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Nine bore holes were drilled in the late eight ies in cen tral Po land to in ves ti gate the Mid dle Ju ras sic sed i men tary suc ces sions. The bore -
holes were ar ranged in three lines (Ciechocinek, Brześć Kujawski and Wojszyce lines) run ning across three anticlines un der lain by salt
pil lows. Long in ter vals of bore holes have been cored, of ten with 100% core re cov ery, thus en abling a de tailed ex am i na tion of sed i men -
tary evo lu tion. Se quences are com posed of a full range of clastic rocks, from con glom er ates through sand stones and heteroliths to shales.
They are ar ranged in sed i men tary cy cles, pre dom i nantly re gres sive (coars en ing up wards). These are in ter preted as de pos ited in a shal -
low, wave/storm-dominated, shelf en vi ron ment, each cy cle be ing a re sult of progradation of fore-shore to near-shore heteroliths and
sands over the shales of an open sea. The ba sin was prob a bly non-tidal or microtidal. These es sen tial (lower or der) cy cles, equiv a lents of
the IVth or der cy cles in the world-wide scheme, are as sem bled in higher or der cy cles which re sem ble the IIIrd or der cy cles of that
scheme. The bases of the higher or der cy cles are good lithostratigraphic mark ers, three of them be ing prob a bly equiv a lents of
chronostratigraphic bound aries (bases of the up per Aalenian, up per Bajocian and Bathonian, re spec tively). Cor re la tion of bore hole sec -
tions points to lim ited salt move ment of the Ciechocinek and Wojszyce salt pil lows dur ing the Mid dle Ju ras sic. These are in di cated, first
of all, by thick ness re duc tions seen in bore holes lo cated above the tops of salt pil lows. In the Ciechocinek area, the up ward move ment of
salt oc curred dur ing the lat est Bajocian/ear li est Bathonian while in the Wojszyce area — dur ing the early Bathonian. Coarser clastics
were shed into the ba sin from the south-west, north-west (along the Mid-Polish Trough) and north-east dur ing the Aalenian, and mainly
from the north-east (from the East Eu ro pean Craton) in later times.
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INTRODUCTION

Nine bore holes ar ranged in three lines (Ciechocinek,
Brześć Kujawski and Wojszyce lines) were drilled in the years
1987–1990 in cen tral Po land (Kujawy re gion — Fig. 1). They
were aimed at in ves ti ga tion of the Mid dle Ju ras sic oil and gas
pros pects in the area of full de vel op ment of this suc ces sion and
of its great est thick ness. Mid dle Ju ras sic strata range here from
400 m to nearly 1000 m in thick ness. Bore holes have been
cored over long in ter vals, of ten with fairly good core re cov ery
(Figs. 2–4). In non-cored in ter vals the in ter pre ta tion has been
based on geo phys i cal logs of good qual ity. Gamma ray logs
have been par tic u larly use ful. All these data al lowed de tailed
stud ies of sed i men ta tion, with spe cial at ten tion paid to its
cyclicity. Two short seg ments of the Mid dle Ju ras sic sec tion
have been ex cluded from the anal y sis, namely: (1) the up per -
most part, be long ing to the Callovian, built of mixed,
clastic/cal car e ous rocks, and (2) the low er most part — with ini -
tial ma rine in gres sions — which was ear lier as signed to the

lower Aalenian al though there is no biostratigraphic ev i dence
for that.

Nine ba sic bore hole sec tions are la belled here as fol lows
(from south-west to north-east): Ciechocinek line — C2, C1
and C3; Brześć Kujawski line — B3, B2 and B1; Wojszyce
line – W3, W1a and W4. These bore holes have been cor re lated
with other sec tions over a wider area of cen tral Po land. Cor ing
of the lat ter sec tions is more lim ited but com par i son of geo -
phys i cal logs en abled the iden ti fi ca tion of lithostratigraphic
bound aries and of the main lithofacies groups. The fol low ing
ad di tional bore holes have been taken into con sid er ation
(Fig. 1): Czernikowo IG 1 (Cz) at the north east ern ex ten sion of
the Ciechocinek line; Krośniewice IG 1 (Kr) at the south west -
ern ex ten sion of the Wojszyce line; Gostynin IG 3 (G3),
Gostynin IG1/1a (G1a) and Gostynin 4 (G4) at the north east ern 
ex ten sion of the Wojszyce line; fi nally, Zgierz IG 1 and Łowicz 
IG 1 sit u ated south-east of the Wojszyce line. Gen er al ised sec -
tions of two of these six teen bore holes (Wojszyce IG 4 and
Gostynin IG 1/1a) were used by Feldman-Olszewska (1997) as
stan dard sec tions in her over view of the Mid-Ju ras sic palaeo -
ge ogra phy in the Pol ish Low lands.



GEOLOGICAL SETTING

The area lies within the Me so zoic tec tonic unit called
Mid-Polish Trough (MPT), ex tend ing NW–SE across the Pol -
ish Low lands. More ex actly, it is lo cated in  the southeastern
seg ment of the MPT (Kujawy re gion), char ac ter ised by the
great est thick nesses not only of the Mid dle Ju ras sic but also of
all the Tri as sic to Lower Cre ta ceous in ter val (Dadlez, 2001).
The Mid dle Ju ras sic ba sin sub sided here most strongly, the ac -
cu mu lated sed i ments in di cat ing its deep est part (Feldman-
 Olszewska, 1997).

