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Abstract: Clastic dikes mainly with clay filling have been recently un-
cowvered in the brown coal seam in the opencast mine Most in the North Bo-
hemian Basin. They are bound to an intensive deformatin of the main coal
seam. During this deformation, part of the coal seam was uplifted and over-
lying clays were squeezed below ii. From this body of clayey sediments clay
was pushed up in the form of veins and dikes into the deformed part of the
coal seam. This type of filling (from below] strongly prevails whereas the
filling from above is very rare. Clastic dikes were formed during the last
stage of synsedimentary deformation of the coal seam, in some cases jmme-
diately after covering of the whole deformational structure with a thick layer
of the overlying sediment. Thus only exogenous factors were responsible for
the origin of the investigated clastic dikes., Their genesis is being compared
to the creation of well known mudlumps in the Mississippl River delta, Ac-
cording to their form, six types of dikes were distinguished. Secondary proces-
ses influenced the form of dikes and from the intensity of the deformation
the intensity of diagenetic processes can be deduced. Today’s thickness of
the coal seam is about two thirds of that in the time of dike formation.

1 Vyzkumny lstav pro hnédé uhli, k. &. o., 434 37 Most

Introduction

Clastic dikes belong to the sedimemntary structures which are not so
often found during the geoclogical investigations. Czech geological lite-
rature mentions this phenomenon only rarely. Clastic dikes occur, how-
ever, in many sedimentary formations and also in some igheous rocks.
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They indicate specific processes which influence the primary sedimentary
Sequence.

In the North Bohemian Brown Coal Basin clastic dikes have been un-
covered for the last ten years but their description and documentation
are not available. Well known occurrences were mainly from the opencast
mine LeZdky near Most, where the brown coal seam is cut by clay dikes.
Some sand dikes were alsc found in the abandoned opencast mine M.
Gorkij at Braflany (nowadays part of the giant mine M, Gorkij at Bilina).
These dikes cut through layers of sandy clays, From the same place
also veinlets of volcanic breccia are known which penetrate the Miccene
coal-bearing sedimentary complex (Hrudka 1929, Elznic - Hur-
nik 1980].

In the last years clastic dikes and different clayey intrusions into the
coal seam are being uncovered in the opencast mine Most. They are
bound to the zone of the synsedimentary deformation of the main coal
seam. Vast masses of overlying clays and partly also sands were squeez-
ed below the uplifted part of the seam. Clastic dikes and clayey injections
are of different sirike and different form. Also sandy filling of clastic
dikes was observed in some places.

General information on clastic dikes

In Czechoslovak literature clastic dikes are described mainly by
Marschalko (1965, 1972) and Pe&ek (1978). Minor information
is offered by some other authors. That is why we find it necessary to
discuss clastic dikes first in general.

Clastic dikes were described already in the last century. First notes
appeared in literature as early as in 1821 by Strangways [(about
clastic clay dikes near today’s Leningrad — the USSR]). Darwin (1851)
in his notes about the voyage on the vessel Beagle (1831—1836] described
the occurrence of clastic dikes in the Galdpagos and Patagonia. One of
the principal papers on the clastic dikes is that by Diller (1890]. It
cencerns clastic dikes in California. Apart from the clastic dikes in the
sediments, also some occurrences in magmatic and metamorphic rocks
were described. It was recognized that clastic dikes occur very often in
carbonaceous and namely coal-bearing deposits. There is some contra-
diction, however, between the number of occurrences and the types
described in literature. In fact, most papers deal with clastic dikes from
sediments which are not coal-bearing.

The fill of clastic dikes is variable. Sand dikes strongly predominate.
That is why sand dikes and clastic dikes are sometimes taken for syno-
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nyma. For instance, in the Atlas of sedimentary structures {Petti-
john - Potter 1964) only sand dikes are mentioned as sand bodies
which form the filling of fissures. In the second edition of their book
Potter and Pettijohn ([1977) keep this approach.

As seen from literature, the genesis of clastic dikes in the coal-bearing
deposits is often explained in a different way than the genesis of the
others, The origin of clastic dikes in coal-bearing sequences is explained
mostly by the actlon of exogenous processes. Sometimes some import-
ance is also given to the effect of the initial seismic shock. On the other
hand, in non coal-bearing sediments the earthquake shocks are taken
for the primary and most important mechanism of the genesis.

Slumping, sliding, erosion and sometimes seismicity are regarded as
the most important factors influencing the origin of clastic dikes in coal-
bearing deposits. Some protrusions inte the underlying or overlying
layers are often explained only as erosion-induced. Some authors, how-
ever, do not include these purely erosional features into clastic dikes.
Some examples from literature can be mentioned: Clastic dikes cutting
through a coal seam were first described from the coal basin in Saxony
(Weissenbach 1850} and later from the American continent, from
western Pennsylvania (Stevenson 1875 after Newsom 1903).
Hausse (1892) described in detail clastic dikes in the Dohlen Basin
near Dresden [Saxony) which were later investigated by Reichel
{1970). The dike fill is called ,Kdmmen"“ in German and consists of clay
shale, arcosic or conglomeratic shale. Based on their structure, Rei-
chel (1970) distinguished massive, bedded and breccia dike fillings.
As to him, the origin of dikes was related to primary slides and seismic
shocks during a certain tectonic stage of the basin development. Dam -
berger {1973) also associates seismic shock effects with the clastic
dike origin in the eastern parts of the Central Basin (Illinois, USA]). On
the other hand, Wanless (1952} favours the origin resulting from
the erosion of a coal seam. The same factor Richardson (1877
after Newsom 1903) considered principal in the case of sand dikes
from the coal fields Nanimo and Comax in Canada. PedSek (1978) ex-
plained in the same way the genesis of clastic dikes in the Carboniferous
sediments of the Plzefi (Pilsen] Basin of Czechoslovakia., As to him,
erosion caused disruption of pressure equilibria in the coal seam. More-
over, the coal seam deformation followed after the sliding of the material
into the erosional depressions. Fissures, which had developed, were filled
with clastics during the following transgression. Dzens-Litovska-
ja [(1954) described vertical joints several tens of centimetres thick
from a many-metres thick coal seam of the Karaganda Basin (USSR).
As to her, the dike filling in the lower parts of the coal seam represents

125



erosional wash-outs, whereas in the upper parts of the seam the filling
represents a narrow stream flowing across the swamp.

Diagenetic processes are considered principal in the formation of
clastic dikes by Newsom (1903), Lambrecht-Thorez ([1966],
Pruvost (1943). Nelson and Ledvina (1984]) prefer the ex-
planation by means of a process of mud diapirism.

Many occurrences of clastic dikes in coal-bearing sedimnts perhaps
from all the states of the USA are described by Shrock (1948). Also
in the USSR numerous occurrences are known (e. g. along the Volga

River — Pawlow 1896, in the environs of the Aral Sea — Garec-
kij 1956, in the Fergana Basin -~ Verzilin 1863, in the Caucasus
Mts. — RuZencev 1932). Clastic dikes are known from many oc-

currences in Japan (Hayashi 1986). African outcrops were described
by Oomkens (in Libya — 1966) and Brunn - Talbot ([in Natal
— 1986). Laubscher [1961) described clastic dikes from Venezuela.

