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We de scribe the or ganic pe trog ra phy, palynology and Rock-Eval py rol y sis val ues of lac us trine black shales termed the
Anthracosia Shales (Up per Car bon if er ous/Lower Perm ian) in the Intrasudetic Ba sin (Sudetes, SW Po land). Sam ples were
taken from cores of two bore holes: Rybnica Leœna PIG 1 and Œcinawka Œrednia PIG 1. Maceral com po si tion, miospore as -
sem blage com po si tion, palynofacies and geo chem i cal char ac ter is tics of dis persed or ganic mat ter in the Anthracosia Shales
were used to de ter mine con di tions of the en vi ron ment and to eval u ate their pe tro leum po ten tial. Data from both or ganic pe -
trog ra phy and palynology anal y ses en abled rec og ni tion of three broadly dis tinct or ganic as so ci a tions in these shales: bi tu mi -
nous, humic, and in ter me di ate, while Rock-Eval py rol y sis re vealed the pres ence of bi tu mi nous and humic kerogen types I
and III. Type I cor re sponds to the bi tu mi nous as so ci a tion, with amor phous or ganic mat ter (AOM) dom i nant in the
palynofacies, and type III cor re sponds to the humic as so ci a tion with phytoclasts pre vail ing in the palynofacies. The ther mal
ma tu rity of the or ganic mat ter is de ter mined by the val ues of: (1) vitrinite reflectance VRo = 0.53–0.73%, (2) palynomorph 3–4
col our in dex, and (3) Tmax = 443–447°C, which in di cate oil win dow ma tu rity. Some of the TOC re sults (1.6–2.9 wt.%) in di cate
that the Anthracosia Shales are good and very good pe tro leum source rocks, though the thick ness of this in ter val is low
(4–5 m). Shales with TOC val ues <0.5 wt.% pre vail, and may be classifed as  poor source rocks.

Key words: Intrasudetic Ba sin, lac us trine black shales, or ganic pe trog ra phy, palynofacies, Rock-Eval py rol y sis, pe tro leum
source rocks.

INTRODUCTION

Black shales and other or ganic-rich de pos its are com mon
world wide. Their de po si tion took place from the Archean to the
Ho lo cene. Their role is dif fi cult to over es ti mate be cause they
are im por tant for geo log i cal pro cesses. Be ing en riched in or -
ganic mat ter, they are con sid ered po ten tial hy dro car bon source 
rocks, and they may con tain im por tant and use ful met als. The
con cen tra tion of or ganic mat ter in black shales may play a role
in min er al iza tion pro cesses (e.g., Nowak et al., 2001;
Oszczepalski et al., 2002; Speczik et al., 2003).

Or ganic pe trog ra phy is a sig nif i cant tool ap plied in the study
of dis persed or ganic mat ter in sed i men tary rocks due to its im -
por tance in ex plo ra tion for fos sil fuel re sources (Suarez-Ruiz et
al., 2012; Hackley and Cardott, 2016). De pend ing on ther mal

ma tu rity level and or ganic mat ter com po si tion, black shales are
of ten re ferred to as sapropelic, bi tu mi nous shale, or oil shale.
Rec og ni tion of such rocks is sig nif i cant from both geo log i cal
and eco nomic points of view. They of ten form source rocks for
hy dro car bons and are ex ploited world wide (Dyni, 2006;
Karnkowski et., 2010; Lin et al., 2013; Sliaupa et al, 2016;
Kosakowski et al., 2016; Panja and Velasco, 2018; Mecellari
and Whaley, 2019; Mengying and Xinkai, 2021), con trib ut ing to
eco nomic growth. Wide spread geo log i cal in ter est in shale pe -
tro leum sys tems is fo cused on such rocks as lac us trine shales
from var i ous parts of the world (Jadoon et al., 2016; Hackley et
al., 2016; Liu et al., 2017; Ghazwani et al., 2019; Goodarzi et
al., 2019). In China, it is es ti mated that more than 85% of hy dro -
car bon re serves orig i nated in lac us trine set tings (Gra ham et al., 
1990; Demaison and Huizinga, 1991; Carrol et al., 1992; Lin et
al., 2013; Hackley et al., 2017; Huijuane al., 2018). To es ti mate
hy dro car bon po ten tial, or ganic geo chem is try re search is of ten
ac com pa nied by or ganic petrographic and palynological re -
search, which are use ful in the rec og ni tion of both the con di -
tions in an cient lakes and the sed i men tary pro cesses that led to 
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the for ma tion of lac us trine shales (Sachsenhofer et al., 2003;
Liu et al., 2017; Ghazwani et al., 2019).

Car bon if er ous/Perm ian lac us trine shales are com mon in
Cen tral Eu rope. They oc cur, for ex am ple, in the Bo he mian
Mas sif of the Czech Re pub lic (Martinek et al., 2006; Lojka et al., 
2009, 2010; Stárková et al., 2015) and in Po land in the Sudetes
(Dziedzic, 1959, 1961; Mastalerz and Wojewoda, 1988;
Mastalerz, 1990; Mastalerz and Nehyba, 1997). Based on their
geo log i cal struc ture, the Sudetes are con sid ered an un prom is -
ing re gion for the oc cur rence of hy dro car bon de pos its. The
Anthracosia Shales are known as lac us trine sed i men tary rocks
oc cur ring in the Intrasudetic Ba sin in the cen tral part of the
Sudetes. These de pos its com prise ar gil la ceous, ar gil la -
ceous-pelitic and ar gil la ceous-car bon ate shales (Lorenc,
1993). They are en riched in more or less trans formed and al -
tered or ganic mat ter, which is re spon si ble for their black or grey
col our, al low ing them to be rec og nized as typ i cal black shales.
The Anthracosia Shales have not been stud ied pre vi ously to
eval u ate their value as pe tro leum source rocks.

Black shales may be con sid ered not only as source rocks
for hy dro car bons, but also for met als of eco nomic in ter est in -
clud ing Au, Cu, Zn, Pb, and Pt (Meyers et al., 1992; Leventhal,
1993). The Anthracosia Shales are char ac ter ized by weak cop -
per min er al iza tion; their met al lo gen ic po ten tial was crit i cally
eval u ated in the early 1950s by Wy¿ykowski (1954). At the end
of the 20th cen tury, more stud ies on these de pos its were made,
fo cused on their sed i men tary de vel op ment, re la tion ship with
min er al iza tion, iso to pic com po si tion and or ganic geo chem is try
(Yawanarajah et al., 1993; Speczik et al., 1995; Mastalerz and
Nehyba, 1997). The oc cur rence, com po si tion, struc ture and
ther mal evo lu tion of dis persed or ganic mat ter (OM) of the
Anthracosia Shales have been stud ied via or ganic pe trog ra phy
(Nowak, 1998, 2003, 2007). The re sults of these stud ies re -
vealed three as so ci a tions based on maceral com po si tion.
Liptinite, es pe cially macerals of aquatic or i gin, i.e., alginite and
bituminite, are the most abun dant com po nents and form a lac -
us trine sapropelic as so ci a tion, while a humic as so ci a tion con -
sists mainly of ter res trial or ganic mat ter. An in ter me di ate as so -
ci a tion con sists of or ganic com po nents pres ent in both as so ci a -
tions. The lac us trine sapropelic as so ci a tion in di cates an
open-lac us trine en vi ron ment. The or ganic com po si tion of the
lac us trine sapropelic as so ci a tion is char ac ter is tic of type I
kerogen. De spite the stud ies noted above, the knowl edge of
OM in the Anthracosia Shales in terms of or ganic pe trog ra phy
char ac ter is tics is still in suf fi cient. New data on or ganic mat ter of
the Anthracosia Shales have been ac quired from two bore -
holes, Rybnica Leœna PIG 1 and Œcinawka Œrednia PIG 1,
drilled in the east ern part of the Intrasudetic Ba sin (Fig. 1). In
this study, in ci dent-light mi cros copy was em ployed to rec og nize 
or ganic mat ter con stit u ents to es tab lish their dis tri bu tion in the
rocks stud ied. The study also in volved palynological and geo -
chem i cal re search. Such re search pro ce dures are com monly
ap plied to de ter mine both the hy dro car bon po ten tial and the
depositional en vi ron ments of po ten tial source rocks
(Carvajal-Ortiz and Gentzis, 2018; Ndip et al., 2019; Deaf et al.,
2020; Körmösa et al., 2020; Mansour et al., 2020; Mohamed et
al., 2020; Abou El-Anwar et al., 2021). We in clude a dis cus sion
of re la tion ships be tween the con tent and types of macerals,
palynofacies and Rock-Eval data for de ter mi na tion of the hy -
dro car bon po ten tial of the Anthracosia Shales.

GEOLOGY

The Intrasudetic Ba sin (IB) is the larg est, NW–SE trending,
geo log i cal unit in the cen tral part of the Sudetes (Fig. 1A). It rep -

re sents an intra-montane trough, ~65 km long and 25 km wide.
The or i gin of the IB is re lated to the Variscan Orog eny in the
Sudetes, and its fi nal con fig u ra tion is the re sult of late Al pine
move ments.

Car bon if er ous, Perm ian, Tri as sic, and Up per Cre ta ceous
strata fill the IB and there are nu mer ous strati graphic gaps and
lo cal an gu lar un con formi ties be tween them (Nemec et al.,
1982; Bossowski et al., 1995). The old est rocks are of Mis sis -
sip pian age, which ini tially ac cu mu lated un der con ti nen tal con -
di tions, and later in a ma rine en vi ron ment. The Penn syl va nian
and Lower Perm ian de pos its rep re sent a vol ca nic-sed i men tary
suc ces sion (Awdankiewicz et al., 2003; Bossowski and
Ihnatowicz, 2006). These formed in flu vial and lac us trine en vi -
ron ments un der pro gres sively drier cli mate con di tions
(Bossowski and Ihnatowicz, 1994). This suc ces sion is in di cated 
by an in creas ing fre quency of red-brown clastic sed i men tary
rocks to wards the top of the strati graphic sec tion. These rocks
host the lac us trine de pos its called the Anthracosia Shales.
Their name is re lated to fos sils of the fresh wa ter bi valve ge nus
Anthracosia. They oc cur at the tops of the Ludwikowice and
Krajanów for ma tions and they are called the Lower and Up per
Anthracosia Shales re spec tively (Fig. 1B). These shales do not
oc cur in each pro file of the Penn syl va nian/Perm ian se quence,
so they do not form lat er ally con tin u ous units, but rather oc cur
as flat lensoidal bod ies with a thick ness vary ing from 20 to 70 m. 
Their age is still dis puted and they are in cluded in the up per -
most Penn syl va nian or/and low er most Autunian (Górecka,
1981; Jerzykiewicz, 1987; Górecka-Nowak, 1989, 1995, 2008;
Trzepierczyñska, 1994; Górecka-Nowak and Nowak, 2008).
Dunn (2001) also com mented on pub lished data from these
rocks (Jerzykiewicz, 1987) with re spect to palynological stud ies
of rocks from the global stratotype of the Car bon if er ous/Perm -
ian bound ary in the Aidaralash Creek in Kazakhstan. These
strati graphic prob lems are not a con cern of this pa per and they
will be dis cussed sep a rately.

