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Sedimentological, strati graphi cal and geo phys i cal stud ies across a new Tri as sic-Ju ras sic tran si tion sec tion in the Holy
Cross Mts., Po land have re vealed a large sed i men tary hi a tus em brac ing the en tire lat est Tri as sic–Early Ju ras sic – ear li est 
Mid dle Ju ras sic time in ter val and yielded new data on the Tri as sic flu vial sys tem and on Mid dle Ju ras sic shal low ma rine sed i -
men ta tion. The pres ence of or ganic-walled dinoflagellate cysts al lowed a pre cise age as sign ment of the black clay fa cies.
Re gional dis cus sions and com par i sons may be made with other ar eas with a sim i lar depositional en vi ron ment in Po land. For
the first time a coun ter part of the “Kościeliskie Beds” lithostratigraphic unit is pro posed to ex ist in the Holy Cross Mts. area.

Key words: Mid dle Ju ras sic trans gres sion, dinoflagellate cysts, stra tig ra phy, elec tri cal re sis tiv ity to mog ra phy (ERT). 

INTRODUCTION

The li thol ogy and thick ness of the Perm ian-Me so zoic suc -
ces sion in the Holy Cross Moun tains (HCM) in cen tral Po land is
re gion ally vari able. One of the most di verse in ter vals in the suc -
ces sion, widely dis cussed in the lit er a ture, is the Tri as sic-Ju ras -
sic tran si tion (Lewiński, 1912; Karaszewski, 1962; Jurkie wi -
czowa, 1967; Siemiątkowska, 1967; Karaszewski and Kopik,
1970; Kopik, 1970; Pieńkowski, 1983, 2004; Deczkowski, 1997;
Pieńkowski et al., 2014). Gen er ally, to the north of the HCM Fold
Belt, the Up per Tri as sic red- and vari-col oured ter res trial de pos -
its (Keuper) are sub di vided into sev eral in for mal for ma tions (see
Pieńkowski, 2009). The Up per Tri as sic rocks are gen er ally con -
form ably over lain by thick (up to 900 m) con ti nen tal and mar ginal
ma rine de pos its of the Lower Ju ras sic silici clastic suc ces sion,
with the Up per Rhaetian to Lower Hettan gian Zagaje For ma tion
of flu vial and lac us trine or i gin at the base (Pieńkowski, 2004). To
the south of the HCM Fold Belt, the Up per Tri as sic red,
fine-grained clastics are di rectly over lain by Mid dle Ju ras sic
transgressive ma rine sed i men tary strata (Lewiński, 1912;
Siemiątkowska, 1967, 1969; Barski, 1999). In the south ern re -
gion the rocks rep re sent ing the up per most Tri as sic, Lower Ju -
ras sic and the lower part of the Mid dle Ju ras sic have prob a bly
been re moved by ero sion. How ever, they are pre served in the
west ern part of the Me so zoic mar gin of the HCM (= MHCM),
where the Lower Ju ras sic is rep re sented by grav els and coarse -

-grained grav elly sand stones, re ferred to the Snochowice Beds
(Dadlez, 1962; Jurkiewiczowa, 1967), in cluded by Pieńkowski
(2004) within the Zagaje For ma tion, and cov ered by youn ger de -
pos its of the Zagaje For ma tion. The Snochowice Beds have a
thick ness in creas ing rap idly to the north, from zero up to sev enty
metres, and fur ther to wards the north and north-west they
interfinger with finer-grained de pos its of the Zagaje For ma tion.
The var ie gated thick ness of the Sno chowice Beds was firstly ex -
plained as a re sult of ac cu mu la tion in river val leys
(Jurkiewiczowa, 1967). Pieńkowski (2004) also in ter preted them
as braided-river de pos its. The Snocho wice Beds thick ness pat -
tern, fa cies de vel op ment, and lat eral dis tri bu tion sug gest an al lu -
vial fan or i gin with a synsedimentary wedge-shaped ge om e try
(Pieńkowski, 2004; Kozłowska, 2012). The al lu vial fan for ma tion
is in ter preted as a re sult of the de vel op ment of sig nif i cant re lief
on the pre vi ously flat ba sin floor (Jurkiewiczowa, 1967;
Kozłowska, 2012). The pro nounced lithological dif fer en ti a tion of
the Tri as sic-Ju ras sic tran si tion in the transect dis cussed is re -
lated to fault ing and re-ar range ment of the ba sin floor in Late Tri -
as sic times (Pawłowska, 1979; Deczkowski and Franczyk, 1988; 
Brański, 2004; Kozłowska, 2012). The di verse scale of tec tonic
up lift pre sum ably caused dif fer en tial par tial ero sion of the Up per
Tri as sic rocks in the south ern and west ern part of the area
(Jurkiewiczowa, 1967; Deczkowski and Franczyk, 1988). The
Up per Tri as sic suc ces sion is re ferred herein to the Keuper
(Pieńkowski, 2009), al though the up per bound ary is still not
clearly de fined in the area stud ied (Kopik, 1970; Senko wiczowa,
1970; Pawłowska, 1979; Deczkowski and Franczyk, 1988;
Fijałkowska, 1992; Krupnik et al., 2014).

The tim ing of the Mid dle Ju ras sic ma rine trans gres sions
onto the south east ern part of the Pol ish epicontinental ba sin is
widely dis cussed in the lit er a ture (Siemiątkowska, 1969;
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Daniec, 1970; Siemiątkowska-Giżejewska, 1974; Dayczak -
-Calikowska and Moryc, 1988; Feldman-Olszewska, 1997). To
the south of the HCM Fold Belt (e.g., Wola Morawicka sec tion),
the old est Ju ras sic ma rine de pos its are rep re sented by Lower
Bathonian black mudstones (Siemiątkowska, 1967; Barski,
1999). How ever, in some places, e.g. the Brzegi IG 1 bore hole
(Jurkiewicz, 1974) and Gumienice ex po sure (Siemiątkowska,
1969), transgressive sand stone beds oc cur be low biostrati -
graphically dated Bathonian or Callovian rocks. The pre -
-Bajocian/Bathonian trans gres sion mor phol ogy was prob a bly
driven by up lift linked to the ini tial rift ing pro cesses of the Tethys 
Ocean pos tu lated by Matyja (2015).

This pa per de scribes the sedimentological and palystrati -
graphical char ac ter is tics of the new sec tion of Tri as sic and Ju -
ras sic de pos its in the re cently ex posed Wolica sec tion in the
south ern part of the MHCM.

De tailed sedimentological anal y ses car ried out at the ex po -
sures were sup ple mented with elec tri cal re sis tiv ity to mog ra phy
(ERT) data, al low ing in ter pre ta tion of the depositional ge om e try 

of the rocks ana lysed and re con struc tion of the geo log i cal his -
tory of the study area, es pe cially fo cused on the char ac ter of the 
Mid dle Jurassic transgression. 

