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Abstract: Vertical lithologic variability of the three chosen coal-bearing
lithostratigraphic units was investigated using Markov chain analysis on the data
from six deep boreholes. The relatively coarsest deposits appear randomly and ini-
tiate the sequences in path diagrams in all three units. In the Mudstone Series (de-
posits of an alluvial plain of meandering rivers) all lithologies are connected by
transition paths and constitute one sequence. In the Poruba Beds (deposits of an
alluvial plain and subordinately of mixed continental-marine environments) and in
the Laziska Beds (dominated by deposits of braided-rivers alluvial plain) also struc-
tureless fine-grained deposits appear randomly and have upwards transitions into
rooty layers and coal. Thus two independent subsequences are distinguishable in
these units: the ,barren” (fining-upwards) and the ,,coal-bearing” ones. '

The position of the relatively coarsest clastics in the paths diagrams is inter-
preted chiefly as a result of river channel shifting and is related to intrabasinal
factors. The occurrence of independent coal-bearing subsequences is attributed to
the intervention of extrabasinal factors.

INTRODUCTION

Traditionally, the investigations of lithologic sequemnces in coal-bear-
ing deposits dealt primarily with problems of cyclic sedimentation. The
base of the cycle was usually chosen arbitrarily taking into account prac-
tical purposes or a genetical hipothesis accepted. The application of the
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Markov chain analysis to this problem made the analysis of sedimen-
tary sequences more objective and revealed some relationships which
could not be detected earlier {see, Read 1969; Doveton 1971; Casshyap
1975).

The sequence of lithologies in the coal-bearing deposits of the Upper
Silesia was discussed in most earlier works only incidentally and de-
scriptively. Statistical methods were used for cyclicity analysis only by
Dembowski & Unrug (1970) and Sliwa (1975) comcerming the f.aziska
Beds and the Upper Silesia Sandstone Series respectively. The authors
mentioned have placed the base of the cycle at the base of a coal seam.

The present authors, within the scope of a more extemsive sedimen-
tolqgical research, attempted to study the sequence of lithologies in se-
lected lithostratigraphic units using the Markov chain amalysis. The pur-
pose of the work was the construction of path diagrams in order to obtain
informations useful for environmental interpretation of the deposits.

GEOLOGICAL SETTING

The coal-bearing deposits in the Upper Silesia Coal Basin are of the
Namurian and Westphalian age. They occur over an area of some 6.500
sq. km. The total thickness of all lithostratigraphic units approaches
7.000 m (Dembowski, 1972)
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‘The present-day lithostratigraphic division of these deposits is infor-
mal. Individual units bear traditional names, which neither follow inter-
national standards nor the Polish project of the stratigraphic code.
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‘The deposits dealt with are divided into four main lithostratigraphic
units traditionally called ,,series” (corresponding to formal subgroups)
and smaller units named ,,beds” (corresponding to formations). In ascend-
ing order these are (cf. Stopa 1967; Bojkowski et al. in Dembowski, 1972):
Paralic Series (with the Poruba Beds as the uppermost part), Upper
Silesian Sandstone Series (Anticlinal Beds and Ruda Beds), Mudstone
Series (Zaleze Beds and Orzesze Beds) and the Cracow Sandstone Series
(Laziska Beds and Libigz Beds) — compare Table 1.

‘Several horizons with marine fauna appear in the Paralic Series
- marking successive marine ingresions over an area of predominantly

continental sedimentation. The upper lithostratigraphic umits contain
deposits laid down exclusively in continental enwvironments.

Sandstones and/or mudstones predominate throughout the coal-bear-
ing deposits. Claystones, conglomerates and coal seams occur only sub-
ordinately. The only carbonate rocks are clayey siderites forming either
lenses of incosiderable lateral extent or, more frequent, dispersed siderite
concretions.

MATERIAL AND METHODS OF INVESTIGATION

The investigated sequences were examined in drill cores derived
from completely cored boreholes which penetrated relatively long sec-
tions of Paralic, Mudstone and Cracow Series (Tables 1, 2). For the pur-
pose of the present work the data presented in the original core logs
(cf. Fig. 1) were somewhat generalized by grouping the deposits in the
following lithologic divisions (lithologies): .

Z — conglomerates and intraformational conglomerates,

S — sandstones with large-scale cross- stsratlflcamon and structureless
~sandstones, .

