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The burial his tory and ther mal evo lu tion of the west ern part of the Bal tic re gion was re con structed by means of 1-D mod el ling for eight
bore holes pen e trat ing the lower Pa leo zoic suc ces sion. The Neoproterozoic rift ing pre sum ably caused el e va tion of heat flow, while Cam -
brian to Mid Or do vi cian post-rift ther mal sag of the Baltica pas sive mar gin led to sys tem atic de crease of heat flow with time. De vel op -
ment of the Late Or do vi cian to Si lu rian flex ural foredeep of the Caledonide col li sion zone was as so ci ated with in ten sive sub si dence, a
high rate of sed i ment de po si tion and rapid burial of the Up per Cam brian and/or Tremadocian, Up per Or do vi cian and lower Si lu rian
source rocks, pre sum ably suf fi cient for the early stage of oil gen er a tion. Af ter post-Cal edo nian Early De vo nian up lift, the west ern Bal tic
re gion was sub ject to Early De vo nian to early Car bon if er ous sub si dence and de po si tion, lead ing to fur ther burial of the source rocks. To -
gether with el e vated heat flow, char ac ter is tic of the Variscan broad fore land, this caused fur ther source rocks mat u ra tion and hy dro car -
bon gen er a tion. Late- to post-Variscan up lift and ero sion (late Car bon if er ous to late Perm ian) re sulted in com plete re moval of the Mid dle
De vo nian to lower Car bon if er ous strata and de vel op ment of the ma jor re gional un con formity. Dur ing late Perm ian to Cre ta ceous time
the west ern part of the Bal tic re gion con sti tuted an east ern flank of the Pol ish Trough, with the main phases of sub si dence and burial dur -
ing late Perm ian–Early Tri as sic time, re lated to rift ing in the Pol ish Trough, and dur ing Late Cre ta ceous time, re lated to the
compressional re gime. Ma tu rity pro files in bore holes from the vi cin ity of the stud ied bore holes in di cate the pres ence of a late Me so zoic
(Late Cre ta ceous?) pos i tive ther mal event, caus ing fur ther mat u ra tion of the source rock. 
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INTRODUCTION

The study area is lo cated in the North ern Po land, on the
west ern slope of the East Eu ro pean Craton, where poly gen etic
sed i men tary bas ins de vel oped dur ing Neoprotero -
zoic–Phanerozoic times, with two ma jor ones be ing the lower
Pa leo zoic Bal tic re gion and the up per Perm ian–Me so zoic Pol -
ish re gion. The ma jor vol u met ric con tri bu tion to the sed i men -
tary ba sin is, how ever, made by lower Paleozoic de pos its. 

In the pres ent re search, tec tonic sub si dence anal y sis was
per formed for the area stud ied to doc u ment the sub si dence
mech a nism, and to ob tain in di rect qual i ta tive con straints on the 
evo lu tion of the ther mal re gimes with time. Pre vi ous stud ies of
the tec tonic sub si dence of the Bal tic Ba sin (Poprawa et al.,
1999; Poprawa, 2006a, b, 2007a) re vealed a char ac ter is tic pat -
tern that was co her ent across the en tire ba sin. Sub si dence ex po -

nen tially de cay ing with time is in dic a tive of late Neo -
proterozoic to ear li est Cam brian rift ing and Cam brian–Mid Or -
do vi cian post-rift ther mal sag (Fig. 2). A con vex-up type of
sub si dence curve is sug ges tive of Late Or do vi cian–Si lu rian
flex ural bend ing of the west ern slope of Baltica (op. cit.). 

Sed i ments de pos ited in the in ter val be tween the Early De -
vo nian to the early Car bon if er ous, in the Pol ish part of the Bal -
tic re gion were nearly com pletely eroded in late Car bon if er ous
to early Perm ian time. Their pri mary pres ence can be in ferred
from palaeogeographic and palaeotectonic re con struc tions
based on ex trap o la tion of pro files of late Paleozoic strata in
West ern Pomerania, as well as in the Lith u a nian–Lat vian part
of the Bal tic Ba sin (Matyja, 2006). 

Dur ing late Perm ian and Me so zoic times the area stud ied
con sti tuted the north east ern part of the Pol ish region. Sub si -
dence anal y sis for this area in di cate three main tec tonic events
of re gional scale: late Perm ian–Early Tri as sic, Late Ju ras sic,
and Late Cre ta ceous (Dadlez et al., 1995; Karnkowski, 1999).



For the two first an extensional to transtensional re gime was
sug gested, while the last one was re lated to a compressional
tec tonic re gime (op. cit.). 

The Perm ian–Me so zoic suc ces sion was are de pos ited di -
rectly on partly eroded lower Pa leo zoic strata. The thick ness of
this suc ces sion sys tem at i cally in creases to the west, and the
pres ence of evaporites in the Zechstein pro file sig nif i cantly
hin ders rec og ni tion of the Pa leo zoic strata. The up per most part
of the sed i men tary sec tion is com posed of poorly con sol i dated
Ce no zoic de pos its of small thick ness. 

