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The re sults of GC-MS in ves ti ga tions of biomarkers in or ganic mat ter from the epicontinental Perm ian and Tri as sic strata of the Holy
Cross Mts. in di cate gen er ally suboxic (Perm ian) and oxic (Tri as sic, ex cept for the Mid dle Muschelkalk) depositional en vi ron ments with
ac com pa ny ing in ten sive bac te rial re work ing of or ganic re mains. The biomarker spec tra found in the Mid dle Muschelkalk and in the
Entolium discites Beds (Up per Muschelkalk) show the pres ence of gammacerane, an in creased con cen tra tion of C34 homohopanes and a
Pr/Ph ra tio not ex ceed ing 1. All these ob ser va tions sug gest a hypersaline sed i men tary en vi ron ment with wa ter col umn strat i fi ca tion and
poorly ox y gen ated con di tions. Ther mal ma tu rity in ves ti ga tions were based on both vitrinite re flectance and biomarker in di ces. The or -
ganic mat ter in the Tri as sic suc ces sion is slightly more ma ture along the north ern mar gin of the Holy Cross Mts. than along their south ern
part, due prob a bly to a re gional in crease in the max i mum burial depth dur ing the Me so zoic. The ma tu rity of the Perm ian strata at Gałęzice 
(south ern Holy Cross Mts.) is sim i lar to that of the Tri as sic rocks whereas Kajetanów (in the north) is char ac ter ised by val ues sig nif i -
cantly higher and com pa ra ble to those found in wells fur ther north. The dif fer ence can not be ac counted for solely by dif fer en tial burial
depths, and im plies the ex is tence of a pos i tive ther mal anom aly ac tive be fore the Mid dle Tri as sic. Our in ves ti ga tions gen er ally con firmed 
the low ther mal ma tu rity of the Tri as sic. How ever, con trary to ear lier in ter pre ta tions, we sug gest that the max i mum burial depths based
on a re con structed thick ness of the post-Triassic de pos its may ac count for the ob served ma tu rity lev els, as sum ing that geo ther mal gra di -
ents in the Me so zoic were sim i lar to to day’s. 

Leszek Marynowski and  Mariusz Salamon, De part ment of Earth Sci ences, Silesian Uni ver sity, Będzińska 60, PL-42-200 Sosnowiec,
e-mail: marynows@ul tra.cto.us.edu.pl; Marek Narkiewicz, Pol ish Geo log i cal In sti tute, Rakowiecka 4, PL-00-975 Warszawa, e-mail:
mnar@pgi.waw.pl (re ceived: No vem ber 29, 2000; ac cepted: No vem ber 14, 2001).

Key words: Holy Cross Moun tains, Perm ian, Tri as sic, biomarkers, depositional en vi ron ment, ther mal ma tu rity. 

INTRODUCTION

The ther mal ma tu rity of the Cam brian to Car bon if er ous
suc ces sion of the Holy Cross Mts. has been re cently in ves ti -
gated by Belka (1990), Marynowski (1997, 1999) and
Szczepanik (1997), which con trib uted to better un der stand ing
of the ther mal his tory of this area. Nev er the less, a more com -
plete un der stand ing of the ma tu rity of the Palaeozoic rocks and
an ex pla na tion of fac tors con trol ling heat flow re quire in for ma -
tion con cern ing the ma tu rity of youn ger strata. To date, CAI
mea sure ments of cono donts from nine ex po sures of the Tri as -
sic strata from the mar gin of the Holy Cross Mts. (in clud ing
only one lo cal ity from the north ern part — Belka, 1990), rep re -
sent the only pub lished data re gard ing these prob lems. In this
pa per, we pro vide the first or ganic ma tu rity in ves ti ga tions of
the Perm ian car bon ates of this re gion. These com ple ment the
pic ture of ther mal al ter ation based on mea sure ments of vitrinite 

reflectance in the Perm ian of the Pol ish Low lands (Grotek,
1998). More over, our in ves ti ga tions em braced 14 Tri as sic lo -
cal i ties en com pass ing de pos its from the Röt to the Keuper
(Fig. 1). Par tic u lar at ten tion was paid to the ex po sures from the
north ern mar gin of the Holy Cross Mts. (6 lo cal i ties). The in -
ves ti ga tions were con ducted us ing gas chro ma tog ra phy cou -
pled with mass spec trom e try (GC-MS) anal y sis which en abled
anal y sis of biomarker spec tra. These spec tra were in ter preted
in terms of both ther mal ma tu rity and en vi ron men tal im por -
tance.

OUTLINE OF STRATIGRAPHY AND FACIES
DEVELOPMENT

The  Perm ian and Tri as sic strata in ves ti gated sur round out -
crops of the pre-Perm ian rocks of the Holy Cross Mts. from the
south-west and north (Fig. 1). They rest with an an gu lar un con -



formity on dif fer ent units of the Cam brian to Car bon if er ous.
Struc tur ally, they be long to the Mid-Pol ish Swell — a tec tonic
struc ture formed in the lat est Cre ta ceous to ear li est Ter tiary due 
to in ver sion of the Mid-Pol ish Trough. The lat ter unit formed a
depocenter of the polyphase Perm ian-Me so zoic Pol ish Ba sin,
and ex tended along the SE-NW trending Trans-Eu ro pean Su -
ture Zone be tween the Pre cam brian East Eu ro pean Craton and
the Palaeozoic and Meso-Ce no zoic ter ranes and orogens of
West ern Eu rope (e.g. Dadlez et al., 1995).

