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Clastic dikes in uppermost Tertiary sediments of the
Kleszczéw Graben and their significance to reconstruction
of Quaternary diastrophism

Morphologic features, lithology, spatial arrangement and stratigraphical position of clastic dikes in sediments of
the uppermost Tertiary in the Kleszczéw Graben (Belchatéw brown coal open mine) are presented. Origin of
dikes is related to development of broad anticlinal structures during the Quaternary, after deposition of the oldest
glacial series of the South Polish Glaciation (Nidanian). 2

INTRODUCTION

The term “clastic dikes” can be differently understood as it is applied in two various
meanings. In the narrow meaning, it is used to define sheet-like elongated, vertical or
close-to-vertical injections of sediments, discordant against structure (e.g. bedding) of
surrounding rocks (S. Dzutyiiski, A. Radomski, 1957; A. H. Bouma, 1962; F. J. Pettijohn,
P. E. Potter, 1964).

However many a time (T. Hayashi, 1966; J. C. Dionne, W. W. Shilts, 1974), the same
term has a more general meaning and deals with various sedimentary sheet-like or
wedge-like bodies (sandy, silty, clayey and others) that fulfil the already mentioned
criterion of discordance. In the present approach the term has no univocal genetic refer-
ence and is applied to various structures, both if mechanisms of open cracks or fissures,
as well as their varying infillings are concerned.

Such a broad definition includes clastic dikes which have developed within tensile
cracks, penetrating down to the depth to about 80 m in the vertical section of the uppermost
Tertiary sediments in the Kleszczéw Graben (Belchatéw brown coal open mine). Such
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Fig. 1. Occurrence of clastic dikes in folded sediments of the Pliocene and the Middle Miocene: A — location of
the studied arca, B — occurrence of clastic dikes

1 — contour lines of the base of the Pliocene sediments in metres a.s.l.; 2 — tensile fissures with clastic dikes
(generalized); 3 —anticline axis with coal-bearing sediments of the Middle Miocene; 4 — southern marginal fault
of the graben in Mesozoic sediments; 5 — location of selected boreholes with borehole number; 6 — studied area;
7 — extent of the Belchatéw brown coal field

Rozprzestrzenienie dajek klastycznych na tle faldéw w utworach pliocenu i sSrodkowego miocenu: A — lokalizacja
obszaru badasi, B — szkic rozprzestrzenienia dajek klastycznych .
1 — izohipsy spagu utwordw pliocenu w m n.p.m.; 2 — szczeliny tensyjne z rozwini¢tymi wzdluz nich dajkami
klastycznymi (obraz zgeneralizowany); 3 — o§ antykliny z weglono$nymi utworami §rodkowego miocenu; 4 —
przebieg poludniowego uskoku rowu brzeznego w utworach podtoza mezozoicznego; 5 — lokalizacja wybranych
otworéw wiertniczych ztozowych z numerem otworu; 6 — obszar badan; 7 — zasieg zloza wegla brunatnego
Belchatéw
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structures have been many a time noted in various exploitation zones of the mine (R.
Gotowata, 1982; K. Brodzikowski et al., 1987) but have been never of main interest for
geologists who carried out studies in this area.

Systematic observations of escarpments of the gradually exploited and therefore
displaced western slope have been undertaken by the author in recent years. The aim of
this research is a description of the phenomenon, a discussion on genetic classification of
the structures and on their relationships to the main tectonic elements of this area. At
present, a preliminary presentation of these structures seems useful, completed with some
suggestions as to their general geological implications.

LOCATION AND GENERAL GEOLOGICAL SETTING

Data presented in the paper were collected in 1990-1992 in a southwestern part of
the Belchatéw brown coal open mine, near the village of Kleszczow (Fig. 1). This area
constitutes a fragment of larger deformation zone that extends well outside the present
borders of the pit and is being successively exposed westwards, following the exploitation.
Against deep major dislocations in Mesozoic sediments that delimit general borders of
the Kleszczéw Graben, the described area is located inside — in a zone 500-700 m wide
and continuing northwards from a southern marginal fault of the graben.

