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Route (Fig. 1): From Krakéw we drive NE by road 776
to Skalbmierz, then by road 768 to Dziatoszyce, where we
turn onto road 64T to Chroberz. Then by local roads we
arrive to the hill near abandoned quarry at Gacki (A2.1).
From Gacki we follow east by local roads (ca. 2 km) to the
Leszcze quarry (A2.2). From Leszcze south by local roads
(ca. 4 km) to Zago$¢-Winiary road cut in the escarp-
ment of the Nida river valley (A2.3). Then by local roads
through Skorocice and Siestawice to Busko-Zdréj (ca. 12
km), to hotel “Gromada”, Warynskiego 10. From Busko-
Zdréj by local roads to SW, to abandoned quarries at
Sieslawice (A2.4). From Siestawice to SW by road 973 to
the round-about crossing with 776, where we turn right.
After ca. 9 km we turn east onto local roads to abandoned
gypsum stone pits at Gory Wschodnie nature reserve at
Chotel Czerwony-Zagorze (A2.5). After returning to road
776 we continue south to the town of Wislica (car parks)
and walk to Wislica-Grodzisko (A2.6) at the SE outskirts
of the town. From Wislica we drive to NW by local roads
to Krzyzanowice Dolne (lunch at OSW Zacisze). From
Krzyzanowice Dolne we drive N by local roads through
Kowala to Pasturka, then NW by road 767 to Pinczow
and by local roads through Wlochy to the Borkow quarry

(A2.7). From Borkéw eastward by local roads through

Pinczéw to road 7 (E77) and we follow it to Krakow.

Introduction to the trip

The Nida Gypsum deposits - the record
of the Badenian salinity crisis

in the northern margin

of the Carpathian Foredeep Basin

Maciej Babel, Danuta Olszewska-Nejbert

Introduction

The Badenian salinity crisis, known also as the Wieli-
cian crisis, was a crucial event in the Miocene history of the
Central Paratethys. The Middle Miocene (Badenian) seas
occupying the area of the emerging Carpathian orogen lost
their open connection with the Mediterranean Sea and were
transformed into evaporite basins (Fig. 2A; Peryt, 2006).
The widespread evaporite deposition has taken place at that
time in the Carpathian Foredeep Basin developing in front
of the advancing Carpathian thrust belt (Oszczypko et al.,
2006). In this basin gypsum deposits were formed mainly

on the broad platformal marginal zone (Fig. 2B).
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Fig. 1. Route map of field trip A2.

In Poland, the largest group of outcrops is situated
in the Nida river valley in the area known as Ponidzie.
These evaporites, named the Nida Gypsum deposits, and
known also as the Krzyzanowice Formation, are repre-
sented by spectacular primary gypsum deposits which
include selenite facies comparable to the famous Messin-
ian selenites of the Mediterranean. The Nida Gypsum
deposits are the best studied part of the Badenian
sulphates in the Carpathian foredeep. Their outcrops

offer an excellent insight into ancient sedimentary

Nida Gypsum succession

facies and environments of the giant-selenite dominated
margin of the evaporite basin. The presentation of these

unique facies is a primary aim of the field trip.

Regional geological background

The Nida Gypsum deposits are a part of the Cenozoic
(Miocene) infill of the Carpathian foredeep, which at
Ponidzie covers eroded Mesozoic substrate of the south-
ern structural margin of the Holy Cross Mts. The Juras-
sic and Cretaceous carbonates forming this substrate
were tectonically deformed and uplifted during the latest
Cretaceous and Paleocene, and were subjected to inten-
sive weathering and erosion in Paleogene and Miocene
times (Fig. 3; Jarosinski et al., 2009).

Then, in Badenian time (Middle Miocene, Para-
tethyan equivalent of late Burdigalian, Langhian and
early Serravallian, Fig. 4), the Nida area was flooded
with marine transgression coming from the side of the
Carpathian foredeep. The biostratigraphic and sedimen-
tologic studies suggest that the marine deposits cover-
ing the Mesozoic substrate can represent the second of
the three major Badenian transgressive events in the
Central Paratethys (i.e. the “major transgressive event
within NN5”; Kovace et al., 2007; or “the Mid-Badenian
transgression”; Hohenegger et al., 2014), characterized

by dominant planktonic foraminiferal assemblages with
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Fig. 2. Palaeogeography during the Badenian salinity crisis (A - after Rogl, 1999), and present-day distribution of the Badenian evaporites
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Praeorbulina glomerosa circularis (Blow) and Orbulina
suturalis Bronnimann (Alexandrowicz, 1979; Osmolski,
1972; Dudziak and Luczkowska, 1992; Kovac et al., 2007;
D. Peryt, 2013a; Paruch-Kulczycka, 2015). The deposition
of the Badenian evaporites in the Ponidzie region started
later and has been arrested by the next marine flooding,
correlated with the last major transgressive event in the
Central Paratethys, in late Badenian (Kovac et al., 2007).
In Ponidzie this last Badenian transgression has led to
deposition of marine marls of the Pecten Beds overlying

the gypsum deposits (Sliwinski et al., 2012).

Miocene Central Paratethyan stratigraphy

The Neogene (Miocene) Central Paratethys was poor-
ly connected with the ocean. Restricted faunal exchange
and evolution of endemic species hamper biostrati-
graphic correlations between the Paratethyan and the
Mediterranean deposits. The Neogene stratigraphy of the
Central Parathetys is established according to the local

stratigraphic scale and the deposits discussed during

the field trip embrace two regional Paratethyan stages:
the Badenian and the Sarmatian. The chronology of the
Badenian, its subdivision into substages, and the age of
the Badenian-Sarmatian boundary, are highly controver-
sial and are a subject of the ongoing debate (Fig. 4; Kovac
et al., 2007; Sliwinski et al., 2012; Hohenegger et al., 2014;
Wagreich et al., 2014). In this paper we use the traditional
subdivision of the Badenian in the Polish Carpathian
Foredeep into the Lower, Middle and Upper Badenian,
where the Middle Badenian is coeval with the time of

evaporite deposition.

