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The Upper Jurassic carbonate deposits of microbial-sponge megafacies, which host chert concretions and bedded cherts,
were deposited along the northern margin of the Tethyan Ocean. Exposures of these rocks extend from Portugal to the Cau-
casus Mts. Well-known localities include those in southeastern Germany and southern Poland, where these strata are simi-
lar in lithology. Petrographic studies on chert concretions and bedded cherts from Upper Jurassic successions exposed in
the southeastern part of the Franconian Alb and in the Bayerwald have shown that silicification was a late-diagenetic, multi-
stage process and that the silica presumably originated from hydrothermal solutions. The chert concretions of the Bayerwald
show considerable similarity to lithologies known from the Krakéw-Czestochowa Upland. In both regions, these mostly rep-
resent silicified microbial-sponge biostromes. By contrast, the chert concretions of the Franconian Alb, where younger parts
of the Upper Jurassic succession are preserved, differ significantly from the concretions encountered in both the Bayerwald
and the Krakow-Czestochowa Upland. The bedded cherts of the Franconian Alb are partly silicified tempestite sequences
whereas those of the Krakéw-Czestochowa Upland represent silicified calciturbidites. However, some fine-grained portions
of these successions show macroscopic resemblance, despite their differences in development. In prehistoric times, these
regions in Poland and Germany were sources of siliceous raw-materials, which might have been exported towards Bohemia,
as suggested by artifacts that are believed to have originated from Poland or Germany. However, comparative studies indi-
cate that macroscopic diagnostic features determining the origin of artifacts manufactured from either the chert concretions
or the bedded cherts are of doubtful value. In particular, the “chocolate flint” distinguished by archaeologists, the origin of
which is suggested to be limited exclusively to the northeastern margin of the Holy Cross Mts. or to the central part of the
Krakéw-Czestochowa Upland, may also represent parts of chert concretions collected in the Franconian Alb. Distinction of
this variety in artifact inventories based upon individual specimens may be erroneous.
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INTRODUCTION 500 km (e.g., Sulgostowska, 2005; Mateiciucova and Trnka,
2015; Burgert, 2018; Sudot-Procyk et al., 2021a).

While the term “Jurassic flint around Krakéw” (JFAK)

Archaeological literature on Paleolithic, Mesolithic and Neo-
lithic materials in the eastern part of Central Europe describes
various siliceous raw materials including the “Jurassic flint
around Krakéw” (e.g., Kaczanowska and Koztowski, 1976;
Lech, 1980; Prichystal, 2013) and the “chocolate flint” (e.g.,
Krukowski, 1920; Schild, 1971; Budziszewski, 2008). The oc-
currence of both flint varieties is suggested to be limited only to
local sources. Moreover, the appearance of even individual,
several-centimetre-long specimens in artifact inventories has
been taken as evidence of contacts between Late Paleolithic-
Mesolithic communities over distances that could exceed
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clearly indicates its provenance from the southern part of the
Krakéw-Czestochowa Upland (S-KCU), the term “chocolate
flint” (CF), initially used exclusively for specimens that origi-
nated from the northeastern margin of the Holy Cross Mts.,
has recently been applied also to artifacts collected at archae-
ological sites in the central KCU (Krajcarz et al., 2012, Kraj-
carz and Sudot-Procyk, 2019; Sudot-Procyk et al., 2018,
2021a, b, 2022; Mandera et al., 2024). Although, to date, the
colour of the CF has not been precisely defined as a diagnostic
feature (cf. Budziszewski, 2008: p. 47; Mandera et al., 2024),
this criterion has been taken to be unambiguously macroscop-
ically identifiable in artifact collections, which can lead to con-
clusions crucial to interpreting contacts between prehistoric
communities throughout Central Europe (cf. Burgert, 2018;
Sudot-Procyk et al., 2021a).

The key criterion for identification of siliceous artifacts in
archaeological studies should be their petrographic character-
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ization (e.g., Luedtke, 1979; Skarpelis et al., 2017; Chatzim-
paloglou et al., 2020). Unfortunately, the vast majority of ar-
chaeological research projects focused on the classification of
siliceous artifacts in order to determine their provenance have
been based exclusively on macroscopic descriptions of their
outer surfaces, which are usually rough, commonly weathered
and coated with patina. The standard, destructive petrogra-
phic methods: observations of thin and polished sections, as
well as geochemical analyses, cannot be applied because ar-
tifacts must remain undamaged. By contrast, advanced, non-
-destructive methods, e.g. laser ablation-inductively coupled
plasma-mass spectrometry (LA-ICP-MS; cf. Roll et al., 2005;
Brandl et al., 2016; Sanchez de la Torre et al., 2017) or mid-in-
frared spectroscopy (cf. Parish, 2011; Schurch et al., 2022)
are still rarely used because of their high cost. However, even
these latest methodologies usually do not allow researchers to
precisely determine the provenance of artifacts, particularly
those derived from carbonate strata of similar development
and age.

A critical analysis of the macroscopic identification criteria of
both the JFAK and CF in artifact inventories has already been
published by Kochman et al. (2020a) and Matyszkiewicz and
Kochman (2020). It was demonstrated that it is impossible to
assign the origin of any given flint artifact to the Upper Jurassic
strata from any specific region of the KCU based solely on mac-
roscopic criteria because similar varieties of siliceous raw mate-
rials occur throughout the entire KCU (cf. Kochman et al.,
2020b; Kochman and Matyszkiewicz, 2023).

In 2023, comparative studies were initiated in southeastern
Bavaria, in the southernmost part of the Franconian Alb (FA)
and in the Bayerwald (BW) (Fig. 1). These two regions were se-
lected because: (1) the majority of the Upper Jurassic limestone
facies hosting the cherts in both the FA and BW (e.g., Zeiss,
1977, 2012; Meyer and Schmidt-Kaler, 1990; Niebuhr and
Purner, 2014) show a development similar to that known from
the KCU (e.g., Dzutynski, 1952; Kutek et al., 1977; Maty-
szkiewicz, 1997), (2) sites of extraction and processing of sili-
ceous raw materials are known from both southeastern Ger-
many (e.g., Reisch, 1974; Engelhardt, 1985; Weilmdiller, 1995;
Binsteiner, 2005, 2013; de Grooth, 1994, 1997; Bertola and
Schafer, 2013; Burgert, 2016), and the KCU (e.g., Kowalski and
Koztowski, 1958; Dagnan-Ginter et al., 1976; Dzieduszycka-
-Machnikowa and Lech, 1976; Ginter, 1980; Sobczyk, 1993;
Chochorowska and Dagnan-Ginter, 1995; Wilczynski, 2016),
(3) potential export of siliceous raw materials and finished
goods from the source regions should have proceeded also to-
wards Bohemia and Moravia, located roughly midway between
the KCU and the FA/BW (Fig. 1A).