Re cently, the Perm ian of the Holy Cross Mts. has been
stud ied in de tail by Bełka (1978, 1991) (see also Skompski,
1995) and Kowalczewski and Rup (1989). The to tal thick ness
of these poorly ex posed de pos its ranges from 0 to 200 metres
(Głazek and Kutek, 1976). The basal unit lo cally comprises ir -
reg u larly dis trib uted con ti nen tal clastics ques tion ably at trib -
uted to the Rotliegend or Lower Perm ian (e.g. Kowalczewski
and Rup, 1989; Wag ner, 1994). The bulk of the Perm ian
succession rep re sents a transgressive ma rine fa cies — from
con glom er ates and peritidal car bon ates to marly subtidal
deposits. Ac cord ing to Bełka (1991) and Wag ner (1994) these
de pos its cor re spond mostly to the basal units of the ear li est
Zechstein cy cle, in par tic u lar to the Ca1 (Zechstein Lime stone)
of the Werra Cyclothem. 

The Gałęzice lo cal ity (Fig. 1) rep re sents nearshore,
peritidal and playa fa cies. The sec tion com prises two con glom -
er atic ho ri zons sep a rated by rel a tively thick cal car e ous and
sub or di nate silty de pos its (Bełka, 1978, 1991). On the other
hand, the Kajetanów sec tion is com posed of dark marly lime -
stones with brachi o pods and coalified plant re mains, thus
clearly rep re sent ing open ma rine ar eas with a con sid er able
terrigeneous clay and or ganic mat ter in put. The sec tions are lo -
cated on op po site flanks of an im por tant struc tural line — the
Holy Cross Fault (HCF — com pare Fig. 1) di vid ing the Holy
Cross Mts. into two dis tinct palaeotectonic-fa cies re gions, a
south ern and north ern one (e.g. Kutek and Głazek, 1972;
Głazek and Kutek, 1976).

The Tri as sic de pos its rest upon the Perm ian ei ther con form -
ably and with a grad ual sed i men tary tran si tion or, in ar eas of
synsedimentary el e va tions, with non-depositional and ero -
sional gaps and a slight an gu lar un con formity (Kowalczewski
and Rup, 1989). In the Tri as sic, the pres ent Holy Cross Mts.
area formed part of the large epicontinental ba sin stretch ing
from Po land to Ger many and fur ther west. A tri par tite gen eral
lithostratigraphic di vi sion is typ i cal of this ba sin com pris ing
two terrigeneous units, a lower one — Bunter Sand stone
(Buntsandstein), and an up per one — the Keuper and Rhaetian, 
sep a rated by var i ous car bon ates of the Muschelkalk (see e.g.
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Fig. 1. Lo ca tion of sam pling sites with the mea sured val ues of vitrinite reflectance, the o ret i cal values of vitrinite reflectance — RC[%] af ter Radke and
Welte (1983) and terphenyl pa ram e ter — TrP1 af ter Marynowski et al. (2001)



T
herm

al m
aturity and d

ep
o

sitio
n

al en
v

iro
n

m
en

ts o
f o

rg
an

ic m
atter in

 th
e post-V

ariscan
 su

ccessio
n

 o
f th

e H
o

ly C
ro

ss M
ts

2
7

 a  morf ataD akleB  ;yduts tn eserp eht ni del pmas naht rehto tinu cihpar gitarts a morf atad eht skram ks ire tsa ;)0991( IAC —   ;xe dni noit are tla ru oloc Ro — etinirtiv  ;]%[ ecnatcelfer hP/rP  — enatsirp  ot enatyhp ;oi tar 

sT (/ sT )mT + 81 — a  ,92 ,22- enapohoenronsirt-03 81(/ a  ,92 ,22- enapohoenronsirt-03 71 + a  ,92 ,22-)H( enapohronsirt-03 ( ) trefieS  dna nawodloM  ;)8791 , bb (/ bb  + aa  ) 5[ — a 41 ,)H( b 71 ,)H( b )S02 + R02( )H(

C 92 5[ /]senarets a 41 ,)H( b 71 ,)H( (b C )S02 + R02( )H 92 5 + senarets a 41 ,)H( a 71 ,)H( a C ])S02 + R02( )H( 92  dna sre teP( senarets nawodloM  ;)3991 , )R02 + S02(/S02 C — 92 5a 41 ,)H( a 71 ,)H( a C[/S02)H( 92 5a ,)H(

41 a 71 ,)H( a  dna sre teP( ])R + S(02 )H( nawodloM  ;)3991 , RDM  — enehpoihtoznebidlyhtem [ oi tar 4 TBDM- [/] 1 TBDM- ( ] ekdaR   ,.la te  ;))4991 ,hcslliW dna ekdaR ;6891 1IPM  — enerhtnanehplyhtem 1IPM-1 xe dni 
[(5.1 = 2 [ + ]PM- 3 [ + ]P[(/)]PM- 1 [ + ]PM- 9 ( )]PM- ekdaR  dna etleW  ;)3891 , Rc ]%[ R :ecnatcelfer etinirtiv deta lu clac — c R rof( 04.0 + 1IPM 06.0 = ]%[ o  ;)3891 ,etleW dna ekdaR( )%53.1< NMT  — 

 ;)4991 ,egurK dna hajaranawaY( )NMT-5 ,2 ,1 –6 ,3 ,2 + –6 ,3 ,1 + –7 ,3 ,1(/)NMT-6 ,3 ,2 + –6 ,3 ,1 + –7 ,3 ,1( oi tar enelahthpanlyhtemirt NMeT ,3 ,2 ,1 + –6 ,5 ,2 ,1(/-7 ,6 ,3 ,1( oi tar enelahthpanlyhtemartet — 
 ;)5991 ,ikswohcezC()NMeT-5 1PrT  ikswonyraM( ]PrT-o[/]PrT-p[ ,1 oi tar lynehpret — la .te  ;)1002 ,. RNhP  ikswonyraM( )NhP-2 + NhP-1(/NhP-2 = RNhP ,oi tar enelahthpanlynehp — la .te  ;)1002 ,. 2NMT — 

 nesraA nav( )NMT-5 ,2 ,1 + –7 ,3 ,1(/)NMT-7 ,3 ,1( 2 oi tar enelahthpanlyhtemirt la te  ;)9991 ,. 2NMeT  nesraA nav ( )NMeT-5 ,3 ,2 ,1 + –6 ,5 ,2 ,1 + –7 ,6 ,3 ,1(/NMeT-7 ,6 ,3 ,1( 2 oi tar enelahthpanlyhtemartet — la te ,.
 ;)9991 NMP  nesraA nav( )NMP-6 ,5 ,3 ,2 ,1 + –7 ,6 ,4 ,2 ,1/NMP-7 ,6 ,4 ,2 ,1( oi tar enelahthpanlyhtematnep — la te )9991 ,.

