Kasmetiné geologijos krypties doktoranty konferencija

Annual Conference of PhD Geology Students

2017 m. lapkricio 1 d., Vilnius

17 November 2017, Vilnius

KONFERENCIJA ORGANIZAVO VILNIAUS UNIVERSITETO CHEMIJOS IR GEOMOKSLU
FAKULTETO, GEOMOKSLU INSTITUTO, GEOLOGIJOS IR MINERALOGIJOS KATEDRA

ORGANIZED BY DEPARTMENT OF GEOLOGY AND MINERALOGY, INSTITUTE OF
GEOSCIENCES, FACULTY OF CHEMISTRY AND GEOSCIENCES, VILNIUS UNIVERSITY



162 Kasmetiné geologijos krypties doktoranty konferencija, 2017 m. lapkricio 17 d., Vilnius

VIRSUTINIO PERMO PALAEONISCIDAE IR EUSELACHII DANTU
IR ZVYNU VIDINES SANDAROS ANALIZE NAUDOJANT ESM
LIETUVOS-LATVIJOS REGIONE

Darja Dankina-Beyer’, Andrej Spiridonov, Sigitas Radzevicius

Vilniaus universitetas, Geomoksly institutas, Geologijos ir mineralogijos katedra, M. K. Ciurlionio g. 21/27, 03101 Vilnius,
Lietuva
* El. pastas darja.dankina@gmail.com