MIDDLE JURASSIC ROCKS

A full range of siliciclastic rocks oc curs in the sec tions in -
ves ti gated: from con glom er ates through sand stones and
heteroliths to shales. Eight es sen tial lithofacies (la belled A to
H) with  sev eral va ri et ies have been dis tin guished. Since the
lithofacies are ar ranged pre dom i nantly in coars en ing up wards
(re verse, re gres sive) cy cles, the or der of de scrip tion be low fol -
lows this ar range ment. In places par tic u lar lithofacies pass
grad u ally into other (es pe cially within the heteroliths), so the
bound aries be tween lithofacies are lo cally drawn ar bi trarily.

Shales (lithofacies H — Fig. 5a). In the lower part of the
sec tion (Aalenian) they are black with rough sur faces of  bed -
ding planes (ad mix ture of silt and min ute mica flakes) while in

the up per part (Bajocian-Bathonian) they are dark grey with
smooth sur faces of bed ding planes. The rocks are rich in or -
ganic mat ter. They con tain nu mer ous, light grey marly con cre -
tions (Fig. 5a) or light yel low and grey-brown marly-si der it ic
con cre tions. Thin interbeds of iron stones and py rite con cre -
tions are noted in places. Well-pre served bioclasts of bi valves,
and gas tro pods are rel a tively com mon while ac cu mu la tions of
cri noid plates (Fig. 6c) are less fre quent. Bioclasts are ei ther
dis persed in the rock or con cen trated in streaks or lenses, some -
times form ing very thin lumachelle lay ers. Some parts of the
shales con tain laminae of silt or even very fine-grained sand.
Shales oc cur in beds sev eral metres thick, as well as in com pact
pack ages which may at tain sev eral hun dred metres, as in the
Aalenian-Bajocian of the Wojszyce area (Fig. 4).

The suc ceed ing lithofacies types be long to the cat e gory of
heteroliths — a rock com posed of al ter nat ing lay ers and beds of 
shale and sand stone. This rock does not built sep a rate thick
pack ages, oc cur ring only in thin ner beds which gen er ally do
not ex ceed 2–5 m. Heteroliths have been sub di vided into three
lithofacies types ac cord ing to the pro por tion of clay and sand. 

In creas ing amounts of silt and sand in shale mark the tran si -
tion to shaly heteroliths (lithofacies G — Fig. 5b). They are
char ac ter ised by the ap pear ance of lenses and interbeds of silt,
and very fine- to fine-grained sand within the shales de scribed
above. The shaly ma te rial pre vails, con sti tut ing more than 70% 
of the rock. Cross-lam i na tion is ob served within the silty and
sandy lenses (iso lated rip ples?) but more fre quently they are
structureless. Marly and marly-si der it ic con cre tions oc cur as
be fore. Bioturbation is rather sparse.

A fur ther in crease of the amount of sandy ma te rial in the
rock leads to the next lithofacies — shaly-sandy heteroliths
(lithofacies F — Figs. 5c–h) which con tain from 30 to 70% of
shale and 30 to 70% of sand. Struc tur ally it rep re sents the most
di ver si fied type of rock in the Mid dle Ju ras sic suc ces sion. Sev -
eral va ri et ies of this lithofacies may be dis tin guished, mainly on 
the ba sis  of the in ten sity  of bioturbation1. In the  slightly or
non-bioturbated rocks two va ri et ies are ob served: that with
thick lay er ing (lay ers 1 cm or more thick — Fig. 5c) and the
other with thin lay er ing (lay ers less than 1 cm thick — Fig. 5d).
In these va ri et ies fin ing up wards microcycles (storm in duced?)
are lo cally noted in which fine-grained sand stone, ly ing with a
sharp bound ary upon shale, passes up through brown silt to
black shale (Fig. 5e). Coars en ing up wards microcycles of the
same type are less fre quent. In sand stone lay ers and lenses ei -
ther mi cro-hummocky cross-lam i na tion, or wavy or par al lel
lam i na tion may be pres ent. How ever, structureless lay ers also
oc cur. Marly or marly-si der it ic con cre tions are less fre quent
than in pre vi ously de scribed lithofacies.

The va ri et ies with trace fos sils are mod er ately or strongly
bioturbated. Bur rows in both va ri et ies (Fig. 5f, g) are of var i ous 
sizes, from 1 mm to 1 cm in di am e ter, par al lel, or (rarely)
oblique to lam i na tion. An ex treme case of bioturbation is rep re -
sented by a  rock com pletely re worked by or gan isms. Fig ure
5h, por tray ing this va ri ety shows a com pli cated sys tem of bi -
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1De tailed in ves ti ga tions of trace fos sils were be yond the scope of this
study. Only a few ba sic types of bur rows have been dis tin guished ac cord ing to 
their sizes and their po si tion in re la tion to bed ding planes. 

Fig. 1. Lo cal ity map



fur cated, anastomosing bur rows of small di am e ter (1–2 milli -
metres), par al lel to lam i na tion. This va ri ety oc curs most of ten
at the bound aries be tween shaly and shaly-sandy heteroliths. It
seems that trace fos sils in these rocks rep re sent in gen eral the
Cruziana fa cies sensu Seilacher (1967), the last men tioned va -
ri ety be ing con nected with the rel a tively deep est wa ters.

