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A flysch/littoral suc¢ession
in the Sudetic Upper Cretaceous

ABSTRACT: The Coniacian marine sediments of.the Nysa graben (Idzikéw Beds)
are divided into the lower member consisting of alterning claystone and sandstone
layers, and the upper member comprising sandstones and conglomerates. Sedimentary
features of the lower member, especially the type of bedding planes, sole markings,
trace fossils, succession of structures and textures indicate that the- principal agents
controlling the sedimentation were subagueous mass movements and turbidity cur-
rents. The upper member shows the features of shallow water sediments, including
medium- and large-scale cross-bedded units and numerous fossils, i.a. shallow water
lamellibranchs, gastropods and:- decapods. The sequence and distribution of facies
within the Idzikéw Beds Ppoint to a consistent development of the sedimentary
basin in which were laid down in succession: distal turbidites, proximal turbidites,
shallow water and high-energy littoral deposits. Such a development was closely
related and synchronous to.the uprising movements in the fore-Sudetic land and
in the Snieznik and Klodzko massifs. The tectoni¢ uprising movements which
embraced parts of these massifs were coming closer and closer to the Nysa graben,
and caused migration of the facies and finally led to. the regression of the sea.

TNTRODUCTION

Within the Upper Cretdceous marine deposits infilling the Nysa
graben, the Idzikéw clays (Kieglingswalder Tone) and younger Idzikéw
sandstones. (Kieslingswalder Sandstein) were distinguished as early as.in
the middle of the last century (Geinitz 1843, Beyrich 1855). Originally,
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these names were used to designate the deposits ranging in the geological
profile from the Middle Turonian up to and including the Emscherian
(Sturm 1901). Later, they were restricted to the Upper Turonian and
Emscherian deposits (Rode 1936). Recently, the Idzikéw clays and sandst-
ones have been classed as a whole with the Coniacian (Pachucki 1959,
Radwanska 1960), and these are threated in the present paper as the
Idzikéw Beds.

The lowest horizon of the Coniacian within the Nysa graben is
formed, like in a considerable area of the Bohemian Massif, by the so
called clinking shales (Soukup 1959, Pachucki 1959, Svoboda & al. 1966).
The overlying, poorly cemented claystones which include numerous
sandstone layers (Pl. 1, Figs 1—3) are called in the present paper as the
lower member of the Idzikow Beds, and they are distinguished from the
upper member which comprises mainly sandstones and conglomerates.

In the lower member of the Idzikéw Beds, the lithofacies of the
clayey flysch and of the normal flysch have been distinguished (cf. Dzu-
tynski & Smith 1964). The upper member of these Beds has been also .
found to consist of two lithofacies: the fine- and medium-grained sandst-
ones exposed chiefly in the vicinity of Stary Waliszéw and Idzikéw, called
the Idzikéw sandstones, and the conglomerates with fine- and medium-
-grained sandstone layers, regarded as the Idzikéw conglomerates.

' Other lithofacial classifications proposed in former geological studies
for, the Idzikéw Beds (Sturm 1901; S. Radwanski 1961, 1966) have not
Jbeen ¢onfi1‘n1_ed according to the observations presented in this paper.
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at Krosnowice.

STRATIGRAPHIC AND TECTONIC POSITION OF THE IDZIKOW BEDS

The age of the lower membe; of-the 1dziké6w Beds, represented by
claystones containing numerous saadstone layers with sharply defined
lower limits is not questionable. It° evidently belongs to the Coniacian,
what is evidenced by the index fossils frequently occurring in the
claystones, viz.; Inoceramus koeneni G. Miiller ‘(cf. PL 2, Figs 1—2 with
Heinz 1928, p. 37, Pl. 3, Fig. 2; Troger 1969a, p. 71, Fig. 2 and Pl 1, Fig. 2)
"-and Peroniceras tricarinatum (d’Orbigny) (cf. Pl. 2, Fig. 3—4 with d’Orbig-
ny 1840—1842, p. 307, Pl. 91, Figs. 1—2; Schliiter 1871—1876, p. 44, Pl 13,

Figs 1—4).
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Moreover, the works performed so far on the stratigraphy of the -
lower member of the Idzik6w Beds have evidenced the occurrence of the
following Coniacian. fossils: Inoceramus kleini G. Miiller, Inoceramus
sturmi Andert (cf. Pachucki 1959), Inoceramus latus Mantell, Inoceramus
alatus Goldfuss (cf. Radwanska 1960) and Inoceramus involutus Sowerby
(cf. Dvofak 1963a). From the lower member of the Idzikéw Beds also
comes the holotype of the species S’Caphites kieslingswaldensis Langenhan
& Grundey (cf. Langenhan & Grundey 1891), which is well-known from
the German Coniacian (Haller 1963, Prescher 1963). -

Some of the above-enumerated fossils are also met in the lower
parts of the upper member of the Idzikéw Beds, the age of which has
been determined long ago owing to the presence of Inoceramus involutus
Sowerby (cf. Sturm 1901). In the uppermost part of the Idzikéw Beds,
above the coquina horizon (Fig. 1), the fossils are scarce and no index
forms have been found up to the time. It cannot be excluded that these
youngest Cretaceous sediments of the Nysa graben may belong to the
‘Santonian (Don & Don 1960, S. Radwanski 1961). ' ‘

The paleontological evidences permit thus to affirm that the lower
member and the lower part of the upper member of the Idzikéw Beds
belong to the Coniacian, while their uppermost part occurring in a small
core area of the Idzikéw brachysyncline (cf. Fig. 1) may already belong
to the Santonian. It should be noted that the other subdivisions of the
Idzikéw Beds, previously suggested (Sturm 1901; Radwanska 1960; S.
Radwanski 1961, 1966) have not so far been confirmed paleontologically.

The Idzikéw Beds, representing the youngest Upper Cretaceous
deposits of the Nysa graben, occur directly at the surface, or under a thin
cover of Quaternary deposits.

The outcrops of the lower member of the Idzikéw Beds occupy a
major part of the Nysa graben (Fig. 1). Their occurrence area within this
tectonic unit and within the Kraliky graben, bordering it in the south, is
delimited by faults. Originally these sediments occupied a considerably
larger area. Outside the Nysa and Kraliky grabens, there occur denudation
relics of flysch-like” Coniacian deposits in the Litoméfice region of the
Ceské stiedohofi (these deposits were once ranked as the'Q}fgogene by
Hibsch 1924). However, in a mojor part of the Bohemian Massif, the
Coniacian deposits, developed as calcareous claystone, have been pre-
served (Fig. 11, cf. also Soukup 1959, Dvofak 1963b, Svoboda & al. 1966).

The clinking shales within the Nysa graben are underlaid by Middle
Turonian and Cenomanian deposits (Pachucki 1959), developed similarly
to those known from the Intrasudetic depression (S. Radwanski' 1966,
Jerzykiewicz 1970a). Only the Upper Turonian deposits of the Nysa
graben differ in lithological character from their age equivalents of the
Intrasudetic depression. In the Nysa graben these are represented
exclusively by argillaceous-calcareous rocks, while in the Intrasudetic
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depression, additionally and higher up in the profile, by pure quartz
sandstones known as the youngest sandstones of the Intrasudetic Creta-
ceous Basin (Jerzykiewicz 1968). The mutual age relationship of the upper
member of the Idzikéw Beds and the youngest sandstones of the Intra-
sudetic Basin has long remained unexplained. The controversy (Flegel
1904; Petrascheck 1905, 1934; Schmidt, Herbing & Flegel 1905, Scupin
1935; Rode 1936; S. Radwanski 1959) was caused by the lack of paleonto-
logical evidence and by the preservation of these deposits in denudation
relics. As a result of a recent finding of the inocerams in the argillaceous-
-calcareous deposits underlying the youngest sandstones (Radwarnska
1963), the Upper Turonian age appeared to be evidenced (cf. Jerzykie-
wicz 1969).

The Upper Cretaceous deposits of the Nysa graben overlay directly
the metamorphic rocks of the Snieznik Massif and the Bystrzyca Mts.
These rocks, together with the Upper Cretaceous cover, are cut by faults
. into separate blocks displaced vertically to a various extent with respect
to each other (Don & Don 1960, Don 1964, Dumicz 1964; cf. also Fig. 1).
In the neighbourhood of the faults, the Upper Cretaceous rocks have
been'heavily disturbed tectonically. However, in a major part of the Nysa
graben, the Cretaceous deposits are inclined at small angles and form
subordinate tectonic units of a brachysynclinal or brachyanticlinal
character (Don & Don 1960, Komuda & Don 1964). The upper member
of the Idzikéw Beds has been preserved as denudation relics only in
central parts of the brachysynclines (vicinity of Idzikéw and Boboszéw,
Fig. 1). The thickness of the upper member is c. 350 m in the core of the
Idzikéw brachysyncline and c. 200 m in the Boboszéw brachysyncline.
The thickness of the lower member of the Idzikéw Beds, estimated in the
limbs of the brachysynclines, varies from c¢. 500 m to c¢. 900 m. In the
eastern limb of the Idzikéw brachysyncline, the lower member of the
Idzikéw Beds is c. 500 m thick (Don & Don 1960); in the eastern limb of
the Boboszéw brachysyncline, between the marginal Snieznik fault and

Fig. 1

Geological position and directions of the sedimentary structures of the Idzikéw
Beds {based on the maps by Don, 1964, Dumicz, 1964, and on the author’s results)

1. granitoids of the Klodzko Massif, 2 and ‘3 metamorphic rocks of the Snieznik Massif and
Bystrzyca Mts (2 gneisses, 3 erystaliine schists), 4 Permian deposns 5 Cenomanian and Turonian
deposits, 6—10 Coniaclan deposits (8 siliceous-calcareous siltstones — ,pclinking shales”, 7 clayey
flysch of the lower member of the Idzik6w Beds, 8 normal flysch of the lower member -of the
Idzikéw Beds, 9 sandstones of the upper member of the Idzikéw Beds, 10 conglomerates of
the upper memher of the Idzikbw Beds), 11 conglomerates ‘with- coquinas at the base, 12 outcrops
discussed in the text, 13 faults, 14 dip and strike, 15 orientation of scour and tool moulds, 16
direction of groove moulds, 17 orientation of cross-lamination, 18 orientation of rib-and-furrow
structures, 19 orlentation of large-scale ‘cross bedding, 20 orientation of medium-scale cross
f bedding .
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Pisary, its thickness rises to c¢. 600 m. In the western direction, these
deposits are growing in thickness and attain c. 900 m in the section of the
Nysa Klodzka river, between Roztoki and Miedzylesie (Fig. 1). It should
be noted that in former studies (Pachucki 1959, S. Radwanski 1966) the
thlckness of the lower member of the Idzikéw Beds was est1mated to be
ten times. smaller.

