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VELYVOJO UENLOKIO IR LUDLOVIO MONOGRAPTIDU SIKULOS ZIEDU
VYSTYMOSI EKOLOGINES PRIEZASTYS

Misha Whittingham*, Andrej Spiridonov, Sigitas Radzevicius

Vilniaus universitetas, Geologijos ir mineralogijos katedra, M. K. Ciurlionio 21/27, 03101 Vilnius, Lietuva
* El. pastas mishawhittingham@gmail.com

Vélyvojo silaro Mulde biojvykis labai paveiké planktoniniy organizmy jvairove bei jy mor-
fologija. Tarp paveikty organizmy grupiy buvo akritarchai, kuriy jvairové ir dydis smarkiai
pasikeité, taip pat iki vienos rasies sumazéjo monograptidy fauna. Abiejy grupiy egzos-
keletas yra sudarytas i$ organinés medziagos, kartais vadinamos pseudochitinu. Dél kri-
zés atsirado organinés medziagos pastoréjimai ant Pristiograptus dubius kamieninés linijos
monograptidy sikulos, paprastai vadinami sikulos zZiedais. Sikulos Ziedai islieka ant visy
monograptidy ludlovyje ir przidolyje. Jy skaicius svyruoja 0-8 iki Saetograptus leintwar-
dinensis biozono pradzios, o jaunesniy monograptidy sikulos ziedy skaicius stabilizuojasi
iki 3 ir nekinta. Ypa¢ jdomus yra Colonograptus praedeubeli ir Colonograptus deubeli bio-
zonuose intervalas, kuriame sikulos Ziedai isnyksta ir véliau vél atsiranda. Sis graptolity si-
kulos ziedy sumazéjimo intervalas yra susijes su sumazéjusia akritarchy gausa ir iSaugusiu
akritarchy dydziu bei morfologiniu supaprastéjimu. Akritarchai, kaip pagrindinis graptoli-
ty maistas, gali paaiskinti graptolity sikulos ziedy atsiradima, kaitg ir stabilizavimasi grap-
tolity kolonijose. Gali buti, kad pernelyg didelis pseudochitino kiekis, mintant akritarchais,
buvo struktariné ir ekologiné priezastis sikulos Ziedam atsirasti. Praedeubeli-deubeli biozo-
ny intervale vyravo vidutinio dydzio akritarchai, kuriy skeleto pavirsiaus plotas ir pseudo-
chitininés medziagos yra mazesnés, o maistiné verté islieka tokia pati. Kaip tik sumazéjes
pseudochitininés medziagos perteklius lémé monograptidy sikulos ziedy laiking dingima
siaurame praedeubeli-deubeli intervale.
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AN ECOLOGICAL BASIS FOR THE DEVELOPMENT OF SICULAR ANNULI
IN LATE WENLOCK AND LUDLOW MONOGRAPTIDS

Misha Whittingham*, Andrej Spiridonov, Sigitas Radzevicius

Department of Geology and Mineralogy, Vilnius University, M. K. Ciurlionio str. 21/27, 03101 Vilnius, Lithuania
* Email: mishawhittingham@gmail.com

The Mulde event of the Late Silurian greatly disrupted the diversity and morphology of
planktic biota. Among the affected groups were the chitinous acritarchs, which experienced
a major shift in diversity and size distribution, and the monograptid graptolites, which
were reduced to just one species. A consequence of the bottlenecking of monograptids was
the inheritance of thickened rings of chitin, referred to as “sicular annuli”, by descendants of
the surviving Pristiograptus dubius stem lineage. These annuli remain present throughout
the Ludlow and Pridoli, fluctuating in numbers between 0 and 8 per sicula until the start
of the Saetograptus leintwardinensis biozone, at which point the number of sicular annuli is
fixed at 3 across all monograptid taxa. Especially curious is the presence of a short interval
during the Colonograptus praedeubeli and Colonograptus deubeli biozones wherein almost
all siculae are devoid of annuli, before regaining them again at the end of the interval. This
ring-less interval is concurrent with a major drop in acritarch abundance and increase in
acritarch size and evenness. The interpretation of acritarchs as a primary food source for
graptolites may provide some explanation for the shifts in the number of sicular annuli in
the latter group. The excess chitin consumed from an acritarch-heavy diet provides a struc-
tural and ecological basis for the development of sicular annuli. The increase in average
size during the praedeubeli-deubeli interval would mean a reduction in surface area, and
therefore consumed chitin, for an amount of acritarchs with the same nutritional value.
This would have extinguished the consumption of excess chitin in this period, temporarily
arresting the development of sicular annuli.
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LIETUVOS NAUDINGOSIOS ISKASENOS: APSKAITA, EKSPLOATACIJA IR
NELEGALI KASYBA