The Anthracosia Shales con sist of al ter nat ing grey sand -
stones and shales (Dziedzic, 1959, 1961; Don, 1961; Miecznik,
1989; Lorenc, 1993; Bossowki and Ihnatowicz, 1994). The for -
mer are rep re sented by arkosic siltstones and fine- to
coarse-grained sand stones. A clayey or lo cally marly ma trix is
typ i cal of these sand stones, which form beds 10–20 cm in thick -
ness. These are interbedded with shales that may tran si tion into 
other lithologies, e.g., sandy shales and siltstones, and even
fine-grained sand stones. Cal car e ous and marly in ter ca la tions
also oc cur. In these rocks, thin coal laminae and thin in ter ca la -
tions of bi tu mi nous lime stone may also be found. The char ac -
ter is tic fea ture of these shales is their grey and black col our,
due to a rel a tively high or ganic mat ter con tent. This li thol ogy of
the Anthracosia Shales rep re sents an open lake fa cies
(Mastalerz and Nehyba, 1997).

MATERIALS AND METHODS

Dark grey and black shales were col lected from cores of two 
bore holes – Rybnica Leœna PIG 1 and Œcinawka Œrednia PIG 1, 
drilled in the east of the Intrasudetic Ba sin (Fig. 1). In the for mer, 
the Anthracosia Shales were drilled within a depth in ter val of
95.0–156.5 m. In the Œcinawka Œrednia PIG 1 bore hole, the
Anthracosia Shales oc cur within a depth in ter val of
9.35–108.85 m. Sam ples of both bore holes were col lected from 
the depth in ter vals 108.35–143.9 m and 11.35–54.5 m for the
Rybnica Leœna PIG 1 and Œcinawka Œrednia PIG 1 bore holes,
re spec tively (Fig. 2). They con tain fine-grained de pos its, mainly 
shales of grey/black col our with mi nor fine-grained sand stones.
Be low these in ter vals are brown and red dish-brown sand stones 
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Fig. 2. Lithological sec tions of the Anthracosia Shales in the pro files stud ied: A – the Lower Anthracosia Shales in the Rybnica
Leœna PIG 1 bore hole (the Ludwikowice For ma tion) and B – the Up per Anthracosia Shales in the Œcinawka Œrednia PIG 1

bore hole (the Krajanów For ma tion)



and mudstones, of lit tle value for our re search. The to tal num -
ber of mi cro scop i cally (both petro graphi cally and paly no logi cal -
ly) ex am ined sam ples was 27 (Fig. 2).

The sam ples were stud ied us ing var i ous an a lyt i cal pro ce -
dures. The prin ci pal meth ods were op ti cal tech niques, mak ing
use of both re flected and trans mit ted light mi cros copy. Pol ished 
sur faces of whole-rock sam ples cut per pen dic u lar to bed ding
planes were pre pared ac cord ing to the ISO 7404-2 (2009) pro -
ce dure and ex am ined un der re flected light mi cros copy. A Zeiss
AxioImager 1Am re flected light mi cro scope equipped with UV
(with an HBO lamp emit ting ul tra vi o let light, which en abled ob -
ser va tions of flu o res cence of macerals dur ing ir ra di a tion) and
white light il lu mi na tion was used for petrographic ob ser va tion
fol low ing widely ac cepted pro ce dures (e.g., Tay lor et al., 1998;
Hackley and Cardott, 2016). To study the or ganic mat ter, pol -
ished sec tions of the sam ples were ex am ined un der oil im mer -
sion at a mag ni fi ca tion of 200–500x in re flected white light and
flu o res cence modes. Maceral quan ti ta tive anal y sis was per -
formed ap ply ing the Zeiss KS RUN 300 point-counted sys tem.
On ev ery sam ple, 250 counts (min eral mat ter was ex cluded)
were made and the com po nents vitrinite, liptinite, inertinite,
solid bi tu men and bi tu mi nous groundmass were re corded. The
maceral ter mi nol ogy used was based on the ICCP Sys tem
1994 (ICCP, 1998, 2001) clas si fi ca tion and Pickel et al. (2017).
Re sults of the in ci dent light mi cros copy were ap plied to de ter -
mine or ganic mat ter com po si tion and to de fine or ganic as so ci a -
tions (sensu Nowak, 2007). Reflectance mea sure ments (ran -
dom oil im mer sion) were con ducted in re flected light us ing this
same mi cro scope with a 50x ob jec tive and the MSP 200 vitrinite 
reflectance sys tem (J&M GmbH, Ger many). The reflectance
mea sure ments were taken at 546 nm (mono chro matic light).
Be fore the mea sure ments, the mi cro scope was ad justed us ing
sap phire 0.591% Ro and yt trium-gal lium-gar net 0.905% Ro
stan dards. Reflectance mea sure ments were con ducted in com -
pli ance with the pro ce dures rec om mended by the In ter na tional
Com mit tee for Coal and Or ganic Pe trol ogy (Stach et al., 1982;
Tay lor et al., 1998), Hackley et al. (2015) and ISO 7404-5
(2009).

The rock sam ples for palynological stud ies were sub jected
to the stan dard mac er a tion pro ce dure. Ini tially they were
cleaned and crushed and then pro cessed in ac ids: hy dro chlo ric
acid and then hy dro flu oric acid. Each sam ple was then di vided
into two parts. The first one, which was in tended for
palynofacies re search, re mained unoxidized and was only
rinsed and cen tri fuged. The sec ond part of each sam ple, in -
tended for sporomorph stud ies, was ox i dized in two ox i dants:
65% ni tric acid and po tas sium chlo rate. Then this part of the
sam ple was cleaned by mul ti ple washes and cen tri fug ing, and
sieved through 16 µm di am e ter microsieves. Then, mi cro scope
slides were made from each part of the sam ple. The
palynofacies and col our of spores were stud ied on slides made
of the unoxidized sam ples, al though  sporomorphs were de ter -
mined on slides made of the ox i dized sam ples. An Optiphot
NIKON mi cro scope was used to study the palynological slides.
In the course of the palynofacies anal y sis the palynological par -
ti cle clas si fi ca tion sys tem ac cord ing to Tyson (1995) mod i fied
by Mendonça et al. (2012) was ap plied and 250–300 par ti cles
from each sam ple were counted. The sporomorphs were ob -
served in terms of their pres er va tion and col our, in di cat ing the
de gree of ther mal ma tu rity. The sporomorph col our was as -
sessed on the Lycospora spec i mens us ing the 7 level scale of
Bat ten (1982, 1996).

To ex am ine the pe tro leum po ten tial (PP), to tal or ganic car -
bon con tent (TOC), kerogen type, and ther mal ma tu rity, the
Rock-Eval py rol y sis tech nique, oblig a tory for the pe tro leum ex -
plo ra tion in dus try, was ap plied to 30 sam ples of mudstone and

claystone from both the Rybnica Leœna PIG 1 and Œcinawka
Œrednia PIG 1 bore holes. The tech nique is de scribed widely in
pe tro leum geo log i cal lit er a ture, the ba sic char ac ter is tics be ing
given by Espitalié et al. (1977). The Rock-Eval mea sure ments
were per formed us ing a Rock-Eval 6 ap pa ra tus in the most
com mon op er at ing mode (Bulk Rock method, Ba sic cy cle),
which is in tended for fun da men tal pyrolytic char ac ter iza tion of
rock sam ples. The method is used for ba sic screen ing of all
types of rock sam ples and al lows de ter mi na tion of the full set of
the Rock-Eval pa ram e ters nec es sary to dis tin guish be tween
poor and ex cel lent pe tro leum source rocks. The py rol y sis tech -
nique in volves ther mal de com po si tion of rock sam ples
(35–100 mg) in py rol y sis and ox i da tion cy cles at a range of tem -
per a tures, 300–650°C and 300–850°C, re spec tively (Lafargue
et al., 1998). In the py rol y sis cy cle, the sam ples were first
heated in a ni tro gen at mo sphere at 300°C to re lease the S1
(mg HC/g rock) frac tion, made of vol a tile com pounds (free hy -
dro car bons). This stage was fol lowed by heat ing the sam ples to 
650°C to re lease the S2 frac tion (re sid ual pe tro leum po ten tial).
The S1 and S2 frac tions were mea sured by a flame ion iza tion
de tec tor, while the S3 frac tion (CO2 realeased dur ing py rol y sis)
was mea sured by in fra red spec tros copy. The S2 frac tion (mg
HC/g rock) rep re sents the prod ucts of kerogen crack ing and the 
S3 frac tion (mg CO2/g rock) de rives from ox y gen-con tain ing
com po nents. In the sec ond part of the anal y sis, the sam ples
were heated in an air at mo sphere from 300 to 850°C to re lease
car bon mon ox ide and car bon di ox ide from the re sid ual and un -
pro duc tive or ganic mat ter and min eral mat ter. All the re sults
from py rol y sis and ox i da tion were used to cal cu late in di ces:
pro duc tion in dex (PI), hy dro gen in dex (HI, mg HC/g TOC), ox y -
gen in dex (OI, mg CO2/g TOC), to tal or ganic car bon (TOC,
wt.%), min eral car bon (MinC, wt.%) and the max i mum tem per -
a ture Tmax (°C). The full set of these pa ram e ters sup ports char -
ac ter iza tion of the type of or ganic mat ter, its ther mal ma tu rity
and pe tro leum po ten tial. 