LOWER MEMBER OF THE IDZIKOW BEDS

The lower member of the Idzikéw Beds consists of alterning
claystone and sandstone layers. The claystones show no visible sedi-
mentary structures, while they contain numerous fossils, mainly
lamellibranchs, ammonites and foraminifers the latter being usually
pelagic (Pachucki 1959).

The sandstone layers show all the features characteristic of turbidites
(cf. Jerzykiewicz 1970b). They were found to include a succession of
structures which are known from the flysch and were described in detail
by Bouma (1962). In the lithological respect, the lower member of the
Idzikéw Beds is quite identical with the flysch. The ratio of thickness
‘of the sandstone layers to the pelitic ones in the lower member of the
Idzik6w Beds is variable. For this reason two lithofacies (cf. Dzulynski &
A. Smith 1964) are distinguished within this member. The lithofacies of
. the clayey ﬂysch is faken to include that part of the member where
-claystones are predommant and the part where either the layers of
sandstones or siltstones occur in equal proportion in relation to the
" claystones or the sandstones dominate is included with the lithofacies of
the normal flysch (cf. Fig. 1 and Fig. 2).

In the present paper, the graphic presentation of the sedlmenta.ry
properties of standard profiles of the Idzikow Beds has been made by
the method presented by A. H. Bouma (1962). The description of the
sedimentary properties is given in the order of their presentation in
Figs 2 and 6. -

Thickness

The turbidite layers of the clayey flysch lithofacies vary from
several centimetres to over 1 m in thickness. Layers from 20 to 30 cm
thick occur most often; the thickest layer measured 1.2 m. The thickness
of claystones which separate the turbidite layers is usually larger and
varies from several centimetres to several scores of metres.

The thickness of turbidite layers of the normal flysch lithofacies is
variable within the limits from a dozen centimetres to several metres.
Usually occur layers from 0.5 to 1.5 m thick, which really are often the
multiple layers not separated oy pelitic sediments (cf. Ksigzkiewicz 1954).
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Detail graphic log of sedimentary data in the lower member of the Idzikéw Beds
— Schematic profile of the deposnts cropping out between Roztoki and Miedzylesie

I lithofacies of the clayey flysch, II lithofacles' of the normal flysch, III base of the upper member of the Idzlkéw Beds, 1 siliceous-calcareous siltstones (,,clinking shales), 2 claystones,
3 sequences composed of sandstone and siltstone beds, 4 conglomerates, 5 large-scale cross-bedded unit of sandstones

B — Detail graphic log

1 claystones, .2 siltstones, 3 lthic wackes, 4 lithic arenites, 5 microbreccias, 6 very sharp contact, 7 sharp contact, 8 distinct contact, 9 gradual transition hardly visible, 10 flute moulds, 11

obstacle scour moulds, 12 prod moulds, 13 rib-and-furrow structures, 14 groove moulds, 15 Sirlations, 19 longitudinal ridges, 17 load casts, 18 Paleodictyon, 19 Chondrites, 20 Helminithoida,

2t graded bedding or massive beds, 22 parallel lamination, 23 current ripple lamination, 24 burrows, 25 benthic foraminifers, 26 pelagic foraminiters 27 lamellibranchs, 28 gastropods, 29

ammonites, 36 shell detritus, 31 plant remains, 32 concretions, 33 light gray, 34 medium gray, 35 dark gray, 3¢ medium to dark gray, 37 alterning llght and dark gray, 38 upper bedding
plane not exposed, 39 lower bedding plane not exposed, 40 number of the outcrop
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Petrography

Turbidites of the lower member of the Idzikéw Beds represent
a mixture of redeposited material and terrigenic grains of gravel, sand,
silt and clayey-calcareous material. According to which of these
components is predominant, we can distinguish: conglomerates and
breccias, arenites, wackes, siltstones and claystones (Fig. 3).

Fig. 3

Main lithological types of the lower member of the Idzikéw Beds

a claystone with few silty grains (the arrow indicates a pelagic foraminifer); Krosnowice
(clayey flysch), outerop 1; ord. light, X 80
b siltstone composed mostly of quartz grains, mica and rock fragments; Nagodzice (normal
flysch), outcrop 16; ord. light, X 80
¢ very fine-grained lithic wacke; Krosnowice (clayey flysch), outecrop 1; ord. light, X 80
d fine-grained lithic wacke; Nagodzice (normal flysch), outcrop 16; nicols erossed, X 80
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Conglomerates are rather scarce. An example may be observed at Stary Wa-
lisz6w (Pl. 8, Fig. 1): the layer of the conglomerate lies here on a sandstone layer
upper surface of which is deformed due to liquefaction of uncompacted sediment.
The conflomerate consists exclusively of pebbles derived from some older deposits,
such as sandstones, siltstones and claystones.” Among - them also -oceur foélded

.. sandstone and siltstone lumps (cf. Ksigzkiewicz 1958). These deposits were formed

due .to .penecontemporaneous fragmentation and redeposition of the deposits of the
lower member of the Idzikéw Beds. The fragmentation and redeposition was most
likely connected ‘with a subaqueous slump. These deposits are accompanied by
the occurrence of sandstone injections (Dzulyfiski & Radomski 1957, Dzulynski &

‘Walton ‘19(65) Mhe latter intersect the conglomerate and do not associate with the

; underlymg sandstone,layer (Pl. 3, Fig. 1).

. Microbreccias -consistihg of angular fragments of claysrbonag occur in,the
lower parts of the turbidité layers f(cf. Fig. 2). The claystone fragments -are most
frequently 1 om in size; rarely occur fragments ‘oveér 3 cm. The fragments are
embedded in the mixture of :detritic matenal which has the’ mmeral composinon of
hthlc arenite or lithic wacke. -

" «Lithic arenites and lithic wackes are. mam components~iof ‘che turbidme layers

'The arenites occur in the lower parts of the layers belonging to the -lithofacies of

the normal flysch (cf. Fig. 2, ‘Profiles 16, 20 . and 25). On the other hand, they are

) n’ot ‘fou'rrd in the tllI"bldl’te layer.s of the clayey“ﬂysch (cf. Fig. 2, profile 1), The sedi-

ments off the latter. 11thofac1es comprise osandstones in which the co'ltent of 5th'e

"a R .
e

Fig. 4

" Detrital framework of ‘sandstones in
the lower member of the &Idmkéw
Beds

{ from the 'cla;w}éy flysch, 2 from the nor-
mal flysch

atgilla:éeous tnatrix exceeds 1%/o, and hence, gt*éordin’g to the -accepted classification
given by Gilbert (cf. 'Williams, Turner & Gilbert.1954), they are rated as wackes.
The_g\wackes also occuf in the middle parts of the turbidity layers of the norrhal
ﬂys%h e

“The contént.s of the. grams of -quartz, ft?ﬁ&pazrslamdamcas as well as of rock
fragments and "iatiixdnthe ‘wackes of the lower member of the Idzikéw Beds were
determined under microscope. The percentages of main components in the detrital
framework of the analyzed sandstones, with matrix content exceeding 10° of

' wvolume, permit these sediments to be xated as lithic wackes (Fig. 4), in -accordance

with Gilbert’s classification (cf. Williams, Turner & Gilbert 1954).

In-the wackes of the mormal flysch, the grains of quartz, quarzite and.cherts
occur in larger quantities (89.9-—74.29/0) than in the *wackes of the clayey flysch (32.3
—48.9%%): Amidhg rock fragments (44.8--80.4%0 in the wackes of the clayey flysch, and
28.5—49.2%» in the normal flysch) the flakes of mica are predominant, Both musco-
vite- and, biotite - are present, -chlorite occurs.much mere rarely. Among the more
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frequent fragments of other rocks were found phyllites, crystalline schists and pe-
litic rocks (the latter of iUpper (Cretaceous age). Feldspars occur -in-almost equal
proportion (c. 10°/) in the wackes of ‘both the clayey and the normal flysch. Pla-
gioclases as well as potash feldspars were found in them: most often identified
were oligoclase, albite and microcline. A similar composition of detrital framework
is found in the lithic arenites.