Paleontologinio tyrimo santraukoje, remdamiesi Karpény ir Kumo karjery atodangy duo-
menimis, pristatome pirmuosius virSutinio permo zuvy zvyny ir dantuky fosilijy vidinés
sandaros analiziy rezultatus. Siy dviejy atodangy karbonatiniy uolieny sluoksniai atitinka
ir atspindi Naujosios Akmenés (Lietuva) ir Alsi, Kumo ir Auce (Latvija) svitas. Lauko darby
metu méginiai buvo paimti kas 1,5-2,0 metrus i$ vertikalaus pjiavio. Bendras méginiy svoris
siekia apie 430 kg klinties. Atlikus medziagos tirpinimo ir zuvy fosilijy atrinkimo tyrimus
pagal standartines metodikas buvo rasti Zvynai ir dantys, priklausantys kremzliniy ir kauliniy
zuvy klasiy atstovams. Apdorojant Karpény karjero méginius buvo rasta 113 Zvyny ir vienas
dantis i§ Euselachii bei Palaeoniscidae $eimos 97 dantys ir devyni Zvynai. Kumo karjere fosili-
ju kiekis yra didesnis — 503 dantys ir 67 Zvynai Palaeoniscidae bei 88 Zvynai Euselachii. Pagal
nustatyta fosilijy jvairove buvo isskirtos keturios pagrindinés grupés tolimesniems tyrimams
atlikti: Euselachii zvynai, Euselachii dantys, Palaeoniscidae Zvynai ir Palaeoniscidae dantys.
Kiekvienoje grupéje, isskyrus Palaeoniscidae zvynus, buvo atrinktos kelios morfologiskai pa-
sikartojancios fosilijos slifavimo gamybai rankiniu badu. I§ viso atliktas 21 Slifas, i§ kuriy
tik aStuoni vienetai gerai atspindi zuvy fosilijos vidine sandarg. Kokybiskai atlikti $lifai buvo
analizuojami su elektroniniu skenuojamu mikroskopu (ESM). Paleozojaus primityviy kremz-
liniy zuvy zvynams ir dantims badinga single crystallite enameloid (SCE) sluoksnio danga
(Botella ir kt., 2009). Butent $is sluoksnis buvo nustatytas kiekvienoje analizuojamoje gru-
péje tyrinéjant virSutinio permo zuvy fosilijy $lifus Lietuvos-Latvijos regione. Remdamiesi
histologijos analizés rezultatais patvirtinome Helodus genties traiSkantj dantj, rasta Karpény
karjere. Tiriamos fosilijos slife buvo nustatyti tubular dentine ir SCE sluoksniai. Sie du vidinés
sandaros pozymiai jrodo Helodus sp. atstovo btivimg Lietuvos-Latvijos regione.
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The chondrichthyans and actinopterygians scale and teeth histology obtained from the Up-
per Permian carbonate deposits in the Lithuanian-Latvian region based on scanning electron
microscope (SEM) examination is described here for the first time. The carbonate deposits
from the Karpénai (northern Lithuania) and Kumas (southern Latvia) quarries stratigraphi-
cally correspond to the Naujoji Akmené Formation and Alsi, Kiimas, and Auce Formations.
The samples were taken vertically every 1.5-2.0 m from both sites. The total weight of the col-
lected rock samples reached 430 kg. All samples were dissolved and the residue was naturally
dried and sieved according to standard methodology for the vertebrate microfossils. As a re-
sult of extracting extremely tiny fish microremains, 113 scales and 1 tooth of Euselachii cohort,
97 teeth and 9 scales of Palaeoniscidae tamily in Karpénai Quarry were found (Dankina et al.,
2017). More abundant and richer fish assemblages were obtained in Kumas Quarry such as
503 teeth and 67 scales of Palaeoniscidae family, 88 scales of Euselachii cohort. The found fos-
sils were divided in the main four groups based on the fish diversity of both sites: Euselachii
scales, Euselachii teeth, Palaeoniscidae scales and Palaeoniscidae teeth. All group members,
except for Palaeoniscidae scales, were picked and prepared for the histology examination
under SEM using the hand-made thin section method. Previous studies on tooth and scale
enameloid microstructure provided a single crystallite enameoid (SCE) as a monolayer in
the most primitive chondrichthyan taxa (Botella et al., 2009). However, the dental and der-
mal denticle microstructure of the Paleozoic ichthyofauna has yet to be investigated. We have
studied the crushing tooth and some scales of Euselachii and some conic-shaped teeth of
Palaeoniscidae microstructure of the Upper Permian chondrichthyans and osteichthyans. As
a result, the investigation with SEM has shown the presence of the crown and superficial cap
of single crystallite enameloid of euselachian-type scales and conic teeth of palaeoniscoid as
well as tubular dentine on the Helodus sp. tooth.
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Prognoziniy priesistoriniy zmoniy gyvenvieciy pasiskirstymo tyrimy rezultaty nauda dél
mazos tyrimy apimties ir netinkamos metodikos gali buti ribota. Patartina tokiuose tyri-
muose siekti didziausios (atsizvelgiant j galimus suvarZymus) chronologinés raidkos, erdvi-
nés apimties ir tiriamy aiSkinamuyjy kintamuyjy kiekio. Metodiskai gerai atlikti tyrimai gali
atskleisti priesistoriniy zmoniy ekologinj konteksta ir signalizuoti pokycius kultarinéje
evoliucijoje ir / arba dél gamtiniy aplinkos salygy. Skirtumai tarp tirty laiko intervaly gali
bati nustatyti kokybiskai, jvertinus modeliy struktaras, arba kiekybiskai, prognoziy popu-
liacijy stabilumo indeksais, prognoziy poky¢iy zZemélapiais ir kintamyjy svarbos rangy ko-
reliacijomis. Adekvaciai metodologijai yra svarbu tinkamai pasirinkti tyrimy plota ir atlikti
nepriekaidtingg gyvenvieciy pasiskirstymo prognoziniy modeliy jvertinimg. Idealiu atveju
aiskinamuyjy kintamuyjy poveikis gyvenvieciy pasiskirstymui turéty bati homogeniskas visa-
me tyrimo plote. Norint tai uztikrinti, galima pirma atlikti prognostine ir klasterine analizes
aukstesniame krastovaizdzio hierarchijos lygmenyje. Maza regioniniy prognoziy variacija to
paties klasterio teritorijoje, remiantis reik§mingy regioniniy kintamyjy analize, galéty bati
tinkamas indikatorius atskleidZiant gerg duotosios teritorijos kandidatiirg mikroregioninei ar
lokaliai analizei. Si perspektyva leidzia atlikti analize erdvéje nevientisose teritorijose, tokiu
budu labai praple¢iant tyrimo plota. Atliekant prognoziniy modeliy vertinimg turéty bati
atsizvelgta j duomeny patikimumg ir kintamyjy erdving autokoreliacija. Preliminaris regio-
ninés mezolito gyvenvieciy pasiskirstymo Lietuvoje analizés rezultatai rodo, kad nesalyginés
gausinés simuliacijos su panasiais erdvinés autokoreliacijos mastais realiems kintamiesiems
duoda beveik tokius pat gerus prognozinius modelius, kaip realis kintamieji (pakartotiniy
10-im¢iy kryzminiy patikrinimy AUROC 0,94 > 0,90, p-verté <2,2e7*¢). Modeliai, apdorojan-
tys visus duomenis, gali bati lyginami su modeliais, analizuojanciais patikima duomeny dalj.
Tolimesni geologijos ir geomorfologijos jtakos Lietuvos priesistoriniy Zmoniy gyvenvieciy
pasiskirstymui tyrimai ir prognozinis gyvenvieciy i$sidéstymo modeliavimas turéty atskleisti
tikrg pasitlytos metodologijos potenciala.
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The usefulness of results of predictive prehistoric human settlement distribution studies might
be impaired because of the limited research extent and the methods employed. For the for-
mer, it is strongly advised in such studies to seek maximal (considering possible limitations)
chronological resolution, spatial extent and quantity of investigated explanatory variables.
Such methodically soundly performed analysis might reveal the context of prehistoric human
ecology and signal the shifts in cultural evolution and/or natural environmental conditions.
Differences between studied time intervals can be evaluated qualitatively by means of model
structure or numerically by population stability indexes of predictions, maps of predictions
change and by correlations of variables importance ranks. In developing adequate method-
ology, it is important to properly choose a research area and perform good evaluation of
the settlement distribution predictive models. Ideally, the effect of explanatory variables on
the distribution of settlements should be homogeneous in all research area. To ensure this,
predictive and cluster analysis initially could be performed at a higher landscape hierarchy
level. Low variability of regional predictions at the area of the same cluster, based on analysis
of significant regional variables, could be a suitable indicator of good candidacy for the given
territory for a micro-regional or local level analysis. This approach allows performing analysis
even at spatially discontinuous territories, greatly extending the research area. For the evalua-
tions of predictive models, the reliability of data and the effects of variables spatial autocorre-
lation should be considered. Preliminary results of regional analysis of Mesolithic settlements
distribution in the Lithuania show that unconditional Gaussian simulations with similar spa-
tial autocorrelation levels to the real variables give predictive models almost as good as real
variables (repeated 10-fold cross-validation AUROC 0.94 > 0.90, p-value <2.2¢7'¢). Similarly,
the models trained with all data can be compared to the models trained with only the reliable
part of the data. Further research of geological and geomorphological influence on the dis-
tribution of Lithuanian prehistoric human settlements and predictive modeling of settlement
patterns should demonstrate the real potential of the proposed methodology.
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Didzigja Lietuvos teritorijos dalj dengia stora kvartero nuoguly danga. Vélyvojo ledynme-
¢io ir holoceno laikotarpio aplinkos pokyciai geriausiai atsispindi ezery ir pelkiy nuosédy
analiziy rezultatuose. Tac¢iau besikei¢iancios aplinkos veiksniai, priezastys ir mechanizmai
vis dar néra visigkai suprasti. Vertikalioje nuosédy kolonéléje atrinktiems 48 nuosédy mégi-
niams atlikta rentgeno spinduliy fluorescenciné analizé, kurios metu nustatyti 23 makro- ir
mikroelementai. Organiné medziaga, CaCO, ir mineraliné liekana nustatyti pagal kaitinimo
nuostolio metodg. Rezultatai pavaizduoti grafiskai ir atlikta pirminé statistiné analizé. Atsi-
zvelgiant j nuosédy litologija bei j TILIA ir TILIA-graph statistiniy programy pagalba atlikta
stratigrafi$kai nepakeisty duomeny medziy diagramg, nuosédy kolonélé padalyta j keturias
sedimentacines stadijas. Pagrindinés sedimenty dedamosios ir jy tarpusavio priklausomybé
buvo analizuojamos i§samiau. Norint paskaiciuoti teorinj ,,minerogeniniy“ karbonaty kiekj
vidutiné CaCO,/mineralo santykio reik§mé padauginta i3 kiekviename méginyje nustatytos
CaCO, reik$més. ,Organogeniniy” karbonaty kiekis perskaic¢iuotas i§ bendros CaCO, nusta-
tytos reik§més atémus teorinj ,,minerogeniniy“ karbonaty kiekj. Skaic¢iavimai rodo, kad di-
dziausia ,,organogeniniy“ karbonaty sedimentacija vyko III sedimentacinéje stadijoje. Cia ie
karbonatai sudaro net 1/3 dalj visy karbonaty, nustatyty kaitinimo nuostolio metodu. Tyrimy
metu jvertintas kintantis koreliacijos koeficientas tarp nustatytos kalcio reik§mes ir apskai-
¢iuotos organinés medziagos yra statistiskai reikémingas tik keliuose gyliuose. Skai¢iavimams
pasirinktas langelio dydis 10 elementy. Koeficienty intervalas tarp —0,3 ir 0,5, kai p > 0,05, yra
statistiSkai nereiksmingas (1 pav.). Statisti$kai reik§mingiausias, bet neigiamas yra III ir IV
sedimentacinése stadijose. Sie skai¢iavimy rezultatai atitinka ir patvirtina teorine ,,organoge-
niniy“ karbonaty versija. Naudojant R-project programg ir funkcijy komplekta Vegan, buvo
pasirinkti svarbiausi 16 elementy ir atlikta pagrindiniy komponenciy analizé. Veikiantys me-
chanizmai, galintys i$skirti ir grafikai pavaizduoti elementus, budingi atskiroms sedimen-
tacinéms stadijoms. Panaudojus ,,Broken stick“ modelj buvo nustatyta, kad reik§mingiau-
sios yra pirmos dvi komponentés, kurios apibendrina aplinkos veiksnius, paaiskinancius net
90,17 % tokios duomeny sklaidos. Pirmasis veiksnys stipriai (bet neigiamai) koreliuoja su Na,
Mg, Al Si, K, Rb ir mineraline medziaga; vidutiniskai neigiamai koreliuoja su P, Fe; stipriai
teigiamai koreliuoja su organika; vidutiniskai teigiamai su Mn ir silpnai teigiamai su S, Ca, As,
Sr ir CaCO,. Antrasis veiksnys turi stiprig neigiamg koreliacijg su P ir S; vidutinio stiprumo
neigiama — Na, Fe, As ir organine medziaga; silpng neigiama koreliacijg su Al ir Mn; itin stip-
rig teigiama koreliacija su Ca, Sr ir karbonatais; vidutini$ka teigiama su mineraline medziaga
ir silpnai koreliuoja su Mg, Si, K ir Rb (2 pav,, A). Nustatyta, kad pirmy dviejy stadijy metu
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dominuoja terigeniniai elementai. Trecios stadijos nuosédos pagal dominuojancius elemen-
tus pasiskirsto j dvi grupes ir priklauso daugiausia nuo: a) bioprodukcijos, b) terigeninés me-
dziagos nesimo, atsiradusio galimo klimatinio jvykio metu. Ketvirta sedimentaciné stadija
atstovauja labiausiai organine medziaga praturtintoms nuosédoms, kuriose gausu S, As, Mn
elementy (2 pav., B). Tyrimy rezultatai bus panaudoti tolimesniems ezero aplinkos poky¢iy
tyrimams, kuriy metu planuojama atlikti koreliacijas su kitais elementais ir tam tikrais laiko-
tarpiais i$skirtomis aplinkoje vyravusiomis augaly grupémis.