Apart from exogenous factors, also endogenous factors are often men-
tioned. Seismic shocks are probably the main factor discussed. In the
paper by Laubscher [1961) all the genetic possibilities are enumerat-
ed. This author gives six possible sources of energy when describing the
sand dikes in bituminous shdles from the San Antonio Formation in Ve-
nezuela: chemical, seismic, tectonic, volcanic, gravity, and cosmic energy.
The concept of chemical energy is Interesting, because it is connected
with the accumulation of organic matter. During the bacterial decom-
position gases use to escape and partial pressure in the rock is increas-
ed. Laubscher [1961) compared this process to mud volcanoes in
Trinidad, where during 20 minutes 0.5 million cubic metres of mud eject-
ed and destroyed forests on the area as large as 100 acres, Moreover,
mud volcanoces of Trinidad are dwarfs in comparison to some giant Asian
mud volcanoes. Laubscher [1961) also added that diapirism often
triggers the activity of mud volcanoes. He mentioned also the eruption
of gases in the swamps of Venezuela, where the gas escaped from buried
subrecent mangrove swamps. According to him, earthquake often de-
forms porous sediments which are prone to liguefaction. He referred
to some cases when during an earthguake a great amount of water, sand
and coal was ejected, or when alluvial sediments were liquefied. After
this, intensive land subsidence followed. As to the cosmic energy, its
source Laubscher [1961) regarded in meteorite impacts which might
deform liquefied sediments and which also might propagate the pressure
wave in the pore waters. He referred to some observations of the eruption
of mud volcanoes during the explosion of bombs.

From the described it follows that clastic dikes may be formed due 0
various processes, both endogenous and exogenous. Great importance
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should be ascribed to pressure fiuidization of the material which fills the
fissures. It means that the clear erosional wash-outs, filled with the
synsedimentary and postsedimentary material, should not be taken for
clastic dikes but only for the erosional features. Cryogenic features, too,
should not be included into clastic dikes (for instance some till wedges,
described by Morner 1972). From this viewpoint also some other
structures could not be included into clastic dikes, as frost wedges, frost
joints and polygons in hard rocks (e. g. Birmamn 1952). On the other
hand, dikes and wedges formed through the loading of an advancing
glacier (Kruger 1938, Dione - Shilts 1974, Brunn - Talbot
1986} fully correspond to the concept of clastic dikes.

Jaro§ - Vachtl (1978) defined clastic dikes as protrusions of li-
quefied sand or clay into the fissures of the overlying rocks. In the En-
cyclopedic Geological Dictionary (Vachtl 1983), clastic dikes are de-
fined as the filling of fissures with clastic sedimentary material, washed
into them from the surface or pushed into them by pore pressure.

There are wide ranges in the thickness of clastic dikes (from milli-
metres up to 10 metres) as well as of their length (up to more than 14
kilometres] and depth below the land surface {up to several hundreds
of metres).

Clastic dikes in the coal pit Most

Clastic dikes can be observed in the accessible parts of this opencast
mine since 1983. Before, they had been registered also in the neighbour-
ing pit LeZdky in the pit face adjoining the opencast mine Most. In the
two cases the clastic dikes occur only within the sector where the coal
seam is subjected to intensive synsedimentary deformatioin, In this zone
the coal seam is uplifted to the form of a brachyanticline and is also se-
parated into several blocks and slices. Overlying claystones have been
squeezed and pushed into this part of the coal seam. The uplift of the
coal seam, or better to say, of primordial material in the peat stage,
was accompanied by lateral movements which tore up the peat material,
bended, folded and thrust the individual parts of this body.

The coal seam which was deformed in this way, was penetrated by
claystones in the form of simple clastic dikes and also in the form of
large intrusions. Clayey fillings have infiltrations, intrusions, and in many
cases they represent in fact the matrix of coal breccia. The term “in-
trusion” is used here according to Laubscher (1961, p. 289), i. e.
penetration of a mobile mass into immobile and more cohesive material.
" Description of the deformation structure of the coal-bearing Miocene
sediments is out of the scepe of this paper. It should be only mentioned,
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that the deformation took place after covering of the original mass of the
coal mass was not yet finished during these deformation processes. Clay
ed to the original thickness of uncompacted clays). This can be proved
by the discordance {unconformity) between the deformed claystones and
the overlying younger sediments {see pl. VI-2). This deformation pos-
sibly represents a structure comparable to mud diapirism (Hurnik
1982), and to mudilumps of the Mississippi River delta. The process of
coalification as well as the diagenetic reduction of the thickness of the
coal mass was not yet finished during these deformational processes. Clay
intrusions into the disrupted coaly mass of the present coal seam ac-
companied the development of the synsedimentary deformational structu-
re. Clay material penetrated into the coal seam from the bottom, from
the top, and also laterally from the side. That is why such a morphologic-
al diversity of dikes can be observed. From the genetical viewpoint, the
clayey breccia matrix in the coal seam belongs to clastic dikes, even
though there is only a slight morphological resemblance between them.
It is well known, however, that breccia structure was often encountered
in the dike fills.

Description of clastic dikes

Till the year 1985 only clay fillings of clastic dikes had been known.
Later, however, as the opencast mine approached to the initial place of
the coal seam deformation, some sand dikes appeared. Petrographical
composition of claystones in the dike filling equals to that of the overly-
ing claystones. They consist of kaolinite and illite with quartz admixture
{M. Sloupska — X-ray laboratory of the Brown Coal Institute at Most]).
Siderite admixture is also present and in some cases it increases con-
siderably. Samples of claystones from the dike filling, from the overlying
layers and the subthrust claystsone body were compared. The results
of X-ray investigation and determination of physical properties are
tabulated (see tab. 1). According to the bulk and mineral densities of
claystones the primary predenudational thickness of the Miocene sedi-
ments covering the main coal seam can be estimated at 270—300 m.

Sand or sandstone fillings of dikes are according to their grain-size
similar to the sandstones of the overlying complex. Fine-grained sands
predominate. In the overlying complex also medium-grained sandstone
can be found whereas coarse-grained sand occurs only locally. Sandstone
cement consists mostly of silica in the overlying complex, but of car-
bonate [siderite) in the dike filling. Sand dikes do not differ morpho-
logically from clay dikes.