The next lithofacies is a sandy heterolith (lithofacies E —
Fig. 5i) in which sandy ma te rial pre vails over shale con sti tut ing 
more than 70% of the rock. It is not fre quent in the suc ces sion.
Sandy parts are gen er ally structureless or par al lel lam i nated,
shaly streaks are ir reg u lar and trace fos sils are rare.
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Fig. 2. Bore hole col umns of the Ciechocinek line (see Fig. 1 for a lo ca tion and ex pla na tion ab bre vi ated well-names)



Suc ces sive lithofacies are rep re sented by sand stones. They
are light grey, yel low-grey, light brown, less fre quently white.
Sand stones have been sub di vided ac cord ing to grain-size into:
very fine-grained sand stones (lithofacies D), fine-grained
sand stones (lithofacies C) and coarser sand stones in gen eral
(lithofacies B). Petro graphi cally, they are quartz arenites with
vari able amount of clayey ma trix. In the up per most Bathonian,
chamosite and goethite are pres ent in the ma trix. The rocks of
lithotypes D and C are well sorted while those of lithotype B
are poorly sorted.  Oc ca sion ally, clay clasts are ob served as
well as nar row ver ti cal bur rows (Fig. 5j), sug gest ing the

Skolithos fa cies sensu Seilacher (1967), char ac ter is tic of the
shal low est wa ters.

Struc tur ally, sand stones of the first two lithofacies are sim i -
lar: structureless sand stones may oc cur (Fig. 5j), as well as par -
al lel lam i nated, and wavy and cross-bed ded rocks (Fig. 5k),
both of pla nar and trough type. A few ob ser va tions only were
pos si ble as to the mu tual con nec tions be tween structureless and 
cross-bed ded sand stones. They re vealed that both types oc cur:
structureless rocks pass ing up wards into cross-bed ded ones
and con versely, structureless lay ers over ly ing the cross-bed ded 
sand stones. In the lithotype B structureless and cross-bed ded
sand stones (Fig. 5l) are noted. The lat ter, with low-an gle and
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Fig. 3. Bore hole col umns of the Brześć Kujawski line

Ex pla na tions as in Fig. 2
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Fig. 4. Bore hole col umns of the Wojszyce line

Ex pla na tions as in Fig. 2
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Fig. 5. Lithofacies, shale to sand stone. a — shale with marly con cre tions; Aalenian; C1, 850.5 m. b — shaly heterolith; lower Bajocian; C1, 791.0 m. c —
shaly-sandy heterolith, thick lay er ing, mi cro-hummocky cross-lamination in sand stone lay ers; up per Bajocian; W1a, 1019.5 m. d — shaly-sandy
heterolith, thin lay er ing; up per Bajocian; W4, 1337.2 m. e — shaly-sandy heterolith, fin ing up ward microcycles; up per Bajocian; C1, 682.5 m. f —
shaly-sandy heterolith, weakly bioturbated; lower Bajocian; W4, 1591.5 m. g — shaly-sandy heterolith, strongly bioturbated; up per Bathonian; W3,
623.4 m. h — shaly-sandy heterolith, strongly bioturbated, with small hor i zon tal bur rows; up per Bajocian; B2, 670.2 m. i — sandy heterolith; up per
Bajocian; W1a, 893.4 m. j — very fine-grained sand stone, structureless, straight ver ti cal bur rows of small di am e ter; up per Bathonian; W4, 1065.6 m. k —
fine-grained sand stone, cross-bedded; up per Bajocian; W1a, 1008.7 m. l — unequigranular sand stone, cross-bedded; up per Bathonian; C3, 1228.2 m
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Fig. 6. Con glom er ates, bioclasts, con tacts be tween cy cles. a — con glom er ate, poorly sorted, peb bles of cal car e ous sand stones, bioclasts of thick-shelled
bi valves, shale-sand ma trix; up per Bajocian; W4, 1256.7 m. b — iso lated peb bles in shale; up per Bajocian; W1a, 876.0 m. c — cri noid plates in shale;
Aalenian; B3, 1213.0 m. d — lumachelle, composed of thin-shelled bi valves; lower Bathonian; W3, 711.4 m. e — con tact H/B be tween shale (up per part)
and coarse-grained sand stone; lower Bajocian; C1, 775.0 m. f — con tact H/C be tween shale (up per part) and fine-grained sand stone; up per Bajocian; C2,
1542.5 m. g — con tact F/A be tween shaly-sandy heterolith (up per part) and con glom er ate; lower Bajocian; W1a, 1214.1 m. h — con tact G/C be tween
shaly heterolith (up per part) and fine-grained structureless sand stone; base of Aalenian; W1a, 1517.5 m. i — con tact F/C: shale at the base of shaly-sandy
heterolith with peb bles of calcareous sand stone (up per part) in con tact with structureless fine-grained sand stone; up per/mid dle Bathonian; W3, 645.5 m. j
— con tact F/B be tween shaly-sandy heterolith (up per part) and unequigranular sand stone; up per Bajocian; W3, 845.3 m. k — con tact H/F be tween shale
(up per part) and shaly-sandy heterolith; Aalenian; W3, 1469.8 m. l — con tact F/C be tween shaly-sandy heterolith (up per part) and fine-grained,
cross-laminated sand stone; up per Bajocian; W4, 1270.0 m 
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high-an gle bed ding, are most fre quent. Sand stones, like shales,
may oc cur ei ther in beds a few metres thick, or in pack ages of
greater thick ness, as in the up per most Bajocian and in the
Bathonian where they may at tain sev eral scores of metres
(Figs. 2–4).

