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The Or do vi cian and Si lu rian de pos its in the Bal tic Ba sin are rep re sented by siltstones, mudstones, lime stones, marls, sand -
stones and, most com monly, claystones with a mark edly shaley struc ture.  Claystones that are par tic u larly rich in or ganic
mat ter are con sid ered as po ten tial res er voirs for shale gas ac cu mu la tions. Sam ples from 11 bore holes, in clud ing core sam -
ples of the Piaœnica, S³uchowo, Kopalino, Sasino, Prabuty, Jantar, Pelplin and lo cally Pas³êk, Kociewie and Puck for ma tions, 
were ana lysed by op ti cal mi cros copy, cathodoluminescence (CL), scan ning elec tron mi cros copy (SEM) and en -
ergy-dispersive spec trom e try and X-ray dif frac tion anal y ses (XRD). The Piaœnica, Sasino, Jantar, Pas³êk and Pelplin for ma -
tions are char ac ter ized lo cally by a dom i nance of black bi tu mi nous claystones with a high con tent of or ganic mat ter, and a
gen er ally con sis tent clay min eral com po si tion. In di vid ual sam ples only show vari a tions in silt frac tion and car bon ate con tent.
Very im por tant is the neg li gi ble pro por tion of swell ing min er als in the clay frac tion; the per cent age of smectite in the
mixed-lay ered illite/smectite min er als does not ex ceed 15%. It is im por tant for the rocks to have ad e quate [SiO2 >10%;
Quartz (Q) + Feld spars (Fs) + Car bon ates >40%] brit tle ness. The con tent of quartz, feld spars and car bon ates (here >40%)
sug gests that the claystones are sus cep ti ble to hy drau lic frac tur ing. The claystones show micropores be tween de tri tal
grains, be tween the flakes of clay min er als, within py rite framboids, and or ganic mat ter and sec ond ary micropores within
grains.

Key words: pe trog ra phy, min er al ogy, shale-type ac cu mu la tions, to tal or ganic car bon, Or do vi cian and Si lu rian rocks, Bal tic
Ba sin.

INTRODUCTION

The crys tal line base ment of the East Eu ro pean Craton in
Po land is over lain by a thick Ediacaran–lower Pa leo zoic sed i -
men tary suc ces sion. The lower Pa leo zoic shales de pos ited  in
the Bal tic Ba sin and the Podlasie–Lublin Ba sin, or al ter na tively
the Bal tic-Podlasie-Lublin Ba sin (Poprawa, 2010) form an
undeformed to weakly de formed 700 km long belt sit u ated
along the west ern slope of the East Eu ro pean Craton (EEC) in
Po land. 

The Or do vi cian and Si lu rian de pos its  of the Bal tic Ba sin
(sensu Jaanusson, 1976) that ex tend along the south-west ern
rims of the EEC in Po land, south ern Swe den, the Bal tic states, 
Belarus and Ukraine are de vel oped as var i ous fa cies belts and

rep re sent a wide spec trum of en vi ron ments from the edge of
the shelf in the west part, through neritic en vi ron ments, to lit to ral 
ones in the east (Jaanusson, 1976; Nestor and Einasto, 1997;
Jaworowski, 2000; LazauskienÅ et al., 2003; Modliñski, 2010;
Radkovets, 2015).

Ar eas with the high est po ten tial for hy dro car bon ex plo ra tion 
and pro duc tion among un con ven tional res er voirs in Po land are
re lated to the oc cur rence of Cam brian, Or do vi cian and Si lu rian
fine clastic de pos its (Poprawa, 2010, 2020; Papiernik et al.,
2019; Podhalañska et al., 2020). Po ten tial source rocks and hy -
dro car bon oc cur rences in Po land have been the sub ject of geo -
log i cal and geo chem i cal re search from the early 1990s. The
most in tense re search was con cen trated be tween 2010 and
2015 and was re lated to the avail abil ity of new data from new
bore holes drilled by oil com pa nies.

Be cause of their el e vated to tal or ganic car bon (TOC) con -
tent, the Furongian, Or do vi cian and Si lu rian mudstones are po -
ten tial res er voirs for un con ven tional hy dro car bon ac cu mu la -
tions and have be come the sub ject of in tense multidisciplinary
re search, aimed at eval u at ing their po ten tial for hy dro car bon
gen er a tion and ac cu mu la tion (i.a., Poprawa and Kiersnowski,
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2008; Karnkowski et al., 2010; Kosakowski et al., 2010, 2016;
Wiêc³aw et al., 2010;  Matyasik and S³oczyñski, 2010; Poprawa, 
2010, 2020; Labuda, 2015). Based on strictly de ter mined cri te -
ria, pro spec tive zones for the oc cur rence of un con ven tional hy -
dro car bon de pos its have been iden ti fied in the lower Pa leo zoic
shale suc ces sion (Podhalañska et al., 2020).

These po ten tial source rocks were stud ied by the cur rent
au thors in 2013–2018 to de ter mine rock suc ces sions with the
most fa vour able pa ram e ters for hy dro car bon ac cu mu la tion
(Podhalañska et al., 2016a, b, 2018, 2020; Sikorska et al.,
2016).

We de scribe the  petrographic char ac ter is tics of rocks rep -
re sent ing Or do vi cian and Si lu rian for ma tions in the Bal tic Ba sin
of Po land. Pre vi ously pub lished petrographic and min er al og i cal 
data are com ple mented by quan ti ta tive XRD, cathodolumi -
nescence and scan ning elec tron mi cros copy data. The lab o ra -
tory data is com bined with anal y sis of geo log i cal doc u men ta tion 
of bore holes drilled by the Pol ish Geo log i cal In sti tute – NRI.
The re sults of pre vi ous petrographic stud ies con ducted by
Langier-KuŸniarowa (i.a., 1967, 1971, 1982, 2015) and
Sikorska et al. (2016) were also in cor po rated. The study by
Radkovets et al. (2017) con tains a petrographic and min er al og -
i cal anal y sis of the or ganic-rich Si lu rian black shales of West ern 
Ukraine, which were de pos ited in the same sed i men tary ba sin
as the strata of the Bal tic Ba sin stud ied. Our re search fo cused
on the west ern and cen tral parts of the Bal tic Ba sin, where clay
fa cies dom i nated dur ing sed i men ta tion. Siltstones, lime stones,
marls and sand stones were ex am ined as well as the dom i nant
shales. Par tic u lar at ten tion was paid to the shale for ma tions
con sid ered to be the most pro spec tive for un con ven tional hy -

dro car bon res er voirs, con sid er ing whether the petrographic
fea tures of the strata ana lysed af fect oil and gas prospectivity.

GEOLOGICAL AND DEPOSITIONAL BACKGROUND

De scrip tions of Bal tic Ba sin ge ol ogy and evo lu tion have
been pub lished pre vi ously, e.g. by Poprawa et al. (1999),
LazauskienÅ et al. (2002, 2003), Karnkowski et al. (2010),
Modliñski and Podhalañska (2010), Mazur et al. (2018) and re -
cently in de tail by Poprawa (2020). In this con tri bu tion, we
briefly de scribe the most sig nif i cant geo log i cal events and pro -
cesses that af fected the mar ginal part of the East Eu ro pean
Craton, and con trolled sed i men ta tion, in clud ing of hy dro car bon
source rocks.

