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A b s t r a c t :  Trends of variation determined quantitatively for bed thickness, 
stratification structures, grain size, and qualitatively for miscellaneous sedimentary 
structures, are discussed in relation to lithosome shape and inferred basin geo
metry. Besides downcurrent gradients of textural and structural features, there 
exist gradients across paleocurrent direction. In the elongated lithosome of the 
Cergowa sandstone marginal near-source and axial far-downcurrent zones have 
the same textural and structural characters.

INTRODUCTION

Turbidite sandstones usually show distinct trends of textural and 
structural variation. In most cases these trends are 'parallel to paileocur- 
rent direction. Generally, grain size and bed thickness decrease, while 
the proportion of laminated and crosis-Iaminated sandstone beds, and the 
proportion of pelitic material increase in t'he direction of paleotransport. 
These features were used by many authors (e. g. D ż u ł y ń s k i ,  K s i ą ż -  
k i e w i c z  and K'uenen,  1959; W o o d  and Smi th ,  1959) as qualita
tive indicators of proximal and distal regions in sedimentary basins of 
turbidite series. W a l k e r  (1965, 1967) attempted to quantify the notions 
of proximality and distality, interpreting the standard sequence of stra
tification structures in turbidite deposits described by В ou ma (1962) in 
terms of flow regime. W a l k e r  proposed a „proximality index” based 
on the proportion of beds beginning with various divisions of stratifica
tion structures, and suggested, that the value of this index changes sys-
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temati'caHy in a turbidite basin, as the depositing turbidity currents pas
sed from the upper flow regime in the proximal part of the basin to the 
lower flow regime in the distal part. The sedimentary structures were 
thus regarded by W a l k e r  (1. cit.) as (responding primarily to 'conditions 
of transport in a turbidity current.

W a l t o n  (1967) pointed out in an important paper, that the format
ion of sedimentary structures in a granular sediment is controlled pri
marily by conditions of deposition. These conditions are depending on 
the deceleration of the transporting current. In case of rapid deceleration 
the load carried in suspension by the ĉurrent is 'dropped rapidly, and se
dimentary structures associated with toed forms are not produced. This 
idea was confirmed by experiments ( M i d d l e t o n ,  1966). The beds de
posited under conditions of rapid deceleration are either structurally ho
mogenous or graded.

It seems therefore, that trends of variation of sedimentary structures 
and of textural features of turbidiite siandstomes within a sedimentary ba
sin can be interpreted in tennis of regional and local variation of condit
ions of deposition. These conditions are controlled by :

— initial hydrodynamic parameters of turbidity currents entering 
the airea of deposition;

— hydraulic jumps associated with ibreaiks in slope steepness;
— decay of turbulence along the distance travelled by the current.
All the above dynamic controls of conditions of deposition are dep

ending upon basin geometry. Therefore a systematic study of textural 
features and sedimentary structures is an important factor in paleogeo- 
graphic analysis. However, there are still very little quantitative data 
published on these problems, and generalizations are premature.

A CASE STUDY: THE CERGOWA SANDSTONE TURBIDITES

G e o l o g i c a l  s e t t i n g ,  l i t h e s o m e  g e o m e t r y  
and f a c i a l  c h a n g e s

The Cergowa sandstone of Early Oligocene age occurs in the central 
part of the Polish Carpathians (only a small part of its area of occur
rence lies in the territory of Czechoslovakia). The Cergowa sandstone is
■<—— ------------------------------------------------------------------------------------
Fig. 1. Geological map of the area of occurrence of the Cergowa sandstone in the 
Polish Carpathians. 1 — formations younger than the Menilite beds; 2 — Menilite 
beds, including the Cergowa sandstone member; 3 — formations older than the 
Menilite beds (1—3 Silesian unit and Dukla unit); 4 — Magura nappe; 5 —  over- 
thrusts; 6 — Polish-Czechoslovakian boundary; 7 —  localities; 8 —  sections studied
Fig. 1. Mapa geologiczna obszaru występowania piaskowców cergowskich w Karpa
tach polskich. 1 — utwory młodsze od warstw menilitowych; 2 — warstwy meni- 
litowe z piaskowcem cergowskim; 3 —  utwory starsze od warstw menilitowych 
(1— 3 seria śląska i seria dukielska); 4 — płaszczowina magurska; 5 —  nasunięcia;

