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Glaciotectonic deformations of the Upper Cretaceous
rocks: evidence from the chalk quarry in Chelm
(Lublin region, Eastern Poland)

Dobrowolski R. Glaciotectonic deformations of the Upper Cretaceous rocks: evidence from
the chalk quarry in Chetm (Lublin region, Eastern Poland). Geologija. Vilnius. 2009. Vol. 51.

Soft, horizontally bedded Upper Cretaceous (= Upper Maastrichtian) rocks occurring in the
Lublin region are strongly deformed. Most structures (mesofaults, joints, and cleavage) are brittle
tectonic deformations connected with the Late Laramian and Young Alpine phases of tectonic
activity. However, some of the deformations are also indicative of the glaciodynamic influence
of Pleistocene ice sheets on the carbonate bedrock, including translocation of primary tectonic
structures. The pattern of glaciotectonic deformation structures indicates both termino- and sub-
glacial deformation environments connected with the transfluence of ice masses over preglacial
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INTRODUCTION

Glaciotectonic deformations (termino- and subglacial) of
solid bedrock are quite often found in areas glaciated in the
Pleistocene and in our times (e. g., Ruszczynska-Szenajch,
1985; Aber et al., 1989; Alexandrowicz, Radwan, 1992; Benn,
Evans, 1996; Aleksa, Bitinas, 2000; Karabanov, 2000; Philips
et al., 2002,2008; Rattas, Kalm, 2004; Van der Wateren, 2005;
Benn, Prave, 2006; Aber, Ber, 2007). Most of these structures
have an internally complicated architecture and involve both
bedrock and unconsolidated glacigenic sediments. However,
they are usually only partially accessible to examination in
exposures. Most often they are identified by a dense net of
borings or geophysical techniques. So, the interpretation of
deformation mechanisms in the majority of such cases is
based on indirect evidences. Glaciodynamic deformations
of solid bedrocks observed on a macroscale - in large quar-
ry exposures — give a rare opportunity to analyse in detail
the genetic relations between individual deformation struc-
tures (Dobrowolski, Terpitowski, 2006).

In this paper, we there is described a structural record
of the glaciodynamic influence of ice masses on the Upper

Cretaceous carbonate rocks exposed in a chalk quarry in
Chelm (Lublin region, Eastern Poland). The morphologic
position of the site (= central part of a preglacial chalk hill,
in the zone of the northern edge of the Lublin Upland), as
well as a considerable lateral and vertical extent of the ex-
posure enable to reconstruct the conditions of the defor-
mation environment. Indirectly, it is also possible to esti-
mate the influence of the diversified morphology of the
advancing ice-sheet foreland on the course of glaciotectonic
processes.

LOCATION OF STUDY SITE AND ITS
GEOLOGICAL CONTEXT

The researchssite is alarge chalk quarry in Chetm (51°07°45”N,
23°34°05”E), about 2 km?* in area, situated within a large,
sub-latitudinal, island chalk hill (223 m a. s. 1.). The Upper
Maastrichtian chalk forming the hill core is bedded (sub-
horizontal sedimentation surfaces with a low-angle dip to E).
Exploitation is carried out on five exploitation levels (each
about 10 m high), and the top part of the rock complex is
exposed to a depth of 50 m (Fig. 1 A-C).
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Fig. 1. General location of the Chetm chalk quarry (A). Situation of the quarry against the background of hypsometry with the maximum extent
(marked by grey line) of the Saalian glaciation (B—() and the tectonic sketch of Eastern Poland (D): 7 — main faults and fault zones of the Palaeozic
complex (after Zelichowski, 1972); D. B. — Dubienka Block, 2 — main faults and fault zones of the Meso-Cainozoic complex (after Henkiel, 1984)

1 pav. Chelmo kreidos karjero vieta (A). Karjero situacija hipsometriniame fone su Saalio apledéjimo maksimalaus paplitimo riba (stora pilka
linija) (B—() ir Ryty Lenkijos tektonine struktira (D): 7 — paleozojaus komplekso pagrindiniai laziai ir IaZiy zonos (pagal Zelichowski, 1972);
D. B. — Dubienkos blokas, 2 — mezokainozojaus komplekso pagrindiniai luZiai ir 10Ziy zonos (pagal Henkiel, 1984)

