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The composition and reservoir properties of Middle Cambrian rocks of newly drilled
core samples were examined. The data are given in tables and differentiated maps
compiled for West Lithuania and in more detail for the Gargzdai Elevations Zone. The
structure of the top of the Cambrian as well as maps of the thickness and sandstone
porosity of the Middle Cambrian in West Lithuania are presented. The grain size
composition and variation of reservoir properties of Middle Cambrian sandstones of
Gargzdai Elevations Zone are shown in sketch maps. The alternation of reservoir
properties in the local structures of the Gargzdai Elevations Zone is also presented.
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INTRODUCTION

The quality of reservoir properties of rocks is one of the
main oil exploration criteria and also the major index
predetermining the amount of petroleum extraction. The-
refore, the main goal of the present study was to ana-
lyse the variations of reservoir properties of Middle Camb-
rian rocks in the area of West Lithuania and to determine
the reasons for these variations. For this purpose, the
grain size composition and porosity patterns of sandsto-
nes from the Giruliai and Ablinga Formations in the local
structures of the Gargzdai Elevations Zone were exami-
ned and the Middle Cambrian structural, thickness and
rock porosity maps (scale 1:200 000) were compiled for
West Lithuania.

Most of the studied Caledonian local structures of
West Lithuania were formed at the end of Caledonian
or Hercynian tectonic cycles. They are mainly asym-
metrical brachianticlinal fault structures. Their evolu-
tion includes one or two tectonic growth intensities:

from the Late Silurian until the beginning of Early
Devonian Cimmerian time (Piety Sifipariai, KuZiai and
other structures) in the first case and from the Late
Silurian until the beginning of Early Devonian Cimme-
rian time and from the Early Carboniferous until the
Early Permian or even alpine time (Vézaiiai, Sitipariai,
Vilky¢iai and Degliai structures) in the second (Saka-
lauskas, 1996).

Many scientists have investigated reservoir proper-
ties of Cambrian rocks: L. Laskova (1979, 1993, 1994),
G. Vosylius (1998, 2000), L. Kilda (2002), D. Miche-
levié¢ius (2003) and others.

DATA AND METHODS

The data of analytical and geological-geophysical inves-
tigations of all core samples from West Lithuania were
employed in the present work for analysis of the com-
position of Middle Cambrian rocks. The reservoir proper-
ties of new core samples were examined at the laboratory
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of the Institute of Geology and Geography using special
equipment for measuring rock permeability
(ULTRAPERM-400) and equipment for porosity examina-
tion. The data were generalized in tables and maps com-
piled for West Lithuania. More detailed maps were com-
piled for the Gargzdai Elevations Zone.

RESULTS AND DISCUSSION

The present structure of the top of the Cambrian in
West Lithuania is shown in a sketch map (Fig. 1). The
lowest subsidence of the Cambrian surface occurred in
the southwestern part of the Baltic Sea area (territory
of well D5-1) where it lies at a depth of 2,300 m and
is even deeper further southwest. The deepest part of
the Syneclise embracing the Lithuanian offshore and
the territory west of the -1850 contour line of the Camb-
rian top is the most promising for oil exploration in
Cambrian oil-bearing complexes of Lithuania. The area
east of the -1000 — -1100 m contour line of the Camb-
rian top is not so well prospected and attributed to
unpromising areas.
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A map of the thickness of Middle Cambrian rocks
was compiled for the area of West Lithuania (Fig. 2).
It also shows an increase of rock thickness from 40—
50 m to 70-80 m in the direction from east to west.
The areas with a more prominent variation of Middle
Cambrian rock thickness (from zero to a few tens of
metres) stand out on the general background (Plungé—
Mamiai — 0-70 m, Veivirzénai—Pociai — 0-71 m, Silalé—
Baubliai — 046 m, Siluté—Naumiestis—Laukuva — 28—
72 m). These territories are separated by areas with a
bigger thickness of Middle Cambrian rocks (Kuliai—
Stumbré — 59-67 m, Zalgiris-Silale-2 — 6276 m, Usénai—
Gorainiai — 61-69 m). Two areas of low capacity of Mid-
dle Cambrian rocks stand out to south of the TelSiai
fault (Gribzénai—Laugaliai-Macuiciai — 65-68 m and
Zutautai-Kuliai — 66-67 m). The thickness of the Middle
Cambrian succession in the surrounding areas reaches
77m.

The palacorelief of the crystalline basement predeter-
mined the distribution pattern of the Middle Cambrian
rocks. The variation of the Early Cambrian rock thic-
kness predetermined by palaeorelief is even more promi-
nent. The thickness of rocks on the elevations of relief is
smaller but more variable, and it is greater in the sags of
relief. The increase of rock thickness is gradual. The
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Fig. 1. The sketch map of the top of the Cambrian in West
Lithuania, modified after K. Sakalauskas, 2003)

1 pav. Kambro kraigo struktiirinis Vakary Lietuvos scheminis
zemeélapis (modifikuota pagal K. Sakalauska, 2003 )

Fig. 2. The map of thickness of the Middle Cambrian depo-
sits in West Lithuania

2 pav. Vidurinio kambro uolieny storio Vakary Lietuvoje zemé-
lapis
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Table 1. Content of sandstones in the Middle Cambrian
section of some structures

1 lentele. Smiltainio kiekis pavieniy struktiry vidurinio
kambro pjiivyje

variation of thickness is more pronounced in the local
structures of the Gargzdai Elevations Zone with protru-
sions of the crystalline basement: 32-70 m in the Sidipariai
structure and 3871 m in the Pociai structure. In the other
structures, the differences of the Early Cambrian rock thic-

