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Abstract: The Debina Salt Dome (DSD) is located in the central part of the Tertiary Kleszczéw Graben, between
the open-cast brown coal mines: “Betchatéw” and “Szczercéw”. Complicated geological features of the DSD are
related to the polyphase tectonic activity in the Kleszczéw Graben, and the salt structure dynamics which is
believed to be coupled with that activity. The distinctive anticlinal elevation of the sedimentary cover of the DSD
points to Cenozoic uplift of the salt. The timing of these salt pulses can be considered as related to main phases of
tectonic activity in the Tertiary and Quaternary, well-documented during field studies in the brown coal open mine
“Betchatéw”. Due to the Middle/Late Tertiary salt uplift, a vast asymmetric anticline ofup to 400 m amplitude was
formed in the Early Miocene sandy and coaly sediments, including the so-called main coal seam. Renewed salt
movements of the DSD occurred in the Quaternary. Considering the magnitude of the top-Tertiary surface
elevation versus preliminary dating of this activity, it is concluded that the rate of the salt uplift was about 0.3 mm/
year, with the strain rate estimated at 4 x 10“ 4 s'l Both parameters show relatively fast Quaternary salt
movements of the DSD, being representative for the diapir rise active phase (from 10~14s 1to 10 s.1).
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INTRODUCTION

The Debina Salt Dome (DSD) is one of eleven diapirs
piercing the base-Cenozoic surface which are known from
the Polish Zechstein basin area (Tarka, 1992). It is the
southernmost salt dome, marginally situated at the contour
0f200 m of the cyclothem PZ2 salt thickness, which is con-
sidered as the border ofthe most intensive salt deformations
of the Polish Zechstein basin, as seen on Fig. la. The DSD
is particularly important as compared to the other salt extru-
sions known from the Polish Lowlands, as a result from its
readable structural record of the Cenozoic activity. As evi-
denced by wellbore data, the Tertiary-Quaternary DSD
cover, originally more than 400 m thick, has been strongly
uplifted and partly pierced by the salt core.

The DSD has been discovered and preliminary de-
scribed in the 1960-1970’s, during documentation of drill-
ing works for brown coal deposits. The DSD location close
to active exloitation zones causes substantial mining hazard
which is an important reason for intensive investigations re-
cently carried out in this area.

The paper is based on a number of boreholes drilled in
studied area, as well as on the results of author’s field inves-

tigations obtained from the open cast mine “Betchatow”. An
analysis of the subsurface data from the DSD, including its
broad surroundings, was completed using wellbore data
from some of 1,000 wells. The majority of the wells end up
in the Cenozoic strata and only some ofthem pierce through
the Permian-Mesozoic complex.

GENERAL SETTING AND RELATIONS
TO THE KLESZCZOW GRABEN

The Debina Salt Dome (DSD) is situated in the central
part of the Tertiary Kleszcz6w Graben, between the open-
cast brown coal mines: “Belchatow” and “Szczercow”.
Complicated geological features ofthe DSD area are related
to the polyphase tectonic activity in the Kleszczow Graben,
and the dynamics ofthe salt structures appears to be coupled
with that activity.

At the present state of its recognition, the Kleszczéw
Graben can be characterized as a multi-segmented, subsided
structure which extends over a distance of some 80 km, be-
tween the Pilica River in the east and the Warta River in the
west (Fig. Ib). The graben is located within the boundary
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zone of the intense salt tectonics limited by contour of
I'l  the PZ2 salt thickness of 200m

n salt domes piercing the base-Cainozoic surface

Fig. L  General setting of the Debina Salt Dome: a - schematic
location against other salt diapirs of the Polish Lowlands (after
Tarka, 1992), b - location in the Kleszczéw Graben area (after Go-
towata & Hatuszczak, 2002); (KBF) Kluczbork-Betchatéw Fault;
(KKF) Kodrab-Kleszczéw Fault; (HCF) Holy Cross Mts. Fault

zone that occurs between the £.6dz Depression to the north
and the Radomsko Elevation to the south. Due to its W-E
extent, the Kleszczéw Graben apears to link the Holy Cross
Mountains with tectonic elements of the Fore-Sudetic
Monocline. The basement of the 250 to 600 m thick Terti-
ary-Quaternary sequence is represented by Jurassic and
Cretaceous beds. Permian rocks occur only in a small area
of the DSD. The Mesozoic strata were folded and faulted
during the Laramide phase (early Palaeogene) of the Alpine
orogeny. It is accepted that the structural development ofthe
Kleszcz6w Graben was significantly influenced by the Ter-
tiary-Quaternary reactivation of the pre-existing regional
dislocation within the sub-Cenozoic basement (Gotowala &
Hatuszczak, 2002).

