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The Up per Ju ras sic car bon ate de pos its of mi cro bial-sponge megafacies, which host chert con cre tions and bed ded cherts,
were de pos ited along the north ern mar gin of the Tethyan Ocean.  Ex po sures of these rocks ex tend from Por tu gal to the Cau -
ca sus Mts. Well-known lo cal i ties in clude those in south east ern Ger many and south ern Po land, where these strata are sim i -
lar in li thol ogy. Petrographic stud ies on chert con cre tions and bed ded cherts from Up per Ju ras sic suc ces sions ex posed in
the south east ern part of the Franconian Alb and in the Bayerwald have shown that sili ci fi ca tion was a late-diagenetic, mul ti -
stage pro cess and that the sil ica pre sum ably orig i nated from hy dro ther mal so lu tions. The chert con cre tions of the Bayerwald
show con sid er able sim i lar ity to lithologies known from the Kraków-Czêstochowa Up land. In both re gions, these mostly rep -
re sent si lici fied mi cro bial-sponge biostromes. By con trast, the chert con cre tions of the Franconian Alb, where youn ger parts
of the Up per Ju ras sic suc ces sion are pre served, dif fer sig nif i cantly from the con cre tions en coun tered in both the Bayerwald
and the Kraków-Czêstochowa Up land. The bed ded cherts of the Franconian Alb are partly si lici fied tempestite se quences
whereas those of the Kraków-Czêstochowa Up land rep re sent si lici fied calciturbidites. How ever, some fine-grained por tions
of these suc ces sions show mac ro scopic re sem blance, de spite their dif fer ences in de vel op ment. In pre his toric times, these
re gions in Po land and Ger many were sources of si li ceous raw-ma te ri als, which might have been ex ported to wards Bo he mia, 
as sug gested by ar ti facts that are be lieved to have orig i nated from Po land or Ger many. How ever, com par a tive stud ies in di -
cate that mac ro scopic di ag nos tic fea tures de ter min ing the or i gin of ar ti facts man u fac tured from ei ther the chert con cre tions
or the bed ded cherts are of doubt ful value. In par tic u lar, the “choc o late flint” dis tin guished by ar chae ol o gists, the or i gin of
which is sug gested to be lim ited ex clu sively to the north east ern mar gin of the Holy Cross Mts. or to the cen tral part of the
Kraków-Czêstochowa Up land, may also rep re sent parts of chert con cre tions col lected in the Franconian Alb. Dis tinc tion of
this va ri ety in ar ti fact in ven to ries based upon in di vid ual spec i mens may be er ro ne ous. 

Key words: chert con cre tions, bed ded cherts, si li ceous ar ti facts, Franconian Alb, Bayerwald, Kraków-Czêstochowa Up land.

INTRODUCTION

Ar chae o log i cal lit er a ture on Paleolithic, Mesolithic and Neo -
lithic ma te ri als in the east ern part of Cen tral Eu rope de scribes
var i ous si li ceous raw ma te ri als in clud ing the “Ju ras sic flint
around Kraków” (e.g., Kaczanowska and Koz³owski, 1976;
Lech, 1980; Pøichystal, 2013) and the “choc o late flint” (e.g.,
Krukowski, 1920; Schild, 1971; Budziszewski, 2008). The oc -
cur rence of both flint va ri et ies is sug gested to be lim ited only to
lo cal sources. More over, the ap pear ance of even in di vid ual,
sev eral-centi metre-long spec i mens in ar ti fact in ven to ries has
been taken as ev i dence of con tacts be tween Late Paleolithic-
 Mesolithic com mu ni ties over dis tances that could ex ceed

500 km (e.g., Sulgostowska, 2005; Mateiciucová and Trnka,
2015; Burgert, 2018; Sudo³-Procyk et al., 2021a). 

While the term �Ju ras sic flint around Kraków” (JFAK)
clearly in di cates its prov e nance from the south ern part of the
Kraków- Czêstochowa Up land (S-KCU), the term ”choc o late
flint” (CF), ini tially used ex clu sively for spec i mens that orig i -
nated from the north east ern mar gin of the Holy Cross Mts.,
has re cently been ap plied also to ar ti facts col lected at ar chae -
o log i cal sites in the cen tral KCU (Krajcarz et al., 2012, Kraj -
carz and Sudo³-Procyk, 2019; Sudo³-Procyk et al., 2018,
2021a, b, 2022; Mandera et al., 2024). Al though, to date, the
col our of the CF has not been pre cisely de fined as a di ag nos tic 
fea ture (cf. Budziszewski, 2008: p. 47; Mandera et al., 2024),
this cri te rion has been taken to be un am big u ously mac ro scop -
i cally iden ti fi able in ar ti fact col lec tions, which can lead to con -
clu sions cru cial to in ter pret ing con tacts be tween pre his toric
com mu ni ties through out Cen tral Eu rope (cf. Burgert, 2018;
Sudo³-Procyk et al., 2021a).

The key cri te rion for iden ti fi ca tion of si li ceous ar ti facts in
ar chae o log i cal stud ies should be their petrographic char ac ter -
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iza tion (e.g., Luedtke, 1979; Skarpelis et al., 2017; Chatzim -
paloglou et al., 2020). Un for tu nately, the vast ma jor ity of ar -
chae o log i cal re search pro jects fo cused on the clas si fi ca tion of 
si li ceous ar ti facts in or der to de ter mine their prov e nance have
been based ex clu sively on mac ro scopic de scrip tions of their
outer sur faces, which are usu ally rough, com monly weath ered 
and coated with pa tina. The stan dard, de struc tive petro gra -
phic meth ods: ob ser va tions of thin and pol ished sec tions, as
well as geo chem i cal anal y ses, can not be ap plied be cause ar -
ti facts must re main un dam aged. By con trast, ad vanced, non -
-de struc tive meth ods, e.g. la ser ab la tion-in duc tively cou pled
plasma- mass spec trom e try (LA-ICP-MS; cf. Roll et al., 2005;
Brandl et al., 2016; Sanchez de la Torre et al., 2017) or mid-in -
fra red spec tros copy (cf. Par ish, 2011; Schürch et al., 2022)
are still rarely used be cause of their high cost. How ever, even
these lat est meth od ol o gies usu ally do not al low re search ers to 
pre cisely de ter mine the prov e nance of ar ti facts, par tic u larly
those de rived from car bon ate strata of sim i lar de vel op ment
and age. 

A crit i cal anal y sis of the mac ro scopic iden ti fi ca tion cri te ria of 
both the JFAK and CF in ar ti fact in ven to ries has al ready been
pub lished by Kochman et al. (2020a) and Matyszkiewicz and
Kochman (2020). It was dem on strated that it is im pos si ble to
as sign the or i gin of any given flint ar ti fact to the Up per Ju ras sic
strata from any spe cific re gion of the KCU based solely on mac -
ro scopic cri te ria be cause sim i lar va ri et ies of si li ceous raw ma te -
ri als oc cur through out the en tire KCU (cf. Kochman et al.,
2020b; Kochman and Matyszkiewicz, 2023). 

In 2023, com par a tive stud ies were ini ti ated in south east ern
Ba varia, in the south ern most part of the Franconian Alb (FA)
and in the Bayerwald (BW) (Fig. 1). These two re gions were se -
lected be cause: (1) the ma jor ity of the Up per Ju ras sic lime stone 
fa cies host ing the cherts in both the FA and BW (e.g., Zeiss,
1977, 2012; Meyer and Schmidt-Kaler, 1990; Niebuhr and
Pürner, 2014) show a de vel op ment sim i lar to that known from
the KCU (e.g., D¿u³yñski, 1952; Kutek et al., 1977; Maty -
szkiewicz, 1997), (2) sites of ex trac tion and pro cess ing of si li -
ceous raw ma te ri als are known from both south east ern Ger -
many (e.g., Reisch, 1974; Engelhardt, 1985; Weißmüller, 1995; 
Binsteiner, 2005, 2013; de Grooth, 1994, 1997; Bertola and
Schäfer, 2013; Burgert, 2016), and the KCU (e.g., Kowalski and 
Koz³owski, 1958; Dagnan-Ginter et al., 1976; Dzieduszycka -
-Machnikowa and Lech, 1976; Ginter, 1980; Sobczyk, 1993;
Chochorowska and Dagnan-Ginter, 1995; Wilczyñski, 2016),
(3) po ten tial ex port of si li ceous raw ma te ri als and fin ished
goods from the source re gions should have pro ceeded also to -
wards Bo he mia and Moravia, lo cated roughly mid way be tween
the KCU and the FA/BW (Fig. 1A).

Ar ti fact in ven to ries in Bo he mia and Moravia in clude few, or 
in di vid ual, chert ar ti facts la beled JFAK (e.g., Koz³owski, 1958;
Vencl, 1971; Kaczanowska and Koz³owski, 1976; Pøichystal,
1985; Lech, 1993; Oliva, 2001, 2007; Voláková, 2001; Janák
and Pøichystal, 2007; Nerudová and Pøichystal, 2011; Šebela
et al., 2017 and oth ers) or CF (e.g., Vencl, 1978; Lech, 1989;
Vávra, 1993; Oliva, 2001; Voláková, 2001; Pøichystal and
Šebela, 2009; Èuláková, 2015; Burgert, 2018; Pøichystal,
2018 and oth ers). More over, there are also doc u mented ar ti -
facts al leg edly sourced in the FA/BW (e.g., Pleslová-Štiková,
1969; Vencl, 1971; de Grooth, 1995; Binsteiner, 2001, 2005,
2013; Trnka, 2004; Mateiciucová, 2008; Burgert, 2016). As
the iden ti fi ca tion of ar ti facts in these cited pub li ca tions was
based ex clu sively on mac ro scopic de scrip tions and anal y ses,
we ask: do there ex ist any mac ro scopic cri te ria which would
un am big u ously iden tify the prov e nance of any given si li ceous
ar ti fact?

GEOLOGICAL SETTING

In the Late Ju ras sic, the KCU and the FA/BW re gions oc cu -
pied the north ern shelf of the Tethys Ocean where car bon ate
sed i men ta tion pre vailed as the “mi cro bial-sponge megafacies”
(e.g., Gwinner, 1971, 1976; Keupp et al., 1990; Matyszkiewicz,
1999). Iden ti cal fac tors con trol ling biogenic sed i men ta tion re -
sulted in sig nif i cant sim i lar ity of de vel op ment of Up per Ju ras sic
suc ces sions ex posed be tween Por tu gal and the Cau ca sus Mts. 
This is the case for mas sive (non-bed ded) fa cies, i.e. mi cro -
bial-sponge, mi cro bial and coral build ups, which are prac ti cally
de void of cherts, as well as for nor mal (bed ded) fa cies, which lo -
cally host cherts dis trib uted par al lel to the bed ding sur faces or,
less com monly, ran domly scat tered within the rock body.  

The most im por tant dif fer ences in de vel op ment of Up per
Ju ras sic strata in both the KCU and the FA are: (1) a thicker
suc ces sion pre served in the FA (>400 m), by com par i son with
the KCU (~300 m), (2) a re lated wider strati graphic range of the
suc ces sion in the FA (Oxfordian-Lower Tithonian), in com par i -
son with the KCU (Oxfordian-Lower Kimmeridgian), (3) the
com mon oc cur rence of dolomitization in Up per Ju ras sic lime -
stones in the FA whereas in the KCU dolomitization ap pears
only lo cally, in the up per most part of suc ces sion.

In both re gions, bed ded lime stones are rep re sented mostly
by mi cro bial-sponge biostromes (e.g., D¿u³yñski, 1952; Maty -
szkie wicz, 1989; Keupp et al., 1990; Bra chert, 1992; Krajewski
et al., 2018; Kochman et al., 2020a; Matyszkiewicz and Koch -
man, 2020), which lo cally host chert con cre tions. The sec ond,
spe cific sili ci fi ca tion prod ucts are bed ded cherts, which are ob -
served in the fine-grained de pos its of sub ma rine grav ity flows,
the “allodapic lime stones” (cf. Meischner, 1964). In the FA, such 
de pos its are de scribed as “Kieselplatten” or ”Plattensilex” (e.g.,
Rutte, 1962; v. Freyberg, 1964, 1968; Weber, 1978; Klein -
schnitz, 2001; Meyer, 2003a, b) whereas in the KCU, the name
“bed ded cherts” is in com mon use (Matyszkiewicz, 1996; Maty -
sz kiewicz and Kochman, 2020).