The interstices among-the particles of the framework are filled mainly by
an argillite-calcareous matrix and in a smaller degree by a ealcareous or siliceous
cement, The. contents of the matrix and cement aré variable in wide limits. In the’
lower parts of the turbidite layers the matrix is present in small quantities. It
is mixed there ‘with calcareous-siliceous cement and recrystillized. As a result,
the sandstones which form the lower part of the turbidite layers are very hard.
In the upward direction the quantity of the matrix grandually increases at the
expense of detritic grains, and cement occurs only sporadically. The source of silica
_ might have been provided by detritic grains which, in the sediments in question,
often show signs of corrosion by calcite of the matrix (cf. Sharma 1865, Unrug 1968).

- Bedding plane properties

The properties of contacts between layers (type of bedding plane)
together with sedimentary structures on the surfaces of the layers (inor-
ganic sole markings and trace fossils) combine to give bedding plane pro-
- perties (cf. Bouma 1962). These sedimentary properties are partly shown
in Fig. 2. . S -

Type of bedding plane S

s

The contacts between the layers of sandstone and the underlying
claystones are distinct and sharp. They are associated in the first place
with differences in grain-size but are also stressed by different degrees
of resistance to weathering shown by the sandstones and, claystones.
The sandstones, as distinguished from the claystones, are impregnated
with a secondary cement in the lower parts of the layers. The contacts
within the layers, between beds of arenite, wacke and siltstone, and espe-
cially the upper contacts of these layers have a character of gradual
transition. The lower contacts of layers in the clayey flysch deposits (Fig.
2, profile 1) are;slightly more distinet than the corresponding contacts in
the .normal-flysch (Fig. 2, profiles 16, 20 and 25). This fact may be expla-
ined by the presence of larger quantities of secondary cement in the
sandstones of the lower parts of the clayey flysch layers.

Inorganic sole markings T .oon

Commohly occurring sole markings 'are flute moulds, groove moulds
‘and striations. The.flute moulds of various forms and sizes were observed
(Pl. 6, Figs-1—5; PL. 7, Fig. 1 and PL" 8, Fig. 1); among them are forms
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known as linguoid and bulbous types, as well as triangular flute moulds
(cf. ten Haaf im Dzulynski & Walton 1965, Dzulynski & Walton 1965),
They are either flat (Pl. 8, Fig. 1) or highly convex, probably deformed by
loading (Pl 6, Fig. 4). They occur singly (Pl. 6, Fig. 3) or in groups, some-
times forming an oriented pattern (PL 6, Fig. 5).

Equally common as, flute moulds are in these layers grobve mollds
and: stnatlons. ‘They vary in-width from.1 mm or less to several centime-
tr_e's‘ (PL 5, Figs 1—3 and Pl 7, Fig. 1). In the extension of the groove
moulds no objects which were responsible for the formation of grooves
are found. However, the form of the moulds, and the composition of the
turbidity layers allows to suppose that among such objects, besides sand
grains, were fragments of claystones and shells, as well as the plant re-
mains (cf. Dzulynski & Simpson 1966). The prod moulds (Pl. 6, Fig. 4)
were met relatively often, while chevron moulds (Pl 8, Fig. 2) are rare
(cf. Dzulynski & Sanders 1962).

In the lithofacies of the normal flysch the occurrence of moulds of
longitudinal ridges similar to those described by Dzutynski (1965) was
observed additionally. In the sandstones of this lithofacies one may also
observe relatively often intersections of cross laminations with the sur-
face of internal parting plane (Pl. 4, Fig. 5). _

Among deformational structures, the occurrence of polygonal- load
cast patterns resulted from instability in density stratification was esta-
blished (cf. Dzutynski 1966, Dzutynski & Simpson 1966).

" The load casts may be deformetf"by current and in this case they
occur as overlapping scaly structures and moulds of longitudinal ridges
(Pl. 8, Figs 3—5). Similar structures” were formely interpreted (S. Rad-
wanski 1961, Pl 1, Fig. 4) as ,,current hieroglyphs”. Deformational struc--
tures which have resulted from instability in density. stratification wit-
hout any horizontal shear (cf. Anketell & al. 1970) take in these deposits
the form of unoriented load casts on the underside of layers and undulat-.
ed surfaces of internal parting (Pl. 9, Figs 1—3).

On the top surfaces of sandstone beds of the normal flysch, polyg-
onal structures known as pseudo-mudcracks (cf. Dzulynski 1963b) are
visible sometimes (Pl. 3, Fig. 3). More rarely were the manifestations of
the uncompacted sediment observed in the form of clastic injections
with compactional wrinkles on their surfaces (Pl 3, Figs 1—2).

Trace. fossils

Among a large number of trace fossils occurring on the bottom sur-
faces, the following forms were tentatively identified:

?Halymenites sp. (Pl 4, Fig. 7). These ‘are the most frequent trace fossi-ls,"
preserved as almost straight, or only slightly curved rolls -of elliptical section.
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They vary in width from 0.5 to 1.0 cm; rarely are ramified and most often break
off or go deep into the layer. They probably belong to the genus Halymenites (cf.
Ksigzkiewicz 1961, p. 884); a closer determination is, however, impossible as the sur-
face of the rolls is irregular and its ornament is probably lost.

Paleodictyon aff, minutum Kindelan, Several well preserved forms (e.g. Pl. 1,
Fig. 2) consisting of many eyelets, and found in the clayey flysch deposifs. These
forms are most similar to those presented by Abel (1935, p.-23, Fig. 11) and Voigt
& Hintzschel (1964, p. 520, Pl. 8, Fig. 2). ;

Paleodictyon sp. Only one specimen @Pl. 11, Fig. 3).was found. The difference
from the precedifig- specimens’ consists in the eyelets cosiderably larger and less

' 'regulau' ‘and the laths sometimes broken. The specimen resembles the representatives
of the genus Pleurodictyon Fuchs (cf. Vialov & Golev 1966) as well ag the form pre-
sen'ted by Abel (1935, p. 24, Fig, 12).

?Gyrochorte sp. The specimen (Pl 10, Figs 1 and 2)' is most similar to that
presented by Lessertisseur (1955, p. 44, Fig. ©5). It does not possess, however, a.dis-
tinct central axis, similarly to the form presented by Ksigzkiewicz {1660, p. ‘742, Pl.
3, Fig. 11). '

Asteriacites sp. The specimen {Pl. 10, Fig. 3) resembles in particular Astro-
pecten irregularis ISeilacher (cf. Lessertisseur (1855, p. 31, Fig. 17).

Phycodes sp. (Pl. 11, Fig. 1). As compared with Phycodes palmatum (Hall),
presented by Seilacher (cf. Schindewolf & Seilacher 1955, p. 383, P1, 25, Fig. 2), this
form is more ramified and its central trunk is considerably thicker than the lateral
branches, Similar differences the specimen shows in relation to Harlania harlani
Prouty & Schwartz (in Lessertisseur 1955, p. 55, Fig. 32).

Chondrites cf. furcillatus Roemer (Pl. 11, Fig. 4). The branches of this speci;
men,. s1mllarly to thos-e pr&sented ’by Vmgt & HantzscheL (1964, p. 501, Pl 5, Fig, 2)
are brolken and oceur separately

Helminthoida cf. labyrinthica Heer. The specimen (Pl 11, Fig. 5) resembles
that presented by Lessertisseur (1955, p. 49, Fig. 29); it is considerably smaller as
compared with flgured by Ksigzkiewicz (1960, p. 739, PL 2, Fig. 9).

?Cosmoraphe sp. The specimen (Pl.-11, Fig. 6) resembles the trace fossil whlch
was assigned by Lessertisseur (1955, p. 43, Fig. 24) to Cosmoraphe. It is found next
to Helminthotda cf. labyrinthica Heer and bas strings of the same thickness. For
this reason it may be believed to be the result of life activity of the same animal.

Among other frequently occurring traces of organisms are also shel-
ter dugs of burrows which vary in size and occur either singly or in
groups (Pl. 7, F1g 4).

The presented trace fessils belong for the most part to the ;,Nereites
Facies” distinguished by Seilacher (1964), according to' whom this ichno-
facies is characteristic of bathyal environment with turbidite sedimenta-
tion. It should be noted, however, that among the described trace fossils
also occur forms which stand near to those characteristic of the ,,Cruziana
Facies” (cf. Seilacher 1964). All the same, well preserved and diagnosti-
cal traces are tool rare to permit a clear determination of the ichnocenose
and reconstruction of the ichnotopes in the sedlmentary area (cf. A. Rad-
wanski & Roniewicz 1970).
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_ Current direction

Current directions were determined from the orientation of tool
moulds (mainly grooves) and scour moulds (mainly flutes), as well as from
the cross-lamination.. All the results of measurements are shown on the
map (Fig. 1), some are also shown at the profiles (Fig. 2). In the case of
unequivocal current direetions, the orientation of both the tool and scour
moulds is indicated by arrow %; in the case of current directions with
doubtful pointing (groove moulds without brush moulds, chevron or prod
moulds (cf. Dzulyhski 1963a), only the lines of movement are plotted.

The orientation of current marks is also summarized for the whole
investigated area. in Fig. 5. It shows separately the orientation of tool
moulds, scour moulds and cross-lamination. The measurements of unk-

N

Fig. 6

Summary current-rose diagram of
the lower member of the Idzikéw
Beds

In thé outer circle are shown directions

of tool Tnoulds, in the middle circle —

directions of scour moulds, in the inner

circle — directions of current ripple-la-
mination

nown .poititing are marked by broken lines. The displayed directional
structures show a conformable orientation (cf. Potter & Pettijohn 1963).