OUTLINE OF THE DSD GEOLOGY

Basing on wellbore data, one can consider the upper-
most part of the salt dome as relatively well-known. The

sub-Cenozoic surface map (Fig. 2) shows that the DSD is
elevated 60-100 m above the top-Mesozoic surface in the
southern and nothem flanks of the graben. The DSD is ele-
vated along the graben axis 350-450 m above the adjacent,
eastern and western subsided areas. At shallow intersection
levels (+150 to +125 m), the top ofthe salt dome has a shape
ofa meridionally elongated, irregular ellipse with its longer
axis 0f 600 m, and the shortest axis 0f400 m. At deeper lev-
els, the diapir extends to the east, parallel to the graben elon-
gation, showing the relatively gently dipping eastern slope.

The salt dome cap was formed by sulphate rocks (anhy-
drites, gypsum) which are overlain or interbedded by brec-
cias of claystones, mudstones, and carbonate rocks of either
Jurassic or Cretaceous age (Szewczyk, 1999). The thickness
ofthe cap varies significantly: from several metres to 120 m
close to southern bordering fault of the Kleszczéw Graben,
where typical cap rocks are replaced by a fault gouge. Salt
mirror was found by drillings at depths of some 170-200 m
under the groundsurface, i.e. the top ofthe mirror occurs, on
the average, at a depth of +30 m to +10 m above the sea
level. Over a short distance towards the outer parts of the
salt core, its top falls abruptly at a depth of about 0 m, what
points to the presence of steep slopes of the salt structure.
Some 700 m eastwards of the dome centre, the salt rocks
were encountered at a depth 0 f-35 m what may suggest an
eastward continuation of the salt structure at the deeper lev-
els. As observed in drill cores, the salt deposits are repre-
sented by laminated halite, mixed, medium and coarse-
grained, white, rarely light-grey salt inserts, and anhydrite
intercalations. It was concluded that these salts are correla-
tive with the first Zechstein salt cycle - PZt (Dgbrowska,
1978).

Due to insufficient recognition of the Mesozoic bed-
rock stratigraphy all around the DSD, its development in
Mesozoic time can be considered, at present, only per anal-
ogy with other areas. The Polish Lowlands salt structures
were, as a rule, subjected to the earliest mobilisation in the
axial part of the Mid-Polish Trough, and, the farther from
that area, the uplifting movements occurred later. Within
close range, salt mobilisation is referred to the following
time-spans: Early Cretaceous to Late Tertiary (Rogozno and
Lanieta Salt Domes in the £6dz Depression; Dadlez &
Marek, 1977), Keuper (Klodawa Dome; Burliga, 1996,
1997), and Late Oxfordian (Wielun area; Glazek, 1999).
Judging from geological setting of the neighbourhood ofthe
Wielun area and its suggested macrostructural relations
with the Kleszczow Graben zone (Gtazek, 1999), one may
presume that the initial mobilisation ofthe DSD salt masses
started in the similar period oftime.

It is generally accepted that the ascending salt masses
utilized a tectonic zone of weakness which was created at
the intersection of deep, pre-existing faults (Figs. Ib, 2).
The analysis of numerous wellbore data, including petro-
leum exploration drillings located in a broad vicinity of the
Kleszczéw Graben, helped to reconstruct the pattern of re-
gional dislocations in deeper stratigraphic horizons, from
the Lower Carboniferous up to the Mesozoic (Gotowala,
1999; Gotowata & Hatuszczak, 2002). The DSD location
coincides with a broad zone of intersection of such disloca-
tions, as: the Kluczbork-Belchatow Fault, and the Klesz-
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czéw-Kodragb Fault which is considered as a branch of the
Holy Cross Mts. Fault (Fig. Ib). The exact relationship be-
tween salt structures and the basement fault pattern has been
pointed out, i.a., by Kockel (2003) who provided excellent
examples from Northern Germany.