In the south east ern part of the FA stud ied (Fig. 1B), both
chert con cre tions and thin-bed ded cherts are ob served, mostly
in the Tangrintel For ma tion (Up per Kimmeridgian-Lower Titho -
nian) (cf. Rutte, 1962; Weber, 1978; Meyer, 1977; Binsteiner,
2005; Niebuhr and Pürner, 2014). Less com mon are chert con -
cre tions in the Treuchtlingen For ma tion (up per part of the Lower 
Kimmeridgian-mid dle part of the Up per Kimmeridgian) (Meyer,
1975, 2003c; Niebuhr and Pürner, 2014) and in the Painten
For ma tion (bot tom part of the Lower Tithonian) (Streim, 1961;
Niebuhr and Pürner, 2014) whereas thin-bed ded cherts are
known from the Torleite For ma tion (mid dle-top most parts of the
Up per Kimmeridgian) (Streim, 1961; Zeiss, 1964; Binsteiner,
2005; Niebuhr and Pürner, 2014).

The Up per Ju ras sic strata of the BW are dif fer ent. These
are relicts of an Up per Ju ras sic suc ces sion which rep re sents
the strati graphic in ter val from the Mid dle Oxfordian to the Lower 
Kimmeridgian (so-called Ortenburg For ma tion) (cf. Zeiss, 1977; 
Meyer, 1977; Gröschke, 1985; Niebuhr, 2014) and com prise
thick-bed ded lime stones with nu mer ous chert con cre tions.
These de pos its re veal a dis tinct sim i lar ity to the Up per Ju ras sic
bed ded lime stones of the KCU, par tic u larly of the S-KCU.  

MATERIALS AND METHODS

The meth od ol ogy ap plied in this re search pro ject in cluded
col lect ing 37 rock sam ples from 5 ex po sures lo cated in the
south ern FA and in the BW (Fig. 1). The strati graphic po si tion of
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Fig. 1. Lo ca tion of study area

A – pos si ble ex port di rec tions of si li ceous raw ma te ri als and fin ished prod ucts in the Paleolithic, Mesolithic and Neo lithic from Po land
(Kraków-Czêstochowa Up land and NE mar gin of the Holy Cross Mts.) and SE Ger many (Franconian Alb and Bayerwald). The area of Bo he -
mia where ar ti facts said to orig i nate from Po land or Ger many were found is lo cated half way be tween these two ar eas of in ten sive min ing and
pro cess ing of si li ceous raw ma te ri als. Lo ca tion of the KCU on the Geo log i cal Map of Po land (Rühle et al., 1977). B – sam pling sites re ferred
to on a sim pli fied Geo log i cal Map of Ba varia. Emmerthal, Kelheim and Hemau sites are lo cated in the Franconian Alb; Münster and
Flintsbach be long to the Bayerwald, where relicts of Up per Ju ras sic suc ces sions are pre served (not shown on the map due to their small
scale; af ter Doben et al., 1996, sim pli fied)



the sam pled ex po sures was taken from the 1:25 000
scale Geo log i cal Map of Ba varia with ex pla na tions.
Names of strati graphic units are based upon Niebuhr
and Pürner (2014), and Niebuhr (2014).

In the south ern FA, sam ples were col lected from
3 ex po sures, among which Emmerthal rep re sents the 
Torleite For ma tion whereas Hemau and Kelheim
com prise strata from the Tangrintel For ma tion. In the
BW, ex po sures were sam pled at the Münster and
Flintsbach sites, both rep re sent ing the Orten burg
For ma tion (Fig. 1). 

Dur ing the field ses sions, each chert sam ple was
taken to gether with the en clos ing lime stone, with the
way-up be ing marked, en abling sedimentological ana l -
y ses of the cherts to gether with their host ing lime -
stones. Ad di tion ally, field ob ser va tions were sup por ted 
by pho to graphic doc u men ta tion of all sam pling sites
and their GPS co or di nates. From the col lected sam -
ples, 30 pol ished sec tions (Emmerthal – 4, Kelheim –
8, Hemau – 4, Münster – 8, Flintsbach – 6) and 80
thin-sec tions (Emmerthal – 9, Kelheim – 20, Hemau –
8, Münster – 25, Flintsbach – 18) were pre pared and
ex am ined for microfacies anal y sis us ing an Olym pus
SZX10 po lar iz ing mi cro scope. For a sin gle chert con -
cre tion from the Kelheim ex po sure, which a re vealed
spec tac u lar di ver sity of colours, the 57Fe Mössbauer spec trum
was re corded at room tem per a ture in or der to con firm its mul ti -
stage for ma tion pro cess and di verse sil ica sources. Spec trom e -
try in trans mis sion ge om e try was car ried on with a RENON
MsAa-4 spec trom e ter equipped with a LND Kr-filled pro por tional
de tec tor and 57Co(Rh) source (B³a chowski et al., 2008). For the
re main ing sam ples it was not pos si ble to quan tify the pres ence of 
Fe.

Com par a tive ma te ri als orig i nated from the in ven tory of thin
and pol ished sec tions of si li ceous rocks col lected from the Up -
per Ju ras sic suc ces sions across the en tire KCU and stored at
the De part ment of En vi ron men tal Anal y sis, Geo log i cal Map -
ping and Eco nomic Ge ol ogy, Fac ulty of Ge ol ogy, Geo phys ics
and En vi ron ment Pro tec tion, AGH Uni ver sity of Sci ence and
Tech nol ogy in Kraków. In to tal, 49 com par a tive sam ples were
used, taken from 7 ex po sures lo cated in the S-KCU and from 1
ex po sure in the N-KCU. Among these, 23 sam ples rep re sent
chert con cre tions and 26 are bed ded cherts. De tailed petro -
graphic de scrip tions of si li ceous rocks from the KCU have al -
ready been pub lished by Kochman et al. (2020a, b), Maty -
szkiewicz and Kochman (2020) and Kochman and Matyszkie -
wicz (2023); hence, only brief char ac ter iza tions of the chert
con cre tions and bed ded cherts are pro vided be low.

Geo chem i cal anal y sis of sam ples col lected from the Fran -
conian Alb, Bayerwald, and Kraków-Czêstochowa Up land has
been con ducted, and the re sults will be pre sented in forth com -
ing pub li ca tions.

PETROGRAPHY OF CHERTS FROM 
THE FRANCONIAN ALB AND THE BAYERWALD

FRANCONIAN ALB

EMMERTHAL – TORLEITE FM.; INACTIVE QUARRY NEAR PRUNN
(GPS: 48°57’39.00’’N, 11°43’00.00’’E) 

Mac ro scopic fea tures
In an in ter mit tently worked quarry near Prunn (Fig. 2),

where the walls are ~20 m high, thick-bed ded lime stones are

ex posed, in which in di vid ual lay ers are up to ~2.5 m thick (Fig.
2A). The weath ered lime stone sur faces are grey whereas the
fresh frac tures are light brown. In the up per parts of the quarry
walls, the lime stones are strongly karstified.  

On weath ered lime stones sur faces, cream-col oured casts
of si li ceous sponges and chert con cre tions were ob served (Fig.
2B), mostly hor i zon tally ar ranged. Both the cherts and sponges
(Figs. 2B and 3A, E), as well as sin gle brachi o pods and bi -
valves, dis tinctly pro trude from the rock ma trix. The lime stones
are de vel oped as wackestones-packstones with in ter ca la tions
of boundstone (ter mi nol ogy af ter Dun ham, 1962).

The chert con cre tions vary in shape. Most com mon are el -
lip soids (Figs. 2B and 3A, C, E) but spheres and ir reg u lar forms
are also pres ent. Their di am e ters may ex ceed ten centi metres
(along the lon ger axis) but are usu ally up to sev eral centi metres. 
The cores of con cre tions are mostly casts of si li ceous sponges
(Fig. 3A, C). Colours are di verse: the cen tral parts are brown -
ish-grey whereas to wards the outer parts, the col our grades to
al most white (Fig. 3A, C, E). 

Mi cro scopic ob ser va tions
Un der the mi cro scope, the lime stones com monly show

uni tary sed i men tary se quences (Gaillard, 1983; Maty szkie -
wicz, 1989) formed by si li ceous sponges (Fig. 3D) with micro -
bialites de vel oped onto their up per sur faces and epifauna
(mostly bryo zoans and poly chaetes) set tled on the bot tom sur -
face. The sed i ment be tween the sponge bod ies is a wacke -
stone -pack stone with in di vid ual bryo zoans (Fig. 3B) and bra -
chi o pod spec i mens. Lo cally, the lime stone is dolomitized
(Figs. 3F and 4A, C, D). In some lime stone sam ples, dolo -
rhombs are dis solved at the con tact with the chert con cre tion
(Fig. 4A) pro duc ing a mouldic po ros ity, but most of the dolo -
rhombs re main un af fected (Figs. 3F and 4C, D).

The chert con cre tions are si lici fied patches of lime stone.
Usu ally, the cores of con cre tions are formed by skel e tons of
Hexactinellida si li ceous sponges (Fig. 3D). The con tours of
bioclasts are filled with both chal ce dony (Fig. 4B) and gran u lar
quartz. Spo rad i cally, the rel ics of non-si lici fied fauna oc cur.
The car bon ate ma trix is re placed by cryptocrystalline sil ica.
The lime stone/chert bound aries lo cally fol low sty lo lites (Fig.
4A, C, D). 
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Fig. 2. Emmerthal Quarry

A – main wall ex pos ing bed ded, lo cally dolomitized lime stones with chert
con cre tions; in the up per part of the quarry, in tense karst fea tures are seen;
B – light-cream, el lip soi dal chert con cre tion hosted in dolomitized lime stone
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In ter pre ta tion of depositional and diagenetic
en vi ron ments
The bed ded lime stones are in ter preted as the early de vel o -

p ment stages of typ i cal biostromes rep re sent ing the mi cro -
bial-sponge megafacies. Dolomitization and par tial dedolo miti -
za tion pro cesses pro ceeded prior to pres sure so lu tion, which
pro duced sty lo lites and dis so lu tion seams. The bound aries of
chert con cre tions lo cated on sty lo lites in di cate that sili ci fi ca tion
was a late-diagenetic pro cess, which fol lowed chem i cal com -
pac tion. 

KELHEIM – TANGRINTEL FM.; EXPOSURE BY THE PATH 
(GPS: 48°54’54.40’’N, 11°55’20.60’’E)

Mac ro scopic fea tures
Lime stones with chert con cre tions and thin-bed ded cherts

oc cur in an ex po sure ~5 m high and 8 m long, lo cated on the
north ern side of a coun try road. The lower part of that sec tion
com prises thin-bed ded lime stones with graded bed ding (Fig.
5). In the coarser-grained lay ers, fau nal de tri tus is ob served.
The over ly ing nod u lar lime stone (Fig. 5) con tains abun dant bi -
valves, cor als and brachi o pods. 
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Fig. 3. Pho to graphs of pol ished – A, C, E and thin (B, D, F) sec tions (Emmerthal Quarry)

A – lime stone with chert con cre tion (cc) and si lici fied casts of si li ceous sponges (Sp). Si li ceous sponge skel e ton
oc cu pies cen tre of con cre tion (black ar row). White ar row in di cates di rec tion to the top. B – con tact of chert con -
cre tion (cc) and lime stone (wackestone) with in di vid ual bioclasts. Ar row marks partly si lici fied bryo zoan fos sil.
Plane po lar ized light. C – chert con cre tion with sponge cast in the cen tre (ar row). Col our be comes in creas ingly
lighter to wards the con cre tion’s edge. D – chert con cre tion with rec og niz able skel e tal frag ments of si li ceous
sponges (Sp). Ar row in di cates di rec tion to the top. Crossed polars. E – partly dolomitized lime stone with chert
con cre tions (cc) and casts of si li ceous sponges (Sp). Ar row in di cates di rec tion to the top. F – con tact of chert con -
cre tion (cc) with dolomitized lime stone. Close to the con tact, the lime stone con tains nu mer ous euhedral do lo mite
crys tals com pletely re plac ing cal cite. Dolomitization is se lec tive: do lo mite crys tals oc cur only in the ma trix
whereas ir reg u lar oncoids re main unreplaced. Plane po lar ized light



Sili ci fi ca tion prod ucts are pres ent in both the thin-bed ded
and the nod u lar lime stones. In the for mer, tab u lar, thin-bed ded
cherts (Figs. 5 and 6A, B) oc cur to gether with el lip soi dal chert
con cre tions (Figs. 5 and 6C, D). By con trast, in the nod u lar
lime stones, con cre tions re veal ir reg u lar shapes (Figs. 5 and
6E, F). The most in tense sili ci fi ca tion pro ceeds at the con tact

be tween thin-bed ded and nod u lar lime stones where mas sive,
multi col oured, rounded con cre tions oc cur (Fig. 6E).