Name of Amount of San-d §ha!e ratlg kness are 2—4 m (Sakuciai areca) and sometimes reach
structure sandstone, % Smélio ir molio R : L . .
Strukiiiros Smélio S I1'm (V1]l<yc1a1 arsea). No subsf@nﬁal variations in the Mid-
. o dle Cambrian section composition of local structures have
NS S 2 been observed. In the domes of the Pociai and Sifpariai
Vilky&iai 63-81 22-43 local structures there exists only the upper part of the
Vabalai 7% 28 Ml.ddle Cambrlan succession. It is usual.ly in good corre-
Degliai 7384 2753 lation with the analogous parts of sections in the struc-
ture slopes and bottom.
Lasai 75-84 3154 Sandstones compose a greater part of Middle Camb-
Pociai 73-80 2.85.0 rian sections (68—89%) (Table 1).
Sakudiai 7578 3.0-35 The median diameter and the sorting index do not
Therndaad 76-81 3044 provide a full picture of the variation of grain size
S 73-89 2778 fzomposmon of rocks. The content. of d1fferent.fract10ns
.. . in sandstones is a more important index. For this reason,
P. Sitpariai 70-83 2940 distribution maps of different sandstone fractions of Gi-
Table 2. Total and effective thickness of Middle Cambrian sandstones
2 lentelé. Vidurinio kambro smiltainiy bendras ir efektyvus storis
Well Thickness of Middle Well Thickness of Middle
Grezinys Cambrian sandstone, m Grezinys Cambrian sandstone, m
Vidurinio kambro Vidurinio kambro
smiltainio storis m smiltainio storis m
Total Effective Total Effective
Bendras Efektyvus Bendras Efektyvus
Vabalai-1 RZ 22.8 Gargzdai-16 51 172
Vilky¢iai-1 61 203 Gargzdai-17 61 21.0
Vilkyciai-2 53 6.8 Gargzdai-18 55 142
Vilky¢iai-3 59 182 Degliai-1 51 23.8
Vilkyciai-4 60 94 Degliai-2 53 21.8
Vilkyciai-5 59 175 Degliai-3 51 242
Vilkyciai-6 51 10.8 Degliai-4 53 22.8
Vilkyc¢iai-7 52 11.8 Degliai-5 55 16.8
Vilky¢iai-8 59 84 Degliai-6 58 n.d.
Vilky¢iai-9 64 29.0 Degliai-7 58 142
Vilkyciai-10 55 192 Lasai-1 52 16.8
Vilky¢iai-11 58 192 Lasai-2 59 18.0
Vilky¢iai-12 62 15.6 Lasai-3 55 244
Vilkyciai-14 60 114 Pociai-1 35 62
Gargzdai-2 62 18.8 Pociai-2 39 124
Gargzdai-4 62 16.8 Pociai-3 53 10.8
Gargzdai-5 58 319 Pociai-4 28 9.6
Gargzdai-6 56 n.d. Pociai-5 45 248
Gargzdai-8 57 10.0 Sakuciai-1 58 292
Gargzdai-9 24 18.0 Sakuciai-2 57 212
Gargzdai-10 2 58 Sakuciai-3 56 209
Gargzdai-11 11 99 Sakuciai-4 A 5.0
Gargzdai-12 49 230 Traubai-1 57 144
Gargzdai-13 58 124 Traubai-2 56 31.0
Gargzdai-14 53 74 Traubai-3 57 30.8
Gargzdai-15 24 9.0 Traubai-4 55 234
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ruliai and Ablinga formations were compiled for the
Gargzdai Elevations Zone, based on the data of grain
size measurements (Figs 3a and 3b).

The distribution pattern of fractions 0.25-0.1 mm and
>(0.25 mm is plotted in the map of Giruliai Formation (Fig.
3a). Fine-grained sandstones are dominant in most of the
northwest part of the territory. Its quantity reaches 50—
60%. The sandstone fraction larger than >0.25 mm is spre-
ad in the southeast where hetero—granular sandstones
prevail. They are more abounding in the enshrouding
structures (Pociai and Lagai). The sandstones of Giruliai
Formation are abundant in intermixtures of silt fractions.
Their amount makes up to 27-32% of the total thickness
in the Sakudiai area, 10-23% in Vilky¢iai, 8~16% in Degliai,
13-24% in Piety Sitpariai, 7-11% in Sitipariai, 19-24% in
Lasai and 10-24% in Pociai local structures.

The grain size composition of sandstones of the Ab-
linga Formation is variable (Fig. 3b). Fine-grained sand-

A
6170000 ]
Distribution of 0.25-0.1 mm and >0.25 mm qr°
fracion sandstones in Giruliai Formation 3
Used wells éiﬁpariaj,vs

=
.

0N Isoline of average of >025 mm fracions o
taofle

. Siopariaf |,
o = 4

#B30~, Isoline of average of 025-0.1 mm
fracions

Traubai ©

6160000

KURSIY MARIOS
LAGOON

6150000

6170000
Sketch map of sandstone porosity

of Giruliai Formation

» Used wells (

b4 Tzopores

\ Traub.ai :

. A/T
”

ety Sifipariai

6160000

KURSIUYMARIOS

6150000

r—;’
o

520000 530000 539700

stones are dominant in the elongated territory stretching
from south—west to north-east. Hetero-granular sandsto-
nes are spread south-east and north-west from this area.
We have not determined any regular pattern of the di-
stribution of clastic material. An increase of sandstone
fraction >0.25 mm (two or three times) can be observed
only in the dome of the LasSai structure. The sandstone
fraction >0.25 mm composed 29-53% of the total thic-
kness in the Sakuciai structure and its maximal content
was determined in the well 4.

The description of reservoirs based only on the data
of laboratory analysis is incomplete and reveals the ge-
neral variation patterns of rock properties. This is rela-
ted with the low yield of cores (from the old boreholes
in particular) sometimes reaching only 30% of the sec-
tion. As a rule, only strongly cemented rocks would be
lifted up on the surface. Weakly cemented and fractured
sandstones would be crushed and lifted up only with
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Fig. 3. Distribution of 0.25-0.1 mm and >0.25 mm sandstone fractions in Giruliai (A) and Ablinga (B) Formations and of average
porosity of sandstones in Giruliai (C) and Ablinga (D) Formations. The system of Lithuanian coordinates

3 pav. 0,25-0,1 mm ir >0,25 mm smiltainio frakciju paplitimo Giruliy (A) ir Ablingos (B) svitose, taip pat Giruliy (C) ir
Ablingos (D) svity smiltainiy vidurkinio poringumo zemélapiai. Lietuvos koordinadiy sistema
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cuttings. Moreover, only cores from the sections of pro-
ductive parts of Deimena Formation were selected. Cur-
rently the hundred-percent yields of cores from the new
boreholes (unfortunately they are few) would always be
secure.

The total thickness of reservoirs in the Middle Camb-
rian section varies from 24 to 62 m in the Gargzdai
Elevations Zone (Table 2).