R — sendstones with small-scale cmss—stu'ataﬁlcatmtn

P — horizontally laminated sandstones,

M — horizontally laminated mudstones,

L. — mudstones with lenticular and wavy stratification,

F — muddy sandstones with flaser bedding,

H — mudstones and claystones devoid of depomtmmal structures,
X — - rooty layers,

@ — coal seams,

Taking into account the specific character of the investigated material
(core), individual layers were considered as basic elements of sequences.
A layer is understood as such an accumulation of deposit cm_‘responding
to one of the divisions enumerated above, which can be distinguished in
a core. The layers less then 5 cm fin thickness were omitted.

4%
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Embedded count matrices of upwards tramsitions (ij) were constructed
to determine interrelations between the individual layers. The null hy-

pothesis assuming that the layers occurring recurrently in a vertical sec-

Invéstigated drill-cores

Opraccwane wiercenia Table 2
Poruba Beds Hudstone Series - faziske Beds
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tion form a sequence of random events independent one from another,
was verrified using the Chi-square test. The 'Chi-square statistics was
computed from difference between the observed and expected (if the
null hypothesis was true) frequency of the ij pairs. The expected frequen-
ces were computed using the following formula (Doveton in Read, 1969):

nc-‘(N“ )

where r; = sum of row i, ¢; — sum of column i, ¢; = sum of column j,
N = number of all transitions in a set.

The Chi-square test was used for a matrix as a whole and for its in-
dividual rows, considering the rows as matrices n x 1 (Potter & Blakely,
1967). In both cases the Chi-square values are higher on the significan-
ce level of 0.05 than the critical values for the corresponding number of
degrees of freedom. Thus the null hypothesis may be rejected for the
whole set as well as for the individual rows of the matrix (i.e. for the
particular lithologies).

It means that lithology of a layer (j) is related to the lithology of
the underlying layer (i). In other words, every j has a ,memory” of

-

Fig. 1. Example of a core log. 1 — coal seam; 2 — large-scale cross-stratification;
3 — small-scale cross-stratification; 4 — horizontal lamination; 5 — wavy lamina-
tion; 6 — lenticular stratification; 7 — small-scale cross-stratification and honizon-
tal lamination; 8 — deformational structures; 9 — introformational conglomerate;
10 — rare root traces; 11 — rooty layer; 12 — sediments devoid of depositional
structures; 13 — erosional surface; 14— sharp contact; 15 — plant fragments

Fig. 1. Przyklad graficznego opisu profilu, 1 — poklad wegla; 2 — warstwowanie

przekatne o duzej skali; 3 — warstwowanie przekgtne o matej skali; 4 — lamina-

cja pozioma; 5 — laminacja falista; 6— warstwowanie soczewkowe; 7 — warstwo-

wanie przekatne o malej skali i laminacja pozioma; 8 — struktury deformacyjne;

9 — zlepience §rodformacyjne; 10 — rzadkie $lady podziemnych pedéw; 11 — zie-

mia stigmariowa; 12 — osady pozbawione struktur depozycyjnych; 13 — powierz-
chnie erozja; 14 — ostry kontakt; 15 — fragmenty roslin
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a preceding event i in this sense that the probability of occurrence of
a determined j over i is significantly higher (or smaller) then if the null
hypothesis was true. ‘

Usually for the construction of the path diagrams these transitions
are used for which the difference between te observed (p;;) and expected
(e;;) probability is positive. However, as p;; and e;; depend on the fre-
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Poruba Beds - Difference count matrix