The last mem ber of the clastic se quence com prises con -
glom er ates (lithofacies A —– Fig. 6a). It is a sub or di nate com -
po nent of the sec tion (less than 1%) but it is very char ac ter is tic
and sig nif i cant in di cat ing lon ger breaks in sed i men ta tion. Con -
glom er ates oc cur in beds, from a few centi metres to 25 cm
thick, more fre quently in the Bathonian than in the lower parts
of the suc ces sion. They are built of fine- to me dium-grained
peb bles, rather poorly sorted, with vari able round ness and vari -
able com po si tion. Peb bles are com posed of ce mented
fine-grained sand stones (cal car e ous, dolomitic or si der it ic),
iron stones and clay clasts. Pack ing of the peb bles is also vari -
able, the ma trix of the rock may be abun dant, silty-clayey and
sandy-clayey, of ten with an ad mix ture of coarse quartz grains,
lo cally ir reg u larly ce mented with car bon ates. The bioclasts of
thick-shelled bi valves are a com mon com po nent. Con glom er -
ates do not al ways oc cur as sep a rate beds. In places iso lated
peb bles are im mersed ei ther in the rocks of the up per most part
of a given cy cle or in the low er most part of the shale or shaly
heterolith of the over ly ing cy cle (Fig. 6b).

An ad di tional lithofacies, not in cluded in the clastic se -
quence, con sists of thin lumachelle beds (lithofacies M —
Fig. 6d). These oc cur mostly within shales or shaly heteroliths
and are com posed of fine, tightly packed bioclasts of
thin-shelled bi valves, fre quently ce mented with car bon ates.

CYCLIC SEDIMENTATION

The Mid dle Ju ras sic suc ces sion has been di vided into sed i -
men tary cy cles. Es sen tial, lower or der cy cles are as sem bled in
cy cles of a higher or der. A set of ca. 120 lower or der cy cles has
been ana lysed in all nine ba sic bore hole sec tions. How ever, sta -
tis ti cal ap proach is lim ited be cause the dis tri bu tion of cored in -
ter vals is ir reg u lar — they are con cen trated in the Bathonian
and up per most Bajocian (Figs. 2–4). Ex am ples of lower or der
cy cles at a larger scale are shown in Fig ures 7 and 8. These il -
lus tra tions are pre pared ac cord ing to sedimentological stan -
dards with the fol low ing mod i fi ca tion: the width of the col umn
rep re sents  the grain-size in sand stones but in heteroliths it
shows the lithofacies (G, F and E). Within the col umn the sed i -
men tary struc tures are shown, while be yond it the sub or di nate
lithological fea tures, or ganic rem nants, de gree of bioturbation
and cy cles are given. Higher or der cy cles are vis i ble in Fig ures
2–4. The lower or der cy cles are, al most with out ex cep tion,
coars en ing up wards (re verse, re gres sive) cy cles. A few cy cles
only in the whole set are fin ing up wards cy cles. All the higher
or der cy cles are coars en ing up wards cy cles. Their bases are
used as lithostratigraphic bound aries (see be low). They are
char ac ter ised by a grad ual up ward thick ness in crease of the
sandy or heterolithic por tions in the se quence.

Lithofacies de fined above rep re sent the suc ces sive phases
of sed i men ta tion. If de noted in the same man ner as lithofacies,
the full lower or der cy cle should con tain eight phases:

HGFEDCBA. Such an ideal cy cle has not been found. The
most com plete cy cle con tains six phases (HGFEDC). Cy cles
com posed of three or four phases are most com mon, the for mer 
mak ing 34% and the lat ter 27% of the whole pop u la tion. Less
fre quent are two-phase cy cles (17%). Among the three-phase
cy cles the se quences GFD (e.g. W1a be low 876.0 m — Fig. 7), 
FEC (e.g. W3 be low 639.8 m — Fig. 8) and GFC (e.g. C2 be -
low 1300.0 m — Fig. 8) pre vail, while among the four-phase
cy cles the most com mon are the se quences: HGFD, GFED
(e.g. C2 be low 1730.3 m — Fig. 7) and GFEC, mak ing to -
gether about a half of this group. In two-phase cy cles over 50%
of the pop u la tion is oc cu pied by the se quences FD (e.g. W1a
be low 883.5 m — Fig. 7) and GF (e.g. W4 be low 1261.0 m —
Fig. 7).

Suc ces sion of lithofacies (phases) in cy cles is not al ways
grad ual and reg u lar. Both the omis sions of in di vid ual phases
(e.g. FDBA — W4 be low 1248.7 m — Fig. 7; GFA — W4 be -
low 1256.5 m — Fig. 7) and rep e ti tions of one or more phases
(e.g. HGFGFD — C2 be low 1337.7 m — Fig. 8; FEBCBA — 
W3 be low 632.5 m — Fig. 8) have been re corded.