Artifact inventories in Bohemia and Moravia include few, or
individual, chert artifacts labeled JFAK (e.g., Koztowski, 1958;
Vencl, 1971; Kaczanowska and Koztowski, 1976; Prichystal,
1985; Lech, 1993; Oliva, 2001, 2007; Volakova, 2001; Janak
and Prichystal, 2007; Nerudova and Prichystal, 2011; Sebela
etal., 2017 and others) or CF (e.g., Vencl, 1978; Lech, 1989;
Vavra, 1993; Oliva, 2001; Volakova, 2001; Pfichystal and
Sebela, 2009; Culakova, 2015; Burgert, 2018; Pfichystal,
2018 and others). Moreover, there are also documented arti-
facts allegedly sourced in the FA/BW (e.g., Pleslova-Stikova,
1969; Vencl, 1971; de Grooth, 1995; Binsteiner, 2001, 2005,
2013; Trnka, 2004; Mateiciucova, 2008; Burgert, 2016). As
the identification of artifacts in these cited publications was
based exclusively on macroscopic descriptions and analyses,
we ask: do there exist any macroscopic criteria which would
unambiguously identify the provenance of any given siliceous
artifact?

GEOLOGICAL SETTING

In the Late Jurassic, the KCU and the FA/BW regions occu-
pied the northern shelf of the Tethys Ocean where carbonate
sedimentation prevailed as the “microbial-sponge megafacies”
(e.g., Gwinner, 1971, 1976; Keupp et al., 1990; Matyszkiewicz,
1999). Identical factors controlling biogenic sedimentation re-
sulted in significant similarity of development of Upper Jurassic
successions exposed between Portugal and the Caucasus Mts.
This is the case for massive (non-bedded) facies, i.e. micro-
bial-sponge, microbial and coral buildups, which are practically
devoid of cherts, as well as for normal (bedded) facies, which lo-
cally host cherts distributed parallel to the bedding surfaces or,
less commonly, randomly scattered within the rock body.

The most important differences in development of Upper
Jurassic strata in both the KCU and the FA are: (1) a thicker
succession preserved in the FA (>400 m), by comparison with
the KCU (~300 m), (2) a related wider stratigraphic range of the
succession in the FA (Oxfordian-Lower Tithonian), in compari-
son with the KCU (Oxfordian-Lower Kimmeridgian), (3) the
common occurrence of dolomitization in Upper Jurassic lime-
stones in the FA whereas in the KCU dolomitization appears
only locally, in the uppermost part of succession.

In both regions, bedded limestones are represented mostly
by microbial-sponge biostromes (e.g., Dzutynski, 1952; Maty-
szkiewicz, 1989; Keupp et al., 1990; Brachert, 1992; Krajewski
et al., 2018; Kochman et al., 2020a; Matyszkiewicz and Koch-
man, 2020), which locally host chert concretions. The second,
specific silicification products are bedded cherts, which are ob-
served in the fine-grained deposits of submarine gravity flows,
the “allodapic limestones” (cf. Meischner, 1964). In the FA, such
deposits are described 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
“bedded cherts” is in common use (Matyszkiewicz, 1996; Maty-
szkiewicz and Kochman, 2020).

In the southeastern part of the FA studied (Fig. 1B), both
chert concretions and thin-bedded cherts are observed, mostly
in the Tangrintel Formation (Upper Kimmeridgian-Lower Titho-
nian) (cf. Rutte, 1962; Weber, 1978; Meyer, 1977; Binsteiner,
2005; Niebuhr and Purner, 2014). Less common are chert con-
cretions in the Treuchtlingen Formation (upper part of the Lower
Kimmeridgian-middle part of the Upper Kimmeridgian) (Meyer,
1975, 2003c; Niebuhr and Purner, 2014) and in the Painten
Formation (bottom part of the Lower Tithonian) (Streim, 1961;
Niebuhr and Purner, 2014) whereas thin-bedded cherts are
known from the Torleite Formation (middle-topmost parts of the
Upper Kimmeridgian) (Streim, 1961; Zeiss, 1964, Binsteiner,
2005; Niebuhr and Purner, 2014).

The Upper Jurassic strata of the BW are different. These
are relicts of an Upper Jurassic succession which represents
the stratigraphic interval from the Middle Oxfordian to the Lower
Kimmeridgian (so-called Ortenburg Formation) (cf. Zeiss, 1977;
Meyer, 1977; Groschke, 1985; Niebuhr, 2014) and comprise
thick-bedded limestones with numerous chert concretions.
These deposits reveal a distinct similarity to the Upper Jurassic
bedded limestones of the KCU, particularly of the S-KCU.

MATERIALS AND METHODS

The methodology applied in this research project included
collecting 37 rock samples from 5 exposures located in the
southern FA and in the BW (Fig. 1). The stratigraphic position of
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Fig. 1. Location of study area

A — possible export directions of siliceous raw materials and finished products in the Paleolithic, Mesolithic and Neolithic from Poland
(Krakéw-Czestochowa Upland and NE margin of the Holy Cross Mts.) and SE Germany (Franconian Alb and Bayerwald). The area of Bohe-
mia where artifacts said to originate from Poland or Germany were found is located halfway between these two areas of intensive mining and
processing of siliceous raw materials. Location of the KCU on the Geological Map of Poland (Ruhle et al., 1977). B — sampling sites referred
to on a simplified Geological Map of Bavaria. Emmerthal, Kelheim and Hemau sites are located in the Franconian Alb; Munster and
Flintsbach belong to the Bayerwald, where relicts of Upper Jurassic successions are preserved (not shown on the map due to their small
scale; after Doben et al., 1996, simplified)
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the sampled exposures was taken from the 1:25 000
scale Geological Map of Bavaria with explanations.
Names of stratigraphic units are based upon Niebuhr
and Purner (2014), and Niebuhr (2014).

In the southern FA, samples were collected from
3 exposures, among which Emmerthal represents the
Torleite Formation whereas Hemau and Kelheim
comprise strata from the Tangrintel Formation. In the
BW, exposures were sampled at the Minster and
Flintsbach sites, both representing the Ortenburg
Formation (Fig. 1).