Warstwy porgbskie - macierz résnicowa Tab;e 5
z S R P ¥ L E | F X Q n;
z - |+34.55|=10.07| +2.00(-10.32| -2.51| -2.75| -3,70 | -3.39| -3.80 | 55
5| +33.95| = |+36.52| +8.94|-26.43] ~3.11|-25.14| ~5.88 | ~4.59|-14.26 | 202
R| ~14.86|+15.42] = | +9,60(+30.73| +9.28| +0.97| -2.34 |~16.64|-32.51 | 378
P| -0.07|+10.72| +4.89| = | =7.04| +0.86| -8.30| +6.52 | -1.92| -6.65 | 94
M| ~10.22| -6.87|+36.06| =9.88| = | -8.44| 4,87 (417,23 | +0.46[-13.44 | 323
L| =2.63| =5.33411.06| =2.20| =2.31| - | +0.92| +7.35| +1.99| -6.85 | 110
H| =2.03| +4.17| +0.09|-11.14| +5.12| =3.05| =" |=13.15 |+15.68| +4.31 | 274
F| -3.84| =3.11] +1.60| +3.44(+19.44| +2,32| -8.14| - | -3.40| -8.%1 | 116
X| =3.49| -9.81|-23.98| —4.96|-10.49|~19.49 | ~7.38| ~6.36 | - |+72.25 | 106
Q| =3.59| =2.50|=25.13| =5.75| +3.82| -2.90 |+41.33 | -8.33 | +2.39| - 119
Poruba Beds - lest "“"z" values . Table 4
~Jarstwy pore¢bskie -~ wartosci statystyki "z"
Z S R P M. | L H F X Q |
Z| = 18088 | eeee | 1018 | ciee | ceve| seve| csoe| soss| ecee
S |12.79| = | 6402 | 2065 | seee | coes| acee| ssao| oseo| osve
R| eoee| 2:26| = 1697 | 3e75 | 1677 | 0e11| eees | ocooe| oeco
Pl eeee| 3640 | 1421 | = | seee| 0ulB| ocon| 3e65| veve| ocee
M| soco| asee | 4257 | 6000 | =~ ecsc | ssee| 2654 secel ecee
"L | eeee| seee| 2657 | cooe| cves | .~ 0.24| 2475 0e78| eeso
CH | eene]| 0078 | veee | eeee [ 0075 | weee| = | eees!| 3.70| 0.97
F| eeee| ooee | 0623 |1.38 | 4.56| 0,86 | veue| = cese| ceee
X | ecoe| sece| easoe| ooea| ssoe| oeoe| sooel sesel = [27.36
Q| eeee| oove| cone | saoe | 0488 veew [10.19] vuue | 0.89] =
- Mudstone series - Difference count matrix -
Seria mutowcowa - macierz réznicowa Table 5
z B R P M L H X Q ng
Z| = | ¥5445] =0.10| 40.89 | ~1.11 | =1,18| =1.,45| <1,15| -1.28 ey
8 +2.25 - +8.621415.89 | 4,52 | +3.75| =2.74| -9.96|-13.27| 110
Ro| =179 =2.92) = | =0.24 | 47.16 | 45,67 | +5.69| =6.14| -8.03| 78
Pl =0.271421.31 | #4721 = | ~5.39 | =3,93| -2.04| -4.71| -9.67| 83
M =1.21| ~2.07| +4.15| =2,35 = . | #8.55] +8.34 | ~7,25| 8,16 | 79
L =1e29| 4315 =040 | =2.54 | +6,49 | . = |4+10.62 ~5.83| -9.80| 84
H ~1.75| =8:54 |+10.13 | =5,85 | =0,27 | =1,25 -  |#22,55|-15.02 | 245
X ~0.26|~10.53 | =5.12 | =5,70 | =4.28 | -8,81 ~14,69 -~ |+49.,46 | 82
Q | #1.59| =8.95| ~9.18 | 6,77 | -5.30 | ~8.89 |+23.16 [+14.35| - | 91
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Mudstone series - Test "z" values

