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This article presents complex results of petrophysical studies of rock samples from exploratory wells in area of
Khamamdag-Deniz field, where sediments of pliocene time are widely spread. Selection of object of the study is related to
the fact that in the given deposit within range of pliocene rocks depth degradation of porosity and permeability is different
from traditionally forecasted, and at rather big depths primary reservoir productivity may be preserved, or acquired
reservoir productivity may appear. Studies have shown that physical characteristics of rocks of the same age and same
name may differ during lithogenesis process and due to influence of geological and geophysical factors. Reservoir
properties of sedimentary rocks of pliocene age were studied. Data collected within the study are summarized in a table
showing variation of physical properties of different reservoir rocks and regularity of their alteration by area and depth of
location, with regard to geological peculiarities of the section. Except that, average values of granulometric composition of
rocks by depth along the whole section of the abovementioned area were analyzed. It is found that at shallow depths (835—
1088 m) rock fractional composition is favorable to high porosity (max1mum 26,6 %) and is accompanied by high speed of
ultrasound waves propagation (3000 m/sec) and density (2,28 g/cm’). At medlum depths (3669 m) with predominance of
aleurolites (69,6 %) maximal rock porosity is,0 %, and permeability 32,6-10"°m?, which may be related to good grain
grading degree and their weak compactness (as demonstrated by relatlvely low den51ty and speed of ultrasound waves).
Further, at large depths (4439 m) sandy-argillaceous aleurolites occurs, with contents of 53,3 % aleurolites, 21,9 % sand,
36,1 % clays and carbonate content 19,9 %. Here rock porosity is 31gn1ﬁcant1y less (maxlmum 21,3 %) and also rock
permeablllty 129,0-10 " m?, showing relatlvely low degree of grading and related to it higher compactness of these
sediments. This is also demonstrated by high speed of ultrasound waves propagation within the range of studied depths.
Except that, the article reviews issues of permeability dependency on porosity, and porosity dependence on depth.

