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ABSTRACT: Lithology and fa,cies development of the Muschelkalk in the south
-western Mesozoic margin of the Holy Cross Mts are discussed. Conodont datings 
made it possible to correlate Muschelkalk sections from Germany and the Holy Cross 
Mts; it was shown . ,that the Muschelkalk section of the latter corresponds to ' the 
Alpine chronostratigraphic units - AItlisian and Lower Ladinian (Fassanian). The 
analysis of conodont assemblages evidences that the Holy Cross' area successively 
belonged during the MuscheLkaJ:k to three different paleobiogeographic provinces: 

Asiatic, Austro-Alpine, and German. 

INTRODUCTION 

The paper presents results of studies on stratigraphy and fades de
velopment of the Muschelkalk exposed in the south-western Mesozoic 
margin of the Holy Cross Mts {Fig. 1). The :strata wer'e f.olded, along with 
other Mes~oi,c series, at the turn of the Cretaceous and the 'Dertiary (Ku
tek &G.laz,ek 1'972). Locally the section oif !the Muschelkalk is incomplete 
because of tectonic gaps (cf. Senkowicz'owa 1957; 1959, 1961); for ,example, 
the Upper Musahelkalk ds lacking in the vicinity of Brzeziny and' to the 
S of Cht}Ciny and the whole Muschelkalk is missing in the area SE 'of Za
jqczk6w (Fig. 1). 

In the inVleS'tigated area the Muschelkalk sequence is exposed in 
severa[ small and in three large quarries. The latter (Obice, Wolica and 
Wincent6w, ef. Fig. 1) ' gave an opportunity to 'analyse the full profiles 
(Fig. 3). . 

The stratigraphk subdivision was 'carried out on the basis of cono
dont fauna. The data concerning 'stratigraphic distribution of ostracodes, 
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holothurian sclerites, bra,ahiopods, pelecypods and ceratitids were also 
occasionally used ,to eluc'idate some podnts, while the foraminif.ers are the 
subject of a separate paper (GaZdzicki, Trammer & Z,awidzka 1975). 

Acknowledgements. Warm ,thanks are due to Docent M. Szu'1czewski, Docent 
J . Kutek, Docent A. Radwanski and Dr. J. Glazek for valuable advice and useful 
suggestions. Thanks are also due to Professor S. Dzulynski, Dr. J. Kazmierczak, Dr. 
K. Zawidzka and B. A. Matyja, M. Sc. for helpful discussions. 

PREVIOUS INV'ES'I1IGATIONS 

Muschelkalk strata of the south-western margins of the Holy Cross 
Mts were the subject of several papers from the 19th c. and early 20th c. 
(J. B. PUSch, L. Zejschner, M. Michalski, J. Siemiradzki and J. Czarnocki). 
However, the papers 'treated the Muschelkalk strata in a rather general 
and accidental way and thus are df historical importanoe (for acompl€'te 
list of early referenoes see Senkowiczowa 1'970). The first detailed infor-

Fig. 1. Location map of the Muschelkalk outcrops alon,g the SW margin of the Holy 
Cross Mts 

.i Pailiaeowlic, 2 BItUlJt€Ir ·Sa;ndsto.ne, 3 !M'IlSiCheJlka1k., 4 Keuper alO RhaetiJan, 5 JU1'1aliSic and Creta-
ceous, 6 Miooone (IIllall'li<ne To!r,tonian), 7 fall11tll . 
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mation on the Muschelkalk in :the area studied is given by Kowalczewski 
(1926) who dealt with the Upper Muschelkalk and reoorded numerous 
finds of German ceratitids. 

The lithostratigraphic subdivision of the Muschelkalk from the. 
south-western Mesozoic margin of the Holy Cross Mts, accepted in the 
present paper, was elaborated by Senkowiczowa (1957, 1959,1961, 1962, 
HnO) who has also included detaNed descriptions of e:1GpOSUres and full 
lists of macrofauna. Additi'Onal data 'On lithootratigraphy and faunal as
semblages of the Muschellkalk from the M'Orawica area were given by 
Filonowicz (1968). 

In his previous papers, the author presented first oonodont datings 
and scme new data 'On paloogeography and sedimentation of the Muschel
kalk deposits (Trammer 1971, 1972a, b, 1973, 1974a, b, c; Bialik, Trammer 
& ZapaSnik 19'72). The C'onodont datings made it possible to correlate the 
lithostratigraphioc subdivision ,of the Lower Muschelka'l.k of :the H'Oly Cross 
Mts with the chronostratigraphic schema (Trammer 19'72b) and 'to compare 
the Upper Muschelkallk of this area with the contemporaneous strata in 
Germany (Trammer 1'9,71, 1'9172ib). 

KaZmierczak & Pszcz.6rkowski (1969) and Kostecka (1972) contribut
ed 'On some sedimentological and biOlse<limentologkal aspects of the Mus
chelka'lk; Liszkowski (1973) and GaZdzicki & Kowal'ski (19f74) concerned 
new findings of the Muschsllkalk fauna and flora. 

R(jTiMUSCHELKALK BOUNDARY 

The uppermost Rot Ifrom the area studied is represented by alterna
tions of thin-'bedded micritic, marly, and organodetrital yellow limestones. 
The limestones yielti pelecypods Costatoria eostata (Zenker); the Rot/ 
/Muschelkalk boundary was interpreted as delineated by disappearance of 
this form (ef. Senkowiczowa 1'9'57). 

A key horizon with crinoid stems was found about 1-2 m below the base 
of the MuschelkaJk in organodetrital limestones forming the topmost part of the 
Rot (PI. 6, Fig. 1). Another key horizon with burrows (PI. 11, Figs 1-2) was found 
a few meters below this boundary in sections at Morawica, Brzeziny and Wolica. 

THE MUSCHELKALK SEQUENCE 

The lithOstratigrahic su'bdivis'ion propo.sed by Senkowiczowa (19·57, 
1-961) for the Muschelkalk from the south-western Mesozoic margin of 
the Holy Cross Mts was a'OCepted in the paper. The lithostrati:graphic 
units proposed by this author may be charaderized as follOlWs. 

WOLlJCA BEns 

The Wolica Beds are composed of gray micritic limestones intercalated with 
gray grained limestones and yellow marly limestones (cf. Fig. 2). Top surfaces of 
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Fig. 2. Selected prafiles of the Wolica Beds 
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1 luma.chelil€'S, 2 gra1.ned IiJmestones, 3 nti.crdJtic J!ianestanes, locally marly limestones (dashed), 
4 i)I'UmpLed ·Limestones" 5 :i'ntraciasts, 6 diJagomaJl beddlJng, 7 orga.nic furrows 

particular marly layers show biogenic furrows. Small erosional furrows are often 
found at the oontact of ·gTCllined and micr'itic limesboine layers. Grained layers are 
ger:eraUy represented by sparry-micritic organodetrdtal limestones (PI. 6, Figs 2, 3). 
Crinoid stems are the main rock-forming elements here; other bioclasts such as 
debris of pelecypod allld gastropod shells and lumps are represented in subordinate 
amounts. Therefore the rock may be .termed as encrinite sensu Gwinner & al. (1968). 
In the encrini.te layers, crinoid stems compoEed of more than a dozen columnals 
are sometimes found (PI. 12, Fig. 2). Detrital limestOOles composed of fine micritic 
angular intraclasts are also occasionally found {PI. 6, Fig. 4). 

The Wolica Beds are about 6 m thick. 

WEliLENXAUK 

The Wellenkalk is represented I(cf. Fig. 3) by alternating lumpy (PI. 1; PI. 2, 
Fig. 3; PI. 12, Fig. 1), lenticular-bedded i(Linsen- and Flaserschichtung; see PI. 2, 
Figs 1, 2), micritdc r(PI. 6, Fig. 6; PI. 7, Fig. 2), grairned, coquina-like and marly 

. limestones and marls. 

C<lquinas, represented in sU'oordinate amounts in the section, are built of 
Lima (PI. 14) and sometimes of Gervilleia shells (PI. 12, Fig. 3). The Lima shells are 
represented by single valves, usually uncrushed and set more or less parallelly to 
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the bedding, and oriented convex-side up or down. The GerviHeia shells are knead
ed, crushed and "perched" into stocks. 

Micritic and marly limestones often show parallel lamination. Thin-shelled 
r:€lecypo:s and fragments of crinoid stems with preserved cirri OCcur sometimes 
in masses on top surfaces of the limestone layers. Moreover, traces of furrowing, 
primarily represented ,by horizontal burrows, Rhizocorallium sp., are also found 
here. 

Small erosional furrows filled with grained material including angular mict'i
tic intraclasts were often found at the cOllltact between grained and micritic lime
stones. Small current ripplesoccasionaIly shape the surface of grained limestones 
in the Obice profile. At Wolica, some sur.faces of grained limestones are covered 
with scales, teeth and vertebrae of fishes (cf. Liszkowski 1973). Moreover, horizontal 
RhizocoralUum sp. are recognizable an the surfaces of grained limestones (PI. 15, 
Fig. 1,2). 

The grained layers are represented by micritic and sparry-micritic organo
detrital limestones with lumps. Pelecypod shell fragments predominate in the 
debris (PI. 6, Figs 5, 6; PI. 7, Figs 1, 2). Gastropod, hrachiopod and ostracode shell 
debris, fragments of crinoid stems and fish teeth occur in subordinate amounts; 
moreover, foraminifers Nodosaridae gen. et sp. div. are occasionally present. Encri
nites are also sometimes found {PI. 12, Fig. 1). . 

Synsedimentary disturbances are fairly common in the Wellenkalk (cf. Fig. 3; 
and Bialik & al. 1972). Two layers ,of infraformatiooal con·glomerates {PI. 13, Fig. 1; Cf. 

also Bialik & al. 1972) and an organodetrital turbidite layer (PI. 13, Fig. 2) were 
found at Wincent6w. 

The Wellenkalk series is about 22 m thick. 

l.UKOWA BEDS 

The Lukowa Beds are composed of gray massive layers of micritic lime
stones with grained limestone intercalations (cf. Fig. 3). The contribution of marly 
limestones is subordinate. 

The micritic limestones sometimes yield small admixture of organogenic de
bris (Pl. 7, Fig. 6). There also occur porous micritic limestones shOwing either cal
cium crystals moldic porosity (PI. 7,Fig. 3) or pelecypod moldic porOSity {cf. Cho
quette & Pray 1970). 

Horizons with enteropneustan burrows (PI. 4; PI. 5, Fig. 3; PI. 7, Fig. 6; 
PI. 17) are fairly common in the micritic limestones of the middle and upper parts 
of the Lukowa Beds ,(cf. Kazmierczak & Pszcz6lkowski 1969). Some of these horizons 
also yield borings Trypanites Miigdefrau (PI. 4, Fig. 2; PI. 17, Fig. 1; cf. also Kaz
mierczak &; Pszcz6lkowsmi 1969). 

A burrow supposedly attributable to a sea-anemone (PI. 16, Fig. 1; cf. Tram
mer 1974c) was collected in the lower 'part of the Lukowa Beds at Zajl;lczk6w. 

The grained limestones are widely distributed ·in the Lukowa Beds. Their 
contacts with the micr1tic layers areC?ften acceltl.tuated by erosion furrows (PI. 5, 
Fig. 1; PI. 16, Fig. 2). Basal parts of grained layers often yield angular intraclasts; 
well-rounded intraclasts {PI. 3, Fig. 3) are a rarity here. 

Some grained layers display parallel lamination (PI. 3, Fig. 1) or transversal 
lamination (PI. 3, Fig. 2); moreover, very thin layers displaying graded bedding 
are sometimes found. 

The grained layers are usually represented by organodetrifal limestones; 
crinoid-stem limestones '(Pl. 7, Fig. 5; PI. 8, Figs 3, 5) are the most commOn here. 
The limestones also contain small amounts of shell debris of gastropods, pelecypods, 
brachiopods and ostracodes and, occasionally, tests of foraminifers Nodosaridae gen. 
et sp. div. 



~ 

E 
:::; 

o 

., ~ 

OBIC[ 

. ....... . ..... " ., < 

~ 
~ 

WOLlCA 

-PJ9rig.3 . 

~2 

§311 

BlO 
~9 

~7 

~6 

§5 

~4 

03 
~2 

01 

~14 

~13 

"""'~,;,; .. . = . . ----
.. 

