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Interglacial Mindel I/Mindel 11 in fossil~bearing 

karst at Kozi Grzbiet in the Holy Cross Mts 

ABSTRACT:' DeiPosd_ filding 1Ibe ancIi.ent cave ~n the Devoo.ia.n. ldmeatones at the 

KOZIl Gnbiet HiW dn II:be Holy CrOSB Mta, Cen:troWl Polal::ld, ICIOIl8iis.t of. u:ed sands and 

clays be1Dg redeposited waste fj/. Ithe Bun~. The top ,pull; at the :red deposits 

has been reworked by · periglaclial processes, eroded end ultimately covered wlotb 

brow:.. cave loams cont:amlnl if~, as weJa 88 ice-tramported material derived 

from deposits ~ rthe Mindel 1 G1acl8lUoo. The overlying glalCfdllurvt1e.l sands are 

attributed !to the l\I:indel 11 aaaelation. IRidl vertebrate and sn.ai1 fauna, COIIl'taJiWng 

la )ftmomtlB .avim, PUomt18 1enk4, DIcroBw.nll:J! Bimpl~ct07', Lemmua a.p., UrBUs 

deniqe7'i and Helkigona banatlca Indicates aeve1'l8ll climatic pbases dW"iDg depolfitbm 

of caVe loamB, and'prqper interglacla!1 coodlUiaos. These COD.~ 8I'e indd.cative of 

the aisltence IQf the iIIwJo separGte glacaItiIoos. M:lDde1 I and MiDdell1, Iia:L JfIhe tenr.I.otcry 
of Poland. 

INTRODUCTION 

A karst locality of Old PJeistocene age, very rich in fossil remains, 

was discoVered in 1970 at Kozi Gr%biet Hill ,by W6dkowskli. (1971). Exca

vations have been in pl'OSl'ESS here since 1970 tili 1974 under the manag

ement of Professor K. Kowalskl fpaleontol~) and Dr. J. GJazek (geo

logy). About 10 flans of bonEH>earing cave loams were excavated, washed 

and sieved. The whole, very rich paleontological mater:ial is deposited in 

the Institute of Systematic and ~enfal Zoology of the Poldsh 

Academy OIl Sciences, m Cracow. The first results of paleontolO8lcal 

investigatlions (Black & K. KowaIskl. 1974, K. Kowalski 1975, K. Kowalsld 

in: Bartolomei & al. 1975), as well as a pre1hndna ryreport on geological 

investigations (Gbzek, Lindner ,& Wysoczailski-Minkowicz 1976) hiave been 

publdshed recently. The aim of this paper is to discuss the geological 

setting of this locality, the age and development of the fOSBi1 karst. 

The local!ity Kom Gubiet is situated in the, south-western part of 

the Holy Cross Mts, in the norrthern ldmb of the Ch~y airticline (Fig. 1), 
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where Devonilan carbonates are exploited in a series. of quarries. The 
investigated karst form appears in ·the northern wall of the abandoned 
quarry at Ko2li.··Grzbiet (pI. 1, Fig. 1). 

Fig. 1. Location sketch of karst bone-bearing :localities in the Holy Cros~ Mts 
1 axes of ma.in antWelines, J axes of main syncll.nllll 

Bone~belll'l!llg karat localities: 3 IP8'leoDtologically documented, 4 r~ted. 
5 toWll6, 6 Mghways, 7 Il'ailroads 

The o1llly detailed geolQlgical m~ of ·the dd&cuseed m'ea was pul:lUshed by 
CZ!I,rnocki (J.~8)~.A generai evolut£bn of the region was discussed rl'!c~nt1y by Kutek 
& Gl~ .(.l,V12); ·aJnd the ltectOm~ of the n;earest vicinity by W. :R. 'K'Owa:iskl (19'l6). 
T·he Quaternary' hiStory of the area is preSented by Lindnei & W. R. lKoWaaski (1974) 
and. lindner (lgf7); The tfossiJ.ttarst of 'the :re~ was ~subject of MajCbert's 
(1006) ~ .. ~d .tP~ karst .processe.$ :weo:e oddec~sed by G~ek i&\'M~kowiez-LGhd;. 
nowi<no;: (19·73). 

