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DISCUSSION
DATA SOURCES

The geologic map, cross section, and related data were compiled from published
sources, proprietary field maps, and discussions in the field with geologists from the
Central Scientific Research Geologic Exploration Institute (TsNIGRI), Moscow, Russia,
the Central Asian Institute of Geology and Mineral Resources (SAIGIMS), Tashkent,
Uzbekistan, and the Kyzyl Kum Geological Exploratory Expedition, Muruntau, Uzbeki-
stan. The geologic map was compiled by using a pair of Satellite Pour ’'Observation de
la Terre (SPOT) satellite images (K173 — J266, K173 — J267) (fig. 1) and three sources
of field data (fig. 2). Field work by the author from October, 12 to 20, 1991, confirmed
the major structural features (thrust faults and shear zones).
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Figure 1. — Location of map area on SPOT image pair
(K173 - J266, K173 - J267).

STRATIGRAPHY

The tectonic basement complex of the Tamdy Mountains consists of Proterozoic to
Ordovician rocks (Sabdjushev and others, 1970). The oldest unit is Proterozoic (Riphean)
schist (Rf,) and is overlain by Riphean sandstones, siltstones, and slates (Rf;) and Vendian
sandstones, siltstones, and slate (V). Cambrian basalts, spilites, andesites, diabases, and
reef limestones (€mel) are overlain by sandstone and slate. The Ordovician section
includes a basal turbidite sequence with sandstones, siltstones, slates, and beds of black
chert with diatoms (bs,—bs,).

The basement complex in the Tamdy Mountains is overlain by Silurian sandstones and
conglomerates (S,In;), sandstones, gritstones, and slates (S,w), volcaniclastic sandstone
and gritstone, andesite porphyry, and basaltic tuff (S}), and slate, siltstone, sandstone,
gritstone, and limestone (S3) (Sabdjushev and others, 1970). These predominantly clastic
Silurian units are separated from more than 2 km of overlying Devonian and Carbonif-
erous shelf carbonates by a thrust fault. Within this carbonate section, nine conformable
regional units (D;, D,e, D,gv, D;, C,t;, Cit,, C,Vs, C,b,, C,m,) are recognized on the nine
bases of paleontological data. The youngest Carboniferous rocks in the Tamdy Moun-
tains are a Molasse sequence (C,_smr) that consists of over 700 m of siltstone, sandstone,
and slate with interbedded conglomerate that contains large boulders of limestone and
siliceous schist.

Carboniferous and Permian intrusive rocks are present in the northwestern and
northeastern Tamdy Mountains (Sabdjushev and others, 1970). This assemblage
includes Carboniferous ophiolitic rocks, including serpentinite, pyroxenite and dunite,
plagiogranite with a dike complex, basalt, and pelagic sediments that contain radiolarian
cherts. Permian leucogranites (v,P,), Alaskites (y,P,), and swarms of felsic and syenitic-
lamprophyric dikes are widespread.

Discrete lenses of highly silicified, hydrothermally altered rock are in east-west- trending
zones principally within the Ordovician (bs,;—bs,) rocks (Besopan Suite) in the southern
one-third of the map area (Donskoy and Vakovlev, 1989). These lenses formed as part
of the enormous hydrothermal system that deposited the Muruntau gold deposit, and
other smaller deposits, in extensive east-west-trending shear zones mapped in the
Muruntau area (fig. 4). These shear zones contain gold and silver deposits for more than
75 km along strike from Muruntau southwestward to the Daugyztau region of Uzbekistan.

STRUCTURAL GEOLOGY

The structure of the Tamdy Mountains is complex and includes large thrust sheets,
numerous thrust faults, folds, domes, horses, and melange. Two periods of deformation
are recognized in the area: Caledonian (Silurian) and Hercynian (Late Carboniferous)
age. The basement complex, which included middle Proterozoic (Riphean) through
Ordovician rocks, was deformed and metamorphosed during the Caledonian. Tectonic
transport was toward the north (Kurbanov and others, 1991; D.G. Azhgirey, TsNIGRI,
oral commun., 1991). The large domal structure of Riphean through Ordovician rocks
(Rfs—bs,) in the southern part of the mapped area formed at this time. Fractures and
cleavage in the bs, stratigraphic unit formed at this time and created one of the most
important ore-bearing structures (the stockwork ore structure) in the Muruntau and
similar deposits, such as the Besopan. The Muruntau Lens (bs; ) at the base of unit bs,
is considered to have had a composition and (or) structure that allowed its bulk
replacement by the hydrothermal system.

