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ABSTRACT:

Kochman, A. 2026. Geochemical signatures of chert concretions and bedded cherts from the Krakow-
Czgstochowa Upland (Poland), the southeastern Franconian Alb, and the Bayerwald (Germany). Acta Geologica
Polonica, 76 (2), ¢75.

The Upper Jurassic bedded limestones developed within the microbial-sponge megafacies along the northern
margin of the Tethys Ocean host, among other things, chert concretions and bedded cherts. This megafacies has
been identified in a number of exposures located in the Krakow-Czgstochowa Upland (Poland) as well as in the
southeastern Franconian Alb and the Bayerwald (Germany), where it revealed mineralogical, petrographic and
geochemical similarities. Hence, siliceous rocks formed by the replacement of primary calcium carbonate with
silica also showed significant resemblance. The major chemical component of the analyzed siliceous rocks is
Si0,, accompanied by minor amounts of Al,Os, TiO,, Fe,05, and trace elements. The field observations com-
bined with the results of geochemical analyses have indicated that the silica forming the chert concretions and
the bedded cherts was primarily supplied by hydrothermal solutions rather than being supplied by the skeletons
of siliceous sponges and radiolarians. The results of geochemical analyses document the formation of siliceous
rocks during multistage diagenetic processes strongly influenced by hydrothermal solutions. The negative
Ce anomalies observed in samples from all studied locations suggest oxic conditions during the silicification
processes whereas the positive Eu anomalies indicate the local contribution of hydrothermal solutions under
partially anoxic conditions. The differences in Eu anomalies found between particular locations are the result of
the varying temperatures and intensity of hydrothermal solutions influx during the replacement processes, thus
revealing the spatial variability of hydrothermal activity in the studied regions of the northern Tethys margin.

Key words: Chert concretions; Bedded cherts; Geochemical signatures; Rare Earth Elements (REE);
Hydrothermal silicification; Krakow-Czg¢stochowa Upland; Franconian Alb; Bayerwald.

INTRODUCTION

The Upper Jurassic siliceous deposits exposed
over the vast area of the Krakow-Czg¢stochowa Upland
(KCU) are developed as chert concretions, bedded
cherts and epigenetic siliceous rocks. However, their
characterization and origin have been relatively

rarely presented and discussed in publications, de-
spite interest from geologists and from archaeolo-
gists. Considering the historical context, the products
of the silicification of Upper Jurassic limestones from
both the southern and the central parts of the KCU
were described first by geologists (see e.g.: Staszic
1815; Zejszner 1841; Roemer 1870; Wisniowski 1888;
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Text-fig. 1. Simplified geological maps of Bavaria (after Doben et al. 1996) and Poland (after Rithle et al. 1977); red circles mark sampling
sites of chert concretions, bedded cherts and chert concretions hosted within gravity flow deposits.

Zargczny 1894; Gawet 1925; Sujkowski 1926, 1937,
Kuzniar and Zelechowski 1927). Unfortunately,
publications dealing directly with Jurassic cherts,
including their genesis, development, petrography,
geochemistry, weathering and fossils were limited in
both number and extent (see e.g.: Wisniowski 1888;
Miernik 1911; Gawet 1925).

Modern publications presenting geological studies
on siliceous rocks from the KCU include: Dzutynski
1952; Bukowy 1956; Alexandrowicz 1960; Rajchel
1971; Pawlikowski et al. 1978; Matyszkiewicz 1987,
1989a, 1996; Michniak 1989; Swierczewska 1990,
1997; Sitarz et al. 2014; Matyszkiewicz et al. 2015a,
2015b, 2016; Kochman et al. 2020a, b; Matyszkiewicz
and Kochman 2020; Kochman and Matyszkiewicz
2023, 2025.

Regardless of geological research, cherts have
attracted the interest of archacologists (see e.g.:
Krukowski 1920; Schild 1971; Kaczanowska and
Koztowski 1976; Morawski 1976; Kaczanowska et
al. 1979; Lech 1980, 1981; Ginter and Koztowski
1990; Kopacz and Pelisiak 1992; Pelisiak 2003, 2006,
2008; Sulgostowska 2005; Janak and Pfichystal
2007; Budziszewski 2008; Krajcarz et al. 2012, 2014;
Ptichystal 2013, 2018; Brandl et al. 2016; Krajcarz
and Sudot-Procyk 2019; Sebela er al. 2017; Parish
and Werra 2018; Werra and Siuda 2022; Sudot-

Procyk et al. 2018, 2021a, 2021b, 2022; Mandera et
al. 2024).

The silicification process of limestones is
controlled mainly by the composition of the host
limestones and the concentration of dissolved sil-
ica, regardless of the original silica source (Maliva
2001). Silicification means replacement of CaCOj;
with SiO,, combined with the infilling of the empty
voids within host limestones and the transforma-
tions of various silica phases under the controlling
factors: time, pressure, pH and nucleation rates
(Laschet 1984; Gao and Land 1991; Lawrence 1993).
Generally, cherts originate from diagenetic replace-
ment of their host limestones (see e.g.: Bustillo and
Ruiz-Ortiz 1987; Hesse 1989; Maliva and Siever
1989; Knauth 1992, 1994; Lawrence 1994; McBride
et al. 1999; Bustillo et al. 2009) under the strong
influence of their lithology and porosity (Bustillo
2010). However, according to some researchers,
cherts may also form syngenetically (e.g.: Keheila
2000; Lindgreen and Jakobsen 2012). For the inter-
pretation of the diagenetic environment, the deter-
mination of the silica source is important. This can
be biogenic, volcanic, hydrothermal, terrestrial and
mixed (e.g.: Adachi et al. 1986; Yamamoto 1987,
Murray 1994; Beauchamp and Baud 2002; Chen et
al. 2006; Hofmann and Bolhar 2007; Van den Boorn
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et al. 2007, 2010; Kidder and Tomescu 2016; Lin et
al. 2018; Shen et al. 2018; Lei et al. 2019).

This paper presents the results of geochemical
analyses of chert concretions and bedded cherts
samples collected from: (i) both the southern and
the northern parts of the Krakéw-Czestochowa
Upland (S-KCU and N-KCU), whose petrographic
characterizations have already been presented by
Matyszkiewicz et al. (2015b), Kochman ef al. (2020a)
and Kochman and Matyszkiewicz (2023), (ii) the
southeastern part of the Franconian Alb (southeastern
FA) and (iii) the Bayerwald (BW), the latter two char-
acterized in detail by Kochman and Matyszkiewicz
(2025; Text-fig. 1). Analysis of the results enabled
these authors to discuss the origin of the siliceous
rocks and to identify the sources of silica. Moreover,
references were presented to the epigenetic silicifica-
tion of the Upper Jurassic sediments from the KCU,
including the chert concretions and the bedded cherts,
previously described and discussed by Kochman et
al. (2020b) and Kochman and Matyszkiewicz (2023).

HISTORY OF STUDIES

Until the end of the XXth century, descriptions
(mostly macroscopic) of chert concretions were con-
tained in rather scarce publications concerning the
development of Upper Jurassic limestones (see e.g.:
Dzutynski 1952; Alexandrowicz 1955; Rajchel 1971;
Matyszkiewicz 1989a, 1997a) as well as their techni-
cal analyses as potential raw materials (Stawin 19609,
1970). A few mineralogical and geochemical papers
provided the results of studies on samples collected
from individual outcrops of Upper Jurassic car-
bonates hosting siliceous concretions (Gawet 1925;
Pawlikowski et al. 1978; Swierczewska 1997).

Even more scarce were studies and papers on si-
liceous beds hosted in Upper Jurassic calciturbidites,
which were found in the S-KCU as late as in 1989
(Matyszkiewicz 1989b; Swierczewska 1989) and de-
scribed in detail even later (Matyszkiewicz 1996;
Matyszkiewicz and Olszewska 2007; Matyszkiewicz
et al. 2015b). More attention has been paid to epigene-
tic siliceous rocks from the Upper Jurassic succession,
unfortunately, described mainly macroscopically (see:
Morozewicz 1909; Kuzniar and Zelechowski 1927;
Rajchel 1971; Heliasz 1980; Matyszkiewicz 1987).

The lack of geochemical analyses together with
relatively poor knowledge of the microfacies devel-
opment of the Upper Jurassic limestones from the
KCU, studies on which commenced as late as at the
end of the XXth century, resulted in highly specula-

tive conclusions concerning: (i) the origin of silica in
chert concretions, bedded cherts, and epigenetic sili-
ceous rocks, (ii) the age of these sediments and (iii)
the nature of silicification process itself.

New studies on siliceous rocks carried on using
advanced laboratory methodologies have been un-
dertaken in only the last dozen or so years (Sitarz et
al. 2014; Matyszkiewicz et al. 2015a, 2016; Kochman
et al. 2020a, 2020b; Krzyzak et al. 2020; Fajt et al.
2024; Kochman and Matyszkiewicz 2023, 2025). As
a result, modern petrographic descriptions have been
composed, closely referring to the microfacies devel-
opment of the host limestones and to the results of
various modern laboratory methods: fluid inclusions,
geochemical analyses, X-ray diffraction, nuclear
magnetic resonance and Mdssbauer spectroscopy.

In the chert concretions from the S-KCU, Sitarz
et al. (2014) first identified the presence of moganite
and found its contents to be higher in comparison
with those in samples from both the Neogene and
the Quaternary sediments. However, these authors
stated also that it is difficult to draw far-reaching
conclusions about the age of these cherts based upon
the contents of moganite.

Assignificant progress was made by Matyszkiewicz
et al. (2015a) in understanding the genesis of epigen-
etic siliceous rocks from the N-KCU (Sokole Goéry
area). The study materials were: (i) silicified lime-
stones located in close vicinity of joints and fractures,
(ii) crusts growing on the top surface of the Upper
Jurassic limestones succession and (iii) rims enclos-
ing the chert concretions. The results enabled the au-
thors to reconstruct the course of the silicification
process, to identify several silicification stages in the
Upper Jurassic limestones and to disclose the rela-
tionships of silicification and circulation of hydrother-
mal solutions driven by the regional tectonic events.
Specifically, at least two silicification stages were
identified, closely related to tectonic activity along the
Krakow-Lubliniec Fault Zone within the Paleozoic
basement. The first stage of inferred Early Cretaceous
(Valanginian) age affected the erosional top surface of
the denuded Upper Jurassic succession under subtrop-
ical climatic conditions and resulted in the formation
of pedogenic silcretes as well as some inhibition of
the karstification process. The source of silica was
silica-enriched descending solutions generated in
the weathering zone. The second stage was triggered
by the next tectonic activity event in the Cenozoic,
which gave rise to the formation of new, numerous
dislocations and fracture systems subsequently filled
with quartz sands. These fracture systems became the
transfer conduits of ascending, warm, hydrothermal
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solutions, which dissolved the limestones and remo-
bilized silica from the sands. That silica subsequently
precipitated onto the silcretes and/or as rims enclosing
the chert concretions (Matyszkiewicz et al. 2015a).
Important information about silicification was
gained from studies on the Oxfordian neptunic
dykes filled with brachiopod fossils, which were de-
scribed in the Oxfordian limestones from the S-KCU
(Matyszkiewicz et al. 2016). The high crystallinity
index (CI) values (see Murata and Norman 1976)
together with the temperatures exceeding 100°C re-
vealed by fluid inclusions (FI) studies indicated the
hydrothermal origin of the silica related to extensional
tectonic events in the S-KCU, initiated in the Late
Jurassic (Matyszkiewicz et al. 2016). Similarly, silica
from chert concretions found along the southwestern
margin of the Holy Cross Mts. was sourced mainly by
episodic influxes of SiO,-rich fluids during various
stages of Late Jurassic extensional tectonic events,
as documented by Migaszewski and co-authors (for
details, see Durakiewicz ef al. 2001; Sharp et al. 2002;
Migaszewski et al. 2006, 2022). Silicification of mate-
rial infilling the neptunic dykes proceeded in at least
two stages of hydrothermal activity and was presum-
ably genetically linked to the tectonic events identi-
fied in that region in the Late Cretaceous and in the
Cenozoic. These new studies also enabled the identi-
fication of several silicification stages in the KCU and
related these processes both to tectonic events and to
the circulation systems of the hydrothermal solutions.
Further conclusions on the course of the silici-
fication and its products in the Upper Jurassic car-
bonates were brought about by the results of studies
on the possible identification of siliceous raw mate-
rials used in the production of prehistoric tools en-
countered by archaeologists (Kochman et al. 2020a;
Matyszkiewicz and Kochman 2020). The micro-
scopic observations of thin sections combined with
the determination of the crystallinity index CI based
upon the X-ray diffraction patterns indicated diag-
nostic features, which aimed to distinguish various
types of siliceous raw materials: the chert concre-
tions, bedded cherts, and epigenetic siliceous rocks
used in the manufacturing of archaeological artifacts
and to suggest the potential sources of the silica.
Observations of chert concretions from the
S-KCU have demonstrated their presence in both
of the varieties of the lithostratigraphic succession
members: (i) those rich in calcified siliceous sponges
and (ii) those rich in microbial structures but low in
or even devoid of sponges. Similarly, in the calcitur-
bidites encountered in the uppermost Upper Jurassic
strata, siliceous sponges were practically absent or

extremely rare whereas chert concretions occurred
below and/or above the bedded cherts. The opposite
relationship was observed in the pseudonodular lime-
stones (Matyszkiewicz and Kochman 2016), where
calcified siliceous sponges were abundant and chert
concretions were absent. Such a feature gave rise
to the rejection of the commonly accepted concept
about the dominant role of siliceous sponge skeletons
as the main source of silica for chert concretions
(Alexandrowicz 1960). Similarly, radiolarian exo-
skeletons have been proposed as a potential source
of silica for bedded cherts hosted in calciturbidites
(Matyszkiewicz 1996), in accordance with the silici-
fication model proposed by Bustillo and Ruiz-Ortiz
(1987). However, very thick-bedded chert layers
made the origin of silica from radiolarian exoskele-
tons very doubtful. Moreover, the presence of con-
centric growth layers indicated the multi-stage nature
of the silicification process and suggested the supply
of silica from external, abiotic sources.

The next progress in the recognition of silicifi-
cation products was made by fluid inclusion (FI)
studies. Microthermometric and geochemical anal-
yses clearly indicated the abiotic, hydrothermal or-
igin of silica from samples collected in the S-KCU
exposures (Kochman et al. 2020b). Specifically, the
FI observations in quartz crystals derived from epi-
genetic siliceous rocks revealed crystallization from
hydrothermal brines at temperatures of about 70—
90°C. Inclusions observed in the rims enclosing the
early diagenetic chert concretions indicated some-
what higher temperatures: about 80—110°C. The hy-
drothermal origin of the epigenetic siliceous rocks
was confirmed also by the results of geochemical
analyses. Moreover, it was found that the epigenetic
siliceous rocks from the S-KCU were formed un-
der conditions similar to those described from the
N-KCU (Matyszkiewicz et al. 2015a; Kochman et al.
2020b). The undoubtedly younger age of epigenetic
siliceous rocks in comparison with chert concretions
was demonstrated by the latter being crystallization
nuclei for epigenetic silica as well as by the infilling
of the cracks cutting through the chert concretions
with epigenetic silica. The cracks were presumably
generated during the main faulting stage of the Upper
Jurassic sediments in the Cenozoic (Matyszkiewicz
et al. 2015a; Kochman et al. 2020a).

Krzyzak et al. (2020) and Fajt et al. (2024) ap-
plied the low-field neutron magnetic resonance
(NMR) relaxometry method to distinguish chert
concretions from bedded cherts. Analysis of the ob-
tained relaxation parameters revealed that the two
types of siliceous rocks had different porosity pa-
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rameters. The total porosity of these rocks was about
1-2% and included mostly mesopores (2—50 nm in
diameter) and macropores (over 50 nm in diame-
ter). However, the bedded cherts were dominated by
macropores whereas the chert concretions showed
more a balanced proportion of meso- and macrop-
ores. Furthermore, the results presented by Fajt et
al. (2024) indicated some differences between cherts
which had originated from various locations.

As revealed by the studies of Kochman and
Matyszkiewicz (2023), silicification of the Upper
Jurassic limestones in the N-KCU had a two-stage
nature and was strictly controlled by tectonic events
and the circulation of hydrothermal solutions. The
first stage occurred during very early burial diagene-
sis and was controlled by local redox conditions, lead-
ing to the formation of chert concretions which had
the low crystallinity index of chalcedony (CI < 0.7).
The second, much longer stage followed the early
diagenesis of carbonate sediments after their chemi-
cal compaction. The siliceous rocks produced during
that stage did not contain moganite and revealed a
much higher degree of ordering in the chalcedony
structure (CI = 6.0—-6.6), corresponding to previously
determined values for sediments from the S-KCU
(Swierczewska 1989, 1997; Kochman et al. 2020a).
The geochemical indicators pointed to the contribu-
tion of low-temperature hydrothermal solutions to the
formation of siliceous rocks. Variations of REE ratios
and enrichments suggested mixing of these solutions
with seawater at the final stage of hydrothermal ac-
tivity. The results of these studies proved that silicifi-
cation was a two-stage process controlled by influxes
of low-temperature hydrothermal solutions related to
the Late Jurassic extensional tectonic events.

The latest research (see Kochman and Matyszkie-
wicz 2025) revealed the significant petrographic simi-
larity of chert concretions and bedded cherts from the
KCU, the southeastern FA and the BW. Concretions
from both the BW and the KCU showed similar sizes,
textures and colors, indicating similar conditions of
formation. However, in the BW, some specific chert
concretions were found, which had no equivalents in
the KCU. Such concretions were silicification products
of: (i) pseudonodular textures resulted from pressure
dissolution of carbonate sediment (cf. Matyszkiewicz
and Kochman 2016) and (ii) limestones subjected first
to dolomitization and then to chemical compaction.
In the southeastern FA, where carbonate sediments
represent the stratigraphic interval from the Middle
Kimmeridgian to the Lower Tithonian, some chert
concretions and tabular cherts revealed morphological
similarity to sediments from the turn of the Oxfordian/

Kimmeridgian, common in the KCU. Petrographic ob-
servations of chert concretions and bedded cherts from
both the southeastern FA and the BW showed that
silicification was a multi-stage, late-diagenetic pro-
cess. Moreover, the results of Mdssbauer spectroscopy
confirmed the multistage nature of that process and
the diverse sources of silica. Generally, the results pre-
sented above challenge earlier concepts (e.g. Thewalt
and Dorfner 2011) that silica contained in these con-
cretions was derived mainly from opaline skeletons of
siliceous sponges. Instead, the main sources of silica
were local hydrothermal phenomena.

GEOLOGICAL SETTING
Krakoéw-Czestochowa Upland

The Upper Jurassic (Oxfordian—Lower Kimmerid-
gian) sediments constitute some parts of the KCU
which belong to the Silesia-Krakoéw Monocline (see
e.g.: Dzutynski 1952; Wierzbowski 1965, 1966; Kutek
et al. 1977; Heliasz et al. 1984, 1987; Matyszkiewicz
1989a, 1994, 1996, 1997a, 1997b, 1999; Kutek 1994;
Krajewski 2001; Krajewski and Matyszkiewicz
2004, 2009; Matyja and Wierzbowski 2004, 2006;
Ziotkowski2007; Krajewski et al. 2018; Matyszkiewicz
et al. 2006, 2012, 2015b). The maximum thickness
of Upper Jurassic strata preserved in the S-KCU is
about 250 m in the eastern part and decreases grad-
ually westward (Matyszkiewicz et al. 2012), whereas
in the N-KCU it exceeds 450 m (Heliasz et al. 1984,
1987). The sediments occur as bedded and unbedded
facies, composing the carbonate microbial-sponge
megafacies, which developed along the northern mar-
gin of the Tethys Ocean, ranging from Portugal to the
Caucasus Mts. (Trammer 1985, 1989; Matyszkiewicz
1997a; Matyszkiewicz et al. 2012). This megafacies
hosts chert concretions and bedded cherts, which are
related to particular limestone varieties.

The chert concretions occur mostly in biostro-
mal bedded limestones but are present also in the
fine-detrital platy deposits of gravity flows and,
exceptionally, in massive (unbedded) limestones.
In the bedded limestones, chert concretions are dis-
tributed usually as horizons parallel to the bedding
surfaces (Matyszkiewicz 1996; Matyszkiewicz et
al. 2015b) whereas in the transitional zones from
bedded to massive limestones, these are randomly
scattered within the host rocks and gradually dis-
appear (Alexandrowicz 1955; Matyszkiewicz 1989a;
Kochman et al. 2020a). Similarly, a random distri-
bution of chert concretions is observed also in de-
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bris flow deposits (Matyszkiewicz, 1996). Bedded
cherts are much less frequent in the KCU where their
occurrence is limited to gravity flow calciturbidites
formed at the turn of the Oxfordian/Kimmeridgian
(Matyszkiewicz 1996; cf. Marcinowski 1970).

The epigenetic siliceous rocks, which occur in
the uppermost part of the Upper Jurassic succession,
reveal significant variability in their development,
and their distribution is unrelated to any specific
limestone facies (Kuzniar and Zelichowski 1927;
Rajchel 1971; Heliasz 1980; Matyszkiewicz 1987,
Matyszkiewicz et al. 2015a; Kochman et al. 2020b).
Four types of epigenetic siliceous rocks were distin-
guished: (i) concentric and irregular rims of silicified
limestone around the chert concretions; (ii) irregular
bodies within limestones from the topmost parts of
the Upper Jurassic succession; (iii) coatings on fault
surfaces and/or on Cretaceous erosion surfaces cut-
ting the Upper Jurassic sediments and (iv) loose frag-
ments of silicified limestones embedded within the
regolith (Kochman et al. 2020a, 2020b). Epigenetic
siliceous rocks are brownish, dark-brown, dark-gray,
and locally even cherry-red in color, show high po-
rosity and have sharply defined boundaries between
the rims composed of silicified limestones and the
enclosed chert concretions.

Southeastern Franconian Alb and Bayerwald

The Upper Jurassic sediments from both the BW
and the southeastern FA also represent the carbon-
ate microbial-sponge megafacies (e.g.: Gwinner 1971;
Keupp et al. 1990) and are up to about 400 m thick.
However, in the top part of the Upper Jurassic succes-
sion from the southeastern FA, shallow-marine sedi-
ments of Upper Kimmeridgian and Lower Tithonian
age have been identified (e.g.: Zeiss 1964, 2012;
Niebuhr and Piirner 2014), which have not been pre-
served in the KCU.

The Upper Jurassic succession from the FA
is clearly dominated by bedded facies, mostly by
thick-bedded limestones, whereas thin-bedded lime-
stones, usually intercalated by marls, are less com-
mon, as are massive facies. The Upper Jurassic stra-
tigraphy in the FA includes 17 formations (Niebuhr
and Piirner 2014) of ages from the Middle Oxfordian
to the Upper Tithonian. In the studied SE part of the
FA, both chert concretions and thin-bedded cherts are
observed, mostly in the Tangrintel Formation (Upper
Kimmeridgian—Lower Tithonian; cf. Rutte 1962;
Weber 1978; Meyer 1977; Binsteiner 2005; Niebuhr
and Piirner 2014). Less common are chert concre-
tions in the Treuchtlingen Formation (upper part of

the Lower Kimmeridgian—middle part of the Upper
Kimmeridgian; Meyer 1975, 2003a, b, c; Niebuhr
and Piirner 2014) and in the Painten Formation (bot-
tom part of the Lower Tithonian; Streim 1961; Viohl
and Zapp 2007; Niebuhr and Piirner 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 Piirner 2014).