Chronology of the Badenian salinity crisis
Biostratigraphic and radiometric data indicate that in
the Carpathian Foredeep Basin, the salinity crisis took
place in the earliest part of the Neogene Nannoplankton
Zone 6 (NN6: Discoaster exilis Zone), i.e. in the earli-
est Serravallian (Peryt, 1999; Garecka and Olszewska,
2011), and it lasted much less than 940 ky (Sliwinski et
al., 2012). Sedimentological data suggest that the crisis
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could be very short, only 20-40 ky in duration. Accord-
ing to radiometric dating of the pyroclastic deposits
underlying, overlying and intercalating the evaporites
in the Carpathian Foredeep, deposition of the Badenian
evaporites started shortly after ca. 13.81+0.08 Ma, their
deposition continued at ca. 13.60+0.07 Ma, and it ended
before ca. 13.06+0.11 Ma (Fig. 4; de Leeuw et al., 2010;
Bukowski, 2011; Sliwinski et al., 2012). The salinity crisis
was apparently preceded by climate cooling correlated
with the global oxygen isotope event Mi3b (de Leeuw et
al., 2010; Peryt and Gedl, 2010; D. Peryt 2013a).

Characteristics of the evaporites,
paleogeography and model of the basin

The Carpathian Foredeep Basin is the largest Bade-
nian evaporite basin in the Central Paratethys (Fig. 2B).
The Badenian evaporites in this basin form one horizon
of gypsum, anhydrite and halite deposits, up to a few tens
of metres thick. The marginal gypsum deposits include
extensive accumulations of selenites. The central axial
areas of the basin were dominated by the laminated
Ca-sulphate facies, clay and halite. This was presumably
deeper zone of the basin (Fig. 5A; Kasprzyk and Orti,
1998; Babel and Bogucki, 2007). The basin comprised
several subbasins; halite subbasins along the axis of the
foredeep and less pronounced gypsum subbasins in the
northern margin of the basin, commonly considered to
be a part of a giant sulphate platform or ‘shelf’ (Kasprzyk
and Orti, 1998). Presumed shoals and islands appar-
ently lay in between and within the subbasins, and their
position could change with time. The large area devoid
of evaporite deposits, near Rzeszoéw, was interpreted as
an island (Rzeszéw Island; Figs 2B, 5A), and the area
between this island and the Miechow Upland as a broad
uplift or semi-emerged barrier separating sulphate and
halite subbasins during deposition of the selenite facies
(Becker, 2005; Babel and Becker, 2006; Babel and Bogu-
cki, 2007). The Nida Gypsum deposits occupied the north
side of this barrier, at least during the selenite deposition
(Fig. 5A).

The gypsum basin was a depression without open-
water connections with the seas and with the water
level lowered below the global sea level due to evaporite
drawdown a few tens of meters deep (Fig. 11D; Pervyt,
2001, 2006; Babel, 2004, 2007b; D. Peryt, 2013b). Such an
interpretation fits to the fact that the areal extent of the
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evaporites in the Carpathian Foredeep Basin is remark-
ably smaller than both, the under- and overlying marine
Badenian deposits. This concept fits also geochemical
data, and works very well for the event stratigraphic and
facies analyses of the gypsum deposits (Babel, 2005a, b).
The evaporite basin was similar to saline lakes, where
water level changes independently on the global seawater
level changes, and commonly more rapidly and irregu-
larly than the sea level. Thanks to high accommodation
available in such a basin, an extremely shallow water
deposition could continue for a long time without any
substantial erosion. The Badenian gypsum facies are
indeed very similar to those recorded in modern coastal

marine salinas (Kasprzyk, 1999).

The Nida Gypsum deposits

The Nida Gypsum deposits occupy the territory of
three tectonic units: the Polaniec Trough, the Wdjcza-
Pinczéw Horst, and the Solec Trough (Fig. 3). Formation
of these structures is related mainly to the post-evaporit-
ic late Badenian and to some degree to the Sarmatian and
later faulting (Czarnocki, 1939; Rutkowski, 1981; Krysiak,
2000; Jarosinski et al., 2009). Gypsum beds lay more or
less horizontally and reach the thickness of nearly 52 m
in boreholes, though this thickness was not corrected for
dip. In Borkéw quarry, they are 37 m thick, and this is
the largest thickness observed in outcrops. The sequence
of the Nida Gypsum deposits is bipartite. The upper part
is mostly clastic and represented by microcrystalline and
fine-grained gypsum. This part of the sequence, called
allochthonous, clastic or microcrystalline unit, is mostly
eroded, mainly in the Quaternary. The lower part of
the sequence is chiefly composed of coarse-crystalline
gypsum (selenites) and is called autochthonous or selenite
unit. This unit is better preserved and exposed. Anhy-
drite is absent and clay intercalations are quite common.
In some places limestone occurs, and such limestone
body at Czarkowy (6 km SSE of Wislica) contained
native sulphur exploited in the 18" through 20" centuries
(Fig. 3; Osmolski, 1972).

Stratigraphy of the Badenian gypsum basin
Lithostratigraphy. The gypsum section comprises

a set of thin layers showing the same characteristic

features, and the same constant sequence in the north-

ern margin of the Carpathian Foredeep Basin from the
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Ponidzie region in Poland as far as environs of Horo-
denka in Ukraine, and also to the Czech Republic. These
layers, representing the smallest-scale lithostratigraphic
units, have been first recognized in the Nida area by Wala
(1980, and earlier papers) who designated them by letters
from a to r (Figs 5B, 7A, 8A, 9A, 12A, 17-18). The layers
can be grouped into larger lithostratigraphic units recog-
nized by Kubica (1992) in drill cores in the northern part
of the Badenian basin, and designated by capital letters
from A to G (Figs 5B, 17).

Event stratigraphy. Methodology of event stratig-
raphy applied to the Badenian gypsum deposits in the
entire basin, permitted to recognize several marker beds
and to connect them with isochronous basinal events
(Peryt, 2001, 2006; Babel, 1996, 2005a). Two types of
isochronous surfaces (“time lines” designated A, C/D, Tb,
Td, G/H, L1, FI; Figs 5B, 17) were distinguished: high-
quality and low-quality isochronous surfaces. The former
represent short-term events not connected with dissolu-
tion and/or erosion. They are represented by dust or ash
falls (Th, Td) and growth zoning of selenite crystals (A).
Low-quality isochronous surfaces are connected to basin-

wide events of slowed deposition, non-deposition and/or

Facies analysis

Facies analysis was performed using the facies defi-
nitions based on the original concept of mechanisms of
deposition (Mutti and Ricci Lucchi, 1975). In the case
of in situ grown selenites, the crucial depositional mech-
anism was syntaxial bottom-growth of crystals. Basing
on the main mechanisms of deposition, several facies
and subfacies can be distinguished in the Nida Gypsum
deposits (which comprise gypsum, clay and carbonate
sediments, Tab 1). Only the facies presented during the
field trip are described below.