STRUCTURAL EVIDENCE FOR
CENOZOIC ACTIVITY OF THE DSD

The Cenozoic lithostratigraphic succession close to the
DSD is similar to that of the other parts of the Kleszczéw
Graben. It is a continuation of the graben sedimentary infill,
which was examined in detail in the brown coal open-cast
mine “Belchatow”. Further, detailed results of lithofacies
and stratigraphic studies of the Cenozoic sediments are re-
ported in papers by Krzyszkowski (1990, 1992), Stuchlik et
al. (1990), and Szynkiewicz (2000).

--------- — extent of the brown coal
seams

Structural contour map of the base-Cenozoic surface in the Debina Salt Dome area

According to mesostructural field observations support-
ing current stratigraphic dating, the Cenozoic infill of the
graben can be subdivided into three main structural levels
which are bounded by angular unconformities (Gotowata &
Hatuszczak, 2002).

The lower structural unit of the Early and, partly, Mid-
dle Miocene (up to the Badenian) age, is composed of sub-
coal sandy deposits, the main coal seam, as well as secon-
dary coal beds, together with the accompanying coalified
clays. The top of the lower unit is formed by the erosional
surface GTPN, dated to the late Middle/Late Miocene. This
surface cuts folds and faults in the coal and coal-bearing
sediments. The overlying clayey-sandy sediments which
represent the Late Miocene (and/or Pliocene?), and the
lower part of the Quaternary (up to the Saalian=Odranian
Glaciation) belong to the middle structural unit. The well-
developed deformational structures in this sequence are cut
by the erosional surface GCPN, which is believed to be cor-
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Geological section across the Debina Salt Dome area, two times exaggerated. Q - Quaternary; M3P1 - Late Miocene to Plio-

cene; M2- Middle Miocene; M| - Early Miocene; GCPN - main Quaternary unconformity; GTPN - main Tertiary unconformity

relative with the Inter-Saalian (Pilica) Interstadial. The
overlying, relatively undisturbed Quaternary (Inter-Saalian
to the Holocene) strata form the upper structural unit.

The total thickness of Cenozoic sediments around the
diapir is variable, and changes from 400 m inside the graben
depression, to 100-150 m outside the graben. Towards the
DSD centre, these sediments were successivelly reduced by
erosion, on the average to 20-35 m over the salt plug.

The Tertiary strata, including brown coal seams,
formed an outstanding brachy-anticlinal structure, ellipse-
shaped in map-view, which displays strong westward asym-
metry (Figs. 2,3). Following graben extension, the structure
presents an inclined fold, whose longer limb dips to the east
at 25°, and its shorter limb is inclined at least 50° to 60° to-
wards the west. The inclination of coal layers in the western
limb locally increases up to vertical position, and the layers
becomes even overturned, dipping at 80° to 85° to the east.

As shown on the cross-section (Fig. 3), the strongly
folded Tertiary strata represent sandy sub-coal deposits and
the so-called main brown coal seam, dated to the Early Mio-
cene. On the western side of the DSD, coal deposits consti-
tute one massive coal bed, about 100 m thick. On the eastern
side, the lower part of main seam is interbedded with sand,
mud and clay. Locally, in outer areas of the anticline, the
youngest Tertiary clayey-sandy sediments (Late Miocene
and /or Pliocene?) are preserved, resting discordantly on the
coal-rich deposits.

Highly elevated and folded Tertiary sediments were
deeply cut by erosion in a later period. In the centre of the
DSD, the Quaternary series overlies directly the dome cap
rocks. However, the internal structural features of the over-
lying Quaternary sediments have not been recognised in de-
tail. In general, their thickness over the DSD is 20 to 30 m,
and beyond the dome zone it grows steadily even up to

100 m. The upper part of Quaternary succesion is believed
to be correlative with the Wartanian glacial stage.