RESULTS

ORGANIC PETROGRAPHY

The vitrinite reflectance (VRo) of the shales un der study
ranges be tween 0.53 and 0.73%. A rel a tively di verse com po si -
tion of or ganic mat ter is found in the Anthracosia Shales from
both the Rybnica Leœna PIG 1 and Œcinawka Leœna PIG 1 bore -
holes. The or ganic mat ter is rep re sented by macerals of three
groups: vitrinite, liptinite, and inertinite. Ad di tion ally, solid bi tu -
men and a min eral-bi tu mi nous groundmass were ob served in
the shales.

Vitrinite macerals oc cur com monly in the Anthracosia
Shales in both bore hole pro files, con sist ing mainly of vitrode -
trinite and rec og niz able larger collotelinite and collodetrinite
frag ments, which can form microlayers, lenses and larger
grains of vitrinite (Fig. 3A,B). Vitrinite is of ten com posed of
vitrodetrinite of small size. It has var i ous shapes; a rounded
shape in di cates trans port and redeposition, i.e., a re cy cled (re -
worked) type of vitrinite. Its col our is light grey, lighter in shade
than the grey col our of the pri mary vitrinite oc cur ring in the
same sam ple. The pri mary vitrinite dom i nates some sam ples.
Its con tent ranges over wide in ter vals of 8–100 vol% and
3–95 vol% for the Rybnica Leœna PIG 1 and Œcinawka Œrednia
PIG 1 bore holes, re spec tively (Ta bles 1 and 2), whereas the
con tent of re cy cled vitrinite does not ex ceed 2 vol% in ei ther
pro file. Some sam ples stud ied con sisted mainly of small
vitrinite par ti cles or/and small inertinite pieces (Fig. 3C), which
form a kind of humic de bris (db; Fig. 3D). More over, hy dro -
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Fig. 3. Pho to mi cro graphs of or ganic mat ter in sam ples of the Anthracosia Shales, taken in re flected white light mode (A–D),
in ci dent flu o res cence light (E–H)

A – abun dant vitrinite frag ments – humic as so ci a tion, Rybnica Leœna PIG 1 bore hole, depth 108.35 m; B – vitrinite in a min eral ma trix – humic 
as so ci a tion, Œcinawka Œrednia PIG 1 bore hole, depth 30.20 m; C – “dark vitrinite” and semifusinite and py rite – bi tu mi nous as so ci a tion,
Œcinawka Œrednia PIG 1 bore hole, depth 54.50 m; D – con cen tra tion of humic de bris – humic as so ci a tion as so ci a tion, Rybnica Leœna PIG 1
bore hole, depth 121.80 m; E – lamalginite, sporinite and liptodetrinite (all yel low in col our), and non-flu o resc ing humic mat ter, Œcinawka
Œrednia PIG 1 bore hole, depth 49.80 m; F – telalginite, liptodetrinite of yel low flu o res cence col our in bituminite groundmass (bi tu mi nous as -
so ci a tion), Rybnica Leœna PIG 1 bore hole, depth 142.85 m; G – lamalginite in bi tu mi nous-min eral ma trix (bi tu mi nous as so ci a tion), Œcinawka
Œrednia PIG 1, depth 45.60 m; H – inter gra nu lar solid bi tu men of yel low flu o res cence col our, Œcinawka Œrednia PIG 1, depth 50.50 m
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No.
Depth

[m]
V L: Sp Al Bt Lpd IN Re BMM SB Ro [%]

1 108.35   95    2 2 – – tr 2 1 – – 0.53

2 113.20   98* tr tr – – tr 2 tr – – 0.57

3 119.50   96*   1 1 – – tr 3 tr – – 0.59

4 121.80   97* – tr – – – 3 tr – – 0.60

5 125.50 100* – – – – – – – – – 0.62

6 132.70 88   6 5 – tr 1 3 1 – 2 0.67

7 134.60 90   7 6 – tr 1 2 tr – 1 0.73

8 137.70 89   8 6 –   1 1 2 tr – 1 0.62

9 139.90 85 12 7 –   2 3 1 tr 1 1 0.62

10 140.25 82 13 7   2 4 1 tr 2 2 0.62

11 141.90 16 75 3 5 63 4 2 – 6 1 0.63

12 142.85 11 81 3 7 68 3 1 – 6 1 0.64

13 143.00 10 82 2 6 71 3 2 6 0.61

14 143.90   8 84 3 8 71 2 1 – 5 2 0.58

Maceral con tents de ter mined by point count ing; vol.%: vol ume per cent (min eral-mat ter-free); V – vitrinite; L – liptinite: Sp – sporinite, Al –
alginite, Bt – bituminite, Lpd – liptodetrinite, SB – solid bi tu men, BMM – bi tu mi nous-min eral ma trix; IN – inertinite; Re – re cy cled vitrinite; Ro -

T a  b l e  1

Maceral con tents (vol.%) and vitrinite reflectance mea sure ments of the Anthracosia Shales sam ples from the Rybnica Leœna
PIG 1 bore hole

No.
Depth

[m]
V L: Sp Al Bt Lpd IN Re BMM SB Ro [%]

1   11.85* 95*   2 1 – – 1 3 – – – 0.57

2   25.80* 93*   4 3 – – 1 3 tr – – 0.59

3 30.20 94*   3 3 – tr – 3 tr – – 0.60

4 32.80 93*   4 4 – tr – 2 1 – – 0.61

5 39.50 93*   3 3 – – – 1 tr – 3 0.63

6 40.20 57  28 6 8   8 6 6 2   6 1 0.64

7 42.00 59  27 5 8   7 7 4 1   7 2 0.63

8 43.60 61  27 3 4 17 3 5 1  5 1 0.57

9 44.85 13  60 4 5 44 7 4 tr 21 2 0.53

10 45.60 7 72 4 6 61 1 2 – 18 1 0.62

11 49.80 4 78 2 7 65 4 1 – 15 2 0.60

12 50.50 3 77 1 7 67 2 1 – 17 2 0.59

13 54.50 12  70 tr 4 62 4 2 tr 15 1 0.65

Ex pla na tions as in Ta ble 1

T a  b l e  2

Maceral con tents (vol.%) and vitrinite reflectance mea sure ments of the Anthracosia Shales sam ples from the Œcinawka Œrednia
PIG 1 bore hole



gen-en riched vitrinite was found in sev eral sam ples of
high-qual ity shale (Ta bles 1 and 2). This type of vitrinite is called 
“dark vitrinite” (ICCP, 1998; Fig. 3C). Flu o res cence col our and
in ten sity vary within the vitrinite macerals dis persed in the
shales stud ied. Vitrodetrinite and collotelinite do not flu o resce
un der ul tra vi o let light. How ever, collodetrinite shows weak, dark 
brown flu o res cence. “Dark vitrinite” can also show brown ish
and brown flu o res cence.

Liptinite macerals are im por tant in the or ganic mat ter com -
po si tion of the Anthracosia Shales. These con stit u ents are rel a -
tively abun dant in some sam ples. Liptinite per cent ages in the
shales of the Rybnica Leœna PIG 1 and Œcinawka Œrednia PIG
1 bore holes range from 1 to 84 vol% and from 2 to 70 vol%, re -
spec tively (Ta bles 1 and 2). Liptinite in the shales con sists
mainly of alginite, bituminite, sporinite, and liptodetrinite
(Fig. 3E–G). Alginite ap pears to be an im por tant and nu mer ous
maceral in the shales, rep re sented by two va ri et ies. One va ri ety 
is rec og nized as telalgnite. This type of alginite is formed by dis -
crete al gal bod ies of both discoidal and el lip ti cal shape. The
more abun dant alginite type is lamalginite. Gen er ally,
lamalginite is rel a tively dif fi cult to rec og nize or it is in dis tin guish -
able in re flected white light. How ever, in UV light, lamalginite
shows yel low flu o res cence. In the Anthracosia Shales of both
bore holes, lamalginite forms sin gle elon gate laminae or
microbands of laminae. The con tent of alginite is <8 vol% of the
or ganic frac tion in the rocks stud ied (Ta bles 1 and 2).

The sam ples show a high con tent of bituminite, re garded as 
one of the most im por tant oil-gen er at ing macerals. Bituminite is
a structureless, purely or ganic con stit u ent oc cur ring as typ i cal
amor phous or ganic mat ter. Bituminite can oc cur in the shales
un der study as lenticels, ir reg u lar microlayers, and con cen tra -
tions of un de fined shapes. It can also oc cur as sin gle forms in
the min eral back ground as well as coat ing min eral sur faces.
The bituminite con tent is up to 71 vol% of the or ganic mat ter
com po si tion (Ta bles 1 and 2). In mi cro scopic im ages un der re -
flected white light, it is dif fi cult to dis tin guish, be cause it is dark
grey with a brown ish shade. How ever, when bituminite is ir ra di -
ated with UV light, it shows rel a tively low flu o res cence in ten sity,
dark yel low to brown in col our (Fig. 3F, G).

Sporinite is rep re sented chiefly by thin-walled miospores. In 
mi cro scopic im ages, it pres ents mainly as sin gle sporinite
forms, of ten vis i ble within the bi tu mi nous-min eral groundmass
or min eral ma trix. The flu o res cence colours of this maceral vary 
from dark yel low to light or ange, sig nif i cantly darker than the
alginite. Sporinite is a com po nent of pri mary im por tance among 
the or ganic con stit u ents of these shales, with con cen tra tions up 
to 7 vol% (Ta bles 1 and 2).

Liptodetrinite can be iden ti fied only in UV light, based on a
va ri ety of flu o res cence prop er ties. Both va ri et ies are rep re -
sented: (1) al gal de tri tus (some times it can be rec og nized by its
re sid ual shape and uni form struc ture) and (2) sporinite frag -
ments. Liptodetrinite shows yel low to pale or ange colours. It is
fairly com mon in the rocks stud ied (Ta bles 1 and 2).

The inertinite macerals con tent does not ex ceed 7 vol% in
the shales stud ied (Ta bles 1 and 2). Inertinite con sists chiefly of
inertodetrinite, but larger frag ments can be some times rec og -
nized as both fusinite and semifusinite cell walls (Fig. 3C).
Small pieces of inertinite are com monly as so ci ated with vitrinite
frag ments, to gether form ing humic de bris. Inertinite does not
dis play flu o res cence and has the high est reflectance of all
macerals iden ti fied in the Anthracosia Shales.

