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Cambrian deposits in Lithuania are of economic interest, because they contain
numerous oilfields and are still more prospective as they have a high geothermal
potential and are very attractive for establishing underground gas storages. The reser-
voir properties range considerably. A distinct basin-scale trend of a decreasing reser-
voir quality to the west with increasing the depth and temperature is recognised. The
porosity of the sandstones is as high as 20-25% in the east, whereas Cambrian sand-
stones are strongly quartz-cemented and have a very low porosity (3-8%) in West
Lithuania. The reservoir quality shows a clear correlation with the thermal regime.
Due to considerable variations in burial depth (from a few hundred meters in the
southeast to 2.3 km in the west) the temperature changes accordingly from 7-10 °C to
more than 90 °C. The occurrence of quartz cement is related to ~40°C isotherm,
whereas the most significant change in quartz cement content is observed at a 60 °C
isotherm. The latter isotherm is considered as a basic threshold for quartz dissolution
and precipitation. Against this background trend, drastic variations in the porosity and
permeability are documented in West Lithuania, which cannot be explained by thermal
variations. The depositional architecture is evidently highly important for quartz ce-
mentation.
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INTRODUCTION

base derived from thermal investigations of deep wells
(mainly oil exploration wells) enables a detailed stu-

Quartz cement is the major agent controlling reser-
voir quality of the Cambrian sandstones in Central
and West Lithuania (Lashkova, 1979; 1993; Vosylius,
2000). Therefore it is essential to construct a predic-
tive model of quartz cementation seeking to diminish
risks for future oil exploration. Temperature is suppo-
sedly one of the main factors controlling quartz ce-
mentation of sandstones (Vosylius, 1997). Cambrian
hydrocarbon reservoir sandstones in Lithuania show
a considerable variation in petrophysical properties,
which indeed seems to be partly correlated with burial
depth. Present day temperatures of the Cambrian re-
servoir range from 10 °C in the shallow parts of the
Baltic basin to 90 °C in West Lithuania. The wide
range in thermal conditions in this basin provides a
unique possibility to investigate the thermal control
on quartz cementation. Moreover, an extensive data-

dy. Temperature is, however, not the only parameter
that influenced quartz cementation (Giles et al., 2000;
Kilda, Friis, 2002). Other factors such as grain size
and lithofacies (e.g., Waldehaug et al., 2001) should
be taken into consideration, as indicated by the dis-
tinct variations of porosity and permeability of the
Middle Cambrian sandstones in West Lithuania even
on a local scale.

The thermohysical properties of Cambrian rocks
are also strongly influenced by burial conditions via
porosity variations, changes in mineral framework
and fluid composition (Joeleht et al., 2002).

GEOLOGICAL SETTING

Lithuania is situated on the eastern flank of the
Baltic sedimentary basin overlying the Early Pre-
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Fig. 1. Depth of Cambrian top of Lithuania. The TelSiai
(I) and Gargzdai (2) faults which control the major oil
fields of Lithuania are indicated

1 pav. Lietuvos kambro kraigo gyliy Zemelapis. 1 — TelSiy
ir 2 — Gargzdy luziai, kontroliuojantys pagrindinius naftos
telkinius Lietuvoje

cambrian crystalline basement. The thickness of the
sedimentary fill ranges from 0.2 km in the east to
2.3 km in the west (Fig. 1). Cambrian deposits repre-
sent the basal part of the sedimentary cover. They
are overlain by a carbonaceous-shaly succession of
Ordovician age. The thickness of the Cambrian
ranges from a few tens of meters in the east to
170 m in the west. It consists of Lower and lower-
Middle Cambrian marine clastic sediments (Jankaus-
kas, 2002) composed by an alternation of sandsto-
nes, siltstones and shales showing different propor-
tions across the basin.