The Upper Jurassic sediments from the BW are
different. These are relics of the carbonate microbi-
al-sponge megafacies, which represent a stratigraphic
interval from the Middle Oxfordian to the Lower
Kimmeridgian (the so-called Ortenburg Formation;
cf. Zeiss 1977; Meyer 1977; Groschke 1985; Niebuhr
2014) and comprise thick-bedded limestones with nu-
merous chert concretions. These deposits reveal a
distinct similarity to the Upper Jurassic bedded lime-
stones from the KCU, particularly from the S-KCU
(Kochman and Matyszkiewicz 2025).

PETROGRAPHY OF CHERT CONCRETIONS
AND BEDDED CHERTS

The petrographic characterization of both the
chert concretions and the bedded cherts has already
been presented in a number of papers (Kochman
et al. 2020a, 2020b; Matyszkiewicz and Kochman
2020; Kochman and Matyszkiewicz 2023, 2025). It
was found that chert concretions from similar strati-
graphic intervals of the Upper Jurassic carbonates
from the KCU, the BW, and from the lower part of
that succession in the southeastern FA reveal simi-
lar petrographic features, which reflect the similar
development of the microbial-sponge megafacies in
Poland and in Germany. Only a few, less import-
ant, specific features were observed in samples from
particular locations, such as variable shares of silica
polymorphs in some sediments.

Chert concretions from the KCU
Macroscopic description

The chert concretions from the KCU are usually
developed as ellipsoidal, spheroidal, or, rarely, irreg-
ular bodies with diameters of up to several tens of
centimeters (Text-fig. 2A—C). Their colors vary from
the most common brown through gray and bluish
up to black, and may change even within a single
specimen. Some chert concretions have empty voids,
up to several centimeters across, entirely or partially
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Text-fig. 2. A — chert concretion from bedded limestones. S-KCU, Piekary outcrop, sample KA-2; B — chert concretion with preserved hex-

actinellid siliceous skeleton and fine, unrecognizable bioc S-KCU, Dabrowa Szlachecka outcrop, sample KB-8; heroidal chert

concretion with white rim and skeletal fragments of siliceous sponge in its core. S-KCU, Bonarka Quarry, sample B-10; D — irregular chert

concretion from calciturbidite below silicified bedded chert. S-KCU, Ujazd outcrop, sample SA-3; E — chert concretion with sponge cast in the
center; concretion color becomes increasingly lighter towards its edge. N-KCU, Siedlec outcrop, sample PC-2C.
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Text-fig. 3. A — bedded chert in silicified calciturbidite; silicified primary lamination seen in carbonate mud; fragment of laminated bedded

chert with lighter spot is silicified bioturbation enclosed in primary, fine-grained carbonate mud. S-KCU, Wielkanoc Hill, sample SC-2”; B —

fragment of bedded chert with silica growth bands precipitated onto the surface of chert concretion. N-KCU, Siedlec outcrop, sample PC-4 (cf.
Matyszkiewicz and Kochman 2020).

filled with coarse-crystalline quartz. However, chert
concretions hosted in calciturbidites do not contain
such geodes (Text-fig. 2E—D; Kochman et al. 2020a).
In the vicinity of fault zones, chert concretions are
strongly cracked and filled with secondary silica.

Microscopic description

The chert concretions are composed mostly of
cryptocrystalline SiO, sometimes accompanied by
micro- and/or macrocrystalline quartz (megaquartz).
Silicified bioclasts seen in some chert concretions
reveal well-defined shapes and are composed of fi-
brous SiO,, chalcedony, microcrystalline quartz, or
megaquartz. Locally observed geodes are also filled
with megaquartz. In some chert concretions origi-
nated from the S-KCU, moganite has been identified
(Sitarz et al. 2014; Kochman et al. 2020) but its recog-
nition under the microscope is practically impossible.

Bedded cherts from the KCU
Macroscopic description

The bedded cherts are developed as horizons with
a thickness of up to 40 centimeters and a length of
up to several meters. Usually, from 2 to 3 such hori-
zons are observed in a single outcrop. Their upper
surfaces are usually flat whereas the bottom ones
have common bulges. Some bedded cherts may host
occluded chert concretions and demonstrate concen-
tric growth layers (Kochman et al. 2020a). The lat-
ter show diverse colors: creamy, gray, brownish or
dark-creamy (Text-fig. 3A, B). Generally, the internal
parts of bedded cherts have darker colors, which be-
come increasingly lighter toward the outside. Bedded
cherts represent silicified calciturbidites, specifically
the perfectly sorted T, and Ty, layers of the Bouma
sequence (Matyszkiewicz 1996).
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Text-fig. 4. A— spheroidal chert concretion with partially preserved skeleton fragments of hexactinellid siliceous sponge. BW, Miinster outcrop,

sample M7; B — strongly fractured chert concretion with preserved stylolites filled with Fe-oxides. BW, Flintsbach outcrop, sample F3; C —

chert concretion in tempestite; numerous fragments of shallow-water fauna are embedded in poorly sorted carbonate tempestite and in chert

concretion. Southeastern FA, Kelheim outcrop, sample K1/3; D — fragment of tabular chert from regolith; convolute disturbances seen in lower
left part; brownish color originates from disseminated dolomite. Southeastern FA , Hemau outcrop, sample H3.

Microscopic description

Silicified calciturbidites are composed of cryp-
tocrystalline silica and microcrystalline quartz, with
locally scattered megaquartz aggregates, which fill
pore spaces of millimeter size (Matyszkiewicz 1996).

Chert concretions from the southeastern FA and
the BW

Macroscopic description
The chert concretions located in the lower part of

the Upper Jurassic succession from the southeastern
FA and the BW are hosted in bedded limestones de-

veloped as wackestones-packstones (Text-fig. 4A, B).
Usually, these are spheroidal, ellipsoidal and/or irreg-
ular, sometimes even branched bodies (Kochman and
Matyszkiewicz 2025) of diameters from several to
about 10 centimeters. Variable colors and morphology
enabled the authors to distinguish two types of these
concretions. The first type comprises concretions
with dark-gray cores grading into light-gray zones
at the contact with the cortex, although the opposite
pattern has also been noticed. The second type of
concretions have light-gray cores whereas their pe-
ripheries are light-creamy or even almost white, with
irregular, brownish-cherry spots and scattered, dark
dots, up to 2 millimeters across. Chert concretions oc-
cur both individually and as aggregates composed of
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a number of individuals randomly distributed within
the limestones (Kochman and Matyszkiewicz 2025).

Microscopic description

The chert concretions represent silicified wacke-
stones-packstones. Usually, their cores contain skel-
etons of siliceous sponges. The contours of bioclasts
are marked by chalcedony and microcrystalline
quartz, as well as rare relics of a non-silicified fossil
fauna. The carbonate matrix is replaced by cryp-
tocrystalline silica. Sometimes, the limestone-chert
interfaces follow the stylolites (Kochman and
Matyszkiewicz 2025).

In the top part of the Upper Jurassic succession
from the southeastern FA, chert concretions reveal a
specific development which has no analogues in the
KCU. First of all, such concretions show several gener-
ations of silica as well as pseudomorphs after dolomite
crystals filled with Fe-oxides, which are preserved
in the core (Kochman and Matyszkiewicz 2025).
Similarly to the chert concretions found in the lower
part of the Upper Jurassic succession, those from the
upper part are built of cryptocrystalline SiO, accom-
panied by microcrystalline quartz and/or megaquartz.

Bedded cherts from the southeastern FA
Macroscopic description

The bedded cherts from the upper part of the
Upper Jurassic carbonate succession in the FA (so-
called "tabular cherts”; Text-fig. 4C, D) are silicified
tempestites (Kochman and Matyszkiewicz 2025) lo-
cated mainly in thin-bedded limestones as distinctly
laminated, light-brown plates, from 1 to 5 centime-
ters thick. Both top and bottom surfaces of laminae
are usually flat, but some can be undulating. Laminae
are arranged as parallel sets or show convolutional
disturbances and contain silicified fossil fragments,
as well as indistinct grading. Comparison of bed-
ded cherts from the KCU and the FA demonstrates
that the latter reveal much lower thicknesses and
poorer sorting of carbonate sediment, then subjected
to silicification. Sometimes, only a single tempestite
plate is observed, with a thickness of up to 1 centime-
ter (Kochman and Matyszkiewicz 2025).

Microscopic description
The silicified tempestites are composed of cryp-

tocrystalline silica, accompanied by microcrystalline
quartz and megaquartz, which fill pore spaces of

millimeter size (Kochman and Matyszkiewicz 2025).
Silicified laminae, 1-2 centimeters thick, are pack-
stones-grainstones of grain size up to about 2 milli-
meters. Both the top and bottom surfaces of silicified
laminae are uneven, with silica protruding into the
enclosing limestone up to a distance of about 1 mil-
limeter.

MATERIALS AND METHODS

Chemical analyses were carried on 137 samples,
100 of which originated from the KCU (61 from the
S-KCU and 39 from the N-KCU), 20 from the south-
eastern FA and 17 from the BW (Text-fig. 1). Samples
of chert concretions constituted the vast majority (87
samples, in which 37 from the S-KCU, 30 from the
N-KCU, 3 from the southeastern FA and 17 from
the BW). Sampling was carried on 5 outcrops in the
S-KCU (Piekary, Dabrowa Szlachecka, Guminek Hill,
Liban Quarry, and Bonarka Quarry), 3 outcrops in the
N-KCU (Olsztyn, Julianka and Rudniki), 2 outcrops in
the BW (Miinster and Flintsbach) and 1 in the south-
eastern FA (Emmerthal). Samples of bedded cherts
(totalling 27 specimens) originated from the following
regions: 18 from the S-KCU (Ujazd, Sikornik and,
Wielkanoc Hill outcrops), 5 from the N-KCU (Siedlec
outcrop) and 4 from the southeastern FA (Hemau
and Kelheim outcrops). Samples of chert concretions
hosted in gravity flow sediments included 23 items,
in which 6 came from the S-KCU (Ujazd outcrop), 4
from the N-KCU (Siedlec outcrop) and 13 from the
southeastern FA (Hemau and Kelheim outcrops).

The major and trace element composition, in-
cluding rare earth elements (REE), was analyzed
at Activation Laboratories Ltd. (ACTLABS) in
Ancaster (Canada) using fusion-inductively coupled
plasma (FUS-ICP), fusion-inductively coupled plas-
ma-mass spectrometry (FUS-MS), and thermal de-
sorption-mass spectrometry (TD-MS) methods.

The REE were conventionally divided into three
subgroups: light REE (LREE) including La through
Eu, medium REE (MREE) from Sm to Dy and
heavy REE (HREE), from Gd to Lu. The results of
REE analyses were normalized using the PAAS-
normalized abundances (Post Archean Australian
Shales; Taylor and McLennan 1985; McLennan 1989;
Piper and Bau 2013). The PAAS-normalized patterns
effectively highlight the REE fractionation trends
and anomalies (e.g., Eu, Ce, Pr, Gd), which may re-
flect variability of the conditions of deposition of hy-
drothermal solution influxes and/or redox conditions
during chert formation (Shimizu and Masuda 1977,
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Text-fig. 5. Ternary Al-Fe-Mn diagram for chert concretions, bedded cherts, and chert concretions hosted within gravity flow deposits; hydro-
thermal and non-hydrothermal fields defined after Adachi et al. (1986).

Taylor and McLennan 1985; Sholkovitz 1990; Bau
and Dulski 1996). The Eu, Ce, Pr, and Gd anomalies
were calculated using the methodology after Dulski
(1994), Bau and Dulski (1996), Wang et al. (2012) and
Nothdurft et al. (2004) with the following equations:
Eu/Eu*=Eug\/(0.5Smgn+0.5Gdgy), Ce/Ce*=Cegn/
(0.5Lagn+0.5Prgy), Pr/Pr*=Prg\/(0.5Cegn+0.5Ndgy),
Gd/Gd"=Gdgn/(0.5Eugn+0.5Tbgy). The REE ra-
tios and enrichments, especially LREEgn/HREEgy,
Lagn/Ybgy, Lagn/Smgy, and Smgy/Ybgy, were com-
puted because such indices enable one to evaluate the
relative LREE enrichments in relation to HREE, the
distribution of LREE, MREE, and HREE as well as
the identification of Ce, Eu, Pr, and Gd anomalies.

ANALYTICAL RESULTS — GEOCHEMICAL
CHARACTERIZATIONS
Major and trace elements

The results of major and trace element analy-
ses are listed in Appendix (Tables 1-10). The ma-

jor chemical component of all samples is SiO,, with
minor contribution of Al,O3, Fe,0s, and CaO. The
contents of SiO, are inversely proportional to these
of CaO. The remaining oxides and trace elements
occur in very low amounts, typically close to or even
below the detection limits of the analytical methods
mentioned above, however, with local exceptions.

Chert concretions

In the chert concretions from the S-KCU, the con-
tents of SiO, are generally high being about 97 wt.%,
on average. The highest contents — 95.86—98.46 wt.%
— occur in the samples from the Piekary outcrop but
the results in the samples from the Guminek Hill
and the Liban Quarry are only slightly lower. In the
samples from the N-KCU outcrops, the SiO, contents
are more diverse in particular outcrops. For example,
in the Olsztyn outcrop, the SiO, contents are very
similar, within a narrow range, from 97.25 to 98.35
wt.%. The samples from the Julianka outcrop reveal a
wider range of values: from 64.22 to 98.91 wt.%, but
contents over 97 wt.% prevail. The samples from the
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Rudniki outcrop show the highest variability of SiO,
contents, from very low to very high: 36.03 to 98.02
wt.%, respectively.

In the samples from the BW, the SiO, contents
generally exceed 97 wt% in most of the analyzed
specimens. However, in the Flintsbach samples,
the distribution of SiO, values is relatively similar
(95.35-98.75 wt.%) whereas in the Miinster samples,
higher variability was found (86.74-99.15 wt.%)).
Finally, in the samples from the southeastern FA,
the contents of SiO, are relatively high: from 94.10 to
97.37 wt.%.

In chert concretions from all the sampled outcrops,
the contents of minor components: Al,O;, Fe,0;, and
TiO, are low but some regional variations are ob-
served. The Al,O5 contents are low (0.05-0.40 wt.%),
and the maximum values occur in the samples from
the Bonarka Quarry (S-KCU) and in those from both
the Olsztyn and the Rudniki outcrops (N-KCU). The
Fe,0; values are more variable, from 0.06 to 2.12 wt.%
and the maximum values are detected in the Bonarka
Quarry (S-KCU) and in the Rudniki outcrop (N-KCU)
whereas the minimum values are in the samples from
the Dabrowa Szlachecka outcrop (S-KCU) as well as
from the Julianka and the Olsztyn ones (N-KCU).
The trace TiO, contents (usually < 0.03 wt.%) show
the maximum values in the samples from Bonarka
Quarry and from the Piekary outcrop (S-KCU) as well
as from the Rudniki outcrop (N-KCU). In the samples
from both the BW and the southeastern FA, minor
elements values are quite stable — the Al,O5 contents
fall into the range of 0.16—0.40 wt% in the BW and
of 0.26—0.30 wt.% in the southeastern FA), the Fe,O;
contents change from 0.60 to 1.45 wt.%, and those of
TiO, are even lower: 0.002—-0.007 wt%. Generally,
the analyzed samples of chert concretions reveal low
contents of Al,O5 and TiO, as well as a moderate vari-
ability of Fe,O; contents, which demonstrates quite
uniform chemical composition with local anomalies in
the samples from the Bonarka Quarry and the Rudniki
outcrop.

The analyzed trace elements show moderate but
variable contents in chert concretions. In the samples
from the S-KCU, the contents of alkaline and rare
elements: Ba, Rb, Sr, U, Nb, Th, and Y vary from
low to moderate values. Specifically, the Ba contents
change from 5 to 42 mgkg!, and those of Sr from
2 to 22 mgkg! whereas the contents of heavy and
transition metals: Pb, Ni, Co, Cu, Cr, Zn, and V are
more diverse, with local enrichments in Cu (up to
16.5 mg'kg?), Cr (up to 15 mgkg?') and Ni (up to
19 mgkg™). In the samples of chert concretions from
the N-KCU, higher variability of trace elements is ob-

served. The alkaline elements, particularly Sr, show
high local enrichments (up to 101 mgkg™). Also the
contents of transition metals (Cu, Cr, Zn) are dis-
tinctly anomalous: e.g. Cu up to 39.2 mg'kg™! and Cr
up to 45 mg'kg'!. The chert concretions from the BW
reveal similar variability trends with distinct, local
enrichments in Cu (up to 32.8 mgkg!) and Cr (up
to 50 mg'kg™), particularly in the samples from the
Miinster outcrop. The contents of Ba and Sr increase
up to 49 and 15 mgkg™!, respectively, whereas Y con-
tents are the highest among all the analyzed samples
—up to 12.4 mgkg!. In the chert concretions from the
southeastern FA, low to moderate contents of trace
elements are detected with the relatively stable values
of Ba (10-13 mg'kg™!) and Sr (3-6 mgkg™!). Also the
heavy metals show low contents although local en-
richments can be found of Cr (up to 26 mgkg™) and
Cu (up to 11 mgkg™).

The Al/(Al+Fe+Mn) ratios from the S-KCU vary
from 0.07 to 0.15 and are from 0.04 to 0.42 in the
N-KCU. In both the BW and the southeastern FA,
this ratio changes from 0.10 to 0.33 and from 0.16 to
0.30, respectively. The values of the Al,05/TiO, ratio
appear to be at their the lowest in the S-KCU (from
6.84 to 60) but they increase in the N-KCU (from 4.14
to 170). In the BW, this ratio is from 51.43 to 100 and
in the southeastern FA it is somewhat higher: from 54
to 130). The Fe,05/TiO, ratios are the highest in the
N-KCU (50-90, with high variability) and the lowest
in the S-KCU (64-470).

Bedded cherts

The bedded cherts from the S-KCU reveal an av-
erage content of 88.27 wt.% SiO, but the diversity of
the silica contents in that region is significant with
minimum and maximum values of 58.74 and 98.44
wt.%, respectively. In the bedded cherts from the
N-KCU, the average content of SiO, is 87.15 wt.%
with minimum and maximum values 72.85 and 96.47
wt.%, respectively. The samples from the southeast-
ern FA (Kelheim and Hemau outcrops) show the
highest and the most stable values of SiO, among
all the analyzed localities: average 96.60, minimum
94.77 and maximum 98.17 wt.% SiO,.

The minor elements: Al,O;3, Fe,03, and TiO, are
low with some insignificant regional variations. The
contents of Al,O3 vary from 0.09 to 0.24 wt.% with
average values falling into the narrow range of 0.15—
0.17 wt.%. The highest contents are observed in the
samples from the Sikornik and the Ujazd outcrops
(S-KCU) and from the Kelheim outcrop (southeastern
FA). The contents of Fe,0; show moderate variability
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(0.14-1.51 wt.%) and reach maximum values in the
samples from the Ujazd outcrop and Wielkanoc Hill
(S-KCU) as well as from the Kelheim outcrop (south-
eastern FA) whereas the minimum contents occur
in the N-KCU sites (0.15-0.76 wt.%). The contents
of TiO, are very low (usually < 0.005 wt%), i.e.,
rather at the level of trace components. Generally, the
bedded cherts reveal low contents of Al and Ti, and
moderate values of Fe, which suggests quite uniform
composition of the minor elements with local enrich-
ments in Fe,05 at the given sampling sites.

The bedded cherts from the S-KCU, the N-KCU,
and the southeastern FA demonstrate varying con-
tents of trace elements. In the S-KCU, both the alka-
line and the rare element (Ba, Rb, Sr, U, Nb, Th and
Y) values are diverse, particularly Ba (6—41 mgkg™)
and Sr (2-78 mgkg"). The heavy and the transition
metals (Pb, Ni, Co, Cu, Cr, Zn, and V) show moderate
contents with local enrichments in Pb encountered in
the samples from the Sikornik outcrop and Wielkanoc
Hill. In the N-KCU, a more uniform distribution of
these metals is evident. Specifically, the contents of
Ba, Rb, Sr, U, Nb, Th, and Y are low and moderately
variable. The contents of both the heavy and the tran-
sition metals (Pb, Cu, Cr, and Zn) reveal moderate
and stable contents: (e.g. Pb < 0.5-0.7 mgkg!) with
no distinct anomalies. The highest diversity of trace
elements is observed in the bedded cherts from the
southeastern FA where high variability is indicated
for both the alkaline and the rare elements (partic-
ularly Ba: 34-429 mgkg! and Sr: 4-17 mgkg™') as
well as for some heavy and transition metals (Cu:
7.5-28.9 mg'kg!, Cr: 6-46 mg-kg™) whereas the oth-
ers: Pb, Ni, Co, Zn, and V show moderate contents.
However, the samples from all the localities demon-
strate low and stable Zr, Ga, and Hf contents.

The Al/(Al+Fe+Mn) ratios in bedded cherts are
as follows: 0.10—0.44 in the S-KCU, 0.20—0.44 in the
N-KCU and 0.06-0.21 in the southeastern FA. The
Al,O3/TiO, ratios (25—47) are similar in the samples
from the KCU, but distinctly lower in comparison
with those from the southeastern FA (30-200). The
Fe,053/Ti0O, ratios are the highest in the southeastern
FA (110-1,240, with high variability), whereas the
lowest values (38—160) are observed in the N-KCU.

Chert concretions hosted in gravity flow deposits

In the chert concretions developed within the
gravity flow deposits from the S-KCU, the SiO,
contents are high and stable, from 97.94 to 99.02
wt.% with an average of 98.60 wt.%. Similarly high
SiO, contents are observed in the samples from the

N-KCU: from 97.03 to 98.36 wt.% with an average
of 97.79 wt.%. Generally, the SiO, distribution is rel-
atively uniform within the narrow range of extremes
(only about 1.3 wt.%). In the samples from the south-
eastern FA, the SiO, contents are more variable: from
83.7 to 98.93 wt.% with an average of 96.15 wt.%.
The lowest SiO, value (83.7 wt.%) was detected in
a sample from the Kelheim outcrop, whereas most
analyzed samples revealed very high SiO, contents,
exceeding 95 wt.%.

In all the analyzed samples of chert concretions
hosted in gravity flows, the contents of Al,05, Fe,05,
and TiO, are low but locally variable. Specifically,
the Al,O; contents range from 0.07 to 0.38 wt.% with
an average value about 0.14 wt.% in the S-KCU and
somewhat higher (0.16—0.19 wt.%) in the N-KCU.
The samples from the southeastern FA reveal the
highest Al,O5 variability. The contents of Fe,O5 vary
from 0.39 to 1.49 wt.% with the highest values found
in the southeastern FA and the more stable ones
(0.85-1.03 wt.%) in the S-KCU. The contents of TiO,
are generally low (0.001-0.005 wt.%), except for a
single sample from the Hemau outcrop where 0.135
wt.% was detected. Generally, the samples of chert
concretions from the gravity flow deposits show low
amounts of Al,O; and TiO,, and the moderately vari-
able Fe,O5. This indicates quite a uniform composi-
tion of the minor components, however, with local
enrichments in Fe,O5 and TiO, in some samples from
the southeastern FA.

