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This study examines the early stages of clastic deposition above the main coal seam in the Most Basin (Ohte Rift, NW
Czech Republic). Eight drill cores were subjected to chemical analysis by X-ray fluorescence spectroscopy (XRF) and
cation exchange capacity determination (CEC) to corroborate the local chemostratigraphic scheme and extend its tem-
poral and spatial ranges. Additionally, four drill cores were subjected to palaeomagnetic polarity analysis for
magnetostratigraphic dating, and two cores were subjected to the frequency analysis of variations in elemental composi-
tions to obtain cyclostratigraphic patterns and more detailed insight into depositional dynamics. We demonstrate that
a local lake was present in the Bilina area from the end of palaeomagnetic chron CS5Er through chron C5En
(18.524-18.056 Ma according to the Astronomically Tuned Neogene Time Scale 2012) to the beginning of the C5Dr
chrons. This finding extends the previous age models for the Most Formation by more than 0.5 My (18.6 to 17.9 Ma).
The chemostratigraphic scheme, which is based on variations in the concentrations of K and the values of CEC, was suc-
cessfully extended from the basin centre to its north-east periphery, which reflects the basin-wide environmental
changes that terminated the peat accumulation (coal formation) in the basin. The basin-wide lacustrine body formed by
the coalescence of local lakes and the flooding of the remaining peatlands ca. 17.8 Ma (during C5Dn), which is coeval
with the substantial reduction of the Antarctic ice sheet prior to the onset of the Miocene climatic optimum (MCO). The
Most Basin deposits are the most detailed (with respect to temporal resolution) continental sedimentary archive of the
time period preceding the MCO that have not been described to date. ¢ Key words: cyclostratigraphy,
chemostratigraphy, lake sediments, climate forcing, Burdigalian.
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Recent studies of sea level fluctuations during the Cret-
aceous highest sea level (Uli¢ny et al. 2014) have shown
that distinguishing between local/autogenic forcings (i.e.
tectonic, palaeotopographic) and global/allogenic forcings
(i.e. climatic, eustatic) in pre-Pleistocene sedimentary arch-
ives is difficult. Researchers mainly perform this intricate
task (distinguishing between local and global controls in
basin fills) to improve the temporal resolutions of environ-
mental archives; this may be achieved with sediments that
were deposited at higher sedimentation rates than in pas-
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sive continental margins/ocean floors; however, these pro-
vide most of the reference records for climate evolution on
longer timescales (Zachos et al. 2001). However, higher
sedimentation rates are usually caused by active subsid-
ence that, in turn, generates a less stable sedimentary envir-
onment in which local/autogenic forcing may be superim-
posed on the climatic control. The most robust approach to
distinguishing between local and global forcings is to ex-
tend the spatial scale of the research by (i) deciphering the
basin architecture (Uli¢ny et al. 2008, 2014; Valero et al.
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Figure 1. Map of study area with core position.

2017) or (ii) comparing sedimentary archives from remote
(tectonically independent) areas (Ied et al. 2011). In prac-
tice, less robust approaches are usually chosen, such as
in the Most Basin, in which the sedimentary strata are so
monotonous that archival datasets from geological surveys
cannot be used and a complete basin analysis is not afford-
able. In addition, the basin periphery (nearshore lacustrine
facies) has not been preserved (or has not yet been identi-
fied).

The Miocene deposits of the Most Basin (Figs 1, 2) in-
clude stratigraphically correlated strata of the main coal
seams of the HoleSice Member (Mach 2003, Mach et al.
2014, Novotny & Mach 2016), poorly correlated clastic de-
posit of local fluviodeltaic and lacustrine systems above
the coal (i.e. clastic sediments below the HoleSice/Lib-
kovice boundary), and stratigraphically correlated lacus-
trine sediments of the Libkovice Member with a variety of
laterally stable local chemostratigraphic horizons (Matys
Grygar & Mach 2013a, b; Matys Grygar et al. 2014; Fig. 2).
The clastic deposition above the main coal seam closely
preceded the onset of the Miocene Climatic Optimum
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(MCO) (Matys Grygar et al. 2014), which was a temporary
warming that included the considerable decay of the Ant-
arctic ice sheet (Levy et al. 2016) and intermittently re-
versed the persistent Cenozoic cooling trend. The effect of
the MCO on continental climates is still under debate; its
triggers and precise age are uncertain, partly due to a lack
of appropriate sedimentary archives with sufficient timing
and temporal resolution. The Most Basin sedimentary ar-
chive is thus an attractive target area for describing longer
sedimentary archives; it is unique due to its combination of
continuity, duration, and temporal resolution (Matys
Grygar et al. 2014).

This study focuses on the transition between the coal
formation and siliciclastic deposition in the Most Basin
during the deposition of the Most Formation to determine
whether the timing of that change could have been
isochronous at the basin scale. This requires spatial and
temporal extensions of the existing chemostratigraphic and
magnetostratigraphic frameworks for the Libkovice Mem-
ber sediments (Matys Grygar & Mach 2013a, b; Matys
Grygar et al. 2014, and unpublished data). To do this, we
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(1) extend the age model to the deposits of the Bilina local
lake (i.e. the sediments of the HoleSice Member) and (2) in-
clude the Most Basin periphery (Teplice~Usti nad Labem,
Haj u Duchcova) into the scheme that is valid for the cen-
tral part of the basin. The strategic aim of this paper was to
evaluate the hypothesis that the basin-wide lacustrine
transgression over the former peat swamps and local lakes
in the Most Basin was isochronous and thus was possibly
driven by changes in climate, rather than by local factors.

Geological setting

The Most Basin is the largest of the four basins in the Ohie
Rift, which is part of the European Cenozoic Rift System;
this system represents a response of Central Europe to the
Alpine and Pyrenean orogenesis (Ziegler & Dézes 2007).
The Most Basin is a graben structure that was initiated by
the end of the Eocene and continued until the Early Mio-
cene. It failed to grow after the coalescence of local faults
and the formation of mature faults occurred with a change
of the orientation of extension from oblique to orthogonal
to the rift axis (Rajchl ef al. 2009). Subsequent uplift since
the Middle Miocene (Ziegler & Dézes 2007) caused the
erosion of the top and marginal parts of the basin fill. The
basin deposition began in variegated environments (i.e.
volcanic rocks, their weathering products, local fluvial sys-
tems, and swamps), continued in vast peat swamps, and
culminated in a basin-wide lake (PeSek et al. 2010, Mach et
al. 2014).