The Lower Cambrian attains 80 m in thickness.
It consists of fine-grained sandstones that grade in-
to an alternation of siltstones and shale in the west.
The lowermost Cambrian “Blue Clay” formation oc-
curs in the eastern part of Lithuania. Middle Camb-
rian deposits are documented in the western part
of Lithuania and are up to 70-80 m thick. The
offlap pattern with respect to the Lower Cambrian
is attributed to the regression of the shallow marine
basin that led to a shift of the sandy peripheral
lithologies to the west, so that Middle Cambrian
sandstones overlie the Lower Cambrian and lower-
most Middle Cambrian shales. The fine-grained
sandstones with sparse argillite and siltstone layers
are referred to as the Deimena Group that overlies
the about 10 m thick shales of the Kybartai Group.
Both are attributed to the Paradoxides oelandicus
trilobitic zone of the Middle Cambrian. Furtherwest
in the Polish offshore area, these deposits grade into
deeper-water siltstones and shales. The younger Pa-
neriai Formation of the Paradoxides paradoxissimus
zone was encountered in few wells in West Lithua-

nia, constituting small isolated residues several
meters thick, whereas it is widely distributed in the
east on the western flank of the Moscow palaeoba-
sin (up to 20-30 m thick) and the western periphe-
ry of the Polish Basin. Sandstones and siltstones
are the dominant lithologies.

Cambrian sandstones in 95-99% are composed
of quartz, they are mainly fine-grained, locally grad-
ing into medium- and coarse-grained, cemented by
authigenic quartz with minor dolomite and clay ce-
ment.

METHODS AND DATA

The petrographic characterisation, including the tex-
tural and mineralogical composition of Cambrian
sandstones, is based on polished thin sections of
149 samples from 50 wells, analyzed by means of
polarized light microscopy. The components in 49
samples collected from 24 wells of West and Cen-
tral Lithuania were quantified by image analysis
using microphotographs from back-scattered electron
(BSE) microscopy, cathode luminescence scanning
electron (SEM-CL) and cold cathode (CL) lumines-
cence microscopy, using the ImagePro Plus point
counting and image analysis software. The study was
focussed mostly on West and Central Lithuania
where most of the producing oilfields occur and con-
sequently most of core material and geophysical well
logs are available for detailed study.

The open porosity and permeability data, mainly
of sandstones, were collected from existing indust-
rial reports listing nearly 10,000 measurements that
provide consistent information on the lateral chan-
ges of the reservoir properties of Cambrian sand-
stones. The average porosities of sandstones separa-
tely for each of three formations (Pajiris, Ablinga,
Giruliai) of the Deimena Regional Stage were cal-
culated from these laboratory data. The total poro-
sity was also estimated from thin sections of sans-
tones. Five wells were processed using logging data
to estimate the open porosity correlated with the
shale content, calculated from gamma-ray logs, and
geothermal gradient was derived from thermal logs.

Temperature logging and point measurements of
the Cambrian reservoir were carried out in 160 deep
wells drilled through the Cambrian reservoir. The
measurements were mainly related to oil explora-
tion and geological mapping carried out in Lithua-
nia throughout the past 40 years (Sliaupa, 2002).
Different methods were used to measure the well
temperatures (Rasteniene, Sliaupa, 2000): (z) ther-
mal logging; (b) mercury “maximum” thermometer
during the drill stem test; (c¢) temperature measure-
ment of the water pumped up from the deep aqui-
fer to the surface. Thermal logging was performed
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under equilibrium state of a well, which had been
reached by keeping the well in undisturbed state
for about a dozen of days before temperature log-
ging. This minimises the error in the temperature
estimation. For example, in the wells Vydmantai-1
and Vydmantai-2 in West Lithuania the temperatu-
res of the Cambrian aquifer were measured 18 days
and 3 years after drilling had been stopped. The
differences between the measurements are less than
2 °C (Rasteniene, Sliaupa, 2000).

Thermal conductivity data on 274 samples
through the basin with different lithology were col-
lected within the frames of the CAMBALTICA pro-
ject (Joeleht et al., 2002).