The pres ence of a ma jor un con formity, cov er ing a long
geo log i cal time in ter val from the late Si lu rian to the late Perm -
ian, has a sig nif i cant im pact on re con struc tions of ther mal evo -
lu tion and hy dro car bon gen er a tion his tory in the Bal tic re gion.
In the time pe riod rep re sented by the un con formity, two sep a -
rate tec tonic up lift and ero sion events oc curred, the quan ti ta tive 
pro por tions of which are dif fi cult to con strain. To tal re moval of 
the up per Pa leo zoic strata sig nif i cantly hin ders re con struc tion
of the burial his tory of the lower Pa leo zoic source rocks, es pe -
cially re con struc tion of the max i mum burial con di tions. 

The main aim of the con ducted study was to re con struct the
Phanerozoic ther mal his tory of the area stud ied. Quan ti ta tive
re con struc tion of heat flow changes through time was of par tic -
u lar im por tance, due to its di rect im pact on the hy dro car bon
gen er a tion his tory. Pre vi ously the ther mal his tory of the Bal tic
re gion has been an a lysed by means of ther mal ma tu rity stud ies, 

in clud ing anal y sis of the Cono dont Al ter ation In dex,
reflectance of vitrinite-like macerals and pyrolytic Rock-Eval
Tmax (Nehring-Lefeld et al., 1997; Swadowska and Sikorska,
1998; Kosakowski et al., 1999), as well as ma tu rity nu mer i cal
mod el ling (Kosakowski et al., 1999; Karnkowski, 2003;
Poprawa and Grotek, 2005).

Some of the anal y ses have led to the sug ges tion of Variscan 
heat ing as a main ther mal event in the evo lu tion of the area
(Majorowicz et al., 1984; Kosakowski et al., 1998; Poprawa et
al., 2002; Karnkowski, 2003; Poprawa and Grotek, 2005),
how ever, quan ti ta tive re sults of the in di vid ual stud ies are not
con sis tent. Syn-rift heat flow el e va tion in the Bal tic re gion was
pro posed by Kosakowski et al. (1999) for the Early Cam brian,
by a sys tem atic de crease of heat flow, con nected with the
post-rift stage of ba sin de vel op ment. Also, the pres ence of a
late Me so zoic ther mal event was sug gested based on anal y sis
of ma tu rity pro files, which could be re con structed by as sum ing
a high heat flow and/or ad di tional heat pro duc tion dur ing the
Cre ta ceous (Poprawa and Grotek, 2005). Ac cord ing to that
model the lower Paleozoic source rocks might have gen er ated
hy dro car bons also dur ing late Me so zoic time. More over, based 
on ma tu rity pro files anal y sis, Poprawa and Grotek (2005) sug -
gested overpressure re tar da tion of mat u ra tion within lower Pa -
leo zoic fine-grained clastic de pos its of the Bal tic re gion. In the
cur rent study these hy poth e ses were tested on the scale of the
study area. 
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Fig. 1. Sketch tec tonic map of the Pol ish part of the Bal tic re gion and lo ca tion of 1-D mod elled bore hole

Fault sys tem af ter Pokorski (2010)



METHODS APPLIED

One-di men sional backstripping was con ducted to re -
veal-tec tonic sub si dence pat tern, with the aim of iden ti fy ing
palaeotec tonic re gimes and sub si dence mech a nisms. For the
anal y sis the fol low ing data were quan ti ta tively bal anced: thick -
ness of in di vid ual strati graphic units, nu mer i cal ages de fin ing
the time in ter val be tween the up per and lower limit of each
strati graphic unit, bathymetric changes in time, and petro -
physical pa ram e ters for the in di vid ual units (com pac tion co ef -
fi cient, ini tial po ros ity, ther mal con duc tiv ity, heat ca pac ity).
The backstripping pro ce dure in cor po rated iso static cor rec tion,
cal cu lated ac cord ing to the Airy model. A sig nif i cant dif fi culty
was re con struc tion of the thick ness of the strata re moved by
ero sion. This was con strained by anal y sis of re gional thick ness
trends in those ar eas with a better pre served sed i men tary cover, 
as well as by ma tu rity nu mer i cal mod el ling. 

Ther mal his tory was re con structed with the use of 1-D
mod el ling, cal i brated with vitrinite reflectance Ro and
Rock-Eval Tmax tem per a ture (BMRM, 2000). The mod el ling
em ployed data de fin ing the burial his tory, com pris ing the stra -
tig ra phy and thick ness of the in ter vals dis tin guished as well as
petrophysical pa ram e ters of rocks, the con tem po rary ther mal
re gime and the pres ent ther mal ma tu rity. 

The two most im por tant el e ments in cal i bra tion of the mod -
el ling of ther mal ma tu rity are burial his tory and changes in heat 
flow. The burial his tory is mainly in flu enced by the thick ness
and stra tig ra phy of the in ter vals dis tin guished. Some times no
de tailed strati graphic data were avail able, there fore litho strati -
graphic data were used. The geo logic time scale by Gradstein et 
al. (2004) was used. 

