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Slump structures and turbidites
in Upper Devonian
limestones of the Holy Cross Mits.

ABSTRACT: The siructures and deposits associated with subaqueous mass move-
ments in the Upper Devonian of the Holy Cross Mts. are described. Slumpings,
mud flows and turbidity currents were important factors during exclusively calea-.
reous sedimentation. A considerable part of the resedimented calcareous Frasnian
deposits is connected with contemporaneous reefs. They had a bearing on the
sedimentafion of the basin facies {the Kostomioty Beds) and the Frasnian sedimen-
talion of ‘the southern part of the Kielce region within the reach of turbidity
currends, The resedimented deposits come partly from the carbonate shelf lying
most likely NW of the Holy Cross Mts. -Resedi-metmtation also took place in the
pelagic facies. '

INTRODUCTION

The Upper Devonian of the Holy Cross Mts. is developed as calca-.
reous deposits. Facially they are strongly differentiated and contain sedi-
ments, from skeletal limestones (bioherms, biostromes) and detrital; reef-
~deposits to pelagic sediments. The present paper deals with some selec-
ted problems of Upper Devonian. sedimentation, but only concerning
subaqueous mass movements and their results. The connection of these
problems with the Famennian has been previously discussed by Rad-
waliski and Roniewicz (1962). Other authors have also reported similar
structures (Kotafiski 1959, Czermifiski 1960, Pajchlowa 1962). Those
discussed here may prove of essential importance in the reconstruction
of the paleogeography and sedimentary history of the Upper Devonian
in the Holy ‘Cross Mts. These questions cannot, however, be more
thoroughly discussed until the exact stratigraphic division has been
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settled. The Upper Devonian sedimentation of the Holy Cross Mts. is
being investigated by the writer, the presemt paper being of a prelimi-
nary character.

GENERAL STRATIGRAPHY AND PALEOGEOGRAPHY

The Paleozoic deposits in the Holy Cross Mts. may be divided into
two chief facies (fig. 1): the southern facies of Kielce and the northern
facies of the Lysogéry Mis. This facial division also exists in the Upper
Devonian (Czarnocki 1950). In the ELysogéry facies the Frasnian is belie-
ved to be geosynclinal, while contemporaneous deposits in the Kielce
facies are mainly reef or detrital deposits (Czarnocki 1948, 1950; Paj-
chlowa & Stasifiska 1965). Czarnocki (1950) divided the Frasnian of the
Lysogéry facies into three successive members: the Pokrzywianka Beds,
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Fig. 1

Sketch map of the Holy Cross Mts. (Oénd:ral Poland) showing localities mentioned
in the fext

1 contours of Palaeozolc deposits, 2 boundary between the Lysogbéry facies and Klielce
facies during the Famennian (after Czarnocki 1950)

the Nieczulice Beds and the Kostomloty Beds. Czarnocki also supposed
that all these members had their equivalents in the tripartite Frasnian
of Kadzielnia and ‘Wietrznia (Kielce facies). Later investigations (Paj-
chlowa 1957) have, however, shown that out of the above members only
the Kostomloty Beds are of Frasnian age. Their Frasnian age has recently
been confirmed by conodonts (Koscielniakowska 1966). Some doubts
arise, however with vegard to more detailed conclusions about the age
of the Kostomloty Beds.
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These were divided by Kofcielniakowska (1966) imto four stratigraphic umits -

(the a, b, ¢, d sets). She supposed them to comprise only the If/y zone. Other
conclusions are, however, suggested by the stratigraphic range of the conodonts
(cf. Ziegler 1962, Glenister & Klapper 1966) described from the above sets. Namely,
among the conodonts listed by Kofcielniakowska (1966), Polygnathus dubius is ve-
corded only from the Polygnathus asymmetrnica zone (to Ia — to I8), Ancyrognathus
trianguloris ranges from the A. triangularis to the Palmatolepis gigas zone {to Iy —
to 18), Ancyrognathus asymmetrica and Palmatolepis linguiformis indicate the Pal-
matolepis gigas zone (to 18), while the same occurrence of Polygnathus glabra is in
the Palmatolepis crepida zone (to TIx). Additionally, the list of conodonts presented
by Koscielnialvowska (1986) offers a rather improbable succession of these fossils.
Thus the stratigraphic position of the Kostomloty Beds and their exact correlation
with the Fraspian deposits of the Kielce region still remains an open question.

Facial differentiation of the deeper-water Eysogéry facies from
the shallower Kielce facies continues  during the Famennian (Czarnocki
1950). In the Kielce facies the Famemmian is characterised by calcareous
sedimentation; stratigraphic condensation, stratigraphic gaps and the
abundance of cephalopods are the common features of most deposits. The
Lysogéry facies is characterised by marly-calcareous sedimentation and
greater thickmess of deposits. The latest investigations, however, show
© that Famennian rocks resembling the Eysogéry facies may also occur in
the Kielce region (Freyer & Zakowa 1967). In some outcrops e.g. at Ko-
wala, the Frasnian-Famennian boundary has mot, so far, been established.
In such doubtful cases only the general assignment to the Upper Devo-
nian will be used here.

SEDIMENTARY STRUCTURES

The structural and depositional types resulting from subaqueous
mass movements in the Upper Devonian of the Holy Cross Mts. display
strong differentiation and contain the plastic deformations of bedding
as well as the disintegration amd redeposition of sediments. The most
common types in the Upper Devonian are: a) slump folds, b) slump
sheets, ¢) intraformational conglomerates and breccias, d) turbidites.
Reef breccias which will not be discussed here are also of common occur-
rence there.