1 el baT
snia tnuoM ssorC yloH eht morf re ttam cina gro ci ss airT dna na imreP eht fo sci ts ire tc arahc la c imeh coeG



the re views by Senkowiczowa, 1970, 1973). The Lower Tri as -
sic clastics are de vel oped in their lower part as redbeds be long -
ing to al lu vial and ae olian depositional sys tems, with a to tal
thick ness from 0 to 400 m SW and 450–900 m N
(Senkowiczowa, 1973).

The Up per Bunter Sand stone (Röt), is com posed of ex -
tremely shal low-water ma rine car bon ates and sulphates with
marly and sandy in ter ca la tions, and an over all thick ness of ca.
100 m SW and 80 to 200 m N (Senkowiczowa, 1973). These
re stricted fa cies are in ter preted as an a logues of the re cent Per -
sian Gulf shal low-water la goons and sabkhas (Kostecka,
1978). They mark the on set of the ma jor trans gres sion which
cul mi nated in the de vel op ment of a vast car bon ate plat form or
ramp sys tem in the Mid dle Tri as sic. The Muschelkalk se -
quence in the in ves ti gated area is 20 to 150 metres thick
(Senkowiczowa, 1973). It has been sub di vided into sev eral
lithostratigraphic units, in as cend ing or der: Wolica Beds,
Wellenkalk, Łukowa Beds, Plagiostroma striatum Beds (the
four units col lec tively com pos ing the Lower Muschelkalk), the
Mid dle Muschelkalk, and the Up per Muschelkalk com pris ing
the Entolium discites Beds and Ceratites Beds (Senkowiczowa, 
1970; Trammer, 1975; chap ter on the Mid dle Tri as sic in:
Marek and Pajchlowa, 1997). 

Ac cord ing to Kostecka (1978) the Wellenkalk and Lower
Łukowa Beds are de vel oped in open ma rine, subtidal fa cies,
thus re cord ing the max i mum palaeo-water depths of the ba sin.
These fa cies grad u ally pass up wards into more ag i tated shal -
low ma rine, and even partly re stricted car bon ate sys tems of the
up per Lower Muschelkalk (Up per Łukowa Beds and P.
striatum Beds). The over all re gres sive trend cul mi nated in a de -

vel op ment of re stricted fa cies with el e vated sa lin ity re corded in 
partly dolomitic de pos its of the Mid dle Muschelkalk
(Trammer, 1975; Kostecka, 1978). The Up per Muschelkalk
open ma rine cal car e ous sed i men ta tion re flects the on set of the
next transgressive cy cle. In turn, the lithostratigraphic bound -
ary be tween the Muschelkalk and Keuper marks a re gres sive
phase and the de vel op ment of a shal low-water intra-continental 
ba sin with mixed deltaic-lagoonal-fluvial sed i men ta tion
(Gajewska in: Marek and Pajchlowa, 1997). The Keuper de -
pos its form ero sional rem nants (pre-Rhaetian ero sion) up to
90 m thick (Senkowiczowa, 1973). 

The sam ples in ves ti gated by the pres ent au thors were taken
from the south west ern and north ern mar gins of the Holy Cross
Mts. (Fig. 1). The strati graphic po si tion of the sam ples as well
as the gen eral de scrip tion of the sam pled lo cal i ties are given in
Ta ble 1 and in Ap pen dix 2.

MATERIALS AND METHODS

The de pos its in ves ti gated were sam pled in in ac tive quar ries 
and nat u ral exposures. Unweathered sam ples were se lected. In
the lab o ra tory, all sam ples were washed with meth a nol.
GC-MS anal y sis of aliphatic frac tions of the in ves ti gated sam -
ples re veals no ef fects of biodegradation (e.g. dis ap pear ance of
low mo lec u lar weight n-al kanes and the oc cur rence of un re -
solved com pound mix tures) or wa ter wash ing (see also van
Aarsen di a gram be low).

Vitrinite was not found in the or ganic-poor Tri as sic de pos -
its. The mea sure ments were car ried out on vitrinite-rich sam -
ples from two Perm ian lo cal i ties. In the sam ple from
Kajetanów, 95 vitrinite grains were mea sured and in the
Gałęzice sam ple, 62 mea sure ments were taken. The vitrinite
reflectance was mea sured us ing a ZEISS photomicroscope III,
us ing re flected light, oil im mer sion and a mag ni fi ca tion of
about x 400. The value of vitrinite reflectance was es ti mated
based on the pre pared di a grams. 

The to tal or ganic car bon (TOC) con tent was de ter mined us -
ing an au to mated LECO CR-12 analyser. Af ter dis in te gra tion
and grind ing in a ball mill to a frac tion be low 0.2 milli metres,
all in ves ti gated sam ples were ex tracted with di chloro methane
in a Soxh let ap pa ra tus. The extractable or ganic mat ter (EOM)
was sep a rated into aliphatic, ar o matic and po lar + asphaltenes
frac tions us ing thin-layer chro ma tog ra phy (TLC Merck plates
20 x 20 cm cov ered by silicagel 60 H 0.25 mm thick) and de -
vel oped in n-hex ane.