During the field sessions, each chert sample was
taken together with the enclosing limestone, with the
way-up being marked, enabling sedimentological anal-
yses of the cherts together with their hosting lime-
stones. Additionally, field observations were supported
by photographic documentation of all sampling sites
and their GPS coordinates. From the collected sam-
ples, 30 polished sections (Emmerthal — 4, Kelheim —
8, Hemau — 4, Minster — 8, Flintsbach — 6) and 80
thin-sections (Emmerthal — 9, Kelheim — 20, Hemau —
8, Minster — 25, Flintsbach — 18) were prepared and
examined for microfacies analysis using an Olympus
SZX10 polarizing microscope. For a single chert con-
cretion from the Kelheim exposure, which a revealed
spectacular diversity of colours, the *"Fe Mossbauer spectrum
was recorded at room temperature in order to confirm its multi-
stage formation process and diverse silica sources. Spectrome-
try in transmission geometry was carried on with a RENON
MsAa-4 spectrometer equipped with a LND Kr-filled proportional
detector and *"Co(Rh) source (Btachowski et al., 2008). For the
remaining samples it was not possible to quantify the presence of
Fe.

Comparative materials originated from the inventory of thin
and polished sections of siliceous rocks collected from the Up-
per Jurassic successions across the entire KCU and stored at
the Department of Environmental Analysis, Geological Map-
ping and Economic Geology, Faculty of Geology, Geophysics
and Environment Protection, AGH University of Science and
Technology in Krakéw. In total, 49 comparative samples were
used, taken from 7 exposures located in the S-KCU and from 1
exposure in the N-KCU. Among these, 23 samples represent
chert concretions and 26 are bedded cherts. Detailed petro-
graphic descriptions of siliceous rocks from the KCU have al-
ready been published by Kochman et al. (2020a, b), Maty-
szkiewicz and Kochman (2020) and Kochman and Matyszkie-
wicz (2023); hence, only brief characterizations of the chert
concretions and bedded cherts are provided below.

Geochemical analysis of samples collected from the Fran-
conian Alb, Bayerwald, and Krakéw-Czestochowa Upland has
been conducted, and the results will be presented in forthcom-
ing publications.

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)

Macroscopic features
In an intermittently worked quarry near Prunn (Fig. 2),
where the walls are ~20 m high, thick-bedded limestones are

Fig. 2. Emmerthal Quarry

A — main wall exposing bedded, locally dolomitized limestones with chert
concretions; in the upper part of the quarry, intense karst features are seen;
B — light-cream, ellipsoidal chert concretion hosted in dolomitized limestone

exposed, in which individual layers are up to ~2.5 m thick (Fig.
2A). The weathered limestone surfaces are grey whereas the
fresh fractures are light brown. In the upper parts of the quarry
walls, the limestones are strongly karstified.

On weathered limestones surfaces, cream-coloured casts
of siliceous sponges and chert concretions were observed (Fig.
2B), mostly horizontally arranged. Both the cherts and sponges
(Figs. 2B and 3A, E), as well as single brachiopods and bi-
valves, distinctly protrude from the rock matrix. The limestones
are developed as wackestones-packstones with intercalations
of boundstone (terminology after Dunham, 1962).

The chert concretions vary in shape. Most common are el-
lipsoids (Figs. 2B and 3A, C, E) but spheres and irregular forms
are also present. Their diameters may exceed ten centimetres
(along the longer axis) but are usually up to several centimetres.
The cores of concretions are mostly casts of siliceous sponges
(Fig. 3A, C). Colours are diverse: the central parts are brown-
ish-grey whereas towards the outer parts, the colour grades to
almost white (Fig. 3A, C, E).

Microscopic observations

Under the microscope, the limestones commonly show
unitary sedimentary sequences (Gaillard, 1983; Matyszkie-
wicz, 1989) formed by siliceous sponges (Fig. 3D) with micro-
bialites developed onto their upper surfaces and epifauna
(mostly bryozoans and polychaetes) settled on the bottom sur-
face. The sediment between the sponge bodies is a wacke-
stone-packstone with individual bryozoans (Fig. 3B) and bra-
chiopod specimens. Locally, the limestone is dolomitized
(Figs. 3F and 4A, C, D). In some limestone samples, dolo-
rhombs are dissolved at the contact with the chert concretion
(Fig. 4A) producing a mouldic porosity, but most of the dolo-
rhombs remain unaffected (Figs. 3F and 4C, D).

The chert concretions are silicified patches of limestone.
Usually, the cores of concretions are formed by skeletons of
Hexactinellida siliceous sponges (Fig. 3D). The contours of
bioclasts are filled with both chalcedony (Fig. 4B) and granular
quartz. Sporadically, the relics of non-silicified fauna occur.
The carbonate matrix is replaced by cryptocrystalline silica.
The limestone/chert boundaries locally follow stylolites (Fig.
4A, C, D).
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Fig. 3. Photographs of polished — A, C, E and thin (B, D, F) sections (Emmerthal Quarry)

A — limestone with chert concretion (cc) and silicified casts of siliceous sponges (Sp). Siliceous sponge skeleton
occupies centre of concretion (black arrow). White arrow indicates direction to the top. B — contact of chert con-
cretion (cc) and limestone (wackestone) with individual bioclasts. Arrow marks partly silicified bryozoan fossil.
Plane polarized light. C — chert concretion with sponge cast in the centre (arrow). Colour becomes increasingly
lighter towards the concretion’s edge. D — chert concretion with recognizable skeletal fragments of siliceous
sponges (Sp). Arrow indicates direction to the top. Crossed polars. E — partly dolomitized limestone with chert
concretions (cc) and casts of siliceous sponges (Sp). Arrow indicates direction to the top. F — contact of chert con-
cretion (cc) with dolomitized limestone. Close to the contact, the limestone contains numerous euhedral dolomite
crystals completely replacing calcite. Dolomitization is selective: dolomite crystals occur only in the matrix
whereas irregular oncoids remain unreplaced. Plane polarized light

Interpretation of depositional and diagenetic

environments

The bedded limestones are interpreted as the early develo-
pment stages of typical biostromes representing the micro-
bial-sponge megafacies. Dolomitization and partial dedolomiti-
zation processes proceeded prior to pressure solution, which
produced stylolites and dissolution seams. The boundaries of
chert concretions located on stylolites indicate that silicification
was a late-diagenetic process, which followed chemical com-
paction.