Structural features of the Cenozoic overburden, includ-
ing its thickness and lithofacies relations, have enabled for
reconstruction of the main stages of the DSD development
in the Tertiary Qutcmary. The analysis ofwellbore data re-
veals that the thickness of the sub-coal deposits increases on
the western and eastern sides ofthe DSD. It could have dis-
played the development of rim synclines in the earliest Mio-
cene, as a result of moderate salt activity. Typical features
of the coal series and occurrence of numerous, relatively
thick coal layers close to the salt core suggest that there
were no significant salt uplift movements in the upper part
of the Early Miocene. On the contrary, it might be the evi-
dence of similar sedimentary conditions, which, in the same
period, occurred in other parts of the BCleszczow Graben.
Strong Tertiary movements which caused folding of the
supra-dome sediments occurred after the Early Miocene,
and before the Quaternary. Considering the actual position
of correlative coal layers, we can notice that the Tertiary se-
ries are elevated up to 180 m, viewing from the west, and
about 200 m when viewed from the east. However, when we
reconstruct the position of Tertiary layers over the DSD
which were destroyed by erosion, we can assess the fold
amplitude at about 400 m, that is, generally, two times big-
ger. Conclusive measurement of the magnitude of Tertiary
uplift requires subtracting the influence of later Quaternary
DSD activity.

The Quaternary’salt movements are testified to by an
elevation of the top-Tertiary/base-Quatemary surface, as
shown on the map (Fig. 4). The above-mentioned surface is
situated at heights varying, on the average, from +170 m to
+180 m over a broad area that encircles the salt dome centre.
It is noteworthy, that several wells encountered the coaly
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Tertiary sediments just a few metres under the ground level
at heights of +185 m to +195 m. Outside the DSD, the top-
Tertiary surface lowers to heights that range from +140 m to
+120 m. Further analysis of that surface displays an irregu-
lar pattern of secondary highs and hollows which, in part,
appear to be a result of wrong identification of the top-
Tertiary sediments in drill core materials. Some secondary
hills ofa circular arrangement are controlled by steeply dip-
ping coal beds which subcrop at the base-Qutemary surface.
Thus, assuming that the examinated surface was primarily
of horizontal, generally flat topography, it must have been
uplifted up to 70 m. The groundsurface topography does not
show any more visible, present-day expression ofthe DSD.

ASSESSMENT OF THE DSD
TERTIARY-QATERNARY DYNAMICS

The step-wise Cenozoic development of the DSD, in-
cluding two distinctive pulses in the Tertiary and Quater-
nary, may be readily inferred from structural features of the
covering sediments. Discontinous dynamics of the DSD
clearly displays complete development of the coal-bearing

the DSD centre
approximate extent of
anticline in Tertiary deposits

extent of brown coal
seams

Structural contour map of the base-Quatemary surface in the Debina Salt Dome area

Early Miocene deposits which followed moderate salt mo-
bilisation in the earliest Early Miocene. One may infer that
principal episodes of the diapir rise coincided with those
Tertiary and Quaternary tectonic phases which were well
documented during field investigation in the nearby open-
cast mine in Belchatow (Gotowata & Hatuszczak, 2002).
The Tertiary tectonic phase in the Kleszczéw Graben does
not have any precise stratigraphic dating, yet. When we con-
sider the age of those layers which overlie and underlie an-
gular unconformities GCPN, we find out that the activity
can be generally referred to the upper part of the Middle
Miocene (late Badenian or later), or to the turn of the Mid-
dle/Late Miocene. Favourable conditions for the salt uplift
were provided as a result of extensional regime, which oc-
curred at least in the initial period ofthis tectonic phase. The
state of the tensile stress was well recorded by predomi-
nantly normal mode of numerous Tertiary faults which were
examined in the open-cast mine (Gotowata & Hatuszczak,
2002). In reference to the previously mentioned structural
data, the magnitude of salt movement can be estimated at up
to even 400 m.

Renewed salt movements of the DSD occurred in the
Quaternary. As a result of uplift, there occurs an irregular
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elevation ofthe top-Tertiary surface which is 60-70 m high.
It is suggested that this pulse is related to the Quaternary
tectonic activity in the Kleszcz6w Graben, being coeval
with the time interval from the Ferdynand6éw Interglacial up
to the Saalian = Odranian Glaciation. The most recent field
investigations in the Betchatéw open-cast mine show non-
penetrative, zonal occurrence of the Quaternary deforma-
tions which have been aligned and apparently controlled by
the main pre-existing dislocations in the sub-Cenozoic base-
ment. The origin of the Quaternary salt reactivation is be-
lieved to be related to tensile stresses, which were produced
by postglacial unloading. The dominant role of glacial re-
bound coupled with the mobility of the deep-rooted fault
zone has already been noticed (Hatuszczak, 1995; Gotowata
& Hatuszczak, 2002).

