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Abstract

Overemphasizing the value of reefs in oil and gas exploration, reef-oriented
geologists explain all carbonate platform deposits using the Wilson model. In
their eyes, rimmed shelves are more valuable than carbonate ramps. However,
organic banks are excellent reservoirs generated by carbonate ramps in the
study area, as verified beyond doubt through petroleum exploration, such as
this thesis, which investigates the genesis, types, and distribution of carbonate
deposition in the north zone of the Amu-Darya Basin. Monoclinal palaeo-
geomorphology and rudists suggest shallow environments. Given that oolite
shoals and rudist patch reefs were observed in the study area, the depositional
system is interpreted to be a carbonate ramp. The Callovian-Oxfordian stage
consists of nine lithofacies: oolitic limestone, skeletal limestone, micritic li-
mestone, bioturbated limestone, and crystalline limestone, which are grouped
into three facies associations presenting outer ramp, mid-ramp, and inner
ramp facies associations. Five depositional sequences can be distinguished in
the Callovian-Oxfordian stage. Each third-order depositional sequence is
composed of transgressive systems tracts (TST) and highstand systems tracts
(HST). The TST consists of mudstones with a higher response to natural
gamma rays, whereas the HST contains various types of grainstone, with sub-
ordinate dolostone. The vertical and lateral distributions of sedimentary fa-
cies, and their interpreted depositional environments, revealed a ramp exhi-
biting a gradual southeast-northwestward environmental change from outer
ramp, mid ramp, and inner ramp carbonate facies.

Keywords

Carbonate Ramp, Facies Associations, Sequence, Amu-Darya Basin

1. Introduction

Turkmenistan Amu Darya basin is one of the world’s most famous oil and gas
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rich basins [1]. Carbonate deposits of hundreds of meters thick are developed
widely in a shallow water carbonate platform setting and the most favorable ex-
ploration objectives are the carbonate reservoirs of the Upper Jurassic Callo-
vian-Oxfordian [1]-[5].

In recent years, many geologists have been studied sedimentary facies [3] [6],
reefs and shoal reservoirs [4] [7] [8], crack identification [9], tectonic evolution
[10] in Callovian-Oxfordian Stage through drilling core description and logging,
seismic data, and geological modeling technique, especially in the aspect of se-
quence [5] [11], which can be applied to discovery oil and gas in the Amu-Darya
basin.

Cui Cui (2017) recognized three third-order shallowing-upward stratigraphic
sequences in Callovian-Oxfordian Stage [5]. Wang Qiang (2014) recognized
three third-order sequences, which can be further divided into transgressive sys-
tems tract (TST) and Highstand Systems Tract (HST) [11].

In terms of Sedimentary model, there are different views. Cui Cui (2005) and
Wang Qiang (2014), et al successively proposed Callovian-Oxfordian strata ex-
perienced the sedimentary evolution carbonate ramp [3] [5]. Zheng, Rong Cai
determined that the Callovian-Oxfordian carbonates in the Amu Darya basin
were deposited by platforms and characterized by the fore-edge slope [12]. Xu
Wenli (2012) established the depositional model of “platform with open,
rimmed and gently dipping slope” for the Callovian-Oxfordian carbonates. On
top of that, many other researchers at home such as Cui Cui (2017), Nie Min-
glong (2016), Feng Lei (2009), and Zhang Xianwen (2010) ef al improved car-
bonate rimmed shelf pattern.

2. Geological and Stratigraphic Setting

The Amu-Darya basin occupies desert and semi-desert areas of southeast Turk-
menistan, southwest Uzbekistan, and northwest Afghanistan; a small part of the
basin is located in Iran (Figure 1). The basin area exceeds 43 x 10* km?, of which
36 x 10* km? are in Turkmenistan and Uzbekistan [13].

The Amu-Darya basin, occupying the western part of Uzbekistan, eastern and
central parts of Turkmenistan, north Afghanistan and north-eastern part of Iran,
is located in southern Turan plate. It is bounded by the Kyzyl-Kum Range to the
north, the Kopet Dag Range to the south, by the south-western branch of the
Gissar Range to the east. In the west, the basin boundary runs along the western
slope of the Central Karakum Arch (Figure 1).

This study area focuses on the northern region in the Amu Darya basin, in-
cluding evolution Erzhu, Bukhara terraces, which belong to two second-order
tectonic units of the Amu Darya basin (Figure 1).

The stratification can be divided into upper, middle and lower three tectonic
sequences (Figure 2) based on two major unconformities and the struc-
ture—sedimentary characteristics [14].