GC-MS anal y sis was con ducted on aliphatic and ar o matic
hy dro car bon frac tions. Anal y ses of the hy dro car bons were per -
formed on a Hewlett Packard 5890 chromatograph with a
DP-5 cap il lary col umn (in ter nal di am e ter 0.32 mm, thick ness
of an ac tive-phase film 0.25 mm) 60 metres long. The GC oven
was pro grammed from 35 to 300°C at a rate of 3°C min–1. He -
lium was used as a car rier gas. De tec tion of sep a rated con stit u -
ents was con ducted us ing a mass quadrupole 5971A op er at ing
with an elec tron en ergy of 70 eV. Scanning was done within a
mass in ter val from 45 to 550 with a cy cle time of 1 s.

28 Leszek Marynowski, Mariusz Salamon and Marek Narkiewicz

Fig. 2. Frac tional com po si tion of the stud ied sam ples

 Al — aliphatic frac tion, Ar — ar o matic frac tion, Pol — po lar frac tion



Biomarker pa ram e ters are com monly used to as sess a ma tu -
rity of crude oil, coal and dis persed or ganic mat ter (Al ex an der et
al., 1985; Lu and Kaplan, 1992; Pe ters and Moldowan, 1993;
Yawanarajah and Kruge, 1994; Li et al., 1998; van Aarsen et al.,
1999), es pe cially when sim pler pyrolitic (RockEval),
petrographic (vitrinite reflectance), and other (CAI, TAI, etc.)
meth ods can not be used. Some of the pa ram e ters have been em -
pir i cally com pared with the val ues of the vitrinite reflectance
(Ro). In this work, the MPI1 pa ram e ter (methylphenanthrene in -
dex 1) (Radke and Welte, 1983; Radke et al., 1986) was widely
used. It was re cal cu lated to a the o ret i cal value of vitrinite ac cord -
ing to the for mula given by Radke and Willsch (1994) (Ta ble 1). 

PREVIOUS STUDIES

As re gards the ther mal ma tu rity of the Holy Cross Mts.
area, the De vo nian de pos its have been stud ied most. These
stud ies showed that vitrinite re flec tance var ies con sid er ably
from 0.52 to 1.22%Ro across a dis tance of about 30 km. Gen -
erally, it in creases to wards the north-west and, at the same time, 
to wards the HCF (Marynowski, 1999). Car bon if er ous de pos its
have a lim ited dis tri bu tion in the Holy Cross Mts. and their ma -
tu rity is sim i lar to that of the neigh bour ing De vo nian strata
(Belka, 1990; Marynowski — unpub. ma te ri als).

In ves ti ga tions of the cono dont CAI in the Or do vi cian to
Tri as sic (Belka, 1990) and data on changes of ther mal ma tu rity
with depth (Janczyce I and Kowala 1 bore holes —
Marynowski, 1999) show that the pres ent or ganic ma tu rity in
the De vo nian and Car bon if er ous de vel oped mostly be fore the
Late Car bon if er ous up lift (Belka, 1990). Max i mum ma tu rity
lev els are due to in creased heat flow dur ing Variscan tec tonic
ac tiv ity (Belka, op. cit.) as so ci ated prob a bly with a deep crustal 
frac ture whose sur face ex pres sion is the HCF (Marynowski,
1999).

Grotek (1998) in ves ti gated the %Ro dis tri bu tion in Pol ish
Zechstein rocks in clud ing data from the Nieświń PIG 1 bore -
hole lo cated close to the north ern mar gin of the Holy Cross
Mts. (Fig. 1). She ex plained the dis tri bu tional pat tern as gen er -
ally re flect ing max i mum burial depths dur ing the Me so zoic.
How ever, in the case of i.a. the Nieświń PIG 1 bore hole she
was able to de tect an ad di tional ther mal com po nent at trib uted
to ex tra heat flow due to tec tonic ac tiv ity in the ba sin.

Belka (1990) re ported uni form CAI 1 val ues for the
Muschelkalk car bon ates in the Holy Cross Mts. area for both
south west ern (8 lo ca tions) and north ern mar gins (a sin gle lo ca -
tion). He con cluded that the re con structed thick ness of the
over ly ing Me so zoic de pos its cannot ac count for the re ported
CAI val ues as sum ing a pres ent-day geo ther mal gra di ent.
There fore he proposed that “...a very low heat flow is sug gested 
for the Late Cre ta ceous...”.

RESULTS

Values of to tal or ganic car bon (TOC) in the sam ples stud -
ied are small, in the range of 0.11–0.14% for the Zechstein de -

pos its and less than 0.1% for the Tri as sic rocks. The con tent of
extractable or ganic mat ter in the sam ples stud ied is also small,
in the range of 0.02–0.05 % for the Perm ian and 0.002–0.004% 
for the Tri as sic sed i ments.

The frac tional com po si tion of the extractable or ganic mat -
ter is a gen eral and sim pli fied mea sure of ther mal ma tu rity. A
large pro por tion of po lar com pounds is usu ally typ i cal of ther -
mally im ma ture sam ples (Tissot and Welte, 1984). There are,
how ever, many ex cep tions re lated for ex am ple to pro cesses of
sec ond ary biodegradation (Connan, 1984), wa ter wash ing
(Palmer, 1984) or re sult ing from the par tic u lar ge netic char ac -
ter of the ini tial or ganic mat ter (Hunt, 1996). On the other hand, 
in creased con cen tra tion of aliphatic and ar o matic frac tions is
of ten as so ci ated with in creased ma tu rity of the
non-biodegraded sed i men tary or ganic mat ter (Tissot and
Welte, 1984). On this ba sis, a low ma tu rity for the Tri as sic de -
pos its (large par tic i pa tion of po lar frac tion — Fig. 2) and a
slightly higher ma tu rity for the Perm ian de pos its from
Kajetanów (25 to 33% of the aliphatic frac tion) can be sug -
gested. The frac tional dis tri bu tion of Gałęzice (Perm ian) or -
ganic mat ter is sim i lar to that found in the Tri as sic rocks.
More over, in the four Tri as sic sam ples, an in creased (30–45%)
per cent age of the aliphatic frac tion was ob served (Fig. 2) which 
may re flect the spe cific char ac ter of the orig i nal or ganic in put.