In the burial model an al low ance for decompaction was
made with the use of the Baldwin and But ler (1985) al go rithm.
A com par a tive anal y sis was made with an al ter na tive model af -
ter Sclater and Chris tie (1980) as well as Falvey and Middle ton
(1981), re veal ing that the in flu ence of the com pac tion pa ram e -
ter from these mod els based on the re sults of mod el ling is very
small. The thick ness of the eroded parts of pro files was as -
sessed on the ba sis of ex trap o la tion of the ther mal maturity
trend to surface values. 

The ma tu rity was mod elled us ing the for ward method, i.e.
first the ini tial state of the sys tem and def i nite geo log i cal pro -
cess were as sumed, then its ef fect on the con tem po rary dis tri -
bu tion of ther mal ma tu rity in the pro file was cal cu lated. In the
case of a dis cor dance be tween cal cu lated and mea sured ma tu -
rity val ues, the pro ce dure was re peated for other pa ram e ters
un til an op ti mum cal i bra tion was ob tained. In the mod el ling
pro ce dure spe cial at ten tion was paid to the unique char ac ter of
those al ter na tive mod els with anal o gous or sim i lar cal i bra tions.

Im por tant pa ram e ters in the ther mal mod el ling are the ther -
mal con duc tiv ity and ther mal ca pac ity of the sed i ments fill ing
the ba sin. How ever, amounts of mea sured val ues are low and
ow ing to the qual ity of the mea sur ing de vices ap plied, the re -
sults have a con sid er able range of er ror. There fore, in the cur -
rent study, for each type of li thol ogy the ther mal con duc tiv ity
and the heat ca pac ity of the min eral ma trix were adopted from
pub lished val ues, based on av er aged re sults of lab o ra tory mea -
sure ments for each lithological equiv a lent. Petrophysical pa -

ram e ters for each startigraphic unit were cal cu lated tak ing into
con sid er ation the pro por tions of the ba sic lithological com po -
nents. The mod el ling per formed en abled ac count ing for
changes though time of the above pa ram e ters as a func tion of
po ros ity with burial (e.g., Dykstra, 1987). 

De ter min ing ther mal con duc tiv ity and heat ca pac ity is dif -
fi cult be cause of the pres ence of thick suc ces sions with con -
trast ing lithologies. The great est anom a lies of ther mal con duc -
tiv ity in the pro file are re lated to Zechstein evap o rites com -
posed of var i ous types of ha lite, anhydrite, gyp sum, as well as
car bon ates and clays. Ranges of val ues of these pa ram e ters are
also broad for sand stones, claystones and car bon ates. The as -
sumed val ues of ther mal con duc tiv ity and heat ca pac ity had
sig nif i cant in flu ence on the cal cu lated val ues of con tem po rary
and palaeo heat flow. In all cases, when ever pos si ble, the con -
tem po rary heat flow was calculated on the basis of borehole
thermograms.

Ther mal ma tu rity was cal cu lated with the use of the Swee -
ney and Burnham (1990) al go rithm. An al ter na tive model of
ther mal ma tu rity, i.e. the Lopatin-Waples al go rithm (Waples,
1980, 1985), was also ap plied for the same sec tions. For very
low ther mal ma tu rity, lit tle sig nif i cant dif fer ence from the re -
sults of mod el ling with the Swee ney and Burnham al go rithm
were ob served. Be gin ning with the early “oil win dow” phase,
the Lopatin-Waples al go rithm for the same burial and ther mal
con di tions as sumes higher ma tu rity val ues as com pared to the
Swee ney and Burnham al go rithm. For ma tu rity of the “gas
win dow” phase or higher, the differences between models
become more distinct.

As the mod el ling per formed was cal i brated with Ro and Tmax,
their quan tity, qual ity and dis tri bu tion in the pro file de ter mined
the re li abil ity of the re sults. In the lower Pa leo zoic suc ces sion the 
reflectance (Ro) val ues were mea sured from vitrinite-like
macerals, in creas ing the range of pos si ble er ror of anal y ses. 

The per formed mod el ling of ther mal his tory also in cor po -
rated changes of av er age sur face the tem per a ture, i.e. tem per a -
ture to which the en tire sed i men tary ba sin cooled down to (cf.
Szewczyk, 2002). In the case of con ti nen tal de pos its this was
es tab lished on the ba sis of re con structed his tory of cli mate,
whereas for ma rine de pos its that was the tem per a ture at the bot -
tom of the res er voir. The long-pe riod, mean sur face tem per a -
tures were re con structed by com par i son of geo graphic lat i tude
changes of the Eu ro pean plate with global cli mate changes (cf.
Wygrala, 1989). 

The ther mal mod el ling was sig nif i cantly lim ited by those
fac tors in flu enc ing the ther mal ma tu rity, which were not con -
nected with burial or con duc tive heat flow. In the case of the
area an a lysed such fac tors could include mi gra tion of flu ids
that are an oma lously hot or an oma lously cool as com pared to
the am bi ent rocks, or po ten tial palaeooverpressures (Poprawa
and Grotek, 2005). 