128




Table 1
Petrographic and physical properties of claystones

Kaolinite | Quartz | Siderite Bulk Mineral
”g:ﬁﬂ?f“ﬁgf Location illite | density density
P % % % 10°% kg.m-3| 10% kg.m—3

silty and sandy

claystone, abg;:l;he 83 27 5 2.03 2.69
grey — brown

sandy

claystone .
with fragments| Dreccia 82 28 6 1.74 2.23

of coal, (vein)

grey — brown

silty and sandy R
claystone, clastic 53 27 14 1.08 251

grey — brown vein

sideritic body of

claystone, downthrust 57 12 27 2.26 2.85
light grey claystones

The internal structure of dikes is mostly massive, sometimes fluidal.
As to their morphology, the following six types of dikes were recognized
(see also fig. 1}:

1. The first type included intrusions and injections which are general-
1y vertical and cut the coal seam across. They have a character of veins.
They are sometimes also oblique with angles up to 30° related to the
vertical plane. They are vertical even in the case when they cut a folded
coal seam (pl. I-1, 2, pl. 1I-1]. Their length is generally several metres.
Sometimes they are not connected to the overlying and underlying sedi-
ments on the pit face and wedge out inside the coal seam. This lens-like
appearance is, however, only apparent. Sometimes they are connected
to claystones which fill the fissures between the individual segments of
the coal seam. S-like bending and irregular detailed folding are typical
of them, The detailed folding occurs mainly in the coal seam with ash-
rich layers. The dikes of this type occur throughout the deformed seam,
but they are most frequent near the seam base, close to the downthrust
mass of the originally overlying clays.

Two subtypes of dikes of the first type can be distinguished taking
into account their thickness. The thickness of the {irst subtype is of a
centimetre order and the dikes have a character of simple hair-like in-
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main intrus.

type ! .
Yp direction

1. Morphological forms of clastic dikes in
the opencast mine Most ‘
Typical features: 1 — always cutting the
stratification of the coal seam, sinusoidat
bending; vertical length In metress thick-
ness in millimetres, cemtimetrgs b)
tens of centimetres; 2 — parallel or sub-
parallgl to the coal stratification, often
with oblique up to ventical offshoots
{always with sinusoidal bending): ver-
tical length in metres, thickness in mil-
limetres, centimetres; 3 — zig-zag f{srm
of dikes with changing thickness, often
subhorizental with many offshoots;
length in metres, thickness in centi-
metres, tens of centimetres; 4 — Irre-
gularly deformed bodies with rounded
outlines with S-like bending; length tens
of centimetres, metres, thickness tensof
centimetres; 5 — funnel-like filling, size
in metres; 6 — breceia, vertical length
in metres, thickness metres up te fens
of metres

=T« |fe= | 2T | =T | =1
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trusions. Millimetre thick bodies are also present. The second subtype
has a thickness of several tens of centimetres. The dikes of this subtype
are not sharply bordered and their margins have a chasacter of a swarm
of hair-like intrusions [fig. 2). Only two occurrences of this type were
registered. Simtlar dikes were described already by Gresley (1898}
from Pennsylvania.

] - e N

2, Clastic dike ef the second subtype of the first type; the third section through the
coal seam
1 — claystones; 2 — coul; 3 — clayey interlayers and ash-rich coal

2. The secord type has a character of genuine dikes parallel to the
coal mass stratification. In some cases the dikes of this type follow the
bedding joints (fig. 3, pl. 11I). Their thickness is similar to that of the
first type (pl. I1I-2). They are often irregular but not with S-like bending
as in the case eof the first type. This bending can be observed only in
some vertieal off-springs which conrnected two parallel dikes on different
levels. The dikes which are connected to the claystones below the seam,
are markedly thicker (pl. IV-1). Some claystones which accumulated
along slip faces between the seam segments, can be included into this
type (pl. IIi}.

3. The third type is represented by irregularly folded and cut-off ac-
cumulations of claystone striking across the coal seam as well as almost
parallelly to it (pl. IX). Their thiekness is variable, usually within the
ranges of centimetres and several tens of centimetres. Some internal
structure accentuated by finely dispersed orgaric matter can be observed.
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These dikes could be compared to pinch-and-swel! clastic dikes described
from Japan (Hayashi 1966). Morphologically they represent transition
between the second and the fourth types.

4, The fourth type is close to the preceding one, but its thickness is
greater and its form more rounded (pl. IV-2, pl. X). The dikes form de-
formed lens-like bodies. Sometimes they are gently isoclinally folded.
In places they are almost undistinguishable from deformed clay bands
(pl. V-1).

The two remaining types are genetically related to the preceding types
but their form and size make them very specific.

5. Breccia-like fill of the clay intrusion from the underlying parts of the fragmented
seam. In the coal blocks the dikes of the second type cccur, the second section
through the coal seam

5. The fifth type is represented by a unique structure uncovered re-
cently. A claystone fill, several metres thick, is situated between unde-
formed (even though uplifted] part of the coal seam and neighbouring,
strongly tectonically affected part of it, Claystones were pressed into
this place from above (pl. V-1}. The material of this dike fill is intensively
mixed up. The dike walls are not even, but irregularly jagged with the
coal seam.

6. The sixth type is represented by coal breccia cemented by clays
and elaystones. It cccurs near the base or in the bhasal parts of the
uplifted coal seam. Clay material intruded into the deformed seam from
below ffig. 5). In “breccia lenses” lateral penetration into the deformed
part of the coal seam can be observed ([pl. VII-1). Great blocks and
fragments do not bear any traces of rounding during the transport, They
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are mostly angular, sometimes with flaggy margins which follow the
coal seam stratification. The size of fragments is variable, even some
several metres large blocks were found {pl. VII-2, pl. XII, fig. 6}. In
some cases the dike fill exhibits slight bending and even rolling up.

6. Topmost part of the underthrust body of overlying claystones with coal breccia.
Coal block on the right side is dislocated. Dashed line indicates an apparent strati-
fication of claystones. The second section through the ccal seam

This classification does not exclude the presence of transitional forms,
or, on the other hand, of some unique and specific types. A specific
form of a wedge-shaped clastic dike, uncovered in the NE part of the
pit can serve as an example (fig. 7). This dike resembles somewhat the
structure described by Havlena (1964, p, 235, fig. 118) in the Car-
boniferous sediments of the Plzeri [Pilsen} Basin. It is, however, ahbout
five times larger and differs also in its fill. The Carboniferous structure
in the so called Radnice Coal Seam contains sandstone with quartzite peb-
bles as large as 5 cm, whereas the Miocene filling is only clayey. This
clayey filling has a pale rim abeut 10 cm thick. The inner structure is
fluidal, sometimes very distinctly.

Breccia fillings are often accompanied by hair-like dikes in the sur-
rounding mass of the coal seam. Associations of the two types of breccia
are numercus (pl. VIII-1). The character of outcrops does not allow to
reconstruct exactly the orientation of the structures. Even though the
coal-bearing complex forms a flat brachyanticline here, it is not possible
to prove the radial and concentric orientation of the structures which
was described in a similar structure of the Dihlen Basin by Hausse
{1892]. The haphazard orientation is more probable in the studied area.
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7. Wedge-like fill of the fissure. Dofted line indicates limits of the marginal leached
zone, the third section through the coal seam

There is no preferred orientation of the dikes, as proved by numerous
readings. Breccia types and fillings of slip joints are often oriented in
the N up to NW direction. This means that this orientation is more or
less oblique to the axis of the claystone body below the deformed coal
seam,