GEOLOGICAL SETTING

Perm ian to Cre ta ceous rocks, crop ping out around the
HCM Fold Belt in cen tral Po land (Fig. 1), rep re sent a suc ces -
sion of sed i men tary rocks about 5 km thick that infill the south -
east ern part of the Pol ish epicontinental ba sin (Kutek and
Głazek, 1972), linked un til the Mid dle Ju ras sic with the Dan ish
Ba sin and later with the Cen tral Eu ro pean Ba sin Sys tem
(Pieńkowski et al., 2008). The rocks are re ferred to in the lit er a -
ture as the MHCM, due to the pres ent-day map re sult ing from
post-Al pine in ver sion of the ba sin and lo cal ex hu ma tion of the
un der ly ing Pa leo zoic rocks largely de formed by Variscan fold -
ing (Kutek and Głazek, 1972; Fig. 1). 
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Fig. 1. Geo log i cal map of the study area 
(com pi la tion af ter Czarnocki, 1938; Filonowicz 1966, 1976, 1978; Hakenberg, 1973)

HCM Fold Belt – Holy Cross Moun tains Fold Belt, MHCM – Me so zoic mar gin of the Holy Cross Moun tains
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The post-Variscan re lief was en tirely bur ied dur ing the
clastic sed i men ta tion of the Buntsandstein. The Buntsand -
stein is over lain by the Röt and Muschelkalk neritic car bon ates 
(Senkowiczowa, 1970; Trammer, 1975; Szulc, 2000), and
siliciclastic and car bon ate rocks of the Up per Tri as sic (Kopik,
1970; Senkowiczowa, 1970). The lower part of the Up per Tri -
as sic in the MHCM is rep re sented by var i ous, mainly red and
green ish, terrigenous sed i men tary rocks (mot tled claystones,
mudstones and sand stones), with a few in ter ca la tions of lac -
us trine car bon ates (lime stones, marls, dolomites) and eva -
porites. Sedimentological as pects of the Keuper are poorly
rec og nized and based on ver ti cal lithological ob ser va tions
per formed mainly in the bore hole suc ces sions. The ob served
fa cies as so ci a tions are in ter preted as formed in lac us trine,
sabkha and playa en vi ron ments (Kopik, 1970; Senkowiczowa, 
1970; Pawłowska, 1979; Deczkowski and Franczyk, 1988;
Gajewska et al., 1997; Fijałkowska-Mader, 2013). The com -
mon oc cur rence of clay-dom i nated Keuper de pos its in an ex -
tended area sug gests a flat palaeorelief. The Keuper con -
trasts with the up per most Tri as sic sed i men tary rocks of lac us -
trine/flu vial or i gin, re ferred to as the Wielichowo Beds, pass ing 
up wards into the Zagaje For ma tion of Rhaetian and Hettan -
gian age (Pieńkowski et al., 2014). The suc ces sion is rep re -
sented by grey to green ish sand stones, con glom er ates and
fine-grained de pos its with coal interbeds (Kopik, 1970; Senko -
wiczowa, 1970; Pawłowska, 1979; Deczkowski, 1997). Due to
in suf fi cient Late Tri as sic biostratigraphic data be fore the
1980s, in for mal lithostrati graphic units be long ing to the “Keu -
per� were of ten mis tak enly used as chronostratigraphic units,
while some chronostrati graphical units (i.e. Rhaetian) were
used in a fa cies con text, which caused much con fu sion and
am bi gu ities in lo cal strati graphic ter mi nol ogy. Later, miospore
and megaspore palynolo gical stud ies have al lowed for the
elab o ra tion of a biostrati graphical frame work for the Up per Tri -
as sic in Po land and more pre cise dat ing of a con sid er able por -
tion of the suc ces sion (Orłowska-Zwolińska, 1983; Marcinkie -
wicz and Orłowska -Zwolińska, 1985, 1994; Marcinkiewicz et
al., 2014; Krupnik et al., 2014). As a re sult, the �Keuper� is as -
signed a Late Ladinian–Early Rhaetian age, and the low er -
most part of the Zagaje For ma tion has been re ferred to a Late
Rhaetian age (Pieńkowski et al., 2008; Pieńkowski, 2009). 

In the study area, the top most part of the Up per Tri as sic
suc ces sion is gen er ally rep re sented by red col oured fine -
-grained de pos its, which were in con sis tently re ferred to the
Keuper (Fig. 2; Lewiński, 1912; Siemiątkowska, 1967; Haken -
berg, 1974) and, in a wrong mean ing, to the “Rhaetian” fa cies
(Fig. 2; Jurkiewicz, 1974). The de tailed chronostratigraphical
age of the suc ces sion is still not well-de fined. The youn gest
biostratigraphically dated rocks of the Tri as sic in the nearby
Brzegi IG 1 bore hole are at trib uted to the miospore Corollina
meyeriana b zone, as signed to the Up per Norian (Fijałkowska -
-Mader, 2013). 

To the south of the HCM Fold Belt, the Up per Tri as sic strata 
are over lain with a pro nounced disconformity by Mid dle Ju ras -
sic ma rine black mudstones, which was first noted by Lewiński
(1912) in a rail way cut ting-sec tion, sit u ated about 2 km to the
west of Wolica. Based on lithological sim i lar i ties to the widely
dis trib uted Ore-Bear ing Częstochowa Clay For ma tion in south -
ern Po land (Kopik, 1998) and the rec og nized fau nal as sem -
blage, a Bathonian (Lewiński, 1912; Czarnocki, 1927; Sie -
mią tko wska, 1967) or even Bajocian age (Szulczewski, 1967)
has been pro posed for the unit. The Bathonian age was ad di -
tion ally sup ported by the find ing of the ammonite Parkinsonia

sp. in the Wola Morawicka sec tion, doc u ment ing the Parkinsoni 
Zone or the low er most part of the Zig zag Zone (Filonowicz,
1965), which al lowed at tri bu tion of the base of these de pos its to
the Lower Bathonian. Based on as sem blages of dinoflagellate
cysts, Barski (1999) as signed the mudstones to the Lower and
low er most Mid dle Bathonian (from the Zig zag Zone to the
Progracilis Zone). Ac cord ing to re cent biostratigraphical data,
the time of the ma rine trans gres sion in the study area is gen er -
ally de ter mined as Early Bathonian in age. How ever, lo cally the
black mudstones are un der lain by lat er ally dis con tin u ous sand -
stone lithosomes of un de ter mined age. In the Brzegi IG 1 bore -
hole (4 km to the west of Wolica), a 40 cm thick layer of green -
ish-grey sand stones oc cur ring be low the mudstones, was re -
ferred to the Rhaetian by Jurkiewicz (1974), but later a Bajocian
age was pro posed by Fijałkowska-Mader (2013). Sim i lar green -
ish-grey sand stones un der ly ing the black claystone suc ces sion
in the Częstochowa area were de scribed by Kopik (1998). Ac -
cord ing to his data sup ported by ammonite fauna, they were de -
pos ited dur ing the lat est Early Bajocian age. 

Usu ally, Bathonian black mudstones are over lain by Callo -
vian gaizes and sandy lime stones suc ceeded by an ex ten sive
and thick suc ces sion of the Up per Ju ras sic car bon ate plat form
(Matyja, 1977). The Perm ian-Me so zoic suc ces sion is ter mi nated 
by thick (850 m) Albian-Maastrichtian sed i men tary rocks (Cie -
śliń ski and Pożaryski, 1970), ly ing with a pro nounced discon -
formity on the Ju ras sic. The suc ces sion was folded and cut by
many faults dur ing Al pine tec tonic events (Kutek and Głazek,
1972; Konon, 2007; Żelaźniewicz et al., 2011) and un con form -
ably cov ered by Mio cene strata (Radwański, 1969, 1973).

MATERIAL AND METHODS

The ar ti fi cial ex po sure stud ied was ex ca vated in 2010 in the
rock walls of a quarry road, which cross-cuts the mor pho log i cal
mar gin of a cuesta lo cated to the south of the vil lage of Wolica
(Fig. 3). The road sec tion shows an Up per Tri as sic (Keuper) to
Oxfordian suc ces sion, homoclinally dip ping to the south
(120/18S, dip mea sure ments within 16-22S), struc tur ally rep re -
sent ing the south west ern limb of the Zbrza Anticline. The stud ied 
in ter val of the Tri as sic and Ju ras sic sec tion (11.5 m thick – see
Fig. 4) was tracked lat er ally over a dis tance of 200 m. Along the
strike, the bound ary in ter val was stud ied in seven lithologically
cor re lated trenches (1.5–3.5 m thick – see Fig. 5). Lithological (li -
thol ogy, col our, macrofossils) and sedi men to logical (grain size,
sed i men tary struc tures, char ac ter of litho some con tacts) ob ser -
va tions were linked with the re sults of geo phys i cal sur veys, per -
formed in or der to re con struct the 3D ge om e try of the lithosomes
oc cur ring in the in ter val stud ied. 