The Cam brian, Or do vi cian and Si lu rian de pos its in the Bal tic
Ba sin are part of an ex ten sive sed i men tary suc ces sion that was
de pos ited in a pericratonic ma rine ba sin de vel oped in early Pa -
leo zoic times on the south west ern slope of the Baltica
palaeocontinent, lo cated at that time at the me dium and low
south ern lat i tudes (Cocks, 2000; Golonka et al., 2019; Fig. 1).
This was a vast epicontinental sea where car bon ate, marly,
clayey and silty sed i ments were de pos ited. It cov ered to day’s
Bal tic coun tries and the Bal tic Sea, reach ing south ern Swe den,
north ern and east ern Po land, and west ern Ukraine. The up per -
most Ediacaran and lower Pa leo zoic de pos its of the ba sin are in
con tact with tec toni cally de formed Or do vi cian and Si lu rian de -
pos its of the Koszalin–Chojnice Zone along the faults of the
Teisseyre-Tornquist tec tonic zone (TTZ; Znosko, 1997; Dadlez,
2000). The east ern limit of the ba sin co in cides with the nat u ral
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Fig. 1A – lo cal ity map of the bore holes in ves ti gated; B – palaeogeographical map of the Late
Or do vi cian/Early Si lu rian af ter Cocks (2000)

https://gq.pgi.gov.pl/article/view/8075
https://gq.pgi.gov.pl/article/view/7564
https://gq.pgi.gov.pl/article/view/7564
https://gq.pgi.gov.pl/article/view/7571
https://gq.pgi.gov.pl/article/view/7561
https://gq.pgi.gov.pl/article/view/7565
https://gq.pgi.gov.pl/article/view/26721
https://gq.pgi.gov.pl/article/view/26721
https://gq.pgi.gov.pl/article/view/27382
https://gq.pgi.gov.pl/article/view/27382


bound aries of Si lu rian nearshore fa cies (Paškevièius, 1997;
Lazauskiene et al., 2003; Modliñski, 2010; Radkovets, 2015). 

The for ma tion of the Bal tic–Podlasie–Lublin Ba sin and the
early Pa leo zoic de po si tion were as so ci ated with the late Neo -
pro terozoic break-up of the Rodinia/Pannotia supercontinent
(Poprawa et al., 1999; Jaworowski, 2002; Jaworowski and
Sikorska, 2003; Poprawa et al., 2020). Af ter a pe riod of ter res -
trial sed i men ta tion in the late Ediacaran and early Cam brian
(Jaworowski and Sikorska, 2003), there was a change to tran si -
tional and ma rine de po si tion, and the course of sed i men ta tion
was de pend ent on transgressive-re gres sive cy cles in the ba sin
(Jaworowski, 2002; Modliñski and Podhalañska, 2010). Sed i -
men ta tion of ma rine siliciclastic de pos its con tin ued un til the
mid dle Cam brian (depositional se quence I, Jaworowski, 2002).
Ma rine de pos its of the mid dle Cam brian, Furongian and Lower
Or do vi cian (Tremadocian) rep re sent depositional se quence II
(Jaworowski, 2002). The oc cur rence of Furongian and lower
Tremadocian de pos its in the Bal tic area is lim ited to a small
area of the £eba El e va tion and the mar i time eco nomic zone of
the Bal tic Sea.

The geotectonic con di tions in the Bal tic–Podlasie–Lublin
Ba sin changed in the Mid dle/Late Or do vi cian. As a re sult of the
oblique col li sion of Avalonia with Baltica, this area be came the
foredeep ba sin of an ap proach ing orogen (Poprawa et al.,
1999; Poprawa, 2020). Due to flex ural bend ing of the Bal tic
crust, sub si dence rate in creased in the ba sin, reach ing its max i -
mum in the Lud low and Pridoli (Si lu rian) (Poprawa et al., 1999;
Jaworowski, 2000, 2002; Poprawa, 2020). The de vel op ment of
the ba sin in the mar ginal zone of Baltica was char ac ter ized by a
zonal lithofacies pat tern, with a west wards-in creas ing pro por -
tion of clastic de pos its and an eastwards-in creas ing pro por tion
of car bon ates (e.g., Paškevièius, 1997; Modliñski, 2010;
Modliñski and Podhalañska, 2010; Porêbski et al., 2013;
Radkovets, 2015; Poprawa, 2020). This trend per sisted, es pe -
cially in the Or do vi cian. In the Si lu rian, the mi gra tion of the Cal -
edo nian col li sion front was the main de ter mi nant of sed i ment
de po si tion. Ini tially, de po si tion of claystones and mudstones
(Jantar and Pas³êk for ma tions) took place on an open shelf,
though with a lim ited sup ply of clastic ma te rial and un der con di -
tions of very low ox y gen a tion of both the bot tom wa ters and the
sea floor. Ox y gen a tion in the ba sin was vari able through out the
Llandovery and Wen lock (Pas³êk and Pelplin for ma tions); how -
ever, the sup ply of siliciclastic ma te rial sys tem at i cally in -
creased, ex pand ing the zone of claystone-mudstone-siltstone
fa cies to wards the east (Modliñski, 2010; Porêbski et al., 2013;
Poprawa, 2020). The sup posed source area of clastic ma te rial
is the Cal edo nian accretionary prism that formed along the col li -
sion zone of Baltica with Avalonia (Poprawa et al., 1999;
Jaworowski, 2000; Poprawa, 2006; Porêbski et al., 2013), while
the car bon ate ma te rial was de rived from the mar ginal zone and
shal lows in the bas ins. The lower Pa leo zoic sec tion stud ied is
in com plete. Part or all of Pridoli de pos its, and lo cally also the
up per part of the Lud low, are miss ing as a re sult of ero sion re -
lated partly to iso static post-collisional up lift (Poprawa, 2020).

The pres ence and mi gra tion of depositional en vi ron ments
in the sed i men tary ba sin con du cive to the de po si tion of
fine-grained sed i ments en riched in or ganic mat ter was con di -
tioned by both the tec tonic evo lu tion (e.g., LazauskienÅ et al.,
2003; Poprawa, 2020) and global cli ma tic and eustatic changes 
in sea level along with their ef fects on bi o log i cal pro duc tiv ity
(Page et al., 2007; Armstrong et al., 2009; Loydell et al., 2009;
Podhalañska, 2009; Cichon-Pupienis et al., 2020). De po si tion

of each shale for ma tion of the lower Pa leo zoic un con ven tional
hy dro car bon sys tem in Po land – the Piaœnica For ma tion
(Furongian–Lower Tremadocian), the Sasino For ma tion
(Caradoc), the Jantar For ma tion (Llandovery), the lower part of
the Pelplin For ma tion (Mingajny For ma tion, ac cord ing to
Poprawa, 2020) – co in cides with ris ing or high global sea level.