The thick ness of the thin-bed ded chert lay ers var ies from ~1
to 5 cm. Thicker (3–5 cm), brown ish thin-bed ded cherts with flat
top and bot tom sur faces (Fig. 6A) are built of ho mog e nous,
fine-grained rock, in which ir reg u lar spots are scat tered. These
are pre sum ably bur rows made within the fine-grained ma te rial
prior to sili ci fi ca tion. Thin ner (~1–2 cm) de tri tal laminae are
brown ish in col our, con tain si lici fied fos sil frag ments and show
some what blurred graded bed ding (Fig. 6B). Top and bot tom
sur faces of these laminae are usu ally smooth, some be ing wavy.

The el lip soi dal con cre tions hosted in the thin-bed ded lime -
stones may ex ceed 10 cm along their long axes whereas their
width does not ex ceed 5 cm. Their in ter nal struc ture is con cen -
tric with cor ti ces built of bands up to ~1 cm thick (Fig. 6C). Usu -
ally, in di vid ual bands re veal sub tle dif fer ences in col our.In
places, their cores are coated by in ter nal bands of brown ish
(”choc o late”?) sil ica whereas the outer bands are grey ish-white
or brown ish (Fig. 6D).

The chert con cre tions ob served in nod u lar lime stones,
close to the con tacts with thin-bed ded cherts, are large (up to
~20 cm in di am e ter) and show di verse colours. Their cores, up
to 15 cm across, are built of multi col oured, spotty chert full of
clearly vis i ble frag ments of bi valves, brachi o pods, si li ceous
sponges and gas tro pods. Such cores are coated with cor ti cal
bands of to tal thick ness up to ~5 cm (Fig. 6E), usu ally lighter in
col our than the core. 

Oc ca sion ally, con cre tions col lected from the nod u lar lime -
stones do not have dis tinct cores and cor ti ces (Fig. 6F). These
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Fig. 4. Microfacies de vel op ment of chert con cre tions (Emmerthal Quarry)

A – con tact of chert con cre tion (cc) with lime stone along stylolite. Euhedral do lo mite crys tals in the lime stone
were partly dedolomitized pro duc ing mouldic po ros ity. Crossed polars. B – frag ment of sec ond arily si lici fied skel -
e ton of hexactinellid si li ceous sponge re placed by gran u lar quartz and chal ce dony (ar rows). Crossed polars. C –
con tact of chert con cre tion (cc) with lime stone along stylolite. Lime stone con tains in di vid ual, euhedral do lo mite
crys tals. Plane po lar ized light. D – con tact of chert con cre tion (cc) with in tensely dolomitized lime stone along
stylolite im preg nated with brown ish Fe-ox ides. Plane po lar ized light

Fig. 5. Kelheim ex po sure

in the lower part, lime stones (tempe stites) with in di vid ual, si lici fied
lay ers of thin-bed ded cherts are ex posed (so-called Plattensilex;
black ar rows); in the up per part, nod u lar lime stones (de bris flows)
with ir reg u lar chert con cre tions (white ar rows) are seen



Alicja Kochman and Jacek Matyszkiewicz / Geological Quarterly, 2025, 69, 12 7

BBAA

CC

DD

5 cm5 cm

EE

FF
SpSp

SpSp

GG

11
22

33

Fig. 6. Pho to graphs of pol ished sec tions of chert con cre tions and tab u lar cherts (Kelheim ex po sure)

A – tab u lar chert with flat top and bot tom sur faces. Per pen dic u lar joints are filled with brown ish Fe-ox ides. The
spot ted struc ture is re lated to bur rows in the car bon ate sed i ment, sub se quently si lici fied. B – an in di vid ual
tempestite, in which both the fine bioclasts and the en clos ing ma trix are si lici fied. The si lici fied tempestite shows
poorly marked graded bed ding. C – chert con cre tion from the  tempestite suc ces sion with con cen tric, banded
struc ture. D – tri par tite chert con cre tion from the tempestite suc ces sion close to its con tact with nod u lar lime -
stone. The reg u lar, al most per fectly spher i cal core (1) is en closed in a brown ish (”choc o late”?) en ve lope (2) fol -
lowed by light-grey and brown ish sil ica bands (3) of the cor tex. Area in rect an gle is shown in Fig ure 7D. E – chert
con cre tion with mas sive, light-brown ish, spot ted core, in which casts of si li ceous sponges (Sp) oc cur to gether
with gas tro pods (G) and other, fine bioclasts. The core is en vel oped by a thin-banded cor tex. F – frag ment of chert 
con cre tion from nod u lar lime stone. In the up per, light-brown ish part, a si lici fied frag ment of coral oc curs whereas
the bot tom part is formed by si lici fied sed i ment with nu mer ous frag ments of thick-shelled bi valves. No dis tinct cor -
tex is ob served



are ir reg u lar frag ments of brown ish, si lici fied lime stone with
clearly vis i ble rel ics of si lici fied cor als, bi valves and brachi o pods.

Mi cro scopic ob ser va tions
The thin-bed ded lime stones rep re sent tempestites with

well- de vel oped sort ing and graded bed ding. Thin-bed ded cherts
of thick ness from 3 to 5 cm are de vel oped as si lici fied, graded-
 bed ded mudstones-wackestones (Fig. 7A). Bur rows in pri mary
mudstones are filled with wackestone. In such de pos its, the lime -
stone/chert con tacts are even and sharp. 

Thin ner (1–2 cm), si lici fied laminae are packstones- grain -
stones of grain size up to ~2 mm (Fig. 7B). Their top and bot tom 

sur faces are un even and sil ica pro tru sions pen e trate into the
over- and the un der ly ing lime stone to a dis tance of ~1 mm. 

In the chert con cre tions hosted in thin-bed ded lime stones,
both si lici fied mudstones-wackestones and packstones- grain -
stones were ob served. Bound aries of the chert con cre tions are
oblique to the sed i men tary lam i na tion pro duced by graded bed -
ding (Fig. 7C).

In places, in the fin est-grained, best-sorted tempestites,
multi col oured cor ti cal bands do not show dif fer ences in de vel op -
ment of car bon ate sed i ment later sub jected to sili ci fi ca tion (Fig.
7D). Bound aries of bands hav ing dif fer ent colours are usu ally
em pha sized by the pres ence of brown ish Fe-ox ides (Fig. 7D).
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Fig. 7. Microfacies de vel op ment of chert con cre tions and tab u lar cherts (Kelheim ex po sure)

A – tab u lar chert hav ing even top and bot tom sur faces, and ho mog e nous, si lici fied laminae of sim i lar grain size.
Ar row in di cates di rec tion to the top. Crossed polars. B – con tact of lime stone de vel oped as tempestite suc ces -
sion with a sin gle, si lici fied tempestite lamina. Laminae dif fer in grain size. Ar row in di cates di rec tion to the top.
Plane po lar ized light. C – con tact of chert con cre tion (cc) with lime stone de vel oped as a tempestite suc ces sion.
Lam i na tion of tempestite re sults from vari a tion in grain size. Lime stone/chert con cre tion bound ary is oblique to
hor i zon tal lam i na tion. Ar row in di cates di rec tion to the top. Plane po lar ized light. D – mi cro scopic im age of chert
con cre tion from Fig ure 6D. Core (zone 1) is vis i ble on the right, ”choc o late” chert (zone 2) is on the left and cor tex
bands (zone 3) ap pear on the ex treme left. The sed i ment in all three zones is a mudstone. Bound ary be tween
zones 2 and 3 is marked by Fe-ox ides (ar row). Crossed polars. E – bound ary be tween chert con cre tion (cc) and
nod u lar lime stone rep re sent ing a de bris flow de posit. Con cre tion shows con tours of bioclasts filled with gran u lar
quartz. Crossed polars. F – ir reg u lar ag gre gates of sil ica in nod u lar lime stone (de bris flow). Crossed polars



The nod u lar lime stones are de vel oped as packstones-
 grain stones with abun dant fau nal as sem blages of echinoderms 
(echinoid spines and plates), bi valves, brachi o pods, cor als and
serpulids. Oncoids up to 1 cm across are also com mon; their
cores are frag ments of thin-shelled bi valves. Cherts hosted in
the nod u lar lime stones re veal sharp and usu ally un even bound -
aries with the en clos ing lime stone (Fig. 7E). More over, ir reg u lar 
ag gre gates of sil ica com monly im preg nate these lime stones
(Fig. 7F). 

Ap pli ca tion of Mössbauer spec tros copy
Ap pli ca tion of pre cise Mössbauer spec tros copy meth od ol -

ogy al lowed quan ti fi ca tion of Fe in the chert con cre tions stud ied 
(Figs. 6D and 7D) from the Kelheim ex po sure (Fig. 8). The
mea sure ments re vealed that the spec tral com po nent (sex tet)
with the hyperfine mag netic field B, pres ent only in the P-2 sam -
ple, i.e. in the brown ish (”choc o late”?) en ve lope, be longs to Fe
at oms in superparamagnetic nanoparticles of Fe-ox ide (he ma -
tite) and/or oxyhydroxide (goethite). The spec tral com po nent
(dou blet) with out the mag netic hyperfine field pres ent in all
three sam ples ana lysed prob a bly be longs to Fe at oms hosted
in clay min er als and/or to traces of Fe in cor po rated in SiO2. A
sam ple taken from the brown ish en ve lope dis tinctly dif fers from
those from the core and outer cor tex. It con tains ~60% of
Fe-ox ide (he ma tite) and/or Fe-oxyhydroxide (goethite), which is 
ab sent from the re main ing sam ples. Such a dis tri bu tion of
Fe-ox ide sug gests that: (1) dif fer ent parts of the chert con cre -
tion formed in dif fer ent chem i cal re gimes, (2) sili ci fi ca tion was
mul ti stage and (3) sil ica was sup plied from var i ous sources.

In ter pre ta tion of depositional and diagenetic 
      en vi ron ments

The thin-bed ded lime stones from the lower part of the
Kelheim ex po sure are in ter preted as tempestites formed dur ing 
redeposition of de tri tal ma te rial from the shal lower parts of the
sed i men tary ba sin. By con trast, the over ly ing nod u lar lime -
stones are prod ucts of de bris flows. Redeposition of sed i men -
tary ma te rial in di cates the pres ence of top o graphic vari a tions
on the ba sin floor. The up lifted zones orig i nated from aggra -
dational growth of car bon ate build ups, the up per parts of which
were set tled by shal low-wa ter fauna as sem blages. The ar eas
be tween the car bon ate build ups (so-called “Wannen”; cf.
Meyer, 1977) were lo cated at greater depths.  

The for ma tion of thin-bed ded cherts was a late-diagenetic
pro cess that se lec tively re placed spe cific parts of the
tempestite suc ces sion. The chert con cre tions hosted in both
the tempe stites and the de bris flow de pos its were sim i larly
late- diagene tic. Con trast ing colours ob served in some chert
con cre tions re sulted from mul ti stage sili ci fi ca tion and var i ous
sources of sil ica.

HEMAU – TANGRINTEL FM.; SILICEOUS REGOLITH 
(GPS: 49°02’34.90’’N, 11°44’19.00’’E)

Mac ro scopic fea tures
Sam ples were col lected from a weath er ing zone de vel oped

in a for ested area. The en clos ing lime stone has not been pre -
served whereas the cherts oc cur as frag ments of tab u lar, thin-
 bed ded and concretionary geo met ri cal va ri et ies (Fig. 9A, C, E).

The thin-bed ded cherts are light-brown, tab u lar, dis tinctly
lam i nated bod ies, up to 4 cm thick (Fig. 9A). The thick nesses of
in di vid ual laminae reach up to 1 cm but most com mon are
those up to sev eral milli metres thick. An other va ri ety com prises

laminae with black spots <0.2 mm across, ran domly scat tered
within the rock. Sets of par al lel laminae are most com mon (Fig.
9A) but con vo lute lami na tions are also pres ent (Fig. 9C). 

The chert con cre tions are usu ally spher i cal, up to 10 cm in
di am e ter. Their cores are blurred, as are the cor ti ces, which is
pre sum ably the ef fect of weath er ing, signs of which are vis i ble
on the outer sur faces of con cre tions. On pol ished sec tions,
scat tered casts of si li ceous sponges can be iden ti fied to gether
with brachi o pod shell frag ments (Fig. 9E).