Recently a sand dike near the base of the middle part of the main
coal seam has been uncovered, about 200 m to the SW of the deformed
zone {fig. 4). This dike belongs to the second type. Its thickness is
about 50 cm and its dip is zero, because it is layered parallelly to the
stratification of the coal seam. Near its SW termination, however, a
marked bed can he observed and the dike cuts the coal seam by a thick
offshooting tongue at an angle of 40°. On the opposite end a system of
thin, hair-like, irregularly folded dikes can be observed, protruding into
the coal seam at the angle of 20 ° with the same dip direction.
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Clastic dikes and mud diapirism

As stated before, clastic dikes can originate under various circumstan-
ces. Many factors have been enumerated, namely tectonic dilatation, dia-
genesis, slides and slumps, very often also seismicity. Two factors are
important for mobilization of the clastic material: adequate tension and
physical consistency of competent rock on one side, and the initia} im-
pulse triggering a disequilibrium on the other side. Dott (1963) sug-
gests, that the intrusion of a dike fill requests overpassing of a liquid
limit of the metastable sediment (spontaneous liquefaction). In this case
fluldized flow originates (as in the case of turbidity currents]. The ex-
ternal impulse may be represented either by overloading, or an earth-
gquake, or hydraulic pressure. Even a plastic flow cannot be excluded
judging from the observation of clastic dikes with a stratified filling
where the strata are roughly parallel to the dike walls. This means that
the clastic material exceeded only the plasticity limit before the intrusion.

The twe described types of movement of intruding clayey mass took
place in the studied area, because apart from prevailing massive fillings
also fills with a fluidal structure were observed. Plastic flow occurred
mainly in the underthrust body of the originally overlying claystone {pl.
VI-1].

Dott (1963) described mudlumps in the Mississippi River delta as an
example of a plastic flow triggered by overloading. Even though mud
lump models as a cause of clastic dike genesis were not accentuated in
literature up to now, some remarks by various authors have a certain
relation to them. Laubscher (1961) suggested chemical source of
energy for the mobilization of clastic dike fillings, as well as seismic
source. In all the discussed cases the mud explosion, extrusion of fluidized
sands or liquefied clastic sediments which were overloaded naturally
or anthropogenically, are taken into consideration. Laubsc her [1961)
added that mud volcanoes have relation to diapirism (see also Hed-
berg 1974). Structures of mud lumps represent a classical example of
mud diapirism. This structure is a deformational one and originates due
to the reverse density gradient in sedimentary sequences. It means that
local overloading plays an important role. Not only large structures
such as convolute bedding and ball-and-pillow structure and also clastic
dikes (Smith - Rast 1958). At the locality Most they represent large
diapiric deformations.

As the investigated structures are related to the mudlump genesis, it
is necessary to describe mudlumps in detail. In Czech geological litera-
ture they are mentioned first by Vitdsek (1958) who writes about
them as about mud volcanoes. Kukal (1962) used the proper term mud
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lumps and recently Havlena et al. {1979] have introduced a Czech
term for this structure, From the Mississippi River delta they have been
known already for several centurles and were described thoroughly by
Russel [1936). They appear above the sea level as elongated islets
in the delta front or along the main delta branches. They are as long
as several hundreds of metres and reach only several metres above sea
level. They consist only of clayey sediments and are derived from the
deeper parts of the delta. Somsetimes marine clays with marine fauna
from the underlying deltaic body were found. Mudlumps use to appear
and grow above the sea level for several days up to several months.
Some of them later stabilize, some of them are quickly destroyed. In
the past their origin was being related to the expulsion of mud gases.
Today it is explained by local accumulation of sands, especially during
the floods. These sands load locally underlying clays and protrude
downwards into them. This sudden loading is compensated by diapiric
upward protrusion of clays. Protrusions can result into smail overthrust,
as in the South Pass, where the clays were thrust over by 140 m (Mor-
gan et al. 1968). In the clayey extrusions intensive brecciation often
takes place accompanied by bending and breaking of sedimentary structu-
res. Broad synclinal depressions were filled with sand which was found
between the individual diapiric structures. The rate of downward pro-
trusion of sands can be as much as 1.4 m per year. Within one group of
mudlumps three diapiric extrusions originated during the last years.

It is necessary to add that diapiric structures are known also from
some other places, such as from the delta of the Magdalena River in
Columbia {Shepard et al. 1868). “@Gravitational tectonics” described
in the Miocene deltaic sequences on the coast of the Gulf of Mexico in
Lousiana (Courtis 1970) or in the Carboniferous sediments of the
Birmingham anticlinorium in Alabama (Thomas 1968) belongs to the
same group of structures. Another examples are given by Potter et
al, (1980).

The origin of clastic dikes in the coal pit Most

The investigated clastic dikes in the opencast mine Most in northern
Bohemia are bound to the vast deformational structure of the basal part
of the Miocene coal-bearing complex. These dikes can serve as an ex-
ample of the relation between the origin of dikes and synsedimentary
deformations.

it is important to note that clayey dike fillings strongly predominate.
Petrographical investigation proved that the clayey fill has the same
composition as the clays which lie over the coal seam. Our fifth type is
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even in a direct continuation of the overlying clays (pl. V-1). In the
original primary sequence the underlying parts of the coal seam consist-
ed of tuffitic claystones. During the deformational processes the over-
lying clays were pressed into the immediate base of the coal seam. Tuf-
fitic clays are sporadic in the deformational structure, occurring onty
near its margins.

The primary material of dike filiing is thus represented by the over-
lying clays but the filling took place both from below and from abeve.
The filling often took place from below, from the downthrust claystone
body. Apart from the vertical movement of the clay mass also lateral
movement should be considered. This concerns some dikes which have
no apparent connection to the clay mass. In many cases, however, this
connection in fact exists and is hidden behind the pit face {(pl. IV-1].
A small general lateral movement is very probable because all the de-
formational structures moved a little laterally.

The liquid limit in the downthrust claystone body was locally over-
stepped during the development of deformational structures, mainly in
its marginal parts. Clayey material thus intruded as viscous fluidized
flow into the coal seam which was in the state of fragmentation. The
origin of clastic dikes was thus coincidental with the origin of the de-
formational structure, but some injections followed after the deformation-
al movement. This is proved by the transversal section in the scathern
flank of the pit (pl. IV-1].

Injections into the ccal seam which was thrust over the underformed
coal seam occurred during the last stages of the deformaticnal process.
This is proved by clastic dikes which penetrate the folded parts of the
seam [pl. I). Clastic dikes, parallel to the seam and offshooting from the
front of the downthrust claystone body into the seam originated also
only after the main phases of the deformation.

Claystone intrusions did not evidently cause the fragmentation of the
coal seam. This is proved by the fact that the contact between the dikes
and the coal mass exhibits neither deformation of the inner structure of
the seam, nor crushing. The clayey mass penetrated the seam along with
the movement which affected the ccal seam, even though with some
retardation. The clayey mass decreased the friction along the shear faces
and thus facilitated the movements like overthrusting of the individual
seam slices.

From the described facts it follows that the intruding clayey mass was
in a quasiliquid state. The overlying claystone body, squeezed beneath
the deformed seam, moved as a slurry, because it exhibits rolling and
plastic deformation (pl. IX-2} together with the fragments of coal, which
are usually deformed in the same way as claystones. It is probable that
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in the time of the origin of the deformational struetures the claystones
were in the stage of an early diagenesis.