The variation of current directions in the investigated area is in-
considerable,. similarly as in the case of ,,small-scale turbidite models”
(cf. Selley 1968),

1 The map does not offer different symbols for thése structures, following Diu- .
tyfiski & Simpson (1966) who has established by the experiment that the frequency of
- flute moulds is strictly dependent on the rpresence of pbjects in the turbidity current,
In these experiments the flutes appeared in mass numbers when small objects have
been added to artificially induced turbidity currents; these objects could also be
responsible for the formation of grooves.
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The dominant transport direction during the sedimentation of the
lower member of the Idzikéw Beds was running from the east to the west,
with northward or southward deflections (cf. Pl 1 and Fig. 5). These
directions seem to indicate that the starting plots of the turbidity cur-
rents were situated to the east, north-east and south -east of the sed1—
mentary area. '

Laye'r properties

In the lower membér of the Idzikéw Beds, the simultaneous occur-
rence of graded bedding with a parallel lamination and micro-cross lami-
nation was established in the layers composed of sandstones and siltsto-
nes (cf. similar sequences described. e.g. by Kuenen 1953; Ksigzkiewicz
1954, Bouma 1962 and Lombard 1963). These main structures oceur in
separate intervals similar to those described by Bouma (1962). ’

The graded interval in the clayey flysch consists of wackes which often show
gradded bedding. In the bottom part of this interval there occur seams of micro-
breccias or sporadically claystone frag:men’os (Pl. 4, Fig. 4). Sometimes the g‘radded
bedding is discernible only under microscope. In the.normal: flysch the’ graded
interval consists of arenites with claystone fragments. In the uppermost part of
the normal flysch lithofacies the occurrence of sporadic small pebbles of: quartz
was also established (Fig. 2, profile 25).

The lower . interval of parallel lamination most often consists, of alternmg
wackes and s11tstones both in the clayey and the normal flysch (Pl. 4, Fig. 3).

In the interval of current lamination an increase in quantity of the silty and
clayey material may be observed, as well as a.distinct micro-cross  lamination or
load-casted ripples (P1. 4, Figs 1 and 2). o

The upper interval of parallel lamination consists of clayey and silty mate-
rial. Most often the lamination, is hardly visible. The boundary between this inter-
val and the overlying pelagic intervals is difficult to establish, and practically it
is mdlscermble (cf. Radomsk1 1960).

The layers showing a complete succession of the above described
structures, are rare both in the clayey and in the normal flysch. In the
former, the truncated base cut-out sequences of type T,_, occur most
frequently; in the normal flysch, equally frequent as the latter are the
truncated sequences of type T,_. (cf. Bouma 1962).

Moreover, in the lowermost parts of the layers the feeding burrows
were observed which especially well visible are in the laminated sandsto-
nes (Pl. 4, Fig. 6).

Texture

The size analyses were made by thin sections. The tech.mgue of
measurement as described by’ Friedman (1958) was usedl, ‘with sorité: mo-
difications. At each. section 300 grains were measured and the obtained
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values were grouped into 0.50® classes. Samples for the detailed analyses
were taken from one layer of the clayey flysch and one layer of the nor-
mal flysch (cf. Fig. 2, profile 1, lower layer type T,_, and profile 16,
lower layer type T, _ c) The samples were taken starting from the bottom,
at 10 cm intervals in the first layer and at 5 cm intervals in the second
one. In this manner 11 detailed size analyses were made and used for
the determination of grain size of other samples of the sections shown
in Fig. 2. The grain size of these remaining samples was determined by
comparing their polished surfaces with the polished surfaces of the refe-
rence samples. The comparison was made by means of a binocular. This
method proved to be relatively quick and useful. Its aim was only to
inidicate a modal class after the Wentworth-Udden grade scale (cf. Petti-
john 1957). Because of the simplified method used, the results shown
in Fig. 2 should be regarded as approximate only. With their help one
can only indicate the main textural component in the sample being in-
vestigated (cf. Bouma 1962).

The turbidity layers of the lower member of the Idzikéw Beds con-
sist of small pebbles, granules, fragments of redeposited claystones, sand
grains, silt and clay particles. The proportion of coarse fractions gradually
decreases towards the top of the layers.

The layers of the clayey flysch are mainly composed of fine- and
very fine-grained sandstones. At the bottom of these layers no terrigenic
pebbles were found. The pelagic intervals separating the turbidity layers
are often devoid of terrigenic mmeral grains larger than the clay frac-
tion (cf. Kuenen 1950).

In the section Roztoki-Miedzylesie the layers of the normal flysch
are composed mainly of fine-graned sandstones in the lower part, and of
medium- and coarse-grained sandstones in the upper part of section (cf.
Fig. 2). At the bottom of the layers belonging to the upper part of the
section being discussed, small pebbles of quartz occur additionally. The
pelagic sediments differ from the corresponding ones in the clayey flysch
as they contain grains of the silty fraction. The admixture of silt in the
pelagic sediments of the normal flysch increases toward the top of the
‘section. Increase of silt fraction in the pelagic sediments is also observed
in the direction from west to east. It may be assumed that all these sedi-
ments, considered here as pelagic, might have ‘beén deposited by - dileste
turbidity currents or settled from'clouds of finer suspension followmg'
the turblchty currents (cf. Radomski 1960).

Fossils.

In the pelagic intervals separating the turbidite layers, both in the
clayey and the normal flysch lithofacies, there occur foraminifers, lamel-
libranchs, ammonites, echinoids, as well as gastropods and plant remains
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Detail graphic log of sedimentary 'ﬁa-ta in the upper member of the Idzikéw Beds

A — Schematic profile of the deposiig croppmg out-in the wicinity of Idzikéw and Wallszéw

II uppermost part of the lower member of the Idzlkéw Beds, III upper member of the‘Id.zik'bw Beds, I fine-grained pandstones, 2 medlum and coarse-gralned sandstones, 3 conglomerates, 4 medium-gcale
cross bedding, 5 slump folds, g coguina horizon, 7 number of the outerop

B —petaﬂ graphic log

1 conglomerates, 2 coquinas, 3 lthic arenltes, 4 siltstones, 5 irregular erosional contact, § undulating loaded contaet, 7 sharp contact, 8 distinct contact, # gradual transition, 10 gradual tresition, hardly vi-

slble, 11 blotufbatéd contact, 13—I4 lower, upper, or lower and upper bedding plane not exposed, 15 masgive beds, 16 paralle! bedding, 17 micro-cross bedding, 18 small-scale cross bedding, 18 medlum-

-8cale cross bedding, 20 large-scale cross b'edd.lng,-zz, wedge-shaped layers, 32 burrows, 23 benthic foraruinifers, 24 ‘pelagic foRaminlfers, 25'lam'elllbrai1chs,ﬁ‘gak&ﬁpgds, 27 ammonites, 28 shell reworked,
. 28 shrimps Protocallianassa antiqua (A. Roemer), 30 plant remalns, 21 concretions, 32 yellow-brown, 3% brown, 34 medlum griy, 35 dark gray

T. JERZYKIEWICZ, FIG. ¢
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(cf. Pachucki 1959, Radwanska 1960). Among the foraminifers, the genera
Globotruncana and Globigerina are the most fragment; i.a. the species
Globotruncana lapparenti Bolli being considered (Ksigzkiewicz 1956) as
characteristic of the Mediterranean province.

Concretions

In the pelagic sediments, the spheroidal and disk-shaped sideritic
concretions are very common, usually lying beneath the sandstone layers -
(cf. Fig. 3). They vary in size from several centimetres to about a metre.
These concretions have been known for a long time and regarded to be a
good diagnostic feature of the discussed sediments (cf. Soukup 1959, Pa-
chucki 1959, S. Radwanski 1966, Svoboda & al. 1966).

Comparison of clayey and normal flysch lithofacies

Within the whole “the lower member of the Idzikéw Beds, there
were observed the sedlmentary features characteristic of the turbidites,
viz.: alternation of pelagic sediments and terrigenic clastic material, sharp

Table 1

Comparison of clayey.and normal flysch lithofacies from the lower member of the
fdziké6w Beds

Clayey flysch

Normal flysch

Thickness of pelagic intervals lar-
ger than that of interfingering turbi-
dite in'ter:vals

. Thickness of pelagic intervals smal-

ler or equal to that of interfingering
turbidite intervals:

Layers as a rule .pa:raJ-lelscided, regu-
lary bedded

Beds sometimes irregular in thick-
ness or wedging out .

Layers always sepazrafted by pelagic
intervals

Layers not always separated by pe-
lagic intervals, amalgamate to form
multiple -La-ye_rs_

Pelagic sediments consist of pure
clay free of admixture of terrigenic
grains larger than clay fraction

Pelagic sediments consist of mixed
clay silt fraction

Layers consist of fine-grained mate-
rial; wackes usually form their base

Layers consist of coarse-grained ma-
terial; at their base occur as a rule
arenites, sometimes also terrigenic
pebbles

Framework of wackes with lower
content of quartz

Framework of wackes with higher
content of quartz
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lower and gradational upper bedding planes, succession of structures, and
both organic and inorganic sole markings. The sediments of the two dis-
tinguished lithofacies. differ: from: one another by: a number of secondary -
features (Table 1). C .