Mi cro scopic ob ser va tions
Un der the mi cro scope, the thin-bed ded cherts are built of

pale ho mo ge neous laminae, which rep re sent si lici fied mud -
stones-wackestones with fine, un iden ti fi able fos sil de tri tus. La -
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Fig. 8. 57Fe Mössbauer spec tra of chert con cre tion mea sured

at room tem per a ture (Kelheim ex po sure)

Mössbauer spec tros copy sym bols are as fol lows: A – rel a tive area
of spec tral com po nents. B – hyperfine mag netic field, IS – iso mer

(cen tre) shift rel a tive to a-Fe, QS – quadrupole split ting, and FWHM 
– spec tral line width. Er rors are shown in brack ets. The rel a tive area 
A cor re sponds to dis tri bu tion of Fe at oms in a spe cific chem i cal sur -
round ing, crys tal lo graphic site or min eral phase



minae with dark spots are wackestones with abun dant rhombo -
hedral pseudo morphs af ter do lo mite, now partly filled with dark
Fe-ox ides (Fig. 9B). Se lec tive dedolomitization of laminae is
ob served also in con vo lute struc tures (Fig. 9D). 

The chert con cre tions are si lici fied packstones-grainstones, 
lo cally also boundstones with sponge casts and tuberoids (Fig.
9F), as well as microbialites de vel oped on casts of si li ceous
sponges.

In ter pre ta tion of depositional and diagenetic 
en vi ron ments
The thin-bed ded cherts are in ter preted as si lici fied tempe -

stites de pos ited onto the slop ing sur face of a tidal flat. Al ter nat -
ing, dolomitized and non-dolomitized laminae with con vo lute
dis tur bances in di cate early diagenetic dolomitization, which
pro ceeded af ter de po si tion of the laminae but prior to their
lithification and gen er a tion of con vo lute dis tur bances, whereas
the sili ci fi ca tion was a late-diagenetic pro cess.
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Fig. 9. Pho to graphs of pol ished (A, C, E) and thin (B, D, F) sec tions of tab u lar cherts
and chert con cre tions col lected from regolith (Hemau ex po sure)

A – tab u lar chert with flat top and bot tom sur faces. In the cen tral part, laminae with dark spots are vis i ble, which
are ab sent from the top most and bot tom most parts of this chert. The area in the rect an gle is shown in Fig ure B.
B – con tact of lamina host ing nu mer ous pseudo morphs af ter dolorhombs, some of them filled with dark Fe-ox -
ides (on the right), with lamina that has not been dolomitized prior to sili ci fi ca tion (on the left). Ar row in di cates
di rec tion to the top. Plane po lar ized light. C– tab u lar chert, in which the cen tral part is convolutely dis turbed
whereas both the top most and the bot tom most parts re main un dis turbed. Area in rect an gle is shown in Fig ure
D. D – convolutely dis turbed lam i na tion with darker laminae con tain ing abun dant pseudo morphs af ter dolo -
rhombs filled with dark Fe-ox ides. Crossed polars. E – chert con cre tion, in which only the core was pre served
whereas cor tex bands were pre sum ably re moved by weath er ing. Spot ted core hosts frag ments of sponge
casts (ar rows) and fine, un iden ti fi able bioclasts. F – chert con cre tion de vel oped as wackestone with abun dant,
un iden ti fi able fos sil frag ments. Crossed polars



BAYERWALD

MÜNSTER – ORTENBURG FM.; SMALL EXPOSURE
 (GPS: 48°56’53.62’’N, 12°34’08.17’’E)

Mac ro scopic fea tures
The sam ples were col lected in an aban doned, densely

veg e tated quarry, sev eral metres high and long, lo cated in a
for est (Fig. 10A, B). In the walls, cream, lo cally light-brown,
poorly bed ded biostromal lime stones are ex posed with nu -
mer ous casts of si li ceous sponges and scat tered echinoid
spines. Si li ceous con cre tions, that can ex ceed ten centi me -
tres across, are com mon.

The chert con cre tions are ran domly dis trib uted within the
lime stones (Fig. 10A, B). Their shapes are di verse: spher i cal, el -
lip soi dal and ir reg u lar (Fig. 11A, F). In di vid ual con cre tions have
cores en vel oped by white cor ti ces up to 5 mm thick. The cores
vary in col our, hav ing light-grey cen tres and darker con tacts with
the cor ti ces. More over, ag gre gates are ob served com posed of
2–3 cores en closed in a com mon cor tex (Fig. 11C, D). Spo rad i -
cally, the cores com prise brown ish spots dis trib uted ran domly or
aligned along frac tures (Fig. 11A–D). Within the cores, casts of
si li ceous sponges are com mon, with microbialites that grew on
their up per sur faces and epifauna that set tled on bot tom sur -
faces (Fig. 11A, B, E, F). Small (up to a few centi metres across)
con cre tions are built of only sin gle, si lici fied sponges but the sili ci -
fi ca tion does not af fect ei ther the microbialites on the up per sur -
faces or epifauna on their bot toms (Fig. 11F).

Mi cro scopic ob ser va tions
The lime stone host of the chert con cre tions is a boundstone

with nu mer ous uni tary sed i men tary se quences built of si li ceous
sponges (Fig. 12A, B). Their up per sur faces are cov ered by
microbialites whereas the bot tom ones were set tled by epi fauna.
Spaces be tween the sponge skel e tons are filled with wacke -
stone -packstone with scat tered do lo mite crys tals (Fig. 12C, D).
Lo cally, the dolorhombs were dis solved and mouldic po ros ity de -
vel oped (Fig. 12C). Dolomitization pro ceeded also along sty lo -
lites that could be partly filled with Fe-ox ides (Fig. 12E, F).

The chert con cre tions are of si lici fied lime stone. Their cores
are usu ally oc cu pied by casts of hexactinellid si li ceous sponges 
(Fig. 12B). The en clos ing wackestones-packstones are al most
com pletely re placed by cryptocrystalline sil ica, whereas the rel -
ics of sin gle, larger bioclasts are re placed by gran u lar quartz.
The sponge skel e tons are filled with chal ce dony or gran u lar
quartz. In places, in their pe riph eral parts, the skel e tons are
filled with cal cium car bon ate (Fig. 12D). 

In ter pre ta tion of depositional and diagenetic 
      en vi ron ments

The biostromal bed ded lime stones with chert con cre tions
and casts of si li ceous sponges are in ter preted as typ i cal sed i -
ments of the mi cro bial-sponge megafacies. Two stages of
dolomitization are in ferred in these de pos its: (1) an early stage
rep re sented by do lo mite crys tals scat tered within the sed i ment,
which were then lo cally dedolomitized and (2) a late stage re -
lated to dolomitization ad vanc ing along sty lo lites partly filled
with Fe-ox ides. Gen er ally, the sili ci fi ca tion was a late-diagenetic 
pro cess. 

FLINTSBACH – ORTENBURG FM.; SMALL, INACTIVE QUARRY
(GPS: 48°42’53.49’’N, 13°06’29.61’’E)

Mac ro scopic fea tures
The sam ples were col lected from an aban doned quarry,

~4 m high and about ten metres wide. In the quarry walls, light-
 cream bed ded lime stones are ex posed (Fig. 13A). These are
wackestones-packstones with casts of si li ceous sponges ac -
com pa nied by in di vid ual brachi o pods and Crescientella sp. In -
di vid ual beds vary in thick ness from some tens of centi metres to 
over 1 m. The lime stones host in di vid ual, ir reg u lar chert con cre -
tions with di am e ters up to ~10 cm (Fig. 13B, C). Both el lip soi dal
and the ir reg u lar, branch ing con cre tions were ob served (Fig.
14A). Based on their col our and ge om e try, two types of con cre -
tion are ev i dent. 

The first type is dark-grey though the col our grades into light 
grey to wards the pe riph er ies of par tic u lar spec i mens (Figs. 13B
and 14A, B). How ever, the in verse re la tion ship can also be
found. The only iden ti fi able com po nents are casts of si li ceous
sponges. Cor ti ces are white, up to 1 cm thick and usu ally dis -
con tin u ous as they cover only some parts of the cores (Fig.
14A). Some con cre tions are ag gre gates of sev eral in di vid u als
that may reach up to 10 cm across (Fig. 14A).

The sec ond type is light grey only in the cen tre whereas pe -
riph eral parts are light-cream or even white, with ir reg u lar,
brown ish-cherry spots (Figs. 13C and 14C, D) and ran domly
dis trib uted dark spots up to 2 mm across (Fig. 13C). The
shapes are spher i cal or el lip soi dal, cores are ab sent and the
bod ies are strongly frac tured. Their outer sur faces are lo cally
cov ered with rusty-brown coat ings, up to ~1 mm thick. Di am e -
ters of these con cre tions usu ally do not ex ceed 5 cm. 

Mi cro scopic ob ser va tions
The lime stone hosts are wackestones-packstones, lo cally

also  boundstones. Bioclasts in clude echinoderm frag ments,
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Fig. 10. Part of the sec tion ex posed (Münster ex po sure)

A, B – chert con cre tions (ar rows) ran domly 
dis trib uted within the lime stone



skel e tons of si li ceous sponges, tuberoids, brachi o pod and bi -
valve shells, serpulids, ben thic foraminifers and Crescientella
sp. Lo cally, nu mer ous, scat tered dolorhombs are pres ent, par -
tic u larly abun dant at the con tacts with sty lo lites filled with
brown ish Fe-ox ides (Fig. 15A).

The first, mac ro scop i cally dis tin guished chert va ri ety oc curs 
in non- or poorly dolomitized lime stones. Dark-grey cherts are
com posed of microcrystalline sil ica (Figs. 15B and 16A, B).
Larger bioclasts are re placed by gran u lar quartz or chal ce dony

(Fig. 15B). Spo rad i cally, one may en coun ter car bon ate rel ics of
bioclasts, mostly echinoderms as well as gran u lar quartz in fill -
ing the larger, si lici fied bioclasts. The con cre tions and en clos ing 
lime stones con tact along dis so lu tion seams filled with brown -
ish-rusty Fe-hy drox ides. The lat ter are also ob served as in fill -
ings of frac tures cut ting through the con cre tions (Fig. 15C, D).
At the con tact with en clos ing lime stones, cor ti ces are usu ally
about 2 mm thick with fea tures that can be ex am ined only in
plane po lar ized light. Within the cor ti ces, rel ics of partly si lici fied
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Fig. 11. Pho to graphs of pol ished sec tions (Münster ex po sure)

A – core of chert con cre tion with bowl-shaped sponge cast (Sp). Some cracks are filled with brown ish Fe-ox ides.
B – chert con cre tion of shape close to spher i cal with sponge casts, both flat (white ar rows) and bowl-like (black
ar row). C – ir reg u larly shaped ag gre gate of 3 chert con cre tions (cc). D – frac tured ag gre gate of 2 chert con cre -
tions (cc). Frac tures are filled with brown ish Fe-ox ides. E – el lip soi dal chert con cre tion. The only rec og niz able
com po nent of its core is a cast of a si li ceous sponge (Sp). F – three small chert con cre tions. Frag men tary cor tex
cov ers only a part of the larg est con cre tion (at the bot tom) whereas the re main ing 2 smaller ones lack cor ti ces



lime stones are pres ent. In the cen tral parts of con cre tions, pri -
mary  tex tures of the si lici fied lime stones are vis i ble in plane po -
lar ized light, as “pseudonodules” and pres sure so lu tion fea -
tures (Fig. 16A, B).

The sec ond mac ro scop i cally iden ti fied con cre tion va ri ety oc -
curs in dolomitized lime stones. This is com pletely si lici fied do lo -
mite cross-cut by sty lo lites infilled with Fe-ox ides (Fig. 16C, D).

In ter pre ta tion of depositional and diagenetic 
     en vi ron ments

The biostromal lime stones from that sam pling site are typ i -
cal sed i ments of mi cro bial-sponge megafacies. Two stages of
dolomitization are sug gested: (1) an early stage man i fested by
scat tered dolorhombs and (2) a late stage re lated to chem i cal
com pac tion and pres sure so lu tion. Sili ci fi ca tion took place af ter
both the dolomitization and pres sure so lu tion events.  

CONCISE CHARACTERIZATION OF CHERT
CONCRETIONS AND BEDDED CHERTS FROM
UPPER JURASSIC STRATA OF THE KRAKÓW-

 CZÊSTO CHOWA UPLAND

De tailed char ac ter iza tion of chert con cre tions from the KCU 
can be found in a num ber of pub li ca tions, e.g.: Matyszkiewicz et 
al. (2015), Kochman et al. (2020a, b), Krzy¿ak et al. (2020),
Matyszkiewicz and Kochman (2020), Kochman and Matyszkie -
wicz (2023), and Fajt et al. (2024). 