The necremass of the coal seam was only slightly diagenetically chan-
ged, too. The degree of coalification was alse low, because the seam was
still eapable of plastie deformation, like folding. During the dike form-
ation, however, it behaved sometimes as a plastic material, sometimes
as a cohesive material.

Nowadays the studied outcrops in the pit are advancing towards the
initial place of deformation, i. e. towards the places where sands pro-
truded into the underlying sediments, The appearance of sand intrusions
in ceal seam could be expected. They were encountered in the year 1986.
As to their form, they do not differ considerably from clay dikes, The
main difference can be seen in the fact that sant dikes penetrate also
the undeformed zone. Morphological resemblan¢e of sand and clay dikes
shows that their ways of origin were similar and the main difference
was only in the source material. In some cases the dikes were filled
both with sand and clay. All the process of dike origin took place bellow
water level, because no primary oxihumolite, i. e. oxidized coal was
found.

The importance of the cccurrence
of clastic dikes

The clay dikes described above do not represent only an interesting
specific phenomenon but they enable us to solve principle questions
concerning the process of deformation, mainly the diagenetic stage of
Neogene sediments during the deformation and also the correlation be-
tween the processes. In this respect the dikes of the first and the sixth
type are of main importance. Sinusoidal bending which is distinct in the
first type of dikes is very important. It is mostly being explained by
a differential compaction which means that this structure represents se-
condary deformation of clastic dikes. According to Hayashi [1966)
they represent a special type in his classification. He classified them as
penecontemporaneously deformed clastic dikes and designated them
. ptygmatic clastic.dikes. The author mentioned and also Saito_et al
[1954), which described such dikes from the coal seam in the Honbets
deposit {Hokkaid6), explained their origin by different intensity of com-
paction of coal material and dike material. Ramberg [1856) stressed
the importance of vertical pressures for the origin of “folded” veins
on the basis of the investigation of ptygmatic veins in Greenland. His
observations were also completed with experiments.

Reichel [1970) described similar folding of clastic dikes in the
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Dthlen Basin near Dresden (Saxony). As to him, the folding resulted
from the initial slides or minor lateral movements. He drew attention
to the fact, that in the layers of combustible shales or in the clay bands
in the seam the joints became narrower, whereas above them they ex-
hibited swelling. Similar features were observed also in the opencast
mine Most. In the places, where the folded dike penetrated clay bandsin
the seam, or coal of bad quality, the folding was less intensive or absent
at all. This speaks in favour of diagenetically induced deformation, or
of folding due to terminating compaction after a dike intrusion. That is
why we suggest diagenetic compaction was a main cause of dike folding.
This can be proved also by the dlkes of the second type. Horizontal and
subhorizontal subtypes are not folded at all, whereas their oblique off-
springs are bent. The angle from the vertical plane depends evidently
on the thickness of the coal mass.

In order to determine the compaction of the coal mass after the de-
formation and dike intrusion, true length of the vein was measured. Also
the ratio between the dike length and the thickness of the coal seam
interval was calculated. The calculated ratio ranges from 1.4 to 1.7. This
means that in the time of the dike formation the necromass of the coal
seam was almost compacted. If the value of the coefficient of compaction
coal was 6 (Hurnik 1972), its value in the moment of the dike origin
was more than 4. These calculations support the concepts of Wagen-
breth (1858) and Wagenbreth - Bellmann (1983) which fa-
vour the immediate thickness reduction of the coaly plant materjal
already during its accumulation. This is valid namely in the case of
a very thick seam (in the coal pit Most the thickness of the coal seam
is as much as 40 m}.

Even though the thickness reduction of the necromass before the de-
formation was considerable, the degree of coalification was probably
very low. The seam was probably at a postpeat stage. This indicates
the digital margin of coal in the direction of the coal stratification in
the fifth and partly in the sixth type of dikes (figs. 5, 6). This feature
is very distinct on the.fragments of the coal seam near the surface of
the deformational structure (pl. VI-2). The movement itself was very
slow, because in the case of rapid movement a sharp, even shear-like
boundary would form. This happens only in exceptional cases. Such
shear-like faces can be seen in claystones. Their absence in dikes could
be explained also by liquefaction of the intruding clayey material {viscose
liguefied flow], but it is probable that rapid movement would rip and cut
and move away some offsprings of coal seams.

The sixth type of dikes indicates, that the clayey material does not
often represent only an intergranular fill between fragments and blocks
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of coal, but that there is a clear clay supporting structure and not frag-
ment-supporting structure. It is thus probable, that the necromass of the
coal seam behaved as lighter material which was in suspension. In some
cases, as seen from the orientation and position of coal fragments, the
whole mass suffered a unique movement (figs. 5, 6].

The necromass of the coal seam might be easily deformed during the
deformation as seen from recumbent and overturned folds the beds of
which are not fragmented. When they are penetrated by clastic dikes,
the dikes, run across folded beds of cocal (pl. II) not being parallel with
shear joints which would originate in the case of folding of a coalified
coal seam.

Present jointing of the coal seam is secondary, probably postsediment-
ary, because it is not conform with the trend of clastic dikes. It origin-
ated after the termination of the process of coalification. The described
clastic dikes are younger than the deformation of the coal seam.

Some dikes which exhibit increasing thickness in the upward direction
(fig. 7) originated probably in the last stages of the diagenesis, after
burying of the whole deformational structure under a thicker sedimentary
cover. The dike, cropping out in the NE part of the structure, is a good
example of this type [pl. VIII-2}. The dike runs first transversally-oblique
to it, then it turns into vertical direction and immediatelly bends horizont-
ally. In the topmost parts of the outcrop the dike passed into breccia
with angular coal fragments. The clay matrix of his dike is infiltrated
by finelly disseminated coal material and sometimes contains also larger
coal fragments. Along its walls a leached pale rim can be observed. This
speaks about the -origin of a joint from ripping of the coal seam at the
stage of advanced coalification, The ripping was related to the terminat-
ing diagenesis of the whole Miocene sedimentary complex, when the
uplifted part of the seam in the deformational zone of the structure was
adjusted to the loaf-like claystone body below it. A temporary break in
sedimentation in the zene of deformation could evoke an anomaly in the
density gradient of the Miocene sedimentary complex. During a certain
depositional phase the clayey sediments immediately overlying the de-
tormational structure could become more diagenetically compact (lower
porosity, greater bulk density} than claystone downthrust below the de-
formed .seam. A certaln part could be played by gases escaping during
the seam coalification. Increasing pore pressure could serve as a source
of energy of intrusion at the later stage of diageresis.

In the last stages of diagenesis, however, the olay material from the
dikes reached the highest intensity of diagenetic changes. The claystones
immediately overlying the coal seam exhibit the bulk density of 2.0.10°
kg.m-? whereas clays from the dike fills 2,13 or 2.17.10° kg.m™%
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Claystones from the base have bulk density of 2.06.10° kg.m™>. This
difference may be explained by the drainage effect of the coal seam.

Reichel (1970) suggested that the dikes in the D6hlen Basin form-
ed in two stages.