Raktazodziai: PCA, kintantis koreliacijos koeficientas, ,,organogeniniai® ir ,,minerogeni-
niai“ karbonatai, paleoaplinkos kaita
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Thick quaternary sediments form most of the Lithuanian landscape. Late glacial and Holo-
cene palaecoenvironmental changes are best identified analysing sequences of lake or peat
sediments. However, environmental drivers of the changes from this time are still not fully
understood. The XRF analysis was performed by X-ray fluorescence spectrometry for 48 ana-
lytical samples, and results for 23 major and minor elements were used for down-core plots
and brief multivariate statistical analyses. Organic matter, CaCO, and mineralogical matter
was determined by the LOI method. Based on the sediment description and stratigraphically
constrained cluster analysis, performed applying TILIA and TILIA-graph programs, for new
data results, the core was split into 4 sedimentological stages. The main sediment components
and their interdependence were analysed. To calculate hypothetical minerogenic carbonates,
an average ratio of CaCO,/mineral was chosen, which was multiplied by each value of CaCO.,.
Organogenic (biogenic) carbonates were computed by subtracting the nonbiogenic value
from total CaCO,, accordingly. These calculations show the highest biogenic carbonate con-
centration in sedimentation stage III. On an average, one third of total carbonates determined
by the LOI method is reached there. Moving correlation coefficients (used window for mov-
ing correlation is 10 point long, and statistically insignificant interval between —0.3 and 0.5,
when p > 0.05 is excluded) for Ca/biogenic shows only a few statistically significant intervals
(Fig. 1). The highest, but negative correlation coefficients are in sedimentation stages III and
IV. This data agrees with previous data and proves the hypothetical biogenic carbonate calcu-
lations. The multivariate analysis was done for chosen 16 elements using R-project software
and Vegan package. The principal component analysis (PCA) to visualize patterns of relation-
ships between elemental data for each sedimentological stage was used and general drivers
were distinguished. The broken stick model was used to specify on first two the most impor-
tant and statistically significant components, which explain 90.17% variance of response data.
The first component strongly negatively correlated with Na, Mg, Al Si, K, Rb and mineral mat-
ter; moderately negatively with P, Fe; strong positive correlation was observed with organic
matter; moderate positive correlation with Mn; weak positive with S, Ca, As, Sr and CaCO..
The second component strongly negatively correlated with P and S; moderately negatively
correlated with Na, Fe, As and organic matter; weakly negatively correlated with Al and Mn;
strongly positively correlated with Ca, Sr and CaCO,; moderately positively correlated with
mineral matter; weakly positively correlated with Mg, Si, K.and Rb (Fig. 2, A). In the first two
stages (the deepest lake bottom sediments) clastic elements dominate. Stage III elemental
data could be divided into two groups which include elements that are related to: a) biopro-
ductivity, as production of biogenic carbonatic material begins; b) terigenic (mineral) matter
inflow, which could be related to temporal climatic events. Stage IV - the top of the sediments
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represents organic matter, which is also followed by higher S, As, Mn absorbtion or accu-
mulation (Fig. 2, B). These relations are an object for further palaeoenvironmental studies,
investigations and correlations with biotic proxies.