Ac"nowZedgements. !!be !gealogioal IinvestlgM!i®s at Kozi ·Grzbiet were sup
P9I'1ted by a r~a~ ·gmnt fr<m -tb.e Oomm.1lttee of '!the .Quaternary lReS.earcll. Pdlish 
i~-caod'Emiy . of. .ScdeD1!es. The a-uthQts are ~depted' ;to W. R. KoWalskl, M. Se., J. Le
'wandowski, M.' Se. for their help 'in fie1uwor'k:s and Z. Felt, M: Sc. for chemical 
'analysis (all !f·rom the .IlnstIltute of Geology, Umversity of Warsaw);: toDocent 
K. SzpHa far .DTA and A. Barczuk, 'M. Sc. Ifo.r bea\'y mineral ana;1.ysds . .'~~ In3tJiltute 
of GeocheUiistry, Miner.aJ.ogy end P.ography, tJmvel1P£ty of :Wusaw); to Dr. 'Mo 
Stftl)nieWEkJ. {State GeQIogi'l.."al Survey, WKB&W) !fOIL' X""l'ay analyais and 1lo Z. Jonca. 
M. Se. (Institute of Geolog~. Polish Academy of Sciences, Warsaw) lfor ~aoulometri<: 
analysis as welll as f<li" 'F; Cl and P20s determlnations. T~ authors expi.ess aho their 
gratitude to Mrs. E. StWlClr.i.ewi-cz, M. Se. and PrOfeSBOl' K. Kowalsk.J. (both from 
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Institute of Syatematl1:' all!d E:x.perimental ZoologY,Polish Academy of Sciences. 
Qrsoow) far dn!formatlon on the 1'eSults of pal~cal Ulv.esUgatiOO6 and oolla,. 
boIre:tllon durlng the ;field investigatiOlllS. 

GEOLOGICAL SETTING 

The oldest rocks oropping-out in the ar-ea are shales and ~ltstones 
with sandstone intercalation of the Lower Cambrian founing the dmpiric 
core of the Ch~iny anticline (Fig. 2). These rocks are generally unresistant 
to denuda'tion processes. The limb;; of the Ch~y anticline Qre blllilt of 
dolomWtes (EifeJian-Givetian) . ,and lJimestones (Givetia:n.:Famenni'an).' The 
thick':bedded limestones .(biosparlotes) referred' to the Givetian (?), ' are more 
resistant to the denudalili.on processes and therefore theyfurmelevations. 
Further on the anticline limbs there occur clays, siltstones and sandstones 
of Buntsandstein; they are also wnresistant to denudation. 

S 
Misdzianka 

N 

Chpcing ' Anticline 

Kozi 6rzbiet 

240' 

§§ 'II53< ~3 ~-J~ ' f~~~y!~j 5 'ffiJill6 . lf~~~~.~~:~j ==U-'Za' 
. Fig. 2. GeQloglcaJ. ~:-~.ctQi through the ~ozi Gtrzbi'etH{.l1 (bm'ebole8 are indicated) 

. i ca.mbr1a·n .baleS, 2. iDevaman 'd1meailones, :I BUiLtIiIa~ IIImdltoDt!. 'end '8h-aiea 
<:!raeovtan ~ndel) Glaol.at1on: 4 ' glaclfiUViLlil &and." 81J.ta eDd l1mn1c ·'dan, ··,. lfiuvi8l . and . 
• laocWuvial sandll an.dgr.avels. B tU1ir of maximal Btadiel (G 11 ma:I:.), .7 gJ.aciflUIVlal ~4s. 

8 kam forms 

The KoZii Grzbiet Hidl ds fOrmed ,by a limestone block Wlith tectonic 
contacts of the Cam.:brianshales in the South. and :auntsimdstem .. clays in 
the north; limestones are dipped to NNE c 50°. 

Since the Laramian rise of the Holy CrQ'3S Anticldnorium (cf. Kutek 
& Gl:azek 1972) denud:amanal processes' have started, the morphologic 
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inversion developed and ,the Paleozoic sllIbstrate was dissec.ted by num
erous valleys. These valleys were .buried under 30-40 m thick Old Ple
istocene deposS.18 before the maximal stadial of the Cracovian (Mindel) 
Glaciation. Dmdng this glaciation, the marked. hilb~ along the Idmbs of the 
Oh~ny anifl1cline stopped the' licesheet and in effect, an oasis surrounded 
by ice and sheltered. by those hills WIBS formed. The oasis walS filled up to 
320 m a.s.l. with siJ.ts and sands (Lindner & W.R. Kowalski 1974, Lindner 
1977). Subsequent erosion and sedimentation during the yoUnger Quater
nary is out of scope of ,this paper. 

The Devonian lim,estanes at Kozi Grzbiet Hill are strongly karstified. 
Karst forms are filled witth red sandy-clayey deposits andlor brown loams 
and sands. The investigated sIote represents a fragment of cave filled with 
both the red and brown types of deposits. 

KARST SEQtmNCE .AND ITS INTERPRETATION 

SEQUENCE OF CAVE SEDDIENTB 

Durdng the excavation 5 lithologioal units were recognized in · the 
sequence of UDCOnsolidated .sedim.ents fdlling the discussed karat form. 
These units, as well as the samples representing them, were numbered. in 
descending order acoorddng ,to the progress of excavation (Fig. 3); some of 
the units were divided into layers (a, b, c ... , where a is at the top of a 
divided unit). 