Clastic dikes and the process of coalification

Clastic dikes might be useful in solving the problem of the rate of
coalification. In literature there is no agreement on the rate of this
process. According to some authors the coalification should have been
a very long process, according to others it passed over very quickly. The
latter opinion was suggested mainly due to finds of coal pebbles in the
roof of the Carboniferous coal seams. We regard the source of this dis-
agreement in the lack of information about the necromass in the early
stages of geochemical and physical changes. The necromass compaction
and the chemical phase of the coalification process sheuld not be mixed
at all and compaction, as mestly a physical process of coalification,
shouid be separated from the geochemical process. According to our in-
vestigations in the coal pit Most the two processes were not synchronous.
K we take into consideration also Wagenbreth's (1958) investigas-
jons, the mechanicai compaction of the plant mass was very quick and
was nearly terminated by the onset of the geochemica! phase. By means
of this we can explain, why during the synsedimentary deformation as
well as during the erosior described in some other basins, in the course
of a comparatively short time span, the coal seam (better the necromass}
behaved once as a plastic, another time as a rigid material. Intensive
coalification and substantial part of tlils process, i. e. the change of the
necromass into coal, was only subsequent to this.

Conclusion

Clastic dikes in the coal seam in the environs of Most represent a spe-
cific phenomenon in the area of the Miocene Bilina delta. Their origin
is related te the vast synsedimentary deformation of the coal-bearing
beds. Their formation following up the main development phase of the
deformational structure, was dying out still during the subsequent dia-
genetic processes which affected the whole Miocene sedimentary com-
plex.

Practical importarce of investigations of clastic dikes was proved by
many outcrops in the opencast mine Mest. The presenee of dike swarms
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generally decreases the ceal quality (pl. XI-1). Besides at the surveying
stage, the dikes can be erroneocusly explained as coal seam splifting or
wedging out. The calculation of reserves and the estimates of techno-
logical qualities of coal can thus be influenced by such a misinter-
pretatien. That is why the existence of clastic dikes must always be
taken into consideration. In the vicinity of clastic veins ceal of higher
quality usually occurs,

The erroneous evaluation of the eccurrence of clastic dikes might also
affect the planning of mining works, as it has happened already in the
investigated opencast mine Most. The presence of swarms of clastic
dikes always brings about difficulties as they do not exhibit any preferred
orfientation in space. Thus the adjustment of the coalface in this case
is always problematic,
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§. Hurnik: Clastic dikes |n the brown coal seam near Most PL 1
in the North Bohemlan Basin |Miooena]

1, 2. Clastic. dikes of the first type cutting the folded cosl seam. The Seocond
section through the coal seam
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. Hurnfk: Clastic dikes In the brown coal seam near Most Pl 111
in the North Bohemian Basin [Miocens)

1. Clastic dike of the second type with many offshoots. On the right
slide and lower parl of the picture the topmost parts of the onder-
thrust body of claystones are visible. From this claystong body the
clastic dike was derived. The third section through the coal seam

2. Datail of the preceding photograph

Shor, geol. vBd — O — sv, 45



PL 1V

1. Clastic dikes of the second type, Part of them, on the right side, is
connected with the underlying body of claystones The third section
through the coal seam

2. Clastic dikes of the [ourth type, The [irst section through the coal seam




. Hurnik: Clastic dikes in the brown coal seam near Most
in the Morth Bohemian Basin [Miocone)

1, Funnel-like infill of claystones Into the disrupted

above. In the upper part the intrusion
The first sectlon through the coal seam
2. Detail of the preceding photograph

Sbor. geol, véd — G — sv. 4
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of the fourth type is visible.
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8, Hurnik: Clastic dikes In the brown coal seam near Most PL VII
in the North Bobemian Basin [ Miocene)

1. Breccia between two blocks of the coal seam. The second section through
the coal seam

2. Breccia in the ripped part of the coal seam, accompanied by clastic dikes
of the first and second types, The second sectlon through the coal seam

e

Shor, geol, véd — G 5V, 4
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Pl VIII

. Clastic dikes of the Hrst and second types with breccia, The lower parts
ol the overthrust part of the coal seam are intensively mixed up. The
second saction through the coal seam

2. Clastic dike of younger generation with a bleached rim. The third section
through the coal seam



§. Hurnik: Clastic dikes in the brown coal seam near Most Pl, 1X
in the North Bohemian Basin [ Miocens)

L. Clastie dike of the third type connecled with the overlying claystone
plong the shear plane hetween the two slices of the coal seam. The Tirst
section through the coanl seam

2. Clastic dikes of the third type. 1o the lower right corner the claystobe

body underlying uplifted blocks of the coal seam is cropping oul, The
third saction through the ccal seam

shor, geol. véd — G — sv, 45



. Sand dike of the fourth type connected to the sendstone along the
shear plane betwesn two slices of the coal seam. The second sectlon
through the coal seam

2. Clay dike of the fourth type. The first section through the coal seam




§. Hurnik: Clastic dikes in the brown poal spam near Most PlL. XI

in the North Bohemian Basin [Miocene)

cocond section through the

1. Swarm ol clastie dikes along the first and

coal Seam
2. Clastic dikes of the irst
gbove the downthrust body of the overlylng claystones

through the coal sedm

Lype and breccia in the ripped coal seam
The first section

Shor. geol. véd — G — &V 45
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1.2, Zonaes with coal hreccia near the base of ke overthrust blocks of the
coal seam  In the lower part of tho upper pholograph underlhrost
body of the overlying claystones is cropping out, The third section
through the ceal seam All photos by S, Hurnik
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Klastické Zily v hnédouhelné sioji u Mostu
v severoteské péanvi (miocén)

{Résumé anglického textu}
Stanislav Hurnik

PredloZeno 29. dubna 1988

Klastické Zily json v severofeské panvi ojedin&le zjidtovdny desitky let,
aviak jejich dokumentace se neprovad&la. Dosud se objevovaly vidy vy-
hradn& v aredlu miocenniho télesa bilinské delty. Jejich vyskyt je zpra-
vidla spjat s rozsahlymi synsedimentarnimi deformacemi slojového a spod-
ni £&sti nadloZniho komplexu, Podobnd je tomu i na lomu Most, kde byl
v poslednich letech zaznamendn jejich hromadny vyskyt.

V soufasné dobé& jsou povrchovou t&%bou uhli na lomu Most zpFistupiio-
vany koncové partie rozsahlé synsedimentadni deformace. V tomtc pro-
storu se jedna o brachyantiklindlné vyzdviZenou ¢ast sloje, potrhanou do
telnych ker a ¥upin. Pod tuto partii jsou do pivodni drovné sloje pod-
sunuty a zahnéteny nadloZni jilovce. Misty se cbjevuji i pisky. Vyzdvih
gasti sloje (resp. nekromasy, nejspiSe v postradelinném stadiu) byl do-
provéazen laterdlnimi pohyby, pFi nichZ se sloj trhala a jednotlivé segmen-
ty se navzdjem pfesouvaly, ochybaly aZ vrasnily. Deformovanéd Cést sloje
(jeji segmenty) je misty prostoupena jilovci jak ve formé jednoduchych
klastickych Zil, tak rozsahlych intruzi, dotvafejicich destrukci sloje.