Ini tial phases of the cy cles are most fre quently rep re sented
by lithofacies F, G or H. They com prise to gether ca. 90% of
the pop u la tion. In the fi nal phases the lithotypes D, C and A
pre vail (76% to tal) while lithotype B is less fre quent (13%).

There are small dif fer ences be tween these pro por tions
when the in di vid ual lines of bore holes are com pared. This may
be an ev i dence that the gen eral con di tions of the sed i men ta tion
along the ba sin were only slightly dif fer en ti ated. No reg u lar ity
has been ob served in the ver ti cal ar range ment of spe cific cy cle
types. Ex cep tion ally only, two neigh bour ing cy cles are of the
same type (as FC in W4 — Fig. 7). Else where cy cles of var i ous 
thick ness and var i ous for mu lae al ter nate. This fea ture proves
that lo cal sed i men tary con di tions — within the same en vi ron -
ment — changed sig nif i cantly from place to place. 

Con tacts be tween cy cles are — al most as a rule — marked
by sed i men ta tion breaks (Figs. 7 and 8). These are iden ti fied as: 
(1) ei ther a con glom er ate bed or an ac cu mu la tion of loosely
packed peb bles; (2) ad mix ture of coarser quartz grains and/or
clay clasts; (3) py rite con cre tions; (4) bioclasts of thick-shelled
bi valves. Con tact sur faces may be flat or un even. 

As far as lithofacies strad dling the bound aries are con -
cerned, con tacts with four phases miss ing (23%) or with three
or two phases miss ing (22% of each of them) are most fre quent. 
This makes to gether about 2/3 of the whole set. In the case of
four-phase con tacts the con tact G/C is noted most of ten
(Fig. 6h). Three-phase con tacts are rep re sented by the types
G/D and F/C (Fig. 6i, l) while in the case of two-phase con tacts
the type F/D pre dom i nates.  The five-phase con tacts are sparser 
(20%) with the F/A type pre vail ing (Fig. 6g). As in the case of
cy cle types, the types of con tacts are dis trib uted cha ot i cally —
var i ous con tact types are re corded in var i ous parts of the suc -
ces sion.

Some higher or der cy cles (e.g. those dom i nated by shales in 
the lower part of the suc ces sion — Figs. 3 and 4) are not di -
vided into lower or der cy cles. The lat ter are best de vel oped in
the up per most Bajocian and in the Bathonian. In these in ter vals 
they are pre dom i nantly less than 10 m thick. In the Ciechocinek 
area 75% of cy cles are 3–7 m thick while in the Wojszyce area
55% of cy cles are 5–8 m thick.

330 Joanna Dadlez



How long did the cy cles of both or ders last? Ac cord ing to
re cent geo chron ol ogi cal schemes (Harland et al., 1989;
Gradstein et al., 1994) the du ra tion of the Aalenian-Bathonian
time span was nearly 14 my. Sub tracting 2 my for the early
Aalenian we ob tain 12 my for the Mid dle Ju ras sic part of the
se quence anal y sed. Eight higher or der cy cles have been dis tin -
guished in this part. Thus, the av er age time for one such cy cle is 
about 1.5 my. In turn, higher or der cy cles are com posed of
8–12 lower or der cy cles in the above-mentioned in ter vals of
their best de vel op ment. Con se quently, the du ra tion of a lower
or der cy cle is 0.1–0.2 my. Ob vi ously, this is an ap prox i mate es -
ti ma tion, be cause the du ra tion of sed i men tary breaks at their
bound aries is im pos si ble to de fine. Com paring these val ues
with the du ra tions of stan dard cy cles (Miall, 2001),  it may be
con cluded that the higher or der cy cles in this study are equiv a -
lents of the third or der stan dard cy cles and lower or der cy cles
re sem ble the fourth or der stan dard cy cles. The for mer lasted
0.5–3 my and the lat ter 0.08–0.5 my (Miall, 2001). 

STRATIGRAPHY

Biostratigraphic ev i dence in the Mid dle Ju ras sic of the
MPT is vari able (see Feldman-Olszewska, 1997, ta ble 2). In -
dex ammonites of the lower Aalenian  have been found in the
Me so zoic cover of the Holy Cross Mts. only (SE of our area).
up per Aalenian ammonites were re corded in the Kujawy re -
gion while lower Bajocian ones are known from the Cra -
cow-Wieluń Range only (SW of our area). Up per Bajocian and 
low er most Bathonian ages are fairly well rep re sented in the
Kujawy area. Finally, the biostratigraphic doc u men ta tion of the 
higher Bathonian beds in the same area is rather doubt ful. 

Cores of the nine re ported sec tions yielded two spec i mens
of ammonites only (Feldman-Olszewska, pers. comm.): one is
char ac ter is tic of the up per Bathonian (in C2 bore hole) and the
other is in dic a tive of the low er most Bathonian (in B2 bore -
hole). How ever, the ana lysed sec tions of the Wojszyce line can
be eas ily com pared with the Łęczyca area, where  a dense net of 
shal low, fully cored bore holes was made in the late fif ties dur -
ing the ex plo ra tion for iron ores. Many in dex ammonites were
then found (Znosko, 1957, 1958), es pe cially in the up per
Bajocian (Strenoceras, Garantiana, and Parkinsoni beds) and
low er most Bathonian (Ferruginea Beds). The same ammonite
ho ri zons were seen in the Pom er a nian seg ment of the MPT
(Dadlez, 1957).

