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Summary. Some unique characteristics of the Caspian Sea, especially the South Caspian Sea,
such as low geothermal gradient, rapid sedimentation, a great number of mud volcanoes, suitable
temperature and pressure conditions make it worth for exploration of gas hydrate potential. In this 
study, gas hydrate potential of the South Caspian Sea is determined within the targeted coordinates,
39N - 50E,  40N - 50E,  40N - 52E and 39N - 52E, which includes Absheron area and several 
mud volcanoes but excluding the parts shallower than 100 m water depth. The total area is subdi-
vided into three categories, namely gas hydrate concentrated zone, gas hydrate bearing zone and
around craters of mud volcanoes. The  mean  of  accessible  resource  volume  is  estimated  as 
2.181012,  1.531014, 1.651010  Sm3  of gas for these three zones, respectively.  The mean of total 
accessible resource volume of targeted areas is estimated as 1.751014 Sm3 of gas. 
 
© 2023 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.  

 
Introduction 
The Caspian Sea is one of the oldest regions that petroleum industry is actually established. Recently, the 

region is under study as being gas hydrate province as well as being oil and gas province. Some unique prop-
erties of the region, like low geothermal gradient, rapid sedimentation, a great number of mud volcanoes, 
suitable temperature and pressure conditions, and actively generation of hydrocarbons make it attention grab-
bing (Buryakovsky et al., 2001).  

Seismic, geological, and geophysical investigations are conducted and analyzed Under Deep Sea Drilling 
Project (DSDP) and Ocean Drilling Program (ODP). It was determined that the Caspian Sea has all essential 
conditions for formation of gas hydrates especially in the southern part. 

A rough estimation of amount of methane is done in (Gerivani and Gerivani, 2015). According to their 
calculation in Gas Hydrate Stability Zone (GHSZ) in Absheron region, which is 100 km away from Baku, with 
thickness of 200 m extending for 10 km and only 5% of the sediments volume being composed of gas hydrates 
is assumed. Around 1 billion cubic meters of methane hydrate is estimated. Since 1 m3 of solid hydrate can 
contain 160 Sm3 of methane has around 160 standard billion cubic meter of hydrocarbon gas. 

An estimation of mud volcanoes is done by Muradov (2002). In that study, resources of hydrocarbon gases 
in hydrates saturate sediments up to a depth of 100 m and are estimated at 0.2ꞏ1015– 8ꞏ1015 m3. The amount of 
hydrocarbon gases concentrated in them is 1011– 1012 Sm3 (Huseynov and Guliyev, 2004). 

In this study, natural gas hydrate potential in the South Caspian Sea is investigated. The targeted area is 
taken almost within the coordinates 39N, 50E - 40N, 50E and 39N, 52E - 40N, 52E, excluding the 
parts shallower than 100 m. The area is divided by three according to hydrate saturation in sediments.  

Three gas compositions are adapted from Diaconescu and Knapp (2000). Pure and saline water environ-
ments are considered and compared regarding the gas compositions and related zones. Methane hydrate equi-
librium pressure values are obtained by CSMHYD program (CSMHYD, 2017). Pressure-temperature and tem-
perature-depth diagrams are obtained accordingly.  

Mud volcanoes in the region experiences very high geothermal gradient values and intensive gas seepage. 
Different gas compositions and geothermal gradient values from mud volcanoes of the South Caspian Sea are 
available in (Ginsburg et al., 1992). CSMHYD is used again to obtain hydrate formation pressure values. 
Pressure-temperature and temperature-depth diagrams are obtained for three mud volcanoes, Buzdag, Elm, 
and unnamed one on the Abikha bank. 

Calculations are done by volumetric method. Estimations are calculated by Monte Carlo method using 
@RISK (@RISK, 2018). Parameters are obtained from literature and other studies from different fields in the 
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world. Accessible resource volumes are obtained from all three zones within the field of interest. Total acces-
sible resource volume is reached finally.  

 
Methodology  
Equation 1 is used for the estimation of gas in hydrate reservoirs: 
 

𝑂𝐺𝐼𝑃 ൌ 𝐴 ൈ  ℎ ൈ  ∅ ൈ  𝑆 ൈ  𝑉𝑅 ൈ 𝐶𝑂                                                         (1) 
Where: 
OGIP: Original CH4 in-place in gas hydrate reservoirs, Sm3 
A: Cross-sectional area of hydrate zone, m2 
h: Thickness of hydrate zone, m 
∅: Porosity, fraction 
Sh: Gas hydrate saturation in pore space, fraction 
VR: Gas/hydrate volume ratio (volume of gas at STP in 1 m3 of gas hydrate), Sm3/m3  

CO: Cage occupancy, fraction 
 
Since the field needs further explorations, some data are unavailable in the literature. Estimations from 

other fields and some assumptions are used for parameters for which are not presently known. 
The targeted area of this study is determined within the coordinates 39N, 50E - 40N, 50E and 39N, 

52E - 40N, 52E, excluding the parts shallower than 100 m in the South Caspian Sea (Figure 1). Elm and 
unnamed mud volcano on the Abikha bank is also added to calculations due to their high probable gas hydrate 
potential. Planimeter measurements are applied on the available maps to estimate different hydrate bearing 
areas. The study area makes totally 17576.93 km2. While dividing the area into different sections, idea from 
Fujii et al. (2008) is used.  It is divided into three zones according to hydrate saturation. Gas hydrate concen-
trated zone is highlighted in black color. Bearing zones are highlighted in blue. Mud volcanoes are highlighted 
in red circles (Figure).  