As well as these macerals, the shales also con tain other
com po nents of lipid or ganic mat ter, pre dom i nantly sec ond ary
ther mally al tered or ganic mat ter – solid bi tu men (SB). These
types of organics oc cur in some of the sam ples, mainly in those
where lipid ma te rial is prev a lent in the or ganic mat ter com po si -

tion (Ta bles 1 and 2). In the shales de scribed here SB is a neg li -
gi ble com po nent, com pris ing up to 2 vol% of the or ganic mat ter
com po si tion. These types of organics oc cur in some of the sam -
ples, mainly in those where lipid ma te rial is prev a lent in the or -
ganic mat ter com po si tion (Ta bles 1 and 2). Solid bi tu men in the
shales can some times dem on strates in tense yel low flu o res -
cence (Fig. 3H).

The liptinite macerals and solid bi tu men de scribed above
may ap pear in the shales ana lysed not only as eas ily rec og niz -
able in di vid ual com po nents, but they may also form com plexes
with other con stit u ents. Liptinite macerals, es pe cially bituminite, 
may com bine with other lipid or ganic mat ter to form a nat u ral
ma trix com posed of sub mi cro scopic or ganic par ti cles and min -
eral mat ter. There fore that type of or ganic-min eral com bi na tion
is termed here a bi tu mi nous-min eral ma trix (BMM). Be cause of
its bi tu mi nous char ac ter, show ing flu o res cence prop er ties, UV
mi cros copy al lows rel a tively easy rec og ni tion of this type of OM
(Fig. 3G). This ma te rial oc curs mainly in those shale sam ples in
which bituminite is very abun dant. The BMM con tents are up to
21 vol% (Ta bles 1 and 2).

PALYNOFACIES AND SPOROMORPH ASSEMBLAGES

The palynofacies ob served in the rocks stud ied con sist of
three groups of or ganic par ti cles: phytoclasts, sporomorphs
and amor phous or ganic mat ter (AOM). These com po nents oc -
cur in var i ous pro por tions.

Phytoclasts are an im por tant and fre quent group of or ganic
par ti cles. The con tent of phytoclasts var ies, from 3 to 100%
(Ta bles 3, 4 and Figs. 4, 5). Most of the phytoclasts are opaque, 
usu ally black (Fig. 6). They have var i ous out lines – equant, lath
or cor roded. Non-opaque (trans lu cent) phytoclasts are rather
rare but di verse. They were di vided into four groups -
non-biostructured and biostructuded phytoclasts, mem branes
and cuticules were found (Ta bles 3 and 4). The phytoclast size
is vari able, but usu ally they are not larger than 50 µm. In some
sam ples phytoclasts are sig nif i cantly larger, of ten ex ceed ing
200 µm, some times reach ing 300 µm. These larger phytoclasts
were ob served in the Rybnica Leœna PIG 1 bore hole pro file
(depths 132.7137.7 m and 108.35 m).

Amor phous or ganic mat ter is a con stant and im por tant
com po nent oc cur ring in var i ous amounts, up to 97% in each of
the pro files stud ied (Ta bles 3, 4 and Figs. 4, 5). It oc curs as
brown or grey-brown opaque mat ter form ing gran u lar ag gre -
gates in palynological slides (Fig. 6). Most sam ples stud ied con -
tain AOM that co ex ists with phytoclasts. In some of the sam ples 
the amount of AOM is par tic u larly high and here phytoclasts are 
usu ally rare. Such a palynofacies com po si tion was ob served in
the lower parts of both pro files (Ta bles 3, 4 and Figs. 4, 5). The
amount of AOM de creases up wards in both pro files, the abun -
dance of phytoclasts in creas ing in the same di rec tion. The
amount of amor phous mat ter is rel a tively low in the sam ples
from the up per parts of both pro files and phytoclasts are very
abun dant there.

Miospores, be long ing to sporomorphs, are the only
palynomorph group found and both spores and pol len grains
oc cur in the rocks stud ied. As palynofacies com po nents they
are rather sparse and their con tent does not ex ceed 7% (Ta bles 
3, 4 and Figs. 4, 5). How ever, be cause of their im por tance, the
sporomorphs have been stud ied and de ter mined on the slides
af ter ox i da tion. The state of miospore pres er va tion is vari able.
Poor pres er va tion is re lated mainly to pyritization, which is the
main de struc tive fac tor be side me chan i cal de struc tion.
Miospore pres er va tion var ies from fairly good to very poor.
Three lev els of pres er va tion have been es tab lished: fairly good
– only a small part of the miospores shows traces of pyritization

8 Grzegorz J. Nowak et al. / Geo log i cal Quar terly, 2022, 66: 36



Grzegorz J. Nowak et al. / Geo log i cal Quar terly, 2022, 66: 36 9

No.
Depth

[m]

Phytoclasts

AOM SporesOpaque Non-opaque (trans lu cent)

lath equant cor roded non-biostructured cu ti cle mem brane bio-struc tured

1 108.35 36 42 16 1 – 1 – 2 2

2 113.20 45 40 14 – – 1 – – –

3 119.50 41 48 10 – – – – – 1

4 121.80 46 41 12 1 – – – – –

5 125.50 48 36 15 – – – 1 – –

6 132.70 25 54 10 2 – 1 2 – 6

7 134.60 33 47 11 – 1 – 1 2 5

8 137.70 33 40 16 1 – 1 1 2 6

9 139.90 49 29 12 – – – 2 1 7

10 140.25 37 42 13 1 – – 1 – 6

11 141.90 3 28 18 1 – – – 48 2

12 142.85 10   3 8 – – – – 78 1

13 143.00   6 – – – – – – 91 3

14 143.90   8 – 2 – – – – 86 4

T a  b l e  3

Palynofacies com po si tion (%) of the Anthracosia Shales sam ples from the Rybnica Leœna PIG 1 bore hole

No.
Depth

[m]

Phytoclasts

AOM SporesOpaque Non-opaque (trans lu cent)

lath equant cor roded non-biostructured cu ti cle mem brane bio-struc tured

1 11.85 9 63 17 1 – – 3   4 3

2 25.80 9 68 14 2 1 – 1   3 2

3 30.20 40 38 15 – – 1 1   2 3

4 32.80 37 44 10 2 – – 2   1 4

5 39.50 38 40 18 1 – – 1 – 2

6 40.20 14 26 24 2 – 1 2 26 5

7 42.00 20 18 16 4 1 4 7 24 6

8 43.60 14 22 16 5 2 3 6 27 5

9 44.85   6 11   4 2 – 3 4 66 4

10 45.60   4   2 – – – – – 92 2

11 49.80   3   1 – – – – – 96 –

12 50.50   2 –   1 – – – – 97 –

13 54.50   4   3   2 – – – – 91 –

T a  b l e  4

Palynofacies com po si tion (%) in the Anthracosia Shales sam ples from the Œcinawka Œrednia PIG 1 bore hole



and me chan i cal de struc tion; mostly poor – a sig nif i cant part of
the miospores shows traces of pyritization and me chan i cal de -
struc tion; very poor – most of the miospores show traces of
pyritization and me chan i cal de struc tion (Figs. 4 and 5). The
pres er va tion var ies in each pro file and de pends on the de gree
of pyritization, which cor re lates well with the con tent of AOM.
The de gree of pyritization is gen er ally the high est in the lower
parts of both pro files, where amor phous mat ter is also very
abun dant. Sam ples from the up per parts of both pro files pro -
vided slightly better pre served miospores, which are usu ally
free of pyritization traces.

The miospore as sem blages are tax o nom i cally di verse and
73 miospore gen era were de ter mined there. They were di vided
into four sys tem atic groups: Triletes, Monoletes, Monosaccites, 
Disaccites, to gether with the Striatiti group. The first of these
con sists of a di verse as sem blage of nearly 50 miospore gen -
era, rep re sent ing mainly ferns, sphenopsids and lycopsids. The 
most com mon in this group are Angulisporites, Calamospora,
Candidispora, Convolutispora, Crassispora, Cyclogranispo ri -
tes, Densosporites, Dictyotriletes, Endosporites, Granulati -
spori tes, Lycospora, Leiotriletes, Punctatisporites and
Verrucosisporites. The Monoletes group is less di verse and in -
clude Laevigatosporites, Punctatosporites, Spinosporites,
Thymospora and Torispora. Miospores be long ing to this group

were also pro duced by ferns. The Monosaccites group con sists
of Cordaitina, Florinites, Guthörlisporites, Potonieisporites,
Nuskoisporites, Schulzospora, Wilsonites, while the Disaccites
group in cluded Gardenasporites, Hamiapollenites, Illinites,
Limitisporites, Pityosporites and Vesicaspora. Two gen era,
Vittatina and Hamiapollenites, were in cluded in the Striatiti
group. This di vi sion of miospores is also im por tant tak ing into
ac count dif fer ences of miospore trans por ta tion. Spores from
the Triletes and Monoletes groups were trans ported mainly by
wa ter, while pol len grains, with one or two air blad ders, were
wind-trans ported.

All these groups of miospores were dis tin guished in as sem -
blages as so ci ated with all the palynofacies stud ied, but their
con tent var ies (Figs. 4 and 5). Two of the miospore groups,
Triletes and Monosaccites, dom i nate some sam ples, reach ing
75% of the as sem blage. The in crease of fre quency of one is ac -
com pa nied by a re duc tion in the other. The con tent of the re -
main ing miospore groups, Monoletes, Disaccites and Striatiti, is 
sig nif i cantly lower. On the other hand, the vari abil ity in the com -
po si tion of miospore as sem blages in both pro files shows a con -
stant trend with an up wards-in creas ing Triletes group con tent.
The Monoletes group in not so nu mer ous and its con tent shows
no clear strati graphi cal trend. A de crease in the pol len grain
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Fig. 4. Or ganic pe trog ra phy and vitrinite reflectance vs. palynofacies of the Rybnica Leœna PIG 1 bore hole



con tent, mainly of Monosaccites but also Disaccites, is ob -
served up wards in both pro files (Figs. 4 and 5).