6 —  granica polsko-czechosłowacka; 7 —  miejscowości; 8 — badane przekroje
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forming part of the lithostratigraphic succession of two structural and 
facial units: the Duikia unit in the south-west and the Silesian unit iin 
the north-east (Fig. 1).
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Menll'de shales Marty shales and thin-bedded sandstones 
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Fig. 2. Schematic cross-section showing the relation of the Cergowa sandstone 
member to the underlying and overlying members of the Menilite beds

Fig. 2. Schematyczny przekrój przedstawiający stosunek ogniwa piaskowców cer- 
gowskich do niżejległych i wyżejległych ogniw warstw menilitowych

The sandstone beds are generally thick, medium- and fine-grained 
(with rare coarse grained intercalations), mezomictic, more rarely oligo- 
mictic, poorly sorted. Their composition includes: quartz (23?—A3 per cent), 
feldspars (up to 10 per cent), sparry calcite grains (12—40 per cent), 
crystalline rock fragments (up to 5 per cent), rare sedimentary rock

Nasunięcie 0 ю 20 50km 
m agurskie 1---------->----------1--------- 1

Fig. 3. Isopachytes of the Cergowa sandstone and paleocurrent directions 

Fig. 3. Mapa miąższości piaskowców cergowskich i kierunki paleoprądów
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fragments (zoogenic limestones, quartzitie sandstone) and canbonate 
skeletal grains. Mixed clay-canbonate matrix forms up to 28 per cent of 
the rock.

The sandstone beds are alternating with grey marly shales. Inter
calations of sequences consisting of alternating marly shales and thin- 
bedded, very fine-grained micaceous sandstones are present locally. Such 
sequences range in thickness from 0.5 m to several metres. Their number 
increases in the marginal parts of the Cergowa sandstone lithosome.

The Cergowa sandstone forms a member of the informal lithostrati- 
graphic unit of Menilite beds. It is underlain by Sub-Cergowa marls, 
and ĉovered (by Menilite shales (Fig. 2). The Cergowa sandstone lithosome 
has a lenticular outline in plan (Fig. 3), with maximum thickness — 
c. 350 m — in the central part, gradually wedging out towards the 
margins. The thickness changes across the long axis of the lithosome are 
rapid. To the north and east the Cergowa sandstone is wedging out in 
black-coloured clayey Menilite shales, while to the south it is wedging 
out among grey marly shales and thin-bedded very fine-grained sand
stones, similar to those forming sequences intercalated among the thick- 
bedded Cergowa sandstones.

The direction of paleotransport determined on the basis of sedimentary 
structures (sole markings, cross-lamination) is from the north-west to the 
south-east, corresponding with the long axis of the lithosome (S 1 ą с z к а, 
1959). The clastic sedimentary material was derived from the Silesian 
Cordillera, an intra-geosynclinal tectonic land. The Cergowa sandstone 
lithosome may be regarded as the sedimentary fill of an elongated furrow 
on the floor of the sedimentary basin of the Menilite beds. Characteristic
ally the shales deposited on the two sides of this furrow are facially 
different, as stated above.

These differences were probably controlled by basin geometry and 
submarine topography at the time of deposition. The thin-bedded, very 
fine-grained sandstones and marly shales occurring along the south
western margin of the Cergowa sandstone lithosome and forming inter
calations in it, are not representmg a distal facies of the Cergowa sand
stone, as their occurrence is not related to the distance of the source 
area of clastic material. The discussed facies is almost entirely lacking 
along the north-eastern margin of the Cergowa sandstone lithosome, 
where thick-bedded sandstones are wedging out among black clayey 
shales. The exact nature of the topographic control of the described 
facies distribution remains obscure, although it may the assumed, by 
analogy to Recent deep-sea turbidite sands, that the thick-bedded sand
stones were deposited in a topographic depression, acting as a conduit 
for turbidity currents.

Besides the main lithosome of Cergowa sandstone, there are two 
occurrences of lithologically and stratigraphically equivalent beds. One is
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situated on the western prolongation of the axis of the main lithosome, 
in the Klęczany—Librantowa tectonic window. Because of tectonic com
plications and poor exposures this sandstone was not studied facially. 
However there is no doubt that the Klęczany—Librantowa occurrence 
of Cergowa-type sandstone is separated from the main lithosome of 
Cergowa sandstone.