Generally, the chert concretions hosted in grav-
ity flow deposits from the S-KCU, the N-KCU, and
the southeastern FA reveal low and relatively sta-
ble contents of trace elements but local enrichments
are observed, as well. In both the S-KCU and the
N-KCU, the contents of both the alkaline and the
rare elements (Ba, Rb, Sr, U, Nb, Th, Y) are low (Ba
4-8 mg'kg™!, Sr 2—-4 mg-kg!, the remaining elements:
< 0.6 mgkg"), which suggests quite a uniform geo-
chemical background. Similarly, the rare elements:
Zr, Ga, and Hf show low and stable values with no
distinct anomalies. Both the heavy and the transi-
tion metals (Pb, Ni, Co, Cu, Cr, Zn, and V) indicate
moderate variability of contents. In the S-KCU, local
enrichments in Cr occur (up to 58 mgkg!) whereas
in the N-KCU its contents do not exceed 8 mg-kg'.
The remaining trace elements contents are also low,
as e.g. Cu (3-7.3 mgkg!) and Pb (< 0.7 mgkg™).
The highest variability of trace elements is indi-
cated in the southeastern FA, where both the alka-
line and the rare elements together with the heavy
metals show much higher contents. Specifically,
Ba and Sr demonstrate wide ranges of values (Ba:



14 ALICJA KOCHMAN

18-334 mg'kg!, Sr: 3-27 mg'kg™!) whereas local en-
richments are observed in Pb (up to 8.2 mgkg!),
Cu (6.5-15.3 mgkg!) and Cr (5-39 mgkg™!). The
contents of the other trace elements: Nb, Y, Zr, Ga,
and Hf remain low or moderate, with low variability.
The Al/(Al+Fe+Mn) ratios vary from 0.10 to 0.15
in the samples from the S-KCU, from 0.19 to 0.31 in
those from the N-KCU and from 0.05 to 0.26 in the
southeastern FA. The Al,05/TiO, ratios are the low-
est in the S-KCU (25—40), but increase in the N-KCU
(34-63), and are their highest in the southeastern FA
(27-100). Finally, the Fe,05/TiO, ratios are at their
highest in the southeastern FA (6—1,490, with high
variability) and lowest in the N-KCU (78-240).

Rare earth elements

The results of REE analyses and the calculated
anomalies are presented in Appendix (Tables 11-20).
These values show a wide range of variation between
the analyzed samples. Generally, depletion of REE is
observed. The total analyzed REE contents are very
low in all the types of chert with LREE prevailing
over HREE.

Chert concretions

In the chert concretions from the S-KCU, vari-
ability of the total REE content is observed with
the highest values found in the samples from the
Piekary (average 4.46 mgkg!) and the Dgbrowa
Szlachecka (3.67 mgkg') outcrops whereas the low-
est contents are in the specimens from Guminek Hill
(1.47 mgkg"). In most of the analyzed samples, the
Lagn/Ybgy ratio exceeds 1, which indicates moderate
LREE enrichments relative to HREE. Distinct en-
richment in LREE is observed in the samples from
Bonarka Quarry whereas in those from the Dabrowa
Szlachecka and the Wielkanoc Hill outcrops, the Lagy/
Ybgy ratios are close to 1 or slightly lower, which sug-
gests more balanced REE distribution or moderate
enrichments in LREE. The Lagy/Smgy ratios are close
to 1, with minor deviations. In the samples from the
Dabrowa Szlachecka outcrop, LREE are enriched in
comparison with MREE whereas the samples from
the Piekary outcrop are slightly enriched in MREE.
In most of the analyzed samples, values of the Smgqy/
Ybgy ratios exceed 1, which indicates enrichment in
MREE related to HREE, except for the samples from
the Dabrowa Szlachecka outcrop, where relative en-
richment in HREE is evident and a clear enrichment
in MREE is absent. The average Eu/Eu” ratio is about
0.8 for all samples, except for these from Bonarka

Quarry where a positive Eu anomaly (about 1.24, on
average) occurs. Moreover, in all the studied samples,
negative Ce anomalies are indicated with the most
diverse Ce/Ce" values detected in the Piekary outcrop.

In the N-KCU, the total REE contents are lower
than in the S-KCU. The highest average REE values
(2.01 mgkg") are observed in the Rudniki samples
whereas the lowest ones (1.68 mgkg!) come from
the Julianka outcrop. The lowest and the moderate
values of the Lagy/Ybgy ratios are in the samples
from the Olsztyn and the Julianka outcrops, which
suggests moderate enrichment in LREE or the lack
of distinct LREE enrichment in relation to HREE.
The highest and more variable values of this ratio
are noticed in the Rudniki samples, which proves
the strong and irregular enrichment in LREE rel-
ative to HREE. The Lagy/Smgy ratios reveal the
highest variability among all the analyzed indica-
tors. Specifically, samples from the Julianka and the
Olsztyn outcrops demonstrate the trend of higher
LREE to MREE enrichments, in comparison with
those from the Rudniki site. The values of Smgy/
Ybgy ratios are below 1 in most samples collected
in the Olsztyn and the Julianka outcrops, i.e., these
samples are relatively enriched in HREE over MREE
but in samples from the Rudniki outcrop, the values
of this indicator often exceed 1.5, which documents
strong enrichment in MREE related to HREE. The
average Eu/Eu” ratio values show significant differ-
ences between particular locations: Olsztyn — 1.17;
Julianka — 0.88 and Rudniki — 1.05. The highest di-
versity occurs in samples from the Julianka outcrop
whereas the lowest one is observed in those from the
Rudniki site. The Ce anomalies are negative in all the
analyzed samples. The lowest average Ce/Ce" value
(0.31) was calculated in samples from the Julianka
outcrop, which also shows the lowest variability of
values of this indicator.

In the samples collected in the BW, an average
total REE content is 2.64 mgkg!. The values of the
Lagn/Ybgy ratios in the Flintsbach outcrop are below
1.5, indicating moderate enrichment in LREE related
to HREE. On the contrary, in the samples from the
Miinster outcrop, highly variable values of that in-
dicator are observed, from very low to high, which
means both the enrichment and the depletion in
LREE, in given samples. The Lagy/Smgy ratio values
are highly variable between particular localities and
even within single outcrops. In detail, the samples
from the Miinster site demonstrate higher enrichment
in LREE over MREE whereas the Flintsbach samples
show relative depletion of LREE related to MREE.
The Smgyn/Ybgy ratios exceed 1 in the Flintsbach
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samples indicating domination of MREE over HREE
whereas the Miinster samples reveal general enrich-
ment in MREE but also a significant variability of
that indicator. The values of the Eu/Eu” ratio differ
among studied localities: the Flintsbach samples give
an average value of 0.81, while values obtained from
the Miinster outcrop are higher (1.63). However, all
analyzed samples exhibit overall negative Eu anoma-
lies. The Ce/Ce” ratios in both the Flintsbach and the
Miinster outcrops are roughly similar (about 0.37),
with lower variability observed in samples from the
former site.

In the southeastern FA, the lowest total REE
contents occur (1.10 mg-kg™!, on average). The Lagy/
Ybgy ratios indicate moderate enrichment in LREE
over HREE. However, the values of the Lagy/Smgy
indicator prove relative depletion in LREE related
to MREE. The Smgy/Ybgy ratio demonstrates high
variability but enrichment in MREE related to HREE
occurs in only a single sample. The values of Ce/Ce”
ratios vary from 0.27 to 1.12 (0.74, on average) and
show high diversity, from the positive Ce anomaly in
a single sample to the negative anomalies in the two
remaining ones. Unfortunately, some analytical con-
straints precluded the Eu/Eu” calculation for samples
from the southeastern FA.

In all the analyzed samples of chert concretions,
positive Pr anomalies occur. The only exceptions are: a
single sample from the Olsztyn outcrop and two others
from the Julianka one (in N-KCU). The average Pr/Pr"
values are: 1.25 in the S-KCU, 1.28 in the N-KCU, 1.44
in the BW and 1.18 in the southeastern FA. Moreover,
distinct positive Gd/Gd* anomalies, between 1.22 and
1.49, are observed in all the studied regions.

Bedded cherts

In the bedded cherts from the S-KCU, the highest
total REE contents are detected. The highest average
value (5.55 mg-kg™) is in the samples from the Ujazd
outcrop whereas the lowest one (3.58 mgkg™!) occurs
in that from the Wielkanoc Hill. The Lagy/Ybgy ra-
tios exceed | (average about 1.3) in the samples from
the Ujazd outcrop, which suggests a moderate en-
richment in LREE over HREE. In the samples from
the remaining localities, values of that indicator are
around 1 or slightly over 1, which suggests a uniform
distribution of all REE and the lack of distinct en-
richments in LREE. The Lagy/Smgy ratios, around
1, are detected in all the analyzed samples, which
suggests a balance between LREE and MREE. The
highest values of the Smgy/Ybgy ratios are indicated
in the Ujazd samples, demonstrating the enrichment

in MREE over HREE. In samples from the remaining
sites, the values of this indicator are around 1, i.e. no
enrichments in MREE related to HREE occur. The
Eu/Eu” ratios are mostly close to neutral, but their av-
erage values vary in particular samples, from 1.03 in
the Ujazd outcrop, through 0.95 at Wielkanoc Hill to
0.87 in the Sikornik outcrop. Negative Ce anomalies
are present in all the analyzed samples with an aver-
age Ce/Ce" value of 0.26. The highest variability of
that ratio is observed in the samples from Wielkanoc
Hill and the lowest in those from the Sikornik out-
crop.

In the bedded cherts from the N-KCU, the total
REE contents are low (3.59 mgkg’!, on average). The
values of both the Lagn/Ybgy and the Lagy/Smgy ra-
tios exceed 1, which shows moderate enrichment in
LREE over both the HREE and MREE. The Smgy/
Ybgy ratios also oscillate around 1 suggesting bal-
anced distribution of MREE versus HREE. In sam-
ples from the Siedlce outcrop, typical is the lack of
a distinct Eu anomaly (Eu/Eu” = 1.08, on average)
together with a negative Ce one (Ce/Ce” = 0.31, on
average).

In samples from the southeastern FA, particularly
from the Kelheim outcrop, some analytical prob-
lems precluded the determination of the full REE
range. The total REE contents in the samples from
the Kelheim site are about 1.24 mgkg! and those
in the Hemau samples are 2.52 mgkg'. Moreover,
the Kelheim samples reveal high values of both the
Lagn/Ybgy and the Lagy/Smgy ratios, which points
out to high enrichment in LREE over both the MREE
and the HREE. On the contrary, the Smgy/Y bgy ratio
(0.51) reveals a relative enrichment in HREE over
MREE. In the samples from the Hemau outcrops,
the values of the Lagy/Ybgy and Lagy/Smgy ratios
are variable indicating changes in the environmental
conditions as one sample shows enrichment in HREE
and the other — in LREE. In the samples from the
Kelheim site, the Eu and Ce anomalies were deter-
mined in only a single sample (Eu/Eu” = 2.10 and Ce/
Ce" = 1.14). Two samples from the Hemau site reveal
variations in the Eu/Eu” ratios: in one sample it is
1.14 and in the second it is 0.36. The Ce anomaly for
both samples appears to be negative (Ce/Ce” = 0.53,
on average).

All the analyzed samples of bedded cherts ex-
hibit positive Pr anomalies. The average values of
the Pr/Pr” ratio are: 1.38 for the samples from the
S-KCU, 1.34 for those from the N-KCU and 1.36 for
the southeastern FA samples. Moreover, a positive
Gd anomaly is detected in the analyzed bedded cherts
(Gd/Gd" values from 0.70 to 1.90).
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Chert concretions hosted in gravity flows deposits

The chert concretions hosted within gravity flows
deposits sampled in the S-KCU reveal the highest total
REE contents with average values up to 1.77 mg-kg™.
The Lagyn/Ybgy ratio values are close to 1, i.e. no
enrichment in LREE occurs whereas the Lagy/Smgy
ratios are slightly lower than 1, which suggests small
enrichment in MREE related to LREE. The Smgy/
Ybgy ratios somewhat over 1 indicate insignificant
enrichment in MREE. The analyzed samples demon-
strate variable values of the Eu/Eu” ratio in a single
location. The Eu anomalies are generally neutral with
the average ratio Eu/Eu” = 1.01. In all the analyzed
samples, negative Ce anomalies occur with an aver-
age value of Ce/Ce” = 0.34 and with low variability
between particular samples.

In the N-KCU, the average content of REE reaches
0.83 mgkg!. All the calculated ratios: Lagn/Ybgy,
Lagy/Smgy and Smgy/Ybgy exceed 1, which demon-
strates enrichment in LREE related to HREE and in
MREE over HREE. Although no clear Eu anomaly is
observed, Eu/Eu ratios vary within single outcrops.
All the samples show also negative Ce anomalies
with an average value of Ce/Ce” = 0.49 and with low
variations of values between the individual samples.

In the southeastern FA, the average total REE con-
tents are 0.59 mgkg'! for the Kelheim outcrop and
2.48 mgkg! for the Hemau one. The Lagy/Ybgy ratio
in a single sample from the Kelheim site indicates
the lack of LREE enrichment over HREE whereas
the Smgy/Ybgy ratio suggests a moderate enrichment
in MREE related to HREE. In the samples from the
Hemau site, the Lagyn/Ybgy ratios demonstrate enrich-
ment in LREE over HREE, whereas the average Lagy/
Smgy ratio (about 0.72) suggests a relative enrichment
in MREE related to LREE, and the average values of
the Smg\/Ybgy ratio over 4 point to strong domina-
tion of MREE in relation to HREE. Unfortunately,
analysis of Eu anomalies was rather limited due to the
small number of samples in which the full range of
REE could be detected. In a sample from the Kelheim
outcrop, the Eu/Eu” ratio is 1.91 whereas in the sam-
ples from the Hemau site the values of that indicator
are variable: two samples show negative Eu anomalies
and a single one has a positive Eu anomaly. The Ce
anomalies differ between various locations from the
southeastern FA. In the Kelheim samples, a lack of
anomalies was found (average Ce/Ce” = 1.06) whereas
in the Hemau samples, negative anomalies occurred
(Ce/Ce* = 0.69, on average).

All the analyzed samples of chert concretions
hosted within gravity flows reveal positive Pr anom-

alies except for two specimens from the Kelheim out-
crop. The average Pr/Pr” ratio values are: 1.27 in the
S-KCU, 1.18 in the N-KCU and 1.11 in the southeast-
ern FA. Moreover, the samples from both the S-KCU
and the N-KCU reveal positive Gd anomalies with
average values of 1.11 for the S-KCU and 1.98 for the
N-KCU. On the contrary, the Gd anomalies in the
southeastern FA are negative (average value 0.84).

DISCUSSION
Petrographic observations

The petrography of both the chert concretions
and the bedded cherts reflects the depositional con-
ditions of the carbonate sediments and the nature of
the diagenetic processes, which led to the replacement
of calcium carbonate by silica. In most of the ana-
lyzed samples of chert concretions and bedded cherts,
the predominant mineral is microcrystalline silica,
whereas megaquartz, fibrous quartz, and/or chal-
cedony occur mostly as the infillings of pore spaces
and/or bioclasts (particularly those large in size)
(Kochman et al. 2020a; Matyszkiewicz and Kochman
2020; Kochman and Matyszkiewicz 2023, 2025).

The dominant microcrystalline silica shows low
crystallinity and a high packing degree of quartz
crystals (cf. Adachi et al. 1986; Yamamoto 1987,
Chen et al. 2006; Van Kranendonk 2006; He et al.
2014; Shen; 2018; Lei et al. 2019), which suggests a
hydrothermal origin of chert concretions and bedded
cherts. The solubility of silica is only poorly affected
by the pH until it reaches values about 9 (Guo ef al.
2022). The presence of hydrothermal solutions can
decrease pH in the seawater, which facilitates the dis-
solution of carbonate minerals. As a result, the influx
of hydrothermal solutions, followed by their mixing
with the seawater may give rise to the replacement
of carbonates with both the microcrystalline and
the cryptocrystalline quartz at temperatures above
100°C (cf. Shen et al. 2018). Hydrothermal fluids can
be significantly diluted in oxic seawater, up to 1,000—
10,000 times or even more (Nozaki et al. 1997). The
cherts deposited in deep-water environments can by
more easily influenced by hydrothermal fluids than
those deposited in shallow seawater (He et al. 2013;
Zhang et al. 2020).

On the contrary, the megaquartz crystals, typi-
cally infilling neptunic dykes crystallized at much
higher temperatures (cf. Matyszkiewicz et al. 2016),
similar to epigenetic siliceous rocks (Matyszkiewicz
1987; Kochman et al. 2020b). Their formation was
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presumably related to secondary heating and the re-
sultant recrystallization of microcrystalline quartz at
higher temperatures (above 100°C up to even 350°C)
in the presence of fluids relatively low in silica (Bello
et al. 2025; cf. Zakharov et al. 2021).

In some chert concretion samples from the
S-KCU, Sitarz et al. (2014) and Kochman et al.
(2020a) identified moganite. This is a microcrystal-
line silica polymorph (cf. Florke et al. 1984; Miehe et
al. 1984; Heaney and Post 1992; Miehe and Graetsch
1992; Bustillo 2002; Graetsch and Griinberg 2012;
Zhang and Moxon 2014) structurally similar to and
commonly accompanying fine-crystalline quartz
(cf. Florke et al. 1976, 1984; Heaney and Post 1992).
Moganite may occur in many siliceous rocks how-
ever, its amounts and stability are controlled by dia-
genetic conditions and temperature (Heaney and Post
1992; Bustillo 2002). This silica variety appears to
be metastable and may be transformed into a-quartz
over time or due to changing environmental condi-
tions (Heaney and Post 1992; Rodgers and Cressey
2001). Moganite reveals higher stability at low tem-
peratures, and shows higher dissolution rates together
with lower thermodynamic stability in comparison
with quartz (Gislason et al. 1997). The low contents
of moganite in some chert concretions may suggest
that their formation took place in a thermally stable
environment, at low temperatures and limited hy-
drothermal activity. However, it must be emphasized
that the role of moganite, present in various amounts
in the studied cherts, remains poorly understood
(Shepelenko et al. 2025).

Insights from major and trace elements
geochemistry

The abundance analysis of major components
may be applied to the reconstruction of the condi-
tions of formation of cherts (e.g., Adachi et al. 1986;
Yamamoto 1987; Murray 1994; Wang et al. 2012; He
et al. 2014; Yu et al. 2019). For example, Kato and
Nakamura (2003) postulated that cherts have a rela-
tively simple major element composition while trace
elements and REEs represent minor constituents,
such as hydrothermal precipitates, volcanic detritus,
and terrigenous clasts. Hence, these are the key indi-
cators of the depositional environment. Other authors
(see Bostrom and Peterson 1969; Adachi et al. 1986;
Yamamoto 1987; Murray 1994) have demonstrated
that Al and Ti are excellent indicators of terrigenous
input whereas Fe represents the contribution of hy-
drothermal fluids. Marine hydrothermal sediments
commonly show Fe/Ti ratios exceeding 20, which

prove the contribution of hydrothermal components
in marine sediments (Liang ef al. 2022). Therefore,
the correlation between Fe,O5 and SiO, suggests that
the formation of given cherts was strongly controlled
by hydrothermal processes (Adachi et al. 1986; Qiu
and Wang 2011).

Analysis of the major element composition re-
veals that the analyzed cherts show high chemical
stability. All the types of cherts are dominated by
SiO, (commonly > 90 wt.%) with simultaneously low
contents of Al,Os, Fe,05, and TiO, as well as very
low contents of trace elements. Chemical differences
between the samples from various regions are low
and are limited mainly to local anomalies (enrich-
ments) of Fe,O; and some trace elements contents.
Thus, the processes responsible for chert formation
were presumably similar in all the studied regions.

The chert concretions from the KCU, the BW, and
the southeastern FA reveal high chemical homoge-
neity. Specifically, these cherts show very high SiO,
contents, usually within the range of 94-98 wt.%
together with low contents of Al,O5 (0.05-0.40 wt.%)
and TiO, (< 0.03 wt.%). Such values are typical of
cherts generated in environments having a limited
supply of terrigenous material and a dominant in-
put of silica of chemical or hydrothermal origin. The
moderate variability of Fe,O; contents may indicate
local differences in redox conditions or enrichment
in Fe derived from hydrothermal solutions. Important
is also a moderate enrichment in Ba, which may re-
sult from a still significant influence of low-tem-
perature hydrothermal solutions on the silicification
process. The local enrichments in Ba, especially in
the S-KCU (Matyszkiewicz et al. 2015a, 2016), con-
firm an episodic influx of such solutions whereas the
results of isotope analyses of Nd and Sr point out to
their continental provenance (Matyszkiewicz et al.
2016). Additionally, the local enrichments in Cu, Cr
and Ni (noticed in Bonarka Quarry, in the Rudniki,
and in the Miinster outcrops) may be related to a
limited inflow of hydrothermal solutions enriched
in metals or may reflect variable redox conditions in
these depositional environments. Moreover, the low
to non-detectable contents of trace metals such as Co,
Cr, Cu, Ni, Zn, and Pb indicate a hydrothermal origin
of the Fe-Mn mineralization (Chiari et al. 2012). On
the other hand, locally increased contents of Pb and
Cu (Matyszkiewicz et al. 2015a) may additionally
confirm the influence of relic hydrothermal solu-
tions, presumably related to regional faulting events
(Sibson 1987; Aranburu et al. 2002).

The bedded cherts from the KCU and the south-
eastern FA show distinct differences in SiO, contents,
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from relatively low (58.74 wt.%) up to almost pure
silica (98.44 wt.%). The highest and the least variable
SiO, values (94.77-98.17 wt.%) occur in the south-
eastern FA, which suggests a lower supply of detrital
material and more homogeneous diagenetic condi-
tions. Both the low contents of TiO, and the moderate
concentrations of Al,O; and Fe,O5 indicate the domi-
nance of silica precipitated from the seawater and the
low share of terrigenous components (Adachi et al.
1986; Murray 1994). Simultaneously, moderate vari-
ability of Fe,05 contents (0.14—1.51 wt.%) may reflect
the local differences in redox conditions of the dia-
genetic environment or the presence of ferruginous
minerals. Hence, Fe is mostly of hydrothermal origin
and is commonly applied as an indicator of hydrother-
mal influx into marine sediments (Murray 1994). The
presence of Fe compounds in siliceous rocks from
both the N-KCU (Matyszkiewicz et al. 2015a) and the
southeastern FA was noticed in the earlier publica-
tions and confirmed by the results of Mdssbauer anal-
yses (Kochman and Matyszkiewicz 2025). It must be
emphasized that the Fe minerals: goethite and hema-
tite were found in epigenetically silicified limestones
from the N-KCU, although in minor or trace amounts
(Matyszkiewicz et al. 2015a). The processes forming
such mineralization were related to the circulation of
hydrothermal solutions in fracture systems and the re-
sultant precipitation of silica together with metal com-
pounds, including Fe-minerals. Traces of Fe mineral-
ization are visible as brown or reddish-brown stains
in silicified limestones. The Fe-minerals (goethite,
hematite) are present also in brownish and choco-
late-colored, successive rims embedding chert con-
cretions from the southeastern FA, which suggests
formation of individual rims in various diagenetic en-
vironments, under different chemical conditions and
several stages of silicification controlled by various
silica sources (Kochman and Matyszkiewicz 2025).