Rajchl et al. (2009) attributed the deposition of clastics
over the former peat swamps to an increased subsidence
rate. However, a detailed analysis of sediment bodies in the
Most Basin showed that the extensive lacustrine clastic
strata above the coal seam caused the compaction of the
underlying peat to one-seventh of its former thickness,
compaction of the fluvial clays to one-third of their former
thickness, and negligible compaction of the fluvial sands
(Hurnik 1972, Mach 2003, Novotny & Mach 2016).
Studies of fluvial and deltaic sediment bodies embedded in
the local coal seam demonstrated that the compaction of
the peat strata contributed to the formation of accommoda-
tion space for the fluvial clastics (Dvordk & Mach 1999,
Rajchl & Uli¢ny 2005, Rajchl et al. 2008, Mach et al.
2013), Overviews of this peat compaction and examples
from other basins are given by Van Asselen et al. (2009),
Van Asselen (2011), and Widera (2015; 2016a, b).

The peat accumulation was terminated by fluvio-
lacustrine deposition, after which a basin-wide lake was
formed (the Libkovice Member). Orbital forcing has been
identified in the geochemical signatures of the Libkovice
Member sediments, including the Al/Si and K/Ti ratios and
CEC (Matys Grygar et al. 2014, and unpublished data).
These sediments are so monotonous in appearance that
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Figure 2. Stratigraphic scheme for the clastic sediments of the Most For-
mation above the main coal seam. In Libou$ Mine area (A), Bilina Mine
area (B), and Usti nad Labem-Teplice area (C) the upper part of the lacus-
trine sequence is missing, while in the Bilina Mine area the most complete
sequence has been preserved. Panel D shows members of the Most Forma-
tion with approximate time scale taken from Matys Grygar et al. (2014).

they can only be differentiated by mineralogical (Sloupska
1985) or elemental analyses (Matys Grygar & Mach
2013a, b). The biostratigraphic age constraints of the Most
Formation are limited to the identification of the European
mammal zone MN3 at the base of the main coal seam
(Fejfar et al. 2003), which started at 20.5 Ma (Schlunegger
et al. 2007). Broad regional correlations of macrofloral
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remnants (leaves and fruits) also assign the age of the Most
Formation to the Late Burdigalian (Kovar-Eder et al. 2001,
Mach et al. 2014, and references therein).

We recently proposed a hypothesis that the overall peat
accumulation in the basin was terminated by enhanced pre-
cipitation and the subsequent enhanced input of fluvial
clastics and that the lake progradation was facilitated by
peat compaction (Matys Grygar et al. unpublished data).
We thus gathered novel results on the early stages of lacus-
trine development in the Most Basin using magnetic polar-
ity dating to shed light on the early stages of clastic deposi-
tion over the coal seam.

Methods
Element and clay mineral analyses

Elemental concentrations were obtained using the
MiniPAL4 (drill core LB297), Epsilon 3*'E (HD50, parts
of A24, A26,ZU5A) and Epsilon 3% (LB432, part of A24)
X-ray fluorescence (XRF) spectrometers, all which were
provided by PANalytical (the Netherlands) and contained
an energy dispersive detector. The samples were powdered
using a Pulverisette 6 planetary mill (Fritsch, Germany)
and poured into measuring cells with Mylar foil bottoms
without further pre-treatment (i.e. no fusion, no pressing).
The readings of the analytical signals (raw XRF signals)
were calibrated by the chemical analysis of selected speci-
mens by accredited laboratories of the Czech Geological
Survey and by the geological laboratory in the Geology
section, Faculty of Science, Charles University, Prague.
This analytical procedure (calibrated by XRF) is simple,
economic, and non-destructive. To limit possible matrix
effects, such as variable organic matter contents, we prefer-
entially evaluated the signal ratios of elements with similar
spectral line energies, namely, Al/Si, K/Al, and Zr/Rb; the
calibrations of these element ratios produced higher regres-
sion coefficients than the corresponding single-element
calibrations. Additionally, Al/Si is a broadly applicable
proxy for the grain size of mature fluvially sorted sedi-
ments (Bouchez er al. 2011, Matys Grygar & Popelka
2016). The K/Al ratio is among the simplest proxies for re-
latively intense chemical weathering (Clift er al. 2014).
The Zr concentration, or Zr/Rb ratio, reflects the percent-
ages of coarse silt/fine sand compared to the fine silt/clay
fractions (Jones et al. 2012, Matys Grygar & Popelka
2016).

The cation exchange capacity (CEC) was determined
using a [Cu(trien)]** complex (Meier & Kahr 1999) using
the protocol described by Grygar et al. (2009). The CEC
value is proportional to the percentage of smectite struc-
tures in sediments; it does not require the separation of the
clay size fraction and produces reproducible quantitative
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results. The CEC variations are important features of the
HoleSice and Libkovice member sediments (Sloupska
1985, Matys Grygar & Mach 2013a, b).

X-ray diffraction analysis (XRD) was performed using
a D8 Advance diffractometer (Bruker, Germany), a scan-
ning range of 3-50° and a step of 0.015° and 0.8 s, with an
automatic divergence slit of 10 mm. Conventional proced-
ures were used for the separation and identification of clay
minerals. Selected sediment samples were subjected to the
analysis of glycol vapour-saturated oriented specimens,
and clay minerals were then identified by their basal spac-
ing. The main non-clay mineral admixtures are quartz (de-
trital) and siderite (authigenic), which is consistent with the
known composition of the Most Basin clastic sediments
above the main coal seam.

Magnetic polarity analysis

The drill cores were sampled for palacomagnetic analysis
at a sampling step of 1 metre. The vertical orientation of the
samples was marked to interpret the magnetic inclination
and polarity. Each sample was placed into a cubic,
non-magnetic cell with an internal volume of 6.7 cm® and
demagnetized by an alternating magnetic field in a 2G600
apparatus; the remanent magnetization was measured
using a 2G 755 4K cryogenic magnetometer (both by 2G
Enterprises, Applied Physics Systems, Mountain View,
CA). Additional rock magnetic parameters were acquired
using a Kappabridge MFK1 (AGICO Ltd., Brno, Czech
Republic). The anisotropy of magnetic susceptibility
(AMS) was detected to determine the primary magnetic
and sedimentary structures.