" ... , . ,,;'.w-:"' ; ... , ..... 

lil-Df.13F1Q.1 

'", . ......J 

1Dm 

5 



MiUSCHELK.A1;K OF THE HOLY CROSS MTS 185 

Lumpy-organodetrital limestones represent another common variety of the 
grained limestones. The bioclasts here include shell debris of pelecypods,brachio
pods and ostracodes, and complete and crushed" crinoid stems (PI. 8, Figs 4, 6). 
Foraminid:ers are fairly common here (cf. Ga:iJdzicki & at 1975). Pelecypod lime
stOOles (PI. 7, Fig. 4) are relatively less 'common. Sparry lumpy-organodetrital 'lime
stones with microonkolites (Pl. 8, Fd:g. 1) occasionally appear in the middle part of 
the Lukowa Beds at P.olichno. Algae Aciculella bacillum Pia were recently reported 
from the middle part of the LUKowa Beds at Zajl:lczk6w (GaZdzic~ & Kowalski 
1974). The algal genera Solenopora sp. and Epimastopora sp. were also found in 
crinoid-lumpy limestones with foraminifers (PI. 8, Fig. 2) at Polichlllo. 

Whitish flints appear in the upper part of the Lukowa Beds; they form either 
continuous layers or lenses confined to one layer. 

Synsedimentary disturbances are fairly common in the lower part of the 
Lukowa Beds {cf. BiaUk & al. 1972). 

An assemblage of holothurian sclerites (PI. 26, Figs 1-6) occurs in the upper 
part of the series, a'bout 6 m below its top at Obice ' and Stare ChE:ciny. The assem
blage comprises: 

TheeUa zapfet Kozur & MoIftler, 1970 
Theetia cf. zapfei Kozur & Mostler, l!1'l'O 
TheeUa cf. suocircutata Mostler, 11188 

At Wolica, the layer 1.5 m below the top of the Lukowa Beds has yielded 
ostracodes (cf. PI. 26, Figs 7-8) kindly determined by Dr. H. Kozur of Meiningen. 

JudaheUa putchra mutttnodosa (KOZUT, 19'10) 
US8Uricavina cf. rakovkens1.s, Gramm, 1IMIII 

The Lukowa Beds are a,bout 30 m thick. 

LIMA STRIATA BEDS 

The Lima stria,ta Beds are composed {cf. Fig. 3) of lumpy coquinas (PI. 9, 
Fig. 1) irntercalated by thin-bedded, grained, lumpy unfossilid:erous and micritic li
mestones. Moreover, marly limestones and marls as well as limestones displaying 
Linsen- and Flaserschichtung were recorded. Flints are fairly common and form 
layers (PI. 5, Fig. 2) or horizons of lenses. Silicified shells are common even in 
layers without any flints. 

The lumpy ooquinas aTehdghly fossilirferous. The fauna occurring here forms 
a characteristic assemblage of the Lima striata Beds dominated by the following 
species (vide Senkowiczowa 1957): 

,Lima striata tSch:1oth.) 
Lima radiata Gold!. 
Lima tineaw (,scb;Loth.) 
Coenothyrts vutgarte (,Sch101lh.) 

Fig. 3. Selected profiles of the Wellenkalk, Lukowa Beds and Lima striata Beds 
1 m1crdtlc ldJmestxmeIs., :I mady J.Lmestones, 3 gIr.adined ldiIIiestones" 4 crumpled limestones, 5 1en
ticu1a!r beddding d.n ihLmestonels (Linsen- arui Ftaserschtchtung), 6 lntr,aclasts, 7 :m:mts, 8 hor:iz.ontal 
bedclll!lig, 9 dlIJagonad beddiiJng, 10 lumacheltLe6, 11 en.tero,pneustlllll 'bm:rows, 12 calcium cM"bonate 
concret>ions, 13 asymmetrJ.c ~es, 14 erosiO<n.a~ fulrlrOWS, 15 grlllded bedding, 16 syruredimentary 

d.iBtuII:iballiCeS 
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Enanttostreon dtjforme (Schloth.) 
Sptrlfertna fragili$ ('Schloth.) 
Hirsutina hiTsuta (AI1b.) 
Encrinus tttttformis SchlJOth. (cr.inoid stems) 
Pentacrlnus s,p. (crinaid stems) 
Nautilus ~. 

Less frequently ,there also occur the species listed below (vide Senkowiczowa 
1957): 

DecurteUa decurtata (Gdir.) 
Mentzelia mentze!.i (Dtmk.) 
Hoernesta soctatis(,SicbJoth.) 
Pecten dtscites (SchJoth.) 

and Beyrichites (Beyrichites) sp., recently reported by the present author (Trammer 
1972a) from Wolica. 

Thin, grained beds are formed by lumpy-organodetrital limestones {PI. 9, Figs 
2-4). The debris includes sponge spl:cules, shel1 fragments of pelecypods, brachio
pods, ostracodes and gastropods, andcrinoidal stems and their fragments. The sole 
surfaces of the grained beds display fills of organic furrows and flute marks 
(pI. 18). 

A laye;r od' elionogated ,carbonate conc;retions is e~posed at WoN ea. The conere·· 
tions are composed of radiaily arranged calcite crystals with a small admixture of 
chalcedony (cf. Kostecka 1972\). 

The Lima striata Beds are about 15 m thick. 

MITlDIDiLE iMlUSCllELKALK 

The Middle Muschelkalk strata are poorly exposed in the area studied. Very 
scarce outcrops display yellow-brown and gray platy, marly unfossiliferous lime
stones. Senkowiczowa (1961) subdivided these strata into the Sub-dolomite Beds, Do
lomite Beds and Supra-dolomite Beds on the basis of borehole data and identifica
tion of a dolomite unit. ' 

PECTEN DISCITES BEDS 

The Pecten ' discites Beds are composed (cf. Fig. 4) of light-gray and yellow 
coquinas full of shells of the pelecytpods Pecten discites (PI. 9, Figs 5-6; PI. 10, Figs 
1-2), and with intercalations of dark-grey, almost blac:'I: lumpy limestones. The 
intercalations markedly increase in number towards the top part of the series. The 
lumpy ' limestones are formed of knobs 3'-4 to 20 cm in diameter and they occa
sionally yield moulds of ceratitids (Pl. 19). 

In the coquinas the pelecy:pod shelJ debris markedly predominates and frag
ments of brachiopod, gastropod and ostracode shells occur in subordinate amounts. 
Bone fragments appear to be fairly common. . 

Albout 4.5 m above base of the Pecten discites Beds, a horizon Oif intra
clasts with the Trypanites bor.ings (PI. 20, Fig. 1) was found. The intraclasts are 
ovate in shape; they are built of gray-yellowish micritic limestone, and 
show differentiation in size: the smallest attain about 1-2 cm, and the average ones 
- about 4-6 cm in length.' 

The Pecten discites Beds attain about 10 m in thickness. 

BOUINDIA'RY OF PECTEN DISCITES BEDS AND CERATITES BEDS 

The junction ,beds of these two units are represented by alternating light-cola· 
ured coquinas with s'callop shells (typical -of the Pecten discitesBeds) and very 
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dark, lumpy limestones occasionally yielding ceratitids (typical of the Ceratites Beds). 
ThererolI'e the boulIldary between the 'two units may be delilIleated clIlly in the arhi
trary way. In the present paper it is assumed that the boundary passes at the 
top of the highest layer of the scallop lumachelles (cf. Fig. 4). 

CERATITES BEiDS 

The Ceratites Beds are composed of dark-gray micritic limestones with inter
calations of knobby limestones, particularly numerous in tp.e lower part of this 
series, and with lumachelles (cf. Fig. 4). 

The mkritic and knobby limestones contain numexous mou~ds of ceratitids. 
The moulds are· usually crushed or corroded, 'but well-preserved ones are also pre
sent. Micritic ol'ganodetrli.tal limestones (PI. 10, Fig. 3) sometimes yield better or 
worse preserved shells of Terebratula, Lima, Pecten, Enantiostreon and Myophoria. 
Moreover, Pecten-T'erebratula lumachelles occur in t'he upper part of the Ceratites 
Beds at Pierzchnica and Brudz6w. 

The Ceratites Beds from the Holy Cross Mts yield ceratitids typical of the 
lower and middle Ceratites Beds of Germany, from the robustus to enodis!laeviga
tus zone (Senkowiczowa 1970). 

The Ceratites Beds are about 13 m thick. 

T erebralula lumachelle 
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Fig. 4. Selected profiles of the Upper Muschelkalk 
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1 maxly limest.olnJe6 and 'ma["]s, 2 luanadle1lies (a dam .gray, b lJight gray), 3 miorllt:i.c limestones (u 
da,rk gray, b ]d·ght gray), 4 c<rumpled l!>mestones, 5 intraclas;ts, 6 intraclasts w1th T-rypanites 

borings, 7 C'e!l'Iati1li'Cis, Bllilthosvratigroaphic borundaories, 9 biostTatligraphic ooundades 
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'TEREBRATULA [;UiMACHElLl1E 

The Terebratula Lumachelle is a thin (20-30 cm thick) coquina layer (cf. 
Fig. 4) filled with shells Qf brachwpods (PI. 10, Figs 4-6; PI. 20, Fig. 2~3): Coeno
thyris cycloides (Zenker) and C. vulgaris IfjSchlotheim), which are associated with 
fish teeth and scales. 

FACIES DEVELOPMENT 

iLOW.EJR ;MUS<OHlElLKALK 

WOiLI'CA B>ElD,s, N,oN-KNOBBY ILINrKS OF TlHE · WEiLLENKALK SERIES, LUKOW A BEDS 

The sedimentary ,oonditions under which the WioUca Beds, the noo
-knobby members of :the Wel!lenkalk and the I:.ukowa Beds 'Wer,e deposited 
.seem similar. These strata. are g.enerally represented by micritic limesto
nes with intercalations of organ'Odetritallitmestones (Figs 2-3) and, occa
sionally, marly limestones. The lay,ers ·of micritic limestones are generally 
thicker :than the OTgano<ietrital limestones. The micritic iJ.imestones are 
.almost completely uniossilifer'Ous, whereas the organodetrital ones are 
almost exdusively formed of bioclasts. The micriti'C limestones 'Were de
posited in quiet waters, which is evidenced by their parallel lamination 
(cf. KUitek 19;/)9). In turn, the organodetrital limestones were deposited 
:i!Il turbulent waters of diversified energy. In some horizons the actton of 
hydrodynamic agents is evidenced only by crushed skeletal parts 'Of the 
bionts. Sometimes consolidated ' deposit was subjected to scouring, which 
is evidenced by erosional furI"O'Ws in the top part of a micritic layer, and 
micritic intradasts occurring 'in the basal parts of tl:te overlying grained 
layers (Figs 2-3; PI. 5, Fig. 1; PI. 16, Fig. 2), as well as by the enteropneu
stan burrows known from the I:.ukowa Beds and trUlllcated to 3/4 of their 
original depth (Kazniierczak & Psz'czOlkowski 1969). The organodetrital 
limestones sometimes show diagonal bedd'ing(PI. 3, Fig. 2). Attention 
should be paid to numerous organodetritallayers formed of heavily crush
ed and well-sorted bioclasts (Pl. 7, Fig. 5; PI. 8, Fig. 3). Ther,eare also 
some layers built of strongly crushed and unsorted bioclasts (Pl. 8, Fig. 5) 
which most likely were deposited in highly agitated waters (cf. Skupin 
1973; Schaier 19:73); the erosional furrows in the underlying mkritic layers 
are generally related to these very layers. 

T'Op surfaces of some micritk layers of the I:.ukowa Beds are mark
ed with the Trypanites hor~ aIIld aTe a typical haI"dground (cf. MUl
ler 19;56; Jahnk,e 1966; Ernst & Wac:hendorf 1968; Kazmierczak & Pszcz61-
lrowski 19618, 19'69; Bromley 1972). Ba'sal parts of the grained layers often 
contain angular intradasts derived from micritic limestone. This suggests 
a rapid lithirfication 'Of the miocritic beds. The micdtk lay,ers were intensi
v,ely burrowed byenteropneustans; numerous top surfaces 'Of the micritic 
layers revealing undamag,ed outlets of enteropneustan burrows and co
vered by organodetririallayers represent omission surfaces (cf. Shinn 1969; 
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Kennedy & Juignet 1'974). All tnesefeatures sugg,est that the depositiOO'l 
rate of m'icritk layers was relatively lower than that of organodetrital 
layers (cf. Shinn 1'969; TayllOr & Hling 1969; Zankl 1969; PUI~ser 1969). 