The  pos si bil ity that the extractable or ganic mat ter in ves ti -
gated is allochthonous (has mi grated) was tested us ing the
dis tri bu tion of methylnaphthalenes (van Aarsen et al., 1999).
Three methylnaphthalene pa ram e ters: TMN2, TeMN2 and
PMN (for ex pla na tion see Ta ble 1) were com pared with each
other us ing a ter nary di a gram (Fig. 3). When a crude oil or
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Fig. 3. Ter nary plot of the ex tracts of Perm ian and Tri as sic sam ples, ac -
cord ing to van Aarsen et al. (1999)

TMN2 — trimethylnaphthalene ra tio 2, TeMN2 — tetramethylnaphthalene 
ra tio 2, PMN — penthamethylnaphthalene ra tio, for ex pla na tion of pa ram -
e ters see Ta ble 1



source rock ex tract plots in the cen tre of the di a gram (the ma -
tu rity cen tre) the value of any of the three pa ram e ters is an ac -
cu rate in di ca tion of its ther mal ma tu rity. When an oil or
bi tu men plots out side the ma tu rity cen tre, fac tors like mix ing
or biodegradation may be re spon si ble for the dis tri bu tion of
meth yl ated naphthalenes. Points rep re sent ing all the ana lysed
sam ples are lo cated in the cen tre of the ter nary di a gram
(Fig. 3), which clearly in di cates (ac cord ing to van Aarsen et
al., 1999, op. cit.) an autochtonous, non-biodegraded char ac -
ter of the ex tracted hy dro car bons. 

BIOMARKERS AND DEPOSITIONAL ENVIRONMENTS
OF THE ORGANIC MATTER

Based on pre vi ous in ter pre ta tions, most of the sam ples
stud ied  rep re sent ma rine fa cies — from re stricted/mar ginal
ma rine to open ma rine con di tions. Only the Keuper
fine-grained sand stone (Chyby lo cal ity) de vel oped in la -
goon-deltaic-flu vial en vi ron ments (Senkowiczowa and
Szyperko-Śliwczyńska, 1961). The or ganic mat ter pres ent in

all the de pos its stud ied dis plays mixed ter res trial/ma rine char -
ac ter is tics, ex cept for the purely ter res trial at trib utes of the
Chyby sam ple. These mixed char ac ter is tics are shown by a bi -
modal dis tri bu tion of n-al kanes with a max i mum at n-C18 and
n-C27 (Bzin, Promnik, Piekoszów, Gębice, Parszów, Kolonia
Jakimowice, Gałęzice, Kajetanów) and the pres ence of typ i cal
or ganic com pounds ge net i cally as so ci ated with higher plants,
such as cadelene, retene, or tricyclic and tetraciclic diterpanes
(No ble et al., 1985, 1986; van Aarssen et al., 1996, 2000). The
mixed char ac ter of kerogene con sid er ably en hances the di ag -
nos tic value of the MPI1 in dex (Ta ble 1), which pre cisely de -
scribes a level of ther mal ma tu rity for a III type kerogene, i.e. a
kerogene with a con sid er able con tent of ter res trial or ganic mat -
ter (Radke et al., 1986). 

The or ganic mat ter was de pos ited in suboxic (Perm ian) and 
oxic con di tions (Tri as sic, ex cept for the Mid dle Muschelkalk,
see be low). This is shown by a rel a tively small con tent of TOC
in the Perm ian sed i men tary rocks stud ied and very small con -
tent in the Tri as sic, as well as the pat tern of hopane dis tri bu tion, 
typ i cal of the above-men tioned sed i men tary en vi ron ments

30 Leszek Marynowski, Mariusz Salamon and Marek Narkiewicz

Fig. 4. Dis tri bu tion of hopanes (m/z 191) de rived from the aliphatic frac tion of a typ i cal sam ple of the Mid dle Muschelkalk from Kolonia Jakimowice (A)
com pared with the dis tri bu tion in other Tri as sic car bon ates ex am pli fied by the Plagiostoma striatum Beds at Zajączków (B) 

For ex pla na tion of ab bre vi a tions see the Ap pen dix 1
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Fig.  5. Change in dis tri bu tion of phenanthrene, methylphenanthrene, (1–, 2–, 3–, 9-MP), phenylnaphthalenes and terphenyls (m/z 178 + m/z 192 + m/z 204 
+ m/z 230) with the in creas ing ther mal ma tu rity; A — Lisów, B — Chyby, C — Kajetanów; note clearly dif fer ent dis tri bu tion for the Kajetanów lo cal ity re -
flect ing its sig nif i cantly higher ma tu rity level



(Fig. 4; com pare Pe ters and Moldowan, 1993, figs. 3 and 11).
In our sam ples, a clear pre dom i nance of rel a tive con cen tra tions 
of hopanes over steranes (about 20 times) was ob served as well
as the pres ence of tetracyclic triterpanes — Fig. 4, 24Te, 25Te), 

which in di cate in ten sive bac te rial de cay of the de pos ited or -
ganic mat ter. Bac te rial re work ing is a typ i cal pro cess dur ing
car bon ate de po si tion (rel e vant ex am ples of biomarker in ter pre -
ta tion in e.g. Wan Hasiah, 1999; Marynowski et al., 2000). 

