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Abstract

In the Amu-Dar'ya gas-oil province a Mesozoic—-Cenozoic sedimentary
cover 1-7 km thick rests on folded Paleozoic basement. The structure of the
sedimentary cover developed by vertical tectonic movements during Mesozoic
and Cenozoic time. Two structural steps, the Bukhara and Chardzhou, are
present on the northeast, and a major linear feature, the Repetek arch,
extends east-west through the middle of the area. Throughout the rest of the
area round to elongate highs are the dominant structural features., An Upper
Jurassic Kimmeridgean salt unit extends over most of the area and acts as a
seal for gas and oil pools in the underlying reef limestones of Callovian-
Oxfordian age. These are the main producers. Where the salt is absent, the
pools occur higher in the section in Lower Cretaceous, Albian-Cenomanian, and
Paleogene clastic sediments. Other pools are present in the Lower-Middle
Jurassic clastic deposits. The province is gas—prone except in the southeast
where oil is present also. Deposition of the salt directly on the upper
Jurassic carbonate reservoir rocks sealed in early biogenic gas, thus rendering
the reservoirs incapable of trapping later oil. The humic composition of the
organic matter and subsidence of the source beds into the thermal gas window
in the deeper parts of the basin also contributed further to the province
being gas-prone.



INTRODUCTION

The Amu-Dar'ya oil-gas province extends over an area of 360,000 k2 in
central and eastern Turkmenia and western Uzbekistan in southern Soviet Central
Asia. The southwest border of the province is coincident with the inter-
national boundaries with Iran (fig. 1). The province extends southeastward
into Afghanistan, covering an additional area of about 45,000 kmZ.

The province is part of the Turan platform, a region of epi-Hercynian
consolidation overlain by marine and continental Mesozoic and Cenozoic platform
deposits 1 to 7 km thick.

01l exploration began in the region in 1929. The period from 1935 to
1952 was a time of various geological surveys and geophysical work, largely
gravity and magnetic surveys.:

Exploration was intensified beginning in 1953 after discovery of the
Setalantepe gas field, the first in the province. Seismic surveying has
been used in ever increasing volume since 1955. Coordinated regional and
detailed geological surveys of the entire region began in 1957 after discovery
of the Gazli gas field (Aliyev and others, 1983).

The province is gas—prone. In most areas no oil is present; only in
the Bukhara area on the east is there significant oil (Semenovich, 1976).
Zhabrev (1983) places gas reserves of Central Asia as of 1980 at 121 tecf
(3.46 trillion m3), most of these reserves are in the study area. Production
for the Amu-Dar'ya province during 1980 was 3.6 tcf (0.103 trillion m ), and
total for the entire tlme of production up until the beginning of 1981 has been
37 tef (1.06 trillion m ) This gas is supplied to the Urals and the central
European part of the U.S.S.R. Older giant fields such as Gazli are approaching
depletion, but new giants such as Dauletabad-Donmez have just recently come
on stream.

STRUCTURE
Introduction

The Amu-Dar'ya oil-gas province coincides with the eastern half of the
Turan platform. A Mesozoic-Cenozoic sedimentary cover 1 to 7 km thick rests
on folded Paleozoic basement, which is part of the Hercynide orogenic belt.

An upper Jurassic salt unit divides the sedimentary section into sub—-salt

and supra-salt parts. On the west, this platform extends offshore into the
Caspian Sea, and its continuation farther west into the North Caucasus to be
part of the Scythian platform is uncertain. On the north, the platform joins
with the West Siberian platform to become part of the single epi-Paleozoic
Ural-Siberian platform. On the south is the Alpine Kopet Dag foldbelt, and on
the east are the Southwest Spurs of the Gissar !Mountains, where folding was in
the late Tertiary. On the southeast the platform extends far into Afghanistan.

The structure of the sedimentary cover of the Amu-Dar'ya oil-gas province
developed by vertical movements during the Mesozoic and Cenozoic (Yanena and



Mamedov, 1982). The Amu~Dar'ya regional low extends over the eastern three-
quarters of the province and has an area of 270,000 km? (fig. 2). On the

west are the Central Kara Kum arch, the Bakhardok flank, and the Cis-Kopet

Dag foredeep (1,2, and II of fig. 2). The Amu-Dar'ya regional low is divided

in some works by the Repetek-Yerbent basement fault into the Amu-Dar'ya depres-
sion on the north and the Murgab depression on the south (Bakirov, 1979).

The structural subdivisions used in this report are taken from Dikenshteyn
and others (1973). Their map (fig. 2), however, shows only the outlines of
the large structures. More detailed maps from Luppov and others (1972) are
referred to in the description of the individual structures. The nomenclature
used on these more detailed maps, however, is not everywhere the same as on
the Dikenshteyn maps. Such differences are noted in the text.

Structural features

The Central Kara Kum arch (1 in fig. 2) is 250 km long in the north-south
direction and 150 km wide in the east-west direction (fig. 3). The surface of
the Paleozoic basement in the central part of the arch is at a depth of 1,600
to 2,200 m; on the flanks this surface plunges to 3,000 to 3,500 m. A large
number of faults of different orientation and displacement are present at the
crest and on the flanks of the arch. In the central part of this structure is
the Zeagli-Darvaza domal high within which are several small anticlines.

The Central Kara Kum arch has been described as a "median massif of early
consolidation.” This suggests that the structure may well be associated with
a micro-plate caught up in the Hercynide orogenic belt. The arch is indeed
expressed on all crustal layers from the M~discontinuity to the base of the
Miocene.

The monoclinal Bakhardok flank (2 in fig. 2) is on the south of the Central
Kara Kum arch. It is 500 km long and 50 to 150 km wide. This feature is the
border of the platform, transitional to the Cis—Kopet Dag foredeep immediately
to its south., Depth to basement is 3 km in the north to 5 km in the south.
In this same direction, the depth to the top of the Cretaceous System increases
from 0.9 to 2 km (fig. 4).

The Cis-Kopet Dag foredeep (II in fig. 2) extends 550 km in a northwest
direction and is 25 to 60 km wide. Depth to the base of the Jurassic rocks
in the deepest parts reaches 10 km (fig. 4). On the south, this foredeep is
bounded by the Kopet Dag fold belt or mega-anticlinorium (Rogozhin and Borisov,
1984).

The structure of the area between the Central Xara Kum arch and the
Zaunguz downwarp is subdivided differently by Luppov and others (1972, p. 530)
from that shown in figure 2. The Beurdeshik step and Khiva downwarp to its
east (3 and 4 of figure 2) are shown as the Balkuin downwarp, the Kirpichli
high, and the Ilim downwarp (II, III, and IV of fig. 5).

The Beurdeshik step (3 in fig. 2) is the northwest monoclinal flank of
the Amu-Dar'ya regional low. It is 200 km long and 20 to 50 km wide. Thickness
of the sedimentary cover is more or less 3 km.
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Figure 2.--Amu-Dar”ya oil-gas province (from Dikenshteyn and others, 1973).

Symbols: Boundaries of tectonic elements: 1 = very iarge, 2 - large, 3 -
medium; 4 - not applicable in this figure; 5 - main faults.

Boundaries: 6 - province, 7 - regions, 8 - areas.

Fields: 9 - 0il, 10 - gas and gas condensate, 11 - oil-gas and gas-oil, 12 -
lines of profile..

Very large tectonic elements: I - Amu-Dar“ya regional low, II - Cis-Kopet
Dag foredeep, III - Kopet Dag mega-anticlinorium, IV - Kyzyl Kum ridge,
V - Southwest Gissar mega-anticline.

Large tectonic elements: 1 - Central Kara Kum arch, 2 - Bukhardok flank,

3 - Beurdeshik step, 4 - Khiva downwarp, 5 - Zaunguz downwarp, 6 - Malay-
Bagadzha saddle, 7 - Karabekaul downwarp, 8 - Chardzhou step, 9 - Bukhara step,
10 - Beshkent downwarp, 11 - Repetek arch, 12 - Vostochno-Unguz zone of highs,
13 - Mary-Serakh zone of highs, 14 - Uchadin arch, 15 - Severo-Karabil down-—
warp, 16 - Badkhyz-Karabil zone of highs, 17 - Karaimor downwarp.