The style and complexity of the Carboniferous thrusting is well illustrated in cross
section A-A’ and by the spatial relations between the Devonian and Carboniferous
carbonate rocks and their dips in the northern versus the southern parts of the mapped
area. In the northern part of the cross section, the hanging wall of the thrust faults has
moved downdip toward the center of the Tamdy Mountains. The faults and the beds in
this area dip consistently toward the south. Near the center of the A—A’ cross section, the
thrusts reverse their direction; the beds and the faults dip north, and the hanging walls of
the thrust faults move up dip and reemerge at the surface.

The most obvious structural feature in the Tamdy Mountains is a large synclinal
structure that comprises stacked thrust sheets. This feature was created by tectonic
transport toward the south onto the foreland of the Tarim Kara Kum Plate, during
continent-to-continent collision with the Kazakhstan Plate during the Late Carboniferous
(Zonenshain and others, 1990). Subduction was taking place to the north at this time.
Two deep drill holes (GD-1, GD-1A; location shown near the middle of the mapped area)
were drilled during the Deep Geodynamic Drilling Program of the USSR and confirm the
existence of this synclinal structure (fig. 3; Sabdjushev and Voronov, 1990).

Dismembered ophiolite crops out at the base of the uppermost thrust sheet in the
western and east-central parts of the mapped area. The most continuous unit of this
ophiolite is the serpentinite bodies (ca) that follow the trace of the thrust fault between the
older Riphean, Vendian, and Cambrian rocks and the underlying Silurian rocks. The
slates, siltstones, and sandstones of the S2 formation are predominant in the east-central
part of the mapped area. Pyroxenite and dunite (va) and plagiogranite (yda) occur in
close association with these serpentities and also as isolated horses in the thrust faults. The
central part of the upper thrust sheet has been eroded away, thus leaving two limbs of the
original syncline plunging to the east in the east-central part of the mapped area and a
symmetrically similar structure in the western part. A north-south-trending fracture
pattern may indicate that the central section of the Tamdy Mountains has been uplifted
above a basement block (D.G. Azhgirey, TsNIGRI, oral commun., 1991).

Blocks of pelagic sedimentary rock, commonly radiolarian chert, range from several
square kilometers down to a few square meters in outcrop size. They are black and
resistant to weathering and form prominent knobs, knolls, and hills throughout the
thrust-fault melange.
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No ophiolite crops out along the major thrust fault between the bottom of the Devonian
carbonate rocks (D,) and the tectonic basement. The contrasting assemblages of
stratigraphically unassociated rocks, including an uppermost thrust sheet with a base of
ophiolite and a lower thrust sheet comprise mostly carbonate rocks, indicate long-
distance tectonic transport of these units.

Although the upper and lower thrust sheets may not have been directly associated in
a primary stratigraphy, they are not totally disconnected structurally because a horse of
basement rock (bs,) has been thrust upward into the thrust sheet that contains the
Devonian and Carboniferous rocks in the westernmost-central part of the mapped area.
In addition, horses of Devonian and Carboniferous carbonate rocks occur along faults in
the basement rocks in the southwestern part (D;—C,V,) and in the southeastern part
(D,—C,V; ), and in Silurian rocks located between the upper and lower thrust sheets in the
central part (D,).

The horses of Devonian and Carboniferous rock located in the basement may have
been thrust along preexisting faults formed during the deformation of the basement rocks
in Caledonian time. The dismemberment of the large domal structure in the basement
along the southern edge of the Tamdy Mountains supports this conclusion. Slices of bs,
and bs, are juxtaposed in the southwesternmost part of the mapped area.

A complex shear zone is well developed in the southern part of the Tamdy Mountains
(fig. 4). The majority of shearing took place in the Besopan Suite (bs,—bs,) rocks. Some
shearing associated with this zone was within the lower thrust sheet of Devonian and
Carboniferous rocks (Azhgirey, 1988). Concentrations of felsic and syenitic-lamprophyric
dikes were emplaced within the shear zones during the final stage of the continent-to-
continent collision (Late Carboniferous and Early Permian) (Kotov and Poritskaya,
1991). In the northwesternmost part of the Tamdy Mountains, a two-phase granitic stock
crops out. This granite, as well as the dikes mentioned above, is highly enriched in
lithophile elements. Concentrations of total rare earth elements are often in excess of
1,000 ppm, and high values of uranium and thorium also occur.