In the sam ples of the Mid dle Muschelkalk de pos its
(Strawczynek, Lisów and Kolonia Jakimowice), gammacerane 
was de ter mined. For many years this com pound has been re -
garded as an in di ca tor of hypersaline con di tions (ten Ha ven et
al., 1985, 1988; Brassell et al., 1988; Pe ters and Moldowan,
1993). Re cently, how ever, it has been con sid ered as an in di ca -
tor of wa ter col umn strat i fi ca tion (Sinninghe Damsté et al.,
1995) which, of course, is not al ways caused by in creased sa -
lin ity in a sed i men tary ba sin. How ever, the pres ence of
gammacerane in the sam ples stud ied to gether with the in -
creased con cen tra tion of C34 homohopanes (Fig. 4) and a
pristane to phytane ra tio of less than one (ten Ha ven et al.,
1987, 1988) may in deed in di cate hypersaline con di tions which
oc curred in a suboxic to anoxic strat i fied ba sin dur ing Mid dle
Muschelkalk sed i men ta tion. A sim i lar biomarker com po si tion
was de ter mined in the sam ple from Bzin, which was ini tially
as cribed to the Mid dle Muschelkalk (Senkowiczowa, 1956)
and later to the low er most Up per Muschelkalk (E. discites Beds 
— Senkowiczowa, 1957a). Our re sults sug gest that ei ther in -
creased sa lin ity per sisted un til the ear li est Up per Muschelkalk
times or the sam pled in ter val be longs to the Mid dle
Muschelkalk. On the other hand, a lack of gammacerane in the
sam ples from the Röt and P. striatum Beds may sug gest that the 
in ter preted peritidal and/or re stricted en vi ron ment of their de -
po si tion (Kostecka, 1978; see above) did not in volve wa -
ter-col umn strat i fi ca tion.

VITRINITE REFLECTANCE

The re sults ob tained (Ta ble 1) in di cate a large vari abil ity of
%Ro val ues for the Perm ian sam ples. In the case of Kajetanów
(Fig. 1) lo cated in the north ern re gion of the Holy Cross Mts.,
the value of Ro was 0.86–0.90%. This is com pat i ble with the
vitrinite reflectance (1.30%) mea sured by Grotek (1998) in the
Zechstein from the Nieświń PIG 1 bore hole sit u ated about 30
km north of Kajetanów (Fig. 1). In view of the %Ro dis tri bu tion 
shown by Grotek (1998) the %Ro in creases to wards the
depocenter of the Zechstein ba sin, i.e. to wards the north-west.
The ma tu rity at Kajetanów is only slightly lower than the ma tu -
rity of the ad ja cent De vo nian de pos its (Zachełmie — RCS =
1.12%, Bukowa Góra — RCS = 1.15%) (Marynowski, 1999). 

At Gałęzice in the south ern Holy Cross Mts. the vitrinite
reflectance is much lower (0.56%), sim i lar to the %Ro of the
De vo nian de pos its mea sured for the south west ern part of the
study area (op. cit.) and also to the RC val ues (Ta ble 1) re cal cu -
lated from the MP1 in dex (Radke and Welte, 1983) for the Tri -
as sic of this area.

MOLECULAR MATURITY PARAMETERS

The more im por tant ma tu rity pa ram e ters cal cu lated from
the re sults of the GC-MS anal y sis are shown in Ta ble 1. Gas
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Fig. 6. Cor re la tion of the val ues of more im por tant ma tu rity pa ram e ters for
the sam ples of the Tri as sic and Perm ian sed i ments of the Holy Cross Mts.

For ex pla na tion of ab bre vi a tions see Ta ble 1



chro ma tog ra phy cou pled with mass spec trom e try ap pear to be
a pre cise an a lytic method in the case of or ganic-poor Tri as sic
car bon ate rocks of  the Holy Cross Mts. The re sults ob tained,
apart from some de vi a tions dis cussed be low, are con sid ered to
be re li able. 

Tri as sic.  Our in ves ti ga tions showed a slight vari abil ity in
the or ganic mat ter ma tu rity of the Tri as sic de pos its. Ta ble 1
shows the val ues of the more im por tant biomarker in di ces
which are based on ra tios of rel a tive con cen tra tions of ther -
mally more sta ble to less sta ble com pounds. On av er age, most
of the pa ram e ters show higher val ues for the Tri as sic sam ples
from the north ern mar gin of the Holy Cross Mts. than for those
from the south-west (Ta ble 1, Figs. 5 and 6). Fig ure 6 pres ents a 
graph i cal cor re la tion of the se lected in di ces show ing that the
ar ray of points de not ing sam ples from the north ern area is
shifted to wards higher val ues rel a tive to the re spec tive points
char ac ter is ing the south west ern area. 

It is in ter est ing to note that a MDR in dex (Ta ble 1) which
proved cor rect as a ma tu rity pa ram e ter of the De vo nian de pos -
its (Marynowski, 1999) does not seem ad e quate in the case of
the Tri as sic rocks and does not cor re late well with other pa ram -
e ters. Only for Kajetanów, the MDR value is much higher and
thus in agree ment with other in di ces. Re cently Huang and
Pearson (1999) showed that the val ues of MDR in dex in cer tain 
sit u a tions may be in flu enced by sed i men tary con di tions and the 
char ac ter of the pri mary or ganic mat ter. 

Perm ian. The two Perm ian lo cal i ties in ves ti gated dis play
con trast ing val ues of all the mea sured ma tu rity in di ces (Ta ble
1, Fig. 6). Extractable or ganic mat ter from Kajetanów showed
the high est val ues of all the ma tu rity pa ram e ters cal cu lated in
this study (Ta ble 1, Figs. 5 and 6). High val ues of the pa ram e -
ters based on the dis tri bu tion of the or ganic com pounds closely
cor re spond to the val ues of vitrinite reflectance mea sured at
that lo cal ity (dis cussed above). The ma tu rity in di ces for the
Gałęzice lo cal ity are con sid er ably smaller than the com pa ra ble
val ues mea sured at Kajetanów and they cor re spond ap prox i -
mately to the val ues rep re sen ta tive of the Tri as sic de pos its (Ta -
ble 1, Fig. 6). 

