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ABSTRACT: The M:iddle-UppeI' JU!"8SSic and Lower Cretaceoos deep-see sequeru:e 
of the stJb-taotr.lc SOOCe.sslOl1 of the Tan Mts oonsists of Toareia.n-AalenILan nodular 
ldmesfloines, Bajodian-Bathondan radidarltes, Call1ov:l.an nodu1a!r J!lmestones, ~fordt8!l 
raddoiarites, K'immeriddan nod·uaar liimestanes, 'l1thcaLa.n-Berrlesian al!MK:eous U
mestooes (Biaocane), aOO Va!angician-BIIlTemian ~ .Aptdan?) mw:iJstoDes. -Two 
maximal ~ phases wece observed namely tile Middle Jurass:e and Qxfordian 
ODeS. The ca.rbQ..fWlite seq,UelDCe of the Upper Jurassic m cbaracoberltzed by distinct 
vertieail symmet;.ry in the diatoribu.~on of uoduiIaD.- aimastane and lr8rliolarilbic facies. 
The Mlf,ddlle JunllB.c and OxfordiBn (the llaUe!" ;in partiLcuLaIl") depth phases Were of 
tmiversall chm:8ICIter ,in the Tetthyan troug'hs of the CaJrpathiains and prdbably of the 
Alps aB wela. The ~enteo.- of these .sedi.men.ts was probably a slope of trough. 
The deIlOllllt1011 depth 111 coos:!dered in ~.to calcite a;nd aragonite ~tlian 
depths end based on' lll£cIrofaclell aDaIysiB (selec1live solu1lian). A sequence of caLca
reous availanche .turbiJdiltes {the Murafl. limestone) of HauteclV!iaJn-Bariremi'al!l age is 
analysed aa:Ld 118 COIIldio1:i.<lIIls of sedJanentaJtion considered. Its ~ was due to ava
lanche and turbidite current traosport b"am distal and poss1bly also IPl"OX!-mal Urgo
n:Ian !reef-detrltal zones. On ·the basis of fam.ad analyft!s of these redepmited sedd.
menta la dket'I; 00IJ00Cti,an of some of the lSUb-tabrie units (Eamenl Tatra Mts) with 
the most .southerly sit1.rated ~ ·Belt succesBion (Hugovce) fs ~ested. An 
UIPPeo." Tiiflh<mli8lll ammolllB:te taIwla was found dn the SUlb-tatr:i!C SUJOCeaslon .. 9 UiPper 
T!ithond8lll IIlIDlIIDOO:ite ~cde.s am. gE!llllelra are deecrilbed I8IIld 8 .of them libl'lllS'1mted. The 
Wwer Crefaoeo1.ls ammoodte faI.ma tComprdses Valanginia~ HauteriWain and l3oaIN'e-

mian :f.orm8, out of which 14 are described and 7 mustrated 
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INTRODUCTION 

The present work embraces the problems of stratigraphy, sedhnen
tology and paIl8eogeo~aphy of the Middlle and Upper Jurassic and Lower 
Cretaceous of the so ca!l:led sub-4;atric succession of the Higth-Tartra Mts. 
Less attention is being paIid 100 the Middlle JurassJc then to the Upper ,Ju
rassic rac;tiolarites atnd associated nodular limestones. The latter . comprise 
the so caUed Upper Jurassic cm-:bo-siHte sequence (Lefeld 1969) and mark 
the main deepenmg phase:in the whole Carpathians, thus being. th~ most 
impOrtant and most indicative event :in 'the Jurassic history of ·the re
gion. 

Cbapters devoted to the Lower Cretaceous geology deal with the ma:r1-
stunes of ltIhe :N eooomian and aseociated with rthem the so called Murail 
limeBtones. The origin of the .latter member rose many doubts and ctis
cussions in earlier times. 

The localities studied are shown on -the sketch-map (Fig. 1). 
Investigations conceming the above poblems starled in 1964 and Wf!re 

cantin'l,led, witfh mtervals, 'till 1972. 

Acknowledgements. The folWowing ~, geology atudenJIs of the WanatW 
University helped the 8'Il'thor duriDg field seasons liD. 1969, 1;970 .and 1972: Mr. Tomasz 
KnyWlidcl., Mr . .AndriLej Wygrale.k, Mr. AodIrZej Budzyk, Mr. GrzelDOt'z Mlcula and 
Mn. Zofia Kayaiak. To an of them the autbar 'WIishes to expreu ms COI.'dW. thalnks. 

L81baratory work was camed out iIln the IJa,boratory of stratiglraphy of ·the 
Institute of Geo~cal Sciences, Po1d-sh Academy·of Sciences :Un Wl8i'Bzawa. 

~amUrve studies were done :im. Czeoboi!Ilovalklia d.n '1970. Dr. K. Borza of 
the GeoJ.ogfclce laboralborium Slovedlokej Alkademie Vied In BratialaVIIli wall 80 kmd' 
to ~laLn to the author SOOle Bt.ratigraphlJc and sed:Jmento'1ogJ.cal p-oblems of the 
West Oarpathian Upper Jmess:ic and Lower ~ gelOlogy, md guided him 
to the most representative e:xJp081ll'eS in the SlOVlllkl.an West Cmpath8.8Il8, in parii
cmBIt' to the MaD.e K8'I';p!lty, SIr,a6JovSka Hoa.m,at!na, VeHm nad :MaJa F.aJbra and Niime 
Tatra Mw, as wet1 as to the western sect;,on of the lQippen Belt. Beside tbaIt the 
author has visited aod studied the Upper JUI'a1ISic .and LovI/Ier Cretaceous sequen.cES 
in the HaHgovce 'K!~ (PIiendny 'Xilippen Belt), the Ruibachy (did Poldsh name -
Ilr'uZbaki.) teotonLc wiDdow and the ChOC M1IB the :Latter oonstlttutiLng .the 'M!6tem 
pro'Lcmgatioo of the Tafra Mts . 

Dudong :me1d seasons of [900, 1970 and 1972 the author has vIisi'lled many ex
posures of the C'1lOns-ztY!Il, Niedzica and BraIl'llsko 5uccea9i.oDS !In the PoI1ish .part of 
the Pleniny Dppen Belt. Useful intlarmMIoo about the geology of the hlst meo
tioned area was 'ld!ndiy commtmicat.ed by FIrof. Dr. Ing. K. Blrk~a1jer of Labol'a
tory of the Young Strocbures of the In:stdtu!te of Geallogtlcal Sciences, Polieh A<Bdemy 
of Scden,.ces in Cnoow. . 

The author WliBhes to exrpl'ess his oonfia1 thanks to Prof. Dr. Edwaro Paseen
dorfEr woo provided many useM infcmmatiJo,n aod <."Om11leM; d~ the whore time 
of prepaIl'ing this · WOI."k and offered hie oeOiU.ection of Lawer Cretaeeous BmmOIlites 
far detenni!Ilation. ThaIiks are also due to Mr. A. Iwanow, M. Se., far mamy disooas
loos. 

P1ree access t.o the illatlllraJl reserves both m the Polish and 810vakdJain paJrtiS 
of· the Tatra M'Ils was Sl10wed :to the 8lUthor by the DireC'tors of the Tatra National 
Parlt Mr. M. Mar.i::hleWski, Vice-d1reotor Mgr. lug. Qzeslaw Madeyad 8IIld mrector 
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Mgr. Lng. Loon Nl.eId.2:ie1Skd, for the Pol:ish parl, aDd by the Vyakumna Sta.ndca Spravy 
Tatranslreho Narodnelho iParku :!In Ta!lraoska I..cmd.ca, for the Slovaki.e!n part. 

Tharnkls are aJIso due iIlo !the WlQ(ZeaI of Itbe Muzeum Ta'brzaiLakde m. zakopane 
who helped the .aJIJthiol' 'Wri.th warkdDg !place dur.iJDg some, clI!I.efly Ibad-'M!alfuer times 
of field W<lII.'k. 

ChEllD'iClll1 analy8es of tbe sub..ta.1lric radflDlarites aDd lline.stanes Wlea'e done by 
Dr. Z. W:klhrOWllkl of the Geochemica1 Laboratory of the GeolDgLc.ad lDepari.ment, 
Warsaw Umversi:ly. 

The V~'B ooUeation of · tile lSlIb-taIIrdk: ILower Ore1lacelous :IIossilB, . chiefi;r 
Mml<rites was kJindly dent to the aU't.bor ·by the Laboratory of Young SfmoIure9, In
stitute 01. Geological SdienoelS IOCf the PoliI&h Academy of Sciences, Craoow. 

X-tl'Illy di.fblotognmms "Wa'e dOIne by Mr. M. st~, M. Sc., of tile 
G~ Imtillute, Wanm'Wl!¥. The a1.Jthor is ~ to Mm. I. B~ far 
the prepara1liloo of Plates.. 

PiREVIOU$ WORK 

The sedimentary tnaJn1Jle of the High-Tatm Mts (Cant.reJl Cwpa
thialns) was suibdivided on faaial grounds, by Uhlig. (1897) .iJntlO the SO 

ca.Ifled hlgh4atric zone (Hoht!itn'isch of Uhlig) situated directly over the 
Tatra orygj;alline core, .and the sub-tame one (Subtalbri.sah of Uhlrig), 
wthidh jg thrown over -the [ast mentioned one. 

The history of mvestigatian of the Upper Juramic and LoW'er · Cre-. 
taceous members of the sub-tatr-ic succession of the Tatra Mts whiCh are 
dealt with in this paper sta:r1s wirth Stache's (1868) findings. of some 
Lower Cre'taceous f08S!ls. 

Uhlig in his monograph on the Tatra geology (1897) proposed the 
name Muran iLimestane (MlU"Julka!lk) and reg.ard€d this member 10 be UIl'
gonian. The same opinion about the age and facies of the Murafllimestone 
was then expressed by RabawSki & Goete1 (1925), and Andrusov (1001, 
il.95Q). Passendarferr (1950), on the other hand, was cif the opinion that the 
Murafl limestone represents Hauterivian as Ihe found neither orbitOO!inas 
nor other Urgoni:a1Il index..;fosstls :in it. Borza (1957) analysed the M1m'an 
J.imestane petroglr'aphlca:l.1y but did not come ·to any new stratl.graph-k: 
oonclusion. Some data about 1:fhe Murafl limestone m. the Polish part of 
the ~ern Tatra Mts .are presented by GrabowSka-Hakenperg (1958). 

The fauna Of the iN eooomian mal'llstones of 1ihe sub-ta·tmic suCcessiOn 
from the KoSc:ieldska Valley in Ithe Westem Ta;tra Mits was collected and 
determined by Vigtilev (1914). He.mentioned 12 ammcm.ite species, 3 ·apty
deaIlt w!ir1lh. ID !this paper starts with Stache's (1868) fi.ndIDga of some 
plant remaLns. A complete list of his fossils appears in ·the Palaeontolo
gical Part. Vigilev lIleither described nor illustrated them. He . claimed 
only Valanginian-Hauterivi8lll age iorthe maa:-lstones of' the Western 
Toa.tra MtS despite his firuiingof Crioceratites emerici Lev., a typicatl BeJr
remian form. 

Many Lower Cretaceous fosshls, mostly ammonites were found by 
Passendorfer in early fifties in the KoSaielmka Valley. 



JUBASSIC AND CRETACEOUS BIOSTRATIGRAPHY IN THE TA1'RA MTS lzal 

T1b.esub-tartric ll"ad1ioladtes were petrographic ally analy~edI iby Suj
kowski (1932). Aside of Mdddle Ju;rassic ·age of the radliolarites he ascribed 
also upper portion of this member to the Upper Jurassic without any 
palrontologicaJ. basis. This proved correct in the 'light of aptyclhi studies 
carried out .by GllSiorowski (1959) on .the material from Western Tatra 
MtB. 

In the stratigraphic sclheme of Rabowski & Goete1 (1925) the sub
-tatric il"adialarrtes oorresponded only ID the Middle J1llNlSSi.c. The Upper 
JUIt"assic was harddy subdivided into :l'ed~ grey and' greenish ILimestones. In 
the light of aptyohi studiEs by G~siorowski (op. cit.) tPe Midd!le andi parily 
Upper J urassic part of ·the stra:tigraphic scheme 'by RaboWSki & Goetel 
(op. cit.) proved erron~. 'Acoording to G~siorowski the upper Jjmit of the 
sub-otaJtric radiolar.iJtes camcldes .witlh the Oxfordian}Kimmeridgian boun
dary. 

The application af the above mentioned stratigraphic scheme to 
tectonic problerm; !led to some errors \in the tectonic interpretation of the 
sub-tame IZfOne mmt of an in the Bielskie Tatra Mts (Sdko1:owski 1!,H50), 
whiclh were revealed! in a paper by Lefeld (1969). 

First chemfual aIl8llyses of the swb-tatric radiolarltes and MUll"aD 
limestone were done by KUi:trlaT (1913). Some others (:radidlarirtes) were 
published by KrajewSki & Myszlka 1{195"8). 

STANDARD OF 'I'HE UPPIIilR JURASSIC AND LOWER CRETACEOUS 

The standard: of the Upper J,urrussic stratigraphy is that proposed 
by Arkel1 (1956). It was used, with few mooif'icatioos, by Birkenmajer 
(1963) in the geology of the tPieniny oKJ.ippen B~lt of Poland. 

The standam of the Lower Cretaceous stratigraphy is applied.bere 
after Haug (1927) as iJt was used iJn the stratigraphy of the CarpatJhiians 
in Slovakia (Andlrusov 1959) and iJn the Klippen Belt of Poland i(Biriken
majer 1963 - with some modllicaitions). 

The Tithoni.an lS'tage is treated here together wiJt:h the BE!ll'Il'Iiasian 
according to Wiedmann (1968, 1971), because ,of litlholog;i.c unifonnity. 

MmDLE-~ Jtr.RASSIC CARBO-8ILITE SEQUENCE 

General remarks 

The radiolari1les and associated nodular llimestxmes of the Middle 
and Upper Jurassic alre a very characteristic U:thostratiglraphic member of 
the SUlb ... tartric succemion .in iIhe TatI"a Mts. They form a typical caI'ioo-silite 
sequence accorcling to GrtmaU!'s (1965) classi:£i.cation. General geology Of 
that sequerice dB presented in 'Fig. 2. F.irst nodu:1.ar Ilmestxme member ap
pears in the Toarcian there, ibeiIngthen followed .by the Middle J'UIl"mBe 
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Strat1:1ftPh7 

300m 

• Lo ... :rApt~ marl.toDe /looallT 

" with ol1.atol1ths/ 
0 

• lIa1"n.1aII 
0 IWa6 oaloanD ... .. t.t. a .... laIIohll .. 

Baute1'1T1a11 tvb;L41te 
• 

200 

" u '.'.,a.'D18O -.:ratoM 

-----------
!f1 tllDlI1IID-Be:rr1a81a11 b1aDOou 

0 100 
04 ltu.riql.U. IIodular l!MatoM 

• O~ol'41a11 ra41ole1'1te 
• DOdular l!M.toDe .. CalloT1all 

" Ba~oo~tIlo.1aa 1'tI41ola:r1te 

" ~ !roa:roua-.&&leD1all. DOdular U..tOM Q 

Fig. 2 

General stra'tigmphy of the !MIiddle-UIJI)er Jurl:l88k: -and Lower Cretaceous of the 
Wh-.tatztf,c BUCCession in the Tiadlra Mts 

il'een radioiLarites which. in turn, aire overlaid! ,by another nodular lin;le
stone, probably Callov.Lan .in age. 'Dbis nodular member sepwra.tes the 80 

called "lower" ~een radiolarites from. the "upper" ones of OxfOl'dian 
age. The Ilatter show red radiolm-itic en.veIopes both on itheir bottom and 
top. The sequence ends with the "upper" nodular limestones of Kim
merd<IgJBn a8E!, which /pass gradual!1.y into the Titbmrlan sIlIiceous funesto
n~ of B'umcone type. 

Strcatigraphic u.nits versu.s lithological members 

Aptychi studies by GllSiarowskd (1959) have revealed that the upper 
limtt of the sub-rtaltric radiolacitE!s lies about the Oxfordi.alnlKimmeridgian 
bot.mc:Iai'y. No other index..;fossiJs we known fIrom this carbo-slLite se
quence, and the only ammanites al'e Hildoceras bifrons Brug. from the 
ToaroiBn ",lower" noduiar limestone (Ubl4g 1897, Sdkolowski'l925).lHigher 
members. mCJSf1.ly radiolarites, lack any fosMs except ~ aptych!i ;EUld catl
clfied radiola,rfia. There exists, ho'weVlel', a striking faciad s.im!l.arity -to the 
coeval car1Jo...ei.l1Ite ,8equenoes of the Pien.iny Kl.iJppen Belt dhl.efiy the Nie
dzica and BranliBko suocesmans (BdTkenmajer 11965). On this basis it was 
possil:Jle to car.relate the !parti:cular sub-Urtrlc JurasSlc members WIith the 
better pa[eontologdcally evidenced ones of ·the 'last mentioned area (Ta
ble 11). 
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Ta b'le 1 

StratlgrB!Phy of the lS'Llb-tatric Middle and Upper JuraasLc IIllS cmnpared to that of 
the NIled7ka S'UlCoosaion of the P!endony K1iJppen Belt. After Bh'kenmajer (1965) and 

Lefeld U969) 

1'ata lit. P1eniDT ~llppen Belt 
.ub-tatrio .uaaesalon .1ad81oa suooes.lon 

1'1 thOll1azl b1.BDcone bi&llaODB 

n-er1dg1An upper u4ular u..ston8 upper udular limeatoM 

upper upper red ra410larit8 upper red ra410l8r1t8 ------------ -----------O:r:for41An - areen rad1olarit. &reen ra41olar1te 

8~-------------- -----------lower 1'8d rad10l8r1t. lower red ra410lar1t. 

Ca],loT1An middle nodular limeatone lower nodular 11mBatone ---lIa;loo1An anen ra410lar1t. orinoldal limestone and Bathon1An -
Table 2 

Strat1el'aPhy of the sub-tatrk ·MIddIe and Upper Jurass.i£ and LOW'eI' Cretaceous 
after GllSlu'owski (,1959), SokoIowak!i (19215), V'ig·ilev ([914) and a.utbor's own researches 

Lower Apt1An 

aDd 

Barr ... 1aD 

Bauter1T1An 

Berr1aa1An 

-----
1'1thon1an 

-.----
upper 

O:r:ford1aD 
-

10,..1' 

CalloT1aD 
.r-._--

BathDn1aD 

•• atern Tatra IIt8 IaBtern Tatra lit. I 
I I 

marlstone w1th I 
Urgon1aD 011atollthe I - ---- -- -- -- - - -. th1D 1Dterbad. of caloareoua 

. and a1'8l1AOeOU8 lIura/l oalcareous 

I 
turbidUee 
/_onu ... / limestone aTalanohe 

turb1d1tas 

-------------- -------------, 
I i 

epotted -.rlatoM 
/_nUes/ 

b1aDo0ne 
/t1Dt1DD1da/ 

/_oll1tee/ 
b1aDoone 

upper nodular limestone 
/abUDdaDt. Saoooooma/ 

upper red r&d10lar1te 

upp.r, areen radiolar1te 

·lower red rad10larite 

m1ddle nodular limestone 
/partl,r laokiDU 

I .potted .arlatoM f 
b1aDo0ne 

/Unt1DD1da/ 

b1aDoone 

upper re~ radlolar1te 

upper, anen rad10larite 

lower red radlol8r1te 

aiddla nodular It..ton. 
/partl,r laok1Dg/ 

I 

and lower, green ra410larlte lower, areen rad10lar1ta 
Bajoc1aD I 

-Aalen1an -- 10we3l', "d nOdular 11mBDtonelllowerLn4 nodular 1111 .. tonel 
and /part~ laok1D& or other ,/ 

~oaro1aD _ ~~~r!~ ~~r~~t~ _ _ _________ :~1!.~ 



284 JERZY LEFELD 

No palaeontological ,evidence eats so far concernJing the CaJllovian 
stage .in the sub-tatric succession in the Tatra Mts. Aside of the above 
mentioned similar-ities to ·the Nied2lica succession of the Klippen Belt a pa
ssibility exists tha.t the so ~lled "middle" nodula!r Jime9tone member of 
the Tatra Mts may ern/brace a part of the .Upper Bathoman at its base 
and/or a part of the lowermost Oxfor'dian :in its top. 

Bearing in mIDd such 'l"eserv.aJtions wlhich ;result from a ~ty of 
fuunail ·remains in the sub-tatric Middle and Upper Jurassic the strati
graphy of othe .arnalysed members .is presetnted in Table 2. 

Selected profiles 

Out of many profdles studied. in 1:Ihe iielld only best exposed. .ones are' 
!here presenoted. These are: in the Western Tatra Mts - sections of the 
eastern slQPe of the Lejowa Vai1!ley, tin the Sucha Vta!1ley and art; Gladkie 
UplazianSkie, and in the Eastern Ta1tra Mts - sections at the southenn. 
slope of the Nowy Wrierch (Bie'l.slkie TaJtra Mrfs), and at Holica. 

The seCtion :in the Lejowa Valley (Fig. 3) exhibits about 18 meters 
of Middle Juras8ic (Bajocian-Bathonian) "lower" green radiola!l'1tes. The
se aTe greenish-gray 1 to olive-gray callcareous rocks wi'lh oldve cherts. 
The following nodular limestone of CaUovian age 'is 13.5 m thick. This: 
is a typical .. Ammonittioo Ros90" with ca;1carOOlis nodules and brownish
-red maJtrix. ReddiSh-brown, 'smaU charts occur ID some nodules tlhere. 
The matrix etIverloping 'the nodules is reddiSh.,brown (10 R 3.,5/5) whereas 
the nodules are slightly pa'ler, There axe some thiln beds of ildm.eStone de
void of nodUles :at the bottom of that member. The nodules are approx
imately 2-5 om in size, :usually langer then high, l,enselJiJke. NeE memibE!!l". 
tlhe lower !l'ed rad!i.oLarlte is 12 m .thic/k. The rock is thinly bedded with 
some ShaIle :intercalations. The colOUT is da!rk Teddish-'brown (10 R 2/3). 
Cherts Ial['e seldom found in it. The upper green ,radiolarite 1.0 m thick. 
shOW'B thin red radIio18!I"ite band .almost in the middJ,e. The ~ock is grayish
-<Mve...green (5 GY 4/2) and does IIlCJt contain che:t'lts either. 

The upper l'adiiOl:ario1;·e is 4 m thick and does IIlOt dli:ffar muclh from. 
its !lower oounterpart. It contains small treddish-tbroWlll clherls in bottom 
portion. 

The upper ca:lcareous member of Kimmeridgian age, uiIllike its coun
terrpar.ts in the Eastern Ta'tra Mts, shows only thin nodular bed among. 
reddish.-,brown ·thiIn bedded silicOOUlS 'limestone. Reddli.sh colouration gra
duaUy passes .into gray:ish one. Thickness of the upper nodular limestone 
in that sedtion is :less tlhan 2 mater's, which i!s incomparably 'less than in 
other parts of the sub-tatric succession . 

. Upwards the sequence passes gradually into the TithoniaJn Bianco
ne, which in its upper- part oon1laIins few ammOnites -(Berl'iaselilddae). 

1 AH ·oCIOil.O'UII' desdgnllltioo.sa-ccording .to the G. S. A. Rock CoilOIl' Chalrt. 
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The sub-'tatric zone of the Tatra Mts passes westward into the Choc 
Mts whidh are lower, mostly due to existence of a tectonic transversal 
depression there (Gorek1950). A '8ecti!on in li:he Sucha V:alley (Fig. 4) in 
the Westernmost Tatra differs slightly kom that in the Lejowa Valley • 
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Cross-section of the Middle and Upper: JUil"a.c;gjc in. a guLly ()Ill the eastern sl~ of 
the Le-jowa Valley 

1 MlddJ.e J'Ilrassic radlolaritea and sllif;eoWl limestones: 1I limestones: 3 middle nodular llmestOll1.e 
(caUovia.n): 4 lower, red TacUoladtes (Lower Oxfol'dian): 6 ~r gree;n rac1101arite (lO'W'er part 
of the Uwer Ox.fordlanH B upper, red radlolar!l.te (upper pant or tile Upper Oxf0rd4an)~ 

'1 nodular and s1llceoutl l1meatone (Klmmerldg:tan): B Blanoone (Tithonlan-Berrl.a8:lan) 

The Callov.jan modular limestone member separating as a role the lower 
green ·radiolari'te (Bajoci.an-Ba·thonian - 1 in Fig. 4) from the upper ra
diola.rites is rudimentary only, thus the lower green I'adiolarite passes 
dilrecta.y anto the lower, red mdiolao:dte (8 m thick) of the ;Lower Ox.:forddan 
(2 In Fig. 4). The upper, green lI"adiolarite (1.5 m thick), :is covered by the· 
upper red OIlle which -is again 6-7 meters thick. The whole Upp€ll' Ju
rassic Il'Iadi.olarite group is r~lf;hel' variegated. in colour as many thin gree
niSh-gray bands occur' within both red memben; of the Oxfordian. Small 
reddish-.brown jaspers occur in batih red radiola:rite members. The Kdm
meridgian upper nodu181l" limestone is poorly developed there. In the OVelI"

lying Biaticone of the Ti>thomatn age one thin band of clastic turbidite 
occurs. This secrt;i.on shows similarities to the developm~t of the Upper 
Jurassic 'carbo-sUite sequence at :Lucky in the Choc Mts situated farther 
west. 

A section at GrzeS (Pl. 3) in the ChocholowSka ValiJ.ey (Polish Tatr·a. 
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M1ls), the aptycbi of w:hiich were anaiysed by G~o~ (1959), shows 
sbrong resemblance 'to that of the Sucha Valiley being, in f8C't, interme
diate betw.eeri the sections at Lejowa and the Sucha va'ltleys. 

A sma1J1. tectonic sca1e art Gladkie U!plaziailskie discovered by Lima
nowSki (1904) Occupies a peculiar tectonic position (see Mapa Geologiczna 
'Tatr IPoIsk!ich, 1:10 000 sheet B2, arui Kotanski 1965). The sequence of that 
tectonic ~e (at least its Upper .Tur.assi'C pari) does not fit to the neigh
boring SUlMatroic unilts whi'Ch suggests that it was thrusted over the high
-tatrdc !2lODe from somewhat dllfferen1: SOUll'Ce area. 

The Middle-UpPer Jurassic sequen'Ce at Gladkie Uphizianskie is as 
follows (Fig. 5). Over the Toaremll."eddish-brown enorlnitethere is a very 
characteristic bed (12 m thick) of dusky yellow-gll'eerl (5 GY 5.5/2) radio
larite (PO.. 5, Fig. 2) with dusky red cherts (5 R '3.5/4). There is no noduilar 
limestone ,at the base of tlhe OXIfordian and the Callovian is probably re
placed by l1'eddilsh-brown mdiolarrite which fQl'ltU! uniform bed (8 m thick) 
together woith the OUordian. 'I'Ihe upper nodu18!1." limeStone (7 m tlb.ick) 
.of the Kinuneridgian is we}[ developed. The colour is reddlish .. brown at 
base with intercalations of ,red and g.ra'y, and passes topward in1*> grayish. 
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1 Iowet:' green radiolaTlte. (JWddle J.ura!lllltc)i l! lower, red radolo1ari.te. (:LoWer Oxfor41an); 
~ upper, green i"adiolarlte. (lower part or the U:PIIer OzdIor41an)i 4 u,pper, red mdl'Olarlte 
(OR*" ·Ozforttian oIIIDd .pouIbly Klmmerldgian)i /J sWceoue llmeltonel ~B1ancone) (Ttthonlaon
Eenluian); • ma!l']jItoDeII (VallHlg!nlan-'H'6uterivian)i 'I ovemhrusted Trl.Ull1c dolomltel of the 
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The uppermost portion of 1lhe section .is composed 'by the Tithono-Bemia
sian Bianoone m its typical development. 

In the Eastern Tatra ,!\Its Ithe sub4aJtrJ.cMiddle and . Upper J Ull'~C 
sequences occur both :in 1!he Polish ami Slovakian parts of the massif. 
The ,best exposed and longest e~res are to be found on the southern 
.slopes of ,the Bie1sIde Taltra Mts (PI. 2). The Hawrail unit of the Bielskie 
Tatra Mits continues westward \into the Polish part of the Tatra Mts, in 
the Kopy Sohysie alt"ea and merges under the Eocene flysch toward 
WNW. . 

South of the Bi.e1Skie Tatra Mts and Kopy Sohysie there is a group 
of tectonic scales represented ,by1Jhe HOIliJca- and Czerwona Skalka hills
in the Slovakian part (R. t, .Fig. 2), and by rtihe G~ Seyja hill - in the 
Polish part {see Fig. 1). 

In rthe Bielslde Tatra Mts a secbi.on at Now:y Wdereh {Fjg. 6) may 
serve as an example here. The Mdddle J'UX'8SSi.c alive..g:m.y (5 Y 5/1) ,radio
l.arit.e contammg oherrts oo:ntacts dh'ectly the "upper" @reen radiolarite of 
the Oxfordian without aIIly nodulSll" bed: 1n:between. Hence the Callov:ian 
.is either represented by radiolmites, or its sediments have been. removed 
by redepomtioo and/or dissdlutian. Farther southeast, at Szalony Wiereh 
and. Jatlld ·thJs member is devi!lloped in farm of pseudonodular J:imestones. 
The Lower OxfordialIl ,red radiolarite. iBabsent as well. The upper !red 
p8.1'lt of the carbo-6illite sequence is no.rma.liy developed with rather thick 
reddiSh~Wn (10 R 4/4) upper nodwaa.-· limestone of the Kimmeridgian. 
The nodIules are definlltely li~hter. The upper noduiarJoimestxme iswe1l 
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Cross-eeoUion act Gladk:i:e Upi82lla6sk:ie 
1 .lower, green :racHolaor:Iies Wil.tb duSky-red-jaspers (Middle .TUl'888lc); I red redloladtes and 
s1HceoUII J:lmencmes (jupers &t bottom) (oCa.llcM.an a·Dd Oxifordtan); 3 upper, aoclular lime!Jtones 
(K!mmeric2B1aD); • cra)'lsh DOdular HmeBtonea (Ktmmeridgl.an aDd Lower TlthOman); • sWCeoUII 

llmeMone8 ('l'itboa1ano8errialll.an Blancone) 
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represented all over the Bielskie Tatra Mts and exhibits the greatest 1Jhiok
ness of aill sub-taltric uniiB in the Tatra Mts. East of Nowy Wderch., near 
the Muran Mt., some yellowish encrinite olistoliths occur in this member. 

In the PoliSh part, in the Filipka Valley tlhe vertical symmetry in 
the Upper Jurassic radJolarites :is best developed. The Callovian middle 
nodular limestone is typica~ there and contalins reddish-'brown cherts. Its. 
existence there obviously 'implicates reddish .colourati.on of the rower red. 
radiolarite. 

The Huzbachy (old Pdlish name - Drwzbaki) tedtoni.c window si-· 
tuated east of ,the Taw Mms shows, according to Mahel (1963) a si.mila:r
sequence as that of the Hawran unit in the Bielskie Tatra Mts. 

A highly Il'educed Tadiolall'ite sequence 'occurs at Hdlica (Fig. 7)~ 

The Liassic (most probably:Pl'ie.nsbaclhian) encrl!nites are overladd by 6 .m 
thiclt Toarcian baematitic dark-redicliSh .... brown nodular !Limestone which 
has yielded Hildoceras bifrons Brug. (SolrolowSki 1950). About 10 meters 
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Cr.oss-sectim of the SOllthweetern slope of the Nowy Wieroh (Bielskie Tatra Mts, 
J green radiolarJte8 (Middle J ·ura8lll.c BIIld Oxfonll.an -:- Lower ,pa·rtly . UJillPer); 2 upper red 
radlolarites (Upper OXofordian): G upper, nodular limestone (red) (Kimmer£dgian); 4 gray:lBh. 
nodular limestone (Kkr:imeridglan and Lower Tlth0111an): 5 el.liceous l1.rD.estone (Tltbcm,1.an
-Berrlasian iBianccme); 8 marllrtonea (ValangI.nJ.aa:l-Hauterivian); 7 iMura:6. tinleBtones (Uppermost 

Hauterlvtan - Barremtan) . . .' . 
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thick green radiola.Nte represents probably tlhe whole Middle Jurassic 
.and Lower Oxfordian. The upper red radio1ar:Lte member (Upper Oxford
ian) is 6 in ·thick. The upper nociulrur limestbne (Kmuneridgian) is 8 m 
thick. In this tectonic scale the upper nodular limestone. is atlso thicker 
than the Jower one wlhich :is a rule .in the Tatra Mts. The sequence then 
passes into the Tilthondan Biancone which .forms the peak of Holica. An 
.almost O(mlJplete v.ertical symmetry crops olit iJn the neighboring Czerwo-
na Skalka (Lefeld 1969). ". . . 

Fig. '7 

Croas-sectioo at Holica (Eastern Tatr1a.o 
Mots) 

1. BPOtted limestones (a) .and encrinites (11) 
(DOII:ne,rian) l J lower nodular limestones 
(Toal'Clan); J green radiolarttes (lWddle 
JuraMic and Oltfordian); " upper,. red 
radlolarttea (Upper part of Upper Oxfon2ian); 

. S IJWler. nodular limestones (KllmmerldgianJi" 
If siliceous limestones (T!thonian-BerrlasJan 
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Correlation of profile8 
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The COTreLatian of profiles (Fdgs 8-10) was done, in the lack of fos
sils, on purely lithlologicaJ. grounds. The existence of a distinct vertical 
symmetry in practically aI1.1 sub-tailric Midtlle-Upper Jurassic profi[es 
served .as the main .hams far rthe corre1aJtian. Tlhe Toall'cian, CaMoVlian a:nd 
Klmmer'.idgian noduilar limestone members seem !I;o ibe most stable li.tho
stratigIl'aphic lleve.Is, except few cases in which 1iteiJr .thic1mess is Il"educed 
paxtlyor even completely (e.g. the OaUovian !in the Bielskie Tatra MIts). 
Correlation of the paIrItioula:r Oxfordian radiolarilte horiwns was mare 
di:fificult because oo1y the cdIour of those rocks vall'lies -in vertical Iptl'Ofiles, 
and in some cases (e.g. Placzliwa SOmla in the Bielskie Tatra Mts, Lejo
wa - ·in the Western Ta-tra Mts) it is obvioustJba.t 0II11y toW th:i.ckness 
of the OxfordiaIn iI"adiOiLarites should be taken mto account whereas tb.e 
ooIour changes do not correspond exactly to the stratigraphy. Bearilng in 
miIIld the possibiJ.ity of some l1"edeposition within. the nod'llllar limestone 
members the accuracy of ending and/or beginning of the nodular episodes 
must not fit exadtly 'to stratigraphic units. The sub-tatric carbo-siJ.t"te se
quence the ortigin olf .which is, at [east in part, due to dissOllutilon processes, 
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Lilthostmtigl-aplric CCIri1"elation of the Upper Jurassa.c carbo-sllite sequences dn :the 
Western Tatra Mts 

For lJJthologic e:zplanatlocul - lee Figs 9 and 10 . 
1 lower, green rad.iolariotes {ll41ddle J'·urllllSl.c) i J middle, nodular limestones and siliceous 
limestones (CaUovian); 3 lower, red il"sdlolarites (Lower Oxfordian)i 4 u~r, green tadrolarltes 
(lower part of tbe Upper Oxfardla.n)i S upper, red radlolaritea (upper part of the u.pper 
Oxfordian, alllo Kl.mm.eridgi.an in the We8ternmOBt Taua)i 5 upper, nodular limestones (Kim
mel'lidgiaat a·ncI. LoWermost Tithonla.n)i 'I siliceous limestones (Tlthonlan..Berrlas1en Biancone) 
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Fig. 9 

Uthostratigll'laph4c correlation at the 
Utppar Jurass.ic carbo-sUite seq.uen
ces at Hol:lca aDd Czervilona Skalkla 

(Eae1lern Tatra MUI) 
1 radloiarites or 8Illeeoua limestones. 
11 nodula.i' llmestonesi IIJ: mIlIlUcolored' 
Upper J'urass1c Ox:fordian (radlolarltes); 
IV u,pper, green radlolarltes (lower part 
CIf the Upper Oxfordloan)i V siliceous 

limestones (Blancone)i VI encrinites 
1 Bajoclan-Bathon.len, 2 callowan. 3 Lo
wer Oxfordlan, • lower pa.rt Of the 
Upper OxfOl."d1an, $ upper part CIf the 
Upper Oxfordlan, 5 KJ.mmeridgl.an; 'I Ttt-

1"771.1 17171.0 1D!I.'!Iial1l ~n' CTlV ~ honlan-Berriaslan, L Liassic (Domerian). 
~ IIIIi!ilIIII ~y 0::::::0 .~ W T Toarc1en 

must ineVitably involve same time spans .wlhich are lIlot represented by 
sediimenis in 'lots lithologli<;a1 calumn. Such phenomena, however, Camlot 
be traced using present day ;resea:rCh methods. 'Far instance, it 1Js :impossible 
to say' whether the CaUovian st~ge is represented or Illot . in :the' green 



m 
80 

'I 

o 

.Tl1RASSIC AND CRETACEOUS BIOSTBATIGRAPHY IN THE TATRA MTS ra9I 

Filipka 

8 i e I s k. i e . Tat r a Mts 

Rogowa Skafa Nowg Wieich 

Fig. 10 

Pfaczliwa Skafa , , Jatki Zadni8' 

7 

Litbosbrail:fgraphiJc correlation of the Upper Jll1"assi.:c carbo-siJite sequences in the
Hawraflumt (Blelsk:i.e TEllb:a Mts .and Polish Eastern Tatra) 

I lower, green ra-diolardte.ll and 81l1.eeOUll limestones (JI6c1d1e .rura88ic): Il nodu.la·r l1me.stones~ 
III red radiolarltes: IV upper, green rad1olarlttlll: V SlllceDUS llmestones (Tlthonl.an-8errlaslan. 