Giant gypsum intergrowths. Description: This
facies is composed of large crystals (up to 3.5 m long),
commonly arranged vertically and forming intergrowths
similar to the 101 twins. The facies does not exhibit layer-
ing except for rare dissolution surfaces. Two subfacies
are distinguished according to crystal arrangement: the
giant intergrowths with palisade and with non-palisade
structure. Within the palisade intergrowths, two subor-
dinate subfacies, showing different crystal structures are
recognized: the skeletal and the massive intergrowths.
The rare clay subfacies is built of isolated intergrowths

and their aggregates (<0.5 m in size) placed in black lami-

erosion-dissolution (C/D, G/H, L1, FI). nated clay.
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Interpretation: This facies was created almost exclu-
sively by upward bottom growth of gypsum crystals
permanently covered with Ca-sulphate saturated brine
(Babel, 2007b; see also Fig. 11E). The coarsest crystals,
especially those lacking dissolution features, grew in the
deepest zones of perennial saline pans, below an aver-
age pycnocline, at a depth not accessible to meteoric
water. Because of low supersaturation, and/or organic
compounds inhibiting the crystallization, gypsum
nucleation was sparse and the crystal growth was mostly
syntaxial. The protracted period of upward growth led
to formation of extraordinarily large crystals. In the clay
subfacies, this growth was accompanied by simultaneous
clay deposition.

Selenite debris. Description: The debris is a mixture
of clay and broken, abraded and dissolved crystals, up to
0.5 m long. The debris fills depressions between apices
of intergrowths which are flattened by dissolution. The
debris is overlain by the grass-like gypsum subfacies with
clay intercalations. The deeper depressions contain small
aggregates of lenticular crystals grown in situ within clay.

Interpretation: The debris is a kind of regolith and is
a product of emersion and destruction of the original
palisade selenite crusts by atmospheric agents and by
weathering in a coastal “sabkha-like” flat, periodically
flooded with meteoric waters loaded with clay. The debris
accumulated in the coastal zones of the shrinking saline
pans, with fluctuating water level.

Grass-like gypsum. Description: This facies is char-
acterized by thin layering (<25 cm) and grass-like struc-
tures usually formed by a single generation of bottom-
grown gypsum crystals. They create crusts 0.1-20 cm
thick, intercalated with layers of fine-grained gypsum
and/or clay. Larger grass-like crystals are similar in
morphology to the giant intergrowths. The grass-like
facies encloses four subfacies: (I) with crystal rows, (II)
with stromatolitic domes, (III) with clay intercalations,
and (IV) with alabaster beds.

Interpretation: This facies was deposited by two alter-
nately acting main mechanisms: (I) syntaxial bottom-
growth of large crystals, and (II) microbialite, clastic,
or pedogenic gypsum deposition. The facies was formed
in shallow periodically emerged saline pans or flats. The
thickest selenite crusts intercalated with fine-grained
gypsum were deposited at a depth that could be only occa-

sionally reached by meteoric water and represent rela-
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tively deeper brines. The thinnest selenite crusts (<5 cm)
intercalated fine-grained gypsum represent ephemeral
saline pans passing into evaporite shoals.

Gypsum microbialites (gypsified microbial mats).
Description: The facies is represented by layers of fine-
crystalline gypsum showing wavy crenulated lamination
and fenestral structures filled with coarse-crystalline
gypsum cement transparent-to-honey in colour which is
due to included organic matter. Such deposits commonly
form thin intercalations within the grass-like facies and
they appear in the layers c and m1. The lamination later-
ally disappears (commonly in layer ¢) and the facies pass-
es into homogeneous or slightly nodular alabaster.

Interpretation: The layers represent gypsified micro-
bial mats. They were deposited on a semi-emerged evapo-
rite shoal at the margins of ephemeral to shallow peren-
nial saline pans. The presence of such pans is recorded by
thin grass-like selenite crusts, intercalated with gypsum
microbialite deposits. Alabaster deposits associated with
gypsified microbial mats are interpreted as pedogenic
sediments formed during emersion of evaporite shoals,
or as deposits of thin brine sheets.

Sabre gypsum. Description: This facies is character-
ized by curved (“sabre”) crystals (10-95 cm long; Fig. 5B,
C) and thick bedding (0.2-1.5 m). The crystals started to
grow vertically and then curved laterally due to crystal
lattice twisting. Minute 100 twins are commonly ‘nuclei’
of sabre crystals. A characteristic feature of this facies is
concordant orientation of crystal apices traceable over
long distances and presumably reflecting the direction
of bottom brine currents. Locally, a few meters high and
>10 m wide domal structures occur. The sabre gypsum
encloses: flat bedded subfacies, entirely built of bottom-
grown crystals, and wavy bedded subfacies, with bottom-
grown crystals scattered within flat-to-wavy laminated
fine-grained gypsum commonly showing microbialite
domal structures. Selenite nucleation cones are common
in this facies.

Interpretation: The flat bedded subfacies was created
by syntaxial bottom growth of crystals associated with
frequent formation of new individuals. The new crystals
accreted on surfaces of older ones, especially on their
upper faces. This subfacies was deposited in brine more
than 1 m deep. Such a depth was necessary for existence
of permanent density stratification maintaining bottom

growth of large crystals and giant domes, which are
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primary forms. This growth was disturbed by refresh-
ments, connected with the drop of the pycnocline in
a perennial saline pan, recorded by dissolution surfac-
es, and microbial gypsum deposition which indicate
a relatively shallow depth. The wavy bedded subfacies
were deposited in a similar environment, but are asso-
ciated with both, mechanical and microbialitic deposi-
tion of fine-grained gypsum. The fine-grained gypsum
remained mostly uncemented and soft and it was subject-
ed to deformations, which included both compactional
deformations and gravity creep and slumps. Intercala-
tions of debris flow deposits are noted in this facies.

Selenite debris flow. Description: This facies consists
of broken, abraded and/or dissolved gypsum crystals
scattered within a matrix of fine-grained gypsum. The
clasts, mostly fragments of elongated sabre-like crys-
tals, commonly show horizontal orientation. The facies
appears in layers, up to >1 m thick, associated with
microcrystalline and sabre gypsum facies.

Interpretation: The fabric of this facies and the occur-
rence of fine-grained matrix between the crystal clasts
suggest a debris-flow transport mechanism, although local
grain-flow cannot be excluded. Selenite clasts could derive
from the wavy bedded sabre facies and originally could
crystallize on basin slopes as loose aggregates, possibly
within microbial mats or soft microbialite deposits. These
selenites were then redeposited from there into deeper zones
of saline pans as slumps and debris flows. Crystal fragmen-
tation and abrasion took place during redeposition.