The magnetic polarity and inclination were determined
using principal component analysis (PCA) (Kirschvink
1980) with the Remasoft3 program. The magnetic polarity
zones (MZs) were identified as continuous intervals of the
same polarity after the exclusion of PCA results of which
(1) the absolute values were less than 10°, except for the
zone boundaries, where low inclinations were an inevitable
consequence of magnetic pole wandering, and (ii) both ac-
cepted neighbours were of the opposite sign, except for the
zone boundaries (Matys Grygar et al. 2014). The sampling
density was sufficient to follow these strict criteria. The
magnetic inclinations were plotted as consecutively num-
bered zones and compared to the geopolarity chrons using
the ATNTS2012 timescale (Gradstein et al. 2012).

Spectral analyses
Prior to the analysis of their frequency content, each time

series was detrended using a best-fit linear approach for the
Fe/Al series of the HK591 series and the LOWESS method
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with a coefficient of 0.4 for the K/Al series. Each detrend-
ing method was selected to efficiently remove the power of
the frequencies closest to 0 without affecting the power of
the higher frequencies.

The frequency content of each time series was then ex-
plored using a multi-taper method (MTM; Thomson 1982,
1990). Three 2m-tapers were used to calculate the MTM
spectrum (2n-MTM spectrum). Confidence levels were
calculated using a robust linear red-noise fit, which was
implemented using the Astrochron R-package (Mann &
Lees 1996, Meyers 2014). The changes in the frequency
content throughout the series were explored using the slid-
ing-window Fast Fourier Transform (evolutive spectrum)
weighted by one Slepian sequence (Martinez et al. 2013,
2015). This method consists of dividing the series into
equally wide short intervals and measuring the frequency
content of each of these subseries. The result is a spectrum
in three dimensions, or a spectrogram. The larger the
subseries are, the higher the frequency resolution is, but in-
formation is lost in the evolution of the periods throughout
the series. Thus, for the K/Al series of core HD50, two
spectrograms were performed; one focused on the low fre-
quencies with a 60-m-widesubseries, and one focused on
the high frequencies with a 20-m-wide subseries. Because
the Fe/Al series of HK591 only contains high frequencies
(or short periods), one spectrogram was performed using
a 20-m-wide subseries.

The evolution of a particular band of interest through-
out the time series was observed using Taner filters (Taner
2003). The amplitude modulation of the cycles of interest
was calculated using a Hilbert transform on the filter of the
frequencies of interest.

Chemostratigraphic scheme
for the Most Basin clastic sediments

Figures 2 and 3 show the major chemostratigraphic mark-
ers for the Most Basin and their lithological descriptions,
which are based on several drill cores and local geochem-
ical surveys that have been described in detail elsewhere
(Matys Grygar & Mach 2013a, b; Matys Grygar et al.
2014). This scheme has been used for the clastic sediments
in the Bilina Mine area, which are up to 300 m thick, and in
the Libous Mine area, where they are 120 m thick. In some
parts of the Bilina Mine area, these clastic strata also in-
clude approximately 150 m of the HoleSice Member clas-
tics of a local lake with the Bilina delta (Dvofdak & Mach
1999, Mach et al. 2013). Several dark grey silty clays with
very fine laminations have been distinguished by field
geologists in the HoleSice clastics in the Bilina Mine; they
are interbedded with heteroliths of the Bilina delta with
occasional fine sandy strata (Dvordk & Mach 1999, Mach
etal. 2013).

The Brestany clay is a 10- to 15-m-thick layer of
kaolinite-rich fine sediments with 7-8 siderite beds that is
best known and documented in the Bilina Mine area. This
unit is situated immediately above the uppermost Bilina
delta heteroliths. Lateral equivalents of these strata have
also been identified in the TuSimice area (Matys Grygar et
al. unpublished data), where a frequency analysis identi-
fied their precession forcing (ca. 20 ky). In the Bilina
area, this rate has not yet been demonstrated, because the
siderite beds have spacings of only 2-3 m and thus require
dense analyses (i.e. a few sediment samples per metre) to
identify them. They are characterized in more detail in
this study.

The abrupt increase (step) of the CEC immediately
above the Biestany clay (i.e. the increase in smectite struc-
tures at the expense of kaolinite) has been proposed to be
a marker for the HoleSice/Libkovice boundary in the areas
of the Bilina and Libou$ mines (Matys Grygar & Mach
2013a, b). The sediments above this step are fine silty
clays/clayey silts without sandy intercalations and with
three identified crandallite horizons, which are a few cm
thick and are composed of a mixture of kaolinite and
crandallite. Local crandallite (Ca-Sr aluminophosphate) is
a mineral from the aluminophosphate-sulphate group
(APS; Dill 2001). The Libkovice Member exhibits a very
specific pattern of Al/Si, K, and Sr concentrations that is
suitable for the wiggle-matching correlation of strata in the
areas of the Bilina and Libou$ mines (Matys Grygar et al.
2014, and unpublished data).

Results
Clay assemblage and CEC

The CEC analyses identified two patterns (Fig. 3). The first
pattern includes low values above the main coal seam
(LB297, LB432, AL405, and HD50) followed by a step-
wise increase to values > 0.1 mmol Cu/g (LB297, HD50),
which is a pattern typical of the Bilina Mine area (Matys
Grygar & Mach, 2013a, b). The second pattern consists of
relatively high CEC values immediately above the main
coal seam followed by an intermittent decrease and a final
and persistent return to values above ~ 0.1 mmol Cu/g
(A24, ZU5A). The latter pattern is typical of the Libous
Mine area (DO546, SP257, Matys Grygar & Mach 2013a,
b). In both patterns, we assign the pass through the thres-
hold of ~ 0.1 mmol Cu/g to stable high values as the diag-
nostic CEC step, which is indicated by an arrow in Fig. 3
and other figures. This chemical analysis showed that the
strata with low CEC values have greater percentages of
K* in the sum of exchangeable cations, which indicates
the possible influence of lacustrine and/or pore water
chemistry.
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Figure 3. Examples of Bilina Mine pattern (HD50 and HK591) and Libou§ Mine-like pattern (ZU5A) of CEC and Al/Si. CEC profiles are vertically ar-
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The CEC values of the sediments are proportional to
their total contents of expandable clay structures, particu-
larly interstratified illite/smectite (I/S) (Fig. 4). Although
the CEC values can decrease when the clay size fractions
are diluted by quartz, this can easily be revealed by the
presence of decreased Al/Si and increased Zr or Zr/Rb
ratios, which have not been identified in the sandy intercal-
ations of the Bilina delta. The kaolinite-rich clays, which
are typically fine clastics located in the main coal seam, a
few metres immediately above the coal seam and in the
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Bfestany clay, have high Al/Si ratios and low CEC values
due to their very low concentrations of smectite structures.
The diagnostic CEC step (the HoleSice/Libkovice bound-
ary) is not controlled by the mean grain size because it oc-
curs within clayey strata in all of the drill cores (Fig. 3); it is
always associated with a minor decrease of Al/Si due to the
enrichment by I/S rich in smectite at the expense of
kaolinite (Fig. 3). A very specific feature of the low-CEC
clayey unit above the main coal seam in the Bilina Mine
area (LB297, HK591) and Haj u Duchcova is the presence
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Figure 5. Siderite beds in
HK591 core near the Hole-
Sice/Libkovice boundary in the 0.0
Bilina Mine area with position I
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of site-specific I/S with ~ 30% smectite structures (i.e.
illite-rich I/S) (Fig. 4). This mineral is either absent in all of
the other analysed sediments or it is completely masked by
a considerable amount of I/S with 70-80% smectite layers.
The clay mineral analysis thus supports the distinction be-
tween the CEC patterns of the Bilina Mine type (LB297,
HKS591, and HD50) and the pattern with a local minimum
of CEC; in the latter, the CEC minimum is due to the dilu-
tion of I/S with 70-80% smectite by major kaolinite,
whereas in the former, it is due to the presence of a different
expandable clay mineral.