Oil-gas regions and areas: A - Cis—-Kopet Dag prospective oil-gas region:

B - Beurdeshik-Khiva gas region, including the following gas areas: a -
Beurdeshik, b - Naip, ¢ - Kirpichli; C - Zaunguz oil-gas region including:

a - Bagadzha gas area; D - Chardzhou gas-oil region, including the following
areas: a - Gugurtli gas, b - Kandym gas, ¢ - Dengizkul gas-oil, d - Kultak
gas, and e - Beshkent gas; E - Bukhara gas-oil region, including the following
areas: a = Gazli gas, b - Kagan-Mubarek gas-oil; F - Murgab gas region,
including the following gas areas: a - Shatlyk, b - Bayram-Aliy, and c¢ -
Uchadin; G - Badkhyz-Karabil gas region, including the following gas areas:
a - Dauletabad, b - Karabil, ¢ - Kushka; H - Central Kara Kum independent -
gas region.

Fields: 17~ Achak, 2°~ Naip, 3“-Gugurtli, 4°- Gazli, 57— Bagadzha, 6°- Kandynm,
7°=Urtabulak, 87-Zevarda, 9”-Bayram-Aliy, 10°- Shatlyk, 11°- Dauletabad-Donmez
(Sovetabad), 12°-= Shurtan.
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Figure 3.--Structure map of Central Kara Kum arch (from Luppov, 1972).

See figure 2 for regional location.

1 - Boundary of arch; 2 - flexure—-fault zones along border; 3 - faults;

4 - structure contours on top of Cretaceous sediments; 5 - Sernozavod zone
of rupture; 6 — gas fields; 7 - anticlines (Fields are shown in figure 16.)
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Figure 4.--Section through Cis-Kopet Dag foredeep (on south) and Bukhardok
flank (on north) (from Luppov and others, 1972).

1 - Boundary velocity of refracted waves; 2 - deep faults. See figure 2 for
location of profile II-II.



The Khiva downwarp (4 in fig, 2) extends north-south 300 km and east-west
100 km. It is bounded on the south by a fault which is a continuation of the
Repetek arch (11 on fig. 2). The pre-~Jurassic substrat there is a graben filled
by more than 3 km of Permo-Triassic sediments, beneath which is the Hercynide
basement. The Mesozoic~Cenozoic section is 4,000 to 5,000 m thick.

- The Vostochno-Unguz zone of highs (12 in fig., 2 and VII in fig. 5) is
about 150 km long and consists of three separate highs along its axis, From
north to south they are the Gagarin, Yuzhno-Unguz, and Severo—-Chemshin. The
Gagarin is the best studied of these; it is expressed on all horizons from
the surface of the basement to the Paleogene, inclusively, This structure
measures 45 by 15 km and has a closure of 250 to 300 m.

The Zaunguz downwarp (5 in fig. 2 and I in fig. 5) is 220 km long in
the north-south direction and 80 to 100 km wide. The interior of the basin
is relatively flat structurally., Depth to pre-Jurassic basement is more than
4 km; to the top of the Jurassic, 3,100 m; and to the top of the Cretaceous,
800 to 1,000 m, The northeast border of the downwarp is a steep flexure in
the sedimentary cover above the Amu-Dar'ya regional fault (B in fig. 5).
The Repetek arch forms the south border. Several anticlinal structures are
present within the downwarp (fig. 5).

The area to the east of the Zaunguz downwarp is shown differently by
Luppov and others (1972, p. 518) from that used in figure 2. The area of
the Malay-Bagadzha saddle (6 of fig. 2), as used in this report, is divided
by Luppov and others into Malay high, Bagadzha high, and Deynau downwarp
(VIII, IX, and X of fig. 6).

The 1alay-Bagadzha saddle (6 in fig. 2) is structurally higher than down-
warps on the east and west, and structurally lower than linear zones on the
north and south. This saddle has an area of 14,000 km2. Depth to the pre-
Jurassic basement is about 4 km., The large Bagadzha anticline in the west
part of the saddle has an area of perhaps one-third of the saddle itself.

The Karabekaul downwarp (7 in fig. 2 and C-IV in fig. 6) extends in a
northwest direction immediately south of the Amu-Dar'ya River. It is 180 km
long and 20 to 60 km wide. The area has received but little study. Thickness
of the sedimentary cover according to seismic surveys reaches 5 to 6 km in
the southeast part. The top of the Jurassic is at about 3,400 m, and that
of the Cretaceous is at 1,200 to 1,300 m. Several anticlines have been
detected, the largest being 30 by 20 km and having a closure of about 100 m.

The Beshkent downwarp (10 in fig. 2) lies between the mountainous South-
west Spurs of the Gissar Range on the east (V of fig. 2) and the Chardzhou
step on the west., On the southwest it opens out into the Karabekaul downwarp
(C-1V of fig. 6). It measures 150 by 55 km. This downwarp marks the eastern
end of the Turan platform. Thickness of the sedimentary cover is 4 to 5 km.
Within the downwarp are narrow anticlinal zones of southwest trend.

The Bukhara step (9 in fig. 2) is the northernmost structure of the
Amu-Dar'ya regional low and is immediately southwest of the Kyzyl Kum Range,
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Figure 5.--Tectonic map of Zaunguz depression (from Luppov and others, 1972).

1 - Structure contours on top of Cretaceous sediments; 2 - areas of significant
erosion of Cretaceous sediments during Neogene time; 3 - faults in sedimentary
cover; 4 - regional faults; 5 - boundary of Zaunguz depression; 6 - boundaries of
structures within depression; 7 - axes of anticlines (closure less than 100 m and
not expressed by structure contours); 8 - structures within depression: I - Zaunguz
downwarp, II - Balkuin downwarp, III - Ilim downwarp, IV - Kirpichli high, V -
Urgench high, VI - Zapadno-Pitnyak terrace, VII - Vostochno-Unguz high, VIII -
Izmail saddle. 9 - Regional faults: A - Khorezm-Yelan, B - Amu-Dar'ya, C -
Repetek-Yerbent, D - Unguz. 10 - Anticlines: 1 - Mergen, 2 - Yuzhno-Mergen,

3 - Gagarin, 4 - Yuzhno-Unguz, 5 - Severo-Cheshmin, 6 - Achak, 7 - Kirpichli,

8 - Balkuin, 9 - Tallin, 10 - Dzhart, 11 - Arap, 12 - Koshkuin.
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Figure 6.--Tectonic map of central part of Amu-Dar'ya regional low (from
Luppov and others, 1972).

1 - Structure contours on top of Cretaceous sediments; 2 - area of significant
erosion of Cretaceous sediments during Neogene time; 3 - faults in sedimentary
cover; 4 — boundary of Turan platform with Alpine orogenic region; 5 - boundaries
of structural elements: a - first order, b - second order, c - third order;

6 - structures: A - Amu-Dar'ya step—-monoclinal region: A-I - Bukhara step,

A-II - Chardzhou step, A-III - Amu-Dar'ya dislocation; B - Khorezm-Ismail region:
B-I - Zaunguz depression, B~1I Bagadzha high; C - South Turkmen border zone:

C-1 - Repetek arch, C-II - Mary-Uchadzhi monocline, C-III -~ Murgab depression,
C-IV - KarabeKul downwarp, C-V - Beshkent downwarp; I - Meshekli high, II -
Burgutti downé%rp, III - Gugurtli-Uchkyr arch; IV - Chardzhou high; V - Dengizkul
arch, VI - Sundukli high, VII - Sultansandzkar arch; VIII - Bagadzha arch, IX -
Malay high; X - Deynau downwarp.
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from which it is separated by a regional fault. The southwest border of this
structural step is also a regional fault, The Bukhara step is 500 km long
and 50 to 80 km wide. Depth to basement is 1 to 2 km (fig. 7).