Umt 1 consists of yelJJow fine sands wd.th limee.tone blocks 8IIld tlO'WlStooe 
debrds (Fig. 3). The sands reveal t'8ogeo'1;laa 'be~ :ID the ·iower par.t (Pl. I, ng. 2), 
wher-e8B Un Itb2 top parit strati&:atloo. 4s not iObserved. Aloog the limestone blocb, 
1he ISoaDl!ds are I1'eddIsb iIIIld emricbed 'WWl cOay ~ aad deal a5des. 'Tbe sands 
dOo.tam an admIoldture of lrarlIinrlrred ofeloc:llsp;n and a very dWenif;led beavy miiIDeral 
.a8lciatJloln. These IIi8Ild& are ~ ~uriaIl depoaLts, ilaid dowin· IiIn CCIIlidUt/.OnB 
of relaf4vely tranquil !flow (!IIine eradDs. 1a.Diential ;beddmg). Rock debr.Is thiat occur 
in 'these sands were deriLved frtlm cave waIIils 8Ild roof. The lower P8lIt of sands 
remains UIldisturbed. 'Wtl42st the ~ pari m deprived at lJedd.jq md more easily 
weathered minerals due to the periglIadal and sdl formJa,g procesa8lt. These proces
ses aecotmt !b- the preseoce of sOil <.'ODCleIl'IIr8f40n of caa.cium earbclIIla-te aod hydrat
.eel iron oxdde - clayey bands: around limestone blooks. 

U:oIlt 2 represend;s l!l'aDdy roams WIi!tlh 'boDes, Bnen eh., smoothed debrds of 
limestones and flowBtooes (pL 2, ng. 1). :There are numerous debr.lll of IW'~ ~ 
-cl'16talline mow.rtoo.e&, wM1e l'eddisb ldOarSe-crystanine flow8tone debr:ls are scarce. 
The loams CClIltaio over 5f11/, of clay and &i:1t irad:4JoDs, wfJUe the COIltents of .psam.
miMe plli'llliales ila of !the order af 10-15'1/0. Calcium cadlona1ie contenlf; 18 17-19'/0. '!be 
heavy min.eTa1 asaoda1lion. is simdllatr as m U:o.it 1. Similady, the laaolindzed fe~s 
occur apa:rt .&Icm quartz. The X-ray di!flfract.ioo studies ;revealed, beSides quartz and 
ca!lclte, some &medlii:lIe, kaolilldfle, !IJMe IIIIIld feldspan as subordinate oompcmentts. 
Th-is Unoft repreeents typioeaD. cave 10ams commooly encouotereci iD Quatemary 
ffWoilS of .caves ;In the Central 'Po1lb!h Uplands (cf. tMadeysJm-Nilcle'W5ka 1969, Ma
deyska 1972); INch loams ~ oonnected Wlitb warmer periods. 
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Properties of the sediments in the locality Kozi Grzbiet 
A - Cross section of the cave sequence: 1-5 umts and layers (marlred a, Ib, c) desor bed in the texrt, 6 C8l'boIlate coccretliOlll8. 7 ftOW&tone debris, 8 preserved 

fiowa.tone on alIVe walls (. stalagmite), 9 llm£stone bJ.ocks :in caVe sediments; 10 cave waI!Is; s:qI.JiaIl'eIt - ~ otf &I8IDples 
B - numeration of 68rDIP1es 

C - chemical composi.tion of. samples (in weight jpel' !Cent): 1 .calcium carbonate, 2 other soluble components, 3 woluble cOllXlpmenJl:a 
D - granulomeol:zik composition 

B - heavy mdnera1s (l.n V'Ol. per cent; ~e amil\JDldete.rmlne mfDerads OOI4tted) 
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Within thls UnVt; dtmlng the fIeld investigatio:os 3 layers were distlngu.i!Shed 

which sligh'tiy differ as 10 their collar, and disbr·iIbutlon of rook: de'bris IIJIld aoIllimal 

remnants. 
lLayer :kJ ;ye,lOlWUJh-br'own in color; :J.t contillllns 1IM811 bones and snall shells, as 

weU as · DUIIDeI1'O\II «Iebrill of UmestaDea and tlowatones. Layer Zb II marked far ita duk

-brown color • .In tbis layer _Bel bon .. occur, but lImetrtone a·nd flowatone debr18 aTe .leas 

frequent and more PlOOthed tbaIn in layC!ll" 2/1 and Ic. Sui Jhelll, too 0ICcUr In Ulfjr layer. 

,La"er Zb in tile ~ paIr,t (irJCht in fig. lA) 11 m1%ed witil the 1Ile1ahbollrQ la;?el'B by 

altdIaC. lLayer Ic dUfen from ~ layers by ita 11_ brOlW.tl co1or. pre8ence of larae 

IlmeetoDe bJociD aDd. .Kca of tme-'Cl"ystaUine f~tane crusta. ThfII layer contain. numeoroua 

relDDllnU at laIWe mamm:alll. lWbile .nall ~ 1II'e .JackiLDg. 

Unit 3 coosists of obrecciated cherry-red clay whicl1 is composed Of (:l",umbled 

and distorted small pieces of laminll'ted clay. It contains searce smoobhed limestone 

debr~ and kDobby oonoretkma of caD.clium carbonate together wdth clay impurities. 

The ~1mten.t CODIlists c 99"/. of elay-grade ma'ber.fal wMoh includes kaolinite, he

matite and verm!eulite. Sand grade oChrtrital gab conaist Of well rounded quartz. 