Taking into account that the time interval lasted ca.
24,000 years, and that the magnitude of Quaternary uplift
was ca. 70 m, the rate of that process can be estimated as
about 0.3 mm/year. The resulting value is considerably
smaller than the rate of Imm/per year that has been calcu-
lated for 15,000 year-lasting, post-glacial uplift in the Inow-
roclaw and Gora areas, on the basis of geomorphological
studies (Niewiarowski, 1983). Comparable with the DSD
rate, the maximum uplift rate of 0.5 mm/year has been esti-
mated, e.g., in the East Texas diapir province (Seni & Jack-
son, 1983). Diapiric rates and comparative rates for other
types of active geologic flow are listed, e.g., by Jackson and
Talbot (1994).

The strain rate can be considered as a more conclusive
measurement of the Quaternary uplift. It is expressed as per-
centage proportion of the strain that occurs in a time unit,
i.e.,, e = ej/t, where ed is the Quaternary change of vertical
elongation of the DSD divided by its total vertical elonga-
tion, and t is the time (in seconds) ofthe movement activity.
If the total elevation ofthe DSD above the top surface of the
Zechstein source beds, basing on regional data of Mrozek
(1975) is, on the average, 2.5 kilometres, the strain rate
amountsto 4 x 10 4s"1

Both the disccused parameters show relatively fast salt
Qutemary movements in the DSD, being representative for
the active phase of diapir rise (from 10~#4s-1 to 10~16s-1;
Seni & Jackson, 1983). According to the discontinous mode
of salt pulses, one can suggest that effective salt uplift rate
calculated for short-lasting intervals would be considerably
greater than that given above.

CONCLUSIONS

The discontinous, step-wise Cenozoic development of
the DSD, including two distinctive pulses in Tertiary and
Quaternary times, may be readily inferred from structural
features of the covering sediments which are being dis-
cussed in this paper. The timing of these salt pulses is con-
sidered to be related to the Cenozoic tectonic activity of the
Kleszczow Graben, well documented during field studies in
the brown coal open-cast mine “Befchatdw”. The first pulse
of the Cenozoic salt uplift occurred at the beginning of the
Early Miocene, although its intensity is assessed as dis-
tinctly minor than that of later episodes. Strong movements
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which caused folding of the supra-dome sediments occurred
after the Early Miocene and before the Quaternary, proba-
bly in the upper part of the Middle Miocene (late Badenian
or later) or at the turn of the Middle/Late Miocene. Basing
on the amplitude ofthe Tertiary asymmetric supra-dome an-
ticline, the magnitude of salt uplift was estimated at 400 m.

Irregular elevation of the top-Tertiary surface, 60-70
metres high on the average, documents the renewed Quater-
nary movements of the DSD. Taking into account the dura-
tion of the Quaternary tectonic activity in the Kleszczéw
Graben (Inter Saalian-Ferdynandéw Interglacial up to the
Saalian=0Odranian Glaciation), lasting ca. 24,000 years, the
rate of the salt uplift can be estimated at 0.3 mm/year. An-
other important parameter, the strain rate, amounts to 4 x
10~14 s-1 It points to relatively fast Qutemary salt move-
ments which are representative for the active phase of the
diapir rise (from 10~4s*to 10~16s ‘). The groundsurface
topography over the DSD does not show any more visible
present-day expression.
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Streszczenie

KENOZOICZNA DYNAMIKA WYSADU SOLNEGO
DEBINY (ROW KLESZCZOWA) NA PODSTAWIE
BUDOWY STRUKTURALNEJ JEGO TRZECIO-
| CZWARTORZEDOWEJ POKRYWY

Andrzej Hatuszczak

Potozony w centralnej czesci trzeciorzedowego rowu tekto-
nicznego Kleszczowa wysad solny Debiny stanowi najdalej ku
pohidniowi wysunieta strukture tego typu w obrebie polskiej
czesci basenu cechsztyniskiego (Fig. la). Na tle pozostatych 11
diapiréw przebijajacych powierzchnie podkenozoiczng, znanych z
obszaru Nizu, wysad Debiny wyréznia sie dobrze udokumento-
wang aktywnos$cig w kenozoiku, o czym $wiadczy jednoznacznie
silne wypietrzenie utworéw trzecio- i czwartorzedowych w osto-
nie wysadu.