The area in ves ti gated is lo cated on the west ern part of the
East Eu ro pean Craton, the base ment of which grad u ally de -
scends west wards and is lo cated at depths rang ing from sev eral
hun dred me ters in the east to ~5000 m in the west. The sed i -
men tary cover of the ba sin lies hor i zon tally or sub-hor i zon tally
and, as well as the up per most Ediacaran to lower Pa leo zoic,
com prises also Perm ian-Me so zoic and Ce no zoic sed i men tary
suc ces sions. Knowl edge of the li thol ogy of Cam brian, Or do vi -
cian and Si lu rian strata in the Bal tic Ba sin co mes from a few tens
of bore holes. The key bore holes for the west ern, dis tal part of the 
ba sin are S³upsk IG 1, Lêbork IG 1 and Koœcierzyna IG 1, while
Dar¿lubie IG 1 is the key bore hole for the £eba El e va tion. For the
cen tral and east ern parts of the Bal tic Ba sin, the key bore holes
in clude Pas³êk IG 1, ¯elazna Góra 4 and Prabuty IG 1.

ANALYTICAL METHODS AND DATA

The re search ma te rial (bore hole core sam ples) was de rived 
from 11 bore holes: B16-1/85, Bia³ogóra 1, Dar¿lubie IG 1,
Gdañsk IG 1, Henrykowo 1, Koœcierzyna IG 1, Lêbork IG 1,
Olsztyn IG 2, Pas³êk IG 1, Prabuty IG 1 and ¯arnowiec IG 1
(Fig. 1A) drilled in the Bal tic Ba sin, lo cated both in the on shore
and off shore parts of the ba sin. Core sam ples of the Piaœnica,
S³uchowo, Kopalino, Sasino, Prabuty, Jantar, Pas³êk, Pelplin,
Kociewie and Puck for ma tions were ana lysed (Fig. 2). Un cov -
ered pol ished thin sec tions were pre pared from 140 rock sam -
ples (stained blue with resin). Petrographic stud ies were based
on ob ser va tions in a po lar iz ing mi cro scope (PL) and en abled
de ter mi na tion of microlithofacies (types of rocks) and their tex -
tural and struc tural fea tures (e.g., grain size, sort ing, po ros ity).
In ad di tion to stan dard mi cro scopic ex am i na tions, 50 thin sec -
tions were ex am ined un der cathodoluminescence (cold cath -
ode – CCL 8200 mk3 Cam bridge Im age Tech nol ogy). These
al lowed de ci pher ing of the orig i nal fea tures of the rock struc ture 
to better un der stand and in ter pret the diagenetic pro cesses to
which the de pos its were sub jected. In the case of very
fine-grained rocks, the CL im ages re vealed the pres ence of dis -
persed car bon ates, phos phates, kaolinite and feld spars.

Dye anal y sis, us ing Evamy’s so lu tion, was also used to
iden tify car bon ates. These stud ies were sup ple mented with ob -
ser va tions us ing a scan ning elec tron mi cro scope (SEM) LEO
1430 to vi su al ize the pore space and, in par tic u lar,
microporosity. The stud ies were car ried out on rock chips (35)
and thin sec tions (40). In doubt ful cases, min er als were iden ti -
fied by chem i cal com po si tion anal y sis (EDS) us ing an en ergy
microprobe (Ox ford ISIS 300). To de scribe the clay min er als,
the re sults of X-ray dif frac tion anal y sis (XRD), per formed at the
Oil and Gas In sti tute – Na tional Re search In sti tute in Kraków,
were used (X’Pert MPD Philips diffractometer). These data
were also used to de ter mine the rock brit tle ness as a cru cial pa -
ram e ter for shale sus cep ti bil ity to frac ture prop a ga tion in hy -
drau lic frac tur ing (An drews, 2013, 2014; Dyrka, 2016). A sum -
mary of the anal y ses is given in Ta ble 1. 

Un even sam pling of the rocks from the dif fer ent for ma tions
re sulted from vary ing avail abil ity of core ma te rial. 
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Fig. 2. Lithostratigraphic sub di vi sion of the Or do vi cian and Si -
lu rian suc ces sion in the part of the Bal tic Ba sin stud ied (af ter
Porêbski and Podhalañska, 2019), Or do vi cian–Si lu rian
chronostratigraphy, graptolite zonation and cor re la tion of the
Or do vi cian and Si lu rian stan dard stages to the Bal tic re gional
stages af ter Coo per et al. (2012) and Melchin et al. (2012). The
stan dard graptolite zonation is mod i fied to in clude the lo cal
zones of Urbanek and Teller (1997) and Porêbska et al. (2004)

Hinant. – Hirnantian, Lst – Lime stone, Mdst – Mudstone, Mbr. –
Mem ber, Fm. – for ma tion

Age For ma tion
Num ber of anal y ses

PL CL SEM XRD

SILURIAN

Puck   2   2   1   1

Kociewie 16   4   6 16

Pelplin 70 36 17 69

Pas³êk 24 11   6 28

Jantar   2   1   1   2

ORDOVICIAN

Prabuty   2   1 –   2

Sasino 18 13   4 22

Kopalino   2   1 – –

S³uchowo   1   1   1   2

Piaœnica   3   1 – –

S 140  71 36 205  

PL – po lar iz ing mi cro scope, CL – cathodoluminescence, SEM –
scan ning elec tron mi cro scope, XRD – X-ray dif frac tion anal y sis

T a  b l e  1

List of petrographic and min er al og i cal an a lyzes made on 
se lected for ma tions



RESULTS

PIAŒNICA FORMATION

The Piaœnica For ma tion is com posed of black claystones
with interbeds and lenses of dark grey lime stone and nu mer ous
py rite con cre tions. Sand stones are a mi nor li thol ogy found in
the bot tom part of the for ma tion. Ac cord ing to Sikorska and
Jaworowski (2007) the de pos its ac cu mu lated in a euxinic ma -
rine ba sin and prob a bly on a dis tal car bon ate ramp.

The claystones are char ac ter ized by hor i zon tal lam i na tion
and are strongly bi tu mi nous (Fig. 3A). They con sist of a mix ture
of clay min er als with an ad mix ture of terrigenous ma te rial
(quartz and feld spars vis i ble in CL), py rite, car bon ates, phos -
phates and abun dant or ganic mat ter. Car bon ates (cal cite, mi -
nor do lo mite) oc cur in the form of very small, dis persed con cen -
tra tions, or fill microfractures. The claystones con tain chan nel
(Sikorska et al., 2016). The lime stones are rep re sented mainly
by sparites and biosparites (calcitic re mains of trilobites and
brachi o pods), less of ten by microspar. Ac cu mu la tions of bi tu -
mens oc cur be tween sparite grains; some of the grains show
feather struc ture (Fig. 3B, C). The lime stones oc ca sion ally con -
tain psam mit ic quartz de tri tus and scat tered phos phatic shells.
In places, they are frac tured and re-ce mented with cal cite
(Fig. 3C).

S£UCHOWO FORMATION

The S³uchowo For ma tion is com posed of black and dark
grey bi tu mi nous clays, lam i nated in places, and in which very
fine grains of blue-lu mi nes cent po tas sium feld spar can be
seen. XRD anal y sis (Ta ble 2) of a sin gle se lected sam ple
shows that the av er age clay min eral con tent is 25.5%, and the

sum av er age of quartz, feld spars and car bon ates is 26.1%. A
char ac ter is tic fea ture of the claystones is the oc cur rence of
laminae en riched in mud-sized ma te rial with green ish
glauconite grains and with phos phates. Parts of the glauconite
grains are phosphatized (Fig. 4A, B). The claystones also con -
tain bar ite ag gre gates with nu mer ous py rite crys tals.