The lowest thickness was determined in the Sitipariai
area and a slightly higher one in Vilkyciai. In this terri-
tory, the quality of Middle Cambrian reservoirs mainly
depends on the content of quartz cement. As in the whole
Baltic Syneclise, the quartz cementation of Cambrian sand-
stones in the study area was related with regional and
local factors. Regional factors are primarily the composi-
tion of rocks, section structure, maturity processes, palae-
otemperature, etc. The total amount of quartz-cemented
sandstones ranges from 54 to 87%. The maximal amount of

Grain size composition of deposits

Giruliai Formation

1 and its number
ount of grain size fractions, %e:

hons:

025-01mm
<0.1 mm

ity of Giruliai Formation. %
[ ADlinga Formation, %

Fig. 4. Sketch maps of grain size composition, effective thickness and average
porosity of Giruliai and Ablinga sandstones of Vilkyc¢iai oil field

4 pav. Vilky¢iy naftos telkinio Giruliy (A) ir Ablingos (B) svity uolieny granu-
liometrinés sudéties, smiltainio efektyviy storiy ir vidurkinio poringumo schemi-

niai zemélapiai

Effective thickness of sandstone

Giruliai Formation

quartz cement reaches 26%. A well-expressed variation of
the level of quartz-cemented sandstone is observed in oil
fields. This is related with the dynamics of filling the local
structures by oil and variations of rock composition in the
oil-water palaeointerfaces (palaco OWC). The content of
regenerated quartz cement in the dome of the oil field
constitutes 10-12% in Vilky¢iai, 12-14% in Pociai, 6-9% in
Sitipariai, and 9-10% in Piety Sifipariai areas. Meanwhile, in
the peripheral parts of the oil fields the content of quartz
cement reaches 24-26%.

The reservoir properties of the Middle Cambrian sand-
stones depend on the level of quartz cementation and
dissolution of quartz cement. The average of open po-
rosity of the Giruliai Formation ranges from 2.4 to 8.7%
(Fig. 3b); the maximal values (more than 5-6%) were
determined in the domes of the oil field. Outside the
boundaries of the structures, porosity is only 3—4%. Gas
permeability of rocks follows a similar distribution pat-
tern. It is highest in the domes of oil fields: borehole
Sitipariai-10 — 29 mD, P. Sitipariai-12 — 3
mD, Vilky¢iai-9 — 281 mD, Pociai-1 — 81
mD, Degliai-1 — 79 mD, D5-1 — 9.2 mD,
and it does not exceed 1 mD outside the
boundary of the oil field.

According to G. Vosylius data (1996),
most of fractures in the Middle Camb-
rian sandstones are open and situated
within quartz-cemented layers. The gas
permeability of most highly quartz-cemen-
ted layers through fractures exceeds the
matrix permeability more than twice. The-
refore, fractured-porous reservoirs are wi-
despread in these layers.

The reservoir properties of sandsto-
nes of Ablinga Formation in the Gargzdai
Elevations Zone are considerably better
(Fig. 3c). The average porosity reaches
0.2-3.4% and the gas permeability does
not exceed 33 mD. The clay fraction in
the sandstones of Ablinga Formation ta-
kes 1.2-24.7% and in the sandstones of
Giruliai Formation 1.7-9.2%. The clayey
cement mantles the grains or fills the
pores. Sandstones with clayey cement
and with caolinite in particular are cha-
racterised by good porosity but low gas
permeability. The enlarged open porosi-
ty (over 6%) is characteristic of the do-
mes of oil fields. The deposits of Ablin-
ga Formation have many open fractures.
Sometimes fracture permeability reaches
142.5 mD (well Pociai-5). Fractures occur
in highly quartz-cemented sandstones.

The lowest values (12-26%) of silt
fraction were determined in the Giruliai
Formation and higher values in the Ab-
linga Formation (10-62%) of Vilky¢iai area
(Fig. 4). The markedly higher value of
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0.1-0.01 mm fraction and a lower content of >0.25 fraction
in the Ablinga Formation could worsen the reservoir pro-
perties of sandstone. However, this is not the case. Im-
proved reservoir properties of sandstone are observed in
the structure domes of both formations (wells Vilkyciai-1,
9 and 10). This is another proof that the level of silicifi-
cation related with the stages of the palaeo oil field for-
mation is decisive for the quality of reservoirs. The ave-
rage value of open porosity of sandstone in the dome of
oil field exceeds 6% (wells Vilkyc¢iai-9 and 10), whereas in
the peripheral parts it is only 3-4%. The fractures in the
Middle Cambrian identified by G. Vosylius (1996) are emp-
ty or filled with oil, quartz or carbonates. Fracture perme-
ability reaches 1.4 mD. Fractured—porous reservoirs are
dominant.

Data on the grain size composition of sandstones
from the Sifipariai area are scanty. Fine-grained sandsto-
nes are dominant in the upper part of Giruliai Formation.
They include 30-35% of >0.25 mm fraction and up to
2.5% of clayey fraction. The Middle Cambrian section in
the oil field is composed of alternating quartz-cemented
and uncemented 1-5 m thick layers of sandstone. In the
interval 2—4 m of the structure dome (wells 8 and 9)
sandstones are uncemented. Their open porosity is 3.1—
9% and gas permeability 23.3—45.1 mD. Fracture perme-
ability equals to 0.02 mD. The open porosity of under-
lying quartz-cemented sandstones is 1.7-4.5% and im-
permeable to gas. Fracture gas permeability is 2.7 mD. A
similar variation of reservoir properties is characteristic
of the lower part of the section. The thickness of the
quartz-cemented succession of the Sifipariai structure is
12-30 m, the total thickness of sandstone layer in it is
12-24 m and the effective thickness is 5.8-16 m.

The >0.25 mm fraction of hetero-granular sandstones
of Giruliai, Ablinga and Pajiiris formations (Piety Sitipa-
riai area; well 12) amounts to 10-20%, silt fraction to 18—
24% and clayey fraction to 9—-16%. The thickness of
weakly and strongly quartz-cemented sandstone beds
ranges from 1 to 6 m. The open porosity of uncemented
sandstones reaches 13.1%. Gas permeability is 11.6 mD.
The quartz-cemented part of the Middle Cambrian sec-
tion is 26-39 m thick. The total thickness of sandstone
beds in it is 21-34 m and the total effective thickness is
6.8-11.9 m.

According to grain size data, fine-grained sandstones
are dominant in boreholes 1, 2, 3, 6, and 7 of the Degliai
area. Fraction 0.25-0.1 mm in them constitutes 33-46%,
>0.25 mm — 25-55%, <0.1 — 12-30%. Hetero-granular silt-
-bearing sandstones are spread in the wells Degliai-4
and Degliai-5. The 0.25-0.1 mm fraction amounts to 44—
49%, >0.25 mm — 13-20%, <0.1 — 15-17%. The thickness
of weakly and strongly quartz-cemented sandstone beds
ranges from 1 to 4 m. The thickness of quartz-cemented
zone is 1829 m, and the effective thickness being 4.8—
10.4 m. The open porosity of quartz-cemented sandsto-
nes ranges from 1 to 12.9%, gas permeability reaches
79.1 mD and fracture permeability is 239.5 mD (well Deg-
liai-2).

