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B amom O0oknade aHanuaupyromcsi meHOeHyuu pacrpedenieHusi 2iUHUCMoz20
Mamepuana U opa2aHU4yeckoao yarnepoda 8 HUXHecunypulickux ropodax. [ns
uccriedogaHusi bbino eblibpaHo 6 ckeaxuH 6 3anadHou Jlumee. rpu nomMowu
npoepammbl "GeoGraphix” bbinu eusedeHuUs1 Kpusble pacrpedesieHuUsi 21UHUCMOo20
6 mamepusina paspe3ax CKeaXuH U cleniaHa Koppesnsyus paspel3os Mexoy
CKea)kuHa U, 8 KOMOPbIX ompaxaemca pacripedesieHue 2ruHbl U op2aHU4eCcKo20
yanepoda. Pe3ynbmamy amol uHmeprnpemauyuu moxem 6bimb Crosib308aHb! npu
OanbHeliwem uccriedosaHuu rnomeHyuana criaHuee8o20 2asa 8 HUXHeCUsTypulicCKuX
rnopodax 3anadHou Jlumesi.

The Baltic Silurian Basin is a sedimentary basin, situated on the Western
margin of the East European Craton (EEC) (Lazauskiene et al., 2003). Flexural
bending on the margins of the EEC occurred in response to the collision of Eastern
Avalonia and Baltica in Silurian times, creating an asymmetrical foreland basin
(Poprawa et al., 1999). This resulted in the Silurian sediments varying from ~5 km
in the west and to ~50-100 m at the basin margin in Lithuania. Maximum extent of
the basin occurred towards the end of the Llandovery which coincided with the
greatest period of subsidence and global sea level rise (Lazauskiene et al., 2003).
The Silurian system is widely distributed and is exposed in the northern and north-
western parts of the basin (Estonia, Gotland), while the most stratigraphically
complete section is in the western part of Lithuania. The studied Early Silurian
sediments were deposited in a deep-shelf marine environment and comprise a
succession dominated by organic-rich graptolite shales. The formation is rather
variable in facial composition as well as organic-richness. Whilst, the Silurian
succession is one of the best explored in the Baltic region - previous studies implied
that only Llandovery organic matter-rich black graptolite shales could be considered
as the major potential shale oil/gas plays in the basin. A number of important
parameters of organic richness, maturation, lithofacial distributions, sequence
stratigraphic framework etc. of the Llandovery shales have been outlined in the
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previous studies (Zdanaviciute, Lazauskiene, 2009). Meanwhile, studies of the
clayey section and key shale properties still remain episodic. Little is known about
1) the Silurian distribution of clay content and its relationship to content of organic
carbon; 2) trends of distribution of these parameters in the different parts of the
basin both laterally and, especially, in the cross-sections. As the Lower Silurian is
considered as a promising in terms of shale gas potential, this implies the need for
more detail studies of the variation of organic carbon and clay content. This study is
devoted to the examination of relationship between clay and organic carbon
contents in the Lower Silurian succession of the Lithuanian part of the Baltic
Silurian Basin. The shale content variation in six wells from Western Lithuania has
been calculated from the gamma-ray logs by adopting the standard procedures.

The shale (clay) content (Vshl) of the upper Silurian was calculated using the
standard equation:

_ GR_GRcIean
! GRshI - GRcIean

where — GRclean - minimal natural gamma-ray curve value reflecting pure
limestone radioactivity (in our case it was 2-4 mcR/h); GRshl — radioactivity value of
shale (15-20 mcR/h).

After recalculation to Vshl in case of "pure® limestone the value is 0 and in
case of shale is 1. The cross-sections of clay content were compiled interpolating
Vshl values in plane between the wells. The shale content data have been
correlated with the distribution of the organic carbon in order to study the
relationship of these parameters. Previous studies implied that increased content of
the organic carbon shows clear linear correlation with increased Gamma-ray values
in the Silurian sections in the Baltic Basin (Poprawa, 2010; Lazauskiene et al.,
2014). The regularities of variation of the shale content were studied separately for
the Lower and Upper parts of the Silurian. The study was mainly focused on the
Lower Silurian, because there the highest values of the organic carbon were
observed from previously done analyses. The data used for this study was taken
from the industrial reports available at Geological Survey of Lithuania. The highest
organic carbon content values were found for the middle and upper Llandovery in
Usénai-3 well (Corg values from 0.5 to almost 2%). It was established that
calculated shale content in Usénai-3 — Rukai-2 — Geniai-1 wells is relatively high
(Fig. 1). It was observed that shale content values are more than 0.8 in the Middle
and Upper Llandovery sediments. Thus, in the mentioned interval shale content is
higher than average, while organic carbon content variation is high. The data of
organic carbon content is not available for the Lower Llandovery, while calculated
shale content is up to 0.3. Just one organic carbon value (equal to 1.8%) is
available for Wenlock strata in this well and shale content is quite low in this layer.
Very similar organic carbon and shale content variation trend is observed in Rikai-
2 well. The amount of the organic carbon varies from ~1% to more than 8% within
this section. The highest organic carbon content (up to 8.3%) was in the Middle and
Upper Llandovery. There was also found rather low value (1.5%) which suggests a
very high heterogeneity of the organic carbon in well section even within rather
narrow interval. Shale content within this interval exceeds 0.6%, which indicates
very good correlation with enlarged organic carbon content in the same interval. In
the Lower Llandovery there just one organic carbon value equal to 1% was
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obtained. Shale content is quite low in this layer as well and is up to 0.2. Shale
content does no exceeds 0.38 in Wenlock section that implies rather low shale
content in the Wenlock section, but there were no organic carbon content
measured earlier for correlation. The data very well indicates higher shale content
in case of higher organic carbon content and conversely, that implies linear
correlation between shale and organic carbon content in the section.
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Fig. 1. Shale content alternation in the cross-section Usénai-3 — Rikai-2 —
Geniai-1.