The lithofacies code ap plied iscompiled on the ba sis of the
Miall (1996) lithofacies code with its mod i fi ca tion by Zieliński
(1998); ad di tional sym bols are also used for the fine-grained
de pos its (see Ta ble 1). 

The elec tri cal re sis tiv ity to mog ra phy method (ERT method)
was used to rec og nize the deep-seated ge om e try and the mu -
tual re la tion ships of the lithosomes (see e.g., Baines et al.,
2002; Giocoli et al., 2008; Loke et al., 2013) ob served in the
walls of the ex po sure. The as sump tions and lim i ta tions of the
ERT method were de scribed in de tail by Kirsch (2009), Loke
(2012) and Loke et al. (2013). 

The geo phys i cal sur vey (4 pro files) was per formed on an
area of 0.6 km2 lo cated to the west of the ex po sure (Fig. 3). The
first pro file (A–A”), was per formed par al lel to the west ern wall of

A new Triassic-Jurassic section in the southern part of the Holy Cross Mts. (Poland)... 367

https://gq.pgi.gov.pl/article/view/12799/11264
https://gq.pgi.gov.pl/article/view/12799/11264
https://gq.pgi.gov.pl/article/view/8547/pdf_1095
https://gq.pgi.gov.pl/article/view/7906/pdf_1024
https://gq.pgi.gov.pl/article/view/7906/pdf_1024
https://gq.pgi.gov.pl/article/view/8369/pdf_458
https://gq.pgi.gov.pl/article/view/9187/7740
https://gq.pgi.gov.pl/article/view/9187/7740


the ex po sure and is used to cor re late the geo phys i cal sur vey
with the li thol ogy and the lithosome bound aries ob served in the
ex po sure. Pro files B–B” and C–C” were lo cated par al lel to pro -
file A–A”, 200 and 550 m to the west, re spec tively; and pro file
D–D” was made per pen dic u lar to the first three pro files (con -
nect ing pro files A–A” and B–B” along the cuesta).

The elec tri cal re sis tiv ity sur vey was con ducted us ing an
ABEM 4-chan nel Terrameter LS. The mea sure ments were
taken with a sys tem of 41 to 101 elec trodes us ing the di pole-di -
pole and gra di ent con fig u ra tion. Elec trode spac ing along the sur -
vey pro files was 5 m. The depth range ob tained for me dium re -
sis tiv ity was from about 50 to 130 m be low sur face level for the
four sur veys, de pend ing on the pro file length. The ob tained hor i -
zon tal res o lu tion was 5 m, whereas the ver ti cal res o lu tion was
1.5 m in the up per part and 5 m in the lower part of the cross-sec -
tions de pend ing on the as sumed mea sure ment sys tem.

For the pur poses of the biostratigraphical stud ies (based on
dinoflagellate cysts and ter res trial palynomorphs), 22 sam ples of
fresh, non-weath ered rocks were col lected across the in ter val
stud ied (see Figs. 4–11 for the “Keuper� and 11 for the over ly ing
rocks). The rock ma te rial was di gested in 37% HCl and 40% HF
acidic so lu tions fol low ing the stan dard palynological prep a ra tion
tech nique (e.g., Poulsen et al., 1998). A re sid uum of about 50 g
per fine-grained rock and about 100 g per sand stone sam ple was
col lected for the anal y sis us ing a 15 micrometre-diametre sieve
and con densed by heavy liq uid (2 g/cm3) sep a ra tion. The pre -
pared slides re vealed a few dinoflagellate cysts and ter res trial
palynomorphs, and so two or three slides per sam ple were ex am -
ined. The palynological anal y ses of sam ples with high abun -
dances are based on to tal counts of 300 dinoflagellate cyst spec i -
mens from each slide. Oth er wise only qual i ta tive data are pro -
vided. Mi cro pho to graphs were taken us ing a Nikon Eclipse E- 600
mi cro scope equipped with phase con trast and a dig i tal cam era. 
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Fig. 2. Lithostratigraphy of the Up per Tri as sic, Lower and Mid dle Ju ras sic in the MHCM 

*Kamienna Group – af ter Pieńkowski, 2004, sim pli fied; in for mal units** – af ter the Strati graphic Chart of Po land 2008;
SnB*** – Snochowice Beds – af ter Kozłowska, 2012
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LITHOFACIES AND SEDIMENTOLOGY

The stud ied suc ces sion is com posed of 14 clastic litho -
facies (Ta ble 1). 

From the bot tom to the top, the lithological suc ces sion (Fig.
5) in cludes sev eral lithological units.

UNIT 1 
(4.5 m of thickness visible)

Red-brown ish, hor i zon tally bed ded mudstones (Mh) oc cur -
ring at the base of the suc ces sion (Fig. 5) are cut by red-brown -
ish fine-grained, hor i zon tally lam i nated sand stones and
siltstones (Sh-Th), fin ing up wards and with spot oc cur rences of
plant de tri tus in the lower half. In the top, the siltstones are dis -
col oured and show a mas sive struc ture. The next sand stone
bed oc cur ring above the ero sive sur faces shows pla nar cross -
-bed ding (Sp; Fig. 6; gen er ally dip ping to wards the north-west).
The sand stones (also dis col oured and fine-grained in the top;
Ch) are over lain by red-brown ish, hor i zon tal and lam i nated
mudstones (Mh) with dis col oured, dis con tin u ous laminae and
mot tled parts with a mas sive struc ture [Mm(b)]. 

UNIT 2a 
(0.4–0.7 m thick)

The bot tom part of Unit 2a is a dis con tin u ous bed (cut by
Unit 2b) of yel low ish-green mudstones with hor i zon tal lam i na -
tion (muddy shales; Mh). The bed is lithologically sim i lar to the
top part of Unit 1, how ever, of iden ti cal col our as Unit 2b. The
base of Unit 2a is very sharp and con tin u ously flat, which sug -
gests its in de pend ence from Unit 1. 

UNIT 2b
(1.7 to 3.5 m; reconstructed maximum 

thickness in excess of 3.5 m in the

 central part of the lithosome)

The unit disconformably cuts units 1 and 2a and shows a
dis tinct lens -shaped ge om e try. The basal part of the lithosome
lim ited to its ax ial part is com posed of yel low ish-green, mas sive, 
me dium-grained sand stones (Sm; Fig. 6C). The suc ceed ing
beds are com posed of fine-grained, clayey and me dium to
coarse, well-sorted sand sto nes. The beds show in ter nal lat eral
fa cies changes with coarser and better sorted ma te rial in the
ax ial part and finer, silty ma te rial on the flanks (Sp-Tr; Fig. 6D).
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Fig. 3. Lo ca tion of the geo phys i cal pro files in the Wolica area
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Fig. 4. Li thol ogy and sed i men tary struc tures 
in the sum ma rized Wolica sec tion



A new Triassic-Jurassic section in the southern part of the Holy Cross Mts. (Poland)... 371

 
e

ht 
ni 

d
e

h
si

u
 g

ni t
si

d 
sti

n
u 

d
n

a 
s

ei
c

af
o

hti
L .

5 .
gi

F
a

cil
o

W
n

oi t
c

e
s 

 
e

e
s 

s
n

oi t
a

 n
al

 p
x

e r
e

ht
o r

o
F

4 
er

 u
gi

F



This pat tern is un der lined by a mas sive struc ture or a larger
scale of the cross-bed ding in the coarser -grained ma te rial. The
ob served cross -bed ded laminae con sis tently dip gen er ally to -
wards the south. The mid dle part of Unit 2b is dom i nated by silt -
stones and very fine-grained sand stones, gen er ally with sub -
-hor i zon tal and hor i zon tal bed ding [Tsh(h)], lat er ally pass ing
into hor i zon tally bed ded sand stones (Sh). The up per most part
of the unit is com posed of a sand stone set with pla nar cross -
-bed ding (Sp) in ter ca lated with siltstones with sub-hor i zon tal
bed ding [Tsh(h)]. The top bed con tains very fine de tri tus of cal -
cite bioclasts and is over lain by hor i zon tally lam i nated mud -
stones with small scale cross-bed ded sandy lenses [Mh(St)].