In the times of formation of these strata the development of organic 
communities (primarily ,consisting of crinoids, pelecypods, gastropods and 
brac'hiopods) proceeded 'Only in some area. Temporarily active ·currents 
were destroying these eommuniti,es and transported the organic debris into 
the area:s 'of depositi,on of calcareous pelite. It is not necessary ,to assume 
that the areas p'Opulated by organic communities diff.ered in bathymetry 
from those without the oommunities. The two types of areas could have 
coexisted at the same 'bathymetry, and their pattern may have been de
termined by locall changes in depth, and consequently by differences in 
other envir'Onmental factors (cf. Ginsburg & Lowenstam 1958; Newell & 
aI. 1959; Olarke & Keij 1'973; Wagner & TIOgt 1973). 

CRUMPLED LJiMElStrOl'<1ES 

The W·ellenkalk series ·consi:sts of several types of crUiIIlpled limesto
nes (PI. 1; PI. 2, Fig. 3). The predominant type is represented by crumpled 
limest'Ones built of smooth crumples of the micritic limestone. The crum
ples are sometimes angular and contorted, 'Or even lenticular in shape (PI. 
1, Fig. 1). Marly limestone occurs between the crumple:s, forming coatings 
cementing them. Shapes of crumples contacting with one another appear 
to be adjusted. The crumpled limestones are also known from the Lima 
striata Beds. 

The crumpl'ed limestones of this type are common in the WeHenkalk 
in the wh'Ole area of the German Basin. Several hypotheses concerning 
theirorig-in were advanced (cf. discurssion in Bogacz& a1. 1;968, and Table 
3 in Schwarz 1970). It was ·commonly assumed that 'these limestones origi.
nated as a result ·of actions of waves or currents, or that they represent 
deposits of subaqueous slumpings. However, Bogacz & aI. (1968) have 
shown that these interpretations are not acceptable here. Neither these 
limestones have result,ed from chemi,cal dissolution as the crumples do 
not show any traces of cl1emicalcorrosion (cf. Hollmann 1962; Szu1czewski 
19'65; Neumann & Schumann 19'7;4). According to Schwarz (1970, 19:71) the 
crumpled limestones from SW Germany originated from· action ·of tides in 
the intertidal zone. Possibly, the crumpled limestones from SW Germany 
actually originated in this way, as ripple-bedding may be discerned within 
particular crumpl,es. Howe1ver, a bedding of such a type was not f'Ound in 
the crumpled limestones of the Holy CrOSiS Mts. Moreover, micritic and 
marly limestones intercalating the crumpled ones display horizontally ar
ranged burrows Rhizocorallium sp. These trace fossils are considered to 
be an index 'Of permanently sUlbmerged zones (Ager & Wallace 1970). It 
may therefore be assumed that the Holy Cross crumpled limestones were 
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,formed under conditions of permanent submergence, i.e. under conditions 
comparabLe ,to thos.e discussed by Bogacz & aI. (1968) and Anketell & aI. 
(1970; see also Freeman 1972). According- to those authors the ,crumpled 
limestones originated from a reversed density gradient in a deposit con
sisting of alternating h!Oriwntal limestone and marly layers. Liquefaction 
of marly deposit, effected by any trigger, initiated disturbance and lead to 
breaking and bending Qf more solid limestone layers. Limestone fragments 
when sinking in the liquified deposit formed a layer of densely packed 
crumples. ' 

It cannot be excluded that the phenomenon of early-ldiagenetic seg
gregation of calcareous mud has overrlapped with the processes described 
above (cf. Hallam 1967; Jenkyns 19!71). 

In the Holy Cross area ~he rhythrnidty of g,edimentation marked by 
the deposition of alternating iimestone and marly layers - a necessary 
prerequisite of the origin of the crumpled limestones - was the result 
of activityolf several factors regulating the rate of supply of the day ma
terial and precipitation od: carbonates. 

Limestones formed of angular crumples (PI. 1, Fig. 3; PI. 2, Fig. 3) 
represent a subordinate type of crwmpled limestones. Continuous grada
tion is found between the two types of the crumpled limestones. In so::ne 
angular crumples an undisturbed parallel bedding 'can be O'bserved. They 
might have been formed in result of activity of currents; irf that was the 
case, they may be interpreted as intraforma'tional breccias composed of 
intradasts 'derrived from 'a relatively well-lithified layer (cf. PI. 1, Fig. 2; 
PI. 2, Fig. 2). However, it is also possible that the lim·estones, similarly as 
th'ose discussed a'bove, orig'inated in resul,t of disturbances of a system 
with reversed density gradients. In such a system strongly lithified micri
tic layers would behave like a fragile body; this may explain ' angular 
shape of the crumples (cf. Anketell & a'l. 1'970). 

The third type of crumpled limestones was locally formed in result ' 
of aotivity of furrowing and burrowing animals (PI. 1, Fig. , 2). Here the 
crumples are the smaller or larger fragments of channels made by the 
burrowers. The calcareous fill 'Of the burrows, rich in organic matter, 
underwent lithificatiOlIl sooner than Ithe surrounding deposit (cf. McCunn 
1972; Fiirsioh 1973) and consequently resulted in a g.eneral knobby ap
pearance of the deposit. 

In the WeHenkalk series and Lima striata Beds there are also so-cal
led lenticular limestones displaying a bedding similar in shape to Linse'll
and Flaserschichtung (Fig. 3; PI. 2, Figs 1-2). Typical Linsen- and Flaser
sehichtung originate in the intertidal zIOne (ef. Re'ineck & Wunderlich 
1968); it shows ripple-bedding, not found in the lenticular limestones from 
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the Holy Cross Mts. The latter are interiing,ering wi'th the 'crumpled lime
stones resulting from the systems with reversed density gradients; there
fore it seems justified !to assume that they ar'e of the same origin. Alterna
ting micritic and marly layers were here thinner, whi'Ch may explain 
sroaNer dimensions of crumples and their lenticular shape, as well as 
smaller-scale disturlbanoes. 

SY'NSEDlMENTARY DI:8'TfUlRIBAN,CES 

Synsed1mentary disturbances in the Wellenkalk series and I:..ukowa 
Beds (cf . Bialik & a1. 19·72) include dilSintegration of layers into separate 
blocks and folded grained-limestone layers sunken in micritic or marly 
deposit. In addition, sedimentary diapirs were found. The disturbances 
orig:ina'ted in result of def.ormations of systems with reversed density 
gradients (ef: Ank'etell & a1. 1970). No evident slides were found, which 
suggests tha't the sea bottom was deviOided of any greater denivelations 
in a regional scale in times of deposition of the Wellenkalk series and 
the Lukowa Beds. 

THE V;'ELLENKAL..J<: SERlIES AT WINCENTOW 

Special attention should be paid to the Wellenkalk series section from 
Wincentow. The upper par:t 'Of the sectkm dilSplays (cf. Fig. 3) a turbidite 
layer (Fig. 3; PI. 13, Fig. 2) and tw'O specifically deveLoped layers of in
traf'Ormati'Onal conglomerates (PI. 13, Fig. 1; ef. also Bialik & a1. 1972). 
'.Dheconglomerate layers display an irregular 'oourse and soon wedge out. 
Intraclasts are randomly distribU'ted and markedly differ in size. They 
are formed 'of limestone diifferent from that building the underlying layers 
and are, therefore, iIllterpreted as aUochthonous. All the above facts sug
gest that the deposits forming :the conglomerates were transported in the 
form of mud fl0W5 (B'ialik & a1. 1972). 

In the times of deposition of the Wellenkalk the sea bottom was 
flat and wi'thout any grea:ter elevations 'Of a regi'onal scale (ef. Bogacz & 
a1. 196-8; Bialik 0& a1. 19'72). The products ,m mud Hows and of the turbidite 
layer found in the upper part of the Wellenka1k series in the Win:cent6w 
area indica'te however the existence of a local elevation. A 'oomplete dev,e
lopmel]t ,m the turbidi'te layer, as well a:s the ripple marks from its upper 
surface evidence that this layer a,ctually represents a product of transpor
tation from an elevation of the sea bottom (cf. Meischner 19'64). In turn, 
thin turbidi!te layers from the I:..uk'Owa Beds (Fig. 3) presumably originat
ed from the stilI'ring up of the deposi,ts ,by st·orm waves (cf. Kuenen & 
Menard 195'2; Ager 1974). 
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CRUMPLED iLUlMAlCHElLiLES FROM THE LIMA STRIATA BEDS 

Crumpled lumachelles represent the most typical member of the 
Lima striata Beds. The crumpled structure of the rock is related to the 
random arrangement of shells. The shells are either complete Or ,crushed 
to a various degree. The nature of the rocks suggests intraformational 
erosion (in this case, ,the heavily crushed shells would be derived from 
top parts of an el'oded layer - cf. Ager 1963) or transportation of the 
crushed shells from the zones 'Of higher agitation. The :£ormer interpreta
tion is 'Supported by the fact that the Lima striata Beds are as a ru'le 
thinner than contemporaneous organodetritalcomplexes from other parts 
of the German Basin (cf. Kozur 1974); thus they may be interpreted as 
a condensed uni-t. 

THE PROBLEM OF FILLN'I1S 

Flints occur in the upper part of the Lukowa Beds and in the Lima 
striata Beds (Fig. 3; PI. 5, Fig. 2; PI. 9, Fig. 4). The bedding 'Of the lime
stone surrounding the flints is ()If an envelope type, which indicates the 
syngenetic character of the flints. The limestones surrounding the flints 
always show mass occurrence of spang'e spicules 'Of the triax-one type. The 
triaxons were never found in other flint-devoided horizons. Therefore 
genetk relati-onship between the flints and sponges may be assumed. Sili
fication od' shells is oommon in the flint-bearing horizons. 

GENlERAL RlEMA'RKS ON BATHYME'l1RY 

A number of effects of hydrodynamic activity on the sea bottom 
were mentioned ahove. All of them indicate a shallow depth of ,the sea. 
Lumpy-organodetrital limestones with microonkolites, occurring in the 
middle part -of the Lukowa Beds, yield green algae AciculelZa bacillum 
Pia, typical of wa,ters 0 :to. 20 m deep (Gazdzicki & Kowalski 1974). Such 
depth estimations is supported 'by the occurrence of onkolites, also typical 
of that depth interval (cf. Radwanski 19,68, and literature dted therein). 

According to KaZmi-erczak & Pszez6lkowski (1969), mass occurrence 
of enteropneustan 'burrows in the Lower Muschelkalk of the Holy Cross 
Mts indicates bathymetric oonditions similar to those under which bur
rowing enteropneustans live at present, i.e., the lowermost part of inter
tidal zone, occasionally, to subtidal zone. Howev,er, deposition of sediments 
burrowed by ,these animals in the intertidal 2ione seems hardly acceptable. 
Recent carbonate sediJInents deposited in that zone are charaoterized by 
the occurrence Of stl'Omatolites, desiccation cracks, breccias composed of 
crushed mud cracks, syngenetic gypsum and dolomite, tidal channels, or 
even by ,the development of karst processes (cf. Roehl 1967; Laporte 1967; 
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Tex-toris 1968; Shinn & al. 1969:; Kahle & Floyd 1971; Purser 19'73), none 
of which are found :in the Lower Muschelkalk of the area studied. More
over, it should be noted that the enteropneustan burrows are widely dis
tributed in the Lower Muschelkalk almost throughout the whole German 
Basin (Magdefrau 19,32; Ziegenhardt 19'66; Jahnke 1966; Ernst & Wachen
dorf 1968; Schulz 1972; Koz.ur 19-74) and it can hardly be assumed that 'the 
intertidal zone was occupying so vast areas in that time. 

As it was previously mentioned, horizontally arranged burrows RhI
zocorallium SIP. f.ound in the Wellenkalk series indi'cate deposition of the 
sediments under the conditions of continuous submergence (Ager & Wal
lace 1'970). 

Oolites - typical of extremely shallow depths - are common in se
veral parts of the Gemnan Basin but not in the Holy Cross Mts area. In. 
the la1tter, lumpy limestones with microankolites are also only occasionally 
developed. It may be theroefore 'concluded that Lower Musche~kalk depo
sits iroom the Holy Cross Mlts were deposited in shallow waters, however 
deeper than in the other parts of the German Basin. 