The Bukahra step is characterized by a block structure due to longitudinal
and transverse zonality. The longitudinal zonality is a reflection of
Hercynian structures and faults of the basement, whereas the transverse
zonality is a manifestation of younger, largely Neogene faulting of northeast
trend parallel to the structure of the Southwest Spurs of the Gissar Mountains
(Bakirov and others, 1979, p. 79).

The Chardzhou step (8 in fig. 2) consists of a belt of block structures
bounded on the northeast and southwest by faults. The belt is 500 km long and
40 to 125 km wide. Depth to basement is 2,800 to 4,000 m (fig. 7). Thickness
of the Jurassic and Cretaceous section is greater here than on the Bukhara
step, and the Upper Jurassic salt extends over the entire area. Just as on
the Bukhara step, there are two systems of faults: an older of northwest
trend and a younger of northeast trend.

The Repetek arch (11 in fig. 2) is associated with the arcuate Repetek-
Yerbent basement fault, which extends westward across the Amu-Dar'ya regional
low from Afghanistan. This arch is about 450 km long and not more than 12 to
15 km wide. It is masked on the surface by Quaternary sediments.

Differences in gravity fields on opposite sides of the Repetek-Yerbent
fault suggest that this fault separates regions that were already tectonically
different in pre-~Jurassic time. The surface of the basement within the area
of the arch is at depths of 6 to 14 km.

The sub=-salt Jurassic sediments form a narrow arch above the Repetek-
Yerbent fault; its amplitude is 250 to 300 m, and angles dip are 6 to 7°,.
The Jurassic salt-bearing Gaurdak Formation on the Repetek arch is hundreds
and even thousands of meters thick (Andreyev and Kolchina, 1981). The salt
forms numerous plugs, which intrude Cretaceous and also Neogene-Quaternary
sediments, locally even reaching the surface (figs. 8 and 9). Some of the
plugs are 2,000 to 3,000 m high and more.

A chain of anticlines extends along the Repetek arch, and most have
diapiric or cryptodiapiric cores. Intensity of diapirism diminishes from
east to west.

To the south of the Repetek arch and corresponding Repetek-Yerbent
basement fault are the Mary-Serakh zone of highs (13 in fig. 2) and the
Uchadzhi arch (14 in fig. 2). These are combined by Luppov and others (1972)
into the Mary-Uchadzhi monoclinal region (fig. 8), and by Zhabrev and others
(1983) into the Zakhmet monocline (fig. 20). The southern boundary of this
monoclinal region is a fault that separates the region from the lflurgab depres—
sion on the south. The Murgab depression is not designated as a separate
structure by Dikenshteyn and others (1973); however, it is used by numerous
other Soviet authors. The Mary-Serakh zone of highs and the Uchadzhi arch
are separated from one another by the Murgab regional fault, above which is
the Bayram-Ali anticline (figs. 8 and 9).

12
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J3k+o - Upper Jurassic Callovian and Kimmeridagean; K - Lower Creatcaous;

N+Q - Neogene and Quaternary

2

K9 - Upper Cretaceous; P - Paleogene
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Figure 8.--Tectonic map of Mary-Uchadzhi monocline (from Luppov and others,
1972).

1 - Structure contours on seismic horizon in Upper Jurassic (?); 2 - established
faults; 3 - probable faults; 4 — fault zones; 5 — salt domes; 6 — boundaries of
zones of fault tectonics; 7 — anticlinal folds; 8 - main tectonic elements:

I - Mary high, II - Bayram—Aliy zome of dislocations, IIT - Uchadzhi high;

9 - line of profile (fig. 9).

Anticlinal folds: 1 - Maysk, 2 - Bayram-Ali, 3 - Severo=-Bayram-Ali,

4 - Cheshmin, 5 = Keliy, 6 - Sharaplin, 7 - Zapadno=-Utemergen,

8 - Utemergem, 9 - Martov, 10 - Repetek 11 - Yuzhno-Repetek,

12 - Koinkuin, 13 - Yelan, 14 - Vostochno-Yelan, 15 - Dzhudzhuklin,

16 -~ Shekhitlin, 17 ~ Mary, 18 - Iolotan, 19 - Tarkhan, 20 - Seyrab,

21 = Uchadzhi, 22 - Vostochno-Uchadzhi, 23 - Peschannyn, 24 - Severo~Chishmin

14
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In the Mary-Serakh zone of highs the base of the Jurassic sediments is
at depths of 5 to 6 km. Beneath these are another 4 to 5 km of Upper Paleozoic-
Triassic sediments (fig. 7). Gravity and magnetic highs coincident with this
zone suggest that it corresponds with an ancient anticlinal structure within
the basement. In the southern part of the zone are the large Shatlyk (Dzhedzhukli
anticline in fig., 9) and Tedzhen arches, which extend westward into the
Cis-Kopet Dag foredeep. The dimensions of this zone are 140 by 80 km.

The Bayram—Ali arch is expressed clearly in the Paleogene, Cretaceous,
and Jurassic sediments as a linear high 120 km long in the north-south direction
and 24 km wide. Closure is 400 m. The crest undulates, forming from north to
south the Severo-Bayram—-Ali, Bayram—-Ali, and Maysk highs.

The Uchadzhi arch is 210 by 100 km. Depth to folded basement is 7 km
on the north next to the Repetek-Yerbent fault. The basement surface dips
regionally to the south to a depth of 9 km.

The Severo-Karabil downwarp (15 in fig. 2) is a structural low between the
Uchadzhi arch on the north and the Badkhyz-Karabil zone of highs on the south.
The base of the Jurassic here is at a depth of 6 to 7 km., The downwarp is 100 to
120 km long and 35 to 50 km wide. It continues westward into the Dauletabad
downwarp, which is not designated on figure 2.

The Badkhyz-Karabil zone of highs (16 in fig. 2) is a system of raised
basement blocks. Depth to the base of the Jurassic System ranges from 800 to
3,000 m; the greater depths are on the north.

The Kalaimor downwarp (17 in fig. 2) is on the extreme south of the Amu-
Dar'ya oil-gas province and extends into Afghanistan.

STRATIGRAPHY
Introduction

The geologic history of the Amu-Dar'ya oil-gas province is known reliably
only with the beginning of the Jurassic Period. The pre-Jurassic history is
divided into three parts: Precambrian-early Paleozoic, middle Paleozoic, and
late Paleozoic~Triassic. These earlier stages are recognized from outcrops
along the margins of the province and from geophysical surveys. The time from
the Jurassic to the present is divided into two parts: Jurassic-Paleogene and
Neogene—Quaternary.

Precambrian-Early Paleozoic stage

Rocks of this age are known only in the extreme eastern part of the study
area in the Kugitang region (fig. 10). Sedimentary rocks of probable Proterozoic
age were regionally metamorphosed at the end of the Proterozoic or beginning of
the Paleozoic (Luppov, 1972, p. 714). Perhaps this was part of the Pan-African
event.
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Middle Paleozoic stage

During the Silurian and Devonian Periods, a geosyncline was present in
the region north of the study area. This North Turkmen seaway was part of the
Tyan—-Shan geosyncline, which extended from China westward through the Caucasus
into Central Europe. In the study area itself, however, the marine invasion
took place only in the Early Carboniferous, and, after deposition of coarse
clastics, carbonates were deposited. Volcanic rocks are also present in the
section.

Late Paleozoic-Triassic stage

The geosynclinal conditions of the middle Paleozoic continued into the
late Paleozoic as a single great cycle of deposition. The end of the Paleozoic
and beginning of the Mesozoic, however, were a time of change from geosynclinal
to orogenic conditions accompanied by uplift, erosion, and deposition of molasse.
In middle Carboniferous time tectonic movements affected the entire middle
Paleozoic geosyncline. This led to complete withdrawal of the sea by the
beginning of the Permian Period and the formation of folded mountains on the
site of the abandoned geosyncline. The folding was accompanied by intrusive
activity. The Lower Carboniferous sedimentary rocks of the study area are cut
by granites of late Paleozoic age (Luppov, 1972, p. 716).