. Bi8lllcone, at JMki Zad1ll.e -- wLth cherts)l VI middle nodular Hmestones with reddlBh-brown. 
jaspers ~Ca1lovian, in the Fll.1,pka VaLley) 

I BajociBlll-.Bathorilan (at Nowy Wierch together ;with large IP8rt of the Oxfordian), , oallovlan,. 
3 Lower Oxfordia'n. 4 lower IP8rt of the .'Up,per Oldordla.n, S upper part Of the Ulpper Oxfordlan~ 

If Kimmeridgla.n (possl:bly wlJth the lowermost T.I.thonian), '1 Tithonla·n-Berriasian 

Iradidlalr:ites of ·the BielSkie Tialtra Mts (e.g. Nowy Wieroh - Fig. 6) as no 
nod'Ullar limestone lis present there. This time span maybe either replaced. 

. thy :the green Il"amolarltes or .an uDltloticeable lhiatus exists there. 
Thickness rel.l.ations are JPl'esented in Tables 3 and 4. 

Table 3 
Total tbic1mESS ,af ,the sub-'tatrlc Oxforodian lI.'adioLarites. on meters) 

r--' ' 
.aaternmos~IChOOlio10W8ka Lejowa aladkie Pilipka Bislskie H 11 
!ratm Mta VaUe;,- Valle7 UplaB1a6ak1e Valls7 ratm Kt. 0 oa 

1-' 
16 14- 27 ,., 9 9 .18 

Ta. ble 4 
TotaJ. thiclmass of the Upper Jurasslc carbo-s4ld:te sequence in the sub-tatric 9UCceS6.ion 

(in meters) 

Westerlllllost Chooholow.ka Le~o" Gladkis Pilipka B1elBkieslHolioal ·!ratn. Mu Valle;r Ta 18:r UplaBiaABld..' VaUs:r !fatn. Kb 

21.' 19.' :la 19 17. 22 I 26., I 
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Stratigraphy 

Lower nodular limestone - Toarcian-Aalenian 

The 8UJb-tatric carbo-sUite sequence starts with the so called lower 
nodular limestane of Toareian and! possibly a!lso Aalenian age, aCQOrding 
to :f.indings of ammonites Hildoceras bifrons Brug. and other for.ms at 
HoJ.ica (EaStem Tartra Mlts) by Uhlig (1897) and Sokolowskii (1925). Nodu
lar charadtea: of the Toarcian maybe observed only at Holica and in the 
Western Tatra Mts, whereas in the Hawran unit (both in theBielBkie Ta
tra Mts and ,in the Kopy Soltyme area) 1lrus stage ;is developed in other 
:facies (Iwanow 1973). The nodUlim' Umestonoes of the Western Tatra Mts 
aJl"e reddish-brown rooks (10 R 4.·5/5) with smafl.l, slightly;lighter nodules. 
The proportion of the matrix to nodules is relatively high. The matrix 
shows high admixture of criJnoidal debris (Pl. ~13, Fig. 1). In the Choclho
lo'WSka Valley the Toaroi.am. nodU!1ar Illimestones were a subject of exploi
tation of poor iron ores. In that arrea: Jfhey oV6l"lie cr.i:n<ndal manganiferous 
limeStones which were anroysed by Krajewsld & .Mys7Jka (1958), who have 
aJlso described the Toattlian rocks. 

Lower green radiolarite - Ba;ocian-Bathonian 

'Dhe 1IlOdu1ar limestones of the Tomcian";Aalenian are over1l.aid by 
'the so called lower green radiolarites of Bajoci.am.-Bathonian age. :At base 
these rocks are stiM reddish-brown but higher up they soon became dark 
greenish-gray (5 GY 411) to greenmh-gray (5 GY 6/.1). These relations a:re 
to be noted in the Western Tatra 'Mts, first of an at GmeS hiU an the Cho
choIowska Val[ey where the lower green !l'adidlalrite member :is about 
25 meterS thick, and :In tlhe Lejowa Valley (Fig. 3). Dai'k gray lenticular 
cherls occur w.ithin ;fjhooo rocks. Same ip8!rtB (mostly top) Cif these rocks 
are rather highly calcareous and maytbe regarded as siliceous ldmestones. 
These are characterized by the Bositra mircro.facies (PI. 13, Fig. 2). True 
radiolaIites show abundant lI'ad.iolarian moulds usually filled secondarily 
with calcite (Pl. 13, Fig. 3). 

In the Eastern Tatra M1:s, in:the HaWll"ail unit the [ower green radio
larite member contains some eoorinites either as separated layem or the 
crinoida1 debris is dispersed througlhout 'the limestone. In few cases, as 
on the southern slope of Murafl, fragments of crinoid stem were found. 

In the HaWnu1 unit, and :in the Fii'ipka Valley in particull.ar, !pyrite 
substance !is disseminated 'in the spabted oUve-green limestones and ra
diolarltes of the Bajocian-Bathandan (PI. 13, Fig.. 4). In the Western Ta
wa Mts the rocks of :the same age contain but '\:rlaces of pyrite. Sha!les 0C<:a-
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sionailly occur inibetween lthe ,radidlarite [ayers. At Gladikie Uplazianskie 
a peculiar greenish-gra.y radiolarites ccm.tain 'redd!ish..,brown jaspers. 

Average 1lhiclmess of the lower green Il"ad:i:olarites maybe es!f;im.ated 
as aloout H;-25 meters. 

Only oneaptyclhus .was found and determined 'by GllS'iorowski (1959~ 
from these rooks. Accarding to this author the lower green radiolarites 
are possibly younger that Lower Bajocian. 

In .all.mo9t am. ealflier el.&borations (Rabowski & Goete4l J,925; Soko
lowBki 1925, 11.,0) the lower ~een radiolarites were treated together 
with if;he upper ones and regarded as being of Middll.e J urru:sic age. Such 
intetrpretation led to co.nfusion and e.g. the chemical analysis done by 
KuZnJ.ar (1913) is difficuJ.,t to classify now as :i!t may concern the OxfOTddan 
radio1arltes. The same canbe said about some iNustmtiOlllS by Sujkowski, 
(1932; Pl. 10, Figs 1--'2). 

Middle nodular limestone -Callovian 

The Middle Jurassic :radio1a.r.ttes 8!1"e usually separated from 1he 
Oxfordian ones by the So called middle nodulair limestones. So far few 
pa,leontologicall evidence exists aboru.t 'the age of this member. !However, 
its position mbetween the Bathcmian lI."adidlarites in the bobtom and the 
OxfordiaIn ones at top rises IIlO doubts about its Callovian age. Moreover, 
such a nodular member (lower nodul8!l' dimestone) does exist in the Nie
dzica succession of the P.iooiny IGippen Bel:t a!lldI is well documented by 
ammoni1!i.c fauna (Birkenmajer & ?mosko :1955). 'It is not out of question, 
however. that .this member may embrace the :Uppa: Bart:lm~ at bottom 
and the lowermost Oxfardlan at rop. In few sites as e.g. iNowy Wiercl1-
MUIl"aD. in Ithe Bieiskie TaJtra Mm this men1ber :is missing prdbably due to 
dissolution. 

The rook .is a typical lIlOdul8!1" /limestone rEddish-brown (10 R 3.5/5) 
w.ith lighter calcareous nod'ulles. In some cases (Lejowa) the matrix is 
dark reddish-brown. At FJ.lipka it is grayish-red Cl{) R 4/2) with darik
...reddish-brown charts. Small, partly difssOlved ammonite shells are to 
be found :in ,tlhese rocks (see Lefeld 1969; PI . .1. Fig. 1), At Szalony Wierch 
(Sllov.alkdan name - ,mupy) in the Bi~e Tstra lMts this member is 
developed as p;eudooodul8!1" limesflorle. Farther south, at Jatki IOOrmally 
developed !nodular limeSt<me crops out. It disappears altogether at Faj'k
sowa:in the south-eastem termiMtion of the Bielskie Tatra Mts. ' 

As seen in thin sectiOn the rook is skeletall micrite. Some pall"ts ex
hibit a·bundanit B08itra shelil fragmenrts (PI. 13, Fig,. 5). In other cases 
Saccocoma osSi.cles, sponge spiculae, Globochaete alpi.na Lomibatrd (!PI. 113, 
Fig. 6) and Colomisphaera cf. carpathica. (BoTza). In the FiliJpka VaIlley 
(Eastern Tatra Mts) a massive hydrozoan Stromatomorpha aff. yokoyamai 
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Yabe &Sugiyama was found in ·1lhe middle :n.oduJl,ar limestone. TlUs for~ 
is known :kom 1lhe Tar.inosu seI'1ies (Callovian-Tithonialn) of Japan (Yabe 
& S~iyama 1935). The Tarmosu limestane in which StromaJtomOTp"ha was 
foUnd for the first time is of OXfordian-Tithonian age. In the tatric case 
only Callovialn/OxfoMian 'boundary or lowennost Oxfordian age is pos
srb1e as the ov-ertlyilng r.adiOlarites are Lower Oxfordianin age. Thls 
hydrOzoaIll shows some abliteratian probably due ;to transportation (Tede
pooition). It possibly derived from shadloweT zone and was slided down 
the through slQPe rtlo !its site of repose. It is embedded :in fine, biom.i.c:r-itic 
rook ~taining abundant Saccoooma ossicles. 

I'll the WeStem Ta1lra Mts only at Lejowa Val1ey is 1Jhe middle no
dular [imestone .w.el!l developed. In that she it sh.Qws miJCrofacies wi·th 
thin sh€il1.s of Bositra (Pl. i, Fig. 6) and almost at the boundary with the 
lower, red radio18ll'ite - also the Saccocoma microfacies. In the Cbocho
lowska Valley at GrzeS amy a single .Jlim-estone bed (0.35 m thick) sepa
Tates the Middle JuralSSic green radiolarltes from 1Jhe Oxfordian roes. 'Ibis 
is a micdte w.ith abUilldant caI1.cified radi<llarian tests. At Gladkie Upla
ziailskli.e rthe exdstenceof ,the middle nod:w.ar 'limestone 'iB uncertain. Only 
trace of it was found there in doubtfull position. 

Thickness of the middle nodular iLimestcme membeT in the pa1'ticuiar 
profiles is presented in Table 5. 

Out of macrofossi!ls only ·belemnoid. rostra are oommon~y :found whe
reas aptychi beJ.ongto rarities. Ammonite shel1s are frequent but inva
riably carroded due to d:issIolution, a phenomenon already noted by Hdll
man 1(1962, 1964) in the Ammonlitico Rosso of the Southern Limestone 
Alps, and by Garrison & FiscJher '(1969) in the Adneth Beds of Austrian 
Northern Limestone. ;Alps. 

Lower red radioZarites - Lower O:rfordian 

The lower red i'adio1arlte member forms a transitionall link between 
the Cal[ovian nodular lime8tone and the Upper Oxfordiangreen radio
larite. Its calcium carbonate content dimjnishes upwards. Lower OX1ard
ian age .is ascribed to tbhis member by anroogy to the Niedzica suoce9rlOll.l 
of the Pieniny Killppen Belt (.B:irltemnajer 1958a, 1965). The colour of the 
lower, red radiolarite member is closely connected with the lower nodu-:
lar limestone. Obviously itB recM.ish-:brown ooloura·tion is a i'esu1:t of dis
solution proceSses wbich oontimled from th~ time of depos:ibian of the 
lower IlioduIa!' member. 

The p~ar tayers of tlrls member are 5--12 cm thick and usually 
bnereailate with ·thin :red shales. Under the microscope the rock shows 
abundant calcified radIDlarian moulds (pI. 14, Fig. 1). In few sites (Lejo
wa) a .radi6Iarian-Saccocoma assooia;t;ioo occUrs (Pl. 14, Fig. 2) which pro
vac:! that 1lhe deposition had taken place there above the calcite compen-
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sa:tion depth. Usuail.ly the Saccocoma microfacies disappears upwards. 
Among macrof()QgjJ:s oo1y few aptychi can 'be found :in !these rocks. Cberni-
cal analysis of the lower, l'ed il"adiOllaritte is presented :in Table 6. . 

The iower, il"ed. radlolarite member is missing in the central and 
extreme eastern parts of the Bi~lSkie Tatra Mts where both green radio
larite members form one complex. · 

Chemical analyses of rthe SUlb-tatric l'adiotMites published in ear9.:ier 
papers are presented ID. Tables 7 and 8. 

Ta bIe 5 

Th10kness (){ the parttrular members of the Upper JUIl"assi,e carbo-aiUte sequence in 
the tNb~c succession {in meters) 

r---'-----yT-:-;-:-.r'-t-.r-C-hO-o~hD-~~ .. -.'""~"T-Lo-;-owa-Tff~'-1a4ld.o---,.E-1.-l1.-P-Ira-r-IIu.r-ai1-r-~~lO~IJ~~IHOl1aa CUrwD .... 
1--_____ ' ____ " ~_..:___ _ . ero ~ r I Skalka 

Upper Iladulaz l1IIoatollO 1 ' , -- -I' -j---r---
~r1.d,1.an/ ' 5, ' 6 ,.' , 6-1 7~ '0 I 7-41 I B j 6 

IU%;~:~~~~~~:- I -:---'- - . --T; ~,., _~_ I, I 

f~l :"' '::: L:J~:'-,--f -41~t-: -,-:-_~-i 
,;~-nod"lar l1a •• taliaj 0-2' d." T--=:l . I . I . ,' d1 

L 
/CalloTiall/- ' " I 4-61 B 5 _ ., " , j'2;" , 2., 

'"---L ____ L_-L-_ _ __ 1-~ 

Table 6 

ResuLts of ·chemIcal ana-ly.ses o.f the sub-tatm.c xaddolarltes and , nQdulu- l·imestones 
(in 'WEIIIght per cents) 

'.0. 8102 A.~o) !'102 F820) caO Mao bO 
of .&IIpl. 

1 49.01 2.,o 0.07 0.6) 240,48 0.19. .0.09 

2 83.99 1.14 trao' 0.64 12.49 0.'0 Do -ciAta 

) ,84.97 1.99 traoe 0.90- 10.09 1.2' DD data 

4 47.22 1.81 0.0' 0.72 25.76 0.12 0.11 
I , 42.21 7.)1 0.16 I 6.2& )6.99 ).45 110 data 

6 61.98 1.81 0.01 0.79 )).81 1.1) 110 data 
" 

7 26.0 ).95 0.14 1.88 )0.9) 1.)5 0.07 

Provenance of samplell: 
1 - lower, green nd101arlte (lBajoc1an-lBathOnian), an~ hUl, Chocholowaka Valle:;. 
II - middle nodular limestone (reddtab-brown jaspers in it) (Callovian-IJOWerrnotlt 

OxIfordian), FilLl*a Valley. ' 
3 - lower, red radio1adte (Lower ~ordian), FiUpka Valley • 
• _ ~, green radlolar1te (lower pan of the Upper Oldordian), Gne4 b11l, Cbocho-

lawaka Valley. ' 
11 - red .Ibale 111 ~r, green 1'adI.olaIlite (OxofOrdi8ll1), ChooboloWlka VaUey. 
11 - ~, red radiolarite (upper part Of tile Upper Oldordl.a.n), Lejowa Valley. 
'1 - upper, DOdular limestone (XlmInerb!g1a.n), GlacUde llpiazlaDldde, .Western · Tatra 

Mta. 
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Ta bIe 7 
Chemloalana.l.ysis of the trub-taflIic Il"adiolamiotes (after KuZIrlar 1.913) (IiJn weight per 

cents) . 

8102 ... ~o) h 2O) P20, CaD J .gO ~o 1"2° 1.0 .. b.T 
ignition 

Jasper trOll , , 
Cllltrwoll& 91.11 1.11 0.)1 0.14 2.841 0.61 0.38 0.14 ).'2 
Ska:tlla 

Remark: Because of that time J!ncoa:\t'Ieet litrat.lgraphic scheme .it is lmpoasLble to aay whether 
thl8 anaJ.y818 Teters to the Middle Jurasslc or to the OXfordia·n radiolarlte 

Table 8 

CbenrlicaI anaByses of the s.ub-tatric radiolarites {after Kr.a.jewsk:i. & Myszka~ 1958). 
Claasidl1caUon lia.to stages !Is wtlJ.oh OWID. 