UNIT 3
(in excess of 4.5 m thick)

This unit of black to dark grey mudstones with fully ma rine
fos sils con tains in its basal part a ho ri zon of ferruginous-car bon -
ate con cre tions over ly ing mudstones or sand stones. The disco -
idal con cre tions are coated by al gal mats, col o nized by serpulids
and sin gle bi valves at tached to the sur face (Trigonia sp.). The
con cre tions oc cur in 20 cm thick ho ri zons of a mixed muddy -

-sandy ma trix with cri noids and very fine de tri tus of bi valve shells
(MSh with lhorizon of car bon ate con cre tions; see Fig. 5).

Above the lhorizon of car bon ate con cre tions black/dark
grey muddy sha les were noted, hor i zon tally and sub -hor i zon -
tally lam i nated, with bel em nites and rare, small and crushed
frag ments of ammonites. They pass gradationally into grey,
sandy mudstones with sub -hor i zon tal bed ding and very rare,
small scale rip ple cross-lam i na tion (MSsh). Mus co vite ac cu mu -
la tions and very fine de tri tus of cal cite bioclasts were ob served
on the surfaces of the laminae. 

The top most 2 m of Unit 3 are poorly ex posed in the ex po -
sure. Unit 3 is over lain by Callovian to Lower Oxfordian gaizes
(16 m thick), de scribed in de tail by Siemiątkowska -Giżejewska
(1974) and Matyja (1977), and suc ceeded by Oxfordian lime -
stones with a vis i ble thick ness of a few metres.

GEOPHYSICAL STUDIES

Di rect cor re la tion of pro file A–A’’ with the ex po sure wall sec -
tion, com bined with large re sis tiv ity con trasts be tween the rocks 
form ing the Tri as sic-Ju ras sic suc ces sion in Wolica, al low for the 
rec og ni tion of lithological units on the geophysical profiles. 
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T a  b l e  1

De scrip tion of lithofacies

Li thol ogy and sed i men tary struc tures Col our Con tent of fos sils Con tact Lithofacies
code*

Clays

Hor i zon tal lam i na tion light green (prob a bly dis col oured) – G Ch

Mudstones

Mas sive struc ture, par tially de stroyed, 
blocky tex ture

red dish-brown; dis col oured and
dis con tin u ous lay ers or mot tled

parts of beds
– N Mm(b)

Hor i zon tal to sub-hor i zon tal lam i na tion red dish-brown 
or yel low ish-green – N Mh

Sub-hor i zon tal lam i na tion; par tially sandy;
very fine mus co vite ac cu mu la tions dark grey – N MSsh

Hor i zon tal lam i na tion; ho ri zon of car bon ate
con cre tions with stromatolitic struc tures is 
ob served in the low er most part; oc cur rence
of sandy laminae

dark grey

rare crushed ammonites
and bel em nites; al gal mats, 

serpulides, shells
 of Trigonia sp. 

N MSh

Hor i zon tal lam i na tion, sandy lenses 
with trough cross-bed ding yel low ish-grey and grey – G Mh(St)

Siltstones and very fine-grained sand stones

Mas sive struc ture red dish-brown – E Tm

Hor i zon tal bed ding red dish-brown; 
par tially dis col oured

spot oc cur rence of plant 
re mains in top most part G Th

Sub-hor i zon tal to hor i zon tal bed ding yel low ish-green N Tsh(h)

Rip ple cross-bed ding, small scale yel low ish-green or grey – G Tr

Sand stones

Mas sive struc ture; me dium-grained 
sand stones yel low ish-green – E Sm

Hor i zon tal bed ding; fine- to me dium-grained
sand stones red dish-brown or yel low ish-green – N Sh

Pla nar cross-bed ding; me dium-grained 
sand stones; top most part of yel low ish-green
sand stones is strongly ce mented and 
con tains very fine cal cite bioclasts (HCl+) 

light red or yel low ish-green – E Sp

Rip ple cross-bed ding; fine-grained
sand stones yel low ish-green – N Sr

* Li thol ogy: C – clays, M – mudstones, T – siltstones and very fine-grained sand stones, S – fine- and me dium-grained sand stones, MS – sandy
mudstones; sed i men tary struc tures: m – mas sive struc ture, b – blocky tex ture, p – pla nar cross-bed ding, r – rip ple cross-bed ding, sh – sub-hor -
i zon tal lam i na tion, h – hor i zon tal lam i na tion/bed ding; con tact of lithofacies with un der ly ing de pos its: N – nor mal, G – grad ual, E – ero sional



The fine-grained clastics of units 1–3 are char ac ter ized by
low re sis tiv ity (10–50 Wm) and are vis i ble on pro files A–A”,
B–B” and C–C” in blue and deep blue colours (Figs. 7–9). The
sand stone lithosomes pres ent in this in ter val con trast strongly
with the back ground in their high re sis tiv ity (200–400 Wm) and
are marked on the pro files by red/vi o let colours (Figs. 7–9).
The sand stone lithosomes have ir reg u lar thick nesses with a
lens -shaped ge om e try and oc cur at sev eral lev els of the suc -
ces sion (marked as a–f sandy bedforms on the geo phys i cal
pro files; Figs. 8 and 9). Based on the geo met ri cal cor re la tion
be tween the ex po sure wall and the geo phys i cal pro files,
lithosomes a–d are as signed to Unit 1, whereas lithosomes
e–f are cor re lated with the sand stone bod ies of Unit 2b. The
up per most high re sis tiv ity bod ies vis i ble on pro file B–B’’ (Fig.
9) are prob a bly lo cated in the basal part of Unit 3. Gaizes and
lime stones cov er ing Unit 3 are vis i ble as vari able, of ten ir reg u -
lar re sis tiv ity dis tri bu tion in the range of 50 to 400 Wm. This
pat tern is prob a bly re lated to the dis tri bu tion of karstic pro -
cesses in the car bon ate rocks. 

DINOFLAGELLATE CYST ASSEMBLAGES 
AND AGE INTERPRETATION

A com pre hen sive palynological study through out the suc -
ces sion de scribed pro vides a new strati graphi cal in ter pre ta tion
of the sand stones of Unit 2b and re fined strati graphi cal data for

the black mudstone de pos its of Unit 3. Sandy de pos its of Unit
2b are char ac ter ized by scarce re cov ery and ad vanced me -
chan i cal de struc tion of the microfossils. The black mud stone
suc ces sion of Unit 3 is highly fossiliferous and in cludes
well-pre served ma rine palyno morphs. The dom i nant com po -
nents of the sam ples are or ganic dinoflagellate cysts, ter res trial
palynomorphs and other land-de rived par ti cles with black
inertinite and brown wood pre dom i nat ing. Palynological anal y -
ses re vealed a few dinoflagellate cysts and ter res trial palyno -
morphs per slide, there fore two or three slides per sample were
finally examined. 

The strati graphic ranges of the key dinofla gellate cysts used 
in the biostratigraphical anal y sis are based on the syn thetic
works of Rid ing and Thomas (1992) and Poulsen and Rid ing
(2003) and on se lected pa pers (Woollam and Rid ing, 1983;
Prauss, 1989; Feist-Burkhardt, 1994; Stover et al., 1996). The
re sults of the palynological anal y ses are shown in the range
chart (Fig. 10 and Ta ble 2). The age as sign ment of the sam ples
stud ied is sum ma rized in Fig ure 10. Se lected ma rine and ter -
res trial taxa are pho to graph i cally doc u mented on the plates
(Figs. 11–14).