During the Permian Period, and possibly also even at the end of the
Carboniferous, some sectors subsided as narrow fault-bounded depressions to
form intermontane depressions; these were the sites of deposition of coarse
redbeds, typical molasse. Such a depression is present in the area of the
Central Kara Kum arch. Another is in the area of the Mary-Serakh zone of
highs (fig. 7 and 13 of fig. 2). Contemporaneous deposits in the eastern part
of the study area (Kugitang) are volcanics. See figure 10 for localities.

In Late Triassic time the Permian and Triassic sediments were affected by
deformation (Kimmerian orogeny). These forces were not as strong as in the pre-
Permian Hercynides, and there was no granitic intrusive activity.

Jurassic-Paleogene stage

With the Jurassic Period the study area entered the platform stage of its
geological development. The rocks of this stage are covered everywhere by
thick Cenozoic deposits and are known only from drilling. The latest Triassic
is represented locally in the eastern part. Rhaetic continental deposits
6 to 70 m thick rest on eroded Paleozoic rocks and are separated from the
overlying Lower Jurassic by another erosion surface.

The Lower Jurassic consists of clastic continental deposits; the Middle
Jurassic is clastic-carbonate marine; and the Upper Jurassic is marine carbonates
and evaporite and clastic deposits of lagoonal-continental origin. All three
divisions are present in the Amu-Dar'ya region, but only the Upper Jurassic
has been drilled in some parts of the Murgab region (figs. 7 and 11).

The Lower Jurassic has been recognized provisionally in the Amu-Dar'ya
region where it is represented by conglomerates and in the Kushka region
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Figure ll.-—-Composite sections of the Jurassic of east and southeast Turkmenia
(from Amanov, 1966).

I - Amu-Dar'ya region; II - Murgab region; III - Kushka region.
1 - Conglomerates; 2 - sands and sandstones; 3 — silty sandstones; 4 - silt-
sctones; 5 - clays; 6 - sandy-clays; 7 - shales; 8 — argillites; 9 - sandy

argillites; 10 - silty argillites; 11 - limestones; 12 - clayey limestones;
13 - dolomites; 14 - anhydrites; 15 - halite; 16 - coal 17 - erosion surface.
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where it is sandstone, siltstone, and coal-bearing shale. In the Kugitang
area it is conglomerate and sandstone, which f£ill low spots in the pre-Jurassic
relief.

The Middle Jurassic is an upward continuation of the clastic sediments of
the Lower Jurassic. Conglomerates with lenses of sandstone pass upward into
sandstones, siltstones, and clays. Carbonates are present in places. Thickness
of the Lower and Middle Jurassic combined is more than 1,000 m in the vicinity
of Mary. It thins to less than 400 m at Chardzhou and less than 200 m on the
Central Kara Kum regional high,

The Upper Jurassic is represented by the Callovian, Oxfordian, Kimmeridgean,
and Tithonian series (Luppov and others, 1972, p. 73). Limestones of Callovian
and principally Oxfordian age are the main reservoirs for oil and gas in the
region, and evaporites of Kimmeridgean age are the main seal,

The lower Callovian, where present, consists of clastic sedimentary rocks.
The upper Callovian is limestone in places, a precursor of the overlying Oxfordian
limestones. For example, in the Dauletabad area, 300 to 350 m of Callovian lime-
stones and dolomites rest on mildly metamorphosed shales of Permo-Triassic age
(Mirzakhanov and others, 1975; Yanena and Mamedov, 1982).

The Oxfordian Series is a thick blanket of limestones. Total thickness
of these and the underlying Callovian limestones reaches 500 to 600 m. The
nature of these limestones is debated. Most contend that they are reefs
(Ryzhkov and others, 1983; Il1'in and Stroganov, 1981); whereas others have
suggested that they are bioherms and biostromes on anticlines. The depression
between some supposed reefs has turned out to be filled by anhydrite rather
than by back-reef facies, suggesting that some of the reef-like morphology is
erosional and not depositional (Luvishis, 1982).

Resting conformably on the Callovian-Oxfordian carbonates are evaporites
of the Gaurdak Formation, which are Kimmeridgean and Tithonian in age. The
evaporite basin covered an area of 300,000 km?2 (fig. 15a). These evaporites
generally consist of a lower anhydrite, lower salt, middle anhydrite, upper
salt, and upper anhydrite (Il'in and Stroganov, 1981). Elsewhere there are
up to three salt members and four anhydrite members (Zharkov and others,
1982). Thickness of the lower anhydrite ranges from 10 to 15 m at the crests
of highs on the underlying Oxfordian limestones to 120 to 140 m on the flanks.
Total thickness of the Gaurdak evaporites is up to 650 m.

The Gaurdak evaporites have been interpreted as lagoonal deposits (Il'in
and Stroganov, 1981). However, limestones interbedded with the salt contain
marine fossils, suggesting that the evaporites are marine, even deep-water
marine deposits (Sudarikov, 1981). Also indicative of a deep-water marine
origin are the conformable relationships between the salt and the underlying
and overlying sediments in a large part of the basin, the blanket character
of the salt beds, their completeness and persistence over the area of the
basin, and the massive texture of the salt (Gavril'cheva, 1985).

Total thickness of the Upper Jurassic section ranges from 1,500 m in the
southeast part of the study area to less than 100 m on the Central Kara Kum
regional high,

20



The Cretaceous System, just as the rest of the Jurassic-Paleogene Stage,
is known only in the subsurface of the Amu-Dar'ya oil-gas province. The base
of the Cretaceous is not well defined but is generally placed at the change
from continental redbeds of Jurassic affinities to overlying marine deposits.

The Lower Cretaceous in the Amu-Dar'ya oil-gas province consists of up
to 1,200 m of clastic and carbonate rocks of marine and lagoonal-continental
origin. The Berriasian-Valanginian (?), Hauterivian (?), Barremian, Aptian,
and Albian stages are represented. The Albian is subdivided into lower,
middle, and upper parts (fig. 12).

The Berriasian-Valanginian (?) Stage consists of silty, clayey, organo-
clastic, and dolomitic limestones, which are interbedded with dolomites, clays,
and gypsum. Total thickness is 105 to 155 m.

Rocks referred to the Hauterivian (?) are subdivided on the basis of
lithology into two parts. The lower is largely redbed siltstones and sand-
stones and is up to 140 m thick. The upper part consists of variegated
siltstones, clays, and some limestone, marl, dolomite, and gypsum. Thickness
is up to 70 m.

Sediments of Barremian age rest on the Hauterivian (?) and consist of three
members. The lower is an oolitic limestone 70 m thick. The middle is clayey
limestone, marl, and gray clay 80 m thick. The upper is largely dark gray
clay and is 40 m thick. Total thickness of the Barremian in the area is 163 to
180 m.

Resting with apparent conformity on the Barremian are alternating oolitic
and silty limestones, siltstones, marls, and clays of Aptian age. Their total
thickness is 70 to 100 m.

The Albian in the Amu-Dar'ya oil-gas province is divided into five
members, the lower three being lower Albian, and the fourth and fifth being
middle and upper Albian, respectively. The first member in ascending order
is dark gray clay, siltstone, and limestone up to 50 m thick. An erosion
surface is present at the base of this unit. The second member is dark gray
clay, which contains siltstone in the upper part; its thickness is up to 240 m.
The third member is siltstone and clay and is an average of 60 m thick. The
fourth member is composed of limestone, marl, clay, and siltstone and is 100 to
120 m thick. At the top of the Albian is 80 to 110 m of alternating siltstones
and clays. Total thickness of the Albian is up to 580 m in the study area.

Maximum thickness of the Lower Cretaceous in the study area is more
than 1,300 m.

The Upper Cretaceous sediments of the Amu-Dar'ya oil-gas province rest
unconformably on the upper Albian; they consist of marine sandstones, silt-
stones, and shales. All stages except the NDanian (Luppov, 1972, p. 231) are
represented (fig. 13).