Mu.'lDDLE MUSCHElLKALK 

The Middle Muschelkalk in the Holy Cross Mts yields two dolomite 
series separated by marls and limestones (Senkowiczowa 1961). In those
times two cycles of saw! precipitation took pla'ce in some area of Germany 
(Bestel 1929; Kozur 19174). In turn, the Middle Muschelkalk OIf the Fore
-Sudetic monoc:line displays two cycles of deposition 'Of anhydrites (To
karskl 1'969). Thus it may be ooncluded that the two evaporitic cyclo1thems: 
of the Middle Muschelkalk were marked also in the Holy Cross Mts by 
a repeated limestone/dol'Omite succession. 

U~ER MUSCHELI~AL..,<{ 

PECTEN DISCITES ILUlMACHEiLLES 

Valves of Ithin-shelled -scallops Pecten discites, the main component 
of the lumachelles, are usually slightly crushed and set parallel to the 
9edding (PI. 9, Fig. ,5). Thin onkoliticcoatings developed on upper side 
of the shells are occasionally found. Edges of Some shells display borings 
6f algae or fu:ngi as well as a micritization effect (PI. 10, Fig. 1). Bioc-
lasts arecemeDlted with micrite. These faots indicate that deposition of. 
the IUJInachelles took place in shallow waters and the oontribution -of hy
dYOImechanical agents was not too high (cf. Kutek 1969). 

Layers built of valves arranged transversally or vertically and of 
shell debris (PI. 10, Fig. 1) are occasionally found. Sparite is sometimes
the cement in such layers, and these were deposited in slightly more
agitated waters (cf. Muller 1959; Kutek 19.69; Schwarz 1970). 
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CORRELAT10N WITH W.:ItLKOWJiCE BEDS OF UPPER SIlLESIA 

A horizon of ovate intraclasts was fioa-nd in the lumachelles about 4.5 m below 
the base of the Pecten discites Beds. This horizon presumably stretches over the 
whole area studied and till now it has been found at Obice, Stare Ch~ciny and Prom
nik (Fig. 1), i.e. in localities fairly distant from one aIllother. The majority of in
traclasis show densely spaced borings Trypanites Miigde.frau (PI. 20, F1ig. 1), which 
indicate that this horizon originated under conditions of impeded sedimentation. 

The horizon with intraclasts is oontemporaneous Wlith the conglomerate beds 
from Wilkowice in Upper Silesia, as both of them are dated at 2nd coood·ont zone 
of Kozur, 1968 (cf. Kozur 1974, Zawidzka 1975). From the sedimentological point 
of view, the two horizons appear to be identical in development (cf. Kubicz 1970, 
Zawidzka 1975), except for the fact that the one from the Holy Cross Mts displays 
less complete development and smaller· thickness. Identification of the equivalent 
of the Wilkowice Beds in ,the Holy Cross Mts suggests that the process leading to 
the formation of conglcmerate beds was of a regional significance. 

CIRUM'PLED LLMESTONIES O!F PECTEN DISCITES AND CERATITES B'EID·S 

SubaquaeoUiS ICorros1on !Was of pr.tmary importance for the formation 
of the£!e limestones. Ceratiiid moulds wilthcorroded upper surtface (PI. 19, 
Figs 1-2) are foUlIld :in these limestarnes. Surfaces of tndividual crumples 
and orf more IOOnrtinuO'llS layers separating them aI"e rooghand marked 
with Irregular paitltern of pi'ts ood knOlls (Pl. 19, Fig. 2). Such features 'are 
typical of a suhaqlll'aeoUlS solution of deposits (Hollmann 11962; Etnasto 
19'64; JaworowBki & Modliii:ski 19'72; Neumann & Schumann 1974). The 
Cl'UImpled li~estcilnes axe similar in development t,o "ammonitko rosso" 
fades f'l'om 'the Tetthyan Jurassdc. HOIWever, Ithe latter aDe usually red, 
whereas the fOI'lffier are brown to yellow .... hroIWn. 

No traces of hydrodynami,c ag,ents are stated in the crumpled 
limestones. In turn, the lumachelles from Pecten discites and Ceratites 
beds, interfinging with the crumpled limestones, were formed there with 
the 'Contribution of turbulent waters, which is indicated by the occurrence 
of shell debris. 

The problem of strati graphic condensation. The sedimentation under conditions 
of chemical corrosion should lead to stratigraphic condensation. And this seems 
to be the case: the crumpled limestones always yield about 100 conodonts per 300 g 
rock sample, in comparison to a few to about a dozen conodOlO.ts found in the same 
weight rock sample ·of non-crumpled intercalations. Moreover, 4 conodont zones of 
the Upper Muschelkalk are markedly thinner in the Holy Cross Mts than in 
Germany (cf. Kozur 1974). However, the condensation was not strong enough here 
to result in a mixing of 'conodClIlt assemblages from adjacent zones. 

TEREBRATULA LAYER 

A thin layer full of brachiopods Coenothyris cycloides {Zenker) and 
C. vulgaris (SchlO'theim), known in Germany as the Cycloides-Bank, 
occurs in several paDts of the German Basin, except for the Upper 
Muschelkalk 'Of Swiss Jura, Subhercynian Basin and SHesia (Kozur 1974). 
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It -appears to. 'be isochr'Dnous as it is f,ound everywhere, the Holy Cross 
Mts including, in the upper part of the 4thcDnodont zone of Kozur (1968). 
This layer is known from bDth parts of the German Basin ' where marine 
sedimentation ended at the end of Fa'Ssanian (in the Holy Cross Mts) and 
those where it oDntinued throughout the whole Langobardian (in SW 
Germany). In Ithe former area the layer discussed represent:s the top part 
of the Muschelkalk and it is fairly thin '(30 am thick); in the latter - it 
separates middle and upper Ceratites Beds a'nd is markedly thicker 
(85 cm - Geisler 1939). 

In the Holy Cross Mts, the brachiOlpod shells forming ' this layer are 
rarely 'Complete; UisuaUy there ocCUr single valves or their fragments 
(PI. 10, Figs 4-6; PI. '20, Fig. 2). The matrix also yields dDI,ornite 'crystals 
and clay material (PI. 10, Fig. 6). 

BrachiopodsheHsare relatively highly ~istant to mechanical 
disintegration. Therefore, a mass occurr'ence of bra,ehiopDd shell debris 
indi'cates that the lumachelle originated under ,conditions of high water 
turbulence. Less damaged shells, which are less' numerous, presumably 
represent IDcal materia'l which did nDt undergo any l'onger transportation. 

Mass occurrence ill brachiopod shells in this thin oomplex is , a 
separate problem. It cannot be explained by 'local activity of currents 
because of widespread distribution of the lay'er, always rich in hrachiopod 
shells. It seems that this phenomenOlll may be 'explained by an increased 
salinity in .the sea basin at the end of the Muschelkalk, which is evidenced 
by the size of brach:iopod sheHs !being smaller than the average size of 
these species (cf. Schmidt 1928), almost complete lack of other faunal 
elements, and occurrence of dolomite in the matrix. The appearance of 
dolomite 'indicates rthat gradual changes towards the hypersaline conditions 
that prevaHed later in the Lower Keuper basin (local dolomite inter
calations - SeniJrowicz<owa 1917'0), had marked as early as the decline of 
Late Muschelkalk. 

When analysing mass occurrence ,of shells in this layer it'can be 
. noted that it is bu'ilt almost e~clusively 'Of sheHs and that the calcareous 
matrix lis of subordinate importalIlce. There it may be stated that the 
ra,te of dep,osition ,of biomass was several times higher than the rate of 
deposition of 'cal'caroous ooze. 

B(IOSTRATlGRAPHY 

The ~hapter presents results of studies on conodonts, 'carried out by 
the present 'author for several years, (cf. Trammer 1971, 1972'b, 1974b). 
In the oourse of these studies, 207 samples of Rot and Muschelkalk 
limestones wer,e di'ssolvedin a'cetk add. All samples from the Rot (30) 
and the Middle Muschelkalk (24) were negatiV'e. About 95 samples of the 
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Lower Muschelkalk were collected at Pierzchnica, Obice, Wolica, Stare 
Ch~y, Polichno 'rund Wincent6w (cf. Fig. 1); 84 of them appeared 
poSitive and gave, on the average, 18 conodonts per 300 g of rock. Fifty 
eight samples of the Upper Muschelkalk were taken from PieTzchnica, 
Star,e Ch~dny, BrudzOw, Zajqczk6w, Leska and Pl'omnik {cf. Fig. 1); 55 of 
them appeared positive and yielded, on the average, 48 conodO'Ilts per 
300 g of J:'Iock. 

Pa[eontOllogilCa!l idenitirt'icati'on of the conodonts obtained was carried 
ourt using all the available literature on Tria'Ssic con:odonts (see lists of 
references in Kozur & Mostler 1972a; as well as Wenger 1966; Hayashi 
1968, 1972; Fliigel & RaImovs 19:70; Pantic & Cicic 1970; Hirsch 1971, 1972; 
Hirsch & Siissli 1973; J,enkJi.ns & JenJkins 1971; Mock 19071; Sweet &, a1. 
1971; Kozur & Mostler 1971a, b, 19i72h; Kozur & Mock 1972; Kozur 1972a; 
ZawidZka 19:7'2; Budurov 1'972, 1.9i73; Budurov & Stetfanov 1972, 1973; 
Budurov &. Pantic 1973; DurdanO'Vic 1'9'73; Boogaard & Simon 1973; 
Krystyn 19'73; McTavish 1973; Mosh-er 1973a). 

The list of forms previously illustrated (Trammer 1971, 1972b) from the 
Muschelkalk of the Holy Cross Mts includes (for stratigraphic ranges see Figs 5-6); 

Chlrode!!a dinodoldes (TraItge, 1956) 
Chtrodell.a trtquetra (Ta.tge, 1956) 
Cornudina breviramutts (TSJtge, 1956) 
Cornudlna mtnor KiOZUJr, 1968 
COTnudlna tortttts oIKJ07:Ur & 1MooIStJerr, 1970 (ll:ndudding Cornudtna sp. A, and Cornudlna $p. B in 

Trammer UnD.) 
DtpWdOOeUa metssnert (Tat,ge, >1956) 
Enant>tognathus ztegterl (Diebel, 1956) 
EnantWgnathus Incurvus Kormm-, 1968 
Hlbbardel.l.a magnldentata (nwge, 1956) 
Htbbarde!!a bicuspldata (Kazruir. W88) 
HtndeodeUa (MetaprlontoduB) 3UevWa (Tatge, J.956); d.nclurdoing Htndeodella (Metaprloniodus) l.ati-

dentata (Tatge, Ul56) illl TrBllIlJlIler 18'IIl (cf. KO'Lur & M<lStoler 19711a) 
HindeodeUa (Metaprtontoou.s) btcuoap!data iKDrZ'Ull" & lMoatler, 197() 
HtndeodeUa {Metaprtontodus) sp. (Bensu Trrammer 1mb) 
NeohindeodeUa triasstca (Mtl.LLer, 1956) 
NeohtndeodeUa koballaBhtt (rJigo & .KJodare, 1985) = Neohtndeodetla trtasstca htrschmannt Koozur. 

11968 in Tir1ammer 1I!97l (Cf. Kooour & Mostleo: 19'i2a) 

Neohtndeode~ta rtegett (Mosher, 1968) 
NeohindeodeUa nevadensts (IM'ftWer, 10956) 
Neohtndeodetla BP. (sensu Trammer 19'i'2b) 
Neospathodus kockeU (TaJtgre, 1956) 
Ozarkodtna tortUls (TaIb8e, 1956) 
ParachtTOgnathus pandotentata (BUdruJrov, ,l.962) 

Po1lognathus .germanlcus (\K07lUol'., 1968) 
Po1tog7lillthus sequens ~KozuIr. 1'988) 
Prtontodtna mueltert (T.a/tge, 1956) 

" Prtontodtna sp. (seruru 'Drammer 1mb) 
Prtontodelta prloniodelttdes (TIatge, i1S56) 
GondoteUa oogea {BelIlderr., 1967) = Gondotetta regale (MOIlher, 1970) (cf. Trammer 1mb) 
Gondo1eUa navicula Hu~krliede, 1956 
Gondotelta excetsa (M'D8her, 119641) 
GondotetLa mombergensis mombergensts TaJIlge, 1956 
GOndotetta mombergen:s1.s media Koe'UIl', 1968 
GondoteUa hasta.chensts 'I1aotge, IIB56 
Gondo1eUa (Cetstgol'ldoteUa) watznauerl proecursor Korror, 1968 
Gondo1eUa prava Kozurr, 11168. 
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Because morphology of some cOltlodonts was inadequately displayed in the 
previous ;papers (Trammer 1971, 1972b) it was foun<i useful to reillustrate here the 
following species: 

Neoopathodus Iwckeli (Ta~ge) - Pl. 22., Figs 1-03, 
Gondolelta navicul.a HucJt.riJed.e - PI. 23, Fdg. 5; ~. :14, Ftg. 1. 