Sam ples W1–W3 were col lected from pure sand stones
(Sp/Sh) of Unit 2b. The low num ber of the spec i mens made
count ing im prac ti cal, there fore only qual i ta tive re sults are pre -
sented. All sam ples yielded dinoflagellate cysts and a few ter -
res trial palynomorphs (Ta ble 2). Re mains of Ctenidodinium
spp. are the pre dom i nant com po nent of all sam ples, al though
com plete spec i mens are rare. Be side Ctenidodinium spp. and a 
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Fig. 6. Lithofacies: A – sand stones with pla nar cross-bed ding on the ero sive sur face; be low siltstones with hor i -
zon tal bed ding (Th); B – be low the ero sive sur face are vis i ble green, mas sive siltstones (Tm); C – lower part of Unit
2b – mas sive sand stones cut by sand stones with pla nar cross-bed ding and over lain by mas sive sand stones; D –
up per part of Unit 2b – siltstones with rip ple cross-bed ding over lain by sand stones with pla nar cross-bed ding

For other ex pla na tions see Ta ble 1



few Sentusidinium spp., sin gle spec i mens of Endoscrinium
asymme tricum and Pareodinia ceratophora oc cur, along
with  the ter res tri ally-de rived miospores Callialasporites tur -
batus, Cerebropollenites thierghartii and Uvaesporites sp. 

The top most sam ple (W4) from the fine-grained sand -
stones/siltstones with a muddy ad mix ture char ac ter izes a
more di ver si fied and better pre served dinoflagellate cyst as -
sem blage with a sig nif i cant con tri bu tion of age-di ag nos tic
taxa. The num ber of ma rine microplankton is re duced com -
pared to other or ganic mat ter. The lat ter is dom i nantly com -
posed of pale grey and light to dark brown, rounded amor -
phous or ganic mat ter and few elon gated inertinite par ti cles.
A high abun dance of green al gae, Botryococcus sp., is no -
tice able.

The age as sign ment of the sam ples from this in ter val is
based on age-di ag nos tic taxa ac cord ing to Rid ing and
Thomas (1992) and Poulsen and Rid ing (2003). They in -
clude Ctenidodinium combazii, Aldorfia aldorfensis, Sentu -
sidinium spp., Dichadogonyalux selwoodii and Lithodinia
valensii. The first ap pear ance of Ctenidodinium combazii
and Sentusidinium spp. in the low er most sam ple (W1) in di -
cates an age no older than the Late Bajocian Garantiana
Zone. The top of this in ter val is marked by the last oc cur -
rence of Lithodinia valensii within the top most sam ple (W4)
which ranges no youn ger than  the up per bound ary of the
Bathonian Zig zag Zone.

Sam ples W5–W7 are lo cated within the black mud stones 
se ries of units 2b and 3. Sam ples W5 and W7 were col lected
from hor i zon tally lam i nated mudstones (MSh) and sam ple
W6 co mes from car bon ate con cre tions en crusted by mi cro -
bial mats. Sam ples W5 and W6 yielded very im pov er ished
palynofloras. The dom i nant or ganic mat ter com prises brown
and black woody par ti cles. Or ganic -walled dinoflagellate
cysts are scarce, rep re sented by spec i mens of Ctenido -
dinium spp. and Sentusidinium spp. How ever, within the im -
pov er ished as sem blages a few dam aged spec i mens of
Ctenidodinium cornigera and C. com bazii  were found.

In turn, sam ple W7 yielded a rich and di verse palyno -
logical as sem blage. The dinoflagellate cyst as so ci a tion is
dom i nated by Ctenidodinium spp. and cysts char ac ter ized
by api cal archeo pyles, in clud ing Sentusidinium spp. and
Kallosphaeri dium sp. More over, ter res trial palyno morphs
are more di verse than in the pre vi ous as sem blages. They
are rep re sented by bisaccate pol len grains, spores and
pol len, brown and black wood and phytoclasts. Ad di tion -
ally, the sam ple yielded scarce cu ti cle and prasino -
phycean al gae. 

The dinoflagellate cyst as sem blages from this in ter val
in di cate the Zig zag Zone of Early Bathonian age. This age
as sign ment is based on the first ap pear ance of Ctenido -
dinium cornigera con fined to the lower bound ary of this
zone and the last oc cur rence of Lithodinia valensii. The ex -
tinc tion of the lat ter spe cies is as sumed to mark the end of
the Zig zag Zone ac cord ing to Rid ing and Thomas (1992).
Nev er the less, it must be men tioned that both taxa co-oc cur
only in sam ple W7, there fore this con strains the age as sign -
ment of the un der ly ing sam ples (W5 and W6), which yielded 
only Ctenidodinium cornigera. This in ter val, how ever, can
be slightly wider ac cord ing to the data pro vided by Poulsen
(1998), since he pos tu lated the FAD of Ctenidodinium
cornigera at the base of the lat est Bajocian Bomfordi
Subzone. He also noted an ear lier ex tinc tion of Lithodinia
valensii oc cur ring at the base of the Bomfordi Subzone. Ac -
cord ing to this study, all sam ples be low sam ple W7 are
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prob a bly not youn ger than the Bromfordi Subzone. This in ter -
pre ta tion, how ever, must be re garded as ten ta tive due to re -
stricted data avail abil ity.

Sam ple W8 was col lected from the mid dle part of the black
mudstones suc ces sion. The palynological con tent of this sam ple 
is rel a tively rich and tax o nom i cally mod er ately di verse. The con -
sis tent dom i nance of Ctenidodinium spp., Aldorfia spp. and
Sentusidinium spp. is typ i cal of the Batho nian. More over, a
higher abun dance of Nannoceratopsis spp. was ob served. The
re cov ery of ter res trial palyno morphs is again very rich. A few
spec i mens of Botryo coccus sp. and cu ti cle frag ments were ob -
served. 

The sam ple is as signed to the Tenuiplicatus Zone due to the
pres ence of two key spe cies Atopodinium polygonale and Atopo -

di nium prostatum. Rid ing and Thomas (1992) cor re late the FAD
of Atopodinium prostatum and the LOD of Atopodinium poly -
gonale with the lower and up per bound ary of the Tenui plicatus
Zone, re spec tively. The LOD of the lat ter spe cies is cor re lated by
Poulsen (1998) with the up per bound ary of the Progracilis Zone,
there fore an ex panded in ter val can also be con sid ered.

Sam ples W9 and W10 come from the top most part of the
black mudstones suc ces sion avail able for study. Both sam ples
are tax o nom i cally most di verse, how ever, they re veal an ev i dent
pre dom i nance of Ctenidodinium spp. The ter res trial com po nents 
of the sam ples are also abun dant and well-pre served. This ob -
ser va tion re fers es pe cially to the top most sam ple W10, which is
dom i nated by large ter res trial par ti cles in clud ing cu ti cle, and
brown and black wood. Large amounts of wood are un bro ken,
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Fig. 8. Geo phys i cal pro file A–A” and geo log i cal in ter pre ta tion (photo by B.A. Matyja)
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Fig. 9. Geo phys i cal pro file B–B” and geo log i cal in ter pre ta tion 

For ex pla na tions see Fig ure 8

Fig. 10. Stra tig ra phy of the Wolica sec tion

For ex pla na tions see Fig ure 4



lath- and nee dle -shaped. Some sub sid iary land-de rived par ti cles 
have also been en coun tered. They in clude cor tex, resin and a
re mark able amount of spores and pol len grains.

Ac cord ing to the key dinoflagellate cysts, the age of sam -
ples W9 and W10 is at trib uted to the Tenuiplicatus -Progracilis
zones in ter val. It is based on the FAD of Ato podinium prostatum
and the LOD of Carpathodinium predae (Rid ing and Thomas,
1992) lim it ing this time in ter val.

DEVELOPMENT OF SEDIMENTATION

UNIT 1 

The red/mot tled colours of Unit 1 (?Up per Norian) sug gest
de po si tion in con ti nen tal en vi ron ments and semi-arid or arid cli -
mate con di tions. 