Variations in Fe and Sr concentrations

Most of the Fe in the Most Basin deltaic-lacustrine sedi-
ments, which ranges in concentration from a few percent to
ca. 25%, is present in siderite, which is an early diagenetic
product and is volumetrically the main authigenic mineral
in the sediments (Dvordk & Mach 1999). In the lacustrine
sediments (i.e. fine, monotonous strata with CEC values
above the threshold of 0.1 mmol Cu/g), Fe is enriched com-
pared to the mean upper continental crust (UCC); the Fe/Al
ratios in the Libkovice Member sediments are 0.60 and
0.66 in LB297 and HKS591, respectively, while the mean
UCC value is 0.48 (Rudnick & Gao 2003). In contrast, the
mean Fe/Al ratios are typically less than 0.5 in the strata
with lower CEC values located immediately above the
main coal seam; they are 0.41 in the Bilina delta and pro-

- 210
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- 240
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delta sediments in both LB297 and HK591 and 0.46 in
LB432. A very similar difference between the Fe-depleted
HoleSice Member and the Fe-enriched Libkovice Member
was found in the Libous§ Mine area (DO546, SP257, Matys
Grygar & Mach 2013a, b). This feature is not observed in
the newly studied drill cores; the sediments above the coal
have mean Fe/Al ratios ranging between 0.51 and 0.54 in
the Teplice-Usti nad Labem area (A24 and ZU5A) and ap-
proximately 0.58 in H4j u Duchcova, with no distinction
between the HoleSice and Libkovice members. Obviously,
the sediment chemistry in the basin is somehow specific to
the individual depocentres, and it differs between the early
(local) and later (single) lake bodies.

In the kaolinite-rich strata of the BieStany clay and its
lateral equivalents in the Libou§ Mine area, the siderite
beds, which contain a substantial portion of total Fe, are
particularly well developed, regularly spaced, and remark-
ably laterally stable. The most representative image of
these siderite beds is from drill core HK591 (Fig. 5). The
same stratigraphically equivalent features were observed
in the LibouS Mine area (e.g. DO546 and SP257, Matys
Grygar & Mach 2013a, b) but not in the newly studied
drill cores from H4j u Duchcova and the Teplice—Usti nad
Labem area. In LB297, these beds have probably been
undersampled, because they are only a few dm thick and
have spacing of less than 2 m. The mean Fe/Al ratio in the
Bfestany clay is 0.50 in LB297, and a value very similar
to that of the UCC was found in AL405 (Matys Grygar
2010).
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The HoleSice Member sediments in the Bilina Mine
area have a different Sr distribution than the overlying
Libkovice Member, although the mean Sr contents of
both units are similar (between 80 and 110 ppm in all of
the cores of both members). In the HoleSice Member, Sr
is enriched in broad, irregular, and nearly featureless
peaks (Fig. 6). In the Libkovice Member, St has a stable
“baseline” value of ca. 50 ppm with narrower, up to
3-m-thick symmetric peaks of up to 300 ppm in the areas
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of the Bilina and Libou$§ mines. These peaks are also
present in ZUSA but not in HD50 (Fig. 6), which also
demonstrates the partially site-specific control over their
origin. The maximum Sr concentrations in the Most Ba-
sin sediments are found in crandallite horizons; one was
identified in core A24 (Fig. 6). The crandallite horizon in
A24 was light grey, less than 1 cm thick, and included
Al, Ca, and P as its main elemental constituents (in add-
ition to O).
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Variations in K and Ti concentrations

Both the raw and geochemically normalized K concentra-
tions show characteristic minima in their depth profiles
with overall patterns that resemble those known from the
areas of the Libou$ and Bilina mines. The possible
wiggle-matching of the K profiles in the newly obtained
and previously reported drill cores is shown in Fig. 7. In
the areas of the Bilina and Libou$ mines, both the Al-
and Ti-normalization of K provide similarly efficient cor-
rections to suppress the grain-size effects (i.e. the joint di-
lution of Al-, K-, and Ti-bearing minerals by quartz or sid-
erite); however, at the Haj u Duchcova and Teplice—Usti
nad Labem sites, Ti also has another control and is thus
not suitable for use as a straightforward grain-size correc-
tion. Titanium is known to be substantially enriched in
mafic volcanics compared to UCC; this is also valid in the
Most Basin for the clastic deposition occurring before and
during the formation of coal (Elznic et al. 1998). The
Ti/Al ratio is an efficient indicator of sediment proven-
ance (i.e. the contribution of mafic volcanics in the catch-
ment) in the current Ohte River system, which is located

to the southwest of the Most Basin (Matys Grygar et al.
2016). The Ti/Al ratio varies significantly in the first tens
of metres above the main coal seams in HD50, A24,
A26, and ZUSA. We thus tested Al as a normalizing ele-
ment for K that is less site-dependent than Ti. We also
performed geochemical normalization to correct for vari-
able siderite content, i.e. we recalculated the K concentra-
tion to the non-siderite portion of the sediment samples.
The siderite portion was calculated from the Fe percent-
age.