Seria mutowcowa - wartosci statystyki "z* Table 6
i/ S R P M L H X. Q
Z = | 4e69 | 4ees | 0081 coee| coee | s00e | s0se| soes
S 171 = 270 | 4.8 e | 1e13 | eoee | cove| vone
R esee | soee | I= soee| 2670 214 | 1239 | seee| ooee
P eese | 72| 1,72 | .= sca0 | coee | voce | sese| oses
M | seeo| eooe [ 1656 | soee| = | 3:11]2.02 | eooe| oooe
L | eees| 0099 s0ee| osee| 2:35| = 2e49 | vose]| vose
H s8¢ | 000 e 1¢95 doeove ee s [ EE XY had 4023 oeed
X 20 e.a eo e e [ XX R LXK N ses e [ XXX see® - 17.05
Q T34 ) eoee | evee | cooe| ooee| ooee | 5422 | 4.88| =
. Laziska Beds -~ Difference count matrix Table 7
y Warstwy laziskie - macierz réznicowa
Z 8 R P M L H X Q n;
Z] - 14+25.98| =5.52| -3,80 | ~2.41| -3,04 =5.95| =2.66| =-2.61| 39
3 | +16,89 = 42464 417,30 | ~5,71| =6.36 |=14,00 |=14,91|~18.62 174
R | -5,28| +1,53 - =520 | +5.91| +7.04 +3.46| =2.16| =9,64| 103
P | =1.93 [4+25.45| =5,39 - =183 | =4.84 | =2.,48| ~4,24| -4,75| 60
M| <1.40| =3,72| +3.66 | =0.70 ~ | +5.04 | +1.21| =-1.59| «2,.51 38
L | =3.08| =2.76| =2.86 | =1.74 | +6,00 - ~0.43 | +0.68| =1.51| 48
H | =8,53| =316 | =6.26 | =2,05 | =2.37 | +2.04 -  [+14.96| +1.45| 94
X | =2.35| =Bo88| =6621 | =3,62 | =1,29| =1.89| ~4.66 -  |+33.57| 42
Q | =272 =159 | =5.82 | =5.72 | ~3,62 | =2,58 |+22.,04 | 0.00 - 57
Laziska Beds - Test "z" values Table 8
Warstwy taziskie -~ wartosci statystyki "z* ‘
VA S R | P M L H | X Q
Z - 9e22 | ceos | 60500 | s6ee |osee | aeso | ssce| cose
S | 4,69 = e56 | 3496 | ceea |eeee | sove | sove| sseel-
R | eoce 0232 ] = | veue | 230 [2.86 {0090 | seve| aess
Pl eees | 7e21 [eoee| = coes [sose | saae| sose| sane
I | cocs | eoee 159 eooe | = 3605 | 054 | 60oe| coas
L | coec | 6000 |66se | sooo | 3657 | = seao | 0639 cceos
H cece | c0s9 |oeoe | evse | soce | 075 - 6.19| 0.49
X | ooeo | evoee |s50es | cceo | esce |0sae | vose -  |18.90
Q | ecos | oces |osee | sees | sece |0vse | Be03 | cana| =
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quency of the individual j in a set, the absolute value of the p;; — e
difference is not determinant for the' significance level of the relation
between i and j. The same is valid when differences between the observ-
ed and expected frequencies are considered.

As a test of a statistical sigmificance of this difference (Tables 3, 5,
7) the authors accepted the statistics used to verify mean values3:

n,—n,

= ==
\/ne(l—e,-j

¢ o
no = observed frequency of transitions, ne =

J
N—r; ’ ‘
expected frequency of transitions.

where: e;; =

The z statistics served for the construction of path diagrams reflect-
ing general trends in sedimentary processes operating in the depositio-
nal environments of the investigated lithostratigraphic units. Tramsitions
were considered as significant in the case of a positive sign of n, — n.
and when z > 1.64 (cf Tables 4, 6, 8), which means that the null hypo-
thesis may be rejected at a confidence level of 0.05. Other transitions
were considered as being random events.

The path diagram was constructed by joining the successive lithologi-
cal divisions which fulfill the above mentioned conditions. Placed at the
start of the sequence were the lithologies which randomly appeared
above the others (z<<1.64); the sequence terminates with a lithology
which does not reveal significant transitions to lithologies other than
those which have appeared earlier within the sequence.

ANALYSIS OF PATH DIAGRAMS

The ,,ideal” sequences of lithologies in the Poruba Beds, Mudstone
Series and taziska Beds are ilustrated by path diagrams in Fig. 2.

In the Poruba and Laziska Beds two subsequences are distinguishable
which are statistically independemnt of each other, lacking any signifi-
cant mutual transitions. The first one consists of conglomerates, sand-si-
ze sediments and stratified fine-grained sediments. The second one is
made up of structureless fine-grained sediments (H), rooty layers and
coal. For the sake of brevity the first subsequence will be referred in
the following text as a ,,barren” and the second one as a ,,coal-bearing”
subsequence. Their statistical separation suggests that their deposition
has taken place in different sedimentation regimes and that change of
these regimes occurred randomly.

3 After this paper was submitted to the Editor the authors had found that
a similar method was employed by Hobsday et al. (1975).
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Fig. 2. Path diagrams of lithologies
Fig. 2. Sekwencje typoéw litologicznych

In the path diagram of the Mudstone Series the barren and coal-bear-
ing subsequences are connected to one run by statistically significant
transition. Thus it may be concluded that during the deposition of this
series only the conditions leading to the deposition of the coarsest sedi-
ments appeared randomly.