The !wavy mineral association is sma'Jil and undi!tf.erenUated. 

This Unit resembles the underJydng thJ4t 4, :but ddfters from 'it by 'b'recciati<m 

of clays. presence of .vermicullte and i10wer content ·of sand-grade fraction. Probably 

Unit 3 It'epresend".e the top, more clayey ;paa1t; of ~ chen-y~ed clay-saDd sequence 

(Unit 4) altered by weatberUlg processes. Vermiclillte might have orig.lnated from 

hypergenic alteration of layered silicates. Breooia1lioo may be elCPladned 'by frost 

aQtJon 'be!Qre sedimentation of overlydng UIDit; 2; 'at 1he _me tn'lne huge b1locks 

could tan !ftrom the cave roof due to ikost lIldion a'nd ,be subsequently covered w~th 

sediments of the ov~g 'lJiDiit. 
UIlit 4 eonalsts of a set Of ttbdn layers !Of ch~ry-.red cf.:ioe-gra.i.ned clayey sands 

and sand,. c!lBYSj these depJlfLts are sagged and sliIlItly s.Ud to the axU Of km'et 

form (cf. P.l. 2, Flog. 2 and Text-:fti;g. 3A). "he clayey in'te:roaOatiQ1, of tbls Unit ccmsJats 

of c reI. of IOlilY-68de malteriiai, 5'1, of sU~ade 1!raaldan 8IDId c 4(111. of fine-sand, 

W'hire tile sandy intercalations COIll8iIS'tl! Of. c 3fl'1. of ele.y..grade fractWan, .and 6O-'ro'/. 

of fine I58Dd. 'Phe licht fraation ibeside the dlminant quartz contUns klllDl.inized 

fe1dspa:rs and s.illeeous rook f:ragments. '].'!he heavy ·fraction COIIItamsma.r.kedly less 

of easily weatbered mlinera.lSi. Olay...g:rade :m.aIterial cOIlsis;te predomflnantly of ltaoli

nlte, wtrtib emalll admi~\U'es of mite and smect:lte. The c:berry-l"ed aolor of aedlmen ts 

is c:aUBed by h1gb hema.*e CoM:ent& The eedImeDts aoatain sparse debrds of coarse

-crystalline il'eddi8h 4owstooe and amOOthecl Hmestooe debr.1s. Moreover. there are 

-:: 11akes and slabe of brow:n4Ih-yeUow clays, that had originally fiHed the cave end 

cOllSti:t1.lted Ithe underly:ing umt 5. 

Uthological ttlf.ferenUation or nDit • ea.abled to dilUnaullh lIeV'.al laJ'8l'B clur1nc 

field worGuI: 411 - 8B'lIdII with cia,. f.ateI'caIadom In tbelr upper CIRri. tile ola,.. COItIIMDiDa 

alIIo cSeiIIn. Of corroded cOlllWe-cr,.u.IUne floWIrtIcm. aDd ..... 0UIIldlnC J:lmesllcme8; 4b - -ndy 

cla,. wWl interCllilatliOn of cla)'ey la'IIda: .c - claye,- II8ftdB wHh l~ a1 eber17-red clay. 

debrUI oi ~ aa4 ~ OcnusIlO--. aDd carbonate ~ la the 

mid4le or 1bJe la,... flskeIr and _b8 Gf 'bl'OW'.llMh..,.dow cla,. occur which comtltU1e Umt If 

and.are also ~ed in a Diche on a cave wall (Cf. 1'4c. IA); Id - a ~ ,toa,gue of clays 

1deDtical with the UDderl~ 1IDlt, cover1Dc me ~ mvell;llaH4 eecUon of the CAve. 

rn tb_ Cola,. cutJamlte CODCre.tiODl a180 oceuT; H - cherry-red cla)'ey llIiDIdI w.ltb ~ate 

COnC'l'etl.Oin& 

The deadr.1lled eet of la,.... w1tb tile ezoepUcm or layer td. reeemIb:lee Buntaand8ile\.n 

deposita of the BoI7 CIIC* area. ThiI UDlt W¥IB formed by redepoaLt!on of BuntAndlrteln 

waBe 1DIO tbe karst caVerDlJ. 

Unit 5 conars.ts of browndsh-yeUow clay.s WIfth eal"booa<te cooaretliOllS, oorroded 

limestone debris and ileDs.es of cherry-red clayey B4md :resemljting dlhe overlying 

unit. 'Ibese clays £ill the lower pari of the mvestdgated -cave fl'lB8ment, and a oiclle 