In elec tron mi cro scope ob ser va tions, the claystones show
microporosity be tween clay min eral flakes. The pores are iso -
met ric (Æ ~4 µm) and ca nal-shaped, with an av er age length of 
~12 µm.

KOPALINO FORMATION

The Kopalino For ma tion is rep re sented al most en tirely by
var i ous types of lime stone, oc ca sion ally with interbeds of clay
rocks and scour marks. The dom i nant rock type is
organodetrital lime stone (mainly with tri lo bite and brachi o pod
de bris), grey and brown in col our, spotty in places due to un -
even pig men ta tion with iron com pounds. Car bon ate clasts are
also pres ent in biosparites. There are nu mer ous pelitic and
marly lime stones in the Kopalino For ma tion. Frac tures in the
lime stones and the in te ri ors of some bioclasts are filled with
sec ond ary cal cite or an ker ite (Fig. 5). Yel low-or ange-lu mi nes -
cent cal cite pre dom i nates in CL im ages, while ferruginous or -
ange-brown-lu mi nes cent cal cite is rarely pres ent. Phos phates
(li lac in CL) oc cur spo rad i cally.

SASINO FORMATION

The Sasino For ma tion is rep re sented by black and
black-grey claystones (Fig. 6), silty clays, cal car e ous clays and
clayey lime stones, fre quently with fau nal de bris and an ad mix -
ture of mud and tuffite. The de tri tal ma te rial in cludes fine grains
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Fig. 3. Pho to mi cro graphs of rocks from the Piaœnica For ma tion

A – hor i zon tally lam i nated black bi tu mi nous claystone, ¯arnowiec
IG 1 bore hole, depth 2725.6 m (with out an a lyzer); B, C – sparitic
lime stone with nu mer ous bi tu men ac cu mu la tions (ar rowed), sparite
grains show zonal struc ture in CL; Cal – cal cite vein, B16-1/85 bore -
hole (off shore), depth 1860.4 m (B – crossed polars; C – CL im age)
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Min eral com po si tion

ORDOVICIAN SILURIAN

For ma tion

S³uchowo Sasino Prabuty Jantar Pas³êk Pelplin Kociewie Puck

Num ber of sam ples

2 21 2 4 27 65 16 1

Quartz 16.0–21.0 12.3–49.9 22.3–27.4 16.6–29.7 14.2–39.7 18.7–30.8 10.5–25.7 18.3

Quartz av. 18.5 31.3 24.8 21.58 22.6 24.2 17.9

Plagioclase 1.2–2.6 2.1–5.7 2.2–4.9 2.0–4.0 0.0–6.8 0.0–19.7 3.5–6.7 4.8

Plagioclase av. 1.9 3.4 3.6 2.83 4.2 7.0 5.2

K-feld spar 1.2–9.6 0.0–4.9 1.7–2.7 1.1–2.8 0.0–5.5 0.0–13.4 0.7–1.9 1.2

K-feld spar av. 5.4 2.1 2.2 1.98 2.5 2.7 1.4

Cal cite 0.0 0.0–33.0 0.7–2.7 0.0–0.4 0.0–44.0 0.4–28.4 1.4–47.5 9.0

Cal cite av. 0.0 5.7 1.7 0.1 6.7 5.3 12.1

Do lo mite/ankerite 0.0–0.6 0.0–11.3 1.1–1.5 0.5–5.0 0.0–9.2 0.0–10.3 1.8–5.9 5.0

Do lo mite/an ker ite av. 0.3 3.1 1.3 2.28 3.3 5.5 3.3

He ma tite 0.0 0.0 0.0 0.0 0.0–5.8 0.0 0.0 0.0

He ma tite av. 0.0 0.0 0.0 0.0 0.2 0.0 0.0

Sulphides 16.2–31.8 0.0–43.4 2.9–3.6 0.0–22.3 0.0–9.0 0.0–8.1 0.0–4.7 2.3

Sulphides av. 24.0 7.53 3.3 6.4 2.5 4.2 2.4

Sulphates 0.0–0.9 0.0–1.7 0.0 0.0–2.1 0.0–1.3 0.0–7.2 0.0–3.2 0.0

Sulphates av. 0.45 0.55 0.0 0.53 0.1 1.0 0.6

Mica+illite 32.8–48.8 22.9–48.3 47.0–50.5 41.3–51.5 0.0–49.6 0.0–46.2 20.1–47.9 47.2

Mica+illite av. 20.5 33.0 48.8 44.25 37.0 35.0 39.0

Illite/smectite 2.6–3.6 1.6–9.4 1.1–2.5 0.5–10.1 0.0–11.5 0.5–33.0 1.6–5.0 3.3

Illite/smectite av. 3.1 4.3 1.8 4.6 4.7 3.6 2.3

Chlorite 0.8–3.0 3.1–10.0 8.6–9.7 8.0–18.7 0.0–22.5 1.9–20.1 6.3–21.5 8.9

Chlorite av. 1.9 6.8 9.2 13.35 11.1 8.8 14.7

Kaolinite 0.0 0.0–1.8 0.0 0.0–1,9 0.0–2.1 0.0–5.1 0.0–1.4 0.0

Kaolinite av. 0.0 0.6 0.0 0.48 0.7 0.8 0.3

S clay min er als 25.5 44.8 59.7 62.7 53.6 48.3 56.4 59.4

S quartz, feld spars,
car bon ates

26.1 45.6 33.6 28.8 39.3 44.6 39.9 38.3

Av er age smectite con tent in the illite/smectite 

Num ber of sam ples – 5 1 1 3 12 5 –

Smectite – <15 <15 ~11 ~11 10 – 15 <10 –

av. – av er age

T a  b l e  2

Min er al og i cal com po si tion of the rocks of the Or do vi cian and Si lu rian for ma tions, de ter mined by XRD [in %]

Fig. 4. Pho to mi cro graphs of rocks from the S³uchowo For ma tion

A, B – claystone with a glauconite-con tain ing lamina (Gl); B – very fine, blue-lu mi nes cent feld spar grains, non-lu mi nes cent glauconite (Gl)
and phosphatized milky pink glauconite grains are vis i ble; Bia³ogóra 1 bore hole, depth 2701.5 m (A – with out an a lyzer, B – CL im age)



of quartz and po tas sium feld spar (blue CL), plagioclase (green
CL), mica (mus co vite) and ap a tite.

Many feld spars have been partly calcitized, as seen in CL
im ages (Fig. 6B). The pelite frac tion con sists of clay min er als
with an ad mix ture of car bon ate micrite and/or or ganic mat ter
and iron com pounds. The re sults of the min eral com po si tion
anal y sis of the clay frac tion (Ta ble 2) show the pres ence of illite, 
illite/smectite mixed-lay ered min er als (<15% smectite con tent),
chlorite and kaolinite. XRD anal y ses show that the av er age clay 
con tent is 44.8%. In ad di tion, the rocks con tain rhombohedral
do lo mite crys tals, nu mer ous py rite ag gre gates and fre quent in -
clu sions of or ganic mat ter. Apart from micrite and car bon ate
microspar, interbeds of clayey lime stones con tain nu mer ous
bioclast frag ments. Car bon ates are rep re sented by cal cite,
Fe-do lo mite, do lo mite and an ker ite (Ap pen dix 1* and Fig. 7). 

