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Abstract

Deep hydrocarbon accumulations below 5,000 m have been discovered in the South Caspian basin at the end of 20th century (Bulla-
deniz, Bahar, Janub-2, Shah-deniz). A unique geological-geophysical data set gained during last decade on the South Caspian basin
containing results of studies of super deep wells, mud volcanic g ects from the depth up to 14 km, deep seismic, and advanced
modeling technique allowed us predicting of accumulations below 7 km.

The buria history of the South Caspian basin central part is characterized by continuous sedimentation and stable subsiding from the
Upper Jurassic to present. Avalanche sedimentation during Pliocene-Pleistocene (up to 3 mm/year) resulted in deposition of 10 km
thick Pliocene-Quaternary succession. The total thickness of sedimentary cover in the SCB reaches more than 25 km.

Numerous data testify to a good generation potential of Oligocene-Lower Miocene sediments (Maykop Series), for an example, TOC
—i512.39%, HI — 588 mg HC/gCorg in mud volcanic breccia. Kerogen type of organic matter varies from Il to 111. Good source rock
properties have been revealed in Middle-Upper Miocene sediments (Diatom Suite), and some intervals of middle Jurassic and Lower
Cretaceous rocks. The South Caspian basin is characterized by the abnormally low-recorded values of geothermal gradient - 1.30C-
1.80C /100 m. From T and RO predicted values oil and gas “windows” in the western shelf and continental slope are located in interval
5-12 km; in the deep-water zone — 6-14 km. These zones are corresponded to the occurrence of the principal source- rocksin the
South Caspian basin-Maykop Series and Diatom Suite.
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| sotopic —chemical composition of fluids testifies to a wide temperature -pressure range of HC generation and migration. Subvertical
migration of HC fluids in an extremely high scale and with a high rate is atypical feature of the South Caspian basin. Numerous deep
faults, mud volcanoes channels and subvertical decompacted bodies traced to the basement might serve as channels of fluid migration
from source to trap. Porous and permeable |aterally connected sand bodies in some Lower Pliocene intervals (Productive Series-PS)
create afluid conduit network within the basin providing pathways for lateral HC fluid migration.

Interplay of large river systems, rapid sealevel and sediment supply changesin the Early Pliocene played an important role in the
accumulation of reservoir rocks. Southward progradation of PaleoV olga system in some PS stages (Pereriva, NKP Suites, and possible
PK Suite) provides a good reservoir potential for these sediments. Existence of overpressure zones in the studied area enables
preservation of reservoir quality in the deeply subsided horizons.

Results of basin modeling showing the vast (up to 8 km on the extent) petroleum source rocks in the deeply subsided central part of
the South Caspian basin and existence besides large anticline structures the numerous lithological traps formed as aresult of facia
heterogeneity of PS sediments allow prediction of large ultra deep HC accumulations in this part of the basin that is confirmed by fluid
flow recorded by geochemical survey. These data allow usto significantly increase the initial potential resourcesin the basin.
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Principal oil-gas basins all over the world

4

S n basin is situate he southern margin of the Euarasian in the central part
of the Mediterranean-Himalayan folded zone. Its present shape and petroleum system were
formed as a result of the interaction of Eurasian, Indian and Arabian plates starting from

Triassic.
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As aresult of continental collision of relict fragments of Gondwana and
EuroAsian plate in the Late Miocene the Caspian basin was isolated
from the Paratethys
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tructural setting

. Typical features:

Rapid uplifting — the velocity of vertical movements on the anticlinal
structures reaches 1.2 — 4.5 mm/year.

" Rapid subsidence — 25 to 50 mm/year
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LEGEND:

Sedimentation rates, km/ m.y.
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Areas of the Pliocene-Quaternary

) Isolines of sedimentation @
sediments absence
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Burial history

Continuous sedimentation from the
Upper Jurassic to present.
Avalanche sedimentation during
Pliocene-Pleistocene (3mm/year)

The map of sedimentation rate
In Pliocene-Quaternary time
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Typical feature:
Due to large sediment input and rapid subsidence the sedimentary
cover is as thick as 25-30 km
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10 km thick Pliocene-Quaternary
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Absheron onshore-offshore geothermal
gradient map
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For deeply subsided zones with thick sedimentary cover and thick
shielding mudprone Maycop Series the predicted data display very low
geothermal gradient - 1,3°C-1,5°C /100m



Absheron onshore-offshore heat flow map
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And very low heat flows less than 0,02 W/m?