No lithostratigraphic scheme has been pro posed so far for
the Mid dle Ju ras sic. In the bore hole sec tions re ported here the
most dis tinct lithological bound aries oc cur at the bases of
higher or der cy cles (Figs. 2–4). They have been la belled with
Arabic num bers 1–8. The ex tra bound aries 4’ (within the up per 
Bajocian) and 8’ (in the Bathonian) have been fixed with less
prob a bil ity. A lithological sub di vi sion can be made on this ba -
sis. In the pure sense of the term it is then not a
lithostratigraphic but rather an allostratigraphic sub di vi sion. 

Bound ary 3 is not wide spread. It was re corded in the
Ciechocinek re gion (Fig. 2),  dis ap peared in the Brześć
Kujawski area (Fig. 3) and ap peared again (with res er va tions)
in the sec tions of the Wojszyce area (Fig. 4). The re main ing ba -

sic bound aries (1–2 and 4–8) are eas ily cor re lated in all bore -
hole sec tions. Judg ing from the gen eral knowl edge of Mid dle
Ju ras sic stra tig ra phy in the Pol ish Low lands, four of these
bound aries co in cide with chronostratigraphic bound aries.
Bound ary 1 marks the start of the Mid-Ju ras sic trans gres sion in
the Aalenian (late Aalenian?). Bound ary 4 is equiv a lent to the
base of the up per Bajocian, bound ary 6 — to the base of
Bathonian 2 and bound ary 7 — most prob a bly to the base of the
mid dle Bathonian. All of the main bound aries mark the suc ces -
sive steps of Mid dle Ju ras sic trans gres sions.

It is char ac ter is tic that the bound aries 4 and 6 were rec og -
nised also in the peri-Baltic part of the Pom er a nian seg ment of
the MPT (Dadlez, 1963). It is true that at that time no cy cles of a 
higher or der were dis tin guished. Nev er the less, bore hole cor re -
la tions pre sented in the cited pa per clearly show that the then
iden ti fied base of mem ber 1 (Strenoceras Beds) re sem bles
bound ary 4 in this re port and the bound ary be tween the mem -
bers 10 and 11 (base of Ferruginea Beds) is an equiv a lent of
bound ary 6. The for mer marks the ini tial Mid dle Ju ras sic 
trans gres sion in the Pom er a nian seg ment (which came here
later than in the Kujawy seg ment) and the lat ter shows the ba sin 
wid en ing at the start of the Bathonian. 

The sand stone ly ing be low the bound ary 4 has so far been
as cribed to the lower Bajocian. Whereas its top may be ac tu ally 
con sid ered as the top of the lower Bajocian, the prob lem of the
Aalenian/Bajocian bound ary is more com plex. This bound ary
lies within a higher or der cy cle with gradational tran si tions be -
tween the suc ces sive lithotypes. More over, the thick ness of this 
sand stone mark edly de creases in some bore holes (C2 — Fig. 2; 
W4 — Fig. 4) and — fi nally — it dis ap pears in all of the re -
main ing sec tions of the Brześć Kujawski and Wojszyce lines.
So, this bound ary is mean ing less and — con se quently — the
Aalenian and lower Bajocian are here not sep a rately dis tin -
guished.

Bound aries 1, 4 and 6 are equiv a lents to the bases of cy cles
J3-I, J3-II and J3-IV, re spec tively, ac cord ing to
Feldman-Olszewska (1997). She dis tin guished them in terms
of se quence stra tig ra phy and cor re lated them with the scheme
of Haq et al. (1988). Some re marks are nec es sary in this con -
nec tion. 

The base of her J3-I cy cle (= the base of LZA-1 cy cle in the
scheme by Haq et al., op. cit.), be ing co eval with the bound ary
1, sup ports the idea that it is the base of the up per Aalenian.
How ever, the lower bound ary of the LZA-1 cy cle is based on a
lo cal trans gres sion in the North Sea area (see Miall, 1997, p.
236). Thus, the com par i son seems ir rel e vant be cause these bas -
ins were not con nected at that time. Higher in the suc ces sion
the cor re la tion is also not per fect: 

1. The be gin ning of the J3-II cy cle (= bound ary 4) is de -
layed in com par i son with the start of the LZA-2.1 cy cle.

2. The start of the LZA-2.2 cy cle is not un equiv o cally re -
corded in our area — pos si bly it may cor re late with the ad di -
tional bound ary 4’. How ever, in the Pom er a nian seg ment the
base of the mem ber (4)+5 (base of the Parkinsoni Beds) is al -
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most ex actly the equiv a lent of the base of this cy cle. The on set
of Pol ish cy cle J3-III (bound ary 6) has no coun ter part in the
scheme of Haq et al. (op. cit.). 

3. The base of the LZA-2.3 cy cle falls within the cy cle
J3-III — in the sub di vi sion pro posed here it may cor re late with
bound ary 7. 

4. The base of the J3-IV cy cle (= ad di tional bound ary 8’) is
not vis i ble in the curve of Haq et al. (op. cit.).

All these dis crep an cies in re la tion to the stan dard,
world-wide cy cles may be caused by lo cal tec tonic events in
the MPT.