SUBSIDENCE HISTORY 
OF THE WESTERN BALTIC REGION

De vel op ment of sed i men tary ba sin in the stud ied of the Bal -
tic re gion part be gun dur ing lat est Ediacaran to ear li est Cam brian 
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time with the phase of rel a tively rapid sub si dence con tin u ing un -
til the Mid Cam brian (Figs. 2–4). Af ter wards, the rate of tec tonic 
sub si dence de creased through time un til the Mid Or do vi cian,
cre at ing an over all sub si dence pat tern char ac ter is tic of an
extensional re gime. These re sults com pared to the re gional sub -
si dence pat tern sug gest a model of lat est Ediacaran rift ing, re -
lated to Pre cam brian supercontinent break-up, and sub se quent
ther mal sag of the pas sive mar gin of south west ern Baltica
(Poprawa et al., 1999; Jaworowski, 2000; Poprawa, 2006a). 

The char ac ter is tic phe nom e non is Mid Cam brian tec tonic
re ac ti va tion of the ba sin, ex pressed as a phase of more rapid
sub si dence (Figs. 3 and 4). The or i gin of this sub si dence event
is dif fi cult to es tab lish from avail able sub si dence data, how -
ever, pre vi ously it was in ter preted as extensional re ac ti va tion
of the ba sin (Poprawa et al., 1999). 

The rift model for the Bal tic re gion re quires extensional
fault ing, which ap par ently is not com mon. How ever,
Martinsson (1968) and Floden (1980) re ported the pres ence of
Cam brian synsed i men tary faults and fis sures, be ing an ex pres -
sion of re gional ex ten sion. Fur ther west, on the west ern mar gin
of Baltica, syn-rift extensional struc tures are better ex pressed,
as doc u mented by seis mic data (Lassen et al., 2001). 

Dur ing the Late Cam brian to the Mid dle Or do vi cian, the
rates of sub si dence and de po si tion rate were very low in the
area an a lysed. At the same time the ba sin was lat er ally ex pand -
ing and lat eral fa cies vari a tions were rel a tively small. This is
sug ges tive of a ther mal sag stage of ba sin de vel op ment, and to
lesser de gree it might also be re lated to a high eustatic sea level. 

Backstripping re sults al low us to con clude that the next
stage of the ba sin’s tec tonic de vel op ment be gan in Late Or do -
vi cian time and con tin ued un til the end of the Si lu rian. This
stage was char ac ter ized by sub si dence and de po si tion rates ac -
cel er at ing in time, with their max i mum dur ing the late Si lu rian,
cre at ing a con vex-up type of tec tonic sub si dence curve (Figs.
2–4). This type of sub si dence pat tern is char ac ter is tic of
compressional re gime, and to gether with re sults of sed i ment
prov e nance area anal y sis sup ports a model of the flex ural
foredeep of the North-Ger man–Pol ish Caledonides which has
been ap plied to the Up per Or do vi cian–Si lu rian Bal tic Ba sin
(Poprawa et al., 1999; Poprawa, 2006b, 2007a; Nawrocki and
Poprawa, 2006). The tec tonic load ing of the plate at its west ern
mar gin is re spon si ble for a gen eral west wards in crease of sed i -
men tary cover thick ness. 

A sim i lar type of sub si dence is ob served fur ther south
along the East Eu ro pean Craton mar gin (Poprawa and
Pacześna, 2002), and also to wards the north-west in the Dan ish
sec tor of the west ern Bal tic Sea (Vejb³k et al., 1994) and in the 
Si lu rian bas ins of East ern Avalonia (King, 1994) and West ern
Avalonia (Waldron et al., 1996). This all to gether in di cates
con ver sion from a Cam brian to Mid Or do vi cian pas sive mar -
gin geotectonic con text into the Late Or do vi cian–Si lu rian con -
ver gent plate bound ary re lated to Baltica-Avalonia oblique col -
li sion (comp. e.g., Cocks, 2000; Beier et al., 2000; Samuelsson
et al., 2002; Torsvik and Rehnström, 2003; Nawrocki and
Poprawa, 2006). 

The fore land ba sin en tered a shal low-ma rine and ul ti mately 
a con ti nen tal stage only dur ing the mid-Early De vo nian in the
East ern Bal tic re gion. Judg ing from de vel op ment of the Si lu -
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Fig. 2. Gen er al ized lithostratigraphic sec tion of the lower Paleozoic
suc ces sions of the west ern part of the Bal tic re gion and the main
stages of tec tonic evo lu tion of the ba sin af ter Poprawa et al. (1999)
and Poprawa and Pacześna (2002) 