The Cenomanian is composed largely of gray quartz-feldspar sandstone.
Some interbeds of clay are present. Thickness is 170 to 300 m.
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Figure 12.--Lower Cretaceous section of Mary-Bayram-Ali region (from Luppov,
1972).

l - Gravels; 2 - sandstone; 3 - siltstone; &4 - clay; 5 - limestone; 6 - oolitic
limestone; 7 - marl; 8 - dolomite; 9 - gypsum; 10 - marine fossils; 11 - redbeds.
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The Turonian is divided into upper and lower parts. Gray clays predominate
in the lower part; they are interbedded with siltstone. Thickness of this
member is up to 135 m. The upper part is largely sandstones and subordinate
siltstones and clays; thickness is 80 to 112 m. Total thickness of the
Turonian is up to 247 m.

The Coniacian consists of sandy-clayey rocks and a few beds of limestone.
Thickness increases from 20 to 50 m in the south to 164 m in the north. In
this same direction there is an increase in the content of sandstone in the
section.

The Santonian section is composed of clays, siltstones, sandstones, and
limestones. In the south siltstones predominate in the lower part of the
section and clays in the upper. In the north, clays predominate. Thickness
ranges from 58 to 160 m.

The Campanian, as thick as 260 m in the southern part of the area, is
largely siltstone and clay; some limestone is present. To the north in the
Amu-Dar'ya region, it consists of a lower siltstone and clay unit up to 95 m
thick and an upper clay unit 120 m thick.

The Maestrichtean is largely sandstone in its lower part, and carbonates
are present in the upper part. Total thickness is up to 34 m.

Total thickness of the Upper Cretaceous is more than 1,300 m in the Mary
area and more than 1,500 m to the east in the Beshkent downwarp. It thins to
less than 400 m on the Central Kara Kum arch where limestone is more prominent
in the section.

The Paleogene crops out at some places in the Amu-Dar'ya valley below
Chardzhou but is known mostly from drilling. The Paleocene, Eocene, and
Oligocene are represented in the section.

The Paleocene in the northwest part of the region consists of limy clay
and marl up to 25 m thick. In the central, Karabekaul area are largely
gypsum~bearing limestones, which contain beds of sandstone. Their thickness
reaches 100 m.- In the southeast in the Ak-Ayry area, the Paleogene is repre-
sented by dolomite and gypsum with a silty clay member at the top; its thick-
ness here is 110 m (fig. 14). The "Bukhara beds"” of Soviet Central Asia are
carbonates of this age.

The Eocene sediments are largely clays; they are divided into lower,
middle, and upper divisions. The lower Eocene rests conformably on the Paleocene
in most places and consists of gray limy clay 36 to 67 m thick. The middle
Eocene is a gray marl up to 36 m thick. The upper Eocene consists of gray
clays and subordinate sandstone and siltstone. Thickness of the upper Eocene
ranges from 9 to 400 m, as shown in figure l4. An erosion surface is at the
top.

The Oligocene sediments rest on an erosion surface that truncates various
horizons of the Eocene section. They are largely variegated clays, but beds
of sandstone and gypsum are present also. Thickness of the Oligocene ranges
from 0 to 82 m.
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Figure 14.--Correlation of Paleogene sections of the Amu Dar'ya region (from
Luppov, 1972).

1 - Gravels; 2 - sands; 3 - sandstone; 4 - siltstone; 5 - clay; 6 - limy
clay; 7 - limestone; 8 - sandy limestone; 9 - marl; 10 - gypsum. I - Darganata,
IT - Kabakly, III - Farab-Narazym, IV - Karabekaul, V - Ak-Ayry.
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Neogene-Quaternary stage

The Neogene sediments are distributed over almost the entire Amu-Dar'ya
oil-gas province. They are absent only in a few places where erosion has
exposed underlying Paleogene rocks.

The Neogene section is composed largely of continental clayey-sandy rocks.
Red colors are prominent in the lower part and gray in the upper. Thickness
ranges from 100-300 to 1,000-1,500 m. There is a gradual transition from the
upper Oligocene to the Neogene, but within the Neogene are several erosional
breaks where Miocene and Pliocene sediments rest directly on Paleogene and
Mesozoic rocks.

The Neogene rocks in the province are divided clearly into three parts.
The lower spans the lower and part of the middle Miocene. It is the Karagaudan
Formation (fig. 15). The middle part consists of several contemporaneous
formations such as the Kazganchay; they are middle Miocene~-middle Pliocene
in age, and thickness exceeds 1000 m in places. The upper part is assigned
to the upper Pliocene.

Quaternary and Holocene sediments are present throughout the region.
They are continental fluvial and eolian deposits. Their total thickness is
less than 100 m.
PETROLEUM GEOLOGY

Plays

Five plays are recognized in the sedimentary cover of the Amu-Dar'ya
gas—o0il province.

The Lower-Middle Jurassic play consists of alternating clays, sandstones,
and siltstones., Thickness is 100 to 400 m. Gas has been found in the Kagan-
Mubarek area, Chardzhou oil-gas region, and in the Beurdeshick and Naip .
areas (fig. 16). Structures on this play have been found to attenuate upward;
they are now being actively explored, as most of the structures expressed
higher in the section have already been examined (Sokolov and Zelenin, 1979).

The Upper Jurassic play occurs throughout the province. In much of the
area this play consists of Callovian-Oxfordian carbonate deposits, which are
up to 500 m thick. The seal is Kimmeridgean-Tithonian salt. The carbonate
deposits of this play are commonly a reef facies. This is the main play of
the Amu-Dar'ya gas—-oil province. It is gas productive where the salt seal is
present (fig. 17); otherwise, the gas has migrated into the overlying Creta-
ceous plays (Dikenshteyn, 1983, p. l44). This play is overpressured where
the salt is more than 100 m thick, and the anomaly factor reaches 1.75 where
the salt is more than 800 m thick (Alekhin, 1980).

The Lower Cretaceous play consists largely of alternating sandstones,
clays, and siltstones. The seal is a clay unit of late Aptian and Albian age,
which also separates this play from the overlying Albian-Cenomanian play.

This Lower Cretaceous play is gas—bearing in most of the fields of the Bukhara
step, Khiva downwarp, Mary-Serakh zone of highs, Badkhyz-Karabil zone of highs,
and the Central Kara Kum arch.
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sections of Southeast Turkmenistan (from Luppov,

I - Badkhyz and Karabil, II - west part of Southeast Kara Kum, III - east part

of Southeast Kara Kum.

1 - Conglomerate; 2 - gravels; 3 - sands;
stone; 7 - clay; 8 - marl; 9 - limestone;
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4 - sandstone; 5 - silts; 6 - silt-
10 - nodular carbonates; 11 - redbeds.
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Fig. 17. Map showing distribution of Jurassic salt in the western
part of the Central Asian evaporite basin (from Zharkov and others,
1982). 1-Depressions and downwarps; 2-Kopetdag anticlinorium; 3~
Kyzyl Kum~Nuratin zone of highs; 4~-Central Kara Kum arch; 5-
Zeravshan-Gissar mega-anticlinal zone; 6-Mirza-Valeng high; 7-
North Afghan step; 8-Repetek-Kelif zone of highs; 9-boundaries of
depressions; l0-boundaries of downwarps; ll-boundaries of tectonic
elements; 12-0il exploration areas (l-Koshabulak, 2-Koshuy, 3-
Mesitliy, 4-Kirpichli, 5-Gagarin, 6-Babaarap, 7-Yuzhnyy Mergen, 8-
Yuzhnaya Unguz, 9-Severnaya Cheshmin, 10-Severnaya Gugurtli, 11~
Kabakly, 12-Dzhillikum, 13-Bagadzha, l4-Baygushli, 15-Malay, 16-
Karaul-Kuyu, 17-Gadyn, 18-Farab, 19-Sakar, 20-Yuzhnyy Sakar, 21~
Kishtuvan, 22-Narazym, 23-Samantepe, 24-Dengizkul, 25-Metedzhan,
26~Urtabulak, 27-Ispanly, 28-Shurtepe, 29-Pamuk, 30-Kultak, 31-
Tangikuduk, 32-Sundukli, 33-Kamashi, 34-Beshkent, 35-Alyaudy, 36~
Kuruk, 37-Keliy, 38-Sharapli, 39-Bayram~-Ali, 40~Shatlyk, 41-May,
42-Ugadzhi, 43-Yuzhnaya Iolotan, &44-Sandykachi, 45-Karakel, 46~
Rulach, 47-Zevarda, 48-Darbaza, 49-Maymanaktau, 50-Kungurtau): 13-
Southwest Gissar mega-anticline; l4-limits of distribution of the
salt; 15-boundary of Late Jurassic evaporite basin; l6-potassium-
salt exploration wells.