VI3n0sKeHBb! KOMIUTEKCHBIC PE3Y/IBTaThl NETPO(HBHUECKIX HCCIICIOBAHII 00pa3IoB MOPOZ, OTOOPAHHBIC M3 IOMCKOBO-PA3BEIOYHBIX
CKBOKUH T10 IUIOMIAIM MECTOPOXICHHS Xamamyar-JIeHus, Tjie MMpPOKO PacrpoCTpaHeHbl OTIIOKEHHS ILIHOLEHOBOM Tonmy. Bribop
00BEKTA MCCIICHOBAHMIL CBSI3aH C TEM, YTO HA YKA3aHHOM MECTOPOKICHMM B MHICPBAIC 3&JIETaHKs IUTHOLICHOBBIX TOJMII ITyOHHHOE
YXYAILEHHE OPUCTOCTH M MPOHULIAEMOCTH OTKJIOHSETCS OT TPAIHIIMOHHO IPOrHO3UPYEMOr0, U Ha JI0BOJIBHO OOJBIIMX TTyOHHAX MOXET
COXPAHSTHCS TIEPBUYHAs JHOO BO3HUKATH NMPHOOPETEHHAsT MPOYKTHBHOCTH KOJUIEKTOPOB. VICCrIenoBaHmst MOKa3am, 910 (DH3HICCKHE
XapaKTePUCTHKY OJIHOBO3PACTHBIX M OHOMMEHHBIX MOPOJ MOTYT OT/IMYAThCS B TPOLIECCE JIMTOTEHe3a M BCJIC/CTBUES BIMSHIS [€0JIOT0-
reomsieckrx (akTopoB. B M3ydeHbI KOJUIEKTOPCKHE CBOFCTBA OCAIOUHBIX TOPOJ] IUTHOLICHOBOTO Bo3pacTa. IlomyueHHbIe TaHHbIC
CBEJICHBI B TAOJMIYy, OTPAKAIOLIYIO BAPHALWMIO (PM3UUECKHX CBOKCTB PA3IMYHBIX THIIOB IMOPOJ-KOJUICKTOPOB M 3aKOHOMEPHOCTh HX
M3MEHEHUS TIO0 TUIOMA[M Y TIyOMHE 3alleraHus, C y4eToM I'eoJIoriuecKuX ocoOeHHocTel paspesa. Kpome Toro, nmpoaHanmi3HpoBaHbI
CpE/IHUE 3HAUEHNS! TPAaHyJIOMETPUUECKOrO COCTaBa MTOPO/I IO NITyOMHE BIIOJIb BCETO pa3pe3a BbIIICYKa3aHHOM IUIOIAIH. BbisBIeHo, 4To Ha
MaJIbIX [TyOMHAaX (835—1088 M) (ppaKIMOHHBI COCTAaB TIOPOJ OJIATONPHSITCTBYET BBICOKOH MOPHUCTOCTH (MAKC 26,6 %) n
COMPOBOYKAACTCS BBICOKOM CKOPOCTBIO PACIIPOCTPAHEHIISI YIBTPa3ByKoBbIX BOMH (3000 m/c) u miotHocThio (2,28 r/em'). Ha cpemrmx
rny6m{ax 3669 M) IpU TIOMUHUPOBAHMH ICBPOIIHTOB (69,6 %) MakcuMaTbHast TOPUCTOCTb 1opoy cocrasiisieT 20,0 %, a MPOHUIIAEMOCTh
32,6107\, U0 MosKeT GBITh CBS3aHO C XOPOIICH OTCOPTHPOBAHHOCTHIO 3CPEH M CIabO HX YINIOTHCHHOCTBIO (HA 3TO YKa3bIBAKOT
OTHOCHTENHO HH3Kast UIOTHOCTb 1 CKOpOCTh YIIBTPa3BYKOBBIX BOJH). Jlanee, Ha Oonblmx riyOnHax (4439 M) 3aieraior mecyaHo-
TVIMHKCTBIE AJIEBPOJMTHI C CofiepkaHueM 53,3 % aneBputos, 21,9 % TIECKOB, 36 1 % rman u kapOoHaTHOCTBIO 19,9 %. 311ech CYUIECTBEHHO
HIDKE MHOPUCTOCTh (MakcumyM 21,3 %) ¥ TPOHMLAEMOCTH 129,0- 10°M* nopox, uro CBUJICTENIECTBYET 00 OTHOCHTENBHO HH3KOi
OTCOPTHPOBAHHOCTH ¥ CBSI3AHHOHM C Hell Ooriee BBICOKOH IUIOTHOCTH ATHX OTIONKeHHL. Ha 370 Tatoke yKasbIBaeT BBICOKAs CKOPOCTh
PACTIPOCTPaHEHHs! YJIBTPa3BYKOBBIX BOJIH B MpEJENax paccMarpuBacMbIX DIyOMH. Kpome TOro, B crarbe MEpeCMOTPEHBI BOMPOCHI
3aBHCHMOCTH TIPOHHIIAEMOCTH OT TIOPHCTOCTH,  TIOPUCTOCTH OT TITyOHHBI.
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Introduction

Study of reservoir properties of rocks is one of the
most important tasks in determining prospectivity of oil
and gas containing formations and reserve calculation
at explored fields. Except that, modern stage of
development of oil and gas industry demands to increase
effectiveness and improvement of technological
processes of development of oil and gas deposits.

One of prospective structures in Baku
archipelago — Khamamdag-Deniz (fig. 1) — was
found in first half of previous century by map
drilling, and then studied in more details by core and
deep hole exploratory drilling.

»Baku

it

.

/,,// )
Bolshoifyanizada )
<> ~_Sangachal-deniz

i Duvannyi-deniz
Das@ -, . Kharya-Zirya
Pirsagat __ Alyaty-deniz )
Bulla-deniz
am@dag-deniz \
Byandovan -Uarasu
%San%l—Mu an
. ran-deniz
Byandovan-deni DN Dashly

Chigil-deni
RN S Sabail

% Yanan Tava S
Atashkya

Shirvan-deniz
Mugan

K&dashly x Inam folds group
Q

Fig. 1. Location of Khamamdag-Deniz
in structural plan of Baku archipelago
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Fig. 2. Geological section of Khamamdag-Deniz structure

Taking into account that in the archipelago there are
structures not fully studied, and also possibility to
discover new oil and gas deposits, we have analyzed
petrophysical characteristics of core samples taken from
exploratory wells drilled in Khamamdag-Deniz field
and adjacent areas. Analytic and graphical

generalizations were performed for average values and
variation ranges of data of granulometric analysis and
reservoir properties of pliocene age sediments. It is
established that in result of geological processes
petrophysical properties of rocks of same type and same
age underwent alterations within wide range of values.