The occurrence of tensile fissures and accompanying clastic dikes is restricted to a
certain interval of the lithostratigraphic profile. It comprises sediments of the uppermost
Tertiary, recently dated at the Pliocene (D. Krzyszkowski, A. Szuchnik, personal infor-
mation, paper in preparation), and of the lowermost Quaternary — corresponding to the
South Polish Glaciation (Nidanian) and the Ferdynandéw Interglacial. An exact determi-
nation the age of the Quaternary layers crosscut by fissures in their uppermost parts is still
an open problem.

The location of fissures is schematically presented on a lithostratigraphical section
(Fig. 2). More detailed data on lithofacial development and stratigraphy of Cainozoic
sediments in the Kleszcz6w Graben are available, among others in papers of A. Hatusz-
czak (1987), L. Stuchlik et al. (1990) and D. Krzyszkowski (1990, 1992).

Most field data used in the paper were collected from the Pliocene sediments that
outcrop at several successive escarpments between 100 and 175 m as.1, i.e. between 100
and 35 m below the ground surface.

The Pliocene complex is composed of fluvial and lacustrine sediments with mainly
gravels, coarse- and medium-grained sands, sandy clays and clays, total thickness of which
is about 60-70 m. A bottom of the sequence is defined by the occurrence of black,
well-rounded, siliceous gravels resting with an angular unconformity on strongly eroded
coal-bearing sediments of the Middle Miocene. This discordant surface forms an import-
ant correlative horizon in the widespread graben area. The described sediments have been
also known as the so-called Clayey-sandy Unit. It forms the youngest lithostratigraphical
unit of the Tertiary, according to the subdivisions used among others in geological
documentations (Kompleksowa dokumentacja geologiczna..., 1983, 1989).

The Pliocene sediments are composed of interbedded extensive layers of sand (a few
to several dozen metres thick) and of finer fractions (silty sands, sandy clays and clays,
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T Fig. 2. Location of clastic dikes against schematic
=T stratigraphical section of the Kleszczéw Graben
J — lurassic; Cr — Cretaceous; Tr — Tertiary:
M,; — Lower Miocene, M, — Middle Miocene,
PL — Pliocene; Q — Quaternary: Q, — from the
Nida to the Odra Glaciation (included), Q, —
from the Pilica Interglacial to the Holocene; 1 —
brown coal; 2— clays; 3—sandy clays; 4—silts;
5—tills; 6— sands; 7—black, siliceous gravels;
8 — main angular discordances; 9 — clastic dikes
Pozycja dajek klastycznych na tle schematyczne-
go profilu stratygraficznego rowu Kleszczowa

J— jura; Cr — kreda; Tr — trzeciorzed: M; —
miocen dolny, M, — miocen $rodkowy, PL —
pliocen; Q — czwartorzed: Q; — od zlodowace-
nia nidy po zlodowacenie odry (wiacznie), Q, —
od interglacjatu pilicy po holocen; 1 — wegiel
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to several metres thick). They are generally subhorizontal or form gentle large folds.
Intensity of fold deformations is relatively high for the analysed fragment of the Cainozoic
section, and increases westwards. Principal geometric features of the folds are presented
with contour lines of deformations at the base of the Pliocene sediments (Fig. 1B). Main
deformation elements are structures with northwest-southeast trending axes; from the east
they are successively: anticline, syncline and monocline draped over the deep marginal
fault of the graben.

In the eastern part of the area (more deeply cut by mining works), but also in the
western part within hinge zone of folds, the older series are exposed, being represented
by the Middle Miocene sediments (sands, silts, coaly clays, brown coal, lacustrine lime-
stones). They are folded as well showing, however, many individual structural features.

GEOMETRIC DESCRIPTION OF OPEN FRACTURES

The observations indicate that clastic dikes form widespread vertical infillings of open
cracks (tensile fissures). Thanks to observations at numerous successive positions of
exploitation escarpments, a spatial pattern of these fissures was reconstructed with con-
siderable accuracy (Fig. 1B). Fissures show parallel, northwest trending arrangement to
one another, at distances ranging from several dozen to several hundred metres.
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Differences between particular
structures are mainly due to dimensions
of fissure opening (joint width), their
horizontal extent and type of infilling
(inner structure and dike lithology).
These differences are firstly of quanti-
tative character and result from degree
of fissure development.