I-VI - tectonic elements of the Amu-Dar'ya depression:
I - Dar'yalyk-Daudan downwarp, II-Bukhara step, III-Chardzhou
step, IV-Izmail-Karabekaul zone of downwarps, V-Zaunguz zone of
downwarps, VI-Beshkent downwarp; VII-XI - tectonic elements of the
Murgab depression: VII-Zakhmet monocline, VIII-Sandykachin zone of
downwarps, IX - Badkhyz-Karabil step; X-Verkhneuzboy downwarp, XI-
Cis-Kopetdag foreland downwarps.
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The Albian-Cenomanian play is gas—bearing on the Bukhara step, Khiva
downwarp, and Central Kara Kum arch. The reservoirs are sandstones and
siltstones, and the seal is a Turonian clay unit.

The Paleogene play is prospective in the northeast part of the study
area. Several commercial pools have been found in the so—-called Bukhara beds
(Sokolov and Zelenin, 1980).

Differential tectonic movements in the region continued over the
entire Mesozoic and Cenozoic Eras, much of it during late Tertiary time
in response to Alpine tectonism. Consequently, much of the trap formation
and filling is late in geologic time and is apparently in progress at present
(Yanena and Mamedov, 1982).

Gas—-o0il Regions and Areas

Within the Amu-Dar'ya oil-gas province are four gas regions and two gas-—
0il regions. These are in turn divided into gas and gas-oil areas. 1In
addition, there is one independent gas area and one prospective oil-gas region
(table 1 and figs. 2 and 16).

The Central Kara Kum independent gas area (fig. 16 and H in fig. 2) is
on the Zeagli-Darvaza high on the Central Kara Kum arch (figs. 2 and 18).
Gas fields occur here on small uplifts that are 10 km or less in long dimension
(fig. 19). The pays are discontinuous sandstones of Callovian, Hauterivian,
Barremian, Aptian, Albian, Cenomanian, and Turonian age. More than 20 pays
have been found. Reserves are not large.

The Cis-Kopet Dag prospective oil-gas region (fig. 16 and A in fig. 2)
includes the areas of the Bakhardok flank and the Cis-Kopet Dag foredeep
(fig. 18). Shows of oil and gas have been found in Jurassic and Cretaceous
sediments at several places on the Bakhardok flank, but no commercial discoveries
have been made. No anticlines have been found in spite of extensive geo-
physical surveys. The Cretaceous here, however, is similar to that farther
east in southeastern Turkmenia where it is highly productive, as for example
in Shatlyk field (Mavyev and Nedirov, 1982).

The Beurdeshik-Khiva gas region (fig. 16 and B in fig. 2) includes the
Beurdeshik step on the west and the Khiva downwarp on the east (3 and 4 of
fig 2)., Within it are three gas areas. The Beurdeshik gas area coincides
with the Beurdeshik step, the Naip gas area with the north half of the Khiva
downwarp, and the Kirpichli gas area with the south half. The map (fig. 20)
given in Zhabrev (1983, p. 251) places the Beurdeshik field on the east
margin of the Central Kara Kum arch and identifies three structural highs
within the area of the Khiva downwarp.

The Beurdeshik gas area (fig. 16 and B,a in fig. 2) has not been studied
extensively, and only the Beurdeshik gas field has been discovered here. Its
reserves were 1.6 tef in 1980. Pools are present in Lower and !Middle Jurassic
carbonate and clastic sediments and above the salt in Lower Cretaceous clastic
sediments (fig. 21).
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Table 1.--0il-gas regions and areas of the Amu-Dar'ya oil-gas province.

Maximum Lithology
Regions Area thickness Main Prospective of
Areas 1,000 km?2 of sedi- plays plays reservoirs
ments, km
Central Kara Kum 9 2 K ‘ ss, sts
Cis-Kopet Dag 55 7 J, K
Beurdeshik-Khiva 37 4 J3, K J3, K ls, ss
Beurdeshik 13 3 J3, K J3, K 1s, ss
Naip 10 3 J3, K J3, K 1ls, ss
Kirpichli 14 4 J1-2 J1-2 ls, ss
Zaunguz 38 5 J3 J3 - 1s, ss
Bagadzha 14 4 J3 J3 1s
Chardzhou 40 5 J3 J3 1s
Gugurtli 4 3 Jj - 1s
Kandym 6 4 J3 J3 1s
Dengizkul 8 4 J3 J3 1s
Kultak 5 4 J3 NE 1ls
Beshkent 15 5 J3 J3 1s
Bukhara . 31 2 J3, K J3, K 1s
Gazli 3 2 K —— ss, sts
Kagano-Mubarek 6 2 J3, K J3, K ls, ss
Murgab 90 7 Ky J3, Ky 1ls, ss
Shatlyk 5 5 Ky Ky ls, ss
Bayram—-Aliy 14 5 Ky K1 1ls, ss
Uchadzhi 16 5 Ky Ky ls, ss
Badkhyz-Karabil 25 3 K Ky 1s, ss
Dauletabad 8 3 Ky Ky ss
Karabil 6 3 K Ky ss
Kushka 3 2 J3, K - ss

K - Cretaceous; K1 - Lower Cretaceous; J1 = Lower Jurassic; Jg - Middle Jurassic;
T3 = Upper Turassic; ss - sandstone; sts - siltstone; ls = limestone
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Dar'yalyk=Daudan downwarp

Central

Kara Kum

b [@]c [®]d

Figure 18.--Sketch map of west part of Amu-Dar“ya oil-gas province (from
Zhabrev, 1983).

a ~ Boundaries of main tectonic elements; b - faults, c¢ - gas fields,
d - oil-gas fields.

Fields: 1 - Chaldzhul“ba, 2 - Shiikh-Darvaza, 3 - Vostochnoye Akkui, 4 -

Topzdzul“ba, 5 - Atabay, 6 - Topordzhul”“ba, 7 - Chimmerli, 8 - Chaskhyn,
9 - Sakarchaga, 10 - Kuruk, 11 - Koyun-Sharlyk, 12 - Modar.
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- - Figure 19.--Zeagli-Darvaza group of gas fields.

a — Structure map on top of lower Aptian sediments (horizon VI); b - profile
section (from Zhabrev, 1983).

1 - Faults, 2 - commercial gas fields, 3 - gas. Local highs: I - Chaldzhul,

IT - Darvaza, III - Dzharal, IV - Akkui, V - Vostochnoye Akkui, VI - Takyr,

VII - Prishiikh, VIII - Shiikh, IX - Dar“yalyk-Takyr, X - Gugurtli, XI -
Topdzhul“ba, XII - Atabay, XIII - Topordzhul”ba, XIV - Chimmerli, XV - Chashkhyn,
XVI - Shikhanli, XVII - Yuzhnyy Chashkhyn, XVIII - Vostochnyy Koyun, XIX -
Severnyy Kuruk, XX - Kuruk, XXI - Sakarchaga.
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Figure 20,--Sketch map of eastern Turkmenia (from Zhabrev, 1983).

a = Boundaries of tectonic elements; b = faults; ¢ - gas and gas-condensate
fields:

1 - Achak, 2 - Severnyy Achak, 3 - Stikhy, 4 - Yuzhnyy Naip, 5 - Naip,

6 - Severnyy Naip, 7 - Gugurtli, 8 - Severnoye Gugurtli, 9 - Severnoye Balkui,
10 - Karpichli, 11 - Beurdeshik, 12 - Gagarin, 13 - Bagadzha, 14 - Malay,

15 - Kishtuvan, 16 - Farab, 17 - Samantepe, 18 - Sazar, 19 - Metedzhan,

20 Sundukli, 21 - Beshkizyl, 22 - Vostochnoye Uchadzhi, 23 - Uchadzhi,

24 Sayrab, 25 - Sharapli, 26 - Keli, 27 - Yelan, 28 - Bayram-Aliy, 29 - Maysk,
30 - Shatlyk, 31 - Tedzhen, 32 - Vostochnyy Tedzhen, 33 - Mollaker, 34 -
Shorkel, 35 - Dauletabad-Donmez (Sovetabad), 36 —= Karabil, 37 - Islim,

38 - Karachop.
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Figure 21.--Beurdeshik gas-condensate field (from Zhabrev, 1983).
a - Structure map on top of the Cretaceous sediments; b - geologic section.

l - Structure contours, m; 2 - margin of gas field; 3 - clay seal;
4 - clay-anhydrite seal; 5 - gas; 6 - salt; 7 - oil ring.