Lower and Mid dle Cam brian: 1 – Żarnowiec Fm. (up per Vendian–low er -
most Cam brian), 2 – lower part of Lower Cam brian (in clud ing
Rusophycus parallelum, Platysolenites, Schmidtiellus mickwitzi and
Mobergella), 3 – up per part of Lower Cam brian (Holmia–Protolenus), 4 – 
Eccaparadoxides oelandicus, 5 – Paradoxides paradoxissimus 



rian/De vo nian un con formity in the Koszalin–Chojnice Zone
west of the an a lysed sec tor of the Bal tic re gion as an equiv a -
lent, the west ern part of the ba sin was up lifted and eroded dur -
ing Early De vo nian time. This was at least partly re lated to
post-collisional iso static up lift. Tak ing into ac count the fa cies
de vel op ment of the Mid dle De vo nian to lower Car bon if er ous
strata in the Koszalin–Chojnice Zone, as well as in strata in the
east ern part of the Bal tic Ba sin (Matyja, 2006), the pres ence of
strata of the same age in the area stud ied might be as sumed.
Quan ti ta tive sub si dence de vel op ment of that ba sin is, how ever, 
very dif fi cult to re con struct. The De vo nian to lower Car bon if -
er ous de pos its, were com pletely re moved dur ing post-Variscan 
(late Car bon if er ous to late Perm ian) up lift and ero sion, caused
mainly by tec tonic stressess in duced by strike-slip trans la tion
and/or col li sions in the Trans-Eu ro pean Su ture Zone, con -
verted into a sinistral mega-shear zone (Ziegler, 1989, 1990). 

Dur ing Early De vo nian and late Car bon if er ous–late Perm -
ian phases of ero sion, part of the up per Si lu rian sec tion was also 
re moved. There fore, cur rently the up per Perm ian: Rotliegend
and Zechstein fa cies sed i ments of the NE Pol ish re gion rest di -
rectly on Lud low or Pridoli strata. Perm ian sed i ments were de -
pos ited at the be gin ning of the phase of rapid sub si dence, con -
tin u ing un til the Early Tri as sic (Figs. 3 and 4), which cor re lates
with a tec tonic event in the Pol ish Trough in ter preted as a rift
event (e.g., Dadlez et al., 1995; Karnkowski, 1999). For most
of the re main ing part of Tri as sic, Ju ras sic and Early Cre ta -
ceous, lim ited sub si dence or up lift is ob served (Figs. 3 and 4). 

Dur ing the Late Cre ta ceous, at a late stage of the Pol ish re -
gion de vel op ment, the area an a lysed be come a part of the Pom -
er a nian mar ginal trough. As in the other mar ginal troughs of the 
Pol ish re gion, Late Cre ta ceous tec tonic sub si dence event is ob -
served here. This event was in ter preted as a re sult of re gional
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Fig. 3. To tal sub si dence curves of the bot tom of the lower Pa leo zoic strata
for the bore holes in ves ti gated in the Bal tic re gion

 Pr – Pre cam brian, Cm – Cam brian, O – Or do vi cian, S – Si lu rian, D – De vo nian, C – Car bon if er ous, P – Perm ian,
T – Tri as sic, J – Ju ras sic, Cr – Cre ta ceous, Pg – Paleogene, N – Neo gene 



com pres sion based on the char ac ter of the sub si dence curves
(Dadlez et al., 1995), which is con sis tent with a ki ne matic and
ge netic in ter pre ta tion of Cre ta ceous synsed i men tary faults
(Krzywiec, 2002). 

THERMAL AND BURIAL HISTORY
OF THE WESTERN BALTIC  REGION – 

RESULTS AND DISCUSSION

1-D ma tu rity mod el ling and a ther mal and burial his tory re -
con struc tion was con ducted for 8 bore holes. These were the
Łeba 8, Białogóra 3, Dębki 3 and Żarnowiec IG 1 in the on -

shore part, and bore holes A8-1/83, A23-1/88, B6-1/82 and
B4-2A/02 in the off shore part of the study area (Fig. 1). The
model of the re cent ther mal re gime was cal i brated with ei ther
well tem per a ture logs (e.g., Żarnowiec IG 1 bore hole) or in di -
rectly with data ob tained from maps of tem per a tures at the
given depth ho ri zons (Karwasiecka and Bruszewska, 1997).
Cal cu lated val ues of re cent heat flow var ies across the area ana -
lysed from ca. 38 mW/m2 in its east ern and cen tral part to ca. 50 
mW/m2 in the north west ern part (Figs. 5 and 6). These do not
dif fer sig nif i cantly from the data pub lished pre vi ously (e.g.,
Karwasiecka and Bruszewska, 1997), and any dis crep an cies
be tween re cent heat flow val ues ob tained in this study and pre -
vi ously pub lished ones are re sult of dif fer ent as sump tions of
ther mal con duc tiv ity. 
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Fig. 4. To tal sub si dence curves of the bot tom of the lower Pa leo zoic strata
for the bore holes in ves ti gated on the Łeba Block (Bal tic re gion) 

Ab bre vi a tions as in Fig ure 3 



The ma tu rity mod el ling was cal i brated by ther mal ma tu -
rity mea sure ments, mainly reflectance of vitrinite-like
macerals and Rock-Eval pyrolytic Tmax tem per a ture. In most
cases the quan tity of ther mal ma tu rity mea sure ments, and par -
tic u larly their dis tri bu tion across the sec tion, are in suf fi cient
to ob tain a unique so lu tion from the mod el ling. For some sec -
tions (Łeba 8 and Żarnowiec IG 1 bore holes) nu mer ous ther -

mal ma tu rity mea sure ments prop erly dis trib uted across the
sec tion were avail able, how ever, the very com plex char ac ter
of the ther mal ma tu rity pro file caused dif fi cul ties in proper
cal i bra tion of the model. 