Microcrystalline gypsum. Description: This facies
includes many lithologic varieties (subfacies) which are
built of macroscopically invisible crystals. The most
widespread subfacies are thin laminated gypsum (with
laminae commonly less than 1 mm thick), alabasters or
compact gypsum, and breccias. Traces of bottom-grown
halite crystals (<1 cm in size) are present in some beds,
as well as evidence of their synsedimentary dissolution
both on the surface and within soft gypsum mud (Kwiat-
kowski, 1972). Slump and soft-sediment deformation
structures are very common. This facies locally contains
thick clay intercalations.

Interpretation: The microcrystalline facies represents
a subaqueous environment of a brackish-to-saline pan
(with fluctuating salinity), dominated by allochthonous
clastic deposition. The laminated gypsum was deposited

by fallout of gypsum grains from suspension clouds.
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Lamination and extremely small grain sizes suggest
acalm environment, though the presence of rare wash-out
surfaces and ripples indicates episodic action of strong
bottom currents. Each lamina may represent one flood
of run-off meteoric waters which swept out gypsum
detritus from emerged coastal flats composed of earlier
deposited gypsum sediments exposed to weathering
(Kasprzyk, 1999). Lack of bottom-grown gypsum crys-
tals and common soft-sediment deformations prove that
gypsum crystallized neither within sediment nor at the
sediment-water interface. Contrary to gypsum, halite
crystallized directly at the bottom, indicating that the

brine was saturated with NaCl at least temporarily.

Sedimentary environment

The distinguished facies, which correspond to the
lithostratigraphic units, represent various environ-
ments (from subaqueous and more or less shallow-brine
to subaerial) of a giant salina-type basin. The gypsum
layers, particularly in the autochthonous unit, origi-
nated in a vast flat-bottom zone of the basin. This area
was occupied by a system of variable perennial saline
pans (<5-20 m deep, dominated by selenite deposition)
and evaporite shoals (dominated by gypsum microbial-
ite deposition). The various morphologies and fabric of
the bottom-grown crystals in the giant intergrowths and
sabre gypsum facies, reflect different compositions and
properties of the brine in the separate saline pans evolv-
ing in time.

The layer-cake architecture of the gypsum facies
visible in the autochthonous unit, suggests that the basin
was infilled with evaporite deposits by vertical accretion
(aggradation). Aggradational deposition was controlled
by water or brine level fluctuations within the basin or
subbasins (Bgbel, 2007b). Because the basin was sepa-
rated from the sea by some emerged barriers (Fig. 11E),
these fluctuations were only weakly dependent on sea
level changes but were rather controlled by regional

climate.

History of sedimentation

Integration of facies analysis and event stratigraph-
ic studies allowed reconstruction of the sedimentary
history of the gypsum basin. After initial evaporite draw-
down, the northern margin of the basin evolved from

a large perennial saline pan (with deposition of the giant



31% TAS Meeting of Sedimentology Krakow 2015

gypsum intergrowths) into an evaporite shoal (with
grass-like gypsum deposition) and then back again into
aperennial pan (with sedimentation of the sabre gypsum).
Later, deposition of clastic gypsum prevailed. It was due
to a dramatic change in salinity and chemistry of the
water. This deposition was interrupted by a short return
to selenite deposition recorded in the northern part of
the evaporite basin by a thin bed of grass-like and sabre
gypsum (unit F in Figs 5B, 17). This event was preceded
by an inflow of marine water to the basin, documented
by foraminifers present in the underlying clays (D. Peryt,
2013b). Evaporite deposition was arrested by a flood of

marine waters and rapid deepening.

Paleogeography

The distribution of the facies and the other data
suggest that the relief of the Nida Gypsum basin raised
slightly towards the south, towards the centre of the evap-
orite basin, especially during the deposition of the lower
selenite unit. It was suggested that the broad morpho-
logical barrier elongated W-E separated the gypsum
depositional area in the north from the halite-dominated
zone and the halite subbasins in the south (Fig. 5; Babel,
2005b; Babel and Becker, 2006; Babel and Bogucki, 2007)
and the Nida Gypsum deposits (particularly the selenite

unit) formed on a broad northern margin of this barrier.

Badenian and Messinian selenite cycles

The vertical pattern of the Badenian selenite facies:
giant intergrowths > grass-like gypsum - sabre gypsum,
is similar to the Messinian selenitic cycle: massive
selenites > bedded selenites > branching selenites, and
both patterns were interpreted in nearly the same way,
i.e. as large-scale fluctuations of the water level, namely
highstand-lowstand-highstand cycle, in the basin with
a drawdown water level (Kasprzyk, 1993a; Babel, 2005b,
2007b; Lugli et al., 2010). The Badenian lowstand-high-
stand transition is associated with the rising trend in Sr
content of the selenite crystals and therefore it was inter-
preted as having a character of deepening-upwards and
also brining-upwards (Kasprzyk, 1994, 1999; Rosell et al.,
1998; Babel 2004, 2007b). This transition was also inter-
preted as the “autogenetic” or “autocyclic” transgression
characteristic of the post-drawdown phase in evaporite
basins (Rouchy and Caruso, 2006; Warren, 2006). The

Messinian cycles were interpreted as driven by cyclic
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climatic changes (i.e. periodic transitions: wet climate —
arid climate — wet climate) related to precessional chang-
es in the position of Earth orbit, and according to this
interpretation the selenite cycles record the time span of
ca. 21 kuy. typical of the precessional cycles. Such time of

deposition fits to the Badenian lower selenite unit as well.

Stop descriptions

A2.1 Gacki, pre-evaporite Badenian
marls and basal part of the Nida
Gypsum succession with the largest
giant crystal

Leaders: Maciej Babel, Krzysztof Nejbert,
Danuta Olszewska-Nejbert

A vast abandoned gypsum quarry at Gacki turned to
undeveloped recreation area with some ponds (Fig. 6).
The NE wall of the road cut at the entry is a protected
exposure presenting pre-evaporite Badenian marls and
basal selenite part of the Nida Gypsum succession, giant
crystal intergrowths up to 3.5 m long, sabre gypsum
facies, selenite nucleation cones, and evidence of post-
evaporite tectonics. (50°27°15" N, 20°35’18” E)

The Badenian deposits are cut by a vertical fault, with
a throw of ca. 13 m. Its east uplifted side is composed of
the early Badenian marine marls underlying the giant
intergrowths layer forming the top of the hill. The marls
are >15 m thick, and lay on eroded surface of Creta-
ceous (Campanian) marls, once exposed 300-350 m
SE, at the foot of the slope. The visible part of the Bade-
nian marls contains glauconite, pyroclastic intercala-
tions, mollusks - pectinids, the oyster Neopycnodonte
cochlear (Poli) — and foraminifers characteristic of
the regional biostratigraphic zone Uvigerina costai.
Below these marls, which are ca. 10 m thick, the older
Orbulina suturalis (=Candorbulina universa) zone was
documented (Luczkowska, 1974). The lower part of the
marls represents the standard Neogene Nannoplankton
Zone 5 (NN5, Sphenolithus heteromorphus Zone), and
the marls above, directly underlying the gypsum may
represent NN6 zone (Dudziak and Luczkowska, 1992).
The fossils indicate that marine sedimentation preceded
the evaporite deposition.