37



Several gas—-condensate fields have been discovered in the Naip gas area
(fig. 16 and B,b in fig. 2). The fields are multipay. Reservoirs of the Upper
Jurassic are limestones and carbonates, and those of the Lower Cretaceous are
sandstones and siltstones. Naip field (5 in fig. 20) has 21 productive
horizons, the most important of which are Lower Cretaceous. Total production
for this field by 1980 was 3.3 tcf. and reserves were 2.7 tcf. The Achak
field has 13 productive horizons, also largely in the Lower Cretaceous
(fig. 22). It had produced 3.2 tcf as of 1980, and reserves were 2,2 tcf
(table 2).

The Kirpichli gas area (fig. 16 and B,c in fig. 2) has not been exten-
sively explored. Only two gas fields, the Kirpichli (4.8 tcf reserves) and
and the Severnoye Balkui (1.8 tcf reserves), have been discovered here (fig.
18). The gas pools are in Upper Jurassic carbonate sediments.

The Zaunguz gas region (fig. 16 and C of fig. 2) includes the Zaunguz
downwarp, the Malay-Bagadzha saddle and the Karabekaul downwarp (5, 6, and 7
of fig. 2). 1In its eastern part is the Bagadzha gas area. On its western
border is the Vostochno-Unguz zone of highs (12 of fig., 2 and VII of fig. 5),
which contains the Gagarin gas field (fig. 18) with 0.8 tcf of proved and
inferred reserves.

The Bagadzha gas area (fig. 16 and C,a in fig. 2), which coincides with
the Malay~Bagadzha saddle, contains the Bagadzha (0.6 tcf reserves) and
Malay (1.2 tef proved and inferred reserves) fields (fig. 20). These fields
are on the same anticline, and their pools are in Upper Jurassic limestone.

The Chardzhou gas~oil region (fig. 16 and D of fig. 2) includes the
area of the Chardzhou step and the Beshkent downwarp (8 and 10 of fig. 2).
Four gas areas and one gas—oll area are recognized within it. The map given
by Zhabrev (1983, p. 268) for the fields of the Chardzhou step (fig. 23)
differs somewhat from that of figure 2, because the southwest border of the
step in Zhabrev is drawn along the border between Uzbekistan and Turkmenistan.

The Gugurtli gas area (fig. 16 and D,a in fig. 2) is host to several fields
(7, 8 in fig. 20; 4 to 7 in fig. 23). 1In the Dayakhatyn and Kul'beshkak fields,
only Upper Jurassic limestones are productive. In the rest of the fields of
this area, the Lower Cretaceous sandstones in addition are productive.

The Kandym gas area (fig. 16 and D,b in fig. 2) contains several fields, the
largest of which is the Kandym gas-condensate field, where reserves are more
than 5 tcf (fig. 7 and 21). This field has a complex outline (fig. 24), the
dimensions being about 20 by 25 km and closure at 100 m. Three pools are
present in Upper Jurassic limestones.

The Dengizkul gas—oil area (fig. 16 and D,c in fig. 2) includes the large
Dengizkul gas-—condensate field (reserves greater than 4 tcf) and Urtabulak
gas—condensate field (reserves of more than 3 tcf). Production is largely
from very porous reef limestones. The gas is sour., Urtabulak field has an
oil ring (fig. 25).
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Figure 22.--Achak gas-condensate field (from Zhabrev, 1983)

a - Structure map on top of horizon V of the Lower Cretaceous; b - geologic
section.

l - Structure contours, m; 2 - outer margin of pool; 3 - inner margin of
pool; 4 - fault; 5 - gas.
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Figure 23.--Distribution of o0il and gas fields of western Uzbekistan (from
Zhabrev, 1983).

a - Gas and gas-condensate fields, b - gas-oil fields, ¢ = boundaries of
main tectonic elements. Highs: I -Yangikazgan, II - Gazli, III - Kagan,
IV - Mubarek, V - Tashlin. Downwarps: VI - Tuzkoy, VII - Rometan, VIII -
Yambashkin, IX - Pulaty-Kokdalin.

Fields: 1 - Yangikazgan, 2 - Gazli, 3 - Tashkuduk, 4 - Uchkyr, 5 - Dayakhatyn,
6 - Kul“beshkak, 7 - Khodzhikazgan, 8 - Parsankul, 9 - Akkum, 10 - Zapadnyy
Khodzhi, 11 - Khodzhi, 12 - Kandym, 13 - Alat, 14 - Tegermen, 15 - Uzunshor,

16 - Samantepe, 17 - Severnyy Dengizkul, 18 - Umid, 19 - Yuzhnoye Kemachi,

20 - Urtabulak, 21 - Severnyy Urtabulak [20 and 21 appear to be reversed],

22 - Sardob, 23 - Markov, 24 - Piriazar, 25 - Zevardy, 26 - Alan, 27 - Yuzhnyy
Pamuk, 28 - Severnyy Pamuk, 29 - Kultak, 30 - Kamashi, 31 - Bashkent,

32 - Chandyr, 33 - Karaulbazar, 34 - Dzharkak, 35 - Akdzhar, 36 - Shurchi,

37 - Yulduzkak, 38 - Setalantepe, 39 - Shurtepe, 40 - Shumak, 41 - Kazylrabat,
42 - Karim, 43 - Severnyy Mubarek, 44 - Yuzhnyy Mubarek, 45 - Severnyy Mubarek,
46 - Khodzhikhayram, 47 - Karakum 48 - Karabair, 49 - Karaktay, 50 - Vostochnoye
Tashly, 51 - Sarycha, 52 - Uvady, 53 - Shurtan, 54 - Pachkamar, 55 - Amanata,
56 - Gumbulak, 57 - Adamtash.
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Figure 24,--Structure map of Kandym gas-condensate field on top of horizon XV
of the Upper Jurassic (from Zhabrev, 1983).

1 - Inner margin of gas pool; 2 - outer margin.
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Figure 25.--Urtabulak gas-condensate field (from Zhabrev, 1983).

a - Structure map on the top of horizon XV of the Upper Jurassic; b - geologic
section. 1 - Structure contours, m; 2 — margin of gas pool; 3 - gas; 4 - oil.
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The Kultak gas area (fig., 16 and D,d in fig. 2) encloses all the pools at
the southeast end of the Chardzhou step (24 to 30 in fig. 18). Although the
Kultak gas—condensate field is very large on the map, its reserves are only
about 1 tcf. Its dimensions are 23 by 16 km and closure is 210 m. The
reservoir rock here is Upper Jurassic limestone (fig. 26).

Note the discrepancy between field size and distribution as shown in
figs. 2 and 23,

The Beshkent gas area (fig. 16 and D,e in fig. 2) coincides with the
Beshkent downwarp. This area has not been studied extensively, and only
two fields have been discovered, the Beshkent and Shurtan. In the Shurtan
field a gas—condensate pool occurs in a Callovian-Oxfordian reef limestone
sealed by salt and anhydrite of Kimmeridgean-Tithonian age (fig. 27). Reserves
are 13 tcf, and inferred reserves are estimated at 6 tcf.