Typical features:

@ Large Active Mud Volcano ® Large Inactive Mud Volcano ® Small Active Cones, Salses and Gryphons

Location of mud
volcanoes in the

South Caspian Basin



And wide occurrence

of subvertical bodies
with deeply penetrating chimneys
providing fluid migration pathways

Fragment of seismic
line across offshore
part of the South
Caspian basin

A. Gadjiyev, 2008
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A high generation potential of Oligocene-
Lower Miocene sediments (Maycop
Series).

In mud breccia of Maycop age from

the volcano Boyuk Kyanizadag in the
depth interval 5400-6100 m

it has been revealed
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GREAT KYANIZADAG VOLCANO

A high generation potential of Oligocene-
EE] [w] e Lower Miocene sediments (Maycop
..... Series).
In mud breccia of Maycop age from
_____ the volcano Boyuk Kyanizadag in the
depth interval 5400-6100 m
sk it has been revealed

Tarkhan-Chokrak. Carbonate shales with

675 interlayers af sands, sandslones and maris
625 | % W Non-carbonate shales with interlayers
-] of sands, sandstones and marls
s

Notes by Presenter: Sediments of Maycop age (Oligocene- Lower Miocene) in the section of mud volcano Greater Kyanizdag occursin interval
5400-6100 m.
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COMPOSITE SECTION OF OTMAN-BOZDAG

Inthe interval 5150-6625 m

Mavcap Sulte

Notes by Presenter: Within location of other volcano — Otmanbozdag, Maycop series occurs here within interval 5150-6625 m.
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3D model of the structure of
Maycop Series top
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Thermal modeling: Present
Temperature on the top of Miocene

Absheron onshore-offshore



Pressure modeling: Present
Pressure on the top of Maycop Series
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Pressure modeling: Present
H‘l Pressure on the top of Miocene

Absheron
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The estimated maturity of ethane of gas
hydrates calculated on dependence

IS 1.47-1.94%.
It is corresponded to the depth over 10 km
and stratigraphical correspondence of gas
generation centres to the Miocene-
Paleogene deposits.
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Azerbaijan shelf and upper part of South Caspian central part Turkmenian shelf
continental slope
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HYDROCARBON SOURCES in the SOUTH CASPIN BASIN

. hydrocarbon sources in the South Caspian basin

12-sec regional time section

I

i T T

Paleozoic basement [£] abyssal faults

granite beds [==] unconformity surfaces

basalt beds
Mesozoic magmatic rocks
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Do we have reservoirs at the big depth?
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Lithology model, top of PK Suite
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Pressure model, top of PK Suite
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changes depending on the lithostatic pressure
(pore pressure Is constant)

A — porosity coef. , pore pressure is 0,1, 20; 40 n 60 MPa from curve 1-1 to 4-4
correspondingly;
B — permeability coef., pore pressureis 0.,1: 10; 20; 30; 40;: 50 n 60 MPa




Porosity model, top of PK Suite
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™ 70% shale -30% silt

Lithology model, top of Fasila Suite
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Pressure model, top of Fasila Suite
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Porosity model, Fasila Suite




SOUTH CASPIAN BASIN

Sea . Frequency, %
Level Caspian Sea 4 20 40" &
e - | Y [T N e
£ 60 il &
E*‘U Porosity, % \5q
Bl .
& O <5 5 10 15 20 25225 =
£ 80 —
E 40 Permeability, md 1 0 =
o= 5
- 2 %
= Molo 20 3 10 050 3
- 6
.
: ]
E e
~] Continental
i Crust
- Kilometers |
km flJ 4!0 810 1?0 1?0 2?0 km
Km

- Calculated oil source
interval

[ Calculated gascondensate/gas
source interval

Main petrolemn @ Source
reservoir rocks

Migration
direction

Modified after Narimanov, Abrams, 1996
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Thermal modeling: Present
Temperature on the top of Fasila Suite
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Vitrinite Reflectance value
In Oligocene sediments at Upper
Pliocene time, 1.8 Ma Akchagyl

Absheron onshore




Vitrinite Reflectance value
In Oligocene sediments at Lower
Pleistocene time, 0,8 Ma (Absheron)

Absheron onshore-of




Geochemical survey

was carried out within

the North, Middle and
South Caspian
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Thank you for attention