In the Pociai area, hetero-granular silt-bearing and
silty sandstones and coarse- and medium-grained sand-
stones represent reservoirs. The 0.25-0.1 mm fraction
amount is 33-46%, >0.25 mm — 25-55%, <0.1 — 12-30%.
The quartz-cemented and uncemented beds are 4-8 m
thick. The quartz-cemented part of the Middle Cambrian
section is 21-26 m thick. The total thickness of sandsto-
ne beds is 16-21 m and the total effective thickness is
3.6-11.6 m. The best reservoir properties are characteris-
tic of the interval of quartz-cemented sandstone in the
well 1. The open porosity of sandstones is 1.8-13.6%
(average value 7.8%), gas permeability 80 mD and frac-
ture permeability 0.3 mD. The worst reservoirs are cha-
racteristic of the well 2. Almost the whole of its section
is quartz—cemented. The content of regenerated quartz
cement reaches 20-22%. Somewhat better reservoir pro-
perties are related with the melting zone of the palaeo
OWC at the interval of 2002-2008 m, where open poro-
sity is 2.2-7.5% and gas permeability 3.5 mD. Intensive
quartz-cementation of sandstones in the well 2 is res-
ponsible for the partial lithological screening of the oil
field.

The reservoir rocks in the Middle Cambrian in the
Gargzdai area are unevenly distributed: 0.2-3 m thick
(sometimes thicker) layers of different types of reservoirs
alternate in the section. The composition of the Middle
Cambrian section in the Sakuciai area is different from
the previously described one of the well Sakuciai-1. The
rocks are composed of three beds separated by palaco
OWC levels. The upper bed is 12—13 m, the middle 18—
19 m and the lower 20 m thick.

The sandstones of the upper bed are strongly quart-
z—cemented (the content of regenerated quartz cement is
16%) and marked by poor reservoir properties. Open
porosity ranges from 1.8 to 8.5 (average value 7.2%), gas
permeability reaches 0.3 mD and fracture permeability
3.3 mD. The reservoir properties of the middle bed are
better. The open porosity reaches 2.7-10.7% (average
value 7.2%), gas permeability is 19 mD, and content of
quartz cement reduces to 5-9%. The sandstones of the
lower bed are almost uncemented (the content of quartz
cement is up to 2-3%). The content of clayey cement is
low (up to 4%). This layer is distinguished for good
reservoir properties. The open porosity is 2.3-13.9% (ave-
rage value 11.8%) and gas permeability is up to 214 mD.
The beds are well-defined by the reservoir properties
and the level of quartz-cementation. In the base of each
layer palaco OWC was determined. Such constitution
can be explained by formation conditions of palaco oil
field, which were different from the other oil fields for-
mations in the Gargzdai Elevations Zone. The latter were
replenished by petroleum many times; up to 5-8 levels
of palaco OWC were identified. The Sakuciai oil field
was filled with petroleum only thrice. We may assume
that rocks of the well Sakuciai-1 had been quartz—cemen-
ted before the oil migration into the trap. Its upper part
was filled up with petroleum in a comparatively short
time, because quartz-cementation dissolution zone is
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weakly expressed. The second input of petroleum enlar-
ged the oil field to 30 m. The filling of the deposit
presumably was slower and the process of dissolution
intensified. Therefore, the reservoir properties of sand-
stones in the middle bed improved. During the third
petroleum filling, the oil field enlarged to the height of
50 m, but the growth was rather slow. The dissolution
of regenerated membranes and quartz grains was more
intensive. Sandstones attained better reservoir proper-
ties. The formation pattern of the Sakuciai oil field is
comparable with that of the structure D6 or of Kalining-
rad Region oil fields. Two or three palaco OWC levels
and well-expressed dissolution zones are identified there.

The open porosity in the well D5-1 in the Baltic Sea
ranges from 3.1 to 11.7% (average 6.8%). Gas permeabi-
lity reaches 9 mD. The content of regenerative quartz
cement sometimes reaches 20-25%. The processes of
dissolution are poorly expressed.

Middle Cambrian reservoir rocks on the Lasai area
are represented by silt-bearing sandstones in which 0.25—
0.1 mm fraction comprises 32-39%, >0.25 mm — 33-35%
and <0.1 mm — 19-24%. In comparison with the other
local structures of the Gargzdai Elevations Zone, the
reservoir properties of Lasai Middle Cambrian sandsto-
nes are considerably worse. The open porosity ranges
from 0.7 to 13.1% (average 4.44.7%), gas permeability is
up to 0.8 mD and fracture permeability reaches 14.5 mD.
The degree of sandstone quartz-cementation is high. The
total content of regenerative quartz and silicate cement
in the well Lagai-1 is 9-18%, La$ai-2 7-19%, and LaSai-
3 it reaches 3—13%. Their greatest amounts are concen-
trated in the upper part of the section. A palaco OWC
was identified 4 m below the Cambrian top in the bore-
hole Lasai-1. Judging from the thickness of Salantai For-
mation, the height of the palaeo oil field reached 5—6 m.
The traces of palaco OWC were identified in the sand-
stone of Salantai Formation (well Lasai-2). The history of
geological evolution between the wells Lasai-1 and Lasai-
2 shows that the maximal difference between the altitu-
des of the Cambrian top in them reached 9 m. The
content of regenerated quartz cement above the identi-
fied palaco OWC is 15-17% and below it 17-19%. The
zone of dissolution is poorly expressed. The traced bi-
tumen is crystallized. All these evidences prove a short-
lasting existence of the oil field. It is possible that wells
in LaSai area were drilled in the peripheral part of the
structure.

The Middle Cambrian sandstones in the sections of
the new wells Sitipariai-2 and Sifipariai-3 are unevenly
silicified. Strongly and weakly cemented 0.6—7.5 m thick
beds of sandstones are alternating in the area. The open
porosity of weakly quartz-cemented sandstones is 3.8—
14.6% and gas permeability reaches 300 mD and of
strongly quartz-cemented sandstones 1.4-9.8% and 2.6
mD, respectively.