The barren subsequences in the Poruba and laziska Beds and the
corresponding elements in the diagram of the Mudstone Semies display
a generally similar sequence of lithologies and an upward decrease in
the grain size as well as in the amplitude of sedimentary structures. In
this respect the discussed sequences strongly resemble the sequences
occurring in recent and fossil fluvial deposits (cf. Allen 1965a, 1965b;
Miall, 1973, 1977) as well as the sequences arising from the sedimenta-
tion models of these deposits (cf. Potter & Blakely, 1967; Allen, 1970;
Beerbower, 1964; Visher, 1965, 1972). Similar sequences are also charac-
teristic of the alluvial deposits of deltaic plains (cf. Coleman & Gagliano,
1964, 1965; Elliott, 1974). It should be remembered however, that depo-
sits of other environments may have some features in common with the
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discussed ones, especially those of tidal channel deposits (see, Van Stra-
aten, 1964; Reineck 1972; Reineck & Singh, 1973).

The fact that the deposits of the Mudstone Series and of the Laziska
Beds are of exclusively continental origin as well as the above mention-
ed features of the sequence both suggest that the sand-size and strati-
fied fine-grained rocks of these lithostratigraphic units are fluvial de-
posits. The Poruba Beds may have been deposited partly in a fluvial
(including fluvial deposits of a deltaic plain) a:nd pajretly in a mux'ed con-
tinental-marine environment.

The flaser bedding encountered in the Poruba Beds desezrves a spe-
cial attention. It has reversible transitions with the laminated mud-
stones and appears in a statistically significant manner above the mud-
stones with lenticular bedding (L) and homzontally laminated' sandstones
(P). The flaser bedding is a sedimentary structure especially common in
a tidal flat environment (Reineck, 1972), moreover it is associated there
with the same lithologies as it as ascertained in the Poruba Beds. It
should be noted also that lithology F appears in the investigated cores
in a form of relatively thick layers of a mean thickmess’ 0.59 m and
attaining a maximum thickness 4.6 m. It was also found that this litho-
logy quually occurs in strict association with marine fauna-bearing
horizons, or its stratigraphic position conre\sponds to such. hoemzans found
in the meighbouring boreholes.

The data presented above suggest-that in the Poruba Beds the litho-
logy F, and probably also the muddy deposits associated with them (M
and L), were deposited in tidal flats during the successive marine ingre-
sions. The sandy deposits (P) frequently underlying the lithology F may
be interpreted as beach deposits. The sets of flat, slightly inclined lami-
nae separated by similarly inclined set boundaries predominate in recent
beach deposits (see, Thompson, 1937; Logvinenko & Remizov, 1964). The
small inclinations of the laminae and of the set boundaries can be hardly
recognized in the cores, thus it is probable that some sandstones in-
cluded into the lithology P are actually cross-stratified. :

Those parts of the cores from the Poruba Beds where the flaser bed-
ding is associated with other lithologies (P, M, L, R, S) are interpreted
by the authors as deposits of continental-marine environments (i. e. ti-
dal channels, tidal flats, beaches, barriers etc.). '

- In the coal-bearing subsequences of the Poruba and Lams:ka Beds the
lithologies H, X, Q are connected to the circular closed sets. A sequence
of the higher elements in the path diagram of the Mudstone Series
is similar, but in addition a reversible linkage between X and @ is pre-
sent there. The individual lithologies may be in a very general way re-
lated to the following subenvironments: H — with bodies of standing
water (lakes or swamps), X — with densly vegetated areas, Q — with
swamps where a phytogenic sedlmemartaon occurred.
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The observations of the cores from the Poruba and faziska Beds in-
dicate that the structureless mudstones and claystones (H) uéually dis-
play mo traces of roots.. This suggests that the majority of these depo-
sits were laid down in lake-like basins where water depth was relative-
ly small but sufficient to inhibit the growth of plants rooted in the bot-
tom. : : :
In the Mudstone Series most of the H deposits reveal relatively abun-
dant root traces. This suggests that these deposits were mostly laid down
in vegetated areas, probably wet and seasomally flooded. The plant re-
mains decayed or remained preserved only fragmentarily as a subordi-
nate component of the fine-grained deposits. A phytogenic sedimentation
leading to the accumulation of coal beds periodically occurred in these
areas. This sedimentation was stopped usually by the death of the vege-
tation caused by asignificant rise of the water level (cf. Bom'oz 1958)
suggested by the lack of roots in the H mudstones dxrectly overﬂymg the
coal seams.