Moreover, it was <iesirable to figure for the second time the species Neohin
deodella riegeU (Mosher) - PI. 21, Figs 1, 3-4, formerly known only from the Upper 
Muschelkalk (Trammer 1972b) and subsequently recorded from the Lower Muschel
kalk. 

The list of recent conodont findings comprises (for stratigraphic ralIlges see 
Figs 5-6): 

Chirodell.a polonica I~OW.r & Mos.tler, 1970; 8 s!Pe.cime\llS - WoLica, Wincentow (LukOfWa 
Beds, Lima striata Beds) - PI. 22., Fig. 7; 

Cornudina latidentata KozU!l' & 'MoiStl1er, 1970; 6 s.pecimens - W01ioa, Wmcant6w (l.u
kowa Beds) - PI. 25, FliJg. 3; 

Cornudina sp.j 01 s;pecimen - WoJ.i,aa (LukIoowa Beds) - PI. 25, FJJg. 2; 
DiplododeUa bidentata (Taltgie, 1900); 37 specimealS - PderZ'Ch!llica, Obice, WolJLca, 

Wincent6w (~he Whole Lower MlISCheLkailk) - iPI. 21., F1igs l>-lI; 
NeohtndeodeUa aequtdentata K02lIlIl" & iMostler, 019'10; 3 specimens - Pierzchnica, sta,re 

ChEldiny (Ce'/'lat!tes Beds) - PI. 21, Fig. 2; 
Neospathodus german!cu.s iKJoIZUd', ol9'l!2; 41 specimens - Obice, WoUcta, St.m"e Ohliciny, 

Wincen10w (LuJrowa Beds, Uma strtata !Beds) - ~. 22, Figs 4---'6j 

GondoleLta acuta IK00U1l', 19'1!!; U! specimelns - StaTe 'Ch~ny, Les>ca (Pecten dtsctt£s 
Beds, CeraUtes Beds) - Plo :M, Fdigs ~5; 

Gondolell.a CIf. oosisymmetrtca {BlUdUOOlV & Ste1lanov, ,19'1r2); 8 specimens - Stare ChElC'ilny 
(Pecten discttes Beds, Ceratttes Beds) - Pl. 2:1, FdJg. 1 a.nd PI. 24, Fig. 6; 

Gondolell.a btfurcata (Budurov & ,S~IIlIOV., '1972); 2 specimens - Wa1i.ca (Lima striata 
Beds) - PI. 25, Fd,g. 6j 

GondoleUa constricta M09her & Cla:I'k, 11165; 18 s;pe.clmens - Pier:r.c:hndca, Sta.Te ChElclny, 
(Pecten dtscite6 'Beds, Ceratites Beds) - RI. :M, Figs 2-:1, 7; 

GondoleUa cornuta (:Bud\ll"OV & Ste1\aIn<OV, IlI9'72); 50! spec.lmeIl6 - PlerzCihnica, Stare 
Ch~ciny, LesiJca (Pecten discttes Beds, Ceratttes Beds) - PI. :12, Figs &-9; 

GondoleUa excentrica (BudUTOV & .stefanov, 19'12); JJ spec<:lmeIllil - PierZoClhndca, Stare 
ChElciny (Pecten dtsc1.tes Beds, Ceratites -Beds) - RI. 25, Fig. 4-05; 

Gondolella haSlachensis trammeri Kozur 19'1!!; :MI specimens - Piel'7JChndiCa, Stm'e OhIic1ny, 
Lesica (Ceratites Beds) - PI. 25, F1g. 1; 

Gondolella longa (-BudUll"ov & StefaJnov, 1973); 17 specimens - Les!Jeta, S<tall'e Ch~ny 
(Pe,cten discttes,Beds, Ceratites Beds) - iPIL. 2:1, FWgs 3-4j 

G<Jndolella suhodoUca (,Budurov & Stetia'nov, 1973)j 10 specdJmens - Stalre ChE)Ciny, 
Le!lica (Pecte.n discttes Beds, Ceratites Beds) - PIl. :n, Figs 9--,10. 

'OONODONIT STRATolGfRAoPlHY EN 'I1HE LOWER MUSCHELKALK 

,I t is not possible to del'ineate Ithe ScythianJ Anisian houndary in the 
Holy Cross Mts on the basis of conodonts. According to Kozur (1973) the 
boundary is placed where Gondolella timorensis Nogami, 19'68, changes 
into G. aegea (Bender, 1967). A'cooroing to non-conodont stratigraphic da,ta 
the boundary passes in the Upper Rot. The fi[st condonts were found 
in the Wolica Beds, i.e. about 2.5 iIIl ahove the top of the Rot, and the 
'species Gondolella aegea (Bender, 19167) did not appear until the Wellen
kalk 'series (see Fig. 5), 

1111 the Holy Cross Mts, the !Section from the lower part of the Wel
lenka'lk series ,to the lower part of the I:..ukowa Beds :is characterized 'by 
the occurrence of cOIliodonts Neohindeodella nevadensis (Miiller) and 
Gondolella aegea (Bender). The form'er species is recognized all over the 
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Cornudina sp. I - ~ 
Diplodod.lla b1dentata '-· · D. meissneri . · · 
Enant10gnathuB z1egl.r1 · · · , Hibbardella magnidentata · · · · I 
Hind.od.lla jMetaprion1odus/ sU.Tica · H. jiIIetapr1on1oduB/ sp. · · · · · I -
Neoh1ndeodella tr1ass1o& · · · · · · N. kobayash11 . · · · · · 
N. riegoU · · · · · · ! 
Neoh1ndeodella sp. · · · - I 
Ozarkod1na tort1lis · Parachirognathus pandodentata · · · · Prion1odina muelleri · · · I 

Pr1on1odina'sp. · · .. f --------.--- -

Fig. 5. stratigTaphic ranges of Lower Muschelkalk conodonts in the Holy Cross Mt. 
(compiled from profiles presented in Figs 2-3) 

world as typical of the Scythian and Lower Anisian (Mosher 1968; Kozur 
1971a, 1974) whereas the latter is 'considered as typical of the Lower 
Anisian of North America, Asia, Chios Island, and the Holy Cross Mts 
(Mosner 1970; Sweet & a1. 1.9'71; Trammer 1972b; Kozur & Mostler 1972b); 
on ,the basis of the range of its occurrence the aegea biozone was defined 
(Kozur & Mcistler 1972b). 

The upper part of the Lukowa Beds and lower and middle parts of 
the Lima striClita Beds fram the Holy er-ass Mts yield (cf. Trammer 1971, 
1972b): Neospathodus kockeli (Tatge) 1 and Gondolella excelsa (Mosher). 
The i,orm-er species is the index of the Pelsonian in Europe (Kozur 1971a, 
1974; Kozur & Mostler 1971a, 19172b; Trammer 19nb; Budurov & Stefa
nov 197'2). It should be noted that thi:s species was found associated with 

1 Jurkiewicz (1974) reported Neospathodus kockeli (Tatge) from the Upper 
Muschelkalk of the Nida Trough. However, this species in the whole area of the 
German Basin is only known from the Lower Muschelkalk (Tatge 1956; Wilczewski 
1967; Trammer 1971; Kozur 1974); it thus seems that this identification is erroneous. 
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the typical Pelsonian ammonites in classical exposures at Rahnbauerkogel 
in Austria and FelsOors in Hungary (cf. Assereto 1971; Summesberger & 
Wagner 1972; Kozur 19:74). On the basis of the range of this species Kozur 
& MosUer (1972b) and Budurov & Stefanov (1;972) independently distin
guished the kockeli biozone. The species GondolelZa excelsa appears in 
the upper part of thePe~sonian and it occurs till the end of the Ladinian 
(Mosher 1968; Kozur & Mo sUer 1971a, 1972b; Mock 1971). 

The above data make it possible to assign the Lower Muschelkalk of 
the Holy Cross Mts (with the ,exception of the upper Lima striata Beds, 
nOlt sampled because of the lack of exposures in the area ·studied) to the 
Lower Anisian and Pelsonian (cf. also Trammer 1972b). The youngest 
bed yielding conodonts typical of the Lower Anisian and the oldest bed 
with PeIsonl'a!ll oonodonts are separat'ed by a 10-meter part of the section 

, (cf. Fig. 5), interpreted here as an interval olf correlation error. 

It should be( emphasized that the species GondoleUa aegea and 
N eospathodus kockeli were not found anywhere in the same section 
except for the area studied. Therefore it is difficult to state whether .the 
two forms are absent in the 10~eter part of the section because they 
happened nOlt to be collected or because of the fact that Gondolella aegea 
disappeared somewhat before the first appearance of Neospathodus 
kockeli (see also Kozur & Mootler 1972b). 

The remaillling conodonts reoorded from the Lower Muschelkalk of 
the area studied (cf. Fig. 5) usually have much longer stra!tigraphic ranges 
and thus they are 01' minOT stratigraphk imporianC€. In the Holy Cross , 
area some of these forms display short stratigraphic ranges (e.g. Cornu
dina latidentata and HibbardelZa magnidentata - cf. Fig. 5), however. 
these are merely partial ranges; in ·other areas the stratigraphic ranges 
of such forms are much wider (cf. Kozur -& Mostler 19'72b, Figs 1-2). 
However, the attention should be paid to Chirodella polonica Kozur 
& Mosiler, 1970, which seems to 'be cOlllfined to the Pelsonian in all areas 
wherefrom it has heen recorded (Hungary, Bulgaria and Germany - cf. 
Kozur -& Mostler l '972a, b), the Holy Cross Mts including. This species may 
therefore be regarded as the second (after N. kockeli) index species for 
this stage. 

The species GondoleUa bifurcata (Budurov & Stefanov) an index 
species o.f the Lower Illyrian according to Budurov & Stefanov (1972), .was 
r,ecmded from the Belsonian of the Holy Cross Mts (Fig. 5). Thus the 
bifurcata zone sensu Budurov & Stefanov (1972) may be termed as 
partial-range zone. 

Attention should also be paid to the stratigraphic posi1tion of NeoJ
pathodus germanicus Kozur, 'an ancestor ;of N. kockeli. According ,to Kozur 
(1972a, 1974), the :former appears in the upper part of the Lower Ani"sian, 
whereas 'in the Holy Cross Mts (Fig. 5) it does not appear before the 
Pelsonian, just before the 'first occurrence of N. kockeli. 
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The presented oonodont (lorrelation of the Lower Muschelkalk from 
the Holy Cross Mts with the Anisian was ·confirmed by the results of ana
lysis of ,000her micro- and macrofaunal groups. For example, holothurian 
sderite assemblage 'oomprising TheeLia zapfei Kozur & Mostler and T. cf. 
subcirculata Mostloer, acoompanying N. kockeli in the upper part of the 
Lukowa Beds {PI. 26, F1igs 1-6), is typical 'Of the Pelisonian (cf. K:ozur & 
Mostler 1970; Senk'Ow:iczO'Wa HI'72; MosUer 1972a). M'Oreover, the strati
graphic range of the ostraood JudaheHa pukhra muUinodosa (Kozur) 
found in the uppennost Lukowa Beds (Pl. 26, Figs 7-8) is oonfined to the 
Pelsonian (:Kozur 19;72b). Brachiopods DecurteUa d.ecurtata (Girard) and 
Hirsutina hirsuta (Alberti), reported by Senkowicz'Owa (1957) !from the 
Lima striata Beds, are similarly !typkal of the Alpine Peloonian (Senkowi
cwwa 1962; Specioale 1967; Scholz 1972; Kozur 1974). 