on the western wan of this cave at ·the boundary between layers 4!b and 4c. and t'hey 
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form .smces and Itcmgues ,(e.g. layer 4d). The ilatter had 'proba'Qly sUd1lrom. the cave 
walls dudng sedimentatian. of the overlYing umt. F'irst appeanmce df &Liding proces. 
ses caused also thr ..... esence of Il"ed sand Q.ense in the clays , of Unft 5 (cl. 3). These 
clays <XlID.sdBit predOlltlflantly of clay-grande materiBll {85-9511/o) with sUt admixtUl"e, 
While the, sand fraction is often laC'lcing. The lieht fraction consists oruy Or : quartz 
g1"alos, wnereas heavy fnre1don tOODSists <if small quanttties Of zircon and t.ourmaIline 
(qes~d~' ~ron~ydi-ated ox.ides and cu:'bpIl1aJies). Genenl!ly, ,ihiB clay cionliists "of 
kaollmte :with admixtUl"es, of, smectlte, Wte, quarlz,bematite aI\d~oes Q.f hydDated 
oJddes of iron a.n:d alumi:nium.Th~ mioeratl. composition of. cieys is, Very close to 
that of the residuum of lihe Devondan il~m:estonoes in this area (cf. MaJchert 1966. 
F'Lg. 6); the elays therefore may be kea~ aB ,a residuum of Devon:ian ll1;nestones. 

OTHER OBSERVATioNS 

'lJlmestone wa!Us of Ithe dnvestigated :cave ' we corrod,ed ,and partly covered 
with .reddish ooarse-Clrystamne fdowstoo.e; even if 6talagmMe (s .in Fig. 3A and PI. 
1, Fig. 1) ~ais.ing from rthe flows1lOine oover 'Was pr.eserved. The' floWiPton€' rarely 
ooeursin sitll, butt dn Umts 1-4, it aupplied many debris. It is ev1dent that eoane
-cryetal1ine ,ifl0W6toneshad 'covered Iflhe cave before or 'dU!"q the sedimen·tation of 
Unit 4. L&ter, after !the depos'illion Oif Unit 3, flne-'CJ:ysta~ White flows:toDeswere 
formed, as their f,ragmen!ts were encountered onily <in Units 1 and, z. 

In Itbe desordbed sequeo.ce of ' cave deposits. :there evidently occur biiatuses. 
connected with erosiOn Of older cave formaifliOlDB, between deposition of Units 1 end 
Z, Units Z and 3, and probably a'bo between Undf.s 4 and ,5. 

Pr.!mary sedimentaUon Of UniIt 5 WQS aooompantied by deep karstifieation of 
the' Devonian llmesfnnes and :ij had probably taken place in freatlc co.riditioris. 
Depoe.ltion elf clle.rll'Y-reci clayeY-.l!ahdy' sediment&. (thldof; 4) took place later and it 
~.8'S connected wh" redepomtlon ' of ' older bnt se01ments. (Unit 5) and· ~d 
'With material from Biiwandstefn ,~ weathered on th~' sU!l'face. ' The ordg.in 
of Unit 3 is more complicated:' prdma;ry sedJ:meotation of clays WIiIs the f.inel stage 
of sandy-.:.ctayeYs.ediDientaltloo. ~t 4),lthus' bobh Of these UIl'its were deposlJtedin 
one s-edimerliary cycle, proba'bly in oo:n.c:1IiIblOos' CIf a pe.rdodlcallY ~J.OIoded cave. Brec
ciation of 'the clays' "Of Unit 3 wss'"Com:teCted Wifll erosion and may be~xp1M1led by 
fr,* '~ under ~.f,glac:i8i conditlOiis: durlng an ,older: gLaailtiOO stagfy; ~ '~Bil 
evide:Oi!e' OflpeirJ.giadaf ~ons at this1lini:e may ailsoserW huge bII.oclGii :M: ~f:me
stones' tb-af'occur 00 the 'bow;ldary ibetWeen :Units 3 oand 't. ·The latter' Un!ot 00n'tlm'S 
Ei rich suiJte of heavy minerals and many , feldepal-gI"alns, rem8rk:a~ for glacial 
deposits af this aroea. Cave Wams were, depoeited by percolating wate:ra.tn 'vadous 
. conditions. "l'hese: uO'iuns 'c~'1oca1 lhar'S8 ma1erliai1' (ilirieslXJneand fLoowstone de
' fir~) , ~d: AH~-san~ firade mat~8\l of ,giacl~l :prO\!,.enie.nce' w~h , was tra'neported 
' from th~ ~w:fa.ce by ~g watem~ II?'resenooE! Of a:n.imaa ~aDts in :q.nlit 2, ena'bie~ 
precise biostl"amgrapbic and chemical (cf. Wysoczailski-Minkowicz1969) dating, as 
well as a 'determination af the climll'tic oon<iitaons. 'Durdng tli~ d~tkm of the 
loams the C8JVe must have /been partly' qm~, ,Ss rt:he fOll"eat snail shelils OCCUT dn 
the upper pa.r't Of loams flOO1'1on. Sands of Unrit 1 were depoeiIted in the destroyed 
cave as '8 l"esu!lit of the .inflow of meLting waters from the tce-&heet. 