Given these lim i ta tions of the ma tu rity mod el ling, a few
ther mal and burial sce nar ios were an a lyzed. These in cluded a
sce nario of heat flow con stant in time, an Early Cam brian
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Fig. 5. Mod elled ma tu rity and tem per a ture trends in the A8-1/83 and Łeba 8 bore holes us ing the heat flow his tory
 on the Darłowo and Słupsk blocks (west ern part of Bal tic region)

Q – Qua ter nary; E – Eocne; Cr1 – Lower Cre ta ceous; J2 – Mid dle Ju ras sic, T2 – Mid dle Tri as sic; P – Perm ian; Sp – Si lu rian
(Pridoli); Slu – Si lu rian (Lud low); Sw – Si lu rian (Wen lock); Sld – Si lu rian (Llandovery); Oas – Or do vi cian (Ashgillian); Ok – Or do -
vi cian (Caradocian); Oln – Or do vi cian (Llanvirnian); Oar – Or do vi cian (Arenigian); Ot – Or do vi cian (Tremadocian); Cm3 – Up per
Cam brian; Cm2 – Mid dle Cam brian; Cm1 – Lower Cam brian; Pr – Pre cam brian



syn-rift heat flow el e va tion (Kosakowski et al., 1999), a heat
flow el e va tion dur ing max i mum Variscan burial (Majorowicz
et al., 1984; Kosakowski et al., 1998; Poprawa et al., 2002;
Karnkowski, 2003; Poprawa and Grotek, 2005; Poprawa,
2007b) and a model of a late Me so zoic themal event (Poprawa
and Grotek, 2005). 

The Early Cam brian syn-rift heat flow el e va tion in the Bal -
tic region, fol lowed a sys tem atic de crease in heat flow through
time, re lated to a post-rift stage of ba sin de vel op ment, was pro -
posed by Kosakowski et al. (1999). This was based ex clu sively 
on a tec tonic model of the ba sin (Poprawa et al., 1999). How -
ever, re sults of the cur rent study in di cate that, due to sub se -
quent deep burial of strata which might have pre vi ously ex pe ri -
enced syn-rift tem per a ture el e va tion, the model can not be con -
strained by ma tu rity mod el ling. 

A model of heat flow con stant in time and equal to the re -
cent one is suf fi cient to ex plain avail able ther mal ma tu rity mea -
sure ments in part of the off shore Bal tic re gion ana lysed
B6-1/82 and B4-2A/02 bore holes). This model re quires adop -
tion of  rel a tively small thick ness of up per Si lu rian strata which
were re moved dur ing Early De vo nian up lift and ero sion, not
ex ceed ing ~100–200 m. The re main ing part of the cur rently
miss ing Si lu rian sec tion would have been re moved dur ing late
Car bon if er ous to early Perm ian time, to gether with the Mid dle
and Up per De vo nian and lower Car bon if er ous de pos its (Figs.
2–4). This model im plies that the max i mum burial of the lower
Pa leo zoic suc ces sion dur ing the early Car bon if er ous was rel a -
tively high, al low ing it to achieve the cur rently ob served ma tu -
rity. The cu mu la tive thick ness of the miss ing Pa leo zoic sec tion
in the cases of these bore holes would be in the range of ap prox -
i mately 1400 m. 
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Fig. 6. Mod elled ma tu rity and tem per a ture trends in
the B6-1/82 and Żarnowiec IG 1 bore holes us ing the
heat flow his tory on the Łeba Block (west ern part of
Bal tic region) 

T1 – Lower Tri as sic, Cr2 – Up per Cam brian;
other ex pla na tions as in Fig ure 5



Far ther west (A8-1/83 and A23-1/88 bore holes), where the
ther mal ma tu rity of the lower Pa leo zoic suc ces sion in creases,
the model of heat flow con stant in time would al low ex pla na -
tion of the ob served mat u ra tion only if one were to as sume a
large thick ness of miss ing Pa leo zoic strata, in the range of
3000 m (Figs. 3 and 5). If one was to as sume that this value is
un re al is ti cally high, then ei ther a Variscan or a late Me so zoic
ther mal event is re quired in mod els of these bore holes. With lit -
tle ma tu rity data cur rently avail able for model cal i bra tion lo -
cated within the thin in ter val of the well sec tion, dif fer en ti a tion
be tween these two al ter na tive sce nar ios is not pos si ble. 