Another occurrence of Cergowa sandstone forms a small lense, a few 
hundred metres long, situated on the south-eastern prolongation of the 
axis of the main lithosome (Fig. 2). Again, this lense is separated from 
the main lithosome.

The discussed geometric relations of the individual lenticular litho- 
som.es of Cergowa (Sandstone are tentatively regarded as indicating the 
possibility of by-passing of transverse knolls by turbidity currents. Such 
knolls formed areas of non-deposition.

All the following discussion pertains to the middle lense of Cergowa 
Sandstone, called here the main lithosome of Cergowa sandstone.

S e c t i o n s  s t u d i e  d

Six section of the Cergowa sandstone studied quantitatively are 
situated in various parts of the main lithosome. Exjposures comprise both 
quarries and stream-beds. As the completeness of the sections and the 
accesibility of exposures varies among the localities studied, all quanti
tative conclusions are verified by statistical tests.

Four sections were selected along the axial part of the lithosome: 
at Lipowica (quarry — Plate I), at Wisłok Wielki (stream-bed), at Ko
mańcza (quarry) and at Żulbracze (quarry). Two sections are situated 
outside the axial part, closer to the margins of the lithosome: at Polany 
Surowi'Czne (stream-bed) and at Prełuki (quarry — Plate II). The locali
zation of the sections are shown in Fig. 1 and Fig. 3.

B ed  t h i c k n e s s

Histograms of bed thickness distribution for sandstones and shales 
(Fig. 4) were prepaired with the use of a logarithmic scale, comprising 
five thickness classes : 
thin beds up to 5 cm
medium beds 6— 25 cm
thick beds 26— 125 cm
very thick be'ds 126—'625 cm
extremely thick beds more than 625 cm.

In the axial part of the Cergowa sandstone lithosome there is no 
change in bed thickness distribution on a distance of 34 km between the 
sections at Lipowica and at Komańcza. The general shape of the histo
grams for these sections are identical, with modes in the thick beds class, 
and the proportion of very thick beds exceeding 10 per cent.
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Fig. 4. Histograms showing the thickness distribution of sandstone and shale beds
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cergowskich
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In the section at Wisłok Wielki situated midway between Lipowica 
and Komańcza the bed thickness ‘distribution is different, with unoon- 
spicuous modes in the medium beds and very thick beds classes, and 
more than 10 per cent of extremely thick beds.

The sections at 'Polany Surowiczne and at Prełuki both situated out
side the axial zone of the lithosome, at various distances downourrent 
from the proximal section at Lipowica, have again similar distributions 
of sandstone bed thickness, with modes in the medium bed class, and 
decreasing proportions of thicker beds classes.

The most distal section in the axial zone of the lithosome at Żubracze, 
has still another shape of the histogram of bed thickness distribution, 
with medium and thidk beds present in nearly equal proportions.

The sandstone bed thickness distributions were tested in pairs for 
homogenity, with the use of the Kolmogoroff-Smirnoff test (the values 
of bed thickness were grouped in classes 20 cm wide). No significant 
differences were found between the bed thickness distributions in the 
sections at Lipowica, Wisłok Wielki and Komańcza, which are regarded 
as a homogenous group. The bed thickness distribution in these three 
sections differ significantly from the 'distributions in the remaining 
sections, with the exception of the section at Polany Surowiczne showing 
some affinities with the Section at Wisłok Wielki. The distance between 
these two sections is small.

The sections at Poläny Surowiczne, at Prełuki and at Żubracze form 
another homogenous group, with no significant differences in bed thick
ness distribution between them (see Table 1).

Therefore, considering sandstone bed thickness as a measure of in
tensity of deposition, two zones may be distinguished within the Cergowa 
sandstone lithosome: the inner zone, comprising the proximal axial part 
of the lithosome ((sections at Lipowica, Wisłok Wielki and Komańcza), 
and the outer zone, comprising the marginal and distal axial part of the 
lithosome (sections at Polany Surowiczne, Prełuki and Żubracze).