Red sandy-clayey deposdts were found 'by boreholoes 20 m below 1!h.e bottom of 
the quarry at Kozl GNbiet (cf. Fig. 2). Plrobai>ly the development of these caves 
was controlled by the valley maised .in the Cambrian shales, and buried at p!reaent. 
It .is possi.b1e that the karst channels. had ar~d before Itbe final overdeepdng 
01 this buried vaU.ey. '!be ove:ndreeplal,g fiOODlIs. !to have follOwed dromedilately belf«"e 
·the fkst continentalglaclation (podlasian. Giinz), as ran the bolitom of the vailo.ey 
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peri.glacii1'J slope deposits of GilIl.rL age were found 1(Li-oonet & W. R. Kbwals.ki 1974}. 
The syqenetic cao:bona·te ooncretloos ' of Um.ts 3-5 oopsist 'of eaicium C1l1'

bon.~ (S~6(je/.), undi6SOlv.ed matter {Clay'.and sand·: 30-400/0); and rularly l(J1l/o of 
diss'oJ,ViDg hydrated oxid·es. 

BIOSTRATIGRAPRY 

Cave looms (Unit 2) contain vertebrate and snail retn.n.ants, of which 
the vertebrates occur in ~ach ' of . tb:e distinguished layers, . whereas snails 
appear :in layer 2b and they ~ most comnw.n in the lower part of layer 2a. 

. Very . rich snail ··fauna ooDsistis of over 30 co:n1linenta!l. species. Among 
them Helicigona banatica (Rossm.) and numerous Clausilidae species in
diCate warm and wet mtetglacial c!Li.mate, as well as deoiduoUsforest 
envir.ontnent: (E. Stworzewg.oz, letter information, 1976). This fauna ' .be
loogsto hygrophdle 'association of the culminating interglacial periOd, de
noted' as Banatica fauna (Lozek 1961). Thia: fa'llna is oonsideraibly More 
thermophilic· and more hy,grophdliC than the recent fauna "Of this area. 

V~rtebl1lte fauna is rich and' dncludes large ma'lllttla1s, La: U'I'SUS 
deninge'l'i v. Reicbenau, suids and cervids (K. Kowalski 1975). Numerous 
micoomammals we·re partly descrd.bedor determined (Black & Kowalski 
1974, 'K; Kowalski 1975, K. Kowallsk:i. in; Barrolomei & a!. 1975). From 
these ' pa~ the following list of taxa so far determined may' be cited: 
CitelZ'IJ,S poZoniC'lJ,8 Gxomov, Peta'lJ,'I'icz, sp., DiC'l'ostonyx simplicior Fejfar, 
Lemm'lJ,s sp., Pliomys lenki (Heller), CastO'l' fibeT L., Glis with' interme
diate character between G. glis .(L.) and G. 8ackdillin.gensis (Hell.er), Mus
cardinus sp., Sicista sp., Mimomys savini Hinton~ Clethrionom'ys cf. gla
'I'eol'lJ,8 (Schreber), Pliomys episcopalis Mehely, Pitymys gTegaloides Hin
ton, Pitymys a'l'valoides Hinton, 'Mic'I'ot'Us ex gr. "a'l'valis (Pallas), Mi<;rot'lJ,s 
ex gr. oe~onom'lJ,8 (pallae), as well as various amphibians and reptiles 1. The . . . . 

so :fur. determined vertebrate ,taxa !indicate the Cromerian age of the as-
semblage, as stated by K. Kowaiskn. (1975), who regarded it as Early Cro
merian. However, the presence of PZiomys lenki (Helier), the species which 
appears in :MJddle EUil'ope during the GiinzlMindel Interglacial, aB well as 
the presence of Dic'l'ostonyx simplicior Fejfar, the species which appears 
in Bohemda since the maximal phase of Mindel I (Elsterian 1, CracO'Vdan 
1, G 11-1) Glaciation (Fejfar in: Bartolomei & aI. 1975) seem to indicate 
the Late Cromerian. . 

It ds generally underStood that ,the Cromerian Interglacial was dis
tinguished on geological and paleobotanical data, although for the Cro
mman ,type locality in east England PaIeobotanical data are not colnplete 
(cf. West & W!i:lson 1966, MitchelI & al. 1973); stratigraphical investiga
tioris show that the so called "Cromerian complex" cove!'S no less than 

1 This herpetof,a,una liB recently elaborated 'by ,P·rofessor M. Mlyna·rSkl: "New nGtes 
(In the lPl:lceene end IPlEUtocene .berpetoflMlna of PoJia.oo" - Act« ZoDt. Cracovtensia, Vol. 212. 
~r8kow 19'1'1 (in print). 
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two cold phases and three warm phases (Hammen, Wijmstra & Zagwrijn. 
1971). More complete sections in the Netherlands enabled to establish, by 
meaDS of pollen analysis, three interglacials (Zagwijn, MontJirans & Zan
stra 1971) between Menapian (Giinz) and E1sterian (Mindel). Moreover, 
in the Cromer area mammal fauna 3s scarce and mixed I. For -these reas
ons the correlation of any "Cromeman vertebrate fauna" with Cromerian 
type locality is doubtful. 