THERMAL CHARACTERISTICS OF THE
CAMBRIAN RESERVOIR

The thermal conditions of the Cambrian reservoir
show significant differences across the basin as a
result of considerable changes in burial depth and
heat flow intensity. The geothermal gradient of the
sedimentary cover increases from 1.3-1.7 °C/100 m
in the east to 4.5 °C/100 m in the west (Kepezins-
kas et al., 1996; gliaupa, 2002). This can be attribu-
ted to several factors such as hydrodynamic cooling,
deep heat flow, lithological variations, and locally
to advective heat transfer along the major faults
(Sliaupa, 1994). In hydrogeological terms, the east-
ern and southern parts of Lithuania represent a re-
charge area with a higher elevation and tilting of
the sedimentary strata to the west and southwest
and with a highly permeable sedimentary succession
as a result of persistent shallow-water sedimentary
environments in the peripheral position in the Bal-
tic Basin during the Phanerozoic. This leads to co-
oling of the Cambrian reservoir in the shallow mar-
gins of the basin.

The thermal conductivity of the Cambrian sand-
stones of Lithuania varies from 1.76 to 6.7 W/mK
(Kepezinskas et al., 1996). The highest values are
recorded in the most intensely quartz-cemented
sandstones in West Lithuania (Joeleht et al., 2002),
which are pure quartzarenites with only a 4-5% po-
rosity (Brigaud, Vasseur, 1989). Accordingly, the geo-
thermal gradient changes significantly in the Camb-
rian succession. The highest gradient is confined to
the shales that dominate the Lower Cambrian and
Kybartai Group in West Lithuania. The average va-
lues of shales range in the order of 3-5 °C/100 m
(Fig. 2). The overlying Deimena RSt sandstones are
characterised by a drastically reduced gradient which
points to a very high thermal conductivity. The ther-
mal conductivity of Deimena Group sandstones in
West Lithuania is 5.1-6.7 W/mK. Consequently, the
gradient should be in the range 0.7-1.5 °C/100 m

for a heat flow of 55-90 mW/m? which is in agree-
ment with the calculated gradients in wells of West
Lithuania. The gradient is very sensitive to the po-
rosity variations of sandstones (Fig. 3), as it stron-
gly influences the thermal conductivity of rocks
(Fig. 2). For all lithologies and in particular for the
sandstones, the thermal conductivity shows a statis-
tically significant linear correlation with porosity,
which can be described by a first-order equation:

k = -0.14*w + 6.1 (1)

where k is the thermal conductivity (W/mK) and w
is the porosity (%).

The correlation coefficient is very high for sand-
stones (+0.76) but lower for siltstones and shales
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Fig. 2. Correlation of thermal conductivity of Cambrian
sediments of the Baltic basin with porosity and depth.
Two populations (4 and B) of sandstones are distinct in
the high-temperature range
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Fig. 3. Porosity (left), geothermal gradient (centre) and clay contents (right) calculated
from logging data of representative wells of West Lithuania (Aukstupiai-1, Genciai-2,
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(+0.59 and +0.56, res-
pectively) and for inter-
calated siltstones and
shales (4+0.34). The
thermal conductivity is
only 2.2 W/mK in sand-
stones with a porosity of
about 25%, while it ave-
rages to 6.3 W/mK in
sandstones with a 1-3%
effective porosity. The
trend in siltstones is ve-
ry close to that of sand-
stones. The difference
in thermal conductivity
between siltstones/sha-
les and sandstones in-
creases with decreasing
porosity from around
0.4 W/mK for porosities
of 20-25% to 1.2 W/mK
in the low porosity ran-
ge (Fig. 2).