Details of the determination of numerical values of parameters in Equation 1 can be found in (Mustafa-
yeva, 2018). The resultant values of three zones are listed in Table 1. 
 

 

 
Map showing gas hydrate concentrated and bearing zones and mud volcanoes. Black line: gas hydrate concentrated 
zone; blue line: gas hydrate bearing zone; red circles: mud volcanoes 
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Table 1 
 Input parameters of three zones used in Equation 1 

 

ZONE  A (m2) h (m) 
Sh 

(fraction) 
∅ (fraction) VR (%) 

CO 
(fraction) 

Hydrate 
Concentrated 

Zone 

Minimum 5.70×108 200 0.45 0.1 166 0.96 
Mean 7.13×108 841 0.60 0.2 - 0.98 

Maximum 8.55×108 1400 0.90 0.4 172 0.99 

Hydrate 
Bearing Zone 

Minimum 1.36×1010 190 0.21 0.1 166 0.96 
Mean 1.70×1010 877.2 0.29 0.2 - 0.98 

Maximum 2.04×1010 1420 0.35 0.4 172 0.99 

Mud 
Volcaneos 

Minimum 4.75×107 15 0.15 0.1 166 0.96 
Mean 5.94×107 20 0.35 0.2 - 0.98 

Maximum 7.12×107 30 0.50 0.4 172 0.99 
 

Results  
Estimations of gas volumes in different zones are done by @RISK program. @RISK is an add-in for 

Microsoft Excel, which performs risk analysis using Monte Carlo simulation. @RISK gives an opportunity to 
users see and analyze all possible outcomes. It presents a range of possible values in  Microsoft Excel spread-
sheet that allows making the best choice under uncertainty. So, after determining value range for parameters, 
probability density functions are used for 10,000 iterations by @Risk. The resulted outcomes give the proba-
bility of the minimum, mean, and maximum estimations. Table 2 lists the estimates obtained within this study. 
 

Table 2 
 Estimated gas volumes within three different zones (Sm3) 

 

ZONE Minimum Mean Maximum 
Hydrate Concentrated Zone 5.47×1011 2.18×1012 6.53×1012 

Hydrate Bearing Zone 2.00×1013 1.53×1014 5.23×1014 
Mud Volcaneos 2.80×109 1.65×1010 4.80×1010 

TOTAL 2.55×1013 1.74×1014 5.88×1014 
 

Conclusion  
Accessible resource volumes are obtained from all three zones within the field of interest. Total accessible 

resource volume is reached finally. Although these estimations are done under lots of uncertainties, unique 
geologic and stratigraphic features make South Caspian Sea worth for researching for gas hydrates.  

 
Acknowledgement (Optional)  
Financial support from BP Caspian for Mustafayeva Z. is highly appreciated during her M.Sc. study. 

 
REFERENCES 

 
Buryakovsky L.A., Chilingar G.V., Aminzadeh F. Petroleum geology of the South Caspian Basin. [electronic resource]. Gulf Profes-

sional Pub. Boston, 2001. 
CSMHYD.  In Centre for Hydrate Research - Colorado School of Mines. Retrieved on December 27, 2017 from http://hy-

drates.mines.edu/CHR/Software.html. 
Diaconescu C.C., Knapp, J.H. Buried gas hydrates in the deepwater of the South Caspian Sea, Azerbaijan: Implications for geo-haz-

ards. Energy Exploration & Exploitation, Vol. 18(4), 2000, pp. 385-400. 
Fujii T., Saeki T., Kobayashi T., Inamori T., Hayashi M., Takano O., Takayama T., Kawasaki T., Nagakub, S., Nakamizu M.. Yokoi 

K. Resource assessment of methane hydrate in the eastern Nankai Trough, Japan. Offshore technology conference, 2008, 
DOI:10.2118/19311-MS. 

Gerivani H., Gerivani B. Potential map of gas hydrate formation in Caspian Sea based on physicochemical stability evaluation of methane 
hydrate. Marine Georesources and Geotechnology, Vol. 35(1), 2015, pp. 136-142, DOI:10.1080/1064119X.2015.1118581. 

Ginsburg G.D., Guseynov R.A., Dadashev A.A., Ivanova G.A., Kazantsev S.A., Soloviyev V.A.,  Mashirov Y.G. Gas hydrates of the 
southern Caspian. International Geology Review, Vol. 34(8), 1992, pp. 765-782. 

Huseynov D.A., Guliyev I.S. Mud volcanic natural phenomena in the South Caspian Basin: geology, fluid dynamics, and environmental 
impact. Environmental Geology, Vol. 46(8), 2004, pp. 1012-1023. 

Muradov C. Estimation of resources of gas in gas hydrate accumulations of Southern Caspian Sea. In: Abstract book of 7th International 
Conference ‘‘Gas in Marine Sediments’’, Nafta-Press. Baku, October 7–12, 2002, pp. 149-150. 

Mustafayeva Z. Investigation of natural gas hydrate potential of the South Caspian Sea, M.Sc. Thesis, Middle East Technical Univer-
sity, Ankara, Türkiye, 2018. 

@RISK. In Palisade. Retrieved on April 5, 2018 from http://www.palisade.com/risk/. 