Audrius Armanavicius', Jonas Satkiinas?
! Gamtos tyrimy centras, Akademijos g. 2, 08412 Vilnius, Lietuva

2 Lietuvos geologijos tarnyba, S. Konarskio g. 35, 03123 Vilnius, Lietuva
El. pastas: audrius.armanavicius@gmail.com; jonas.satkunas@Igt.lt

Naudingosios iskasenos — valstybés turtas, jy iSgavimas yra ekonominés ir socialinés pa-
zangos variklis. Lietuvoje aptinkama 17 rasiy naudingyjy iSkaseny. Pastaraisiais metais
Lietuvoje eksploatuojamos devyniy rasiy naudingosios iskasenos: dolomitas, klintis, poze-
minis vanduo, molis, sapropelis, Zvyras, smélis, durpés ir nafta. Saugus ir racionalus nau-
dingyjy istekliy naudojimas - tai maksimali nauda valstybei ir visuomenei bei minimali
jtaka musy aplinkai, kai gavybos procesai yra valdomi ir prizitrimi. Daugiausia Lietuvoje,
kaip ir visame pasaulyje, naudojami istekliai: pozeminis vanduo ir statybinés medziagos.
Lietuvos geologijos tarnybos duomenimis, naudinguyjy iskaseny gavyba skirta statybos ir
keliy pramonei (dolomito, smélio ir Zvyro) per paskutinius metus Zenkliai padidéjo. Vieny
karjery eksploatacija baigési ir jie buvo rekultivuoti, o esant poreikiui atsirado nauji. Naujy
karjery atsiradimg ir iSeksploatuoty uzdaryma priziari valstybinés institucijos, taciau jos
kaupia informacijg tik apie legaliai pramoniniais kiekiais i§gautas naudinggsias iskasenas.
Apie kitokio pobudzio kasiniy pazeistus zemés plotus, iSkastus kiekius, tokiy kasiniy bukle
jokios apskaitos néra. Lietuvos geologijos tarnyba, vykdydama aplinkos ministro patvirtin-
ta Valstybiniy pazeisty Zemiy 2014-2020 m. tvarkymo plang, atliko visos Lietuvos kasiniy
pazeisty ploty (didesniy nei 0,3 ha) auditg - ,,Informacijos apie pazeistas Zemes sukaupi-
mas ir susisteminimas®. Sio projekto tikslas buvo nustatyti bet kokiy kasybos darby pazeis-
tas Zemés vietas ir jy bukle; apskaiciuoti iSkastus naudingyjy iSkaseny kiekius; sukaupti ir
susisteminti informacija apie pazeistas zemes ir, remiantis surinktais duomenimis, nustaty-
ti pirmiausiai tvarkytinas pazeistas Zemes. Sio darbo rezultatai parodé, kad kasiniy pazeisty
viety, didesniy nei 0,3 ha ploto, yra 3 300. Tikétina, nelegaliai iSkasty naudingyjy iskaseny,
daugiausia zvyro ir smélio, kiekis siekia 15 mIn. m’. Taip valstybé neteko apie 6 mln. eury
mokesciy.
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MINERAL RESOURCES OF LITHUANIA: ACCOUNTING, EXCAVATION AND
ILLEGAL MINING