Slump folds

The presence of slump folds in tﬁe Famennian at Eagéw has been
reported by Radwanski & Roniewicz (1962). Slump structures of this type
have also been found in the Frasnian at Kowala (fig. 2; pl. I, fig 2).
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Fig. 2

Slump folds in thin-bedded limesftones overlaid by cross-bedded deirital reef,
deposits. Frasnian at Kowala (set E) '

Slump folds .occur there in the lower part of a complex of thin-bedded
planar limestones with regular stratification. These folds involve several
limestone layers but each particular fold - includes only some of the
layers. On the left of fig. 2 the folds are shown inwvolving more and more
" of the higher layers while the lower layers, involved by the preceding
folds, are uncontorted. The slump folds may be vertical folds, inclined
folds or asymmetrical .recumbent folds. They may be twinned and the
continuity of layers is only sporadically brolken. The dragging of the
upper layers involves the fold pattern in the layers beneath. Amticlinal
inclined folds dragged the underneath layers bending them in a direc-
* tion opposite to that of the slumping (as shown by Spreng 1967, fig. 13B).
‘In fact the direction of the movement is poi:nrted out by the anticlinal
folds, in this case to the south.

The upper part of the above complex, overlying the folds is
a cross-bedded limestone breccia built up of limestone fragments and

abundant fossils, i.a. massive stromatoporoids. The cross-bedding direc-
.tmn suggests that the transport direction was the same as that of slump-
ing. The upper surface of the breccia is flat and parallel to the bedding
of limestones underlying the slump-fold-bearing layers.

The slump structure shown in fig. 3 (see also pl. I, fig. 1) differs in
character. The slump folds here occur as independent synclinal folds,
ruptured one from the other and lacking the anticlinal crests. The syn-
clinal folds are accompanied by isolated limestone blocks embedded in
marly shales. The slump structure contains a 1 m thick complex of
layers. The glide surface corresponds to the top surface of one of the
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Fig. 8

Slump folds in a set of thin-bedded limestones and shaly marls. Frasnian at
Kowala (set F)

thin-bedded limestone layers and does not bear an erosional character.
The underlying beds are undisturbed. The above slump structure closely
resembles a submarine slumping from the Devonian Unmnenberg-Sand-
stone described by Jux (1960, Abt. 4, Taf. 10, Fig. 1, Taf. 11, Fig. 1). '

Slump sheets

Besides slump folds, representing the plastic deformation of layers
by slumping, slump sheets containing large slip ‘blocks also occur in the
Upper Devonian of the Holy Cross Mts. The slip blocks occur as big slabs
which had been only slightly affected and had mnot been folded. The
slabs were torn out of the substratum conformably with bedding, as it is
suggested by theéir shape and lamination. The slump sheets contain se-
veral overlapping slabs (fig. 4). The bottom boundary of the slump sheets -
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shown in fig. 4 has an erosional character. The slabs are embedded in
the intraformational conglomerate composed mainly of flat pebbles. They
may also be associated with reef detritus. The top of the slump sheets

Fig. 4

Slump sheet consisting of flat pebbles and bigger slabs. Frasnian at Czarnéw

is indistinet as the sheets grade into laminated limestone. A slump sheet
containing slabs of some metres (fig. 4) occurs in the Frasnian at Czar-
néw (in the bibliography also known as Sluchowice). Quite lately it was
also observable in the Frasnian at Kowala (railroad cut).

Intraformational conglomerates and breccias

The presence of intraformational breccias in the Famennian at Psie
Gorki (Kielee) was reported by Kotafiski ((1959). The breccias were also
observed by Czerminski (1960) in the Givetian and Frasnian at Kowala,
while Pajchlowa {1962) mentions intercalations noi wSedimentary breccia”
in the Frasnian at Kostomloty.

Intraformational calcirudites are very common in the Upper De~ -
vonian of the Holy Cross Mts. They occur in the Frasnian as well as in
the Famennian of both the Kielce and the Eysogéry regions. They are
exceptionally abundant in the Kostomloty Beds (Kostomloty, Czarndw,
Gérmo). Two kinds of deposits may be distinguished among the Upper
Devonian calcirudites, viz. flat pdbble conglomerates and irregular pebble
breccias.

The flat pebble conglomerates (pl. II, figs. 1, 2; pl. IIT) always occur
in regular layers up to 190 cm thick, but mostly half a metre thick.
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The bottom surface of the layer is usually flat and smooth. The botbom
surface of the layer is obviously erosional (tig. 5} only in two instances
(G6rno, Czarnéw). The top surface of the layer is usually indistinet.

The intraclasts composing the conglomerate are flat and highly dis-
coidal, up to 40 cm in size. The intraclasts are made up of pelitic lime-
stones, such as those most common in all the Upper Devonian of the
Holy Cross Mts. Intraclasts are chiefly subangular. Many intraclasts are
fractured or broken (pl. III). Bended intraclasts, ie. those affected by
plastic deformations, are also encountered.