Keywords: PCA, moving correlation coefficients, biogenic/minerogenic carbonates, pal-
aeoenvironmental changes
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1973-1976 metais per tikslinius kristalinio pamato tyrimus Piety Lietuvoje buvo isskirta
Varénos gelezies rudos juosta (VR]), apimanti keliolika gelezies riidos anomalijy ir Varénos
gelezies rados telkinj (VGRT), kuriame atlikti paieskos jvertinamieji darbai. Telkinyje ir kai
kuriose VR] geleZies riidos apraiskose taip pat aptikta retyjy zemiy elementy (RZE), P, Th, U
mineralizacijos anomalijos. Apatitas yra potencialus RZE neséjas ir fosforo $altinis, papildo-
mai Sie tyrimai gali suteikti ir duomeny apie VR] bei VGRT kilme. Apatito apraiskos VR] nu-
statytos 15-oje greziniy (358, 410, 966, 970, 978, 987, 989, 991) ir Varénos gelezies ridos tel-
kinyje (980, 981, 20157 (7), 20158 (8), 20171, 20176, 20183). Apatitas dazniausiai sutinkamas
Varénos komplekso uolienose (Motuza, Kirkliauskaité, 2016) - serpentinite, magnetitinése,
serpentin-magnetitinése, flogopito-serpentino-magnetitinése ir amfibolinése uolienose. Jis
sudaro keliy cm storio ir keliolikos cm ilgio monomineralines gyslutes, iki keliy cm plocio
lesius arba pasiskirsto pavieniais gradais uolienoje (1 pav). Apraiskos jvairiu laipsniu, tac¢iau
gana tolygiai pasiskirsto minéty uolieny kiinuose, kuriy storis (matomas pagal greziniy ker-
ng) siekia nuo keliy desimciy iki keliy $imty metry.
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1 pav. Kairéje — Gr. 20171, gylis - 915,4 m., apatito lesis amfibolinéje uolienoje; desiné-
je — Gr. 20157, gylis — 999,5 m., apatito gysla magnetito radoje
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2 pav. Kairéje - Gr. 20157, gylis — 999,5 m., apatito gysla serpentininéje-magnetitinéje
uolienoje, sukryziuoty nikoliy Sviesoje. Vaizdo plotis 5,5 mm. Ap - apatitas, Srp - serpentinas.
Desinéje — Gr. 20171, gylis — 915,4 m., apatito leSis amfibolinéje riidoje, sukryziuoty nikoliy
$viesoje. Vaidzo plotis 5,5 mm. Ap - apatitas, Hbl - raginukeé

Apatito grudeliy pavidalas jvairus: idiomorfiniai, hipidiomorfiniai, keliy mm dydzio;
alotriomorfiniai, smulkiagradziai; pasitaiko ir pavieniy grady iki cm dydzio per ilgaja asj
(2 pav.). Pagal sudétj yra maziausia dvi apatito ragys, kurios skiriasi Cl ir F kiekiu. Aiskaus
zoniskumo apatite kol kas nenustatyta. Apatitas praturtintas lengvaisiais RZE ir Y, nors jy
kiekiai salyginai nedideli (2 000-3 000 ppm).
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The Varéna Iron Ore Zone (VIOZ) is located in the crystalline basement of southern Lithu-
ania. During deep geological mapping and iron ore exploration in 1973-1996 the Varéne iron
ore deposit was revealed and explored for the assesment of the economic feasibility of ex-
ploitation. There also were discovered anomalies of rare earth elements (REE), Th, U and
apatite mineralization. Apatite was chossen for a more detail study as a potential host mineral
for REE and phosphorus. These studies can also provide new data for the determination of
the origin of the VIOZ and Varéna iron ore deposit. Apatite occurences in VIOZ are relatd to
the Varéna suite rocks (Motuza, Kirkliauskaité, 2016) and found in 15 boreholes (boreholes:
358, 410, 966, 970, 978, 987, 989, 991 and Varéna iron ore deposit: 980, 981, 20157 (7), 20158
(8), 20171, 20176, 20183). Most common apatite bearing rocks are: serpentinite, magnetite,
serpentinite-magnetite, phlogopite-serpentinite-magnetite and amphibolic rocks, where apa-
tite forms monomineralic veins and lenses up to a few centimeters (Fig. 1); in some cases it is
distrubuted as single grains. Another feature is that these patches are spread out along whole
intervals, which are from a few tens to a few hundred meters thick.
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Fig. 1. Borehole 20171, depth — 915.4 m. Apatite lense in amphibolic rock (left). Borehole
20157, depth - 999.5 m. Apatite vein in serpentine-magnetite ore (right)
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Fig. 2. Borehole 20157, depth - 999.5 m. Apatite vein in serpentine-magnetite ore (crossed
polarised light). Picture size 5.5 mm. Ap - apatite, Srp — serpentine (left). Borehole 20157,
depth - 999.5 m. Apatite lense in amphibolic rock (crossed polarised light). Picture size 5.5 mm.
Ap - apatite, Hbl - hornblende (right)