THERMAL MATURITY — A DISCUSSION

The ther mal ma tu rity re sults al low us to re fine the ther mal
his tory of the study area pre sented by Belka (1990). That study
did not in clude the Perm ian de pos its. Our re sults ob tained for
the Kajetanów lo cal ity and the data pre sented by Grotek (1998) 
in di cate a rel a tively high de gree of ther mal al ter ation of the
Perm ian rocks in the north ern and northwestern mar gin of the
Holy Cross Mts. More over, there is a sig nif i cant dif fer ence in
the level of ma tu rity of the Perm ian rocks on ei ther side of the
HCF. 

The dis tri bu tion of ther mal ma tu rity in the Tri as sic rocks
seems more uni form than in the Perm ian (Fig. 1), as al ready ob -
served by Belka (1990). Our re sults, how ever, show that the
north ern area dis plays slightly in creased ma tu rity as re flected
in val ues of re spec tive in di ces (Ta ble 1). This small dif fer ence
can be eas ily ex plained by in creased max i mum burial depths in
the north ern area re lated to over all higher Me so zoic sub si dence 

north of the HCF (Głazek and Kutek, 1976; Dadlez et al.,
1998). For ex am ple, the thick ness of the Lower Tri as sic in the
south ern area is on av er age 200 to 300 m whereas in the north it 
can ex ceed 1000 m. Also the Lower and Mid dle Ju ras sic de -
pos its, which are weakly de vel oped in the south, can at tain a
thick ness of more than 1000 m in the north ern part of the Holy
Cross Mts. (Głazek and Kutek, 1976). It seems sig nif i cant that
in creased val ues of the ma tu rity pa ram e ters (MP1, TrP1, TMN
— Ta ble 1) are ob served at Kolonia Jakimowice, which oc cu -
pies a wes tern most lo ca tion in the study area (Fig. 1). This is in
agree ment with the in creased thick ness of the post-Tri as sic
sed i ments to wards the west (Głazek and Kutek, 1976).  

On the other hand, how ever, in view of the uni formly low
ma tu rity of the Tri as sic rocks, and also tak ing into ac count the
pos si ble variability in the  thick ness of the Lower Tri as sic, it
would be dif fi cult to ex plain the con sid er able dif fer ence in ma -
tu rity ob served in the Perm ian solely or even pre dom i nantly by
dif fer en tial burial by the end of the Early Tri as sic. It seems
prob a ble that, as in the Nieświń PIG 1 borehole (Grotek, 1998), 
the Perm ian in Kajetanów (and prob a bly also in the en tire
north ern Holy Cross Mts. area) has been af fected by an in -
creased heat flow which pre sum ably ceased be fore the Mid dle
Tri as sic. This could have been as so ci ated with a pro longed
“syn-Variscan” ther mal anom aly in ter preted al ready by Belka
(1990). Al ter na tively, it could rep re sent a later ther mal event,
e.g. the one which started in the Early Perm ian as re vealed by
palaeomagnetic stud ies of the De vo nian car bon ates
(Grabowski et al., 2002). 

Ac cord ing to Belka (1990) the low ma tu rity of the
Muschelkalk de pos its is not com pat i ble with the re con structed
thick ness of the over ly ing Me so zoic sed i ments, as sum ing a
geo ther mal gra di ent sim i lar to the pres ent. How ever, the re con -
struc tion by Kutek and Głazek (1972; see also Głazek and
Kutek, 1976) il lus trated by Belka (1990, fig. 4) ap par ently
shows thick nesses of post-Muschelkalk de pos its con sid er ably
less than the 3 000 to 5 000 metres quoted by Belka. The re -
spec tive thick nesses range from 2 000 to 3 500 metres which
im plies that it is not nec es sary to in voke a con sid er ably lower
ther mal re gime dur ing Me so zoic to ex plain the ma tu rity ob -
served in the Tri as sic de pos its. In fact, a geo ther mal gra di ent
sim i lar to to day’s (17.2–29.6°C Km–1 ac cord ing to Belka, op.
cit.) can ac count for these ob ser va tions, par tic u larly if val ues
closer to the lower limit are as sumed.

CONCLUSIONS

1. The re sults of our geo chem i cal in ves ti ga tions of or ganic
mat ter from the epicontinental Perm ian and Tri as sic deposits in 
the Holy Cross Mts. sug gest suboxic (in the case of the in ves ti -
gated Perm ian units) and oxic depositional en vi ron ments (most 
of the Tri as sic units, ex cept for lower-oxygen con di tions dur -
ing Mid dle Muschelkalk de po si tion). More over, rel a tive con -
cen tra tions of hopanes as well as the pres ence of tetracyclic
triterpanes in di cate in ten sive bac te rial re work ing of the de pos -
ited or ganic mat ter. 

2. The biomarker anal y sis of the aliphatic frac tion of the
Mid dle Muschelkalk and the Entolium discites Beds re vealed
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the pres ence of gammacerane, an in creased con cen tra tion of
C34 homohopanes and a Pr/Ph ra tio not ex ceed ing 1. All these
ob ser va tions sug gest a hypersaline sed i men tary en vi ron ment
with wa ter col umn strat i fi ca tion and gen er ally low oxygen con -
di tions.

3. The ther mal ma tu rity of or ganic mat ter in the Tri as sic
rocks is slightly higher in the north ern mar gin of the Holy Cross 
Mts. than in their south ern part. This small dif fer ence is prob a -
bly as so ci ated with the re gional vari abil ity of the max i mum
burial depth dur ing the Me so zoic.