Audrius Armanavicius', Jonas Satkiinas?
! Nature Research Centre, Akademijos str. 2, 08412 Vilnius, Lithuania

? Lithuanian Geological Survey, S. Konarskio str. 35, 03123 Vilnius, Lithuania
* Email: audrius.armanavicius@gmail.com; jonas.satkunas@Igt.It

Mineral resources are state assets, the excavation of which is an engine of economic and so-
cial progress. There are 17 species of minerals found in Lithuania. In recent years, nine types
of minerals have been used in Lithuania: dolomite, limestone, underground water, clay,
sapropel, gravel, sand, peat, and oil. Safe and rational use of useful resources is the maxi-
mum benefit for the state and society and the minimum impact on our environment, while
the mining processes are managed and controlled. Most of the resources used in Lithuania,
like in the rest of the world, are groundwater and building materials. According to the data
of the Lithuanian Geological Survey, extraction of mineral resources for construction and
road industry (dolomite, sand, and gravel) has significantly increased over the past years.
Some have been exterminated and rehabilitated, and, of course, new ones have emerged.
The emergence of new quarries and the closure of depleted plants are monitored by state in-
stitutions, but they collect information only on legally extracted minerals, but there are no
accounts of other types of cadastral areas of damaged land, quarrying quantities, and such
cask condition. In the execution of the State Damaged Land Management Plan 2014-2020
approved by the Minister of Environment, the Lithuanian Geological Survey carried out
an audit of all Lithuanian cadastral damaged areas of more than 0.3 ha - “Collection and
systematization of information on damaged lands” The purpose of this project was to iden-
tify the sites and condition of the land damaged by any mining operation; to calculate ex-
cavated mineral resources; to accumulate and systematize information on damaged lands;
and based on the collected data to identify the damaged lands to be treated first. The results
of this work showed that 3300 sites of more than 0.3 hectares are affected by casual dam-
age. The amount of minerals likely to be illegally dumped, mainly gravel and sand, reaches
15 million m?, thus the state has lost about 6 million Euro taxes.
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KURSIU NERIJOS KOPU RAIDA MIRUSIUJU (PILKUJU) KOPU PAVYZDZIU

Nikita Dobrotin

Vilniaus universitetas, Chemijos ir geomoksly fakultetas, Geomoksly institutas, M. K. Ciurlionio g. 21/27, 03101 Vilnius, Lietuva

Kursiy nerija yra vienas unikaliausiy Lietuvos kampeliy tiek kultirine, tiek geologine pras-
me. Geologiniu poziriu - tai ,,gyvas® iki $iol besiformuojantis darinys, kurj sudaro eolinés
(véjo sunesamos) nuogulos. Detalus Mirusiyjy (Pilkyjy) kopy tyrimy kompleksas, susi-
dedantis i§ moderniy geofiziniy ir geochronologiniy tyrimo metody, apémé geofizinius
lauko tyrimus georadaru (GPR), eoliniy sméliy magnetinio imlumo matavimus, paleodir-
vozemiy radiokarboninj (**C) bei eoliniy sméliy absoliutaus amziaus nustatyma optiskai
stimuliuotos liuminescencijos (IR-OSL) metodais. Surinkty duomeny analizé atskleidé,
kad gauti duomenys palaiko vieno ilgo dirvodaros proceso modelj. Paleodirvozemiy ra-
diokarboniniy datavimy gausa leido prapleésti §j dirvodaros perioda nuo 4000 mety PD
iki 6500-6700 mety PD. Tyrimo duomenys rodo, kad kopy reaktivacijg paskatino lokalis
veiksniai, ji apémé nedideles teritorijas, triko nuo keliy desim¢iy iki keliy $imty mety.
Tyrimy georadaro duomenys bei sméliy magnetinio imlumo matavimy rezultatai eolinése
nuogulose, skirianciose skirtingo amziaus paleodirvozemius, rodo sluoksnius su didesne
sunkiyjy mineraly koncentracija, didesnis sunkiyjy mineraly kiekis gali bati siejamas su
paleoklimatinémis salygomis (ramiomis, vejuotomis ar audringomis) per kopy akumulia-
cija. Atliktos paleorekonstrukcijos rodo, kad kopy masyvo rytinio $laito papédés padétis
per pastaruosius 5000 mety beveik nekito ir buvo ties centrine Kursiy nerijos asimi (ties
dabartinio DidZiojo kopagtbrio vakarinio $laito papéde). Paleorekonstrukcijos byloja, kad
laikotarpiu nuo 3500 iki 1000 mety, palyginti su dabartiniu laikotarpiu, kopy masyvo ry-
tiné papédé pasislinko mazdaug 180 metry, o jau vien per pastaruosius 1000 mety kopos
buvo perstumtos daugiau nei 500 metry ryty kryptimi.