Grains of apatite are idiomorphic, hipidiomorphic (a few mm), in places alotriomorphic
accumulations, more rarely there are single grains up to 1 cm on the longer axis (Fig. 2). Based
on CL, F content, at least two types of apatite can be distinguished. There is no zonation fixed.
Apatite is enriched in LREE and Y, which content reaches 2 000-3 000 ppm.
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Vakary Lietuvoje siliro periodo stratigrafinis pjavis yra beveik isbaigtas, o apatiné jo dalis
(apatinis siltras) traktuojama kaip potencialiai perspektyvi skaltniniy dujy formacija (Zda-
naviciaté, Lazauskiené, 2007). Petrofizinés ir mechaninés savybés yra labai svarbios planuo-
jant skalGniniy dujy i$gavimo strategijas. Viena i$ svarbiausiy petrofiziniy savybiy yra porin-
gumas, kuris tiesiogiai koreliuoja su gyliu. Giliuose sedimentaciniuose baseinuose skaliny
poringumas daznai yra mazas, tac¢iau aptinkama pavyzdziy, kuriuose $is parametras yra ga-
nétinai didelis. Poringumo matavimy laboratoriniy tyrimy duomenys buvo surinkti i$ atas-
kaity ir pateikti koreliacinése diagramose ir pasiskirstymo zemélapiuose. Vakarinéje Lietuvos
dalyje pastebimas ry$kus poringumo reik§miy mazéjimas einant gilyn, reik§més kinta nuo
18-19 % ~1 km gylyje (vir$utinis silaras) iki 0,3-4 % ~2 km gylyje (apatinis silaras). Perspek-
tyviausioje pietvakariy Lietuvos dalyje (atsizvelgiant j organinés medziagos terminj brandu-
ma) poringumas yra mazas - 2-2,5 %, o tai galimai rodo potencialiai maza dujy kiekj porose.
Poringumo reik§miy analizé yra reikalinga norint nustatyti skaliiny storymes su perspek-
tyviausiomis savybémis, kad véliau buty panaudota jvertinant ekonomiskai naudingiausias
ju sankaupas. Mineraliné sudétis yra pagrindinis parametras vertinant skaliny mechanines
savybes. Apatinio siliro skaliny mineralinés sudéties duomenys surinkti i$ ataskaity ir pa-
tvirtinti analitiniais tyrimais naudojant skenuojantj elektrony mikroskopg ir rentgeno spin-
duliy difrakcijos analize. Pagal uolieny elgsena, kai jos paveikiamos i$orinés jégos, galima
isskirti dvi kategorijas: plastiskaja ir trapigja. Trapumo indeksas (BI) yra vienas i$ paprastes-
niy parametry, kuris padeda klasifikuoti skalinus pagal jy peréjima is elastiskyjy savybiy j
trapigsias. Trapumo indeksas buvo apskaic¢iuotas naudojant mineralinés sudéties duomenis,
turint omenyje, kad pagrindinis principas yra padalinti trapiausius mineralus i§ visy uolieno-
je esanc¢iy mineraly sumos. Skaliiny trapumas labiausiai priklauso nuo bendros karbonatinés
sudéties ir detritinés priemaiSos (Sone, Zoback, 2013). Apatinio siliiro skaliinai yra sudaryti i$
ilito, turincio jvairiy proporcijy smektito sluoksnius. Remiantis energijos dispersijos rentgeno
spinduliy analizatoriumi, molio mineraly sudétis kinta nuo gryno ilito (reciau) iki ilito, kuris
gausiai praturtintas smektito kiekiu. Detritinis smektitas taip pat yra daznai aptinkamas, o i$
kity dominuojanciy detritirniy mineraly - tai kvarcas ir lauko $patai. Vakary Lietuvos skala-
ny nustatytas trapumo indeksas kinta nuo 0,13 iki 0,43. Didzioji dalis apatinio siliiro skaliny
yra klasifikuojami kaip maziau trapts (BI 0,36-0,4). Tai yra palankus dydis vertinant apatinio
silaro skaliny dujy eksploatavimo perspektyvas Lietuvoje.

Raktazodziai: silaro skaliinai, petrofizinés savybés, mechaninés savybés, trapumas, mine-
raliné sudétis
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West Lithuania has a complete Silurian section. The lower part (Lower Silurian) is considered
a potential formation for shale gas exploration (Zdanaviciaté et al., 2007). The petrophysical
and mechanical properties of shales are important parameters for planning the gas extraction
strategies. One of the important pertrophysical properties is porosity, which directly corre-
lates with the burial depth. Porosity of shales, in general, is low in deeply buried basins, but
shale porosities can exhibit rather high values. Porosity data for this study were collected from
industrial reports and summarized in the porosity distribution maps and correlative charts.
In the western part of Lithuania, there is a distinct porosity reduction with a depth trend,
porosities ranging from about 18-19% at the depth of ~1 km (Upper Silurian) to 0.3-4% at
the depth of ~2 km (Lower Silurian). Values are in the range of 2.0-2.5% in the most prospec-
tive (in terms of the thermal maturity of the organic matter) area in SW Lithuania, which is
considered rather low implying limited content of gas trapped in pores. Porosity is needed to
evaluate and distinguish shales with potentially best characteristics, so later it could be used
to determine the most economically valuable sections. Mineralogical composition of shales
primarily controls shale mechanical properties. Mineralogical composition of the Lower Silu-
rian shales was determined using scanning electron microscopy and X-ray diffraction analy-
sis. Based on rocks behaviour, when it is subjected to stress, it is possible to classify rocks
into two marginal classes: ductile and brittle. The brittleness index (BI) is one of the simple
parameters that help to classify shales by their transition from brittle to ductile properties. BI
was calculated using shale mineralogical composition. The main aspect in dividing the most
brittle minerals is the summing of constituent minerals in the rock sample. The shale brittle-
ness depends primarily on the admixture of carbonates and detrital silt (Sone et al., 2013).
The Lower Silurian shales are mainly composed of illite containing smectite layers at different
proportions. Following energy dispersive X-ray analyser (EDX) data it ranges from pure il-
lite (rare) to high enrichment in smectite content. Detrital smectitite has also been identified.
As for dominating detrital minerals, they are represented by quartz and feldspar silty grains.
The calculated brittleness index (BI) varies from 0.13 to 0.43 in west Lithuanian shales. Most
of the Lower Silurian shales are classified as less (moderate) brittle (BI 0.36-0.40). It is a fa-
vorable index for evaluating gas exploitation prospects in Lithuanian Lower Silurian shales.