As the Middle Cambrian section is composed of al-
ternating sandstone and mudstone (clayey siltstone or
argillite) layers, the quality of reservoirs is predetermined

by the thickness (from a few to 20-30 m) and number
(from 1 to 6) of sandstone beds. The total thickness of
sandstone beds is 15-70 m on the average. The greatest
total thickness of sandstone beds (50-70 m) occurs in
West Lithuania and the Baltic Sea area where the total
thickness of sandstone and argillite layers either is equal
or the amount of sandstone exceeds the amount of ar-
gillite 1.5-2 times. The sandstone beds are three times as
thick as argillite beds in the Kurs$iy Marios lagoon bor-
dering on the Kaliningrad Region and in the adjacent
sea area (structure D6). The maximal total thickness of
sandstone layers exceeding the total thickness of argil-
lite layers 4-12 times was determined around the local
elevations of the crystalline basement relief in the Plun-
gé, Silale, Naumiestis and Ablinga areas, in well the
Mamiai-1 and elsewhere. In the Middle Cambrian sec-
tions of Middle Lithuania, the total thickness of sand-
stone beds reduces to 15-20 m but the content of sand-
stone is 3—4 times as high as the content of argillite.
This is related with the changes of facies closer to the
shoreline, a lower capacity of rocks and a smaller stra-
tigraphic volume.

Sandstone layers are composed of grey and white
fine-, medium-grained and hetero-granular quartz sand-
stone sometimes containing silt. Thin beds (up to 1-
3 cm) and lenses of grey and dark grey argillite and
argillite with inclusions of silt are unevenly distributed
within the thicker layers.

Quartz (up to 99%) represents the clastic material in
sandstones: feldspar, quartzite fragments, zircon, tourma-
line, epidote, rutile, monazite, sphen, glauconite, etc. So-
metimes quartz grains are incorporated or conformed.
Microstilolites and macrostilolites occur somewhere with
sutures 2-2.5 cm in height. Medium- and coarse-grained
sandstones are found in the upper part of the section.
Fine-grained silt-bearing sandstone is more frequent in
the lower part of the section. The portion of cement in
sandstones ranges from 1 to 30%. It is mainly represen-
ted by regenerated quartz, clayey material and dolomite
or, in rarer cases, calcite (JIammkosa, 1979). Quartz ce-
ment forms regenerative membranes on quartz grains or
fills the pores. Clayey cement is characteristic of quartz
siltstone and is composed of kaolinite, ilite and, in rarer
cases, chlorite and mixed minerals of the montmorillonite-
ilite group. Carbonate cement occurs sporadically in the
form of patches of different size. It is dolomite composed
of large crystals. Its cementation is of basic, porous or
mixed type.

The quality of reservoir rocks mainly depends on the
quantity of secondary quartz in them. Quartz-cementa-
tion is unevenly distributed laterally and vertically. Most
highly quartz-cemented is the upper part of the section
in West Lithuania and the Baltic Sea area, where the
thickness of the quartz-cemented part of the section
(down-ward from the Middle Cambrian roof) reaches 46
m or is up to 25-30 m in oil deposits. Eastwards and
southwards, the thickness of quartz-cemented sections
reduces to 10-7 m (Laukuva, Zvyliai, etc.).
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Vakary Lietuvoje Zemélapis

The zone of porous reservoirs of classes I and II
includes the territories of West and North Lithuania (Fig.
5). We used A.A. Khanin’s classification of the reser-
voirs (XanuH, 1969). Sandstone reservoirs in it comprise
41-88% of the section. The total thickness of sandstone
beds ranges within the limits of 10-40 m and reaches 62
m in the northern part of the zone (well Palukné-1). The
sandstone is cemented by dolomite and regenerated
quartz. Yet the content of cement does not exceed 2—3%,
i.e. the sandstone is weakly cemented rather than pow-
dery. The average value of open porosity of the reser-
voirs reaches 13.5% and of gas permeability 2105 mD.

The zone of porous and porous-fractured reservoirs
of classes II-V is situated in West Lithuania and in the
adjacent offshore. The total thickness of the sandy
layers changes from 32 to 69 m. The average value of
open porosity ranges from 2.8 to 12.9%. The gas perme-
ability reaches 912.8 mD. In the lower bed 62 m thick,
sandstone is not quartz-cemented. The total thickness of
sandstones is 7-46 m. Open porosity ranges from 1.4 to
21.3% and gas permeability is 2153 mD.

In the southeastern part of the zone, the reservoir
properties of Middle Cambrian sandstones are conside-
rably better. The average value of open porosity is 6.6—
12.9% and gas permeability reaches 778 mD. The quartz-
cemented part of the section ranges from 5-6 m (Lauk-
sargiai) to 5—13 m (Aukstupiai) in thickness.

CONCLUSIONS

The porosity of Middle Cambrian rocks mostly depends
on their compaction and content of secondary (regene-
rated) quartz cement. The primary (mechanical) and se-
condary (chemical) compaction directly depends on the
bedding depth of rocks. Among the primary conditions,
the frequent alternation of thin (from 0.2-0.3 m to a few
meters) sand and clay layers and the content of organic
matter in clays produced a negative effect on the reser-
voir properties of Cambrian rocks. Oxidation of organic
matter predetermined the formation of acid medium and
SiO, precipitation in the interface zones of clayey and
sandy layers. Authigenous quartz formed at a greater
depth and higher temperatures due to dissolution of
quartz grains in the contact zones. It filled the pores of
thinner layers. The role of temperature was important but
not the main. The temperature of the layer in the
Meskiné-Siluté environs reaches 96°C and the portion of
authogenous quartz cement makes 8—15%. In the Gargzdai
Elevations zone the temperature does not exceed 86°C,
whereas the content of quartz cement reaches 26%. The
degree of silicification in different localities of the region
depends on the influence of different factors: pressure,
temperature, structure of the section, content of organic
matter, tectonic regime, etc.

The reservoir properties of sandy members of Giruliai
and Ablinga formations in the Gargzdai Elevations Zone
are better within the local petroliferous structures. Cons-
picuous transformations of Middle Cambrian sandstones
also took place in the palaco OWC zones of the oil fields.
Dissolution of quartz cement and quartz grains and forma-
tion of bitumens and pyrite took place in the upper part
of the zone whereas sedimentation of quartz and quartz-
cementation of rocks took place in the lower (cementa-
tion). Due to stratification the deposits became irregular,
layered and have different reservoir properties in the sec-
tion of the zone of cementation and dissolution. In cases
when the traps are filled with oil till bottom, cementation
zones are not formed or not well expressed, because mel-
ted SiO, is washed out of the structure.