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

Macroscopic features

Limestones with chert concretions and thin-bedded cherts
occur in an exposure ~5 m high and 8 m long, located on the
northern side of a country road. The lower part of that section
comprises thin-bedded limestones with graded bedding (Fig.
5). In the coarser-grained layers, faunal detritus is observed.
The overlying nodular limestone (Fig. 5) contains abundant bi-
valves, corals and brachiopods.
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Fig. 4. Microfacies development of chert concretions (Emmerthal Quarry)

A — contact of chert concretion (cc) with limestone along stylolite. Euhedral dolomite crystals in the limestone
were partly dedolomitized producing mouldic porosity. Crossed polars. B — fragment of secondarily silicified skel-
eton of hexactinellid siliceous sponge replaced by granular quartz and chalcedony (arrows). Crossed polars. C —
contact of chert concretion (cc) with limestone along stylolite. Limestone contains individual, euhedral dolomite
crystals. Plane polarized light. D — contact of chert concretion (cc) with intensely dolomitized limestone along
stylolite impregnated with brownish Fe-oxides. Plane polarized light

Silicification products are present in both the thin-bedded
and the nodular limestones. In the former, tabular, thin-bedded
cherts (Figs. 5 and 6A, B) occur together with ellipsoidal chert
concretions (Figs. 5 and 6C, D). By contrast, in the nodular
limestones, concretions reveal irregular shapes (Figs. 5 and
6E, F). The most intense silicification proceeds at the contact

Fig. 5. Kelheim exposure

in the lower part, limestones (tempestites) with individual, silicified
layers of thin-bedded cherts are exposed (so-called Plattensilex;
black arrows); in the upper part, nodular limestones (debris flows)
with irregular chert concretions (white arrows) are seen

between thin-bedded and nodular limestones where massive,
multicoloured, rounded concretions occur (Fig. 6E).

The thickness of the thin-bedded chert layers varies from ~1
to 5 cm. Thicker (3-5 cm), brownish thin-bedded cherts with flat
top and bottom surfaces (Fig. 6A) are built of homogenous,
fine-grained rock, in which irregular spots are scattered. These
are presumably burrows made within the fine-grained material
prior to silicification. Thinner (~1-2 cm) detrital laminae are
brownish in colour, contain silicified fossil fragments and show
somewhat blurred graded bedding (Fig. 6B). Top and bottom
surfaces of these laminae are usually smooth, some being wavy.

The ellipsoidal concretions hosted in the thin-bedded lime-
stones may exceed 10 cm along their long axes whereas their
width does not exceed 5 cm. Their internal structure is concen-
tric with cortices built of bands up to ~1 cm thick (Fig. 6C). Usu-
ally, individual bands reveal subtle differences in colour.In
places, their cores are coated by internal bands of brownish
("chocolate™?) silica whereas the outer bands are greyish-white
or brownish (Fig. 6D).

The chert concretions observed in nodular limestones,
close to the contacts with thin-bedded cherts, are large (up to
~20 cm in diameter) and show diverse colours. Their cores, up
to 15 cm across, are built of multicoloured, spotty chert full of
clearly visible fragments of bivalves, brachiopods, siliceous
sponges and gastropods. Such cores are coated with cortical
bands of total thickness up to ~5 cm (Fig. 6E), usually lighter in
colour than the core.

Occasionally, concretions collected from the nodular lime-
stones do not have distinct cores and cortices (Fig. 6F). These
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Fig. 6. Photographs of polished sections of chert concretions and tabular cherts (Kelheim exposure)

A — tabular chert with flat top and bottom surfaces. Perpendicular joints are filled with brownish Fe-oxides. The
spotted structure is related to burrows in the carbonate sediment, subsequently silicified. B — an individual
tempestite, in which both the fine bioclasts and the enclosing matrix are silicified. The silicified tempestite shows
poorly marked graded bedding. C — chert concretion from the tempestite succession with concentric, banded
structure. D — tripartite chert concretion from the tempestite succession close to its contact with nodular lime-
stone. The regular, almost perfectly spherical core (1) is enclosed in a brownish ("chocolate”?) envelope (2) fol-
lowed by light-grey and brownish silica bands (3) of the cortex. Area in rectangle is shown in Figure 7D. E — chert
concretion with massive, light-brownish, spotted core, in which casts of siliceous sponges (Sp) occur together
with gastropods (G) and other, fine bioclasts. The core is enveloped by a thin-banded cortex. F — fragment of chert
concretion from nodular limestone. In the upper, light-brownish part, a silicified fragment of coral occurs whereas
the bottom part is formed by silicified sediment with numerous fragments of thick-shelled bivalves. No distinct cor-
tex is observed
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are irregular fragments of brownish, silicified limestone with
clearly visible relics of silicified corals, bivalves and brachiopods.

Microscopic observations

The thin-bedded limestones represent tempestites with
well-developed sorting and graded bedding. Thin-bedded cherts
of thickness from 3 to 5 cm are developed as silicified, graded-
bedded mudstones-wackestones (Fig. 7A). Burrows in primary
mudstones are filled with wackestone. In such deposits, the lime-
stone/chert contacts are even and sharp.

Thinner (1-2 cm), silicified laminae are packstones-grain-
stones of grain size up to ~2 mm (Fig. 7B). Their top and bottom

surfaces are uneven and silica protrusions penetrate into the
over- and the underlying limestone to a distance of ~1 mm.

In the chert concretions hosted in thin-bedded limestones,
both silicified mudstones-wackestones and packstones-grain-
stones were observed. Boundaries of the chert concretions are
oblique to the sedimentary lamination produced by graded bed-
ding (Fig. 7C).

In places, in the finest-grained, best-sorted tempestites,
multicoloured cortical bands do not show differences in develop-
ment of carbonate sediment later subjected to silicification (Fig.
7D). Boundaries of bands having different colours are usually
emphasized by the presence of brownish Fe-oxides (Fig. 7D).

Fig. 7. Microfacies development of chert concretions and tabular cherts (Kelheim exposure)

A —tabular chert having even top and bottom surfaces, and homogenous, silicified laminae of similar grain size.
Arrow indicates direction to the top. Crossed polars. B — contact of limestone developed as tempestite succes-
sion with a single, silicified tempestite lamina. Laminae differ in grain size. Arrow indicates direction to the top.
Plane polarized light. C — contact of chert concretion (cc) with limestone developed as a tempestite succession.
Lamination of tempestite results from variation in grain size. Limestone/chert concretion boundary is oblique to
horizontal lamination. Arrow indicates direction to the top. Plane polarized light. D — microscopic image of chert
concretion from Figure 6D. Core (zone 1) is visible on the right, "chocolate” chert (zone 2) is on the left and cortex
bands (zone 3) appear on the extreme left. The sediment in all three zones is a mudstone. Boundary between
zones 2 and 3 is marked by Fe-oxides (arrow). Crossed polars. E — boundary between chert concretion (cc) and
nodular limestone representing a debris flow deposit. Concretion shows contours of bioclasts filled with granular
quartz. Crossed polars. F — irregular aggregates of silica in nodular limestone (debris flow). Crossed polars



Alicja Kochman and Jacek Matyszkiewicz / Geological Quarterly, 2025, 69, 12 9

The nodular limestones are developed as packstones-
grainstones with abundant faunal assemblages of echinoderms
(echinoid spines and plates), bivalves, brachiopods, corals and
serpulids. Oncoids up to 1 cm across are also common; their
cores are fragments of thin-shelled bivalves. Cherts hosted in
the nodular limestones reveal sharp and usually uneven bound-
aries with the enclosing limestone (Fig. 7E). Moreover, irregular
aggregates of silica commonly impregnate these limestones
(Fig. 7F).