The largest structure, from now on
called the Main Fissure, is located in
the southernmost part of the studied
area (Fig. 1B; Pl I, Figs. 5, 6). It is
characterized by an average width of
4—6 m, and until now has been traced
along strike at a distance of 1 km (but
is still expected to continue well be-
yond the outcrop boundary). Others fis-
sures, occurring the northeast from the

Fig. 3. Main fissure, reconstruction after selected
fragments of pit escarpments

1 — coarse-grained sands and gravels; 2 — me-
dium- and fine-grained sands; 3 —silts; 4 —clays;
5 — faults; 6 — clastic dikes; 7— borders between
main lithostratigraphical units; for other explana-
tions see Fig. 2

Szczelina gtéwna, rekonstrukeja na podstawie wy-
branych fragmentéw skarp odkrywki

1 — piaski gruboziarniste i Zwiry; 2 — piaski
$rednio- i drobnoziarniste; 3 — muly; 4 — ity; 5
— uskoki; 6 — dajki klastyczne; 7 — granice
migdzy giéwnymi jednostkami litostratygra-
ficznymi; pozostale objasnienia jak na fig. 2

4101

Main Fissure, are smaller. They are commonly up to 1 m wide. Their horizontal extent
seems not to exceed 400-600 m.

The vertical extent of fissures is relatively uniform, and can be estimated at 70-80 m.
Their lower termination is usually clearly defined. Most of the structures reach the bottom
of the Pliocene sequence and show a tendency to die out just above the basal erosional
surface, or few metres below it, in the uppermost part of coaly deposits of the Middle
Miocene. Some structures end gradually, some abruptly (for instance against clayey
layers). The latter terminate with 1-2 m wide pocket-like floor, that shows cross-cutting
relations with sets of small faults and fractures reaching somewhat deeper.
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The upper termination is transitional, because a progressive opening of fractures is
accomodated by complex trough features at the top, within the Quaternary deposits. For
such reason it cannot be defined in detail.

Individual structures are very distinctly visible within subhorizontal or gently folded
layers of the host Pliocene sediments. Border walls of fissures form sharp-cutting, flat or
slightly undulated vertical or subvertical planes. Some spatial variations has been ex-
pressed by irregular depressions and niches at sites of block detachment from the walls.
Both border surfaces show roughly parallel arrangement, but they have been found as
convergent downwards if traced at a longer vertical distance. It results in decreasing width
of the Main Fissure from 7-8 m at the top of the Tertiary complex to 3-4 m at the base
of the Pliocene sequence.

LITHOLOGY AND FABRIC OF DIKES

Lithology of presented structures is considerably varied. Fissure infillings contain both
Tertiary (sands, various kinds of clays) and Quaternary material (gravels, sands, silts, tills),
coming from fissure walls and overlying layers. Similar differentiation is also charac-
teristic of the inner structure of dikes which is due to several different infilling mechan-
isms, coexisting at the same time. Genetic varieties of such structures was determined by
T. Hayashi (1966) who distinguished intrusive, injection, infilling, squeezed-in and diag-
enetic dikes.

According to the author’s observations, the fissures are generally filled with:

1. Material with well-preserved (or slightly deformed) sedimentary stratification, oc-
curring as narrow (20-50 cm), vertical elongated blocks detached from fissure walls and
than moved gravitationally downward.

2. Material with destroyed stratification, composed of various intermixed lithological
types, formed by collapsing of the overlying layers and transported within a fissure at long
distances.

3. Clayey veins, on the average up to 0.5 m thick, with varying vertical extent and
shape (from wedge-like to sheet-like). They are connected with the Tertiary layers, which
enclose or underlie a fissure.

4. Sandy veins, from several centimetres to almost a metre thick, with fluidal or
homogenic structures, formed due to intrusion (sensu S. Dzulyiiski, A. Radomski, 1957)
of liquefied sands (of quicksand type).