Khamamdag-Deniz structure is geographically
located to south-east of Pirsagat structure (see fig. 1).
North-western periclinal part of the fold was mapped
in 1936-1937. In 1950 map drilling was performed at
sea from a launch. Its results confirmed presence of
an independent uplift here. Seismic works were
performed in 1951-1952. Later in 1954-1955 core
drilling was performed in the area.

QOil and gas content and lithological
and petrohysical characteristics of Pliocene age
sediments in Khamamdag-Deniz field
in Baku archipelago

In geological composition of Khamamdag-Deniz
structure  participate Akchagyl and Apsheron
sediments, and also upper parts of productive strata.
The latter sediments in crest area of the fold are
eroded to depth of 900 m from the roof. The exposed
part of the section is presented by gray, grayish-
brown sandy clays with thin (from 0,05 to 1,5 m)
layers of gray clay sands.

Akchagyl stage is presented by gray, dark gray
laminated clays with thin layers of sands and
volcanic ashes with thickness 70-80 m. Also
formational breccia is found in the section.

Apsheron stage is developed in limb and
periclinal parts of the structure and is presented by
all three substages. Shelly limestones of Apsheron
stage in south-western limb of the structure in
some places are above water and form small
islands.

In general Apsheron stage, about 900 m thick, is
formed by alternation of gray, dark gray clays, shelly
limestones, sandstones. Content of limestones
increase in middle and upper substages.

In tectonic aspect Khamamdag-Deniz area is a
symmetrical brachyanticlinal fold trending to south-
west of the stretch (fig. 2) with slope angles 25-40°
at both limbs. North-western periclinal part of the
structure is located on shore, where mud volcano
Khamamdag-Deniz is located.

As in the archipelago in whole, here prospective
are sediments of VII horizon in lower part of
productive strata.
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While drilling first two or three exploratory wells
with purpose to enter Miocenic sediments they were
drilled deeper to 5000 m [1-6].

Granulometric composition (%), carbonateness
(%), porosity (Ky, %), permeability (107" m?),
density (o, g/cm®) and ultrasound waves propagation
velocity (¥, m/sec) were studied in drilling.

As result of study of rocks granulometric
composition in Pliocene age sediments over
Khamamdag-Deniz area it was established that
diameter of grains forming the sediments changes in
range from over 0,25 to less than 0,1 mm, which
shows that aleurolites are predominant in the section
(table 1). As is follows from table 1, granulometric
composition of Pliocene age sediments changes: in
sands — from 4,9 to 50,0 %, in aleurolites — 24,1-69,9
%, in clays — from 22,6 to 90,0 %. On basis of the
given data we determined regularity of distribution of
physical properties of different age rocks from
lithostratigraphic units participating in geological
composition of the area, and also range of variations
of strata reservoir properties was established, with
average values calculation. From generalized
analysis of fractional composition in section of
Pliocene strata it is possible to conclude that it is
presented mainly by aleurolites, except for depth

range 3780-3835 m, where dominate psammites
(61,7 %) and aleurites (24,0 %). That is, range 3780—
3835 m is presented by argillaceous-silt sandstones.

More detailed analysis of rock reservoir
properties dependency on granulometric composition
with regard of depth influence shows (fig. 3, a—c),
that at shallow depths (835—1088 m) rocks fractional
composition is favorable to high porosity (maximum
26,6 %) and is accompanied by high velocity of
ultrasound waves propagation (3000 m/sec) and
density (2,28 g/cm’) (see table 1).

At medium depths (3669 m) with dominance of
aleurolites (69,6 %) maximal rock porosity is 20,0 %,
and permeability — 32,6:10"> m?, which may be
relayed to good grading of grains and their weak
compactness (which is demonstrated by relatively
low density and velocity of ultrasound waves).

Further, and deeper depths (4439 m) lay sandy-
argillaceous aleurolites with content of aleurolites
53,3 %, sands 21,9 %, clays 36,1 % and carbonateness
19,9 %. Here substantially lower are porosity
(maximum 21,3 %) and permeability 129,0-10 °m’ of
rocks, which says of relatively low grading and related
to it higher density of the sediments. This is also
demonstrated by high ultrasound waves propagation
velocity within these depths [7-27].