In the eastern half of
the Baltic basin, at a
depth less than 1.8 km,
the thermal conductivi-
ty of Cambrian rocks
correlates well (Fig. 2),
increasing to the west.
This can be explained
by the depth—porosity
correlation. The linear
correlation is disturbed
at a depth greater than
(1.8 km. The thermal
conductivity of sandsto-
nes drastically increases
from around 4.8 W/mK
to an average of 6 W/
mK. It is evidently a re-
sult of a sharp decrease
in porosity. The second
group of sandstones is
recognised within the
deep part of the basin
showing a much lower
thermal conductivity
(about 4 W/mK). A pe-
trographic study indica-
tes that the former
group is related to
strongly quartz-cemen-
ted clean sandstones,
whereas the latter rela-
tes to sandstones with
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increased porosity (e.g., Grobina well, West Latvia)
outside the West Lithuanian geothermal anomaly. Al-
s0, it includes some sandstones from within this geo-
thermal anomaly: following the petrographic studies,
the high reservoir quality of the latter sandstones is
related mainly to the second porosity (e.g., AukStupiai
well).

Heat flow (HF) is the main factor controlling
variations of the geothermal gradient of Lithuania.
It systematically increases from east to west. In East
Lithuania, HF is 32-43 mW/m? and in Central Li-
thuania 47-59 mW/m? A geothermal anomaly oc-
curs in West Lithuania, with HF ranging from 65 to
95 mW/m?. The differences in HF are attributed to
a different heat generation of the crustal lithologies
and to an increased mantle activity in West Lithua-
nia (Sliaupa, Rasteniene, 2000).

The temperature of the Cambrian aquifer increa-
ses westward with depth. In East Lithuania, the tem-
perature of the Cambrian is only 7-10 °C (Fig. 4).
It sharply increases from 20 °C to 40 °C in Central
Lithuania within a zone 50-80 km wide, which is
roughly confined to the first-order suture zone of
the crystalline basement separating the West Lithua-
nian Granulites and the East Lithuanian Belt. In
West Lithuania, the temperature of the Cambrian
aquifer reaches 65-96 °C. The eastern limit of the
anomaly is rather sharp; the temperature increases
from 50 °C to 70 °C within a zone 10-20 km wide.
The highest temperatures of the Cambrian are re-
ported from the southern part of West Lithuania, it
is related also to the maximum intensity of the heat
flow. The main oil fields of West Lithuania are lo-
cated within the area where the temperature of the
Cambrian is >65 °C. The low quality of the Camb-

100 km

Fig. 4. Temperatures (°C) of top of the Cambrian of Li-
thuania and adjacent territories.

4 pav. Kambro kolektoriaus temperatiira Lietuvoje ir gre-
timose teritorijose

rian reservoir is due to an intense quartz cementa-
tion.

The chemistry of the Cambrian formation water
closely correlates with temperature changes (Sliau-
pa et al,, 2001, 2003). Its salinity systematically in-
creases to the west. In the eastern part of Lithua-
nia, the salinity ranges from 0.3 g/ to 10 g/l and
sharply increases from 10 g/l to 100 g/l within a
zone 40-50 km wide in Central Lithuania, marking
the collision zone of the meteoric water flow from
the east and the thermobaric-compactional water
flow from the west (Puronas, Sliaupa, 2001). The
most drastic change in the Cambrian water compo-
sition occurs at a depth of 600-700 m. The second
sharp increase in salinity marks the limits of the
West Lithuanian geothermal anomaly; the salinity
increases from 120-130 g/l to 180-200 g/l. This
points to a close relationship of the water compo-
sition with the temperature-controlled fluid-rock in-
teraction. The pH decreases from the east to the
west. It is as high as 6-7.5 in East Lithuania and
6-4 in West Lithuania.

RESERVOIR PROPERTIES

The thickness of the Cambrian sandstone reservoir
is 50-70 m. In the east it comprises 15-30 m in the
Lower Cambrian, while in West Lithuania the re-
servoir takes 30-40 m in the Middle Cambrian Dei-
mena Group. The effective thickness shows a con-
siderable variation in the west, which is largely ac-
counted for by drastic changes in the content of
quartz cement, increasingly important in the west.
The minimum thickness (10-20 m) in the Cambrian
reservoir occurs in the central and southern parts
of West Lithuania; this coincides with the maximum
heat flow intensity.