The raw and normalized K-depth profiles show distinct
minima, and the prominent minima are numbered consecu-
tively upward (Figs 6, 7). The successful wiggle-matching
of these profiles in the Libkovice Member sediments be-
tween the areas of the Bilina and Libous mines has already
been demonstrated (Matys Grygar & Mach 2013a, b). We
show this correlation for the first time for the HoleSice
Member. The minimum that is denoted K1 (usually with
the satellite K1) is located in the first few metres above the
main coal seam, K2 is located near the CEC step horizon
(Fig. 3), and K3 contains the lowermost crandallite hori-
zon (C1) at its base (Fig. 6).
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Table 1. Summary of polarity reversals, numbering of magnetozones (MZ), and their assignments to magnetochrons. Depths of reversals in LB297

were extrapolated from HK591 and LB432.

Depth of polarity reversal or excursion (m) MZ# ATNTS2012
HKS591 LB297 LB432 HD50 ZUSA A24 Chron Age (Ma)

Zone/chron MZ3 C5Cn.3n

Reversal 47 7 16.721
Zone/chron MZ2 C5Cr

Reversal 146 89 40 17.235
Zone/chron MZ1 C5Dn

Reversal 189 123 85 71 39 17.533
Zone/chron C5Dr.1r

Excursion 121 65 MZ0 C5Dr.1n 17.729
Zone/chron C5Dr.2r

Reversal 220 152 161 18.056
Zone/chron MZ-1 CSEn

Reversal 237 251 18.524
Zone/chron MZ-2 CSEr

Table 2. Mean deposition rates (cm/Ky) in individual chrons and cores.

MZ# Chron HKS591 LB297 LB432  HDS50 A24
MZ3 C5Cn.3n 17
MZz2 C5Cr 19 16
MZ1 C5Dn 14 11 15

C5Dr.1r 18 13
MZ0 C5Dr 6 5.5
MZ-1 CSEn 18 19

Magnetic polarity analysis

The magnetic polarity was successfully acquired and inter-
preted in cores LB432 (2 reversals), HD50 (2 main rever-
sals and one short excursion), A24 (1 reversal and one short
excursion), and ZUSA (1 reversal) (Tab. 1, Fig. 8). The un-
certainty in the reversal position was on the order of a few
metres.

The numbering of the magnetic polarity zones and their
assignment to magnetic polarity chrons following
ATNTS2012 (Gradstein et al. 2012) was derived from the
age model for the Libkovice Member in core HKS591
(Matys Grygar et al. 2014) and the chemostratigraphic cor-
relation of the cores that was previously shown (Figs 3, 7).
Consistent with that assignment, the short normal excur-
sion within the inverse magnetic polarity zone MZ0 that
was observed in HD50 (2 samples) and in A24 (2 samples)
was attributed to normal excursion C5Dr.1n, which is simi-
lar to the analogous feature in the laterally analogous nor-
mal excursion (2 samples) in HK591 (Matys Grygar et al.
2014, and unpublished data). No other short normal
subchron in a reverse chron has been identified during the
Burdigalian (Gradstein et al. 2012); thus, its identification
justifies the assignment of polarity zones MZs.
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To extend the age model to older strata (i.e. the deposits of
the Bilina local lake), we assumed that continuous deposition
occurred above the main coal seam in LB432 and LB297. In
LB432, we numbered the magnetozones and assigned them to
the polarity chrons preceding the polarity zones/chrons identi-
fied in HK591. The depths of the reversals in HK591 (Matys
Grygar et al. 2014) and LB432 (this study) were extrapolated
to LB297 using the chemostratigraphic scheme shown in
Figs 6 and 7. The dating of that core was then performed by
linear extrapolation between the reversals.

The mean deposition rates in the cores were calculated
from the thicknesses of the magnetic polarity zones and the
durations of the polarity chrons according to ATNTS
(Gradstein et al. 2012). The results are shown in Fig. 8 and
Tab. 2. In cores HD50 and A24, we also used the position
of C5Dr.1n. The resulting mean deposition rates in the
newly studied cores range from 10 to 20 cm/ky, which are
consistent with the estimates for the Libkovice Member
(Matys Grygar et al. 2014), except for the slower net accu-
mulation within C5Dr in the Biline Mine area (LB297,
LB432) that was previously described.

Spectral analyses

Drill core HK591, which is a reference core for the Libko-
vice Member (Matys Grygar et al. 2014), was subjected to
amore detailed study of the HoleSice Member and the lower-
most part of the Libkovice Member (Fig. 9), particularly at
depths of 244—175 m between the top of MZ-1 and the bot-
tom of MZ1 (Fig. 8). We focused on the Fe/Al ratios to evalu-
ate the regularity of siderite horizons in the Bfestany clays
(ca. 200-187 m, Fig. 5). The spectral analyses showed
a precession cycle at the bottom of MZ1 at a depth of ca.
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180 m with a wavelength of 3.7 m (Fig. 9), which is plaus-
ibly consistent with the cycle duration (ca. 20 ky) and mean
deposition rate (14 cm/ky) in MZ1 (Tab. 2). The wave-
length of the precession cycle decreases downward
through 2.4 m at a depth of ca. 190 m to 1.3 or 1.1 m at
adepth of ca. 210 m (Fig. 5, the Fe record), which we inter-
pret to reflect a gradually changing deposition rate. Interest-
ingly, the cycles with wavelengths of 3.7, 2.4, and 1.1 m

are accompanied by cycles with half wavelengths of 1.7,
1.1, and 0.7 m, respectively. These shorter cycles could be
attributed to precession harmonics, such as semi-
precession, that affect low-latitude climates (Berger ef al.
2006). This regularity is not obvious deeper in the core, i.e.
below a depth of 210 m. The spectral analyses of the K/Al
ratios in the same core and depth intervals yielded similar
results (not shown here).
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The deposition of heterolithic deltaic sediments in the
HKS591 core (BD units in Figs 3, 5) most likely caused the
deposition rate of the entire polarity zone MZ0 to be
smaller than that derived from the assignment of the 2.4-
and 1.3-m-scale periods to precession. This misfit is dis-
cussed below.