The moderate enrichment of bedded cherts in
Fe,0; observed in some outcrops (Ujazd, Wielkanoc
Hill, and Kelheim) may document the episodes of
increased Fe availability related to the circulation of
Fe-rich solutions during early diagenesis (Yamamoto
1987; He et al. 2014). On the other hand, the bedded
cherts from the N-KCU reveal a homogeneous trace
element composition with low Ba, Rb, and Sr contents
as well as stable amounts of transition metals (Cu,
Cr, Zn), which points to stable, low-energy diagenetic
environment.

The highest geochemical diversity is observed
in the southeastern FA, where bedded cherts reveal
a very wide range of Ba contents (34—429 mgkg™")
possibly indicating local enrichments related to the

influx of hydrothermal solutions. Moreover, the high
contents of Cu (up to 28.9 mgkg!) and Cr (up to
46 mg'kg!") correlate with the presence of reducing
conditions and, potentially, with the contribution
of organic matter. The latter might have catalyzed
the sorption and immobilization of metals during
the transformation of silica gel into chalcedony and
microquartz (cf. Williams et al. 1985; Hesse 1989).
Additionally, the presence of transition metals (Cu,
Cr, and Ni) demonstrates that diagenesis might have
locally proceeded under reducing conditions with the
participation of organic matter, which is consistent
with the formation models of laminated cherts pro-
posed by Hesse (1989) and Knauth (1994).

The analyzed chert concretions hosted within
gravity flow deposits reveal very high contents of
Si0, (97.03-99.02 wt.%) with low diversity of val-
ues between the S-KCU and the N-KCU. However,
the samples from the southeastern FA show higher
variability of SiO, contents (83.70-98.93 wt.%) prob-
ably reflecting some regional differences in the na-
ture of the silicification. The oxides contents: Al,O4
(0.07-0.38 wt.%) and TiO, (< 0.005 wt.%, excluding
the Hemau sample) are very low, which indicates
a negligible participation of terrigenous material.
Furthermore, the trace element contents in chert con-
cretions hosted within gravity flows are generally
low and stable in both the S-KCU and the N-KCU,
which points to their formation in an environment
of limited chemical exchange. The low contents of
alkaline and rare elements as well as transition met-
als suggest the rather insignificant influence of hy-
drothermal solutions. The highest diversity of trace
element composition is observed in the southeastern
FA, where Ba contents (18-334 mg-kg™) are distinctly
elevated and local anomalies of transition metals (Cu,
Cr, Pb) are evident. This suggests a more complex
nature of diagenesis processes related to both the
episodic influxes of hydrothermal solutions and the
local changes of redox regime within the gravity flow
deposits (Bostrom and Peterson 1969; Hesse 1989;
He et al. 2014). Simultaneously, the high purity of
SiO,, together with the low contents of trace elements
indicate the chemical-diagenetic origin of these con-
cretions, typical of limited circulation of solutions
and low supply of terrigenous material (Williams et
al. 1985; Hesse 1989; Knauth 1994).

In some samples, an increase of Sr contents was
detected presumably reflecting the presence of small
amounts of limestone in the analyzed materials. On
the contrary, distinct depletion in Sr was noticed
in siliceous rocks of high SiO, contents from the
N-KCU (Matyszkiewicz et al. 2015a).
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Geochemical indicators of silica origin

The geochemical indicators: Al/(Al+Fe+Mn),
Al,05/TiO, and Fe,03/TiO, enable the identifica-
tion of silica sources in siliceous rocks. Siliceous
rocks are characterized by low values of the Al/
(Al+Fe+Mn) and the Al,05/TiO, ratios, and by high
values of the Fe,05/TiO, ratio (see e.g.: Bostrom and
Peterson 1969; Bostrom 1983; Sugisaki 1984; Adachi
et al. 1986; Aitchison and Flood 1990; Murray 1994;
Wang et al. 2012; Yu et al. 2019). Moreover, petrolog-
ical evidence demonstrates that siliceous rocks were
formed in carbonates deposited in a marine environ-
ment affected by intensive hydrothermal processes.
The low values of the Al/(Al+Fe+Mn) ratio suggest
periodical influxes of hydrothermal solutions into the
seawater from vents (e.g.: Bostrom 1983; Adachi et
al. 1986; Murray 1994; Kochman et al. 2020b; Wang
et al. 2012; Migaszewski et al. 2022; Yesilot Kaplan
2023). The values of that ratio depend on the volume
of hydrothermal solution input into the sediments and
decrease with the increasing hydrothermal activity,
from 0.6 in sediments of biological provenance to
0.01 in hydrothermal deposits (Adachi et al. 1986;
Yamamoto 1987).

For various types of cherts collected in both
the S-KCU and the N-KCU, the values of the Al/
(Al+Fe+Mn) ratio remain relatively low, from 0.04
to 0.44. Moreover, diverse ranges of values of that
indicator are observed in chert concretions and in
chert concretions hosted in gravity flows, as well
as similar values are indicated for bedded chert in
both the KCU parts. In the samples from Germany,
lower values of the Al/(Al+Fe+Mn) ratio are quoted:
from 0.10 to 0.33 in the BW and from 0.05 to 0.30
in the southeastern FA. Similar values of the Al/
(Al+Fe+Mn) ratio, particularly in the bedded cherts
from both the S-KCU and the N-KCU as well as in
the chert concretions from the BW and the south-
eastern FA, prove stable depositional conditions in
similar marine environments (cf. Murray 1994).
Comparable relationships are observed for the Al,O5/
TiO, ratio, which is commonly used for evaluation
of the origin of detrital material and the influence of
hydrothermal processes in sediments (Adachi et al.
1986; Murray 1994). Additionally, low values of this
ratio indicate that the formation of cherts was con-
trolled by local hydrothermal pulses, which played an
important role in the silicification process (cf. Hein et
al. 1978; Adachi et al. 1986). Comparison of the Al/
(Al+Fe+Mn) and the Al,05/TiO, values calculated
for various types of cherts demonstrates the decreas-
ing amounts of detrital material in their formation

process, in the following order: bedded cherts — chert
concretions hosted within gravity flows — chert con-
cretions, which may correspond to a mixed model of
chert origin. The Fe/Ti ratios in marine hydrothermal
sediments commonly exceed 20 hence that indicator
appears to be a reliable proxy for hydrothermal activ-
ity in marine sediments (Bostrom 1983; Liang ef al.
2022). The wide range of the Fe,03/TiO, ratio values
found in various types of cherts may reflect local
enrichments in Fe of hydrothermal origin (Adachi ef
al. 1986; Murray 1994).

The results of geochemical analyses of cherts
sampled in various outcrops are presented as ter-
nary Al-Fe-Mn plots after Adachi et al. (1986) (Text-
fig. 5). The distribution of elements shown in the
plots is typical of rocks formed under the influence
of hydrothermal solutions. The plots enable research-
ers not only to identify the hydrothermal origin of
the cherts in question but also to differentiate them
from biogenic and terrigenous cherts. The distribu-
tion patterns of elements in these plots are typical of
rocks formed by the action of hydrothermal solutions,
which supports the conclusions drawn from both the
petrographic observations and the geochemical anal-
yses.

REE geochemistry and interpretation of
anomalies

REE geochemistry is a powerful tracer of sedi-
mentary and diagenetic processes in siliceous depos-
its (Piper 1974; Murray et al. 1991; Bau and Dulski
1996). REE are commonly applied as indicators
of marine sedimentary paleoenvironments due to
their low susceptibility to late diagenetic processes
(Douville et al. 1999). Both the REE abundance pat-
terns and the relative fractionations are valuable en-
vironmental indicators for cherts of various ages and
are tools suitable for identification of silica sources
(e.g., Murray et al. 1990; Girty et al. 1993; He et al.
2019). Variations in REE patterns between chert con-
cretions, bedded cherts, and chert concretions hosted
within gravity flow deposits may reflect variations
in sedimentary environments, composition of pore
solutions and intensity of diagenetic processes (Bau
1991; Kamber and Webb 2001; Bolhar et al. 2004).

In some samples, particularly the cherts collected
in the BW and the southeastern FA (Text-figs 6-8),
determination of the full range of REE was impossi-
ble, which precluded the identification of geochemi-
cal anomalies. Among the values of the Ce/Ce”, Eu/
Eu®, and Pr/Pr" ratios, those below 0.8 are indica-
tive of negative anomalies whereas those above 1.2
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Text-fig. 6. PAAS-normalized REE patterns of chert concretions
(the red line indicates the average values for the given region).

represent positive ones. Moreover, anomalous values
within the range +0.2 to 1 are related to measurement
errors (cf. Grawunder ef al. 2014; Migaszewski et al.
2016).

In most of the analyzed samples, LREE are
enriched relative to MREE, which suggests that

during the formation of cherts, REE are supplied by
the seawater or diagenetic solutions showing domi-
nation of LREE over MREE and selective removal
of HREE (Hatije ef al. 2024). The diversity of Lagy/
Ybgy and Smgy/Ybgy ratios reflects both the mix-
ing of hydrothermal solutions with the seawater and
the local diagenetic conditions (Chen ef al. 2006;
German et al. 1990, 1999; Qiu and Wang 2011).
Generally, marine sediments affected by hydrother-
mal solutions reveal distinct geochemical features
(Bolhar et al. 2005; Bau et al. 2014; Wang et al.
2022), including LREE enrichment and positive Eu
anomalies. Sediments formed with the input of hy-
drothermal solutions usually inherit the REE pat-
terns of the parent solutions, as e.g. the positive Eu
anomalies (German et al. 1990; Mills and Elderfield
1995; Bau and Dulski 1999; Chen et al. 2006; Wang
et al. 2012). However, the REE patterns change with
the increasing influx of ambient seawater (Wang
et al. 2012; He et al. 2019). Thus, the low La abun-
dances in some samples of chert concretions and
bedded cherts likely resulted mainly from their high
precipitation rates, and/or the scavenging of REE
by Fe-Mn oxyhydroxides in the hydrothermal vent
systems (e.g.: Olivarez and Owen 1989; German et
al. 1990; Chen et al. 2006).

Ce/Ce” anomalies

The presence of Ce anomalies is closely associ-
ated with the prevailing redox conditions of the sea-
water. Unlike the other trivalent REE, Ce is suscepti-
ble to oxidative removal from the seawater, reflecting
its redox-sensitive behavior. Due to its relatively sta-
ble values during diagenesis, the Ce/Ce” ratio is a
valuable indicator for identifying the diagenetic envi-
ronments (Shimizu and Masuda 1977; Murray et al.
1992; Bau and Dulski 1996; Alibo and Nozaki 1999;
He et al. 2019; Yesilot Kaplan 2023). Specifically, in
an oxidizing environment, Ce* ion can be oxidized
to Ce**, which shows lower solubility and, thus, can
isomorphically substitute for Mn*" in Fe- and Mn-
oxides leading to the negative Ce anomaly (Shimizu
and Masuda 1977; German and Elderfield 1990;
Junguo et al. 2011). On the contrary, both the sub-
oxic and anoxic marine environments typically lack
the pronounced Ce anomalies because Fe-Mn-oxides
undergo reductive dissolution under such conditions
(German et al. 1991). Values of negative Ce anom-
alies (Ce/Ce" < 1) indicate the formation of cherts
under the oxidizing conditions whereas positive Ce
anomalies (Ce/Ce” > 1) suggest the anoxic environ-
ments (Gao et al. 2020; Deng et al. 2022).
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Text-fig. 7. PAAS-normalized REE patterns of bedded cherts (the
red line indicates the average values for the given region).

Negative Ce anomalies are ubiquitous in well-
oxygenated, open-ocean waters whereas the studies
on REE distribution in modern, anoxic deep waters
demonstrate either lowered or even absent negative
Ce anomalies (German and Elderfield 1990; German
et al. 1991). The Ce/Ce” ratio values change also with
the seawater depth, hence, in the open-ocean waters
these values usually fall into the range of 0.2-0.3,
but in the sediments from the nearshore zone, their
increase to 0.8—1.0 is observed. If hydrothermal ac-
tivity is present in the sedimentary basin, the val-
ues of negative Ce anomalies increase, while HREE
are strongly depleted in relation to LREE (Elderfield
et al. 1990). The influence of terrestrial sediments
tends to elevate the Ce/Ce” ratio (Murray et al. 1991).
However, the negative Ce anomalies commonly re-

sult from the enrichment in La of sediments affected
by hydrothermal solutions and are, therefore, not nec-
essarily a consequence of anomalous Ce behavior
(Bau and Dulski 1996; Yu et al. 2019). The negative
Ce anomalies cause the appearance of positive Pr
anomalies (Bau and Dulski 1996).

Negative Ce anomalies (Ce/Ce” = 0.26-0.69;
Text-figs 6—8) are observed in all the studied regions,
which documents the dominance of highly oxic con-
ditions during the silicification. The clear, negative
Ce anomalies observed in the S-KCU, the N-KCU,
and the BW support the presence of well-oxygen-
ated seawater and the limited action of hydrother-
mal solutions (De Baar et al. 1985; Bau and Dulski
1996). However, the analyses of samples from some
outcrops (Piekary, Julianka) reveal weaker or even
vanishing Ce anomalies, which may reflect locally
decreased oxygen contents or episodic influx of hy-
drothermal solutions enriched in Fe and Mn. In the
southeastern FA, the negative Ce anomaly is less ev-
ident and can be caused by a limited supply of oxi-
dized seawaters or a local influx of low-oxygenated
hydrothermal solutions (Murray et al. 1991; Chen et
al. 2006; He et al. 2019). The high Ce/Ce” values de-
tected in some samples may suggest an episodic con-
tribution of reducing hydrothermal solutions, which
disturbed local REE distributions in pore solutions.
Under such conditions, Ce*" could not be effectively
oxidized to Ce**, which led to the partial vanishing of
the negative Ce anomalies.

The Pr/Pr" ratios over 1 found in all the analyzed
samples confirm that the observed Ce anomalies are
real and do not result from enrichment in La. This
supports the idea of mixing the seawater with hydro-
thermal solutions during silica precipitation (Bau and
Dulski 1996; Wang et al. 2012).

Gd/Gd anomalies

The positive Gd anomalies are typical of oxy-
gen-rich marine environments (De Baar et al. 1985;
Bau and Dulski 1996) because the Gd*" ion forms
stable complexes with organic and carbonate ligands,
thus, it remains longer in solution than adjacent mem-
bers of the REE series, i.e. Tb and Eu. The positive Gd
anomalies in the seawater can be associated also with
marine carbonates (Bau and Dulski 1996). Solutions
of slightly acidic to almost neutral pH usually show
positive Gd anomalies whereas basic solutions reveal
negative Gd anomalies. Thus, the lack of negative
Gd anomalies in samples suggests low amounts or
absence of complex organic compounds during chert
formation (Lee and Byrne 1993). The presence of
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Text-fig. 8. PAAS-normalized REE patterns of chert concretions
hosted within gravity flow deposits (the red line indicates the aver-
age values for the given region).

distinct positive Gd anomalies, particularly in sam-
ples having low contents of trace elements, indicates
the dominance of well-oxygenated marine conditions
as well as the low amount of organic matter avail-
able during silicification. Moreover, the positive Gd
anomalies, typical of well-oxygenated seawater, con-
firm that the main source of silica was the seawater,
whereas the role of hydrothermal solutions was only
local and episodic (De Baar et al. 1985; Bau and
Dulski 1996).

Euw/Eu” anomalies

The Eu anomalies are an important indicator of
the input of hydrothermal solutions into a sedimen-

tary basin (e.g.: Danielson et al. 1992; Bau and Dulski
1996; Douville et al. 1999; Chen et al. 2006, Wang
et al. 2012; He et al. 2019; Deng et al. 2022; Yesilot
Kaplan 2023). The Eu anomalies depend on the fol-
lowing factors: (i) redox potential, (ii) pH and (iii)
activity of ligands such as sulfates, carbonates, and
chlorides (Sverjensky 1984; German and Elderfield
1990; Bau and Moller 1992). The Eu/Eu” ratios ex-
ceeding | suggest a strong influence of hydrothermal
fluids on silica deposition. Fractionation of Eu in re-
lation to the remaining REE together with reduction
of Eu** to Eu?' may proceed at temperatures over
200-250°C (e.g., Sverjensky 1984; Bau 1991; Kato
and Nakamura 2003). At low temperatures, close to
those prevailing on the Earth’s surface, the dominant
ion is Eu?*, except for the most reducing, alkaline
pore waters within anoxic marine sediments. The
high-temperature fluids preferentially extract Eu?*
from oceanic crust by water-rock reaction under the
acidic conditions (Elderfield ez al. 1988), which leads
to Eu enrichment in hydrothermal fluids (Bau 1991;
Douville et al. 1999). Above approximately 250°C
and at elevated pressures, the Eu®" ion becomes a
dominant component. The values of Eu anomalies
reflect the degree of mixing of hydrothermal and
seawater components, and indicate that only a minor
proportion of REE was derived from hydrothermal
fluids, while the majority originated from the ambi-
ent seawater (Chavagnac ef al. 2005).

The low-temperature hydrothermal solutions
(100-150°C) of redox potential close to magnetite/
hematite or sulfide/sulfate stability ranges may con-
tain significant amounts of both the Eu?" and Eu**
ions, which gives rise to weak, positive Eu anom-
alies. This, in turn, suggests that cherts essentially
precipitated from the low-temperature hydrothermal
solutions (Kato and Nakamura 2003) or due to the ac-
tion of complicated, multistage diagenetic processes
(Shen et al. 2018). The lack of distinct, positive Eu
anomalies may also indicate that silicification might
have proceeded as a result of waning hydrothermal
solutions, near the end of hydrothermal activity pe-
riods and/or in the distal parts of fracture systems,
away from the main solution transfer conduits and/or
at an enhanced influence of seawater (German et al.
1990; Wang et al. 2012, He et al. 2019).

In the studied regions, the positive Eu anomalies
occur mostly in the chert concretions from the S-KCU
and the BW (Text-fig. 6), whereas in the bedded
cherts, mostly neutral Eu anomalies are known from
the S-KCU and the N-KCU (Text-fig. 7). Concerning
the chert concretions hosted within gravity flows de-
posits, the positive Eu anomalies prevail in both the
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S-KCU and the southeastern FA (Text-fig. 8). The
positive Eu anomalies (Eu/Eu” up to 1.2) disclosed in
both the Bonarka Quarry and the Miinster site point
out to the local influence of hydrothermal solutions or
to remobilization of REE during diagenesis (German
and Elderfield 1990; Bau 1991) as well as indicate
the reducing conditions in the sedimentary basin
(Danielson et al. 1992; Bau and Dulski 1996). The
lack of clear, positive Eu anomalies in the remaining
studied localities implies that chert formation might
have proceeded from the waning hydrothermal solu-
tions, close to the end of hydrothermal episodes and/
or in the distal parts of fracture systems, away from
the principal conduit zones. Alternatively, silicifica-
tion processes might have continued with a minor
contribution of hydrothermal solutions or under the
increased influence of the seawater (German et al.
1990; Bau and Moller 1992; Wang et al. 2012; He
et al. 2019). The clear, positive Eu anomalies occur
close to the hydrothermal vents (within about 10 km
distance, see Chen et al. 2006). On the other hand,
the presence of negative Eu anomalies in a few sam-
ples of bedded cherts, suggests precipitation from the
seawater-dominant solutions, away from the hydro-
thermal vents clusters. Differences in the values of
Eu anomalies between particular locations presum-
ably reflect differences in the temperatures of hydro-
thermal solutions responsible for that silicification
process (Kato and Nakamura 2003).

CONCLUSIONS

The geochemical analyses of siliceous rocks from
the studied regions in Poland and Germany did not
reveal any significant differences in their chemical
composition. Minor variations were only occasion-
ally found in both the individual samples and the
samples derived from a single outcrop. The results of
studies on cherts from the KCU, the BW, and south-
eastern FA provide evidence that their formation
proceeded in several stages of diagenesis, under the
significant influence of hydrothermal solutions. The
composition of cherts is dominated by SiO,, whereas
the contents of Al,Os, TiO,, Fe,03, and trace ele-
ments are low, which advocates a limited contribution
of terrigenous material and a predominance of silica
derived from hydrothermal sources. Petrographic ob-
servations provide the presence of microcrystalline
quartz accompanied by occasionally encountered
coarse-crystalline quartz, which suggests episodic
input of higher-temperature solutions, in accordance
with the periodic nature of hydrothermal activity.

The obtained results of REE analyses correlate
well with those of major and trace elements. The REE
patterns confirm the mixed nature of the environ-
ments in which the cherts were formed. The negative
Ce anomalies disclosed in the samples from all the lo-
calities, suggest oxidizing environmental conditions
during silicification, whereas the positive Eu anoma-
lies found in some selected samples indicate the local
influence of hydrothermal solutions and partial re-
ducing conditions within the sediments. Differences
in the values of Eu anomalies between various sam-
pling sites reflect the variations of temperatures and
the intensity of activity of the hydrothermal solutions
during silicification. The Eu anomalies show that si-
liceous rocks formed far from hydrothermal centers.
Subtle geochemical differences between some sam-
ples presumably result from the varying controls of
the chert-forming hydrothermal solutions, e.g., their
temperatures (cf. Kato and Nakamura 2003).

Similarly, the values of geochemical indicators:
Al/(Al+Fe+Mn), Al,05/TiO, and Fe,03/TiO; in-
tegrated with the REE patterns indicate that chert
formation was controlled by low-temperature hydro-
thermal solutions and chemical precipitation of sil-
ica at limited supply of terrigenous material. These
results support a mixed model of chert origin, which
includes both hydrothermal activity and the contri-
bution of seawater under variable redox conditions.