The porosity of Cambrian sandstones varies
within 20-25% in the shallow eastern part of the
basin. The permeability of sandstones ranges in
the order of 100-2300 mD. A reduction from 20
to 15% is documented in Central Lithuania, whi-
le it is only 3-18% (permeability ranges from
<0.01 to 20 mD, in some places 300-500 mD) in
West Lithuania.

Distinct porosity variations (from 3% to 15%)
are common in the Deimena Group in West Li-
thuania, even within the same well or oilfield, indi-
cating that other parameters than temperature are
also important in quartz cementation, the major one
being variations in depositional lithology. It is well
recognized that intervals containing thin shale lami-
nas in sandstones are more intensely quartz-cemen-
ted than thick sandstone bodies without shale inter-
calations. All three parts of the Deimena Group
show similar trends in a plan view, e.g., minimum
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S0km

Fig. 5. Average porosities of the upper, middle and lower parts of the Deimena Group of West Lithuania (left, centre

and right respetively)

5 pav. Deimenos regioninio auksto virSutinés, vidurinés ir apatinés dalies poringumo Zemélapiai (atitinkamai kairéje,

centre ir deSinéje)

porosities in the southwest of West Lithuania, whe-
reas increasing to the east and north (Fig. 5). This
correlates well with the temperature distribution. The
main difference is the absolute values of the poro-
sity, such as predominant maximum values in the
lower part of the Deimena Group, with the com-
monly minimum values in the upper part of the
IESErvoir.

QUARTZ CEMENTATION AND TEMPERATURE

The porosity of the Cambrian sandstones shows a
clear basin-scale trend of attenuation from the east
to the west, which correlates with the temperature
increase to the west. Following the petrographic stu-
dies, quartz cement is documented at temperatures
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Fig. 6. Temperature vs. porosity of Cambrian sandstones
of Lithuania

6 pav. Lietuvos kambro smiltainiy poringumo priklauso-
mybés nuo temperatiiros grafikas

higher than 40 °C. Small amounts of quartz overg-
rowths are reported also from the shallow eastern
periphery of the basin, but they have no major im-
pact on reservoir properties. The most distinct re-
duction of the porosity and permeability, however,
is recorded at temperatures higher than 60-70 °C
(Fig. 6).

The porosity variations are mainly related to the
uneven quartz cementation of sandstones of the Dei-

- 50km

Fig. 7. Content of quartz cement in Middle Cambrian
sandstones of Central and West Lithuania

7 pav. Kvarco kiekis kambro smiltainiuose Centrinéje ir
Vakary Lietuvoje
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Fig. 8. BSE image of Middle Cambrian sandstone of Vil-
kaviskis-127 well (Central Lithuania), depth 1240.5, tem-
perature 42 °C. Porosity 23%, content of authigenic quartz
11%

8 pav. BSE slifo nuotraukos. Vidurinio kambro smiltainis,
Vilkaviskio-127 grezinys (Centriné Lietuva); gylis 1240,5 m,
temperatira 42°C, poringumas 23%, antrinio kvarco kie-
kis 11%

mena Group. In Central Lithuania, the content of
quartz cement in the Deimena sandstones is about
10% (Figs. 7, 8). The higher amount of cement in
the Geluva-99 well is probably related to a palaeo-
thermal event that was recognized from anomalous
thermal maturity of organic matter of the Lower
Palacozoic shales (Lazauskiene, Marshall, 2002). In
the west of Lithuania, the content of authigenic
quartz increases to 24-28% (Fig. 9), in some places
reaching even 30-33% (Kretina, Pociai areas)
(Fig. 10). In the south of West Lithuania its content
decreases to 12-22%, though opposite is expected
in view of maximum temperatures recorded in this
area. The hampering by the clay is not a satisfacto-
ry explanation, for the minimum quartz cementa-
tion is confined to the lower half of the Deimena
Group showing the lowest clay content. The petrog-
raphic studies indicate that it is largely related to