Wysad solny Debiny potozony jest w strefie wyraznego zata-
mania si¢ przebiegu rowu Kleszczowa, co - jak powszechnie sie
przyjmuje - zwigzane jest z przecinaniem sie potludniowego
uskoku brzeznego rowu i poprzecznych dyslokacji zorientowa-
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nych NW-SE i NE-SW, o przypuszczalnie regionalnym zasiegu
(Fig. Ib, 2).

Analiza blisko 1000 wiercen z szerokiego otoczenia wysadu
Debiny i opracowane na tej podstawie mapy strukturalne, a takze
dotychczasowe wyniki badan terenowych autora w sgsiadujacej
z wysadem odkrywce kopalni “Betchatéw”, rzucajg nowe $wiatto
na dynamike koricowych etapéw jego rozwoju w kenozoiku.
Wysad jest wypietrzony o okoto 350-450 m wzgledem dna rowu
Kleszczowa i okoto 60-100 m w stosunku do skrzydet rowu (Fig.
2, 3). W gornej czesci, najlepiej rozpoznanej dzieki licznym wier-
ceniom, wysad stanowi stromy pien solny, o poziomym zarysie
elipsy (600 m x 400 m) wydtuzonej wzdtuz rozciggtosci rowu.
Czape wysadu reprezentujg gipsy i anhydryty, przykryte lub prze-
warstwiajace sie z brekcjami utwordw jurajskich i kredowych,
0 tacznej migzszosci do ok. 120 m. Utwory solne korelowane z cy-
klotemem PZ1 zostaty nawiercone na gtebokos$ci 170-200 m poni-
zej powierzchni terenu, tzn. na gtebokosci od ok. +30 m do +10 m.

Profil utworéw kenozoicznych w strefie wysadu solnego
Debiny jest bardzo zblizony do szczegétowo rozpoznanego profilu
tych utworéw w odstonieciach odkrywki “Betchatéw”. Wyrazne
analogie dotyczg réwniez uktadu gtéwnych erozyjnych powierz-
chni niezgodnos$ci katowych w utworach kenozoiku, dokumen-
tujacych kolejne etapy deformacji. Na podstawie obserwacji tere-
nowych przyjeto podziat utworéw kenozoicznych rowu na trzy
zasadnicze jednostki strukturalne. Jako dolne pietro wydzielono
piaszczyste i ilaste utwory podweglowe, wraz z tzw. poktadem
gtéwnym wegla brunatnego i wystepujagcymi wyzej podrzednymi
warstwami wegla, reprezentujacymi tgcznie wczesny i czeSciowo
$rodkowy miocen. Strop jednostki wyznacza erozyjna powierzch-
nia niezgodnosci katowej GTPN, Scinajaca deformacje fatdowe
1uskoki wystepujace w wymienionych utworach. Srodkowe pietro
strukturalne stanowia wystepujace powyzej bezweglowe, piasz-
czyste i ilaste utwory péznego miocenu (i pliocenu?) oraz dolna
cze$¢ osadéw czwartorzedowych, obejmujacych utwory od zlo-
dowacenia poludniowopolskiego po zlodowacenie Odry. Silne,
strefowe zaburzenia wystepujace w tych utworach sa $ciete po-
wierzchnig GCPN. Najmtodsze pietro strukturalne tworza na og6t
poziomo zalegajgce utwory zwigzane z interwatem czasowym: in-
terstadiat Pilicy - holocen.

Warstwy trzeciorzedowe w okrywie wysadu Debiny formuja
ztozona, antyklinalng kopute o wyraznej asymetrii zachodniej
(Fig. 3, 4). W przekroju réwnoleznikowym obraz tej koputy zbli-
zony jest do fatdu pochylonego z dtugim skrzydtem wschodnim,
nachylonym wzdtuz osi rowu do ok. 25° i krétkim, stromym skrzy-
dtem zachodnim, nachylonym co najmniej 50°-60°. Lokalnie, na
skrzydle zachodnim koputy, nachylenie warstw weglowych wzra-
sta do pionu lub tez przeginaja sie one w druga strong przyjmujac
potozenie odwrécone z upadami rzedu 80°-85° ku wschodowi.
Wysoko wypietrzone i zafatdowane utwory wczesnego, czesciowo
srodkowego miocenu zostaty w toku pézZniejszej erozji (pozny
miocen, czwartorzed) silnie zniszczone, a w centralnej strefie
wysadu catkowicie usuniete. Szczeg6towa korelacja litostraty-
graficzna wyzejlegtych warstw czwartorzedowych nie jest jedno-
znaczna. Ich migzszo$¢ ponad wysadem nie przekracza najczesciej
20-30 m. Pojedyncze otwory rejestrujg wystepowanie zaweglo-
nych utworéw trzeciorzedowych bezposrednio pod powierzchnig
terenu.