The giant intergrowths attract attention by exception-

ally large sizes of crystals which in this area are particu-
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Fig. 6. Detailed location of the field trip stops Gacki (A2.1), Leszcze
(A2.2) and Zago$¢-Winiary (A2.3).

Fig. 7. Outcrop at Gacki. A) View of the outcrop, the giant crystals
are outlined, B) the largest gypsum crystal (after Babel et al., 2010,

modified), C) selenite nucleation cones formed by sabre crystals.

larly large. The spectacular palisade of 1-2 m long crystals
is seen high in the wall of the outcrop. One crystal attains
the record size among the giant intergrowths and the
minerals of Poland. The specimen is 3.2 m in length. It
is partly destroyed and can be estimated as originally 3.5
long (Fig. 7A, B). This crystal is one of the two largest so far
documented in Poland and still preserved natural crystals.
The other crystal of the same estimated sizes is exposed in
the outcrop of the giant intergrowths in nearby Bogucice-
Skalki (Fig. 6; Babel, 2002a). The giant intergrowths are
a crystallographic curiosity recognized so far only in the
Carpathian Foredeep. Although similar to the contact 101
gypsum twins, the intergrowths differ from any twins in
lacking crystallographic symmetry between component
crystals (Fig. 8C, D). The other uncommon feature is the
primarily skeletal structure of the giant crystals.

The sabre gypsum facies is exposed in the west down-
thrown side of the fault. The sabre crystals show apices
turned in similar azimuths (to N and E), which is interpret-
ed as a paleocurrent indicator (apices are oriented upstream,
see Stop A2.4). The nucleation cone structures formed by
synsedimentary load deformation generated by the crystals
growing on the soft substrate are present in layer 4, and also
at the base of the giant intergrowths (Fig. 7A, B).

References to stop A2.1: Alexandrowicz (1967), Alex-
androwicz and Parachoniak (1956), Babel (1986, 1987,
1991a), Babel et al. (2010, 2013, with references), Dudek
and Bukowski (2004), Dudziak and Luczkowska (1992),
Luczkowska (1974), Osmolski et al. (1978).

the largest crystal .

giant intergrowths

crystal
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A2.2 The Nida Gypsum deposits
in the Leszcze quarry

Leaders: Maciej Babel, Danuta Olszewska-Nejbert,
Krzysztof Nejbert, Damian Lugowski,

Teresa Lisek!

ZG Kopalnia Gipsu “Leszcze” S.A
(teresa.lisek@dolina-nidy.com.pl)

This is a great active quarry (Fig. 6). Visits only by permis-
sion from the management. (Entrance to the quarry:
50°26" 59" N, 20°36°09” E)

We observe here the typical facies range of the Nida
Gypsum succession, with giant intergrowths showing
skeletal structures, grass-like gypsum with clay interca-
lations, gypsum microbialitic structures, sabre gypsum,
clastic microcrystalline and laminated gypsum, traces
after halite-solution, and gypsum breccias and megabrec-
cias related to halite-solution collapse and subsidence.

The pre-evaporite Badenian marls exposed in the
quarry, underlying the giant intergrowths layer similarly
as in stop A2.1, represent biostratigraphic zone Uvigerina
costai, recognized here in the sampled 1.6 m interval below
gypsum (D. Peryt, 2013a). The delphinid vertebra found in
these deposits (Czyzewska and Radwanski, 1991) confirm
that marine deposition preceded the onset of evaporation.

The selenite unit is exposed in the lower exploita-
tion level. The giant intergrowths represent palisade and
skeletal forms, most probably typical of the deeper, less
oxygenated brine (Fig. 8A, B). Higher up the section the
microbialite structures are common in layer e, within the
grass-like gypsum facies with clay intercalations. This
subfacies represents a semi-emerged coastal evaporite
shoal, covered with microbial mats and seasonally over-
flooded with clay-loaded meteoric waters transported by
sheet floods. Further up the section the typical sabre facies
is exposed, representing the same beds as in stop A2.1.

The 12-15 m thick clastic unit is exposed in the upper
exploitation level. Laminated gypsum common in this
interval contains traces of dissolved (<1 cm) halite cubes,
which grew in situ at the bottom of the basin. In places,
thin beds of residual gypsum (“alabaster”) left after halite
dissolution are present. Soft-sediment deformations,
mostly folds and slump structures, as well as deforma-
tions related to synsedimentary and early diagenetic

halite solution, commonly appear in some beds. There
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are also larger-scale deformations which involve the
entire thickness of the clastic unit. Nearly the whole ca.
500 m long wall of the quarry is built of megabreccia with
blocks up to 10 m and more in size, showing the features
of in situ crushing (Fig. 8E, F). This megabreccia passes
laterally into regularly bedded deposits seen currently
in NW part of the quarry. Laminated gypsum forms
the so-called “breccias without matrix” and is a compo-
nent of the breccias with alabaster matrix. The former
commonly forms vertically elongated bodies typical of
the infillings of collapse chimneys (Fig. 8E, F). Various
bodies of homogeneous alabaster are present and resem-
ble clastic dykes. In many places such thin dykes run
parallel to lamination. The structure of the wall is addi-
tionally complicated by veins or pockets of karst brec-
cia in which rounded gypsum components are placed
within gypsiferous dark clay. Various fault surfaces with
slickensides are recorded but without druse-like gypsum
mineralization, indicating that deformation took place
in the soft unconsolidated or poorly consolidated rocks.
The base of the brecciated zone is formed by a flat top
surface of the selenite unit (top of layer i) and the breccia
does not show any connections with the faults cutting the
underlying layers a-i. The origin of these megabreccias,
exposed in the quarry for a long time (Babel, 1991b, pl.
15, fig. 2; Babel, 1999b, pl. 4, fig. 1 and pl. 5), is related to
large scale postdepositional solution of halite originally
present in the lower part of the clastic unit. The breccias
were formed by fracturing and gravitational collapse of
sediments over the zones of dissolving halite.

