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Introduction

The Gorgan Plain is located in the southeast of
Caspian Sea. This region is limited to the Alborz
Mountains from the south and the border of Iran and
Turkmenistan from the north. In the last 60 years,
oil exploration activities in this area have led to the
drilling of 10 wells. In these wells, sediments from the
present time to the Paleocene and in two wells to the
Jurassic have been drilled.

This study was conducted with the aim of investigating
sedimentation and subsidence rates in the Gorgan
Plain using basin modeling. When sediments are
deposited at high rates, compaction does not occur
homogeneously in the vertical sequence or laterally.
High rates of sedimentation and low permeability of
sediments such as shales cause fluids to be trapped in
sediment porosity and increase hydrostatic pressure.
An increase in hydrostatic pressure can lead to
the breaking of rocks. When there are gravitative
instability sediments, high-pressure zones and the oil-
generating process lead to the formation of mudfiows
[1]. Regional changes in sedimentation rates can show
the pattern of expansion of high-pressure zones [2].
Therefore, the study of sedimentation rates can be a
method to investigate the possibility of the existence
and expansion of high-pressure layers in the region
and reduce drilling risks [3]. High-pressure zones can
affect processes and elements of the petroleum system,
including source rock maturation [4].

Geological Settings

The Gorgan Plain is considered a part of the South
Caspian Basin. This basin is the result of back-arc
faulting during the Middle Jurassic-Early Cretaceous
[5, 6]. With the movement of the Arabian plate towards
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the northeast in the late Eocene-ecarly Oligocene and
also the lowering of the water level, the Caspian Sea
was separated from the open seas [7-10]. After being
temporarily connected to open water in the Upper
Pliocene [10], the South Caspian Basin has not been
connected to open water until now.

High pressure zones can be seen in different parts
of the South Caspian Basin, which has a decreasing
trend from the center and northwest of the basin to the
northeast [11]. Thick and uncompressed sediments
are the result of high sedimentation rate in the region.
Fluids that exist in high-pressure zones can lead to the
formation of mud volcanoes or mud domes [12]. 400
active mud volcanoes have been reported in the South
Caspian Basin, which are mainly found in the coastal
areas of Azerbaijan and Turkmenistan [13]. There are
also gas and oil fields in the eastern and western parts
of the basin. In the Gorgan Plain, there are four active
mud volcanoes and numerous silent mud volcanoes
[14]. The mud volcanic eruptions of the South Caspian
Basin have been considered to be related to anticlines
and oil accumulations [1, 13]. In the report of the
drilled wells, the presence of high-pressure zones has
been reported, for example, the high-pressure zone in
the Cheleken Formation of the Gorgan 3a well [15].

Materials and Methods

In this study, 1D basin modeling has been used to
calculate sedimentation rates. Temis software and
Genex of Beicip Franlab Company were used to
reconstruction burial history and sedimentation rate.
In the Gor gan Plain, the thickness of the formations
increases towards the Caspian coast, since no well has
been drilled in this area, based on the available seismic
data, a hypothetical well was used for modeling.



1D modeling of Gorgan 3a well near the Qarniariq
mud volcano and the hypothetical well near the Naft-
E-lijeh mud volcano, have been done.

The basin modeling software calculates the compaction
of sediment through geological time. The thickness and
porosity changes of the layers through geological time,
were used for calculation sedimentation rates, such as
uncorrected sedimentation rate, solid sedimentation
rate and total sedimentation rate based on equations 1,
2 and 3, respectively [16, 17].

uR =T7PT(m /Ma) (1)