In the KCU, chert con cre tions are com monly en coun tered in 
Mid dle/Up per Oxfordian biostromal bed ded lime stones where
these form ho ri zons usu ally ar ranged par al lel to the bed ding
sur faces. “Clas sic” ex po sures are lo cated mostly in the S-KCU
and were com pre hen sively de scribed by e.g.: D¿u³yñski (1952), 

Alicja Kochman and Jacek Matyszkiewicz / Geological Quarterly, 2025, 69, 12 13

A B

Fig. 12. Microfacies de vel op ment of chert con cre tions and host lime stones (Münster ex po sure)

A – chert con cre tion that orig i nated from sili ci fi ca tion of part of a uni tary sed i men tary se quence. The only iden ti fi -
able com po nents are skel e tons of si li ceous sponges (Sp). Crossed polars. B – skel e ton of si li ceous sponge in
chert con cre tion. Crossed polars. C – con tact of chert con cre tion (at the bot tom) with partly dolomitized lime -
stone. Dark spots in the up per right cor ner and in the cen tre-left, above an open space, are ex am ples of mouldic
po ros ity gen er ated by dedolomitization. Crossed polars. D – con tact of ir reg u lar chert con cre tion with partly
dolomitized lime stone. In the cen tre, skel e tal frag ments of si li ceous sponge are filled with car bon ate, which has
not been sec ond ary si lici fied. Crossed polars. E – con tact of chert con cre tions with lime stone con tain ing
dolorhombs. Area in rect an gle is shown in Figure F. Crossed polars. F – stylolite cut ting through lime stone with
euhedral dolorhombs. Some dolorhombs are dedolomitized and filled with Fe-ox ides. Plane po lar ized light
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Alexandrowicz (1955), Rajchel (1971), Matyszkiewicz (1989),
Kochman et al. (2020a), Matyszkiewicz and Kochman (2020)
and Kochman and Matyszkiewicz (2023). The shapes of chert
con cre tions are el lip soi dal, spher i cal or ir reg u lar and may have
di am e ters up to even some tens of centi metres (Fig. 17A, B,
D–F). Colours of con cre tions are also di verse: grey, brown ish
or brown ish-cherry with var i ous shades and with ir reg u lar spots.

The ”clas sic” chert con cre tions are si lici fied re mains of
biostromal lime stones rep re sent ing a mi cro bial-sponge mega -
facies. Com monly, pol ished (Fig. 17B) and thin (Fig. 18B) sec -
tions re veal the pres ence of si lici fied uni tary sed i men tary se -
quences (cf. Gaillard, 1983; Matyszkiewicz, 1989) with iden ti fi -
able skel e tons of si li ceous sponges (Fig. 17A, B, D–F) sep a -
rated by fine-de tri tal wackestones (Fig. 18A). Dolomitization of
lime stones is rarely ob served in the top most part of the pre -
served Oxfordian/Kimmeridgian suc ces sion (Fig. 18D; £aptaœ,
1974; Krajewski and Olchowy, 2021).

The bed ded cherts were de scribed in de tail by Maty szkie -
wicz (1996), Kochman et al. (2020a); Krzy¿ak et al. (2020);
Matyszkiewicz and Kochman (2020) and Fajt et al. (2024). The
cherts are hosted in calciturbidite se quences de pos ited around
the Oxfordian/Kimmeridgian bound ary. Their max i mum thick -

ness reaches ~20 cm and their length along strike ex ceeds 5 m. 
Colours change from light-grey to dark- brown ish. Mac ro scop i -
cally vis i ble, sub tle lam i na tion is lo cally dis turbed by spotty bur -
rows de vel oped im me di ately af ter de po si tion but prior to sili ci fi -
ca tion (Fig. 17C). Within the si lici fied lime stone beds, el lip soi dal 
chert con cre tions can be ob served, sev eral centi metres in di -
am e ter, which doc u ment the mul ti stage na ture of the sili ci fi ca -
tion pro cesses. 

The bed ded cherts rep re sent se lec tively si lici fied suc ces -
sions of well-sorted calciturbidites, which is par tic u larly ev i dent
un der the mi cro scope to gether with oc ca sion ally ob served gra -
ded bed ding (Fig. 18C).

DISCUSSION

De vel op ment of both the chert con cre tions and the bed ded
cherts is closely re lated to the li thol ogy of the Up per Ju ras sic
lime stones that were si lici fied. The de vel op ment of mi cro bial-
 sponge megafacies was sim i lar in the FA, BW and KCU re gions 

14 Alicja Kochman and Jacek Matyszkiewicz / Geological Quarterly, 2025, 69, 12

Fig. 13. Flintsbach Quarry

A – part of aban doned quarry where poorly bed ded lime stones host sin gle, ran domly dis trib uted chert 
con cre tions; B – grey ish-white, spot ted chert con cre tion lo cated close to interbedding space; 

C – strongly frac tured, light-cream chert con cre tion with cherry-red outer sur face
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com pared. This is par tic u larly true for bed ded biostromal lime -
stones from around the Mid dle Oxfordian/Lower Kimmeridgian
bound ary, pre served in both the BW and KCU. 

The most com mon type of chert con cre tions hosted in lime -
stones from the BW and the KCU are si lici fied re mains of mi cro -
bial-sponge biostromes with a uni tary sed i men tary se quence
pat tern. Such chert con cre tions re veal far-reach ing sim i lar i ties
in size, tex ture and col our (cf. Figs. 11, 12A, B, 14A, 17A, B,
D–F and 18A, B). How ever, we con sider that no pre mises have
yet emerged that would al low the un am big u ous iden ti fi ca tion of
the site from which a par tic u lar chert con cre tion orig i nates.
Con se quently, no pre mises ex ist which would al low dis tin guish -
ing the JFAK as a sep a rate cat e gory in si li ceous ar ti facts in ven -
to ries, which in clude spec i mens said too have been de rived
from the BW and the KCU.  

We note that chert con cre tions from the BW, which do not
have equiv a lents in the KCU, are very rare. This is true for con -
cre tions formed by sili ci fi ca tion of pseudonodular lime sto nes
(Fig. 16A, B). Al though such lime stones, full of si li ceous spon -

ges, are known from the KCU, these do not host chert con cre -
tions (Matyszkiewicz and Kochman, 2016). An other type of
chert con cre tion, which oc curs ex clu sively in the BW, is the
prod uct of sili ci fi ca tion of al ready dolomitized lime stones sub -
jected to chem i cal com pac tion (Fig. 16C, D). In the KCU, partly
dolomitized lime stones are only spo rad i cally ob served (£aptaœ,
1974; Krajewski and Olchowy, 2021) and chert con cre tions
hosted in such de pos its have not yet been en coun tered. 

In the Up per Ju ras sic rocks from the FA, rep re sent ing the
Mid dle Kimmeridgian-Lower Tithonian strati graphic in ter val, an
in crease is ob served of both the amounts and di ver sity of fos sil
as sem blages, par tic u larly of shal low-ma rine fauna. Al though
strata of that age in ter val have not been pre served in the KCU,
some chert con cre tions and tab u lar cherts from the FA are mor -
pho log i cally sim i lar to de pos its from around the Oxfor dian/Kim -
me ridgian bound ary in the KCU. This is true for tab u lar cherts
orig i nated from sili ci fi ca tion of tempestites (Figs. 6A, 7A, 17C
and 18C), which show many fea tures in com mon with the bed -
ded cherts from the KCU pro duced by sili ci fi ca tion of calci -

Alicja Kochman and Jacek Matyszkiewicz / Geological Quarterly, 2025, 69, 12 15

Fig. 14. Pol ished sec tions of chert con cre tions (Flintsbach Quarry)

A – on the right: an ir reg u lar ag gre gate of sev eral chert con cre tions with only lo cally de vel oped, thin cor tex (ar -
rows); on the left: si lici fied cast of si li ceous sponge (Sp). Nu mer ous white spots in the lime stone, sev eral milli -
metres in size, are Crescientella sp. B – spot ted chert con cre tion. In the ex treme left part, spots dis ap pear and
con cre tion col our changes to white-cream. C, D – parts of light-cream, strongly frac tured con cre tions with dark
spots rep re sent ing ac cu mu la tions of Fe-ox ides
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Fig. 15. Microfacies de vel op ment of chert con cre tions and lime stones (Flintsbach Quarry)

A – nu mer ous do lo mite crys tals and brown ish Fe-ox ides lo cated along sty lo lites cut ting through the lime stone.
Plane po lar ized light. B – ac cu mu la tions of chal ce dony in chert con cre tion (ar rows). Lo cally vis i ble are non-si lici -
fied rel ics of car bon ate bioclasts, mostly echinoderms (E). C – con tact of chert con cre tion (cc) and lime stone
which con tains euhedral do lo mite crys tals. Rusty Fe-ox ides are ac cu mu lated along this con tact and fill the frac -
tures cut ting through the con cre tion. Crossed polars. D – area of Figure C seen in plane po lar ized light. In the
peripherial part of that con cre tion, a band of only partly si lici fied cor tex is vis i ble

1 mm

Fig. 16. Microfacies de vel op ment of chert con cre tions (Flintsbach Quarry)

A – pri mary tex ture of pseudonodular lime stone pre served in chert con cre tion. Pseudonodules con tact each
other along dis so lu tion seams and sty lo lites. Plane po lar ized light. B – area shown in Fig ure A un der crossed
polars. C – si lici fied do lo mite with sty lo lites lo cally filled with Fe-ox ides. Plane po lar ized light. D – area shown in
Figure C un der crossed polars



turbidites (Matyszkiewicz, 1996) as well as with the chert con -
cre tions de vel oped as si lici fied patches of biostromal lime -
stones con tain ing skel e tons of si li ceous sponges (Figs. 3C, D
and 9E, F). 

De ter mi na tion of the prov e nance of si li ceous ar ti facts based 
upon col our can be ques tion able, as dem on strated by the spe -
cific de vel op ment of a chert con cre tion col lected from the
Kelheim ex po sure (Figs. 6D and 7D). In that spec i men, one part 
is grey and an other part is brown ish, the lat ter be ing sim i lar to
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Fig. 17. Pho to graphs of se lected pol ished sec tions of chert con cre tions and bed ded cherts from 
Up per Ju ras sic lime stones show ing mac ro scopic sim i lar i ties to strata of the Franconian Alb 

and the Bayerwald (Kraków-Czêstochowa Up land)

A – chert con cre tion with sponge cast in the cen tre (Sp). To wards the edges, the col our of con cre tion be comes in -
creas ingly lighter. Ex po sure in Siedlec near Czêstochowa (cf. Fig. 3C). B – chert con cre tion with spot ted core
which con tains casts of si li ceous sponges (Sp), echinoid spines (E) and fine, un rec og niz able bioclasts. Guminek
Hill in Kraków (cf. Figs. 6E and 9E). C – bed ded chert with flat up per and bot tom sur faces. Spot ted struc ture is re -
lated to bur rows in car bon ate sed i ment that was then sub jected to sili ci fi ca tion. Wielkanoc Hill in Kraków (cf. Fig.
6A). D–F – close-to-spher i cal chert con cre tions with bowl-shaped casts of sponges (Sp) in the cen tre. Guminek,
Wielkanoc and Bodzów hills in Kraków (cf. Fig. 11)



the typ i cal CF of Po land. The brown ish part of that con cre tion
may pro vide suf fi cient raw ma te rial for at least sev eral tools
even larger than the ar ti facts de scribed by Burgert (2018: p.
56), who iden ti fied their source as the CF based only on col our.
More over, Burgert (2018) cited 22 ar chae o log i cal sites from
Bo he mia where si li ceous ar ti facts were found, and con cluded
that their source raw ma te rial was from the CF. Sur pris ingly, in
11 of these sites, the CF was al leged as the source raw ma te rial 
based solely on a sin gle ar ti fact or on 3 such ar ti facts found in
each of 5 other sites. In our opin ion, the iden ti fi ca tion of CF in
ar chae o log i cal in ven to ries based upon sin gle ar ti facts may well
be er ro ne ous.

CONCLUSIONS

The re sults of petrographic ob ser va tions of chert con cre -
tions and bed ded cherts from the south east ern Franconian Alb
and the Bayerwald point out to late-diagenetic, mul ti stage sili ci -
fi ca tion, in di cated by: 

– a si lici fied pseudonodular tex ture re sult ing from chem i cal
com pac tion (Fig. 16A, B); 

– bound aries of chert con cre tions de vel oped on sty lo lites re -
sulted from pres sure so lu tion (Fig. 4C, D);

– sili ci fi ca tion of con vo luted, dolomitized and dedolomi tized
laminae (Fig. 9C, D). 
More over, the 57Fe Mössbauer spec tral anal y sis doc u ments 

the mul ti stage char ac ter of sili ci fi ca tion and di verse sources of
sil ica. This ev i dence al lows re jec tion of the wide spread opin ion
that the sil ica was sourced from the dis so lu tion of skel e tons of
si li ceous sponges. Pre sum ably, the main sour ces of sil ica were
lo cal hy dro ther mal pro cesses, as pro posed by Migaszewski et
al. (2006, 2022), Matyszkiewicz et al. (2015, 2016), Kochman et 
al. (2020a) and Kochman and Matyszkie wicz (2023).