XRD anal y ses show that the av er age sum of quartz, feld -
spars and car bon ates is 45.6%.  In places, there are larger con -
cen tra tions of phos phates, and ac ces sory anhydrite or cele -
stine. Microporosity was ob served be tween the grains (Fig. 8)

and be tween the clay min eral flakes. The size of iso met ric
pores is ~3.19 µm, and the length of chan nel micropores is
~8.67 µm.

PRABUTY FORMATION

The Prabuty For ma tion is lithologically vari able and rep re -
sented by al ter nat ing beds of marly lime stone, claystone,
micrite lime stone and marl, gen er ally grey in col our, in places
col our-mot tled (brown/cherry). Sand stones, lime stones with
glauconite, clay laminae con tain ing glauconite, sand-silt quartz
de tri tus, partly carbonatized feld spars, py rite and bioclasts are
found at the top (Fig. 9A). The claystones are dark brown in col -
our and show a di rec tional struc ture em pha sized by par al lel ar -
range ment of clay min er als and streaks of or ganic mat ter with
py rite pig ment. XRD anal y ses (Ta ble 2) show that the av er age
clay con tent is 59.7%. Illite, illite/smectite (<15% of smectite)
and chlorites have been iden ti fied among the clay min er als.
The claystone tex ture is pelitic, in places pelitic-silty, with a
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Fig. 5. Pho to mi cro graphs of biosparite from the Kopalino For ma tion

A, B – lime stone cut by an an ker ite vein (Ank), Pas³êk IG 1 bore hole, depth 2720.8 m (A – crossed polars, B – CL im age)

Fig. 6. Pho to mi cro graphs of rocks from the Sasino For ma tion

A, B – claystone show ing di rec tional struc ture and con tain ing a small ad mix ture of mud; blue-lu mi nes cent feld spar grains,
green ish-lu mi nes cent plagioclase grains, and or ange-lu mi nes cent fine car bon ate grains, a large feld spar grain is partly re placed by

cal cite (ar rowed), Bia³ogóra 1 bore hole, depth 2642.8 m (A – with out an a lyzer, B – CL im age)

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1613



small ad mix ture of mainly po tas sium feld spar grains. There is
also an ad mix ture of car bon ate micrite in the form of fine
anhedral grains. XRD anal y ses (Ta ble 2) show that the av er age 
sum of quartz, feld spars and car bon ates is 33.6%.

The micritic lime stones and marls con tain recrystallized
shell frag ments com posed of cal cite rang ing in CL colours from
yel low to or ange and brown. They also con tain dis persed de tri -
tal ma te rial rep re sented by fine quartz and feld spar grains
(Fig. 9B). Frac tures in these rocks are filled with cal cite.

JANTAR FORMATION

The Jantar For ma tion is rep re sented by black-brown
claystones, mainly bi tu mi nous with nu mer ous grains of py rite,
and lo cally by dark brown cal car e ous siltstones. The claystones 

show a streaky or lam i nated di rec tional struc ture and a pelitic or 
pelitic-silty tex ture. The laminae and streaks are com posed of
or ganic mat ter and iron com pounds or car bon ate micrite
(Fig. 10). An ad mix ture of de tri tal ma te rial is rep re sented by
quartz grains and po tas sium feld spars (light blue-lu mi nes cent)
and by mus co vite and bi o tite flakes. Car bon ate grains, mainly
cal cite, small py rite ag gre gates and fine anhydrite crys tals were
also noted. The cal car e ous siltstone is com posed of car bon ate
micrite, quartz grains and an ad mix ture of clay min er als. It con -
tains small con cen tra tions of py rite and ad mix tures of po tas -
sium feld spar. XRD anal y ses (Ta ble 2) of se lected claystone
sam ples show the av er age con tent of clay min er als is 62.7%.
The main clay min eral is illite. Chlorites oc cur in con sid er able
amounts. Mixed-layer illite/smectite min er als (~11% of smec -
tite) and trace amounts of kaolinite also oc cur. The claystones
show microporosity be tween clay min eral flakes. The size of
iso met ric pores is ~3.25 µm, while the length of chan nel
macropores is usu ally >15 µm.

PAS£ÊK FORMATION

Rocks of the Pas³êk For ma tion are rep re sented by
black-brown ish claystones, and in places by dark brown cal car -
e ous siltstones. Lime stone interbeds are lo cally found. There
are also interbeds of bioturbated mudstone and claystone,
green ish in col our. The mudstone-claystone rocks show ran -
dom or di rec tional struc ture, and are lam i nated. Laminae in the
claystone are en riched in silty ma te rial or are of siltstone
(Fig. 11). De tri tal ma te rial of the silt frac tion is rep re sented by
grains of quartz, po tas sium feld spar and plagioclase, with ac -
ces sory ap a tite and po tas sium feld spars (Ap pen dix 2) con tain,
on av er age, 63.8 wt.% SiO2, 18.9 wt.% Al2O3, 16.1 wt.% K2O,
0.7 wt.% Na2O, 0.3 wt.% FeO, 0.1 wt.% TiO2, 0.1 wt.% MnO.
Plagioclases (Ap pen dix 2) con tain, on av er age, 66.9 wt.% SiO2, 
20.6 wt.% Al2O3, 0.1 wt.% K2O, 11.2 wt.% Na2O, 1.1 wt.% CaO,
0.1 wt.% FeO, 0.1 wt.% TiO2. More over, there are also cal cite
grains and do lo mite rhom bo he dra (Ap pen dix 1 and Fig. 7).
XRD (Ta ble 2) anal y ses show that the av er age sum of quartz,

8 Marta Kuberska et al. / Geo log i cal Quar terly, 2021, 65: 44

Fig. 7. Tri an gu lar di a gram of the chem i cal com po si tion (mol%) of the car bon ates

Fig. 8. Claystone from the Sasino For ma tion

Mic – mica, Ank – an ker ite, Cls – celestine grains and
inter gra nu lar po ros ity (ar rowed) are vis i ble, Bia³ogóra 1 bore hole,

depth 2657.8 m (SEI im age)

https://gq.pgi.gov.pl/article/downloadSuppFile/28593/4196
https://gq.pgi.gov.pl/article/downloadSuppFile/28593/4195
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Fig. 9. Pho to mi cro graphs of rocks from the Prabuty For ma tion

A – part of clay lamina in marl, partly carbonatized green glauconite grains, quartz grains (Qtz) and bioclasts (Bi) are vis i ble, Gdañsk IG
1 bore hole, depth 3089.0 m (crossed polars); B – micrite lime stone con tain ing quartz and feld spar silt (blue CL) and a piece of shell

vis i ble in the cen tre (yel low-lu mi nes cent cal cite), Prabuty IG 1 bore hole, depth 3361.5 m (CL im age)