4. Con sid er able dif fer ences in ma tu rity level were found
be tween two in ves ti gated Perm ian lo cal i ties. The ma tu rity at
Gałęzice (south ern Holy Cross Mts.) is sim i lar to that of the
Tri as sic rocks whereas Kajetanów (north) is char ac ter ised by
val ues sig nif i cantly higher and com pa ra ble to those found fur -
ther north, in the Nieświń PIG 1 borehole (Grotek, 1998). The
dif fer ence can not be ac counted for solely by dif fer en tial burial
depths, in stead it im plies the ex is tence of a pos i tive ther mal

anom aly ex tend ing north of the Holy Cross Fault be fore the
Mid dle Tri as sic.

5. The pres ent in ves ti ga tions gen er ally con firmed low ther -
mal ma tu rity in the Tri as sic as re ported by Belka (1990). How -
ever, con trary to the in ter pre ta tion by the lat ter au thor it is here
sug gested that the max i mum burial depths based on the re con -
structed thick ness of the post-Triassic de pos its can ac count for
the ob served ma tu rity lev els as sum ing that geo ther mal gra di ents
in the Me so zoic were com pa ra ble to pres ently mea sured val ues. 
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APPENDIX 1

LIST OF TRICYCLIC AND PENTACYCLIC TRITERPANES AND EXPLANATION
OF ABBREVIATIONS IN FIG. 4

19T-C19 — Tricyclic terpane (Cheilanthane)
20T-C20 — Tricyclic terpane (Cheilanthane)
21T-C21 — Tricyclic terpane (Cheilanthane)
22T-C22 — Tricyclic terpane (Cheilanthane)
23T-C23 — Tricyclic terpane (Cheilanthane)
24T-C24 — Tricyclic terpane (Cheilanthane)
28T-C28 — Tricyclic terpane (Cheilanthane)
29T-C29 — Tricyclic terpane (Cheilanthane)
24Te-C24 — Tetracyclic terpane
25Te-C25 — Tetracyclic terpane

Ts — 18α(H)-22, 29, 30-Trisnorneohopane

Tm — 17α(H)-22, 29, 30-Trisnorhopane

29H-C29 — 17α, 21β (H)-30-norhopane

29Ts-C29Ts — 18α (H)-30-norneohopane

30H-C30 — 17α, 21β (H)-hopane

30M-C30 — 17β, 21α (H)-hopane (moretane)

31H-C31 — 17α, 21β (H)-29-homohopane 22S and 22 R

32H-C32 — 17α, 21β (H)-29-bishomohopane 22S

33H-C33 — 17α, 21β (H)-29-trishomohopane 22S

34H-C34 —17α, 21β (H)-29-tetrakishomohopane 22S

35H-C35 — 17α, 21β (H)-29-pentakishomohopane 22S

APPENDIX 2

SAMPLED LOCALITIES

SOUTHERN AND WESTERN MARGIN

Zechstein (Gałęzice) — sev eral small ex po sures of the 80
metres thick suc ces sion of di verse de pos its: con glom er ates,
lime stones and siltstones as cribed mostly to the Zechstein Lime -
stone Unit (Ca1) of the Werra Cyclothem (Bełka 1978, 1991; see 
also Skompski, 1995). The in ves ti gated sam ples were taken
from thin-bedded lam i nated cherty car bon ates (Gałęzice 1 and
Gałęzice 3) and cryptalgal lime stones (Gałęzice 2).

Up per Röt (Starochęciny and Piekoszów) — sand stone
with coalified plant re mains, pass ing into marls interbedded
with lime stones (Senkowiczowa, 1959, 1961, 1973; Trammer,
1975).

Wellenkalk (Wolica) — grey lime stone interbedded with
banded lime stone and clayey shale (Senkowiczowa, 1957b,
1959, 1973; Trammer, 1975).

Łuków Beds (Morawica and Wincentów) — light grey
or creamy-coloured crys tal line lime stone with in ter ca la tions of
pelitic marly and lo cally oolitic lime stone (Senkowiczowa,
1957b, 1961, 1973; Trammer, 1975).

Beds with Plagiostroma striatum (Zajączków) — grey,
crum bly lime stone with in ter ca la tions of grey silty lime stone
and also grey and ol ive-green clayey shale (Senkowiczowa,
1961, 1973; Trammer, 1975).

Mid dle Muschelkalk (Lisów, Strawczynek area) —
grey, thin-laminated lime stone pass ing into dolomitic sed i -
ments, lime stones in ter ca lated with marls and shales and also

yel low thick-bedded lime stone and grey lam i nated lime stone
(Senkowiczowa, 1961, 1973; Trammer, 1975).

NORTHERN MARGIN

Zechstein (Kajetanów) — small aban doned quarry on the
north ern out skirts of Kielce. Dark marly lime stones with brachi -
o pods (Kajetanów 1 and Kajetanów 2) and plant re mains
(Kajetanów 3) have been known since the XIX cen tury (see the
lit er a ture re view in: Kowalczewski and Rup, 1989). 

Wolice Beds (Bliżyn) — light grey and yel low
finely-crystalline lime stone with nu mer ous cri noids
(Kleczkowski, 1959; Senkowiczowa, 1956).

Łuków Beds and/or Beds with Plagistoma striatum
(Gębice) — com pact cal car e ous do lo mite, thick-bedded
crinoidal co quina and grained lime stone (Senkowiczowa, 1973;
Zacharski, 1995).

Mid dle Muschelkalk (Kolonia Jakimowice) — lime stone
in ter ca lated with marls and shales, pass ing into yel low
coarsely-crystalline lime stone and grey lam i nated lime stone
(Senkowiczowa, 1956, 1958, 1973).

Beds with Entolium discites (Bzin) — yel low or light grey
crys tal line lime stone with glauconite or clay and sandy claystone 
in ter ca lated with marls and lime stone (Senkowiczowa, 1956,
1973).

Lower Keuper (Chyby) — sand stone and claystone in ter -
ca lated with siltstone, lime stone and re mains of coalified flora
(Senkowiczowa, 1973). 
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