CLASTIC SUCCESSIONS IN ALLUVIAL DEPOSITS

The following discussion deals with the analysis of the lithologic suc-
cessions occurring in the deposits considered to be of fluvial origin. For
this reason the deposits attributed to the mixed continental-marine en-
vironments (on the grounds of the associations of sedimentary structures
or of the presence of marine or brackish fauna) as well as the part of
the deposits forming the coal-bearing subuequences are mot taken into
account in this discussion. »

In this phase of investigation the detanled logs of the cores were
used and further - gene«rahzatmn of the lithologies earlier used was done.
The generalization consisted in grouping together the sediment types
(lithologies) laid down in similar conditions of transport and deposition
as indicated by their grain size and sedimentary structures. In this way
the following gross lithotypes were distinguished:

A — conglomerates (Z) and sandstones (P and S),
B — sandstones with small-scale cross-stratification (R),

C — stratified fine-grained deposits (M and L), sometimes with subor-
dinate intercalations of the R sandstones,
D — fine-grained deposits devoid of depositional structures (H).

Taking into account the features of alluvial deposits (see, Allen,
1965a, 1965b; Miall, 1976; Visher, 1965, 1972) it may be generally assum-
ed that gross lithotype' A corresponds to the typical lower part of chan-
nel deposits, lithotype B — to the uppermost part of chanmnel deposits
and/or crevasse splay deposits, lithotype C — to overbank deposits,
lithotype D — to the uppermost part of the overbank deposits laid
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down in flood basins and shallow lakes on the outer flood plain, and
also fine-grained deposits of abandoned channels.

‘Taking the succession A — B — C — D as a model, 635 individual
successions were distinguished in the investigated sections. The bound-
aries of every succession were placed in comparison with the model suc-
cession. If within a section of a core composed exclusively of the A
lithotype sharp erosional contacts and/or conglomeratic layers with well
defined lower boundaries were found, the succession boundaries were
placed at these surfaces.

The individual succession types recognized in the investigated sec-
tions can be divided into 4 main groups:

I — A, AB,
II — ABC, ABCD,
III — ABD, AC, ACD, AD,
IV — BC, BCD, CD, C,

Thus, the groups II and III dnclude successions consisting of both
channel and overbank deposits, more or less complete, group I included
successions made up exclusively of channel deposits, and to grup IV the
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m ,
m 1.0
MUDSTONE 08
1.8 SERIES 087777
== SERIA 5.0.0,
MULOWCOWA  [o%0°c"
2'5 m t,«-:c‘:o:o
2.4 7.61°.°,%
0.9 o//// Oooboo
e OTE a0
Lol 0.7V
oooooooo 2.2 o:°:°:° :o:ozo
WTdA 7708 E ¢ D

Fig. 3. Mean thickness of barren sequences, A, B, C, D — gross lithotypes (see
text)
Fig. 3. Srednie miazszosci sekwencji plonnych, A, B, C, D — glowne typy litolo-
giczne, wymienione w tekscie
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successions devoid of typical chamnel deposits and representing mostly
or exclusively overbank deposits are attributed.

The possibility of accumulation and preservation of thick alluv1a1 de-
posits, as in the case of the Upper Silesia coal-bearing deposits, depends
on a prolonged aggradational trend, related first of all to the subsidence
of the sedimentary basin. In these circumstances the development of the
depositional succession depends largely on the type of the rivers shaping
the alluvial plain (cf, Allen, 1965a; Miall, 1977).

PORUBA BEDS MUDSTONE SERIES : tAZISKA BEDS

W-WY POREBSKIE SERIA MULOWCOWA W-WY tAZISKIE
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Fig. 4. Percentage of gross lithotypes in total thickness of barren sequences (for
explanation see Fig. 3)

Fig. 4. Procentowy udzial poszezegélnych glownych typow litologicznych w calkowi-
tej miazszosci sekwencji ptonnych (objasnienia symboli na fig. 3)

In the thick sections of alluvial dre(posits of meandering rivers both
channel and overbank deposits usually are well developed, the latter
being volumetrically significant. Relatively regular migration of the
channels leads to the development of more or less complete successions
including both classes of deposits. The progradation of natural levees and
crevasse splays may often lead to a development of successions devoid -
of typical channel deposits. :

On the other hand, in alluvial successions ldefposfced by bra1ded ri-
vers, channel deposits- predominate, In general irregular and rap1d shift-
ing of the channels accompanied by an intense deposition. within the
channels contribute to building up of successions. which- commonly .eon-
sist exclusively of these deposits. They often build up thlck multi- storey
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complexes, with the individual successions within them only poorly dif-
feranciated. In the case of the deposits of great braided rivers (e.g. Brah-
maputra, cf Coleman, 1969) additional numerous successions composed
of channel and overbank deposits can be expected.