Fig. 5

Layer of flat pebble conglomerate showing distinct erosion at bottom. Frasnian
at Gérno

The matrix of the flat pebble conglomerates is of the calcarenite
type. Organic detritus, mainly crinoidal, is one of the chief components.
The intraclasts are usually haphazardly arranged. All possible patterns
may be observed from that parallel resembling ,flat pebble breccias” of
Fenton & Fenton (1937) to the ,,edgewise breccias” of the Fenbons and
of Hadding (1931). In the latter case the iniraclasts are at sharp angles
to the surface of layers (fig. 6). Imbrication of pebbles is occasionally
encountered, too. Besides intraclasts the matrix of flat pebble conglo-
merates also contains embedded fragments of shallow-water animals
(massive stromatoporoids and anthozoans, crinoid stems, brachiopods).
These fossils are often broken up and never in life positions. In some -
profiles (Czarnéw, Gérno) the flat pebble conglomerates are the only
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deposits containing an assemblage of shallow-water benthonic organisms
(massive stromatoporoids, anthozoams). Thin-bedded limestones and
- marly shales, among which few intercalations of flat pebble conglomera-
tes occur, are slightly fossiliferous. They contain a distinetly different
fauna of tentaculitoids, ramose stromatoporoids, few brachiopods. In the
scarp of the road leading o the quarry at Kowala flat pebble conglome-
rates contain numerous silicified fossils. '

Fig. 8

»Edgewise” {exture in intra-

formational deposits inter-

mediate between a flat peb-

ble conglomerate and an ir-

regular pebble breccia. Fras-
nian at G6érno

Irregular pebble breccias {pl. IV, figs. 1, 2; pl. V, fig. 3) occur in the
Frasnian of the Eysogéry facies (the Kostomioty Beds). Their presence
is moted throughout the exposed profile in the quarries at Gémo and
Czarnéw, as well as in the lower part of the Frasnian profile at Kosto-
mioty. They are, however, absent from the region of the Liysogory facies
in the Frasnian borehole Mastéw II (Zakowa & Pawlowska 1966). Intra~
formational breccias of this type also occur among deposits at Wzdél, by
Kodcielniakowska (1966) regarded as Famennian. The occurrence fre-
quency of the intraformational breccias in the Kostomtoty Beds is re-
markable. In the Czarnéw quarry there are 40 intercalations of irregular
pebble breccias within a 27 m Frasnian profile, while at Gémo a 10 m
profile of the Frasnian contains 25 of these intercalations.

The irregular pebble breccias consist of irregular intraclasts, often
-very intricate in outline (pl. IV, figs. 1, 2; pl. V, fig. 3). The intraclasts
often bear circular or ovate holes which, however, are not of lithophag
origin. Usually the intraclasts are 2—3 cm in size but sporadically they
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may be up to 15 cm. The irregular pebble conglomerates contain only
calcareous material. They are built almost exclusively of unfossiliferous
pelitic limestone and but rarely contain calcarenite intraclasts. The litho-
logy of the intraclasts agrees with the mature of limestones directly
underlying the intraformational breccias. The bottom surface of the
breccias is mostly uneven (pl. IV, fig. 2; pl. V, fig. 3), shaped into crests
and furrows. These are due to the scouring of the substratum also resul-
ting in the deposition of intraclasts over the erosiomal surface. The
crests and furrows of the bottom surface range from 2 to 3 centiimetres.

The irregular pebble breccias may be individualized layers where
the intraclasts occur from the bottom tto the top of the layer. Small
amounts of such irregular pebbles may, however, also occur in the calca-
renitic layers. The intraclasts are then strictly confined to the lowermost
part of the calcarenitic layer (pl. V, fig. 2). Occasionally, however, the
intraformational breccia may laterally pass into pure calcarenite. The
matrix of the breccia is always a calcarenite built up mainly of crinoidal
detritus and often containing long fragments of crinoidal stems. Antho-
zoan debris which are never in life position and bear traces of mechanical
'wear are much rarer in the intraformational breccias. The thickness of
the beds of the intraformational breccias may be up to 2.5 m {Kosto~
mioty), but in most cases it does not exceed 35 cm and sometimes it is
hardly a few centimetres.

Flat pebble conglomerates and irregular pebble breccias have many
features in common: 1) they always occur in layers, 2) they are mono~
genetic rocks devoid of any mnon-calcareous material, 3) their matrix
always consists of calcarenite built up mainly of organic defritus, 4) they
contain fossils redeposited from shallow-water environments. Neverthe-
less the shape of the intraclasts and the mature of the botbom surface of
layers suggest that the formation of irregular pebbles resulted from the
reworking of penecontemporaneous deposits within the deposition. area.
The disintegration of the deposits supplying the material for the flat
pebble conglomerates took place farther from the area of deposition. The
intraformational deposits of these two kinds of calcirudites do mot Tepre-
sent the successive stages of disintegration of deposits being intrafor-
mationally reworked, but they differ greatly in origin. )

The considerable size and the discoidal shape of the intraclasts in
the flat pebble conglomerates suggest that their formation is due to the
reworking of consolidated or semi-consolidated bedded calcareous depo-
sits. Slabs torn out in conformity with original bedding cannot be due
directly to the erosional action of currents or of littoral agents. The
general facial character of the Upper Devonian in the Holy Cross Mts.
does mot reasonably suggest the dessication of littoral deposits at it was
currently believed in the case of some similar deposits (Walcott 1896,
Richter 1926 fide Fenton & Fenton 1937). Neither is it possible that such
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conglomerates in this case could develop in result of subaqueous synaere-
sis cracks as is suggested by some authors (Fenton & Fenton 1937). The
morphology and size of the intraclasts indicate an abrupt reworking of
the deposits and their slight rounding by transport. The deposits moved
along a broad front line, hence, the layers of flat pebble conglomerates
stretch out widely. They originated from subaqueous sliding, hence,
genetically, they are slide conglomerates. The edgewise texture of con-
glomerates frequently encountered here, indicates according to Hadding
(1931) this mode of formation. The material mobilised by underwater
sliding subsequently passed into a mud flow moving into the deeper
parts of the basin. The passage of slump structures into intraformational

_ conglomerates has also been observed (fig. 4; see also Crowell 1957, figs.
5, 10; Jux 1963, fig. 1).