At Leszcze, the gypsum deposits are covered with
Miocene marls containing foraminifers, thin-walled
mollusks, pteropods (planktonic gastropods, very
common), and echinoids (M. Babel, unpubl. data). These
fossils indicate a marine environment of normal salinity
characteristic of the late Badenian transgression follow-
ing the Badenian evaporite event. Coeval marls in nearby
Winiary (Fig. 6; Urbaniak, 1985) contained abundant
pteropods Limacina (=“Spiratella”) together with the
endemic pectinid Palliolum bittneri (Toula, 1899), (=Chla-
mys elini Zhizhchenko, 1953), which both are typical of the
Upper Badenian Pecten Beds (Sliwinski et al., 2012).

References to stop A2.2: Babel (1987; 1991a, b),
Czyzewska and Radwanski (1991); Kwiatkowski (1972);
D. Peryt (2013a).
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Fig. 8. Leszcze quarry. A) Section of the gypsum deposits, layers lettered after Wala (1980). Facies: 1 - giant gypsum intergrowths, 2 — selenite
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cleavage planes, E) megabreccia built of microcrystalline gypsum, F) detail of E with “breccias without matrix” on the right.
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A2.3 Zagosc-Winiary road-cut across
the gypsum cuesta, gypsum sequence
with reduced thickness on Cretaceous
substrate

Leaders: Maciej Babel, Krzysztof Nejbert,

Damian Lugowski, Danuta Olszewska-Nejbert

Artificial exposures on both sides of the road deeply
entrenched into a steep erosional escarpment formed on
the Nida Gypsum (Fig. 6). (50°25'58" N, 20°37°29" E)

We can see here Badenian evaporites overlying almost
directly their Cretaceous substrate, a reduced section of
the gypum succession, massive and non-palisade giant
intergrowths subfacies, grass-like gypsum with clay
intercalations, the sabre and the selenite debris-flow
facies.

The gypsum deposits in this outcrop show dip of ca.
30°N and lie with the angular unconformity of ca. 40°
almost directly on eroded Cretaceous substrate (Fig. 9).
This substrate is built of Campanian marls and siliceous
chalks (opokas) which contain remains of echinoids
(Echinocorys sp.), inoceramids, ammonites (Baculites
sp. and others) and belemnites. In the contact zone with
the gypsum, the marls are brecciated and fractured and
reveal shallow pockets filled with limonitic brecciated
clay and numerous angular mud clasts (Fig. 9C). These
deposits are covered with 1-3 cm thick discontinuous
limestone layer, containing glauconite grains. The marls
with brecciated clays are interpreted as remnants of pre-
evaporite weathered zone developed on the surface of the
Coniacian marls after their emersion. The limestone with
glauconite probably represents Badenian marine depos-
its. Similar deposits are known from the described region
(Alexandrowicz, 1967; Osmolski, 1972; Oszczypko and
Tomas, 1977; Krysiak, 2000).

The gypsum deposits directly overlying the Creta-
ceous substrate are commonly met at environs of Wislica
(Fig. 3; Czarnocki, 1939; Osmolski, 1972) and on the
Miechow Upland (Becker, 2005, fig. 4). Close to stop A2.3,
the early Badenian marine deposits underlying the evap-
orites are present and attain relatively large thickness,
e.g. >15 m at Gacki (stop A2.1), 26 m at nearby Kobylniki
(Fig. 13; Lyczewska, 1972), and up to 115 m at Mlyny in
the north (Fig. 3). The lack of such thick early Badenian
marine deposits in the outcrop can be explained by non-

deposition on the submarine uplift or emerged island,
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and existence of such paleouplifts and islands is known
from the described area.

The giant intergrowths layer is ca. 1 m smaller in
thickness than in neighboring outcrops (Stops A2.1 and
A2.2), and the average crystal sizes in it are also smaller.
Both palisade and non-palisade subfacies are present
and they display rather massive structure characteristic
of the shallow, well oxygenated brine (Fig. 9A, B). An
unordered structure and smaller sizes of the crystals can
be connected with a relatively shallower environment,
closer to the coastline, and similar features were recorded
in the Messinian San Miguel de Salinas basin in Spain
(Rosell et al., 1998).

The section above is reduced in thickness and is
comparable to the section from the nearby Leszcze
quarry (stop A2.2). The marker bed ¢ is missing in the
described section. Higher in the section the sabre facies
with crystals predominantly oriented to N is present, and
this orientation reflects the direction of the brine flow
(see stop A2.4).

The sabre gypsum is covered with beds of selenite
debris-flow ca. 2.3 m thick (Fig. 9D, E). The fragments of
sabre crystals and their aggregates are common compo-
nents of these beds and suggest that it was the wavy-
bedded sabre gypsum facies which was destroyed in the
shallower zones of the basin, and subjected to redeposi-
tion (Babel, 2005b). Similar redeposited selenite deposits
were previously recorded in this area by Niemczyk (2005,

and his earlier papers).

A2.4 Siestawice - sabre gypsum facies
Leader: Maciej Babel

Abandoned roadside gypsum quarries at Siestawice,
slightly depressed beneath their surroundings (Fig.
10). Visible are: sabre gypsum facies with conformably
oriented crystals, a selenite domal structure formed over
a sunken drift tree. (50° 26'60” N, 20° 41'31" E)

Both the flat-bedded and the wavy-bedded sabre
subfacies are seen in this outcrop, with common synsedi-
mentary dissolution (and erosion) surfaces and compac-
tion breaks of the crystals (Figs 11, 12). A rare sedimen-
tary structure is seen in the lower part of layer i. The
two empty cylinder-shaped holes are surrounded by
radially grown gypsum crystals which create a kind of a
domal structure over these holes (Fig. 12A, B). The holes
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Fig. 9. Outcrop at Zagos¢-Winiary roadcut. A) Section of the gypsum cuest: a, e, f, g, i — layers after Wala (1980); 1 - marls and opokas

(Cretaceous, Campanian); 2-9 - gypsum deposits (Miocene, Badenian); facies: 2 — palisade giant intergrowths, 3 — non-palisade giant

intergrowths, 4 — selenite debris, 5 — grass-like gypsum with clay intercalations and stromatolitic structures, 6 - flat-bedded sabre gypsum, 7

- wavy-bedded sabre gypsum, 8 - selenite debris-flow, 9 - clastic and laminated gypsum; B) section of the gypsum cuesta in eastern scarp, C)

details of the boundary between marls and gypsum, Im - limestone, wd - weathered clastic material (remnants of regolith?), wm — weathered

marls, lum - less weathered and unweathered marls, D) hill west of the road, E) details of selenite debris-flow.

were formerly occupied by a tree trunk (the larger hole)
and possibly its branch (the smaller hole). The tree was
carried to this place from the land as a drift wood which
sunk or was anchored there at the bottom, and became
asubstrate for the growth of gypsum crystals (Fig. 12C, D).