Relative frsquancy of successions /per cent/ fable 9

Czestotliwoéé wystepowania sekwencji w procentach
Gross- S .
lithotype - Poruba Beds Mudstone Series Laziska Beds
successions ‘
|mean mean mean
3 M12 | M6 |Ig2 |for MB61 | WP43 | for MB61 | MB43 | for
group group group group!’
-+ A 843 | 15.4 10,5 2.0 - 22.8 | 21.3 ’
I 58 |12,9 |15.5/12.6) 252 | 40| 3.8| *6 | %ul0|25.9 | 436
ABC 2.8 1 2.6| 7.4 6.1 | 2.9 - | 3.7
B ABCD | 12.9 | 6.0| 7.4| 29| 6.1 | 1.9| 72| s5,3| 7.9 | 5%
ABD - 4,2 5;2 42.3 g.g ﬂg;g' 1;,3
: AC 6.4 5.1 6; L] . o o
IIL  ucp | 5.5| 6.0| 7.4| 263 | 10i2 | 7.7 | 43+8 | 2.7 | 3.7 | 37-6
AD 9.1 | 18.8| 7.4 16.4 | 24,0 21.0 | 9.3
B 0.9 - - ™~ - - 0.9
BG 009 - 1.0 4"‘0 208 20; -
BGD 6.4 bad 1.0 B “le [ -
v BD | 17.4 | 2.6| 1.0 354 1644 | 3.8 4l 1 3051 5,6 | 1393
CD . 8.3 |12.8 |16, 8 : '20.5 38.5 10.5 | 2.8
Tabls 10
, Poruba Beds Mudstone Series tasziska Beds
Totel thickness of , f
berren sequences 1626,5 m 594.7 m 1258.6 m

Percentage of thickness ' ’
of barren sequences in T2 62 . 89
- total lenght of cores Sy

Number of barren - ' R
sequences » 317 153 e 165

Mean thickness of : o
‘barren sequences | Belm : 3.9m v 7.6 m

Percentége of A+B in ' / aE
total thickness of - 58 39 Ci 92
barren sequences : .

The statistical results obtained using the subdivisions mentioned
above (Table 9, 10, Figs 3, 4) indicate that the greatest differences exist
between the deposits of the' Eaziska Beds and the Mudstone Series, while
the deposits of the Poruba Beds occupy and intermediate qposmon .

In the Faziska Beds the successions included into group I (43.6%) and
group III (37.0%) predominate, and channel deposits make up about 90%
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of the total thickmess of the successions taken into account. This indi-
cates that these deposits were laid down mainly by braided rivers. The
relatively large mean thickness of channel deposits (about 8 m) is due to
the presence of the thick, multistorey accumulations of these deposits,
which could not be divided in the cores.

In the Mudstone Series the successions attributed to group III (43.8)
and group IV (44.4%) predominate, while the successions of group I are
scantily represented. The predominance of the overbank deposits (about
70%) over the chammnel ones is well marked. Thus, these deposits can be
interpreted as laid down on an alluvial plain constructed by meandering
rivers. ‘ ' ‘

CONCLUDING REMARKS

The path diagrams of the three investigated lithostratigraphic units
show a general similarity. In all umits the relatively coarsest deposits
appear randomly and are followed by other lithologies arranged in a fin-
ing-upward sequence or subsequence. In the Poruba and the Laziska
Beds also the non-stratified fine-grained deposits (H) occur randomly and
have significant transitions to rooty layers and coal; in these units two
subsequences may be distinguished, a ,barren” and ,,coal-bearing’ ones.

" The analysis of sedimentary features, of the gross lithotype succes-
sions, and of quantitative contribution of these lithotypes indicate that
the Mudstone Series is a deposit of an alluvial plain of meandering
rivers, while the Laziska Beds were laid down on an alluvial plain do-
minated by braided rivers. The Poruba Beds are interpreted as deposits
of an alluvial plain constructed mainly by meandering rivers and of
mixed continental-marine environments.