Lower construction sequence, including the Permian-Triassic, composed

mainly of acidic volcanic rocks and terrigenous clastic rocks, which are absent in
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Figure 1. Structural elements and location map of the study area modified from [2] [5].

Bukhara terrace. The normal faults are well developed, accompanied by volcanic
intrusion.

The middle tectonic sequences include Jurassic, Cretaceous, and Paleogene.
The Lower Jurassic is represented by a sequence of inland fluvial-lacustrine sili-
ciclastic rocks. The Upper Jurassic is dominated by limestones and evaporates.
The Cretaceous lithology is mainly characterized by sand and mud interstratifi-
cation. The Lower Paleogene can be divided into four lithological members: li-
mestone and gypsum interbedded at the base, a large section of mudstone in the
middle, and sandstone at the top. Cenozoic tectonic movements resulted in the
development of faults and strongly folded strata.

The lower three tectonic sequences include Neogene and Quaternary. The in-

herited tectonic is well developed and local angular unconformity is clearly visible.
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Figure 2. Tectonic sequence division in northern Amu-Darya Basin modified from [1].

During the Mesozoic Era, the Amu-Darya Basin was located at the marginal
belt of the northern part of the Paleo-Tethys Ocean. The sedimentary and struc-
tural characteristics of the Amu-Darya Basin were subject to the formation and
evolution of the Tethys orogenic belt and Tethya transgression. The evolution of
the Amu-Darya Basin can be divided into three stages: the arc foreland basin
development stage (late Permian to Triassic), the rift-arc extension stage (early
Jurassic to Paleogene), and the foreland basin stage (Late Paleogene).

The structural evolution of the study area show that the CheckErzhu and
Bukhara terraces were characterized by a wedge of sediment for a long time un-
der conditions of continuous tectonic subsidence and regional tectonic stability
prior to Eogene sediment [9] [10] [14] [15]. The neritic-bathyal environment
gradually predominated in the studied area because of Jurassic transgression,

resulting in Biologic limestone sediment.

3. Facies Analysis
3.1. Lithology

The petrographic investigation on the Callovian and Oxfordian revealed the
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presence of several the lithologies represented by listing in Table 1.

3.2. Facies Interpretation

3.2.1. Palaeogomorphic Geomorphology

The structural evolution of the study area show that the CheckErzhu and Buk-
hara terraces were characterized by a wedge of sediment for a long time, under
conditions of continuous tectonic subsidence and regional tectonic stability
prior to Eogene sediment. The palacogeomorphology during the Jurassic deposi-
tion period was the gentle slope whose slope is less than 1 (Figure 3). The nerit-
ic-bathyal environment gradually predominated in the studied area because of

Jurassic transgression, resulting in Biologic limestone sediment.

3.2.2. Facies Model
According to the definition for carbonate ramp is adopted from Burchette and
Wright (Burchette 1992) who defined: 1) an outer ramp below the storm wave
base (SWB), 2) a mid-ramp between the SWB and the fair-weather wave base
(FWWB), and 3) an inner ramp located above the FWWB. The palacogeomor-
phic analysis and the lithological changes suggest a very low dipping slope
without shelf breaks and gravity deposits, characterizing a carbonate ramp pro-
file.

There’s several evidence support that a mode of carbonate ramp can be estab-
lished consistent with the geological character of the study area (Figure 4). Oo-
lite was developed in the Callovian and Oxfordian and was lack of organic reefs.

The allochthonous carbonate blocks and carbonate gravity flow for the line

Table 1. The main rock types of Callovian and Oxfordian in northern Amu-Darya Basin
(from [9] [10] [14] [15]).

lithology Layers Gain types
XVac and
Ooidal grainstone XVp well-sorted ooids, 0.5 - 1.5 mm in size
inst XVm,
grainstone Bioclastic m Rudists, braches, hinoderms, foraminifers,
rainstone XVp, bryozoans, sponges, and red algae
8 XVhp ry » Sponges, 8
XV d
Peloidal packstone Xn\i/an bivalve and echinoderms debrises
p
Intraclastic . .
. X XVal, Intraclasts (30%) , bioclasts (20%), bivalve,
bioclastic R .
packstone XVp echinoderm and foraminifera fragments
Limestone packstone
. . XVm, rudists, braches, chinoderms,
Bioclastic .
XVa2, foraminifers, bryozoans, sponges,
packstone
XVp coral, and algae
Bioclastic echinoderms, bivalves, brachiopods,
XVa2 .
wackestone foraminifera
wackestone
Spiculite XVa2 sponge
wackestone pong
Bioherm XVm and Rudists (50%), coral, red algae,
. boundstone
limestone XVa2 bryozoans, sponges
Vhp,
Dolomit Crystal d t
olomite rystal powder cryptomere Va2
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Figure 3. Tectonic evolution of in the northern of Amu-Darya Basin (section location
shown as Figure 1).

sourced carbonate aprons and the point sourced carbonate submarine fans even
alcirudites resulted from ancient events deposits in carbonate rimmed shelf
won’t found in scores of wells. There wasn’t a topographic break in the study
area during Jurassic Period use seismic horizon flattening technique.