Fig. 9. SEM+CL and BSE images of Middle Cambrian
sandstones of P. Siupariai-5 well (central West Lithuania),
depth 1990.5 m, temperature 84 °C. Moderately and well
rounded quartz grains are cemented with authigenic quartz
amounting to 28%, porosity 3%

9 pav. SEM+CL ir BSE Slifo nuotraukos. Vidurinio kamb-
ro smiltainis, P. Sidipariy-5 grezinys (Vakary Lietuva); gy-
lis 1990,5 m, temperatiira 84°C, kvarco griidus cementuo-
jancio antrinio kvarco 28%, smiltainio poringumas 3%

Fig. 10. BSE image of Middle Cambrian sandstone of
Kretinga-2 well, depth 1883 m, temperature 70 °C. Authi-
genic quartz amounts to 33.6%, porosity is as low as
3.6%

10 pav. BSE ir CL S§lifo nuotraukos. Vidurinio kambro
smiltainis, P. Kretingos-8 grezinys (Vakary Lietuva); gylis
1883 m, temperatira 70°C, kvarco griidus cementuojancio
antrinio kvarco 33,6%, smiltainio poringumas 3,6%
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secondary porosity, i.e. dissolution of both the clas-
tic grains and authigenic quartz cement. The secon-
dary porosity and an associated low content of quartz
cement are also reported from a few samples col-
lected in the northern half of Lithuania (Genciai
area, where quartz cement in some samples amounts
only to 11%) (Fig. 11).

The correlation between the present temperatu-
re and quartz cement, ignoring anomalous values,
can be roughly estimated (Fig. 12):

Fig. 11. BSE image of Middle Cambrian sandstone of
Genciai-2 well, depth 1857.6 m, temperature 71 °C. The
reservoir quality is increased by secondary porosity, some
detrital grains are completely dissolved

11 pav. BSE $lifo nuotrauka. Vidurinio kambro smiltainis,
Genciy-2 grezinys (Vakary Lietuva); gylis 1857,6 m, tem-
peratiira 71°C. Istirpus detritiniams gridams, kolektorines
smiltainio savybes gerina antrinis poringumas

Quartz cement (%) = 0.47* T°C — 8.8 (2)

The linear correlation between those two factors
is complicated by other processes, as is seen from a
distinct scatter of some values (Fig. 12). The decre-
ased content of quartz cement in the high tempera-
ture range (70-90 °C) is mainly related to samples
indicating secondary porosity higher than 2%. Furt-
hermore, the lowest quartz cement values are typi-
cal of sandstones that have a 2-10% clay admixtu-
re, implying hampering of quartz cementation in
sandstones containing clay. The former is advocated
by petrographic studies. The clay partially influen-
ced the packing of Cambrian sandstones, while the
packing density (PD) does not show any any signi-
ficant relationship with temperature (Fig. 13). The
packing density, as defined by (Kahn, 1956), is the
ratio of the sum of the grain length encountered
along a traverse across a thin section to the total
length of the traverse, and PD can be expressed as
PD = %g/t x 100%, where g is the detrital grain
intercept length of the i™ grain in the traverse; ¢ is
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Fig. 12. Temperature vs. quartz cement of Middle Camb-
rian sandstones of Central and West Lithuania. Two fields
show sandstone samples that have secondary porosity (SP)
higher than 2% and clay content 2-10%

12 pav. Centrinés ir Vakary Lietuvos vidurinio kambro
smiltainiy kvarco cemento kiekio priklausomybés nuo tem-
peratiiros grafikas. Du laukai apibrézia smiltainiy pavyz-
dzius, turinCius didesnj nei 2% antrini poringuma ir mo-
lio priemaisa 2-10%
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Fig. 13. Temperature vs. packing density of Middle Camb-
rian sandstones of Central and West Lithuania. Samples
that contain more than 1% of clay are marked (coated)
13 pav. Centrinés ir Vakary Lietuvos vidurinio kambro
smiltainiy sutankinimo indekso priklausomybés nuo tem-
peratiiros grafikas

the total length of the traverse; in other words, PD
indicates how closely detrital grains are spaced in a
sandstone. Both in Central and West Lithuania of
PD of sandstones is in the range of 70-80%, some-
times lower. Samples containing more than 1% of
clay show a typical PD > 76.