The collected observations indicate that the infilling within a individual fissure can
change along the strike, and more commonly, with depth. Apart from typical simple dikes;
due to single, opening events, there are also more complex ones. Particularly significant
is the occurrence of composite dikes originated as a result of multistage opening and
infilling of fissures (W. Jaroszewski et al., 1985). These dikes contain a sequence of
infillings bounded by fissure-parallel discontinuities. Thus opening of fractures, particu-
larly of the more advanced ones, seems to have been a relatively, prolonged process with
distinct successive stages.
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Fig. 4. Examples of clastic dikes from exposures in the western part of the mine pit Belchatéw

Simple dikes (of single-stage development): a — injection infilling, b — infilling in form of gravitationally
displaced block; composite dikes (of multi-stage development): ¢ — infilling in form of gravitationally displaced
extremely elongated blocks, d—set of clayey veins (squeezed-out), e —changing infilling mechanism (gravitation,
squeezed-out), f — gravitation infilling of varying deformation degree of laterally accompanying blocks; 1 —
coarse-grained sands and gravels; 2 — medium- and line-grained sands; 3 — clays

Przyktady dajek klastycznych z odstonie¢ w zachodniej czesci odkrywki Belchatéw

Dajki proste (0 jednoetapowym rozwoju): a — wypelnienie iniekcyjne, b — wypetnienie w formie przemiesz-
czonego grawitacyjnie bloku; dajki pakictowe (o kilkuetapowym rozwoju): ¢ — wypelnienie w postaci zespolu
listwowatych blokéw przemieszczonych grawitacyjnie, d — zesp6t zyt ilastych (z wyciénigeia), e — zmienny
mechanizm wypelniania (grawitacyjny, z wycisnigcia), f—wypelnienie grawitacyjne o réznymstopniu deformacji
sasiadujacych obocznie blokéw; 1 — piaski gruboziarniste i zwiry; 2 — piaski §rednio- i drobnoziarniste; 3 — ity

Selected examples of simple and composite dikes are presented (Fig. 4; Pl 1I, Figs.
7-10).

AGE OF CLASTIC DIKES

In case of unconsolidated deposits both processes: opening of cracks and their filling
must have developed contemporaneously. Hence, the clastic dikes can be dated by deter-
mining the age of infilling material as well as by determining the age of the youngest
layers cut by the dikes. The analysis of sediments within open cracks indicates that they
developed during Quaternary. Such a conclusion is supported by the presence of more or
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less deformed blocks or veins of the Quaternary material. The Quaternary infilling ma-
terial occurs in the fissures exclusively or together with the Tertiary sediment, reaching
down along the fissures to a depth of 60-80 m below the base of the Quaternary sequence.
It is also worthwhile to note that this statement can explain (except for technical reasons)
the cases known from industrial, geological reports where the Quaternary material occurs
in the drilling cores within the Tertiary sequence.

General age identifications were done on the basis of macroscopic features of the
sediment, mainly the presence of the Scandinavian material and composition of heavy
minerals in case of fine-grained and silty sediments. The second method enables closer
determination of sediment origin by comparison of results with key assemblages of heavy
minerals, listed for the Quaternary by D. Krzyszkowski (1990, 1992) and for the upper-
most Tertiary by A. Hatuszczak (paper in preparation).

The most important premises to date development of the tensile cracks are provided
by observations on their relations to the surrounding sediments, mainly on the involvment
the Quaternary layers that overlie or cover the described structures. These observations
indicate that the structures are younger than the oldest glacial series in this area. The latter
series are correlated with the Folwark Formation, distinguished by D. Krzyszkowski (op.
cit.), and corresponding to the South Polish Glaciation (Nidanian). The development of
the described structures can be connected with deposition (at least partly) of the overlying
Czyzéw Formation corresponding, according to D. Krzyszkowski, to a polycyclic inter-
glacial with well documented series of the Ferdynand6éw Interglacial at the base. A more
detailed determination the age of the structures is still to be made.

REMARKS ON ORIGIN

The development of clastic dikes can be achieved trough active, pressure-induced
intrusion forcing the cracks to open (S. Dzulyriski, A. Radomski, 1957; F. J. Pettijohn, P.
E. Potter, 1964). More frequently, however, the infilling medium behave passively and
resulting cracks form spatially systematic arrangement. In these cases both mechanisms
of infilling and opening should be examined separately.

Fissures and open cracks can originate in various ways. According to J. C. Dionne and
W. W. Shilts (1974), the most important mechanisms are the following: 1 — sediment
contraction under influence of frost or drying, 2 — mass movements (landslides, solifluc-
tion, etc.), 3 — sediment draining due to intensive compaction in the substrate or loading
at reverse density gradient, 4 — subsidence due to substrate leaching, 5 — seismic activity,
6 — tensile stress at base of advancing glacier, 7 — disjunctive tectonic deformation that
accompany feclding.