Table 1
Results of petrophysical studies of Pliocene age sediments at Khamamdag-Deniz field
Granulometric composition, % Velocity of
Depth Carbonateness, ., | Permeability, | Density o, ultrasound
range, m | fraction over | fraction fraction less % Porosity, % 10715 m2 g/em’ propagation V,
025-0,1 | 0,1-0,01 0,01 m/sec
sopgaq | 379995 | 7.99-66,6 [ 2632-9089 | 7.3-204 2,0-24,4 |Impermeabilit| 2.0-2,36 | 2430-2920
9,62(39) | 42,39(39) | 47,74(39) 14,54(39) | 15,25(20) y 2,15(19) 2675(5)
1,2-56,1 4,6—68,8 30,0-46,8 11,0-22,1 9,0-26,6 9,0-987,0 1,91-2,41 1900-3500
835-1088 | T60100) | 38.7700) | 40.32010) | 15.19(44) | 18.62(60) | 10L8(20) 2,28(60) 3000(47)
9,3-14,0 44,6-57,2 28,7-46,0 12,0-17,0 12,7-24,5 0,53-11,0 2,17-2,31 2800-3200
1100-1200 | 775 50,90(2) 37,35(2) 14,5(4) 17,14(4) 5,63(4) 2,25(4) 2950(4)
2,7-36,0 24,6-57,4 17,1-46,2 7,5-22,0 12,1-22,4 5,0-26,0 2,01-2,33 2300-3500
1450-1800 1 7¢7552) 43,22(3) 37,64(3) 13,39(4) 14,9(4) 12,28(4) 2,26(4) 2960(4)
2,5-60,2 | 22,2-69,6 | 14,0-42,0 | 9,9-17,9 7,8-20,0 | 1,24-32,6
2500-3669 | 75354 42,60(4) 26,70(4) 13,40(4) 11,63(4) 20,51(4) 2,24 2530
1,0-34,1 9,6-37,9 | 27,8-86,8 3,3-17,3 11,1-14,5 0-154
37803835 | ¢503) 24,13(3) 58,55(3) 9,38(3) 13,33(3) 74,0(3) 2,23 2750
40254114 33,0 43,7 22,6 32,3 8,1 0,11 2,26 2800
10,5-44,5 24,1-53,3 29,5-48,8 8,9-15,9 10,7-21,3 0,23-129,0
4114-4439 | —1506) 41,25(5) 36,38(5) 12,65(5) 14,38(5) 33,75(5) 2,24 2700

Note: in the numerator — extreme values, in the denominator — average values of the parameters, in brackets — number of samples

studied.
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Fig. 3. Correlation of reservoir granulometric composition at shallow (a), medium () and
deep (c¢) depths, and also in depth range 1100-1200 m (d)

Table 2
Alteration of petrophysical characteristics by depth in Pliocene age sediments
at Khamamdag-Deniz deposits
. Ultrasound
Granulometric composition, % Dens1ty} i propagation
Depth ’ Porosity, Permeability, g/cm .
Carbonateness, % o 152 velocity V, m/sec
range, m - - - % 10 "m
Fractions over | Fractions |Fractions less dry v
0,25-0,10 0,10-0,01 0,01
020 40 20 40 60 20 40 60 0 20 40 5 15 25 Impermeability | 2 22 24 NEES
502-834 | < 8288
r W 0 60120 A A
835-1088 4 1 1
4 L 3 1
1100-1200
-»
1450-1800
p p
2500-3669
¢ p
3780-3835 > < |
4
[ |
4025-4114 i y, | j J
4114-4439

At the same time relatively high permeability and
porosity observed at depth 1100-1200 m (see fig. 3,
d), where sandy-argillaceous aleurolites contain 46,5
% aleurite, 13,6 % sands, 37,6 % clays at
carbonateness 17,0 % and are characterized by low
grading, may be explained by secondary porosity.
This assumption is confirmed by relatively high
density and velocity of ultrasound waves propagation
(see table 1). Consequently, appearance of secondary
rock porosity in conditions of Baku archipelago is
rather realistic.

Visualization of depth alteration of petrophysical
characteristics and correlation of granulometric
composition of reservoirs was implemented by building
corresponding graphical relations for Pliocene age
sediments at Khamamdag-Deniz (table 2).