Fig. 10. Pho to mi cro graphs of rocks from the Jantar For ma tion

A – claystone with car bon ate laminae and or ganic mat ter streaks (ar rowed), with a small ad mix ture of mud; B – blue-lu mi nes cent
feld spar grains, or ange-yel low-lu mi nes cent car bon ates are vis i ble in CL, Bia³ogóra 1 bore hole, depth 2613.9 m 

(A – crossed polars, B – CL im age)

Fig. 11. Pho to mi cro graphs of rocks from the Pas³êk For ma tion

A – laminae and len tic u lar forms com posed of siltstone; B – blue-lu mi nes cent K-feld spars, green ish-lu mi nes cent plagioclase grains,
yel low-lu mi nes cent cal cite, red-or ange-lu mi nes cent do lo mite are vis i ble in CL, Olsztyn IG 2 bore hole, depth 2354.9 m 

(A – crossed polars, B – CL im age)



feld spars and car bon ates is 42.3%. The pelitic frac tion (Ta ble 2) 
is rep re sented by clay min er als (illite, illite/smectite, chlorite,
kaolinite) and iron hy drox ides. The con tent of smectite in the
mixed-layer illite/smectite is ~11%. XRD anal y ses show that the 
av er age clay con tent is 53.6%.

There are also con cen tra tions of or ganic mat ter (Fig. 12).
Microporosity of or ganic mat ter is vis i ble un der a scan ning elec -
tron mi cro scope (Fig. 12), also be tween clay min eral flakes.
The av er age di am e ter of iso met ric pores is ~2.5 µm, and the
length of chan nel micropores is ~25 µm. 

PELPLIN FORMATION 

The Pelplin For ma tion is char ac ter ized by the pres ence of
dark grey mudstones, com monly lam i nated, with graptolites
and car bon ate ma te rial, dis persed or as con cre tions (Fig. 13),
as well as grey-brown ish claystones.

They show a pelitic, lo cally pelitic-silty tex ture and a di rec -
tional struc ture ac cen tu ated by par al lel ar range ment of clay
min er als and mica flakes. The pelitic frac tion (ac cord ing to XRD 
anal y sis; Ta ble 2) is rep re sented by clay min er als (illite,
mixed-lay ered min er als: illite/smectite, chlorites, and kaolinite).
The con tent of smectite in the mixed-layer illite/smectite min eral 
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Fig. 12.  Silty claystone from the Pas³êk For ma tion

Or ganic mat ter (OM) with vis i ble microporosity (ar rowed), Olsztyn
IG 2 bore hole, depth 2347.6 m (SEI im age)

Fig. 13. Pho to mi cro graphs of rocks from the Pelplin For ma tion

A, B – claystone; or ange-yel low-lu mi nes cent cal cite laminae (Cal) are vis i ble in CL, Bia³ogóra 1 bore hole, depth 2268.1 m
 (A – crossed polars, B – CL im age)

Fig. 14. Rocks from the Pelplin For ma tion

A – claystone, par al lel ar range ment of mica flakes (Mic) and microporosity (ar rows) are vis i ble, Olsztyn IG 2 bore hole, depth 2208.3 m; 
B – frag ment of cal car e ous claystone, grains of K-feld spar (Kfs), cal cite (Cal), and do lo mite (Dol), and or ganic mat ter (OM) are vis i ble,

Gdañsk IG 1 bore hole, depth 2981.8 m (A – SEI im age, B – BEI im age)



ranges from 10 to <15%. The av er age clay min eral con tent is
48.3%. Car bon ates oc cur as micrite and subhedral and
anhedral crys tals rep re sented by cal cite and do lo mite, spo rad i -
cally by an ker ite (Ap pen dix 1 and Figs. 7, 14B). An ad mix ture of
silt frac tion con sists of grains of quartz, K-feld spars and
plagioclases (Ap pen dix 2). Po tas sium feld spars con tain, on av -
er age, 67.7 wt.% SiO2, 18.5 wt.% Al2O3, 16.2 wt.% K2O, 0.4
wt.% Na2O, 0.1 wt.% FeO, 0.1 wt.% TiO2, 0.1 wt.% MnO.
Plagioclases con tain, on av er age, 68.0wt.% SiO2, 20.2 wt.%
Al2O3, 0.2 wt.% K2O, 10.4 wt.% Na2O, 0.4 wt.% CaO, 0.1 wt.%
FeO, 0.03 wt.% TiO2, 0.1 wt.% MnO. XRD (Ta ble 2) anal y ses
show that the av er age sum of quartz, feld spars and car bon ates
con tent is 45.5%. Framboidal py rite, as well as anhydrite and
ac cu mu la tions of or ganic mat ter, are also pres ent. Be tween
mica flakes, microporosity is ob served. The dom i nant size of
micropores is of the or der of a few micrometres (>4.35 µm).
Elon gated pores (ca nals), >16 µm in length, are rare and oc cur
be tween the par al lel clay min eral flakes (Fig. 14A).

KOCIEWIE FORMATION

The rocks of the Kociewie For ma tion are rep re sented
mainly by claystones, lo cally silty, cal car e ous, or by interbeds of 
silty claystone and claystone. They show pelitic-silty tex ture, lo -
cally pelitic, with a di rec tional tex ture em pha sized by the par al lel 
ori en ta tion of clay min eral flakes, micas or laminae en riched in
de tri tal silty or cal car e ous ma te rial. The pelitic frac tion is rep re -
sented by clay min er als (Ta ble 2) and car bon ate micrite. XRD
anal y ses show that the av er age clay con tent is 56.4%. Apart
from illite, there are also chlorites (av er age 14.7%) among the
clay min er als. There are also mixed-layer illite/smectite min er -
als con tain ing <10% of smectite, and trace amounts of kaolinite. 
In places, car bon ates oc cur as subhedral and anhedral crys tals
rep re sented by cal cite and do lo mite (Ap pen dix 1 and Fig. 7). 
Rhombohedral do lo mite crys tals are of ten char ac ter ized by a
zonal struc ture. The mar ginal parts of such crys tals are en -
riched in Fe and may have a com po si tion cor re spond ing to
Fe-do lo mite or an ker ite.

The silt frac tion is rep re sented by quartz and feld spar
grains, and by micas.  Po tas sium feld spars con tain, on av er -
age, (Ap pen dix 2) 65.3 wt.% SiO2, 18.9 wt.% Al2O3, 15.7 wt.%
K2O, 0.2 wt.% Na2O, 0.1 wt.% FeO, 0.2 wt.% TiO2, 0.1 wt.%
MnO. Plagioclases con tain, on av er age, 68.7 wt.% SiO2,
18.8 wt.% Al2O3, 0.2 wt.% K2O, 11.4 wt.% Na2O, 0.3 wt.% FeO,

0.2 wt.% TiO2.There are also nu mer ous ac cu mu la tions of py rite 
and celestine (Fig. 15) and anhydrite crys tals (Fig. 15A). 

The study also re vealed po ros ity that de vel oped
diagenetically, es pe cially by se lec tive dis so lu tion of de tri tal
com po nents (quartz, feld spars) or ce ment (Fig. 16). There is
also microporosity be tween clay min eral flakes and within
framboidal py rite (Fig. 15A). The av er age size of iso met ric
micropores is ~4.75 µm, while the length of chan nel micropores 
is ~7.50 µm.