Analiza profilu utworéw ponad wysadem wraz z wystepuja-
cymi w tych osadach niezgodno$ciami i lukami erozyjnymi uja-
wnia skokowy charakter ruchéw soli w kenozoiku, z wyraznie
zaznaczajacymi sie dwoma etapami: trzeciorzedowym i czwarto-
rzedowym. Przyjeto, ze oba wymienione etapy ruchéw soli odpo-
wiadajg wiekowo fazom aktywnosci tektonicznej, jakie zostaty
udokumentowane w nieodlegtych wzgledem wysadu odstonig- ci-
ach utworéw kenozoicznych w odkrywce kopalni Betchatow.
Starsza z tych faz jest datowana na $rodkowy miocen (mtodszy
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baden lub po badenie), mtodsza - na okres od interglacjatu ferdy-
nandowskiego po zlodowacenie Odry wigcznie. Pierwsze, umiar-
kowane ruchy soli mogty wystapi¢ juz w najnizszym wczesnym
miocenie, o czym $wiadczy pewien wzrost migzszosci podweglo-
wych utworéw piaszczystych w rowie, po obu stronach wysadu.
Nieciggty charakter dynamiki wysadu najlepiej odzwierciedla
obecnos$¢ na skrzydtach koputy blisko 250 m sekwencji warstw
weglowych, piaszczystych i ilastych, odpowiadajgcych utworom
dolnego pietra strukturalnego (wczesny, czesciowo S$rodkowy
miocen). Oznacza to, ze w wymienionym okresie warunki sedy-
mentacji w strefie wysadu Debiny zdominowane byty przez subsy-
dencje i nie odbiegaly w istotny sposob od pozostatych czesci
rown. Wielko$¢ p6zniejszego wypietrzenia diapiru mozna ocenié
na podstawie potozenia korelatywnych warstw weglowych. Wy-
nosi ona co najmniej 200 m, a po zrekonstruowaniu warstw znisz-
czonych przez erozje blisko 400 m.

Ponowne dZwigniecie wysadu nastapito w czwartorzedzie, co
dokumentuje poddarcie powierzchni podczwartorzedowej ok.

60-70 m powyzej jej Sredniego potozenia w szerokim otoczeniu
wysadu (Fig. 4). Przyjecie podobnego przedziatu czasowego dla
tych ruchéw, jak w przypadku czwartorzedowej aktywnosci tek-
tonicznej rejestrowanej w odstonieciach odkrywki Betchatéw, ftj.
interwatu liczacego ok. 24 000 lat, pozwala oszacowaé¢ predkos$c
tego procesu na ok. 0,3 mm/rok. Uwzgledniajac pulsacyjny
charakter ruchéw soli nalezy oczekiwaé, ze rzeczywiste, krotkook-
resowe predkos$ci byty znaczaco wieksze. Innym czesto stosowa-
nym miernikiem dynamiki procesu deformacyjnego jest predkos¢
odksztatcenia (strain rale) e = ej// , gdzie ed jest ilorazem przy-
rostu wysoko$ci wysadu i jego wysoko$ci pierwotnej, a t jest
czasem trwania ruchéw. Przyjmujac podobne jak poprzednio ramy
czasowe aktywnos$ci wysadu, predkos¢ jego odksztatcenia wynosi
4 x 10~14 s~*. Oba obliczone parametry wskazujg na stosunkowo
szybkie ruchy soli z predkoscia typowa dla faz aktywnego wzrostu
wysadéw. Uksztattowanie powierzchni topograficznej ponad
wysadem solnym Debiny nie dostarcza argumentdw na rzecz jego
wspotczesnej aktywnosci.