0 =7N(m /Ma) 2
T

R =—O(m /Ma) 3)
T A

Results and Discussion

The thickness of Cenozoic sediments in Gorgan 3a
and hypothetical wells are 2943 and 6320 meters,
respectively (Table 1), which indicates an increase in
the thickness of the sequence of sediments by about two
times in the hypothetical well. While the distance of the
wells is less than 40 km, which indicates the increase in
the sedimentation rate and thickness of the formations
towards the hypothetical well. The lowest sedimentation
rate in the Gorgan 3a and hypothetical wells are solid
sedimentation rate of the Paleocene-Eocene sediments 9
and 40 m/Ma, respectively (Table | and Figure 1). These
rates show an increase towards the hypothetical well.
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The thickness of the layers and sedimentation rates
increase towards the hypothetical well, but the Baku
sediments are less thick in this well than in the Gorgan
3a well. This formation in the hypothetical and Gorgan
3a wells has thickness of 920 and 1010 meters, and
solid sedimentation rates of 944 and 844 m/Ma,
respectively, which are the highest solid sedimentation
rates in the studied wells. Despite the greater thickness
of these sediments in the Gorgan 3a well, the rate of solid
sedimentation is lower than the hypothetical well. The
reason for that is the lower burial depth (thickness of the
Neo-Caspian Formation) and the lower compaction of the
Baku Formation in the Gorgan 3a well. In calculating the
solid sedimentation rate, the thickness of the formation
with zero porosity is taken into account (Equation 2). The
total sedimentation rate of the Baku Formation is higher
in the hypothetical well (2697 and 2411 m/Ma in the
hypothetical well and Gorgan 3a, respectively).

The Neo-Caspian formation has a thickness of 1320 m
in the hypothetical well and 285 m in the Gorgan 3a well
(Table 1). This formation does not follow the increasing
trend of sedimentation rate in older sediments (Table
1). In the hypothetical well, it has high sedimentation
rates, but in the Gorgan 3a well, a significant decrease in
the sedimentation rates occurred, which indicates faster
sedimentation in the coastal parts. The concentration
of sedimentation in the west of Gorgan Plain can
indicate the change of sedimentation pattern during the
deposition of Neo-Caspian sediments in the region.

Table 1 Geological age, depth and sedimentation rates in the Gorgan 3a and hypothetical wells.

Hypothetical well Gorgan 3a well
Formation Base Age(Ma) gz;ﬁom Depth | Thickness Sedimentation rate (m/Ma) Depth | Thickness Sedimentation rate (m/Ma)

(m) (m) Uncorrected | Solid | Total | (M) (m) Uncorrected | Solid | Total
Neo-Caspian 1 1 0 1320 1320 831 [2374 |0 285 285 137 391
Baku 1.8 0.8 1320 | 920 1150 944 | 2697 | 285 1010 1263 844 2411
Apsheron 2.6 0.8 2240 | 840 1050 926 | 2647 | 1295 615 769 615 1758
Akchagyl 3.6 1 3080 | 120 120 108 | 309 | 1910 50 50 42 121
Cheleken 5.3 1.7 3200 | 880 518 468 | 883 | 1960 265 156 132 249
Maikop-Diatom Eq. | 33.9 19.4 4080 | 1640 85 54 152 | 2225 585 30 18 51
Paleocene-Eocene 47.8 13.9 5720 | 600 43 40 118 2810 133.6 10 9 25

6320 2943.6
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Fig. 1 Sedimentation rates in the Gorgan 3a well (A) and hypothetical well (B).
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Conclusions

The  Pliocene-Present  sediments,  including
Cheleken, Akchagyl, Apsheron, Baku and Neo-
Caspian formations, were deposited at a high rate.
The thickness of these sediments increases towards
the Caspian Sea (Table 1). The deposition of these
sediments is accompanied by a high subsidence rate
and simultaneously with the increase in orogenic
activities and the separation of the Caspian Sea from
open waters.

The deposition rate of the Neo-Caspian Formation in
the studied wells indicates the continued high rate of
sediment deposition in the coastal parts of the Gorgan
Plain and the decrease of this rate in the parts far from
the coast.

The lowest sedimentation rates are in the Paleocene-
Eocene deposits (solid sedimentation rate 9 m/Ma),
and the highest rates are in Baku Formation (solid
sedimentation rate 944 m/Ma).