As follows from the table, the distinguished hthofames were formed
at various distances from the source of the turbidity current (cf. Walker
1967, Lovell 1969). It is dlso confirmed by distribution of these lithofa-
cies at a determined current direction: at the eastern boundary of the
Nysa graben the normal ﬂysch occurs already in the bottom part of the
profile, while in the central part of the grabeh (section Roztoki-Miedzy-
lesie), it does not appear until the upper part of the profile. The boundary
between the two lithofacies is diachronic (cf. Fig. 1). The migration of
the lithofacies of normal flysch from east tq west within the Nysa graben
was most probably associated with the advancing of the source of turbi-
dity currents from that direction.

UPPER MBEMBER OF THE IDZIKOW BEDS

Littoral deposits of the upper member of the Idzikéw Beds occur
as denudation relics in two separate areas: between Waliszéw and Idzi-
kéw, and between Miedzylesie and Boboszéw (Flg 1). In the first area,
the deposits of the upper member have been divided into two lithofacies,
namely the sandstone lithofacies (Idzikéw saridstones) and the conglo-
merate lithofacies (Idzikéw conglomerates). These lithofacies intertongue
with each other (cf. Rode 1936, Pachucki 1959, Don & Don 1860); the
boundary, as shown on the map, (Fig. 1), indicates the westernmost extent
of the Idzikéw: conglomerate. In the area between Miedzylesie and Bo-
boszéw only the first of the two lithofacies is represented.

Contacts between the upper and the lower member

Exposed contacts between the upper and the lower member were
observed at Boboszéw (cf. Fig. 6, profile 22, and Pl. 15) and in the area
southwest to Miedzylesie (fig. 6, profile 25b). At both these points the
uppermost part of the lower member is composed of siltstones revealing
the occurrence of pelagic foraminifers. In one of the outcrops (25) nume-
rous well preserved ammonites were also observed. Several metres, below
the contact, the siltstones comprise layers which show the properties of
turbidites. In outcrop 22 on the upper surface of the siltstones occurs a
bed of coarse-grained sandstone with distinct. lower and upper bedding
planes. This bed is-overlaid by- a set of sandstonie beds with siltstone la-
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minas which show distinct or loaded contacts. The laminas are often
loaded and broken off, and on their upper surfaces the flame structures
are visible (Pl. 15, Figs 1 and 5). The sandstone beds show -parallel or
micro-cross bedding, and on the upper- distinet surfaces:of some of the
beds as well as in their section, loaded ripple marks are present (Pl. 15,
Fig. 4). In the upward direction, the sandstone beds grow in thickness, and
show medium- and large-scale cross bedding as well as burrows and re-
mains of decapods. '

Petrography

The deposits of the upper member of the Idzikéw Beds consist
mainly of petromictic conglomerates and lithic arenites. Other lithologic
varieties, as lithic wacke or siltstone, are seldom to be found.

The petromictic conglomerates (Idzikéw conglomerates), exposed between Wa-
liszé6w and Ddzikéw, consist of pebbles which come from several sources, namely
from the Snieznik and Klodzko massifs, Bardo Mts and from the older Upper
Cretaceous strata, including the lower member of the Idzikéw Beds. Exotic rhyo-
lites have also been found (Don & Don 1960).

The quantitative composition of the conglomerates has been determined- at
6 points, and. 100 pebbles were counted: for each of the lower, middle and upper
part of the Idzikéw conglomerates. The obtained results confirmed the former
data (Don & Don 1960). Among the pebbies derived from the Snieznik Massif were
identified: Gieraltéow gneisses, graphitic schists, mica schists, other schists, phyl-
lites, quartzites, Snieznik gneisses, and amphibolites. The total amount of pebbles
derived from the Snieznik Massif varies from 28 to '75%0; striking is a small amount
(up to sevenal per cent) of the Snieinik augen-gneisses which now directly border
the Nysa graben from the east A considerable quantitative share (from B to 45%o)
have the granitoids derived from the Klodzko Massif. Exotic rhyolites also occur
in large quantities in some layers; in the northern area of the Idzikéw conglome-
rates (Waliszé6w), they form more than half the total number of pebbles (Don &
Don 1960).

The pebbles of siliceous shales and Culm greywackes, derived from the Bar-
do Mts?, and redeposited Upper Cretaceous rocks occur sporadically, Among the
latter the claystone pebbles from the lower member of the Idzik6w Beds were esta-
blished many times.

The petromictic conglomerates in the V:lcml‘l:y of :Mnedzyleme and Boboszéw
occur at the base of the upper member (cf. Fig. 6, profile 25a; and Pl. 16, Fig. 3).
They consist predominantly of pebbles derived from the Snieznik Massif (Gieraltéow
gneisses, mica schists, other schists, phyllites and quartzites). Besides, the pebbles
redeposited from the lower member of the Tdzikéw (.Beds as well as gramtoxds and
quartz are present.

The mineral composition of fme- and medium-grained sandstones was de-
termined under microscope. The grains of quartz and other stable components,
feldspars, micas and rock fragments, as well as the volume of matrix and cement
were counted in 9 thin sections. No essential differences were observed in mineral

2 Maybe, also from the Kletno conglomerate of the Culm facies {cf. Kasza 1964).
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composition of the Idzikéw and Boboszéw sandstones, the framework of which
consists of quartz, quartzites and cherts (44.3—64.5%), rock fragments (26.2—44.8%,),
feldspars (7.5—23.1%) and matrix with small admixtures of cement (usually below
10%). According to Gilbert’s classification (in Williams, Turner & Gilbert 1955) these
sandstones should be assigned to lithic arenites (cf. Figs 7 and 8).

In these sandstones, important is the abundance of biotite (up to 16%) which
usually prevails over muscovile. Among feldspars plagioclases were identified most
often (Turnau-Morawska in Pachucki 1959).

Fig. 7

Lithic arenites in the upper member of the Idzikow Beds

a medium-grained lithic arenite; Idzikow, outcrop §; ord. light, X 80
b coarse-grained lithic arenite (q "quartz, f plagioclase, m muscovite, b biotite, r fragments of
claystones derived from the lower member of the Idzikow Beds); Idzikéw, outcrop 9; nicols
crossed, X 80

Type of bedding planes

The lower surfaces of the conglomerate layers are most often the
irregular erosional contacts, while the upper-contacts are gradational. On
the other hand, ‘a distinct contact between the conglomerates and the
overlying sandstones is observed in the area where conglomerates and
sandstones intertongue with each other (outcrops 7 and 8). This contact
is often found to be secondarily bioturbated by the shrimps (Fig. 6, pro-
file 8). In the area of the sandstone lithofacies, the contacts between
sandstone layers differing in the bedding type are usually gradational,
whereas between sandstones and intercalated layers or lenses of siltstones
are sharp.
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Layer properties

The sediments of the conglomerate and the sandstone lithofacies
differ in their layer properties. In the first of the lithofacies, the.layers
are massive or, more rarely, show medium-scale cross bedding 3. The me-

Zaar’

Fig. 8

Detrital framework of sandstones in
the upper member of the Idzikéw
Beds

1 from the vicinity of Idzikéw and Wali- i
sz6w, 2 from the vicinity of Boboszéw  eldspar fragments &mica

dium-scale cross bedding is visible in the layers of pebble conglomerates,
granule conglomerates and coarse-grained sandstone; foresets are usually
inclined at angles 20° to 30°. The medium-scale cross bedding is most
often confined to a fragment of a’layer and usually is hardly visible. Ho-
wever, examples of well visible cross-bedded layers of the Idzikéw con-
glomerate, both medium and large-scale, are also known (Don & Don 1960).
‘Examples of unquestionable imbrication were not recorded. The pebbles
in the Idzikéw conglomerates do not show any preferred orientation, or
their AB planes are inclined conformably with the inclination of the
foresets (cf. Potter & Pettijohn 1963, Teisseyre 1968).

In the second of the lithofacies, the layers are usually parallel-
-bedded or show medium-scale cross bedding. Gradual transitions bet-
ween parallel- and cross-bedded layers are observed, and the inclination
of the.cross beds.is usually very small Mealum—scale cross-bedded units
of the Idzikéw sandstones, with foresets inclined at angles above 5°, are
often found in the eastern part of the area. In the vicinity of Idz1kow and
Wahszow the cross-bedded units both tabular and trough type 4 may be
observed (PL. 12, Fig. 3). Large-scale cross-bedded units were found in
the vicinity of Pisary (Pl. 16, Figs 1 and 2); their thickness exceeded 7 m.
The overall thickness of these units might have been considerably larger
(cf. Jerzykiewicz 1966, 1967; Collinson 1968; Rutkowski 1969). The fore-

3 Limits for size classes of cross bedding units after Grumbt (1969).
4 Terminology after Mc Kee & Weir (1933).
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sets in large-scale units internally are parallel-bedded or massive, al-
though small-scale intrasets (cf. Collinson 1968) are also observed.

In the Idzikéw sandstones, among distinetly bedded layers, there occur the
layers, the original bedding of which has been completely bioturbated (Fig. 6, pro-
file 8 and Pl. 13, Fig. 3). Almost in all such bioturbated layers, numerous remains
. of the shrimps were stated. The burrows do not, however, show the relief charac-
teristic of Ophiomorpha (cf. Weimer & Hoyt 1964). IIn the completely bioturbated
layers the burrows may be oriented in all directions, curved and even bifurcated,
the features in which these resemble burrows of Callianassa subterranea Montagu
(cf. Reineck & al. 1967, Fig. 12). In the layers with preserved bedding, the bur-
rows were observed as vertical tubes filled with non-laminated sand; they begin
at the upper surface of the layer, run straight or slightly curved, and pass through
or bend and ferminate within the layer. The burrows have an equal diameter along
their length. At the Tdzikéw quarry (outerop 2 in Fig. 1), such vertical or slightly
inclined tubes occur side by side in large numbers in distinctly bedded layers and
extend to the underlying bioturbated layers where many remains of the shrimps
were found. : )

Current direction

Medium- and large-scale cross bedding is the only common direc-
tional structure. In the vicinity of Idzikéw and Waliszéw, the measure-
ments of medium-scale cross bedding have been performed; the orienta-
tion of foresets (Fig. 9) is shown after correction for their tectonic incli-

‘Fig. 9
-~Orientation of medium-scale cross
bedding in the upper member of the
\Idzikéw Beds" '

Points of the dlagram are the traces of
normals to the beds (upper hemisphere
projection); black points denote cross
bedding in conglomerates, white points —
sandstones ‘ -

nation (cf. Potter & Pettijohn 1963). Moreover, the directions of the fo-
reset inclination have been shown on the map (Fig. 1).