According to the influence of palaco OWC on the
transformation of reservoir properties of rocks two ty-
pes of oil fields were classified. The first type includes
the Vilky¢iai oil field. Its multiple transformations (up
to 8 palaco OWC) were related to the variations of
filling with oil of the structure in the geological histo-
ry. Quartz-cemented and uncemented beds up to a few
metres in thickness can be followed up in the section.
The Sakuciai deposit belongs to the second type. It has
two palaeco OWC levels and a dissolution layer 20 m
thick. Therefore, the reservoir properties of its sandsto-
nes are better. The more quartized sandstones are spre-
ad in the western and eastern parts of the Gargzdai
Elevations Zone (Sifipariai, Piety Sifipariai, Vilky¢iai, Sa-
kuciai areas). The total thickness of the quartz-cemented
sandstones reaches 40-50 m, it consists 78-87% of the
total thickness of the sandstones.
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Not only structural but also non-structural (lithologic—
stratigraphic and combination types) oil traps have been
and presumably will be detected in the Cambrian oil—
bearing complex. All local structures without or with re-
duced beds of Cambrian rocks in the domes (Siiipariai,
Veivirzénai, Silalé, Lauksargiai, Pociai, Pajiiris, Baubliai, Plun-
gé, and Mamiai structures) are related with the jags distri-
buted on the crests of a crystalline basement detected
also in the Middle Cambrian palacorelief. Non-structural
oil traps are possibly related with this type of structures.
Non-structural oil traps formed under the influence of
preserved porous reservoirs in the structure domes (Silalé
and Pociai oil fields) are also presumptive in the intensive
quartz-cementation zone of Middle Cambrian sandstones.
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VIDURINIO KAMBRO UOLIENU KOLEKTORINIU
SAVYBIU KAITA GARGZDU PAKILUMU ZONOS
LOKALIOSE STRUKTUROSE

(VAKARU LIETUVA)

Santrauka

Vidurinio kambro uolieny storis didéja i§ ryty ir Siaurés ryty
i vakarus ir pietvakarius nuo 30 iki 80 m sausumoje, o Balti-
jos jiros teritorijoje siekia 90 m. Maziausias vidurinio kamb-
ro uolieny storis yra Sifipariy (30-40 m) ir Pociy (38-50 m)
struktiirose, o ant kristalinio pamato kysuliy ju néra (Plungés,
Baubliy, Veivirzény plotai). Vidurinio kambro pjtvi sudaro
kvarcinio smiltainio, molingo aleurolito ir argilito persisluoks-
niavimas. Vyrauja smulkiagriidziai smiltainiai (0,25-0,1 mm
frakcija, iki 86%) su stambios (>0,25 mm, iki 39%, gr¢z. Po-
ciy-3) ir aleuritinés (0,1-0,01 mm, iki 38%, gre¢z. Vilky¢iu-7)
frakcijy priemaisa. [vairiagriidziai smiltainiai labiau paplit¢ Po-
ciy, Lasy ir Sakuciy struktiirose. Labiau sukvarcéj¢ smiltainiai
yra vakaringje ir pietvakarinéje Gargzdy pakilumy dalyje (Sid-
pariy, P. Sitipariy, Vilky&iy, Sakugiy plotai). Cia bendras su-
kvarcéjusio smiltainio sluoksniy storis siekia 40-50 m, ir tai
sudaro 78-87% viso smiltainiy storio. Atviras poringumas kin-
ta nuo 0,7 iki 8,4% (vidurkis 2,9—4,1%), laidumas dujoms —
iki 1,5 mD ir pasiskirsto netolygiai.

Vidurinio kambro uolieny poringumas daugiausiai priklau-
so nuo jy sutankéjimo ir antrinio (regeneracinio) kvarcinio ce-
mento kiekio. Pirminis (mechaninis) ir antrinis (cheminis) su-
tankéjimas tiesiogiai priklauso nuo uolieny sliigsojimo gylio.
Taciau kvarco tirpimo ir nusédimo procesai priklauso ir nuo
temperatiiros, todél minimalaus poringumo zonos sutampa su
uolieny sliigsojimo maksimalaus gylio teritorija, i$sidés¢iusia
prie TT zonos Lenkijoje ir geoterminés anomalijos centrinés
dalies Lietuvoje. Nustatytas katalitinis molingos medziagos,
ypa¢ plony jos pléveliy, vaidmuo tirpstant ir regeneruojant
kvarcui. Netolygus smiltainiy sukvarcéjimas gali biti sietinas ir
su kalcitiniu cementu.

I§ pirminiy salygu neigiama itaka kambro uolieny kolekto-
rinéms savybéms tur¢jo dazna plony (nuo 0,2-0,3 m iki keliy
metru) smélio ir molio sluoksniy kaita ir organinés medziagos
kiekis moliuose. Organinés medziagos oksidacija 1émé riigscios
terpés susidaryma ir SiO, i8kritima molingy ir smélingy sluoks-
niy kontaktuose. Autigeninis kvarcas taip pat formavosi didé-
jant uolieny sliigsojimo gyliui ir temperatirai, kvarco griudeliy
tirpinimo ribose. Jis uzpildé storesniy sluoksniy pory ertmes.
Temperatiiros poveikis buvo svarbus, bet ne pagrindinis veiks-
nys, turintis jtakos uolieny kolektorinéms savybéms. Meskinés—
Silutés rajone sluoksnio temperatiira siekia 96°C, autigeninio
kvarcinio cemento kiekis sudaro 8—15%. Gargzdy pakilumy zo-
noje temperatiira nevirSija 86°C, o kvarcinio cemento kiekis
siekia net 26%. Uolieny sukvarcéjimo dydis kiekviename regio-
no taske priklauso nuo skirtingy veiksniy jtakos: slégio, tem-
peratiiros, pjiivio sandaros, organinés medziagos kiekio, tekto-
ninio rezimo ir kt.
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Zenkliis vidurinio kambro smiltainiy poky&iai vyko taip pat
naftos telkiniy senosiose VNK zonose. VirSutingje, tirpinimo,
zonoje vyko kvarcinio cemento ir grideliy tirpinimas, bitumy ir
pirito susidarymas, apatinéje, cementacijos, zonoje — kvarco nu-
sédimas ir uolieny sukvarcéjimas. Nustatyti du naftos telkiniy ti-
pai pagal poveiki senyju VNK uolieny kolektoriniy savybiy
kaitai. Pirmam tipui priklauso Vilky¢iy naftos telkinys, kuriam
budinga daugkartiné senyju VNK (iki 8) lygio kaita, susijusi su
struktiiros uzpildymo nafta kaita geologiniame laike. Pjavyje ste-
bimi iki keliy metry storio sukvarcéje ir nesukvarcéje sluoksniai.
Antram tipui priklauso Sakuciy telkinys. Jam budingi tik du
senieji VNK lygiai, tarp kuriy tirpinimo zonos storis siekia 20
metry. Joje smiltainiy kolektorinés savybés geresnés.