The wood was later degraded during diagenesis. Moulds
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of tree trunks overgrown with gypsum crystals were
found also in Borkéw quarry (Babel, 2007a, fig. 1).

The sabre gypsum facies in this outcrop shows apices
of the curved crystals pointing in similar directions (to
NE; Figs 11A-C, 12A), which is interpreted as a paleocur-

rent indicator (apices oriented upstream). The ordered
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Fig. 10. Detailed location of the field trip stop A2.4, Siestawice.

orientation of the sabre crystals can be explained by
competitive growth, influenced by unidirectional flow
of Ca-sulphate saturated brine over the bottom (Fig.
11E). The crystals commonly started to grow from 100
twinned seeds attached to the substrate (Fig. 11F, G) and
it was the earliest selection which eliminated the unfa-
vorably oriented crystals (b in Fig. 11G) from the further
growth. The sabre crystals developed from favorably
oriented nuclei (d-e in Fig. 11G) and the specific feature
of such crystals was that they grew by advance of the 120
prism faces in apical zone whereas the growth of side
faces was extremely inhibited (Fig. 11F). Very regular
growth zones of these faces seen on 010 cleavage surfaces
suggest monomictic hydrography of the basin (Fig. 11D,
E). During the further growth the sabre crystals with
the apices (120 prism faces) oriented favorably upstream
grew at an accelerated rate and could survive the compe-
tition, and finally attained larger sizes then their less
favorably oriented neighbours. Curved shape of the crys-
tals is related to crystal lattice twisting which is a primary
feature originating during crystal growth. The twisting
of the crystal lattice finally eliminated the sabre crystal
from further growth when its apex gradually became
turned horizontally.

The conformable orientation of sabre crystals is
a regional feature (see Stops A2.1, A2.2, A.2.3, A2.7)
which indicates that the brine was flowing en mass gener-
ally along the coastline of the basin in the counterclock-

wise direction (Babel, 2002b). Presumably the oriented
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sabre crystals in the Nida area reflect only a fragment
of the cyclonic longshore circulation of brine recorded
in the entire basin (Babel and Becker, 2006; Babel and
Bogucki, 2007). For more on this site see Babel (1996).

A2.5 Chotel Czerwony-Zagoérze, giant
intergrowths with selenite regolith covered
with grass-like gypsum

Leader: Maciej Babel

Abandoned stone pits in Gory Wschodnie floristic nature
reserve, and in its eastern margin, at Chotel Czerwony-
-Zagorze (Fig. 13). The main objects observed include:
the giant intergrowths with massive and palisade struc-
ture, top surface of the intergrowths with morphology
of crystal apices preserved under the clay cover, synsedi-
mentary dissolution surfaces, selenite regolith and dome
composed of giant intergrowths, grass-like facies. (Sele-
nite dome: 50°22°24" N, 20°43°47" E)

The 200 m long western outcrop in its southernmost
part presents giant gypsum intergrowths with massive
and palisade structures, typical of shallow oxygenated
brine, with dissolution surfaces, covered with the grass-
like gypsum with thin alabaster beds (white fine-crystal-
line gypsum without clay components), (Fig. 14D). Small
isolated intergrowths occur within the grass-like facies.
In the north part of this outcrop surface of the giant
intergrowths is covered with clay and selenite debris (Fig.
14C); the grass-like gypsum occurs above. Morphology
of the crystal apices of the giant intergrowths is excel-
lently preserved in many places under the clay cover.
Aggregates of lenticular gypsum crystals resembling the
gypsum “roses of desert” occur in clay in pocket-like
depressions in the top surface of the giant-crystalline
layer, among the selenite crystal clasts and blocks. The
same type of contact is seen in the smaller eastern outcrop
where a spectacular domal structure composed of giant
gypsum intergrowths is seen elevated ca. 90 cm over the
average level of the top surface of the giant-crystalline
layer (Fig. 14A).

The transition from giant intergrowths to grass-like
gypsum represents a shallowing-upwards sequence
and emersion. Selenite debris was formed by weath-
ering of the selenite substrate during emersion, when
the aggregates of lenticular crystals could grow in clay

soaked with Ca-sulphate saturated water. Clay was
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deposited from sheet floods of run-off meteoric waters
and was carried from emerged land. Clay deposition
was controlled by topography of the evaporite shoal.
Sheet floods transported mud predominantly along

broad depressions of the shoal and covered them with

clay. However, on elevated areas (southern part of the

western outcrop) fine-crystalline gypsum deposition
took place, and the highest of the large gypsum crys-
tals could grow syntaxially because they were free of
the clay cover. Just in this way, by syntaxial growth, the
selenite dome was formed (Fig. 14B). See more in: Babel
(1987, 1991b, 1996, 1999a).
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Fig. 11. Sabre facies in abandoned quarry at Siestawice. A) Sabre gypsum with conformably oriented crystals, layer g. B) Conformably

anoxic brine 010’

oriented sabre crystals with compactional breaks (arrowed, photo by Stefano Lugli), layer g. C) Rose diagram showing orientation of apices
of sabre crystals, layers g and i, Siestawice (see Fig. 12A), n — number of measurements. D) Growth zoning formed by advance of the apical
120 prism in the sabre crystal seen on the 010 cleavage surface in transmitted light. E) Interpreted depositional environment and structure of
brine column during the growth of oriented sabre crystals (after Babel and Becker, 2006, modified). F) Sabre crystals growing by advance of
the prism faces 120 (a) and lens-shaped subcrystals (b), note different growth structures visible on the 010 cleavage surface. G) 100 gypsum
twin as a nucleus of the sabre crystals (a), b-d - twinned nuclei growing on the substrate with low chance (b), higher chance (c) and the

highest chance (d) to survive the competitive growth.
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Fig. 12. Tree trunk trace in sabre gypsum, abandoned quarry at Siestawice. A) Mould of tree trunk overgrown by gypsum crystals. Sabre

crystals show conformable orientation, layers are lettered after Wala (1980). B) Mould of tree trunk (and of its side branch?). Detail of A. C)

Mode of deposition of the drifting tree on basin bottom. D) Way of incrustation of the tree by the growing gypsum crystals.