Many features of the irregular pebble conglomerates suggest that
they formed owing o the strong erosion of the superficial parts of semi-
~consolidated sediment, caused by currents carrying skeletal remains
into a pelitic limestone environment. These currents, or at least a part of
them — as is shown in the next chapter — were the turbidity currents.
The lack of lithological conformity between the intraclasts and the
immediate substratum of some fbreccias (pl. IV, fig. 1), the textural passa-
ges of irregular pebble breccias into flat pebble conglamerates, and the
,,edgewise breccia” texture associated with these passages, all suggest
that a part of the breccias, too, might have been transported. as mud
flows.

Turbidites

The turbidites occur in the Frasnian of the Lysogéry facies (lower
part of the Kostomloty Beds at Kostomloty, Czarnéw, Gérno) and of the
Kielce facies at Kowala and Wietrznia (Kielce). They are represented by
detrital calcareous deposits, devoid of terrigenous material. The material
of which they are built comes from the intraformational reworking or it
is the detritus of shallow-water benthonic organisms. The detrital mate-
rial grades from calcirudite to calcilutite but most frequently it consists
of fine calcarenite and calcilutite. Turbidites occur as beds, 1—75 cm thick
(Czarnéw). Most of them are graded (pl. .V, figs. 1, 2; pl. VI, figs. 1, 2, 3).
All the turbidites here considered show mormal. graded bedding. In the
particular beds it is single and complete bedding, single and incomplete
bedding or multiple and incomplete bedding. In most beds graded bed-
ding contains calcerenite and calcilutite material but the bottom part of
some beds may contain calcirudite up to several centimetres thick (pl. .
VI, fig. 3). Laminated bedding occurs at the top of graded beds (pl. V,
figs. 1, 2; pl. VI, figs. 1, 8). Horizontal, cross and wavy laminae are of
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- the three types (cf. Unrug 1959) encountered here. Contorted lamination
may occur, oo, resulting in ,,pseudo-ripples” (pl. VI, fig. 1). Turbidites
form frequent intercalations within the thin-bedded pelagic sequences
of limestones and marly shales. The turbidite layers rest either on lime-
stones or on shales (pl. VI, figs. 1, 2). The lower contact with the under-
lying bed is always sharp and distinet, often erosional (pl. V, figs. 1, 2;
pl. VI, figs. 1, 2). The turbidites differ from the alternating deposits not
only in structural and textural features, but also in their fauna and its
biostratonomical characters, The organo-detrital particles dominate in the
turbidites, while autochthonous deposits occurring in alternation with
the turbidites are slightly fossiliferous or unfossiliferous. The autochtho-
nous deposits contain chiefly tentaculitoids, ramose stromatoporoids and
'lingulids. The coarse fractions of the turbidites contain massive and ra-
mose stromajtoporoids, anthozoans, brachiopods, while crinoids predomi-
nate in the fine fractions..The benthonic fossils are often broken up,
never in life position, and sorted according to the grain size.

The turbidite origin of the deposits described above is plainly
suggested by the following features:

1. They are all detrital and in this they differ from the pelagic,
calcareous and marly deposits alternating with them.

2. The lower margin is always clean~cut, often erosional, while the
top merges imperceptibly into the covering pelitic or marly deposits.

3. Graded bedding is frequent. '

4. 'The upper, fine-grained part of beds shows lamination; cross or
wavy laminae have often been found. , '

5. The detritus of benthonic fossils, absent from the pelitic or
marly deposits alternating with the turbidites, represent the bulk of the
material. These fossils come from facies shallower (partly reef-com-
plexes) than the facies of the autochthonous deposits in the area of
deposition. '

The features of the above deposits agree im all essential points with
the ,,allodapic limestones” of Meischner (1964) recognized as lime turbi-
dites. This applies particularly to the turbidites of Kowala. The turbidites
from the Frasnian of the Lysogéry facies (Kostomioty, Czarnéw, Gérno)
exhibit certain features in which they differ from the typical allodapic
limestones, ia. from the turbidites of Kowala. One of the particular
- characters of turbidites in the Eysogéry facies is the exceptional intensity
of intraformational erosion resulting in a great number of intraforma-
tional breccias and erosiomal - surfaces. The lower contacts with the
underlying bed are strongly irregular (pl. V, figs. 1, 2) and do not in any
respect differ from the lower erosional contacts of the irregular pebble
breccias {pl. V, fig. 3). Parts of the detrital liméstones are graded and
represent typical turbidites (pl. V, fig. 1). If they contain a coarse frac- -
tion it consists of skeletal debris, mainly reef-building organisms. More
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often, however, we can observe false graded-bedding: the lower part of
the bed consists of calcareous intraclasts which are not derived from the
littoral parts of the basin fed by organic detritus, but they have been
reworked from within the deposition area and within the same formation
(pl. V, fig. 2). This is reasonably suggested not only by the erosional cha-
racter of the bottom surfaces of Iayers but also by the lithological ana-
logies of the intraclasts with the underlying eroded beds. A wide scale
of the passages of deposits may be observed, from typical turbidites
without any coarse detrital material; due to intraformational reworking
(pl. V, fig. 1), to intraformational breccias where calcarenite or calcilutite
only play the role of matrix (pl. V, fig. 3). In the intermediate types
coarse intraclasts occur in the lower part of the layer while fine-
-grained fractions of graded bedding are encountered in the upper part of
the layer, and lamination occurs in the uppermost part (pl. V, fig. 2).
Liateral passages of turbidites into intraformational breccias occur, t00.