r-
I
, ~::-:~r--------::::-~~:---------rl,r~~~~~i;r~~~;r~;;;;r;~~~l 
~~~~ 1 I in per cell t si 

r-------- --------------------------r---------r-----r-----r-----, 
: :greenish-gre;,- radiolarite.:: I 

I 1 loaloareous with brown~sh '! 61.6) !J1.Z11 J .821 ).22! 

r'-------~~::~~~~~~~:~:~~~---------~-----t-----HI I I greellieh radiol&rite with : : 1 I 
I 2 Ibrownieh spots in up~er I 62.)9 131.401 3.201 2.981 
i 1 part /!!ajonian-Batho'nian/ 1 I 1 I I 
~------" ~-------------------------r---------t-----t__---+-----i I 1 greellioh-gra,y radiolarite.! 1 I I I 
I ;) Iloaloareous with brownish I '8.)6 

'
35 .08 ) .fi41 2.84 1 

spots in upper part I r 1 1 j 
~ ________ ~/BathOIl1an?/ ------------f---------t-----,-----f-----
I 4 lupper, greell, massivo I 7).42 124.221 1.321 0.861 

~-----~~~::-~~:~~~t------t' -----t--l-J 

I red, plat;r l:IJIIB.tone I I 1 1 
, ~=r:~1an and/or I 42.40 126.60121.1'1°.781. 

--i------------ ---- ----+---------
6 sra.r, plat;y limestone 46.1' 49." ).'6 0.82 

/l:1mmOI'14g1an/ 

Upper green radwZarites - Upper Oxfordian 

This member occupies central poSition intlhe' Upper J urassic carbo
-silite sequence of 1lhe iSUlb-taI1lric suceession . .us thfukness varies from 5 m 
at Gladldel Uplazi.a6slrie up ,to 10.5 m Ii:n ;the Choohorowska Valley in the 
WeStern Tatra Mts. Such smalli values as !1.5 m in the Wester;nm.ost Tatra 
and 4 m at J a1iki (BieI.skie Tatra iMts) can hardly be taken into accounJt 
as ;thickne'iS evalua1iion is based eriffire.ly on the basis of the colouratioo. 
of the Il'OICiks (TaMe ,5). Simply in some sites 'the proportions of red; to 
green memJbeI'lS differ to some e~tent from 11he oorresporuling time units. 
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In such cases total thi~ of tihe Oxfurdi.an ndiolBlrirtes rather should 
be taken mto account, then that of the part:iJculaD."red and/or green mem
bers. T~e ooloUlr of the rocks varies from gray:ish-olive-green (5 GY 4/2) 
to light olive gray (5 Y 5.5/2). 

ThiIn 'Shale iDterIb~ occur within the green radiolarites (Pl. 5, Fig. 
1). Uniform developmernt af this member .in the 8Ub~'I;ric succemion 
clearly contrasts wirfh a peculiBJr alternaition of thin (a-;10 cm) redcHsh 
charts and pinkish, silliceous somewhat nodular limestones (20--30 cm) 
observed at Rogow& Skala (wegt;ernmost part of the Bielskie Tatra Mts -
Fig. 11), where tha.t type of sedbnem represents the whole Oxfordian. 

Fdg. 11. 

Intercalations of 1Jl.Odu:lar limestone and 
r ,adi,olarite in the Oxfordian at the Rogo
wa Skala (Blelelde Tatra Mts - north-

westemmost ;part) 
1 ,plnlr.tsh nodular llinestonetl, J reddish-orown 

raCuolarlte bands 

Syndepositional or syndfagenetre olive cherts are frequently ooteci· within 
the green ll"adiolar:i!tes. They are ai.1lher lenticu1:aJr or :fonn thm mter'bedls. 
As seen ID thm section ,tihese !l'Odks show abundance of rad1alarian teBts 
which are calciified as a iMile. 'Ibese ltI.icrafosstls are either oriented along 
the bedding planes, or dispersed at random .in the 1l'Odk. A combination 

, of Saccocoma and Il'adro\laria was stated in the green lI'adIDlar.i:tes at Lejo
wa Va1Jley (PI. 14, Rig. 4). In other Bites, however, SQJCcocoma ossicles are 
seldOm found in:tltis member. A continuity of the Saccoooma microfac.i.es 
throughout the Oxfordian up to the Kimmeridg:ilan was observed! in the 
Sucha Valley (W.estemmost Tatra Mts), ,001: even there relatively smail 
quantities · 0If rfhese pla:nktonic crinoirls occur in ·the Oxfordia;n. Such a 
continuIty of this nOOi"df~es is w.eU known in some geoanticlinal succ~ 
&ions in the Western Carpatbians . e.g. aJt iMamn (PI. '14, F.ig. 6). 

-In fact, the "green" ·unifonnity exists aaly in the Eastern Tatra Mts 
whereas in iis western part some reddish :i!nt.err.beds can be observed wi4h
in .the upper green iramolarites which was akeady observed by G.nooow
ski (1959), who determinedt:he fdnowmg aptychJi from that member: 

LameUaptychuB ex gr. c 'l'Irauth? 
LameZlaptychuB sp. 2 ex mr. a. 'l\"autbh! 

AooordiIng to G~orowski (1962) :the upper green radidlariltes represent 
the lower parl of the Upper OXfordian (Table 2). 
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UPPeT red TadiolaTites - UppeT OxfOTdian 

The upper red ra.rd1olarites are closely OOlllllected with the upper 
nodular llinestones of Kimmeridgian age. Macroscopically 'lhe upper, red 
radiolarites are identiCSiI !bo the (lower ones. The colour of rocks is from 
lI'ectiish~broWin (10 R 4/4) to grayish-4"ed {5 R 3/2). Some V!arieties (Lejo
:wa) all''e paler with dark reddi$h~brown cherts (Pl. 15, Figs 1---.2). The 
fdlilow.i.ng aptychi were fOUlIld by G~siorows1ci 1{1959, 1Q62) in the upper 
red radi~larites at Grzes M1l: 

. LameZlapttlchuB cl. lameUosuB (Paa:dr:.) 

LameZlaptuchuB ex g. b Traut.h (wIth tnmeotdon 1lleaD.' termdnel point) 

Accarding to this aulj;hor they probably belong Ito !horizon "IV in his clas
sification. Lri thin sectilOnS th€ge radlidlarirtEs reveal abundance Of calcllfied 
r.a.diolarian tests . .According to Sujkowski (1932) the radio1.ar.ilan skelletons 
ocou.rr.ing din !11he suJ;,.-;tatr.icradidlariites belong to Nassellaria and Spu
m.e:lJlaria. Hor:i!mn!tal orientation of radiolarian tests ·as they· were laid 
down at the sea bottom lamina: by lamiJna js frequently observed. 

Internal molds and casts of amrnan.ite sh. but not ,pM8IgmOCOnes 
are occaBilOnally fOUJIld in the upper :red radiolaritac; and associated red 
shales. 'Ibis proves t!hat those rooks were deposited below the aragonilte 
compensation dep1Jh. Aptychi and belemnoid rostra. ibelong, to rarities. 
Thiclmess va[ues of this member are given in Talble 5. 

Oherts in the Oxfordiian :radIDlarites seem to bear primary character 
although :they ·have prdbably undergone some Changes in result of dia
genetic ptocelEes ~:R. 15, Figs 1-2). The rdle of these secondary pIttesses 
was probably overestimated hy Sujkowski (1932). 

UppeT noduZaT Zimestones - Kimmeridgian 

The uPPer, red radiolartites pass gradually into the upper illod'mar 
limestones. The 'latter member !is much better developed in the sub-4atric 
succesS'ianthen the middle nodular limestone allld:is presenJt 'p.ractica:l1y 
everywhere in the Tatra .Mts (pI. 4). Also jts tIhiclmess :is almost aa.ways 
greater then that al· the middle ·lIlOdrular member (see Table 5). In most 
profiles this is a typical "Ammonitico Rosso ca1caire" acoordmg. to Au
boulJn (1964). The nodules are composed of micrirfiic limestone. They aJI'e 
irregulait, often flattened 0.5 up to 10-12 cm large. lb.eir colour va,ties 
from B!lmost hladtish red (5 R 2/2) Ij;o dark reddish-brown (10 R 414) ..:.... 
matrix, and grayish-red (5 R 4/2) to ;pale lI'ed (loO R 6/2 and 5 R 6/2)·
nodules. In few cases .pale greenish codour occurs as well. The proportion 
of nodules versus matrix varies· in vertical proflle (PI. 6, ·Figs 1-2). 
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In the Westem Tatra Mts (Lejowa, ChOlClh'Olows1ka, Sucha valleys) 
the upper nodiU'laT' limestone shows few lIloduies and it is rather platy 
thus resembling the "Anunoniltioo Hasso ~euse". This change coincides 
wi1h :westwattl decr~ in thiclmess. When observed in thin secIbions 
the nodules are buMdt of B'ke1eta!l micrite full with Saccocoma ossicl.es, cal
cified radiolarlan tests and ,raTe sections of aptychi {Pl. 15, ;Figs 3-4). The 
quantities of Saccocoona ossicles !i.ncrease topward, from the upper, !red 
radiolarites and attain maximum, a "bloom", :in .the upper nodulatr lime
stone. Accordilng'to Misik (1959) lthis :micrafacies is very characteI"istic in 
the Kimmeridgian of the Westero Carpathians. Out af ~rof<lESils only 
aptychi and belemnoid !rostra are seldom fuund 1n these rocks. According 
to GllBiorows'ki (1959, 1962) the following aptychi derive from the upper 
nodu1aJr limestone member at GrzeS Ihill dnthe Chocbol'Owska Valley: 

Lamellapt'llch'fl,8, IIJl'OU!P C, theodoBfa ~DeBh.) 
LameZlapt1lch'U8, graap A: 

,at. bell1'fcht (Opp.) em. TI1'la:1.J1Jt.4 
~. 1 ex fIr. a 'l\'wtb 

. Laevapt1lChU8 (Latuslaevapt'llCh'fl,8) cf. latfsBfmuB Tr.aJllth 
Laev~tllch'U8 "SIP." iiro.. 

They beloog to subhorizon VI! (unditfferentiated) thus pointing to Upper 
Kimmer'.i.dgian.and Lower Tithonian (G¥iorowSld 1962). In fact, it seems 
highly proibable that the upper nodUilar Umestone of 'the sub-tatric suc
cesioo may embrace a part of the . Lawer T.itharJ.i,an as ' well!. 

Olistoliths in the u.pper nodu.lar limestone 

At :the southern slope of the Muran Mt. I(Bielskie Tab :Mts) few 
slabs of yeliowish encrlnitte were fatmd ~ the upper nodulaa- limegf;one 
(Fig. 12). The slabs, up to .1.5 m long, aa-e filart and SUlbangular in shape 

Fig~ 1.3 
EOOrinite slab embedded in the 
upper, DOdulat" llmestorie (KIIm
meridgian), Muran. Mt. in the 

the Bielskie Tatra, Mts 

50 
cm 

o 
and are completely wrapped by the nodular limestone. It maybe easily 
observed that ,the matrix of the nodular limestane has adapted to tlhe 
slabs during the deposition. Such ~enowish enorlnites are absolutely .alien 
to that nod'lrlatr enviI'O!tmlent. Presumably the encrimte olistoliths glided 
down ·the basin slope from . aIIlother milieu. Gravitational sliding is the 
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cause usually ascr:i.bed 1;0 such phenomena by many au1Jhors (Marchetti -
in Jacobacci 1965, Broquet 1970). Olistol:i:ths Me well developed in the 
Jurassic of Sicily and were first described from that island by Ital,ian 
geologists (see iI:iterature in Broquet, op. cit.,). Olistostromes assooiated 
with ll"adio1arites are mentioned by G.runa.u (1965) from the Oman Mts 
(Oman). Wysch type sedimEnts embedded within Ammonitioo Rosso Li
mestones were 'reported fram Ithe Umbro-Marclh:ig'i8iIlO Basin (Cen.tral 
Italy) by Colaciochi &P.ia.1li. (1971). Exotic blocks .in the llower nodular 
limestone (BBlthonian-CaIloviaIn) of the Niedizica successi.an (Pieniny Klip
pen Belt) were descr.ibed Iby Birikenma~e:r & al. (1960). 

Colour of the radiolarites and 'lWdular limestones 

The coloUll" of the sub-tatrk radiolarltes and associated IlJOdtdar li
mesrones varies flrom dark redrlish-brown (most common particularly in 
the matrix of nodular :Limestones) to paile red in all ".I"ed" members, and 
from dar·k greenish-gray to alive-gray :in the "gtreen" radiolarite members. 
No special studIJ.es w.ere done concer:11iiln~ ' the Fe"os/F.eIJ ratio versus co
louration of the rocks in question, except three samples for whidh the 
weight per cents of Fe~a and FeO were caJ1cu1aif;ed. Namely a sample of 
lower, green radiolarilte (Bajocian-Batbonian) from"- .the Ohocholowska 
Valley {analysis NI(). 1 at Table 6) shows 0.09 peil" cent of FelPa and 0.54 
of FeO. Irb;; coloUr is light olive-gra.y (5 Y 5/2). Upper, green Il"adialalite 
(Oxfordian) from the Chooholowska Valley shows 0.40 of FezOa and 0.32 
of FeO (anailysis No. 4 :at Table 6). Its colour is the saIme as 1Jhat of the 
lower, green radio'Larite. The upper, lIlooulJ.8il"lim·estone (Kdmmer.idgian) 
from the Gladkie Upiazianskie exhibJ,trI 1.'l!1 per cent ofFe,Oa andl 0.77 
of FeOwith dark reddiSb.-broWirl colour (1{) R 2/4). These data seem to 
suppol'It Gnmau's supposition (19165) tha!t hlgher ferric iron content cau
ses darker red hues in the rooks, but :the scarcity of chemical data does 
not allow to draw serious conclusions. ' Stability of colour symmetry in 
vertical profi'les of the carbo-sillte sequence as we!l1l as of 1lhe colour along 
the strike of beds over long distances was stated in the wb-tatric' succes
sion. This sugge9ts IPrl.rnary -character of rock colours .in the caIJ.'bo-silite 
sequence. SimiB.ar opinion was expressed by Bi'1"kenmaj'er & GllsiorowS'ki 
(1961) about IIhe colour chall"acter of the radiolar:i:tes and '~iatedl no
duIm"' l.1mestones of .1lhe Pieniny Klippen Belt. 

It seems quiite obvious that the Il"ed radialarites of the Oxfordian 
which are enveloped by ·1lhe nodular lWesbone members owe their red
dish-brown colour to the haematite matrix deriVed from the latter en
v1lronmem. On the contrary, ID cases ,wlhere the middle nodU!lar Mmestan
ea are missing (e.g. Nowy W;iardh in the Bie1skie Tan Misand HI()iLica), 
the radiolarirtes exhibit anilygreen.ish-gray colour varieties. Alternation 
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9f green and red colour was observed in sites where tlhe carbo-silite !l"OCks 
were ladd dOWttl definiJtely above the calcite compensation depth (e.g. Lejo
wa). Such a reccwrtrency of red oolour.wtion amang the usually green u
diolariies maybe explained by the prox.imi:'ty of the depoS1tion 'Bite of no
dular 'limestane facias. 

It is generaJily :accepted! that .the oolouration of 'the red nodular li
mestonES in tfhe Alpine Jurassic comes :f1rom haemaltiote (HaUaom 1967)~ 

The same is argued about :the !reddiSh-brown Mpine raddolanites (Or.unan 
"1965). Accordjng to the last mentioned author (after van Houten - in. 
NaiJrn 1961), the red OOiloU'r derived from washing the red upland soils. 
into the eu- and miogeosynclinal basins of the Tethys unrler tropical ailld 
su'bbropicaJ. climatic oonditians dU!l"ing !the 'll/PPer JUl'Iassi.c times. lID. such 
case, however, one might expect either unilmm distribution of lateriM.c' 
material pver ffJhe ocean due to rthe action of currents, or oontinuously pa
rallel to the trough posirtian of the denuded [and area. In fact, such si
tuations seldom occur in nature and we deal 'Wlith some changes :in red 
oolour in horizontall sense. Thus, anorthar explanation :is needed to explain 
uniform bonzon,tal oolOUlI"atioo of the Carpa1Jhian .radiola.r.i.tes. It seems 
nl.OI.9t probable that the ·horiZOIitaJ. unilfOlI'lIlliity of the 11"00 colO'lll" :in the BUlb

.... tatric radiolari'1:es and assocdarted nodu18il" llimelS'tones is primarily due 
to extensive dissolution processes on 1he sea floor below and/or above 
the caJ.cite compensation depth which led to em:'ichment m. ihaematite 
ma'1lr:ix. !A!lso il'ooeposilf;ion of ~ quantities of nodu!l.es may account to 
some exteni for suclh an enrichment. Hence, <it:is rather the depth of de
position which maybe occunted for the ooloUll' of tthe rocks in the sub-· 
-'tatric caJI.'lbo-siilite sequence. :Aocardilng to Grunau (1965) 1fle green colour
of the "green" Tadiolarites maYbe caused by -thee:x:istence of chloriie. · 
SujkowSld (1932) mentioned Il'adiolarm tests preserved jn green cblarite 
in the sub-tatr:i.c radiOlM'ites. Neverth~ess, this minerall is seldom found 
in ,these rooks. 

Afean sedi~ accuTlnulat~ rates 

The ca1cula:tian of the mean sedJmeni accumu[wtion Il"ares was done 
separately far the Oxfardim radOOlari'tes and for the whole Upper Juras
sic caa"lbo-silite sequence. It seeIIl8· most probable that the Upper Jurassic 
rediolarites of iflhe 8Ilb-ta.tric succession aTe confined to the Oxfortl!i.an 
(w1th some pari of ·the K'immeni.d'gia.n, GllSiorowSki 1~9). The dumbion or 
the Ox;fordlian was taken as 6 mlllions years (HoW1all"bb .1964). The caJ.cuia
tion was based on the approximated primary thickness of sediiments i.e • 
. the thiclkness of the roc'kB pILus 15 /per cent whlidh was lOst 'in 1'IeS1llt of 00In

pacbion (Gar.riscm 1967). '!be ea1culated data are presented in Tables 9 . 
and 10. 



302 J'EBZY LEI'ELD 

Table 9 

A(lcmnulaition rates ,of the sub-tatJ:ok Oxbdian radioladltes 

--
Suoha Ch~Oh010W"kaILejO_ Gladl".e P1llpka 'B1;i;k;:;-' 
VaUaT ValleT JValleT Up2als. VaUeT Tatra .. ~ 

Th1olal ... - I r---' 
o~ rooka 16.0 . 14.0 I 27.0 6.0 10.0 S.O 

01'18111&1 I 
th10laleas 18.4 16.1 1 J1.0~ 6.9 11." 9.2 
o~ ".d.illMluta 1 I 

AOOWIIUlat1oD I rate la 3.06 2.68 '.17 1.15 1.92 1.:;) 
BubuoU unit-I i 

T ab le 10 

AooumUlation rates of the Upper Jura:s~ catibo-oaHite sequence of the soo-tatric 
, 9U<lCeISsion 

For de1l1mtion of the BubDo.ff 'UDit - ... n.cher. 1989 
!Duration of the Oxfol:dJan - 8 mUllONl years 

Duraotion of Callo~. Oxfordian 8IIld Klmmeridglan.- 18 mWioJUI years (Holmea - symposiu.m •. 
1984 - see Howarth 11181) 
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The duration of deposition of rtihe Upper Jurassic ca:rbo-silite se
quence comprising ·the Callovjan, Oxfordian and Kimmer:idgiain stages 
was taken as 16 millions years (Howarth 1964). The duration of the Ba
jociaID and Bathonian during whidh the "lower" green radiolamtes were 
deposited was taken as 10 milions years. 

It :is 'rerrw:'kaJble that !highest rates were calculated for the rocks 
of the Lejowa Profille in the Wesotern Tatra Mts wthere the radiolar.ites 
are most calka'reous of all in the Ta!bra Mts (see Ta:bles 6 am 8). Values 
from the Sucha, ChoohoWwska and Fl.ill.ipka vallle~ aOO from the Bie18kie 
Tarfra Mts seem to be most representative althought they are higher 
then those ones calcularted far tlhe Ruhpolding Radiolarite of · the Austrian . 
Alps by Garrison & Fischer (1969): 'l1l€ Bajocla!n-Bathanian green radio
loarites of ·the 8Ub-tatriC succession at Grz-eS Win the ClhocholowSka Val-

. lay are 22 m ·tIhlck which corresponds ,to about 25.3 n1 of original sediment 
(15 per cent compaICtion added). The oorresponding accumulaltion .rate was 
about 2.53 m/mil.1ion yoor. It is not out of que~an, however, 1hat the 
Ruhpoldiiing Radriolarite of the Eastern Alps. does not .represenJt the whole 
Lower Tithonian aoo, . .in suoh 'case, the duration time of its deposition 
should have been shorter, hence the rates of its deposition more easily 
compail'able to thOse of the Tatra Mts. . 
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Stratigraphic distribution 0/ mic-r%ssils 

The skeletal !remains preserved :in the rodks of the Middle-Upper 
Jurassic oarbo-silite sequence :in question belong entirely to plaJIlktonic 
microfossUs. These Me: radio1arlalns, sromiosphaarids, protoglobiger.inas, 
ossicles of Saccocoma. and possibly of other planktonic crinoids, :and thin 
possibly din .part - juveniJ.e sheLl fragments of Bositra (= Posidonia) (PIs 

Table 1.1 

~bu1lLoo of .mII.crofoalus in cal
<CareOUS facies of ibe sub-tatri(: 

ltBddle-Upper Jurassic 
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13-15). Their stnlrtligmphic dtistrlbwtOOn in .the sub-tatric Jurassic liB pre
sented iJn Table 11. 'I'he Bositra 8hell fragments 'areoommon ID illhe sub
-tatric red and! green nodular limestones and shalles 'of Aal-eniJan, Bajoci.aln
Batbonian, Ca:J.ilovian and! Oxfordian age (pI. 13, Figs 2 and 5). I'll tlhe Aale
niaIn this microfacies ls most common and is associated. with CIl".ino!idal 
debris. In the Lower Oxforrdlian it liB aasocialted with. raddolarians. This 

Ta hIe llla 

Discontinuous di'strdbution .of Saccocoma ossi~es m the sub
-tatrdc Oxfordian radiolarites 

O%ford1aD 
I . 

~---TT' CalloT1aD I -
I 

mLcrofacies was probably widespread over various depths in the Tethyan 
realm. The presence Of the Bos1tm. microfacies per se CamlOt be regarded 
as an indicator of any ma.r:ine' envn-onment as these thin pelecypod shells 
were easily ' transpm1:ed !by oceanic currents · over great distances. · In the 
case of 1he sub-tame Jurassic Us assOciation with deep mmine environ
ment rises no, doubt. This microfacies was not observed in, the radiolarltes. 
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AocordIing to Borza (1969) such !['IemaJiJns of juvenile peIlecy:pod shells OCC'Ul'" 

also in t~e Oxfordian and LoWler Kimmaridgioo. of the Slovakiiarn West 
Oarpathians. Saccocom.a ossioles aTe abundant in .t!he middlLe nc:xhtlar lime
stones of the Oa!hl.ovilaIn, and higher u:p run the Ko:immerddgian (pI. 13, Fig. 6; 
PI. 15, Wgs 3-4). In ;the Western TaJtra IMts .a call!tinwty of ,this micro
fades was noted l(Lejowa VaIJ.Iley), where Saccocoma Iis;to 'be found ID the 
Oxfordia:n :m.iom"ltes as wen although 'in smail'ler quanrtJities (Pt 14, Fig. 4). 
In other partS of the alt"ea, however, a remarkable gap exWts in. the ver-· 
tioall distrdbution of the Screcocoma ossroles which, most probably, is due 
to dissolution below the ca!lci'te compensation depth. Such a case is il:lust
rated !iJn Table 11a. In the area of the Bielskie T.atra tMts this m:icrofacies 
was :f:ixst studied by MiSik (1'959). It js 1mown.tto OCCU!l" iJn the hdgh-tatric. 
zone of the P~lis'h TartI-a Mts as well (Lefeld & Radwan,9ki 11960). 

Stomi'osphaeridB which were tlhoroug;hly 8budIied in the arrea of the 
Pdlish Ci~yn Si'lesia by Nowak (1~8) aI1so occur in the sub-tame suc
cessiOn. Aside of their occurrence :in the Tithonian and BarriasiaJIl some 
specimens of ColO7J'l..isphaera cl. carpathica (Borm) were fOUlnd in the 
middl'e Illodudar limestone of Calloviian - (low€lr1'IlOSt OxfordiaJIl age iIn 
the Frilipka VaJ..I'ey (Eastern Polish Tatra Mts). In the :Ugtht of this f,ind~ 
that species OaID. ~dly be regarded as mex form, and :is mther ,imUca
rmve for some pelagic facies. 

Radidlaria Occur throughout the whole Middlle-Upper JUll"assic calrOO
-si!l:L'te sequence in the sub-tatric succession. State of preserv,ation of their 
tests in UlSUall1y bad. In most cases their 11;es1;s Me calcified, in some cases 
- ·they a:lIe parily dntf:illed by chalcedony, arrd pattly - by calcite. Opa
line or cha:lcedbny f!i:lled maIds are seldom .found (see SujkowSkii 1932; 
Pl. 10, Fig. 2). It .was observed that relatively iaa-ger quantities of radio-

. lar.ian tests ooour in the green radiolariteB then :in bath red radil()llarlte 
members. 'Ilhis tradiolarian "hloom" ·in the green radiolarites (1Pl. 14,Figs 
3 a'nd 5) is probalbly a re'8UlJt of enIl".i.cmnem: due ·00 int.ensi.ve dissolution 
processes of cailcium ool'!bonate about or below the calcite compensation 
depth {Garrison &Fischer 1969). 

The radiolaria of the su~tric suecession were not paleontO'logicall:ly 
studied. According 00 SujIrowski (1932) wlho has sepall"8ted them from 
the sub-tartric mdiolarites using chemiool methods they. belong to Spu
mel1aria and Nasselll8l1'liB.. Because of bad state of preservatiOlll determi:na.
tioo to .species !is impossible. 

iP.rotoglobigeri:nae were fou'Illd only ID the Oxfordi:aln radioladtic 
limestone at ,Rogo'Wla Mt. in the Bielskie T.atra Mts. According to Colom 
(1955) Protoglobigarinae belong to pelagic fonns of GlobigeriJnae. Their 
stra:tiglraphic range .in the Slovalkian Westem Carpathians is from the 
CaiLlovl:an.up to the K~ridgian (Borm1969) .. 
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Vertical symmetry in the .U~per Jurassic carbo-silite sequence 

One of the most spectacular clharacters of the sub-ltatric Upper 
Jurassic carbo-sHite sequence :is its veI"tical symmetry .iIn the panticuJIall' 
profiles. Th.is phenomenOlD was first observed in the Pienilny K:lippen Belt 
(Niedl2lica successiOln) by Birkenmaj.er & G~oW\Ski (1'961). In the sub
-tatric succession the symmetry con.sists of Ithe red, so ca:tJ.ed. "mjddle". 
lOOdulair· [imestones of probable CaUovian a&e, lower !red! rakiiolarites (Lo
wer Oxfordian), az"een radi.OIlarltes, upper M mdidlarites (Upper Oxfor
dialll) and! upper :red ·nodular limestones (K:immeridJgian) (Lefeld 1969~. 
Using letter symbols for simplicity this symmetry maybe shoWtn as foll
ows: 

uwer nfOidruW' ilimes1lone A 
lIiPPEIt" !red ~1OOi B 
~ l'I8dlialartte ~ 
:IJofwer Il"ed ndiJalard.'1Je B 
middle noo'llil.BIl" ~ A 

In some sites, particu[81r1y :in the Eastern Tatra Mis, the middlLe nodular 
limestone is missing and in such oases ~he green radiolmites of tlhe Middle 
J,urassic direcJt!ly contact the ~een radIDlaIrites of the Oxfordian .. Such 
a "redu~ed" symmetry may,be expr·essed like !that: 

upper l1iOdulair dmesbo:ne A 
ttppell" l1'ed ll"adidlaD."ite B 
u,pper green ll.'laldialarllte X 
lower green radddlall."ite X 

The reduced symmetry lis clearly unHateral as red members .occur only OlD 
one side (top) of it. TakIing into account the complete calI'bo-siilirte sequence 
of the sub-ltatric suiCCle'S!ri.on whidh sta:rts with the Toorefun-Aa!l.enian lo
wer red nodular 'li!rnes.tone1ihe scheme wiU be: 

upper nodular ~estone A 
~ red :l.'l8ldi.dl'8l1'lilte B 
uPPEIl' green Il"adiblallitte X 
lower red radiolair:i.te ;a 
middle nodular ilUnestlOlne PI. 
~wer green radIio1aD:'ilte X 
lOWer red oodIuIJ.ar Ilianestone A 

In few sites there Me thilQ 11'00 l1'8Id.io1aJt.i.te beds separating the lower PiO

duiatr limestone of the Toaxclan-Aal(enian from the lower green ;roadiqla
rite of BajociJan-S8/thonian age. 

Some deviatitons from the above schemes OOOU9.", particulall'lly in the 
Western. TaIt:m Mts e.g. at Lejowa Valley where thin red interbeds. ~ur 
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WIiJtlhin the upper green .radiolarites. Such minor iJ:r.egulardities do not 
change much the main symmetric scheme. 'As it comes from the abovE!' 
schemes the upper pari of this syn:xmetry ;is a['MlYs ' presEmlt thus it is 
better developed. Tlrls }il~ .was observed in the Alps already by 
Steinm.mm (1925). The same situaltion e~ in the Kli:ppen. Belt of PolaInd 
where the upper pad of 6uclh vertlClti symmetry can be observed in' the 
Niedz.icsy Czertezik, HaIligovce and Branisko successions (Birltenmajer & 
G.aorowski :1961, Bh1kenznajer 1965). lA. complete symmetry 0CC1ll'B there 
only in the Niedzica succession (ffirkenmajer & G~wski, op. cit.). 
Complete symmetry ;in the sub-taJtric suocemOOn. WBB stated onily 1In the 
lLejowa VaU.ey ,(Western Tatra Mts), at Czel"WlOna SkaHtaBlDd !in the both 
eastern and. western extremities of ,the Bielslde Taih"a Mts (Eastern. Tatra 
Mis), whereas the central pall"t af the laSt mentioned area shows only a 
partial, "reduced" symmetry without rtbe middle ~ !limestone mem
ber (e.g. Flig.6). Smu:Iar .appa:rent "un:iJty" of bo1JIi green. .radiolaritfie mem
berB ex-ists in the Choc'holowska VaiM.ey where O1i1y iinsi~icant thitn 
(15 cm) bed of graydsh-bI'OWlll silliceous Jlmestane sepa!l"ates the lower 
gl"een radidlarites from the upper ones. Such profiles most probably, 
ware taken 1into I8CCOUJIlt in establdshiing the finJt Btnltigraphic schemes 
of .the sub;.ltatric succession in wlhich lNldio1arntes were am:i:gned only 
to the Middle Jurassic (RaibowSki & GoeteJ. 1925). Such a.red!ucecJ.i sequen
ce of tlhe Tatra Mts maybe. tentatively camp&-m rto the BrailiSko succes~ 
sion of the Kl:ippen Belt, at least:in respect of its Upper Jur.aS9lc members. 
A complete symmetry is comparable to that of the Niedzik;a 8lroCess:i.on of 
the P,ien.iny Kilippen BelJt. The nomenclature applied by Bh'kenma!jer & 
GIlS.iorowSlti (1961) to the \latter SIlCICeS!lian was also used in this paper. 

It !is worth of note thM; the ex:iBtence of red radddlarite members is 
closely oomiected. with .theprese:nce of the nodular [imEStones. In all sites
;wher.e the latter are missing the red. rad'ialalI'!iltes are ladki.n.g. as we14. 'l1r.is 
indicates that the red iOOdioii8!rlltes awe their redd:ish-browln. stain from. 
the processes Whreh· acted during ·1Jhe sedimen~ of the nodUlar 
lim€6bones. They maybe regarded as "impure" radiolarlJtes, wlhereas 
the . glroon anes conshltUote pure mdiolarlttic fades. Birkenmajer & GIl
siorowsdti {1Q;61) regarded the Oxfordian green radrol.arites of the KJi'P
pen Belt (NiedZ'ka', HaiLigoVlCe and Brmlmko successians) as the central 
members. of ,the ~ symmetry. Th3s memb8l" may correspond! to a 
maxbnum deptih of the basin. according rto Ithe last mentioned authors (op. 
cit.). In cases of absence or scarcity of nodular limestones !the thickness 
of the green Il'adiol:arites always rdses at the expense of the I"ed ll'adjo'l'ariJte 
members. This maybe dbserved both in Ithe sub-tatric succession m the 
Tatf:ra Mts, and in the Pien:iny IGi;ppen BeM of Polaind (Bitkenmajer 11965p 

Table 1). On the contrary, sequences with well develloped "border" zones 
of nodular limestones show but ~ central radiolaritiic members. 'Drl8 



JUBASSIC AND CRETACEOUS BIOSTRATIGRAPBY IN THE · TATRA MTS 

is the case w1th the Niemrea succesgjon of the lGiippen Belt (Birkenmajer 
& Znosko 1955, · Birkenmajer 1965). ,En extreme caseS the whole Upper
Jurassic sequence maybe :represented entkely by nodUlar limestones as. 
it is the case with the geoanl:iclm.al Czorszttyn · succesaian of tlhe Klippen 
Belt. The Czorsztyn Limestone of that su.ooessi.an (Bmkenmajer 1963) com
prises sta·gesfrom the.Call1ovian up to the Kimmeridgi8ll1 inclusively, thus: 
covering the time span of the ool"bo-silJite sequence in quesmon. 

UnidIoubtedly the eJdstence of v.eriica:l symmetry in rtJhe 8Uib-tatr.ic
Upper Jw-assic denates a def:i!nite regularity in ,the basin 'development Its: 
similaTity to some suocessions oftihe :Pieniny Kli~ Belt (the Niedzica 
succession Un paTticular) is marked by the .:foJ.t1.owing cba!raclers: 

1. InsignlJficant laWraJ. facles changes. 
The redlo1arlJte 'horizons are of similar thicknes.s and faoies over 'IIhe whdle Tatra 
MtB. The lS8lDe IOa!ll 'be saJid aibout the nodular Hmestone beds bOIrderq them with 
some exception cd ,the. middle DoodUila1' member (CaIllovian) wh~h is the most aD.

OO1'IISo1ant memiber, .aIIld in S<lme sites .is mjasi,ng alltlogether. 
2. Smalil ,t:b!Iclmess of tihe ll'adWlarites. 

The pert.ineUt data are given an Tables 3, 5 i8D'd 9. 
3. PerSisbeinceof rodk calouira11lon over the wbdle sub-tatrdc zane of the Tatra Mt.s.. 

The r8'dli.olari0te6 and assOOIateci noduiJ,ar i'imestanes an! reddlsh~ to g:reen.iIth
gray and agadn reddish-brown with few deviations • .Alccuiding to Birkemnader & 
G~ ~Ml) the co1ouration,Olf the ~ BeIlt radioladtes is of priana-y
ch.a.ra;cter an!d was OODIIlected 'With the depth of Ithe basin. The 'Same may be BlIP
,posed about the ISUlb4afrle roCks. 

4. ~ fossn 1OOl'ltem. 
Only fe:w aptyehi and very !rare IroS'bra of belenmolilds occur din the SlUb-tB.tric 
1'I8ddd.l.ariltes. Aal::imonite IllldI.ds mild iimprints are se'J.dom enOOtmtered, and OllIly 
in the Il"ed !l'aldiJa1aI1ites. Usually aibundant raldiolanian tests 8l"e preserved, BS a. 
rule, in form of calc.ilm.ed molds. 

5. Laek of Iland-derived malterial ex.cept few :fiinest dUst encl.osed jm thin shale in'ter
beId& -among the Il"adidlmitels . 

. 6. Lack of sedimentary str·udures. 
. There Me no bl~yp-hs andtbe . .fossils l!lJI'e nonorlented. 

7. Lack of volcanic material. 
VoIcand.c· maotel:.taJl was stated neither .l.n the Ta1lra sub-bwtr.i.c zone nor din other 
Central Car-pathian lXIIaI99I.fs (Krlma unit) i!n the U,~ JwrassLc (.A:ncJ:roul9o,v 3.959). 

Basalts oonnecPed w.iJth the Jurassi.c r.adi.alarltes were .observed ID Buko
wina (Eastern Roumaillian C81'p!lthians) by ZapaWwdcz (fide Sujkow*i 
1932). The la11ter area, Ihowever, is quite distant from .the Tatra Mts. . , . 

Certa.iIlIly such a symmetrieal distribution · of :fatcles may be inter
preted :in . many ways. Among others, the dlemes proposed by Garriscm 
& Fisclher (1969, Figs 19-21) maybe ~pplicable. butt of those figures, their 
F'ig. 21 seems to be most readist:ic one, as it assumes ,that the compensation · 
depthe have rema:ined .rougb!ly the same from the J'UI'.ass:l.c to the present. 