The presence of Lemmus, Dicrostcmyx simplicwr, Microtus and Pi
tymys gregaloides in the investigated fauna is distinctive of cold steppe 
climate, Whereas Castor fiber, Clethrionomys cf. glareolus, Glia, and snails 
are indicative of wet deciduous forests. The frequence of arvicoHds in the 
successive layers (Table 1) leads to the conclusion that .in layers 2a and 
2c the forms of cold steppe, whereas in the layer 2b the forest forms are 
more frequent. Such 6 differentiation of m1cromammal frequence indica
tes that the whole Unit 2 represents a warm phase antedating the maxi
mal phase of the Mindel Glaciation, and layer 2b corresponds to the cli
ma.tic optimum of this phase. 

Table l ' 

Frequency (in per cent of popula!tiOln) of Arv.iooHdae in layers 2aj 2b &!Dd 2c at Kozi 
Grzbiet (et. Text-:Ug. 3); based 00. data presented by K. Kawalalrl (1975) 

Species I Layer 2a I Layer 2b I Layer 2c 

Mimom.lIs cl. savtnt 6.0 7Jj 8.2 
Cl.ethrionom'lls cf. gwreoZus 41'.B 86.1 20.1 
PIliomllS cl. ZenJd 1.4 1.5 -
PZiomys of. ephcopalts 7.8 U 3.5 
PitllmllS gregaloedes 8.7 6.S 8.0. 
Pittlmlls arvaloides 5.11 1.5 1.9 
Microtus ex gr. oeeonomus :n.8 4.6 16.4 

. Microtus eX gr. a,."alts 0.9 38.3 44.0. 
Lemft'Us sp. 0.9 0..8 -3.1 
Dtcrostronyx simpUciot' {I.9 ~.8 2.B 

Nl\llIlber of specimens MU 133 9118 

CLIMATO-c.HRONOSTRATlGRAPHY 

It is widely accepted thart the QUIa-ternary may be subdivided by its 
climatic fluctuations (R6Zycki 1961, 1972; Mitchell & al. 1973). In general. 
such fluctuatiOJlfS are reflected by the nature of the deposits descr~bed 
here and, in Unit 2, by the included animal remnants (cf. Table 1). 

JI See SU"l1CliItiTE A. J. 11: IKOW AIBKI K. - IPlelltOCe\lle ll'Ode.n.ts of the Bri1i!1ib lilies: 
Bull. Brit. MU8. (Nat. -HWt.), Geot., Vol. ~,' No. 2, 311-<14'1, LondOn 11'18. 
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Aga!ins.t the unaati8l:factory IrUUlt.s. cl!. fluoidne-apatite, cJ:dol'ine-.acaite and 

col1agene methods used separately for determination at the absOlute age of fossil 

'bones, a complex method Was prOlpOsed (Wyaoczaru.kl-Minkawicz 1969) and applied 

to Pleisltocene 8lIld Neogene ~ materials from dIlterentt karst locaMtIes with vesry 

prunlsfng results twYllOC2!86s!d-JrDnkoWliez 1969; .B.6iydd & Wysocza68ki 1969; CRa

zek, Suliimski & Wysoczamrki-Mfnkow'lcz 1976; GJ.azek. IJndner 1& Wysocza6ski

-Min·kowicz 19'16; Glazek. Galewsk:i & Wysoczmskl-Minkowlcz 1976; Glazek. SUtlim

ski, Szytlldew.icz 1& Wy8DCrH6sId-.l\4!lnkmv:iaz 1976). The mefuods were diacussed in 

earlier paipelL"'S (WYSOlClZ86s'ki...MdnkO'W!Lcz 1969, ROZyckli & Wysoczailskti 1969); it wu · 

found"\thert the :tl'llOlline and oomroine contents ~n fossLI bones depend principally on. 

peleohydrochem1clli1 ellivironmeMs and are geoerally .reciprocal.· 

V-tiUE6 of the FCUP age coefficient obtained !tor bones from looalitiea with bJgh 

, conltent of CaOOB and lafw alcaHne sedimentary enNd:ronment (karst depos1!ts) are 

lower than those !!loom l100aiities deprlved of Caco, an-d with aiaid en'V.i.roomenljs. 

(peat, fluviatile depO&its. lOess). Nlareover. the values obta.ined I.or bones diUer mar

kedly from. those obtained Ifar teeth. Dur.i.ng prolonged investigatdans and after 

im.'pl"ovements in imeasurements techndques, num.erous values o! this coe:ffJlcieat were 

obtadned :for 'samples taken .from the Miocene up to Recen,t. "lbese values for /the 

bonal ;from karst ,locMoJJties were !plotted ,by WysoczaDski-l\4Iink.owicz (1969, 1975) on 

a lIra'H-IJogarithmicctiaeram, and as a ores.wt a cUrve :illustratlllgthe s-teady 1nocrease 

of the FClIP .coe'fticdent 'W'ith increasing age of the samples was obtained. This 

curve was correlated With eeoiQgicall and Tad30me1lr4c data and thU& it enabled ab

solute age determinaticm. The confidence Um.its of sllch age· detennination for 

LaJte Pleisto.ceoe boDes .is c 10 000 years (R6Zyok.i& Wysoczaiisko. 11969), whdole for: 

Early Pleistocene it is c 100 000 yeaTs. 