Within the conglomerate, lithofacies, the direction was found to run
to the west with northward or southward deviations. Within the sand-
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stone lithofacies, the directions turned to the east, also with northward
or southward deviations (Fig. 9). These two opposite directions were
‘most often observed in separate Wit closely situated areas, although at
the quarries where the Idzikéw conglomerates intertongue with the Idzi-
kéw sandstones, these opposite directions are also visible (outcrops 7
and 8 in Fig. 1). The sandstone layers with foresets inclined in the south-
-eastern direction are overlaid there by conglomerate layers in which the
foresets are inclined in the opposite direction (cf. Fig. 6, profile 8). It is
recorded, the oppositely inclined foresets show also the difference in
angle of inclination. In the Idzikéow conglomerates, the foresets are in-
clined at larger angles (usually c. 25°), whereas in the Idzikéw sandstones
they are at smaller ones (usually below 20°). Although the foresets with
angles smaller than 5° were observed very frequently in the sandstones,
for practical reasons these usually have been omitted for the measure-
ments.

In the Boboszéw sandstones, the measurements of the foreset
orientation in the large-scale units have been performed. In the vicinity
of Pisary these foresets are inclined in the southwestern direction, and
in the vicinity of Miedzylesie in the south (cf. Fig. 1 and Fig. 10). ‘

Fig. 10

Orientation of large-scale cross bed-

ding in the upper member of the

Idzikéw Beds in the vicinity of Bo-
boszéw

Points of the diagram are the traces of
normals to the beds (upper hemisphere
projection)

In one outcrop, directly above the contact between the lower and
the upper member, the orientation of ripple marks and rib-and-furrow
structures could be measured; the current directions agree with those
indicated by the foresets (cf. Fig. 1 and Fig. 6, profile 22).
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Texture

The main textural components were determined for samples taken
at 0.5 m intervals (profiles shown in Fig. 6); for pebble- and granule-
-conglomerates 9 sieve-size analyses were made, and grain size of the
sandstones was determined in thin sections.

The deposits of the sandstone lithofacies consist of very well sorted
medium- or fine-grained sandstones and siltstones. In the western part
of the area (e.g. outcrop 6 at Stary Waliszéw, cf. Fig. 1), there occur fine-
-grained sandstones and siltstones. In the central part, where this
lithofacies intertongue with the conglomerate lithofacies, the Idzikéw
sandstones are most often medium-grained (cf. Fig. 6, profile 8)..

The sediments of the conglomerate lithofacies consist in the first .
place of pebble- and -granule-conglomerates, and of coarse-grained
sandstones (cf. Fig. 6). Layers of medium- and fine-grained sandstones
occur sporadically.

The sediments in the area of Miedzylesie-Boboszéw were assigned
to the sandstone lithofacies on the basis of their granulometric corpo-
sition. Beds of fine-grained sandstones are met mostly in this area, and
only at the base there occur coarse-grained sandstones, sporadically also
pinching-out beds of granule- and pebble-conglomerates (Fig. 6, profiles
22 and 25).

Fossils and concretions

The Idzik6w sandstones are extremely rich in fossils, the fact
already known to v. Buch (1797) whao called them “ein ganzes Museum
der Vorwelt”. Among the fossils, there were described the polychaetes,
brachiopods, lamellibranchs, gastropods, nautilids, ammonites, decapods,
echinoids, as well as fish teeth and remains of reptiles (Geinitz 1843,
Langenhan & Grundey 1891, Sturm 1901, Pachucki 1959). Lamellibranchs
and gastropods are the most frequent and form the main component of
the coquinas outcropping at Idzikéw (Pl. 14).

The lamellibranchs are mainly represented by the genera Ostrea,
Cucullaea, Cardium, Cyprina, Tellina and Panope, and gastropods by the
genera Natica, Turritella, Aporrhais and Fusus. Representatives of
ecologically important genera Trochus and Cerithium are also found. As
may be seen, the genera characteristic of littoral zones are prevalent (cf.
Hecker, Ossipova & Belskaya 1962; Batuk & Radwanski 1968). Besides
the forms living in normal salinity waters, such euryhaline genera as
Tellina, Panope and Turritella do occur (cf. Hecker, Ossipova & Belskaya

1962).
Of the very numerous and ecologically important fossils, the
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decapods have been known for a long time and assigned to various species
of the shrimp Callianassa (cf. Langenhan & Grundey 1891, Sturm 1901);
according to Mertin (1941) they all belong to Protocallianassa antiqua
(A. Roemer). The decapod material mostly occurs as well preserved
fragments of body appendages, e.g. at Stary Waliszéw (outcrop 6), Idzikéw
(outcrop 8) and between Miedzylesie and Dolnik (outcrop 25, cf. Figs 1
and 6). These appendages were mostly found in the previously discussed
bioturbated layers, usually in the extension of burrows, which points to
their autochthonous position (Pl 13, Fig. 1). Allochthonous fragments of
body appendages also occur in coquinas. Moreover, at Stary Waliszéw
(outcrop 6) the shrimp remains are abundant in concretions in fine-grained
sandstones (Pl. 13, Fig. 4).

The occurrence of these decapods in situ, as well as their traces of
activity are generally considered as indicative of high-energy littoral and
shallow neritic environments (cf. Hecker, Ossipova & Belskaya 1962;
Weimer & Hoyt 1964; A. Radwariski 1967; Baluk & A. Radwanski 1968).

Comparison of sandstone and conglomerate lithofacies

The uppet member of the Idzikéw Beds shows as a whole the
features of shallow water deposits. Their division into lithofacies is based
on the differences (Table 2) which are undoubtedly connected with the
distance from the seashore situated in the east.

DEVELOPMENT OF THE SEDIMENTARY BASIN

Size of the basin

The supposition may be concluded that the sedimentary basin, em-
bracing the area of the Nysa graben, was very vast at the time directly
preceding the sedimentation of the Idzikéw Beds. Probably it extended -
from Saxony through the Bohemian Massif and the Sudetes as far as
vicinity of Opole and Glubczyce. In all these areas the transitions from
the Upper Turonian to the Coniacian, and in some areas also the lower-
most Coniacian itself, are marked by clayey-calcareous sediments with
small quantities of coarser. terrigenic material (cf. Alexandrowicz 1959,
Soukup 1959, Biernat 1960, Rddwanska 1963, Svoboda & al. 1966, Mile-
wicz 1967, Troger 1969b). Such unification of facies might have been due
to the sedimentation taking place in a widely extended basin. (cf. Scupin
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Table 2

the Idzikow Beds

Sandstone lithofacies

Conglomerate
lithofacies

Boboszéw sandstones

Idzik6w sandstones

Tdzikéw conglomerates

Layers with parallel -or
| large-scale cross bedd-
ing; foresets usually in-
clined at c. 20°

Layers with parallel or
medjum-scale cross bed-
ding; foresets inclined at
low angles

Tayers massive or med-
ium-scale cross-bedded;
foresets usually mchned

‘at c. 20°

Presence of bioturbated
layers containing shrimp
Temains

Bioturbated layers with
shrimp remains common

Bioturbated layers ab-
sent

Shallow-water genera of
gastropods and lamelli-
branchs present

Shallow-water genera of
gastropods and lamelli-
branchs common

Shells of shallo-vzv—watem'
genera of gastropods and
lamellibranchs form co-

quinas:

Main textural compo-
nent: fine sand

Main textural ocompo-
nent: fine and medium
sand

Main textural compo-
nent: granules and peb-
bles

Dominant current direc-
tion from NE to SW

Dominant current direc-
tion from W to E .

Dominant current direc-
tion from E to W

1936, Alexandrowicz 1959), the littoral facies of which could not be still
established 5.

Eastern-Sudetic part of the basin

As the presented results show, the distribution of clastic material in
the basin during sedimentation of the lower member of the Idzik6w Beds.
was played mostly by subaqueous mass movements and turbidity cur-
rents. These currents were supplying the terrigenic sandy material to
the pelagic environment recorded by the claystones. Directions of the
turbidity currents imply the existence of a source land situated to the
east (cf. Figs 1, 5, 124 and 13A4). '

5 In the Saxo-Bohemian Upper Cretaceous sea, at the preceding time, known
are Cenomanian and Turonian littoral deposits .associated with numerous islands.
In the Cenomanian and Turonian of the Sudetes, the presence of two islands: We-
stern Sudetic and Eastern Sudetic was evidenced (Andert 1934, Scupin 1936, Jerzy-
kiewicz 1968).
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Facial map of the Coniacian in Bohemia (after Klein in Svoboda & al., 1966) and in
. the ‘Sudetes

1 sandy facles, 2 clayey-sandy facies, 3 clayey facies, 4 current direction in the lower member
of ldzikéw Beds

In the first phase of sedimentation the source land was at a relati-
vely large distance and the lithofacies of clayey flysch was developing,
the features of which point to a distal source of turbidfty currents (Ta-
ble 1; cf. also Walker 1967). Layers of sandstones and siltstones show the
properties of deep—sea turbidites (cf. Kuenen 1964). In this phase, the
fore-Sudetic land was subjected to tectonic uplift. Faulting was the factor
which controlled the mass movements and turbidity currents (cf. e.g.
W1111ams 1962)..