Sucih an awroach to the prdl:iI.em :is applied in this paper as well. Recent 
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oceanographic data .show that no evWent depression of the compensation 
depth took place in the Pachfic during most of the TertiaJry (Riede'l & 
~ 1964). ChSiIlges of the oompensation depths due to poos:iIble bottom 
.ocean water temperature changes were probably of :miJnor scaJ.e at least in 
ll"espect of magmtudes .important to the geologicall processes. :An :increase 
of calcite .production by the plankton during ilhe Jurassic as postulated 
by GallT.ison & Fisoher (1969) was !probably muclh more graduaa. and start
ed pr.esumably much earlier although the first stages of its dwelopm.ent 
.are UllnOticeable so far. It seems improbatble that it might ihave had much 
influence on the that tiIrie compensation depths. On the other Ihand~ an 
increase of total amouInt of cMclum ca:rbolnalte in the Tethyan troughs 
.really ex.isted but was probably lDOIStly due to a rather mechanical supply 
down the basin slopes. 'Ibis .is proved by some fE!!8ItuTes observed in the 
nodulaJr aimestones as e.g. SLumping processes (Garrison & Fischer 1969. 
Bemoulli 1971; and this paper, p. 299). Combination of these processes .to
gether wtith dissolution !highly obscures ithe v~ew, particuiJ.a.rly so that we 
.8l'Ie ~Ib'le to evalUalte proper diim~ of all of .thEml. 

Aside of a1Jl :the above considerations BOme pallaeogeographic data· 
conceming the Upper Jw:assic history of Eastern and Centra! Europe seem 
to halp in solving the prolblEml. In ·the Polish Lowland a maximum of Ju
Jl"8S8ic tr.alnsg:ress:ian was reaidhed during the Oxfordian (Samsonowicz in 
SamsoDowicz, . :K.sU\tkiewicz & Riihle 1965), and a sha:1lowq tendency 
took place in the same area art the OxfordiooJKimmeridgian boundatry 
'(Kutek '1969). These facts gtrikingly coilncide with the upper part of the 
vertiool symmetry :in the sub-'taltric and NiedlZica and Branisko successions 
of the Inner Cmpathians in which ilhe mdidartites pass upwards inlflo the 
nodular limestones. In tlhe rewit of those changesW1bich took place over 
vast areas of Europe OUJtsidethe Te1flys, the deepest zones of the latter 
have e:q>anded COnsiderably. Thus it was 1he sm'plus of water resulting 
:from rise of sea.-level :mther then subsidence which was primarily respon
silJle for the Upper Jurassic {Oxfordian) deepening phase. 'llhis view is 
dea1lt wilth in detail far:tlher an in this paper, in tlhe chapter on pdaeogeo
.graphy; 

If the above co:bncidenoe of paJ.aeo~eograPhic events is correct the fol
low.iJng scheme of fao.ial development in =tlhe sub-lta'tr!ic succession is pro
.posed (Fig. 13). In this scheme each radiJOlaritic umt is .acoompalIlied la
terally ,by lllOduGar Ildmestone:facies. The aow.er part of !the symmetry marklS 
probably not anly the deepening .tendency in the basin but aJso an out
ward expamion. (If the nodular limestone zone. 'llhe deepening phase is 
marked by an ex.pancOOn of 'l"adiolaritic facies, and the subsequent shall
oW'i!ng rtoodency - by a return of nQdular facles (Kimmeridlglan), wIrich 
terminates the ver1;:ic.a[ symmetry. The verrtioal straight line indicates the 
positiOn. of the analysed wb-tatric succession in the basin. As it comes 
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from .thisschem.e the SlJlb-,tat:l"ic deposition had taken place presumably 
on a slope of a geooyncllna1. trough. This fits weB ·to the abundall1ce of 
nodular limestone zones and slumping phenomena Il'eoorded in some of ' 
sm:h basitls. Suoh a position. m the basin supports also t he view expressed 
by Aubouin (1964) about slope pooition of ,the Ammonitico Rosso fades 
in geosynol1nes. Simillar argumentation maY'be applied: to the MiddleJu
r.ass:ic radiDlaritJc phase. The Toarcian-Aalenian Il~ nodular limeston
es began the ".Perlode de vacuite" of Aubouin (1967) simultaneously being 
a transitional:facles towatrd the radio'lairitic seciime<Illtaoon of the Bajocian
-B8IthOniaJn. :A symmetry simiilar ID character ~eems to occ~ in ' the 
J·umssi£ of the Trransdanubian CentreJ. . M<mntaiDs in Hung.ary (Konda 
1971). The raddolarites of Slid Tessi.n in Swi.tTrerland are also bordered 
wlith Jdmestones COJlItadning cJherts ;(Bern.ou:lli 1960). 

F,jg. l3 
E6bimaJted deposition scheme :of the . sub-tatric Upper Ju~asai!c carbO-si. sequence in the Tatra Mts. The Oxfordian ex.pansiOl'l. of the mdiolarite facies IIIJ8!'ks the mam· mum depth phase in ·,the Carpa,thian part of tl\e Juraas.tc Tethys {not · to scaJe) 
I green radiOilarites, J . red radiola.ntee, , nodular llmelt.OI1as, 4 IlUbstratum (Middle .Jura.le) 

Role and dharacter of nodular limestones . 

The nodular limestone members play a role Of 'bransitiana:1 facies in 
the sub-tatric suCC6'3Sian. Their bonl'ering eharacter in all the analySoo 
profR.es rises no doubts. The Toa1'cia1Il-AaI1srli.an 'rower nodular illimestones 
form a transitian from the Liassic spjngiolitic and ~al .f.acies toward 
the Midd[e Jurassic rad1~larites. The upper nodumr member :is tr.ains1ti~ 
nal f.rQm 1lhe' Oxfardian iradiolarites to 1:heTithonian-BetTlaSiari BialllCOne 
siliceous llinesto.nes. The ·role of the middle nOdUlatr tn~ber (Callovian) 
is l~ clear. In the succesSion' in question 'tthis ineinber sepata.teS the lower 
rediolariltes (Bajocioo..,jBathanian) from the Upper ones. :Accardlin.g Ito the 
seheme cited aJbov~ (Flig. 1'3) :it should cOrrespond toa shallowirig ~pisode. 
'This seems to coincide rougbly in .time with the apPearance of stromato
tithic /horizons at the decli!ne .of the CaJJovian in the Polish JUil'a Chain 
(SzulCZJewSki 1968). As !it was already said, the ' middle nodular limeStone 
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is an inIooInstaInt' horizan in the su'b-tat:r.ilc succession .and .;in some sites is 
missing altogether. Presence of three .nodular caJ.ca.reous horizons suggests 
that 1:Ihe deposition. ID the sub-t.aIt'rk mne had oscUlated about the compen
sation depths of the Middle-Upper Jurassic times. Traces of dissdlution are 
very in:Ipressive :in tIhe nodlt.tIar limeStones in the Tatra Mts. Many .eX
amples of disso1Ju1rlon of ammonite ph!ragmoOOnes axe known as e. g. in 
the middle lIlOrl'lllar ldmestone (Cal1oV'ii.ain) of Phlczliwa Skala, Blelskie 
Tatrs Mts (Lefeld 1969; Pi!. 1, Fig. 1). Such phenomena are weHkmown 
from many Alpine limestones IOf "Ammonitico Hmso" type (Giannici & 
aZ. 1950 - fide Cressman 1962; Lucas 1955a; HollmaJIlIl 1962, 1964; Szul
czewski 19165; Garril90n & Fischer 1969). It should be pointed owt, however, 
that the sub-tatr:ic nodular limestones differ oonsiderably from thme ones 
desCil'i1bed by Hdllmann (1962, 1964), St1lrani (1969) and Szulcrewski (1965) 
as clastic material, sf1.roma.toli'te$ 8!lld .burrows of lithafagsare absent ID 
them. The oommon feature as 1:Ihcir texture resulting in both Cases from 
dissolution prOcesses . .Association with .radialarites excludes their or:igin 
on geoantic1inaa.ih1ghs. The upper IWdular (l:imestones in the BlelSkie Tatra 
Mts (Pl. 6, Figs 1-2) sOOw vertica'l zonation m'to p.att.1B witth mare, dense:ly 
packed. nodules (centrnl pa!Ii in Fig. 1) interbedded: w.iJth parls showing 
less nodUiles and more matrix ~ and top of block, same figure). This 
maybe due either to dilfferentiati.on of dissalution processes, 01' to pulsative 
character of carbonate sed.imen t SUipply due to Slumping or slow creeping 
doWlll the basin slope, or bot1h factors oombined. Slumping was a major 
factor in the deposition of this type of sediment in tthe sub-tatrlc surees
sion as it is proved by the presence of obliterated specimen of ihy~ 
Stroorruitom:.Jtrpha (see p. 293) an organism obviously derived from a phdtic 
zone and subsequently slumped down moo 1ffi.e nodulalr environment . .An0-
ther evidence as the eXlisten.ce of encrlnite Slabs embedldled in. the upper 
nodular limestcme (see p. 299). It is quite l];)OEISib1e .tha1: ;in some cases the in
flow of cadooreous :maIterial might have exceeded the actual dissolution 
rate. In all reverse cases, as e.g. the IbotIh .red radidaritic members of ·the 
vertical symmetry, ,the final product of sedimentation w:as raddolall"ian 
ow.e ,mixed wirth haemantic mud, the latter moSt probably a .residue after 
dissolution of cartlxma:tes. In exceptio:nail cases as e.g. on ,the Bermuda 
Apron .wlhere the caIrbonate sediments were deposited 1"ap5rlly by turbidity 
CUl"relllts to depths of 4515 m, even. the aragarrlte and lh:iglh-m.B:g.nesian 
calCite, ha.VIe been preserved in sand-~ze fraction, but have heeD. remov
ed by dissolution in inteT'CaJ.aIted carbonate SIlt .aIrid ooze (Friedman 1965). 
Thus preservation of car.1:>ona.tes at grteat depths depends, among other 
footors, on the rapidity of sediment inf.low (e.g. creeping, sliding, turbidity. 
cu:rrents etc.) 1to the depocenter, .the normal depository conditions of 
which invariably ~ead to an .a[most compIJ.ete dissalution of carbonate 
matter (basin staxvatio:n). 
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Role and character of radiolarites 

Farther mcre.ase of the dissolution rate (due e.g. to a genera[ de pen
ing of the .!basin) resulted in sedimentation of green radiOlard.tes whl.ch as 
-a ru'le, :are devoid of 'haema'mtk: tint. This member occupies ce.ntnd position 
in the sub-tatric carilo-'silite sequence. In most sites in the sub-tame 
zone the g,reen radlio1arites have been -laid! down lbet10w tthe ca!lci:te com
pensation d~. In the Western Tatra Mts, however, same red mterdl[a
tiOO8 in this member as well .as preserrved ossicl.es of Saccocoma prove 
thaJt tlhe deposition there has urndergone between .the OB\lci te and arngonite 
compensation depths. Those rodks maybe defmed. ;rather as siadceous il:ime
stones becauSe their calcium carbonate content is lhigh (see Table 6). Jud!g.
ing fram the.:ilr centra:l position in the prorfiJIes d:t seems obvious 'tih.aIt the 
green radidlariites represent the ma.x:imum depth in the sub-tatric succes
&ion. This :is pail"ticUlaJI1ly a) in such profiles as e.g. 1lhe central part of the 
BielSkie Tatra MU; (Fig. 6), where both green!l'adiodaritic :memlbers form 
OIle un'it. Their thi.clme.o;s :tIhere does not exceed 30 m :thus ·being compa
rable to Jthlat of the RuhpoiI.ding RadJiolarites of the North-Eastern Mps 
(Trauth 1950, Gar.rlscm & Fischer 1969). In IIlQSt sites, however, 1lhese two 
green radiiolarlte members S1'e sepasrat€d Iby the m3ddle illOdula'l" ~ 
nes . and lower red radidlari'tes. It :is !lIOIbeworthy that the rEd radiol'8ll"ites 
ocmtaliLn feVIII iron oXlidies (see TalMe 6) despite their sbrong il"eddlsh-.brown 
colouration. ~ & FiSche.r (op. cit.) are' probably correct :in saying 
that the l1"'adidaT:l1les are a Iktnd of i!nsdI.uIble ",residue. Also in the case of the 
sub-tatr;l.c radidlarites the dissolution il"ste was most probably highest of 
all in the oa.rIt:Jo...siJ sequence an question. 

Problem of t'he 80UTCe of silica in the .,.adiolarites 

'Dle source of si:lida: :In the ·radidlari1:es is a dHfioult 8Illd long discuss':' 
ed prob!iem. In the calsfe Of the SIlJIHatr.ic r.arliolarlt.es as weLl as iiJn 1lh.e 
Ailpine ones tfhe problem :is whelther all the fJlliJca came from the ddssalu- . 
tim of radidliaIriim Skeletons, or other souroe was also lSlJ.PPlydIng N. The 
problem wastharou'gh:ly distmssed. by :Aubolltin (1965) and GaTrisan & 
~ {1969). Many authors main'tam 1haJt silica m' the r.ad!inJ.&ites comes 
from submarine volcanic sources (Khvorova 1968), but 1Jhls js not the case 
with the I:rmer C&rpa.lth'ians as no suCh a SOOI.rce- exdsted there duri.ng the 
BajociaJn-Oxfordlialn times wt.en the Carpartlhdan radi.o1md.tes ware formed. 
This was ~ready pointed out by Bi:rt1renmajer & G~ld (1961). On 
the other hand, some eruptive rocks associatted with Jurassilc I'iad1o'laritic 
shales were reported !firom the Eastern Ca1'pBothiatns by Slavdn (1972), and 
ZOapalowicz (fide Sujkrowsk.i 193,2). Some 'Alpine Upper Jura9dc ~adiolar.i.~ 



·.TEBZY LEFELD 

tes {e.g. art; Arosa and KWSters) are po&9ibly assOciated with a volcanic 
activity (GrunaRl 1Q5'9). 

T'he proJj1em whether the S:i:lica can be inorgaJl1lic!alLly precipitated in 
the sea or not was discw&ged by many, .among otihers by SieveI' (1962), Bien 
& al. (1958), Cressman (1962) Berg,er (1970), Ki"auSkopf (1956), Berner 
(1971), Degens {1965), Grunau (1965), Calvert (1968) ami ~ettijolm (19157). 
Majority of them a.gree that silica cannot be inorganically precipitated in 
the sea .except perhaps in some few near-volcanic 'environments (Barrier, 
op. cit.). But there !is 1110 general aggreeme!Ilt in this qu'est.ion. (Degens, op. 
cit.). D.issnlution as a process playing decisive role .in the formation of· 
the radiolaritE!s was [ong pointed! out by mIaIIly authors (Corrans 1950, Heim 
1958, Grunau 1~65, Aubou;in · :1967, Hudson 1967, BeTger 1008, Berner 
1971, mid others). Heim's Cop. cit.) oonclusion was that radidlarites are 
a residue after CO'IllIPlete dissolunon of carbonates. These prooesses were 
obviOUB'ly aclive durhlg the formation of the rooks of t!he SUJb,-ltatrlc car.bo
-siiite sequence. Thus the si1ic.a. . both Of tfhe l'adiolmtes .and nodua.a:r li
mestones maybe ~axdedl as a residue after the ~lurt;ioo. of carribonates. 
Partiatl removtaa of carixmate substance from the sub-taJtric iadiolarites 
may, among other factors, account for &.eix slow d'epositio~ In· the opinion 
of Barger (1970), basin to basin circulatiOn could have played an impor
tant role :in transpart Of sUWa by bottom currents. Under tlhe thaJlassocra
tic lI:I&".ine oandiUans of the Upper Jur~ times water oi.rculation must 
have· been extemnve. Thus an inflow of silica derived from distant sour- . 
ces (QI'lg8Jnic andVor eVell v.aIcanic) wtasquite posSible. 

It should ,be pomted. aut here that also :tJb.e sub-4ta.tric nodular li ... 
mestones contain iIar~e quantlrbies of radio1ar.i:an tests (lB!. 1:5, Fig. 3; PI. 
13, Fig. 6) and !relatively la:rge quaDt1.ties of silica (T.ahle 6, see also HaI
lam. '1967). DiEBolution of sucih carbonate rocks must have fmnished con
siderable. '8lnOIlntsOf diCa into the environment. The dissolUtion may 
pooSiJbly aoootmt &go far aJIl.Otber kind of resid~l type of secldmen.t nJamely 
the thin shale intartbeds occUrring mbetWeeD. the rr8diolarite ,layers. Such 
shaly hlteroa[atio:nS 8mong 1lile Oxforddail radidlarites of :the Bnmisko end 
Niedzioa sucoessions of the KiJippen Belt were ~reted by Biil"ke!Ilma. .. 
~ & G~si.o:roMdd (1961) as a 'reSult of deposition :frorilsusperiSion of dust 
clouds. Aside of suehs possibility ,the shale interbeds 00Ln.g resi:dues after 
dissolution of prlmar.iiy more ca:1.careous sedimentsrepresent probably 
large ,time spans. An example from the Obocholowska· VI8.l1ey wlhich was 
ehemical'ly anJallysed {Table 6, anaJysis No. 4) stiiH Shows high caO cOntent. 

From the above colnSideratiJons it maybe concluded that 'the SIlica m 
the Middle-UiPPEIl" J'l.J!l"a&9.ic sub-tatric .raldlolarites 'derived partly from the 
dissalution of ,rad6.dlaria!n Bkeletans, .and parrtl.y is a .residue mter dlissolu
tkm of carbonates. Volcarni.c 6OUl'Ce is excluded runlefm .some ,basin .to basin 
cireulation has been .possible during those times from same distant al'leas. 
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Inferred depth of deposition of the radiolarites 

The depth of deposition for the sub .. tatTic rad:i.d1:a.r.iJtes maybe estimated 
as .!ly!i.ng abou.t or slightly below !the ca:lcite c~t.ion depth of the 
Oxfordi;an ·times :in the Eastern Tatra M~· (central part of the BielS'kie 
Tatn;t Mts, Eastern Polish TiBltra Mts;in particulJair), ancUbetween 'l!he ara
gonite and C8I1.cite oompensartD.on deptlh of tlwse ·timesfor the western pari 
of the TatTa Mts. This :is reckoned from the state of preservation of 
various Skelletliil par.ticles :in the rradiolaJrites and' Siliceous lian'E!Stcm.es. Am
monite pbragmocon.es are never preserved except very few casts (Le
jowa Va:ll.ey). Ossicles of the planktonic cr.inoids Saccocoma are preserved 
in the Oxfordian radiolall'dtes . and siliceous limestones only din the Western 
Tatrta: M11s. They arre lacking..in ·those rooks in 1he Eastern Tatra Mm. 

Evaluation of the more or less 800Urra1;ie position df rtihe Upper Jur.assic 
compell'l6aJtion depth dB rather' riSky '8IDd it should not becompa.red directly 
to the present day oceanographic data. The actual compensartion diepbh in 
the world ocEans lies approxiIll8ltely at · depths of 4000 meters bellow sea 
leve!l (Berner 1971). The position of lysoclines i.e. the CUll"Ve [runes maddng 
the oompellSStion depth of rt:he world oceans varies (see Berger Uno, Fig. 
8) from 2800 m dOwn 1:0 5000 m ,beloW sea i,evel :and depends, among othe:r 

faetors - on latitude. The present :latitude of the Tatra M1l:I dB sldghtly 
more thaIn 49° Ila.titude north. The Ju.rassic Ilathtude for thart: massif call
cUlated on the basis af 'proeomagnetic data (Irving '1964) should be about 
28° north whlch :is roughly the !latitude of 1ihe ~sent dar ~Tea situated! 
south of the MedrteI"l"8lIleall Sea (overthrust of .the sub-tatric ZOIlle not 
caiculated). Lysocline curves for ;both . Pacific end Attlantic Oceans of to 
d~ markedly rise towarrci' the EquaJtorand particularly ISO inbetween 
latitudes 20---5° IIlOrth (Berger, op. eft., F.ig. 8). If :tbis was the case with 
the Upper Jurassic Terthys the :ill!ferred compensation depth of those ti
mes shoukl ,be placed inbetween, say, 4500-2700 m below sea level. In 
thls warm oceanic ,baSin the .. salurti:on might proceed more .xapid:ly then 
in cold oceans of 10 day (Hudscm 1967). Thus the 'radidlari1les might have 
been deposited about 1Jhe mindmaJ of !the above mentioned depths .(3000 m 
or so). Another caUtion was give!n by 'Heath (1969) who observed thait the 
calcite compensation 'leve:l bias r.ise:n from depth of mare than 5200 m 
since of the Oligocene to the present day 4700 in m ,the equatoI"ii8il. Pacific. 
This, certainly, caiIlIlIOt he fncHsc!rlmilIlartetJ.y tranefe:tu'ed ·to the Upper 
Jurassic Tethys, nevertheless, lit giiV€'S and idiea of the dhainges wlhich ob
viously did 0CC'IlTl'ed :il!l a[l ancient oceans, and irreversibly esaaped oUrr 
observation. Slightly higher cax:bonate content o.f the sub-ta.tTk: radliQllru-
ites .as oompaTed rto that of the tA!J.pme ones {Grunau 1959)8U.ggests .that 
they might have lbeen deposited on snuiJller depthS thian tiheir Alpine 
counterparts. 
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TITHONIAN-BERRIASIAN 

lhe IUlpper oodulQlr limestones of the Kimmer.idgi.an graduaiJ1y pass 
upwaros into ,the car!banate rocks of the Tithon:i.an. The ~r rocks are 
not dealt with !in detail here as spec:i:a[ paper wi'1:1 'he devoted to the 
T:ilthandan of 'the Taltra Mts dn future. 

BecaJUSe of 1lheir undfon:nity :with the Berriasian rocks :tlbis member 
is treated here as Titbanian-Berr.iasian following Wiedmann's proposal 
(1968, 1971). 

'nhe basa!l !pant of the Tithondan is developed as gmyJ.sh 1lIOdula.r 
limestone (e.g. at Gladkie UPJa,zianskie) sWI characterized by a:bundance 
of Saccocoma ossicle. Higher up the character of the rocks becomes less 
and less nodu~ar and more and more si:liceous. The colour m [dght olive 
gray (5 Y 6/1 to 5 Y 5/2). !Petrography, chemical co11ltent {see analysis 
bel.ow:) .and microfossi1.s Show that ·th'is rock;is closely comparable to the 
Biancone {or ~ca) 1acies. 

OhE!lnical analylris 'Qf themalllC!m.e-typemlicr.iJbi.c a:!meetane .of the Titilonian -
G_ S:Lyja - EIl'Stem ·Pollsh Taaa M<ts (m weight per cent): 

Sl~ 10.112 
.Aa,Oa 1.27 

TiC" 0.0.1 

Fil20s 1,14 
Ca<> 84.68 

MgO 1.87 

Another chem1cal ana1ysis of '1.':Lthonian-Neocarnian ilimegj;one from Dolna 
MiCLna (Upper Hron Basin - Centra[ Slov:akia) WlJS men1ii.olled by Cepek . 
(1970). 

The Tithonian-Berriasian sequence ;is about 6Q-80 m tlrlck and 
ocmSists of layerB~O cm thlidk with few thin shalfi! interoal.aftians. : In 
some prof.i!l.es (e.g. Jartild in 1lhe· Bi.elgkie TSltra Mts) olive cherts OCCUiI' in 
these Bianoone t1rimeston€S, some of whlc'h were. recen1il.y analysed by 
MiSik (1973).:As soon:in thin section .the roclk!is finemicrite with abundant 
T.intimrldae (in middle and up.per pari of the profile) and .r:adiala!l'ii.a (Pt 
15, Figs 5-6; Pt ;16, Fig9 1---.3 and 4). The mdiolarian tests are usuaJily 
caJ1cified. V arioustypes of radio1arian preservation are illustrated and 
described /by MdSik (1973). SIina! 1:fhe il"8diolar:ialn tests of the fNb-Jtatric 
Bianocme are ca1cified as a rUle, the si'l!ica of the m:icr.itic matrix ma;y deri
Ve at least in part, from the diissolution of them. 

Sacoocoma m:icrofacies predominates in .the Lower TitharrlaiIl, but !in 
few sites {JatJki Zadnie - Bielskie Taftr,a MIts) a n'lixtUI"e of Sa.oooooma 
and CaipionelJa microfacies was observed!. Throughout the SUlb-tatrlc zone 
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in the Tatra Mts the Bialnecme dB pure pelagic fosSiliferous m.icr3tte without 
trace of detrita!!. materiaJl. The only site where thin inlier of clastic turbi
dite mSlterialWas noted in vhe Tithonian :is the Suoba Valley dtn the we
stermnost part of the Tatra Mts (see Table 12). 

Table 1'2 

Distr.ilbution at tur:bidMe horiwns in the sub...f;atrlc Upper JuraS&Lc and Lower 
Cretaceoos 

••• t.rDIII~~~_~rwest.rn ~~~ _.!~~~___ ~~~~~_~_ n_T_~_:"~_~_:_" 
B~elski. Tatra Yts I G~II1A_Szyj" and l'ol1Ah Eastern 

Tatra IIts 

Tinti.nn:i.d assembmges encountered :in the sub-tartric T.iithonian and 
Beniasian are presented illl T.able 13. They were determinedl on 1i;(he basis 
of papers by Colom (1948), Borm ~1'969), Rernane (1964) and Remane (in. 
Hegarat & Remane 1968).· .An ammonite .fauna, so f.ar unknown from the 
8ub...:1latric Tithal'l'ia:n was found :iJn the Chocholowska and Lejowa: vaH-eys 
in the Westem Taitra Mts. This fauna cons:iSlts predomiInantlyof orepresen
tatives of the genus BerriaseZla (about 90 per cent). This assemblage in
dicates upPennost 'llitboIIliaIn age. The · tintirulids associa.ted w.i:th these 

. ammonites ~e 'illustrated (PI. 17, Figs 1-4). It is Temarlmble thart; cras
siCO'llarias very saldom ooou.r there. In majority of rtftle atnJalysed profiles 
the tintilIlnids aTe the onay i'lidex fossi~s, hence only :these microfor.Ins serv
ed for stratigraphic correlation. The tintinnid laSSemblages seem to be 
perSistent th:roughout the sub-tatric Biaocone. Minute .ai1gae Globochaet~ 
alpina LombaM and stomioaphaerid~ (PI. 16, Figs 5----6) occur ID vaTY-
ing quantities in the T:ilthoni8lIl-Berr'iasian. . 
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In .the KoBcieliska Valley (Western Tatra Mts) .a lI"edddsh hari2on. 
was found in 1he Tithonian-Berriasian 'by Guzik (195Q) and SOlroJowski 
(1959). In fact, this ioB .a. mroritic Hmestone w.iJth strong haema.ti1:ic tilnt. It. 
looks like .. A.mnwnitico Rooso" in statu nascendi as minute porbions nf' 
the .rock are beiJng Separated. by haematite as to .form iici'bial "nad:ul:es" ~ 
There are many stytlalites stained. with haematite as weB. Tin·tinn:id as
semblage of thdsrook points ' rto Middle Berriasian . .pastbly :thls event. 
maybe cOrt:reJated with late J ura5Bic submar.ine erosional breaks in the 
Pieniny Klippen Belt (Birtkenmajer 1958b). 

The sub-tatric si:ldceOuS Idmestan€S CO'lTespand both :in ':facies and 
strat.i.graJphic position rto the Obe'1"alI.m Beds of 1Jhe Eastern Mps. The latter' 
formalfum. .was descr!iJbed by ,Fldgel & Fen'Illinger 1(1966) and :by Garrison 
(1967). Firstelectran:mdJClroscopic studies of the Carpathian Td:toonian. 
l:imestones were done by Borza & ~ (1970) . . 

LOWlER CRETACEOUS MARLSTONFS 

The marlstone complex of the suib4aJtric LoWer Cretaceous ;is a direct: 
depcEiltional ocm.1Iinuaition of :t:heTd:1lhonian-Berr:i.asian Biaruxme. In most: 

. profiles the stratigrapbic boundary betw~n the Berraman and Valangindan 
coinoides .with that !in ~e litOO1ogy. The SLliceous 1:imeston.e deposi:tl.on. 
nf Bianconetype ends \aiboUlt that boundao:-y and Ill.a.J:'Ily sedimentation 
starts with the VaJa.ngm.ian. At G~sia Szyja (Polish Eastern Tatra Mts) 
some recurrent intercalations of Biancone and~ marrIlstones occur. at 11he 
Berriasia'n/V~ginian bounda;ry. 

The geology of the Neocomian marl.sto:nes of the sub ... ta;tric suoces9ion. 
in the Tatra Mts was stucHed by Stache (1868), Uh1<ig (1897) and VigrHev 
(1914). The wo.rIks iby SJt.a.dhe and Uhilig are now of ~tor.ical value OOily~ 
Stacbe found some rossus. mostly ammonites, which were then cited by 
Vhlig (op. cit.). Some dmport.ant Lower Cretaceous fo_a were coUected 
by Russian emigrant, meteorolog.ist Vdgillev (op. cit.), who cited over' 
twenty specific and ' generic names. His ocmCilusion about the age of 1Jhe· 
Ill8!J:Ilstones, based an thase fossi!ls, was that these :rocks iepresent Vala:n
ginian-Hauterivian. Aslde of many ~mmorrlftes pointing to that age he 
found one oast of Crioceratites emerici Lev. an obviously Barremi.an form~ 
Nevertheless, :he did not deckle to accept tlhat age for the sequence. 

The.best preserved specimens of the Vig.ilev's collection (stored in 
.the GedWgical Museum of the Polislh i.Academy of Sciences:in Cracow) are 
here !ill1'1lStrated and descmibed for the first time. 

The rocks are "ollve- to light oMve gray (5 Y 3/2 to 5 Y 5/2) marr1stones~ 



318 JERZ'l( LEFELD 

Their chemical 8!rudysis done by Kufmiar (i913) is as follows (in weight 
per cent): 

AJ20 S + Fe20S 

MgCOa 
CaCOa 
matter ;insoluble :in HOl 

total 

4.'14 
2.37 

81.05 
111.34 

99.5()B/o 

An X-ray ana[yse of a Inal"'l sample from the Ka§cje1iska Valley (Westem 
ratra Mts) !has shown that calcite is the main component with subordinate 
quartz qUllIIltiti:esand a l:ilttle of feldspar, mi£a a:nd possilbly kooltnite (Tab
le 14). As, the rock car.u1ladns more Ithain 10 per cent of :iJnsdl.wble mwtter, 
it Should be claSsified as clayey limestone (TeodDrovitch - fide Bissel & 
Chiliingar, 1967). The iJnso1uJble matter is represented hy finest detrittall 
jraction. 

The mBirls1xmes are usu:a!l'ly spotted. Spots and stripes are darker othen 
the rock, .thus the lalter supe.rf.iciaJ..Iy resemblles the Lower Ju:r:assic 
"Fleclkenmergel". In fact, those aTe d'lscontilIluaus pyrite la.lminae which, 
when seen in thin section, show aureoles. The pyrite laminae maybe due 
to decay of organic matter on !the sea floor, 'beiJl1Ig then preserved! in fine, 
.impure lime mud. Cbet·t hands occur in ttile mar:~ones as nomtall :imer
.cad.atiOllS. Microsoopicad.'ly ·the rock:i.s fine micri.ie with fitnest Skeletal cam
cite admixed in various pr0p01'1tions i(sc:a'l"ce .as a rule). Illlsome cases few 
elongated skeletal! parlicles show orientation pau-aliel 'to pl:aales of deposi
tion. The Neocomian mM"lsllones oon.stitute a monotonous, almost nandi
jf·eI'l€lrrtiated! sequence in the whole sub-tatric zone. The only "event" is 
a huge complex of avaJl.:an.che calcaToous turbiditeS of the MUil"an Jini.estone 
which ovc;rlies the marlstooes in the eastern part of .the Tatra: Mts. In the 
westem.part, an!ly some relatively thin 'iIllterbeds of sandstone (PI. :19, 
F·iJg. 6) .and detrita~ limestone turbidites (PI. '19, Fig. 1) occur within 
the sequence. The latter (PI. 19, ·Fig. 1) are compatrable to some varieties 
of the ·turbidiites of tlhe Mu:r.aiJ. 'lJimes1xme ID the Bielskie Tatra Mts. 

TotaiI. lj:h:iM:;lmess of the marlstooe sequence js difficu!l.t to evaluate .as 
the upper part of the complex In the Western Tarora Mts is disbu.!l":bed an 
.:resu:1.t of tectoniIc movements .. In the :K.oScieliska Valley lit maybe esthnat
ed as be.ing about 100---.1,50 m rthidk. In the eastern parrt, iIl1 'lfue Bielskie 
Tatra Mts the matrilstone complex is .aIbou.t St}-120 in thldk. The whole 
maJI"ly sequence .is strongly affected by cleaivlaige. In resuilt of that casts 
of ammonites 'are frequently elongated atnd flattened. 

Tlhe Lower Cretaceous mar'lBbcmes 'are charaICterlzed by Ithe folloWing 
jeatures: 
1. Hor'izond;aa. :and verticaO. il'it;bologlc uniformity 1;hrougIhout the eaWire sequence. 
2. Scarcity of skeletaD. .calcitic partiidles. 
3. IJac\k of detrital m:a.teI:'.iaa e:x.cept finest impuriltlies. 
4. Presenoce of chert bands and nodules. 
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'5. Presecce of mi<rdlenses at pyrite, g1l" 'a "E'leokenmerget- ~8Ilce to the 
Il"ock. 

16. PretsenIce of 1lb4n fnmbid:lJtes I(Iboth ct1ast!lc and CMbonate - !Western ToIWtira Mw), 
and a rtbick oomplex of avalanche tu1'1bidLtes (M'IlTan iUmestcme - Eastern Te1ra 
MrfB). 

In tlhe light of the above characteristics the deposlttion of the marl
:Staneshad talken place most probably in an open ~ with steady inflow 
o()f finest det.ri.tal material. 

AICIOO:rding to PaS!I'eDdbrtfar (1961) the (Lower Cretaceous mat'fhltones 
of the suh-tartric suocessian .represent sed:iments of rather deep sea. In 
fact, the existenlCe of chertts maybe 'regarded as ' a symptam of deerp-6ea 

Table il4 

ReBUlte of X -'ray analyses 
Plane dI6tances {cl) IBI!l<i intensities of ll"eflexeJ; (1) of two sUJb-tatric samtples and 

numerical standards 

S a 11 p .1 • Quart. • Ca101te - I 1 2 Othe~ 

d I d 1 d I d I 

10.8 6 10.0 2 lI10a 

7.1 4 7.1 2 lIao11n1te 

4.98 2 4.98 l110a 

4.48 2 4·48 uo11n1te 

4.2' 12 4.25 4 4.26 ), 

).8' ) ).8, 6- ).86 12 

)." ~ I kaol1n1t. 
).)4 100 ).)4 2,·' ).)4 100 

/1J ).20 2 ).19 ) :telde~ 

).0) 71 ).0) 100 ).0) 

2.84 2 2.84 2 

2.'7 2 2 '.'7 2 
2.49 6 2.49 8 2.'0 14 

2.46 4 2.46 2 2.46 12 
2.28 11 2.28 12 ~.2a 12 2.29 18 

2.2) ) 2.24 6 
2.12 4 2.12 2 2.1) 9 
2.09 6 2.09 9 2.10 18 
1.99 ;) 1.98 2 1.98 6. 

I. 

1.93 ;) 1.93 , 1.9) , 
1.91 a 1.91 11 1.91 17 

1.81 7 1.87 11 1.88 17 
1.82 7 ".82 4 1.82 17 I 1.67 2 1.67 1.67'· 7' 
1.62 2 1.62 ) .. 1.6) 4 I 

1.60 ;) 1.60 , 1.60 8 I 1.'4 4 1.'4 2 1.'4 1, 

SaDJiPle No. ·1 - .red shale in the green r.ad.f.o1arite (OJElfordian), Grsej bill, ClIochoroWll'ka 
V.aJJ.ey (Western Tatra !Its). 

Sample No. Z - Neocomtan marllltone, Ka!icleltllll:a Valley. . 
Numerical standards according to the X-ray Diffraction Cards. American Society for Testing 

and. MaterJoals (AS'I'M), Ph'IladelpbJa, 19'10 
• 11-0400, •• 11-05116 

X-ray dlftraetogr.amma were obtained on 1R1g11k1u Denkl Co., Ltd. dlUractometer 
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depository conditions .aJS sediments of· that type oooull'entirely in geo
~cl1tnal successians d!n 1Jhe Central Carpat'hlans (Andrusov :1959). The 
finest ·detrita1 material has probalbly .been laIid dawn by verrticB:l set1ll:ing 
(from BUSperision)~ It was probably brought iintothe basin by currents,. 
as no otlher symptoms indicate proXiimilty of a land mass. The tnmqui1ity 
of sedimentatian· was BEftdom inJterrupted by scanty :i!nJf.low of carbonate 
Clastic mater..ial (ca:r'bonate itwrtbidites), and of qUJalt'ltZ clastic materiaiL 
(saJIldstone beds). 

The highest Ihorimns represent most probably Lower Apbian as 