Drill core HD50 exhibited recurrent (cyclic) changes in
its K/Al depth profiles (Fig. 10). The most remarkable is
the cycle with a wavelength of ca. 15 m at depths of
110-80 m and a wavelength ca. 25 m at depths of 70-20 m
(Fig. 10). This cycle is coupled with 2.4 m and 3-5 m
cycles, respectively (i.e. approximately 6:1) in both depth
intervals, which is a similar ratio to that of short eccentri-
city and precession periods (ca. 5:1). The mean deposition
rate in C5Dr.1r (depth 121-85 m) is 18 cm/ky (Tab. 2);
thus, the 15 and 2.4 m cycles should represent ca. 13 and 82
ky, respectively (compared to the durations of precession
and eccentricity of 20 and 100 ky, respectively). We con-
sider the agreement of these calculated and theoretical dur-
ations to be plausible because the deposition rate in the
cores was not constant (Tab. 2).

However, a considerable misfit in HD50 was found in
the MZ1 zone (C5Dn) at depths of 85-40 m with a mean
deposition rate of 14 cm/ky, according to magneto-
stratigraphy; in this case, the 27 m and 3 m cycles (Fig. 10)
would represent nearly 200 ky and 20 ky, respectively, of
which the former is too long for short eccentricity and the
cycle ratio is 9:1 instead of the 5:1 is too high as those ex-
pected for eccentricity and precession. There are three pos-
sible explanations for this misfit: a hiatus in the core, some
orbital signal missing in the MZ1, or a factor other than or-
bital control causing the K/Al variations in the MZ1 unit.
The hiatus hypothesis does not appear to be probable due to
the similar overall deposition rates in the lower and upper
parts of HD50 (Tab. 2) and the good correlation of the K
depth profiles in all cores (Fig. 7). The two hypotheses of
disturbed orbital control are discussed below.

Discussion

Upgraded definition
of the Holesice/Libkovice boundary

The chemostratigraphic scheme that was previously pub-
lished for the Libkovice Member (Matys Grygar & Mach
2013a, b; Matys Grygar et al. 2014) is based on the assump-
tion that these sediments were deposited in a single lake
whose geochemistry was driven by basin-wide environ-
mental changes. Extending that scheme to the basin periph-
ery and to periods prior to the development of the
basin-wide lake (the HoleSice Member) is thus challenging
because it is assumed that the basin-wide lake was preceded
by several isolated water bodies (Mach et al. 2014). The
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previously described site-specific features in the sediment
geochemistry (i.e. Fe/Al ratios, Sr patterns, and changes in
the clay mineral assemblages in the early stages of clastic
deposition above the main coal seam) support the model of
unconnected depocentres in the early stages following the
coal-forming period. However, we succeeded in identify-
ing the HoleSice/Libkovice boundary in HD50 and the
Teplice-Usti nad Labem area using the following criteria:
(1) the CEC step to stable values > 0.1 mmol Cu/g (Fig. 6),
(2) the CEC step is within or immediately above a prom-
inent K/Al minimum (K2 in Fig. 7), and (3) the CEC step
is located immediately above an inverse/normal magnetic
polarity reversal (MZ0/MZ1 boundary in Fig. 8). The cor-
responding K/Al minimum (K2) is surrounded by two nearly
equally spaced K/Al minima, one of which is lower and
is located near the top of the main coal seam (K1) and
another which is higher and is associated with the C1 hori-
zon (K3). The magnetic polarity reversal MZ0/MZ1 is
a firm basis for our correlation scheme, as its record
is independent of the hydrological connectivity of indi-
vidual depocentres.

The successful identification of the HoleSice/Libkovice
boundary and K1 below that boundary in all of the studied
depocentres supports our hypothesis that the lacustrine de-
position in the Most Basin may reflect regional environ-
mental/climate changes that might have controlled the K
variations in the Libkovice Member. The identification of
the HoleSice/Libkovice boundary is a basis for the further
evaluation of the sedimentary environment in the Most
Basin in the following sections.

Evolution of the local lake in the Bilina area

Cores LB297 and LB432 include 100 and 120 m, respect-
ively, of fine clastic deposits located between the main coal
seam and the uppermost sands of the Bilina delta (labelled
BR in Fig. 2B). The sediments in these two cores can be
correlated using CEC and element logs (Figs 3, 7), assum-
ing that the fine sandy sediments of the Bilina delta repre-
sent a rapid deposition event. The alteration between finer
(clayey) and coarser (silty to fine sandy) sediments is simi-
lar in both cores due to their proximity (i.e. the distance
between LB297 and LB432 is less than 1 km).

The magnetic polarity dating of LB432 (this paper) and
HK591 (Matys Grygar et al. 2014) and their
chemostratigraphic correlation (described in the Results
section) allowed an age model to be proposed for the Bilina
local lake, Bilina delta, and BieStany clay sediments in drill
core LB297 (Fig. 11). The Bilina local lake deposits in the
LB cores were formed between the end of the C5Er chron
and the C5Dr chron. The Bilina local lake that was docu-
mented during coal prospecting is approximately 3 km
wide (N-S) and at least 1-3 km long; however, its western
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edge is poorly constrained due to insufficiently detailed
borehole documentation.

The most turbulent periods in the Bilina Mine area oc-
curred during the C5Dr chron, in which the sandy/silty
Bilina delta heteroliths were deposited and then covered by
the Bfestany clay during the subsequent large (basin-wide)
lake transgression. The deposition of the local lacustrine

strata was uneven, with an apparently low net deposition
rate of the Bilina delta sediment in the early part of C5Dr.
The mean deposition rate during the entire C5Dr chron
was 67 cm/Ky (Tab. 2), in contrast, the BfeStany clay in
the upper part of C5Dr had a mean deposition rate of
10-15 cm/ky, based on the spacing of the siderite beds
(2-3 m) and the assumption of their precession pacing
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(ca. 20 ky). We offer two possible explanations, which
may be interrelated: either erosional hiatuses are likely to
be present in the delta bodies or underlying local lake de-
posits exhausted the potential of the underlying peat com-
paction. In the Bilina delta area, peat compaction caused
the stepwise progradation of clastic deposition (Dvorak &
Mach 1999, Mach et al. 2013). The termination of peat
compaction by the early stages of clastic deposition was
also demonstrated in Polish coal mines by Widera (2016b).
The assumption of a low net deposition rate during C5Dr in
the Bilina Mine area is also supported by the fact that the
overall thickness of the deposits of MZ0 in core HD50 is
greater than that in LB297 (Fig. 8); although the lower
boundary of MZ0 was identified in HD50, its deposits are
thicker than the entire MZO0 in the Bilina Mine area.