The results of geochemical analyses corrob-
orate the relationship between silicification of the
Upper Jurassic carbonates from the KCU and the
episodes of tectonic activity, which triggered migra-
tion of silica-carrying hydrothermal solutions along
fault zones (Gotebiowska et al. 2010; Kochman and
Matyszkiewicz 2012; Matyszkiewicz et al. 2015a,
2016). Similar conclusions are drawn for the origin
of siliceous rocks encountered in the Upper Jurassic
carbonates from the southeastern FA and the BW
(Kochman and Matyszkiewicz 2025). Therefore, hy-
drothermal activity was the more likely main silica
source for the siliceous rocks formed in the Upper
Jurassic successions from the studied fragments of
the northern margin of the Tethys Ocean.
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APPENDIX

Table 1. Contents of major [wt.%] and trace elements [mg-kg'] in chert concretions from S-KCU
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Eé B-10 9548 | 0.17 | 2.12 | 0.018 |<0.01| 0.17 | 0.06 | 0.03 | 0.009 | 0.01 |0.59 | 98.68 17 0.6 5 0.6 | 009 | 039 | 04 | 0.7 6 53 1.1 6.4 12 5 0.69 | <0.1 3 0.07 |18.89]2.00 | 236
% B-11 9493 | 0.18 | 2.12 | 0.018 | 0.01 | 0.34 | 0.06 | 0.03 | 0.007 | 0.02 | 0.83 | 98.55 30 0.7 7 0.7 | 007 | 044 | 04 | 09 5 53 1.1 5.2 15 4 0.68 | <0.1 2 0.08 |25.71]2.57 | 303
sl B-12 95.89 | 022 | 1.22 | 0.012 | 001 | 0.31 | 0.06 | 0.04 | 0.006 | 0.01 |1.51]99.29 | 28 0.9 12 0.5 1 009 | 032 | 02 | 0.8 5 33 | 07 11 3 0.61 | <0.1 1 0.15 |36.67 | 2.00 | 203
B-13 9539 | 0.16 | 2.03 | 0.018 |<0.01| 0.11 | 0.06 | 0.03 | 0.006 |<0.01]0.84 | 98.67 17 0.8 4 <0.5] 0.06 | 0.52 | 03 | 0.5 4 4.6 | 09 | 9.1 9 22 1085 | <0.1 2 0.07 126.67| 3.00 | 338
B-14 9477 | 032 | 1.74 1 0.015] 0.01 | 0.74 | 0.09 | 0.05 | 0.008 |<0.01 |1.38]99.14 | 38 1.1 9 <0.5] 0.07 | 0.18 | 0.5 | 09 7 43 |1 09 | 53 10 4 0.69 | <0.1 2 0.15 140.00| 1.88 | 218
B-15 97.15| 0.17 | 1.31 ] 0.016 [<0.01] 0.3 0.05 | 0.03 | 0.006 | 0.04 |1.06 | 100.1 33 0.7 5 <0.5] 008 | 072 | 04 | 04 7 37 1 07 | 42 11 3 0.62 | <0.1 1 0.11 |28.33]2.67 218
Table 2. Contents of major [wt.%] and trace elements [mg-kg!] in chert concretions from N-KCU
- Sample SiO2 | ALOs F(e;()):; MnO | MgO | CaO | Na:O | K:O | TiO:2 | P20s | LOI | Total | Ba Rb Sr Pb Th U Nb Y Zr Ni Co | Cu | Cr | Zn Ga Hf v g S S S
‘% Unit % % % % % % % % % % % % mgkg! | mgkg! | mgkg! | mgkg! | mgkg' | mgke' | mgkg! | mgkg! | mgkg! | mgkg! | mgkg! | mgke! | mgke! | mgkg! | mgkg! mgkg” | mgkg’ i E bm g ;
3 Detection Limit 0.01 0.01 0.01 0.001 0.01 0.01 0.01 0.01 0.001 0.01 0.01 2 0.2 2 0.5 0.05 0.01 0.1 0.1 1 0.5 0.1 0.2 1 0.2 0.1 0.1 1 i. 2" § ?‘3‘
Analytical Method | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | GRAV | FUS-ICP | FUS-ICP | TD-MS | FUS-ICP | TD-MS | FUS-MS | FUS-MS | TD-MS | TD-MS | FUS-ICP | TD-MS | TD-MS | TD-MS | TD-MS | TD-MS | TD-MS | FUS-MS | TD-MS s < =
E PA-2’ 98.35] 0.15 | 0.64 | 0.008 |[<0.01| 044 | 0.05 | 0.02 | 0.003 | 0.02 | 1.24 | 100.9 6 0.3 4 0.6 0.1 022 | 0.1 1.3 3 24 | 05 | 38 4 3.6 0.8 | <0.1 2 0.19 | 50.00 | 2.67 | 213
= PA-3 97.25]| 022 | 0.46 | 0.007 | 0.02 | 048 | 0.06 | 0.03 | 0.004 |<0.01| 1.48 | 100 7 0.4 4 <0.5] 011 | 024 | 03 | 03 4 1.9 | 03 7.3 2 1.9 0.5 | <0.1 1 0.32 | 55.00 | 1.75 | 115
5 PA-3’ 97.51 | 0.27 0.6 0012 ] 001 | 048 | 0.04 | 0.02 | 0.005 | 0.02 1.6 | 100.6 11 0.6 3 1.3 | 0.14 | 0.19 | 0.2 1.2 4 35 ] 21 4.2 3 13.2 1.1 | <0.1 4 0.31 | 54.00 | 2.40 | 120
8 PA-4 97751 0.12 | 1.18 | 0.012 ] 0.01 | 0.28 | 0.05 | 0.02 | 0.003 |<0.01] 0.86 | 100.3 5 0.3 3 0.6 | 0.09 | 036 | 0.2 | 05 4 39 | 0.7 4 6 2.4 0.7 | <0.1 2 0.09 | 40.00 | 4.00 | 393
§ PB-1 98.1 | 0.11 1.11 1 0.011 ] 0.01 | 0.29 | 0.05 | 0.02 | 0.003 |<0.01]| 0.92 | 100.7 5 0.3 3 <0.5] 0.06 | 031 | 04 | 0.6 4 3.1 0.7 1 17.3 4 1.1 0.6 | <0.1] <1 | 0.09 | 36.67 | 3.67 | 370
Z PB-2 98.39 | 0.09 | 0.83 | 0.009 | 0.01 | 0.39 | 0.04 | 0.02 | 0.004 | 0.04 | 0.75 | 100.6 7 0.3 6 <0.5] 0.08 | 038 | 0.2 1.4 4 24 | 05 392 5 2.7 0.3 0.1 <1 | 0.10 | 22.50 | 2.25 | 208
E PB-3 98.33 ] 0.07 | 099 | 0.01 [<0.01] 0.25 | 0.04 | 0.01 | 0.002 | 0.02 | 0.67 | 1004 5 0.2 3 <0.5|<0.05] 045 | 03 | 0.6 3 28 | 0.6 | 2.8 4 1.7 03 | <01 ] <1 | 0.07 | 35.00 | 5.00 | 495
= PB-4 97.24 | 0.16 1.5 10.015] 002 | 0.57 | 0.05 | 0.03 | 0.004 | 0.03 | 0.92 | 100.5 10 0.4 5 <0.5] 0.08 ] 039 | 03 1 5 44 |1 09 | 5.6 17 1.8 0.6 0.1 <1 | 0.10 | 40.00 | 3.75 | 375




PB-5 97.78 | 0.16 | 1.27 | 0.017 | 0.03 | 0.77 | 0.05 | 0.02 | 0.003 | 0.02 | 0.79 | 100.9 | 11 0.3 8 |<05] 005|013 ] 05 ] 05 5 4 0.8 | 4.1 6 2.1 0.6 | <0.1 2 | 011 | 5333 | 5.67 |423
PB-6 89.13 | 0.15 | 0.71 | 0.013 | 0.06 | 559 | 0.04 | 0.01 | 0.002 |<0.01]| 4.47 | 100.2 | 14 0.3 26 |<0.5]<0.05] 021 |<0.1] 1.5 3 1.7 1] 06 | 102] 2 64 | 03 | <01 ] <1 | 0.17 | 7500 | 6.50 |355
PB-7B 9891 | 0.05 | 1.07 | 0.011] 0.01 | 0.26 | 0.02 | 0.01 | 0.002 | 0.01 | 0.55 | 100.9 5 |<02] 4 [<05|<0.05] 036 | 04 | 0.7 3 3 21 1307 ] 4 |137] 03 | <01 ] <1 | 0.04]2500] 5501535
PB-8 98.28 | 0.08 | 097 | 0.01 | 0.01 | 041 | 0.04 | 0.01 | 0.002 |<0.01| 0.77 | 100.6 7 0.2 4 1<05|<0.05] 042 | 02 | 0.3 1 31 | 0.6 | 4.6 3 1.8 | 04 [ <01 ] <1 ] 0.08 | 40.00 | 5.00 | 485
PB-9 97.98 | 0.09 | 095 | 0.01 |<0.01| 0.18 | 0.04 | 0.02 | 0.002 |<0.01]| 0.77 | 100.1 4 0.2 3 [<05]<0.05| 042 | 03 | 04 1 2.9 1 74 3 52 | 04 | <01 ] <1 ]0.09 |4500 | 500|475
PB-10 96.96 | 0.09 | 1.03 | 0.012 ]| 0.01 | 044 | 0.04 | 0.02 | 0.002 |<0.01| 0859945 | 10 0.3 4 [<05]<0.05] 046 | 0.1 | 04 1 3 08 | 43 10 | 1.7 | 05 | <01 ] <1 | 0.08 | 45.00 | 6.00 | 515
PB-11B 68.55 | 0.08 | 0.28 | 0.009 | 0.13 | 17.54 | 0.03 |<0.01] 0.001 | 0.01 |13.36] 99.98 5 |<02] 75 [<0.5]<0.05] 027 |<01] 3 <1 12 | 05 | 39 | 45 6 04 [ <0.1] <1 | 0.22 | 80.00 | 9.00 | 280
PB-12 85.02 | 0.09 | 0.54 | 0.009 | 0.06 | 743 | 0.03 | 0.01 | 0.002 [<0.01] 5.81 | 99.01 8 0.2 26 [<0.5]<0.05] 006 |<0.1]| 1.3 2 1.6 | 04 | 2.1 6 47 | 02 [<0.1 1 0.14 | 45.00 | 4.50 | 270
PB-13 97.29 | 0.08 | 0.79 | 0.009 | 0.01 0.7 |1 0.04 | 0.01 | 0.001 |<0.01] 0.76 | 99.69 8 0.2 5 |<05]<0.05| 013 | 02 | 04 2 25 107 | 55 4 33 04 [<0.1] <1 ]0.09 | 80.00 | 9.00 | 790
PB-14 933 1 017 | 09 ]0.011| 0.03 | 3.12 | 0.05 | 0.03 | 0.001 |[<0.01] 2.65]100.2 | 11 0.4 12 |<0.5]<0.05] 0.04 |<0.1] 0.5 2 23 | 0.7 | 43 4 28 | 03 [ <01 ] <1 ]0.16 [170.00]11.00]| 900
PB-15 98.28 | 0.09 | 0.97 | 0.01 | 0.01 | 0.19 | 0.03 | 0.02 |<0.001|<0.01]| 0.95 | 100.6 5 0.2 3 |<05[<0.05] 041 | 0.1 | 0.2 3 29 |1 06 | 3.8 7 1 06 |[<01] <1 ]0.08 | nc. [nec |nc
PB-16 96.81 | 0.13 | 094 | 0.012] 0.01 | 0.23 | 0.04 | 0.02 | 0.003 |<0.01| 1.02 | 99.22 5 0.3 3 [<05] 005|022 03|02 14 27 | 0.6 | 3.6 3 2.1 0.7 03 | <1 | 0.12 | 43.33 | 4.00 | 313
PB-17A 6422 | 0.05 | 024 | 0.01 | 0.14 [ 20.04 | 0.02 |<0.01] 0.001 | 0.04 |15.34|100.1 | 12 0.2 74 |<0.5]<0.05] 035 |<0.1] 28 | <1 [<05] 03 | 45 2 4.1 | <0.1 [ <0.1 1 0.17 | 50.00 |10.00 | 240
PB-17B 94.54 | 0.13 | 0.59 | 0.008 | 0.02 | 2.32 | 0.03 | 0.02 | 0.002 |<0.01| 1.89 | 99.54 | 12 0.3 11 [<0.5]<0.05] 0.12 |[<0.1] 1 <1 22 | 05 | 25 2 2 02 | <01 ] <1 | 0.18 | 65.00 | 4.00 | 295
R1 95.61 | 0.25 | 1.68 | 0.017 | 0.01 | 0.08 | 0.05 | 0.02 | 0.014 |<0.01| 0.81 | 98.54| 16 0.7 4 1<05] 0.12 | 0.13 1 0.2 7 54 1 09 | 79 9 3 05 | <0.1 3 0.13 | 17.86 | 1.21 | 120
R2A 96.25 | 024 | 1.29 | 0.012 | 0.01 0.1 0.04 | 0.02 | 0.029 |<0.01| 0.97 | 98.96 | 13 0.5 4 |<05] 03 | 019 | 1.1 | 0.2 12 42 | 0.6 | 52 | 11 2 048 | 0.2 3 0.16 | 828 | 041 | 44
v, R2B 96.24 | 0.12 | 1.77 | 0.016 |<0.01| 0.09 | 0.05 | 0.01 | 0.029 | 0.02 | 0.72 | 99.07 4 0.3 3 0.5 | 024 | 041 1 1 10 46 | 09 | 52 | 13 4 0.68 | 0.2 2 1006 | 414 | 055 | 61
Z R3/1 98.02 | 0.09 | 1.23 | 0.011 |<0.01] 0.09 | 0.04 | 0.01 | 0.003 |<0.01]| 0.77 | 100.3 2 03 | <2 |<05]0.07 | 026 | 0.2 | 0.2 3 33 1 05 | 41 16 | <2 | 039 | <0.1 2 ]0.07 [ 30.00 | 3.67 | 410
g R3/2 94.05| 0.18 | 098 | 0.01 | 0.04 | 344 | 0.04 | 0.03 | 0.002 |<0.01| 2.07 | 100.8 | 11 0.6 24 |<0.5] 005 ] 019 | 02 ] 09 3 3.8 | 0.6 | 42 4 5 0.11 | <0.1 1 0.15 | 90.00 | 5.00 | 490
e R3/3 36.03 | 0.05 | 0.06 | 0.009 | 0.21 | 3576 | 0.02 |<0.01| 0.002 | 0.02 |28.27| 100.4 5 05 | 101 |<0.5]<0.05] 037 | 0.1 | 35 2 [<02]<0.1] 06 | 14 6 |<0.05] <0.1 3 0.42 | 25.00 | 4.50 | 30
R3/4 97.65 | 0.16 1.6 | 0014 | 0.02 | 049 | 0.05 | 0.02 | 0.003 |<0.01| 0.34 | 100.3 7 0.5 6 09 |<0.05] 0.13 | 03 | 07 2 57 1 0.8 |30.1] 11 7 027 | <01 ] 2 0.09 | 5333 | 4.67 | 533
R4 9422 | 0.13 | 1.05 | 0.011] 0.03 | 2.14 | 0.03 | 0.02 | 0.011 | 0.03 | 1.53 | 99.2 14 0.4 16 |<05] 012 | 021 | 04 | 09 5 41 1 07 | 32 6 3 033 | <0.1 1 0.11 | 11.82 | 1.00 | 95
Table 3. Contents of major [wt.%] and trace elements [mg-kg'] in chert concretions from southeastern FA
o Sample | SiO: | ALOs Ff,i,())S MnO | MgO | CaO | Na;O | KO | TiO:2 | P2Os | LOI | Total | Ba Rb Sr Pb Th U Nb Y Zr Ni Co | Cu | Cr | Zn | Ga Hf \% g o: o) o:
‘% Unit % % % % % % % % % % % % mgkg?! | mgkg! | mgkg' | mgkg! | mgkg' | mgkg' | mgkg! | mgkg! | mgkg' | mgke! | mgkg! | mgkg! | mgkg! | mgkg! | mgkg! | mgkg! | mgkg! | = t tm E tﬁ
E Detection Limit | 0.01 0.01 0.01 0.001 0.01 0.01 0.01 0.01 0.001 0.01 0.01 2 0.2 2 0.5 0.05 0.01 0.1 0.1 1 0.5 0.1 0.2 1 0.2 0.1 0.1 1 < E Q % Q
A&"S{;;‘Zf‘ FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | GRAV | FUS-ICP | FUS-ICP | TD-MS | FUS-ICP | TD-MS | FUS-MS | FUS-MS | TD-MS | TD-MS | FUS-ICP | TD-MS | TD-MS | TD-MS | TD-MS | TD-MS | TD-MS | FUS-MS | TD-MS NI < = | =
E—l j: E2 94.1 0.3 0.85 | 0.008 | 0.04 | 1.78 | 0.07 | 0.04 | 0.005 | 0.01 |2.15| 99.35 11 0.9 6 |[<05] 009 | 011 | 02 | 04 3 49 | 0.7 | 5.1 6 4 1058 <0.1 2 0.26 | 60.00 | 1.60|170
= E E2A 97.37 | 027 | 145 [ 0012 | 0.02 | 031 | 0.06 | 0.04 | 0.005 |<0.01] 1.1 | 100.6 | 10 0.9 5 25 0.1 0.11 | 0.2 | 0.3 4 54 | 0.8 11 6 7 1076 | <0.1 2 0.16 | 54.00 |2.40]290
-~ E3 97.33 | 0.26 0.6 | 0.006 | 0.02 | 037 | 0.05 | 0.03 | 0.002 |[<0.01|1.16 | 99.8 13 0.9 3 <0.5]<0.05] 005 | 0.1 | 0.2 4 26 | 04 | 64 | 26 3 1064 | <0.1 2 0.30 | 130.00 | 3.00 | 300
Table 4. Contents of major [wt.%] and trace elements [mg-kg™'] in chert concretions from BW
g Sample SiO: | ALOs Ff,;,()):’ MnO | MgO | CaO | Na2O | KO | TiO: | P.Os | LOI | Total | Ba Rb Sr Pb Th U Nb Y Zr Ni Co | Cu | Cr | Zn | Ga Hf \% g o) S | &
3% Unit % % % % % % % % % % % % mgkg! | mgkg! | mgkg! | mgkg! | mgkg!' | mgkg! | mgkg! | mgkg! | mgkg! | mgkg! | mgkg! | mgkg! | mgkg! | mgkg! | mgkg! mgkg' | mgke! | = t ; E ;
E’ Detection Limit | 0.01 0.01 0.01 0.001 0.01 0.01 0.01 0.01 0.001 0.01 0.01 2 02 2 0.5 0.05 0.01 0.1 0.1 1 0.5 0.1 02 1 0.2 0.1 0.1 1 = E Q % Q
Analytical Method | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | GRAV | FUS-ICP | FUS-ICP | TD-MS | FUS-ICP | TD-MS | FUS-MS | FUS-MS | TD-MS | TD-MS | FUS-ICP | TD-MS | TD-MS | TD-MS | TD-MS | TD-MS | TD-MS | FUS-MS | TD-MS 2| < = | =
2 FL1 98.42 | 0.27 | 098 | 0.009 | 0.02 | 0.14 | 0.05 | 0.03 | 0.004 | 0.02 | 0.68 | 100.6 | 28 1.2 6 |<05]0.17 [ 022 | 02 | 1.1 3 34 | 06 | 58 8 3 1089 | <0.1 2 0.21 | 67.50 |2.25]245
E 5 Fl1 98.75 | 0.19 | 093 | 0.008 |[<0.01| 0.15 | 0.04 | 0.02 | 0.003 | 0.06 | 0.54 | 100.7 | 20 0.8 5 <05] 014 |1 024 | 02 | 15 3 33 1 05 | 55 7 3 1077 | <0.1 2 0.17 | 63.33 [2.67|310
% < F2 97.19 | 0.25 | 091 | 0.008 | 0.01 | 0.36 | 0.04 | 0.03 | 0.004 | 0.01 |0.73]99.55| 35 1 7 06 | 013 | 02 | 02 | 1.6 3 4.1 | 0.6 7 14 6 1 <0.1 2 0.21 | 62.50 |2.00 | 228
= F3" 9535 0.23 | 1.12 | 0.008 | 0.02 | 0.59 | 0.05 | 0.04 | 0.004 | 0.02 | 0.88 | 98.31 | 32 0.9 6 1.5 1022 | 029 | 02 | 1.6 3 6.7 | 1.1 | 6.1 5 31 1092 <0.1 4 0.17 | 57.50 {2.00]280
Misk 86.74 | 04 0.8 0.01 0.1 6.41 | 0.09 | 0.09 | 0.006 | <0.01|6.18 | 100.8 | 49 2.1 15 08 | 0.14 | 024 | 03 | 1.7 4 88 | 1.8 [ 328 5 10 | 1.28 | <0.1 2 0.33 | 66.67 |1.67 (133
Ml 99.07 | 0.22 | 0.8 | 0.007 |[<0.01| 0.07 | 0.04 | 0.03 | 0.003 |<0.01]|0.59 | 100.8 | 31 0.8 4 06 | 008 | 02 | 02 | 1.1 3 28 | 0.6 | 5.7 7 <2 [2.07]<0.1 2 0.21 | 73.33 |2.33]267
M2 98.37 | 0.23 | 093 | 0.008 | 0.01 | 0.23 | 0.05 | 0.03 | 0.003 |<0.01]|0.75] 100.6 | 20 1 4 |<05] 008 ] 035 02| 21 3 35 1 06 | 69 8 4 1.19 | <0.1 2 0.20 | 76.67 [2.67|310
M3 9591 | 032 | 1.39 | 0012 | 0.02 | 0.56 | 0.08 | 0.05 | 0.005| 0.01 | 1.88]100.2 | 29 1.4 5 <0.5] 0.14 | 038 | 04 | 0.8 4 49 | 08 | 7.7 13 3 1.08 | <0.1 2 0.19 | 64.00 [2.40|278
o M3s 92.09 | 036 | 1.13 | 0.011 | 0.06 | 2.85 | 0.07 | 0.08 | 0.007 |<0.01|3.53]100.2 | 47 1.7 13 09 | 013 | 012 | 03 | 13 5 74 | 1.3 | 55 9 5 1.2 | <0.1 2 0.24 | 51.43 |1.57]161
= M4 96.62 | 0.22 | 1.03 | 0.01 |<0.01]| 0.17 | 0.04 | 0.03 | 0.003 | 0.02 | 0.52|98.67 | 28 0.9 3 1.2 | 014 | 026 | 02 | 24 3 55 | 15 | 71 7 25 | 1.84 | <0.1 2 0.17 | 73.33 |3.33[343
2 M5 98.81 | 0.23 | 1.24 | 0.013 |<0.01| 0.15 | 0.06 | 0.03 | 0.003 |<0.01]| 0421009 | 27 0.9 4 14 |1 009 | 023 | 02 | 14 5 46 | 09 | 109 | 8 13 1122 ]<0.1 2 0.16 | 76.67 |4.33[413
% M7 99.08 | 0.22 | 0.87 | 0.008 |<0.01| 0.07 | 0.04 | 0.03 | 0.003 |<0.01| 04 | 100.7 | 36 0.7 3 09 | 006 | 006 | 02 | 13 3 32 | 0.6 | 49 6 3 1.72 | <0.1 1 0.20 | 73.33 [2.67]290
= M8 98.97 | 0.16 | 0.96 | 0.009 |<0.01| 0.14 | 0.03 | 0.02 | 0.003 |<0.01]|0.24|100.5| 17 0.7 3 07 1 008 | 029 | 02 | 1.9 3 33 |1 0.7 | 16.1 4 8 1.24 | <0.1 1 0.14 | 53.33 [3.00]320
MI10 99.15| 0.2 1.1 0.01 |<0.01| 0.08 | 0.05 | 0.03 | 0.002 |<0.01]0.37] 101 20 0.8 3 <0.5] 0.06 | 0.06 | 0.2 2 3 3.9 0.7 6.9 11 5 0.72 | <0.1 1 0.15 |100.00 | 5.00 | 550
Ml11 98.98 | 0.2 1 0.011 |<0.01| 0.08 | 0.05 | 0.02 | 0.003 | 0.02 | 0.32 | 100.7 | 30 0.7 4 09 | 012 | 023 | 02 | 124 6 32 | 06 | 54 | 50 3 1.79 | <0.1 2 0.17 | 66.67 |3.67 (333
MI12 96.49 | 0.16 | 145 | 0.012 |<0.01| 0.08 | 0.04 | 0.03 | 0.003 | 0.01 | 0.26]98.54 | 21 0.7 3 06 | 009 | 026 | 02 | 6.2 3 4.7 1 7.4 9 4 1081 ] <0.1 2 0.10 | 53.33 [4.00[4383
MI13 99.14 | 0.21 | 0.84 | 0.008 |<0.01| 0.1 0.04 | 0.02 | 0.003 |<0.01]049|100.8 | 27 0.8 3 05 ] 006 | 026 | 02 | 1.7 4 31 | 0.6 | 49 5 2 1.62 | <0.1 2 0.20 | 70.00 |2.67]280