PUCK FORMATION

The Puck For ma tion is a mo not o nous se ries of grey clay
rocks, of ten with a green ish hue. The ma te rial ana lysed con -
sists of only two sam ples that prob a bly rep re sent rocks of this
for ma tion. These are com pact, grey-green, non-lam i nated
claystones clas si fied into cal car e ous claystones due to nu mer -
ous dis persed very fine cal cite grains, as vis i ble in CL im ages
(Fig. 17). The clay groundmass con tains also silt-sized quartz
and feld spar grains. 
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Fig. 15. Claystone from the Kociewie For ma tion

A – anhydrite crys tals (Ah) and framboid py rite (Py) with microporosity (ar rows); B – celestine crys tals (Cls), Lêbork IG 1 bore hole, depth
3056.4 m (SEI im ages)

Fig. 16. Rocks from the Kociewie  For ma tion

Cal car e ous siltstone; microporosity due to se lec tive diagenetic
dis so lu tion is vis i ble (ar rowed) in cal cite, Koœcierzyna IG 1

bore hole, depth 4174.2 m (SEI im ages)

https://gq.pgi.gov.pl/article/downloadSuppFile/28593/4195
https://gq.pgi.gov.pl/article/downloadSuppFile/28593/4196
https://gq.pgi.gov.pl/article/downloadSuppFile/28593/4196
https://gq.pgi.gov.pl/article/downloadSuppFile/28593/4195


The XRD anal y sis of one sam ple (Ta ble 2) show that the
clay con tent is 59.4%. The claystones show microporosity be -
tween clay min eral flakes (Æ ~3.5 µm).

DISCUSSION

Within the con text of ear lier pa pers and sci en tific re ports
(Podhalañska et al., 2016a, b, 2018, 2020; Sikorska et al.,
2016), the Or do vi cian and Si lu rian lithofacies po ten tially pro -
spec tive for un con ven tional shale-type ac cu mu la tions of hy dro -
car bons have been char ac ter ized. The fol low ing prospectivity
cri te ria were as sumed (Wójcicki et al., 2017), ac cepted by the
Min is try of En vi ron ment, fo cused on the lower Pa leo zoic shales 
(claystones with mark edly shaley struc ture) in the Bal -
tic–Podlasie–Lublin Ba sin:

1. To tal or ganic car bon con tent: TOC 1–2 wt.% – min i mal
cri te rion; >2 wt.% – op ti mal cri te rion.

2. Ther mal ma tu rity of or ganic mat ter: vitrinite or
vitrinite-like macerals reflectance  – Ro >0.6%.

3. Ef fec tive po ros ity: >4%.

4. Thick ness of claystones: 10 m for TOC >2 wt.%; 30 m
for TOC 1–2 wt.%.

5. Clay min eral con tent: <60%.
6. Brit tle ness: sil ica con tent >10%; con tent of Quartz (Q) +

Feld spars (Fs) + Car bon ates >40%.
Based on sedimentological in ves ti ga tions of core ma te rial,

lit er a ture, and the pres ent-day state of knowl edge, Feldman-
Olszewska and Roszkowska-Remin (2016) re port the rocks of
the Sasino, Jantar and Pelplin for ma tions as the po ten tially pro -
spec tive ones on the Or do vi cian and Si lu rian.

Af ter tak ing into ac count re sults of petrophysical re search,
as well as geo chem i cal and petrographic anal y ses of or ganic
mat ter, the most prom is ing for ma tions are the Piaœnica, Sasino, 
Jantar and the lower part of the Pelplin for ma tions (Dyrka, 2016; 
Karcz and Janas, 2016). Petrographic-min er al og i cal stud ies in -
di cate that the min eral com po si tion of the clay groundmass is
al most the same in all for ma tions stud ied.

In ad di tion to the dom i nant illite, they may con tain small
amounts of mixed-lay ered illite/smectite and chlorite and trace
amounts of kaolinite. Im por tantly, there is a neg li gi ble pro por -
tion of swell ing clay min er als; the per cent age of smectite in
mixed-lay ered illite/smectite min er als does not ex ceed 15%
(Ta ble 2; Sikorska et al., 2016). The con tent of clay min er als in
the shales from the pro spec tive for ma tions is high and ranges
from 44.8 to 62.7%, most of ten it is ~50–55%. This vari a tion in
the amount of clay groundmass shows no pat tern.

The ef fect of clay min eral con tent on the ef fec tive po ros ity of 
the claystones is not crit i cal. Only cer tain “dis crete” re la tion -
ships are ob served, which con cern the claystones of the
Kociewie and Sasino for ma tions, where an  in crease in clay
min er als cor re lates with an in crease in ef fec tive po ros ity in the
sam ples ana lysed (Fig. 18A). The microporosity here is as so ci -
ated mainly with microspaces be tween clay min eral flakes in
rocks in all the for ma tions stud ied.

The rocks ana lysed con tain microlaminae of silt ma te rial
and dis persed car bon ates, the con tent of which var ies be tween
in di vid ual sam ples. These fea tures are ob served in both the
pro spec tive and non-pro spec tive for ma tions. Thus, the min eral
com po si tion of the shales can be cor re lated with the de gree of
their prospectivity only in terms of sus cep ti bil ity to the tech no -
log i cal pro cess of hy drau lic frac tur ing. The rock com po nent sig -
nif i cantly im pact ing brit tle ness is the con tent of clay min er als
(<60%; Ta ble 2) and the low con tent of swell ing min er als. Its
quan ti ta tive in di ca tor is the amount of de tri tus (quartz and feld -
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Fig. 17. Pho to mi cro graph of cal car e ous claystone
 from the Puck For ma tion 

Fine cal cite grains (yel low-or ange CL) and K-feld spar and
plagioclase grains (blue and green CL) in the clay groundmass,

Bia³ogóra 1 bore hole, depth 1645.7 m (CL im age)

Fig. 18A – re la tion ship be tween the clay min eral con tent and ef fec tive po ros ity; B – re la tion ship be tween the TOC value and
ef fec tive po ros ity

Data of TOC and ef fec tive po ros ity from Podhalañska et al. (2016b, 2018)

https://gq.pgi.gov.pl/article/view/26721


spar) or the sum of de tri tus and car bon ates. The re sults ob -
tained from XRD anal y sis are not al ways re flected in mi cro -
scopic ob ser va tions and CL anal y sis. The higher con tent of
feld spars, in par tic u lar of plagioclases, is a con se quence of po -
tas sium feld spars be ing albitized and in vis i ble (brown lu mi nes -
cence), while al ka line plagioclases are blue in CL, re sem bling
K-feld spars. Chem i cal anal y ses of feld spars in the Pas³êk,
Pelplin, Kociewie for ma tions (Ap pen dix 2) lit tle dif fer ence in
their com po si tion. The SiO2 con tent in feld spars is slightly lower
in the Pas³êk For ma tion (63.8–66.9 wt.%) com pared to the
sam ples from the Pelplin and Kociewie for ma tions
(64.7–68.7 wt.%). The Al2O3 con tent is com pa ra ble among the
sam ples from the for ma tions ana lysed. The K2O con tent of the
po tas sium feld spars is ~16 wt.%. Con tents of Na2O range from
10.4 to 11.4 wt.% and CaO ranges from 0 to 1.12 wt.% in
plagioclases.