'CONODONT STRAT1GRAPHY ,IN THE UPPER MUSCHEUKALK 

The conodonts are 'Of remarkable importanoe for the stratigraphy 
of the Upper Muschelkalk. In Germany this unit. was divided into 7 cono.,. 
dont zones (Kozur 19'68). Four lower wnes 'Of the German Upper Muschel
kalk were recognized in ·the Holy Cross Mts (cf. Fig. 6 and Trammer 1971, 
1972b), the area in which the remaining three uppermost zones are not 
represented as bioprotostratigraphiczones sensu Henningsm'Oen (1961). 
This results from the fad that in this area terrestrial Keuper fades appe
ared ,earlier than they did in Germany (cf. Fig. 8) and the oonodolllt fauna 
must have disappeared earlier because of ecological factors. 

The :schema af conadont zones 'Of K'Ozur (1968) was accurately cor
related wHh German ceratitid zonal 'Schema (cf. Fig. 8 and Kozur 19,68, 
19!'74; Trammer 1971). This oonodont zonation is based 'On rapid evolution 
in the series 'Of species GondoLeHa mombergensis mombergensis ~ G. 
mombergensis media ~ G. haslachensis~ G. (CeLsigondoLeUa) watznaueri 
(see Fig. 6). The boundary between the 1st and 2nd zone is defined by the 
extincti'On of DipLododeUa meissneri, ChirodeHa dinodoides and Parach'i
rognathus pandodentata. Delinea,tion o!f so defined boundary (Kozur 1968) 
is sometimes difficult as it 'is not known whether the lack of the forms 
typkalof the 1st zone may be attributed to their actual extinction or to 
failure in collection. The boundary between the 2nd and 3rd z'One was 
here delineated by the first appearance of G. mombergensis media 2 and 
not 'in the place where its oontributiQIl in GondoLeHa spectrum exceeds 
500/0 as it was suggested by Kozur (1968). 

The oonodont zonation proposed by Kozur (1968) is based on the 
evolution of endemic German species and, therefore, it is suitable for 

I This definition originally proposed by the present author (Trammer 1972b) 
was subsequently accepted by Kozur & Mostler (1972b). 
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correlations within the Gennan Basin and not for the 'correlation 'Of Ger
man lithostratigraphk sequence with the ,chronostratigraphk subdivision. 

A partia:l, not fully reliable correlation (Kozur 1972a, c) of thes€ 
subdivisions is pOssible as some members of the evolutionary series G. 
mombergensis - G, (C.) watznaueri have been recorded from S€parate 
horizons in areas outside the German Basm (e.g., G. mombergensis media ' 
in Sicily and G. haslachensis in Sardinia and Hungary; cf. Kozur & Most
ler 1971b; Kozur 1972c, 19'74), 

In the Upper Muschellkalk ()If the Holy Cross Mtssome Bulgarian 
(Tethyan) conodonts have recently been (found, on the basis of which 
Budurov & Stefanov (1972, 197,3) proposed a conod()lTIlt zonal schema corre
la,table with 'chrO!lostratigrarphk 'Subdivision. The occurrence of these Bul-

o 10 2D 23m I I , I I , 

I Lifhostrafigraphy 
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Pecten disci/es I Co ~-~ I Beds era I BS Beds _ 
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Fig, 6. Stratigraphic ranges of Upper Muschelkalk oonodonts in the Holy Cross Mts 
(compiled from profiles at Pierzchnica, Brudz6w a:nd Stare Ch~ciny - et. Flg. 4) 
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garian sp~cies made it possible to correlate the stratigraphic range's of 
typical endemic German conodonts with those of the Tethys. 

The conodont assemlblage thatoomprises Gondolella excentrica (Bu
durov & Stefanov), G. longa t(Budurov & Stefanov) and G. suhodolica (Bu
durov & Stefanov), typ'ical ·of the excentrica zone of the Bulgarian Trias
sic i.e., of the Lower Ifassanian (Budurov & Stefanov 1972, lS73), appears 
in the Holy Cross Mts in the Pecten discites Beds about 6 m below the 
base of the Upper Muschelkalk. The Illyrian/Fassanian boun.dary (= Ani
sian/Ladinian 'boundary) was fueref'ore drawn at this very pila·ce (cf. Fig. 
6). The form Goodolella corn uta (Budurov & Stefano'v), index species of 
the cornuta zone established 'by Budurov & Stefanov (19'72), was also 
found in the Holy Cross Mts (cf. Fig. 6). This species passes ·the Anisian/ 
ILadinian bounda'l'y in the latter area, whereas in Bulgaria the situation 
is just reV'erse and G. exce1lJtrica appeam for the first time just when G. 
cornuta d'isappears (Budurov & Stefanov 1972). It should !be added that 
'Gondolella constricta Mosher & Clark was recorded in the Holy Cross 
Mts in the junotion beds of the Anisian alIld Ladinian (Fig. 6), i.e. in the 
same stratigraphic position as in Bulgariaan.d British Columbia (Budurov 
& Stefanov 1972; Mosher 1-9<73a). 

In Bulgaria, the excentrica wne is overlaid by the bakalovi zone 
corresponding to the upper parts of the Fassan.ian. In the strata ov'erlying 
the beds with G. excentri>ca in the Holy Cross Mts, no stratigraphically 
younger plaUorm conodonts typical of the bakalovi zone were found. This 
may be explained by :SOme fades ,conditions unfavourable for the develop
ment of platform COIIlodonts; these fades began to predominate in the 
uppermost parts of the Gemnan Muschelka~k (cf. Trammer 1974:b). 

As it was mentioned above, the silhdivision proposed by Kozur 
(19-68) is correla,table with GermalIl ceratitid zonal schema of Ried.e'l (1916; 
see Wenger 1957; Busse 1970; Kozur 1974). Consequently, it is possible 
to correlate the Upper M'uschelkalk of the Holy CroSlS Mts with any con
temporaneous section from the German Basin and from the Tethyan ar€"as, 
provided that ,the sectio:q has sufficient faunal record. The presented cor
relation (Fig. 6) is very clos€ to that given by Kozur (1972a, c) on a stri
ctly different basis, i.e. correlation 'Of reoords of German conodonts from 
separate Triassic members of Sardinia and Hungary and the associated 
macrofauna. 

GORREiLAT,ION' WITH CHRONOSTRA.TwGRAPHIC SUBIO.!VlSI:ON 

The correlations of the Muschelkalk section from the Holy Cross Mts 
with the chronostratigraphic schema 3. and with the Muschelkalk section 

3 An analogous correlation, unfortunately without any comments, was given 
by Kozur (1974; Tables 2a, 4) in a graphic form. At that time Dr. H . Kozur had no 
i'a'lllllistic material from the Holy Cross Mts at his disposal and the conelation was 
made on the basis of the data published by the present author (Trammer 1971) ~ 
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olf ·Thuringia needs some colffiments. In this compaTison (Fig. 7), the ran
ges of guide conoGOIllts are those as established by Kozur (1972c, 1974). 

The Lower Anisian/Pelsonian boundary passing within the Lu'kowa 
Beds, and Ithe Iilyrian/Fassarnian boundary passing within the Pecten 
discites Beds, were delineated directly on the basis of conodont datings 
(see previous -chapters and Figs 5-6). 
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Fig. 7. Chronostratigraphic position of the Muschelkalk sequence from the Holy Cross 
Mts and from Thuringia (e correlation error interval) 

incidentaUy the paper was ornmitted in the list of references (Kozur, a letter to the 
present author). Moreover, some new data given by the present author in a successive 
paper (T["ammer 1972b), concernlitng s·tratigraphdc sd,gmficanc.e of coruodonts f,rom 
the Muschelkalk of the Holy Cross Mts, were not taken into account in that 
correlation by Kozur 1(1974}. Therefore the latter correlation f,ailed to reconstruct 
the aotual relationship between the lithostratigraphic subdi-visio!Il and conodont 
zonation of 'the Upper Muschelkalk of the Holy Cross Mts {cf. Table 4 in Kozur 19'i4. 
and Text-fig. 3 in Trammer 1972b and Text-Egs 6 and 8 herein}. 
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The uppeI'lIIlIost part of the Lower Muschelkalk (Le., the uppermost 
Lima striata Beds) was not sampled, as it is not exposed in the area studi
ed. The topmost exposed part of the Lower Muschelkalk yields the Pel
sonian index form, N eospathodus kockeli, and thus it is assigned to the 
Pelsonian (Fig. 5). The species Neospathodus kockeli is accompanied by 
GondoleHa excelsa, known everywhere from the upper pa'l'1t of the Pelso
man (Mosher 1968; Kozur & Mostler 19,71a). Occurrence of the latter in 
the middle of the Lima striata Beds indicates the pl'oximity of JtJhe Pelso
ni-an/Illyrian boundary. It therefore was assumed that this b.mndary pas
ses somewhere in the interval comprising the upper part of the Lima 
striata Beds and the lo'Wermost Middle Muschelkalk (Fig. 7). 

The Scythian/ Anisian boundary was drawn in the upper part of 
the Rot {Fig. 7), and the Rot/MUiSChelka'~k -boundary, as it is widelly assum
ed, is delineated by the disappearance of the pelecypod Costatoria costata 
(Zenker). The recent studies have shown ,that the upper boundary of the C. 
costata hiozone does not coincide with the chronostratigraphic !boundary 
between the Scythian and Anisian. For example, typical Anisian faunal as
semblage is recorded in the top paTlts of the C. costata zone in Bulgaria and 
Germany (Ganev & al. 1'9710; Kozur 1972c, 1974), and the conodont spedes 
ChirodeHa dinodoides, known exduSl.v-ely from the Anisian of the Tethys 
appears before the fina:l disappearance of C. costata in Bulgaria (Kozur & 
Mostler 1972:a) . In the Gemnan Ba'sin .the topmost part of the C. costata' 
zone yields Myophoria vulgaris, always oOlIlfined to the Lower Anisian in 
the Tethyan areas 'OSpeciale 19167; Kozur 1974). A general analysis of Trias
sic faunas of the German and Alpine -balSins, carried out by Rieber (1973), 
has also shown that the upper ,part of the Gennan Rot corresponds to the 
Alpine Lower Anisian. 

The Fa:ssanian/Langobardian lboUllldary passes in the top part of the 
Upper Mu:s-chelkalk, dose to the' Terebratula LumacheHe in' the Holy 
Cr-O'SS Mts (Fig. 7). In this paDt of the section the phylogenetic series G. 
mombergensis mombergensis -+ G. (Celsigondolella) watznaueri displays 
a phenomenon of evolutionary repla-cement 'Of G. haslachensis by G. (Cel
sigondolella) watznaueri. Numerous forms transitional between the two 
taxa have been recoroed here (Trammer 1972b, PI. 1, Fig. 12; Trammer 
1974b). The same transitional forms were found in the Fassanian/Lango
bardian junction beds in Hungary and Sardinia (Cherchi 1967; Kozur 
197'2-c, 1974). It should also Ibe nated that the ammonoid Ceratites (Para
cerat'btes) muemteri Riedel, a fonn mown from German Upper Muschel
kalk and from the Holy Cross Mts {Kowaolczewski 1926) in the upper part 
of the spinosus and enodisllaevigatus zones, was recorded from the up
permoSt Fa:ssanian and Lower Langobardian of the Southern Alps and 
Sardinia (Wenger 1957; Muller 1973; Kozur 1974). The upper part of the 
spinosus and enodisllaevigatus zones correspond to th€ 4th oonodont zone, 
with Gondolella haslachensis (see Figs 6 and 8). The stratigraphic position 
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of Ceratites (Paraceratites) muensteri in the Tethyan se,ction gives there.,. 
fore a further support to the above identifica·ti.on of the Fassanian/Lan
gobardian houndary. 

P~OiE·LEM OiF THE -MUSCHEiLKALK/K·EUP.ElR BOUNDARY 

As it was already shown for the German Basin (Brinkmann 1954; 
Senkowkzowa 19'5'7, 19,61; Tramriler 1971, 19'72b, 1974a; Kozur 1971b, 
1:974; Busse 1972a), the Muschelkal'lvKeuper 'boundary is here hetero
ch:f1oneous. 

The uppernllost oonodont zone recognized in the Holy Cross Mts as 
bioprotostratigraphk zone sensu Henningsmoen (1961) is the 4th zone 
(Fig. 8). The strata 'Of that Zlone are overlaid in this area hy the Keuper 
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strata (Fig. 8) which yield Iio conodonts for ecological reasons. The transi
tion fro::n the Muschelkalk to Keuper is here 'continuous (Filonorwi,cz 19,68; 
Senkowiczowa 1970; Trammer 19'74a). In SW Germany, 'where rthe Upper 
Muschelkalk has a full sequence of German ceratitids and conodonts, 
Keuper overlays the strata yielding conodonts typical of the 7th zone (Fig. 
8). The zones 5-7, lacking in ,the Holy Cross: Mts, correspond to ,the 
ceratitid zones nodosus and Discoceratiten from SW Germany (Kozur 
1968; Text-fig. 8 herein). 