Histograms showing the bed thickness distribution for shales are 
shown in Fig. 4. The thickness distribution of shale beds is generally 
very similar over the major part of the Cergowa Sandstone lithosome, 
with modes of c. 50 per cent in the medium beds class. The proportion 
of thin and thick beds vary, and a small percentage of very thick beds 
is present in the section at Wisłok Wielki. The only exception to this 
general picture is formed by the proximal section at Lipowica, where 
a very pronounced mode is present in the thin beds class, with de
creasing percentages of thicker beds.

The thickness distribution of shale beds divides therefore the Cergowa 
sandstone lithosome into two unequal parts: the proximal part — with 
predominance of thin shale beds comprising the section at Lipowica, and 
the remaining part of the lithosome with predominance of medium shale 
beds.
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Fig. 5. Histogramy miąższości warstw (oddziałów) w  ławicach piaskowców o róż
nych strukturach warstwowania. Ogniwo piaskowców cergowskich
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Table 2 
Tabela 2

Distribution of stratification  divisions in  the sections 
studied, Cergowa bandstone

Rozkład struktur -warstwowania w piaskowcach cergowskich

Frequency of stratification  structures per cent 
Częstość struktur warstwowania w %

Section
Przekrój

No bed forms 
Bez form dna

Bed forms 
Z formami dna

Homogenous
Jednorodne

ï

Graded
Frakcjo
nowane

A

Total
Bazem

X + A

Laminated
Laminowane

В

Cross laminated 
Przekątnie 
laminowane 

С

Lipowica 28,0 72,0 100,0 - -

Polany Suro
wiczne

29,3' 17,1 46,4 27,3 26,3

Wisłok
Wielki

25,0 30,4 55,4 37,5 7,1

Komańcza 14,0 39,5 53,5 14,0 32,5

Prełuki 16,2 35,1 51,3 20,0 28,7

Żubracze 32,0 26,0 • 58,0 17,0 25,0

Por the sections / dla przekrojów / t
Polany Surowiczne, Komańcza, Prełuki and Żubracze

X 2 = a ,951 NS 

cC = 0,05 

X 'ot/1® 6/ =12,592

S t r a t i f i c a t i o n  s t r u c t u r e s  in s a n d s t o n e  beds

The range of stratification divisions recorded in sandstone beds com
prise the following types :
— homogenous (macroscopically structureless) — symbol X,
— graded — symbol A,
— laminated — symbol B,
— cross-laminated — symbol C.
5 — Rocznik Pol. Tow. Geolog. z. 1—2
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The frequency of these stratification divisions in the individual 
sections is presented in Table 2. The thickness distribution of strati
fication (divisions within the individual sections dis presented in Fig. 5.

The proximal section at Lipowica is Characterized by the absence of 
laminated and cross-laminated divisions in the thick-bedded sandstones. 
All four divisions are (present in various proportions in the remaining 
sections. At Lipowica all divisions represent rapid deposition without 

; formation of bed forms. In all remaining sections such divisions (i.e. 
division X and division A) form c. 50 per cent of the total number of 

! divisions recorded. Laminated 'divisions deposited under conditions of the 
upper flow regime represent 14.0—27.3 per cent of the total number of 
divisions, with the exception of the section at Wisłok Wielki, where their 1 

■ proportion amounts to 37.5 per cent. Cross-laminated divisions formed 
under conditions of lower flow regime form 25.0—32.3 per cent of the 
total number of divisions recorded, again with the exception of the 
section at Wisłok Wielki, where their proportion amounts to 7.1 peir cent 
only.

The sections at Polany Surowiczne, Komańcza', Prełuki and Żubracze 
form a homogenous group, and the differences in frequencies of strati
fication divisions between them are statistically not significant (see 
Table 2).

Thus, in the proximal section at Lipowica all sandstones were de
posited under conditions of rapid deceleration. The next section down- 
current in the axial zone — at Wisłok Wielki — has the highest pro
portion of divisions deposited under conditions of the upper flow regime. , 
The remaining sections — the proximal marginal section at Polany Su
rowiczne and the sections distal with regard to Wisłok Wielki have 
a statistically uniform frequency (distribution of stratification divisions, 
with proportions of cross-laminated structures, formed under conditions 
of .lower flow regime in the range of 25̂—30 per cent.