Deformace terciérnich sedimentii pfedstavuje geneticky nejspile struk-
turu, porovnatelnou se strukturami bahennich ostrivkd [mudlumps]. In-
truze jilli do potrhané organogenni masy sloje jsou doprovodnym jevem
mechanismu vzniku synsedimentaéni deformacni struktury.

Zily majl charakter zdtekfi, rozmanitych intruzi a v né&kterych pfipa-
dech jsou jilovce tmelicim mé&diem rozirhané sloje v typickou brekeil,
Klastické Zily jsou tvarové i rozmérov® velmi variabilni. Bylo rozliSeno
6 typd (viz obr. 1). Pro typ 1. je charakteristické esovité zklikaceni. Smé-
rova orientace je zfejmé nahodila, nebot z provedenych méfeni je patrny
znaény rozptyl.

Jilovy materidl [vyjimedné pisky) pronikal do poru3ené sloje shora,
zdola i z boku. Podle dokumentovanych odkryvil nejcastéji zdola, z pod-
sunutého télesa nadloZnich jilovci.
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Klastické Zily jsou sice synchronni se vznikem deformaéni struktury,
oviem aZ s jeji zdvérefnou fdzi pFi doznivdni deformace. Markantnfm
dokladem jsou Zily, pronikajici napfi¢ leZatymi aZ pFekocenymi vréasa-
mi, vytvofenymi zjevné ve vrcholné fazi deformace. Podobné v brekciich,
kde jilovd hmota netvoii pouhou intergranuldrni vyplil mezi dlomky aZ
bloky uhli, mnohdy uhelny materidl v jilové hmot& ,plave”. Nazorné je
to u nékterych rozldmanych bloki, jejichZ jednotlivé segmenty byvaji
navzdjem posunuty aZ oddaleny. Zily tedy nejsou p¥i¢inou potrhédni slo-
je. Fragmentace sloje vesmés pfedchazela jilovym intruzim.

C4st klastickych #il vznikla aZ v pozdé&jsi fazi diageneze, kdy byla ce-
14 deformadni struktura pfekryta mecnéj$im nadloZim. X potrhani sloje
tehdy doslo v disledku diferencidlni kompakce vyzdviZzenych Casti sloje
a podsunutého télesa jild. Tyto Zily maji zpravidla konformni priib&h sté&n
(pFil. VIII-2], jilova hmota je prostoupena rozptylenou uhelnou piimési
a podél stén je patrné vybélen! jilovcei.

Klastické Zily na lomu Most nejsou pouze zajimavym specifickym fe-
noménem, doprovézejicim rozsahlon deformacni strukturu, nybrZ objek-
tem, umoZiiujicim Felit nékteré dalsi otdzky procesu deformace. Je to
zejména stupeii diageneze neogennich sedimentd v dobé deformace.
V tomto smdru lze povaZovat za nejvyznamnsj3i esovité zprohybani Zil
1. typu. Esovité zprohybédni je moZno jednoznatné vztahovat k dozniva-
jici kompakci nekromasy sloje. Prikazné jsou v tomto sméru zejména
#fly 2. typy, u nichZ subhorizonté&lni prib&h je vicemén& pfimkovy, zatim-
co vertikdlni & 3ikmé spojovaci Zilky a odmrsky jsou zpravidla rovneZ
esovité zprohybané. S redukci mocnosti organické hmoty souvisi mnohdy
zFejmé& 1 odklon Zil od svislice.

Pro moZnost posouzeni hodnoty kompakce uhelné hmoty po vzniku
deformace a Zil byla u vétSiny il 1. typu promé&Fena skutetnéa délka a vy-
poiten jeji pomér k mocnosti p¥isluSného intervalu sloje. Tento pomér
kolisal v rozmezi 1,4—1,7, tzn. Ze v dob& vzniku Zil byla nekromasa te-
m&F uhelnd (hodnota kompakce s = 4). Piesto, Ze redukce mognostt ne-
kromasy byla pfed deformaci zna¢nd, stupefi prouhelné&ni byl pravdé&po-
dobn& velmi nizky. Poukazuje na to roztfepeny okraj uhli na sténach
5. typu Zil a u n&kterych blokd v brekciich. Na zna¢nou tvarlivest nekro-
masy sloje v dob# deformace poukazujf leZaté aZ pfekocené vrésy, jejichZ
ohybové partie (temena) jsou kontinuélni a nevykazujl stopy stfihového
namahéni. Zily, které do vréds intrudovaly 'aZ po deformaci, probihaji na-
pfi¢ ohnutymi vrstvami uvhlf.

Nekromasa uhelné sloje se tedy v pomé&rné velmi kratkém fasovém in-
tervalu (vznik synsedimentalni deformace aZ po vznik klastickych Zil}
chovala dvojfm zplsobem. Jednak plasticky (vrdsové deformace, zahné-
teni nekromasy do podsunutych nadloZnich jilovcd), jednak jako sou-
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driny aZz kiehky materidl (potrhdni, vznik puklin, brekcie]. S dvojim
chovanim uhelné hmoty souvisi otdzka rychlosti prouheliiovaciho pro-
cesu: zda probihal velmi rychle (valouny Cerného uhli ve stropovych
vrstvach karbonskych sloji], ¢i zda se jednalo o dlouhodoby proces. Po-
dle vysledki studia klastickych Zil na lomu Most, s pfihlédnutim k vyzku-
mim Wagenbretha, je ziejmé, %e bude ulelné odlifovat kompakci nekro-
masy od geochemické faze prouheliiovaciho procesu. Kompakce, jakoZto
dominantné fyzikAalni strdnka procesu, probihala rychle a pravdépodob-
né doznivala pfi néstupu geochemické f4ze. Teprve potom nastala rozho-
dujici faze vlastni geochernické pfemé&ny nekromasy v uhli.

Vysvétlivky k tabulce 1 a obrazkim
Tabulka 1. Petrografické a fyzikdln{ vlastnosti jilovcd.

1, Piehled tvarovych typh klastickych Zil na lomu Most.

Typické znaky: I — vZdy napi vrestevnatosti sloje, vesmés esovité zproh¢béni; ver-
tikdln{ délka m, mocnost @/ mm, cm, b} dm; 2 — zhruba konformni s vrstevnatostf
sloje, ¢asté fikmé aZ vertlkdlnl odmrsky [vesm#s esovitd zprohybané); vertikdln{
délka m, mocnost mm, cm; 3 — nepravideln® zklikacené proniky s proménlivou
mocnost], ¢asty subhorizontalni prib&h s getnymi apof§zami; délka m, mocnost cm,
dm; 4 -~ nepravideln& esovit® deformovand t&lesa oblych tvard; délka dm, m, moc-
nost dm; 5 — trychtyrovitd vyplii, rozméry v m; 6 — brekcie, vertikdlni délka m,
8iFka m aZ desitky m.
2. Klasticka Zfla druhého podtypu 1. typu; IIL uhelny Fez.