Raktazodziai: Kursiy nerija, paleodirvozemis, georadaras, radiokarboninis (**C) data-
vimas, IR-OSL datavimas, magnetinis imlumas, sunkieji mineralai, holocenas, Mirusiosios
(Pilkosios) kopos
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EVOLUTION OF THE CURONIAN SPIT DUNES BY THE EXAMPLE OF
THE DEAD (GRAY) DUNES

Nikita Dobrotin

Institute of Geosciences, Faculty of Chemistryand Geosciences, Vilnius University, M. K. Ciurlionio str. 21/27, 03101 Vilnius, Lithuania

One of the unique places in Europe in both environmental and cultural terms is the Curo-
nian Spit — a massive sandy barrier separating the Curonian Lagoon from the Baltic Sea.
Straddling both the Lithuanian and the Russian parts, the Spit is included into the UNESCO
list of cultural heritage monuments. From the geological point of view, it is still an “alive”
environment dominated by aeolian deposits. Detailed investigations of the Dead (Grey)
Dunes massif along the Lithuanian part of the Spit by using ground-penetrating radar
(GPR) and magnetic susceptibility (MS) surveys, supported by radiocarbon (**C) chrono-
logical framework of paleosols and infrared optically stimulated luminescence (IR-OSL)
ages of sand horizons, have advanced the understanding of aeolian landscape evolution.
A detailed analysis of the received data did not allow distinguishing separate soil-forming
generations and supported the idea of only one long continuous period of permanent for-
mation of palaeosols. According to the data of palaeodynamic reconstructions carried out
in the Dead (Grey) Dunes massif, the mid-Holocene phase of dune activity was of a local
character and most likely did not exceed several centuries. GPR surveys enabled a series of
paleogeographic reconstructions of the massif for different time intervals of its evolution-
ary history. A detailed analysis of the received data supported one long continuous period
of permanent formation of palaeosols. A bigger amount of radiocarbons (**C) collected
during the latest several decades enable to extend the beginning of this period from 4000
to 6500-6700 calendar years BP. Data showed that reactivation of aeolian processes and re-
deposition of dunes in the Curonian Spit started at least in the mid-Holocene and were not
linked with long-lasting climate fluctuations that occurred during that period. The aeolian
reactivation was stimulated by local factors (e.g. forest fires and deforestation), it covered
limited areas, the sand of dunes was dislocated from a few to few tens of meters, and it
lasted no longer than one or two centuries. The ground-penetrating radar images and mag-
netic susceptibility trends within aeolian sediments that separate palaeosols of different age
demonstrate the variations in heavy-mineral content that can be related to palaeoclimatic
conditions (relatively calm, windy, or stormy near-surface regime) that existed during dune
accumulation. According to palaeo-reconstructions, the eastern base of the former Curoni-
an Spit dunes was at approximately the same position during the last 5000 years, which was
near the central (axial) part of the Spit, along the western (windward) slope of the present
Great Dune Ridge. The palacogeographic reconstruction of the eastern base of the palaeo-
dune massif indicates that over a time span of 2500 years (from 3500 to 1000 years BP)
dunes shifted only a few hundred meters (approximately 180 m), whereas over the last 1000
years dunes moved nearly 500 meters.