Outer ramp

The facies is dominantly grey black mudstones with a generally sparse fauna
(some gastropods). However, the meter-scale beds may contain more fossil de-
bris and praealveolinids, as well as possess a wackestone texture. Microscopic
observations of this facies showed the presence of sponge spicules, echinoids, red
algae, annelids, and small benthic foraminifera.

The presence of marls indicates an open and distal environment, whereas the
absence of hydrodynamic structures suggests a low-energy environment proba-
bly located below the SWB (storm weather base) on the outer part of the

ramp.
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Figure 4. Schematic depositional profile of the Callovian-Oxfordian stage in northern Amu-Darya Basin (Photomicrographs from

(5] [12]).

Mid-ramp

In the proximal margin, two facies types are distinguished: a low-energy fa-
cies, which is relatively muddier and bioturbated; and a high-energy facies,
which is clean, coarse-grained bioclastic, and cross-bedded. The low-energy fa-
cies consists of wackestone to packstone, comprising bioclastic debris, peloids,
benthic foraminifera (orbitolina, miliolids), as well as rudist and oyster frag-
ments. A decimeter-scale bedding has a lower position.

Inner ramp

The high-energy facies consists of well-sorted, fine to coarse bioclastic grain-
stone with a rich faunal association dominated rudists. Small-scale to me-
dium-scale cross-beddings are normal, and bedsets range from 1 dm up to 1 m.
A sigmoidal cross-bedding has been observed, suggesting tidal influences. This
facies is typical of relatively shallower positions.

At a larger scale (hundreds of meters), the mid ramp facies are organized in
low-angle clinoforms showing a basinward transition from the cross-bedded
high-energy facies to the bioturbated low-energy facies.

The paleowater depth of this setting ranges from just below to well within the
reach of fair-weather wave base. Bioturbation and abundant benthic fauna (bi-
valves, brachiopods, echinoids, and crinoids) indicate normal oxygenation and
salinities, which in turn suggest a sedimentation between the SWB and the
FWWB.
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4. Sequence Stratigraphy

4.1. Sequence Boundary

The detailed seismic and sequence stratigraphy analysis carried out on the Cal-
lovian and Oxfordian reveals two kinds of sequence boundaries, the unconfor-
mity and the lithology transition surface. The unconformity surface were recog-
nized using The through-well Seismic Profile a) (Figure 5), which shows weak
seismic reflection as a result of the feeble difference in acoustic impendence
above and below interface (jsuq jsrio) @nd Local truncation under that are ordina-
rily found on eismic profile b) (Figure 5).

The data of well logging, drilling core were analyzed to identify the lithology
transition surface, which marked the extent abnormal of GR, DT and RS logging
curve (Figure 6). Each of them separates the underlying deep water carbonate
deposits such as bioclastic packstone from the overlying bioclastic wackes-
tones/mudstones.

The basal and top boundaries of sequences I and V are both characterized by a
unconformity surface. The other sequence boundaries characterized by a litho-

facies transitional surface.

4.2. Sequence Stratigraphy

Five depositional sequences are recognized in the Callovian-Oxfordian, Ze., SQI,
SQ2, SQ3, SQ4 and SQ5 by using log data, the thin sections and seismic data. A
transgressive systems tract (TST) and a highstand systems tract (HST) are iden-
tified both within each sequence. The average durations of individual sequences

are approximately 2 Ma.

MG e
N ) m-mw”

; Rl y
ot ST gy

M

i
4

Figure 5. Seismic responses of the sequence boundary surface.

The first sequence boundary is the base of sequence SQ1 (Figure 6). This is a
major unconformity that separates Upper Jurassic strata from the underlying
Middle-Low Jurassic strata. An important change in the depositional history of
the study area occurred from this surface. The underlying sediments consists of
a series of clastics whereas the overlying sediments are almost pure carbonate.