Inairlston~ of .that age overlie -the Muwn limestone dn the Bielsk:Le Taltlra 
MtB. In the West, run t'he Clhoe Mts (Slovak1ia) the top partls of Jthis complex 
contain Mbian-Cenomarn.ian foraminifers (Kantorova. & AIndrusov 1958). 

The begi.nnding of·inflJ.ow of finest detritail. mater.i.a!l rto the sub-tame 
basm seems rto ooiJncide :in time W1i.~ the begmnmg a.f deposition of the 
Upper Cieszyn Shales in the Outer Flysch Car.partlhians (Ksi~2JldeWlicz 
1951). 

THE iMURAN LIMI1!lSTONES 

The name "Muran Limestone" .waS i.nrt:roduced to geolog:ic.aJJ. id.tem.tu
re by Uhlig (189r7). By this name Ihe designated a 1fu:jcIk Sequence of oaIlcH
thites overlymg the Neooo.rnian maT'lstones in the Bielskiie T8Itra Mts. For 
many years the ol'!i.~in of this c.arr!bcma:te sequence was o1:i9cure land its age 
- highly oontroversiaoJ.. Uhlig (op.· cit.) ami La1ter Rabowski & Goete'l 

. (1925), and Andrusov (1931,1959, 1970) ascribed Urgonian i.e. Ba.:r.r'emian
-Aptian age to them whereas Passendmrfer (1950) suggested Hiauterivian 
- Lower Barremian age. Sokolawski 1(1950) ~ewing the opinians con-
cerning rtihe age of tlhe Mur.aii limestones has pornted out that no pa!l.eonto
logic evidence was iProvdded so. :fair to solve this problem. 

Descriptions of \th~ llinestones were presented ,by UhUg (op. cit.). 
Kuiniar (1913), Paa9endor!fer (1950), and Boma (1957). 

Geographical setting and geometry 

The Muraii limeston.es form· picturesque cliffs on peaks (Mut1'l8rii, 
Nowy Wderch, Szalony Wierch, Jat'kli) a!Ild north....eaLStern slopes (Nowy, 
Hawran, 'Placzl.!i.wa Skala) of 1Jhe .Bje]skie TaJt:ra Mts (H. 1, Fig.. il; ,PI. 2, 
Fig. '2). They occur as weN iiln the eastern !part of the 'Polish Tatra Mts 
north of r1Jhe Kopy SoUysie a·rea fromWhe:re they merge IlOIl'thwestward 
under lIlhe Eooene iflysch of the Podhale Basin. 

Eastward rfhey spMt mto two thinner units separated by marlstones 
(Fajlksowa). 

They attailn 'largest thLcikness (about 100 m) aJt Muran Mt. (Borza 
1957). Si.miil.a.r VIaIlueswere noted dIn;the Polish part where at t.~y.l'o-tdk 
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they atta:in not less Ithan 80 meteI'B . . The sequence whilcIh is bur.i.ed under 
the Podbale Paleogene Shows probably oompaxable thickness. . 

,;[,he geometry of the pr!imSJry /Limestone ·boiy dB difficult to decifer 
as the ~ropping complex ds burt; a rilorpIhotectonie remnant within the 
sub-tame succe&9ion of the· Tan M11s being shBrply eroded from aill its 
Sides, except ,title northern one which is hidden under the Pa:loogene. 

At the :top of the Murafl Mt. a madstone sequence over 3() m thioCik, 
<>verlies the mm cOmplex of tlle M'llll"ait iliimesoonE!S (Fig. 14). The marl
stones oon'tain some ildmestone ilntarbedS as we11 ,as some Urgan:ia.n. bio
.calcolistoliths embedded din the topmost poItion Of the maristone sequence. 

The:totall ~engthaf the exposed oomplex :is about 11 'km dn ~he Biel
skie Tatra Mt.s and over 1 !km :in the PdliSh part of title Tatra Mts. The 
limestone belt is 2--3 km bl'lOad. 

E w 

FJg. 14 

Cross-eeetkln ,af the eastern al!lff-wall al. the ~m Mt; above the Nowy creek 
1 rad101llritea &I1d ·nodular Ilmeatones (M1d4Ie Jurallie), J !l'adiolarltes and nodular l1me1ftODe11 
(O:Kt.ordian-Kfmmerddgian), 11 SWCeoulI ldmeetones ('l1thoo1an-'Berrias1aon). 4 mal'lItoDell (Valangl
nian-tiauterlvia.n). 11 avalanche caklU"eous turblodites (the MUran limestone _ ·ItJ,pper Hauteri'Vlan-

-Barremilin). IJ ma·rlltones with.oHsto.Uthl (Lower Aptian) 



322 JEBZY LEFELD 

Petrogro:phic description 

The MUnul limestones represent sever all var.ieties af aVa1anche cal
C8Ir€OUS turbidites 2. The most oommon type :is a litbobiocalcisiltite and-. 
litho~te. This is a fmgment1lail car.bonate roidk composed of :£irne
inrtr.a:- and extraclasts of micrlfJic Idm'eStcmes, pellets etc. embedded in. 
sparrry calcitic cement I(Pl. 18, FUg. 5). Avemge partiole size is 100---.20()O 
microns but some lairgest ones may attadin ev.en 600 microns m diameter. 
IntTaclasts ~ about 60 per cent of the total volume of the l'IOCk (Borza. 
1957). '!be proportion of intra- and extraclaats versus sparry calcite varies, 
but types Wlith densely ~ clasts are moot common. Some varietieS' 
exhibit 'llld.cr:iJtlic cement !iJnStead of sparitic one (PI. t9, F.i!g. 5). Micrites 
with il"elative'ly small qurallllti'ty of skeletal fll'a~ments seldom occur. Pre
sence of plagioclase grains WaJS noted in these :rocks by Misik (1966). 
Among extraclasts most common are fragments of ooLitic mior:iJt:es (pI. 18, 
Fig. 4) and isdl.aJted oolites which, in many oases are broken.. <:>oIites a,re 
str:i1dngly simdJar to those ones of the b-igh-taItric Va!1angmian (Lefe1.d 
1968; Pl. 7, Fig. 5 and PI. 8, 'Fig. 1). :In few CIaSeS micrit:es wirt;h rti:n:timrldS 
(Tdthonia!n-B~sian) were also observed. SIDalller dntraclasts aIre round
ed to ellipsoidal whereas tlarger ones are frequently broken, subangular 
(PI. 16, FJg. 1) or ~ged (BoI"Za '1957). In:faot, it is someti.me6 
difficu!lt to decide whether t1he pellet-like pal'lt:ioles should be classified 
as intra- or extraclasts. It is obvious that a part of the fIragmenota[ micrilbic 
matterill'l has been illntroduced!into the depocentter from some more or less 
ddsta-nced sou-rees. In the light of that, Ithese avalanclhe -turbidiies are 
potygenioe (heterogenic) sensu Aubouiln (195~ in chalracler. Super.fdciaJ. 
coatings over !Pelletal and other micritic particles were observed by Bor7a 
(1957), who de.scrlbed the -MmaiJ. liimestone petrograp.hjk:a1ly. It -should be 
menttioned that mic:rog.raph sirlli!lar w those of 1Jhe M'l1l'an iimesboo.es was 
presented by Remane (1970) ofrom the TI:thonian of the Sub-Mpine Chabls 
of France (Remane's Plate 5, ng. 1). 

Breccias are seldom found .in the Murafl admestones. -Their matrix is 
of encrinite ch.8'l"acter aB IQ rule. Clastic £ragmentsare lSharp-ed~ (up 
to 2-3 cm in ddameter). Rarity of breccias ooi1ncides well with the rela
tions obserVed in modem carlbonate tburbidites of 1Jhe Tongue of ;the Ocean 
near the Bahama-Banks (RUSlloa!k & Nesteroff 1964). 

What OOncamlS the fossi!l content, there IaIl're (usually .few) foramindferall. 
tests of textularia-type and milio1i.ds as we1J. ~ such skeletal :fu-agments 

_ 2 The term avalanche turbid1te de dontroduced hen! aocordIing ot.o wggestiOll by 
Prof. DZ1.HyDSki, who was crlticaol about the term "Fluxoturibidlte" (Kuenen 1958) 
o.rigiinlad1y useId for designation of slImnped and gl"aded ilua."bidites oiJn the Polish Fiy8cb 
Carpathlia!IlS (Diluly6sk:i, ~ewdoz & Kuenen :11959). A a.-Jt,ique of the Ilast mentllOln-
ed term was also lrelDdered by WlBilker (1967). -
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as crinoidal ossicles ISJnd eehinoidi spines; and pelecypod She'lJ1 chips. :All 
these, except tests of foraminlLferas,· be&- fragmentary character aJIld 8Il"e 
recrystallized as a rulle ·.(iPassen.dicmfer 1950). !In some cases 1aft'Iger crln.oida1.. 
stem :firagments 1(3-5 cm 'long) were noted (e.g. at Nowy Wiereh). At Jati 
Przed!n:Le ~a.rger ooncen.tratians of ICJ."i.noidia[ stem debris occ·ur within the· 
Muran limestones. Mare and more fossi:ls aTe to be round upward the· 
section. These are Urgonian-denved' dhips of rudistiids, hydOO'JJOalllS (R. 
20, Fig .. 6), corals (Pi. 20, Fig. 2) and 'algal fragmentsarnd serpu1e (MiSik: 
1966). Some ro<;Ik:s are full of unirletl!tilffiraJble peilecy.pod shell.l fragments. 
Most probably such types of rocks were named 'iCaprotin'erlr-'ka~k" by 
UhI1ig (1897). They are common at GloSna Skalla: near PIiac21liwa Sikala and' 
at Mwraii and Rogowa Skala. In the topmost parts of the complex strongly 
damaged ,tests of orbitolinas ·are seldom found. Lilke the bulk CIf ·the 
carbonate clastic materi.'al, they have und'~rgone rewOl"king and Iredle
pOsition ·thUs thek preserv.ation state is had. The U!l"gooi:a.n fossills found.'. 
in the oNs1;oll'ths embedded. in the top mail"lstones lOll the Murm1. Mt. 8Il"e

incomparably better preserved (PI. 20, 'Figs 1 and 3-5). 
As most of the materla:l in the Muran limestones derives from shall

ower (predbmiJnaJIlt'ly UTgo$n) fades these rocks maybe named aUod.'apic: 
limestones (Meisclmer 1964). 

Ohem!i.cal malyses of the Muran limestones were performed. by Kui
ni.aLr (1913) and Marlin (in Barza 1957). 

The rock from Fajksowa analysed by KuZ:niar showed ,the following 
composition: 

A~Oa + Fe20a 
CaOOa 
MgCOs 
paris insoluble in HCl 

The tanalysis of Mamny is as follows: 

SiOJ 
R:aOa 
Cao 
MgO 
Nap 
!0S8 by dgnitliOlll 

0:2"{O/o 
96.'16 

0.89 
1.'14 

99.66 

o.aae/o 
0.30 

55.03 
0.49 
MS 

43.60 

99.90 

The. last mentioned analySis comeS from a samplle taken at mupy 
(Szalony W.ierch - in Polish naman.C'lature). It ShouJrl be mentioned Ihere 
that the rocIk when split exhdbilts a bituminous odour. Me~pically the 



'JERZy LEFELD 

Mwrm Hmestones are dal'lk fragment-all carbonate Il'OCIks. On weathered 
surfaces, 1ib.ey resemble the Ulrgonian Schrattenkalk of the Alpsallthough 
they are darker bn tihe latter. '.Aris was probably ~ of the main r~ 
why the Muran !limestones were previously classified asUrgonian by ma
ny authors. The colour~ arre medium gr-ay (N5) to dliv-e-bl.aCk. (5 Y 2/1). 

Sedimen'tation of the Mw'an limestones 

Beginning of deposition 

The sedimenItatian of the MUIl'ait limestones sta~ Witth thin partly 
discontinuous interbeds ,and ,l-enses w.ithin the Neocomian' ma:rlstones 
(Figs 15, 15A, 16B). F.i!n9t inf.low of carbonate clastic ma1er:iail has lead 

Fig. ;15 

BegIoolng of deposition of the Mu
ran limestlones. Fajksowa (eastern 

part of the Bielskie 'l'atra M'ts) 
1 calcareOus, turbidltes, 2 charts in 
calcareous' turbklites, 3 mar18, 4 BmaU 

' lellBeB of calcareous turbldltes witbl.n 
marlll 

FOg. 15A 

A groove Iim Neocom.!.an marlstone 
filled by calcareous W!;'bidites 

Wiith cherts. Fajksowe 
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down inter.beds only 1-2 cm thin. Lense..Jlike deposition (Fi~. 16) olearly 
shows that at 1lhe very beginning, the tangu€s of clastic material brought 
into the depocenter were thin and neither reached far mto tthe basin, nOfl' 
did they cover the entire marIy ,basinal fIloor . In some -sites grooves OCCUl' 

/ -,:..., 
... ":" .. "" .... ,,. 1\ 1_ 

Fig. loB 

1-:"', 
I -\-:. 

50 
cm 

ThWkness prQporiions of marlstoo.es !to inftLaIl lCaxbonate turbidi:tes and position ot 
cberts. Fajokso'W8, Blelskie Ta4ra Mts 

D. marJs, '2ca1'Careous tul'bidites, 3 cbert.s 

in Illal'!lstanes wh:iCh are ,fid:led wiiflh lithocalcisilti.te (Fig. 15A). They have 
been probably eroded by 1fle tumidity CUJl"rellts canydng :the carbonate 

~.16 

Lense-lib d~on of calcareous 
tur.bktittes dn maI"lstones. FaJj[sowa. 

- Bie1&k4e Tatra Mts 
1 ·marllltlOnes. J ' turbicl1te carbOnate 

material 

clastic m8lterial. Higher up thicker and thictker carlJonate interbeds appea:r 
and the entire sediment becomes bioMthoolastre. These biolithocalcisilti.tes 
and calcareniltes fonn the main complex of the Muraillimestones whilch is 
SO remarkable in the morphology of the BielSkie Taflra Mts. 

4 
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The main complex 

'1be :large 'tibiclmess {about 100 m) of the ma:in complex .is due to 
a rapid :iJncrease of sedimentation rate. The matteriaJ. of ,the Muran lime
stone derdves from redepoSi.tian of bio- and Uthoclastic particles con$1g 
from the adj.a/Cent higher siifiuated! parts of the basin. In its top part con
siderallll.e amounts of Urgonian.-derived material clearly shows ·that 
sOme !Cl;istaJ ZOID·es of Urgondan reefal structures have UlDidergone destruc
tion aDd, in effect, redeposition of thei.·r carbonate clastlic materiarl. On the 
steep w~ of the' Murait Mt. (Bj~sk"!i.e Tatm Mits) one may see that the 
complex lhardly ShOWlS any /bedding. IIn dtsbottom part thiIn (5-8 cm) 
chert bandS suggest same beddin~ when observed from a diBtooce, but 
higher up, no bedding OCCU!I'S ,at a!Iil. How.ever, some ·thicker beds may be 
seen elsewhere in the comp1ex (e.g. GroSna S1m1a near Plaic7Jliwa: Skala). 
The hulk of the Muraii. lrimesbcm.es Shows neither sedimentaIry structures 
nor any segregation of the 08JI'bmate cl:astic material. 

Smaller than that of the BielSkie 'i1artra Mts hut still fairly la~ge 
mass of the Mur,ait limes1xm.e crops out tin 1he ~h part of the EasteI'!Il 
Tatra Mts :in the Kopy So*ysie :area (GraboivYSka-Hakenbeo:'g 1'958). At 
t.~Zny Potok in a deep gully one may observe 'a!t 'least 8Q m o£ the Muran 
limestone OCJI.I.'llPlex whdch .is ~tually the same. as -that one .at M'Il:l"tail. In 
r.esultof a system of faUJl'ts which tthruS'ted ·the whale Hav..Tan :urndt down 
abou,t 150 m:in relaticm to Maly lMurmi and albout 700 m in .relation. to 
Muran, .the complex at t.~y Potok is only partly exposed. There are 
some ma!l'l and calca:reous turbidite interbeds o8J1; the begi11!lld!ng of the 
section, i.e. above the sub-.tatI'lic Bianoone WlitlhtiDtinnidS (Gr.abowska
Halkenbe.l'g' 1958, Fig. 3). Higher up there ··is a unilform block of masSive-· 
calcareous avalanche twrbidites of the Mur-ail limestone (PI. 19, Fig. 2). 
Grabowska-Hakenherg .. (op. cit.) mentions OlcostephanuB astienanus
(d'Orb.) from ·the lOOp ma:rls below the mam :mass of thoe Muraii limestone 
there. 

Gmded bedding which is a dhaJracteristi'C fearture of carbonate turbi
dites (Rusriak & Nesteroff 1~64) was noted in some sites. This is usually 
simple, nonnal bedding with grain size diminishing upwards. The parti
cular cycles are 6--10 om thiCk, exceptiioo.a!lly up. to 0.5 m tthick (e.g. 
art F.ajkstOlwa). More then a half of each cycle !is composed of fine lime 
clastic material. TIh.e tops of graded cycles Me usuallJ.y eroded, and .possi
bly tparlly reduced! in th:iclmess due to erosive actiOn of subsequent tur
bidity CUl'!J.'ellts. Such phenomena are well !known from recent oceano
gl"BlPhic researches (El'Iicson & al. 1961). At. the bottom part of tlle Muran. 
limeston·e at IWgowa SkaJa (western. part of the BieJ.sI1cie Tatra ,Mlts)some 
topmost portions of g:raded cycles show I{ew animaIl bo.dngs filled with 
coarser material of ·the subsequent gr.aded cyole. These borings are I'OU1'ld 
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in section and 1-1.5 cm jn diameter. Tohei~ presence may point to a tem
porary stop, or retardation of deposimn. SimiLm- borlngs were observ.ed 
in tIhe graded. sequence of Ithe Urganian distal fades in the high-tatric 
succession" of the Ta1lra Mts !in tthe Bobrowiecka Va:lJ.ey (LefeJ.d 1968. 
Fig. 1). 

Cross-ibedding was never .observed in the Murait llinestones but;in one 
site (Foajksowa) cross lamination exists .in" the maxlston:es. It points to a 
transport of materiaJ from the southeast but, of course, ca:rmat serve as 
a basis for.any serious conclusion. Isolated BkeletaJ ilragments (e.g. crioo
idai (lISSic:les) "are to be found writhiln the bottom paI'ftg of maa.istones 0011-

tainiIng tm'Ibidite cad.careous marteriail I(top part of the Mrurait limestone 
complex). It seems that at Jeast a part of the suspended matter has been 
deposited together with the maxIs which. followed' the depoSi"bian of the 
Mwait bioHthoca:lclshlt.iJtes. 

Chert baJnds am. :nodules OCCUlt" mmnly in "the bottom part .of the 
oompilex ·(Pl. 7." "F~. 2) and Me easily observable from a distance giving 
layered appeamnce to 1be iMurait !Limestones. Det..a:hled observatkms at 
Niimia Haw:ran (BiJe!].slde :ratra Mts) showed that they are assOciated with 
the top parts of beds, ~ess frequently with t'hei!l'" bottom parls ·(Fig. 17)." 

Fig. 17 

Position .af cher>ts xela1lLve I1x> beds of ca.loa!l'eOUS tUlrlbidltes. IN.iZnda HawrafJ. - Biel
s'kde Tato.-a Mts 

Less and less cherbs &"eto .be found toward the top of the complex. 'Ibis 
phenomenon !is probably cannectedJ with topward increase of sedimE!'Illt 
aClCumulaltion .ralbe of the bioliitihoca1carerutes (bioclastic turbidites). 

ACOO'l"ding to Borza (1957)radiolarian .tests were the source of silica 
for these cherts. Under the .mic.roscopetlhe rock shows voids aiiter raddo-" 
larian tests embedded in ,cha1ced.onic aggregates. The eherts are v.irtuJally 
'the same as those found :in ihe lmo.lerlying m8ll"lstone, whiich suggests thaJt 
possibly the eberts"were .attribute constituents of the ,basinal marly depo
sition prior to the begdinning of 1Jhe inflow of tuTibidites. 

Top marlstones 

The ma:in complex of the Muraii I1mestolles at the Murait Mt. lis 
overllaid by ma.rlstones whicll contain U:rgonian biooliistoLiths -(Fig. 18). 
The marly sequence there :is over 30 m rthick aJIld contains an :itnteribed 
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of; biolithooafca.remte in its middiLe part. This iliimestone bed wedges out 
quickly nottheastwaro. Abundant Urgonian biOOliSboliths oocur m ·1he 
tOpmost part of t1he marlsltone. This is the youngest member of the wb
tatric succession in the TatraMts. T'he i"ed~:ted U,rgondan oJ.istollths 
are 5 to 40 cm Iin size. The ·rock is identical with the Urgondan facies of 
the high-tatric oone (Letfeld 1968). MiJnor :limestone lenses I(.ia:lterbeds) 
occur e1sewhere ·m tlhe marlstop,es. Few badly preserved ibelemnoids were 
fOUllld in the tnarllstanes below aIlld above the limestone wedge. Poorly 
preserved fragment of. a small. ammonite, most probably be!lo.nging to the 
·Pulchal'1.idae family was found aiJ.mCl9t at top of the mar'Istones. On this 
:fI8int basis !it maybe supposed that the top marlstones a.t Mu-rail are not 
'younger then the Aptian (possibly Lower Apti:an). 

A new genus of Ihydrospongda named Mu/rania (after ·the Murait 
Mt.) was described far the ·first time from the redeposited Urgoruan oli
stoliths tlhere (KaZmierczak 19(74). The U.rgortian bioolistolilths oat Muran 
oontadn many weLl preserved foss:i!ls among which some specimens of 
Orbitolina lenticularis Blumenbadh were oollected (PI. 20, Fig. 4). Thds 
find documents' .the age'OOth of the top marrIstones .and of the Muraii 
J.iJinestanes. Sections of PianeZla (= SalpingoporeZZa Pia - P:mtuTlon & 
Radoicic 1967) as we'l'l as other undetemlj,nable Dasyc1adaceae (Pl. 20, 
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Fig. ,18 

Cr09S....secti.on of the Lower Api!fta·n ISediments overlying the LMiuran Ildme&tone on the 
top meadow of rthe MUl'aD. Mt., Bie1S1kle Taotra Mfls. 

1. ava:lanche calcareous turbidites - proper Muran limestone (Barremi6ll); 2 same but with 
abundance of UrgoDi-an--der:lved IlI!icl'ofOllliU. J.Ilke MWoUdea, Orbl.toMna., Planella, etc.; 
3 marJrftone with tl14n lnter:beds 04. tU1"hld1tes; 4 Ja.rger wedge 04. ca1c8.1'leOllS turbidltes ot 
'the lMUNln llmelttone type, with ~thB of typlJCal Urgo.ntan 1imestones; S tqp marllJtone wdth 

. Urgonlan ollstoliths at top 
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Figs 1 and 3) ;can, uo be found. Beside that there are sections of comls 
(Styl08milia sp. - Pl. 20, F.ig. 2) and ~ bryoZ08lllS? (PI. 20, Fig. 5), am: 
fragments of sc1erosponges (PI. 20, Fig. 6). The final episode of red~
tion of tihe Urgonian oHstol1ths took place in the S'llb-tatric su.ccessi.on riot 
earlier 1Jhan dUI!ing the LoWer Aptian. . 

·In the eastern paiI"'t of the Bielskie Tatra Mts . the MuraiJ. limestones 
are overlaid by marlstones as well but no ,fossils were found 1fuere so 
far. . 

Younger members of the SUlb-tatric succession i.e. !A[biaJn and Ceno
manian do not occurr :i!n ·the Tatra Mt1;s and are known anly ·from the Orava 
area (KaIIltorova & Andirusov 11958). 

Sedimentation rate of the MUTan limestones 

Since marlstones accompany the MuraiJ. limestone both from !irts 
bottom all1d top it seems reasonable to suppose that the sedimentation 
rate of those mar'ls was neal'lly OOIliStant 1furoug'hout the:Lr period of depo
sition. On the other band, .the iSedimel'lllBtion rate of tlhe redepOsited oatr

bonate dlastics of the Muran 'limestone show€Kl Qcce1erations and il"etar
dati.onts and was incomparably quicker than thait of the marls. In fact, there 
is lOO reason to dladm thait the· mai'ly deposition had stopped d'U!ling the 
sedJimenltation of the avallanche turbidljJf:es. It may he rather supposed that 
the fine cLast:ic materlaJJ. whicih ledl to matly deposition was oontrlnuously 
supplied to the environment diuiring tlhe ltime of. their secl:imeIntation. Hence 
the ·bi.oHlthocald:s:Utites of the ma!inoomplex should be regatrded as a combi
natian of Iboth sedimelll't types. In sites where the:ill1lflow of caribooiarte 
clastic .material was smaller as e.g. at Fajksowa {extreme east of the Bdel
side Tatr.a .Mm), the two maiin beds of the MuraiJ. iJ.timestone are sepaMted 
by marlstone, whiclh proves that the marly deposition did DOt s'lq> at that 
time. 

'I'lhe upward increase of the sedim:entatian rnte of -the carbonate 
turbidites was probably contro1!led by an mcre'ase iJn thiclmess of the reef
-detrital f.acies :in the Urgon:ian of the geoanticlinal SOUII'Ce area. 

The bulk: of the Ina,terial came from a distal reaf~etr11;a11 faoies as 
it :is shown by dal'Ik coloumtion of the carbonate clastic particles and their 
fineness as we!J.i1. as scarnity. of larger ·reefal ol"ganasms such as hydrozoans. 
co1olllial CI01"als allld algae. Nevertlhel~, some UrgandaJIl dlistollths preserv
ed among Ithe top marlstone.s :at the Muran Mt. 'llndOUibtedi.I.y derive from a 
proximal reef facies. iPossi'My the sedimentation of those olistoliths m!aI'lks 
the most intense destruction phase of ·the U rgan:i.an detrital fades ,in. the 
source area. 
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Avalanche turbidites in the Western Tat'l'a Mts 

Ca'l'bonate clastic inte'l'beds 

Few ra!fher thin i1nteroalations of bidllithocalcisi1.tiItes QOOUr in the 
N eocomian ~es in the Westem Tatra Mts, in the KoScieli8ka and 
Chocholowska valleys ~Pl. 7, Fig. 1). In both localities the marlstone se
quence .contadns some quartz SBlIldstone interbeds 88 well (Fig. 19). 

w E 

o IOm 
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·Fig. 19 

lnterbed6 of Q.1.I8riz sandstane turbidites ·iJn the NOOCOOJian mal'lstones - Kryta creek, 
a ·trilbutary to -the ClloaboJowska V'2lley - . Westerrn Tetra Mts 

1 INIOdstone, J mltrl8tone 

The .biolithocalcisiltite5 contain micritic intmc1asts averaging in 
. size ~200 microns with iE!5B abundant larger particles up rto 0.6 mm 

(Pt 19, Fi~. 1). Cement :is SPatrry' c81cite or micrite. Occasional glauronite 
g.rains (20o-aOO microns) were Observed in some thin sections from the 
K08cieliska Valley. Sections of echdnoid spines and Ibisarial ·foram.tmferal 
te9ts occur elsewhere .iJn. thin sections. Unidentified edhinodenn ossic1es 
are also numerous. Fmgments of o8lptychd areseldam. found. 'Dhese rocks 
strongtly resemble some varieties of ·the Murati. Umesbcm.e of the Eastem 
Tatra Mts aJD.d Undoubtedly represent a kdnd of caIr'OOna:te tul"bidiltes. Their 
material was subject rto redeposi:tion but dn 1:Jh.at paa:1;k:ula:r case the source 
area ~or areas) were more <tistanlt than those of tflhe Eastem Tan Mts. 
This is proved by otheir .relatively sman thickness. . 

Sandstone inte'l'beds 

Few layers of qlU.:ar.tz sandsbone or ooame sUtstane occur 'WIitJhin the 
maIl1stone series ;in the Ko9cieliska and Ohocholowska valleys in the 
Western Tatra Mts. 
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As observed .in thin section these rocks are fdne-gramned quartz 
sandstanes of average grain size 150---300 nldcrons with occasional ~u
canite g.radns (iPI. 19, Fig. 6). The rock strongly resembles same types of 
flysch sandstones, but in ·tIhis case the cement is ca!llC8ll"eous. 

. Because of scareity of outcrops it dB impossible to determine the 
geometry and source area of these S8iIl:dy dntemeds. 

Lower Cretaceous turbidites in other Central Carpathian massifs and in 
the Pieniny Klippen Belt 

Lower Cretaceous c.ari>onate tUrbidites similar .to those described 
from the sub-tamc succesSion of the Tatra Mts oocur !.in 'same other 
Central CaTpathian massifs such as Mooa Fatra, TrdbeC; Niske Tatra Mts, 
Oboe Mts and the Manin unit of the StraZowska Homatina Mts {Mahel 
1968). Together with Dr. Borza I was able to visit severail outcrops of 
·1lhe Lower Cretaceous sequences Iin the StraZowska HarnaJbina Mts .and 
in the Mala Fatra Mts in 1970. A thick detrital limestone series ocours 
near Butkov in the Manin unit. This series represents mast probabiy car
bonate avalanche ,tUlrbidittes somewhat connected with 'an Urgaman soUrce 
area. Some rock varieties are si.:milar 10 dIistaI. reef facies of U~gOni.an type, 
which ls Q:udte obvious !in vhe light of the proJDimity of the Urgonian U
m.a9ton€s in tihe Ma.n:inSka Uidna (MdSiik 1957, Andru.sov 1959). Outcrops 
at Faclrov, Rajeclka Lesna (Fa-yvaJld), Tune ami Lie.bavska Svinn8i in the 
Mala Fatra Mts (Woest:em Slovakian Carpatlhians) ,represent several 
varie.11ies of carbonate de1lritaa facies more or lessre18lted to some Urgorrlan 
structures .. For example, the detrital 1im€Sf;one at FaOkov shows many 
affurlmes to the M'1lran .limestone (PIl. 18, Fig. 6). tAt Turle detr.itaJ., dark 
·limestone with oooasianall oberl bands is interbedded. with marlstones of 
Aptian age. Limestcme :flntercala·ti.ans among mal"lstones at Lietavska 
SV'inna ~ slightly lighter ~ calour and theiJr weathered suriaces resem
ble the alpine SChmttenkaik. In all those cases the !I"OCks are ldthobiorclastic 
and possLbiy represent slumped ,beds wthich sug'gesis avalanche turbidite 
origin.' . 

In the c.entral Cao:pathians of Eastern Slovakia the so oaJlledJ mnesto
ne of Brekov (Barkoka!lk of Paul 1870 - fide Andrusov 1959) seems to 
represent calal!r€OUS turoldite sequence poosibly somewhat ' oormected 
with the Urgailian of Humenne. 

In the Pieriiny KJippen Belt Lower Cretaceous carboDalte clasties of 
. si.mi1ar type are kInown to ooour in the HalIigovce Klrippe south of the 

Pden.iny Garge (.AJndrusnv 1959, PI. 32). '!be S'equence there is a.bout 40 m 
thick (Birlkenmajer i1959), and. over lies ,the "Biancone"~e limestone of 
TJrthO'lli:aa»-Hauterivtian age. In thin section the rock :is mare or less skeletal 
miCTite with mic.ri:tdc mtracl.asts of similar gram size .as Ut typical Mura.n 
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Jamestone (PI. 19, iFg. 3). ~'Wtigenlic quaa-tz grains are ,frequent in these 
rocks. Skeletail pa!I'tides. are mostly echinoderm debr.is. In general aspect 
the HaJigovce detrital I!i,mestone seems to be finer clastic rock thaln the 
M1.l1'aD. 'l:imestone. Its position :in theprdmary depocenter WISlS probably 
more distal then that of the latter. Also iin this case 1Jhe bioolastic material. 
derives from redepoSirbion, poarlbly from some U rgond.an formartions. 

Another biocl:ru;mc "Urgoriian-derived" member of 1Jhe K1ippen Belt 
is the Ni.zna lliimestone in the Or.ava area (Scheibner 1967). This rock is 
def'inirely coarser than the Haligovce limestone and is composed! of :frag
ments of corals, calCl8ll"eOWl algae, brachiopodg, pelecypods and ortbitolinas 
(PI. 19, Fig. 4). Co:alrSe bioclastic"materia:l and abundance of laJrger skeletal 
fragments of large Urgon'ian fossils suggest tbhat the redeposited mater:i.a:l 
came ·to tihat site loom a proximal Urgon'ialn Ifacies. A!lso in this case the 
source.rurea remams unknown. Contrary rto Scheibner's vdew (op. cit.) the 
Kysuca succession a.t Nima !is not of Shalilow water chruracter but repre
sents a fragment of a trough (possibly a slope of at) wblich is proved by 
the pl"E!'8E!OOe of TadioJ.arltes in theOxfordian and red~ed mater.ial in 

. the Barrern.ialn-ApiIian member. The Nima ilimest<me contains also some 
pariicles of dlder lMnes1x:mes'-as e.g. Tithonian clasts wtith tintimrids. 

Carbon.aIlie turlxidiites arre allso known from the Ourter Carpathians. 
The ci€szyn Urnest:OOe of Upper Tdithonian -' Berrlas'ian age represw-ts 
redepoSLted flysclh sequence '(Ksh\Zkiewicz 1960, 1971). Re'CiepoStted ca~ 
nate Ti1Jho:n.i.an sectiments w.i..tlh graded' bedding and slumping were report
ed from -the Kurov.ice KllIippe of the Cetechovice ·zone :in Moravd;a, (Ozecho
slova'kia - Banesovs.; EUas & Matejka. 1968). 

Restoration of sedimentary environment 

The Mur.ail lJimesbcmes owe rtht1Lr origin fiXst of al1 to the proXlimity 
of an Urgonian souIICe area. iPoor, usually fragmentaJry state of preserv.a':" 
t10n of the U rgonialn foss:i!ls suggests thBlt a distaJ reef facies was· probably 
the source area, and its piling up, and consequent insta,biility of submarine 
slopes have caused 'sllllllP,ing and turilidity cun-enUi that trB!t18pOrted.the 
carbonate clastic material down Ithe basin slope. The eJdstilIig data do not 
aillow to suggest any direction of transport of this material, althou~h the 
petrography of :bhe mtraclasts points to the bigh-tatric mne. 'As it was 
alrealdy salid, the bulk of 1!he rna'terial was transported and laid OOWlIl !in 
result of slumping and OIl!ly smad.l part of it \VIaS deposited from suspen
sion in form of graded cycles. The bottom portions of the Murati limestone 
due its origin most probably to redep09.ition of tIhe Hauteriviian and also 
pos9ibly the Valangmian (oolitic [imestones) rooks. 'Lnthe high-ta.'tr!ic !Z0-

ne of the Tatm. Mts denudation of carbonate material ha~ 'began most 
probably during the Haruteriv.ian (Lefeld 1968), Those denudation procE9J

es were tben ' lintensified. dlur:iJng the Barremian-AptiJan times when the 
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Urgonian reef -structuresdeve1oped over many Central Ca,rpathian ihighs 
(geo8lllticllines). Thus i~ may be :assumed that COIlISiderable V1OO.umes of reef 
detrital mate:r:ia1. was being piJ.ed up around 9llch structures. The 00Ul'Se

of events during the deposimon of the Muran limestonJes is presented m. 
- Table 15. The sedlimen-ta.tion-resulting from action of slumping and. turbi-

Ta b 1 e /15 
DeposiUon I9C'beme of the MurafI. limestones and top rnaristones with Urgon.lan.

olis~s 

"..... 
~----------Stap l'haS8 ot deposition ----- ------

mar17 daposition with ocoaaiona1 

alump1ng ot UrgoniaD oliatol1tAa 

Lower AptiaD -------------------
r---
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Lower 111&1'17 aed1mentatioll with chart band. 

dity currents was comparatively rapid. Each time 'Ilhe turbidity currents 
soowred the freShly deposited: fme clastic material of 1Jhetop parls of: 
graded cycles. Upward increase :in number of Urgorn8lll-derived fO&'rl[s 
in the Muran !J.,im-estones -suggests :intensification of gradational IProcesses; 
in the Urgon:i.an reef Btruotur.es oV€!r rtbe highs, and pilldng up of tll.e B\m'-' 

I"OU7ldiJn-g lbioclastiJC material. 
Preserva!tionof the Urgonian :fosSiIls in the Muran li.mestanes offers: 

some hints about the transport cond:iJIJion:s. Large i.e. vcduminous fossiJ-s 
such as oolonial oor~, lhydro2lOOllS and caJcareous aIlgae !bear ·traces of: 
striping but .are relatively well preserved inSide, whereas the .sman ones, 