Currents which laid down the¢ deposits described abowe originally
carried only fine fractions of the material which represented but a small
volume of the deposit. These were high energy currents expressed in the
strong erosion of the substratum. Most likely the density of the current
was not sufficient for the coarse-grained material to be raised in suspen-~
sion. Eroded imtraclasts could probably move in a watery slide along the
base. This, rather probable, type of movement may correspond to one of
the modes of the formation of fluxoturbidites (Dzulynski, Ksigzkiewicz
& Kuenen 1959), though the effect of these processes here would bear
a specific character, differing from the so-far observed fluxoturbidites.

It is quite possible that a strong erosion of the substratum took
place closely to the alimentary aréa of turbidity currents (cf. Kuenen &
Carozzi 1953). In fact, the distance from the shallow-water areas is rather
small here. Strong intraformational reworking is exceptionally associated
with calcareous turbidites. It is common only in a Jurassic turbidite for-
mation described by Bernoulli (1967).

SIGNIFICANCE OF RESEDIMENTATION IN THE UPPER DEVIONTAN OF THE
HOLY CROSS MTS.

Kielce facies -

The frequent occurrence of skeletal limestones seems to be the
most characteristic feature of the Upper Dewvonian in the Holy Cross
Mts. Czarnocki (1948) observed that the reef facies is closely associated
'wiith the Kielce elevation, and that further on in the Kielce region it
passes laterally into detrital, brachiopod-coral or cephalopod deposits.
The Frasnian bicherms on the Kielce elevation (Kadzielnia hill at Kiel-
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ce) have been described by Pajchlowa & Stasinska (1965). The skeletal
limestones also-occur in the Frasnian at Kowala. The profile at Kowala
(fig. 7) clearly shows tthe relation of the redeposited sediments to the ske-
letal limestones, The terms ,reef”, ,biostrome” and ,,bioherm” defining

Basin facles
Proxima/ reef facies
Skeletal limestones

Fig. 7

Slump structures and turbidites in the Upper Devonian profile along the railroad
cut at Kowala
1 distinetly bedded, pelitic limestones, 2 biohermal lmestones, 3 blostromal Iimestones, 4
coarse detrital limestones, 5 fine-grained detrital limestones, 6 marly shales, 7 massive
stromatoporoids, & lamellar stromatoporoids, 9 ramose Thamnopora, 10 massive Alveolites, 11
Iamellar Alveolites, 12 branching Rugosa
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the type of skeletal limestones will be used here after Nelson et al. (1962)
and following the concept of Cumimings (1932) and Lowenstam (1950).
Thus the terms ,biocherm” and ,,biostrome” refer to the shape of skeletal
limestones while the term ,;reef” refers to an assemblage of orgamnisms
building wave-resistant structures.

Set ,,A” at Kowala (fig. 7) consnsts of biostromes while set ,,C” is
a bioherm. These deposits do not substantially differ in the assemblage
of the rock-building organisms. They are very fossiliferous; massive and
lamellar stromatoporoids, also massive and lamellar Alveolites being the
chief rock-building organisms of these skeletal limestones. The above
fossils occur in association with numerous ramose Thamnopora and bran-
ching Rugosa, in places also with brachiopods, gastropods, crinoids amd
Aulopora. In the two above types of deposits most fossil onganisms occur
in the position of growth. This applies to Iamge-smed organisms, ia. o
the lichen-shaped omes. .

Skeletal limestones supply the material for miost of the redepo-
sited sediments. A lateral passage of skeletal limestomes into derivative
detrital deposits has never been observed. Nevertheless detrital deposits
containing - large amounts of organisms that occur in bioherms and bio-
stromes are very common in the Upper Devonian of the Holy Cross Mts.
Coarse detrital limestones consisting chiefly of stromatoporoids and
anthozoans are produced by the wearing away of the reefs. They are
reef breccias associated with fine-grained detrital limestones built of the
fine detritus of similar organisms. In the profile of Kowala (fig. 7) the
detrital, fore-reef deposits intercalate with well bedded pelitic limestones
{D, F, H). This reasonably suggests an interfingering of the reef facies
with the facies of chemical calcareous sedimemtation, as well as changes
in the expansion of reef sedimentation wover the adjoining areas. The
bedded chemical limestones contain a distinctly different faunal assem-
‘blage than that in the detrital, reef-deposits. The platy limestones (D)
contain mumercus brachiopods, while the rhythmically stratified thin-
-bedded limestones, alternating with marly shales (F, H, J) contain ten-
taculitoids, brachiopods with a predominance of lingulids, and branching
stromatoporoids. These deposits had already formed in the basin facies
which was also affected by reef environment. This is expressed by the
presence of numerous turbidite beds, consisting of reef-building debris (J).
The decreasing thickness of the successive proximal sets of detrital, reef-
~deposits, and, finally, the limitation of detrital, reef-deposits to turbidi-
tes testify to the recession of the reef facies during the Upper Devonian.