Giruliy ir Ablingos svity smélingy pluosty kolektorinés sa-
vybés Gargzdy pakilumy teritorijoje geresnés lokaliy naftingy
struktiiry ribose. Uz struktliry riby uolieny poringumas retai
kada vir$ija 5%, o skvarbumas nesiekia 1 mD, tuo tarpu struk-
tiiry ribose poringumas siekia 6—8%, o skvarbumas kinta nuo
keleto iki keliasdesimt mD.

Kambro naftingame komplekse yra aptiktos ir ateityje ga-
li buti surastos ne tik antiklininés, bet ir nestruktiirinio tipo
naftos kaupvietés. Visos lokalios struktiiros, kuriy kraige néra
kambro uolieny arba jy storiai redukuoti (Sitipariy, Veivirzény,
Silalés, Lauksargiu, Pociy, Pajirio, Baubliy, Plungés, Mamiy),
susijusios su kySuliais, i$sidésciusiais ant kristalinio pamato ke-
tery, aptinkamy ir vidurinio kambro paleoreljefe. Su tokio ti-
po struktliromis gali biiti susijusios neantiklininio tipo naftos
kaupvietés. Kambro smiltainiy intensyvaus sukvarcéjimo zono-
je taip pat galimos neantiklininio arba misraus tipo naftos
kaupvietés, kuriy susidaryma 1émé naftingy struktiiry kraige i$-
likg (uzsikonservave) porinio tipo kolektoriai (Silalés, Pociy
naftos telkiniai).

Omnnte 3nanasuuiore, Jlugus Jlamkosa,
AnsGeprac MoHKSBHYIOC

M3MEHEHUS KOJUIEKTOPCKIX CBOYICTB
OTJIOKEHUI CPEJHEI'O KEMEPUA B
JOKAJIBHBIX CTPYKTYPAX 'APIKIAVICKUX
[OJHATUI 3ATIATHOM JINTBHI

Pesome

MomHocTh cpenHekeMOpuiickux OTJIOKEHUN Ha
HCCTIeIyeMOM TePPUTOPUHN BO3PACTAET C BOCTOKA U CEBEPO-
BOCTOKAa B 3allaJHOM U IOro-3alla/lHOM HaNpaBICHUSIX OT
30 no 80 M Ha cyme u mocturaer 90 M Ha TEPPUTOPHUHU
Banrtuiickoro mopsi. HauMeHbIliasgs MOIIHOCTh OTJIOKEHMIT
cpenHero kemOpus ycranosieHa Ha [lronapsiickoit (3040
M) u ITousiickoit (38-50 M) cTpykTypax; 3TH OTJIOKEHUS
OTCYTCTBYIOT Ha BbIcTynax ¢ynaamenta (IlmyHreckas,

Bayb6nsiickas, BeiiBupxxenckas mioniaaun). Paspes cpennero

KeMOpusi MpeACTaBieH IepeciiaiBaHUeM KBapleBOTO
MeCYaHUKa, TJIMHUCTOIO aJleBPOJUTA U  apruLIuTa.
IIpeobnanaror MEJIKO3EPHUCThIE TEeCYaHUKHI (c

conmepkanueM a0 86% ¢pakuuu 0,25-0,1 MM) ¢ TpUMeChIO
(>0,25 mm po 39%, ckB. Ilousii-3) wu
aneBposutoBbix (0,1-0,01 mm mo 38%, ckB. Bunbkunusii-7)
¢paxuumii. B paspesax

KPYIHBIX

IMougiickoit, Jlamaiickoin wu

Caxkyusiiickoit Hauboee

CTPYKTYD
pa3HO3EepHUCThIE TIECYAHUKU. B 3amagHoil U 1oro-zamagHoi

pacmpocTpaHeHbl

yactu 30HBI [aprxpaiickux noxustuil (Iromapsiickas,
IOxno-Ilronapsiiickas, Bunbkuusiickas u Cakyudsiiickas
TLJTOIIA M)
necyaHuku. CyMMmapHas MOIIHOCTb CJIOE€B OKBapI[OBaH-

MPUCYTCTBYIOT Hanbojiee OKBapI[OBAHHbBIE
HOTO mecuaHuka 3iech gocruraer 40-50 M, 4TO cocTaBiseT
78-87%  obueit

nopuctocth usMmensercs ¢ 0,7 go 8,4% (B cpennem 2,9—

MOIIHOCTH IecyaHukoB. OTKpeITas
4,1%), ra3oBasi MPOHUIIAEMOCTb OTJIOXKEHUN paclpeneeHa
HepaBHOMepHO U npocturaer 1,5 mD.

Bropuunble n3MeHeHUsI OTIIOKEHUH CPeIHEro KeMOpus
OOYCIIOBJIEHBI TIOTPYXKEHUEM IIECYAHUKOB (IIEPBUYHOTO
CBIIIy4Yero IHecka) ¥ IJMH B TE€YEHHE MJIUTEIBHOIO TeO0JIO-
ru4yeckoro BpemeHH. B mpouecce katareHe3a INTMHUCTBHIX
IIOPOJI BBIACNEHBI TPH 3Tana: 10 riryouns 1500 M, 1500-2700
M u Gonee 2700 M. OHU XapaKTepU3YIOTCS H3MEHEHHEM
COCTaBa INIMHUCTBIX MUHEPAJIOB OT CMEUIAHOCIONHBIX WJUINT-
MOHTMOPWJUIOHUTOB [0 WIJINTA, a TaKXe YBEINYEHHEM
IUIOTHOCTH OTIIOXeHui ¢ 2,1-2.4 r/em® no 2,4-2,6 t/em’. U3
TIEPBUYHBIX YCIIOBUM HA KOJUIEKTOPCKUE CBOWCTBA KeMOPHICKHX
OTJIOXKEHUN OTPULIATENHHO MOBIMSIIO YACTOE UepelOBaHUE
ToHkuX (¢ 0,2-0,3 M 70 HECKOJIBKHX METPOB) CIIOEB TECKa U
TJIMHBI, @ TAaK)XXe COJep)KaHHe OPraHHYEeCKOro BeIecTBa B
rimuHax. OKkcuaanusi OpraHu4ecKoro BeLIecTBa OO0yCIOBMIIA
co3gaHue KUcIol cpeabl u oceqanue SiO, HA KOHTaKTax
TJIMHUCTBIX M TNecuaHblXx cioeB. C yBeanMueHUueM IIyOHHBI,
TeMIIepaTypsl U BCIIEACTBUE PACTBOPEHHUS 3€peH KBapIia Ha HX
KOHTaKTax (popMHupoBacst aBTOreHHbIit kBapil. OH 3aI10IHUIT
NIOPOBOE NMPOCTPAHCTBO HaMMEHee MOIIHBIX CII0eB. BriusHue
TeMIIEpaTyphl SIBISUIOCh BaXKHBIM, HO HE OCHOBHBIM. B paiione
Msmkune-wryte, rme temmnepatrypa gocturaer 96°C,
KOJIMYIECTBO aBTOI€HHOTO KBAPILIEBOT'O LIEMEHTA COCTABIISIET 8—
15%. B 3one Taprkpaiickux MOAHATHI TemIepaTypa He
nipeBbnmaeT 86°C, a KOIMUECTBO KBApLIEBOTO LIEMEHTA IOCTHIAeT
26%. B xaxxmoii Touke paifoHa CTENeHb OKBAPLIEBAHUS 3aBUCHUT
OT BJIMSIHUS PA3IMYHBIX (hAKTOPOB: AABJICHHS, TEMIIEPATYPHI,
TE€OJIOTMUECKOTO CTPOEHHUS Pa3pe3a, KOIMNYECTBA OPTaHUIECKOrO
BEIIECTBA, TEKTOHUUECKOTO PEXUMA U T. [I.