Keywords: Curonian Spit, palaeosol, ground penetrating radar (GPR), radiocarbon
(*C) dating, IR-OSL dating, Holocene, Dead (Grey) Dunes
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GEOCHEMINIU IR MINERALOGINIU TYRIMU TAIKYMAS TEISMO
EKSPERTIZEJE VILNIAUS MIESTO PAVYZDZIU

Titas Simanavicius®*, Donatas Kaminskas

Vilniaus universitetas, Chemijos ir geomoksly fakultetas, Geomoksly institutas, M. K. Ciurlionio g. 21/27, 03101 Vilnius, Lietuva
* El. pastas titas126@gmail.com

Pagrindinis tyrimo tikslas buvo atlikti granuliometrinius ir mineraloginius tyrimus i§ Vilniaus
miesto jvairiy viety surinkty grunto méginiy, taip pat jvertinti gauty rezultaty pritaikomuma
teisminés ekspertizés tikslams. Greta granuliometrinés ir mineraloginés analiziy buvo nustatyta
ir grunty spalvos, remiantis Munsello spalvy lentelémis. Siam darbui 2018 m. rugséjo meén. i
viso buvo paimti 32 méginiai i§ Vilniaus miesto teritorijos. Vienas méginys buvo imamas i§ 5-8
subméginiy. Méginiy paémimo vietos buvo pasirinktos atsitiktinai, bet stengtasi islaikyti pana-
$y atstumg tarp émimo viety. Méginiy émimo gylis sieké iki 10 cm gylio nuo pavirsiaus. Gra-
nuliometrinés analizés déka méginiai buvo isskirstyti j zvirgzdo, smélio, molio ir aleurito frak-
cijas. Pagal nustatytas grunty spalvas jie buvo preliminariai surajonuoti. Rentgeno struktarinés
analizés déka tos pacios spalvos ir panasios granuliometrinés sudéties grunty buvo nustatoma
mineraloginé sudétis. Per pirming¢ mineralogine analize buvo nustatytas vienas méginys, nuo
kity skiriantis mineraline sudétimi. Granuliometrijos rezultatus atvaizdavus Zemélapyje paste-
béti tam tikry frakcijy pasiskirstymo désningumai. Surajonavus gruntus pagal spalvas nustaty-
ta, kad vyrauja rudos ir blyskiai rudos spalvos gruntai. Mineralinés analizés déka buvo nustatyti
$esi méginiai, kuriuose aptikti padidéje karbonaty kiekiai. Gauti preliminaris tyrimai rodo, kad
kombinuojant paminétus tyrimus galima susiaurinti tyrimy vieta.

Spalva

Rentgeno
Ktiriné analizé

Granuliometriné
analizé

—— S—

Grunty tyrimo metodai, kurie daznai naudojami tiek geolo-
gijoje, tiek teismo ekspertizéje. Metodai, naudoti $iame tyrime,
pazymeti raudonai
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APPLICATION OF GEOCHEMICAL AND MINERALOGICAL STUDIES IN
FORENSIC SCIENCE: A CASE STUDY IN VILNIUS CITY

Titas Simanavicius*, Donatas Kaminskas

Institute of Geosciences, Faculty of Chemistry and Geosciences, Vilnius University, M. K. Ciurlionio str. 21/27, 03101 Vilnius, Lithuania
* Email: titas126@gmail.com

The colour, grain size and mineralogical composition of 32 soil samples taken in Vilnius
City area were determined. The main goal of the study was to test the possibility weather
the use of the mentioned results is possible for forensic purposes. Each of 32 samples was
made of 5-8 subsamples. The sampling sites were chosen randomly but trying to maintain
the distance between them as similar as possible. The depth of sampling was 10 cm below
surface. The grain size fractions of gravel, sand, silt, and clay were determined. The major
minerals were determined using XRD analysis. The samples were attributed to certain re-
gion according to soil colour. Some peculiarities of the grain size fraction distribution pre-
sented on the maps could be observed. The brown and pale-brown colour of sampled soils
dominates. The carbonates were determined only in six samples. The preliminary results
show that using a combination of several methods could be useful in narrowing the area of

investigation in forensic.