O t h e r  s e d i m e n t a r y  f e a t u r e s

Field observations indicate, that several other sedimentary features 
of the Cergowa sandstone are changing systematically along and across 
the lithosome. Yet, the nature of these features and the conditions of 
observations cause that a quantitative analysis of their occurrence and 
frequency would be burdened by a large observational error. A semi- 
quantitative discussion is therefore preferred.

S c o u r s  and  e r o s i o n a l  c h a n n e l s

In the proximal section at Lipowica numerous scours and erosional 
channels up to 1.5 m deep are present. These scours are undoubtedly 
reducing the thickness of the shale beds separating the sandstone beds. 
Only few shallow scours were observed in the remaining sections.



—  67 —

S o l e  m a r k i n g s
The occurrence of sole markings on sandstone beds show a distinct 

pattern. In the axial zone of the Cergowa sandstone lithosome there are 
a few flute marks in the proximal section at Lipowica; their number 
increases downourrent at Komańcza1 and Prełuki, where they are accom
panied by prod marks and brush marks. In the most distal section at 
Żubracze flute marks are absent, while drag marks and longitudinal 
ridges appear, accompanied by prod marks and brush marks. In the 
marginal section at Polany Surowiczne drag marks are the most common 
type of sole markings, similarly as at Żubracze. Thus, an axial distal 
section and a proximal marginal section have the same predominant 
component of the sole markings assemblage.

C o n v o l u t i o n
Convolution is common only in the cross-laminated divisions of sand

stone beds in the distal section at Żubracze.

T op  s u r f a c e s  o f  s a n d s t o n e  be ds
Sharp top surfaces of sandstone beds predominate in the proximal 

part of the Cergowa sandstone lithosome, both in the axial zone sections, 
and in the marginal section at Polany Surowiczne. Farther downourrent, 
beds with continuous transition from the sandstone 'division to the pelitic 
division become more abundant. At Prełuki sharp and gradual transitions 
are neiarly equally frequent, while at Żubracze the gradual transitions 
are 'distinctly more frequent that the sharp ones.

I n t r a b a s i n a l  s h a l e  c l a s t s
Intrabasinal clasts of greenish and grey marly shales are occurring 

along the whole axiial zone of the Cergowa sandstone lithosome. They 
aire most frequent at Wisłok Wielki.

C a r b o n i z e d  p l a n t  d e t r i t u s
In the proximal section at Lipowica carbonized plant detritus forms 

layers up to 20 cm thick; situated in the upper part of the pelitic divisions. 
However there is no plant detritus dispersed within the sandstones. 
Farther downcurrent carbonized pliant detritus appears dispersed in the 
sandstone beds. At Żubracze, plant detritus becomes again abundant in 
the pelitic divisions separating the sandstone beds.

G r a i n  s i z e

The coarsest grade present in each bed, or in a division in a bed 
individualized by its stratification structures, was noted during field 
work. Five grades, viz. very coarse, coarse, medium, fine and very fine 
grains were distinguished by 'comparison with a standard. The general 
distributions of grain size in the various sections of the Cergowa sand
stone lithosome are presented in Fig. 6.
5'
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Table 3 
Tabela 3

Observed /О/ and espeoted /Е/ frequencies o f coarsest grain size  
classes, Cergowa Sandstone

Obserwowane /0/ i  oczekiwane /Е/ częstości najgrubszego ziarna w 
piaskowcach cergowskich