Keywords: Silurian shales, pertrophysical properties, mechanical properties, brittleness,
mineralogical composition
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Vertinant netradiciniy angliavandeniliy (dujy) potencialg yra nustatomas uolienose esantis
bendras organinés anglies kiekis, uolieny molingumas, organinés medziagos brandumas, uo-
lieny poringumas, jy mineraloginé sudétis ir kiti parametrai, i§ kuriy vieni svarbiausiy yra
bendras organinés anglies kiekis ir molingumas. Siame darbe nagrinéjami sie svarbiausi para-
metrai: uolieny molingumas, nustatytas pagal geofiziniy tyrimy grezinuose diagramy duome-
nis, ir organinés medziagos kiekis, jvertintas apibendrinant analitiniy tyrimy duomenis, bei
$iy parametry tarpusavio sgsajos. Tiriamos molingos uolienos stratigrafi$kai yra priskiriamos
ankstyvajam paleozojui (vidurinis ir vir§utinis ordovikas bei apatinis siliiras). Gauti rezultatai
apibendrina 28 greziniy duomenis. Susisteminus turimus duomenis apie bendra organinés
anglies kiekj buvo sudarytos reziumuojancios diagramos, atsispindinc¢ios organinés anglies
kiekio pasiskirstymo ir kaitos tendencijas apatinio siltiro ir virSutinio ordoviko uolienose.
Apatinio silaro (uenlokio ir lasndoverio) laikotarpio uolienose didZiausias organinés anglies
kiekis nustatytas 1 850-2 000 m gylyje. Siame sluoksnyje dazniausiai sliigso argilitai su pavie-
niais klinties ar mergelio tarpsluoksniais. Daugumoje tirty méginiy bendras organinés anglies
kiekis svyruoja 0-7 % intervale, Siek tiek maZiau tirty méginiy rodo labai didelj — 7 % ar net
12 % - organinés anglies kiekj. Geniy-1 grezinyje didziausig organinés anglies kiekj turincios
uolienos - argilitas su pavieniais klinties ir mergelio tarpsluoksniais - sliigso 1 700-1 800 m
gylyje (organinés anglies kiekio reik§més kinta nuo 0 iki 10 %), o Klaipédos-1 grezZinyje $ios
uolienos sligso didesniame - 2 000-2 050 m - gylyje (organinés anglies kiekis kinta nuo 0
iki 9 %). Vakary Lietuvoje buvo pastebétos bendros tendencijos, ta¢iau kituose tirtuose grezi-
niuose tuose paciuose stratigrafiniuose intervaluose buvo nustatytos daug mazesnés organi-
nés anglies reik§més, siekiancios tik 0-2 %. Siuos skirtumus biity galima paaiskinti skirtinga
litologine tiriamy uolieny sudétimi: kai kuriuose greziniuose (Nida-1, Zalgiriai-1) apatinio
silaro laikotarpiu buvo susikloste argilitai su didesne karbonaty priemaisa, kas galéjo lem-
ti organinés anglies susikaupimg. Virsutinio ordoviko (Fjakos ir Moseno svitos) laikotarpio
uolienose stebima labai panasi organinés anglies kiekio pasiskirstymo tendencija. Cia taip
pat didZiausios organiné anglies reik§més nustatytos 1 800-2 100 m gylyje. Daugausia tirty
méginiy rodo organinés anglies reik§mes, siekiancias 0-5 %, Siek tiek maziau tirty méginiy
pasizymi dideliu organinés anglies kiekiu, siekianciu 5-10 %. Tirtoje ordoviko storymeéje irgi
vyrauja argilitas su pavieniais mergelio ir klinties sluoksneliais. Apzvelgus bendras organi-
nés anglies kiekio pasiskirstymo tendencijas galima apibendrinti, kad didziausios organinés
anglies kiekio reiksmés, siekiancios iki 10 %, tiek apatinio siliro, tiek virSutinio ordoviko
storymése randamos 1 800-2 100 m gylyje, kur vyrauja argilitai. Organinés anglies sasajy
su molingumu pasiskirstymo analizei buvo pasirinkti atraminiai Diegliy-1, Veivirzény-1,
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Slapgiriy-1, Sakuciy-2 ir Trauby-1 greZiniai, kuriuose apatinio siliiro storymé yra pilniau-
sios apimties ir geriausiai apibaidinta analitiniy tyrimy duomenimis: atitinkamai uenlokio
laikotarpio uolieny storis siekia vidutiniskai 100 m, vir$utinio ir vidurinio landoverio - apie
30 m, o apatinio landoverio - vidutini$kai 10 m. Neatsizvelgiant j uolieny storj, geriausiai
organinés anglies tyrimy analitiniais duomenimis yra apibtdintos vidurinio ir virSutinio
landoverio uolienos. Apatiniame landoveryje organinés anglies kiekio reik§meés labai mazos
(0,2-0,4 %), molingumas kinta nuo 0,02 iki 0,2, iSskyrus Trauby-1 grezinj, kur molingumas
pasiekia 0,4. Apatiniame landoveryje sligso argilitai su klintimis. Tac¢iau Sakuciai-2 grezinyje,
kuriame 1 940 m gylyje slugso argilitai su karbonatine priemaisa, moligumas labai mazas,
vos 0,04. Traubai-1 grezinyje (nors ir 1 985 m gylyje) sligso karbonatiné storyme, taciau cia
molingumas labai didelis - 0,7. Vidurinio ir vir§utinio landoverio uolienose organinés anglies
reik§mes kinta nuo 0,1 iki 5,8 %. Molingumas Siame sluoksnyje irgi yra didZiausias (kinta nuo
0,2 iki 0,6). Tokj pasiskirstyma lemia uolieny litologija, nes storyme sudaro vyraujantys gryni,
be jokiy priemaidy, argilitai. Slapgiriy-1 grezinyje apie 1 695 m gylyje randame karbonatine
priemaisa, kurig apibiidina tik viena organinés anglies kiekio reik§me, ji lygi ~0,3 %, molin-
gumas $iame intervale nevirsija 0,4. Sakuciy-2 grezinyje 1 885 m gylyje slagso argilitai su kar-
bonatine priemaisa, ¢ia molingumas labai mazas - tik 0,2. Uenlokio storymé yra apibadinta
nedideliu organinés anglies kiekiu, ta¢iau turimi rezultatai parodo, kad organinés anglies kie-
kio reik§més yra mazos: kinta nuo 0,2 iki 2 %, i$skyrus Veivirzény-1 grezinj, kuriame storymé
yra apibudinta santykinai dideliu tirty méginiy kiekiu — nustatytos astuonios reik§meés, taciau
organinés anglies kiekis yra itin mazas: reikmeés kinta nuo 0,1 iki 0,6. Uenlokio storymeés, ku-
rig sudaro vyraujantys argilitas ir mergelis, molingumas visuose tirtuose greziniuose nevirsija
0,4, kas gerai koreliuoja su mazu organinés anglies kiekiu. Galime daryti i$vada, kad ten, kur
sligso molingos uolienos be priemaisy, molingumas ir organinés anglies kiekis yra didesni,
o storyméje, kurig sudaro vyraujantys mergelis ir klintis, molingumas ir organinés anglies
kiekiai yra daug mazesni.