An ad di tional prob lem in mi cro scopic iden ti fi ca tion is the
very fine grain size. The CL im ages clearly show the form of
feld spar ac cu mu la tion, their even dis tri bu tion in the
groundmass, and the mode of car bon ate oc cur rence: fine
grains, pseudo morphs af ter feld spars, microveins, nests, etc.
The anal y sis of these fea tures shows no pat tern in their ap pear -
ance in the rocks stud ied. Nev er the less, in min er als such as
feld spar or car bon ates, sec ond ary microporosity was no ticed,
re sult ing from diagenetic pro cesses (mainly dis so lu tion).
Microporosity was also ob served within framboidal py rite con -
cen tra tions, which is com monly found in claystones of for ma -
tions known as pro spec tive.

The ef fec tive po ros ity of the Or do vi cian rocks is 0.6–8.9%,
and of the Si lu rian rocks it is 1.2–18.4% (Podhalañska et al.,
2016b, 2018). The av er age ef fec tive po ros ity val ues in the pro -
spec tive for ma tions are as fol lows: Piaœnica – 5.0%, Sasino –
5.4%, Jantar – 4.9%, Pelplin – 6.5% (Dyrka, 2016).

The TOC con tent in the claystones ranges from ~0.1 to
~10 wt.% (Wiêc³aw et al., 2010; Karcz and Janas, 2016;
Podhalañska et al., 2016b, 2018). The TOC val ues in the sam -
ples from the for ma tions ana lysed are as fol lows: Sasino
0.24–3.7 wt.%, Prabuty 0.07–1.02 wt.%, Pas³êk 0.03–8.0 wt.%,
Pelplin 0.09–1.92 wt.% and Kociewie 0.06–0.45 wt.%. The
most vari able TOC val ues were re corded in sam ples from the
Pas³êk For ma tion. As can be seen from the graph of the re la -
tion ship be tween TOC and ef fec tive po ros ity (Fig. 18B), a slight
in crease in po ros ity with in creas ing TOC con tent is ob served
here.

A more prom i nent re la tion ship oc curs in the case of rock
sam ples from the Sasino For ma tion, al though the TOC vari a -
tion is smaller here than in the Pas³êk For ma tion. It can there -
fore be as sumed that the in crease in ef fec tive po ros ity in
claystones is re lated to the in creased con tent of or ganic mat ter,
which is as so ci ated with the microporosity ob served within it.
The re sults of S³omski’s (2019) re search also in di cate that the
con tent of or ganic mat ter is an im por tant fac tor af fect ing po ros -
ity, es pe cially in the case of the Jantar bi tu mi nous claystones
and the Sasino For ma tion rocks. The or ganic mat ter con tent
and clay min er als greatly in flu ence the den sity of the
claystones. Ac cord ing to Jarzyna et al. (2021) den sity and po -
ros ity are the main petrophysical pa ram e ters of shale gas for -
ma tions that are of in ter est. In the other for ma tions, de spite the
much lower or ganic car bon con tent, there is a pos i tive re la tion -
ship be tween the in crease in ef fec tive po ros ity and TOC val ues. 
The de gree of ma tu rity of or ganic mat ter in the Bal tic Ba sin in -
creases to wards the SW, along with the in creas ing depth to the
crys tal line base ment of the East Eu ro pean Craton (Karcz and
Janas, 2016). The Ro in dex val ues (0.58–2.04%) cor re spond to
the main phase of oil gen er a tion win dow and the gas gen er a tion 
win dow (Grotek, 2016). Ac cord ing to Papiernik et al. (2019) on
the ba sis of a com bi na tion of ther mal ma tu rity and TOC (0.6%

<Ro <2.4%, TOC >1.5 wt.%), good-qual ity, un con ven tional res -
er voirs can be ex pected in the Sasino and Jantar for ma tions.

The or ganic mat ter un der went sec ond ary al ter ation. Solid
bi tu mens fill microfractures or block the free pore spaces. The
dis tri bu tion forms and nanoporosity of the or ganic mat ter re -
quire fur ther anal y ses. The de vel op ment of an a lyt i cal meth ods
for study ing shale rocks in terms of res er voir pa ram e ters was
de scribed by Such et al. (2017), com ment ing on mat ters such
as the pres ence of ‘in ac ces si ble’ po ros ity in or ganic mat ter fill -
ing the pore space of rocks.

CONCLUSIONS

Pet ro log i cal anal y sis of rocks of the Or do vi cian and Si lu rian
lithostratigraphic for ma tions in the Pol ish part of the Bal tic Ba sin 
al lowed siltstones, mudstones, lime stones, marls, sand stones,
as well as the most com mon claystones with a mark edly shaley
struc ture (shales) to be dis tin guished. The same type of rock in
the for ma tions ana lysed, both in the pro spec tive and non- pro -
spec tive for ma tions for un con ven tional hy dro car bon ac cu mu la -
tions, do not dif fer from each other in terms of min er al ogy. In in -
di vid ual sam ples, con tent vari a tions re fer only to silt ma te rial
and car bon ates, which can af fect the tech no log i cal pro cess of
hy drau lic frac tur ing and are among the de ter mi nants of
prospectivity of the rocks.

Com ple men tary re sults of pet ro log i cal anal y sis, es pe cially
of clay min er als and or ganic mat ter, in as so ci a tion with ef fec tive 
po ros ity val ues, is im por tant to as sess the prospectivity of un -
con ven tional hy dro car bon ac cu mu la tions in the rocks stud ied.
Only cer tain “dis crete” re la tion ships are ob served in the rocks
stud ied, where an in crease in clay min er als cor re lates with an
in crease in ef fec tive po ros ity, which con cern the claystones of
the Kociewie and Sasino for ma tions. There is a slight in crease
in po ros ity with in creas ing TOC con tent in the Sasino, Jantar
and Pas³êk for ma tions. 

Ob ser va tions of the pore space in the rocks have al lowed
iden ti fi ca tion of micropores be tween de tri tal grains and within
py rite framboids, sec ond ary micropores in grains (the ef fect of
se lec tive dis so lu tion of feld spar grains and car bon ates), and
microporosity be tween the clay min eral flakes and within or -
ganic mat ter.

The claystones of the Sasino, Jantar, and Pelplin for ma -
tions seem to be the most pro spec tive lithofacies for un con ven -
tional shale-type hy dro car bon ac cu mu la tions in the Or do vi cian
and Si lu rian rocks. They are char ac ter ized by a high con tent of
or ganic mat ter (Karcz and Janas, 2016; Papiernik et al., 2019;
Podhalañska et al., 2020; Poprawa, 2020). Very im por tant is
the neg li gi ble pro por tion of swell ing min er als in the clay frac tion. 
The per cent age of smectite in mixed-lay ered illite/smectite min -
er als does not ex ceed 15%. Im por tantly, the rocks have ad e -
quate brit tle ness: e.g. the con tent of quartz, feld spars and car -
bon ates (here >40%) points to the suit able sus cep ti bil ity of the
claystones for hy drau lic frac tur ing.
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