Section grain size -  wielkość ziarna

Przekrój Very fine  
В. drobne

Fine
Drobne

Medium
Średnie

Coarse
Grube

Very coarse 
В. grube Z o

Lipowica
0 5,00 
E 9,46 
0—E —4,46

9,00
14,21
-5,21

10,0
5,50

+4,50

10,0
3,66

+6,34

0,00
1,15

-1,15

34

Polany
Surowiczne

0 19,00 
E 27,07 
0-E -8,87

66,00
41,80

+24,20

15,00
16,18
-1,18

0,00
10,77

-10,77

0,00
3,37

-3,37

100

Wisłok
Wielki

0 4,00 
E 12,54 
Ö-E -8,54

19,00
18,81
+0,19

13,00
7,28

+5,72

8,00
4,85

+3,15

■ 1,00 
■ 1,52 
-0,52

45

Komańcza
o 13,00
E 23,96 
0-E-10,96

23,00
35,95

-12,95

11,00 
13,91 
—2 ,91

25,00
9,28

+15,72

14,00
2,90

+11,10

86

Prełuki
0 40,00 
E 22,29
O-E+17,71

26,00
33,44
+7,44

10,00
12,94
-2,94

4,00
8,63

-4,63

0,00
2,70

-  2,70

80

Żubracze
0 43,00 
E 27,87 
0-E*15,13

43,00
41,80
+1,20

13,00
16,18
-3,80

1,00
10,77
-9,77

0,00
3,37

-3,37

100

Z ° 124 186 72 48 15 445

For sections / dla przekrojów/ t Lipowica and Wisłok Wielki 

oC= 0,05; /^/D FV =9,iW8; X 2 = 0,532 BS

For sections / dla przekrojów/ : Prełuki and Żubracze 

oC= 0,05; X ^ / K?3/=7,8'15î X 2 = 4,31 NS

Generally the grain size decreases downcurrent and outside the axial 
zone of the lithosome, as indicated by the (modal grades in the individual 
sections. Two areas With 'uniform grain-size distribution can Ibe distin
guished within the Cergowa sandstone lithosome (see Tafble 3). The 
proximal area comprises the sections at Lipowica and at Wisłok Wielki. 
The distal area comprises the sections at Prełuki and at Żubracze. 
Between these two areas lies the section at Komańcza with the coarsest 
grain present. The section at Polany Surowiczne situated in the marginal



Fig. 7. Gradients of textural and structural features in the Cergowa sandstone 
lithosome. For bed thickness, stratification structures and grain size the heavy 
lines are delimiting statistically homogenous areas. Thin lines show isopachytes of

the Cergowa sandstone 
Fig. 7. Gradienty cech teksturalnych i strukturalnych w  litosomie piaskowców cer- 
gowskich. Dla miąższości ławic, struktur warstwowania i wielkości ziarna grube 
linie rozgraniczają obszary statystycznie jednorodne. Cienkie linie są izoliniami

miąższości piaskowców cergowskich
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part of the lithosome has a grain size distribution differing from all 
other sections.

The grain size and the stratification structures are correlated, the 
coarsest grain in each section being present in graded divisions. The list 
of divisions arranged from coarser to finer grain is: graded', homogenous, 
laminated and cross-laminated. Coarse and very coarse grain is relatively 
rare with the exception of the section at Komańcza, where 36 per cent 
of graded divisions are very coarse-grained, while 55 per cent of graded 
divisions and 30 per cent of homogenous divisions are coarse-grained. 
Field relations suggest that these coarse-grained beds are filling a channel 
eroded into the underlying deposits.

The distribution of grain size and of bed thickness and lithosome 
thickness suggest that the proximal end of the area of deposition of the 
Cergowa sandstone was by-passed both by the major part of the volume 
of sedimentary material and by the coarsest grain.

CONCLUSIONS

The changes of textural and structural parameters in the Cergowa 
sandstone lithosome described above are presented in Fig. 7, in relation 
to lithosome geometry. Two regions can be clearly 'distinguished within 
the lithosome. The first, axial region comprising the zone of maximum 
thickness, and characterized by distinct downourrent gradients of textural 
and structural features. The second — marginal region, .comprising the 
zone of decreasing thickness of the lithosome, is characterized by few 
weak downourrent gradients of textural and structural features. This 
difference between the axial region and the marginal region is dearly 
visible in the following list.

Region:
1. axial region 
shale thickness: 
sandstone thickness: 
sandstone stratification structures:

sandstone grain size:

sandstone tops: 
sandstone sole marks:

2. marginal region: 
shale thickness: 
sandstone thickness:
sandstone stratification structures: 
sandstone grain size: 
sandstone tops: 
sandstone sole marks:

Downcurrent gradients:

thin to medium 
thick to medium
no ibe(d iftorms.—nto upper .flow regime
— it© kxwier (flow regime
medium and coarse —  to coarse and
very coarse —  to fine and very fine
sharp —  to gradational
brush and prod marks —  to drag marks
— to longitudinal ridges

medium (no gradient)
medium (no gradient)
lower flow regime (no gradient)
fine —  to fine and very fine
sharp —  to gradational
brush, prod and drag marks (no gradient)
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The features of the marginal region are in general similar to those 
present at the downcurrent —i distal end of the axial region. It is con
cluded therefore, that longitudinal downcuirrent gradients of textural and 
structural features present in the axial region are accompanied by steeper 
lateral gradients across the paleocurrent direction. The gradients of 
textural and structural features are reflecting changes in hydraulic con
ditions of transport and deposition, which are controlled by basin geo
metry. From the above it follows, that this geometric control is more 
pronounced in the direction transverse to paleocurrent, than in the 
direction parallel to paleocurrent. This supports strongly the hypothesis 
that elongated lithosome shape in turbidite sandstones is indicative of 
deposition in a submarine valley (!see discussion by S t a n l e y  and 
Un rug,  1972).

The existence of the two types of gradients of structural and textural 
features leads to the conclusion that the notion of ,,proximal!ty” in the 
sense of W a l k e r  (1965, 1967) should be used with care, and specifically 
that the so called „ABC indexes” can not be used to estimate the distance 
travelled by turbidity 'Currents from the source area.

Andrzej Slączka
Geological Institute Carpathian Branch 
ul. Skrzatów 1, 31-560 Kraków , Poland 
Raf al Unrug
Jagellonian University, Institute of Geological 
Sciences, ul. Oleandry 2a, 30-063 Kraków, Poland
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STRESZCZENIE

T r e ś ć :  Kierunki zmienności, określone ilościowo dla miąższości ławic, wy
stępowania struktur warstwowych i wielkości ziarna, oraz jakościowo dla wystę
powania różnych struktur sedymentacyjnych, są związane z kształtem litosomu 
i geometrią basenu sedymentacyjnego. Oprócz zmienności cech strukturalnych 
i teksturalnych w Meruiniku paleotramsportu występuje zmienność (tych cech prosto
padle do paleotransportu. W  wydłużonym litosomie piaskowców cergowskich 
stwierdzono podobieństwo cech strukturalnych i teksturalnych w osiowej części 
basenu odległej od obszaru źródłowego materiału klastycznego i w brzeżnej części 
basenu w sąsiedztwie tego obszaru.

Osady powstałe w wyniku działalności prądów zawiesinowych cha
rakteryzuje zmienność cech strukturalnych i teksturalnych zależna od 
regionalnych i lokalnych różnic w warunkach osadzania, na co w pierw
szym rzędzie wpływa kształt basenu, a także odległość od obszaru źródło
wego. Dlatego też systematyczne badania struktur i tekstur mają istotne 
znaczenie dla wszelkich analiz paleogeografioznych. Do tej pory prowa
dzone były głównie obserwacje jakościowe tych cech, brak natomiast 
było szerszych opracowań zmienności w ujęciu ilościowym dającym bar
dziej obiektywny obraz.

Celem uchwycenia w ujęciu ilościowym zmienności cech struktural
nych i teksturalnych w zależności od miejsca depozyoji w obrębie basenu 
przeprowadzono badania jednego kompleksu piaszczystego osadzonego 
przez prądy zawiesinowe.

Badaniami tymi objęte zostały pialskowce cergowskie (niższy oligocen), 
które tworzą zwarty łitosom w obrębie warstw menilitowych jednostki 
dukielskiej i południowo-wschodniej części jednostki śląskiej (fig. 1). Lito- 
som ten ma kształt soczewki wydłużonej zgodnie z kierunkiem transportu 
(fig. 2 i 3). Do badań pobrany został materiał z 4 profili leżących mniej 
więcej wzdłuż osiowej części litosomu (Lipowica, Wisłok Wielki, Komań
cza, Żuforacze) oraz z 2 profili leżących w pobliżu NE brzegu litosomu 
(Polany Surowincze, Prełukii).

Przeanalizowano zmienność grubości ławic, wielkości ziarna oraz 
struktuir warstwowania w ujęciu ilościowym (tab. 1—3). Niektóre po
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zostałe cechy — mechanoglify, charakter górnych powierzchni ławic pia
skowców oraiz występowanie detrytusu roślinnego rozpatrywane były poł- 
ilośdowo ze względu na brak dostatecznej ilości materiału do badań sta
tystycznych.