ISVADOS

1. I$analizavus atskiry greziniy organinés anglies kiekio ir molingumo pasiskirstyma tirtoje
apatinio siliiro storyméje bei apibendrinus duomenis diagramose buvo nustatyta glaudi siy
parametry sasaja. Didesnés organinés anglies kiekio reik§més gerai koreliuoja su padidintu
molingumu ir atvirksciai.

2. Organinés anglies kiekj ir molinguma lemia ir greziniy litologija. Organinés anglies kie-
kis ir molingumas yra didesni arglito bei mergelio storymése, palyginti su apatinio landoverio
karbonatinémis uolienomis.

3. I$analizavus apatinio silaro ir virSutinio ordoviko tyrimy duomenis darytina i$vada,
kad didZziausias organineés anglies kiekis, siekiantis iki 10 %, buvo nustatytas tiek apatiniame
silare, tiek vir§utinio ordoviko argility storyméje 1 800-2 100 m gylyje.

Raktazodziai: molingumas, organiné anglis, ankstyvasis paleozojus
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In assessing the potential of unconventional hydrocarbons (gases), the total organic carbon
content in the rocks, the maturity of the organic matter, porosity, mineralogical composition
and other parameters are determined, among which the organic content and the maturity of
the organic matter are among the most important. This study is devoted to the examination
of relationship between clay and organic carbon contents in the Lower Paleozoic succession
of the Lithuanian part of the Baltic Basin. The shale content variation in five wells from west-
ern Lithuania was calculated from the gamma-ray logs by adopting the standard procedures.
Total organic carbon (TOC) is the amount of carbon found in an organic compound and is
often used as a non-specific indicator of water quality or cleanliness of pharmaceutical manu-
facturing equipment. TOC may also refer to the amount of organic carbon in soil, or in a geo-
logical formation, particularly the source rock for apetroleum play; 2% is a rough minimum.
For marine surface sediments, average TOC content is 0.5% in the deep ocean, and 2% along
the eastern margins. Maturity is established using a combination of geochemicaland basin
modelling techniques. The maturity of a source rock can also be used as an indicator of its
hydrocarbon potential. That is, if a rock is sub-mature, then it has a much higher potential to
generate further hydrocarbons than the one that is overmature. From the available data, two
separate diagrams were drawn up showing the amount of organic carbon in the lower Silu-
rian and upper Ordovician rocks. In the lower Silurian (Wenlock and Llandovery) significant
contents of organic carbon were determined at the depth interval of 1 850-2 000 m. Most
of the values are in the range of 0-7%, but some are between 7% and 12%. In this stratum,
argillites dominate with some limestone or marl interbeds. In Geniai-1, Klaipéda-1 wells, in-
creased organic carbon was determined but at the different depths: in Geniai-1 well at a depth
of 1 700-1 800 m (values vary from 0 to 10%), while in Klaipéda-1 at 2 000-2 050 m (organic
carbon content varies from 0 to 9%). In these two wells argillites dominate with intercalat-
ing limestone and marl. In other studied wells the values of organic carbon are much lower
(0-2%). In the Ordovician beds (Fjaka and Mossen Formations) a similar tendency is ob-
served in the distribution of organic carbon. The most significant values are found at a depth
of 1 800-2 100 m. Most of the organic carbon values are in the range of 0-5%, slightly less in
the range of 5-10%. This stratum also contains argillites with isolated layers of marl and lime-
stone. However, in this chart, we do not notice single wells where more organic carbon values
are found at other depth ranges. After analysing both diagrams, the conclusion is that most
of the organic carbon values in both the lower sediment and the upper Ordovician are found
at a depth of 1 800-2 100 m where argillites prevail, and the content of organic carbon is in
0-10% range. The study was mainly focused on the lower Silurian, because there the highest
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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.
However, in spite of the thickness of the rock, the values of organic carbon were mainly de-
termined for the middle and upper Llandovery (varying from 0.1 to 5.8%). The shale (clay)
content is also the highest in this stratum (varying from 0.2 to 0.6). It is possibly related to
lithology, since argillites, without any carbonates intercalations, prevail. At Sakuciai-2 well, at
~1 885 m, argillite is carbonaceous and shale content is 0.2. Generally, in studied wells Wen-
lock rocks have low organic carbon content (from 0.2 to 2%). Shale content in all wells does
not exceed 0.4. In the lower Llandovery, the values of organic carbon are within 0.2-0.4%
range. The shale content is from 0.02 to 0.2. In Traubai-1 well the shale content is higher
and is up to 0.4. However, in the Sakuciai-2 well at the deapth of 1 940 m, argillites contain
increased carbonaceous material, and the shale content decreases to 0.04. 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 versa — where organic carbon content is lower, shale content is also
rather low. It could be concluded that correlation between shale and organic carbon content
may exists in studied wells. The most 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.
Keywords: shale content, organic carbon content, early Paleozoic
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Baltijos siltiro sedimentacinis baseinas savo geologine evoliucija, nuosédy storiais ir facijy
jvairove yra vienas labiausiai i$siskirianc¢iy baseiny Baltijos regiono nuosédinéje dangoje.
Facijy paplitimo atzvilgiu siliro nuosédiné storymé yra labai sudétingas kompleksas (La-
zauskieng, Sliaupa, 2000). Siliiro sistemos ludlovio skyriaus uolienos paplitusios praktiskai
visoje Lietuvos teritorijoje, i§skyrus tik pacia rytine jos dalj. Pagal dabarting silaro sistemos
stratigrafing schemg ludlovyje yra nustatyta stratigrafiné pertrauka, kurios mastas einant
i$ ryty i vakarus palaipsniui mazéja (Paskevicius, Bitinas, 2014). Jei Vakary Lietuvoje Sio
amziaus pjuviai yra iSbaigti, tai rytiniuose Lietuvos pjiaviuose $ios pertraukos stratigrafiné
apimtis dar néra galutinai ifaigkinta ir reikalauja papildomy tyrimy. Géluvos-118 ir Gélu-
vos-99 greziniuose buvo atlikti stabiliyjy anglies izotopy 6"°C ir deguonies §'*O tyrimai.
I$ viso buvo istirta 90 ludlovio skyriaus uolieny méginiy: 55 méginiai i§ Géluvos-118 ir 35
meéginiai i§ Géluvos-99 greziniy. Apdorojus tyrimy rezultatus buvo nustatyti panasis sta-
biliyjy izotopy 6"°C ir 80 reik$miy kaitos intervalai. Remiantis anglies ir deguonies izo-
topy reik§miy kaitos ypatumais, Géluvos-99 grezinyje galima isskirti tris tokius stratigra-
finius intervalus. Pirmasis i$ jy i$skiriamas 848,1-832,1 m gylyje ir atitinka Géluvos svitos
vir§utine dalj. Antrasis i§skirtas 832,1-802,1 m gylyje ir gali bati tapatinamas su Nevézio
svita. Pats virSutinis — treciasis, nustatytas 802,1-750,0 m gylyje, apima Dubysos regioni-
nio auksto Neries svitos Traky sluoksnius. Virs treciojo stratigrafinio intervalo slagso pilki
dolomitai, kurie priskiriami tos pacios svitos Sudervés sluoksniams. Analogiski stratigra-
finiai intervalai, turintys tuos pacius izotopiniy reik§miy kaitos ypatumus, yra atitinkamai
nustatyti Géluvos-118 grezinyje: 1 004,6-976,1 m; 976,1-902,1 m; 902,1-880,0 m interva-
luose. Pats pirmasis stratigrafinis intervalas, kaip ir Géluvos-99 grezinyje, tapatinamas su
Géluvos svitos virsutine dalimi. Kiti du priskiriami Dubysos svitos Sesupés sluoksniams.
Sio grezinio pjivyje yra nustatyti papildomi du stratigrafiniai intervalai — 880,0-865,3 m
ir 865,3-860,0 m gyliuose. Giliau slagsantis intervalas priklauso ka tik minétiems Dubysos
svitos Sesupés sluoksniams, o aukséiau sliigsantis intervalas priklauso Neries svitos Traky
sluoksniams. Vir§ pastarojo intervalo, kaip ir Géluvos-99 grezinio, pjavyje aptinkami to pa-
ties amziaus dariniai, t. y. Neries svitos Sudervés sluoksniai. Pjaviy stratigrafinio pilnumo
palyginimui buvo panaudotas Viduklés-61 grezinio pjuvis, kuriame yra detaliai istirti grap-
tolity, konodonty bei stabiliyjy izotopy reik§miy stratigrafinio pasiskirstymo désningumai.
Viduklés-61, Géluvos-118 ir Géluvos-99 greziniy koreliaciné analizé rodo, kad dviejy pa-
skutiniyjy greziniy pjaviuose, tikétina, yra stratigrafiné pertrauka, kuri gali apimti ludlovio
skyriaus gors¢io auksto virSuting dalj ir to paties skyriaus ludfordzio apatine dalj. Gauti
Géluvos-118 ir Géluvos-99 greziniy chemostratigrafiniai tyrimy duomenys (stabiliyjy izo-