The offset toward the north of the leading edge of the thrust sheet of Devonian and
Carboniferous rock in the south-central part of the mapped area may indicate the first
change from thrusting tectonics to the strike/slip tectonics that created the 75-km-long
shear zone that stretches from Muruntau in the southern part of the Tamdy Mountains to
the Daugyztau region of Uzbekistan.

Figure 3.

Schematic cross section based on deep drilling in the Tamdy Mountains
(Sabdjushev and Voronov, 1990).

ECONOMIC GEOLOGY

Gold, silver, copper, uranium, and asbestos have been mined from a variety of mineral
deposits in the Tamdy Mountains. Gold and copper were first exploited during the Middle
Ages from the oxidized portions of shear-zone-controlled mesothermal-type deposits in
the Besopan Suite along the southern margin of the range (low-sulfide quartz gold)
(Berger, 1986). Gold and silver are being mined from the large Muruntau deposit in this
same area. Uranium, as well as vanadium, molybdenum, and copper, is in subeconomic
deposits in the Proterozoic rocks. Asbestos is in serpentinites in the ophiolite complex in
the northern part of the range.

The Muruntau deposit occurs as quartz veins and veinlets in highly fractured and
sheared Besopan (bs;) rocks between two east-west-trending shear zones (fig. 4).
Northeast-southwest-striking, steeply dipping fractures between the two shear zones
contain large ribbon-quartz veins (the “Central” veins). These veins contain the highest
gold grades in the deposit ( >5 g/t). A second set of Central veins is along nearly
horizontal fractures. Axial plane, schistosity, and other cleavage fractures host banded
quartz veins and veinlets, which are referred to as “stockwork” ore (2-3 g/t); this
mineralized rock contains most of the ore at Muruntau.

Four stages of mineralization have been identified in the Muruntau deposit (D.G.
Azhgirey, TsNIGRI, oral commun., 1991). The first stage consists of the gold/tungsten
stockwork mineralization that produced a zoned assemblage of a quartz core surrounded
by an intermediate ring of quartz+potassium feldspar and an outer ring of biotite
(phlogopite). The second stage consists of the formation of the Central veins that contain
gold, pyrite, Fe-Mg-carbonate and arsenopyrite with an associated alteration assemblage
of albite+chlorite. The third stage is free gold with an alteration assemblage of
quartz+pyrite+sericite+Fe-carbonate. In the fourth stage, silver ore with associated
galena and sphalerite and a hydromica alteration assemblage was deposited. No gold is
associated with this final stage.

Numerous felsic and syenitic-lamprophyric dikes were intruded into the shear zones
that contain the Muruntau ore following gold deposition. Some of these dikes are cut by
quartz+pyrite+potassium feldspar+tourmaline-bearing veins that may be associated
with the fourth stage of mineralizaton.

The gold reserves at Muruntau and other smaller deposits in the vicinity have not been
officially released. Estimates vary from 1,000 t of gold metal (Bloomstein, 1987) to more
than 4,000 t. The economic cutoff is about 2 g/t, and a substantial resource in the ground
and in stockpiles ranges in grade from 0.5-2 g/t. In 1991, the pit was nearly 3 km long,
2.5 km wide, and more than 300 m deep. The combined reserves of the many outlying
deposits are unknown, but some individual deposits contain up to several hundred
tonnes of gold metal, and many small deposits contain 1 to 3 t of gold metal along the
75-km-long set of shear zones. The Besopan deposit, which is 4 to 5 km northwest of the
Muruntau mine, contains more than 50 tonnes of gold metal as of 1991 (D.G. Azhgirey,
TsNIGRI, oral commun., 1991).
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DESCRIPTION OF MAP UNITS

(Map unit symbols do not necessarily follow standard symbology of the U.S. Geological
Survey in order to reflect symbols used by the Ministry of Geology of the USSR)

Q Alluvium (Quaternary)

-, %P1, | Alaskite (Permian)

Leucogranite (Permian)

OPHIOLITE COMPLEX AND SEDIMENTARY ROCKS

Cch Chert and pelagic sediments (Carboniferous?)