Application of Méssbauer spectroscopy

Application of precise Mossbauer spectroscopy methodol-
ogy allowed quantification of Fe in the chert concretions studied
(Figs. 6D and 7D) from the Kelheim exposure (Fig. 8). The
measurements revealed that the spectral component (sextet)
with the hyperfine magnetic field B, present only in the P-2 sam-
ple, i.e. in the brownish (“chocolate”?) envelope, belongs to Fe
atoms in superparamagnetic nanoparticles of Fe-oxide (hema-
tite) and/or oxyhydroxide (goethite). The spectral component
(doublet) without the magnetic hyperfine field present in all
three samples analysed probably belongs to Fe atoms hosted
in clay minerals and/or to traces of Fe incorporated in SiO,. A
sample taken from the brownish envelope distinctly differs from
those from the core and outer cortex. It contains ~60% of
Fe-oxide (hematite) and/or Fe-oxyhydroxide (goethite), which is
absent from the remaining samples. Such a distribution of
Fe-oxide suggests that: (1) different parts of the chert concre-
tion formed in different chemical regimes, (2) silicification was
multistage and (3) silica was supplied from various sources.

Interpretation of depositional and diagenetic

environments

The thin-bedded limestones from the lower part of the
Kelheim exposure are interpreted as tempestites formed during
redeposition of detrital material from the shallower parts of the
sedimentary basin. By contrast, the overlying nodular lime-
stones are products of debris flows. Redeposition of sedimen-
tary material indicates the presence of topographic variations
on the basin floor. The uplifted zones originated from aggra-
dational growth of carbonate buildups, the upper parts of which
were settled by shallow-water fauna assemblages. The areas
between the carbonate buildups (so-called “Wannen”; cf.
Meyer, 1977) were located at greater depths.

The formation of thin-bedded cherts was a late-diagenetic
process that selectively replaced specific parts of the
tempestite succession. The chert concretions hosted in both
the tempestites and the debris flow deposits were similarly
late-diagenetic. Contrasting colours observed in some chert
concretions resulted from multistage silicification and various
sources of silica.

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

Macroscopic features

Samples were collected from a weathering zone developed
in a forested area. The enclosing limestone has not been pre-
served whereas the cherts occur as fragments of tabular, thin-
bedded and concretionary geometrical varieties (Fig. 9A, C, E).

The thin-bedded cherts are light-brown, tabular, distinctly
laminated bodies, up to 4 cm thick (Fig. 9A). The thicknesses of
individual laminae reach up to 1 cm but most common are
those up to several millimetres thick. Another variety comprises
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Fig. 8. *Fe Mossbauer spectra of chert concretion measured
at room temperature (Kelheim exposure)

Md&ssbauer spectroscopy symbols are as follows: A — relative area
of spectral components. B — hyperfine magnetic field, IS — isomer
(centre) shift relative to o-Fe, QS — quadrupole splitting, and FWHM
—spectral line width. Errors are shown in brackets. The relative area
A corresponds to distribution of Fe atoms in a specific chemical sur-
rounding, crystallographic site or mineral phase

laminae with black spots <0.2 mm across, randomly scattered
within the rock. Sets of parallel laminae are most common (Fig.
9A) but convolute laminations are also present (Fig. 9C).

The chert concretions are usually spherical, up to 10 cm in
diameter. Their cores are blurred, as are the cortices, which is
presumably the effect of weathering, signs of which are visible
on the outer surfaces of concretions. On polished sections,
scattered casts of siliceous sponges can be identified together
with brachiopod shell fragments (Fig. 9E).

Microscopic observations

Under the microscope, the thin-bedded cherts are built of
pale homogeneous laminae, which represent silicified mud-
stones-wackestones with fine, unidentifiable fossil detritus. La-
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Fig. 9. Photographs of polished (A, C, E) and thin (B, D, F) sections of tabular cherts
and chert concretions collected from regolith (Hemau exposure)

A —tabular chert with flat top and bottom surfaces. In the central part, laminae with dark spots are visible, which
are absent from the topmost and bottommost parts of this chert. The area in the rectangle is shown in Figure B.
B — contact of lamina hosting numerous pseudomorphs after dolorhombs, some of them filled with dark Fe-ox-
ides (on the right), with lamina that has not been dolomitized prior to silicification (on the left). Arrow indicates
direction to the top. Plane polarized light. C— tabular chert, in which the central part is convolutely disturbed
whereas both the topmost and the bottommost parts remain undisturbed. Area in rectangle is shown in Figure
D. D — convolutely disturbed lamination with darker laminae containing abundant pseudomorphs after dolo-
rhombs filled with dark Fe-oxides. Crossed polars. E — chert concretion, in which only the core was preserved
whereas cortex bands were presumably removed by weathering. Spotted core hosts fragments of sponge
casts (arrows) and fine, unidentifiable bioclasts. F — chert concretion developed as wackestone with abundant,

unidentifiable fossil fragments. Crossed polars

minae with dark spots are wackestones with abundant rhombo-
hedral pseudomorphs after dolomite, now partly filled with dark
Fe-oxides (Fig. 9B). Selective dedolomitization of laminae is
observed also in convolute structures (Fig. 9D).

The chert concretions are silicified packstones-grainstones,
locally also boundstones with sponge casts and tuberoids (Fig.
9F), as well as microbialites developed on casts of siliceous
sponges.

Interpretation of depositional and diagenetic

environments

The thin-bedded cherts are interpreted as silicified tempe-
stites deposited onto the sloping surface of a tidal flat. Alternat-
ing, dolomitized and non-dolomitized laminae with convolute
disturbances indicate early diagenetic dolomitization, which
proceeded after deposition of the laminae but prior to their
lithification and generation of convolute disturbances, whereas
the silicification was a late-diagenetic process.
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Fig. 10. Part of the section exposed (Miinster exposure)

A, B — chert concretions (arrows) randomly
distributed within the limestone

BAYERWALD

MUNSTER — ORTENBURG FM.; SMALL EXPOSURE
(GPS: 48°56'53.62”N, 12°34'08.17"E)

Macroscopic features

The samples were collected in an abandoned, densely
vegetated quarry, several metres high and long, located in a
forest (Fig. 10A, B). In the walls, cream, locally light-brown,
poorly bedded biostromal limestones are exposed with nu-
merous casts of siliceous sponges and scattered echinoid
spines. Siliceous concretions, that can exceed ten centime-
tres across, are common.