Table 5. Contents of major [wt.%] and trace elements [mg-kg'] in bedded cherts from S-KCU

- Sample | SiO: | ALO3 Ff,}?s MnO | MgO | CaO | Na2O | K:O | TiO: | P2Os | LOI | Total | Ba Rb Sr Pb Th U Nb Y Zr Ni | Co | Cu | Cr | Zn | Ga Hf A% = S S |8
'% Unit % % % % % % % % % % % % mgkg! | mgkg! | mgkg! | mgke! | mgkg! | mgke! | mgke! | meke! | mgkg! | mgke! | meke! | mgkg! | mgke! | meke! | mgkg! | Meke | meke! i % t: = b:
§ Detection Limit | 0.01 0.01 0.01 0.001 0.01 0.01 0.01 0.01 0.001 0.01 0.01 2 0.2 2 0.5 0.05 0.01 0.1 0.1 1 0.5 0.1 0.2 1 02 0.1 0.1 I E 2. 2 ?;
A;‘/I‘jty}féza' FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | GRAV | FUS-ICP | FUS-ICP | TD-MS | FUS-ICP | TD-MS | FUS-MS | FUS-MS | TD-MS | TD-MS | FUS-ICP | TD-MS | TD-MS | TD-MS | TD-MS | TD-MS | TD-MS | FUS-MS | TD-MS S = | =
SA-1 85.38 | 0.15 | 048 | 0.009 | 0.07 | 7.78 | 0.05 | 0.03 | 0.005 | 0.01 6.6 | 100.6 6 0.7 32 1 0.1 021 | 0.2 3 2 14 | 04 | 25 3 5 0.3 | <0.1 1 0.23 [30.00|1.80| 96
SA-2A 98.44 | 0.13 | 092 | 0.01 | 0.01 | 0.08 | 0.04 | 0.03 | 0.004 |<0.01| 0.39 | 100.1 6 0.4 3 05 | 0.08 | 0.14 | 0.2 | 0.7 1 27 | 0.7 55 3 2.1 0.6 | <0.1 1 0.12 132.50(2.50 | 230
SA-2B 96.46 | 0.19 | 0.82 | 0.009 | 0.02 142 | 0.05 | 0.05 | 0.005 | 0.01 | 1.89 | 100.9 7 1.6 15 0.8 | 0.12 | 0.12 | 0.2 1.7 2 26 | 0.5 3.5 5 3.1 0.7 | <0.1 1 0.19 [38.00|1.80| 164
8 SA-2C 91.55| 0.18 | 0.48 | 0.008 | 0.04 | 424 | 0.04 | 0.04 | 0.005 | 0.01 | 3.99 | 100.6 6 1.2 31 0.7 | 0.12 | 0.17 | 0.1 2.2 1 1.7 | 03 23 3 36 | 04 | <0.1 2 0.27 [36.00|1.60| 96
<NC SA-2D 95.62 | 0.15 0.95 | 0.011 | 0.02 1.82 | 0.04 | 0.03 0.004 | 0.01 2 100.7 7 0.8 14 0.7 | 0.11 | 0.23 0.1 1.6 1 2.4 0.5 6 4 33 04 | <0.1 2 0.14 |37.50|2.75| 238
=
o SA-9A 69.65 | 0.12 | 0.21 | 0.009 | 0.14 | 16.94 | 0.03 | 0.03 | 0.004 | 0.02 |13.43| 100.6 7 0.8 60 1.6 0.1 0.2 0.1 4.6 <l |[<05]| 0.2 1.8 2 46 | 02 | <0.1 1 0.35 [30.00(2.25| 53
SA-9B 9427 | 0.16 | 0.81 | 0.009 | 0.03 2.4 0.04 | 0.04 | 0.004 [<0.01| 2.49 | 100.3 8 1.2 16 23 | 011 | 0.15 | 0.2 1.8 1 2.5 0.6 | 5.8 4 4 0.5 | <01 ] <1 | 0.16 {40.00|2.25]| 203
SA-9°’A | 91.17 | 0.16 | 0.74 | 0.01 | 0.04 | 405 | 0.04 | 0.03 | 0.005 | 0.03 | 3.85 | 100.1 7 1.1 21 1.3 | 0.11 | 0.16 | 0.1 2 23 0.5 2.2 7 38 | 03 | <0.1 2 0.18 |[32.00|2.00| 148
SA-9°B | 58.74 | 0.12 | 0.14 | 0.011 | 0.21 | 23.05| 0.03 | 0.03 | 0.004 | 0.04 |18.08| 100.4 7 0.8 78 1.6 0.1 0.27 | 0.1 1 34 | 02 | 33 4 5.8 0.2 | <0.1 2 0.44 [30.002.75| 35
v SB-1B 9276 | 0.19 | 0.61 | 0.009 | 0.04 | 3.58 | 0.04 | 0.03 | 0.005 | 0.02 | 2.81 | 100.1 25 0.7 15 1.6 | 0.14 | 0.18 | 0.1 2.4 2 2.1 0.5 2.6 3 4.5 0.3 | <0.1 1 0.23 |[38.00|1.80| 122
E SB-1C 928 | 0.19 | 073 | 0.01 | 0.04 | 3.62 | 0.06 | 0.03 |<0.001| 0.02 | 3.39 | 100.9 9 0.6 13 59 | 0.12 | 021 | 0.2 | 24 4 22 | 0.5 | 47 3 2.5 04 | <0.1 1 0.20 | n.c. |n.c.|n.c.
a SB-1D 86.15| 0.15 | 038 | 0.01 | 0.06 | 7.61 | 0.04 | 0.03 | 0.005 | 0.03 6 100.4 29 0.6 25 3.1 | 0.12 | 0.22 | 0.1 3.1 2 2.1 0.5 1.8 2 46 | 0.1 | <0.1 1 0.28 |30.00|2.00| 76
2 SB-2 84.84 | 0.16 04 | 0.014 | 0.08 7.7 0.03 | 0.02 | 0.005 | 0.05 | 6.01 | 99.31 34 0.6 27 22 1 012 | 023 | 0.1 3.1 2 1.8 0.5 2 3 3.8 | <0.1] <0.1 2 0.28 [32.00(2.80| 80
O SC-1A 87.11 | 0.09 | 0.52 | 0.009 | 0.06 | 7.08 | 0.03 | 0.01 | 0.003 | 0.02 | 5.37 | 100.3 37 0.3 23 23 1 0.08 | 0.11 | 0.1 2.6 2 19 | 05 | 42 2 34 | 0.1 | <01 | <1 | 0.15 [30.00|3.00]| 173
% ., SC-1B 98.19 | 0.1 0.85 | 0.01 [<0.01| 0.14 | 0.04 | 0.02 | 0.004 |<0.01| 0.46 | 99.84 11 0.2 3 23 ] 0.06 | 0.19 | 0.1 0.9 2 36 | 0.6 | 5.7 3 2.1 04 | <0.1 1 0.10 |25.00|2.50| 213
é E SC-1C 84.11 | 0.12 | 044 | 0.011 | 0.07 | 898 | 0.03 | 0.02 | 0.003 | 0.02 | 6.85 | 100.6 41 0.4 28 39 | 0.09 | 0.13 |<0.1 3 2 1.9 | 04 | 59 3 48 [<0.1] <0.1 2 0.21 |40.00 | 3.67 | 147
= SC-2 83.47 | 0.14 | 048 | 0.011 | 0.08 | 9.32 | 0.03 | 0.02 | 0.003 | 0.02 | 7.11 | 100.7 37 0.4 29 4.7 | 0.08 | 0.12 | 0.1 2.9 1 1.6 | 04 | 29 5 3 0.1 | <0.1 2 0.22 |46.67 3.67 | 160
= SC-4 98.14 | 0.11 096 | 0.01 [<0.01| 0.08 | 0.05 | 0.02 | 0.003 |<0.01]| 0.54 | 99.93 6 0.3 2 0.6 | 0.07 | 0.23 | 0.1 0.7 1 36 | 0.6 | 4.1 7 19 | 04 | <0.1 2 0.10 |36.67|3.33] 320
Table 6. Contents of major [wt.%] and trace elements [mg-kg'] in bedded cherts from N-KCU
- Sample SiO2 | ALOs F(e,}?S MnO | MgO | CaO | Na2O | KO | TiO:2 | P2Os | LOI | Total | Ba Rb Sr Pb Th U Nb Y Zr Ni Co | Cu | Cr | Zn | Ga Hf \% g O: O: O:
‘% Unit % % % % % % % % % % % % mgkg! | mgkg' | mgkg! | mgkg! | mgkg! | mgkg! | mgkg! | mgke! | mgkg! | mgkg! | mgkg! | mpkg! | mgkg! | mgkg! | mgkg! | meke! | mgke! 31 E % g %
S| Detection Limit | 001 0.01 0.01 0.001 0.01 0.01 0.01 0.01 0.001 0.01 0.01 2 0.2 2 0.5 0.05 0.01 0.1 0.1 1 0.5 0.1 0.2 1 0.2 0.1 0.1 1 | = E | %
Analytical Method | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | GRAV | FUS-ICP | FUS-ICP | TD-MS | FUS-ICP | TD-MS | FUS-MS | FUS-MS | TD-MS | TD-MS | FUS-ICP | TD-MS | TD-MS | TD-MS | TD-MS | TD-MS | TD-MS | FUS-MS | TD-MS |~ = | =
O PC-3A 96.47 | 0.19 | 0.76 | 0.009 | 0.01 1 0.05 | 0.03 | 0.005 | 0.01 | 1.47 | 99.99 5 0.5 6 <0.5] 0.1 0.13 | 0.2 | 0.8 2 45 1 07 | 69 6 5.3 0.5 | <0.1 1 0.20 [38.00|1.80| 152
L_H PC-4A 84.08 | 0.17 | 021 | 0.01 | 0.07 | 9.04 | 0.04 | 0.03 |<0.001| 0.02 | 7.13 | 100.8 7 0.6 27 0.6 | 009 | 012 | 0.2 | 24 3 2.1 0.4 4 2 5.1 02 | <01 ] <1 | 044 | n.c. |n.c.|n.c.
=) PC-4B 94.45 | 0.19 | 0.64 | 0.008 | 0.03 | 2.22 | 0.05 | 0.03 | 0.004 | 0.01 | 2.34 | 99.99 5 0.5 10 | <05 0.09 | 0.12 | 0.1 1.2 2 38 | 0.6 | 55 3 52 | 03 | <0.1 1 0.23 [47.50|2.00] 160
E PC-4 87.88 | 0.13 0.32 | 0.007 | 0.06 | 6.33 0.04 | 0.02 | 0.004 | 0.01 | 538 | 100.2 4 0.5 22 | <0.5] 0.09 | 0.13 0.1 1.9 <1 2.8 0.4 3.7 4 5.1 0.2 | <01 ] <1 | 0.28 [32.50|1.75| 80
PC-5 72.85 | 0.11 0.15 ] 0.008 | 0.12 | 1539 | 0.03 | 0.01 | 0.004 | 0.03 |11.87| 100.6 5 0.4 44 0.7 ] 0.09 | 0.16 | 0.1 3.6 2 22 1 03 2.6 3 7 0.2 | <0.1 1 0.41 [27.50|2.00| 38
Table 7. Contents of major [wt.%] and trace elements [mg-kg!] in bedded cherts from southeastern FA
- Sample | SiO: | ALOs Ff,;?3 MnO | MgO | CaO | Na2O | KxO | TiO2 | P20s | LOI | Total | Ba Rb Sr Pb Th U Nb Y Zr Ni Co | Cu | Cr | Zn | Ga Hf \% g S S | S
'% Unit % % % % % % % % % % % % | mgke' | mgke' | mgke! | meke! | meke! | meke! | meke! | meke! | mgke' | meke! | mpkg! | mpke! | meke! | mpke! | mpkg! | Meke’ | meke 3 3 b: S 5,,
E Detection Limit | 0.01 0.01 0.01 0.001 0.01 0.01 0.01 0.01 0.001 0.01 0.01 2 0.2 2 0.5 0.05 0.01 0.1 0.1 1 0.5 0.1 0.2 1 0.2 0.1 0.1 1 E 2. S ?3.
A&ftyﬁé%al FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | GRAV | FUS-ICP | FUS-ICP | TD-MS | FUS-ICP | TD-MS | FUS-MS | FUS-MS | TD-MS | TD-MS | FUS-ICP | TD-MS | TD-MS | TD-MS | TD-MS | TD-MS | TD-MS | FUS-MS | TD-MS |- = | =&
KELHEIM KDl 96.18 | 0.1 1.51 | 0.012 | 0.02 | 0.14 | 0.04 | 0.02 | 0.002 | 0.02 | 0.52 | 98.55 34 0.4 5 0.5 [|<0.05| 0.68 | 0.2 | 0.1 3 8.8 14 | 254 8 0.98 | <0.1 6 0.06 | 50.00 |6.00| 755
K373 9477 | 0.2 0.95 | 0.009 | 0.07 | 1.84 | 0.08 | 0.03 | 0.001 | <0.01|2.79 | 100.7 43 0.7 17 1<05(<0.05| 034 | 0.1 0.2 3 28 | 05 7.5 6 0.84 | <0.1 2 0.17 |200.00|9.00| 950
HEMAU Hl 98.17 | 0.14 1.24 | 0.009 | 0.01 | 043 | 0.04 | 0.02 | 0.001 |<0.01|0.69 | 100.8 45 0.5 4 0.6 [<0.05| 0.12 [ <0.1| 0.6 4 6.5 14 | 109 | 46 10 | 0.88 | <0.1 11 0.10 | 140.00 | 9.00 | 1240
H5 9729 | 024 | 0.88 | 0.008 | 0.02 | 0.13 | 0.05 | 0.02 | 0.008 | <0.01 | 0.85|99.49 | 429 0.7 14 9.2 | 0.18 0.1 0.3 0.5 5 35 1.7 | 289 8 4 6.46 | 0.2 3 0.21 | 30.00 [1.00| 110




Table 8. Contents of major [wt.%] and trace elements [mg-kg'] in chert concretions hosted within gravity flow from S-KCU

= | Sample | SiO: | ALOs Ff;()” MnO | MgO | CaO | NaxO | K:O | TiO2 | P2Os [LOI |Total | Ba | Rb | Sr | Pb | Th | U | Nb | Y | Zr | Ni | Co | Cu | Cr | Zn | Ga | Hf | V g S |18 |8
o = o o
‘g Unit % % % % % % % % % % % % mgkg! | mgkg! | mgkg! | mgkg! | mgke! | mgke! | mgke! | mgke! | mgke! | mgke! | mgkg! | mgke! | mgke! | mgke! | mgkg! | mgkeg! | mgkg! i 'q'; ; = tﬂ
§ Detection Limit 0.01 0.01 0.01 0.001 0.01 0.01 0.01 0.01 0.001 0.01 0.01 2 02 2 0.5 0.05 0.01 0.1 0.1 1 05 0.1 02 1 02 0.1 0.1 1 rz 2, 2 ?,3.
Analytical Method | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | GRAV | FUS-ICP | FUS-ICP | TD-MS | FUS-ICP | TD-MS | FUS-MS | FUS-MS | TD-MS | TD-MS | FUS-ICP | TD-MS | TD-MS | TD-MS | TD-MS | TD-MS | TD-MS | FUS-MS | TD-MS 2| < Z | =
SA-3 99.02 | 0.12 | 1.03 | 0.01 | 0.01 0.1 0.05 | 0.03 | 0.003 | <0.01|0.38 | 100.8 8 0.4 3 <0.5] 0.08 | 0.17 | 0.2 | 0.6 <1 31 | 0.7 | 3.6 4 1.7 | 0.5 | <0.1 | <5 | 0.10 |40.00|3.33]343
A SA-4 98.96 | 0.1 0.85 |1 0.009 | 0.01 | 0.11 | 0.04 | 0.02 | 0.004 | <0.01 | 0.53 | 100.6 6 0.3 3 06 | 0.07 | 017 | 0.1 | 0.8 <1 2.8 | 06 | 32 4 1.2 | 04 | <0.1 | <5 | 0.10 [25.00]2.25]|213
<NE SA-5 98.82 | 0.12 | 091 | 0.01 | 0.01 | 0.11 | 0.04 | 0.03 | 0.004 | <0.01 | 0.54 | 100.6 8 0.4 3 <0.5] 0.06 | 0.17 | 03 | 0.7 2 3.1 | 06 3 5 1.5 ] 04 | <0.1 | <5 | 0.12 [30.00]2.50 | 228
= SA-6 98.59 | 0.17 | 0.97 | 0.01 | 0.02 | 0.38 | 0.06 | 0.03 | 0.005 | <0.01 | 0.58 | 100.8 6 0.5 4 0.7 0.1 0.14 | 02 | 09 2 3 0.6 | 5.1 5 34 | 0.6 | <0.1 | <5 | 0.15 |34.00|2.00| 194
SA-7 98.26 | 0.16 1 0.01 |[<0.01] 0.05 | 0.06 | 0.04 | 0.004 | <0.01]|0.74 | 100.3 5 0.5 3 0.6 0.1 0.18 | 02 | 0.8 1 34 | 06 | 7.1 3 34 | 06 | <0.1 | <5 | 0.14 [40.00]2.50 | 250
SA-8 97.94 | 0.16 | 0.96 | 0.01 | 0.0l | 0.05 | 0.06 | 0.04 | 0.005 | <0.01 | 0.75 | 99.98 4 0.5 3 <0.5] 0.09 | 021 | 02 | 0.7 2 33 | 05 4 58 | 23 | 07 | <0.1 | <5 | 0.14 |32.00|2.00]|192
Table 9. Contents of major [wt.%] and trace elements [mg-kg'] in chert concretions hosted within gravity flow from N-KCU
o Sample SiO2 | ALOs F(e,}())3 MnO | MgO | CaO | Na2O | K:O | TiO: | P.Os | LOI | Total | Ba Rb Sr Pb Th U Nb Y Zr Ni Co | Cu | Cr | Zn | Ga Hf \% g o) s | &
o o o - -
§ Unit % % % % % % % % % % % % mgkg! | mgkg! | mgkg! | mgkg' | mgkg! | mgkg' | mgkg' | mgkg! | mgkg' | mgkg' | mgkg! | mgkg' | mgkg' | mgkg! | mgkg! | mgkg' | mgkg! i E ; g ;
S | Detection Limit | 0.01 0.01 0.01 0.001 0.01 0.01 0.01 0.01 0.001 0.01 0.01 2 02 2 0.5 0.05 0.01 0.1 0.1 1 05 0.1 02 1 02 0.1 0.1 1 + g 5 ?;
Analytical Method | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | GRAV | FUS-ICP | FUS-ICP | TD-MS | FUS-ICP | TD-MS | FUS-MS | FUS-MS | TD-MS | TD-MS | FUS-ICP | TD-MS | TD-MS | TD-MS | TD-MS | TD-MS | TD-MS | FUS-MS | TD-MS < =
&) PC-1C 97.03 | 0.18 | 0.72 | 0.008 | 0.01 | 0.18 | 0.04 | 0.02 | 0.003 | <0.01 | 1.34 | 99.53 6 0.8 3 <0.5] 0.08 | 023 | 0.1 | 0.2 2 29 | 05 | 42 8 55 | 04 | <01 | <5 ] 0.20 |60.00|2.67|240
- PC-2A 97.96 | 0.17 | 0.39 | 0.006 |<0.01| 0.1 0.04 | 0.02 | 0.005 | 0.01 |2.16 | 100.9 4 0.3 2 <0.5] 0.09 | 0.19 | 0.2 | 0.2 2 22 1 03 | 73 4 57 ] 02 | <01 | <5 ] 030 |34.00|1.20| 78
@ PC-2C 97.81 | 0.19 | 0.42 | 0.006 | 0.01 | 0.23 | 0.04 | 0.02 | 0.003 | <0.01 | 1.37 | 100.1 7 0.4 3 <0.5] 0.07 | 053 | 02 | 0.2 9 23 | 05 | 42 7 26 | 03 02 | <5 | 031 |63.33/2.00|140
A PC-6 98.36 | 0.16 | 0.68 | 0.008 | 0.01 | 0.15 | 0.04 | 0.02 | 0.004 | <0.01 | 0.66 | 100.1 6 0.3 3 <0.5] 0.08 | 0.09 | 0.1 | 04 2 26 | 04 | 3.6 3 37 | 03 | <0.1 | <5 | 0.19 [40.00|2.00|170
Table 10. Contents of major [wt.%] and trace elements [mg-kg!] in chert concretions hosted within gravity flow from southeastern FA
- Sample SiO: | ALO3 F:,i,())3 MnO | MgO | CaO | Na2O | K:O | TiO: | P2Os | LOI | Total | Ba Rb Sr Pb Th U Nb Y Zr Ni | Co | Cu | Cr | Zn | Ga Hf A% § o) o) S
] ] -~ o=
§ Unit % % % % % % % % % % % % mgkg! | mgkg!' | mgkg! | mgkg! | mgkg! | mgkg' | mgkg! | mgkg! | mgkg! | mgkg! | mgkg! | mgke! | mgkg! | mgkg! | mgkg! mgkg! | mgkg! i E tm g ;
S | Detection Limit | 0.01 0.01 0.01 0.001 0.01 0.01 0.01 0.01 0.001 0.01 0.01 2 02 2 0.5 0.05 0.01 0.1 0.1 1 05 0.1 02 1 02 0.1 0.1 1 x 3 E %
Analytical Method | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | FUS-ICP | GRAV | FUS-ICP | FUS-ICP | TD-MS | FUS-ICP | TD-MS | FUS-MS | FUS-MS | TD-MS | TD-MS | FUS-ICP | TD-MS | TD-MS | TD-MS | TD-MS | TD-MS | TD-MS | FUS-MS | TD-MS 2| < =
K1/1 90.69 | 0.07 | 1.11 | 0.01 | 0.06 | 426 | 0.04 | 0.01 | 0.001 | 0.01 |2.93]99.19| 69 0.3 13 0.5 |<0.05] 02 | 02 | 03 3 5.9 1 107 | 7 7 11.02]<01] <5 ]0.06|70.00 |10.00]1110
K1/2 83.7 | 0.09 | 0.81 | 0.008 | 0.08 | 8.56 | 0.04 | 0.01 |<0.001|<0.01|644]99.73| 59 0.3 27 |<0.5]<0.05] 023 | 0.1 | 04 2 45 1 06 [ 101 ] 6 4 1099 <01] <51010 ]| n.c.. | n.c. |n.c.
s K1/3 97.17 1 0.2 148 [ 0.012 ] 0.02 | 049 | 0.06 | 0.03 | 0.004 |<0.01|0.89] 1003 | 30 0.7 8 0.6 [<005] 03 | 02 | 0.2 3 69 | 08 | 153 ] 6 9 1086 <0.1 7 0.12 | 50.00 | 3.00 | 370
= K2/1 97.25| 0.38 | 1.05 | 0.009 | 0.02 | 0.16 | 0.06 | 0.06 | 0.009 |<0.01|1.43]1004 | 33 1.3 8 |<05] 008 019 | 03 ] 0.2 4 4 06 [ 11.2] 6 4 1088 ]<01] <5 ]0.26]4222|1.00] 117
E K2/2 9738 | 0.24 | 0.85 | 0.008 | 0.03 | 0.14 | 0.04 | 0.03 | 0.003 |<0.01|1.13]99.84| 25 0.8 5 |<05]<005] 075 ] 02| 04 3 35 105 | 78 5 3 1066 ]<01] <5 02218000 ]| 267|283
@ K2/2j 9542 | 0.35 14 | 0.01 | 0.02 | 0.1 0.06 | 0.05 | 0.009 |<0.01]132]98.75| 18 1.2 5 0.7 1] 005 ] 024 | 03 | 0.2 4 84 | 0.8 | 145 | 16 12 | 1.16 | <0.1 | 11 | 0.20 | 38.89 | 1.11 | 156
K2/1L 98.56 | 0.11 | 1.21 | 0.01 | 0.01 | 0.28 | 0.04 | 0.02 | 0.001 | 0.01 |0.66| 100.9 | 35 0.4 5 [<05]<0.05] 058 | 0.2 |<0.1 3 46 | 0.7 [ 105 ] 10 7 1087 ]<0.1] <5 |0.08 [110.00]10.00]|1210
K2/3 97.84 1 0.32 | 1.02 ] 0.009 | 0.02 | 0.11 | 0.06 | 0.05 | 0.007 |<0.01|1.31]100.7 | 24 1.1 5 [<05] 007 | 026 03] 0.1 4 38 1 07 [ 141 ] 39 4 1073 ]1<01] <5 102414571 | 129 | 146
K3/1 98.81 | 0.09 | 1.02 | 0.008 | 0.02 | 0.35 | 0.04 | 0.01 | 0.002 |<0.01|0.31]100.7| 37 0.3 7 |<05]<0.05] 015 ] 01 | 02 3 67 109 | 87 6 7 1086 |<0.1] 12 | 0.08 | 45.00 | 4.00 | 510
= H2 98.62 | 0.07 | 1.05 | 0.009 | 0.01 | 0.08 | 0.03 | 0.01 | 0.001 |<0.01|0.49] 1004 | 19 03 | <2 |<05]<0.05| 047 | 02 | 05 3 38 1 06 | 6.5 8 3 1069 ]<01] <5 ]0.06]70.00|9.00 1050
g H3 97.16 | 0.25 | 0.97 | 0.009 | 0.02 | 0.28 | 0.06 | 0.02 | 0.009 | 0.01 |0.79]99.57 | 334 | 0.7 12 82 | 0.18 | 0.1 04 | 0.6 5 36 | 1.3 [ 102] 16 2 [435] 02 | <5 ]0.20 ]| 2778 | 1.00 | 108
o H4 98411 0.08 | 149 | 0.011 | 0.02 | 0.19 | 0.03 |<0.01| 0.001 |<0.01|0.41]100.6| 34 0.3 3 [<05]<0.05] 02 | 02 | 04 3 7.1 1 8.2 8 8 1076 | <0.1 8 0.05 | 80.00 | 11.00 1490
a H6 9893 | 0.14 | 0.76 | 0.007 |<0.01| 022 | 0.03 | 0.02 | 0.135 |<0.01|0.32]100.6 | 95 0.5 9 22 1048 1 029 | 32 | 08 18 34 1 06 | 73 9 4 [195] 04 6 0.15] 1.04 | 005] 6
Table 11. Contents of REE [mg-kg'] in chert concretions from S-KCU
Sample La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu R . . .
g Unit mg-kg! mg-kg! mg-kg! mg-kg! mg-kg! mg-kg! mg-kg! mg-kg! mg-kg! mg-kg! mg-kg! mg-kg! mgkg! mgkg! — § % \% Z ,.Qm é) 3 *: % *® %
g g £ £ = 8 2 4 Z = Q & <)
31 Detection Limit 0.05 0.05 0.01 0.05 0.01 0.005 0.01 0.01 0.01 0.01 0.01 0.005 0.01 0.002 = [ = Z Z zZ E 3 = =
Q = = = =2 ] 2 &} =
Analytical Method | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS === x
5 KA-1 1.14 1.95 0.25 1.05 0.19 0.02 0.16 0.02 0.11 0.02 0.05 0.008 0.05 0.009 5.027 10.77 0.93 1.69 0.88 1.93 0.54 0.84 1.02 1.55
~ KA-2 1.64 3.44 0.44 1.78 0.35 0.046 0.27 0.04 0.26 0.05 0.14 0.019 0.13 0.024 8.629 8.25 0.71 0.94 0.68 1.37 0.70 0.93 1.04 1.23
é KA-3 1.05 1.22 0.22 0.84 0.2 0.033 0.2 0.03 0.13 0.03 0.08 0.01 0.06 0.009 4.112 6.49 0.68 1.30 0.77 1.69 0.77 0.58 1.24 1.24
E KA-3 0.93 1.05 0.18 0.76 0.13 0.03 0.18 0.02 0.14 0.03 0.07 0.008 0.05 0.008 3.586 6.09 0.64 1.38 1.04 1.32 0.90 0.59 1.14 1.44
KA-3” 1.24 1.58 0.25 1 0.2 0.034 0.21 0.03 0.19 0.04 0.11 0.015 0.09 0.015 5.004 6.15 0.58 1.02 0.91 1.13 0.78 0.65 1.15 1.28