sum as e.g. orbitdlinas are completely devoid of their e:mternal layers and 
even their reticulate mn:e :is obscured. This -was pro~bt1y the oreaso:n why 
orbi4:.oO;ilnas escaped the attention of many geologists tin previous years. 
iLarge but c;:omparatively thin pelecypOd shells are preserved entirely.in 
form of isolated c!bips. -

Much .better preserved are Urganian -toosiJs in tlhe olistoliths occur;r
. ing din the top mar:Jstonac:l at the iM'llr8ii Mt. The ;rook piec-es contadIning. 
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1Jhem are strikingly simiJ.a·r to typicaJ: U.rgonian rocks of the high-tattle 
suocelSS'ion. Undoubtedly in Ithis case the redeposition reached a proxima'l 
(reef-detritai) slumping source which is .a:1.so s~ested by Ught ooloura
tioo of !those oo.istdliths. 

In the present a'Ulthor's apimon the :m:gh-tatcic Urgonian. structures 
(sensu lato) were the SOU!l"Ce area for Ithe bulk of the carbonate clastics 
of the Muran ldmestone. Some:m:i!nor components of the Mu.mil ~stone 
lilke e.g~ ·oolites, most probably come from the high-tami1c succesSian as 
welt By negation it can be said ;tihat the souroe area was not $iJtu:ated to 
the ·east df tIhe BieJlsk1ie Ta·tra Mts as a decrease of thiclkness and spldtting 
of the roam. eomplex into severaD. th:ilnner beds is to be observed ·in this 
direction. It may be looked upon toward. SSW of the present-day Hawran 
unit. 

A quite different image may be seen ID the Westem Tatra Mts 
where only tlhin linrlierbeds of car!bonate turbidites exist. Undoubtedly that 

. area was fall" more distanlj; from a source area. Beside that some other 
sources have e,msted ami suppltied quartz clastic material to form the 
sandstone 1nterbeds .there. Presence of Barrez-ruan ·ammonites"in the marl
stones of the Western Tab Mts proves ,that the marly deposition continu
ed there tihll the Barremian and possibly ti.i1.[ ;the Lower AptiaLn. 

In the Choc Mts w~ :are the western prolongation of the Tatra 
Mts Some mterca!l.at.ioolS of weak!ly arenaceous organodetritaa and micro
oong/1.omerattie limeston-es ooour within rthe mady sequence (Mabel 1968). 
The orlgin of those rocks maybe related to that of' the inJtar.-beds in the 
Wastern Tatra Mts. 

The Lower Cretaceous (Aptiiran) microconglomeratic, darlt limesto
nes of the Butkov .mne in the Man.in unit may represent, an the present 
author's opinion, SIt least in part, a distail detrital reef 2One7 ·and in pall"lt 
- ll"edeposiJlied sed:iments of tJhe Urgonian structures of tJ::ta,t umt. 

Also 1n the bigh-tatric succession of the Tl8Jtra Mrts some portions 
of .the dlstail. reef facies bear character of tur.bidJites (graded cycles in 1ihe 
BobrowieCka Valley - Ler.feil.d 1968). . 

4- widespread deveilopment of the Urgonian .reef structures during 
~he Bamemian-Aption times over many geoanti'Cti.nal h:i.gIhs ID iIhe Cerutral 
Calrpathrian geasyncline caused cmlcentrations of detriltal org.an:ic matter.ial 
.which :in turn gave pr.i~ to red.eposition by slumping a:nd t'll'ribidli.ty cur
rents:ilIllto the adja'Cent troughs. A relatively 'large thickness of the Muran 
limestones ID the Eastern Tartra oMts raJIld the state of preservation of 
Ull'gOIliian-derived fosshls seem to indicate that tlrls complex represenJts a 
proxdmall. turbidlity zone.in relation to the Urganlian sou.rrce area, and was 
lalid down ov.er the middle part of the trough slqpe. The distal tur:b.idites 
may be represented e.g. by the Lower Cretaceous eLastica of the Ruzbachy 
(Polish !ll;nne - DruZbaki) Ihorst l(Mahel 19.63). These relations are must
rated on the scheme (Fig. 20). 
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Recapitulation. of the main sedimentary 
features of the Muran. limestone 
The Muraii limestones is characteri

zed by the following fea,tures: 
11. Slmulttaneous sedimentation of mads and 

blolilthocalc:iBli1tites out cxf which the fonnl!r 
W'as coo.tinuous throughout the ValaQginian
-Aptian times, anti the latter ODe superposed 
onto 'the former aIld repi-esented mueh quic
Iker deposiUio.n (greater seddmenta:tion rate 
with passible u!pwaTdacceleratdon) . 

.2 • . Plresenoe of ahert bands aDd nodules which, 
mostprobahly, are the attrJlbute component 
.of the underly!ng mar'lstones. . 

3. Ckaded bedddng wblcb usu8llly shows eroded 
upper portions of cy'Cles which are &ameti-
m$ odrined. . . 

4. SOOIlr'.!Jng of the 'bottom '(d4Irect 'substra1lllJD,) 
of the turbf.di.tes. 

S. Slump ,tttJrUC'tures cootam·ing Urgooian dl'isro
ldtbs within the marlistone beds on top of the 
oIXlIIXlIplex. 

6. Abl.mdance of kltra- aoo extraclas1S. the exi
stence at wbich is -due to re deposition from 
sou.rce areas. 

'1. Rapid increase in thickJnesB within the area 
of tJbe Bielskie Tatra Mts and adjll'CEOt Po
lish Ea6tero. Tatra Mts (the Hawran unit). 

8. Slumped (gTavity displaced) material prevai'ls 
over the graded aile. 

9. Lncreasing q.uaniite8 of u,rgonjan f>OSlil.1B up~ 
WlBrd the section. 

:UI. DooreasJng mqueney Qf chel'lt bBlD.ds m the 
same din!Ction. 

H. Scarcity of cmbonabe peolit.e (comp. Unr~ 
,1963). 

P.A.I..AroGEOGRAPHY 

Middle-Upper Jurassic carbo-siZite 
sequence 

The facial analysis of the slJb..lta tric 
MWle and Upper JunlSSic ca:r1x>-s.i1ite 
sequence presented above clearly Shows 
that . two distinJOt deepening phases and 
reverse shallowing of the basin took place. 
These two phases are separated by a smal
ler episode of the middle nodular limesto
ne member or probabJ:e Ca1lovian age. The 
Upper Jurassic (Oxfordian) deepening pha
se shows better developed vertical sym
metry of fades .then the Middle J urSBSic 
(Bajocian-Bathonian) one. 
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An almost perfect symmetrical dJistr.i:bution of !l1JOdUllar iLimestane and. 
radiolarlite members in the Upper JUTBSSic carbo-siliLte sequence proves: 
thaJt: 

1. The COUTBe of padaeogeographic events must have been a ~ 'one, which is: 
ailBo o9IlIPporied by the imiftormitty .af t.aJOial devedqpanen.t :Ln hotimntal sense. 

2. 'lIhe depa3.itian dur.ing the CaJlovian-Ox:f.oi'dian-Kdmmeridgia:n times 'Mi6 ' not. 
distnlrbed by laIld-derived clastic sediment-s thus poimi'Oi to remotettl.ees of 11l!ld 
ma<S'Se6, 

The estimated! sedil1l€'D.t accumulation rates for :that sequence (Bee' 
Table 9) suggest an extremely slow deposition. The sequence in question 
is undoubtedly a good example 'Of sed:iments laiid dOWlIl dUl'mg a "periode 
de vacui1te" (Auibouiin 1967). These are iypicail. "leptogeasynoldnal" deposilts: 
sensu Triimpy (19155). Lack of even smalieet traces of valoonism, and 
high carbonate content of the radidarites suggest thalt they represent 
miogeosY1IliCJJ..inal ratlher then eugeosynolS.nal depository condli.tions in the 
Cai1pathialn geosyncJan.e. 

, According to consideration on pages 307~09 and a scheme of depo-' 
sition (Fig .. 13) the sub-ta1ll"i.c carbo-sllite sequence was probably laid down 
on a slope of a .trouglb.. Spacial :isolatim resulting from ·tecionic over1Jhlrusts 
does not alQlOW to restore ,the primary basin ,f.loor ll101'phology, thus nathllng 
can be said a.bau't deeper (if any?) parts of that basin. Changes .in basin 
floor morphology caused. by geosynclinal tectonic movements (deepening) 
were usua!ly ment:i.'on€d .as the main cause of the deep-:sea radJi.olaJrite depo
sition in the sub-tatric JuraBS'ic t(Passendorfer 1961). lAlthouglh such an 
explanation oarmot be excluded, at [east inpa1",t, anldther approach to the 
problem is Ihere proposed. The deVle'lopment of the sub-tame Upper Juras
sic carbo-silite sequence coincided in time with a major 1l'ba}WBJOl'atic 
period. in Ithe Mesozoic era (Hallam 1971). The maximum of ,the Upper 
Jur..assic tr.alll'sgressl.1<ID. in East-Centrai Europe, among other 'territories aOO 
in -the Pdlish Lowlaind, !had takm place during the Oxfordian (atIso a part 
of :fJh.e CaHovi9!n ilnClUided - Samscmoowicz in Ksi~kiewicz, Samsonowicz 
& Riihle il965). In result of a major transgression ,the bathyal and abyssall 
2O'IliE!S in the Te1hys have expanded considera:bly. In ocm:sequence immense 
land areas were covered by the epicontinenta:1. seas thus rn:aking any Umd 
remote from geosynclina1 basilns. The surplus of oceanic water has 
caused rise of 1Jhe compensartion depth irelative rto the e:xistmg; 
basin fioor morphology. and i:n result of 'it - spread of ba1f1hyal. 
and albyssa[ :zones. A retreat of ·the sea Ireoord'ed. ~n the lKimmeridgian 
sediments 'in ,the IPaliish Lowland (KU'tek 1969) seems to be reflect
ed adso in developmenlt of ,the upper nodular Mmestanes (relative 
shaHowing) in the sub~tric oa.rbo-'Si!lite sequence as well as 'm some 
other Irmer Carpathi:an 'suooessioos. Synchrcmic character of these events 
durilngl the Ox:OOlrcfialllr-Kdmmeridgian history of the Inner Call'lP8thians is 
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10 'be oibserved amcxngothers !in the PIi..emny KUppen Belt (N.iedziJca succes
.sion ii.rn paII1tlic1ilar - Bir'kemnajer & Znos1m 1955, Bir'k~jer 1965). Sdmi
lar ooevaa. vertiall symmetty seems to occu,r ::in the 'Ilransdanubian Central 
Mountains of HtmgIa.ry' ~Kanda 1972) and in the Haglm:masul Mare and 
JIaghdmasul Negro· sections of 'tale Haghdmas mounta:ins !in Romania 
(Preda 1973). UpPer Jum&1rlc (CalloviaJn-Oxforddoan) age has been ascribed! 
to red and green jaspers of the Czywczyn iMts (Eastern. CarpaJthiJruns) an 
the bru& of analogy 10 the Hag'ilmasul Mare section 'Of ::{tomania (Pamro 
1934). Upper J~c radialarites are lcilow.n to occur a!Iso dn the Eastern 
Carpathians (Ukramian SSR - the Tissalskaya zone in particular, Via[ov 
.& al. 1960). It :is a weD knowIn. fact that many Alpine radialarltes a.re of 
Uppe.r JUI"aSBic age (Triimpy 1960, Grunau 1965). 

Litbologic sequence aIIld facial development of the Middle ami Upper 
.J W"assLc members were taken as the mafn criterion to dis:tmguish :tIhe 
.particulalI" 8uccessi.ans intlhe Pien:iny Klippen Belt of Poland (BirtkenIDailer 
'1957). In ,the present authar's opinion the same criterion should be applied 
to most (if not all) Lnner OaJrpathian successions. The facia:! development 
of the Middle and Upper J ur'aS'S'ic members :iJn the Inner Carpa thiaDB lis 
highly:iJndicative primarHy in respect to the deposltory posi1lion of a given 
succession in a basiln. AcoordiIng 11;0 MaheJ. {1960) fhe Jurassic period maybe 
looked upan as the cUlmination of geosynclfnal stage in the West CSll"pa
ihlan geosyndtne. A good example of furrow stage 'in the KriZoa unit of 
the Upper Hran Basin (Central Slovakia) is presented by Cepelk (1970). 
Another example maYlbe the iPiend:ny succession in the Klippen Belt which 
.is cha1racterized by radialarite deposi·tllon without bordeoog noduaar· :Lime
stone members (ffir'kenma.jer 1958a, 1960). The wocessions deposited on 
basin (trough) slopes as e.g. the Ni:edziCB; HaJigovce of the K9.ippen Belt, 
and tlbe suh-tatric one of the 'l'aJtra oMts show complete or almost complete 
vertical symmetries, similM' or identica!l to that one descr:ibed !in this 
paper. 

The Oxfordi:an .ina~um .of IthalassocraoUic perioo in the Carpath:ians 
seems to be aOso ref.lected ijn . the existence Of nodular iimestones dn some . , . . 

geOaint'icJ:i.na!l successions as e.g. ,the CZOI'S2ltyn one of tJhe Klippen Belt and 
thewestem pant of tlhe high:.tatric succession of the Tatra Mts. In the 
~e of the farm~ it is the so oo1led Czorsityn Um€Stone represen.ti!lg 
Cadlovian-Oxfordian and Kimmer:idgian stages (Birkenmajer 1963). At 
MikuSovce in the Vah River valJ.ley (Western Slovakia) some Mn ores and 
.chenf8 occur in the Oxfardian part of the Czwsztyn nodular ~estone 
{Andirusov - fide KrajeVYsk:i. & Mysika 1958). TlrlB type of ~entation 
may reflect .art 'least oonsideraMe retardation of deposi:tlion (B1rIkenmajer 
1963). Slimilar traces of Mn were noted already by Neumaoyr (fide Bk 
1k:erunajer, op. cit.) :iJn the nodular Czarsztyn limestone in the Babierz6wka 
and Stankowa kl!Jppes of the Pieniny Klippen Belt dn Poland. In the high .. 
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..,tatr1e succession of the Tatra Mts BIt ~east a part of ,the nodular IlIimest<:mes 
seems to correspond to the Oxfordlian (:Passendorfer 1951, Srulczewski 
1965). Ln tfhe oulter kIlippetJl bellt of the Western Ca:rpathdaiIlS OXfordian 
nodular Ilimestones arre known to occur at Cetechov.ice (C0echoSlovakia) 
where they contain a mliIxture of European I8IDd Medit~ ammanfute 
faunas (.Andrusov 19591). AIIl these examples point 'to synchronism of the 
Upper JurassiIC maximum depth phase in the Westem: Carpathians. 

Similar line of argumentaJtiiOn maybe applied to the Middle JUMIiiIrlc 
depth pha.se. Radiola'l'lites or siiliiIOeous limestones 8ll."e knoWlll not only from 
the sub-tatric succession but also from ihe broadly termed Krima. units 
of Central Slovakiia (Cepek 1970), Siprun succession of the Mala Fstra 
Mts ,(West of the Tatra Mts, in,Slovakia) and from the Ned.zov one (South
westernmost Slovalkia -:- Andrusov 1959). MidcHe Jur8ssi.c nod'llilar'lime
stones &'le kno'VWl 1x> occur an the iManin successian (We51bern Slowkia -
MiSik 1'957). Hence aJso IiIn this case the Middle JUT.a:ssiC depth !phase seems 
to be synchronous ID many Western Caa:path.lan uniofB. 

Local diff~iation of sea floor morphology (e.g. deepening of 
troughs) ,could not posSiIlJ1y oSlC'OOUllt for such synchronous phenomena. 
The persistence of sea :moor morphology :wIithout ma:jQr changes throug
hout the ·Middll.e-Upper Jurassi'C and Lower Cretaceous Umes seems tp be 
reflected in the fact that only over the raclio1arJ.'te-bearing sequences the ' 
calcareous ,turbid!i.te forma.tions, were depo61ited d'u.r.ing Late Neocomdan' 
times (Table 16). This questian lis dealt with latE!lr on in this c1hapter. 
Nevertheless, some local tectonic 'Changes i.e. depressive movements or 
upheavals IiJn relation geoanticldJnaJ. high versus basin might have ooouTred 
in til~ Carpathian geosyncll.ine and possibly speeded Up the action of 
turbidity cU!rrents wh:idh transported the m8'terlal dowIn the basin Slopes. 
This was pro~bly tJhe oasewilth the transport of enmIimte sla.bs emlbedd
ed:in the upper nodular limestones of ·the Bie:Iskie Tan Mts (Bee p. 299). 

Middlle Jur.assic voloani'C phenomena are unkOOWln from ,the Tatrn 
Mts, nor from other Inner Carpat:b.iarn masSiis. Volcanic activity of that 
age iis known :f!rom such remote areas as the eauoasus (Zesashvlm.i - fide 
Stratigoofia USSR, JUl'I8JYBkaya sistema, :1972), Crimea (Muraltov & aJ. -
fide Stratigrafia USSR, J'Ull"9iySkaya sistema, 1972), aIlld. Northern ltaily. 
!ttem' Verona {Stunmrl 1969) and Sicily (Fa'biand. 19;iO, Trevisan ·1937). 'Vol
C8Illd'C tufts of :possible Jurassi.c a~ were cilted from tIbe Eastern Cairpa
thUms by SWiiderski (1938)'. 

Tithonian-Berriasian. Biancone 

The Tith<mian-Ber.ria:si8!Il ffianoane facles of the sub-1strii'C succes
sion roepreseIl'ts probably an equaIiza1Jion. of deep marine conditions over 
vast:areas in the West'Carpai'hian geosynciLine as, this fscies:is common in 
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Ta bole 16 

Deposition phases in the sUb-tatric suocession ,durin~ the Middle-Upper Jurasmcand 
Lower Crew:eous tf.mes 
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many Inner Carpathian sulCCessions. The S1;a·te of preservation of amm0ni
tes (OnIly casts) ami mi.ero.fossils (tiDtimrids:and i1"8diolaria) proves that this 
kind of sediment was lam down ,below the aragomte .and above .the calcite 
compensation d'epths of TiilhonWi-Bemasian times. Gannson (1957) as
sumes abyssal depths far rohe Obertim BedS of the Austrian Northern Alps~ 
which sedimenils seem to be eomp8lI'able to the sub-mtric BiaJncoo.e. 

Colom '(1955, .1967) also regards the Bjanconefacies as sediment of 
deep (!bu.t not abyssal) Tethyan oceanic ;reallms. 

On'lyone thin turbidite dntercbed was found fun the Bianoone of the
Wester.nmost Taitm (Sucba V&Jl~ey) which proves fllat occasionaRy some 
detrital materiJal was beilng brought into the basin. presumably, from the 
West. 

Lower Cretaceous marlstones 

The deep rnarlile conditions continued during the Valanginian 
through BaTrEmian and even po.s8i;bly Lowe!r' Aptian times. The only in
nova.Jbion was an dnflow of ffinest detrita[ IIlJ8Itteria1 which :prOduced marly 
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character of the sed'iments. In the western part of It!he Tatra Mts some 
usually' tihin intercalatdons of caIlc:areous and quartz clastic turbi~tes 
show tbalt occasi.otnal transport by turl>idity currents from adjacent areas 
had tabm piooe there. 

The Muran limestones 

The sedimentation of calcareous turbidit;es .was much more .intense 
:in the BieISkie· Tatra Mts (Eastern Tatra Mts) where thick sequence of the 
.Muran limestxme :was la4.d down. The twrbidite deposition ' has IProbaJbly 
.sta!l"ted during Hauterivian times (possibly Upper HaUlteriVlia,n) as it may 
be observed at G~ Szyja: where first turlridite intercalation OCC1I:l'll'ed 

prior to the last fiIlld, of Tintinnopsella carpathica Murg. & Filip. Sedimen- . 
;f:a1OOn of the Mua.-an iJJirn.eBtone was most intense dUring ilhe Ba1"!'eIllian 
whan Urgonialn !reefs have flourished! over malDy Centrta[ CarpatMan highs 
(.Alndrusov 1959, :1970; Lefeld 1968). Some divenrificatian of the sea floor 
morphdlogy probably .took .pI-ace ID the geosy:ncline I8S gtradual upheavaJ. 
(shaHowlilng tendency) .is to ibe noted m the ihigh-ruart;r.ic mlccesSron of the 
'Tma Mts startilng from the VaJ.angiman 1Jhrough Hauterivian up to the 
Barremian-Aptian(Lefeld, op. cit.). Development of the Urganian reefs 
()n geomticlin'Bll highs caused piling up of reef~erived det:rita:l materia[ 
:in the pro:x:imalll8Jl1d d!iIstal UrgoniaJn 2JOIles. This, ' in turn, led to ilnstaibiHty 
of slopes doWIi whicl:t av~hes of carbonate clastics alided mto the bas1n. 
Occasianal turbidity cw.-rents took parlm the transportation of the detri
tal materia1:: and caused graded bedding dn the sedi.mm1B. Exlstence of, 
-chert bands within the Muran limes1:o:ne sugg'estB that the depocenter was 
.rather a deep one tat .least ':in relaItion tOO tbe,'Ilpheaved highs). Deposition 
of avalanche tur.b.idites has ceased. about rthe end of BairreIttian, and gave 
way to anothe!r ma.r.ly deposi.1Iioo. Some UrgontiJan dl!isboliths, ,however, still 
were tranSported down ,the basin as it ma)'lbe observed. on the top meadow 
~f the Murait Mt. (Flig. 18). 

The swb-4;atr:ic succession of the Bie1.skie Tatna. Mts seems to continue 
·eastward:in the RuZbachy (old Pol!ish :name - Drurbbalki) hoISt in the 8[0-
vaJkd8ll1 Spiszwbere ~rd.ing to lwanow (aral tinformation) a Uassic 
:SE!quence tis !idantioalto. thart of rthe Hiaiw'rslll unit of the Bie1skie Tatra 
Mts. Possibiy . the darlk-grayish organodetrital limestone member overly
.iIng the Tditihon,ian-Ber.riaSian at Ruzbachy (iMahel :1963) may oorrespond . 
to some varieties of the Muran limestone. Calcareous turbidites simj['8Il' 

to those of ,the suh4atu:ic succE!S9ion ICl'OP out in the Haligovee KJ..ippe 
:south of the IPien~ln.y Gorge (8irkenmaje!r 1959). As t1x>se sediments 
were l-alid doWtn over alIi Oxforddan radi()ll.aJ:rWte-lbea:ron~BequeniCe (showing 
reduced vertU:a!l symmetry), it :is quite prObable ilhat a lower part of slope 
of the Pieniny ,through was the depocemer of the HaMgovce successilOn. 
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This conclusion highly contradicts a suppoSition by Scheibner (in Mahel 
il~8) th:a!t the Haligovce successioll Wt8S deposited over geoantidline. 
Southward palaeogeographic continuation of ih~ succession ds diiff!icult to 
decifer as it occu~es :the southemmost position in the Klippen Belt, and 
merges in this direction under ,the lPodha!1.e FlyscJh. KBi.!V'Jkliewlioz (1972) 
presumed that it may prua.eogeog:raphicaH.y CO!OO.ect the high-tatric su
ccession of .the Tartra Mts somewhere under the Podhaile Flysch. Such 
a conception, !however, slhou!/.d require an existence of a transitional (coar
se detrital) faaial 'Illlit dnbetween rthesetwo wh!ich is acbraJJl.y~rnknown. 
A palaeogeograpbic r.eoonstructian UIlder the Podhale Basin inbeltween the 
TatTa Mts and tfu.e Haligovce Klippe faces :many 1l!DICel"tainties 'hut farther 
east the DruZbaki hoo.'lSt distanced less then 5 km from the Klippen Belt 
(9 km from HaJigovce KUppe) maybe regarded as a real missing link in this 
respect. The Druzbak!i. sequence shows abyssro facies ,in the Middle and 
Upper Jurassic, tintinnid",beail'ing iimestones .in the TirtlhoIlliJan-Ber.rd.asian 
and probable ca!l.careous .tul"bidites in the Neocamian(?) (Mahel 1003). 
Such a facial development seems to be IDtermeddate ,between the Haligov
ce erui the sub-'tatric (Hawran unit) succEmions, .and makeBthe image of 
the basin more cle8ir. Distal U r~an reef~etrita1 rrone, ' a source area 
for the calcareous avalanche turoidiies of 1he Murail 'limestone, does not 
~op out in the eastern part of the Tatra Mts, nevertlheless, it lis kioown 
to occur BIt 6Ul"face'in the Osobita area. in tJhe Western Tatra MtB. A con
nection b~een the b!igh-taltrdc fades of the Osobita area. and :the Hatli
govce Iru.ppe was presumed .by KotaDski {1963b) who even untimely nam
ed the hypotheti.catl, intermediate seq1lJeD.ce - the "Podhale" SUJCCessioo. 
(KotanE4d 1961). The latter one shouild be represented by the above men
troned. sequence at DruZbaki, which in its Lower Cretaceous part exhibits 
a ~ ofdistal ca:lcareOus turbidites. Tracing tihese sediments back to 1lheir 
preswned BOI.l!ree area, we :find the proximal turbidites fun the M'lll'ISfl ili
mestone complex of the · Haw:ran unrt in the Brelskie Tratra Mts, and the 
Urgood.aJn reef-detrital facies ~n the 'high-tatrie zone (sen81L lata) in 1he 
Tatra Mts andIor·vic~mty. Sudh 'a \P8'laeo~eog'raphic posiIVion of the Havi.ran 
tectonic undt seems 11:0 be supported by some recent 1ecion:iJc observations 
in the BieIski:e Tatxa .Mts Where the orientation of many drag-folds points 
to tectondc tmInspori of that unit·from the NNW. T,ms does not pe:rta.in, 
however, to other sub-taltricumts of the ~ Taira Mts~ . 

Nort!hem prdlangaltrlo~ of the Lower Cretaceot.1B tturbidiies of the 
D~ as d!im, neverthelel;'S, it seems !highly proba1l1e .tbart thek oon
tinua1lian can be found in the carbonate clastic, possibly tmbidiie sedi.
ments of tlhe Haldgovce succession ("Urgonian" limestone of Bil"kenmajer, 
;1959), the thickness of which (40 m accordi.ng to Birkenmajar, op. cit.) fits 
well to ·the thmning of dlstal tuJrbi.dites as' compared to that of the pro
x.imaJ1. ones of the Murait limestone (8~100 m). 
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. In ~ \light of Ithe abOve palaeogeographic .reconsbnwtion for the 
Barremian tunes between the Tatra MfJ3 and the 9Outlhernmost part of the 
Klippen SelJt there .is no place for limy kind of · prox:ima:l tuxbidiies· other 
than those ones of the Muftul limestone. H must he kept :in mindi, howev
er, that the :aboVe oonsilderaltions do not 'Pertain to tile more wMerly 
situated palI'ts of the· :Pod!hMe. 

Out of this basin ll'E!COllStrucl!ioo. it comes ht: 

L The prlmary depocenter of th,e sub-,ta1rlc succesaklc of Ithe Hawmn unt.t muat 
·oot be flair disbmced mm its present~ay Posutlon. 

2. The ilIJIe8OZOic .suIJatratum of Ithe Podbale Pai1aeogene shows p!'E9I1IDably much 
m<re ~ relations then it was 1Juppased before. 

3. A direct palaeageograpilk · connection of the Drutbadd sequence wlth that of the 
Haligovee Kll,ppe cannot be .exduded. 

According to the above conception tlhe -'suoc.es9i.ans of the Ha:ligovce, DruZ
baki and· the Hawmil umt of the Tatra ·Mts should T.epI"esent the· southern 
basin sloPe deposition 7JOIlles of the 'KIlippen Belt Basin. 

SOME REM,AIRlKB ABOUT THE SO CALLED .KRttNA UNITS 

In many previous paolaeogeograpbic reoon.9brucbions 1he sub-4;atric 
succession (Zone) of .the Tatra Mns was .:regerd.ed as one uniformnappe 
structure which was thrusted over the bigh-'taJtric ,zone from the ~th 
(among others Passendorfer .1961, .Arukusov 1959) . .Acoordlingto nappe 
theory the suh-tMric succession was paiaeogeograph:ica!lly connectted db 
the 'SO iCSJUed Ka:ti!Zna Dlppe of SIlovakia. In all geo1ogtlc works in S~ova1da 
the successions cha!racterized by deep. marine $Erliments of Mliddle-oUpper 
Ju.rassic 08~e were cla~ed to Krima nappe (Andrusov 1193680 b). Some 
recent sbudies, lhowever, have revealed ,that the· so called "sub-tatric 
neppes" were formed tin various, sometimes ddst8Int sedi:rnenteiry basins 
(Biely & al. 1968). The same is probably .true about dIe SlJb..;f;atric zone 
of the .Tatra M1s, where some tectonic scales dO nOt fit Uthologically one 
to another as it is the case with the ~e at Gladkie U~aftskie in 
the Western Tatl"a M:ts. It :is not certain whether the western patr1: of 'ihe 
BUlb-mtriic succession has sedlimented in otlhe same :trough as the eastern 
pari (Hawrail. unit in parbicwlal'). In fact, there is no tectonJc eontiJmity 
from west to east !in :the sub-flaItric .zone. South of Zakopane, ;in the central 
part of that !ZOne severnlapparently ;independent scales occur {Guzik & 
Kotarlski. 1963) which probably do ID'Ot stretch :boO far towwn east and 
weet.'Ibe paiaeogeograpbic analysis presented above ~lea.rly shows that 
at least 'the Hawrail. tmit (BielSkie Tatra MtS end Pollish Eastern. Tatra 
Mm) diIffers frani othersub-4iatric scaaes (e.g. -the Holioa, G~a Szyja etc..) 

.;and, should ,not be direc1xly COIllltleCted with ttbem in paLaeogeogmph:ic sense. 
AlBo :its dlirect ooomectLan, with the more southeril.y situaJteci "Kruna units" 
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in Slovakia seems dOUlbtrul. Although any new tectonJic a-econstructi.on. of 
the sub-tatric zone would be premature at .the.inOment, dt seemS hlgIhly 
probaMe that themunerous sub-tatr.ic Scales have been tlllr'ustedi over the 
high-tame zone from ·various directians and . not rnecca9Sarily simu1tane
ously. There enst dJiJf·ferenCes in the :tectOnic Style .in the western and 
eastern parts of the sub-tatrie mneas well. In the West, it p8Sge8. gradually 
inIto the "KriIZna.· unit" of 1he Choc Mlts, whe~eas in the East the Hawrafl 
unit of the BiedSkie Tatra Mts constitutes a tectonioal1.ly independent m.o
nooline separated from adjacent. ·teatcmic sca!l.es; ·It COOJIlin11E5 wward the 
DruZbaki horst under the iPodhale Flysch. . . 

Facilal anaayses of sedimen'tary basins ;iD.. the :lmJer Carpathians Shou[d 
. reveal. exiStence of some "transitiana!l" sequences' sensu Mahel (1960) 
which inight separate palaeogeog.raphicaJJl.y the pa.r.IliculaIr succE!BSions 
actual!y cl'8liiSifie4 to the KriZoo. nappe. At thf;! present time aID. ~n 

of a Sequence to the :Kir.iIma na'Ppe merely mearns deep oceanic (basinal) 
facies, regandless of .its proper paleogeogr~pbic ;position. On the othe:r 
hand, facial analysis of suoh lIlOtldifferenmted sedimenJ1B as Middle-Upper 

. Junssic ndiOlmitesgiV6s no dues to exact .pB·tian in ab8sin. Aamysis 
of clastic sectiments both caTtbanate and quartz clastic seems to be the 
oniy criterdan tin rthis respect. Tmcing. these clJas1li.cs ba~k to tihe:Lr souroe 
areas (if posstble) may point ;to patleogeographic connection mbetween tihe 
pariicu:}aT ~ons. . 

-lID the present author's opiIniiIOIl the rterm ~" should 'be aband
oned and the particular successions classifded Ito it should be pLaced within 
the oorrectly aIIlalysed sedimentary basms. 

Palaeontological part 

DESCRIPTION OF AMMONI'11E FAUNAS 

'!'he amman.iIIles here described-~e from tWo stratigraph.ic mem
bers. One :is an Upper Ttttbaman :fauna wbidh Iwa\!'I wiJm.own so far f.rom 
the· Tatra Mts. Another one derives from the NeocomiIan ,marlstoDes and 
is of ·the Vdangilnian-Hauterivian and Baaemian age. -

The Tithoziian .ammomtes come kom the Gl1Ze6 hill an the Chocho
lowska VaHey (Pit 3) :in the WE'Bter!n Tatra Mts. ~ f~ occur ;in &le 
micritic Biancone-type !limestone. Another site from whidt .such ammonite 
f·oooo. .is known lis the Lejowa Valley. 

The I8mmonites :aJI'Ie preserved ,as extemail. or internal oasts. No suture 
lines are preserved . . Representatives of the.genus Be'M'ia.8eUa. prevaill 
over al!l O'I!her genera and consm.tute i.!ll fact, about 95 :per cent of all spe
cimens found so far. 'A. complete Ust of ammonites is given in TaMe 17 .. 
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Table -17 
Occurrence of ammonite faun. ~in the stib-tatrlc Toithonian and Lower, Cre~aceous. 

After ~ev (19D.4) and al\lthor's own researehes 

I.cnnt~ j,pt:l.ali Slles1tes aft. 88ranGn1B /d'Orb./ 
"'----, 

I aDd. II&lei&r1 tea ep. 

I Barfta:laZl Cr100erat1t .. emer10'1 LiT. 

-, 
Cr100eratite8 of. nolBld /Y.1lU&n/ I Bau.ter1T:laZl: C. aft. eOrDB,J'1 Sarkar I 
.eol1B800eraa 8p,. ' 

~ D1Btolooeraa ep. 
O~o8tephaDD8 aet1er1aDua /d'Orb./ 

YalaDg1n:laZl, Sp1t1B.raa lip. I .eooOait •• neO~Om1eDa1B /4'O~b./ 
•• of. tuohlnena1. Uhl1a I 

I 

BIt~ I 
........ "" .."....·i.· .... i; 00,.,..; .. _.,. ~ 

~ppe:r B. lIuboall1Bto ,bouoBII/GevreyC/', 
\l'1tlloa1BD B. lor1011 /11tt.lI •• xoom1t ••. b.nean1 /Jaoab/ 

B. oppel1 ~11BD/. Pr &Outhod1soua chapsr1 /piGlet/ 
B. praeoox Salmll'id. I.7tllaeraa- sp. 

The Lower Cretaceous ammomte mum comes from -three ooIlec
tians .namely othlOlSe of Vig,ilev, Passendbrfer and the imthor's own. The 
oollec'flions by VHgllev aIlld Pasgendorfer were' neither described nor iillu-
8hm:ted. The Vdgilev's collJ.ecti.on consists of about 80 various fossils, 
preldominantly ammonites. MOst of ·them are very !badly preserved. Vi~ 
gilev's comn1'll'IlJi.que (1914) ,gives only names of 12 ammoniltes and some 
other fossi.!ls. '!be collection of PassendOrfer comes from the ;;ame or si- , 
mu sites as that of Vigilev. IA:lmost aiH the fossils derive from the KoS
cie1iska VaUey!in :the We8f;em Tatra Mrt.s. 

Vd.gilev collected ,h&g fossiJs !in 6 outcrops :there, nametly: 

1. Pass between 'llurnla Kon.czysta and Ja'WOmyna Mit:tus,ia., 
2. Mooth of the Mi~USi! Potok to the ~oAcie1.i.sk.i Pot1lk at the beginning of a ~Jst-

!Le path ;to the Hida Uplaz. 
3. A gully between KQpkii and Sta.ra IKopa Ko&ciel!lsk.a. 
4. ~ of a pai~ to the Mli.~a Valley. 
5. Smaill outoraps 0In .the left (west) IbaJnk of <the Ko§dietisk::i. iPotok between the gully 

meotioned at 3. and Brama K8IIlflab. 
6. A gW]y in the Kopki CID the side of the Lejowa ValJ:ley. 

The complete Bst of Vdgihlev's fossils is a follows: 
Astteria Astieri d'Ortb. 
A. sclsSla B8ILlIIDbarger 
A. pBiZ08toma Neumayr & Uhlig 
HopZites ambZlIaonjus Neumal'll" &: Uhlilg 
H! ~aonius Nemo. & UhIlcJg 
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H. aff.neocomien3i8 d'om. 
CrioclH'aB .nuvali d'Ortb. 
Cr. Enierici d'Orb. 
Cf'. Picteti (vai'. jurenBis) Ndlan 
HapIoclH'liB ftP. 
LytoclH'a,i ~. 
HamuZina Bp. 
Beleinnites dlZat4tu8 madlnvlUe 
RhtmchotieZla ~J 
Terebf'afuZa Mouton; d'Or-b. 