The finer-grained sed i men tary rocks of Unit 1 may be re -
ferred to aquatic con di tions with a low en ergy of hy drau lic trans -
port or de po si tion from sus pen sion. Hor i zon tally lam i nated
mudstones (Mh) and the over ly ing, lat er ally con tin u ous, fin -
ing-up wards sandy-silty de pos its with rare plant de tri tus, mainly 

with hor i zon tal bed ding (Tm-Sh-Th-Tm suc ces sion), prob a bly
rep re sent prox i mal floodplain de pos its and sheet-flow de pos its.
They were formed when flow oc curred dur ing flood stages on
the floodplain area. Sim i lar, fine-grained, lam i nated silty-muddy
de pos its are usu ally in ter preted as a floodplain suc ces sion by
many au thors (Miall, 1996; Love and Wil liams, 2000). Up per
Perm ian, hor i zon tally lam i nated red mudstones crop ping out in
the Vyazovka Ra vine in the Ural Mts., sim i lar to lithofacies Mh
pre sented herein, were in ter preted by New ell et al. (1999) as
the ef fect of sus pended sed i ment de po si tion from shal low
flood waters on the prox i mal parts of floodplains.

The pres ence of cross- and hor i zon tal-bed ded, coarser -
-grained sandy-silty de pos its of Unit 1 in di cates hy drau lic trans -
port. Based on the re la tions and ge om e try of the lithosomes,
ob served in the ex po sure and re vealed by the geo phys i cal sur -
vey (see Figs. 9 and 10), the sand stone bod ies are in ter preted
as flu vial chan nel-fills in cis ing prox i mal floodplain sed i ments
(com pare with e.g., Miall, 1996). Sim i lar, cross- and hor i zon -
tal-bed ded sandy-silty de pos its a few metres thick scat tered
among the red, lam i nated mudstones suc ces sion from the Up -
per Tri as sic red clastic suc ces sion of south west ern Ger many
are in ter preted as chan nel-fills and lat eral accretionary bed -
forms by Hornung and Aigner (1999). New ell et al. (1999) have
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Fig. 11. Se lected palynomorphs from Wolica sec tion 
(50 mi crom e tres scale bar)

A – Pareodinia ceratophora Deflandre, 1947, sam ple W7; B – Tubotuberella apatela (Cookson
and Eisenack, 1960) Ioannides et al., 1977, sam ple W9; C – Endoscrinium asymmetricum Rid ing, 
1987, sam ple W10; D – Atopodinium polygonale (Beju, 1983) Masure, 1991, sam ple W9; E –
Eodinia poulsenii Barski, 2002, sam ple W5; F – Nannoceratopsis spiculata Stover, 1966, sam ple
W7; G – Surculosphaeridium? vestitum (Deflandre, 1939) Davey et al., 1966, sam ple W10; H –
Meiourogonyaulax caytonensis (Sarjeant, 1959) Sarjeant, 1969, sam ple W4; I – Callialasporites
dampieri (Balme, 1957) Dev 1961, sam ple W8



in ter preted sandy lenses in red mudstones suc ces sions as
chan nel-fills of a distributary stream sys tem, de vel oped on
mud flats on an al lu vial plain. The cross-bed ded sand stones
(Sp; Fig. 6B) were prob a bly formed dur ing lat eral ac cre tion of
point bars. The light green clays at the top of lithofacies Sp doc -
u ment weath er ing pro cesses on the emer gent point bar sur face 
af ter chan nel avul sion. The up per most, red, par tially dis col -
oured mudstone suc ces sion [Mm(b)-Mh] of Unit 1 were formed
on a floodplain. 

The char ac ter is tic ir reg u lar, mot tled part of the rocks and
the blocky tex ture of the mudstones are the main in di ca tors of
weath er ing pro cesses and sea sonal wet ting and dry ing events.
In crease in ground wa ter level dur ing floods could have turned
the flat floodplain even into a tem po rary lake. Dur ing the dry ing
events, the red muddy de pos its shrunk and a blocky tex ture
was formed. These pro cesses are fre quently de scribed from
con ti nen tal red beds (New ell et al., 1999; Love and Wil liams,
2000). The hot, semi-arid and arid con di tions of sed i men ta tion
were sug gested also by Fijałkowska-Mader (2013, 2015) for
sim i lar Up per Tri as sic red clastic suc ces sions in the Brzegi IG 1 
bore hole based on palynomorph spec tra. 

The spa tial ar range ment of the sandy chan nels within Unit 1 
show ing the lat eral range of the depositional zone, depth of ero -

sion, and chan nel avul sion (see sandy bedforms a, b, c and d in
Figs. 9 and 10) is well-vis i ble on the ERT pro files. Mod ern chan -
nel sys tems and the ef fect of avul sion pro cesses in clastic, es -
pe cially flu vial/al lu vial en vi ron ments have been com monly suc -
cess fully de tected by the ap pli ca tion of ERT meth ods (Baines et 
al., 2002; Giocoli et al., 2008; Loke et al., 2013; Kasprzak and
Traczyk, 2014). The par tic u lar sandy bedforms are over 20 m
thick and gen er ally less than 50 m wide. The ori en ta tion of the
palaeovalley axis is close to WNW, gen er ally sim i larly to the
NW dip of the pla nar cross-bed ded sandy sets; hence the lo cal
palaeoflow of rivers was to the north-west. 

UNIT 2a 

The rapid hor i zon tal col our change be tween Unit 1 and the
40 cm thick, yel low ish-green mudstones of Unit 2a sug gests a
rad i cal change of the sed i men tary re gime. The mudstones rep -
re sent sus pen sion-laid de pos its of un known age, formed dur ing 
the Late Norian to the late Bajocian in ter val time. It is pos si ble
that the bed rep re sents an early stage of the Bajocian -
-Bathonian trans gres sion, how ever, its or i gin via an in de pend -
ent sed i men tary ep i sode can not be ex cluded.
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Fig. 12. Se lected palynomorphs from Wolica sec tion
 (50 mi crom e tres scale bar)

A – Ctenidodinium cornigerum (Valensi, 1953) Jan du ChÃne et al., 1985, sam ple W7; B –
Classopolis sp. (tetrad), sam ple W5; C – Rhynchodiniopsis? regalis (Gocht, 1970) Jan du ChÃne 
et al., 1985, sam ple W4; D – Callialasporites trilobatus (Balme 1957) Dev 1961, sam ple W7; E –
Impletosphaeridium ehrenbergii (Deflandre, 1947) Is lam, 1993, sam ple W9; F – Lithodinia
valensii (Sarjeant, 1966) Gocht, 1976, sam ple W7; G – Atopodinium prostatum (Drugg, 1978)
Masure, 1991, sam ple W9; H – Epiplosphaera gochtii (Fensome, 1979) Brenner, 1988, sam ple
W4; I – Durotrigia sp., sam ple W7



UNIT 2b
 (?Upper Bajocian–Lower Bathonian)

The pro nounced ero sive sur face be low Unit 2b and its dis -
tinct lithofacies con tent sug gests a dis tinc tive sed i men tary
event re spon si ble for the for ma tion of the suc ces sion. The
shape of the bot tom sur face is con sis tent with a rel a tively flat
palaeovalley. Geo phys i cal data in di cates the unique ness of the
form vis i ble in the ex po sure, with out any coun ter parts in the
area stud ied (0.6 km2).