The Bukhara gas-oil region (fig. 16 and E of fig., 2) coincides with
the Bukhara step of the northeast border of the Amu-Dar'ya gas-oil province.
Within this region are the Gazli gas area and the Kagan-Mubarek gas-oil
area., Most of the region is not favorable, however, because the sedimentary
section is thin.

The Gazli gas area (fig. 16 and E,a in fig. 2) includes the Gazli and
Tashkuduk fields. Gazli has been in production since 1962 and by 1980 had
yielded more than 12 tcf. Remaining reserves are 5 tcf. The largest pools
are in horizons IX, X, and XII of Albian and Cenomanian age (fig. 28).
Severe earthquakes at Gazli have been attributed to production activity in
the field.

In the Kagan-Mubarek gas-oil area (fig. 16 and E,b in fig. 2), the pro-
ductive horizons have a great stratigraphic range including Middle and Upper
Jurassic and Lower and Upper Cretaceous. Eight pay zones are present. Most
of the pools are gas, and oil occurs as rings. The Jurassic reservoirs are
largely carbonate sediments, and the Cretaceous are sandstones,

The Murgab gas region (fig. 16 and F of fig. 2) is by far the largest of
the regions of the Amu-Dar'ya gas-oil province. It has an area of 90,000 km
and includes the Shatlyk, Bayram—Ali, and Uchadzhi gas areas.

The Shatlyk gas area (fig. 16 and F,a in fig. 2) has two fields, Shatlyk
and Tedzhen, both of which are on arches. The gas pool in Shatlyk field is
in Lower Cretaceous sandstones (fig. 25). More than 5 tcf have been produced
and 16 tcf reserves remain. The inferred reserves in the Callovian-Oxfordian
limestone play in this field are assessed at 12 tcf.

The Bayram-Ali gas area (fig. 16 and F,b in fig. 2) contains the Bayram-Ali
and May gas fields. Both are in Lower Cretaceous sandstones. Bayram—Ali has
reserves of 1.4 tef, and May has 0.4 tef.

The Uchadzhi gas area (fig. 16 and F,c in fig. 2) has two gas fields, the
Uchadzhi and Seyrab. Their gas pools are in Lower Cretaceous sandstones.
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Figure 26.--Kultak gas—condensate field.

a - Structure map on the Upper Jurassic carbonates, b -~ probable configuration
of the gas pool.

1 - Structure contours, m; 2 — margin of gas pool; 3 - Kimmeridgean-Tithonian
anhydrites (main seal); 4 - high-gamma rock (upper productive noncommercial
[sic] zone); 5 - impermeable beds; 6 - gas; 7 — water.
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Figure 27.--Shurtan and Shatlyk gas-condensate field (from Dikenshteyn, 1983).

1 - Salt; 2 - anhydrite; 3 - limestone, clayey limestone; 4 - reef buildup;
5 - shale; 6 - gas; 7 - gas-water contact.
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Figure 28.--Gazli gas field (from Bakirov, 1979).
- Sand-silt sediments; 2 - clay sediments; 3 limestone; 4 - marl;

1
5 - granite;
9 - o0il pools;

6 - silicic volcanics;
faults; 11

10

7 - Paleozoic basement;
- erosion surface.
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The Badkhyz-Karabil gas region (fig. 16 and G of fig. 2) in the south
of the study area contains the Dauletabad, Karabil, and Kushka gas areas.
Since this region is on the margin of the Amu-Dar'ya regional low, the sedi-
mentary section is not thick, ranging from 2 to 3 km.

In the Dauletabad gas area (fig. 16 and G,a in fig. 2) is the giant
Dauletabad-Donmez (Stalinabad) gas field. The pool is in Lower Cretaceous
red sandstone (Mirzakhanov and others, 1975). Proved reserves and predicted
resources were 26 tcf in 1980; however, recent reports have placed this much
higher. Reserves per completed well were given by A. A. Trofimuk in 1983 as
0.9 tcf (Izvestia, Sept. 13). Also, an oil discovery beneath the gas pools
has now been reported (0il and Gas Journal, Aug. 30, 1982). The gas is dry,
containing less than 18 g/m3 of condensate, and sometimes none (Amurskiy
and others, 1984).

The Karabil gas area (fig. 16 and G,b in fig. 2) has one gas field, the
Karabil. Pools are present in sandstones of the Lower Cretaceous and carbonate-
clastic sediments of the Paleogene. Total reserves are 1.2 tcf.

The Kushka gas area (fig. 16 and G,c in fig. 2) contains the Karachop and
Islim gas fields. The pools occur in sandstones of the Upper Jurassic and
Lower and Upper Cretaceous.

Petroleum genesis

Two types of oil are found in the Amu-Dar'ya province in the !Middle and
Upper Jurassic and Lower Cretaceous sedimentary rocks (Chetverikova and
others, 1982). Type I oils occur in the northwest and have a low density at
0.820-0.860. Type II oils are found in the southeast, and they have a density
of 0.860-0.950. The sulfur isotopes of the hydrocarbons of the northwest are
on the heavier side, indicating continental deposition, whereas on the south-
east they are lighter, indicating marine deposition. The organic matter in
the rocks is compatible with this environment of deposition: it is humic on
the northwest and sapropelic on the southeast. The northwest region is gas-
prone, whereas in the southeast both oil and gas pools are present.

The high quality of the Lower and Middle Jurassic source beds is attribu-
table to the humid climate at their time of deposition. In Late Jurassic
time the climate became arid, and the source-bed quality decreased.

The oil-gas plays of the Amu-Dar'ya province are the same as those of the
Arabian-Iranian basin (Yermolkin and others, 1983). The fact that Amu-Dar'ya
is gas—-prone and the Arabian-Iranian basin is oil-prone is explained by a
difference in tectonism.

In the Arabian-Iranian basin the zones of intensive downwarping in the
Jurassic, Cretaceous, and Paleogene did not coincide in space. They migrated
successively eastward toward the Zagros. The source beds in each of these
downwarps entered the oil window, and consequently, the region is oil-prone.

Conditions were different in the Amu-Dar'ya region. Downwarping took
place in essentially the same place during the entire time, and the source
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beds subsided into the high temperature zone of the gas window. Consequently,
this region is, in general, gas=-prone. :

In addition to the humic organic matter and entry of source beds into
the gas window, the gas prone nature of the Amu-Dar'ya province may have been
favored by yet another factor. The Kimmeridgean salt seal was deposited
directly on carbonate reservoir rocks at a time when the source beds were
still in the upper, biogenic gas window. The pore space may have become
filled by this early gas, thus rendering the reservoir rocks incapable of
absorbing oil. Consequently, most of the oil simply was dissipated into the
rock without being trapped. Any oil that did collect was subsequently dis-
placed from traps by the later thermal gas.

Potential of Province

The Amu-Dar'ya province still has great potential for new discoveries,
particularly for gas. The main directions for exploration given by Dikenshteyn
(1983) are:

1. Continued exploration of the sub-salt Upper Jurassic primarily in
zones of high-porosity reefs on the Chardzhou structural step and in the
Beshkent downwarp.

2. Search for sulfur-free gas in Cretaceous and Jurassic sediments on
the margins of the Amu-Dar'ya regional low in the Shatlyk, Beurdeshik,
Dauletabad, and other areas.

3. Exploration of the Lower and !Middle Jurassic clastic sediments of
the Amu-Dar'ya regional low.

4. Assessment of the oil-gas potential of the Jurassic and Cretaceous
sediments of the Cis-Kopet Dag foredeep and Bakhardok flank.

5. Search for stratigraphic traps in zones of pinchout of Cretaceous
and Jurassic sediments on the Bukhara structural step, Bakhardok flank, and
Badkhyz-Karabil zone of highs.

6. Intensify work on favorable zones of the Murgab gas region.
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Plate 1. Cross-section A. See Figure 5-2 for cross-section location.
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See Figure 5-2 for cross-section location.
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