Terebf'atulina ~. 
Lima IIIIP. 
ClIcZoZtfeB sp. 
AptllchUB Dldalli Coquand 
A. angulicoBtatus Pletet &; lJariol 
A. Beranoms 00qu1JDd 
CYI08.d~? and Cooiferae? 

AccO'l'1ding to Vigilev .(1914) Phylloceras Tethys d'Orb. and DeBmO
ceras BP. from :the Bielskie '.Datra Mts were known to Uhlig. Ammonites 
determined by Vd:gtlev as HopZites ambZygonius Nemn & UhIlig and H. 
oxygc:mius Neum & UhHg belong ·in fact,to Neocomites. The aptyclrl of 
Vigitlev belong to group D of G¥iorowski .(~962, Table 1) and! characte1'lize 
Upper Valanginim ,and HauteNv.tan. Passe.ndorfer's specimens come from 
the Wscieldy Zleb (gU!l.lly), '8nd from the Ch<x::holowska Valley. His collec
tion was :never descmbed. The amIIl5)Illi'tes . col'lected by iheauthar come from the KoSc:ieOi9ka Va1ley ,(WScieldy Zleb), Kryta gully:in the Chocho
loWSka Va(J..ley and from ,the 8'za1any Wierch (BieISk!le Tab Mtt5). Ml 
specimens were found ID debris not in situ, hence they give no mfonna
tian about exact age of the particular rook complexes. Lt maybe only m
fet'll'ed that the Neooomian ma.rlstones of the sub-tatrde succesSion cover 
a time span from rthe :Vaol:aonginilaln up to the Lower IAptlian incll\lSively. 

All :ammonites 'are preserved as molds which are strongly flattened 
due to compaclion of the marIstones, and tectonic pressure. In many cases 
exact meaS'UNmlentts could not be done. 

Venter is never . preserved and the only feattures observed .is 0'l'IDBr
mentation an sides of whorls. Only best preserved specimens are .iJ.1usf1ra
ted an plates. 

SYSTEMATIC DESCRIPTIONS 

. Famtly Berriasellidae Spath, 1922 
Subfamily Berriasellinae Spath, 1922 

Genus BERfRIASELLA Uhlig, 1905 
BerriaselZa callisto (d'Orbigny, 1847) 

(PI. 8, Fig. 1) 
18118. Amm-onlte. Ca1U.to; Plctet, PL 38, :rip ~ 
1890. HopIfte. Ca'wto; 'l'oucas, p. 600, ~. 17, Fig. 3. 
1Il0'l'. Ha.pUte. (BerrifHeUa) Can~o; Kl14811l, p. 181 (nomen). 



11-19. BeTTicH.lta Callkto; Rodtghlero. p. IIN. PI. 11. 1"1«. 11. 
1939. Berrlaselta Ccl1t3t0; Mazenot. p. _. PL t·.··Fip "":"ui; . 
1188. BerriaBIIUa caUt3t0; Bagarat Br Remane. p. 21; PL 1'.I'1i; '1; PI. ' z, ' I1g. 1. 

For description ... Mazenot (1939). 

Material. - Incomplete external oast w.ith partly preserved outer whorl 
Dimensions3: D - 50 mm. U - ,HI mm. H - is.5 mm .. 

. RemaTU. - The spedmeo 'WU d~ entirely on the buis of oma
mentaJblan which oonaIsts at. tbial, fle~ rilbs bifu.rcatflrlg kl aIbout balllf of wbol'tl .. 
Some aim~e ribs OOO8SIion.aIly occur. Ribs are p.rarsiradia<te, allgbtily lfaIooid with 
a tendeocy to lI'ectlJradia1le towaro body chamber. Venter !iInviaibl1e. The llllpeC'Jmen I"e
lIembles moat Flies 7 and ill of PIlate 4 in Mazeoot (1939). 

t>ccuTTence. - Gne§ hili, Cbocbolowska Valley (Wes-iIem TeItnl Mts). Upper
most Tdthonia.n of the sUb-tflatriJc 9UCcessian. 

BeniaselZa subcaZliBto [Toucas (Gevrey) il892] 
(PI. 8, Fig. 2) 

1890. HopUte8 CalHto va~. subcalWo; TOUCM. Plo 1'1. I1p """. 
11139. Berria88lta IUbC/lU4ato; MueDot. p. ID, PI. I. Flp 11-44. 

For ' complete aynonJ'IDJ' aDd deacrJption 8ee Mazeoot (11119). 

MateriaL - One ~'aIIlt of a half of specimen. 
Dimemiona; D' - 59 mm, U - 23 mm. H - 124 mm. 
RemaTks. - Spec:imen determined on the 'bash! of poorly p'eset"ved omamen

tat.iJon. Fdtne ribs Btiebtly prars:in.d1atel::iir:b'oate about ()uterone third of whorl 
Bibs .. e very ~ :&dedid, much less then iID B. calltato (d'Orbigny). Nonblofurcat
daJg ribs rare. Venter Ilnvd&itXle. !liDDet' 'W'borls l1IIooogly damaged. Orn.amentation of this 
specimen makes it close to 'Mazenot's (1939) Fig. ,1411 an Plo 3. 

OCCUTTence. - Gne.t blll 10 the ChocholowBka Valley (,WaBtem Tatra Mw). 
Uppermost Tdthonil8n of the BUb-ta1ric Souooesaion. 

BemaseZZa oppeZi (Kllian) 1889 
(~. 8, Fig. 3) 

pars 1890. HOJIUtea CGUBto var. OppeU;. ToIlea_. pp. 801. aDd 1189; PI. 18. F!.p ...... 
1... . BerM'88lta 0JlIIeU; Mazenot. p. 411. IPl. I. FI4!II 1-8. 
For' ~e BJ'IlMI)'mJ' aDd de8C~n 888 KMenat (011. alt.). 

Mate!'.ial. - One intemal mold (cast) of 181 specimen. 
Dimensions: D - 39 mm, U - 0.6 mm, H - 1;5 mm. 
RemaTks. - Due to almost ,comPlete fla'ttend.ng of the Clt!ctmen its sides d1lffer 

considerably. Onnamentaltm .omslsts of Il'ectil'adialte ribs whicll blfu1'cate BlightJ.y 
a.bove ·baIlIf of whori, aJIld IbowaII:Id Ithe body .chlmlber - in one thJ!rd (upper) of whorl. 
On more flattened side the rb are projected (probably an result 'Of ~essIi.oD). 

'IlbLs lIpecimen resembles most the one figured by MilizeI¥llt KIl939) OIl Pl 3, 
Fdp 5-6. 

OccuTTence. ....:... UppemlCllli T.l.tbooian BlaDcooe at G~ hill, Chooholowska 
Val1J.ey (Western '11aItra !Ms). 

3 AtlbreVliat10nsused fOIl' dimen.sfanB are: D - Shell ddameter, U - llmWixlaII. 
d:iameteI', H .:.... whOOl height. 
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BerriaBella cf. loriPli (Zibtel) 
. {Pl. 8, 'Fig. 4) 

1880. Pen8g:Jhtncte8 LorioU; Touea_, p. 1188, Pl. 18, Fi,. :a. 
1939. BerrialleUa Lorlolt; lI/[uenot, Pl. '18. I'1p .....-r. 
FOl' complete synonymy and dl!llColdlPtion Bee Miazenot (op. ott.). 

Material. - One ilIlJOOlIllPilete ext~ cast. 
Dimen,wn.s: D - 84 mm, U - 11.2 mm. 
Rema1'7c3. - Fline, moderately spaced reobi:radiJaJte tr'.ibs hitu.rocate a.t one third 

(outer) of wbcxrl. Venter ·i:nvdsi!1.lle. The s,pedmen strongly ;resemlJllElS :ng. 7b on P;La
te 19 of Mmenot .c1939). Bad state of !PIl"eservation does not aMow to de1lerm~ne it 
spec.ifi~. 

Occu1'1'ence. - Uppermmt Tithonian at Grzee lrlM, ChochokJwska Valley 
(W6Stem Tan Mts). 

Berriasellci cf. :praecox Schneid 1914 
(Pt 8, Fig. 5) 

1890. PertsphtnctN eudt.chotomuB; TOUCH, p. 589, PI. IB, Fig ... . 
1816. BlITT'i4BeUa (AtaaooaphtncteB1) proeeO%; ,sclme!d. p ..... PI. a, ne. II--lie. 
1938. Berria'llleUa praecox; Mazenot, p. 011. PL 1, Fip 10--013. 

For eomplete,lytlOnymy and detJeription lee Mazenol;' (op. ett.). 

Material. - Small tt-agment of e~ cut. 
Dimensions: (estmDted) D - about 47 mm, U - c. 22 mm, H -19 mm. 
Rema1'ks. - The preserved frlagment exb,iiblts recttradDate tibs whicll bifurcate 

about a half of whOOl. It is &mUat"' to specimens iOlusflra1ai by iMEJzenot (1939) an 
Rate I, :Figs .1;1-12 e.nd 13b. 

Occurrenoce." - Uppermost Td.thcm1an aJt GrzeA mH, Cboc'h.oiowska VaUey (Wes
tern Tatra Mts). 

Genus PROT ACANTHODISCUS Spath, 1923 
Protacanthodiscu8 chaperi (Pi'Ql;et) 1868 

(Pl. 9, Fig. 4) 

1939. BerriaseUa chaperi; !Miazenot, p. 80, Pl. 8, Fip ~; Pt 8, Fig. 1. 
1115t1. Protacathodtscu8 ehaperi; ArkeIJ., Pl. *, Ftg .... 

For complete synonymy and descr.l,ptlon see Mazenot (1938). 

Material. - A half of eDer.naJ. 1CIIIIst. 
Dimensions: D - c. 77 mm, H - 3'1. mm. 
Remarks. - '!Ihe preserved !ra3Dlent &hOWlS about a half of ,umbil:iJCal pari 

which .is :BerIr1Lase'11a-J:ike. Chm:aeter of omamenta.tion is rather that of P. chaperi 
(e.g. ·.Mazenot L93'9., PI. 8, F.igs 6b-7a). It shows some afti·Diotd:esto aiztI"ensi.9 fIonn 
as well (e.g. MarLeIIlot, op. cit., PI. 10, Fig. l,b). Nods at base of primary ribs ;ao:oe weak. 

Occurrencl!. - Upper.DlO9t T.i,thondan at Grzee him, ChooboIOW'Ska, Valley 
(Western Tatra Mts).· 
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Subfamllyl Neooomitinae Spath, 1924 
Genus NEOCOMITES Ulhlig, 1905 
Neocomites beneckei (Jacob), 1~04 

(PI. 9, Figs 2--3) 

1.,. Neocomttea (Ben1aseUa?) Befl8cket; Bclman & Mazenot, pp. lU-IBS. 
19l1li. Neocomttera Beneclcet: Mazenot, IP. lOll, PL 3.1, F!gs 8-1&. 
parll 18811. NepcomtteB(?) benecket: Hef81"111t & Remane, Pl. 11, FJg. •• 

For description .ee Mazenot (11939). 

Material. - One extenlall ca and one impdlnt. 
Dimendons. - Specimen (PUg. 2) timpi'l1t: D - 44 mm, U - 13 mm, H - 118 mm. 

Specimen (F,ig. 3): D - 26 mm, U - 7 mm, H - i1I1 mm. . . 
Remarks. - P1i.gure 2 shows a pho~aph of ~a,tex :impr!ltn.t. This spec:imen .le 

man similar to thoee :lligured 'by Mazanot (op. cit., PJ.. 32, Fitgs 9--110). Iifls definitely 
pI".at'lSndlate, Bne libs Ln the last whorl make it 60IlleWhat .simidar to N. aUobrogenBis 
Muenot (~939, Pl. 33, FJg. 4b). Never.t.heteal, its tlr1n ribs are 00 80 W'ell ar.ranged in 
btmclles as :in N. aUobrogensi8 MiaILeoot. Specimen (FJg. 3) is dedllnJlllely amaJler and 
shows mare spaced fine :rilbbing s11ght.1y projected do .outer whoI'l1. It shows affinities 
to Figs 8 I83'lId.u an H. 32 of Ma7.enot {op. cU.). Its !l"iIJbJng see.ms1x> be finer than that 
of a spedjmen figured by Hegarat (in Hegarat & Remane 11968, Pt 5, Fig. 3). 

Occurrence. - UN'ermast Tithood.aJn at Gre h~n, ChochoJowfska VaBey 
(Western ToatJra Mts.) 

Neocomites neocomiensis (d'Orbigny, !1840) 

non 11881. Hoplttes ct. neocom~; Neumayr & .Uhllg, p. 18'1, PL 48, n,. 34-d. 
1901. Hopltte. fl8ocomtenstB, Sarum & Scb6ndelmayer; PI. 11, Figs :.-3. 
1901. Neooomtte. neocomtensIB, SaYDj p. 28, Pi. B, FIgs U and I&. 
190:1. NeocomUeB neocornten., l1hUg; p. M, P.l. I,Wg. 9. 
1110'1. Neocomttes-.torm, Baumber,ger & Helm; PI. 1 Fig. UI. 
1919. Neocomttes neocomtensls, BodIpnero; p. 101, PL 11, FICI 3 and 'I. 
1960. Neocomttes neocomtenai8, Drullhtchttz tn DrUShtchitz Br Kuc1ryavtzev; p. 382, PI. 1'1, 

Fig. 2a, b. . 
19&. Neocomttes neocomtensis, Eristavl; p. 98, PI ... , Fig. 1. 
1967. Neocomttes fl8ocom.tenais neocomtenais, Dl.1DLtrOWlj p. 112, PI. &11, F.ig. ,. 

Material. - A dozen or so imprints I8Dd extemal casts boith from V.i.giiJev's 'and 
Passendorfer"s ccillectiOlDS. 

Dimennons: {average) D - 64-40 mm, U - 23 mm, H - 24 mm. 
RemaTks. - Most of spec.lmens are heavily pressed, :l!lattened, so diffii.cult 1>0 

detenni'l1e. Nevel"ltheless, better preserved ~mens show cbara<ters typical ioIr the 
speCies, talmOIng others - alnuous to fal.codd ll"iIbs 'S!IJ.d sldght umlb.l.llicai tuberdes. Some 
specimens IlllaY a-epresent same varieties of th~s gemlS but the materlea lis too badli 
preserved to make detailed studies. 

OccuTrence. - Lowa' Cretaceous 11l8IrlsbOll.es of the sub-taflric 8ucoes.aioD., Ko
Scieldska' and Chochoillowska v.mlleY's (Western Tatra Mts). Valang.i:n'.ian ma:rletones 
cif the sub-tatr.l.c sue.cess.iOll, Tan MIts. 

Neocomites teschenensis (Uhlig 1902) 

1901. Hoplites teschenenBfll; Uhlig, p. M, PI. 3, Fig. 4.. 
1907. Neocomites teschenerwlts; Sal"D, IP. 31, Pl. 3, Fig. 18; PI. 8. Fig. a. 
19117. Neocomttes teschen"MB: D.f.m1trova, p. 113, PI. 53, FLIIIB ~. 
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MateriaL....;... Severail ;impr'irits .:md extertn8J. casts. SpeCimen heredescrdJbed co
mes from VjgiJen ooL1ect.1on NO. A-as/2aa. 

Dimensions: D - 62-66 mm, U - 18-20 mm, H - 25 mm. 
Remarks. - Specimen !l.lilus1lrated ,by Sayn ~1907, Pl. 3, Fig. J:3) shows d!s1Iinct 

sinuous to faIlcoid dbs wbieh are also Observed in the SlIb-ta;trli.e speclimens. UmbilJ.i.cal. 
tubercles iIl1 the latter are nJoIt always distinct. Being an exbreme variety of N. neoco
miensis (dIQrob.), N. teschenensis (UhIlig) is quilte simJiIlar to the former, whlicn par
·Wns to the tatmc forms .as well. 

Occurrence . ..:- Lawet' OretacoollB madstones In -the KoScieliska Valley (WesfIern 
Taifra MtB). 

Age. - A.CIcIord:iJng to Sayn (op. cit.) :it oocms :hn the Upper Valangln!iaJn (Sayno-
CeI'as Ve'l'll'UCOSlum /Zone). . 

Neocomftes sp.? 

MateriaZ. - One extewJaLl cast. Author's 0WIIl odIJeot:Loo.. Specdmen No. K-37. 
Dimensions: D - 37 mm, U - 8 mm, H - ,16 mm. 
Remarks~ ;",.Farm dnvolute ldke Neocomites but ribs bifurealbe et ffo:tIt thdJrd 

of who1'1l. side, not ISJ1; umRliUca'l edge. Venter oot !preserved. Rilbs :rather fine, al'O\late~ 
prOl'lSilradiate an eIaIt'Ily whorls, stradght in 1IaJber ,whorills. Sldghtly lSimi'Lar to N. neoco
miensis va:r. premolica Sayn as illW.strated Iby Sayn (114107, Pl. 3, Fdigs 7-a) but show
ing more S'brtSJight t'liJbs IiIl1 outer whorls. PossWly non Neocomites 'but other genus· 
cxf Neooomdltinae. 

Occurrence. - Lower Or.etaceous mm'Stanes !in the KoSclel!ska VaiLl.ey (Western 
Tatra Mts). 

Genus DISTOLOCERAS Hya,tt, 1900 
Distoloceras Bp. 

(PI." 11, Fig. 2) 

Material. - One e.DemaJ. cast (incamplete). 
Dimensions: D '- c. 411 mm, U - '1~ mm, H - 19 mm. 
Rema.rks. - RiIbs Ij;yp~ of the genus but more projected than JJn ItyJpe species 

as :illusdlrated by Amen 01968, IP. L361, E'ig. 473). RiIbs in iilrmer whorls ISimli.m to 
Aoanthodiscus (Alr-JtelO. 1008, p.·L360, F3Jg. 472-3), tend to:tose nods toward outer whorls. 
This form .seetn9 to be :ilntermeddate betweetJl DistolOceras tS.dld AcanthocUsc'Us but 
ehanoters of the former preV8Ji.l. 

Occurrence. - Lower CTetalCeOlJ8 ma1'!lstones m the K.oki.elislk.a Valdey (Western: 
Tab Mts). 

Age. - AlccooddJng 1:10 .A:rkell {op.' c~t., p. La&) DiBtoZoceras OCCU1"S in the Va
lam.g!in:ian and HiaJuterdvdan. 

Subfamily Himalayitinae Spath, 1925 
Genus CORONGOCERAS Spa1Jh, 1925 

Corongoceras sp • 

. Material. - &naJa, badly preserved fragment of extemal cast, 
Dimensions: D - c. 14 mm, H - 6 mm. 
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Remarks. - By dts $h'oog, distant ribs wiith seocmdaries 'it is c1as8ified to 
C01"OfllIoceras but speclf.ic determination lis inIpc:aIible. 

Occu1"1"ence • . - Uppermost Tiitbooian at cnzes ,WI, Cbocholowskla Valley (We
.tem Tain Mts). 

Famlly Lytoceratidae Neumayr, 1875 
Subfamily LytoceratiDae Neumayr, 187'5 

Genus LYTOCERAS Su.ess, 1865 
Lytoceras sp. 
(PI. 9, Fig. '1) 

Matet"fal. - Less then baiLf of specimen (eJgf;emal aut). 
Remarks. - By dJt8 fine, rectimdiate :rJlbs, bifurca.t!41g at very acute angle 

l."esem1:iles Metal1/f;ocero. (ArlrelJl 1968, Plig. Z27-4) ,but lSpecHic determmation impolB
silble. 

Occurrence. - Uppermost T,ithonialn at Grzej hdll, Chocho!owska ValIley (We
:stem Ta:tnl Mts). 

. Family Olcostephaniciae Haug, 1910 
. Subfamily Olcostephaninae Haug, 1910 
Germs OLCOSTEPHANUS Neumayr. '1875 

Olcostephanus astierianus ;(d'Orbigny, 1840) 
(PI. 10, Fligs 3-4) 

180'1. A.tteria astteri; Baumberger, p. 211, Fig. 106. 
1110'1. Holcosteph411UB ABUe7'lanus; oKiH&n, p. 213, PL'., I'lg. 1. 
UI09. A,tferia a8tteriana; We~, p. '18. 
1914. Asteria aatferi; V1sUev, p .• (nomen). 
11181. OIcoriepha.nw cf. aatwri; Er.l8tavt, p. ... 
I98'/'. OIcoetephanUol (O&Costephanus) aftterianu.; .X>tmitrova, p. 10, P>1. at Fi,. 5. 

Material - One do1:et'lntad mood or adt.!lt Specimen and two Ii.lltemal molds of 
YOOflg :b:ms. ~ev's OOIUection Nos. A-28-9c and A-28-93. Passen.d~el"'S collec- . 
tioo. No. K-8. 

Dimensions. - SpecImen A-28-9c: D - 52 mm. U - 1f1 mm, H - 23 mm. 
Remarks. - ThIal Irilbs Il"ather Iri1.JD.'Si1'Iate ,branch :from tlInlIblldiOaJ1 bullae. Few 

extra seoondal".I.es. DJatmct ICIOI1lfStri.<l at end of shell (abUqrue to ribs). :BI!."Ibs iln spe
dmen No. A-28-93 are deft pror&il"ad:i.ate, and cOIllstrldions U'e lI."aJther recti- or even 
l"IlntiradiBte. ]t :rel8elDbies aamewhat O. filosa (Baumbel'ger J.B07, R 22, Fig. Sa). 
Tw!o oth« ~ (K-8 and A-28-93) seem to be youog forms of O. astierianus (see 
Baurnbelrger 1907, p. 28, FIg. 1(6). ftibs ttn specimen A-ZB-~ m-e ratbel' nll"~iradiate 
- .iJn earlier cbambeq evMen1illY poonlzadiate. 

Occu1"1"ence • ....,; ~ CreIaceous marl&tone 1iIl the ~cleSt;ka Vatley (VigUdev 
100.4), ISJIld at Kopy Soiltysie - PatiBh EaStern Tatra MlIs (G1'3bowIska-Hakeoberg 
1~58). 

Age. - Upper. VailimgiJnian. Cited I!Ubo from IJower HatJter.iVliain of BQJgard.a 
(DlmitrovaW67, p. 9'1). Vdg6aev ~1914) mentions also O. Bcissa and O. psilostoma but 
those specimens aII."e lost. . 
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Subfamily Spitieeratinae Spath, 1924 
Genus SPITICERAS UhUg, 1903 

Spi#cf?1'a8 sp. 
(,PI. 11, Fig. 3) 

MatertaZ. - A iragment cd ext".enliall.· caSt cd the /last whodl. Spec.imen ·6:'om 
Viei!lev's coUecldon No. A-28-\1.~i7. .A4ao an imprint No. A-2e~120a. 

Dimensioft;s: <~) D - a'bot.1t 45 mm, H - 11'6 mm. 
Remarks. - Spealmen · oonsid«ably flattened. thus the dlmeIlsloos inexact. 

'!'be eu1Hatric ospeclmen sh0W8 some ~ to ·tbait <me ILtluatmted by Roddgblero 
(1"19; R. 110, Fig. 8) - SpiticerlU gratUJ.nopolitense KRian. Rather fine ribs bnmch 
tram ~ tuben:IJ.es,. 00Inis1lJ:ictla lOOt :preserved. 

Occurrence. - Lower OreW:eoUlS mar·lstones .fin the KoIicielliska V6'lley (Wes
tern Tatra Mw). 

Age. - .A'Ooord1ing to Rodigh1ero (op. cit.) 000Ul'fI in the VaIang:~ of Northern 
Itaay (Veneto o.ooidenta1.e). 

Family Aneyloeeratidae Meek, 1876 
Subfamily Crioeeratitinae Wright, 10952 
Genus CRIOCERATITES Uveille, 1837 
Criocemtites aiff. somayi (Sarkar, 1955) 

(Pl. 10, Fig. 1) 

pars II1H. CriocarIU IIngulu:otta&um d'Omlgny; Nolan, p. 111&, PL 10, I'I.g. ab. 
111S5. . Cnocer-cu sornau'; Sarkar, p. 50, PI. 1, J1p t and '1. 

Material. - One finoomplete epecimen. V;i,glIlev'8 .co"I1Ectlon No. A-28-159. 
Dtmemfori.s: D - c. 84 mm, U - 40 nUn, H - 22 mm. 
Remarks. - The ~ecimetn .is more ~ than C. sorna1/i. 0Ilter: whortls 

1a:dc iPnelS and their r.lbs 8il'e Hopl.iJt;es-Jik:e. Outer whorls are almilLar to C. pseudo
angulicoltatum Sadtar var. graciU3 SariIlar (R 2, Fig. 5 in SarikJar 1955). Spines and 
ribs cd iOOtel' wtmI'Il {blt lOOt cd.llog) Gt'e *niIlar Ito C. angulicoltatum cd NdaIn 01694; 
PI. 11(1, FIg. 3b). Some dmnities to C. nowa1ci Sa:rkar (chanllcter o:f dbbIng of. the 
last whorJ.s and 001l!iJng). It :iIS also aImIlla'l" to C. krtshnaae var. tubercuZata &a-kar 
(Pl. 5, Fig. 9 cd Sarrklalr ·1955) ·m()8bly m general taspeaI; 8IIld ildrze, but [18 ;r.iJbs OlD. the 
last wbar'J. are IDIOt JIlexuous as din thi! variety of Sa:rkll!l'. 

Occurrence. - lJnwer Oretmleoos madstones In the KIok:e1dska Veiley (We
stem. T&bra ·MIts). 

Age. - ,A,0000rdd.ng to Sarkla.r (op. c:it.) 'it OCCUl"B genaraJ;Iy in the Neooomdan. 

Crioceratites cf. nolani (KW8Ill) 

18C1'1. Crtocenu iNo&c1m; KlUan, Pi. 4, I'ig. B. 
1918. Criocenu no&czm; Bocl1gbJ.ero, p. la, PI. H, Figa 6 and 8; PI. 13, I'ig. 1. 
19l111. Crioc8nJ. ,,~am; Sartkar, p. oM, PI. '1, I'lg. 19. . 
18st. Crioce7'4&Ues (Cl'iocerIItUes) noIIInt var. 8WgafWI {d'OrblinY); Thomel, p. 1'1, PI. 2, l!\I.g. 1. 
188'1. CrioceratUeB ptctett; iDlm1trova, p. D, PI. 1'1, Fdg. &. 

Material. - One Un,print. Vigl1ev's cd1lecflion No. A-48-4Oa. 
Dtmemio1iB: (infen:ed) D - lSbout 90 mm, H - amut ~ mm. 
Remarks. - Bad state of preserval;ian does .not. alJow speclfic de1erminatiion. 

Th~ b:m !la IIDOIIf; similar to Crioceratttel (CrioceTatites) nowni (Killan) vv. elega1'L8 
(d'Ortbfgny) aB ml.1illbrated by Thom~ (J.964; Pl 2, ~. 1) •. 



Occu7Tence. - Lower Crel:aceol.M lIlBl1lstGllt'J8 in the KOAcieiMSkla. VaLley (We
stem Tatra Mu). 

Age. - IIn lIJOUtheasflern haDce Crioceratite, nolant 000I.Ir8 :Eom the Lowell."' 
Hauter1ivian up to the Lower Barl'em1:a!n inclusively (Paq.u:ier &Dilm - fide Barkru:
ISM, IP. 45). AOOOI['Iding to Thome1 Clil64) C. eZegam va1'lie1!Y OCCUil"S :in the Upper 
Hauterivian. 

Crioceratite8 emerici Leveiale, 1835 
('PI. 12) 

1901:1. Crioc8TU8 Emerict, 8araaln Br Sch6ncleImayer; p. 111, PL U, I'Iga 1-0. 
19C)'1. CrtocerlJo8 emerid; KWan, p. 2'l1, Pi. 8, Ftg. 11. 
11118. CrtoceraB emBrict; BocHgb1ero, p. lU, Pi. 11, Fig .•. 
1955. EmericleeTaB~; sarkar, p. '15, Plo 6, Fig. 13 and 11. 
19M. Criocsnittteli (Emertcfcllt'as) imall1'icl (Lev.) VBr. I14rlcart; TbomeI, p. 11, Pl. IS, Fig. t. 
19117. CrIoeeratttes emerIcU em.neif; JDl.mltrova, p. 411, Pl. lB, Figs II and IS. 

Material. - Severail :Imprints aIIId sma1!l fragment.s from oolI1ec1i:ions of V~v 
arnd PdseIIl:dorfer. IPholxlgr8/Phed IiJs :latex peel ·af IlDl 1rxxprlnt :!!ram iP1!lIsseIn&dorer'l!i col
lection No. K-Ul. No. of VI!gil.ev's .adLlection: A-2S-38. 

Dimemiom: D .,.- 150 'mm, H - 46 mm (~ened specimen). 
Remarks. - The specimen fram Passendoder's oollection (K-U) oShow6 usudy 

7 ribs :iDbebween ~ nibs., and open coiJmg. PrlDc1pa1 rlbs beaIr lateral and 
ventro-dateml ~ (root umIbi!Ilocal). A .spedmen ;figured by Kilian (\1907; Rl. 6, Fig. 
6) shows an.'ly 4-5 .ribs i.Dbetw.een apmed ones. The ne C. emerici :iJIolustrated by 
Rod}ghiero (11919; Plo 5, E1!g. 10) &howls alI.so ODly 4-.5 lintermediate l'ibs. Other speal
meIllS Lllustlrated by Rociigbiero, a'COOl'dialg ' 'In Swrkv (1955) beJaQg to other specieS 
of CriaceTatites bll't probably all those forms rapresent only specdfi:c var.iebies. DiJni
tJ.'lova (!l00'7) mentions ~-5 'la:rtertneddarte 1'IIibs dJn her C. emeric" emericii. Themel 
(1964) lillJ.U/Sttated a specfanen (Pl. 5, F·ig. 4) with 5-6 ribs. 

OCC'UTrence. - !Lower Cl"etalooOus marlstones. ·W8cie'ldy 1:1eb 8IDid other ~oaa1ities 
im the K,(1I;oieJ.irSka Valaley lfWestem:J. 'l1aIIlm Mts). 

Age. - 'l1hamel ~) merrt'ions C. emerici :!!rom the IJower BaIrtrelman (Basses 
.Alpes). Dimi1;rova (196"1) 8leo poiiltS to Lawer Barremllan ~ of her Bulgaa:'li.alll e,pecd.:. 
maDS. Aooardillg ;1Jo Arike1a (1968, p. L20S) it should occur .in the Hauter.ivian as well 
but Serkar 41955) does n~t aglr'ee to that. 

Crioceratites sp. 

There wre same Irragmenils Iin VdgdJev"'s and Passandorler'ul coM.ect!oIUI which 
:an be aofltrJJbuted O11ly to the gem.rs. Nos. A-2S-39a and iK-B. 

Genus BALEARITES Sarkar, 195,5 
Balearite8 BP- {vl8.r. nov.?) 

(pI. 10, Fig. 2) 

pars IB9f. Criof:8TaB balea.re; iNolan, IP. 1118, .Pl. ID, Fig; i. 
19116. ,Balearite8 -.p. (nov. sp.'); Sarkar, \p. 148, 1Il. 11, Fig. 10. 

MateriaZ. -'- ane :speclimen. Vigidev~ OON.ecUan No. A-2S-42. 
Dimensions: D - 47 lllIli, U .:.... 17 :inm, H - 14 1IJim. 
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Remarks. - Two '()t" three &lightly _~XU0U8 oQr ~~ r.ibs Jranch f1'!Cm weak: 
umbIWcad tubercles. E8riy whOnS -~ aim~ Btr~er dbs with usuaU:y two faberal 
sP£nes like dn CrioceTaUtes. It SOOwB most affm:L1xies to Fig. 110 of PIadJe 1.1 in Sar
.kar (19155) although close lCompariBoD. le :impossible because Slari!:ar's iiIlJustratilon :is .too 
had. '11wo I()t' one intermediate 'WIeaker II.'Iibs mbetweern stronger ones iIn early whorls. 
In 181fler who:rlls periOldic !Stronger riJbs herd!ly marked. In generai 'Il$eCt close to 
No1aln's (18914) Fig. 2, R. [0 - but the 'latter does· oot show umhUicalJ. tuberdes. 

Occuffence. - UJwer Orellaceow marls.too.es in the Ka§cleUska VelLley. (We-
stern Tan Mts). " 

Age. - Upper Hauterivien (Arkelll ,1968, p. 1.208). According to Sadtar (1955) 
various apecies of BaZearites OCCW"!In various h.orIizoins of Hauteri'Via!n and Ban.-eo-iaal. 

Family Ptychoceratidae Meek, 1876 
Genus HAMULIN A d'Orbigny, 1843 

Hamulina sp. 
(PIl. '11, 'Fig. 1) 

J)arl 1_. HamuUna ABUert; Roman, Po ., 1"1. 11, Flog. t4. 
111S4. HamuUf14 a.s«ert; Thllll1le1, p. 88, Pi. 12, Fig. '1. 

MateriaL - One dntenial oast, badly p!'ese.rved, flattened. 
Remarks. - As no OI.'lIl8J:DEal.tation Is preserved !the specimen 18 clar!8lf:ied ooly 

10 !the geDIIS. It shows 'II<me ~t.1es:to Fig. 1~ iPlate 12 of Theme! (,1964) particul:a;riy 
in be.ndiDg. . 

Occurrence. - . Lowe!" Cretaceoos marlstones in the Ko6oIellska Vabley (We
.stem Tab Mm), BI!ld Biellskie 'I1aItnl Mts. 

. Age. - '!be genus ischanJCterisCc far the Bmemlian. Thome1 (op. 00.) cites 
Hamulina astieri~d'Or1b.) from rtbe Midd.J.e B8IlTEIItIIian of the &8se8 AlIpes ID Fnmce. 

Family Bapioceratidae Zittel, 1884 
Genus NEOLISSOCERAS Spath, 1923 

NeoliBsoceras cf. grasianum (d'Om). 

1980. Hailloceroa graBta.num; 1DrU8h1llltz i.n DruBhtz\.tz cl Kudry&Ttzev, .p. 288, PI. 18, I'1gs 8cz. b. 
186'1'. NeottUocenu m-aBta.num; D.t.Imtrova, p. 85, PL 13, Fig. :I. 
1888. Haploceras (NeoUBsocema) graaanum; rwiedmlldm m Wiedmann • D4eni, p. 107, PI. 10, 

FIe. 2. 

MateriaL - One ext.ern:alllCaSt. Vd~ev's ~ N.G. A-28-1D22. 
Dtmensions: D - ·33 mm. U - 4.5 mm, H - 11 mm: 
Remarks. - &n.Idh, fWa.t-sided torni wW1 distinct 'IlmbWcaB. maorgm weu 

COI.'1r~ to thbl genus. Lack: of suture does lOOt a:1low"epeaLfic determill&t.i.on. IIll 
its general as:pect thilS 1Jo:r.m is dlIose itoNeoliBsoceTas grarianum (d'Orb.). 

SipecdmeDS prd:lIahly ~g to tlrjs genus "Were mentioned by Balmbet-ger 
(1908, !p. 40) ·UDder the name HaploceTa, (LiBBOCeTas) Gras! d'Or.b. :I!nlm the Hau:ted
v&aJn marls of Ute W stem Sw.la! AIlpI. 

Occurrence - Lower Qr!ebaceou:s ~ in the K<*:ieUs.ka VaUey (We
stem Taofra Mm). 

Age. -.A.coord.mg to A.rke1J1 (1968, P. I.J273) NeoZissocerci.s OCCIUrB :lirom the Upper 
Tithoodan up flo the Ha'lJlberiJvJan. 
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Superlamily DesmoeerataeeaeZitte1~ 1895 
Family Silesitidae Hyatt, 1900 
Genus SILESITES Uhlig, 1883 

SileBite8 aff. Beranonis (d'Orbigny, 1840) 
1110'1. Silesttee '8f'an.onu: KiUan, ~. I, IN.g. 3. 
para 1819. Silent .. • eran.ont.: BodIgb481'O, p. 81, PI. 8, Fig ... 
1931. SUe.tt_ 1N11"CUWItW; Roman, p. U., Pl. G, 1'1,. cos; 
186'1. SlleBUes .ercmonu; Dlm1trova, p. 183, Pl. 80, 1'1,. 10. 

MlIlterial. - A fr.agmeat .of. extema1. oast. 
Dimensions: . D - abmIt 60 mm, U - about as mm, H - 25 mm: 

. Remarks. - OrnameotaJtionfee}jJy preserved. Con~ hardly marked. 
TubercleB an stronger rObs m places 'Where projection 'Stmts. linte.rcalatorles thkl~ 
aJl.'lcuate. Venter :matten.ed tlws chevmIlB de:bwed. Seoonda;r.ies damaged or llIOIlexilst
iIDg. In geoer:al aspect simiiJmo to S. seranonl,s bIlit exact detell'iDlDaltioo ~h1e. 

OccU1'Tence. - Lower Oretai:eous madstones of the ~ Valley (Wes
tern Tatra MtIIs). 

Age. - SUeBite, is ta Ban-emian !arm, hut Roman (1938, p. 447) cites S. ;8erano
nis also fllom the HauteriV'ian. . 

CONOLUSIONS 

'~'he Tithonisn ammonite fauna here described and iIllustrated 
consistB predominantly of the rep:resentatives of Berriral.gellinae subfami1y .. 
Stra!fligd'laphic i1ndioa!tions of the descrl!bed. ammon:i.tes are as .folllows: 

Berriasella c.aZZisto (d'Orb.) accarding 'to Kilian (1907) !is an index 
fosstl of h Upper Ti:Uhanian although Hegamt (in Hega:rat & Rematne 
1968, p. 29) dkmns that.this species lis IIDdrt characterJsllic for tbeUpper 
Berrlasian :in SOurfheasternF'!rance. 

BeTria8elZa 8ubcalZisto ·[Toucas I(Gevrey)] IOOOU1'S in Ithe ppper part of 
the [..ovrer Tithanian, an the Upper Tithooialn. and: pcBIibly liD the Berriasian 
acoording to Mazenot (1939): Such speCies as Berria8ella p7'aecox Sclmeid. 
B. Zorioli (ZJiIbte1) and B. oppeli (KJilda1ll) OCCUr m the Upper 'l'itbcmd!8lIl. 

PrdtacanthodiBcu8 chapeTi -(PicItet) is an mdex fossil ofbhe Upper 
Tithmian (Mazenot, op. ctt.). Spath (1950) puts it dn his emended diYision 
of the Ti1bmian !lIS a chaperi sub-Zione of the Ill'ivasensis Zcme (Upper 
TiJthoni:an). NeocO'l7l.ites beneckei (Jarob) IQCIC'Ud both in t1be upper part of 
the Lower a.ndJ 'in tfhe Upper TIthOlllian. CoroogOCeTas is known to occur 
in the Tiltbon:ian (wkelLl 1968). BeTrict8ella li'>1'ioZi -(Zittel) and B oppeZi 
(K'il1ian) occur ID ;the T!i.1bmian of StrmDberk (Alndrustov 1959). 

1in the iLight cd the above the age of tbis ' ammc:mite fauna ;is upper
Jll<l9t Tithoniao {chaperi sub-eone). The IP$rest (topogI"apbicad!ly) Upper 
TithoniLan ammonilte faiUlDa occurs art; BabierzOwIka and v.icini1;y (C~ 
9uooession. P4endny Kldppen Belt). It is wel[ known uom desmi.ptions by 
Nel1ma~r, Zittel & .Z~y (jideBirkenmajer :1Q63). DespiJte of its 
pl'OXo1itmty .(actu.aD. dis1Jance from the TatTa M~ only 22 km) the assemblage 
there is completely different, as Berriase!Has (B. Tichte.Ti) (Opp.) are ex
tremely rare. A Bemasella-bea!rl:p.g. ammorute fauna occurs iIn the sub-
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~tatric Ti.~ near LuCky in .the Choc Mts (Slovakia). The sub:-ta:tric: 
assemblage of tihe ·Tatra Mts is similar to thalt of Central SwiJtzerla:nd. 
(Gerber 11930). Correlation of the tatrlc assemblage WIlth &tlLImids ;is: 

presented in Tail:Jle '113. 
Contrary to previOO8 views (Vdgilev 1914) '1ihe Barremil8lll stage lis" 

documented On the 'LOwer Cretaceous ammanite fa.tUIlQiby such forms as: 
Criocercitites nolani (K!ilJ.ian) ·and C. em.erici Ikve:ille and Silesites aff. 
serononis {d'Ortb.) and Hamulina gp. Documentation of the :Aptian aM 
!higher Cretaceous staJges does .not exist in rtihe Polish Tatra Mm, nevE!ll"
theless, a Cenomanian 1.Y.dc.rofauna was found :in the sub-tatric marJ.stanes 
in th~ Choc Mts of tihe Orava a.rea iIn Slov.aikia (Kantorova. & ~v· 
1958). In the Po1:ish part of the T.atbrIa Mm the upperIIlQ91; portions of 1he
marlstones we:e destroyed by tec'tonic mowmants.· 

Noteworthy ;is a compamtivelly 181l"ge quantity of farms belonging to
Neocomi.1liJIl8iE! iln the wb-tartric Vldaingimalll: which makes this faUlna:. 
slmilw to that of the Outer ,Flysch Carpwtbians (Uhlig 1902). 

LaboratOf'1/ ·of StTatigmphy 
Imtitute 01 GeologWal Sciences 

Polish Academy of Sciences 
02-089 Warsza'IDa, Al. 2'1Dirki i Wigur'U. 93 

Warsaw, No~ember 1973 

REFERENCES 

ANDEL T. H. van & KOMAR ,Po D. 11969. ·Ponded sedime.ntlS of the Mdd-Mlen:Ue 
,Ridge between '220 and· 23° Nor,th Latitude. - BW1. Geo1..Soc. Ameir., vol. 80~ 
~. . 

ANDRUSOV D. J.931. 0 IStnJltigafickem raDdelleni i9POdni kfddy $Odniho subtatnn
Bk.eho pfiklrovu IlIa strednim SooveruJku: - V&1m.. 81a1ll1. Geol. Ust.C!sR. 1". ·7,. 
l:. 2. 1Praha. . . 
IfJ36a. Subddlvllsilan de!S lIleppeB sUbtamques S1.U" le vet"B8lnt !lard deJa Haule
Tatra. ......; BuDIl. AissIoc. R'1lS8e Rech. Sal.., vol. 4. Praha. 
1938b. LN D:aA>eS subtatriques des Carpathes Occidentales. _. Carpatica 1 •. 
iFlraha. 
'1959. Geologda Oe~vtmSkylch Ka1'pet (GeoliogIe der Tschecbaslovak:ilSchen 
Karpaten), Bd. 2. Brat.islaV'a. 

_ 11970. Urgonische Ner.lne~es in der IOdppemxmeder "WestklaqJaten. - Geol .. 
Sborin., r. 21, c. 2. BratiSl1a.va. 

ARKEi:..L W. J. 1956. Juras8ic GeolOgy of the Worad. EdilIlburgh - Lcmdm. 
_ 1.968. In: .AlRKELL W. J., KUMMEL B. & WRIGHT C. W. - Mesazoj,c Ammo

lIlQidea, Tirea·tise on Invertebrate Pa:laeontdlogy, Part L (Mollusca 4). Lawrence~· 
AUBOUI'N J. J.I959. G!t'amik> ... clasIgemetnt ver,ULcal (graded bedding) et Iflgures de oou

.rants <oeun:ent marks) dans 1es ca1caill"e6 :purs: lea. brOOhes de f1Ianc des silloas; 
geasy1llclilnaux. - Bul!I.. Soc. Geol. FranCie,vol. 1. ParI-s. 
1964. RefJ.exions sur le facies "oamrnOlDilioo ro.s.so". - Ibidem, Vial. (7) 6.. 
1965. Geosync.lflIles. Etse~ier Publ. Co. Amsterdam. 
ll967. QuetlqlUes prdblemes de s6dimema.tilan geosylJldldJn.ale d8IDB lea chatnes' 
alJpines de la M&i!itterranee moyenne. - Gem .. ILundsl!ha;u, Bd .. 56. Sturt;t/;OaI"t~ 

BAUMBERGER E. 11907. Fauna der ,unt&en Krei.de im westsch~eriBchen Jura .. 



3ERZY LEFELP 

Vderler Tei.l - Die AmIDOOIitiden der tmtere.n Kre1de im. westscQwe:iaJerischen 
Jura. - Albh. Sobwe& Palllont. Ges., Bd. 84. ZiIrclIch. 
1908. Die .AmmarJiten der unteren Kreide im wes1lschweizer.ischen Jl\JlI."a. -
-Mem. Soc. Paileoot. Suise, VOl. 85. Zih"!/.lCh. 
& HEIM A. 1907. P9J.aoonClOllogisch-stlra1ligmphische UIIlien;uchUl'lg ~e!' 

Fos.silhoriZOIl!te an der Valangdclen-Ha'llteriv:ien-Grenze i.m Churru-sten-Matt
stOCIkgebl.et. - Ahh. Schlwei.z. PaUiont. Ges., Bd. 84-II. Zurich . . 

mlNESOVA E., ELIAS M. & MAT&KA A. 196B. GeJdl~ of the Kurovke ~~ 
Sborn. Geal. VlKi, ~e, sv. 113. Praha .. 

BERGER W. A. -1968. Radidlariian skeletuns: solution at depth. - Science, vd!. (159. 
BERGER W. H. 1970. B:'oC1gemllUS delllP-sea sediments: fracUoomoon by deep-sea 