The chert concretions are randomly distributed within the
limestones (Fig. 10A, B). Their shapes are diverse: spherical, el-
lipsoidal and irregular (Fig. 11A, F). Individual concretions have
cores enveloped by white cortices up to 5 mm thick. The cores
vary in colour, having light-grey centres and darker contacts with
the cortices. Moreover, aggregates are observed composed of
2-3 cores enclosed in a common cortex (Fig. 11C, D). Sporadi-
cally, the cores comprise brownish spots distributed randomly or
aligned along fractures (Fig. 11A-D). Within the cores, casts of
siliceous sponges are common, with microbialites that grew on
their upper surfaces and epifauna that settled on bottom sur-
faces (Fig. 11A, B, E, F). Small (up to a few centimetres across)
concretions are built of only single, silicified sponges but the silici-
fication does not affect either the microbialites on the upper sur-
faces or epifauna on their bottoms (Fig. 11F).

Microscopic observations

The limestone host of the chert concretions is a boundstone
with numerous unitary sedimentary sequences built of siliceous
sponges (Fig. 12A, B). Their upper surfaces are covered by
microbialites whereas the bottom ones were settled by epifauna.
Spaces between the sponge skeletons are filled with wacke-
stone-packstone with scattered dolomite crystals (Fig. 12C, D).
Locally, the dolorhombs were dissolved and mouldic porosity de-
veloped (Fig. 12C). Dolomitization proceeded also along stylo-
lites that could be partly filled with Fe-oxides (Fig. 12E, F).

The chert concretions are of silicified limestone. Their cores
are usually occupied by casts of hexactinellid siliceous sponges
(Fig. 12B). The enclosing wackestones-packstones are almost
completely replaced by cryptocrystalline silica, whereas the rel-
ics of single, larger bioclasts are replaced by granular quartz.
The sponge skeletons are filled with chalcedony or granular
quartz. In places, in their peripheral parts, the skeletons are
filled with calcium carbonate (Fig. 12D).

Interpretation of depositional and diagenetic

environments

The biostromal bedded limestones with chert concretions
and casts of siliceous sponges are interpreted as typical sedi-
ments of the microbial-sponge megafacies. Two stages of
dolomitization are inferred in these deposits: (1) an early stage
represented by dolomite crystals scattered within the sediment,
which were then locally dedolomitized and (2) a late stage re-
lated to dolomitization advancing along stylolites partly filled
with Fe-oxides. Generally, the silicification was a late-diagenetic
process.

FLINTSBACH — ORTENBURG FM.; SMALL, INACTIVE QUARRY
(GPS: 48°42'53.49”N, 13°06'29.61"E)

Macroscopic features

The samples were collected from an abandoned quarry,
~4 m high and about ten metres wide. In the quarry walls, light-
cream bedded limestones are exposed (Fig. 13A). These are
wackestones-packstones with casts of siliceous sponges ac-
companied by individual brachiopods and Crescientella sp. In-
dividual beds vary in thickness from some tens of centimetres to
over 1 m. The limestones host individual, irregular chert concre-
tions with diameters up to ~10 cm (Fig. 13B, C). Both ellipsoidal
and the irregular, branching concretions were observed (Fig.
14A). Based on their colour and geometry, two types of concre-
tion are evident.

The first type is dark-grey though the colour grades into light
grey towards the peripheries of particular specimens (Figs. 13B
and 14A, B). However, the inverse relationship can also be
found. The only identifiable components are casts of siliceous
sponges. Cortices are white, up to 1 cm thick and usually dis-
continuous as they cover only some parts of the cores (Fig.
14A). Some concretions are aggregates of several individuals
that may reach up to 10 cm across (Fig. 14A).

The second type is light grey only in the centre whereas pe-
ripheral parts are light-cream or even white, with irregular,
brownish-cherry spots (Figs. 13C and 14C, D) and randomly
distributed dark spots up to 2 mm across (Fig. 13C). The
shapes are spherical or ellipsoidal, cores are absent and the
bodies are strongly fractured. Their outer surfaces are locally
covered with rusty-brown coatings, up to ~1 mm thick. Diame-
ters of these concretions usually do not exceed 5 cm.

Microscopic observations
The limestone hosts are wackestones-packstones, locally
also boundstones. Bioclasts include echinoderm fragments,
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Fig. 11. Photographs of polished sections (Miinster exposure)

A — core of chert concretion with bowl-shaped sponge cast (Sp). Some cracks are filled with brownish Fe-oxides.
B — chert concretion of shape close to spherical with sponge casts, both flat (white arrows) and bowl-like (black
arrow). C — irregularly shaped aggregate of 3 chert concretions (cc). D — fractured aggregate of 2 chert concre-
tions (cc). Fractures are filled with brownish Fe-oxides. E — ellipsoidal chert concretion. The only recognizable
component of its core is a cast of a siliceous sponge (Sp). F — three small chert concretions. Fragmentary cortex
covers only a part of the largest concretion (at the bottom) whereas the remaining 2 smaller ones lack cortices

skeletons of siliceous sponges, tuberoids, brachiopod and bi-
valve shells, serpulids, benthic foraminifers and Crescientella
sp. Locally, numerous, scattered dolorhombs are present, par-
ticularly abundant at the contacts with stylolites filled with
brownish Fe-oxides (Fig. 15A).