1 — jflovece; 2 — uhll; 3 — jalové proplastky a popelovinové uhlf,

3. Klastické Zily 2. typu. V levé &astl sledujf plochy nasunut{ segmentd sloje; II. uhel-
ny fez.

4. Piskovcovd klastickd #fla v hlavnf slojl ca 200 m jz. od deformaéni zdny; L uheln§
fez.

5. Brekciovd vyplil intruze jilovcl z podlo# potrhané sloje, doprovazend v blocich uhlf
#ilami 2, typu; 11, uhelny fez.

6, Stropn{ partie podsunutého tSlesa nadloZnich jilovcli s uhelnou ,brekecif. Blok uhli
vpravo je zretelné dislokovin, Cdrkopand je vyznafen deformovany priib&h nepravé
vrstevnatosti jilovedl; II uhelny Fez.

7. Klinovitd vyplii trhliny, Tedkované je naznafen obrys okrajové vybdlené zony; Iil.
uhelny fez.

Vysvétllivky k pfilohdm
Pril. I

1, 2. Klastické Z#ily 1. typu, prordZejici zvrasnénou sloj. II. uheln§ fez,
Pril. 11

1. Klastické Z{ly 1. typu, z nichZ jedna pronik4 do zvrasnsné kry sloje z klastické
Zfly 2. typu na smykové ploSe. II. uhelny Fez.

2. ,Asociace” Zil 1.—3. typu, kters doprovédzeji presuvné plochy mezi ¥upinami uhelné
sloje. II. uhelny fez,
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1,2.

PH1. 111

Z{la 2. typu, doprovazend Getnymi odZilky. Vpravo dole strop podsunutého tSlesa
jlloved, z néhoZ Zila intrudovala. 1I1. whelny Fez.
Detail #fly z obr. 1.

PEilL. 1V

Zily 2. typu, z nichZ &4st [vpravo) navazuje na téleso jilovch v podloZi. IIi. uhelny
Fez.
Zily 4. typu. l. uheln§ Yez.

PRIL V

Celkovy pohled na trychtyfovity ,zdtek" jilovch z nadlo# do roztrfené sloje. Na-
hofe uprostred intruze 4. typu. I. uhelny fez.
Detail z ebr. 1.

PFil. VI

BoZnf partle tZlesa podsunutych jfloved, doprovdzend pe obvodu ridznymi typy Zil
HI. uhelny fez.

Diskordantni naseddn! mlad$fho sedimentatntho cyklu nadloZnich jflovet na de-
formovanou spodn{ partii s fragmentem uhelné sloje. III. skryvkovy Fez,

Pl VII

Brekcie na styku dvou ker nasunuté &4sti sloje. I3, ubelny Tez.
Brekcie v potrhané partii sloje, doprovézend Zilami 1. a 2. typu, II. uhelny PYez.

PFil. VIII

Zily 1, a 2. typu a brekcie, Spodni partie nasunuté Z4sti sloje jsou prohn&teny. II.
uhelny fez.
Zila mlad§i generace se zfetelnym vybdlenfm lemem. IIL uhelny tez.

PHl IX

Klastickd Zfla 3. typu navazujicf na nadloZni jflovce podél smykové plechy mezi
dvéma Fupinami uhelné sloje. I. uheln§ Fez,
Klastické %ily 3. typu. Dole v pravém rohu se objevuje t&leso nadlofnich jTloved,
zvedajict bloky uhelné sloje, I1I. uheln§ Fez.

PHil. X

Piskovd Zfla 4. typu spojend s piskovei na smykove plode mez{ dvdma Supinami
uhelné sloje. II. uhelny fez.
Jilova Zila 4. typu. L. uhelny Fez.

Prl XI

Roje klastickych il podél 1. a II, uhelného fezu,

Klastické Zily 1. typu a brekcie v roztrhané sloji nad podsunutym t&lesem nadlof-
nich jfloved. 1. uhelny Fez.

Pril, XII

Z0ny s ubelnou brekcii p¥i bdzi vysunuté kry uhelng sloje. Ve spodni #4sti hornfho
snimku vystupuje podsunuté tdleso nadloZnich jilovcd. 111, uhelny Fez.

VSechna foto 8. Hurnik
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Knacruueckue gakiixv B GypoyronsHoM nnacte oxono r. Moer
8 Cesspousuickom Gaccefine

B Gypoyronshom nnracte CeBepouelIcKoro ‘GaccedHa B kapsepe MocT 8 nocregmue ro-
Abl O6HApYXMBAKTCS KNACTHUECKHME AAWKM C BhINONHEHWEM, CAOXEHHbIM apruaavtamu. Mx
pacnpocTpaHEHWe CBA38HO C OOGWMPHON CHHCEAMMEHTAUMOHHONK aedopMauqesi raasHOro
naacta. B reueHve 3Toi jaedhopmauuu Gbina NPpUNOAHATa 4aCTb [NACTa U N04 HEe M3 BHCH-
yero Boka BASBUAMCH TAMHWUCTbIe OTAOXEHHR, K3 noACTHAAOWEro Tena NMENWTOB [MHMCTbIA
Marepdan 3aTeM BbIXMMANCs B TPellWHbl paspylieHHbiX 4acTel nnacta B BUAe Aaek, che-
ADBAaTE/BHO, UAwe BCErg CHW3Y BBEpPX, & JWWb B eAYMHUUHbDIX CAY4yasx rAMHbl NPOHWKanK
npAMo CBEBPXY M3 BHCauero 6oka. KnacTuueckue jfaiku o6pa3’0Banuch MPerMYLIECTBEHHO
B CBA3W C OKOHYATENABHBIM C(HOPMWUPOBAHHEM CHHCEAMMEHTALWOHHOW AedopMauMH YronbHO-
ro npacTa, a B HEKOTOPLIX CAYUaRX — fMLIb TOAbKO NOCNE NEPeKpbiTUA BCEe# A6MOpPMALWOH-
HOW CTPYKTYpbl Gonee MOWHOW Kpoefed, B TeUeHHWe NPOAO/IKAIOUIErOCH AMareHess ropHoro
maccHea, Tak kax obwWMpHad AechOpPMaUUA MPOAYKTMBHBIX OTIOXEHWH CpaBHMBAeTCA Co
CTPYKTYPaMu rpAR3esbiXx OCTPOBOB, 00pa3soBaHMHMe 3AELIHNX KNACTHUECKUX AGEK CBA3bIBAaETCA
WCKAIYHTENLHO € 3K3OTEHHbIMM hakTopaMH. B CBAZM C M3IMEHUMBOCTBIO KX OpM Gbino
Pa3anMUeHo WEeCTb TMNOB, Ha OCHOBAHMH BTOPHUHLIX H3MEHSHWA M GOPMUPOBaHMM Aack
06CYXKAAETCA CTENEHb AMAreHesa OTNOXKEHWH B TeueHwe gedopmaunu. Hekpomacca nnacta
cnexanacs jo SpeMeHd 00pa30BaHMA KAaCTUUECKMX JaeK Oofblie, YeM Jo 2/3 obutero
YNAOTHEHHA.

Pielo%il A, KFi%
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