The above data indioate that the Keuper facies began to develop 
in the Holy Cross area in times when Upper Muschelkalk carbona.te 
deposition was stiU continuing in the areas of SW Ge:vmany (Fig. 8). Thus 
the end of 'carhonarte deposition in the Holy Cross a:vea took pla'ce at the 
turn of the Fassanian and Langobaroian (Fig. 7), and the Langobardian 
itself is here developed in the Keuper facies. 

A,s it was shown by KOZlir (1974), the marine deposition ceased at 
the end of the FalSSanian also in the eastern and north-eastern parts Of 
Germany (see also Busse 197'2a) and persisted for some time in SW Ger
many, Swiss Jura and Lorraine. An intermediate position was occupied 
by Thuringia, where the Keuper facies began to predominate in the lower 
part of the Discoceratiten rone. 

LlTIHOSTiRATIlGRArPtHIC BOUNlDAlRIElS WITHIrN THE MUS.cHEllA{ALK 

The houndary between the 2nd and 3rd conodont zones at Piene. 
chnica and Stare Ch~ciny passes through the Ceratites Beds, at Lesica it 
however passes through the Pecten discites Beds (Fig. 4). This indicates 
heterochroneity of the boundary between the Pecten discites and Cerati
tes beds (Trammer 19'72b), and it records that lateral fades changes are 
marked in this area. When sedimentation of dark-gray Ceratites-bearing 
lImestones started in the Pierzchnica - Stare Ch~ciny area, deposition of 
light-coloured Pecten-bearing limestones still continued in the Lesica area. 
A transitional zone is developed between the Pecten discites and Ceratites 
beds; thus it should be assumed that the whole zone is heterochroneous 
(Fig. 8). 

A similar situartion is found in the Upper Muschelkalk of Germany 
(Fig. 8), where such heterochroneity is evidenced by the boundary bet- • 
ween the Trochitenka'lk and the Ceratites beds (cf. Stolley 1934; Klein
sorge 1935; Hieke 1967; Busse 1972b, 19'73). 

In this situation heterochroneiiy 'Of boundaries of other lithostrati
graphic units of the Holy Cross Muschelkalk is very likely to occur. 
However, .the conodont zones are insufficiently sensitive for univocal de
termination of the heterochroneity. 



M'U'S-CHEoI..OCAI.JK OF THE HOLY CHass MTS 207 

PALEOBIOGEOGRAPHY OF THE HOLY CROSS MUSCHELKALK 

Kozur & MosUer (1971a, 1972b) distinguished several -conodont pro
vinces in the TrialSsic 'On the ba~sis -of diHerences in geographic distribution 
of particular conOOonts. 

The Lower Anisian (upper Rot, Wolica Beds, Wellenkalk and the 
lower part of the I:..ukowa Beds) of the Holy Cross Mts, starting from 
the Wolica Beds, is 'chara-cterized by the occurrence of numerous bran
ched conodonts as well a's some platfocm conodonts, such as Gondolella 
mombergensis mombergensis and G. aegea. The conodonts are not known 
from ,the Lower Anisian of the Aust~o-Alpine or west-Mediterranean pro
vince (with the ex'ception of !some parts of Bulgaria) because of unsuitable 
fades conditions (K!azur & Mostler 1971a, 1972b). The Lower Anisian of 
the German part of the German Basin is characteriz,ed by the occurrence 
of branching conodonis at the complete la-ck 'Of gondoleUids. The latter 
are widely distributed in the -oontemporaneousstrata of the Asiatic cono
dont province (cf. Kozur & MooUer 1971a, 1972'b), which is also charade
rized by multielement GladigondoleZla tethydis, not known from the 
Holy Cmss Mts. 

The geographic distribution .of the discussed conodont faunas shows 
that the Holy Cross area was a transiUonal region between the Asiatic 
and German conodont provinces in ,the Early Anisiantimes (Tr.mmer 
197'2'b, 1973). It may be added tha,t crinoids appeared in the Holy Cross 
area markedly earlier than In 'Other parts 'Of the German Basin, i.e. in the 
Rot (Senkowiczowa 19'70), whereas in the latter area they did not occur 
beforE! the Musch elkalk. 

In Silesia and the adjoining Tethyan areas, the conodonts did not 
appear in the Early Anisian times, whereas they are represented in the 
Lower Anisian od: the German part of the German Basin (Kozur & Moat
ler 1972c; Kozur 1974). It may the~ef'Ore be stated that the migraUon of 
the faunas from the Tethys to the German Basin couldnot proceed through 
the Silesian regi-on. hut it must have come from the Asiatk parts of the 
Tethys throughout Bulgaria (the only r'egion of Alpine province inhabited 
in those times by conodonts) and further in the direction of the Danish
P{)lish Tr{)ugh, the Holy Cr{)ss region including, through the area of the 
present ea-stern margin of the carpathians (cr Senkowic:wwa 1962; Ko
zur & Mostler 1972c; Kutek & Glazek 1972; Glazek & al. 1973; Kozur 
19'74). 

In the Pelsonian (upper part of 'the I:..ukowa Beds, Lima striata Beds) 
the Holy Cross area belong.ed ,to the AUJStr{)-Alpine faunal province {Tram
mer 19'72b, 19-73), as it was inhabited by such typical Alpine elements 
asoonodonts Gondolella naviCUla and G. excelsa, -cepha1opods Pleuronau
tilus mosis Mojsisovics and Beyrichites (Beyrichites)sp., fmaminifers 

~... ------
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Glomospira densa (Pantic) and Glomospirella grandis (Salaj), and green 
algae Aciculella bacillum Pia (cf. Luniewski 1923; Trammer 1971a, 1973; 
Glazek & al. 1973; Gazdzicki & Kowalski 1974), all of which have not 
been know.n from the German parts of the German Basin. The remaining 
fauna of the Holy Cross Pelsonian is also known from the western parts of 
the German Basin and from the Tethys. AI'pine faunal elements alsoO oOccur
ed in those times in Silesia (Rassmuss 1913; Assmann 1'926; SenkoOwiczowa 
19;62; Zawidzka 1970; Trammer 1973; Glazek & al. 1'973), so it seems 
justified to follow SamsonoOwkz (192,9) and speak about the Polish faunal 
subpr-ov1nce, whi'ch in the Pelsonian times was much more closely related 
to ,the Aust~o-Alpine than to the German province. 

It should be added here ,that strong analogies in lithofades develop
men't between· the Tethyan and the Holy Cmss ar'eas were marked in the 
P,elsonialll. In these two regions fl'ints and silicified shells are fairly com
mon, which results frroOm high concentration of sponge spicules in the de
poOsits (cf. Markovic 1'967; MosUer 1971, 1972b). 

Biogeographk differentiation within the German Basin in the Early 
Anisi'an and Pe1:sonian times iIllto the eastern (P'Olish) and western sub
provinces does noOt implka'te existence otf any morphological barrier. Any 
fu~ther migra,tion, from Poland to Germany, 'Of some Asiatic or Alpine 
fauna I elements was presumably impeded by disadvantageous fades con
ditions prevailing in the German areas. FoOr example, gondolellids could 
not have lived when the salinity became slightly higher than noOrmal, 
as it happened in 1he latter areas (Kozur 1971a, b; Kozur & lV[ostler 1971a). 
On the 'Other hand, such ,conditions could not have prevented development 
of branching oonodonts, more tolerant to environmental conditions (cf. 
Kozur & Mostler 19'71a; Mosher 191'731b). 

The faunas 'Of the Middl'e Muschelkalk (Lower and Middle Illyrian) 
of the Holy Cross Mts are very poor and badly preserved (cf. Senkowiczo
wa 1970). However, it should be noted that this almost complete lack of 
faunas in the early and middle Illyrian times is typical exclusively of the 
German Basin, with the exception of Silesia (cf. Zawidzka 1975). It may 
therefore be assumed that in Ithose times th€ Holy Cross area belong'ed to 
the German pI"ovince. 

The Late Illyrian 'and Fassanian deposits (Upper Muschelkalk) of 
the Holy CI"OSS Mts yield platform conodonts of endemic German evo
lutionary series Gondolella mombergensis mombergenis - G. (Celsigon
dolella) watznaueri and numerous, exclusively German branching oono
donts Enantiognathus incurvus, Hibbardella bicuspidata, Hindeodella (Me
taprioniodus) bicuspidata, Neohindeodella aequidentata, Pollognathus ger
manicus and P. sequens. Moreover, there occur German endemic cerati
tids (Senkowiczowa 1970). All these data indicate tha,t the Holy Cross 
ar,ea belonged to. the GeI"man iauna'l p:['iQvince in those times. 

The lower part of the Fassanian also yields conodonts known exclu-
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sively from Bulgaria, i.e., Gondolella excentrica, G. longa,and G. suho
dolica. Thisconodont assemblage reflects influences of ,the Austro-Alpine 
province at least in the early Fassanian times (upper Pecten discites Beds, 
lower Ceratites Beds). Analogous influences were recorded in the upper
most Fassanian and lowermost Lango-bardianof Thuringia (Muller 1973; 
Kozur 1974); they are reflected by the occurrence of the cOlIlodont species 
Gladigondolella tethydis, typi'cal of the Ladinian of the Austro-Alpine 
province. 

The problem of the discussed paleobiogeographic provinces cannot 
be treated as solved to the very end. Any few findin~s of conodont 
faunas in areas wiherefrom 'they have not 'been known up to the present 
may result in more or less substantial changes in the here presented 
considerations. 

Institute of Geology 
of the Warsaw University 

Al. Zwirki i Wigury 93, 02-089 Warszawa, Poland 
Warsaw, November 1974 
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1 - Crumpled limestones c{)mposed of obtuse lumps; Wolica, Wellenkalk. 
2 - Crumpled limestcnes composed of organic burrows (topside view); Zajqczk6w , 

Wellenkalk. 
3 - Crumpled limestones composed of angular lumps (arrowed are lumps with 

undisturbed lamination - cf. PI. 2, Fig. 3) ; Winc€U1t6w, WeUenkalk. 
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1-2 - Limestones yielding lenticular bedding (Linsen- and Flaserschichtung); Win
cenow, WeUenkalk. 

3 - CrumpJed limestones composed of angular lumps (close-up view of Fig. 3 
in PI. 1). 
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1 - Parallel-bedded grained limestone; Woli ca, Lukowa Beds. 
2 - Diagonal-bedded layer of gr ained limestone; Obice, Lukowa Beds. 
3 - Flat intraclasts formed of a plastic deposit (topside view); Polichno, Lukowa 

Beds. 
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1 - Enteropneustan burrows 1n a micritic layer (section); Polichno, Lukowa Beds. 
2 - Topside of a micritic layer wi.th numerous outlets of enteq)pneustan burrows 

and of Trypanites borings; locality the same. 
3 - Enteropneusta'n burrows modified by Recent karst processes; locality the same. 
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1 - Non-bedded calcirudite layer overly.ing an erosional surface of the m icritic 
layer ; Wolica, Luk-owa Beds. 

2 - Flint layers; WoJica, Lima striata Beds. 
3 - Enteropneustan burrows in a reV'el'sed laYer (section) ; Polichno, LukoW3 Beds. 

.. , 
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: - Skeletal ·J1mestone w.i.th tl'ocmte'S, .:>nd h ash·ed shells O'f gastropcds, /pelecyporu; and ostJra
cod,es; So1JaIre ChE}mny, up,pel"most Rot; X 6. 

2-4 - Gr,a.ia1ed Ilianestone O'f rbhe Wol!i·ca Beds (2 enartimJite wtth ,pelecypod a,nd &,aSbropod shell 
debrlilWs, iJrom P >erzcJ1inica; 3 Skeletall Hmesbone Wlilth peillats, brcdllirbes and pelecypod 
.:Ind g.as1lr'qpod SheLl deibriius, f,,,om l:AJ~ow,a; 4 det'ritaJl l1mestcme composed of various 
inbra'Clasbs, f~m :t.u~ow,a); X 6. 