ROCK-EVAL PYROLYSIS

Se lected sam ples were an a lyzed by Rock-Eval py rol y sis to
iden tify kerogen type and de ter mine ma tu rity level as well as to
eval u ate the gen eral po ten tial for hy dro car bon gen er a tion in the 
Anthracosia Shales in both the bore holes. The Rock-Eval anal -
y sis re vealed that the amount of free hy dro car bons (S1 pa ram -
e ter) ther mally lib er ated from a rock sam ple at 300°C is in the
range of 0.02–0.59 mg HC/g rock (Ta ble 5). Hy dro car bons re -
leased from a rock sam ple at a tem per a ture range of
300–650°C (S2 pa ram e ter – also called the gen er a tive po ten -
tial) fluc tu ate in a wide range of val ues be tween 0.04 and
10.8 mg HC/g rock. The Tmax tem per a ture mea sured at the top
of the S2 py rol y sis curve ranges be tween 439 and 461°C. The
HI (also called the hy dro car bon po ten tial) and OI in di ces are in
a very wide range of val ues, of 20–375 mg HC/g TOC and
3–146 mg CO2/g TOC, re spec tively. The TOC con tent is char -
ac ter ized by both lower and higher val ues, from 0.05 wt.% to
2.9 wt.%. The con tent of pyrolyzable car bon (PC) falls in a
range be tween 0.01 and 0.94 wt.%, while the con tent of re sid ual 
car bon (RC) os cil lates be tween 0.04 and 1.93 wt.%. The sum of 
the PC and RC gives the TOC val ues. The Min eral Car bon

Con tent (MinC) var ies from 0.05 to 5.4%, which may re flect the
0.4-43.3% car bon ate con tent in the rocks sam ples ana lysed. In
turn, the val ues of the pro duc tion in dex (PI) range from 0.04 to
0.22.

DISCUSSION

ORGANIC ASSOCIATIONS

Re sults of the maceral quan ti ta tive anal y ses show the pre -
dom i nance of macerals of both vitrinite and liptinite groups in
most of the sam ples, whereas those of the inertinite group are
rare. Based on the or ganic mat ter com po si tion, the Anthracosia 
Shales are clas si fied into the fol low ing as so ci a tions that have
been dis tin guished based on the ter mi nol ogy pro posed by
Nowak (2007), and their de tailed char ac ter is tics are ad di tion ally 
de scribed us ing fea tures of the palynofacies:

1. Bi tu mi nous as so ci a tion1 (BA) – this is based on
bituminite abun dance in maceral com po si tion. In gen -
eral, bituminite is con sid ered a by prod uct of com plete
de com po si tion of var i ous or ganic pro gen i tors, e.g., al -
gae, an i mal plank ton, bac te rial lipids (Teichmüller and
Ottenjann, 1977; Rob ert, 1979; Stach et al., 1982; Tay -
lor et al., 1998; Kus et al., 2017; Pickel et al., 2017; Liu et 
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Fig. 5. Or ganic pe trog ra phy and vitrinite reflectance vs. palynofacies of the Œcinawka Œrednia PIG 1 bore hole

1 A for mer name lac us trine sapropelic as so ci a tion (Nowak, 2007) was more con nected to the depositional en vi ron ment of the shales
ex am ined. How ever, the name bi tu mi nous as so ci a tion as cur rently ap plied, is closely con nected to the gen eral term “or ganic as so ci a tion”,
where the ad jec tive bi tu mi nous, sim i larly as the ad jec tive humic used in the name “humic as so ci a tion”, more closely re flects the type of
or ganic mat ter (based on com po si tion) oc cur ring in the spe cific or ganic-min eral as so ci a tion



al., 2017). A typ i cal fea ture of bituminite is the lack of a
spe cific or dis tinct form. Alginite, pres ent in much lesser
quan ti ties, oc curs as both lamellae of lamalginite and
telaginite (ter mi nol ogy com monly used in the liptinite
clas si fi ca tion of Cook et al., 1982, Tay lor et al., 1998;
Pickel et al., 2017; Kus et al., 2017). Both these types of
alginite dif fer from each other not only in size and mor -
phol ogy, but also in flu o res cence char ac ter, which is an
im por tant op ti cal fea ture of alginite. Telaginite shows
slightly brighter flu o res cence com pared to lamalginite.
How ever, the alginite flu o res cence is rel a tively in tense
and stron ger than that of sporinite from the same sam -
ples. In this as so ci a tion, “dark vitrinite”, solid bi tu mens,
liptodetrinite and bi tu mi nous-min eral ma trix (BMM)
have been also en coun tered. Sporinite may also ap pear 
spo rad i cally. Bituminite is also the main or ganic com po -
nent of BMM, that is the back ground for the other lipid
con stit u ents listed herein. There fore, BMM is also a
com po nent of the bi tu mi nous as so ci a tion. BMM may be
com pared to min eral-bi tu mi nous groundmass

(Teichmüller and Ottenjann, 1977) or ma trix-bituminite
(Creaney, 1980). In the pre vi ous pa pers on OM pe trog -
ra phy of the Anthracosia Shales (Nowak, 2003, 2007),
this kind of min eral-or ganic ma te rial was re ferred to as
the min eral-sapropelic ma trix. How ever, in this pa per we 
rec om mend the term bi tu mi nous-min eral ma trix. (BMM) 
as more ap pro pri ate. Mix tures of bituminite, alginite, and 
liptodetrinite, along with solid bi tu mens, form an or ganic
com po nent of this ma te rial (Fig. 3G). Min eral-bi tu mi -
nous groundmass is widely dis trib uted where
mudstones are the source rocks. This kind of
groundmass is the main hy dro car bon con stit u ent of
source rocks hav ing a sim i lar hy dro car bon gen er a tion
po ten tial to bituminite (Tay lor et. al., 1998). “Dark
vitrinite”, oc cur ring in some of the sam ples stud ied, is at -
trib uted to a sapropelic en vi ron ment (ICCP, 1998). As
noted above, sec ond arily al tered or ganic mat ter has
been ob served in the shales un der study. Mastalerz et
al. (2018) in di cate its reflectance as the petrographic cri -
te rion de fin ing this type of OM. They dis tin guished two
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No. Bore hole
Depth S1 S2 Tmax HI OI PI TOC RC PC MinC

[m] [mg HC/
g Rock]

[mg HC/
g Rock] [°C] [mg HC/

g TOC]
[mg CO2/
g TOC] [wt.%] [wt.%] [wt.%] [%]

1 Rybnica Leœna PIG 1 108.35 0.07 0.89 445   83 41 1.07 0.94 0.14 0.82

2 Rybnica Leœna PIG 1 113.20 0.04 0.10   20 16 0.48 0.45 0.03 0.34

3 Rybnica Leœna PIG 1 119.50 0.03 0.06   33 25 0.18 0.17 0.01 0.10

4 Rybnica Leœna PIG 1 132.70 0.06 0.93 445   80 10 1.16 1.07 0.09 0.23

5 Rybnica Leœna PIG 1 134.60 0.04 0.77 444   70 45 1.10 1.00 0.10 0.47

6 Rybnica Leœna PIG 1 137.70 0.11 0.89 447   91   8 0.11 0.99 0.90 0.09 0.20

7 Rybnica Leœna PIG 1 139.90 0.32 2.8  445 175   4 0.10 1.62 1.35 0.27 0.31

8 Rybnica Leœna PIG 1 140.25 0.07 0.70 446   70 12 1.00 0.93 0.07 0.19

9 Rybnica Leœna PIG 1 141.90 0.53 7.6  449 304   4 0.07 2.5 1.82 0.68 2.4  

10 Rybnica Leœna PIG 1 142.85 0.12 0.52 446 100 11 0.19 0.52 0.47 0.06 0.63

11 Rybnica Leœna PIG 1 143.90 0.49 6.2  447 292   3 0.07 2.1  1.57 0.56 4.3  

12 Rybnica Leœna PIG 1 144.20 0.59 7.0  444 309   3 0.08 2.3  1.62 0.63 2.1

13 Rybnica Leœna PIG 1 150.60 0.05 0.13   62   9 0.21 0.19 0.02 0.15

14 Rybnica Leœna PIG 1 154.80 0.03 0.08 0.05 0.04 0.01 0.86

15 Rybnica Leœna PIG 1 166.70 0.03 0.05 0.09 0.09 0.01 0.62

16 Rybnica Leœna PIG 1 179.20 0.02 0.06   22 28 0.26 0.25 0.01 0.34

17 Œcinawka Œrednia PIG 1   11.85 0.03 0.11   30 68 0.37 0.35 0.02 0.05

18 Œcinawka Œrednia PIG 1   25.80 0.09 0.65 447   48 15 1.36 1.29 0.07 0.19

19 Œcinawka Œrednia PIG 1   40.20 0.15 0.84 443   60 21 0.15 1.40 1.31 0.09 1.13

20 Œcinawka Œrednia PIG 1   42.00 0.17 1.16 443 106 15 0.13 1.09 0.98 0.12 1.28

21 Œcinawka Œrednia PIG 1   43.60 0.33 2.5  444 126   4 0.12 2.0  1.77 0.25 0.93

22 Œcinawka Œrednia PIG 1   44.85 0.25 0.89 443   92 23 0.22 0.97 0.87 0.10 0.99

23 Œcinawka Œrednia PIG 1   45.60 0.44 3.9  441 245 10 0.10 1.60 1.23 0.37 3.0  

24 Œcinawka Œrednia PIG 1   49.80 0.32 8.8  440 367   5 0.04 2.4  1.63 0.76 4.9  

25 Œcinawka Œrednia PIG 1   50.50 0.46 10.8    445 375   4 0.04 2.87 1.93 0.94 5.4  

26 Œcinawka Œrednia PIG 1   54.50 0.02 0.04 0.10 0.09 0.01 2.1  

27 Œcinawka Œrednia PIG 1   57.50 0.03 0.07   49 102  0.15 0.13 0.01 1.53

28 Œcinawka Œrednia PIG 1   60.00 0.02 0.05   39 146  0.12 0.11 0.01 2.3  

29 Œcinawka Œrednia PIG 1   62.50 0.03 0.14   46 62 0.30 0.28 0.02 3.3  

30 Œcinawka Œrednia PIG 1   63.75 0.03 0.07   47 62 0.14 0.13 0.01 1.05

S1 – the amount of free hy dro car bons lib er ated from a rock at 300°C; S2 – the hy dro car bons re leased from a rock be tween 300 and 650°C;
Tmax – max i mum tem per a ture of the S2 peak; HI – hy dro gen in dex; OI – ox y gen in dex; PI – pro duc tion in dex; TOC – to tal or ganic car bon con -
tent; RC – re sid ual car bon con tent; PC – pyrolyzable car bon con tent; MinC – min eral car bon con tent

T a  b l e  5

Rock-Eval py rol y sis data of sam ples of the Anthracosia Shales from the Intrasudetic Ba sin
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Fig. 6. Palynofacies and miospores of the Anthracosia Shales