Slump structures are mnot confined to detrital, reef-deposits. They .
occur both in deposits of the basin facies and in the proximal detrital,
reef-deposits (fig. 7). Flat pebble conglomerates are an instance of slump
deposits containing material from the two above facies, although the
predominant material is that from the basin facies.
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+ysogéry facies

As is currently accepted, the Frasnian in the Eiysogéry facies is
developed as the Kostomloty Beds (see p. 304). The Kostomloty Beds in
their stratotype are, however, divided into two, lithologically quite dis~
tinct members. The lower member, Koécielniakowska’s (1966) set ,,a”, is
built ~f aliernating nodular limestones, pelitic or marly limestones, also

Fig. 8

Fragment of profile of the Kostomlo-
ty Beds. Frasnian at Czarnéw
1 pelitic limestones, 2 nodular limestones, 8
wavy bedded limestones, 4 fine-grained de-
trital limestones, § irregular pebble intrafor-
mational breccia, 8 flat pebble intraforma-
tional conglomerates, 7 marly shales
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of calcarenites and intraformational breccias. Irregular pebble breccias
predominate in the latter deposits, though flat pebble conglomerates are

The higher member (set ,,b” of KoScielniakowska, 1966} consists of
calcarenites with intercalations of crinoidal limestones. Intercalations of
black cherts, absent from the lower member, are frequent and strongly
characteristic here. The Frasnian at Gérno and Czarnéw (fig. 8} in litho-
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logy closely resembles only the lower member of the Frasnian at Kosto-
mioty. The Frasnian at Czarnéw differs from the Frashian at Gérno and
from the lower member of the Frasnian at Kosbom])oty in that it contains
numerous marly shale intercalations (fig. 8).

In the Frasnian sequence of the ‘type of the lower Kostomloty mem-
ber the autochthonous deposits are represented by pelitic, nodular and
wavy-bedded limestones, also by marly shales. The redeposited sediments
are represented by calcarenites, intraformational breccias and slump
sheets. The resedimented deposits bear traces of transport by slumping
(slump sheets, slide conglomerates) and by diluted turbidity currents
(graded beds). A part of the calcarenites forming the thicker beds and
showing cross lamination was deposited by bottom traction currents. The
autochthonous deposits are slightly fossiliferous and their fauna resem-
bles. the fossil assemblage in the basin facies at Kowala. The turbidites:
with coarse material, and slump sheets contain massive stromatoporoids,
anthozoans and numerous brachiopods. The calcarenites consist chiefly of
organodetritic material with the predominance of crinoids. Both at Gér-
no and at Czarnéw the autochthonous deposits make up 2/3 of the thick-
ness of the profile, the remaining 1/3 of thickness being represented by
resedimented deposits. In the lowermost part of the Kostomloty Beds at
Kostomloty the resedimented deposits make up mearly ome half of the
total thickness of beds. At Gérmmo the frequency of redeposition (slides,
mud flows, density currents) is four times per 1 metre of the thickness
of deposits, and in some parts of the profile it is even up to 12 per
1 metre.

The top part of the Kostomioty Beds in their stratotype is not tur-
bidite-like. In spite of the presence of numerous cherts the deposits there
are not deep-water sediments. The limestones are calcarenites, and con-
tain crincidal intercalations indicating the shelf character of the sedi-
ments. The material of which they are built was not supplied by bioher-
mal deposits but comes from the carbonate shelf crowded by crinoids.
Perhaps, this area lay more to the north or the north-west of
the Kostomloty facies. This might be suggested by the absence of similar
sediments in Upper Devonian profiles lying farther south {Czaméw, Gor- .
no). Quite likely, some parts of the redeposited sediments with a crinoidal
matrix in the bottom of the Kostomloty Beds, come also from the north, -
These influences may have reached further south (Czamnéw, Gémo).

The Kostomloty Beds, are not, however, the only type of Frasnian
deposits within the Lysogéry area. Near Czarnéw (cate 868 m), below the
Kostomioty Beds there is a more than 10 m thick set of reef breccias,
calcarenites and flat pebble conglomerates. Both, the reef breccias and
the slide conglomerates, contain numerous massive stromatoporoids and
Alveolites, branching Rugosa and Thamnopora, brachiopods and crinocids.
Hence, these are proximal reef-deposits, closely resembling the deposits
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of set ,,G” at Kowala (fig. 7) as well as certain links of the Frasnian pro-
file on the Wietrznia hill (Kielce). Therefore, this is the , Kielce” type of
the Frasnian facies." _

Flat pebble conglomerates are the most common type of slump
structures in the Famennian of the Holy Cross Mts. Genetically they are .
slide conglomerates. Slump folds and flow wolls (slump balls) described
by Radwanski & Roniewicz (1962) are also encountered in the Famen-
nian. The origin of the latter structures will be discussed in greater detail
in a separate work.