New el e ments in the sub di vi sion pro posed here — in com -
par i son with ear lier re sults — are: bound ary 2 which falls
within the Aalenian, bound ary 5 in the up per most Bajocian and 
bound ary 8, some where in the higher beds of the Bathonian. 

SEDIMENTARY ENVIRONMENT

The fau nal con tent, lithological fea tures of the sed i ments
and the pat tern of coars en ing up ward cy cles sug gest that they
orig i nated in a shal low shelf en vi ron ment of an intracontinental 
ba sin. The prin ci pal dis put able ques tion is, whether there were
tides in this ba sin or not. Char ac ter is tic heterolithic lithofacies
are very sim i lar to those known from the con tem po ra ne ous
tidal flats (Ev ans, 1965; Reineck and Wunderlich, 1968). How -
ever, they lack some fea tures of this en vi ron ment such as: bi -
modal cross-bedding, fre quent des ic ca tion cracks and fin -
ing-upward se quences ter mi nated with shales con tain ing abun -
dant plant de tri tus. Ac cord ing to Miall (2001) such lithotypes

and sim i lar cy cles may oc cur also in a siliciclastic, wave/ storm -
-dominated shelf. 

The gen eral palaeo ge ogra phy of the Mid dle Ju ras sic bas ins
in the Pol ish Low lands shows that dur ing the Aalenian and
early Bajocian it was a very nar row (30–40 km) and very long
(ca. 500 km) embayment con nected with the Tethyan realm (by 
a nar row strait?) and closed from the north-west. The oc cur -
rence of tides in a ba sin of such di men sions seems un likely.
Dur ing the late Bajocian the sea trans gressed southwestwards
and northwestwards (along the MPT into Pom er a nian seg ment) 
but the width of its ax ial zone did not change sig nif i cantly. It
was only in the Bathonian that the sea mark edly crossed the
bor der of the trough and overflooded the vast ar eas to the north -
east and south-west. At the same time wide com mu ni ca tion
was opened with the epicontinental bas ins of the West ern Eu -
rope. Only then did con di tions set in when the tides
(microtides?) might dom i nate the ba sin.

These ar gu ments, and some fea tures of rocks (e.g. mi -
cro-hummocky cross-lamination — Dott and Bur geois 1982),
sug gest that the es sen tial (lower or der) cy cles in the in ves ti -
gated area may be in ter preted in terms of progradation of the
fore-shore and near-shore sands of an in ner shelf onto the
shales of an outer shelf along a wave/storm-dominated shore -
line. Eustatic trans gres sion was not nec es sar ily a con tin u ous
pro cess (Vail et al., 1977). Pe riods of its prog ress were sep a -
rated by pe ri ods when it de cel er ated or even stopped. It was at
those times when the sheets of along shore sands prograded
onto the shales of dis tal shelf.
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Fig. 9. Cor re la tion of thick ness and lithofacies per cent ages — Ciechocinek line



SEDIMENTATION RATES, THICKNESS 
AND FACIES CHANGES

Taking into ac count the geo chron ol ogi cal ta bles quoted
ear lier (Harland et al., 1989; Gradstein et al., 1994), the fol low -
ing es ti mate can be made of the du ra tion of in di vid ual ages: late 
Aalenian+early Bajocian — 4 my, late Bajocian — 5 my and
Bathonian — 5 my. Thick nesses of sed i ments de pos ited dur ing 
these ages in the most com plete sec tion W3 are: 333.5, 429.5
and 212 m, re spec tively. Con se quently, the sed i men ta tion rates 
are: 84, 86 and 42 m/my. Thus, sed i men ta tion rates de creased
twice in the Bathonian.  This dif fer ence is even greater if the
com pac tion of the Aalenian-Bajocian sec tion (dom i nated by
shales) is con sid ered. This de cel er a tion of sed i men ta tion (and
sub si dence) rates are co eval with the Bathonian wid en ing of
the ba sin.

Lat eral changes in thick ness and fa cies in the stud ied area
are il lus trated in Fig ures 9–11, sep a rately for each bore hole tra -
verse. Thick nesses of the higher or der cy cles (with sim pli fi ca -
tions be tween the bound aries 1 and 4) have been pre sented in
each sec tion as a per cent age in re la tion to the sec tion with the
great est thick ness of the given in ter val. Lithofacies have been
grouped in as sem blages eas ily dis cern ible in geo phys i cal logs
(lithofacies H+G,  F+E and D+C+B; lithofacies A is not iden -
ti fi able on geo phys i cal logs be cause of the small thick ness of
beds). The cu mu la tive thick ness per cent age of each group in
re la tion to the thick ness of the whole cy cle is shown. 

An over view of these di a grams leads to the fol low ing con -
clu sions. The axis of sed i men ta tion and sub si dence dur ing the
en tire Mid dle Ju ras sic was lo cated gen er ally along the line:

C2–B2–W3–Zgierz IG 1 with the most dis tinct ax ial zone in
the C2 and W3 sec tions where the cu mu la tive thick ness and
per cent age of shales are the great est. The lo ca tion and width of
this zone fluc tu ated with time as e.g. dur ing the 1–2 in ter val
when the axis was shifted into the W1a and B1 sec tions or dur -
ing the 1–5 (4’) in ter val when the belt of shaly sed i men ta tion
was broader than in later times. 