A2.6 Wislica-Grodzisko, selenite dome
composed of sabre gypsum

(50°2040” N, 20°40°43" E)

Leader: Maciej Babel

A vertical section through a large selenite dome (one
of the several known in this area), is exposed in the wall
of an Early Mediaeval fortified settlement (Figs 13, 15A).
The competitive growth structures of the sabre crystals
seen on the slopes of the dome prove that the crystals
grew horizontally in free space, i.e. in brine, on nearly
vertical substrate (Fig. 15B, C) and that the dome is
a primary form crystallized on the basin bottom. See
also: Babel (1999a, 2007a), Kasprzyk et al. (1999).

A2.7 Borkéw quarry, complete section

of the Nida Gypsum

Leaders: Maciej Babel, Krzysztof Nejbert,
Danuta Olszewska-Nejbert, Damian Lugowski,

Stawomir Gebka'

1Saint-Gobain Construction Products, Poland

(slawomir.gebka@saint-gobain.com)
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Fig. 13. Detailed location of the field trip stops A2.5 (Chotel Czer-
wony-Zagorze) and A2.6 (Wislica-Grodzisko).

We visit a working quarry (Fig. 16). Entrance to the
quarry requires permission. We observe here: the most
complete section of the Nida Gypsum deposits, with

nearly all the characteristic Badenian gypsum facies and
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Fig. 14. Outcrops at Chotel Czerwony-Zagoérze. A) Selenite dome composed of giant intergrowths, and grass-like gypsum, eastern outcrop.
B) Deposition of selenite debris facies and grass-like gypsum subfacies with clay intercalations during shallowing and emersion of giant
gypsum intergrowths (after Babel, 1999a): a — palisade growth of giant intergrowths in a deep brine, b - shallowing and influx of meteoric
waters with clay; dissolution of highest crystal apices and clay deposition in depressions, ¢ — deposition in shallow brine; growth of grass-like
crystals, syntaxial growth of intergrowths, gypsification of microbial mats, d - long-lasting emersion: destruction and weathering of gypsum
crystals; growth of lenticular gypsum aggregates in clay-filled depressions, e - deposition in shallow brine; accretion of domal selenitic
structures built of grass-like crystals (left) and of giant intergrowths (right), and simultaneous deposition of clay and microbialite gypsum
in depressions; 1 — giant gypsum intergrowths; 2 — broken, corroded and abraded gypsum crystals; 3 - clay; 4 — aggregates of lenticular
gypsum crystals; 5 — separate aggregates of grass-like gypsum crystals; 6 — wavy-laminated microbial mats encrusted with small gypsum
crystals; 7 - gypsified microbial mats with knobby morphology. C) Selenite debris covering the giant gypsum intergrowths, western outcrop.
D) Transition from the massive giant intergrowths subfacies to the grass-like gypsum, synsedimentary dissolution surfaces are arrowed,

western outcrop.
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Fig. 15. The giant dome of sabre gypsum, Wislica-Grodzisko: A) general view, B) slope of the dome, C) detail of A and B, the zig-zag competi-

tive growth (compromise) boundary of the crystals is marked by red dotted line.

sedimentary structures, including selenite and selenite-
dominated facies, gypsum microbialites and stromato-
lites, the clastic, microcrystalline and associated facies
with traces of vanished halite. (Entrance to the quarry:
50°33’14" N, 20°3740" E)

This section is the best studied one in the Badenian
gypsum basin with respect to geochemistry, sedimen-
tology and palaeontology (Fig. 17; Peryt, 1999; 2013a, b;
Peryt and Anczkiewicz, 2015, with references; Peryt and
Gedl, 2010; Rosell et al., 1998).

The Badenian marine marls the underlying gypsum
in the quarry represent a regional biostratigraphic fora-
miniferal Uvigerina costai zone (D. Peryt, 2013a).

The grass-like subfacies with stromatolitic domes
contains flat-topped, up to 32 cm high gypsum domes
which were first described from this area as stromato-
lites by Kwiatkowski as early as in 1970 and 1972 (Fig.
18). They are built of alternating crusts of bottom-grown
crystals, gypsified knobby microbial mats and rather
smooth laminae of “clastic” sugar-like gypsum. Fenes-
tral pores occur near the bottom-grown crystals. These
domes show complex (hybrid), organo-chemical origin.
Small grass-like crystals and gypsified microbial mats
were formed in a relatively calm environment possibly

during salinity oscillations. The sugar-like gypsum was
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Fig. 16. Detailed location of the field trip stop at Borkéw quarry
(A2.7).

at least partly deposited mechanically during increased
wave and current action. Mechanical deposition is
suggested by features of the infilling and flattening of
the substrate relief by some of these granular laminae.
The grainy laminae run concordantly with dome shapes
and also coat the steep slopes of the domes evidently
“defying gravity” (Fig. 18C) which suggests that gypsum

grains were trapped and bound on such slopes by cohe-
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Fig. 17. Simplified geological column of the Badenian gypsum in the
Borkéw quarry. Stratigraphy: 1 - isochronous surfaces after Babel
(1999b, 2005a), 2 - lithostratigraphic units after Kubica (1992); 3 -
layers after Wala (1980).

sive microbial mats (Demicco and Hardie, 1994). Trap-
ping and binding is diagnostic for stromatolites and
for microbialites, hence both names: stromatolite and
microbialite fit to these laminated parts of the domes.

This subfacies could be deposited on a broad windward
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and residual alabaster-like deposits, similar to those from
the Leszcze quarry (stop A2.2). The presence of vanished
halite proves that water in the basin was episodically
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Fig. 18. Grass-like facies and gypsum microbialites in Borkéw quarry. A) Fragment of section containing grass-like facies with gypsum

stromatolitic domes, hatchure reflects fabric of gypsum deposits and arrangement of crystals, layers lettered after Wala (1980) - left side,

isochronous surface C/D after Babel (2005a) — marked on the right. Facies and subfacies: 1 - giant gypsum intergrowths, non-palisade

subfacies, 2 — grass-like gypsum, subfacies with crystal rows, 3 - gypsified microbial mats facies, 4 - grass-like gypsum, subfacies with stro-

matolitic domes, 5 - sabre gypsum facies. B) Subfacies with gypsum stromatolitic domes. C) Gypsum stromatolitic dome with steep slopes,

layer e. D) Gypsum microbialite domes over apices of grass-like crystals. E) Subfacies with gypsified microbial mats; gypsum cement crystals

are honey in colour. F) Row of grass-like crystals with large intercrystalline pores.
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