The timing of the uppermost Bilina delta heteroliths is
constrained between the top of C5En (18.056 Ma) in
HK591 and LB432 and the age of 17.7 Ma, which was esti-
mated using the top of C5Dr and the duration of the
Brestany clay deposition (Fig. 5).

Deposition in the Most area

All of the drill cores obtained in the Most area only covered
the lowermost part of the clastic strata above the main coal
seam, because coal prospecting in that area ended before
we started our work. Drill core AL405 was obtained from
the second overburden mining bench of the VCSA Mine
(Fig. 1). It included 72 m of low-CEC, clayey strata with
high Sr contents, which are typical features of the HoleSice
Member in the Bilina Mine area. The K/Al ratios in AL405
did not allow for correlation with the other cores because
the record was apparently too short to obtain a sufficient
number of K minima (Matys Grygar 2010). We interpret
the relatively thick kaolinite-rich strata in AL405 to re-
present a distal part of the Bilina delta, which could con-
strain the size of the Bilina local lake, which was probably
in its terminal stage before the large (basin-wide) trans-
gression.

The main coal seam in cores HY440 and HO880 from
the northern foreland of the VrSany Mine is covered by at
least 30 and 50 m, respectively, of high-CEC clayey strata
with high Sr contents representing broad featureless max-
ima. We interpret the difference between the CEC values
of these two cores and those in AL405 to reflect deposition
in separate or otherwise distinct water bodies with different
water residence times. The VrSany Mine area was not in-
fluenced by the Bilina lake/delta as much as the area of the
VCSA Mine was. On the other hand, the fine deposits of
the central river above the main coal seam (CR in Fig. 2A)
have higher CEC values than the Bilina river deposits in
the Libou$ Mine area (lowermost clastic strata in DO546;
Fig. 6).
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Deposition in Haj u Duchcova

Core HD50 yielded uniform grey silty clays that occasion-
ally contained irregularly spaced beds with elevated sid-
erite contents and trace fossils (Planolites montanus). The
K (or K/Al) and CEC depth profiles allow the Hole-
Sice/Libkovice boundary to be identified (Fig. 3) and the
magnetic polarity zones to be assigned to chrons (Fig. 8).
However, neither the Bilina delta heteroliths nor siderite
beds similar to those in the Bfestany clay were identified in
HDS50. The dated record from this core is shown in Fig. 12.
The mean deposition rates were 18 cm/ky during C5Dr.1r
and 15 cm/ky during C5Dn (Tab. 2). The downward extra-
polation of these values gives an estimate of 17.8 Ma for
the end of coal formation, which is similar to the estimate
obtained for the uppermost Bilina delta heteroliths in
LB297 in the Bilina Mine area. We thus interpret the depo-
sits in core HD50 that are located immediately above
the main coal seam to represent the distal part of the final
stages of the Bilina delta, which laterally correspond to the
lower part of HK591 and all of AL405.

Deposition in the Teplice-Usti nad Labem area

Three cores were retrieved between Teplice and Usti nad
Labem. In two of the cores, A24 and ZUSA, magnetic polar-
ity analyses were successfully performed (Fig. 8). From the
top of the coal seam to a depth of ca. 80 m in ZUSA, the
clay strata are occasionally finely laminated, similar to the
fine HoleSice sediments in the Bilina Mine area. The over-
lying strata of the Libkovice Member are massive and con-
tain trace fossils of Planolites montanus. The sediment in
core A26 was similar but lacked most of the chemostrati-
graphic variations that were found in A24 and ZU5A. The
first few metres of sediments immediately above the main
coal seam in all three drill cores were disturbed by a roof
fall, because those cores entered locations of historical
deep coal mining. However, we identified the minimum
K1 (Fig. 7) and excursions of C5Dr.1n in the lowermost
parts of A24 (Fig. 8), which proves that it records similar
timing of the termination of coal formation as in the H4j
u Duchcova area.

Comparison with the Libous Mine area

The previous study of cores from the Libou§ Mine area
showed an abrupt K minimum, which was denoted as K1,
immediately above the main coal seam (core DO546 in
Figs 6, 7). In addition, the CEC depth profiles in the lower-
most part of the clastics above the main coal seam in the Li-
bou¥ Mine area and the Teplice-Usti nad Labem cores
ZUSA and A24 from the opposite part of the Most Basin
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Figure 11. The age model for
sediments above the main coal
seam in the Bilina Mine area in
core LB297. The magnetozone
boundaries were extrapolated
from HK591 and LB432. Ab-
breviations: BC - Bfestany
clay; BD — Bilina delta sands;
DC - dark clays.
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are very similar (Fig. 3). We interpret these similarities to
reflect the same timing of the termination of coal formation
in the Libous Mine area as in H4j u Duchcova and the Tep-
lice-Usti nad Labem area.

Possible causes
of basin-wide lake transgression

The climate before the MCO was relatively dynamic. The
Antarctic ice sheet (AIS) became unstable ca. 17.8 Ma, and
its extent decreased and varied until 16 Ma (Levy et al.
2016). The disruption of the carbon cycle before the MCO
was started by the progressive shift in benthic §'°C that
started in the C5Dr.1r subchron (Kochhann er al. 2016),
which was coeval with the Bfestany clay deposition during
the major lake transgression in the Most Basin. According
to the detailed climate reconstruction presented by Utes-
cher et al. (2012), NW Europe experienced an increase in
the mean annual precipitation (without an increasing mean
annual temperature) from ca. 17.8 Ma to its Miocene max-
imum ca. 17.0 Ma. The basin-wide lake in the Most Basin
thus formed under climatically favourable conditions of
enhanced precipitation, which we assume was controlled
by global climate change.

The possibility of tectonic control over depositional se-
quences is expected in sedimentary basins (Uliny et al.
2014, Valero et al. 2017). Rajchl et al. (2009) assumed that
the peat accumulation in the Most Basin was terminated by
increased tectonic subsidence and a deposition rate that
was several times larger during clastic deposition; how-
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ever, they did not present a reliable age model that sup-
ported their conclusion. The magnetostratigraphy-based
mean deposition rates (Tab. 2) do not vary dramatically
over time, except for MZO0 in the Bilina Mine area; how-
ever, this was a relatively local phenomenon with respect
to deposition in Haj u Duchcova (HD50). The deposition
rates in the early stages of clastic deposition above the
main coal seam were similar regardless of the actual time
and depositional area. We attribute this to peat compaction
driven by the overlying clastics, which inevitably contrib-
uted to the final subsidence of the basin floor. The import-
ance of peat compaction to the local architecture of
coal-basin fill is well known (see Geological Setting for
references), but the broader geographic impact of peat
compaction can also be expected to play a role. For ex-
ample, the compaction of underlying peat has substantially
contributed to recent basin floor subsidence in the Rhine
delta, where the tectonic- and peat compaction-driven con-
tributions to the net basin-floor subsidence during the
Holocene are comparable (Van Asselen 2011). We thus
hypothesize that subsidence-driven peat accumulation in
the Most Basin was terminated by the climatically en-
hanced clastic input at approximately 17.8 Ma and was not
exclusively controlled by tectonics. The E-W-oriented
Bilina fault (Rajchl er al. 2008) south of the Bilina Mine
probably caused the largest local lake in this part of the
basin to form nearly a million years earlier.