High sedimentation rate is one of the controlling
factors in the formation of mud volcanos and high-
pressure zones in the region, and these rates can have
a significant impact on the processes and elements of
the petroleum system.

References

1. Mazzini A, Etiope G (2017) Mud volcanism: An
updated review, Earth-Science Reviews, 168: 81-
112.

2. Nifuku K, Kobayashi Y, Araki Y, Ashida T,
Taniwaki T (2021) Overpressure evolution
controlled by spatial and temporal changes in
the sedimentation rate: Insights from a basin
modelling study in offshore Suriname, Basin
Research, 33: 1293-1314.

3. Mouchet JP, Mitchell A (1989) Abnormal
pressures while drilling: origins, prediction,
detection, evaluation, Technip Editions.

4. Fang H, Yongchuan S, Sitian L, Qiming Z (1995)
Overpressure retardation of organic-matter
maturation and petroleum generation: A case
study from the yinggehai and giongdongnan
Basins, South China Seal, AAPG Bulletin, 79:
551-562.

5. Golonka J, Yilmaz PO, Isaksen GH (2007)
Geodynamic evolution of the south caspian basin,
In: Yilmaz PO,Isaksen GH, (Eds): Oil and Gas of
the Greater Caspian Area, American Association
of Petroleum Geologists 55, p. 17-41.

6. Brunet M-F, Korotaev MV, Ershov AV, Nikishin

10.

I1.

12.

13.

14.

15.

16.

17.

AM (2003) The South Caspian Basin: a review
of its evolution from subsidence modelling,
Sedimentary Geology, 156: 119-148.

Allen M, Armstrong H (2008) Arabia-Eurasia
collision and the forcing of Mid-Cenozoic global
cooling, Palacogeography, Palacoclimatology,
Palacoecology, 265: 52-58.

Soltani B, Beiranvand B, Moussavi-harami SR,
Honarmand J, Taati F (2020) Original mineralogy
and determining depositional condition of
the Akchagyl Formation based on elemental
geochemistry analysis in southeastern Caspian
Basin, Applied Sedimentology, 8: 23-45.

Popov SV, Rogl F, Rozanov AY, Steininger FF,
Shcherba 1G, Kovac M (2004) Lithological-
Palaeogeographic maps of Paratethys, CFS
Courier Forschungsinstitut Senckenberg, 250:
1-46.

Stricker S, Jones SJ, Sathar S, Bowen L, Oxtoby
N (2016) Exceptional reservoir quality in HPHT
reservoir settings: Examples from the Skagerrak
Formation of the Heron Cluster, North Sea, UK,
Marine and Petroleum Geology, 77: 198-215.
Karimzadeh-Rad F  (1980)  Stratigraphy,
sedimentology, and organic geochemistry of the
Lower Jurassic sediments from the Eastern Alborz
Ranges, North-East Iran, with the study of uranium
content in relation to organic matter distribution,
PhD thesis, Imperial College London.

Kopf AJ (2002) Significance of mud volcanism,
Reviews of Geophysics, 40: 2-1-2-52.

Jakubov AA, AliZade AA, Zeinalov MM (1971)
Mud volcanoes of the Azerbaijan SSR: Atlas.
Azerbaijan Academy of Sciences, Baku (in
Russian).

Farhadian Babadi M, Mehrabi B, Tassi F, Cabassi
J, Pecchioni E, Shakeri A, Vaselli O (2021)
Geochemistry of fluids discharged from mud
volcanoes in SE Caspian Sea (Gorgan Plain, Iran),
International Geology Review, 63: 437-452.
Paran Y, Donbali N (1963) Geologicalwell
completion report Gorgan-3 (Go-3), NIOC
Unpub.

Allen P, Allen R (2013) Basin analysis: principles
and application to petroleum play assessment,
Wiley-Blackwell; 3rd edition.

Van Hinte JE (1978) Geohistory analysis;
application of micropaleontology in exploration
geology, American Association of Petroleum
Geologists Bulletin, 62: 201-222.