Kasmetiné geologijos krypties doktoranty konferencija, 2017 m. lapkricio 17 d., Vilnius

183

topy 6"°C ir §"®0) leidzia patikimiau atlikti ludlovio skyriaus pjaviy koreliacijg ir jvertinti
ju startigrafinj pilnumga vidurinéje Lietuvos dalyje.
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The Baltic Silurian sedimentary basin is one of the most outstanding basins based on its geo-
logical evolution, thickness of sediments and diversity of facies in the sedimentary cover of
the Baltic region. In regard to the spread of facies, the Silurian sedimentary cover is a highly
complicated complex (Lazauskiené, Sliaupa, 2000). The rocks of the Ludlow section of the Si-
lurian system are spread out practically throughout the entire territory of Lithuania, except
for its most eastern part. According to the current stratigraphic scheme of the Silurian system
a stratigraphic breakdown is established in the ludlow, which is gradually decreasing from
the east to the west (Paskevicius, Bitinas, 2014). While the section of this age is complete
in western Lithuania, in the eastern part of Lithuania the stratigraphic coverage is not yet
fully understood and requires additional research. Investigations of the stable carbon isotopes
8PC and stable oxygen isotopes §'*0O were carried out in Géluva 99 and Géluva 118 bore-
holes. In total, 90 samples were prepared from the rocks of the Ludlow section: 55 samples
from Géluva 118 and 35 samples from Géluva 99 boreholes. A study of the results showed
similar interval values of the stable isotopes 6"*C and 6'*0. Based on the specific features of
changes in the values of carbon and oxygen isotopes, 3 such stratigraphic intervals can be
distinguished in Géluva 99 section. The first could be established at a depth interval of 848.1-
832.1 m, and it could be attributed to the upper part of Géluva Formation. The second inter-
val is established at a depth of 832.1-802.1 m and could be identified as Nevézis Formation.
The third, the most upper part, is established at a depth interval of 802.1-750.0 m and cov-
ers the stratum of Trakai Beds of the Neris Formation of the Dubysa Regional Stage. Above
the third stratigraphic interval, gray dolomites are found, which are attributed to the same
formation of the beds of Sudervé. Analogous stratigraphic intervals, that have the same stable
isotopes variation peculiarities, are determined in the Géluva 118 borehole: 1004.6-976.1 m;
976.1-902.1 m; 902.1-880.0 m, respectively. The first stratigraphic interval, as in the Géluva
99 borehole, is identified in the upper part of the Géluva Formation. Meanwhile, the other
two are attributed to the Sesupé beds of the Dubysa Formation. There are two additional
stratigraphic intervals in this borehole section, one is at 880.0-865.3 m and other 865.3-
860.0 m intervals. The deeper interval belongs to the Sesupé Beds of the Dubysa Formation,
while the above interval belongs to the Trakai Beds of the Neris Formation. Above the upper-
most interval, the same as in the section of Géluva 99 borehole, formations could be attrib-
uted to the Sudervé Beds of the Néris Formation. Viduklé’s 61 borehole section was used to
compare the stratigraphic completeness. In the mentioned borehole section, the regularities
of stratigraphic distribution of graptholites, conodonts and stable isotopes values are well es-
tablished. The correlation analysis of Viduklé 61, Géluva 118 and Géluva 99 boreholes shows



Annual Conference of PhD Geology Students, 17 November 2017, Vilnius

185

that in the last two boreholes there is a probable stratigraphic gap. The chemostatigraphic
data of the Géluva 118 and Géluva 99 boreholes (stable §°C and §*O) allow us to perform
a more reliable correlation of the Ludlow section and to evaluate its stratigraphic copleteness
in the middle part of Lithuania.
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