A – palynofacies with very abun dant AOM and sparse phytoclasts, Rybnica Leœna PIG 1 bore hole, depth 142.85 m; B – palynofacies with
very abun dant AOM and sparse phytoclasts, Rybnica Leœna PIG 1 bore hole, depth 143.9 m; C – palynofacies with abun dant AOM and nu -
mer ous phytoclasts, Œcinawka Œrednia PIG 1 bore hole, depth 44.85 m; D – palynofacies con sist ing of very nu mer ous phytoclasts, Rybnica
Leœna PIG 1 bore hole, depth 121.8 m; E – Verrucosisporites microtuberosus, Rybnica Leœna PIG 1 bore hole, depth 132.7 m; F –
Savitrisporites camptotus, Rybnica Lœna PIG 1 bore hole, depth 139.9 m; G – Angulisporites splendidus, Rybnica Leœna PIG 1 bore hole,
depth 140.25 m; H – Lycospora pusilla, Rybnica Leœna PIG 1 bore hole, depth 132.7 m; I – Crassispora kosankei, Rybnica Leœna PIG bore -
hole, depth 141.9 m; J – Cirratriradites saturni, Œcinawka Œrednia PIG 1 bore hole, depth 11.85 m; K – Laevigatosporites vulgaris, Rybnica
Leœna PIG 1 bore hole, depth 140.25 m; L – Spinosporites spinosus, Rybnica Leœna PIG 1 bore hole, depth 132.7 m; M – Thymospora sp.,
Œcinawka Œrednia PIG 1 bore hole, depth 43.6 m; N – Florinites pumicosus, Œcinawka Œrednia PIG 1 bore hole, depth 44.85 m; O –
Potonieisporites novicus, Œcinawka Œrednia PIG 1 bore hole, depth 44.85 m; P – Limitisporites sp., Rybnica Leœna PIG 1 bore hole, depth
139.9 m; R – Vittatina costabilis, Œcinawka Œrednia PIG 1 bore hole, depth 44.85



types of this ma te rial.  The first is solid bi tu men, while
the sec ond is pyrobitumen. The bound ary be tween
these two types is set at a reflectance of 1.50% mea -
sured on solid bi tu men (BRo) for bi tu men (or 1.3% for
sul fur-rich kerogens). The new clas si fi ca tion of bi tu men
(Sanei, 2020) pro poses (as in the above-cited ar ti cle by
Mastalerz et al., 2018) a di vi sion into solid bi tu men and
pyrobitumen. Solid bi tu men oc curs in rocks of VRo

<1.4%, while pyrobitumen oc curs in rocks of VRo >1.4%. 
Tak ing into ac count the ther mal mat u ra tion level de ter -
mined by the val ues of VRo (Lewan, 1983), the solid bi tu -
men oc cur ring in the shales un der study is as so ci ated
with the ini tial stage of oil gen er a tion (VRo ~ 0.5–0.7%).
The solid bi tu men con tent of the Anthracosia Shale is
neg li gi ble, nev er the less the solid bi tu men con tent of lac -
us trine shales can lo cally be sig nif i cant and these com -
po nents can be pre dom i nant in or ganic mat ter com po si -
tion (Hackley et al., 2017; Guo et al., 2018). Op ti cally,
the bi tu mi nous as so ci a tion is char ac ter ized by more or
less in tense flu o res cence vis i ble dur ing UV ir ra di a tion.
Flu o res cence in ten sity de pends on more than the bi tu -
mi nous ma te rial pre vail ing in the sam ple. The
bituminite-pre dom i nant sam ples show a rel a tively weak
in ten sity of flu o res cence; how ever, it changes to more
in tense when alginite, liptodetrinite or solid bi tu mens
and sporinite oc cur in the petrographic com po si tion.
This as so ci a tion is de ter mi na ble only in UV ir ra di a tion.
The high-flu o res cence shales in this study sug gest that
the or ganic mat ter has ei ther a high hy dro gen in dex or
an en hanced lipid con tent. The palynofacies of this as -
so ci a tion is dom i nated by amor phous or ganic mat ter.
Phytoclasts are rather abun dant and sporomorphs are
few. In the sporomorph as sem blage, the Monosaccites
group is the most abun dant and re main ing groups are
less nu mer ous. The shales of this as so ci a tion are pres -
ent in both the bore holes stud ied. In the pro file of the
Rybnica Leœna PIG 1 bore hole, rocks of this as so ci a tion 
were iden ti fied in the depth in ter val 141.9–143.9 m,
while in the pro file of the Œcinawka Œrednia PIG 1 bore -
hole shales of this as so ci a tion oc cur in the depth in ter val 
44.85–54.5 m.

2. Humic as so ci a tion (HA) – this is de fined for shales char -
ac ter ized by a rel a tively high con tent of coaly humic par -
ti cles of ter res trial or i gin. This type con tains mainly
vitrinite with a lesser inertinite con tri bu tion and liptinite
(sporinite and liptodetrinite). Macerals of both the
vitrinite and inertinite groups are eas ily rec og niz able in
white light. Only sporinite and liptodetrinite show yel low
flu o res cence vis i ble dur ing UV ir ra di a tion. The
palynofacies of this as so ci a tion is dom i nated by
phytoclasts with a small con tent of fairy well-pre served
sporomorphs. The sporomorphs of the Triletes group
are the most abun dant, and the Monoletes group is a
con stant com po nent pres ent in smaller num bers. The
fre quency of sporomorphs from the Monosaccites
group is low in the Rybnica Leœna PIG 1 pro file and sig -
nif i cantly higher in the Œcianawka Œrednia PIG 1 pro file.
The Disaccites group oc curs in small num bers, slightly
higher in the lat ter pro file (Figs. 5 and 6). The shales of
this as so ci a tion oc cur in the depth in ter vals
108.35–125.50 m and 11.85–39.50 m in the Rybnica
Leœna PIG 1 and Œcinawka Œrednia PIG 1 bore holes,
re spec tively.

3. In ter me di ate as so ci a tion (IA) – this as so ci a tion con tains 
or ganic com po nents of both as so ci a tions dis tin guished
above. The or ganic mat ter com po si tion of this as so ci a -
tion can show pre dom i nance of ei ther humic or bi tu mi -
nous ma te rial. The palynofacies are dom i nated by
phytoclasts, but AOM also oc curs and is a sta ble and
im por tant com po nent. The sporomorph as sem blage
shows an in ter me di ate com po si tion with the  Triletes
and Monosaccites groups in sim i lar pro por tions (Figs. 4
and 5). Shales with this as so ci a tion are clearly ev i dent in 
the pro file of the Œcinawka Œrednia PIG 1 bore hole only,
in the depth in ter val 40.2–43.6 m (Fig. 5). In the pro file of 
the Rybnica Leœna PIG 1 bore hole it is pos si ble to rec -
og nize them tak ing into ac count the com bined con tent
of liptinite, BMM and/or solid bi tu mens which is higher
than the con tent of these com po nents in humic as so ci a -
tion. In this bore hole the shales of the in ter me di ate as -
so ci a tion are of strongly humic char ac ter with tran si tions 
to shales of the humic as so ci a tion. In this bore hole the
shales of with the in ter me di ate as so ci a tion oc cur in the
132.70–140.25 m depth in ter val (Fig. 4).

The con tents of vitrinite, liptinite and inertinite and other or -
ganic mat ter com po nents are  il lus trated in Fig ure 7. The above
as so ci a tions were iden ti fied in the maceral com po si tion of rocks 
stud ied from the Rybnica Leœna PIG 1 and Œcinawka Œrednia
PIG 1 bore holes. Sam ples from the Rybnica Leœna PIG 1 bore -
hole are grouped within two ar eas of the di a gram (Fig. 7). The
first is lo cated near the vitrinite ver tex, and in di cates that the
sam ples be long to ei ther the humic or in ter me di ate (of humic
char ac ter) as so ci a tions. In con trast, sam ples of the sec ond
con cen tra tion area in the di a gram oc cur ad ja cent to the liptinite
+ BMM + SB apex, show ing the bi tu mi nous as so ci a tion of these 
sam ples. The po si tion of the in ter me di ate as so ci a tion, though,
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Fig. 7. Ter nary plot of vitrinite–liptinite + bi tu mi nous min eral
ma trix + solid bi tu men–inertinite + re cy cled vitrinite of the
Anthracosia Shales sam ples of the Rybnica Leœna PIG 1 and
Œcinawka Œrednia PIG 1 bore holes

V – vitrinite, LP – liptinite, BMM – bi tu mi nous-min eral ma trix, SB – 
solid bi tu men, I – inertinite, RE – re cy cled vitrinite



is not so clearly vis i ble as that ob served in the shales of the
Œcinawka Œrednia PIG 1 bore hole (Fig. 7). In the Œcinawka
Œrednia PIG 1 bore hole, three as so ci a tions oc cur. Sam ples in
which the humic as so ci a tion dom i nates are lo cated in the im -
me di ate vi cin ity of the vitrinite apex. Sam ples with a dom i nance
of the bi tu mi nous as so ci a tion oc cur di rectly near the apex of the 
liptinite + BMM + SB com po nents, while sam ples in which the
in ter me di ate as so ci a tion oc curs are lo cated be tween the
vitrinite – and liptinite + BMM + SB ver ti ces.

DEPOSITIONAL ENVIRONMENT

The geo log i cal, sedimentological and or ganic petrographic
data in di cate that the Anthracosia Shales were de pos ited in a
lac us trine en vi ron ment (Dziedzic, 1959, 1961; Mastalerz and
Wojewoda, 1988; Mastalerz and Nehyba, 1997; Nowak, 2007).
A typ i cal fea ture of the Car bon if er ous-Perm ian lac us trine
shales of Cen tral Eu rope is their vis i ble lam i na tion (Mastalerz,
1990; Mastalerz and Nehyba, 1997; Martinek et al., 2006; Lojka 
et al., 2010), as in the Anthracosia Shales de scribed here, as
well as in Nowak (2007). These shales are nat u rally di vided into 
two types ac cord ing to dif fer ent kinds of lam i na tion. One of
these is re lated to the fin est-grained li thol ogy and is dark grey or 
black. It is en riched in bituminite with alginite and BMM. These
com po nents are fluorescencent. The pres ence of laminae en -
riched in mi cro scop i cally vis i ble or ganic mat ter is a sed i men tary 
re cord of the high bio-pro duc tiv ity of lac us trine en vi ron ments
(Zang et al., 2017). The sec ond type forms thicker clay-rich
laminae with a lit tle bituminite, while vitrinite with a small con tent 
of inertinite and sporinite is much more fre quent. These kinds of 
laminae are as so ci ated with cooler and drier pe ri ods of lake de -
vel op ment with lower bio-pro duc tiv ity of bi tu mi nous ma te rial
and a pre dom i nance of terrigenous or ganic mat ter. How ever,
the thin ner and darker laminae, which con sist mainly of lipid
com po nents, may be con sid ered as hav ing orig i nated in
warmer or more hu mid pe ri ods char ac ter ized by higher bio-pro -
duc tiv ity. They rep re sent both bi tu mi nous and in ter me di ate as -
so ci a tions. The lam i na tion of the shales may be re lated to sea -
sonal changes dur ing their sed i men ta tion, typ i cal of strat i fied
lakes. The Anthracosia Lake was of this type (Mastalerz and
Nehyba, 1997).