As it is seen from graphical presentations and
table data, clean correlation and direct stable

dependency between the studied petrophysical
parameters is not observed. Obviously this is related
to multiplicity of factors determining values of the
studied parameters.

It should be noted that at depth 41144439 m oil
and gas bearing rocks are discovered. This gives a
reason to forecast presence of oil and gas reservoirs
in deep strata of the deposit, moreover as above
deviation from general regularity of deterioration of
rocks porosity and permeability with depth was
already explained. Similar phenomenon was also
observed in previous studies [8, 9], also proving
possibility of preservation of primary productive
properties of reservoir rocks, or newly obtained
secondary productive properties, at relatively deep
depths. This phenomenon is most typical for clays
which in conditions of relatively high pressures and
temperatures, by transforming into argillites, obtain
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secondary porosity and permeability related to it.
This fact deserves special attention, as productive
strata, not only within Khamamdag-Deniz area, but
also within the whole Baku archipelago, are
characterized by high clayliness and lays at deep
depths with geothermy of 100 °C and more. This
greatly assists to processes of clay reformation to
argillites. Geodynamical and tectonic influences are
expressed here in development of transverse
compressive stresses, leading to appearance of
fractures in brittle argillites, resembling very much
fractures in argillites of Bazhenov formation (Upper
Jurassic complex) in Western Siberia.

In our deposit (Khamamdag-Deniz) density of
argillaceous sediments changes within 2,10-2,36 g/cm?,
porosity — 5,4-26,5 %, e\ultrasound waves propagation
velocity — 1900-3500 m/sec. On the other part,
alteration of reservoir properties in deep and shallow
wells in different tectonic blocks shows that in each of
them porosity and permeability, and also other
petrophysical properties differ significantly. It indicates
that during lithogenesis and metamorphism processes
under influence of temperature and pressure sediments,
having passed primary compaction stages, later may
acquire secondary porosity [28—37].

Influence of geodynamical regime
on formation of geological structure

It is evident, that making assumptions on secondary
structural alterations of production reservoirs, it is
necessary to touch upon geodynamical nature of deep
tectonic conditions existed in territory of Baku
archipelago. As it is known, in depths of Baku
archipelago since time of opening Krasnogorsky rift
existed complex geodynamical development regime,
controlled by advance of Arabian plate in northern
direction. In process of this advance north-eastern
projection of Arabic plate was subjected to flexure
strain by narrow north-western part of Iran-Afghan
plate in north-eastern direction [10]. As result to end of
Pliocene Southern Caspian basin was separated from
Black sea with simultaneous formation of western flank

of Baku archipelago. Due to the described processes at
present earth crust within Baku archipelago continue to
stay under influence of compressing stresses of north-
eastern orientation. At the same time, as known, bed of
Southern Caspian sea is of complex graben structure,
which aids to more intense lowering of sea bed,
including Baku archipelago. On the other part, in the
north, in zone of Apsheron-Pribalkhansky step,
Southern Caspian bed moves below Middle Caspian
bed, and on the southern flank - under narrow part of
Iran-Afghan plate. All this together indicates
presence in depths of Southern Caspian area,
including territory of Baku archipelago, of
compressing stresses of submeridional orientation.
Nevertheless, more intense here stay stresses of
north-eastern orientation, which is proved by north-
western - south-eastern orientation of anticlinal zones
of Baku archipelago. From the above it comes that
geodynamical regime within Baku archipelago is
favorable enough to appearance of secondary
porosity in rocks of sedimentary complex [38—46].

Conclusions

1. Lithofacial composition of rocks, tectonic and
thermobaric conditions in sedimentary section of Baku
archipelago at deep depths are favorable for formation
of secondary porosity within sedimentary complex.

2. Generalization of granulometric data showed that
compaction of poorly graded terrigenous sediments with
depth negatively influences their primary reservoir
properties (up to formation of secondary porosity in them).

3. Rocks reservoir properties have no direct
connection to their carbonateness, but it positively
influences on their secondary porosity and permeability
formation.

4. Ultrasound waves velocity in reservoir rocks is
directly proportional to density and reversely propor-
tional in cases of development of secondary porosity.

5.In forecasting of deep strata productivity,
together with usage of modern geophysical methods,
it is appropriate to attract also petrophysical studies
of core material.
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