Al though ob ser va tions of pol ished and thin-sec tions may
oc ca sion ally dis close petrographic fea tures pro vid ing some in -
di ca tions of the prov e nance of fresh chert con cre tions and
bed ded cherts, this is highly un likely in the case of the un even
and weath ered sur faces of si li ceous ar ti facts. Tak ing into ac -
count that such ar ti facts were usu ally man u fac tured from the
in ner parts of chert con cre tions or bed ded cherts, from which
the en clos ing lime stones were in ten tion ally re moved dur ing
the pro cess ing in work shops, iden ti fi ca tion of the prov e nance
of such ar ti facts based upon col our may well lead to er ro ne ous 
con clu sions. 

Ac knowl edge ments. The au thors grate fully ac knowl edge
A. B³achowski (AGH Uni ver sity of Krakow, Fac ulty of Ge ol ogy,
Geo phys ics and En vi ron men tal Pro tec tion) for per form ing the
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Fig. 18. Pho to graphs of se lected pol ished sec tions of chert con cre tions and bed ded cherts 
from Up per Ju ras sic lime stones show ing mac ro scopic sim i lar i ties to strata of the Franconian Alb

and the Bayerwald (Kraków-Czêstochowa Up land)

A – chert con cre tion de vel oped as a si lici fied wackestone. Crossed polars. Ex po sure in Siedlec near Czêsto -
chowa (cf. Figs. 3D and 12A, B). B – chert con cre tion with pre served si li ceous sponge skel e ton (Sp). Crossed
polars. Guminek Hill in Kraków (cf. Figs. 3D and 12A, B). C – bed ded chert de vel oped as per fectly sorted de tri tus
of Saccocoma sp. and micropeloids of sim i lar di am e ters. Ar row in di cates di rec tion to the top. Crossed polars.
Wielkanoc Hill in Kraków (cf. Fig. 7A). D – dolomitized lime stone with de tri tus of echinoderms and nu mer ous, ir -
reg u lar, non-dolomitized oncoids. Euhedral do lo mite crys tals are pres ent only in the ma trix. Plane po lar ized light. 
Ex po sure in Kurdwanów res i den tial dis trict, in Kraków (cf. Fig. 3F)
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Mössbauer mea sure ment. Sin cere thanks are due to A. Górny
for as sis tance in the field work and in spir ing dis cus sions. We
bene fited greatly from the per cep tive com ments and sug ges -
tions of A. Muszyñski and an anon y mous re viewer.

These stud ies were car ried out within the frame work of
the “Pro cesses con trol ling the for ma tion of chert nod ules and 

bed ded cherts in the Up per Ju ras sic sed i ments from the
Kraków- Czêstochowa Up land” grant which was funded by
the Na tional Sci ence Cen tre, Po land, con tract no. UMO-
 2017/27/B/ST10/00594 for the pe riod 2018-2021.

REFERENCES

Alexandrowicz, S.W., 1955. Notes on the or i gin of the Vistula Gap
at Tyniec (near Cra cow) (in Pol ish with Eng lish sum mary).
Biuletyn Instytutu Geologicznego, 97: 271–295.

Bertola, S., Schäfer, D., 2013. Silex raw ma te ri als from the Kelheim 
dis trict (Ba varia, Ger many) in the lithic as sem blage of the Lower 
Mesolithic site Ullafelsen (Tyrolean Alps, Aus tria). Erlangen
Studien zur Prähistorischen Archäologie, 1: 59–69. 

Binsteiner, A., 2001. Die Feuersteinstraße zwischen Bayern und
Böhmen. Eine Studie zur Verbreitung der Arnhofener und
Baiers dorfer Jurahornsteine. Bayerische Vorgeschichtsblätter,
66: 7–12.

Binsteiner, A., 2005. Die Lagerstätten und der Abbau Bayerischer
Jurahornstein sowie deren Dis tri bu tion im Neolithikum Mittel-
und Osteuropas. Jahrbuch des Römisch-Germanischen
Zentral museums, 52: 43–155. 

Binsteiner, A., 2013. Die Silexartefakte aus dem Chamer Erdwerk
von Riekofen (Lkr. Regensburg). Archäologisches Korrespon -
denz blatt, 43: 19–28.

B³achowski, A., Reubenbauer, K., ¯urkowski, J., Górnicki, R.,
2008. Early de sign stage of the MsAa-4 Mössbauer Spec trom e -
ter. Acta Physica Polonica A, 114: 1707–1713. 

Brachert, T.C., 1992. Se quence stra tig ra phy and paleo-ocean og ra -
phy of an open-ma rine mixed car bon ate/siliciclastic suc ces sion
(Late Ju ras sic, South ern Ger many). Fa cies, 27: 191–216;
https://doi.org/10.1007/BF02536812

Brandl, M., Hauzenberger, C., Mar ti nez, M.M., Filzmoser, P.,
Werra, D.H., 2016. The ap pli ca tion of the multi-lay ered chert
sour cing ap proach (MLA) for the char ac teri sa tion and dif fer en ti -
a tion of ‘Choc o late Silicites’ from the Holy Cross Moun tains,
South-Cen tral Po land. Archaeologia Austriaca, 100: 119–149;
https://doi.org/10.1553/archaeologia100s119

Budziszewski, J., 2008. Stan badañ nad wystêpowaniem i
pradziejow¹ eksploatacj¹ krzemieni czekoladowych (in Pol ish).
In: Krzemieñ czekoladowy w pradziejach. Materia³y z kon fe -
rencji w Oroñsku, 08–10.10.2003. Studia nad gospodark¹
surowcami krzemiennymi w pradziejach 7 (eds. W. Borkowski,
J. Libera, B. Sa³aciñska and S. Sa³aciñski): 33–106. Instytut
Archeologii UMCS and Pañstwowe Muzeum Archeologiczne,
Warszawa–Lublin. 

Burgert, P., 2016. Ba var ian Ju ras sic chert of the Franconian Jura in
the Bo he mian Neo lithic and Eneolithic (in Czech with Eng lish
sum mary). Archeologické rozhledy, 68: 91–108. 

Burgert, P., 2018. The status and the role of “Choc o late” silicite in
the Bo he mian Neo lithic. Archaeologia Polona, 56: 49–64;
https://doi.org/10.23858/APa56.2018.004 

Chatzimpaloglou, P., French, C., Pedley, M., Stoddart, S., 2020.
Con nect ing chert sources of Sic ily with Neo lithic chert artefacts
of Malta, Jour nal of Ar chae o log i cal Sci ence: Re ports, 29,
102111; https://doi.org/10.1016/j.jasrep.2019.102111

Chochorowska, E., Dagnan-Ginter, A., 1995. Najstarsze œlady
pobytu cz³owieka na Jurze Krakowskiej (starsza i œrodkowa
epoka kamienia) (in Pol ish). In: Pradzieje i œredniowiecze. Na -

tura i kultura w krajobrazie Jury Tom IV: 15–48. Zarz¹d Zespo³u
Jurajskich Parków Krajobrazowych w Krakowie, Kraków. 

Èuláková, K., 2015. Pøíspìvek k poznání mezolitického osídlen
Èech (in Czech). Ph.D. The sis, Charles Uni ver sity in Prague.

Dagnan-Ginter, A., Drobniewicz, B., Ginter, B., Sobczyk, K., 1976. 
Brzoskwinia-Krzemionki, prov ince of Krakow (the group of
Palaeo lithic sites). Recherches Archeologiques de 1975: 5–10.

Doben, K., Dopp ler, G., Freudenberger, W., Jerz, H., Meyer,
R.K.F., Mielke, H., Ott, W.D., Rohrmüller, J., Schmidt-Kaler, H., 
Schwerd, K., Unger, H.J., 1996. Geologische Karte von Bayern
1:500 000. Bayerisches Geologisches Landesamt, Augsburg. 

Dun ham, R.J., 1962. Clas si fi ca tion of car bon ate rocks ac cord ing to
depositional tex ture. AAPG Mem oir, 1: 108–121; https://doi.org/
10.1306/M1357

Dzieduszycka-Machnikowa, A., Lech, J., 1976. Neolityczne
zespo³y pracowniane z kopalni krzemienia w S¹spowie (in Pol -
ish). Polskie Badania Archeologiczne, 19: 1–171.

D¿u³yñski, S., 1952. The or i gin of the Up per Ju ras sic lime stones in
the Cra cow area (in Pol ish with Eng lish sum mary). Rocznik
Polskiego Towarzystwa Geologicznego, 21: 125–180. 

Engelhardt, B., 1985. Das neolithische Silexbergwerk von Arnho -
fen. Das Archäologische Jahr in Bayern 1984: 35–36.

Fajt, M., Mazur-Rozmus, W., Stefañska, A., Kochman, A., Krzy -
¿ak, A.T., 2024. Chert out crops dif fer en ti a tion by means of
low-field NMR relaxometry. Sci en tific Re ports, 14, 25280;
https://doi.org/10.1038/s41598-024-75945-6

Freyberg, B. v., 1964. Geologie des Weißen Jura zwischen
Eichstätt und Neuburg/Donau (Südliche Frankenalb). Erlanger
Geologische Abhandlungen, 54: 1–97.

Freyberg, B. v., 1968. Übersicht über den Malm der Altmühl-Alb.
Erlanger Geologische Abhandlungen, 70: 1–40.

Gaillard, C., 1983. Les biohermes ́  spongiaires et leur en vi ron ment 
dans l’Oxfordian du Jura méridional. Doc u ments des Labora -
toires de Géologie de la Faculté des Sci ences de Lyon, 90:
1–515.

Ginter, B., 1980. Brzoskwinia, “Krzemionki” woj. Kraków. In: 5000
Jahre Feuersteinbergbau. Die Suche nach dem Stahl der
Steinzeit (eds. G. Weisgerber, R. Slotta and J. Weiner):
624–626. Bergbau-Mu seum Bochum, Bochum. 

Grooth, M.E.Th. de, 1994. Chert pro cure ment strat e gies in the LBK
set tle ment of Meindling, Ba varia. Analecta Praehistorica
Leiden sina, 25: 43–53.

Grooth, M.E.Th. de, 1995. The or ga ni za tion of chert ex ploi ta tion in
South east ern Ba varia dur ing the Neo lithic. Archaeologia Po -
lona, 33: 163–172.

Grooth, M.E.Th. de, 1997. So cial and eco nomic in ter pre ta tions of
the chert pro cure ment strat e gies of the Bandkeramik set tle ment 
at Hienheim, Ba varia. Analecta Praehistorica Leidensia, 29:
91–98.

Gröschke, M., 1985. Stratigraphie und Ammonitenfauna der
Jurare likte zwischen Straubing und Passau (Niederbayern).
Palaeontographica, Abteilung A, 191: 1–68.

Alicja Kochman and Jacek Matyszkiewicz / Geological Quarterly, 2025, 69, 12 19

https://doi.org/10.1007/BF02536812
https://doi.org/10.1038/s41598-024-75945-6
https://doi.org/10.1553/archaeologia100s119
https://doi.org/10.23858/APa56.2018.004
https://doi.org/10.1016/j.jasrep.2019.102111
https://doi.org/10.1306/M1357


Gwinner, M.P., 1971. Car bon ate rocks of the Up per Ju ras sic in
SW-Ger many. In: Sedimentology of Parts of Cen tral Eu rope (ed. 
G. Müller): 193–207. Kramer, Frank furt a. M.

Gwinner, M.P., 1976. Or i gin of the Up per Ju ras sic Lime stones of
the Swabian Alb (South ern Ger many). Sed i men tary Ge ol ogy, 5:
1–76.

Janák, V., Pøichystal, A., 2007. Dis tri bu tion of silicites of the
Kraków- Czêstochowa Ju ras sic in Moravia and Up per Silesia in
the Neo lithic and at the be gin ning of the Eneolithic (in Czech
with Eng lish sum mary). Památky archeologické, 98: 5–30. 

Kaczanowska, M., Koz³owski, J.K., 1976. Studia nad surowcami
krzemiennymi po³udniowo-wschodniej czêœci Wy¿yny Krakow -
sko- Czêstochowskiej (in Pol ish). Acta Archaeologica Carpa -
thica, 16: 201–216.

Keupp, H., Koch, R., Leinfelder, R., 1990. Steuerungsprozesse
der Entwicklung von Oberjura-Spongiolithen Süddeutschlands:
Kenntnisstand, Probleme und Perspektiven. Fa cies, 23:
141–174; https://doi.org/10.1007/BF02536711

Kleinschnitz, M., 2001. Kurzerläuterung zur Geologischen Karte
1:25000 7134 Gaimersheim. Bayerisches Geologisches
Landesamt, München.