5-6 - Ldimestones of bhe Weill·enklalk iJrom W,ot1c:a (5 Ske'1et'a1 limesrbone .composed of gastr·o.pod 
'and 'pelecypod d ,ebr1sj 6 bouooa'ry between skeleta;I 'and rruicI"1tioc limestone); X 6. 
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1-2 - U mestones od' the WeJ.lenkalLk: {1 pelecypod ,Limestone woith ,peLlets" iiram Wo1ilC'a; 2 erosion 
bound=y between m>crit.Lc and ske~etB~ wrm estane" i ,room Stall'le Ch~ny) ; X 6. 

3-6 - Limestones of the tUlk,OIWa B eds (3 [porous, mi=iIti'c lIimestone tram WQ]j.ca; 4 skeletal 
1iJmeIstone COIIlIPOSed od' pellJOCYJPod ,a nd ga&tlroipod d ebrlie, from W OIlIica; 5 sk~etal lime
stone w:i!th ClI"wnJOid and pelecypod de br.ios, £room W aliooa; 6 arganodetritru limestooD.e a s 
a nn of elllterolpneustaJl1 b'uirlI'OW ilIl a micr~tliJc deposit, froan Ob.ice) j X 6. 

- --, 
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1-6 - U .mestxmes of the :t.uikowa Beds (1 lump <lii!nestone wilth mlicrocmloollJte;s alIlid shell detri_ 
tu'.>, fI'::rn P<olJichno; 2 enc:dnite with lurn,ps, shell detrJ1us and foram:imifers, foro m Pc>l'ieh
n o- ; 3 enCU':.mte with shell detritus, fre ,m Lukc>wa; 4 pe,lle:a.J Emes to:le wJth she,ll detd'i.t us 
and intraoJasts, f r'om Sta . e ChE:ciny; 5 Skeletal limEsto,ne co'mposed of crino:d a,nd pele
cypod de br:s, f r·Q>Ill .v'oUoo; 6 s'ke:eta.l IJimestc>ne with fo:"rninlf€TS and peUets, f r om 
Wooca)j X 6. 
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1-4 - Limestones ,of ·the Lima striata Beds (1 sIooletaJ -limestone with pelJlet&, from WGlic-a; Z 
pe~.let.al .~imestone W1ith ·d.etr!i<tt: s , pe,lecY'pod ·a,nd g,a&bropOtd she.hl5 , trochutes .a,M flanamini
fers, fr~ Wolka; : lpea~e<tal Lim estone with ,cLetniJtuso:f pe le.cypo'CI, l>ra,chliO<poo and ostra
code shelllS -and spon.ge SIIL<CUJes, fCQIIl Wo'd,CIa; 4 fhnt composed of chalcedony a·g.g.reg·ales 
(right) , .and c ·~c un.iJng i.;n l':mes~cne 'os ·p:-€seIllted ,un F.ig. 3; WoLka); X 6. 

5-6 - oLimeS1~oJ1es b<f tJ"le Pecten d !scites Beds (5 micn-:,:1i,e, peLecypod Hm€Gtone w1th pellets, 
from ·S,ta .. e 'Ch~cjnYj 6 spany, pelecypod limestone w1th pelJl€'ts 'and d.ntoodasts, f.om 
Sta'r e Ch E:>coiny) ; X 6. 
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1-2 - Limestones of the Pecten discites ·Be.ds {I pelecypod timemone; a.l'i1'OWed .all',e bordngs 
on tJhe SilH~tl; iPi'erzchJniea, X 10 ; 2 peJecy,pOd Limest'One with shell de!Jl!'i·tus amt'Ia'nged verh
oaJily; Pierzothnlioa, X 4. 

3 - Skelet-ad l!iunes~one rwti.'toh de.trjrt,us of opelec:y1pod, b1r.achiCl'pOd .a'nd c6l".attLtdd shells; Za
j ,!o2lkc.w, Ceratttes Beds (41th c,onoidoo'rut zone), X 6. 

4- 6 - T,erebratu!a [.umacheLle {4 SlPa'roy, lXacl1iopod limestone, fr,om Pierzchnica, X 5j 5 mi
criJtlc-6j)oaIl1I'Y, 'bIr.a,ch-iJopod 'LimestlOne, from ,st are ChE)ciny, X 5; 6 cdQSe-uil vdoew :firom 
the same sa'mple; doLomite goarims alre voisib1e; X 10). 



ACTA GEOLOGICA POlLONICA, VOL. 25 J. TRAMMER, PLo 11 

1-2 - Unrecognizable burrows from the upperm ost Rot at Wolica (1 section parallel 
to the b€dding, 2 lVertical section)i nat. size. 
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1 - CCU1toC t between crumpled and encrinitic limestone; Zajqczk6w, Wellenkalk, 
X 1.5. 

2 - Crinoid stems and -detritus in encrinite; Lukowa, Wolica Beds, X 1.5. 
3 - Geroz;illeia llUmachelle, topside view; Zajqczk6w, Wellenkalk; nat. size. 
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1 - Intraformational conglomerate; Wjncent6w, Wellenkalk, nat. size. 
2 - Turbidite layer with ripples at the topside; Wincent6w, WelJ enkalk, X 1.5. 



ACT!A GEOLOGICA POLONICA, VOL. 25 J . T.RAMMER, PLo 14 

LU!lTlachelle .c·omposed of is'olated valves 'Of Lima striata (Schlotheim) , !tOlpside view~ 
Wolica, Wellenkalk, nat. size. 
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1-2 - Trace fossils Rhizocomllium sp. on topsides of laye,s; Wolica, Wellenkall~. 

nat. size. 
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1 - Burrow attributable to a sea anemone; Zajqczk6w, Lukowa Beds (coll. W. R. 
Kowalski), -nat. size. 

2 - Erosional furow in a micritic layer , f illed with organodetrital deposit; Polich
no, L ukowa Beds, nat. size. 
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1 - Outlets od' enteropneustan burrows (E) and Trypanites borings (T) on topside 
of a layer; PoIichno, I.!Ukowa Beds, X 1.5. 

2 - Ot;tlets of enteropneustan burrows; locality the same, nat. size. 

.1 

l 
I 
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1 - Flute casts and a biogenic furrow on · bottomside of a detrital layer; Wolica, 
Lima striata Beds, nat. size. 

2 - Biogenic furrows on bottomside of a detrital layer; locality, the same, X 0.5. 
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1 - Fragment of ceratitid mould: topside ( la) corroded, underside ( lb ) with pre
served sculpture; Lesica, Pecten discites Beds, nat. size. 

2 - Corrosion topside of crumpled limestone: corroded mould of a ceratitid is 
visible; Stare Ch~ciny, Pecten discites Beds, X 0.6. 
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1 - Intraclast with T r y pa n i t es borin gs; Stare 'Ch~ciny, Pecten discites Beds, X 1.5. 
2 - Terebratula lum achelle (vertical section): some shells with calcitic secretions. 

or geopetal structures ; Stare Ch~ciny, Terebratula Lumachelle, nat. size. 
3 - Terebratula lumachelle (topside view); Pierzchinica, Terebratula Lumachellc • 

. Bat. .size, 
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1, 3-4 - Neohindeode!!a riegeU (Mnsher); Walka, Lima striata Beds. 
2 - NeohindeodeHa aequidentata KOZUT & Mostler; I>ierzchnic<" Ceratites Beds. 
5-8 - DiplododeLl.a btdentata (Tatge )j WoWi:ca, L i ma striata Beds. 
9 _ GondoLeUa suh.odoLica .. (Buduro'V & .stef·anov) - a. bottom view, b s:de view; S·ta,re Ch~einy, 

Pecten discites· Beds. 
'0 - GondoLeHa suhodoLica (BuduT'OV & Stefanov) - a ' bottom. view, b side view; Les.iea, 

Ceratites Beds. 
All fi.gures X 100; taken by L. Luszczewska, M. Se. 
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1-3 - Neospa.thodl.lS kocketi ('I\atge); OIbd.ce , Lukow,a Beds. 
4-5 - Neospathodus germanicus KO,zu~; Sta .. e ChE:ciny, Lu,kOlWa Beds. 
6 Neospathodtls germaniC1.ls; -KOtlur, Oooce, LUikJowa Beds. 
7 Chiffodetta potontca ('Kozur & Mostl1er); Wollica., Lima striata Beds. 
8 GondotetLa -cornu.ta .;(Burll1l:x>v & Stefa,nov) . - a bob~om view, b s ide vjew; Lesica, Ceratit€s 

Beds. 
9 GondoleUa COTnt~ta (B-udurrov & Ste~anov) - a bo~bom view, b sjde view; Lesica, pecten 

discites Beds. 
Ml fi.gwre.s X .100; t,akeon by L. Luszez,ewska, M. Se. 
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GondoteLLa cf. basisymmetriea (B udJu·row & Stefall1ov) - a s-;·de view, b bobOOim view; Stare 
Ch<:ciony, Ceratites Beds. 
GondoteLLa tonga (Budm":l'v & St€ifamo,v) a bottom view, b side view; Stat"e Ch<:einy. 
Ceratites Beds. 
GondoteLLa tonga (Budurov & Stefalll'Ow) - a bottom vliew, b side view; LesLca,. Pecten 
discites Beds·. 

4 GondoteLLa navicula Huek.rliede, transitiol1'a.1 ~::> G. btfureata (Bud.U!I'OV & Stefanov) _ 
a side v,iew, b bottom view; PieTzehnioa., uuk'owa Beds. 
GondoteLLa navicula Huckriede; Woliea, Lima striata Beds. 

All fi gu.res X 100; ta·ken by L. Lusz·czewska, M. Se. 
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1 - Juyen:.Le f'Otrmof Gondot£Lta navicuLa Huok·r::ede; Wa "ica, Lima striat" Boo's . 
2, 7 - GondoteUa constricta MJo&h~'r & CJ 21!'k - a t>c<trtom Yliew, b side Yi'em; Sofla'l'e Cht:cLny . 

Pecten discites Bed,s. 
3 - Gon.doteUa constricta Mcshel!' & CJ'al!"k - a bottom YLew, b sl.de view; StaTe Cht:cl ny, 

Ceratites Beds. 
4- 5 - Gon.doteUa CLCuta Kozul!' - a bOlttom view, b sl.de yJew; Stal!'e Cht:c:i'ny, Pecten d!sc!te, 

Bed$. 
6 - Gondo~eUa cf. basisymmetrica (BuduroOY & Stefa.I1JQY) - a bot,tmn VlleW, b swe view; 

'Stare Ch~ciJny, Pecten discites Beds. 
Alt fi·e:ures X 100 : take" t--- L. Luszczewska. M. Se. 
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Gondotelta hastachensis trammeri K02UT; p±erzohni-ca, Ceratttes Beds. 
2 Cornudina sp.; WoMca, LUlkOlWla Beds. 
3 Cornudina tattdentata 1K000ur & Mastler; VIIIolilca , L ,UJltowa Beds. 
4-5 - Gondotelta e:rcentrica fBudul'oV & Ste1laJn:OV) - a side v·iew, b bat'tom Vli'ew, c top view; 

stare Chl)C,!,ny, Pecten dtsoites Beds. 
41 - Gondotetta btfurcata (BUOOcl"OV & 'StdalIllov) - a bottom view, b side wew; W~a, Li:mn 

striata Beds. 
.AJlI. ,f ilgures X 100; ·tadten by L. t.uszcze!wska, M. Se. 

I 
I 

" I 

" . 

! : 

I~. ;' .. 

I 

I 
I 



ACTA GEOLOGIC A POILONJ,CA, VC.L. 25 J . TRAMMER, PLo 2G: 

1-2 Theelia cf. subcirculata MlOstUeT; SM're Ch~.riy, L ukowa Beds. 
3-~ Theelia ct. zap/ei Ko:z.ur & M,QS,Ue'ri Sta.e CI;u:clny" .Lukowa .-Beds. 
5-6 Theelia ' zap/ei K02lu,r & M()st :eij SiIla.e Ch<:c'ny, ~u.j{oQw" Beds. 
7 Judahe!!a pv.!chra mu!tinodosa (Kmu.) - a inte'l'io~ view, b exteri or View; Woh.:a. 

Luk,owa Beds. 
8 - Ussuricavina cf . rakovkensis Gtramm - a ,interLo[, view, b ex,te['i,Q[' view; WOLiC3. 

L ukOlWa Beds. 
An figU«'eI X 100i taken by L. Luszczewska, M. Se. 
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