The ax ial zone was bor dered from the south-west by an area 
with smaller thick ness and sub or di nate clastic in flux, rep re -
sented by the Krośniewice sec tion. How ever, it is dis put able
whether it is a slope of the MPT be cause the sed i men tary pro -
cesses might have been in flu enced here by a lo cal up lift of the
Kłodawa Salt Diapir. The op po site slope of the MPT is more
dis tinct. It is marked by greater thick ness gra di ents and stron -
ger clastic in put dur ing the en tire Mid dle Ju ras sic, vis i ble es pe -
cially along the Ciechocinek and Wojszyce lines (Figs. 9 and
11 — the Brześć Kujawski line did not reach this slope). The
most dis tinct thick ness gra di ent is noted be tween the Cz and C3 
sec tions (Fig. 9) in the for mer area (ex cept for the ear li est
Bathonian), and G1a and G3 sec tions (Fig. 11) in the lat ter area
(ex cept for the in ter val 7–8 when it shifted to the north-east).
These small de vi a tions prove that north east ern bor der of the
MPT was not sta ble.

Lo cal thick ness and fa cies changes are su per im posed on
this re gional back ground. They are caused by ep i sodic up ward
salt move ments in the Ciechocinek and Wojszyce salt pil lows.
This is shown by thick ness re duc tions in the C1 and W1a sec -
tions (Figs. 9 and 11) when com pared with thick nesses in the
neigh bour ing bore holes. These both sec tions are lo cated pre -
cisely above the tops of salt pil lows as de tected by seis mic sec -
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Fig. 10. Cor re la tion of thick ness and lithofacies per cent ages — Brześć Kujawski line

Ex pla na tions as in Fig. 9
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tions. In the first case a thick ness de crease is ob served be tween
the bound aries 4 and 6, in the sec ond case it oc curs be tween the
bound aries 6 and 8. This means that the Ciechocinek Salt-pil -
low up lifted slightly dur ing the lat est Bajocian and ear li est
Bathonian while the Wojszyce Salt-pil low up lifted some what
later, dur ing the early and mid-Bathonian. Thick ness changes
are ac com pa nied by small mod i fi ca tions of the fa cies pat tern:
in both sec tions ly ing above salt pil low tops the per cent age of
shales in these time in ter vals is greater than in the neigh bour -
hood.

Con trary to the Ciechocinek and Wojszyce salt pil lows,
there are no signs of the Gostynin Salt-pil low mo bil ity dur ing
the Mid-Ju ras sic. The Gostynin IG 1a sec tion sit u ated above
the top of the salt pil low shows thick nesses in ter me di ate be -
tween the neigh bour ing sec tions (Fig. 11). Data from the
Brześć Kujawski line are in con clu sive since the bore holes are
not lo cated above the cul mi na tion of the salt pil low.

CONCLUSIONS

1. Bore hole sec tions which were fully cored over long in ter -
vals yielded good ma te rial for the re con struc tion of Mid-Ju ras sic 
sed i men tary evo lu tion. The lim i ta tions of this anal y sis re sult
from long dis tances be tween the three main bore hole tra verses
and from the ir reg u lar dis tri bu tion of cores which are con cen -
trated in the Bathonian and up per most Bajocian.

2. Eight main lithofacies have been dis tin guished in the
siliciclastic Mid dle Ju ras sic suc ces sion, from con glom er ates
through sand stones and heteroliths to shales.

3. Dom i nating, coars en ing up wards, es sen tial (lower or der) 
cy cles are com posed of these lithofacies. They are in ter preted
as a re sult of autocyclic sed i men ta tion on a wave/storm-
 dominated prox i mal shelf in a non-tidal or mi cro-tidal ba sin.
They re flect the progradation of near-shore and fore-shore
sands and heteroliths over the shales of an open sea. 

4. Cycles of lower or der are as sem bled into higher or der cy -
cles. Their bases are good mark ers for the lithostratigra -
phic/allostratigraphic sub di vi sion of the Mid dle Ju ras sic suc -
ces sion. They can be cor re lated over a wider area of cen tral Po -
land, some of them even over the en tire Mid-Polish Trough.
These cy cles mark the suc ces sive steps of the Mid-Jurassic ep i -
sodic, eustatic trans gres sion at the onsets of the late Aalenian,
Bajocian and Bathonian.

5. The north east ern bound ary of the Mid-Polish Trough is
well-defined by sharp thick ness re duc tions and fa cies changes.
The sed i men tary con di tions at the op po site bound ary are mod i -
fied by the lo cal in flu ence of salt anticline mo bil ity. 

6. Lo cal thick ness changes point to ep i sodic, slight mo bil ity 
of salt pil lows in the area dis cussed. The Ciechocinek
Salt-pillow was ac tive dur ing the lat est Bajocian and ear li est
Bathonian while the Wojszyce Salt-Pillow moved dur ing the
early and mid dle Bathonian.

Ac knowl edge ments. Sin cere thanks are due to both re -
view ers: Grzegorz Pieńkowski and Anna Feldman-Olszewska
for valu able re marks. The help of Maria Modłkowska in the
com puter prep a ra tion of fig ures is also highly ap pre ci ated.
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