The collected observations on fissures enable us to exclude most of the above mentioned
mechanisms, particularly the hypergenetic ones. The morphological features of the analysed
structures and their location within wide, open zones of anticlinal or flexural crests permit an
assumption of tensile stresses as a direct cause of their formation. When the folding occurred,
the tension along fold crests was relieved by development of open fractures paralle] to the fold
axes. Progressive opening of fractures during the folding is expressed by a sequence of
structures starting from simple dikes, through composite ones to complex infillings within
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narrow, deep throughs, which show features typical of roof grabens (the Main Fissure
described above). The commonly observed termination of fissures downwards at the
border zone between the Pliocene and Miocene sediments can be explained by tensile
stress drop towards the neutral surface in folds ( cf. stress state in buckle folds — W.
Jaroszewski, 1980; J. G. Ramsay, M. 1. Huber, 1987). This interpretation is supported by
field data from the eastern part of the mine pit (beyond the described area).

As particularly significant example may be taken on extensive open fracture (6-8 m
width, horizontal extent 1.5 km, vertical extent up to 100 m) developed close to an
anticline axis which has been observed along the borehole line 87/14 — 86/14 — 95/14.

Dating of the clastic dikes is an important aspect of their occurrence, resulting
consequently in more detailed than in the past, age determination of one of the main
deformation phases of the Cainozoic sediments in this area. Regardless of possible future
progress in stratigraphy recognition, the described structures univocally confirm the
presence of Quaternary tectonism in the evolution of the Kleszczéw Graben, which has
been already suggested by M. D. Baraniecka and Z. Sarnacka (1971), M. D. Baraniecka
(1981), R. Gotowata (1982, 1987) and D. Krzyszkowski (1992).

A more detailed explanation for origin of the tensile structures and the related clastic
dikes, in particular the determination of their dependence on higher-order tectonic pro-
cesses, demands a wider analysis of all phenomena of extensional brittle deformation that
are typical of the Pliocene-Lower Quaternary sediments in the Kleszczé6w Graben. It is,
however, a separate problem, beyond the scope of the present paper.

Translated by Leszek Marks
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Andrzej HALUSZCZAK

DAJKI KLASTYCZNE W NAJWYZSZYM TRZECIORZEDZIE ROWU KLESZCZOWA I ICH
ZNACZENIE DLA REKONSTRUKCJI CZWARTORZEDOWEGO DIASTROFIZMU

Streszczenie

Jednym z charakterystycznych elementéw budowy strukturalnej utworéw pliocenu-nizszego czwartorzedu
w rowie Kleszczowa (Polska centralna) sq dajki klastyczne. Szczegélowe badania prowadzono w SW czesei
odkrywki kopalni wegla brunatnego Belchatéw, w rejonic poludniowego uskoku rowu brzeznego, wystepujacego
w podtozu mezozoicznym.

Dajki klastyczne o zasiggu poziomym do ponad 1 km rozwinigte sa wzdhuz systemu spekaii tensyjnych o
orientacji NW-SE. Ich zasieg pionowy wynosi srednio 60-80 m, przy czym zanikaja one ku dolowi na kontakcie
z nizejleglymi, zaweglonymi osadami §rodkowego miocenu. Poszezegélne struktury réznia sie wzajemnie
rodzajem wypelnienia (grawitacyjne, inickcyjne, z wycisnigcia), a takze szerokoscia szczelin (od kilkudziesieciu
centymetréw do 6-8 m). Oprécz typowych dajek prostych, powstatych w wyniku ciaglego, jednoctapowego
rozwoju, wystepuja dajki pakietowe, bedace wynikiem wielokrotnego rozwierania i zapelniania szczelin. W
obrebie wickszych struktur stwicrdzono do 7-8 przylegajacych do sicbie obocznie generacji wypelnienia.
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Wystepowanie materialu czwartorzgdowego (odcinkowo lub na calej wysokoéci szczelin) rozstrzyga w sposéb
oczywisty o czwartorzedowym wieku dajek. Deformacje warstw czwartorzedowych lezacych powyzej szezelin
wskazuja, e proces ich rozwierania jest mtodszy od najstarszej na tym obszarze serii glacjalnej (zlodowacenie
poludniowopolskie — nidian).