The first, macroscopically distinguished chert variety occurs
in non- or poorly dolomitized limestones. Dark-grey cherts are
composed of microcrystalline silica (Figs. 15B and 16A, B).
Larger bioclasts are replaced by granular quartz or chalcedony

(Fig. 15B). Sporadically, one may encounter carbonate relics of
bioclasts, mostly echinoderms as well as granular quartz infill-
ing the larger, silicified bioclasts. The concretions and enclosing
limestones contact along dissolution seams filled with brown-
ish-rusty Fe-hydroxides. The latter are also observed as infill-
ings of fractures cutting through the concretions (Fig. 15C, D).
At the contact with enclosing limestones, cortices are usually
about 2 mm thick with features that can be examined only in
plane polarized light. Within the cortices, relics of partly silicified
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Fig. 12. Microfacies development of chert concretions and host limestones (Miinster exposure)

A — chert concretion that originated from silicification of part of a unitary sedimentary sequence. The only identifi-
able components are skeletons of siliceous sponges (Sp). Crossed polars. B — skeleton of siliceous sponge in
chert concretion. Crossed polars. C — contact of chert concretion (at the bottom) with partly dolomitized lime-
stone. Dark spots in the upper right corner and in the centre-left, above an open space, are examples of mouldic
porosity generated by dedolomitization. Crossed polars. D — contact of irregular chert concretion with partly
dolomitized limestone. In the centre, skeletal fragments of siliceous sponge are filled with carbonate, which has
not been secondary silicified. Crossed polars. E — contact of chert concretions with limestone containing
dolorhombs. Area in rectangle is shown in Figure F. Crossed polars. F — stylolite cutting through limestone with
euhedral dolorhombs. Some dolorhombs are dedolomitized and filled with Fe-oxides. Plane polarized light

limestones are present. In the central parts of concretions, pri-
mary textures of the silicified limestones are visible in plane po-
larized light, as “pseudonodules” and pressure solution fea-
tures (Fig. 16A, B).

The second macroscopically identified concretion variety oc-
curs in dolomitized limestones. This is completely silicified dolo-
mite cross-cut by stylolites infilled with Fe-oxides (Fig. 16C, D).

Interpretation of depositional and diagenetic

environments

The biostromal limestones from that sampling site are typi-
cal sediments of microbial-sponge megafacies. Two stages of
dolomitization are suggested: (1) an early stage manifested by
scattered dolorhombs and (2) a late stage related to chemical
compaction and pressure solution. Silicification took place after
both the dolomitization and pressure solution events.

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

CZESTOCHOWA UPLAND

Detailed characterization of chert concretions from the KCU
can be found in a number of publications, e.g.: Matyszkiewicz et
al. (2015), Kochman et al. (2020a, b), Krzyzak et al. (2020),
Matyszkiewicz and Kochman (2020), Kochman and Matyszkie-
wicz (2023), and Faijt et al. (2024).

In the KCU, chert concretions are commonly encountered in
Middle/Upper Oxfordian biostromal bedded limestones where
these form horizons usually arranged parallel to the bedding
surfaces. “Classic” exposures are located mostly in the S-KCU
and were comprehensively described by e.g.: Dzutynski (1952),
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Fig. 13. Flintsbach Quarry

A — part of abandoned quarry where poorly bedded limestones host single, randomly distributed chert
concretions; B — greyish-white, spotted chert concretion located close to interbedding space;
C — strongly fractured, light-cream chert concretion with cherry-red outer surface

Alexandrowicz (1955), Rajchel (1971), Matyszkiewicz (1989),
Kochman et al. (2020a), Matyszkiewicz and Kochman (2020)
and Kochman and Matyszkiewicz (2023). The shapes of chert
concretions are ellipsoidal, spherical or irregular and may have
diameters up to even some tens of centimetres (Fig. 17A, B,
D—F). Colours of concretions are also diverse: grey, brownish
or brownish-cherry with various shades and with irregular spots.

The “classic” chert concretions are silicified remains of
biostromal limestones representing a microbial-sponge mega-
facies. Commonly, polished (Fig. 17B) and thin (Fig. 18B) sec-
tions reveal the presence of silicified unitary sedimentary se-
quences (cf. Gaillard, 1983; Matyszkiewicz, 1989) with identifi-
able skeletons of siliceous sponges (Fig. 17A, B, D-F) sepa-
rated by fine-detrital wackestones (Fig. 18A). Dolomitization of
limestones is rarely observed in the topmost part of the pre-
served Oxfordian/Kimmeridgian succession (Fig. 18D; taptas,
1974; Krajewski and Olchowy, 2021).

The bedded cherts were described in detail by Matyszkie-
wicz (1996), Kochman et al. (2020a); Krzyzak et al. (2020);
Matyszkiewicz and Kochman (2020) and Fajt et al. (2024). The
cherts are hosted in calciturbidite sequences deposited around
the Oxfordian/Kimmeridgian boundary. Their maximum thick-

ness reaches ~20 cm and their length along strike exceeds 5 m.
Colours change from light-grey to dark-brownish. Macroscopi-
cally visible, subtle lamination is locally disturbed by spotty bur-
rows developed immediately after deposition but prior to silicifi-
cation (Fig. 17C). Within the silicified limestone beds, ellipsoidal
chert concretions can be observed, several centimetres in di-
ameter, which document the multistage nature of the silicifica-
tion processes.

The bedded cherts represent selectively silicified succes-
sions of well-sorted calciturbidites, which is particularly evident
under the microscope together with occasionally observed gra-
ded bedding (Fig. 18C).

DISCUSSION

Development of both the chert concretions and the bedded
cherts is closely related to the lithology of the Upper Jurassic
limestones that were silicified. The development of microbial-
sponge megafacies was similar in the FA, BW and KCU regions
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Fig. 14. Polished sections of chert concretions (Flintsbach Quarry)

A - on the right: an irregular aggregate of several chert concretions with only locally developed, thin cortex (ar-
rows); on the left: silicified cast of siliceous sponge (Sp). Numerous white spots in the limestone, several milli-
metres in size, are Crescientella sp. B — spotted chert concretion. In the extreme left part, spots disappear and
concretion colour changes to white-cream. C, D — parts of light-cream, strongly fractured concretions with dark

spots representing accumulations of Fe-oxides

compared. This is particularly true for bedded biostromal lime-
stones from around the Middle Oxfordian/Lower Kimmeridgian
boundary, preserved in both the BW and KCU.

The most common type of chert concretions hosted in lime-
stones from the BW and the KCU are silicified remains of micro-
bial-sponge biostromes with a unitary sedimentary sequence
pattern. Such chert concretions reveal far-reaching similarities
in size, texture and colour (cf. Figs. 11, 12A, B, 14A, 17A, B,
D—F and 18A, B). However, we consider that no premises have
yet emerged that would allow the unambiguous identification of
the site from which a particular chert concretion originates.
Consequently, no premises exist which would allow distinguish-
ing the JFAK as a separate category in siliceous artifacts inven-
tories, which include specimens said too have been derived
from the BW and the KCU.

We note that chert concretions from the BW, which do not
have equivalents in the KCU, are very rare. This is true for con-
cretions formed by silicification of pseudonodular limestones
(Fig. 16A, B). Although such limestones, full of siliceous spon-

ges, are known from the KCU, these do not host chert concre-
tions (Matyszkiewicz and Kochman, 2016). Another type of
chert concretion, which occurs exclusively in the BW, is the
product of silicification of already dolomitized limestones sub-
jected to chemical compaction (Fig. 16C, D). In the KCU, partly
dolomitized limestones are only sporadically observed (taptas,
1974; Krajewski and Olchowy, 2021) and chert concretions
hosted in such deposits have not yet been encountered.