Sandy-silty lithofacies with pla nar cross- to hor i zon tal-bed -
ding (Sp and Sh) are the ef fect of hy drau lic, channelized and
pref er en tially uni di rec tional trans port of the sandy ma te rial to
the south. The fa cies re sem ble flu vial chan nel-fills in deltaic en -
vi ron ments with a ris ing level of the ero sive base – such as
cross-bed ded sand stone fa cies, known from the Ho lo cene
deltaic suc ces sions of the Mis sis sippi (Penland et al., 1988).
Sim i lar fa cies as sem blages are also typ i cal of chan nel-fills,
formed in the in ner, land ward part of es tu ar ies, where river pro -
cesses dom i nate (e.g., Leckie and Singh, 1991). The lat ter op -
tion may be sup ported by the in crease of ma rine in flu ence ob -
served to wards the top of the sec tion, con firmed by the oc cur -

rence of char ac ter is tic, fresh wa ter al gae – Botryococcus sp.
(see Guy-Ohlson, 1992) and ter res trial com po nents such as
Callialasporites turbatus, Cerebropollenites thiergartii and
Uvaesporites sp. with an in creas ing ad mix ture of ma rine plank -
ton (dinoflagellates). The hor i zon tally or sub-hor i zon tally-bed -
ded siltstones and very fine grained sand stones [Tsh(h)], pres -
ent in the up per part of the lithosome, may be as signed to
estuarine mouth bars, prob a bly re-dis trib uted by wave ag i ta tion. 
The top most part of the unit com posed of yel low ish-grey
mudstones with small-scale, trough cross-bed ded sandy lenses 
[Mh(St)] is in ter preted as an outer estuarine zone or prodelta
mud de pos its formed dur ing suc ces sive pulses of trans gres -
sion and sea level rise. 

The gen er ally fin ing-up ward trend of Unit 2b rep re sents
transgressive de pos its in fill ing a mi nor palaeovalley by a suc -
ces sion de pos ited in river-mouth con di tions. The main trig ger of 
the de po si tion was prob a bly a rise of the ero sive base, which al -
lowed rapid aggradation of the sed i ment pile. How ever, the ob -
served sed i men tary re cord in di cates that the rate of sea level
rise clearly sur passed the de liv ery of the clastic ma te rial by the
river (see Dal rym ple and Choi, 2007), hence in di cat ing the
small scale of the river. This type of estuarine-like en vi ron ment
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Fig. 13. Se lected palynomorphs from Wolica sec tion
 (50 mi crom e tres scale bar)

A – Korystocysta gochtii (Sarjeant, 1976) Woollam, 1983, sam ple W10; B – Cerebropollenites
mesozoicus (Couper) Nilsson 1968, sam ple W8; C – Lycopodiumsporites sp. sam ple W9; D –
Uvaesporites sp., sam ple W2; E – Todisporites sp., sam ple W9; F – Kalyptea stegasta (Sarjeant,
1961) Wiggins, 1975, sam ple W9; G – Dichadogonyaulax sellwoodii Sarjeant, 1975, sam ple 4; H – 
Callialasporites turbatus (Balme) Schulz, 1967, sam ple W3; I – Callialasporites microvelatus
Schulz, 1966, sam ple W7



may be dom i nated by riverine pro cesses, hence sed i men tary
struc tures and ichnofossils typ i cal of tides (e.g., her ring bone
strat i fi ca tion) may be ab sent (Roswsetti and Netto, 2006; Dal -
rym ple and Choi, 2007). The tim ing of the Mid dle Ju ras sic
trans gres sion in the Wolica area, based on the biostrati gra -
phical data pro vided, may be es ti mated at the Bajocian -
-Bathonian tran si tion.

UNIT 3 
(Lower Bathonian–lowermost Middle Bathonian) 

This unit was formed in open ma rine con di tions prob a bly
dur ing fur ther sea level rise. The sed i men tary fea tures are typ -
i cal of the mudstone lithofacies of the Up per Bajocian -
-Bathonian Ore-Bear ing Częstochowa Clay For ma tion, de -
scri bed in de tail from the south ern most part of the Pol ish Ba -
sin (Leonowicz, 2013). Ac cord ing to the model, mudstones
with in dis tinct par al lel lam i na tion of this for ma tion may be in -
ter preted as de pos ited from sus pen sion in the mar ginal part of 
a shal low epicontinental sea, be low storm wave base. Sup ply

of very fine de tri tus of cal cite shells, mus co vite and silty-sandy
quartz grains in the up per part of Unit 3 was prob a bly as so ci -
ated with sea ward mi gra tion of the prodelta or, as in the
Częstochowa area, with de po si tion from fine-grained sus pen -
sion cur rents and cur rent re work ing of sea-floor sed i ments
dur ing storm ep i sodes. The oc cur rence of a ho ri zon of
ferruginous, car bon ate con cre tions with coat ings of al gal mats
and encrustations of bi valves and Trigonia sp. in the bot tom
part of Unit 3 sug gest shal low ma rine, pe ri od i cally high-en -
ergy, lit to ral sed i men tary con di tions. Sim i lar con cre tions of
oncolite-type were re ported by Siemiątko wska -Giżejewska
(1970) from the Bathonian mudstone suc ces sion crop ping out
in the rail way cut ting near Wolica, and by Szulczewski (1967)
from the Bathonian de pos its in the Wola Morawicka sec tion.
Szulczewski (1967) in ter preted these as stromatolitic struc -
tures formed in shal low ma rine, prob a bly lit to ral con di tions.
A high con tent of iron com pounds could have re sulted from the 
de cay of or ganic mat ter trans ported by the river to the ma rine
embayment. Ad di tional bio-encrustations en hance their re -
sem blance to hi a tus con cre tions from the Mid dle Ju ras sic
Ore-Bear ing Częstochowa Clay For ma tion from the south ern -
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Fig. 14. Se lected palynomorphs from Wolica sec tion

A – Nannoceratopsis gracilis Al ber ti, 1961, sam ple W8; B – Meiourogonyaulax cristulata
(Sarjeant, 1959) Sarjeant, 1969, sam ple W9; C – Ctenidodinium cornigerum (Valensi, 1953) Jan
du ChÃne et al., 1985, sam ple W7; D – Ctenidodinium con tin uum Gocht, 1970, sam ple W8; E –
Atopodinium prostatum (Beju, 1983) Masure, 1991, sam ple W10; F – Dissiliodinium willei Bailey
and Partington, 1991, sam ple W7; G – Carpathodinium predae (Beju, 1971) Drugg, 1978, sam ple
W10; H – Kallosphaeridium praussii Lentin and Wil liams, 1993, sam ple W8; I – Aldorfia aldorfensis 
(Gocht, 1970b) Stover and Evitt, 1978, sam ple W7

https://gq.pgi.gov.pl/article/view/7906/pdf_1024


most part of the Pol ish Mid dle Ju ras sic ba sin. Zatoń et al.
(2011) have pos tu lated that the Bathonian con cre tions were
formed by early diagenetic pro cesses just be low the sed i -
ment-wa ter in ter face dur ing low sed i men ta tion rate ep i sodes.
They were re peat edly ex humed, over turned and moved on the 
sea floor prob a bly due to ep i sodic storm-re lated bot tom cur -

rents in shal low sub-tidal en vi ron ments. The car bon ate con -
cre tions in the Wolica sec tion were prob a bly formed in sim i lar
con di tions. The al gal coat ings, frag ments of bryo zoans, bi -
valve shells and sin gle bor ings on their sur faces re cord ep i -
sodes of high-en ergy con di tions in ma rine en vi ron ments with a 
gen er ally low en ergy and low sed i men ta tion rate. 