The same trends as in Rukai-2 well are observed in section of Geniai-1 well.
The content of organic carbon is highest (from 1% up to 8.3%) in the Middle and
Upper Llandovery and organic carbon content considerably differs in rather narrow
interval that implies heterogeneity. Shale content varies from 0.4 to 0.6. Two
organic carbon analytical values (~2%) were found for Wenlock sediments, while
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the shale content is up to 0.4 there. In Diegliai-1 well in the Middle and Upper
Llandovery there were two organic carbon values established: organic carbon
content is very low, i.e. 0,1% and 0,2% (Fig. 2). The average of shale content of the
Middle Llandovery is 0.5, and 0.2 of the Upper Llandovery. The shale content
decreases from 0.4 to 0.1 in Lower Llandovery sediments. The shale content 0.2 on
average is in the Wenlock section. Though organic carbon content is low in the
mentioned section, the shale content variation tendency is quite similar as in
previously described wells. Considerably different trends have been observed in
Veivirzénai-1 well: most of the organic carbon values of Wenlock section are within
0.2-2% interval (Fig. 2). The organic carbon value exceeding 6% has been found in
this section. However, average shale content is just over 0.3 in this section. Only
one, but rather high, organic carbon value — 5.8% has been found for the Middle
and Upper Llandovery, but shale content does not exceed 0.6. Just one organic
carbon value (~0.2%) has been found for Lower Llandovery sediments. Analysis of
Veivirzénai-1 well section showed quite high organic carbon content in Wenlock
(Fig. 2). In comparison to trend observed in Veivirzénai-1 well, we see again
another picture in Slapgiriai-1 well: as there were defined much less organic carbon
values. There were defined two organic carbon values — 0.2% and 0.4% in Lower
Llandovery sediments. Organic carbon content is 0.2% and 4.3% in the Middle and
Upper Llandovery, shale content averages around 0.6. There was defined just one
organic carbon value — 0.3% in Wenlock, while shale content ranges from 0.3 to 0.4
in this section.

Fig. 2. Sale contnet alternation of cross-section Diegliai-1 — Veivirzénai-1 — Slapgiriai-1.
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It could be concluded that correlation between shale and organic carbon
content may exists in studied wells except in Veivirzénai 1 well. The most
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favourable conditions in terms of organic carbon and shale content composition are
observed in shale enriched 5-10 m thick sedimentary layer of the Lower Llandovery
and also middle part of the Wenlockian succession where 30-50 m thick, very
shaley and homogenous layer of low shale content is located. After the analysis of
organic carbon and shale content variations we could conclude, that these two
parameters could be related, i.e. in the intervals, where organic carbon content is
increased, shale content is also higher, and vice versus - where organic carbon
content is lower — shale content is also rather low.
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The article is supposed to give a theoretical basis for atlas mapping, for
example, the design of thematic Atlas "Water resources of Brest region".

KapTa, kak obpasHo-3HakoBass Mogenb, SIBNSETCA HarnsgHbiM OTpaXkeHnem
CylLLecTBylOLEN OENCTBUTENBHOCTU. KTO Kak HM KapTa MOXET HarnsgHo oTpasnTb
CBOMCTBa, B3aMMOCBS3M U OCOBEHHOCTM KapTorpadupyemMblx siBrieHuin. OpgHako
ecnn o0O0bekTbl unu sBNeHus, u3obpaxaemble MO cpeacTBam KapTorpagum
AOBOMbHO OGLUMPHBI M MHOFOrpaHHbl, TO M306pa3nTb MOSHYK KapTUHY Ha OAHOW
NUWb KapTe He npeactaBnseTcs BO3MOXHbIM. YTobObl pewnTb AaHHy npobnemy,
kapTorpadbl C JaBHUX BPEMEH Hay4YUIUCb COCTaBMATb CEpUM KapT, 00 beaANHEHHbIX
noa oAHOM TEMATUKOW, B atnachl.
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