KA-4 1.34 1.3 0.25 1.04 0.22 0.046 0.24 0.04 0.21 0.04 0.12 0.016 0.1 0.017 4.979 5.36 0.56 0.99 0.89 1.12 0.93 0.51 1.20 1.09
KA-5 0.95 0.8 0.17 0.73 0.14 0.031 0.17 0.02 0.13 0.03 0.07 0.009 0.05 0.009 3.309 5.78 0.63 1.41 0.99 1.42 0.93 0.45 1.22 1.34
KA-6 0.61 0.79 0.13 0.44 0.08 0.02 0.1 0.02 0.1 0.02 0.06 0.007 0.05 0.007 2.434 5.69 0.54 0.91 1.11 0.81 1.03 0.64 1.29 0.97
KA-6’ 0.79 0.87 0.16 0.67 0.12 0.029 0.15 0.02 0.12 0.02 0.06 0.008 0.05 0.008 3.075 6.05 0.65 1.17 0.96 1.22 1.00 0.56 1.18 1.22
KB-1 0.36 0.44 0.07 0.29 0.04 0.008 0.08 0.01 0.07 0.01 0.05 0.007 0.05 0.007 1.492 4.25 0.37 0.53 1.31 0.41 0.61 0.64 1.13 1.69
< KB-3 1.87 1.01 0.28 1.15 0.2 0.048 0.26 0.04 0.23 0.05 0.14 0.019 0.11 0.014 5.421 5.28 0.56 1.26 1.37 0.92 0.97 0.31 1.36 1.16
§ (% KB-5 0.67 0.66 0.13 0.51 0.09 0.022 0.12 0.02 0.09 0.02 0.06 0.008 0.05 0.008 2.458 5.54 0.55 0.99 1.09 0.91 0.97 0.51 1.26 1.11
2 LE KB-7B 1.46 0.97 0.26 1.04 0.21 0.046 0.26 0.03 0.23 0.04 0.13 0.016 0.09 0.012 4.794 4.93 0.58 1.20 1.02 1.19 0.91 0.36 1.37 1.37
m % KB-8 0.73 0.54 0.14 0.56 0.1 0.022 0.14 0.02 0.12 0.03 0.08 0.011 0.08 0.012 2.585 4.24 0.43 0.68 1.07 0.64 0.85 0.39 1.36 1.30
g S KB-9 2.82 1.26 0.35 1.42 0.23 0.06 0.39 0.05 0.35 0.08 0.23 0.027 0.16 0.026 7.453 4.68 0.47 1.31 1.79 0.73 0.89 0.28 1.37 1.39
N KB-10 0.52 0.5 0.11 0.43 0.08 0.017 0.12 0.01 0.08 0.02 0.05 0.006 0.04 0.005 1.988 5.01 0.56 0.96 0.95 1.02 0.78 0.48 1.31 1.80
KB-11 0.92 0.59 0.17 0.79 0.15 0.039 0.18 0.03 0.15 0.03 0.1 0.012 0.07 0.01 3.241 4.57 0.54 0.98 0.90 1.09 1.10 0.34 1.25 1.03
5 KC-1 0.49 0.48 0.11 0.37 0.08 0.015 0.09 0.01 0.08 0.01 0.03 0.005 0.03 0.004 1.804 5.97 0.69 1.21 0.89 1.35 0.82 0.48 1.47 1.44
Z 3 KC-2 0.4 0.33 0.09 0.32 0.07 0.015 0.08 0.01 0.09 0.02 0.05 0.006 0.04 0.005 1.526 4.07 0.48 0.74 0.83 0.89 0.93 0.40 1.50 1.28
== KC-3 0.29 0.31 0.07 0.25 0.04 0.008 0.07 0.01 0.05 0.01 0.03 | <0.005 | 0.02 0.003 1.161 5.02 0.57 1.08 1.06 1.02 0.67 0.50 1.41 1.48
8 KC-5 0.34 0.43 0.07 0.27 0.04 0.012 0.06 0.01 0.05 0.01 0.04 0.006 0.04 0.004 1.382 5.28 0.49 0.63 1.24 0.51 1.11 0.64 1.19 1.07
LIBAN KD-1 0.57 0.45 0.11 0.39 0.08 0.012 0.1 0.02 0.09 0.02 0.05 0.008 0.04 0.005 1.945 4.84 0.47 1.06 1.04 1.02 0.62 0.41 1.45 1.16
QUARRY KD-2 0.91 0.59 0.16 0.69 0.11 0.028 0.16 0.03 0.15 0.03 0.08 0.011 0.07 0.009 3.028 4.61 0.49 0.96 1.21 0.80 0.96 0.35 1.31 1.06
B-1 0.51 0.41 0.11 0.44 0.05 0.023 0.09 0.01 0.08 0.02 0.04 0.005 0.04 0.005 1.833 5.32 0.61 0.95 1.49 0.64 1.50 0.40 1.37 1.13
B-2 0.65 0.61 0.13 0.55 0.09 0.024 0.09 0.01 0.07 0.02 0.05 0.009 0.05 | <0.002 | 2353 6.87 0.75 0.96 1.05 0.91 1.25 0.48 1.23 1.10
B-4 0.32 0.45 0.07 0.26 0.05 0.013 0.06 0.01 0.03 | <0.01 0.01 <0.005 | 0.01 <0.002 1.283 9.69 1.29 2.37 0.93 2.54 1.10 0.69 1.19 1.03
E B-5 0.68 0.48 0.12 0.57 0.12 0.03 0.13 0.02 0.1 0.02 0.05 0.008 0.06 0.002 2.390 5.13 0.65 0.84 0.83 1.02 1.12 0.38 1.19 1.04
R B-6 0.46 0.39 0.09 0.36 0.06 0.021 0.06 0.01 0.06 0.01 0.03 | <0.005 | 0.02 | <0.002 1.571 7.27 1.03 1.71 1.12 1.52 1.64 0.44 1.31 0.80
5: B-7 0.65 0.46 0.13 0.6 0.11 0.032 0.13 0.02 0.09 0.02 0.04 0.007 0.04 0.006 2.335 5.61 0.69 1.21 0.86 1.40 1.24 0.36 1.25 1.01
4 B-8 0.56 0.52 0.12 0.49 0.05 0.015 0.09 0.01 0.06 0.02 0.02 0.005 0.05 0.005 2.015 6.75 0.63 0.83 1.64 0.51 0.98 0.46 1.30 1.44
é B-9 0.46 0.35 0.09 0.37 0.08 0.018 0.09 0.01 0.06 0.01 0.03 | <0.005 | 0.02 0.002 1.590 6.16 0.89 1.71 0.84 2.03 0.99 0.39 1.33 1.31
5:‘ B-10 0.49 0.44 0.1 0.41 0.06 0.014 0.09 0.01 0.07 0.01 0.04 0.006 0.03 0.005 1.775 5.80 0.61 1.21 1.19 1.02 0.86 0.46 1.29 1.49
% B-11 0.66 0.4 0.11 0.51 0.12 0.024 0.09 0.02 0.11 0.02 0.05 0.006 0.03 0.002 2.152 5.56 0.69 1.63 0.80 2.03 1.09 0.34 1.24 0.80
/A B-12 0.49 0.39 0.09 0.4 0.06 0.026 0.1 0.01 0.06 0.01 0.03 | <0.005 | 0.02 0.002 1.688 6.28 0.94 1.82 1.19 1.52 1.49 0.42 1.22 1.16
B-13 0.31 0.29 0.05 0.27 0.05 0.018 0.05 0.01 0.05 0.01 0.02 | <0.005 | 0.02 0.003 1.151 6.06 0.78 1.15 0.91 1.27 1.69 0.53 0.98 0.73
B-14 0.49 0.41 0.1 0.42 0.09 0.017 0.08 0.01 0.07 0.01 0.04 0.006 0.03 | <0.002 1.773 6.21 0.78 1.21 0.80 1.52 0.94 0.43 1.29 1.20
B-15 0.31 0.32 0.05 0.26 0.04 0.017 0.07 0.01 0.03 0.01 0.02 | <0.005 | 0.02 | <0.002 1.157 6.23 0.83 1.15 1.13 1.02 1.42 0.58 0.97 1.05
Table 12. Contents of REE [mg-kg™'] in chert concretions from N-KCU
Sample La Ce Pr Nd Sm Eu Gd Thb Dy Ho Er Tm Yb Lu g £l - z z z
g Unit mg-kg! mgkg! mg-kg! mg-kg! mg-kg! mg-kg! mg-kg! mgkg! mg-kg! mg-kg! mg-kg! mg-kg! mg-kg! mg-kg! — z 5 % % —Qm Ew "g % * * X
g gkg kg kg kg gkg gkg kg kg gkg gkg gkg kg gkg kg £ g FR = £ = 3 3 X 8
< . . ~ &)= = <) > = ~ = & <
S Detection Limit 0.05 0.05 0.01 0.05 0.01 0.005 0.01 0.01 0.01 0.01 0.01 0.003 0.01 0.002 S 5 =H-k- Z z zZ S > = 5
~ | Analytical Method | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUSMS | FUSMS | FUS-MS | FUSMS | FUS-MS | FUS-MS | FUSMS | FUS-MS | FUS-MS 2 £ | =7 3 3 uE; = © ~ ©
y ===
E PA-2’ 0.73 0.43 0.14 0.56 0.11 0.029 0.14 0.02 0.14 0.03 0.07 0.009 0.05 0.007 2.465 4.29 0.53 1.08 0.97 1.12 1.08 0.31 1.45 1.14
S PA-3 0.2 0.21 0.03 0.14 0.01 0.007 0.03 0.01 0.03 0.01 0.02 <0.005 0.02 0.003 0.720 4.85 0.42 0.74 2.92 0.25 1.57 0.61 1.00 0.66
2 PA-3’ 0.45 0.93 0.09 0.35 0.07 0.018 0.1 0.02 0.11 0.02 0.07 0.011 0.07 0.01 2.319 4.64 0.38 0.48 0.94 0.51 0.98 1.06 0.93 1.01
o PA-4 0.41 0.33 0.07 0.26 0.03 0.013 0.08 0.01 0.05 0.01 0.03 <0.005 0.03 0.005 1.328 5.18 0.57 1.01 2.00 0.51 1.07 0.44 1.34 1.38
PB-1 0.32 0.26 0.06 0.22 0.05 0.009 0.06 0.01 0.04 0.01 0.03 <0.005 0.03 0.004 1.103 4.99 0.57 0.79 0.93 0.85 0.76 0.43 1.39 1.21
PB-2 0.75 0.44 0.13 0.61 0.11 0.025 0.16 0.02 0.13 0.03 0.07 0.007 0.04 0.006 2.528 4.46 0.54 1.39 1.00 1.40 0.85 0.32 1.25 1.40
PB-3 0.39 0.23 0.07 0.28 0.06 0.011 0.07 0.01 0.06 0.01 0.04 0.005 0.03 0.003 1.269 4.57 0.53 0.96 0.95 1.02 0.79 0.32 1.42 1.30
PB-4 0.6 0.47 0.1 0.44 0.09 0.021 0.12 0.02 0.08 0.02 0.05 0.006 0.04 0.006 2.063 5.03 0.55 1.11 0.97 1.14 0.93 0.44 1.20 1.14
PB-5 0.23 0.21 0.05 0.21 0.02 0.006 0.06 0.01 0.05 0.01 0.02 <0.005 0.03 <0.002 | 0.906 4.03 0.46 0.57 1.68 0.34 0.67 0.45 1.28 1.39
PB-6 0.88 0.31 0.11 0.44 0.08 0.018 0.12 0.02 0.11 0.02 0.08 0.011 0.07 <0.002 | 2.269 4.26 0.48 0.93 1.61 0.58 0.83 0.22 1.48 1.21
PB-7B 0.34 0.14 0.07 0.21 0.06 0.008 0.07 0.01 0.06 0.01 0.04 <0.005 0.02 0.003 1.041 3.89 0.55 1.26 0.83 1.52 0.57 0.21 1.99 1.48
é PB-8 0.26 0.13 0.04 0.17 0.04 0.009 0.03 <0.01 0.03 0.01 0.02 <0.005 0.02 0.003 0.762 5.74 0.76 0.96 0.95 1.02 1.22 0.29 1.36 1.55
<Zc PB-9 0.22 0.12 0.04 0.21 0.04 0.005 0.03 0.01 0.04 0.01 0.02 <0.005 0.02 0.002 0.767 4.81 0.53 0.82 0.80 1.02 0.68 0.29 1.18 0.73
= PB-10 0.29 0.14 0.04 0.17 0.04 0.006 0.04 0.01 0.04 0.01 0.02 <0.005 0.02 0.004 0.830 4.76 0.50 1.08 1.06 1.02 0.70 0.29 1.34 0.93
2 PB-11B 2.14 0.49 0.26 1.07 0.19 0.052 0.26 0.03 0.24 0.06 0.16 0.02 0.12 0.019 5.111 4.62 0.52 1.32 1.65 0.80 1.07 0.14 1.56 1.28
PB-12 0.92 0.26 0.11 0.5 0.09 0.016 0.11 0.02 0.1 0.02 0.06 0.009 0.06 0.009 2.284 4.89 0.49 1.14 1.49 0.76 0.74 0.18 1.38 1.16
PB-13 0.29 0.14 0.04 0.21 0.04 0.006 0.04 0.01 0.04 0.01 0.03 <0.005 0.02 0.003 0.879 4.75 0.51 1.08 1.06 1.02 0.70 0.29 1.14 0.93
PB-14 0.35 0.18 0.04 0.18 0.06 0.006 0.05 0.01 0.04 0.01 0.03 <0.005 0.02 0.003 0.979 5.01 0.56 1.30 0.85 1.52 0.52 0.33 1.20 1.16
PB-15 0.2 0.16 0.02 0.12 0.02 0.008 0.02 <0.01 0.02 <0.01 0.01 <0.005 0.02 0.003 0.601 7.23 0.92 0.74 1.46 0.51 1.88 0.53 0.82 1.16
PB-16 0.16 0.11 0.02 0.13 0.01 <0.005 0.02 <0.01 0.02 0.01 0.02 <0.005 0.02 0.003 0.523 4.62 0.34 0.59 2.34 0.25 n. c. 0.43 0.87 n. c.
PB-17A 1.9 0.48 0.22 0.9 0.18 0.04 0.24 0.04 0.22 0.05 0.14 0.017 0.11 0.017 4.554 4.46 0.48 1.28 1.54 0.83 0.88 0.16 1.53 1.16
PB-17B 0.64 0.23 0.08 0.36 0.09 0.02 0.08 0.01 0.07 0.02 0.05 0.007 0.04 0.005 1.702 5.04 0.59 1.19 1.04 1.14 1.11 0.22 1.34 1.09




