-temperature hydrothermal fluid in assemblage with late Cu-Fe-sulfides.

Authors thanks Dar’ya Kiseleva (IGG UB RAS, Yekaterinburg, Russia) for ICP-MS analy-
sis, Raul Carampin (IGG-CNR Padova, Italy) for microprobe analyses, Tat’yana Nazarova (VSEGEI,
St-Petersburg, Russia) for sulfur isotopic analyses, and Olga Mironova (GEOKHI RAS, Moscow,
Russia) for gas chromatography of fluid inclusions.
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FORMATION CONDITIONS OF THE RIDDER-SOKOLNOE DEPOSIT,
RUDNYI ALTAI, KAZAKHSTAN

Punnep-CokonbHOE 30710TO-TI0JIMMETANINYECKOE MECTOPOXKICHHE SIBJIAETCA KPYIHEUIINM Ha
Pymaom Antae. ®opMupoBaHue OpyACHEHHS CBS3aHO C PAHHEAEBOHCKUM (dMc) BylKaHU3MOM. Opy-
JEHECHHE JIOKAJIM30BaHO B JENPECCHOHHON MAJIEOCTPYKTYypE, BOSHHKIIEH HA CKIOHE WIIM IOAHOXKBE
IIOIBOJIHOM BYJIKAHUYECKOW Ipsnbl. Ero pasmelneHne KOHTPOJIUPOBAIOCH 30HAMU TPEIUHOBATOCTH,
CILy’KMBIIMMU IIPOBOAHUKAMH TUIPOTEPMAIIBHBIX PYAOHOCHBIX PAaCTBOPOB, OTJIAraBIIMX OPYACHEHHE
B MPHUIOHHON YacTH MOPCKOro OacceifHa M Ha MyTsaX uX ciaenoBaHus. OTYETIMBO MPOSBICHBI IPH3HA-
KM BBIHOCA PYAHOI'0 MaTepuaia u3 MOAPYAHBIX IIOPOJ MECTOPOKICHUS.

The Ridder-Sokolnoe gold-polymetallic deposit is the largest deposit in the Rudny Altai. It is
located in the Leninogorsk-Zyryanovsk subzone of the Rudny Altai metallogenic zone within the
Leninogorsk graben bounded by the Ivanovsky (Obruchevsky) reversed fault in the south and Severny
thrust in the west, north and northeast, which is alternated by the Bosyakovsky reversed fault in the
southeast. The territory of the graben hosts the Leninogorsk ore field with Ridder-Sokolnoe and simi-
lar Kryukovskoe, Novo-Leninogorskoe, Obruchevskoe, and Dolinnoe deposits.
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