In the on shore part of the area ana lysed there are two bore -
holes with very poor data con trol on the ma tu rity pro file
(Białogóra 3 and Dębki 3 bore holes) with ma tu rity mea sure -
ments avail able only for the Mid dle Cam brian to Or do vi cian
sec tion. There are also two bore holes with good ma tu rity data
cov er age across a ma jor part of the sec tion (Łeba 8 and
Żarnowiec IG 1 bore holes; Figs. 5 and 6). In the case of the
Białogóra 3 and Dębki 3 bore holes lim ited ma tu rity data al lows 
for al ter na tive ther mal and burial his tory mod els. The sce nario
of heat flow con stant through time re quires a very large thick -
ness of miss ing sec tion, ex ceed ing 3000 m (Fig. 4). De vel op -
ment of the up per Si lu rian, Mid dle to Up per Or do vi cian and
lower Car bon if er ous in lo ca tions with better pre served sec tions 
in the vi cin ity of the area stud ied in di cate that that this value is
hardly re al is tic. There fore ei ther a Variscan or a late Me so zoic
ther mal event must be adopted into a model. Again, with cur -
rent data it is not pos si ble to iden tify one unique model so lu tion 
among these two op tions. 

In the case of bore holes Łeba 8 and Żarnowiec IG 1, good
cov er age of the sec tion with ther mal ma tu rity mea sure ments al -
lows one to re veal the palaeothermal re gimes in more de tail.
Over all ma tu rity pro files have, how ever, a very com plex char -
ac ter cre at ing sig nif i cant dif fi cul ties in the re con struc tion of
heat flow his tory and burial con di tions. In both bore holes, ther -
mal ma tu rity mea sure ments for the Perm ian–Me so zoic strata
above the ma jor un con formity re veal rel a tively high max i mum
palaeotemperatures in the burial his tory of these de pos its, in di -
cat ing the pres ence of a late Me so zoic ther mal event (Poprawa
and Grotek, 2005). This ma tu rity ex cess is more sig nif i cant in
the case of the Żarnowiec IG 1 bore hole (Fig. 6). The na ture of
this event is un cer tain, and be cause of the lim ited amount of
data it is not dis cussed here. 

The model of late Me so zoic heat ing al lows also for proper
cal i bra tion with ma tu rity data in the lower part of the lower
Paleozoic se quence. How ever, the up per part of this se quence
is char ac ter ized by a ther mal ma tu rity higher than pre dicted in
the model and is char ac ter ized by spe cific a sub-ver ti cal ma tu -
rity pro file, which might be at trib uted to a ther mal anom aly,
caused e.g., by hot flu ids. 

In case of the Żarnowiec IG 1 bore hole a zone of ther mal
ma tu rity lower than the back ground ma tu rity pro file is ob -
served within the lower Si lu rian and Lud low sec tion (Fig. 6).
This char ac ter is tic pat tern of ma tu rity pro file is ob served com -
monly in the Bal tic Ba sin and was re lated by Poprawa and
Grotek (2005) to mat u ra tion re tar da tion by palaeo -
overpressure. Overpressure re tards chem i cal coalification re ac -
tions (e.g., Horvath, 1983) and sus tain undercompacted zones

with an oma lously high po ros ity and low ther mal con duc tiv ity,
which could act as ther mal in su la tors to the flow of heat (e.g.,
Mello and Karner, 1996). De vel op ment of the overpressures
might be re lated to very high de po si tion rates of the thick pile of 
up per Si lu rian ar gil la ceous sed i ments, which in the west ern
part of the ba sin ex ceeded 1000 m/My (Poprawa et al. 1999;
Poprawa, 2006b).

It might be sum ma rized that for the ma jor ity of the bore -
holes an a lysed, ex cept for B6-1/82 and B4-2A/02, some sort of
pos i tive ther mal event is re quired to ex plain the ex ist ing ther -
mal ma tu rity data. This might be ei ther a late Me so zoic event or 
a Variscan event, or both in un cer tain pro por tions. In most of
the  cases an a lysed the lim ited amount of ma tu rity data per well
for the model cal i bra tion does not al low one to study these
events in proper de tail, there fore data from the broad sur round -
ings of the area stud ied might be use ful for better un der stand ing 
of these ther mal events. 

Ac cord ing to Poprawa and Grotek (2005) the late Variscan
ther mal event, char ac ter ized by an in crease of palaeo-heat flow
to wards the south and east, i.e. out wards of the most deeply
bur ied zones, was re lated partly to litho sphere-scale heat ing of
the Variscan orogen broad fore land, but also to mi gra tion of hot 
flu ids. The west ern and north ern parts of the Bal tic re gion ex -
pe ri enced only a lim ited in crease in Variscan heat flow (op.
cit.). Pre cise tim ing of the ther mal event is dif fi cult to con strain, 
how ever, to af fect the ther mal ma tu rity of the lower Pa leo zoic
suc ces sion it must have lasted at least un til the max i mum burial
time, which most prob a bly was the early Car bon if er ous. The
Variscan ther mal event in the Bal tic re gion might be re garded
as a part of a much broader pro cess of heat ing of the sed i men -
tary bas ins in the fore land of the Variscan orogen as far as the
East Eu ro pean Craton (e.g., Majorowicz et al., 1984), al low ing
one to ex tend the model of “hot” Variscan orog eny to the very
broad fore land of the orogen. 