Kochman, A., Matyszkiewicz, J., 2023. The de vel op ment and or i -
gin of the two-stage sili ci fi ca tion of Up per Ju ras sic lime stones
from the north ern part of the Kraków-Czêstochowa Up land
(South ern Po land). Ge ol ogy, Geo phys ics and En vi ron ment, 49:
225–243; https://doi.org/10.7494/geol.2023.49.3.225

Kochman, A., Matyszkiewicz, J., Wasilewski, M., 2020a. Si li -
ceous rocks from the south ern part of the Kraków-Czêstochowa
Up land (South ern Po land) as po ten tial raw ma te ri als in the man -
u fac ture of stone tools – a char ac ter iza tion and pos si bil i ties of
iden ti fi ca tion. Jour nal of Ar chae o log i cal Sci ence: Re ports, 30,
102195; https://doi.org/j.jasrep.2020.102195

Kochman, A., Koz³owski, A., Matyszkiewicz, J., 2020b. Epi -
genetic si li ceous rocks from the south ern part of the Kraków-
 Czêstochowa Up land (South ern Po land) and their re la tion to
Up per Ju ras sic early diagenetic chert con cre tions. Sed i men tary
Ge ol ogy, 401, 105636; 
https://doi.org/10.1016/j.sedgeo.2020.105636

Koz³owski, J.K., 1958. Przyczynek do znajomoœci surowców krze -
miennych wystêpuj¹cych w paleolicie i neolicie È.S.R. (in Pol -
ish). Wiadomoœci Archeologiczne, 25: 355–360. 

Kowalski, S., Koz³owski, J.K., 1958. Neolityczna pracownia krze -
mieniarska w miejscowoœci Bêb³o, pow. Olkusz (in Pol ish).
Wiado moœci Archeologiczne, 25: 339–354.

Krajcarz, M.T., Sudo³-Procyk, M., 2019. The mine of choc o late flint 
in the Udorka Val ley (Kraków-Czêstochowa Up land). Field Trip
Guide. In: UISPP Com mis sion on Flint Min ing in Pre- and Proto -
historic Times „The Filint Min ing Stud ies: Ar chae o log i cal Ex ca -
va tions – Ex trac tion Meth ods – Chip ping Floors – Dis tri bu tion of
Raw Ma te ri als and Work shop Prod ucts”, Field Guide, 19-21th
(eds. D.H. Werra, M. Sudo³-Procyk, A. Jedynak, K. Kaptur and
M.T. Krajcarz): 33–37. Ar che o log i cal Mu seum and Re serve
„Krzemionki”, Ostrowiec Œwiêtokrzyski. 

Krajcarz, M.T., Sudo³, M., Krajcarz, M., Cyrek, K., 2012. From far
or from near? Sources of Kraków-Czêstochowa banded and
choc o late silicite raw ma te rial used dur ing the Stone Age in
Biœnik Cave (south ern Po land). Anthropologie, 50: 411–425.

Krajewski, M., Olchowy, P., 2021. Up per Ju ras sic bedded
limestones and early diagenetic dolomitized limestones in the
light of mineralogical, geochemical and sedimentological
studies; Kraków Area, Po land. Min er als, 11, 462;
 https://doi.org/10.3390/min11050462

Krajewski, M., Olchowy, P., Rudziñski, D., 2018. Sed i men tary
suc ces sions in the Mid dle-Up per Oxfordian reef de pos its from
the south ern part of the Kraków-Czêstochowa Up land (South -
ern Po land). Geo log i cal Quar terly, 62: 653–668;
 https://doi.org/10.7306/gq.1429

Krukowski, S., 1920. Pierwociny krzemieniarskie górnictwa, trans -
portu i handlu w holocenie Polski (in Pol ish). Wiadomoœci
Archeo logiczne, 5: 185–206. 

Krzy¿ak, A.T., Mazur, W., Matyszkiewicz, J., Kochman, A., 2020.
Iden ti fi ca tion of pro ton pop u la tions in cherts as nat u ral an a -

logues of pure sil ica ma te ri als by means of low field NMR. Jour -
nal of Phys i cal Chem is try C, 124: 5225–5240;
 https://doi.org/10.1021/acs.jpcc.9b11790

Kutek, J., Wierzbowski, A., Bednarek, J., Matyja, B.A., Zapaœnik, 
T., 1977. Notes on the Up per Ju ras sic stra tig ra phy in the Pol ish
Jura Chain (in Pol ish with Eng lish sum mary). Przegl¹d
Geologiczny, 25: 438–445. 

Lech, J., 1980. Geologia krzemienia jurajskiego-podkrakowskiego
na tle innych ska³ krzemionkowych. Wprowadzenie do badañ z
perspektywy archeologa (in Pol ish). Acta Archaeologica Carpa -
thica, 20: 165–230. 

Lech, J., 1989. A Danubian raw ma te rial ex change net work: a case
study from Bylany. In: Bylany Seminar 1987 (ed. J. Rulf):
111–120. Col lected Pa pers, Praha. 

Lech, J., 1993. Ana lyse der Spaltindustrie aus der Grube 2. In:
Chráš•any, Bez. Rakovník. Ein Beitrag zum chronologischen
Verhältnis der Stichtbandkeramik zur Grossgartacher und
Oberlauterbacher Keramik (ed. M. Zápotocká), Archeologické
rozhledy, 45: 436–459.

Luedtke, B., 1979. The Iden ti fi ca tion of Sources of Chert Ar ti facts.
Amer i can An tiq uity, 44: 744–757;
 https://doi.org/10.2307/279116

£aptaœ, A., 1974. The dolomites in the Up per Ju ras sic lime stones in
the area of Cra cow (South ern Po land) (in Pol ish with Eng lish
sum mary). Rocznik Polskiego Towarzystwa Geologicznego, 34: 
247–273.

Mandera, S., Sudo³-Procyk, M., Malak, M., Skrzatek, M., Kraj -
carz, M.T., 2024. New de posit of choc o late flint in Za³ê¿e gully
(Kraków-Czêstochowa Up land, Po land) – raw ma te rial char ac -
te r iza tion and its avail abil ity for pre his toric com mu ni ties. Jour nal 
of Ar chae o log i cal Sci ence: Re ports, 53, 104328;
 https://doi.org/10.1016/j.jasrep.2023.104328

Mateiciucová, I., 2008. Talk ing stones: the chipped In dus try in
Lower Aus tria and Moravia and the be gin nings of the Neo lithic in 
Cen tral Eu rope (LBK), 5700–4900 BC. In: Dissertationes
Archaeologicae Brunenses/Pragensesque 4 (eds. Z. Mìøínský
and J. Klápštì): 1–357. Masarykova Uni ver sity, Brno.

Mateiciucová, I., Trnka, G., 2015. Long-dis tance dis tri bu tion of raw
ma te ri als for chipped stone artefacts in the Neo lithic of Cen tral
Eu rope (Moravia and east ern Aus tria) in the 6th and 5th mil len -
nia BC. In: Con nect ing Net works: Char ac ter is ing Con tact by
Mea sur ing Lithic Ex change in the Eu ro pean Neo lithic (eds. T.
Kerig and S. Shennan): 8–15. Archaeopress, Ox ford. 

Matyszkiewicz, J., 1989. Sed i men ta tion and diagenesis of the Up -
per Oxfordian cyanobacterial-sponge lime stones in Piekary
near Kraków. Annales Societatis Geologorum Poloniae, 59:
201–232.

Matyszkiewicz, J., 1996. The Sig nif i cance of Saccocoma- calci -
turbidites for the anal y sis of the Pol ish Epicontinental Late Ju -
ras sic Ba sin: an ex am ple from the South ern Cra cow-Wieluñ Up -
land (Po land). Fa cies, 34: 23–40;
 https://doi.org/10.1007/BF02546155

Matyszkiewicz, J., 1997. Microfacies, sed i men ta tion and some as -
pects of diagenesis of Up per Ju ras sic sed i ments from the el e -
vated part of the North ern peri-Tethyan Shelf: a com par a tive
study on the Lochen area (Schwäbische Alb) and the Cra cow
area (Cra cow-Wielun Up land, Polen). Ber liner Geo wis senscha -
ftliche Abhandlungen, E21: 1–111. 

Matyszkiewicz, J., 1999. Sea-bot tom re lief ver sus dif fer en tial com -
pac tion in an cient plat form car bon ates: a crit i cal re as sess ment
of an ex am ple from Up per Ju ras sic of the Cra cow-Wieluñ Up -
land. Annales Societatis Geologorum Poloniae, 69: 63–79.

Matyszkiewicz, J., Kochman, A., 2016. Pres sure dis so lu tion fea -
tures in Oxfordian mi cro bial-sponge build ups with pseudo no -
dular tex ture, Kraków Up land. Annales Societatis Geologorum
Poloniae, 86: 355–377; https://doi.org/10.14241/asgp.2016.008

Matyszkiewicz, J., Kochman, A., 2020. The prov e nance of si li -
ceous rocks from the Kraków-Czêstochowa Up land (Po land)
used as raw-ma te ri als in the man u fac ture of si li ceous artefacts
from Cen tral-East ern Eu rope; an old prob lem in new light. Jour -
nal of Ar chae o log i cal Sci ence: Re ports, 34, Part A, 102600;
https://doi.org/10.1016/j.jasrep.2020.102600

20 Alicja Kochman and Jacek Matyszkiewicz / Geological Quarterly, 2025, 69, 12

https://doi.org/10.1007/BF02536711
https://doi.org/j.jasrep.2020.102195
https://doi.org/10.3390/min11050462
https://doi.org/10.1021/acs.jpcc.9b11790
https://doi.org/10.1016/j.jasrep.2023.104328
https://doi.org/10.7494/geol.2023.49.3.225
https://doi.org/10.1016/j.sedgeo.2020.105636
https://doi.org/10.7306/gq.1429
https://doi.org/10.2307/279116
https://doi.org/10.1007/BF02546155
https://doi.org/10.14241/asgp.2016.008
https://doi.org/10.1016/j.jasrep.2020.102600


Matyszkiewicz, J., Kochman, A., Rzepa, G., Go³êbiowska, B.,
Krajewski, M., Gaidzik, K., ¯aba, J., 2015. Epigenetic sili ci fi -
ca tion of the Up per Oxfordian lime stones in the Sokole Hills
(Kraków-Czêstochowa Up land): re la tion ship to fa cies de vel op -
ment and tec ton ics. Acta Geologica Polonica, 65: 181–203;
https://doi.org/10.1515/agp-2015-0007

Matyszkiewicz, J., Krajewski, M., Kochman, A., Koz³owski, A.,
Duliñski, M., 2016. Oxfordian nep tu nian dykes with brachi o -
pods from the south ern part of the Kraków-Czêstochowa Up -
land (South ern Po land) and their links to hy dro ther mal vents.
Fa cies, 62, 12; https://doi.org/10.1007/s10347-016-0464-x

Meischner, K.D., 1964. Allodapische Kalke, Turbidite in Riff-Nahen
Sedimentations-Becken. De vel op ments in Sedimentology, 3:
156–191; https://doi.org/10.1016/S0070-4571(08)70963-4

Meyer, R.K.F., 1975. Mikrofazielle Untersuchungen in Schwamm -
-Biohermen und -Biostromen des Malm Ep si lon
(Ober-Kimmeridge) und obersten Malm Delta der Frankenalb.
Geologische Blätter für Nordost-Bayern, 25: 149–177.

Meyer, R.K.F., 1977. Stratigraphie und Fazies des Frankendolomits 
und der Massenkalke (Malm), 3. Teil: Südliche Frankenalb.
Erlanger Geologische Abhandlungen, 104: 1–41.

Meyer, R.K.F., 2003a. Kurzerläuterung zur Geologischen Karte
1:25000 7035 Schamhaupten. Bayerisches Geologisches
Lande samt, München. 

Meyer, R.K.F., 2003b. Kurzerläuterung zur Geologischen Karte
1:25000 7135 Kösching. Bayerisches Geologisches Lande -
samt, München.

Meyer, R.K.F., 2003c. Kurzerläuterung zur Geologischen Karte
1:25000 7033 Titting. Bayerisches Geologisches Landesamt,
München. 

