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Abstract

Five mineralogical facies of gumbeites at sheelite deposits of the Urals were distinguished and studied:
calcite-biotite (450-390°C) and calcite-dolomite-biolite (400-360°C), early; biotite-dolomite (360-330°C) and
dolomite (340-280°C), late; and phengite (305-250°C), the latest. Veins of K-feldspar + carbonate + quartz
accompanying gumbeites and containing molibdosheelite, sheelite, tungstenrutile, apatite, Te-Bi-
tetrahedrite, cupropavonite, benjaminite, ...
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Table 11. Oxygen isolope composition in coexisting quartz and sheelite
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Note: Analyst V.1, Ustinov [V{'.ri‘l'.l.dbk}" Institute ol Geochemistry and Analytical Chemistry, Russian Academy of Sciences), 1-1|—sam-

ples from the Gumbeika deposit: 12— 14—samples frem the Sharnash oceurrence. In brackets are mean T values,

* Calculated with the model of Matsuhisa ef afl. (1979},

#* Calculated with the model of Weselowski, Ohmoto (FY86).

to -9. 1% (Fig. 9). In accord with the C isotope compo-
sition in carbonates, the ore deposition in gumbeites
occured due to interaction between deeply generated
fluids with carbonates of host rocks. This is especially
clear for the Balkan deposit,

Calculated values of 30, ;, in quartz. sheelite
(Table 11 and Fig. 9), and muscovite (8'%0 = 7.2%.,
80,0 = 3.2%) prove the deep source of gumbeite-

forming fluids in the Urals, either metamorphogenic, or
magmatogenic,

GENERAL FEATURES OF GUMBEITES

Gumbeites and accompanying K-feldspar-carbon-
ate—quartz sheelite bearing veins and metasomatic
rocks are localized inside the intrusive bodies, and out-

side, near their contacts. These rocks and veins are the
result of carbon dioxide metasomatism of moderate
temperature (450-260°C, commonly 390-330°C). The
geological age of gumbeites is similar to the age of
some dikes of the Shartash granodiorite complex and
the Gumbeika monzonite complex. The depth of gum-
beite formation corresponds to mesoabyssal levels. The
hydrothermal fluids were essentially carbon dioxide—
agueous (f?y = 3.4-2.0 kb). with moderate salinity
(9-16% NaCl eq.) with KCI-NaCl-MgCl, (CaCl,
less abundant), metamorphogenic state, praduced by a
deep seated source. Hot fluids invaded cold rocks,
therefore the inner zones of metasomatic zonation con-
tain relatively high-temperature mineral assemblages
(biotite with high Ti content), and the outer zones con-
tain mineral assemblages of lower temperature (hiotite
and phlogopite with lower Ti content). CO,, 5, and K,0
were added, and Si0, and Na were lost during the
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Fig. 6. Formation parameters of ore veins in gumbeiles.
{1, 2) Quartz from veins of the Gumbeika deposit; (1) veins
with sheelite IV; (2) veins with sheelite Vi (3. 4) quanz from
veins of the Shartash occurrence; (3) with sheelite 1; (4) with
sheelite 11; (n) number of determinations.
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Fig. 8. Isotope compuosition of C in carbonates from veins in
gumbeites of the Urals afler our data and that of
A F. Karzhinskii (1959). Isotope compaosition of the mantle
rocks (carbonatites) is plotted alter data of Wilson (19849).

metasomatic process of gumbeization. Phosphorus was
mobile: it was removed from inner zones and added
into others. Apatite occurs practically in every vein in
gumbeite assemblage. The mobility of the phosphorus
was probably one of the reasons of the sheelite forma-
tion, because 1t contributed to the stability of polytung-
sten complexes in solution, which are regarded as the
probable form of tngsten transport (Detusheva er al.,
1990).

Gumbeite mineral types changed with decreasing
temperature from 450 to 305°C: calcite-biotite —=
calcite—dolomite—biotite ——= dolomite-bhiotite —
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Fig. 7. Oxygen isotope composition in coexisting quarlz and
sheelite from ore veins in gumbeites, (1=5) Quartz veins of
the Gumbeika deposit (1) with Mo-sheelite 1; (2) with Mo-
sheelite W, (3) with sheelite 11 (4) with sheelite TV: (5) with
sheelite V. (6. 7) quanz veins of the Shartash occurrency;
(6) with sheelite I; (7) with sheelite 11 (8) regression line [or
deposits in berezites; (9) isotherms, *C.
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Fig. 9. Oxygen isotope compasition of fluids which depos-
ited sheelile and guartz in gumbeites of the Urals. Isotope
composition of oxygen Trom magmatic and metamorphic
waters afier (For, 1989),

dolomite —» phengite. High-temperature veins con-
tain molibdosheelite, tungsten-rutile, monazite; mid-
dle-temperature veins contain sheelite, rutile, molib-
denite, Ag-Bi—galena, cupropavonite. benjaminite, and
some others; veins formed at the lowest temperature
contain Cu-Pb-Sb-sulfosalts, and poor Au-"Te mineral-
ization with aikinite. The sheelite deposition was a
multistage process. and the content of Mo, Ce, La. and
Nd in sheelite decreased from the carly to the late
stages. Most of Fe is in pyrite, hematite, and carbon-
ates, and this 1s probably the reason for the high relative
content of Zn in fahlore in gumbeites.
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The higher content of Mo in sheelite, the occurrence
of hematite. and fahlore rich with Cu®* reveal the rather
high redox potential in solutions which formed gumbe-
ites, The redox potential decreased from the carly to the
late ore stages, and the ratio CH,/CO, in the fuid
increased in the same direction.

COMPARISON OF GUMBEITES AND OTHER
SHEELITE—BEARING PLUTONOGENIC
HYDROTHERMAL METASOMATITES

Gumbeite and skarns. Sheelite and molibdosheelite
in skarns commonly associate with pyroxenes, amphy-
boles, plagioclase, and garnets. In gumbeites, the only
silicates associating with sheelite and molibdosheelite
are K-feldspar and micas. Sheelite in skarns shows low
total REE, and particular low Eu content (mean values
are 260 and | ppm, respectively), and high
LREE/HREE ratio value (more than 30) (Getimanskayu
ef al., 1984), Sheelite from the Urals gumbeites con-
tains 830-2190 ppm REE, 11-32 ppm Eu,
LREE/HREE = 5-20. Fahlores in skarns contain up to
20-509% Ag (Chvileva er al., 1988}, but in gumbeites
less than 4% Ag.

Gumbeites and greisens. Sheelite in greisens associ-
ates commonly with luorite, is poor in Mo (because it
1s deposited by very acid fluids), contains little Eu (no
more than 2 ppm), and its mean ratio value
LREE/MHREE = 26 (Getmanskaya er al., 1984). Typical
minerals of Bi in greisens are bismutite, bismuth,
kosalite, galenabismutite, joseite, ingodite, and hedliite
(Chvileva et af., 1988).

Gumbeites and berezites. Sheelile in berezites asso-
ciates with quartz, carbonates, and sericite, but not with
K-feldspar and biotite. Sheelite from some gold depos-
its is enriched with Eu, Sm, and Tb, poor in Mo, and
shows the low ratio value LREE/HREE = | (Table 2).
Berezites have no hematite, apatite, complex Bi-Pb-
Cu—-Ag sulfides, meneghinite, bournonite (enriched
with As and Bi), and fahlores with Bi, Te, and Se (the
fahlores there are commaonly enriched with Ag), i.e.. all
minerals typical for gumbeites are missing in berezites.
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