In the following phase, the whole analyzed part of the basin was
embraced by sedimentation of- proximal turbidites. The approaching of
the source of turbidity currents which controlled sedimentation of the
normal flysch lithofacies was presumably associated with uprising mo-
vements in the eastern part of the Snieznik and Klodzko massifs (Figs
12A and 13A4).
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Fig. 12

Region of the Nysa graben in the time of deposition of the lower member of the
Tdzik 6w Beds (4), and of the upper member of these Beds (B)

1 current directions, 2 boundaries of the present geological regions, 3 faults active during the

sedimentation, ¢ metamorphic rocks of the Snieznlk Massif, 5 granitoides of the Klodzko

Massif, 6 deposits of the Bardo Mts, 7 Cenomanian and Turonian .deposits, 8 Coniacian littoral
facies, # Coniacian clayey flysch, 10 Coniacian normal flysch

Mineral composition of turbidites from the Idzikéw Beds allows to
presume that the source land was built both of crystalline rocks and of
overlying Upper Cretaceous rocks. Shallow water and littoral deposits
contemporaneous with these turbidites are unknown; they probably were
located in the area of the Snieznik and Klodzko massifs and underwent
denudation.

In the next phase, the land was enlarged and it included the central
part of the Snit_einik Massif. As a result, the shallow water zone was
shifted to the area of the present Nysa graben, and sediments of the upper
member were formed (Figs 12B and 13B). The occurrence of the shallow
water fossils (Protocallianassa, some lamellibranchs and gastropods), and
the sedimentary features permit a closer determination of the environ-
mental conditions. The Idzikéw sandstones show parallel or low dipping
cross-bedding, characteristic of the upper-flow regime (cf. Jopling 1963,
1965; Harms & Fahnestock 1965). Similarly bedded sediments are known
in the first place from high-energy littoral environments: the interton-
guing of sandstones and conglomerates and a bimodal paleocurrent pat-
tern point to near-shore bars and barriér Weaghes'(cf. Selley 1969). In such
an environment the influence of fluviatile currents is still detectable (cf.
Selley 1968, Fig. 6B) which also seem to be responsible for the formation
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Fig. 13

Development of the Nysa graben during sedimentation of the Idzikéw Beds
A — Time of sedimentation of the loweF mermibet of the Tdzikow Beds
B — Time of sedimentation of the upper member.of these Beds
C — After sedimentation of the Idzikéw Beds

1 me‘tamorphic rocks of the Snieznik Massif and Bystrzyca Mts, 2 older Upper Cretaceous
deposits (Cenomanian, Turonian and ,clinking shales”), 3 lower member of the Idzik6w Beds,
4 upper member of the Idzikbvaed;_s
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of the Idzikéw conglomerates 6. The Boboszéw sandstones, characterized
by oceurrence of large-scale cross bedding and absence of larger accumu-
lations of conglomerates, were supposedly formed a little farther from
the shore, in lower flow regime. The orientation of foresets of large-scale
units points to the off-shore transport (cf. Figs 1, 10 and 12B).

The view that the Idzikéw conglomerates have been formed simul-
taneously with the tectonic uplift of the Snieznik Massif was previously
expressed (Don & Don 1960). It was supposed that the Snieznik Massif
was being uplifted along the eastern fault of the Nysa graben. It seems,
however, that the shoreline ran a little farther at that time and the pre-
sent eastern fault of the Nysa graben was still in the area of sedimentation
(cf. Figs 12B and 13B). Such an opinion is confirmed i.a. by petrographic
compgsition of the conglomerates consisting mainly of pebbles derived
from the central and northern parts of the Snieznik Massif (chiefly cry-
stalline schists) and of the Klodzko Massif (granitoids). The Snieznik au-
gen-gneisses, building that part of the Snieznik massif which now bor-
ders the Nysa graben in the east, occur sporadically among the pebbles
in the Idzikéw conglomerates. It therefore appears, the western part of
the Snieznik Massif in the time of sedimentation of the Idzikéw conglo-
merates was partly included in the sedimentary basin and partly covered
by older Upper Cretaceous sediments (Figs 12B and 13B).

The Nysa graben in its present limits was formed after deposition
of the upper member of the Idzikéw Beds (Fig. 13C). It should be noted,
that in the uppermost part of the Idzikéw conglomerates, above the coqu-
ina horizon, the fossils occur-sporadically and it cannot be excluded that
these are already fresh-water deposits formed after regression of the sea
(cf. Fig. 1 and Fig. 7, profiles 8a and 9).

Remaining part of the basin

Within the Coniacian deposits of the Bohemian Massif, the occur-
rence of flysch facies was recently recorded (Soukup 1959, Svoboda & al.
1966 7), which occurs as extensions of the lower member of the Idzikéw
Beds both in the eastern part of the Bohemian Massif, and in its western
part (vicinity of Litoméfice). In the latter area the flysch facies appeared
later than in the Nysa graben. These sediments are considered to be

% Opinion expressed by S. Radwanski (1961) on a deltaic origin of these sedi-
ments cannot therefore be supported.

7 The facies being called by these authors as a ,,flysch-like facies”. The same
term was also used by S. Radwanski (1966) to designate a part of the lower member
of the Idzik6w Beds. The present author uses the term.flysch for all the discussed
sediments, as these really de not differ in any respect from flysch i(cf. Bouma 1962,
Mec Bride 1962, Lombard 1963, Dzulyhski & Walton 1965, Hubert 1967). If the flysch
is understood as a facies (cf. Dzulyniski & Smith 1964), it has not to be confined to -
orthogeosynclinal basins (cf. de Raaf 1968).
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younger than the orthoquartzites building the ,,rock cites” between De-
¢in and Jic¢in, and area assigned to the Middle Coniacian (Soukup. 1959);
they are overlaid by regressive and land deposits (cf. Fig. 11).

It therefore appears that both in the eastern and western parts of
the Bohemian Massif the occurrence of flysch facies is oberved directly
before the regression. According to the obtained stratigraphic data, it may
be affirmed that the discussed facies is not synchronic. It canriot be
estimated, however, either it appeared as an episodic facies in troughs
separated by internal tectonic lands (cf. Dzulynski, Ksigzkiewicz & Ku-
enen 1959, Dzulyaski & Slaczka 1959) or it was advancing from east to
west, as a diachronic facies, in one undivided turbidite basin.

Finally, attention should be directed to the fact, that the upper part
of the depositional cycle in the Sudetic and Bohemian Upper Cretaceous,
generally considered as epicontinental, is similar to that observed in
connection with flysch deposits in orthogeosynclinal troughs (cf. Dzulyn-
ski & Smith 1964): the flysch episode being preceded by pelagic sedi-
mentation (clinking shales) and followed by shallow water molasse-type
of sediments. :

Laboratory of Old Structures
of the Institute of Geological Sciences
Polish Academy of Sciences
Wroclaw, ul. Cybulskiego. 30
Wroctaw, November 1970
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T. JERZYKIEWIOZ

FLISZOWE I LITORALNE OSADY KONIAKU ROWU NfSY

(Streszczenie)

Przedmiotem .pracy jest analiza $rodowiska sedymentacyjnego osadéw ko-
niaku mna obszarze rowu Nysy, kidre wyksztalcone s§ w postaci warstw idzikow-
skich. :Analiza ta objela przede wszystkim wyksztalcenie struktur i tekstur sedy-
mentacyjnych oraz ich regionalne rozprzestrzenienie (fig. 1—2, 6, 9—10; pl. 1, 39,
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12, 15-—16), sklad litologiczny osadéw (fig. 3—4, 7—8) oraz wazne z ekologicznego
punktu widzenia skamienialo§éi i §lady organiczne (pl. 2, 10—11, 13—I14). Na pod-
stawie uzyskanych wynikéw przedstawiono rozw6j basenu sedymentacyjnego, ktéry
w okresie poprzedzajacym powstanie warstw idzikowskich byt zapewne rozlegly
i obejmowal Saksonie, péinocne 'Czechy oraz Sudety siegajac na wschodzie az po
okolice iOpola { Glubcezyc.

W okresie powstawania dolnyﬁh warstw idzikowskich spokojna sedymentac]a
pelagiczna osadéw ilastych byia wielokrotnie przerywana przez sedymentacje ma-
terialu piaszczystego, kiérego glé6wnym czynnikiem transportu byly prady zawiesi-
nowe (fig. 134). W obrebie dolnych warstw idzikowskich wydzielono litofacje fliszu
ilastego oraz fliszu normalnego. ‘Osady tych facji powstaly w rbznej odleglofei od
zrédet pradéw zawiesinowych, ktére zwigzane byly z ladem obejmujacym masywy
Snieznika i Klodzka, a polozonym na E i NE od obecnego rowu Nysy (por. fig. 5
i 12). Wypietrzajace Tuchy ‘tekboniczne w obrebie rozwazanego Ilqdu obejmowaty
w tym czasie obszary stopniowo coraz blizsze obecnego rowu Nysy, wskutek czego
facja fliszu ilastego byla stopniowo l(dJachromczme) zastepowana przez flisz nor-
malny.