Meyer, R.K.F., Schmidt-Kaler, H., 1990. Paläogeographie und
Schwammriffentwicklung des süddeutschen Malm – ein
Überblick. Fa cies, 23: 175–184;
 https://doi.org/10.1007/BF02536712

Migaszewski, Z.M., Ga³uszka, A., Durakiewicz, T., Starnawska,
E., 2006. Mid dle Oxfordian – Lower Kimmeridgian chert nod ules 
in the Holy Cross Moun tains, south-cen tral Po land. Sed i men -
tary Ge ol ogy, 187: 11–28;
 https://doi.org/10.1016/j.sedgeo.2005.12.003

Migaszewski, Z.M., Ga³uszka, A., Migaszewski, A., 2022. Geo -
chem is try and pe trol ogy of striped chert as a prov e nance tool for 
artefacts from the Krzemionki neo lithic min ing area (Po land).
Archaeometry, 64: 1093–1109;
 https://doi.org/10.1111/arcm.12778

Nerudová, Z., Pøichystal, A., 2011. Kamenná štípaná industrie (in
Czech). In: Osídlení kultury s lineární keramikou v Kosoøi, okr.
Praha-západ (ed. M. Lièka): 78–86. Fontes Archaeologici Pra -
genses 37. Národní muzeum v Praze, Praha.

Niebuhr, B., 2014. Lithostratigraphie der mittel- bis oberjuras -
sischen Reliktvorkommen zwischen Straubing und Passau
(Niederbayern). Schriftenreihe der Deutschen Gesellschaft für
Geowissenschaften, 83: 73–82. 

Niebuhr, B., Pürner, T., 2014. Plattenkalk und Frankendolomit –
Lithostratigraphie der Weißjura-Gruppe der Frankenalb (außer -
alpiner Oberjura, Bayern). Schriftenreihe der Deutschen Gesel -
lschaft für Geowissenschaften, 83: 5–72.

Oliva, M., 2001. Gravettienská sídlištì u Pav lo va. K otázce využívá -
ní silicitù krakovské jury (in Czech). Acta Musei Moraviae,
Scientiae sociales, 86: 45–99. 

Oliva, M., 2007. Gravettien na Moravì (in Czech). Dissertationes
archaeologicae Brunenses/Pragensesque, 1, Masarykova Uni -
ver zi ta, Brno.

Par ish, R.M., 2011. The ap pli ca tion of vis i ble/near-in fra red
reflectance (VNIR) spec tros copy to chert: a case study from the
Do ver Quarry sites, Ten nes see. Geoarchaeology, 26: 420–439;
https://doi.org/10.1002/gea.20354

Pleslová-Štiková, E., 1969. Die Beziehungen zwischen Bayern
und Westböhmen im Äneolithikum. Bayerische Vorgeschichts -
blätter, 34: 1–29.

Pøichystal, A., 1985. Chipped in dus try from the Neo lithic site at
Bylany (distr. Kutná Hora) from the point of view of the ap plied

raw ma te ri als and of their or i gin. Archeologické rozhledy, 37:
481–488. 

Pøichystal, A., 2013. Lithic Raw Ma te ri als in Pre his toric Times of
East ern Cen tral Eu rope. Masaryk Uni ver sity, Brno. 

Pøichystal, A., 2018. Artefacts Made from Si li ceous Rocks of Pol ish 
Or i gin on Pre his toric Sites in the Czech Re pub lic. Archaeologia
Polona, 56: 35–48; https://doi.org/10.23858/APa56.2018.003 

Pøichystal, A., Šebela, L., 2009. A con tri bu tion to wards the stone
in dus try from the Bell Beaker cem e tery at Prague-Velká Chu -
chle (in Czech with Eng lish sum mary). Archeologie ve støedních
Èechách, 13: 683–686.

Rajchel, J.M., 1971. Badania sedymentologiczne krzemieni juraj -
skich pod Krakowem (in Pol ish). Sprawozdania z Posiedzeñ
Komisji Naukowych Polskiej Akademii Nauk. Oddzia³ w Krako -
wie, 14: 625–645.

Reisch, L., 1974. Der vorgeschichtliche Hornsteinabbau bei
Lengfeld, Ldkr. Kelheim und die In ter pre ta tion „grobgerärtiger“
Silexindustrien in Bayern. Materialhefte zur Bayerischen
Vorges chichte 29. Kallmünz/ Opf.: Verlag Mi chael Lassleben.

Roll, T.E., Neeley, M., Speakman, R.J., Glascock, M.D., 2005.
Char ac ter iza tion of Montana cherts by LA-ICP-MS. In: La ser
Ab la tion-ICP-MS in Ar chae o log i cal Re search (eds. R.J. Speak -
man and H. Neff): 58–76. Uni ver sity of New Mex ico Press, Al bu -
quer que.

Rutte, E., 1962.  Geologische Karte mit Erläuterung 1:25000 7037
Kelheim. Bayerisches Geologisches Landesamt, München.

Rühle, E., Ciuk, E., Osika, R., Znosko, J., 1977. Mapa geologiczna 
Polski bez utworów czwartorzêdowych: 1:500 000 (in Pol ish).
Wydaw. Geol., Warszawa. 

Sánchez de la Torre, M., Le Bourdonnec, F.X., Gratuze, B.,
Domingo, R., García-Simón, L.M., Mon tes, L., Mazo, C.,
Utrilla, P., 2017. Ap ply ing ED-XRF and LA-ICP-MS to geo -
chemically char ac ter ize chert. The case of the Cen tral-East ern
Pre-Pyr e nean lac us trine cherts and their pres ence in the Mag -
da lenian of NE Ibe ria. Jour nal of Ar chae o log i cal Sci ence: Re -
ports, 13: 88-98; https://doi.org/10.1016/j.jasrep.2017.03.037

Schild, R., 1971. Lo ca tion of the so-called choc o late flint ex trac tion
sites on the north-east ern footslopes of the Holy Cross Moun -
tains. Folia Quaternaria, 39: 1–61. 

Schürch, B., Wettengl, S., Fröhle, S., Conard, N., Schmidt, P.,
2022. The or i gin of chert in the Aurig na cian of Vogelherd Cave
in ves ti gated by in fra red spec tros copy. PLoS ONE, 17,
e0272988; https://doi.org/10.1371/jour nal.pone.0272988

Skarpelis, N., Carter, T., Contreras, D.A., Mihailoviæ, D.D., 2017.
Char ac ter iza tion of the si li ceous rocks at Stélida, an early pre -
his toric lithic quarry (North west Naxos, Greece), by pe trog ra phy
and geo chem is try: a first step to wards chert sour cing. Jour nal of 
Ar chae o log i cal Sci ence: Re ports, 12: 819–833;
 https://doi.org/10.1016/j.jasrep.2016.11.015

Sobczyk, K., 1993. The Late Palaeo lithic Flint Work shops at
Brzoskwinia-Krzemionki near Kraków. Uniwersytet Jagielloñski, 
Kraków.

Streim, W., 1961. Stratigraphie, Fazies und Lagerungsverhältnisse
des Malms bei Dietfurt und Hemau (Südliche Frankenalb).
Erlanger Geologische Abhandlungen, 38: 1–49.

Sudo³-Procyk, M., Budziszewski, J., Krajcarz, M.T., Jakubczak,
M., Szubski, M., 2018. The choc o late flint mines in the Udorka
Val ley (Czêstochowa Up land) – a pre lim i nary re port on the field
and lidar sur veys. In: Be tween His tory and Ar chae ol ogy Pa pers
in hon our of Jacek Lech (eds. D.H. Werra and M. WoŸny):
89–102. Archaeopress Ar chae ol ogy, Ox ford.

Sudo³-Procyk, M., Brandl, M., Krajcarz, M.T., Malak, M.,
Skrzatek, M., Stefañski, D., Trela-Kieferling, E., Werra, D.H.,
2021a. Choc o late flint: new per spec tives on its de pos its, min ing, 
use and dis tri bu tion by pre his toric com mu ni ties in Cen tral Eu -
rope. An tiq uity, 95, e25; https://doi.org/10.15184/aqy.2021.48

Sudo³-Procyk, M., Krajcarz, M.T., Malak, M., Werra, D.H., 2021b.
Pre lim i nary char ac ter iza tion of the pre his toric mine of choc o late
flint in Porêba Dzier¿na, site 24 (Wolbrom com mune, Lesser Po -
land Voivodeship). Sprawozdania Archeologiczne, 73:
109–135; https://doi.org/10.23858/SA/73.2021.2.2546

Alicja Kochman and Jacek Matyszkiewicz / Geological Quarterly, 2025, 69, 12 21

https://doi.org/10.1007/BF02536712
https://doi.org/10.1016/j.sedgeo.2005.12.003
https://doi.org/10.1111/arcm.12778
https://doi.org/10.23858/APa56.2018.003
https://doi.org/10.1016/j.jasrep.2017.03.037
https://doi.org/10.23858/SA/73.2021.2.2546
https://doi.org/10.23858/SA/73.2021.2.2546
https://doi.org/10.1016/j.jasrep.2016.11.015
https://doi.org/10.1371/journal.pone.0272988
https://doi.org/10.1515/agp-2015-0007
https://doi.org/10.1007/s10347-016-0464-x
https://doi.org/10.1016/S0070-4571(08)70963-4
https://doi.org/10.1002/gea.20354


Sudo³-Procyk, M., Malak, M., Binnebesel, H., Krajcarz, M.T.,
2022. Striped flint in ar chae o log i cal ma te ri als around the out -
crops of the Kraków-Czêstochowa striped flint va ri ety. Archaeo -
logia Polona, 60: 163–185;
 https://doi.org/10.23858/APa60.2022.3099 

Sulgostowska, Z., 2005. Kontakty spo³ecznoœci póŸnopaleo lity -
cznych i mezolitycznych miêdzy Odr¹, DŸwin¹ i górnym Dnie -
strem: studium dystrybucji wytworów ze ska³ krzemionkowych (in
Pol ish). Instytut Archeologii i Etnologii PAN, Warszawa. 

Šebela, L., Pøichystal, A., Škrdla, P., Humpolová, A., 2017. Un -
usual Mid dle Paleolithic stone tool from south ern Moravia with
pos si ble re la tions to south ern Po land. Acta Archaeologica
Carpathica, 52: 289–297.

Trnka, G., 2004. Niederbayerischer Hornsteinimport in das
niederösterreichische Donautal im Raum Melk. In: Zwischen
Karpaten und Ägäis. Neolithikum und Ältere Bronzezeit
(Geden kschrift für Viera Nìmejcová-Pavúková) (eds. B. Hänsel
and E. Studeníková): 309–321. Internationale Archäologie –
Studia hon o raria 21. 

Vávra, M., 1993. Neolitická plastika z Èernožic (in Czech).
Archeolo gické rozhledy, 45: 212–220. 

Vencl, S., 1971. Souèasný stav poznání postmesolitických štípa -
ných industrií v Èeskoslovensku (in Czech). In: Z badañ nad
krzemieniarstwem neolitycznym i eneolitycznym (ed. J.K.
Koz³o wski): 74–99. Muzeum Archeologiczne, Kraków. 

Vencl, S., 1978. Voletiny – nová pozdnì paleolitická industrie z
Èech (in Czech). Památky archeologické, 69: 1–44.

Voláková, S., 2001. K technologii štípané industrie magdalénienu:
analýza jader z jeskynì Pekárny (in Czech). Èasopis Mora -
vského muzea. Vìdy spoleèenské, 86: 101–116.

Weber, K.H., 1978. Erläuterungen zur Geologischen Karte 1:25000
7137 Abensberg. Bayerisches Geologisches Landesamt,
München.

Weißmüller, W., 1995. Flintsbach-Hardt and the Ju ras sic horn -
stones of the Ortenburger Kieselnirenkalke in SE-Ba varia.
Archaeologia Polona, 33: 287–295.

Wilczyñski, J., 2016. A new be gin ning: mod ern hu mans in Po land.
In: The Past So ci et ies. Pol ish lands from the first ev i dence of hu -
man pres ence to the early Mid dle ages. Vol ume 1:500,000 –
5,500 BC (ed. J. Kabaciñski): 111128. In sti tute of Ar chae ol ogy
and Eth nol ogy Pol ish Acad emy of Sci ences, Warszawa.

Zeiss, A., 1964. Zur Malm Gamma/Delta-Grenze in Franken. Geolo -
gische Blätter für Nordost-Bayern, 14: 104–115.

Zeiss, A., 1977. Ju ras sic stra tig ra phy of Franconia. Stuttgarter
Beiträge zur Naturkunde, Serie B, 31: 1–32.

Zeiss, A., 2012. Lithostratigraphische Einheiten des Jura in Nord -
bayern. Geologische Blätter für Nordost-Bayern, 62: 247–260.

22 Alicja Kochman and Jacek Matyszkiewicz / Geological Quarterly, 2025, 69, 12

https://doi.org/10.23858/APa60.2022.3099