In respect of tectonics, the site is situated in the central
part of the Kuméw elevation — a horst unit in the south-
western margin of the East-European craton (Zelichowski,
1972) - in the direct cover of the Variscian crossing faults:
Serebryszcze (NW-SE) and Udal (NE-SW). These faults di-
vide the Kuméw elevation into separate blocks of different
uplift degree: in the NW part — the Chetm block, in the NE

part — the Uherka block, in the SE part - the Dubienka block,
and in the SW part — the Grabowiec block (Fig. 1 D).

The Upper Cretaceous sedimentary complex of the total
thickness of about 700 m is strongly tectonically fissured. The
main types of deformation structures identified in the site
include: (1) two systems of orthogonal joints: (a) N-S / W-E
(older), (b) NE-SW / NW-SE (younger) with accompanying
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mesoscopic fractures: concentric, feather, tectonic ribs, (2)
drape folds (with eastern vergence), (3) domino-type struc-
tures, (4) mesofaults: (a) normal-dip-slip N-S and NE-SW,
(b) sinistral NE-SW (Dobrowolski, 1995).

The top surface of the Upper Cretaceous deposits is
strongly reduced and uneven mostly as a result of the Neo-
gene and Quaternary morphogenetic processes. Glacigenic
and karst processes were especially important (average
thickness of the denuded chalk layer in the Lublin region
is estimated at 22 mm - ka™! - after Maruszczak, 2001). In
the Pleistocene, the study area was glaciated at least two
times - during the Elsterian and the Saalian glaciations
(Mojski, 2005), and during the Saalian glaciation it was in the
ice-sheet marginal zone (Fig. 1 C). Glaciotectonic structures
of the northern edge of the Lublin Upland were connected
with frontal activity of the Saalian ice masses and involved
mostly unconsolidated glacial and preglacial deposits. They
were described earlier, among others by Jahn (1956), Mojski
(1968), Wyrwicka & Wyrwicki (1986), Gardziel & Harasimiuk
(2005), and Dobrowolski & Terpitowski (2006).

GLACIOTECTONIC STRUCTURES
Description

Upper exploitation levels. Some joints and mesofaults (most-
ly of NE-SW orientation), documented in two upper ex-
ploitation levels (= original top part of the chalk hill) show
signs of small- and medium-scale deformation structures,
i. e. horizontal translocations along interstratal surfaces
(Fig. 2). Horizontal fissures, with the primary fine-grained
infilling of karst (= karst clay cortice) or / and glacigenic
origin, show also deposit shearing and slickensiding (Do-
browolski, 2006). Tectoglyphs (striae and obsequent steps),
commonly occurring on slikensided surfaces, indicate the
translocation of the packages of Upper Cretaceous rocks to
the SE. The size of translocation is from several to several
dozen centimetres.

Lower exploitation levels. Horizontal interstratal translo-
cations are also documented in three lower exploitation le-
vels. However, the nature and scale of deformation structures

Fig. 2. Glaciotectonic deformations of Upper Cretaceous rocks in the upper exploitation levels of the Chetm quarry — sub-hori-
zontal small-scale translocations of transverse joints along interstratal surfaces

2 pav. Virdutinés kreidos nuoguly glaciotektoninés deformacijos Chelmo karjero virdutiniuose eksploatacijos lygiuose — subhori-
zontalus nedidelis perstamimas sluoksniy paviriuje
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Fig. 3. Glaciotectonic deformations of Upper Cretaceous rocks in the lower exploitation levels of the Chetm quarry — normal-dip-

slip faults in the domino-type structure

3 pav. Virdutinés kreidos nuoguly glaciotektoninés deformacijos Chelmo karjero Zemesniuose eksploatacijos lygiuose — normaldis

palinke sprudziai,domino” tipo struktiroje

change considerably with the depth. The simple, small-scale
translocations of layers without significant internal defor-
mations, typical of two upper levels, in the lower levels are
replaced by complicated deformation structures of domino-
type, which consist of complexes of normal bedding-parallel
faults with a convex profile and a strongly slickensided sur-
face. They are usually limited to 2-3 layers (Fig. 3) and lat-
erally disapper to SE (= on the distal slope of the hill). No
domino-type structures were found in the lowest exploitation
level (No V) at a depth of about 50 m.