Magnetic
properties

1 iy

pH, Eh

The analytical techniques commonly used for soil studies both
in geology and forensic. The techniques used in the study are
in red
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LIETUVOS APATINIO SILURO PERSPEKTYVIU NAFTOS / DUJU
SKALUNU PETROFIZINES IR MECHANINES SAVYBES

Saulius §liaupa*‘, Saulius Lozovskis? Jurga Lazauskiené?, Rasa Sliaupiené1

! Gamtos tyrimy centras, Geologijos ir geografijos institutas, Akademijos g. 2, 08412 Vilnius, Lietuva
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? Vilniaus universitetas, Chemijos ir geomoksly fakultetas, Geomoksly institutas, M. K. Ciurlionio g. 21/27, 03101 Vilnius, Lietuva
El. pastas: saulius.lozovskis@gf.vu.lt; jurga.lazauskiene@gf.vu.lt

Vakary Lietuvoje siltiro periodo stratigrafinis pjavis yra beveik iSbaigtas, o apatiné jo dalis
(apatinis silaras) yra traktuojamas kaip potencialiai perspektyvi skalininiy dujy formacija
(Zdanaviciateé ir kt., 2007). Petrofizinés ir mechaninés savybés yra labai svarbios planuojant
skaltininiy dujy i$gavimo strategija. Viena i$ svarbiausiy petrofiziniy savybiy yra poringu-
mas, kuris tiesiogiai korealiuoja su gyliu.

Gyliuose sedimentaciniuose baseinuose skaliiny poringumas paprastai yra mazas, ta-
¢iau yra pavyzdziy, kuriuose $is parametras ganétinai didelis. Poringumo matavimy labo-
ratoriniy tyrimy duomenys buvo surinkti i$ ataskaity ir pateikti korealiacinése diagramose
bei pasiskirstymo Zemélapiuose. Vakarinéje Lietuvos dalyje pastebimas ryskus poringumo
reik§miy mazéjimas einat gilyn, reik§més kinta nuo 18-19 % ~1 km gylyje (vir§utinis silaras)
iki 0,3-4 % ~2 km gylyje (apatinis silaras). Perspektyviausioje pietvakariy Lietuvos dalyje
(atsizvelgiant j organinés medziagos terminj brandumg) poringumas yra mazas - 2-2,5 %,
tai rodo galimai maza dujy kiekj porose. Poringumo reik§miy analizé yra reikalinga norint
jvertinti ir nustatyti skaliny formacijas su perspektyviausiomis savybémis, kad véliau baty
panaudota vertinant ekonomiskai vertingiausias jy sankaupas.

Mineraloginé sudétis yra pagrindinis parametras vertinant skaliny mechanines savybes.
Apatinio silaro skaliny mineraloginés sudéties duomenys surinkti i§ ataskaity ir patvirtinti
analitiniais tyrimais, naudojantis skenuojanciu elektrony mikroskopu (SEM) ir rentgeno
spinduliy difrakcijos (XRD) analize. Pagal uolieny elgseng, kai jos paveikiamos iSorinés
jégos, galima skaltnus klasifikuoti j dvi kategorijas: plastiskus ir trapius. Trapumo indeksas
(BI) yra vienas i$§ paprastesniy parametry, kuris padeda klasifikuoti skaltinus pagal jy per-
éjimg i$ elastisky j trapius. Trapumo indeksas buvo jvertintas naudojantis mineraloginés
sudéties duomenis, turint omenyje, kad pagrindinis principas yra trapiausius mineralus
padalyti i$ visy uolienoje esanciy mineraly sumos.