Plagiogranite with dike complex (Carboniferous?)
Pyroxenites and dunite (Carboniferous?)
Serpentinite (Carboniferous?)

Siltstone, sandstone, and slate, with limestone conglomerates and
siliceous schist (Carboniferous)—Thickness is more than 700 m

Limestone (Carboniferous)—Contains Chonsites tusitevi A. Thickness is
250 m

Limestone (Carboniferous)—Contains flint nodules and Choristites ex gr.
Bisulcatiprmis Semich. Thickness is 150 to 250 m

Limestone (Carboniferous) —Divided into a lower oolitic limestone (150 m
thick) and an upper rosy limestone with Striatifera striata Fisch

Dolomite and limestone (Carboniferous)—Contains Palaeochoristites
ex gr. Thickness is 200 m

Dolomite and limestone (Carboniferous)—Contains Quasiendothyra cf.
kobeitusara (Raus.). Thickness is 80 m

Dolomite and limestone (Devonian)—Contains Cyrtospirifer (?) sp.,
Camarotuechia sp. Thickness is 300 m

Dolomite and limestone (Devonian)—Contains Stringocephalus burtini
Defr. Thickness is 300 m
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Dolomite and limestone (Devonian)—Contains flint nodules and
Megastonia uralerisis (Tschern.). Thickness is 250 m

Dolomite and limestone (Devonian)—Contains Cymostrophia costatula
(Barr.). Thickness is 300 m

s2 Phyllitic slate, siltstone, sandstone, gritstone, and limestone (Silurian) —
Contains Fauosites difformis Chekh. Melange unit. Thickness is 600 to
700 m

Limestone and dolomite (Devonian or Silurian) —Contains limestone and
dolomite of S, and D,. Mapped undivided where they cannot be
lithologically distinguished. Thickness is greater than 100 m

Volcaniclastic sandstone and gritstone, plagioclase and hornblende
andesite, porphyrite, basalt tuff, siltstone, and slate (Silurian)—
Contains Pristiograftus (Wood). Melange unit. Thickness is 500 to 600 m

Monograptus testis (Barr.). Melange unit. Thickness is greater than 200 m

- Sandstone, siltstone, gritstone, and slate (Silurian)—Contains

Sandstone, siltstone, and conglomerate (Silurian) —Contains Okktauites
cf. spiralis (Leinite). Melange unit. Thickness is greater than 200 m

BESOPAN SUITE (ORDOVICIAN)
Sandstone and siltstone Thickness is 1000 m

Carbonaceous slate, siltstone, sandstone, and chert with diatoms—
Thickness is 2000 m. ML, Muruntau Lens (metasomatically silicified
siltstone with beds of biotite schist)

Sandstone with basal conglomerate—Thickness is 700 m

Flyschoid siltstone—Contains beds of sandstone and shale. Thickness is
1200 m

Volcanic and volcaniclastic rocks (Cambrian)—Basalt, spilites, andesite
and jasper grading upward into polymictic sandstone with lenses of slate,
flint, and reef limestone. Thickness is about 900 m

Polymictic sandstone with siltstone and slate (Proterozoic and
Vendian)—Contains lenses of limestone. Thickness is about 800 m

Polymictic sandstone with beds of siltstone and slate (Proterozoic and
Riphean) —Contains lenses of flint and dolomite. Thickness is about
1000 m

- Green horneblende schist and chlorite-sericite schist (Proterozoic and
Riphean) —Contains dolomite lenses. Thickness is greater than 1000 m

EXPLANATION OF MAP SYMBOLS

Contact — dashed where inferred

— Fault
44 Thrust fault—Sawteeth on upper plate
Felsic dike (Permian)
———— Syenitic-lamprophyric dike (Permian)
— Strike and direction of dip of beds

_——. ) Bedding form lines

(Z:) Open pit mine

N Mine shaft

® Deep drill hole
' Highly silicified area (Permian)

~~ ~~ — Fault zone
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Figure 2. — Map showing sources of data used in this compilation.
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Figure 4. — Map showing shear and highly silicified areas. Based on data from Azhgirey (1988) and Donskoy and Vakovlev (1989).
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