The porosity measured in thin sections of the
sandstones showed a similar temperature-dependent
trend estimated by petrophysical measurements. The
porosity showed a reverse correlation with tempera-
ture (Fig. 14).
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Fig. 14. Temperatiire vs. porosity of Middle Cambrian
sandstones of Central and West Lithuania measured from
petrographic studies of sanstone samples. A field of
sandstones with secondary porosity higher than 3% is dis-
tinguished

14 pav. Centrinés ir Vakary Lietuvos vidurinio kambro
smiltainiy poringumo, matuoto Slifuose, priklausomybés
nuo temperatiiros grafikas. ISskirta smiltainiy grupe, ku-
rivose antrinis poringumas virSija 2%

DISCUSSION AND CONCLUSIONS

A clear correlation between quartz cementation and
temperature has been found in the Baltic basin. On
average, a temperature increase of 10 °C leads to a
1.5% reduction in porosity through an increase in
the amount of quartz cement in Cambrian sandsto-
nes. Authigtenic quartz occurs at temperatures hig-
her than 40 °C, but the main increase in the quartz
cementation rate is recorded at temperatures higher
than 60-70 °C. The content of quartz cement is
around 10% in Central Lithuania, reaching 23-33%
in West Lithuania.

Nevertheless, considerable variations are obser-
ved in quartz cementation within the same tempe-
rature range, indicating other factors involved. The
sinsedimentary features, such as clay content and
its distribution in the formation, largely account for
that. It is notable that the most drastic differences
in porosity are recognised in the temperature range
80-90 °C, i.e. in the central part of the West Lithu-
anian geothermal anomaly. As shown by petrogra-
phic studies, this is a result of the secondary poro-
sity on the one hand and of the most severe quartz
cementation of sandstones on the other. The amount
of authigenic quartz is 22-26% in West Lithuania.
Sandy bodies showing an anomalous increase in re-
servoir properties contain only 12-18% of authige-
nic quartz due to quartz dissolution and removal
from sandy bodies. Secondary porosity is most com-
mon in the south of West Lithuania, indicating the

maximum temperatures and thus showing a clear
temperature-depended trend, though of a reverse
kind than the basin-scale tendencies.

The lithology of the Cambrian deposits somew-
hat influences the geothermal field by controlling
the geothermal gradient. The gradient is sensitive
to the porosity variations of sandstones as porosity
strongly influences thermal conductivity. In particu-
lar for sandstones, thermal conductivity is negati-
vely correlated to porosity, a relation that can be
described by a first-order correlation equation k =
=-0.14*w + 6.1 (k is the thermal conductivity, w
is the porosity). The correlation coefficient is the
highest for sandstones (+0.76), whereas lower for
siltstones and shales (+0.59 and +0.56, respective-
ly) and essentially lower for intercalating siltstones
and shales (+0.34). The thermal conductivity is only
2.2 W/mK in sandstones having a [25% porosity,
while averaging to 6.3 W/mK in sandstones having
a 1-3% effective porosity. The trend of siltstones is
very close to that of sandstones though having a
less steep correlation angle as compared to shales.
The difference between siltstones/shales and sand-
stones increases with the porosity decreasing from
around 0.4 W/mK for 20-25% porosities to 1.2 W/
mK in the low porosity range.
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TERMINIO REZIMO POVEIKIS KAMBRO
SMILTAINIU KVARCO CEMENTACIJAI LIETUVOJE

Santrauka

Kvarco cementas yra vienas pagrindiniy veiksniy, lemian-
¢iy kambro smiltainiy kolektorines savybes Centrinéje ir
Vakary Lietuvoje. Kylant temperatirai, didéja kvarco ce-
mento kiekis. Si priklausomybé yra tiesinés formos: vidu-
tiniSkai 10°C temperatiiros padidéjimas koreliuojamas su