Skaliny trapumas labiausiai priklauso nuo bendros karbonatinés sudéties ir detritinés
priemaisos (Sone, Zoback, 2013). Apatinio silaro skaliinai sudaryti i ilito, turincio jvairiy
proporcijy smektito sluoksnius. Remiantis energijos dispersijos rentgeno spinduliy anali-
zatoriumi (EDX), molio mineraly sudétis varijuoja nuo gryno ilito (reciau) iki ilito, kuris
praturtintas dideliu smektito kiekiu. Detritinis smektitas aptinkamas irgi daznai, o i§ kity
dominuojanciy detritiniy mineraly reikéty isskirti kvarcg ir lauko Spatus.

Vakary Lietuvos skaliiny paskaiciuotas trapumo indeksas kinta nuo 0,13 iki 0,43. Di-
dzioji dalis apatinio siltiro skaliny yra klasifikuojami kaip maziau trapts (BI 0,36-0,4).
Tai yra palankus dydis vertinant apatinio siliro skaliny dujy eksploatavimo perspekty-
vas Lietuvoje. Nustatytas labai mazas 6,6-10,8 MPa gniuzdymo stipris, budingas silpnai
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suslégtiems skalinams. Tai galima paaiskinti gausiu organinés medziagos kiekiu, kuris turi
silpninantj poveikj.

Apatinio silaro skalinuose uzfiksuota labai maza katijony mainy geba (0,2-
8,8 meq / 100 g), kuri susijusi su dideliu detritiniy nuosédy kiekiu ir ilito bei chlorito do-
minavimu tarp molio mineraly. Skaliny eroziskumas teigiamai koreliuoja su kapiliary
absorbcijos laiku, kuris rodo skaltiny brinkimg. Druskos tirpalai, palyginti su distiliuotu
vandeniu, turi didelj poveikj kapiliary absorbcijos laiko mazéjimui.

RaktaZodziai: skalinai, trapumas, katijony mainy geba, stabilumo testas, kapiliary
absorbcijos laikas, siliiras, Baltijos baseinas
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West Lithuania has a complete Silurian section. The lower part (Lower Silurian) is consid-
ered a potential formation for shale gas exploration (Zdanaviciateé et al., 2007). The petro-
physical and mechanical properties of shales are important parameters for planning the gas
extraction strategies. One of the important pertrophysical properties is porosity, which di-
rectly correlates with the burial depth.

Porosity of shales in general is low in deeply buried basins, but shale porosities can ex-
hibit 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 rang-
ing 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 prospective (in
terms of the thermal maturity of the organic matter) area in SW Lithuania, which is con-
sidered rather low implying a limited content of gas trapped in pores. Porosity is needed to
evaluate and distinguish shales with potentially best characteristics so that later it could be
used to determine most economically valuable sections.

The mineralogical composition of shales primarily controls shale mechanical properties.
The mineralogical composition of the Lower Silurian shales was determined using scanning
electron microscopy (SEM) and X-ray diffraction (XRD) analysis. Based on rocks behav-
iour, 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 helps to
classify shales by their transition from brittle to ductile properties. BI was calculated using
shale mineralogical composition. The main aspect is dividing the most brittle minerals by
the sum of constituent minerals in the rock sample, with regard TOC.

The shale brittleness 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 analyzer (EDX)
data it ranges from pure illite (rare) to high enrichment in smectite content. Detrital smec-
titite is also 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 favourable index for evaluating gas exploitation prospects in Lithuanian Lower Silurian
shales. A very low compressive strength of 6.6-10.8 MPa, this being characteristic of weakly
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compacted shales, was determined. It can be explained by the weakening effect of the or-
ganic matter abundant in the shales.

A very low cation exchange capacity of 0.2-8.8 meq/100 g of the Lower Saurian shales
is explained in terms of a high content of detrital silt and the predominance of illite and
chlorite in the clay fraction. The low erodibility (Roller Oven Shale Stability Test) is ac-
counted for by high shale compaction. The erodibility of the shales positively correlates
with the Capillary Suction Time that is indicative of shale swelling. Salt solutions have
a considerable effect on reducing Capillary Suction Time compared to distilled water.