Cechy morfologiczne analizowanego zespolu struktur, a szczegdlnie jego pozycja w obrebie stref antykli-
nalnych i fleksuralnych osadéw kenozoicznych, pozwalaja przyjac, ze bezposrednia przyczyna ich powstawania
byly naprezenia rozciagajace, rozwijajace sie w zewnetrznych czesciach pakietéw faldowanych warstw,



PLATEI

Fig. 5. Main fissure in the Pliocene brown coarse-grained sands. Width 7 mat the top. Infilling composed of several
generations of strongly deformed blocks of the Quaternary lightgrey sand. Curvilinear border planes of the fissure
distinct on the photo (underlined) are due to intersection of vertical walls of the structure and step-like profile of
the escarpment. Fragment of the western escarpment between the levels 125 and 147 m a.s.]. For explanations sce
Fig.2

Szczelina gtéwna w brunatnych piaskach gruboziamistych pliocenu. Szerokoéé w gérnej czesci 7 m. Wypetnienie
w postaci kilku generacji silnie zdeformowanych blokéw jasnoszarych piaskéw czwartorzedowych. Widoczny na
zdjeciu (podkreslony) krzywoliniowy przebieg powierzchni granicznych szezeliny jest wynikiem intersekcji
pionowych scian struktury oraz schodowoe uksztaltowanego profilu skarpy. Fragment skarpy zachodniej migdzy
poziomami 125 i 147 m n.p.m. Objasnienia jak na fig. 2

Fig. 6. Further fragment of the fissure noted on the previous photo (Fig. 5), about 400 m to the northeast, Fragment
of the western escarpment between the levels 125 and 147 m a.s.1. For explanations see Fig. 2

Kontynuacja szczeliny widocznej na poprzednim zdjeciu (fig. 5) ok. 400 m w kierunku péinocno-wschodnim.
Fragment skarpy zachodniej migdzy poziomami 125 i 147 m n.p.m. Objagnienia jak na fig. 2
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Fig. 7. Simple dike in the Pliocene sandy and clayey sediments. Fissure width about 70 em. Infilling of
gravitationally displaced block of the Quaternary sand showing well-preserved primary bedding. Fragment of the
western escarpment between the levels 115 and 125 mas.l.

Dajka o charakterze prostym w piaszczystych i ilastych utworach pliocenu. Szeroko$é szezeliny ok. 70 cm.
Wypelnienie w postaci grawitacyjnie przemieszczonego bloku piaskéw czwartorzedowych o zachowanym
pierwotnym warstwowaniu. Fragment skarpy zachodniej migdzy poziomami 1151 125 m n.p.m.

Fig. 8. Simple dike in the Lower Quaternary sandy sediments. Fissure width about 50 em. Injection infilling —
sandy vein with poorly preserved fluidal structures. Fragment of the western escarpment between the levels 115
and 125 mas.L

Dajka prosta w utworach piaszezystych niZszego czwartorzedu. Szerokoéé szczeliny ok. 50 cm. Wypelnienie
iniekcyjne — Zyla piaszczysta o slabo zarysewanych strukturach fluidalnych. Fragment skarpy zachodniej migdzy
poziomami 1151 125 m n.p.m,

Fig. 9. Setof simpledikes in the Pliocene sandy and clayey sediments. Infilling of the Quaternary material: injection
type (to the right), gravitation type (to the left). Fragment of the western escarpment between the levels 125 and
147 mas.L

Zespot dajek prostych w piaszczystych i ilastych utworach pliocenu. Wypetnienie materiatem czwartorzedowym:
iniekcyjne (po prawej), grawitacyjne (po lewej). Fragment skarpy zachodniej miedzy poziomami 125 i 147 m
n.p.m.

Fig. 10. Example of composite dike in the Pliocene clayey sediments. Width about 50 cm. Infilling as extremely
elongated blocks of the Quaternary silty sand. Fragment of the western escarpment between the levels 115 and
125mas.l.

Przyklad dajki pakietowej z ilastych utworéw pliocenu. Szerokos¢ ok. 50 em. Wypelnienie w formie waskich,
listwowatych blokéw czwartorzedowych piaskéw pylastych. Fragment skarpy zachodniej miedzy poziomami 115
1125 mn.p.m.
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