To judge the hypothesis of the tectonic trigger of the
peatland-to-lake transition proposed by Rajchl er al
(2009), we can estimate the duration of the peat accumula-
tion period in the Most Basin. Fejfar er al. (2003) assigned
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Figure 12. Age model for the HD50 core based on the C5Dr.nl,
MZ0/MZ1, and extrapolated age for K3. Abbreviations “BC” and “BD”
stand for lateral analogues of Bfestay clay and Bilina delta sands.

palaeontological remains at the base of the main coal seam
to the European mammal zone MN3, which started at
20.5 Ma (Schlunegger et al. 2007). The peat accumulation
would thus have lasted less than 2.7 My. The main coal
seam in the Most Basin is typically 30—35 m thick, but this
could have represented a ca. 220-m-thick layer of peat
prior to its diagenetic compaction, for which a 7:1 ratio was
found by Hurnik (1972). The peat deposition rate would
thus be larger than 8 cm/ky, which is similar to the rate of
the subsequent clastic deposition (Tab. 2). Although those
estimates are rather coarse and represent a maximum dur-
ation and minimum deposition rate of the peat accumula-
tion, they do not support tectonically enhanced subsidence
as a cause of the basin-wide lake transgression.

The spectral analyses of HK591 and HD50 confirmed
the orbital control over sediment geochemistry during the
basin-wide lake transgression (Figs 9, 10), which is similar
to that observed in the middle and upper parts of the
Libkovice Member deposits (Matys Grygar et al. 2014).
However, we repeatedly found discrepancies between the
magnetostratigraphy- and cyclostratigraphy-derived esti-
mates of the mean deposition rates around the K3 min-
imum, described in the Results for the HD50 core. The as-
signment of the polarity zone MZ1 to chron C5Dn, which
is possible in all currently available records (Fig. 8), pro-
duces a mean deposition rate of 15 cm/ky (Tab. 2). Then,
the wavelength of ca. 27 m found in that interval in HD50
(Fig. 10, at a depth of 60—70 m) would require a cycle dur-
ation of 180 ky, i.e. ca. twice as long as a short eccentricity,
while the wavelength of 3.2 m (the second prominent cycle
at a depth ca. 60 m) would imply a cycle duration of 21 ky,
which is attributable to precession. This discrepancy can
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thus be interpreted to reflect the missing record of one short
eccentricity cycle in the sedimentary record. Further
analysis of the Most Basin deposits will be necessary to
support the “missing eccentricity cycle” explanation, but
we prefer this conclusion based on all accessible facts.

Another hypothetical explanation for the observed dis-
crepancy in HD50 could be another reason than the orbital
control of the long-term K variation in the Most Basin. The
interpolated age estimate for the K3 minimum of ca.
17.35 Ma (ATNTS2012 timescale) is within the age inter-
val of the Kumburk and Zebin lava flows in the eastern part
of the Ceské Stiedohoti Mts. (Cajz et al. 2009). The K3
minimum is associated with the C1 crandallite horizon
(Fig. 6), for which a volcanic trigger has been proposed
(Noviak et al. 1993). We could thus hypothetically attribute
the K3 minimum to a volcano-tectonic control that inter-
mittently overwrote the climatic signal in the Most Basin
sedimentary record. However, there is currently no evi-
dence of the occurrence of such a massive volcano-tectonic
event in the Most Basin catchment that could have pro-
duced not only a few cm-thick crandallite horizons but also
a few metres thick layer of clastic sediments with an ele-
ment composition that is markedly changed enough to pro-
duce the K3 minimum.

The most robust verification that the termination of
peat accumulation in the Most Basin was caused by climate
change and not by local tectonics would be a comparison of
our results with similarly detailed and firmly dated records
from other sites. We are not aware of the existence of such
records in other basins; however, we believe that the period
of time immediately preceding the MCO will be studied
further and that this comparison will soon be possible. The
period immediately preceding the MCO has recently at-
tracted the attention of several researchers (Kochhann ez al.
2016, Levy et al. 2016). This interest is likely to persist at
least unless the triggers of the MCO can be recognized, the
possible uncertainty of the ATNTS2012 timescale
(Kochhann et al. 2016) can be clarified, and the
Burdigalian stratigraphy of other large depocentres in the
ECRIS can be corroborated (Reichenbacher et al. 2013).

Conclusions

The clastic sediments above the main coal seam of the
Most Formation record changes in magnetic polarity and
the environment in the lake catchment that were mostly
controlled by orbital forcing. This combination makes the
Most Formation a valuable environmental archive of the
period preceding the major warming in the Miocene. The
local lake in the Bilina Mine area existed for more than
0.5 My between 18.5 and 18.0 Ma and was surrounded by
vast peatlands. This lake underwent a transitional phase
between 18.0 and 17.7 Ma that resulted in the expansion of
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the local lake and the intermittent decreases of the clastic
deposition rate in the Bilina Mine area. After ca. 17.8 Ma,
the basin-wide lake formed; this occurred coevally through-
out all of the study sites in the Most Basin within the accur-
acy of the age model. This change terminated peat accumu-
lation in the Most Basin, and the compaction of peat by
fluvial clastics, rather than tectonics, caused the basin floor
subsidence that made it possible to record the effects of cli-
mate change. The 17.8 Ma event coincided with the melt-
ing of the Antarctic ice sheet before the Miocene climatic
optimum, which was dated by Levy et al. (2016), and the
start of increasing mean annual precipitation in Europe
(Utescher et al. 2012). Further comparisons with other in-
dependent environmental archives are necessary to con-
firm that the evolution of the Most Basin was controlled by
climate and not by tectonics.
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