Rozszerzanie sie strefy uskokowych ruchéw tektonicznych na obszar §rodko-
wej czefcl masywow Snieznika i Klodzka towarzyszylo sedymentacii gérnych warstw
idzikowskich (fig. 12B i 13B). Wyksztalcenie litologiczne piaskowcéw i zlepieficéw
idzikowskich wskazuje na warunki przybrzezne, czego dowodem jest m. in. miejsca-
mi liczne wystepowanie rakéw Protocallianassa antiqua (A. Roemer). Réw Nysy
w swoich obecnych granicach powstat natomiast juz po sedymentacji najwyzszych
ogniw warstw idzikowskich (vide fig. 13C). )

Zwrb6cono uwage na fakt, ze w rozwazanej czeéci gérnokredowego basenu se-
dymentacyjnego, a takze w zachodniej cze$ci obecnego masywu czeskiego (por. fig.
11), w okresie pobrzedzajagcym regresj¢ morza, powstawaly najpierw osady pelagicz-
ne, potem fliszowe i wreszcie — osady ptytkomorskie typu molassowego. Stwierdzo-
ne tutaj nastepstwo osadéw jest wiec analogiczne do obserwowanego w basenach
ortogeosynklinalnych.

Pracowania Geologti Starych Struktur
Zakladu Nauk Geologicznych PAN
Wroctaw, ul. Cybulskiego 30
Wroctaw, w listopadzie 1970 r.
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Lower member of the Tdzikéw Beds

1 — Sequence type Ta-b and Ta-c composed of sandstones and siltstones alternating with
pelagic claystones (Fe). Clayey flysch; Gorzanéw, outcrop 3.

2 — Pelagic claystones. Clayey flysch; Zabtocie, 4.

3 — Sequence type Tb-d composed of sandstones and siltstones occurring among pelagic clay-

stones (Te). Normal ffysch; Nagodzice, 16.
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Conijacian index fossils from the lower member of the Idzikéw Beds

1 and 2 — Inoceramus koeneni C. Miller, right valve, nat. size. Clayey flysch; Krosnowice,
outcrop I.
3 and 4 — Peroniceras tricarinatum (d’Orbigny), nat. size. Normal flysch; Idzikéw, near

outcrop 10.
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Submarine mass movements and rclated decformational structures in the lower
member of the Idzikow Beds

1 and 2 — Designations: Te pelagic claystones, Ta-b sequence composed of the sandstone,
upper surface of which is undulated due to liquefaction of the uncompacted se-
diment, § conglomerate of slump origin, I sandstone injection, Z compactiona}
wrinkles (enlarged in Fig. 2) on the surface of the sandstone injection. Clayey
flysch; Stary Waliszow, outcrop 5.

3 — Pseudo-mudcracks. Normal flysch; Nagodzice, 16.
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Layer properties in the lower member of the Idzikéw Beds

and 2 — Interval of current ripple lamination; in Fig. 2 a load-casted ripple mark is visible.

Lower interval of parallel lamination.
Graded interval; visible fragments of redeposited claystones.
Cross lamination on the surface of an internal parting plane. Normal flysch; Dolnik,

outcrop 18. . . .
Feeding burrows visible in a vertical section.
?Halymenites sp. — moulds of feeding burrows on the bottom surface of the same layer

as in Fig. 6; nat. size. Normal flysch; Nagodzice, 17.
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moulds in the lower member of the Idzikow Beds

1 and 2 — Groove moulds made by claystone fragments, grains of sand and granules. Nor-
mal flysch; Boboszow, outcrop 22. . . .
3 — Groove moulds and striations made by tools of various dimensions. Clayey flysch; Roz-
toki, 13.
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Scour moulds in the lower member of the Idzikéw Beds

Linguiform flute moulds, irregularly distributed, and a crescent mould (c). Clayey flysch;
Krosnowice, outcrop 1.

Triangular flute moulds and a transverse scour mould (t). Clayey flysch; Nagodzice, 15.
Linguiform (1) and bulbous (b) flute moulds. Clayey flysch; Krosnowice, 1.

Triangular flute moulds. The arrow indicates the current direction and points to a prod
mould. Normal flysch; Nagodzice, 17.

Linguiform flute moulds arranged in bands crosswise to the current direction. Normal

flysch; Nagodzice, 17.
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Obstacle scour moulds in the lower member of the Idzikéw Beds

1 and 2 — Crescent moulds formed around the shell of Aporrhais sp. deposited in the termi-
nation of a groove mould (Fig. 1 shows also flute moulds; framed is a fragment
magnified in Fig. 2). Clayey flysch; Krosnowice, outcrop 1.
3 — Double crescent mould formed around a gastropod shell. Clayey flysch; Krosnowice, 1.
4 — Longitudinal obstacle scour moulds (Is) formed behind shelter dugs of burrows; a group
of small shelter dugs is also visible (ho). Normal flysch; Nagodzice, 16.
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Current and current-deformed sole markings in the lower member of the Idzikow
Beds

1 — Small, flat flute moulds. Clayey flysch; Roztoki, outcrop 13.

2 — Chevron mould. Normal flysch; Wilkanbw, 12.

3 and 4 — Small overlapping scaly structures and moulds of longitudinal ridges. Normal
flysch; Wilkanow, 12.

5 — Scaly structures passing into moulds of longitudinal ridges. Clayey flysch; Starkoéow, 2,
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Deformational structures resulting from instability in density stratification in the
lower member of the Idzikéw Beds

the bottom surface of a sandstone bed. Normal flysch; Nagodzice,

Load casts on

outcrop 186. .
Upper surface of an internal parting plane in the same specimen.
Undulated upper surface of an internal parting plane in the sandstone bed. Clayey flysch;

Krosnowice, 1.
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Biogenic structures in the lower member of the Idzikéw Beds

1 and 2 — Lower surface of a sandstone bed covered mainly by burrows and shelter dugs of
burrows. At left, ?(iyrochoite sp. is visible (magnified in Fig. 2). Clayey flysch;
Krosnowice, outcrop 1.

3 — Asteriacites sp. Clayey flysch; Krosnowice, 1.
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Biogenic structures in the lower member of the Idzikéw Beds

— Phycodes sp. Clayey flysch; Stary Waliszow, oulcrop 5.

— Paleodictyon aff. minutum Kindelan. Clayey flysch; Krosnowice, 1.
— Paleodictyon sp. Clayey flysch; Roztoki, 4.

Chondrites cf. furcillatus A. Roemer. Clayey flysch; Krosnowice, I.
— Helminthoida cf. labyrinthica Heer. Clayey flysch; Krosnowice, 1.

— ?Cosmoraphe sp. Clayey flysch; Nagodzice, 15.
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Upper member of the Idzikéw Beds

Lower surface of the conglomerate (gr granitoide, gn Gieraltéw gneiss, gs
schist, g quartz); Idzikéw, outcrop 10.

Upper part of the fine pebble conglomerate; Idzikéw, 9.

Medium-scale cross-bedded unit of sandstones; Idzikow, 8.

crystalline
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Remains and burrows of Protocallianassae antiqua (A. Roemer) in the upper member
of the Idzikow Beds

1 — Fragment of the appendage of Protocallianassa antiqua (A. Roemer) in a burrow. Fine-
-grained sandstones; Stary Waliszé6w, outcrop 6.
2 — Cast of a burrow of Protocallianassa antiqua (AY Romer) in outer view (l) and Cross-sec-

tionr (t,); presented is also another burrow in cross-section (tp). .Medium-grained sand-
stone; Idzikow, 8.

3 — Sandstone beds (a) passing downwards into sandstones bioturbated (b) by Protocallianassa
anfiqua (A. Roemer). Fine-grained sandstone; Stary Walisz6w, 6.

4 — Concretions formed around remains of Protocallianassa antiqua (A. Roemer). Fine-grained
sandstone; Stary Waliszow, 6.

5 — Fragment of the appendage of Protocallianassa antiqua (A. Roemer). Fine-grained sand-

stone; Stary Waliszéw, 6.
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Coquinas in the upper member of the 1dzikéw Beds

Surface of the coquina bed composed mostly of the lamellibranch valves; Idzikéw, near

outcrop 8. .
Fragment of th¢ same layer in cross-section.
Weathered surface of the coquina bed composed mastly of the gastropod shells.
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Contact between the lower and the upper membcer of the Idzikow Beds; Boboszow,
outcrop 22
1 — Pelagic claystones (Te) in the uppermost part of the lower member and their contact

with overlying sandstones and siltstones of the upper member; other designations indicate
locations of the objects shown in the following figures.

2 — Upper surface of an internal parting plane showing intersection with crescentic ripple
laminae, i.e. the rib-and-furrow structure (rf).

3 — Fragments of redeposited claystones and siltstones in the sandstone bed (b).

4 — Ripple-load convolution (rm).

§ — Laminated bed of medium-grained sandstone separated from the overlying fine-grained

sandstone by a partly-loaded siltstone lamina (lc), the upper surface of which shows
a flame structure.
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Upper member of the Idzikéw Beds in the vicinity of Boboszow

1 — Large-scale cross-bedded unit of sandstones, Pisary, outcrop 23.
2 — Lower part of.the large-scale cross-bedded unit of sandstone; Pisary, 24.
3 — Lower surface of the conglomerate (Gierattdw gneiss, gs crystalline schist, ms mica

schist, gr granitoide); Miedzylesie, 25.
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