Small depositional discontinuity cavities occur at the top of SQI, filled with
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Figure 6. Sequence division of Upper Jurassic in northern Amu-Darya Basin (from S53 well).

wackestone with higher GR response. This sequence is composed of a TST and a
HST, and its interface is maximum flooding surface marked by “skip” on
high-resolution GR and RS logging traces, recording the progress of evolution
and development Outer carbonate ramp facies transform to mid carbonate ramp
facies.

SQ2 division owing to the remarkable charcteristics with wackestone with
higher GR of several meters thick. The basal and top boundaries of this se-
quences characterized by a lithofacies transitional surface as a result the rate of
eustatic sea-level fall matched the rate of subsidence. These depositional se-
quences are 60 m thick. Internally the sequences are basically composed of a
transgressive lower part (TST) and a regressive upper part (HST), the upper part

of grainstones. These were deposited broadly in high-energy shallow marine and
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lagoonal environments. The lower part of this sequence consists of 30 m of al-
ternating grey skeletal packstones-wackestones.

SQ3 is 60 - 70 m thick and characterized by deepening and retrogradation of
outer ramp facies immediately overlying on the bioclastic packstones of the up-
per part of SQ2, followed by shallowing and progradation of inner ramp facies.
During the TST stage, an upward-deepening succession along the outer ramp is
recorded by a sharp vertical change from mudstones in the underlying strata to bi-
oclastic packstones/grainstones of shoals and/or bioclastic wackestones/mudstones
of inner ramp facies. Corresponding wireline logs display an increasing trend in
GR logging curve and a decreasing trend in RS logging curve.

SQ4 is composed of numerous meter-scale cycles and reflect changes within
the inner ramp facies. The facies succession of this sequence can be divided into
transgressive and highstand systems tracts, separated by deeper-water sediments
which represent the maximum flooding zone. The TST comprises skeletal wack-
estone and skeletal limestone, whereas the HST mainly consists of oolitic limes-
tone, with rudists, braches, hinoderms, foraminifers, bryozoans. The limestones
with higher gamma ray responses in the lower part of the TST suggest that this
part of the succession represents the maximum flooding and condensed section
of the sequence.

SQ5 is at the end of Jurassic carbonate sedimentary, and its top boundary is an
angular unconformity. The basal of this sequences characterized by a lithofacies
transitional surface as a result of eustatic sea-level fall and subsidence. SQ5 con-
sist of a TST and a greater thickness HST, which had been covered by protected
low-energy platform environments during the deposition of the lower TST, and
HST was also characterized by dolomite and gypsum of. These findings suggest
that the facies belts were pushed landward.

Marine transgression began in late Bathonian or early Callovian period. After
the deposition of the basal shale unit, carbonate sedimentation began and con-
tinued into the Oxfordian stage. During the Callovian-Oxfordian interval, the
Amu-Darya basin was topographically partitioned into the deep-water sea that
occupied the southeastern basin area and the shallow water area on its northern
margins.

The Callovian to Oxfordian carbonate sequence is composed of inner, mid,
and outer ramp facies, and includes oolitic, detrital, and algal limestones, dolo-
mitic limestones, argillaceous limestones and marls, as well as local beds of an-
hydrite in the middle-upper Oxfordian section. Siliciclastic material is present
and is locally dominant along the northern basin margin (Figure 6). From the
Chardzhou step, the rudistid reef and shoal extend eastward and then sou-
theastward, and separate the extensive shallow-water slop from the deep-water

basin.

5. Conclusions

1) Various conditions facilitated the development of a ramp in the Amu-Darya

Basin during the late Jurassic. Geomorphic characteristics and lithological asso-
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ciation sequences does not seem to support the point of view a rimmed platform
with reef widely developed, and instead, proved that a carbonate ramp with
shoal widely developed was deposited in the Callovian-Divesian stage.

2) The Callovian-Oxfordian carbonate ramp deposition included three types
of subfacies, namely, outer, mid, and inner ramps, as well as some kinds of mi-
crofacies, such as oolite shoal, bioclastic shoal, inter-shoal mud. The inner ramp
was the dominant part of a carbonate ramp, wherein the thickest sedimentary
formations were deposited, and organic reefs, bioclastic shoals, and oolitic shoals
were mainly developed.

3) The Callovian-Oxfordian stage experienced five transgressions on a large
scale in the study area, and included five series of transgression-regression. In
addition, cryptite, oolitic and biohermal limestones, and dolomite rock represented
the maximum flooding event, the marine regression, and the most shallow water

environment, respectively.
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