Or ganic ma te rial dis persed in the Anthracosia Shales is de -
rived from var i ous sources, such as lipid-en riched phyto -
plankton and terrigenous humic OM. Or ganic pe trog ra phy and
palynology clas si fied the Anthracosia Shales into three as so ci a -
tions rec og nized here on the ba sis of their maceral and
palynofacies com po si tions. The bi tu mi nous as so ci a tion is as -
so ci ated with a deeper (open-wa ter) part of the Anthracosia
Lake, a bituminite and BMM en vi ron ment where alginite also
oc curs. The lat ter is rep re sented chiefly by lamalginite with a
lower pro por tion of telalginite and some wind-blown sporinite.
The mar ginal and lake ba sin ar eas also dif fer sig nif i cantly in
both the com po si tion and dis tri bu tion of or ganic mat ter. Liptinite 
macerals of aquatic or i gin, i.e., the lac us trine al gal ma te rial, es -
pe cially bituminite, pre vail over ter res trial ma te rial in the bi tu mi -
nous as so ci a tion. The pres ence of alginite es pe cially
lamalginite, can sug gest de po si tion in anoxic and strat i fied con -
di tions, as is sup ported by the lack of bur row ing infauna in these 
types of rocks (Demaison and Moore, 1980; Liu et al., 2017).
Bituminite is a prod uct of bac te rial deg ra da tion of pri mary bio -
mass con sist ing of al gae, bac te rial lipids, de graded an i mal
plank ton and other pre cur sors (Teichmüller, 1974; Robl et al.,
1992; Obermajer et al., 1997; Tay lor et al., 1998; Rimmer et al.,
2004; Kus et al., 2017; Pickel et al., 2017). The high con tent of
bituminite and bi tu mi nous-min eral ma trix in com bi na tion with
the very fine py rite re plac ing or ganic par ti cles (alginite and

sporinite), in di cates the pre vail ing re duc ing con di tions, where
authigenesis of sul fide min er als took place. These con di tions
fa voured trans for ma tion of alginite and the rest of the bio mass
ma te rial into bituminite. Sim i lar re la tion ships have been noted
in Stephanian lac us trine shales in the cen tral and west ern parts
of the Bo he mian Bas ins (Lojka et al., 2010). The prev a lence of
bituminite and BMM over alginite in the OM com po si tion in di -
cates con di tions fa vour able for ad vanced pro cesses of al gal
de com po si tion and bituminite for ma tion. Such con di tions fa -
voured the re place ment of alginite by bituminite. This phe nom -
e non has been ob served dur ing pre vi ous stud ies of the
Anthracosia Shales (Nowak, 2003, 2007). The dom i nant com -
po nents of the bi tu mi nous as so ci a tion of both bore holes are
bituminite, with smaller con tents of BMM and alginite. How ever, 
in the pre vi ously ex am ined shales from both the Œcinawka
Dolna IG 1 and the Bo¿ków IG 1 bore holes, an equiv a lent of the 
bi tu mi nous as so ci a tion was called the lac us trine sapropelic as -
so ci a tion and was di vided into two types (Nowak, 2007). One of
these is char ac ter ized by the pres ence of pre dom i nant alginite
and as so ci ated with autochthonous sub aque ous sed i men ta -
tion. In the sec ond type, bituminite is the dom i nant com po nent,
while alginite oc curs as sin gle lamellae of lamalginite. The
equiv a lent of the lat ter type of lac us trine sapropelic as so ci a tion
is pres ent in both the Œcinawka Œrednia PIG 1 and Rybnica
Leœna PIG 1 bore holes and is here called the bi tu mi nous as so -
ci a tion. The re sults of the maceral anal y sis in di cate the dom i -
nance of bituminite and other lipid com po nents of this as so ci a -
tion. Also, the palynofacies anal y sis pointed to AOM as the
main com po nent of the bi tu mi nous as so ci a tion. In places
phytoclasts also ac com pany AOM (Figs. 4 and 5). Palyno -
logical re sults show that sporomorphs in this as so ci a tion are
pol len grains, which were wind-trans ported. The Monosaccites
group are usu ally more nu mer ous than oth ers in both pro files
and the Disaccites and Striatiti groups slightly more fre quent in
the Œcinawka Œrednia bore hole. A sim i lar miospore as sem -
blage from Tri as sic de pos its has been in ter preted as dis tal lac -
us trine (Fija³kowska-Mader at al., 2015). The re duc ing con di -
tions in which this as so ci a tion was formed was a fac tor in the
poor pres er va tion of the miospores. Based on the Rock-Eval
data, the deep-wa ter shales stud ied rep re sent mainly type I
kerogen. Tak ing into ac count all the ma tu rity pa ram e ters, the
deep-wa ter shales are ther mally early-ma ture.

The humic as so ci a tion con tains mostly ter res trial macerals
like vitrinite (the most abun dant), sporinite, and neg li gi ble
inertinite. They are rec og nized as plant rem nants of the im me -
di ate sur round ings of the Anthracosia Lake, which were de pos -
ited in a coastal zone of lower wa ter ta ble. Most of the
terrigenous or ganic mat ter did not ex pe ri ence long-dis tance
aquatic trans port. Macerals oc cur ring in the humic as so ci a tion
are char ac ter ized by a rel a tively good state of pres er va tion, as
are phytoclasts and miospores of the as so ci a tion. Vitrinite in
shales of the coastal zone may lo cally show a gran u lar sur face
due to hy dro car bon leach ing. Larger inertinite frag ments show
cel lu lar mor phol ogy, which may be in ter preted as re flect ing de -
po si tion near the source area. The very light grey col our of
inertinite in com par i son to the grey and dark grey col our of
vitrinite in di cates that the inertinite has the high est reflectance
of all the macerals in the as so ci a tion. This fea ture of inertinite is
con nected to its gen e sis, point ing to a high-tem per a ture or i gin,
most prob a bly gen er ated by wildfires (Scott and Jones, 1994;
Uglik and Nowak, 2015; Liu et al., 2018; Scott, 2020, 2022).
The re sults of palynofacies anal y sis in di cate that phytoclasts
are most nu mer ous in rocks of this as so ci a tion. The re sults also 
re vealed the scar city of amor phous or ganic mat ter in the rocks
with the HA, while the or ganic petrographic data do not re cord
the pres ence of such ma te rial, re ferred to as bituminite in
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petrographic re search. The miospore as sem blages from the
sam ples con tain ing the humic as so ci a tion are dom i nated by
sporomorphs pro duced by sphenopsids and ferns, be long ing to 
the Triletes and Monoletes groups. The Triletes group dom i -
nates in rocks of this as so ci a tion in both pro files, while the
Monoletes group is less abun dant. The Monoletes group is
more gen er ally abun dant in sam ples from the Rybnica Leœna
PIG 1 pro file com pared to the Œcinawka Œrednia PIG 1 pro file.
Or ganic mat ter, which was the pre cur sor of vitrinite and
inertinite, was prob a bly pro duced by plants grow ing out of the
lake, mainly ferns and sphenopsids. It was trans ported by rivers 
flow ing into the lake and later dis trib uted by lake cur rents.
These com po nents rep re sent terrigenous or ganic mat ter in the
shales. The ter res trial or i gin of this or ganic mat ter is dem on -
strated not only by the petrographic and palynofacies data, but
also by the re sults of py rol y sis anal y sis in which type III kerogen
was rec og nized in rocks of this OM com po si tion. Type III
kerogen co mes pre dom i nantly from ma te rial of higher plants.
Type III tends to be more gas-prone than other kerogen types,
and is chem i cally anal o gous to the humic coal maceral rep re -
sented chiefly by vitrinite. All pa ram e ters ap plied (VRo, Tmax and
miospore col our in dex) in di cate the early ma ture and ma ture
stages of ther mal ma tu rity for rocks of this as so ci a tion.

The Anthracosia Shales from the pre vi ously stud ied
Œcinawka Dolna IG 1 and Bo¿ków IG 1 bore holes show a more
uni form dis tri bu tion of as so ci a tions and a clear dom i nance of
the bi tu mi nous type (Nowak, 2007) com pared to data from the
Œcinawka Œrednia PIG 1 and Rybnica Leœna PIG 1 bore holes.
Dif fer ences in the as so ci a tion dis tri bu tion in par tic u lar shale
units of the bore holes ana lysed cor re spond to dif fer ent de vel -
op men tal phases of the Anthracosia Lake dur ing the sed i men -
ta tion of the rocks un der study.

The ex is tence of the Anthracosia Lake un der the con di tions
of a warm and dry cli mate may be ex plained by a lo cal change
to much more hu mid con di tions, in which lo cal lakes could ex ist, 
which was fa vour able for the de vel op ment of ter res trial veg e ta -
tion. This con cept is sup ported by thin coal in ter ca la tions within

the Anthracosia Shales and the grey col our of the over ly ing
sed i men tary rocks of flu vial or i gin (Dziedzic, 1959, 1961). For -
ma tion of the Anthracosia Shales and the youn ger Walchia
Shales and grey de pos its among the red-brown ish de pos its is
re lated to the oc cur rence of a pro tected re duc ing en vi ron ment
un der the con di tions of a warm and dry cli mate, as is the case of 
Lake Rudolph in Af rica (Nowak, 2007).