dooUJlatlon. - BulL Geol. Soc. Amer., w>l. 5, DO. 81. Colorado. 
BERNER R. A. urn. Prlalociples of Chem!cal SedtmerWo1ogy. New YOI"tk. 
BERNOULLI D. 11960. Die AWllagelL"lUllg der Radi.o1arltgrwppe in Siidtessln. ~ Eel. 

Geoil. Helv., ~ 58, no. 2. Bern. 
- 19'/11. Redeposited pelagic sedilinen.ts in ,the Jllttla6Sie of the CentJm1. Mediter

ranean .Area. - .Ann. lost. Geol. Publ. H'1l!Ig .. , vol. 54, DO. 2. Budapest. 
BIELY A., BYSTRICKY J. & FUSANO. 11008. 2ru:r P:rdblema1lik: der "Suibtatrischen 

Declken" d.n den Westk:al:pa.ten. - Geol. SbonL, r. 19, c. 1. BratiJSlava. 
BIEN G . S., CONTOIS. & T.HOMASW. Ho 11958. The remcmIJ. of soluble dica from 

~h water enleting the Sell. - Acta Geochim. et Oosmocbfm.., vo1. 14. London. 
BmK.ENMAJER K. 1957. Nov~ vYskrumy s'llrahierde pieIl'ialBeho bradloveho pasma 

v Pdosku. - GeDl. Sbom.., l". 8, c. 1. ,Brati9lava. 
1l958a. Przewodnik. geo]ogtC2l1Y po PieniMkjrn Pasle SkIUlrowym. Wtldawn. 
Geol. Wamz&IW8. 
1l191i8b. Subma.ni.ne erosI.OIIIi8Jl brea!kB and [SIte Jurassic B~ movements 
IIn the Pien.iJny ~ Belt ge!l!yodldoe. - Bull. ACid. Po1.. Sd, sm-. Sat. 
Chim. Gaol. Geogr., Vdl. 6, no. 8. VaT80vie. 
1900. 7JIl.aczen.ie Skallki Hal:lgowieckllej dl}a geologili PdeniDsklego Pasa Skalro
wego (Sienlilficance of the Haligawoe Klippe for the geology of the Pieniny 
KliPlPElO Beat - Oa~th!liam). - Ana. Soc. GOOl. PaL, VIOl. », \DO. 1. Knlk6w. 
1960. Geology of the PieD:iny K15ppen Belt of IPolaDd (A review of 1ateItt re
·searohes). - Jib. GeoII.. BundesanstWt IW$en, Bd. 103, H. 1. W.i.eIIl. 
t1963. stratyg;r:afla i paileogeogra:& serld czarS'7Jtynskiej ReniMktiegl() Pasa. Skal
I.aJWIego Polski (Stratiglraphy and palaeogeogrlajphy of the Owrsztyn Series -
Plenilny KMtP,pen Belt, 0ar.pa.thdJa.n6, in Poland). .,- St'IlcUa GEOl. Pol., vol. 9. 
Wamla~. 
11:965. Z8rys budowy gealog11crm.ej ~lmeio Pass SItaHrowego PoiBki (OutJd
nes . of the geo1ogy of the P:eruny K.Uppen Belt of Poland). - .AlOIn. Sac. Geol. 
Pot, vnt 80, no. 3. Krak6w. . 
, G.I\SIOROWSKI S~ M. & WlESER T. 1960. :Fr'aIgments of exotic rocIkJs ian the 
~l8gdc depos.jl;s of :the Bat.hocUan of the Niedziaa. Se!1ies (Plenmy IQippen 
BeIlt. Oa:rpathians). - Ibidem, VIOl: 80, 1aO. 1. 
& Gi\SIOROWSKI S. M. 1961. Sed4mentary cbaratC.ter of Raddolar:l.tes ID the 
Pieniny KlilRPen Beat, CU\PIlfbbians. - BUll. Acad. Pd., Sel.,. S6r. Soi. Gedl. 
Geogr., val. 9, m. 8. V&:n!IOVlie. 
& ZNOSKO J. /1955. PrLyczyneSt do etr~d doggeru i maamu piedm.kiego 
ipaB8. skaHrowego (CootcibiJlJlon to the SIlraitigraphy of the Dogger end MaO.m dn 
the Pi.en:lny Ksldppen. BElilt. CenIImaD. CaqlI8tb1ans). - Ann. Soc. Geol. Pdl., vOl. as, 
(!)IO. 2. Krakaw. 

BISSEL H. J. & tCHILlNGAR G. V. 11007. ClassMIlca:ti.an of sedJmandlalry :rocks. In: 
Develiapmerrts.iJn Sedimentology - 9A . .Amste:rdam. 



.JURASSIC AND CRETACEOUS BlOSTHATIGRAPHY IN THE TATHA MTS '357 

BORZA .K. 1957.:Pa?m~y 0 m~ans.klom v/3iPeJlJC!(B.emerlrungen iibe1" den'MllI1'an
-bIlk). ~ .Geo1. Sboro. f 1". 8, C. 1. BratialaVla. '. 

- - 0.,969. l)i,e Md'k!oo(aJClies und ~0!n9sUien des OberJUIrIaB- wnd der Unterk!reide 
'9e:r ~e c!er 'w~. Slov. Akad. Vied. ~~tlva. . 

- & HARMAN M. lfnO.I4~~hes ~d ~e~enmi.~OS:k~hes Studdum 
- ViOIllUese1sedimen~ det:_ w~oo.c. -:- Gedl. Shorn., r. al, C.2. Jkatifiaava. 

BB,O:QUET P., 1~0. q~~ OIIl _gl"aovitation-a1 slidmg: The <OOIIlCept of o1dstostrome 
.and oli~.: 1.n: qeoloogy. -and HistJary . of .SicilY. _ P. E. S. L.Tripoti. 

CAL vm:IRT S. E. i1968. s:iliica balallce in the ocean and diagenesds . . -Nature, vol. 
.219. St. ~ 

bEPEk iP. 11976. 'To the fa'Ci~ , ohanlderlzation Qf .the, neorlUC and bathyai. seddmen
tation of the AIlIpime70arpa,thian geosmcline. - Ro;pr. C'.eliov.Akad. V~, r. 
80, av. 5 . . Pmba..' , . 

COLACICCI R. &: PIALLI G. 197J1. Reilationsh!ip be1lWeen ¥lame peeuwar :teaII1l!"eS m 
J~~tatioo m<lpateogeOgrephy-1iIn :the Uml:li"O-M~chi~All~ -B8&in 
(Ceri~ ltaIly). ~' Ami. loist. Geol. iPUJbl. aoog., VIOl: 54, noO. · 2: BudaPest. 

COLOM G. 1948. FossIJ. tfntim:ldds: Loncated mtiaxr.ia of the Order Oli~a. -
J. Paaebnt:, vdL 22. 'l.'UiBa. - . . . 

-Il~. "Jurasiri(!'-Oretace6us pelagic sediliients"of the We&te.rn MeddJterranE!Qlll 

'ZO.Ileand the AJtIliaaJt.iC '6Il"ea;' - ~on1ldlogy, vol. -1.' New YIOIr1s:. 
,11967. S11I" 'l'lrrwterpretatiandes sedImems Profonds de la ZOIle geosyndinale ba-. " . , . . . 
'dewe et 9Ubbe1lique (ES-pagne). -'- PaJaeoigeog.raphy,- iPaliae'OlClliD.tl8to1., P8Ilaeoeool., 
VIol. 3. Amsterdam. 

CORRENS C. W. 1950. FaktoreIn del" SedLmerubb!Jd'1l.nig, erliimer.t an kailk- und Kieseil
lSedtimentten. - ' Deutlsch. Hydrogz-. Z., Bd. 3, H. 112. 

CRESSMANiN' E . R. 11962. Nondeldtal siJlk:eous seddmen.ts. - U. S. Geo1. SUIl"v. 'Prtcil. 
"Paper 440-T: ' 

DEGENS E. 1005; Geocl:temastry of Seddmen.ts. Prentice Hall; New York. 
DIMITROVAN. 1967. Fo6liliLte na Balgar,ia. IV - DoIJ;na Kreda (Le; :bis.mes de Bul

garie.IV - CretaOO infErieure, CephaOOpada) .. Sopbda. 
DRUSHT'ZITZ V. V. ;UI60. In: DRUSH'l'flITZ V. V. · & KUDRIA VTZEV M. P. - Atilas 

~bn.emelOvoy mu.ny Kaiv1kaza ' i Kryma. MOlkva 
DZULY~SKI S., KSli\ZKmWICZ M., & KuENEN P. 1-959. Tu.rtiidd:tes dD:i Nysoh of 

the Pd1sh Ca:t"1)athian l\IOODtaiilS. '~ Bull. GeoL Soc. .Amer., vat: '10, COlorado. 
ERICSOND. B., EWINGM., WOLLIN G.& HEEZEN B; C. 11961;- Atla.ntic deeo-sea 

\Sediment oores. - Ibidem, vod. 72. ' 
ERISTAVI Mo·S. 1961. NeIrotiorye l!I.irmemelJovy.e ,gdl'Chraniogye 'Ce.ritraiI;nykh·' Karpat. 

- GEJoIl. Pi"ace, Zpra.vy 31. BrstiSlaVla. 
F ABIANI R. 1930. Eruziooi sot.tomartiale iIn· Si.clllia 'du!l"aMe :Ll GdI\lD:'~. - C.' It. ' XV 

Intenn. Geal. Congress, South Af:rioca; II. 
FISCRER A; G. 1969. GeOOJgicai time-distimocerates: 'Dhe B'ulbnoU Unlit. ~ Bun. Geol. 

Soc. Amer., V'OIl. So. CoOOnldo. 

FLUGEL H .. & FiENNINGER A. 1966. Die LithOgeneile ldel" Obel.'laolmer SC'bichten 'lIDd 
del" mikrilblschen PlJlu;senkaJke (Tdthonlwn, Nar-dUche Klai1kaapen); - N. Jb. 
·GeoI. Pallicmt., Abh. ·Bd. !l'23, H. 3. Stuttgll!l"t. 

FRIEDMAN G. M. 1-965. OcC1lll"ll"eI!lCe and stalbi!liJty rella1lilOOShiops of :aragan:Lte, bigh
~esiancalcite, and low-magnes:ien calcite under. deep-sea oonditd<>D!S.
Bull; Ged1 . . Soc. ·Amer." Vlf,)l. ' 76. Colorado. 

GARRISON R. 1967. Pe4agic Ilimestoo.es of the Oberalm. Beds (Upper ' Juras&l.C -

Lower: : C,retaceoo:s). .Austrian .Mps. '- .Bwl. ~ Petll"OIl; Geal., 'Vol. 15. 
CaJgat"y. 

-& FISCHER A. G. 1969. Deep-water limestones· end radi'Ollarites of th~ Amp!ine 

6 



358 ZERZY LEl!'ELD 

J1I.1It'aSISLC. In: E1RIEDMAN G. M. (Ed.) - DepoSltional enVliroinments ;in came
nate rocks. - Soc. Eoon. Paileant. Mmer., Speaiad P,UJ1ll., VIOl. 14. 'DuilsB. . 

Gi\SIOROWSKI S. M. n959. Nowe dane 0 wieku radio1uyUm serli reg!J.Mj dolnej 
w Tatrach. {On the :age .af radiollariJtes m .the sub-ba:br:lic serdes !In the Tatl'a 
Mts.). - Acta Geol. Pal., VIOl. 9, no. 2. WarsmVl/la..· 
1962. AptYlC'hi irom the Dogger, Mailm ami Neocomi.an in the Westenn Carpa
rth!iJans .and theh' Sbra1ilgraJphiCraJl vadue (Aptyehy oc:Ioggeru, maJlmu Ii neokbmu 
Ka:r!pat ZalChlad:nich i deh '7!DIaczenie etratygra&!me). - Studia Geol. Pol., vol. 10. 
Wal'SZ8lWl& 

GERBER M. ,ll930. BaLtiriige ZUl' S1lratigxajphde der Jur:a-K.rekie-gre1We ID deir: Zen
iJraJ.schlweiz. - Eel. Geo1. HeIlv., VI01.a3, 1Il'O. 2. Basel. 

GIANNIN!l E., iPIERUCCINI R. & TREVISAN L. 3.950. Limestones with nodUiles of 
cher,t ami jasper. - Soc. Toscana ScJ.. Nat. Att:. Mem., votl. -57 A. 

GOREK A. 1i..900.. TektOlnicke dma na :z8ipadnom ,ukonceni Vysakych TatJer (Les fene
rbres tec.tOl.ll4Ques de l~xtremite west des Hautes 'l'atiras). - GeoIJ.. Shorn .• 
fr. 1. c. 1. BratiSl'8.VIa. 

GRABOWSKA ... HAlKJmNBERG H. 1958. Budmva gectliogiczna zachodnliego IOibsrz.a%nl Kop 
Soltyvich w 'I1a!tlradb. (GeoIlogy of western pari of Kopy Soltysie - Ta.n MOWl
baliJru!). - Kw~ Gea1., vol. 2, IIlO. 2. WarszlllWa. 

GRUNAU H. 1959 .. :MiIklraCWJies 'Wlid SchichtWlg ausgewliMter JungmescrZJOischar, Roa
didl8lrlt-fiihrender sadamen:bsertien der Zentrlall-Alpen. - hlter1n. Sedim. Pe
tirog.r. Serties, VIdl. 4. Leiden. 
1965. R,ac:Jd,oilia!'i.an clleIl'Its &IDd assoclaited rocks in space and time. - Ecl. GeoJ.. 
Heiv., vol. 58, no. 1. Basal. 

GUZIK K. 1959. Niektare 'Zagadllden:iJa IStiratygrafii liasu-doggeru ~winy reglo
wej dOllnej w TaJtrach (Notes lOll same s1ratigmpbLc problems of the l4as-Dog
ger rocks m the lJower Sub-tatl"ic nappe of ,the Ta1lra Mts). - Biul. JiDst. 
GeoIl. !l49. WZ".92IaIW8.' 
& KOT.A:&SKJ: Z. 1963. Tekitan4ka r~ zakopiJaDs'kich (La tectnnique de la 
:l.Oille SUlbtaltriique de Zakapane). - .A!cta Geol. Pol., VVJIl. 18, no. 3/4. WIIIll'SlJlW~1'-

HALLAM A. 1963. Eustatle contro.tl of major cy.a'l:ic changes in ·Jumss,ic seddmen
'llatdOlll. - Geo1. Mag., vd. 100. London. 
lJ967. Sedimellltcilogy II!OO palaeogeographiLc signitficance of certa.iln red limesto
nes and mJsoclated beds in the lias 01. the AI1p.iJne RegiOill. - ScottdlSh J. Geol., 
V'OIl. 3. Edmbud"gh - Gla:sgow. 
i19'11l. Evaluation 'at ba.thymeltrie criteria :I!ar the Mecii;te-n"8.Ilea:n JunISS!c. -
.ADn. Jinst. Gedl. Publ Hung., vol. 54, 00. 2. iBudapest. 

HkUG E. 11927 Tra.iote de Geaklg.ie. n. Pan,. 
HEATH G. R. 1969. Ceo:IPanate seddmentaotiion in the abyssal equa1mdal Pecfific dW'

mg the past 50 mil!!ion yeait's. - Bull. Geol. Soc. Amer., vol. 80. Oa1.orlaJdo. 
HlilGAlRAT L. G. & REMANE J. :1968. Tithonique s~eu:r et Ber.rliaS.en de ['Alrdeche 

et de l'Herault. C01T&tion des Ammonites et des C91pionelJ.es. - GEIoIbios, 
no. 1. Lyul. 

HEIM A. 1958. Oceanic sedlmen.tatii/()D and subma:rdlne d~'lIi.ties. - Ecl. Geol. 
Halv., vOl. M. BaseJ.. 

HOUJMANN R. 1962. 'Ube.r SubsolulliM· und die "Kn.olle:n'k'8&e" des oak:alre Ammo
nIiillLco 1'Q!I6() iSlUperdore im Monte Baldo (Malm, Nor<H:ballen). - N. JIb. Geo1. 
~iiond;., Mh. 4. Stuttgart 
1964. Submlutians-F1"agmente. - N. Jb. Genl. Pa1§ant. Abh., Bd. ll9, H. .1. 
Stuttgart. 

HOW ARTH M. K. 1964. T,he J1l1'Ill\96le period. In: HARLAND W. B., SMITH A. G. & 



JURASSIC AND CRETACEOUS BIOSTBATIGRAPHY IN TBE TATBA MTS 859 

WILCOCK B. (Ed •. ) - The phaneroooic time scale. - Quart. J. GeoL Soc. 
London, volt 120. ·LoD.don. 

HUDSON J. D. UHJ'l. Speoulat.1ons on the depth Iremt:i<)ns of caJcdum ca:rbonate s0-

lution Jo. recent end an.aiEnt seas. In: HALLAM A. (Ed.) - Depth mddC8ltors 
in marilne seclimen'lary envdroome.nts. - Mame GedL, Speci,aU. Issue, val.. 5, 
·no. 5/6. AmSIteniam. 

IRVING E. 1964. Pe!leanagnetism and its ~ to gec.OoglcaJ. and geqphysl.cal 
~. WiZey and Sons. New Yorlt .- lJandon - $ydney. 

IW ANOW A. 11&73. -New data on geology of the lower sub-tmric SUocesalon in the 
eastem pad of the Ta·tra M·ts. - BuiIll. Aead. Pot Sol., Bar. GeQr.r. Geol, vol. 
~1, IW. 1. V8I1!IOIVie. . 

JACOBACCI A. 1985. F.mne sotkmarine neUe fOlNDazilolnd gEdopche. lnterpretazione 
. dei fanomeni IOiIdBbostmmi e degil1i ol.l.stdi.te ·nell' Aipp~ e in Sici1ia. - Bo.lL 

Serv. GEd. llflad.., VIOIl. 86. Rama. 
KANTOROVA V. & ANDRUSOV D. 1958. W!kr·dbiOlSll:i'a!l:g.radlickY vtslrum stredne'j a 

v:rehlnej :kTdedy PovaJfJia a Oravy. - ~. Sbam., r. 9. Bra,1IiSlava. 

RiAZMIERCZAK· J. a.1974. Lower Cretaceous Sclerosponge :l!oom the SIova!ki.aal Tatra 
Mts. - PIa:laelOQtology, v.ol 17, no. 3. London. 

KHVOROVA I. V. 1968. GeosYlDciinal siHceous rocks and 19OIIllepro1:i1ems of their 
'arigiJn. - Jm.tem.. GEld. Congress Repts., SectIion 8. ~ague. 

KILlAN' W. "1~07. Untel:'lm'eide. In: Lethaea geognoeti.oa.. II Tail, Bd. 3. Stuttgart. 
KONDA J. 19'11. .AIm.'mGnIltliKlO 1"0SB0 and II'IadiIdla!rites .in the TranBdanubian Cen1lral 

yts, JUlraBC, In: Coll. diu. Jmassique Me~en. - Ann. Imst. Geol. Pub!. 
HUIlg., VIOIl. 54. ~t. 

KOTANSKI Z. t1.961. T~tog8!1e'La i rekanstrukcja paloogeog.rafii pasma wie:rehowego 
w Tatrach (T~e et 1'eCIOIIlSIWtrutkm de la paJ.eogeographie de la zone 
ha:ut-'baltrique doams les TaotNls). - .A.ota Geol. Pol., vol. 111, no. 213. Wai'll'mwa. 
a.963a. 0 1mi.a8.ie SImikd. Haligowiedt.iej d pozycji paleogeogr.aB.cmej serili: haJjgo
'W'ioeckdej (On the Tir!I.aari.c of the Hadigowce K~ and tthe paJaeogeogmphic 
positlion IOi the Hallilgowlce -se:r:ies. '- Ibidem, vdl. 13, no. 2. 
·196ltb. 0 ch84'la1kteme IIlE'lXJlJaicznej geosyulltlimy Karpat Zacboclnich i 0 epi.
miogeosynklJllnie podhalaflskiej {On the chM'acter of the Western Oall.'\P8thian 
MescoJaic geosyrIdine and the PodhaO.e epimiogeosyncllne). - Ibidem, vol. 13, 
no. 1. 
d.965. Booowa g~ pasma reglowegQ ml~y Do09.nIl ~ ~ i Do
lIinll ~Il (La structure gewogiq:ue ode ,la 'Chai.ne wbtlll1:rique entre la 
valllee de Mala 1.Ilka et la ve:tJee Ko6cle1liBkla dimS 'Ies Tetras OooidentaIes). -
Ibidem, vol. 15, no. 3. 

KRAJEWSrKI R. & MYSZK.A J. 1>958. Woapiend.e rnamga.nowe w Tat:r&ch mi~ dIOIlinll 
Choc~ a LejoWll (Miangamiferous Jimestones din ,the Tatra Mts between 
ithe CbochlOilawska and Lejowa V8!Ueyos). - Biul. lnst. Gent. 11126. WarB'lawa. 

KRAUS:{.OPF K. B. ·14J56. D.:.alution ami precipitation of silica a.t·lbw temperatures. 
- Ada Geoc.him. et Cosmochiim., vol. 10, LOIndlcm. 

KSli\ZKIEWlCZ M. 1951. Kreda Ka1'!Pat Zewne:trlJny<:h {in PoU.h). In: Regionama 
Gedlt8la ~kIi.. T. I - Kerrpaty. Z. ,} ~ str.a.tygraiia. KnIiWw. 
1960. Zarys pa]oogoogra.ru PolsklilCh Kalr.part miBmwyc.h (Ourtildne at the paIleo
geography of the PoJ:!sh Flysch Carpathi6'IllS). -- P!race Imst. Geo1., vd. 30, 00. 2. 
Warszawa. 
Jl.9'11. <At .the Origin of the Oi~ L!melStoo.e in the Carpathian Flyech. -
BuiIi • .Acad. Pot Sol., ser. Set. Gedl. G&lg!r., vol. ll9, no. 3. Vamovie. 
1972. Budowa g~ PoJski T. IV - TeddDn:iika., ~c 3 - Karpa.ty (in 
Polish) . . Wlldawfl. Geol. Wa!'SI'l.8'Wa 



3611. .JERZY LEJ'ELD 

KUENEN . P. 1I158.ProNe:ms oonceming sotn"Ce andt.raQslpo.ttatian or m~cii \Sedd
.m.enJts. - Geologie en Mijnbouw., vol. 20. Haag. 

KU'l'EK J. 1969. Kimeryd·4 najwyiszy oks1!o.rd ~dn:O'WO-za:chodniego oorzetema 
meZozol/C7Jnego G6r Swi~tda'zyski<:h. C2~c n - Paleogeografia (The Kim
meridgian and Uppermost Oxfooctia,n don the SW lIW'1giIns .o£ the Holy Dross MIIs, 
Ce.nltral PruaJlld. Part II - PaJ.eog.eogJl'aphy). - Acta· Geol .. fu1., VI01. 19, 1110. 2. 
W~SIll8wa . 

KU2NIAR C. 1913. Skaly osadJcJrwe .tatrzanskie(Le roches' sed1mentaires · des ·Hautes 
. Tatras). - Rozpr. P~. AbId. Um., .t. 13, s. 3, dz. A. Krak6w. 

LEFELD·J. 11968: S1IDad;ygratia i pa:leogeosrafia dolnej kredy w1erchowej T. (Btra
lbigmphy . and padaeogeogtt'taphy of the High-4atrdc Dower Cl'etaJoeoiusin the 

. Tatra MountadWl). -:- . studla Gedl. Pal.,· VIal. 24. WmlSZlawa. 
1969. · Upper J1J:l'!IISSic caJrbo-.sI.ld.te sequence !in the sub~tafll'fic soocessilOn of the 
Eal9tem Tatra Mw. - Bull. Acad. Pol. Bcl.,Bel'. Sei. GOOl. :G6ogr., vOl. J.7, no. 
1. V1lT'SOV1e •. 
& RADWANBK.! : A. a96O. FIlanlktoniCZlle M1ixJwce Saccocoma AgasBiz w maSmde 
i neok:omie ,~ho~ Tatr Polskich (Les Od.noIdes pliaru:rbon:iq'l1es Saccocoma 
Agasgiz d8lllS le MaIlm et le Neooomden haut-taltrdque des . Tatra:s PolanaiISes). -
Acba· GeoIl. Pol., vol. 10, lOO. 4. Warmawa. 

LIMANOWSKI M. 1904. Odkrycie · p1.atu dijlno1anafullcieg;o w pasmie Czerwonych 
W·ierch6w Illa Gladkiiem (in ~oZish). - RO'IJpr. Poi. Akad. Uro., t. 4,. s. 3, dz. B. 
Krak6w, 

LUCAS G.1.955. CaI1a.cteres petrographiques du eaka:a:-e noduleux a fades ammODi
tico rosso de la region meditet"l'llmeenne. - C. R. A.oad. SOl., · v~ 240 •. Paris. 

MAHEL M. -1960 .. 'l'he ques1liJan of oll,'!IlPpeS dal the Central West ~I;III :from the 
poialt of V'lew I()f palaeogeogl'laJphy of il:he ~esozoi.cwn. ~ Intern. GeoJ.. 00Il
~ess. XXI Sessioo, Rpts. 18. Cqpenhagen. 

.1963. Sti'a~ mezou.oi'ka Ruzbaiskeho Q&trIOva (ZIll' Stratlgra:phie 00r. Meso
zolschen Insell. VDIIl ;Ruilbachy). - Gaol. Plrace, Zpra'Vy .30. BraJt.isaava. 
1968: In: R~cmaa GeolJogy of CzechOSllovakiia. Pari .2. :Rt;aha. 

MAPA GEOLOGICZNA TATRPOLSXICH scaie 1 : 10000. Sheet .~ 2. WlltWwn. Geol. 
WaTszswa. 

MAZENOT G. 1939. 'Les l\lLaeobopl:iltlidae Tithondques et Beror1asiens du Sud-E&t de 
lla fiance. - Mem. Soc. GOOl. France, vol. ·41. Paris. 

MEISCHNERK. 1004; Allodapis.cbe Kalke, Turbidite in rfi.fma,h~ Sedimeotations
ibecken (Aruoda(pjIc kni8tS). In: BOUMA A. H. & BROUWER A.{~d8.) - '1'ur
lbiditeB-Dev.elJ.opments tiJn sedimenlIoJ.!.ogy, Pa;rt3. AlQlsterd1m1; 

MISm: M. 11957. LidioIlogtiJdkY proM Maninskoo. s6rl9U (Das ;llibologische· profU durch 
. die Man3lDserie). - Geo1. Sbom., r. 8, c. 2.B1'I8Itjalava. 

10959;: ·"lJomJbal'diDva" miklraracla. - vedulci hor:i:iJoDt v :maIIm!e Zapa!dnycn Kar
pat (Die "l..tambardla6'-Mikrofa~f;!s em Leitbori7Ollt Un Ma!lm der Westkarpa
ten). - Ibidem, · s. 10, C. 1. 

--I 11966. Microfacies of ··the Mesozaie and Teor1limy .. lim~e.S .01. the West 
Cm'ipasthlilmS. Slo'l). Akad. Vied. Bratislav.a.·· 
19-73. Str.uclnres of the chert C<JIri.oretions from the ll:imestones of . Tilthani.an and 
Neooomian. -. Geo1. Sbarn., ;r. 24, C. 11. Bm1lisl9lva. 

NAIRN A. E. M. (Ed.). 1961. Descriptiive Pailae.ocllmatology - IilterscieQce Publ New 
York - London. 

NEUMAYR M. & UHLIG V. 18&1. 'Uber AnwnODd'tiden aus den H:Illsbiildtmge.n Nan:l
deutscblands. - PaIa.eontographioa, Bd. 27. Oassel 

NOLAN H. 1894. Note BUr le C"toce"a". - BWil. Soc. Geo'l. Flrance, VIOil • . 22, no. 3. 
Paa"is. 



roBASSIC AND CRETACEOUS. BIOSTRA'I!IGRAPBY IN THE TATRA MTS 361· 

NOWAK. ·W. 'lOOS. StomiIosrfe:rddy. warstw aia'lzyllsklilCh (kdmeryd"boteryw) POOSkdego 
SlllSka· Oi.~flskiego ,i' ich maczetriie I!tratygl"anC'lJne(Stomio~aerldi; of the 
CIE!lftyn Beds - Kdmmeri,dgian-HauteriVtao - &It the NIdBh Oi8;:zyn SiIleala 
emd their stra~al value). - .Ann. Soc • . ~ PaL, vol. 38, no. 213: 
.K:Mk6w. 

PASSENDORFER E, (1950. oMaterialy do gecoogH. Ta-tir. n. 0 'Ml.pl"u mUl'atlSkiIm 
{oMaterdIau;g: pour .J.a cmmOOiS'¥ICoe de .la.gElcihog.ie des ratras. 11.. Sur Qe.caJca.h'e 
de Muran). - Ibidem, vol. 119,~. 3. 
1951, Kreda Tat!:. In: RegiJcmeilala gedl!llgia ~. T. I - Karpaty. :Z;. 1 ;
Stratygrda. KrakOw. 
1981. Rozw6j paieogeograf:qll!lY TaJtr (Evolu:UCJ.I), ~ique des Tetras). 
- Ann. Soc .. G~. N.; vol. 30, IIW. 3. Ka-aik:6w. . ' . 

PAZDRO 2;. 193~. Pasmo G6x CzywazyflskiJcb. In: TOKARSKI .J. & .(1l. -.P6smo Gfr . 
. Cz~&ik.ich.' StUdiUm petrog!-afiCmo-geO~e (La ch8tDe de·cZywczyo. 

'mt.ude~1Ir0gi-~h:que . et gedogiq~ej: ~ ~idem, .vo1.. o.O~ 
PETTIJOHN ,F: J. 1~57. ~entary . ~'Ocks. Harl?er a~d ~":08~ New York. 
PICTET F. J. -1868. · Mela.nges ~ques. v.~. 4. Geneve. 
PRATtJ$LON A. & RADOICIoC R .. :1967. Nates cm :the daeyCllad ge.oos SaJpingoporeUa 

Flia. - GeologIicao Romalna, vdl. 6. Roma. 
PREDA I. 1973. Vl8ir'iatiliLe de facies si. l:fostratigrafia J ·W:aai.cuiUd Superior dln-Muntii 

oHaghimas. (The faoies V!aria.tIons and the IbIIost:r~hy of the Upper Ju
l'a.saic strata :firom the Hagbimas Mts, RoamaIDia). - StudM si Cercetarl (Geo1.
-Geogr.) . II. PiIaltra. Neamt. 

RABOWSKI F. & GOETEL W. 1925. 'B1.lIdo\va Tatr. Pesmo II."eglawe (Les IIlappetl de 
rooouwEment de ilia Tatra. Le structure de .la :zone subtatrique). - Spraw. PIG 
(Bull Serv. CMOl. POt), vo!. 3, no. ,l/2.. WlIlrszawa. 

REMANE J. 1l.~64. UlIlJtel'lErUC'h!Wlgen:llUD." Systematik WJd Strat9-aphie der CaiLpioneUen 
fta:t den JUII'a-Kref<l.e-Gren.zschichten des Vooontd.adheo T.roges. - Paleecmto
gaphica {B), Bd. 11123, Abt. · A. iStuttgeri. 
1W70 • . Die EMstehung der . Il'esedimenrtlilren Breccien . im Obertlthm der
suba1p!nen Ketten FrankreiJChs. - .1EkJ.. Gea1. Helv., v(i. 63, no. 3. Basel. 

RIEDEL W. 'R. & FUNNEL B. M. 11004. Terliary sediment cares and miIcro:fassllB from 
the ~1fic Ooeen 15loor. - QUa-t. J. GaoL Soc. LcmdKm, vo1. 120. London. . 

RODIGHIERO A. [919. m Sli.stema ~ceo deO. Veneto Occidentalle :campreso fra 
l' Adligee il iPiave, C'OO speciele ll'igll8ll'do al Neooomiano dei SetteComuni; ....,. 

. Pa1a8lllj;pgr. ItaJlica, Mem. dd ~, vat 25. PLsa. 
ROMAN' F. lD38. Le.9 amrnnn6tes jUl"8Slliques et ~. Essai de genera. Mas8on. 

PaN. 
- & MAZENOT G. 1937. Decauvetrte d 'W1e faune . pyriteuse d'lage tit.honique

·~ieG"e QUy en~OIl8de · Cbomerac (A!"deche). - Bull. Soc. Geol. France. 
vo1. 7, no. 5. Paris. 

RUSNAK G. A. & NES'1'EROFF W. D. a .. 964. Model:1n 'l1uJ;bid.ites: Tenigeilious abyssaa. 
,pIlailn veroBlls biOclastic baain. In: · MILLER' R.L {Ed.) - Papen do. marine
gealqry - Shepaord 'COOIID.EmlOIl"ative volume. New YIOIl)k. 

SAMSONOWICZ J. 1.965. In: .SAMSONOWICZ J., KSI42KIEWICZM. & RUHLE .E. 
- Zarys geol:ogii Potski. Warszawa. 

SARASIN ·C. & SCHONDElJMAYER C. 19Q1. :£tu~. mon.ogr.aphique des ·Ammom!tes 
du Cretace i.n.ferieur de ChIlte1-Sa!nt-Dends. --' Mem. Soc. 'Pe:1eont. SudsBe. 
vol. 28. Geneve . 
. 1l902. :mtude monogon!llPhique des .Am!DoIM.te'S !Clu cretace ilnfemE!'llr de Chatel.
-Sad.nt-Denis. - . Ibidem, val. 29. 



382 JERZY LBJ!'KLD 

SARK.A:R -8. S. 1955 . .RevIi.sid:n des Ammonites derowees du aretace iIllferlle\Jll' du Sud-
-Est de as Pnnce. - Man. Soc. GOOl. Fnmce, VIOl. 34, no. 72. Paris. . 

SAYN G • .10011. Les ·Amjnonites pyriteuses des mame!9 valanginiennes du Bud-Est 
ere la FMn:ce. - Ibidem, vol.a3. 

SCHElBNiER E . .1967. Nima subunit - !IleW efratlgraphical sequen<:e of the Klippen 
BeI1lt (West Carpathi:am). - GeOll. Sboir;n., r. 118, C . .1. BratiBlava.. 

SCHNEID T. 1915. Die AmmonUen FaIUll8 del" Opel'1:iithoniLsc:hen Kalk VIOIIl iNeubUl"g 
a-D.- ~. BaUi<mt. Albh. Jena., Bd. 13. Jena . 

. SIEVoER R. 1962. SLka swubility Q---.200oC, aod bbe diagen,esjs of silioeous sedfments. 
- J. GeoL, vd!.. 70. CbI.cago. 

SLA VIN V. I. 19'm. Kaa-pa48kaya geosy~a sisteme. lin: strafligradlia SSSR, 
Jumkaya al&tema. iMoskva. 

;SOKOLOWSKI S. 1925. Spostrzeienda nad lWIiekJ.em i wyk.sztajceDiem .JJasu l'eglo
'WegO w Tatrach (Die Beobachtungen fiber dae .AMer uod Entwickduog des sub
rtatrischell Lias ,in 'l'atI:IageiJlhrge). - Ann Soc. G6a1. Pol.,VOO.2. Kmk6w. 
1960. Les Tatry Bie:lsklie. La geologie de.leUl'S varsants mer·idiJanaux. - Trav. 
Serv •. Gew. Pol., ViOl 4. WiIIIr'Srl.I!LWIar. 
1959. Ze'l"YB geOllogi1 Tatr {OU1lUlnes of geol()gy of the Tatra MoUilltad.ns). - Biu1. 
:Lost. Geod. 14Q. 'W.arszawa. 

SPA'mI L F. 1950. A new 'lltboniian ammonoid :fauna from KurdiBtan, Northern. 
Iraq. - Bull Brit. Mus. Natur. Hi6t., Gedlogy, vol. 1, IIlO. 4. laldon. 

,STACHE G. '1888. Die SedimenWrsohichten del' Na:dseite der Hohen Tetra. - Verb. 
GeoIJ.. RedJchaaonst., No . .l3. Wien. 

STEINMANN G. '1925. GWbt ea fossi.1e Tie:f&eeablagerUDgeD van erdgeschdchtlicher 
BedBlltun,g? - Geo1. Ruooschau, Bd. 1106. Stubtgart. 

STRATIGRA.FIA SSSR, JuraJskaya "8ieteme •. 119'12. NedTa. M.o9kva . 
.8TURANI C. 1B69. Ioter'ca1azd.oo.e di V'lJlca.rJlti medlo-giura68lche ne.1. "Riosso AmmODJi.

tieo" dei Lessini. veronesi. - BoIll. Soc. Geol. Itat vol. 88. Roma. 
SUJKOWSKI Z. 193.2. Radlolaryty Polskdch Kar,paJI; Wschodndoh .i. IiJch por6wnlllllie 

a; ln1IdiidaIrytarni 1iatr7lansk:lmli. (Radiolarites des Ka.rpates PalonaiSEL9 Orientales 
et leur ~ avec d.es Radiolarltes de la Tatra). - Spraw. NG (Bull 
Senr. Geo1. N.), vel. 7, ;DO. 11. WMIIEa'Wa. 

SWIDERSKI B.l.938. Die Faunen der Czlarny Czeremosz-Sqbeny KllWen. - BuM. 
JJntern. Acald. Pro. Sol.. Lett.res, (B). Krak6w. 

:S'ZULC2'J!lWSKI M. 1960. StPoetrzeZe:n.ia nad genezq, _ taflrzailSkicll wa.pi.enJ. bulastych 
(Observations sur la gen. des calcad.res noduleux des Ta1lras). - Ann. Soc. 
GeoL PQ]., vol. 35, no. 2. Krak6w • 
.1968. St.roolaJtolilty jur.a.j.dcie. w Pol6lCe (Juraasic strommlite.s of Poland). -
.Aaba Gedl. Pol., vOll. 18, lIIO. 1. Warsaawa. 

THOMiEL G. -1964. ContribUltdon a la canna:issance Ides CEtphal-opodesdu Sud-iEst de 
!la Firlllll<le. Les .Ammonites derotilees de Cretace ilnfer:lleur vooontiem. - Mem. 
Soc. Geal. Frainoe. voi. 43, DO. 100. • . Paris. 

"TOUCAS· A. il890. Faune de cOUlChes tithmiques de rArdeche. - .BU1:l. Soc. Geol. 
F-rance, voL 18, no. 3. PariS. 

"TRAUTH F. '1'950. Die £acielle A'USIb':'Mung unci Gliederung des OberjUtSl Iim. den 
n&d.idchen. ostalpe.n. - Verh. Geol. Bundesanst. W.ien, 1948. Wden. 

"TREVISAN 1.; 1l037. Scoperia di form_i:om Ibasaltiche e pirocliaBtilChe preeso Vdcard 
(Palemno) e ~ sUi :floasili bliinciani Can.teDUtil nei iImti. - BolJ. Soc. 
Geol. ital., vdl. 56. Roma. 

TR~Y R. 3.955. Weeh'SellJbeZiehungen zWliscllen iPaleoeogeogr8!Phie und Dedkenbau. 
- Viertelji8hrschr. Na,tuIrf. Ges. ZiiriLch, Bd. 100. ZUI1ich. 



Jt]BASSIC AND CRETACEOUS BIOSTBATIGRAPHY IN THE TATBA MTS 363 

- 11.960. 'PalelOlteotan.i-c evolutdon of the Central and WesteIm Alps. - BuiU. Geo1. 
Soc. Amer., VIal. 71. CIalarado. 

UHLIG V. a897. GeokJgie des Tatnlgebirges. I Tb. EinleitUQgumi stratigrap1xiscber 
Them. - Aol!z. Akad. Wiss. Matb. Natur. IQ., Bd. 64. W.ien. 

- ·1902. tliber die CephaOOpodenf:au.na der Teschener uod Grodischter ScbIIChten. 
- lJEIrl.bcbr. It. .AlkIad. WiaB. Wien, Math. Natm. Kt, Bd. 72. Wden. 

uNRUG R. 11963. Wm'6twy :iBtelbnianskde - slnJdium sedym~czne (Istebna Beds 
- a FluxOiJurbidity Fonnatian an the C8rpathian FUysch). - .AIln. Soc. Geal. 
Pol., vol. 33, no. 1. ~. 

VI.ALOV O. S., GLUSHKO V. V., KULTCHITZKI V. :i:. & SLA VIN V. I. 1960. Stmtl
grafia Vostoclmykh Sove1skikh KlU'lJ)at. In: Materially Karpato-Badkansk.oy 
Assocyaohl K1iev. No. 3. iKdev. 

VIGILEV B. 1914. Neokom.reglowy W 'l'aitrach (in Poluh). - Spraw. Komb;. Fd.7.jogr. 
PAU, 48. lKnikow. 

WALKER R. G. 0.&67. Turtbidlilte sedimentary structures and rtbair relatiOllBbip to 
proximaq &Dd c:lJ.s.taJ. depo8:ltlooaJ envirol'mumts. - J. Sedlm. PetroL, vn1. 37. Me
nasha. 

WEGNER R. N. 1909. "Ulben!lcl1t der lbisher b8k:amlten Astieria-:Ilormen. - N. Jb. 
Mmer. GeoIl. PlaAiiOlllt., Bd. 1. Stuttprt. 

W.IEDMANN J. 1968. Das Pt'oblsm '8bra~8Iphiscller Cken:zzielnmg und die Jura! 
/Kreide-Gl"enze. - EoL Geot Helv., val. 81, IIU). 2. Basel. 
18111. Zur Fnlge der JlIln/Kredde-Grenze. - AllIn. wt. Geoil. Pub!.. Hoog., vol. 
54, .no. 2. BudaJpest. 
& DIENI J. JlD68. Die iKlre.!de SerxidJ:rlen.s UDd Ihre Cl!IPh:aIlapaden. - iPaJaoon<bogr. 
I1iaIlIJca, vol. 64. Plsa. 

YABE H. & SUGIYAMA T.1l936. J!\Il'1H!&Ic 8I:rcmaIt.oporoids frern Japan. - Sai. RePtB. 
TohOku _. UlDIi.v., ser. 2, vol. 11"4. Sendad. 

J. LEFELD 

BIOSTBATYGRAFIA I SlIDYMENTOLOOIA SRODKOWBJ I OORNEJ JURy 
ORAZ DOL~ KRBDY SERII PODTATRZA~SK.IEJ TATB 

~treszClZeDde) 

W . pracy !(l1T1£'deta'W'.ilOlDe oostaly ,problemy s1lratygra.f:i.i, sedymendologti ora%.. 
tpa:leog~ ubwor6w Srodkowo- i g6rriojurajskkh 1Ol'8'1.: damakIredowydJ. ser.i4. ipO'd
tatrzaiisldej 1 (regJow8j doiJJnej - wg dawnej DOmeI1idilUy) Tatr. Na podistawie a.na
lizy facja:llnej ~ istniaode !PIi~ej symetri.i w rozldamJe gl~'bok<moIr8ldch 
osad6w m-odkowej .f. gc'lmej jury, Z .kt6rY'Ch te ostatn!ie zosta.ly rzbadaIDe bardziei 
~6lowo. ZlIIlobawalne 7altafjr dwie tazy m.adalyIDetlneg.o tprzegl~1iieniia morza -
jedna w jlUl"Zle 8:00dlrowej ~os-baton), a druga - w ok6fm-dzte. Osady Jury osadza!y 
si~ najpraWldopoddbnlej ona stoiru rowu geasynlilinalLnego, 0 -ozym 6w6.adczy m.m. 
obe"C'I1'CJ6c wapienl IbtilaJsty-ch zwawno w ~~ jak i 'W s:tropl>e :r8ld.ilOllialE'ytaw 0l"aZ sto
sunkow.o maczna W~8IOO~C tych osI:a1nich. Gl~bok06c depozyo;i.l. waplen3. bula'
styteh <1 rrad.io1.arytbw IZ09taIa r<J'14l8trmna Da podstaJwie analizy ee1.ek1tywnego !'oz-

t TermIn seria reglowa ddlna .zoatal tu zasUtpiony przez ,,pod1;ad;rzaDBk", 1d6ry 
niegdys stoBowIal M. Limanowski. 



.JEEI.ZY ·IsEI'ELD 

PU!S'nCZ8iniia ikaicyt&wycll- i ·· ll!l"a:gonl.towy.ch . &'lJC'Zlltkaw .orgmizm6w.. 'Wi~~ ty>ch 
088d6w byla depcmowana pomi~zy paz.:amaml ka.ma;lenSlifCjL.lkaJqtu .' 1 . angondlbu, 
a jedymeIliiekV1l'e ' 'Zie1one ll"adiJola.ryty - :pohiZej: pazWamu ~i blcy:tu. Wy
lk.zane dane ~e ~. sedymonta;eji it'adilolaryt6w g6r-nojw:ajskich oraz calej 
.sekWEmCj.i w~o-kr7.emiOOlkowej wskazujll, ze oSaIciy' te .tw01'zyly ai~ nieznUemie 
"'WIdlno. Radrolatyty. }ura.jskie Tet:r ,moinljl tr.aJI:rt;oWac :j.akO rezYdUum 'wynikle z inten
sywnego TozpUBllomnia w~gla41.6w. PanliewaZ tadne tr6dro :wullkladl.icme:]kr.zarn,lonJdme 
is1n1.ia~o w pobl:l2n1 ser.i:i pOdtatrzah.9kiej, flf6dla · Imv.emdonki. wn!ddol:alry.tach maiona 
upatrywat w ~ szkielet6w radial:ar:14 1O!l'.alZ . sutJstanoji ~larnowe-j (mulu 
waplenoego) . . Tyro ' samym kr'l./e01Jooka ' ta ma. -chuakter· rezydualny, . 

, lstnien:fe o'ksfordzk!ej fazy przegl~bierrla mat'lZa w eet.id~ej jest 
Jrore}awane 'Z mabirnUDl trallSlgresji, jaklie mlialo . miejace w tym. ~aBie '1Ila> abszarze 
.Po!ts!k:i- pozIaba'pac'ldej. Charakter fa.cjadlny osad6w g6mejj>m"y; a' w mzczeg6lnoScl 
osad6w oksfOll"du, jest wainym wskat.n.ikiiem poloZenia doImej sakrwe.IllCji -w .baseru.e 
~edymentacyj.nym. Kt-y1;eri.um. <bo sprawdza 8'l~ ·niezmjennle, -lfdyZ u.awsze poD.ttd' geo
~'IIlInymi allBldamli jury wy~ujll w~awe . tudxdity w dob:Iej .Jm-ectTAe, pod
czas gdy ponad ~awymi Q!I8dami j-unQskdmi I!IE!di geoa.n.tykidnalmyeh wyst~jll 
rafowe s1I'ruk.tury urgoilskie lub okruchowefacje tOWBlroZYSIZIlee Uil'gooowi. 

Stratygrafda wapien1 kI1'2emiIOIIllkowych ty1xllno.~ber~aeu typu Bia'llCQlle opar1la 
zasWa ca' ~h TiLn:timlidae oraz ma.lerz.:iSiw £auny amonitawej . w g6mym ty
tonie -(podpazliom ohaper.i). Margle neokomu ~ q rawniet ~ 
d~ pr.zSL TiIntinD1dae araz . przaz mnooity. 

Analizie :l!alC'jamej ~ paddany kJoinpleks wapieni . mtl4"wJmch .. Tatr Biel
sk:reh i Po.lsk!i.cll "I'I!lIflr. :Wsch~dlw ll"ejonae .Kap SQltysleh. Osady te Sll wynik:1em 
redepazy.cji ze atref otaozajllcy.ch struMmy Ul"goiiskie. SIl .to tak zwane 'iiurbidity 
lawLnowe {avalancheturbidites) po,w:stal:e .w -.'WY\Il'ikJU '.!Iiawiinawega '7SuwaDiaS'it: kla
styC'ZllegQ ma.terlam W~gO po stdru 'rqwu oraz ~~j.i. i '~. Naj
:prawd-opodolmiej depozycja ty1ch klastycznych o08adaw ~ch me pr.zerwahl 
sedymentaoji ~, kt6.re pojawffajll· si~. !7.U.owu ponad wapieniami lIJLIIrafls'k.im!. 
Wa,piellde mull."at;skfte, W kit6irych stropawych :partiach wyst~jll typowo UT'goDsk;ie 
mi-kroskamiemalo6al. I(orbi:lxlILiny, milliol!Jdy, glcmy itd.), SIl wieku g6rny hateryw-bar
.rem, podczas gdy margle je pm:y4n-ywaji:tce reprezentujll na:jprawdopodohn,i~j d!lllny 
.apt. Margle te flJIl'W'ia"ajll olistoldty mgOOskie z tytpowymi urgofl&dmi. skamiendalo
:Sclami.. Istnieje wietkie podobienstWlO tych redepooowanycil ami urgOOskich do ta-
~chze ~ ' serid ,-wderehowej .Tattr. _ 

Na podstawie ,anaBdrLy,f8!Cjalinej wapd_ murailsldch sugeroW9flQ'jest Illczn08c 
paleogeog,raf.i.cma jednost:kli H8IWIr\!IIIIII.a :z eetiill Dru7Jbak6w na Spisr.u 0l'8IZ, byc more, 
.z Ilajbarlclrr.iej ;po}\ldDiowymi seriami ~enI.flek:ieeo Pasa Skallrowego tsukcesja Skal
kl Hallgawdeclkdej). 

W ~ iPalrumtolog:iczmej ~ 9 gattmk6w ilrOdlzaj6w amonlit6lw tyton
aklL!:h, a. 8 z .nich. rz:i!lustrowam. . 

- .Fauna amonilfnwa dolinejklredy 'sldada 18it: :z-fonnwallamyl'lskiclJ.,hatery~h 
i hal"remBklich, Z .k.t6rY'Qh:14 ZOIrtlalo qpisaIII:ych, 18. 7 rllilustrawanyeh. ~c okazaw po
cll"C:lQ.zi -z kOlekc)i Vjg.i1ev8 ri Pasendorfera, ~e dotychczas me byly 'Szczeg6lawo 
oplsyv.wle. -

PTa.cownia StnJt'Y(19'afi,i 
. ZakZadu NaukGeologic%n'Uch /P.AN 

(J2~089· W'ar.szawa, Al. 2'wirkf i Wluu2'1l 93 
WarBza:wa, W · liBtopadzie 1973 r. 
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