1,5% poringumo sumazejimu. Taciau $i koreliacija skirtin-
goms Deimenos grupés svitoms yra vidutini§kai pasislin-
kusi 2-4%. Apatine, Pajtrio, svita pasizymi didesniu po-
ringumu, lyginant su Ablingos ir ypa¢ Giruliy svitomis.
Tai rodo, kad ne tik temperatiira yra lemiamas kvarco
cementacijos veiksnys. Formuojant prognozini kolektori-
niy savybiy modelj reikia patyrinéti ir kitas priezastis. Skir-
tuma tarp svity daugiausia lemia skirtingas molingumas ir
smiltainiy gridétumas.

Petrografiniai tyrimai rodo, kad antrinio kvarco Centri-
néje Lietuvoje yra apie 10%, vietomis Sis kiekis padidéja
iki 19%, ir tai siejama su paleogeoterminémis anomalijo-
mis. Vakary Lietuvoje antrinio kvarco kiekis iSauga iki
22-26%, kartais virSija 30%. Taciau vietomis autigeninio
kvarco cemento sumazéja iki 12-22%. Tai ypac biidinga
Pietvakariy Lietuvai. Sis antrinio kvarco sumaZéjimas ir
atitinkamai poringumo padidé€jimas susijgs su detritinio ir
autigeninio kvarco antriniu tirpinimu, kuris buvo maksi-
malus didziausiy temperatiiry srityje.

Kambro uolieny termofizinés savybes veikia geotermi-
nj lauka, daugiausia sukeldamos geoterminio gradiento va-
riacijas pjivyje. Sios variacijos susijusios su $ilumos laidu-
mo koeficiento kaita, o pastarasis ypa¢ glaudziai susijes
su poringumo poky¢ciais.

Caymioc Ilnayna, Monanta Umkene,
Hukomaac MoJienaap

BIUAHUE TEPMAJIBHOT'O PEXKMMA HA
KBAPHEBYIO HEMEHTALINIO
KEMBPUNCKUX IECYAHUKOB JIUTBBI

Peswowme

KBaprieBblil 1IeMEHT SIBISIETCSI OCHOBHBIM (DaKTOPOM, OTI-
peneNnsIomuM KOJUIEKTOPCKHE CBOWMCTBA KEeMOPHUHCKUX
necuaHukoB Llentpanbuoit m 3amagnoit Jlutesl. Ero
KOJIMYECTBO KOPPEIUPYET C TEMIIEPATYPOIl KOJJIEKTOPA.
ABTUTEHHBIM KBapl MOSIBISETCS B IE€CYaHUKAX IpHU
temrniepatype >40°C. OCHOBHOE ke OKBaplieBaHUE CBS-
3aHO ¢ Temmepatypoir >60-70°C. Tak, B 30He cpemHUX
TEeMIEepaTyp KOJIUYECTBO KBAPIIEBOTO LIEMEHTA SIBIISETCS
okomno 10%, Torma xak B 3amagHoil JIUTBe ero KoJju-
YECTBO B MECUAHHMKAX PE3KO yBeauuuBaercs 10 25-33%.
B 30He MakcUMaJbHBIX TEMIEPATYpP OIHAKO OTMEYaeTcs
pe3Koe yMEHbIIEHHE KOJIMYECTBAa KBAapLIEBOI'O IIEMEHTA
10 12-22% B HEKOTOPBIX YACTIX KOJUIEKTOpa. DTO CBS-
3aHO CO BTOpPHYHOM nopucrtoctbio. Kpome toro, xoppe-
JIALUAI0 TEMIepaTypa—KBapleBblid [EMEHT YCIOXHSIOT
BIIMSIHUE TPAaHYJIOMETPUUYECKOTO COCTaBa MECUaHUKOB U
MIPUCYTCTBUE TJIMHUCTOrO MaTepHala.