'FINAL REMARKS

Though the Upper Devonian of the Holy Cross Mts. developed as
calcareous deposits, a great part of these deposits was resedimented and
mechanically. transported. The movement of deposits in the Upper De-
vonian sea took on the form of subaqueous slumping or sliding, mud
flows and turbidity currents, thus representing a wide scale of su
queous mass movements {see Dott 1963). The complete absence in the
redeposited sediments of terrigenous or non-calcareous deposits suggests
that the dynamics of the subaqueous gravity depositional processes were
controlled -only by processes within the basin itself and mot by litboral
processes. Resedimented deposits contain a great amount of the debris of
organisms which have the ecological potential to build wawve-resistant
structures. Stromatoporoid-anthozoan reefs were the most common types
of the latter structures in the Upper Devonian sedimentation in the Holy
Cross Mts. They influenced not only the adjacent areas but also the rela-
tively distant basin. facies which they occasionally supplied with deriva-
tive detrital deposits (fig. 7). The proximal detrital, reef-deposits are of
the type of reef breccias amd fine-grained detrital limestomes. These
deposits interfinger with the basin facies suggesting an ° intermittent
effect of the reef environment on the surrounding facies. The proximal,
reef-deposits are widely distributed. In the south they reach to Kowala
(fig. 7) but they also invade the Lysogéry facies (cf. fig. 1) where they
underlie the Kostomloty Beds (Czarméw). The limits and the influence
of the reef facies on the adjacent basin gradually decrease. This is
connected with the disappearance of the reef formation within the Holy
Cross region. The range of the proximal, reef-deposits gradually decrea-
ses while that of the turbidites and the associated slump deposits, invad-
ing the basin facies and supplying it with reef detritus, gains in impor-
- tance. If, originally, the detrital, reef-deposits of the ,Kielce” type had
encroached the area of the Liysogéry facies, later on the facial develap-
ment in some regions of the Kielce facies [[Kowala) rather resembles
the Rysogéry type. At the close of the Frasnian the waning reef zone
separates the two basins which are symmetrically supplied with detrital
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material by turbidity currents and sliding. Stromatoporcid-amthozoan
reefs were not, however, the only source of material transported by gra-
vity processes. As was shown above, a part of the resedimented deposits
probably come from the shelf area, inhabited by crinoids and supposedly
situated to the NW of the Holy Cross region. A part of redeposited sedi~
‘ments comes partly or entirely from the basin facies (flat pebble conglo-
merates, slump folds, slump sheets). Such types of sediments still con-
tinued during the Famennian when the reefs had disappeared in the
Holy Cross region. It- may be also stated that the mass movement dyna-
mics were associated not only with the mechanical wear of reefs but also
with earthquake activities in the early phase of Variscan movements
(Radwanski & Roniewicz 1962).

Laboratory of Dynamic Geology
of the Warsaw University
Warszawa 22, Al. Zwirki i Wigury 93

' Warsaw, November 1967
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OSUWISKA I PRADY ZAWIESINOWE W SEDYMENTACJI WAPIENI
GORNEGO DEWONU GOR SWIETOKRZYSKICH

(Streszczenie)

‘W wapiennych osadach gbérnego dewonu w Goérach Swictokrzyskich pospoli-
cie wystepuja utwory redeponowane lub zdeformowane przez podmorskie ruchy
masowe. Wér6d nich najwieksze znaczenie majg faldy osuwiskowe, powloki osu-
wiskowe {ang. slump sheets), zlepiefice i brekcje Sr6dformacyine oraz osady pradéw
zawiesinowych (ang. turbidites).

Faldy osuwiskowe maja dwojaka postaé: sa to albo zespoly przechodzacych
w siebie, nieporozrywanych fatdow (fig. 2 d pl I, fig. 2), albo oderwane od siebie
faldy synklinalne, nie posiadajgce partii antyklinalnych fig. 3 i pl. I, fig. 1). Po-
wloki osuwiskowe (fig. 4) maja charakter regularnych warstw zlozonych z materiatn
poddanego przede wszystkim deformacjom sztywnym; w masie zlozonej z fragmen-
t6w wapienia pelitowego oraz z detrytusu piytkowodnych organizméw bentonicz-
nych plywajg wtedy kilkumetrowe ,kry”, wyrwane z podloza wzdluz powilerzchni
warstwowania, Pospolitsze od nich sa warstwy zlepiehcéw $Srédformacyinych zio-
%one z duzych, plaskich intraklastéw (fig. 5 i 6; pl. IT, fig. 1 & 2; pl. TII), bedgce
produlktem osuwisk podmorskich i splywéw blotnych. Znacznie réinia sie od nich
brekeje 4rédformacyjne ziozone z nieregularnych intraklastéw «(pl. IV, £ig. 1 4 2; pl
Vv, fig. 3), ktére powstawaly w wyniku erozji powierzchniowej partii osadbéw przez.
prady niosgee detrytus organiczny. Prady te, a przynajmniej ich czeS§é, mialy cha-
rakber pradéw zawiesinowych i sptywoéw bloimych. Cze§é osadéw franu zostala
osadzona przez prady zawiesinowe. Osady te, czyli turbidyty, ziozone sy z materialu
czysto wapiennegoe: z intraklastéw i detrytusu orgamicznego. Turbidyly wyraZnie
réinig sie detrytycznym charaktberem i zawantoScig piytkowodnych organizméw ben-
tonicznych od rytmicznie warstwowanych, ubogich w skamienialofci osadéw wa-
piennych i marglistych, z ktérymi si¢ przewarstwiajg. Turbidyly zazwyczaj sg war-
stwowane frakcjonalnie (pl. 'V, fig. 1 i 2; pl. VI, fig. 1-—3). Spagowe ich granice
sq natomiast zawsze ostre i czesto erozyjne (pl. V, fig. 1 & 2; pL VI, fig. 1 i 2).