Interpretation

The origin of the described deformation structures, both in
the upper and lower exploitation levels, should be related to
differentiated translocations of layers connected with the ac-
tion of a couple of forces in the vertical plane. The pattern of
tectoglyphs on slickensided fault surfaces indicates the trans-
location from NW to E and SE, which can be interpreted as
a result of compression caused by advancing ice masses of
the Saalian glaciation that covered the study area. The dif-
ferent translocations resulted in the replacement of friction
forces by shearing stress. There were formed strongly rotated
normal faults, with slickensided slip surfaces and inclination
conformable to translocation direction.

MODEL OF DEVELOPMENT
OF GLACIOTECTONIC STRUCTURES IN CHALK

The pattern of glacigenic deformation structures indicates a
rather simple mechanism of their development during the
progressive advance of the Saalian ice-sheet front (in the
phase of its maximum extent) on the proximally inclined sur-
face of the chalk hill. Two main stages can be distinguished in
relation to different rheologic conditions of ice masses and, as
a consequence, to different deformation environments: ter-
minoglacial and subglacial (Fig. 4).

The first stage — terminoglacial deformation environment.
The advance of the ice-sheet front towards the proximal slope
of the chalk hill forces a slower movement of ice masses with
a simultaneous increase of horizontal compression oriented
to the SE. The exceeded critical stress values result in a simple
shearing along the interstratal surfaces. At first, especially in
higher hypsometric positions of the hill (= upper exploita-
tion levels), there occur simple, low-scale translocations of
joint and fault fissures (genetically connected with the Late
Laramian and Young Alpine phases of tectonic activity), and
slickensiding of residual clay (karst origin) filling horizontal
fissures.

The second stage — subglacial deformation environment.
The progressive advance of the ice sheet and the associated
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Fig. 4. Model of the development of glaciotectonic structures in the Upper Creta-
ceous rocks in Chetm. See a detailed description in the text

4 pav. Glaciotektoninés struktaros formavimosi modelis Chelmo karjero virSutinés
kreidos uolienose. I$samy apibudinima Zr. tekste

relative growth of ice masses in ice marginal zone result in
an increase of horizontal compression and then in the trans-
fluence of ice masses over the chalk hill. With the progress
of movement, the simple compression turns into a couple of
forces in vertical plane, resulting in differentiated transloca-
tions of layers with a tendency to internal rotation of chalk
packages. Differentiated translocations cause an obsequent
inclination of transverse joints and the development of en-
echelon row of normal bedding-parallel faults (often with a
listric profile) forming structures of domino-type in deeper
parts of the chalk hill (= lower exploitation levels).

CONCLUDING REMARKS

Interpretation of glaciotectonic deformation structures
formed in a solid bedrock as a consequence of the dynamic
effect of ice masses is difficult, mostly because the record of
glaciotectonic influence is superimposed on older deforma-
tion structures from the phases of strictly tectonic activity.
Therefore, glaciotectonic structures are often interpreted as a
result of neotectonic activity in a particular area. The struc-
tures of domino-type in the chalk quarry in Chelm were sim-
ilarly described. Formerly they had been treated as a result of
reorientation of local stress fields, caused by the transforma-
tion of a simple horizontal NE-SW compression into a couple
of forces in vertical NW-SE plane during the Late Laramian
tectonic movements (Dobrowolski, 1995). New facts, both