3aMeTHbIE U3MEHEHUsI CPeTHEKEMOPUNHCKUX MECUaHUKOB
MPOMCXOIMIN TaKXe B 30HaX Haleo-BOJOHE(TIHBIX
koHTakToB (nmajeo-BHK) nHedrsHbix MecropoxaeHuii. B
BEpXHEM 30HE MPOUCXOOWIM PACTBOPEHHE 3€peH U
KBapleBOTO LIEMEHTAa M OTJIOXEHHEe OUTymMa U NMHUPUTA, B
HIDKHEH 30HEe — OocelaHMe KBaplia U OKBaplLEBAaHHE OTIIO-
xenuit. [lo BnusHuio naneo-BHK Ha m3MmeHeHust xosurek-
TOPCKUX CBOMCTB II€CYAHMKOB YCTAHOBIJIEHBI [Ba THIA
HedTAHBIX MecTopoxaeHuit. K mepBoMy TuIly OTHOCHTCS
Bunbkuusiiickoe HeTSIHOE MECTOPOXKAEHHE, I KOTOPOTO
XapaKTepHbl MHOTOKpaTHbIe u3MeHeHus (1o 8§ naieo-BHK),
CBSI3aHHBIE C TOCTENEHHBIM IOPLUOHHBIM 3aIIOJTHEHUEM
CTPYKTYPbI HEDTBIO B TeYEHHE I'€OJOTHUECKOTO BpeMeHu. B
pas3pes3e MpOCIeKUBAIOTCS OKBAapLIOBAHHBIE U HEOKBAPIIO-
BaHHBIE MECYAHUKHU MOIIHOCTBIO 10 HECKOJIBKHX METPOB.
Ko BTopomy Ttumy otHocutca Cakydsiiickoe MeCTOPOX-
nenne. s Hero xapakTepHbl JaBa ypoBHS mnajeo-BHK,
MEXIYy KOTOPBIMU MOIIHOCTb 30HBI PACTBOPEHUS IJOCTH-

raet 20 M. IToaToMy KOJJIEKTOpPCKHE CBOHCTBA IECYAHHKOB
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B He#l nyume. KonnekTopckue CBONHCTBA MeCYaHBIX TOJIII
AOGnuHrckoit 1 I'mpynsiickoll CBUT Ha TEPPUTOPUHU 30HBI
Taprknaiickux MOgHSATUN Jydile B Mpeaesax JIOKaJIbHBIX

CTPYKTYP.
MpefesaMu CTPYKTYp penko mpeBblmaer 5%, a MpPOHU-

HEQTSIHBIX Ilopucrocts  OTNIOXEHUI  3a
naeMocTh He gocturaer 1 mD, B To ke Bpemsi B Ipexaenax
6-8%,

HAEMOCTh U3MCHSCTCA OT HECKOJBKHUX OO0 JCCATKOB mbD.

CTPYKTYp IOPHUCTOCTh COCTaBIISIET a IpOHU-

B kemOpuiickoM HE(pTSHOM KOMIUIEKCE BBISIBICHBI
JOBYIIKM HE(PTH HE TOJIBKO AHTHKIMHAIBHOTO, HO U
HECTPYKTypHOro THHa. Bce okanbHBIE CTPYKTYpHI, B
KPOBJIE KOTOPBIX HET KEMOPHHCKUX OTJOXEHUN WMIIH Ke
ux mourHoctu pexnyuupoBansl (Ironapsiickas, BeiBup-
xkeHckasi, lunansckas, Jlaykcaprsiickas, Ilonsiickas,
ITaropckas, bayOmsiickas, Ilmynreckas, Mawmsiickast cTpyk-

TYphl), CBSI3aHBl C BBICTYIIAMH, PACIIOJIOKEHHBIMH Ha
rpeOHIX KpHUCTANINYECKOTO (QyHAAMEHTa, M Ipoce-
JKUBAIOTCS B majieopenbede cpeanero kembpus. Co
CTPYKTypaMu

HG(I)THHI:IG JIOBYHIKW HCAHTUKIIMHAJIBHOTO, B TOM YHUCIIC U

TAaKOro THUIla MOTYT OBITH  CBSI3aHBI

KOJIBIIEBOT'O, THIIA. MCCTOpO)K,Z[CHI/IC TaKoro Tulna B

Bantuiickoif cuHeknmse yxxe wuszBectHo. B Kanunun-
rpaackoit o61actTu OTKpPbITO CeMEHOBCKOE MECTOPOXK-
nenue xonblesoro tuna ([ecstkos, Bapcykosa, 2002). B
30HE MHTEHCHUBHOTO OKBapIeBAaHUS KeMOpMICKUX mecua-
HUKOB BO3MOJXHBI JIOBYIIKM HEAHTHUKIMHAJIBHOIO WU
CMEUIAHHOTO THUIA, HA TOSIBIEHUE KOTOPBIX BIIUSIIU CO-
XpaHUBLIMECS (3aKOHCEPBUPOBAHHBIE) B KpOBje HedTs-
HBIX CTPYKTYp KojulekTopbl mopuctoro tuma (Ilumans-

ckoe u IMousiickoe HeQTIHBIE MECTOPOXKICHHUS).