R1 0.2 0.35 0.04 0.13 0.04 0.008 0.03 <0.01 0.02 <0.01 0.01 <0.005 0.02 <0.002 0.848 9.60 1.53 0.74 0.73 1.02 1.09 0.90 1.10 1.74
R2A 0.38 0.74 0.09 0.31 0.06 0.008 0.04 <0.01 0.02 <0.01 0.01 < 0.005 0.01 0.002 1.670 19.37 2.32 2.82 0.93 3.05 0.76 0.92 1.11 2.32
v R2B 0.58 0.79 0.13 0.53 0.1 0.018 0.07 0.01 0.06 0.01 0.04 0.005 0.02 0.003 2.366 9.85 0.99 2.15 0.85 2.54 1.01 0.66 1.15 1.02
Z R3/1 0.23 0.3 0.04 0.11 0.02 <0.005 | <0.01 | <0.01 0.02 <0.01 0.01 <0.005 0.01 <0.002 0.740 17.50 1.87 1.71 1.68 1.02 n. c. 0.71 1.29 n. c.
:% R3/2 0.61 0.34 0.09 0.37 0.05 0.021 0.08 0.01 0.09 0.02 0.04 < 0.005 0.01 <0.002 1.731 5.92 1.29 4.53 1.78 2.54 1.49 0.33 1.34 1.77
~ R3/3 2.07 0.6 0.23 0.94 0.19 0.047 0.25 0.04 0.29 0.06 0.17 0.023 0.13 0.017 5.057 4.16 0.45 1.18 1.59 0.74 0.99 0.19 1.48 1.13
R3/4 0.47 0.38 0.09 0.35 0.08 0.016 0.06 0.01 0.05 0.01 0.03 < 0.005 0.02 <0.002 1.566 7.70 1.04 1.74 0.86 2.03 1.09 0.42 1.35 0.93
R4 0.62 0.52 0.11 0.47 0.11 0.022 0.11 0.01 0.08 0.01 0.04 0.006 0.03 <0.002 2.138 6.48 0.87 1.53 0.82 1.86 0.94 0.45 1.22 1.42
Table 13. Contents of REE [mg-kg™'] in chert concretions from southeastern FA
- Sample La Ce Pr Nd Sm Eu Gd Thb Dy Ho Er Tm Yb Lu \§ § > 7 z z z
g Unit mg-kg! mg-kg! mg-kg! mg-kg! mg-kg! mg-kg! mg-kg! mg-kg! mg-kg! mgkg! mgkg! mgkg! mg-kg! mgkg! E é é Lﬂw r_s § (IEJ g E é :,: %
§ Detection Limit 0.05 0.05 0.01 0.05 0.01 0.005 0.01 0.01 0.01 0.01 0.01 0.005 0.01 0.002 = 5 5 E E - Z Z | ) = =
— . v & o= S = (% = o ~ &}
Analytical Method FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS | =
% __] E2 0.45 0.73 0.04 0.21 0.09 <0.005 0.05 0.01 0.05 0.01 0.02 <0.005 0.02 0.007 1.687 9.10 0.64 1.67 0.73 2.29 c. 1.12 0.59 1.66
= é E2A 0.29 0.52 0.07 0.28 <0.01 | <0.005 0.04 0.01 0.03 0.01 0.02 <0.005 0.02 <0.002 | 1.290 8.92 0.58 1.08 n. c. 0.00 c. 0.84 1.07 1.33
E = E3 0.09 0.05 0.02 0.06 0.02 <0.005 0.03 <0.01 0.02 0.01 0.02 0.005 0.01 <0.002 | 0.335 2.53 0.24 0.67 0.66 1.02 n. c. 0.27 1.89 n.c
Table 14. Contents of REE [mg-kg™'] in chert concretions from BW
- Sample La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu \§ g S z z z . . .
g Unit mg-kg! mg-kg! mgkg! mg-kg! mg-kg! mg-kg! mg-kg! mg-kg! mg-kg! mgkg mgkg! mgkg! mgkg' mgkg! E é é m"’ ﬁ ﬁ % § 5 8 :;: (’3
§ Detection Limit 0.05 0.05 0.01 0.05 0.01 0.005 0.01 0.01 0.01 0.01 0.01 0.005 0.01 0.002 ﬁ 5 E’Jﬂ E § \% \% \% E 8 E E
= Analytical Method FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS 5 é = = 5 3 CIEJ = ©
a FLI 0.38 0.44 0.12 0.64 0.12 0.022 0.14 0.02 0.14 0.02 0.07 0.009 0.05 0.007 2.178 3.78 0.48 0.56 0.46 1.22 0.79 0.47 1.11 1.30
E 5 F1 0.73 0.45 0.14 0.58 0.12 0.015 0.15 0.02 0.12 0.02 0.07 < 0.005 0.04 <0.002 2.455 4.85 0.65 1.35 0.89 1.52 0.52 0.32 1.39 1.62
=5 < F2 0.8 0.46 0.14 0.7 0.15 0.035 0.19 0.02 0.15 0.04 0.09 0.012 0.05 <0.002 2.837 4.14 0.56 1.19 0.78 1.52 0.96 0.31 1.20 1.40
= F3" 0.62 0.59 0.14 0.76 0.13 0.032 0.17 0.03 0.18 0.03 0.09 0.012 0.06 0.009 2.853 3.91 0.47 0.77 0.70 1.10 0.99 0.46 1.06 1.07
Milsk 1.03 0.91 0.18 0.49 0.07 0.047 0.17 0.02 0.17 0.03 0.1 < 0.005 0.01 <0.002 3.227 545 0.77 7.64 2.15 3.56 1.77 0.48 1.57 1.05
M1 0.65 0.4 0.1 0.32 0.04 0.058 0.09 <0.01 0.16 0.03 0.08 0.009 0.02 <0.002 1.957 4.03 0.74 241 2.37 1.02 4.05 0.35 1.57 0.72
M2 1.23 0.52 0.15 0.66 0.09 0.043 0.2 0.03 0.14 0.03 0.12 0.011 0.07 <0.002 3.294 4.48 0.56 1.30 2.00 0.65 1.35 0.26 1.31 1.09
M3 0.27 0.47 0.08 0.38 0.11 0.016 0.1 0.02 0.09 0.01 0.04 < 0.005 0.03 0.005 1.621 4.49 0.60 0.67 0.36 1.86 0.72 0.73 1.06 1.06
e M3s 0.84 0.69 0.11 0.25 0.02 <0.005 | <0.01 | <0.01 0.11 0.02 0.01 <0.005 | <0.01 | <0.002 2.050 13.64 1.15 n. c. 6.13 n. c. n. c. 0.50 1.55 n. c.
E M4 0.85 0.5 0.17 0.81 0.14 0.044 0.22 0.04 0.2 0.04 0.11 0.016 0.09 0.011 3.241 3.46 0.43 0.70 0.89 0.79 1.12 0.30 1.28 1.02
2 M5 1.2 0.45 0.15 0.68 0.21 0.047 0.15 0.02 0.13 0.03 0.07 0.008 0.04 0.006 3.191 6.03 0.83 2.23 0.83 2.67 1.24 0.23 1.32 0.93
:% M7 0.49 0.3 0.08 0.36 0.06 0.039 0.12 0.02 0.12 0.02 0.07 0.009 0.05 0.009 1.747 3.18 0.46 0.73 1.19 0.61 1.98 0.34 1.26 0.83
= M8 0.95 0.48 0.15 0.3 <0.01 0.007 0.05 <0.01 0.11 0.01 0.03 <0.005 | <0.01 | <0.002 2.087 9.44 1.15 n. c. n. c. n. c. n.c 0.29 2.28 3.31
M10 0.78 0.35 0.1 0.24 <0.01 0.008 0.08 <0.01 0.07 0.02 0.05 <0.005 | <0.01 | <0.002 1.698 6.72 0.73 n. c. n. c. n. c. n. c. 0.28 1.97 4.64
M1l 0.72 0.49 0.15 0.8 0.27 0.087 0.46 0.09 0.68 0.15 0.55 0.086 0.57 0.092 5.195 0.94 0.15 0.09 0.39 0.24 1.09 0.34 1.14 1.00
MI12 0.76 0.4 0.15 0.68 0.14 0.06 0.28 0.05 0.41 0.09 0.35 0.045 0.24 0.018 3.673 1.48 0.22 0.24 0.79 0.30 1.30 0.27 1.35 1.00
MI13 0.74 0.44 0.1 0.18 <0.01 | <0.005 0.05 <0.01 0.09 0.02 0.02 <0.005 | <0.01 | <0.002 1.640 8.11 0.73 n. c. n. c. n. c. n.c 0.36 2.09 n. c.
Table 15. Contents of REE [mg-kg™'] in bedded cherts from S-KCU
Sample La Ce Pr Nd Sm Eu Gd Tbh Dy Ho Er Tm Yb Lu \E T - . ~ ”
5 Unit mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! mg-kg! mgkg! mgkg! mg-kg! mg-kg! = Z g Z é £ Em 2 4‘: * * %
g — E L I -1 =R S z Z = o & <
8 Detection Limit 0.05 0.05 0.01 0.05 0.01 0.005 0.01 0.01 0.01 0.01 0.01 0.005 0.01 0.002 ﬁ Eg E E 7 é § E% E 8 E %
- Analytical Method FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS FUS-MS 5 é = = - - 2 ©
SA-1 2.01 0.89 0.34 1.44 0.31 0.066 0.31 0.04 0.25 0.05 0.15 0.019 0.1 0.015 5.990 541 0.67 1.49 0.95 1.58 1.00 0.24 1.44 1.18
SA-2A 0.43 0.3 0.08 0.39 0.07 0.015 0.07 0.01 0.07 0.01 0.04 0.005 0.02 0.003 1.513 5.64 0.67 1.60 0.90 1.78 1.01 0.37 1.19 1.12
SA-2B 1.19 0.62 0.21 1.06 0.19 0.05 0.22 0.03 0.18 0.04 0.09 0.011 0.06 0.009 3.960 5.19 0.66 1.47 0.91 1.61 1.14 0.28 1.22 1.11
a SA-2C 1.49 0.72 0.27 1.19 0.25 0.054 0.26 0.04 0.23 0.05 0.12 0.014 0.08 0.013 4.781 4.92 0.61 1.38 0.87 1.59 0.99 0.26 1.39 1.10
< SA-2D 1.09 0.59 0.21 0.99 0.19 0.048 0.24 0.03 0.17 0.03 0.08 0.01 0.07 0.01 3.758 4.87 0.65 1.16 0.84 1.38 1.04 0.28 1.30 1.24
) SA-9A 3.56 1.21 0.48 2.16 0.41 0.092 0.45 0.07 0.42 0.09 0.25 0.032 0.18 0.028 9.432 5.21 0.58 1.47 1.27 1.16 1.00 0.21 1.38 1.10
SA-9B 1.23 0.59 0.21 0.86 0.19 0.044 0.24 0.03 0.18 0.04 0.1 0.012 0.06 0.008 3.794 4.66 0.60 1.52 0.95 1.61 0.95 0.26 1.45 1.30
SA-9°A 1.45 0.73 0.28 1.22 0.23 0.059 0.27 0.04 0.22 0.04 0.13 0.018 0.09 0.012 4.789 4.84 0.61 1.20 0.92 1.30 1.10 0.26 1.40 1.09
SA-9’B 4.52 1.51 0.66 2.65 0.48 0.113 0.56 0.09 0.53 0.12 0.34 0.05 0.3 0.04 11.963 4.89 0.53 1.12 1.38 0.81 1.01 0.20 1.54 1.09




N SB-1B 1.23 0.65 0.21 1.01 0.18 0.044 0.26 0.04 0.21 0.05 0.13 0.015 0.08 0.009 4.118 4.19 0.50 1.14 1.00 1.14 0.92 0.29 1.25 1.21
% SB-1C 1.26 0.57 0.2 0.91 0.18 0.039 0.24 0.04 0.2 0.04 0.11 0.014 0.07 0.008 3.881 4.38 0.52 1.34 1.02 1.31 0.86 0.26 1.33 1.17
N SB-1D 1.75 0.7 0.25 1.04 0.22 0.043 0.26 0.05 0.26 0.06 0.17 0.023 0.13 0.017 4.973 4.13 0.44 1.00 1.16 0.86 0.83 0.24 1.43 1.07
« SB-2 1.84 0.73 0.29 1.16 0.23 0.054 0.34 0.05 0.3 0.06 0.17 0.022 0.12 <0.002 5.366 4.05 0.52 1.14 1.17 0.97 0.87 0.23 1.51 1.27
8 SC-1A 1.53 0.58 0.24 0.99 0.2 0.051 0.24 0.04 0.23 0.05 0.14 0.018 0.1 0.014 4.423 4.32 0.51 1.14 1.12 1.02 1.08 0.22 1.49 1.04
Z E SC-1B 0.53 0.31 0.11 0.57 0.09 0.018 0.11 0.02 0.08 0.02 0.06 0.008 0.04 0.006 1.972 4.73 0.51 0.98 0.86 1.14 0.84 0.29 1.20 1.11
g = SC-1C 1.86 0.68 0.29 1.14 0.23 0.052 0.29 0.04 0.25 0.06 0.17 0.024 0.15 0.021 5.257 4.23 0.48 0.92 1.18 0.78 0.93 0.21 1.56 1.25
m = SC-2 1.78 0.61 0.24 1.06 0.22 0.052 0.3 0.04 0.25 0.05 0.14 0.02 0.13 0.019 4911 4.17 0.49 1.02 1.18 0.86 0.93 0.21 1.40 1.29
= SC-4 0.34 0.25 0.08 0.32 0.09 0.018 0.08 0.01 0.05 0.01 0.04 0.005 0.03 0.005 1.328 4.77 0.64 0.84 0.55 1.52 1.00 0.35 1.44 1.16
Table 16. Contents of REE [mg-kg™'] in bedded cherts from N-KCU
Sample La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu \E E - z z z
g Unit mgkg! mgkg! mgkg! mg-kg?! mgkg! mgkg! mgkg! mg-kg! mgkg! mgkg! mgkg! mg-kg! mgkg! mgkg! ] g g E 5 E @ E H: 8 s: 8
8 Detection Limit 0.05 0.05 0.01 0.05 0.01 0.005 0.01 0.01 0.01 0.01 0.01 0.005 0.01 0.002 = ~ E 7 & g Z % E 8 = !
= 22 | =% |5 = 2 = ~ ©
Analytical Method | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS FUS-MS FUS-MS | FUS-MS ===
O PC-3A 0.49 0.38 0.08 0.38 0.06 0.014 0.09 0.01 0.07 0.01 0.04 <0.005 0.03 0.004 1.658 5.53 0.68 1.21 1.19 1.02 0.86 0.43 1.13 1.49
. PC-4A 1.39 0.65 0.21 0.85 0.13 0.042 0.2 0.03 0.18 0.04 0.11 0.015 0.09 0.01 3.947 4.85 0.54 1.15 1.56 0.73 1.17 0.27 1.43 1.11
=) PC-4B 0.71 0.41 0.11 0.5 0.12 0.029 0.11 0.02 0.12 0.02 0.06 0.008 0.04 0.005 2.262 491 0.62 1.32 0.86 1.52 1.19 0.33 1.25 0.90
i‘% PC-4 1.19 0.54 0.18 0.73 0.16 0.043 0.19 0.03 0.16 0.04 0.1 0.013 0.07 0.011 3.457 4.63 0.55 1.26 1.09 1.16 1.14 0.26 1.44 1.04
PC-5 2.48 0.93 0.33 1.38 0.26 0.067 0.35 0.05 0.3 0.07 0.2 0.028 0.16 0.023 6.628 4.61 0.50 1.15 1.39 0.83 1.02 0.23 1.43 1.19
Table 17. Contents of REE [mg-kg™'] in bedded cherts from southeastern FA
Sample La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu \E T - o - z
g ljlnit _ mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! E % é é é § 5 g -:3 -}é :;: %
33 Detection Limit 0.05 0.05 0.01 0.05 0.01 0.005 0.01 0.01 0.01 0.01 0.01 0.005 0.01 0.002 S [ = § Z z z ) > = =
3 = E E 5 = s & £ = Q A~ 8
Analytical Method | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS FUS-MS FUS-MS FUS-MS == = - v
KELHEIM KDI 0.74 1.03 <0.01 0.08 0.03 0.011 0.02 <0.01 0.03 <0.01 0.01 <0.005 0.03 0.008 1.989 19.30 1.16 1.83 3.60 0.51 2.10 n.c n.c n. c.
K3/3 0.14 0.27 0.02 <0.05 | <0.01 | 0.008 | <0.01 | <0.01 0.04 <0.01 | <0.01 0.005 <0.01 | <0.002 0.483 9.73 0.80 n. c. n. c. n. c. n. c. 1.14 n. c. n. c.
HEMAU H1 0.5 0.51 0.13 0.49 0.13 0.025 0.08 0.02 0.1 0.02 0.05 0.009 0.05 <0.002 2.114 5.43 0.67 0.74 0.56 1.32 1.14 0.46 141 0.70
H5 0.87 0.99 0.16 0.52 0.12 0.008 0.09 0.01 0.08 0.01 0.04 <0.005 0.03 <0.002 2.928 10.26 1.16 2.15 1.06 2.03 0.36 0.61 1.30 1.90
Table 18. Contents of REE [mg-kg™'] in chert concretions hosted within gravity flow from S-KCU
Sample La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu R . . ~
8 Unit mg-kg! mgkg! mgkg! mg-kg! mg-kg! mg-kg! mgkg! mg-kg! mg-kg! mg-kg! mgkg! mg-kg! mg-kg! mg-kg! — E g 4 @% ,.g é) -g *: 'xo % %
= g g £ = 3 = 7 z = o & O
S Detection Limit 0.05 0.05 0.01 0.05 0.01 0.005 0.01 0.01 0.01 0.01 0.01 0.005 0.01 0.002 S 5 = E I~ Z Z zZ 5 > = =
S & £ = @) A
— Analytical Method | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS 5 E - = - - n ©
SA-3 0.48 0.3 0.1 0.49 0.09 0.023 0.09 0.02 0.09 0.02 0.04 0.005 0.03 0.005 1.783 4.94 0.60 1.19 0.78 1.52 1.20 0.31 1.24 0.82
A SA-4 0.49 0.29 0.11 0.47 0.1 0.025 0.1 0.02 0.09 0.02 0.05 0.008 0.05 0.006 1.829 4.32 0.54 0.73 0.72 1.02 1.17 0.29 1.42 0.88
t:ﬂl SA-5 0.53 0.33 0.1 0.48 0.09 0.021 0.09 0.01 0.08 0.02 0.05 0.006 0.04 0.005 1.852 5.15 0.62 0.98 0.86 1.14 1.09 0.33 1.24 1.19
5 SA-6 0.58 0.39 0.1 0.46 0.11 0.022 0.1 0.02 0.09 0.02 0.05 0.007 0.05 0.006 2.005 4.85 0.56 0.86 0.77 1.12 0.99 0.37 1.23 0.93
SA-7 0.45 0.3 0.08 0.34 0.06 0.011 0.08 0.01 0.07 0.01 0.04 0.005 0.03 0.004 1.490 4.98 0.55 1.11 1.10 1.02 0.73 0.36 1.31 1.49
SA-8 0.49 0.35 0.08 0.37 0.07 0.014 0.08 0.01 0.07 0.02 0.05 0.006 0.03 0.004 1.644 5.09 0.54 1.21 1.02 1.19 0.87 0.40 1.18 1.33
Table 19. Contents of REE [mg-kg™'] in chert concretions hosted within gravity flow from N-KCU
Sample La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu - ” ” ”
8 Unit mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! mgkg! — Z g Z Z £ é) 2 'k_.: % % 2‘5
| g i | =H z 72 2 = Q & <
S Detection Limit 0.05 0.05 0.01 0.05 0.01 0.005 0.01 0.01 0.01 0.01 0.01 0.005 0.01 0.002 S = 5 E § 4 Z P4 = 8 = =
< < = =
— Analytical Method | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS FUS-MS FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS FUS-MS FUS-MS | FUS-MS E é - = - - % ©




Eu) PC-1C 0.2 0.2 0.04 0.16 0.03 0.005 0.03 <0.01 0.02 0.01 0.02 <0.005 0.01 0.002 0.727 6.90 0.75 1.48 0.97 1.52 0.78 0.51 1.25 2.78
= PC-2A 0.24 0.24 0.04 0.15 0.03 0.007 0.03 <0.01 0.03 0.01 0.01 <0.005 0.01 0.002 0.799 7.68 0.87 1.78 1.17 1.52 1.09 0.56 1.22 1.99
% PC-2C 0.21 0.17 0.03 0.13 0.02 <0.005 0.03 <0.01 0.02 <0.01 0.01 <0.005 0.02 0.003 0.643 6.75 0.66 0.78 1.53 0.51 n. c. 0.48 1.14 n. c.
Z PC-6 0.39 0.26 0.05 0.23 0.05 0.006 0.05 0.01 0.05 0.01 0.03 <0.005 0.02 0.003 1.159 5.70 0.59 1.45 1.14 1.27 0.56 0.41 1.13 1.16
Table 20. Contents of REE [mg-kg™'] in chert concretions hosted within gravity flow from southeastern FA
- Sample La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu R S, o - z
: ol kol kol kol Kol ol kol kol kol kol kol kol kol kol — Z 2 @ E 3 -g * * * x
% Unit mg-kg mg-kg mg-kg mg-kg mg-kg mg-kg mg-kg mg-kg mg-kg mg-kg mg-kg mg-kg mg-kg mg-kg g P m«é 5 E E 5 >\; é § g\: (3
8 Detection Limit 0.05 0.05 0.01 0.05 0.01 0.005 0.01 0.01 0.01 0.01 0.01 0.005 0.01 0.002 = = ¢ & Z Z @ = o = =
- = = = = = k] & = © A O
Analytical Method | FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS FUS-MS FUS-MS | FUS-MS | FUS-MS | FUS-MS | FUS-MS FUS-MS FUS-MS FUS-MS - =
K1/1 <0.05 0.07 0.01 0.08 0.03 0.01 0.02 <0.01 0.03 <0.01 0.02 <0.005 0.01 <0.002 0.280 2.50 0.90 n. c. n. c. 1.52 1.91 1.55 0.70 0.93
K1/2 0.19 0.06 0.02 0.09 <0.01 | <0.005 0.06 <0.01 0.03 0.01 0.02 0.007 0.02 <0.002 0.507 2.45 0.18 0.71 n. c. n. c. n. c. 0.21 1.33 n.c
s K1/3 0.15 0.21 0.01 <0.05 | <0.01 | <0.005 | <0.01 | <0.01 <0.01 <0.01 <0.01 <0.005 | <0.01 <0.002 0.370 n. c. n. c. n. c. n. c. n. c. n. c. 1.04 n. c. n. c.
= K2/1 0.21 0.36 0.03 0.16 <0.01 0.01 0.04 0.01 0.02 0.01 0.02 <0.005 | <0.01 | <0.002 0.870 7.70 0.64 n. c. n. c. n. c. n. c. 1.01 0.74 0.77
E K2/2 0.18 0.28 <0.01 <0.05 | <0.01 | <0.005 | <0.01 | <0.01 <0.01 <0.01 <0.01 <0.005 | <0.01 <0.002 0.460 n. c. n. c. n. c. n. c. n. c. n. c. 1.49 n. c. n. c.
0 K2/2j 0.35 0.6 0.04 <0.05 | <0.01 | <0.005 | <0.01 | <0.01 | <001 | <0.01 | <0.01 | <0.005 | <0.01 | <0.002 0.990 n. c. n. c. n. c. n. c. n. c. n. c. 1.10 1.20 n. c.
o K2/1L <0.05 0.14 <0.01 | <0.05 0.01 <0.005 0.02 <0.01 0.01 <0.01 0.01 <0.005 0.02 0.004 0.214 2.34 0.09 n. c. n. c. n. c. n. c. n. c. n. c. n. c.
K2/3 0.18 0.34 0.03 <0.05 | <0.01 | <0.005 | <0.01 | <0.01 0.05 <0.01 0.01 <0.005 | <0.01 | <0.002 0.610 9.17 0.87 n. c. n. c. n. c. n. c. 1.05 1.59 n. c.
K3/1 0.11 0.16 0.01 <0.05 | <0.01 | <0.005 | <0.01 | <0.01 | <001 | <0.01 | <0.01 | <0.005 | <0.01 | <0.002 0.280 n. c. n. c. n. c. n. c. n. c. n. c. 1.00 1.13 n. c.
=) H2 0.32 0.48 0.13 0.67 0.21 0.023 0.11 0.03 0.11 0.01 0.03 <0.005 0.01 <0.002 2.133 6.11 0.98 2.37 0.22 10.67 0.69 0.52 1.14 0.79
<§C H3 0.73 1.18 0.14 0.51 0.13 0.017 0.1 0.02 0.1 0.02 0.05 0.008 0.05 0.009 3.064 7.58 0.63 1.08 0.82 1.32 0.70 0.85 1.06 1.03
m H4 0.37 0.36 0.07 0.31 0.05 0.023 0.03 0.01 0.11 0.02 0.05 0.007 <0.01 | <0.002 1.410 5.21 0.63 n. c. 1.08 n. c. 2.76 0.51 1.16 0.38
T H6 0.8 1.26 0.13 0.44 0.11 <0.005 0.07 0.02 0.17 0.03 0.11 0.021 0.17 <0.002 3.331 4.64 0.33 0.35 1.06 0.33 n.c 0.88 1.02 1.16

Al/(Al+Fet+Mn) — Al,O3/( Al203+ Fe;0Os+MnO); n. ¢. - not calculated