In the Upper Jurassic rocks from the FA, representing the
Middle Kimmeridgian-Lower Tithonian stratigraphic interval, an
increase is observed of both the amounts and diversity of fossil
assemblages, particularly of shallow-marine fauna. Although
strata of that age interval have not been preserved in the KCU,
some chert concretions and tabular cherts from the FA are mor-
phologically similar to deposits from around the Oxfordian/Kim-
meridgian boundary in the KCU. This is true for tabular cherts
originated from silicification of tempestites (Figs. 6A, 7A, 17C
and 18C), which show many features in common with the bed-
ded cherts from the KCU produced by silicification of calci-
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Fig. 15. Microfacies development of chert concretions and limestones (Flintsbach Quarry)

A — numerous dolomite crystals and brownish Fe-oxides located along stylolites cutting through the limestone.
Plane polarized light. B — accumulations of chalcedony in chert concretion (arrows). Locally visible are non-silici-
fied relics of carbonate bioclasts, mostly echinoderms (E). C — contact of chert concretion (cc) and limestone
which contains euhedral dolomite crystals. Rusty Fe-oxides are accumulated along this contact and fill the frac-
tures cutting through the concretion. Crossed polars. D — area of Figure C seen in plane polarized light. In the
peripherial part of that concretion, a band of only partly silicified cortex is visible

Fig. 16. Microfacies development of chert concretions (Flintsbach Quarry)

A — primary texture of pseudonodular limestone preserved in chert concretion. Pseudonodules contact each
other along dissolution seams and stylolites. Plane polarized light. B — area shown in Figure A under crossed
polars. C — silicified dolomite with stylolites locally filled with Fe-oxides. Plane polarized light. D — area shown in
Figure C under crossed polars
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Fig. 17. Photographs of selected polished sections of chert concretions and bedded cherts from
Upper Jurassic limestones showing macroscopic similarities to strata of the Franconian Alb
and the Bayerwald (Krakow-Czestochowa Upland)

A —chert concretion with sponge cast in the centre (Sp). Towards the edges, the colour of concretion becomes in-
creasingly lighter. Exposure in Siedlec near Czestochowa (cf. Fig. 3C). B — chert concretion with spotted core
which contains casts of siliceous sponges (Sp), echinoid spines (E) and fine, unrecognizable bioclasts. Guminek
Hill in Krakéw (cf. Figs. 6E and 9E). C — bedded chert with flat upper and bottom surfaces. Spotted structure is re-
lated to burrows in carbonate sediment that was then subjected to silicification. Wielkanoc Hill in Krakéw (cf. Fig.
6A). D-F — close-to-spherical chert concretions with bowl-shaped casts of sponges (Sp) in the centre. Guminek,
Wielkanoc and Bodzow hills in Krakow (cf. Fig. 11)

turbidites (Matyszkiewicz, 1996) as well as with the chert con- Determination of the provenance of siliceous artifacts based
cretions developed as silicified patches of biostromal lime-  upon colour can be questionable, as demonstrated by the spe-
stones containing skeletons of siliceous sponges (Figs. 3C, D  cific development of a chert concretion collected from the

and 9E, F).

Kelheim exposure (Figs. 6D and 7D). In that specimen, one part
is grey and another part is brownish, the latter being similar to
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Fig. 18. Photographs of selected polished sections of chert concretions and bedded cherts
from Upper Jurassic limestones showing macroscopic similarities to strata of the Franconian Alb
and the Bayerwald (Krakow-Czestochowa Upland)

A — chert concretion developed as a silicified wackestone. Crossed polars. Exposure in Siedlec near Czesto-
chowa (cf. Figs. 3D and 12A, B). B — chert concretion with preserved siliceous sponge skeleton (Sp). Crossed
polars. Guminek Hill in Krakéw (cf. Figs. 3D and 12A, B). C — bedded chert developed as perfectly sorted detritus
of Saccocoma sp. and micropeloids of similar diameters. Arrow indicates direction to the top. Crossed polars.
Wielkanoc Hill in Krakoéw (cf. Fig. 7A). D — dolomitized limestone with detritus of echinoderms and numerous, ir-
regular, non-dolomitized oncoids. Euhedral dolomite crystals are present only in the matrix. Plane polarized light.
Exposure in Kurdwanéw residential district, in Krakéw (cf. Fig. 3F)

the typical CF of Poland. The brownish part of that concretion
may provide sufficient raw material for at least several tools
even larger than the artifacts described by Burgert (2018: p.
56), who identified their source as the CF based only on colour.
Moreover, Burgert (2018) cited 22 archaeological sites from
Bohemia where siliceous artifacts were found, and concluded
that their source raw material was from the CF. Surprisingly, in
11 of these sites, the CF was alleged as the source raw material
based solely on a single artifact or on 3 such artifacts found in
each of 5 other sites. In our opinion, the identification of CF in
archaeological inventories based upon single artifacts may well
be erroneous.

CONCLUSIONS

The results of petrographic observations of chert concre-
tions and bedded cherts from the southeastern Franconian Alb
and the Bayerwald point out to late-diagenetic, multistage silici-
fication, indicated by:

— a silicified pseudonodular texture resulting from chemical

compaction (Fig. 16A, B);

— boundaries of chert concretions developed on stylolites re-

sulted from pressure solution (Fig. 4C, D);

— silicification of convoluted, dolomitized and dedolomitized

laminae (Fig. 9C, D).

Moreover, the >’ Fe Mdssbauer spectral analysis documents
the multistage character of silicification and diverse sources of
silica. This evidence allows rejection of the widespread opinion
that the silica was sourced from the dissolution of skeletons of
siliceous sponges. Presumably, the main sources of silica were
local hydrothermal processes, as proposed by Migaszewski et
al. (2006, 2022), Matyszkiewicz et al. (2015, 2016), Kochman et
al. (2020a) and Kochman and Matyszkiewicz (2023).

Although observations of polished and thin-sections may
occasionally disclose petrographic features providing some in-
dications of the provenance of fresh chert concretions and
bedded cherts, this is highly unlikely in the case of the uneven
and weathered surfaces of siliceous artifacts. Taking into ac-
count that such artifacts were usually manufactured from the
inner parts of chert concretions or bedded cherts, from which
the enclosing limestones were intentionally removed during
the processing in workshops, identification of the provenance
of such artifacts based upon colour may well lead to erroneous
conclusions.
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