In the area stud ied, how ever, only a lim ited in crease in
Variscan heat flow might be re vealed from ma tu rity data. In the 
case of the Białogóra 3 and Żarnowiecc IG 1 bore holes, a heat
flow higher by 10% in re la tion to the re cent one causes in the
model an in crease in Up per Cam brian stra tal ma tu rity from 1.2
to 1.3% Ro, and from 1.4 to 1.6% Ro, re spec tively. In crease of
heat flow by 20% leads to in creases in the ther mal ma tu rity to
1.5 and 1.85% Ro in the Białogóra 3 and Żarnowiec IG 1 bore -
holes, re spec tively (Fig. 6). The in crease in ther mal ma tu rity re -
sults in the Up per Cam brian source rock en ter ing the gas win -
dow dur ing Car bon if er ous time. Ther mal ma tu rity data avail -
able for the model’s cal i bra tion there fore lim its the in ten sity of
the Variscan heat ing in the area stud ied. 

In the case of the late Me so zoic ther mal event, its re con -
structed in ten sity in creases across the Bal tic Ba sin from east to
west (Poprawa and Grotek, 2005). Also in this case, pre cise re -
con struc tion of the tim ing of the ther mal event is not pos si ble;
how ever, tak ing into ac count the strati graphic age of the strata
af fected by el e vated tem per a tures, it might be es ti mated as be ing
within the Late Ju ras sic to Late Cre ta ceous in ter val. The com -
plex ma tu rity pro file of the Me so zoic suc ces sion, with its rel a -
tively high val ues in the up per part of suc ces sion and sub-ver ti cal 
pro files, in di cate an advectional/convectional mech a nism of heat 
trans fer. It is, how ever, im por tant to note that other stud ies re -

Burial and thermal history of the Polish part of the Baltic region 139



sulted in re con struc tion of low Me so zoic heat flow in the Bal tic
Ba sin, equal to the re cent one (Karnkowski, 2003); there fore,
this is sue still re quires more study. 

CONCLUSIONS

1. In the cases of most of the bore holes an a lysed, the low
quan tity of ther mal ma tu rity mea sure ments, and their lo ca tion
in the sec tion in a rel a tively low thick ness in ter val of the Up per
Cam brian to Or do vi cian, does not al low one to ob tain a unique
so lu tion to the ma tu rity mod el ling. For the bore holes Łeba 8
and Żarnowiec IG 1 nu mer ous ther mal ma tu rity mea sure ments
fa vour ably dis trib uted across the whole sec tion were avail able;
how ever, the very com plex char ac ter of the ther mal ma tu rity
pro file causes dif fi cul ties in proper cal i bra tion of the model.

2. Dur ing lat est Ediacaran to ear li est Cam brian time, rift ing
took place in the west ern part of the Bal tic Ba sin, fol lowed by
Cam brian to Mid Or do vi cian post-rift ther mal sag (Poprawa et
al., 1999). The rift ing pre sum ably re sulted in syn-rift heat flow
el e va tion (Kosakowski et al., 1999), which can not be, how ever 
proved with re sults of the ma tu rity mod el ling con ducted due to
sub se quent deep burial of the strata, which might have pre vi -
ously ex pe ri ence syn-rift tem per a ture el e va tion.

3. From the Late Or do vi cian to the end of the Si lu rian the
west ern Bal tic re gion con sti tuted the flex ural foredeep of the
North-Ger man–Pol ish Caledonides (Poprawa et al., 1999).
Rapid sub si dence and de po si tion in the foredeep ba sin caused
sig nif i cant burial of the Up per Cam brian to lower Si lu rian
source rock by the end of the Si lu rian. 

4. Within the time pe riod rep re sented by the ma jor un con -
formity two up lift and ero sion events took place: the Early De -

vo nian, and in the late Car bon if er ous to mid Perm ian. The
quan ti ta tive pro por tion be tween the two is dif fi cult to de ter -
mine. 

5. Max i mum Paleozoic burial in the west ern Bal tic re gion
took place dur ing early Car bon if er ous time. In the Bal tic re gion 
a rel a tively high heat flow is ob served for that time
(Kosakowski et al., 1998; Poprawa et al., 2002; Karnkowski,
2003; Poprawa and Grotek, 2005), how ever within the part of
the ba sin stud ied here, only a lim ited in crease of heat flow has
been re con structed. 

6. Dur ing late Me so zoic time an advectional/convectional
ther mal event took place in the Bal tic Ba sin (Poprawa and
Grotek, 2005). A lack of ther mal ma tu rity data for the Me so -
zoic strata in most of the bore holes an a lysed does not al low one
to test this con cept. Ex cep tions are the Łeba 8 and
Żarnowiec IG 1 bore holes, with ma tu rity data for the Perm -
ian–Me so zoic suc ces sion in dic a tive of late Me so zoic heat ing.

7. In the north ern part of the study area a model of heat flow
con stant in time is suf fi cient to ex plain avail able ther mal ma tu -
rity mea sure ments. 

8. Re cent heat flow var ies across the study area from
ca. 38 mW/m2 in its east ern and cen tral parts, to ca. 50 mW/m2

in its northwest ern part.
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