A new Triassic-Jurassic section in the southern part of the Holy Cross Mts. (Poland)... 381

T a  b l e  2  

Dis tri bu tion of dinoflagellate cysts and other palynomorphs in Wolica sec tion

Sam ple W1 W9 W8 W7 W6 W5 W4 W3 W2 W1

Adnatosphaeridium caulleryi 12

Aldorfia aldorfensis 20 36 27

Atopodinium polygonale 8

Atopodinium prostatum 10 4

Atopodinium sp. 3 5

Botryccocus sp. X XXX

Callialasporites microvelatus X X X X X X

Callialasporites trilobatus X X

Callialasporites turbatus X X X X X X

Carpathodinium predae 12 9

Cerebropollenites macroverrucosus X X

Cerebropollenites mesozoicus X X X

Cerebropollenites thiergharti X X X X

Classopolis sp. X X

Ctenidodinium combazii 133 115 119 99 20 12 104 11 8 15

Ctenidodinium cornigerum 23 34 19 41 3 5

Ctenidodinium con tin uum 11 5 21 25

Ctenidodinium sp. 1 7 5

Dichadogonyalux selwoodii 3 12 7 23 4

Dissiliodinium wiilei 4 2 7 8 5

Durotrigia sp. 6 3 9 12

Ellipsoidictyum cinctum 2 1

Endoscrinium asymmetricum 3 6 7 2 1

Eodinia poulsenii 11 8 8 17 4

Epiplosphaera gochtii 5 12 19 2

Escharisphaeridia granulata 6 7 4

Gonyaulacysta jurassica adecta 5

Implethospgaeridium ehrenbergii 2 6

Ischyosporites var ie gates X

Kallosphaeridium praussi 6 7 3 6 11

Kalyptea stegasta 2 10 3 4

Korystocysta gochtii 17 12 15 12 15

Korystocysta pachyderma 4 7 3

Leptolepidites ma jor X X

Lithodinia valensii 6 2

Lycopodiumsporites sp. X

Meiourogonyaulax caytonensis 4 5

Meiourogonyaulax cristulata 1 2

Nannoceratopsis gracilis 15 6

Nannoceratopsis spiculata 7 21 22

Pareodinia ceratophora  23 14 12 19 5 23 3 2

Rhynchodiniopsis regalis 6 8 6

Sentusidinium sp. 9 4 4 14 12 2 1 3

Surculosphaeridium? vestitum 3 5

Todisporites sp. X X

Tubotuberella apatela 3 5

Uvaesporites sp. X X X

X – pres ent, XXX – abun dant



CONCLUSIONS

The top most part of the Up per Tri as sic suc ces sion in the
Wolica sec tion dif fers from the un der ly ing rocks in the pres ence
of a con sid er able pro por tion of flu vial de pos its. The flu vial sys -
tem was linked with the in fill ing of chan nels with an al most lat i tu -
di nal strike. The dip of the cross-bed ding in di cates the dom i -
nance of north west ern trans port di rec tions in the Late Tri as sic.
This sed i men tary pat tern change sug gests the de crease of ac -
com mo da tion space con tin u ing into the up per most part of the
Tri as sic suc ces sion, which con tains nu mer ous weath er ing sur -
faces and prob a bly sig nif i cant depositional breaks. In the con text 
of the his tory of the lo cal ba sin, the ob served evo lu tion, from an
ac tive depocentre to wards an area with ac tive ero sion, may be
in ter preted as caused by tec tonic up lift of the Wolica area in re la -
tion to the ba sin axis lo cated to the north. Ris ing palaeorelief
across the Tri as sic-Ju ras sic tran si tion and tec tonic ac ti va tion is
doc u mented by the pres ence of the Snochowice Beds and their
thick ness/fa cies pat tern of al lu vial fan or i gin. Their ac cu mu la tion
was as so ci ated di rectly with the tec tonic ac tiv ity of the base ment
dur ing Late Tri as sic-Early Ju ras sic times (Pieńkowski, 2004;
Brański, 2004; Kozłowska, 2012). Tec tonic move ments were
also re ported by other au thors (e.g., Jurkiewiczowa, 1967;
Deczko wski and Franczyk, 1988) based on the vari able depth of
Late Tri as sic–Early Ju ras sic ero sion in dif fer ent parts of the
west ern MHCM. 

Wan ing de po si tion doc u mented by nu mer ous weath er ing
sur faces in the top of the Up per Tri as sic strata in the sec tion
stud ied in di cates the lack of con ti nu ity of de po si tion in the Late
Norian and Rhaetian. Based on the ob served suc ces sion of fa -
cies, the Late Norian–Rhaetian sed i men ta tion in the south ern
MHCM was lim ited only to low ground (as doc u mented by
Pawłowska, 1979), es pe cially in palaeovalleys.

The red Up per Tri as sic de pos its in the suc ces sion stud ied
are over lain by a yel low ish-green mudstone suc ces sion of un -
known age (Unit 2a). The oc cur rence of this unit above the Up -
per Tri as sic mudstone suc ces sion with nu mer ous weath ered
sur faces sug gests that the rocks may rep re sent a relic of an
in de pend ent, transgressive sed i men tary event, which must
have oc curred af ter the Late Tri as sic sed i men ta tion cy cle.
They can rep re sent any of the transgressive events be tween
the late Norian and Late Bajocian. One of the pos si ble events
may have been the late Early Ju ras sic ma rine in cur sion (Early
Pliensbachian or Early Toarcian) de scribed by Pieńkowski
(2004), or an Early Bajocian trans gres sion pulse, widely re -
corded in the Częstochowa re gion as the Kościeliskie Beds
(Kopik, 1998); how ever, fu ture biostratigraphical stud ies of
this rock in ter val are re quired to re solve this is sue. 

The main Mid dle Ju ras sic transgressive event above the
strati graphic gap is dated at the Bajocian-Bathonian tran si tion
(Unit 2b). A de layed ma rine in cur sion in re la tion to ad ja cent ar -
eas, where the trans gres sion took place in the Early Bajocian or 
even Aalenian (Kraków–Wieluń re gion, Nida Trough and north

of the MHCM), sug gest that the study area rep re sents an
intrabasinal el e va tion, which may have had an is land char ac ter
dur ing the be gin ning of ma rine flood ing. The trans port di rec -
tions re corded in the flu vial-mar ginal ma rine sandy unit at
Wolica in di cate that the el e va tion was lo cated to the north of the 
pres ent lat eral ex tent of Ju ras sic rocks – at pres ent the area of
the HCM Fold Belt.

The up per part of sandy Unit 2b con tains fresh-wa ter al gal
fos sils, which in di cate the evo lu tion of the sed i men tary en vi ron -
ment to wards a mar ginal ma rine en vi ron ment. The Mid dle Ju -
ras sic sea trans gressed on to a rel a tively flat land lo cally from
the south, how ever, prob a bly cut by mi nor flu vial val leys, pos si -
bly with a lo cal NNW–SSE strike. The old est transgressive de -
pos its are as so ci ated with the rise of the ero sive base that re -
sulted in sed i men tary fills of the palaeovalleys, evolv ing from
riverine to mar ginal ma rine, prob a bly estuarine sed i men tary en -
vi ron ments, formed in the mouths of the palaeovalleys. 

Fur ther prog ress of trans gres sion on a flat/low-re lief land
caused its over all flood ing, which may have caused sig nif i cant
star va tion of the lo cal ba sin, re corded as a dis tinct gap rep re -
sented by the hi a tus bed with car bon ate con cre tions. In the
case of syn chro nous flood ing of the lo cal hin ter land, this hi a tus
ho ri zon may have a potential for local correlation.

The sand stone lithosomes in the basal part of the suc ces sion 
that were re cently ex posed in Wolica are sim i lar to the
Kościeliskie Beds, known from an other part of the Pol ish Ba sin,
the Częstochowa re gion (Kopik, 1998). Siliciclastic de pos its of
Lower Bajocian age un der lie the Ore-Bear ing Często chowa Clay 
For ma tion and doc u ment the be gin ning of the Mid dle Ju ras sic
trans gres sion in the south ern most part of the Pol ish Ba sin. 

The diachronous Mid dle Ju ras sic trans gres sion is also dis -
cern ible by means of dinoflagellate cysts. More di verse and
pro lific as sem blages are ob served  as  the sec tion is as -
cended, with in creas ing dom i nance of Ctenidodinium spp. es -
pe cially C. combazii. High abun dances of this ge nus and spe -
cies, ac cord ing to Fenton and Fisher (1978), char ac ter ize
Tethyan realm as sem blages. They noted north ward mi gra tion
of this spe cies dur ing the Bathonian transgressive phase in
NW Eu rope. High fre quen cies of Ctenidodinium combazii in
the up per most sam ples may also re flect ma rine con nec tions
be tween the study area and the Tethyan Ocean at this time. 
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