THERMAL MATURITY

As sam pling was con cen trated on po ten tial source rocks,
an im por tant in di ca tor for such rocks is the ther mal ma tu rity of
the dis persed or ganic mat ter.The ma tu rity of OM is eval u ated
based on vitrinite reflectance, palynomorph col our in dex and
the max i mum tem per a ture. Re sults for the Anthracosia Shales
sam ples show that vitrinite reflectance mea sure ments gen er -
ally dis play rather sta ble VRo val ues in both bore holes (Ta bles
1, 2 and Figs. 4, 5 ). Vitrinite reflectance val ues range from 0.53
to 0.65% and from 0.53 to 0.73% for shales from the Œcinawka
Œrednia PIG 1 and Rybnica Leœna PIG 2 bore holes, re spec -
tively. These val ues in di cate that the or ganic mat ter is mar gin -
ally to early ma ture (Dow, 1977; Pe ters and Cassa, 1994).

The palynofacies anal y ses show that the col our of the
miospore spec i mens var ies from yel low to or ange-brown. The
ther mal mat u ra tion in dex based on Lycospora colours was as -
sessed as 3–4 in the seven-level scale of Bat ten (1982, 1996).
These val ues of miospore col our in dex in di cate early ma ture to
ma ture stages of OM ther mal ma tu rity. These data clearly cor -
re late with the mea sured vitrinite reflectance (Figs. 4 and 5).

For most sam ples, Tmax – based OM ma tu rity is in close
agree ment with re sults based on vitrinite reflectance. The Tmax

val ues sup port the pres ence of early ma ture and ma ture or -
ganic mat ter with re spect to hy dro car bon gen er a tion, which cor -
re sponds to oil win dow ma tu rity (Ta ble 5). Av er age Tmax val ues,
which fluc tu ate in a very nar row range of 441–443°C, are typ i cal 
for the mid dle oil win dow zone.
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Fig. 8. Gen eral clas si fi ca tion of the source rock qual ity, bring ing ad di tional in for ma tion
con cern ing the pe tro leum po ten tial of the Anthracosia Shales sam ples stud ied

PP ³ 3 mgHC/gRock in di cates rocks with good pe tro leum po ten tial (Pe ters and Cassa, 1994)

https://gq.pgi.gov.pl/article/view/16344


There were no sig nif i cant changes in the val ues of in di vid ual 
ma tu rity pa ram e ters in the ver ti cal pro files of the shales stud ied.

SOURCE ROCK POTENTIAL

Rock-Eval anal y sis re vealed a lack of mean ing ful geo chem -
i cal dif fer ences be tween the Rybnica Leœna PIG 1 and
Œcinawka Œrednia PIG 1 bore holes. Con se quently, all the data
may be de scribed to gether.

The sam ples can be grouped sim ply, namely, (1) fair and
good source rocks with S1 + S2 pa ram e ters ³3 mg HC/g rock,
and (2) poor and non-source rocks with (S1 + S2) <3 mg HC/g
rock (Fig. 8). The di vi sion is also clearly seen on the HI/Tmax
and HI/OI graphs (Fig. 9A, B) where hy dro gen in dex val ues
sep a rate fair and good source rock sam ples (HI ³175 mg HC/g
TOC) from poor source rocks. Among the Anthracosia Shales
sam ples, the fair and good source rocks are dom i nated by HI

val ues fall ing in a range be tween 175 and 375 mg HC/g TOC,
while the poor and non-source rocks have HI val ues be tween
46 and 126 mg HC/g TOC. The sam ples rep re sent early-ma -
ture and ma ture type I, and hy dro gen-de pleted type III kerogen. 
The lat ter group in cludes more ox i dized sam ples es pe cially in
the Œcinawka Œrednia PIG 1 bore hole with OI ³62 mg CO2/g
TOC (Ta ble 5 and Fig. 9). How ever, the sam ples from the
Œcinawka Œrednia  PIG 1 bore hole with HI ³49 mg HC / g TOC
are clearly ox i dized and are char ac ter ized by OI ³62 mg CO2 / g 
TOC. On the other hand, the MinC con tent of these sam ples is
0.05–3.3% and is lower than in the sam ples with type I
(3.0–5.4% MinC) from the Œcinawka Œrednia PIG 1 bore hole.

The es tab lished zone of fair and good source rocks in the
bore hole sec tion sug gests that the good oil source rocks may
be found in a nar row zone of the lower part of the Anthracosia
Shales, be tween ~139.90 and ~144.20 m depth, form ing a
~4.3 m thick unit in the Rybnica Leœna PIG 1 bore hole. The unit

Grzegorz J. Nowak et al. / Geo log i cal Quar terly, 2022, 66: 36 17

Fig. 9A – cor re la tion of HI–Tmax  of the Anthracosia Shales sam ples shows type I kerogen, type III kerogen and hy dro gen-de pleted
type III kerogen in early-ma ture and ma ture stages of or ganic mat ter ma tu rity (af ter Espitalié et al., 1977); B – the HI–OI graph of the
Anthracosia Shales sam ples shows a dis tinc tion be tween kerogen types and geochemically al tered and ox i dized sam ples from the
Œcinawka Œrednia PIG 1 bore hole (af ter Pratt, 1984)



of good source rocks in the Œcinawka Œrednia PIG 1 bore hole
has a sim i lar thick ness of ~5 m, mak ing up the mid dle part of
the Anthracosia Shales pro file be tween ~45.5 and ~50.5 m
depth.

There is an in ter est ing cor re la tion of the kerogen types to
the or ganic mat ter pe trog ra phy re sults, where the con tents of
in di vid ual groups of macerals are de scribed in great de tail. In
the Rybnica Leœna PIG 1 bore hole, al gal-orig i nated kerogen is
com posed of a small amount of vitrinite (8–16 vol%) and a large 
amount of liptinite (75–84 vol.%), which ex plains the large
amounts of bituminite de tected (63–71 vol%) and higher val ues 
of the hy dro gen in dex: 292–304 mg HC/g TOC (Fig. 10). In the
terrigenous-orig i nated kerogen, a rapid in crease in the vitrinite
con tent up to 82–98 vol% and a de crease in the liptinite con tent
to 1–13 vol% was ob served, which au to mat i cally con verted into 
a de crease in the bi tu men con tent and in hy dro gen in dex val -
ues to 33–91 mg HC/g TOC. An anal y sis of the re la tion ships

shows the fol low ing dependences: (i) the for ma tion of fair to
good source rocks de pends on an abun dant liptinite con tent, (ii) 
an in creas ing pro por tion of vitrinite sig nif i cantly re duces the hy -
dro gen con tent of the kerogen and the pe tro leum po ten tial of
the rocks. A sim i lar re la tion ship be tween the maceral com po si -
tion and the val ues of the hy dro gen in dex as well as the qual ity
of the source rocks was noted in the Œcinawka Œrednia PIG 1
bore hole.

CONCLUSIONS

The to tal thick ness of the shales falls in the range of
~61–99 m. Or ganic pe trog ra phy stud ies have shown a pres -
ence of dif fer ent macerals dis persed in the Anthracosia Shales.
Vitrinite and inertinite are par ti cles of ter res trial or i gin, while
most liptinite macerals are of aquatic prov e nance.
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Fig. 10. Cor re la tion of the hy dro gen in dex with the con tent of liptinite and vitrinite in sam ples from the Rybnica Leœna PIG 1 and 
Œcinawka Œrednia PIG 1 bore holes



Or ganic pe trog ra phy and palynofacies anal y sis of the
Anthracosia Shales in di cate the oc cur rence of three broadly
dis tinct as so ci a tions: (1) a bi tu mi nous as so ci a tion (which was
de pos ited in a deep water zone near the cen tre of the
Anthracosia Lake); (2) a humic as so ci a tion, which was de pos -
ited in a coastal zone; (3) an in ter me di ate as so ci a tion, which
was de pos ited in a shal low zone of the Anthracosia Lake.

There are sig nif i cant dif fer ences in the pre dom i nant type of
or ganic as so ci a tion be tween the Rybnica Leœna PIG 1 and
Œcinawka Œrednia PIG 1 bore holes. In the for mer, a dom i nance
of both the humic and in ter me di ate (of humic char ac ter) as so ci -
a tions is typ i cal, with a lower par tic i pa tion of the bi tu mi nous as -
so ci a tion. How ever, in the Œcinawka Œrednia PIG 1 bore hole,
the shales are char ac ter ized by pre dom i nance of both bi tu mi -
nous and in ter me di ate as so ci a tions, while the humic as so ci a -
tion oc curs less fre quently.

The changes in the com po si tion of miospore as sem blages
in as so ci a tion with the vari abil ity of the maceral com po si tion
and geo chem i cal pa ram e ters in both bore holes stud ied were in -
ter preted as a re cord of the evo lu tion of the lake in which the
sed i men ta tion took place. This clearly in di cates that the com po -
si tion of miospore as sem blages can not be used for strati -
graphic pur poses be cause it was very clearly con trolled en vi -
ron men tally.

The re sults of the maceral anal y sis of the shales gen er ally
agree with data from both palynofacies and Rock-Eval py rol y sis 
stud ies. The dis persed or ganic mat ter does not dem on strate an 
un am big u ously prom i nent char ac ter. The Rock-Eval data
clearly in di cate that the or ganic mat ter forms lev els made up ei -
ther of kerogen type I or of kerogen type III. Mi cro scopic ob ser -
va tions also show that the kerogen is rel a tively uni form in com -
po si tion: (1) with bituminite (amor phous or ganic mat ter) abun -

dant in type I kerogen and (2) with vitrinite, which pre dom i nates
in type III kerogen. The re sults pub lished here cor rob o rate the
pre vi ous re sults of ear lier Anthracosia Shales stud ies (Nowak,
2007). These were based solely on or ganic pe trog ra phy data
and re vealed a clear sapropelic char ac ter with a dom i nance of
alginite in the or ganic mat ter com po si tion of the Anthracosia
Shales, in dic a tive of type I source rocks.

The ma tu rity pa ram e ters (vitrinite reflectance, miospore
col our in dex, and Rock-Eval Tmax) show an over all early-ma ture 
to ma ture stage for the Up per Car bon if er ous Anthracosia
Shales in the Intrasudetic Ba sin. None of the ma tu rity in di ca tors 
show a con sis tent ver ti cal trend.

The geo chem i cal pa ram e ters ob tained from the Rock-Eval
py rol y sis of the sam ples in di cate var i ous pe tro leum po ten tial,
from poor to very good.The good source rocks (1.6–2.9 wt.%
TOC, 3.2–10.8 mg HC/g rock – S2) are rep re sented by only a
~4-5 m thick layer lo cated in the lower and mid dle parts of the
Rybnica Leœna PIG 1 and Œcinawka Œrednia PIG 1 bore holes,
re spec tively.
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