Keywords: shales, brittleness, cation exchange capacity, roller oven test, capillary suc-
tion time, Silurian, Baltic basin
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Lietuvos kristalinis pamatas slagso 200-1000 metry gylyje ir pasiekiamas tik greziniais.
Vykdant detalig regiono rekonstrukcija yra itin svarbis absoliutinio uolieny amziaus bei
izotopinés ir cheminés uolieny sudéties tyrimai. Vakary Lietuvos uolienos iskeltos i$ dides-
nio gylio, todél ten randama aukstesniy temperatiiry metamorfizmo paveikty uolieny, o
rytinéje Lietuvos dalyje buvo pasiekti Zemesni metamorfizmo parametrai. (SIMS) NORD-
SIM laboratorijoje, Svedijoje, buvo tirti metamorfizuoty magminiy uolieny méginiai ir nu-
statytas jy absoliutus amzius. Uolienos imtos i§ St87 (1 158,5 m gylis) ir Vd62 (1 665 m
gylis) greziniy, esanciy Vakary Lietuvoje. Uolienos skiriasi mikroelementy chemine sudé-
timi. Nors abi susidaré su subdukcija susijusioje tektoninéje aplinkoje, Vd62 retyjy Zemiy
spektras, normuotas pagal Nakamura (1974), yra labiau diferencijuotas, palyginti su St87.
Tai rodo, kad St87 uoliena susidaré saly lanky tektoninéje aplinkoje, o formuojantis Vd62
subdukcija vyko po kontinento pakrasc¢iu. Nustatytas uolieny amzius labai panasus: Vd62
1849,1 £ 7,7 Ma ir St87 1843,3 + 8,9 Ma. Panasaus amziaus uolieny, susidariusiy saly lan-
ky ir kontinentinio pakras¢io tektoninése aplinkose, yra zinoma aplinkiniuose greziniuose
bei Piety Lietuvoje. A. M. Bogdanova ir kt. (2015) koreliuoja skirtingo amziaus uolienas
Baltijos Salyse su stambiomis tektoninémis struktiromis Skandinavijos pusiasalyje, ypac
centrinéje ir pietinéje Svedijos dalyse. Misy tirtos uolienos patenka j 1,86-1,84 Ga Vidu-
rio Lietuvos domeng, kurio uolienos galéjo susidaryti kartu su Askersund svita ir dalimi
Vistervik domeno uolieny centrinéje ir pietinéje Svedijos dalyse.
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The crystalline basement of Lithuania in the western East European Craton (EEC) is
covered by 200-1000 m thick Phanerozoic sediments and known only though drillings
and geophysics. Reconstruction of different igneous belts is based mainly on chemical
and isotopic studies. The Mid-Lithuanian domain (MLD) of 1.86-1.84 Ga is shown
by Bogdanova et al. (2015) to extend from southern through middle Lithuania to its
northwest. However, the rocks in western and southern parts of the country have been
exposed to different-grade metamorphism that has altered their primary composition.
In order to track the Mid-Lithuanian domain (MLD) continuation to the west, zircons
from two samples of metamorphosed igneous rocks (St87/1158.5 and Vd62/1665) were
dated at the NORDSIM facility and Sm-Nd and Rb-Sr isotopes from the six MLD sam-
ples (268/436.3, 346/563.4, 347/342.8, 62/1665, 26/1763, 99/1218.3) were investigated
at the Swedish Museum of Natural History in Stockholm. Both dated samples have
formed in a subduction-related tectonic setting. They, however, differ in REE patterns
(chondrite-normalised), the St87 having a flatter slope and being less fractionated than
the Vd62. Both rocks have yielded similar U-Pb ages: Vd62 of 1849 + 8 Ma and St87 of
1843 + 9 Ma. Rocks of similar age and chemical composition have been recognized in
the surrounding area and to the south. According to Bogdanova et al. (2015) they can
be correlated with the similar-aged complexes in south-central Sweden. The recent geo-
chemical and isotopic study of the rocks not only confirmed the extension of the MLD
to northwest, but also revealed the heterogeneities of the melt-generation source along
a former subduction zone and its possible continuation from the south to the west.