Osady redeponowane wysiepuja powszechnie zar6wno w facji kieleckiej, jak
i lysogbrskiej gérnego dewonu (fig. 1). W sedymentacji gbrmego dewonu Go6r
Swietokrzyskdich wiellie zaczenie miaty rafy stromatoporoidowo-koralowcowe usy-
~ tuowane w pbélnocnej czefol facji kieleckiej. Produktem ich niszezenia sa gruboede-
trytyczne osady rafowe typu proksymalnego, wystepujace zwlaszcza w facji kielec-
kiej (fig. 7), a w niizzym framie sicgajgce réwniez na obszar facji Iysogdrskiej
{Czarnéw — Sluchowice). W potudniowej czeSci obszaru kieleckiego (Kowala) de-
irytyczne osady rafowe niZszej czefci franu zazebiajy sie z osadami pelagicznymi
(fig. 7). Wyzsze, pelagiczne osady franu w facji lysogérskiej (warstwy kostomlockie,
Czarnocki 1950) réwmniez pozostajg pod wplywem facji rafowej, z lkiérej osuwiska
i prady zawiesinowe przynosily material organodetrytyczny (fig. 8). Turbidyty sa
takze obecne w wyzszym franie (?) XKowali (fig. 7).- Tak wiec prady zawiesinowe
sptywaly z obszaru rafowego zaréwno na péinoc, jak i na poludnie, Strefa sedymen-
tacil warstw kostomiockich pozostawala prawdopodobnie nie tylko pod wplywem
znajdujgcej sie na potudniu facji rafowej, ale takze pod wplywem rozciggajacego sie
dalej na pbéinocny zachéd od facH lysogbrskiej szelfu wapienmego, zasiedlonego
gtbwnie przez liliowce. Pochodzacy stamtad material wehodzi w sklad najwyizszego
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ogniwa franu w Kostomiotach (warstwy b Kofcielniakowslkiej, 1966), a prawdopo-

dobnie byt on takie redeponowany dalej na potudnie i poludniowy wschbéd (Czar-

néw, Gb6rno). Wskazaé maleiy ponadto, ze osady miekibérych osuwisk podmorskich

zawieraja niemal wylacznie material pochodzacy z osadéw facji pelagicznej, a wigc

podmorskim ruchom masowym podlegaly w gbrnym dewonie Gor Swietokrzyskich
" nie tylko osady rafowe.

Zaklad Geologti Dynamicznej
Uniwersytetu Warszawskiego
Warszawa 22, Al. Zwirki i Wigury 93
‘Warszawa, w listopadzie 1967 r.

DESCRTPTION OF P'LATIES I—VI
‘PL. T

Fig. 1

Slump folds in a set of ‘thin-bedded limestones and marly shales.
Frasnian at- Kowala (set F)

Fig, 2

Slump folds in thin-bedded limestones overlaid by cross-bedded detrital, reef
deposits. Frasnian at Kowala (set E)

PL. 11
Fig. 1
Flat pebble intraformational conglomerate of slump origin. Frasnian at Kowala
. (set G)
Fig. 2
' Flat pebble conglomerate of slump origin. Frasnian at Kowala (set G)

PL. IIT

Flat pebble intraformational conglomerate showing broken intraclasts at bottom and
centre. Frasnian at Czarnéw slightly magn.



324 . MICHA¥: SZULCZEWSKI

PL. IV

Fig. 1

Intraformational breccia consisting of irregular limestone intraclasts underlaid and
" overlaid by marly shales. Bottom surface of erosional origin., Frasnian at Czarn6w
nat. size

Fig. 2

Intraformational breccia consisting of arregula.r pelitic limestone intraclasts and,
subordinately, of calcarenite. Calcarenite and calcilulite matrix. Irregular contact
with underlying pelitic limestone. The bottom part of the pelitic limestone shows
load deformation with calcarenite pockets sunk in the sediment. Frasnian at Gérno

nat. size

PL.V

i1 — Lime turbidite. Graded .calcarenite and calcilutite overlying the erosional sur-
face of pelitic limestone; wavy laminae at the top of the gnaded bed. Upper
Devonian at Kowala (set J) _ ) nat. size

2 — Lime turbidite. Graded calcarenite and calcilutite containing in its lowermost
part numerous rudite intraclasts -caused by erosion of the underlying pelitic
limestone. Erosional bottom of turbidite in contact with pelitic limestone. Cross
lamination in the top part of turbxdrbe Frasnian at Gérno nat. size

8 — Intraformational breccia overlying the erosional surface of pelitic limestone,
and consisting chiefly of pelitic limestone intraclasts. Frasnian at Gérno
nat. size

PL. VI

1 — Lime turbidite. Graded calcirudite, calcarenite and caleilutite. Emsipn-al bot-
tom surface; contorted lamination and pseudoripples in the top. Upper Devo-
nian-at Kowala (set J) nat. size

2 — Lime turbidite. The erosional surface of marly shales overlaid by cross-bedded
calcarenite and caleilutite, towards the top passing into marly shale. Frasnian
at Waetrzma (Kielce) © 7 nat. size

3 — Lime turbidite. Multiple graded limestone consisting of calcirudite, calcarenite
and calciludite. The laminae occur at top of the graded bed. Upper Devonian
at Kowala (set J) slightly reduced
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