In the authors’ opinion the random appearance of the coarsest clastics
in all investigated umits is controlled primarily by channel shifting ty-
pical for fluvial environment. Thus the accumulation of the Mudstone
Series may be interpreted as a result of intrabasinal factors only, while
in the other two lithostratigraphic units also a participation of extraba-
sinal factors, resulting in the distinction of the barren and coal-bearing
subsequences, is highly probable. ‘ :
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- STRESZCZENIE

Materiatl do badan stanowily rdzenie z wybranych 6 wiercen (tabela
2). Na podstawie wlasnych opiséw rdzenia, uwzgledniajacych sedymen-
tacyjne cechy osadéw, zestawiony zostal dla kazdego wiercenia profil
graficzny, ktérego wycinek przedstawiony jest ma fig. 1. Do celéw mi-
niejszej pracy dane z takich profiléw zostaly mieco zgeneralizowane,
przy czym wydzielono nastepujagce typy litologiczne: Z — zlepience
1 zlepience $rédformacyjne; S — piaskowce z warstwowaniem przekat-
-nym o duzej skali i piaskowce bezstrukturowe; R — piaskowce z warst-
wowaniem przekatnym o malej skali; P — piaskowce laminowane pozio-
mo; M — mutowce laminowane poziomo; L. — mulowce z warstwowa-
niem soczewkowym i/lub falistym; H — mulowce i ilowce pozbawione
struktur depozycyjnych; X — ziemia stigmariowa; Q — poklady wegla.
Ze wzgledu ma specyficzny charakter materiatu, jakim jest rdzen wiert-
niczy, za podstawowy element sekwencji uznano »warstwe’’, okreslajgc
tym terminem magromadzenie osadu odpowiadajace jednemu z wymie-
nionych typéw litologicznych.

W oparciu o takie wydzielenia zestawiono macierze przejsé w gore
miedzy warstwami (Tabele 3, 5, i 7) przy pomocy testu chiz sprawdzono
hipoteze zerowa. Istotno§¢ poszezegélnych, pozytywnych réznic testowa-
no przy pomocy statystyki z uzywanej do weryfikacji érednich. Diagra-
my przejs¢ konstruowano laczac ze sobg kolejno typy litologiczne powia-
zane przejsciami, dla ktérych przy dodatnim znaku réznicy miedzy ocze-
kiwang a obserwowang ilo$cia przej$é z > 1,64. Na poczatku sekwencji

5 — Roceznik PTG XLVIII/2
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znalazly sie typy litologiczne, ktére pojawialy sie nad pozostalymi w spo-
s6b przypadkowy (2 < 1,64).

Skonstruowane w ten sposéb diagramy przejéé (fig. 2) wykazuja ogbl-
ne podobienstwo sekwencji typéw litologiczmych we wszystkich bada-
nych jednostkach litostratygraficznych. Czlonem pojawiajgcym sig loso-
wo i wyznaczajacym poczatek sekwencji sa osady o stosunkowo najgrub-
szym ziarmie, ponad ktorymi wystepuja o mnastepstwie wykazujacym ce-
chy cyklu frakcjonowanego prostego. W warstwach porebskich i lazis-
kich losowo pojawiajg sie rowmiez bezstrukturowe osady drobnoziarniste,
zwigzane przejSciami z ziemig stigmariows i weglem; w zwigzku z tym
w tych warstwach wyodrebniajg sie dwie subsekwencje, okreslone jako
,,ptonna” i ,;weglowa”. '

Analiza cech sedymentacyjnych i procentowego udzialu giownych
typow litologicznych A, B, C, D (por. tabele 9, 10, Fig. 4, 5) pozwala
wnosié, ze seria mutowcowa reprezentuje osady réwniny aluwialnej rzek
meandrujacych, warstwy laziskie — réwniny aluwialnej utworzone]
glownie przez rzeki roztokowe, matomiast warstwy porebskie — osady
nadbrzeznej réwniny oraz wystepujace podrzednie osady srodowisk mie-
szanych, ladowo-morskich.

Zdaniem autoréw, losowe pojawianie si¢ ma diagramach osadéw sto-
sunkowo gruboziarmistych wigzaé mozna przede wszystkim z procesami
bocznej migracji koryt rzecznych. W zwigzku z tym akumulacja serii
mulowcowej moze byé tlumaczona wylacznie jako rezultat dziatania
czynnikéw autocyklicznych. Natomiast w odniesieniu do dwoch pozosta-
tych jednostek litostratygraficznych wysoce prawdopodobny jest ponad-
to wspéludzial czynnikéw allocyklicznych, czego rezultatem jest odreb-
noéé sekwencji ptonnych i weglowych uwidaczniajaca sie ma diagramach
przejsé. ' !

Niniejsza praca wykonana zostala cze§ciowo w ramach Miedzyresor-
towego Planu MR 1-186. : \