Zmiany w badanych parametrach w zależnośd od kształtu litosomu 
przedstawione są na fiig. 7. Na jej podstawie wyróżnić można dwa rejony. 
Pierwszy — osiowy o maksymalnej miąższości osadów, charakteryzuje 
wyraźna zmiana cech teksturalnych i strukturalnych przebiegająca zgod
nie z kierunkiem transportu; drugi — obejmujący północną strefę brzeż
ną, charakteryzuje niewielka zmienność badanych cech wzdłuż kierunku 
transportu.

Różnice pomiędzy tymi dwoma rejonami przedstawione są poniżej:

Badane cechy
1. Rejon osiowy 

Grubość ławic łupków 
Grubość ławic piaskowców 
Warstwowanie piaskowców

Wielkość ziarn

Górne powierzchnie ławic piaskowców 
Mechanoglify

2. Rejon brzeżny 
Grubość ławic łupków 
Grubość ławic piaskowców 
Warstwowanie piaskowców

Wielkość ziam

Górne powierzchnie ławic piaskowców 
Mechanoglify

Przebieg zmian

od cienkich do średnioławicowych 
od gnubo- do średnioławicowych 
od bezwarstwowych do osadzonych w  wa
runkach górnego, a potem dolnego reżi
mu przepływu
od średnich i grubych przez grube i bar
dzo grube do drobnych i bardzo drob
nych
ostre do gradacyjnych 
ślady uderzeniowe przez ślady wlecze- 
niowe do podłużnych grzbietów prądo
wych

średnioławicowe (brak zmienności) 
średnioławicowe (brak zmienności) 
utworzone w warunkach dolnego reżimu 
przepływał фгак zmienności) 
od drobnych do drobnych i bardzo drob
nych
ostre do gradacyjnych
ślady uderzeń i ślady wleczenia (brak
zmienności)

Przeprowadzone badania wykazały, że cechy rejonu brzeżnego zbliżone 
są do cech występujących w dystalnej części rejonu osiowego. Wskazuje 
to, że zmiany struktur i tekstur osadów występowały szybdej w poprzek 
niż wzdłuż kierunku prądów. Zmiany te są odbiciem gradientów wa
runków hydraulicznych panujących w czasie transportu i depozycji, a za
leżnych od kształtu basen/u. Nasuwa się więc wniosek, że kształt basenu 
musiał zmieniać się szybciej prostopadle do stwierdzonego kierunku 
paleotransportu niż w kierunku paleotransporbu. Świadczy to, że litosomy 
o wydłużonym kształcie olsadzane były w podmorskich obniżeniach lub 
dolinach, których kształt kontrolował rozkład cech teksturalnych i struk
turalnych.
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Zmienność cech strukturalny eh i teks tubalnych w kierunku równo
ległym i prostopadłym do pialeotransportu wskazuje, że pojęcie „proksy- 
malnosci” W a l k e r a  (I960) powinno być używane z dużą dozą ostroż
ności, a szczególnie że tzw. „indeks ABC” nie może być używany bez
pośrednio do określania odległości od Obszaru źródłowego.

Andrzej Ślączka
Instytut Geologiczny, Oddział Karpacki w Krakowie 
ul. Skrzatów 1, 31-560 Kraków  
Rafał Unrug
Uniwersytet Jagielloński, Instytut Nauk Geologicznych 
ul. Oleandry 2a, 30-063 Kraków

EXPLANATION OF PLATES  

OBJAŚNIENIA TABLIC

Plate —  Tablica I

Cergowa sandstone, Lipowica quarry. Thick and very thick-bedded sandstones in 
proximal axial part of the sedimentary basin. Note the absence of shale inter

calations
Piaskowce cergowskie, kamieniołom w Lipowicy. Grubo i bardzo gruboławicowe 
piaskowce w  osiowej części basenu sedymentacyjnego, blisko obszaru źródłowego 

materiału klastycznego. Przeławicenia łupków nie występują

Plate — Tablica II

Cergowa sandstone, Prełuki quarry. Dominantly medium-bedded sandstones in 
marginal distal part of the sedimentary basin, alternating with shales 

Piaskowce cergowskie, kamieniołom w Prełukach. Głównie średnioławicowe pia
skowce w  brzeżnej części basenu sedymentacyjnego dalekiej od obszaru źródło

wego materiału klastycznego, przekładane łupkami