mesostructural (complete record of deformation structures
in the whole profile accessible to examination, their geomet-
ric features and spatial relation to other tectonic structures)
and palaeomorphological (translocations of relatively young
mesofaults and joints), force to revise this opinion and to re-
late the origin of these structures to the compression caused
by ice masses advancing from NW to SE. The translocation
of carbonate bedrock packages (= shearing along inter-
stratal surface) was favoured by fissuring of the rock mas-
sif. The lubrication layer consisted of residual clay (= karst
cortice) or / and fine-grained glacigenic deposit subglacially
“injected” in interstratal horizontal fissures (vide Ford, 1987;
Ford, Williams, 1989; Boulton et al., 1996; Piotrowski et al.,
1999; Dobrowolski 2006). Taking into account these struc-
ture-forming factors and the low compression strength (only
4-6 MPa) of chalk (Rybicki, Rybicki, 1973; Lozinska-Stepien,
1988; Liszkowski, 1993), it can be assumed that the deforma-
tion of such a type could develop even under a relatively low
pressure exerted by the ice-sheet front.
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Radostaw Dobrowolski

VIRSUTINES KREIDOS UOLIENU GLACIOTEKTONINES
DEFORMACIJOS: CHEEMO KREIDOS KARJERO
(LIUBLINO REGIONAS, RYTU LENKIJA) PAVYZDZIAI

Santrauka

Liublino srityje (Ryty Lenkija) horizontaliai sligsancios virSutinés krei-
dos vir$utinio Mastrich¢io uolienos yra palyginti minkstos ir smarkiai
deformuotos. Dauguma struktiry (vidutinio dydzio spradziai, rauksleés,
klivazas) yra tektoninio deformavimo rezultatas ir siejamos su vélyva-
ja laramininés ir ankstyvaja alpinés tektoninés veiklos fazémis. Dalis
struktiry buvo siejamos su neotektoniniais judéjimais, ta¢iau nuodu-
gnus deformacijy tyrimas atskleidZia reik§minga pleistoceno apledéji-
mo glaciodinaminj poveikj karbonatiniam pagrindui ir pirminiy tek-
toniniy struktiry pokyc¢iams. Glaciotektoniniy deformacijy struktara
rodo ledyno pakras¢io ir poledyning pagrindo uolieny deformavimo
aplinkg, susidarancig ledo maséms slenkant per karbonatiniy uolieny
pakilumas. Glaciodinaminiy struktary kilmé Chelmo kreidos karjere
yra siejama su ledo masiy spaudimu slenkant Saalio amzZiaus ledynui i§
$iaurés vakary j pietrycius.

Pagocnas JJo6poBonbCKu

IMMAODMOTEKTOHMYECKNE TE@OPMALIN CKAJI
BEPXHEI'O MEJIA: ITPUMEPBI 13 KAPBEPA B XEJIME
(TIOBJIMHCKUM PETMOH, BOCTOYHAS ITOJIBIIIA)

Peswme

Msrkue TOPM3OHTANbHO HAIIACTOBAHHBIE CKAjIbl BEPXHETO Mena
(BepxHero MaacTpuxTCKoro mepuopa) JIlo6MMHCKOTO PeroHa CUIbHO
nedopMupoBaHbL. BONMBIIMHCTBO CTPYKTYP (Me30pas/ioMbl, 3aKOHO-
MepHbIe TPEUIMHbl M KIMBAX) — 9TO TEKTOHMYecKue pedopmarmi,
CBSI3aHHBIE C [O3[JHONAPAMMIICKIM, a TaKKe M/IA[0aIbIIMIICKIM IIe-
pUofiaMy TeKTOHMYeCKol akTuBHOCTH. OffHAKO 4acTb fedopmarimit
HOKYMEHTUPYET TaKKe I/LALMONMHAMUYECKOe BIMAHNME IUIEHCTO-
IIEHOBbIX JIEAHNKOB Ha KapOOHATOBYIO CKa/lbHYIO 0a3y, B TOM 4iCiIe
TPAHC/IOKALIMIO [IePBOHAYA/IbHBIX TEKTOHMYECKUX CTPYKTYp. [rsuno-
TEKTOHMYECKas 3amch feOPMALMOHHBIX CTPYKTYP YKasbIBaeT Kak
Ha TEPMMHO-, TaK U Ha CyOITALMATIbHYIO AeOpPMAIMIOHHbIE CPefbl,
CBsI3aHHbIE ¢ TPAHCIIOIHIINEI I AHBIX MACC BbIILIe JOITIALMATbHBIX
rop6oB MeJOBOI1 6a3bl.
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