The age values as well as the initial chemical results, obtained fo1"' 

samples from the Kozi Grzbiet aN! given in Table 2. The age coefficient 

FellP range5 between 1.01IBnd 1.28 and points to the period between 700-

550 ·10· years B.P. (Table 2). 

The relatioo df the weigbt of lIJIi.neral QOJIlpOllents ,of bones and the loss of 

weight dur.lng one bouT burning in the temperature of c 8000 C was determ:ln.ed as: 

the oo'll.agene lliass coeftlclent (Wysocza:6&k.i-Mln:kowdcz 1969). This eoeffdclsn is cIa

se'ly dependent on c!lfmatdc cand.iltJoo'S durmg !fIhe sedime!1ltation. For bODes of 

oolder periods durdng Hnlocene and Plefstocerne. these values range fr.om 2.0 tto 

5.0. On Itbe contrary, the boa1es com1ng !Jrom the wa:rIDer periods of these epocbs 

have shown hJ.gher vailues cfrom aboUt 5.0 t<> 10.0. For older epochso (Pliocene and'. 

Miiocene) this bldicator .i6 tiways bi,gber than 8 and 'Varies ham c 8.5 in oolder 

phases to c 16 in the warmest Phases ~ysocza6ski-.M!lJnkowdcz 1969; mazek. Suldm

ski & Wy'soczaDB:ki""Md'llkawicz 1976; GJazeIk, Galewslkli & WYSOOi:aDskI.-Nmkowicz 

1976). This dEfP81ldence cleazily SIhaws (Table 2) Ithat bones taken: trom cUl.feren.t 

plaees !in the bone-bear.lll'i layel'6 at KOZi Grzbiet (Fig. 4) point to different cllinatlc 

,phases durmg the deposltlm of 'bhese laYeTs. 

The coIlagene loss coefficient for samples from the Kozi. Gr71biet ran

ges between 5.8-10.5 and it points to the interglacial climatic condi1ii.on .. 

Moreover, it is clearly visi-bIe (Table 2) that the bones taken from dif

ferent places in the bone-bearing layers at Kozi Grzbiet (Fdg. 4) point 

to severai climatic phases during the deposition of the bone-bearing 

layers. 
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:Fig. 4. Location Pi the anad.Y'led . ,bone samples (1-25; cf. Text-fig. 3 BIIldTab.1e la 
circled a:re .the. numbers of distiog,uished layers . 

The collagene loos coefficient aHows to distlinguish3 climatic phaSE 
during the sedimentation of· the lower layer 2c (cf. Table 2; extreme! 
cold in the lower part (2c, - sample 15) passing upwards in to the · Wal 
mer phase (2c.) and oool lphase (2C1). S}1ch climatic changes explain we: 
the coexistence of forest and tundra inhabitants in this layer (cf, Table 1 
layer 2b represents the ~cond warmer phase, and layer. ~a may corres 
pond to the beginning of a decline of the same warmer phase .. · 

CORRELATION 

.The whole presented materials prove that the Kozi Gribiet · cave 
l~s (Unit 2) represent the warm lint~rstadial 'bet\\;een· Pre':'Maxtinal 
{G 11-1) and Maximal Staddals (G Ii mu.) of the Cracovian Glaciation 
(R6iycki 1961, 1972). This interstadial was discovered in · Poland in the 
,Jasionka profile near Rzesz6w (Laskowska-Wysoczatisk:a 1967, D~br'aw
.ski 1967). In the Holy Cross · ar~, this intetstadial separa!f;ed the ·firsf in
vasion of the icesheet on .the norther·n slope of this area (Fig. 5A) frorn the 
maximal phase of the Cracovdan Glaci{lii~. (Fig. 5B) .. Duriri.g the maximal 
phase the icesheet covered almost the whole area, with the exception of 
the topmbst part of the hi Ills forming the nunataks(Lindner & W. R. Ko
walskli. 1974, Lindner 1977). Those nunataks were partly· covered· by the 
kame Mieclzianka sands (Undt 1). 

According to collagene method two wanner phases (layers 2c! and 
2b) and three cooIerphaaes :(layers .2cs, 2C1 and 2a) were. determined in 
Kozi Grzrbiet loams. The palynologically studied borehole at Jasionka 



ACTA GEOLOGICA POLONICA, v!oL. 28 J . G~AZE!{, L. LINDNER & T. WYSOCZAlQ"SKI-MIN,KOWICZ, FIG. 3 

The bone dating and climato-stratigraphic correlations of the bone-bearing deposits from Kozi Grzbiet 
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revealed, Under the Cracovian un (O II max.), river deposits with oxbow
-lake organogenic .intercalation (Laskowska-Wysoczanska 1967). In this 
organogenic deposits six phases of .vegetation development were described 
(DElbrowski 1967) which represent one sequence starting fromboreaI pine 
forest (phase A) through deciduous forest (phases Band C 1), mixed-forest 
(pbases C, and Cs) to boreail forest (phase D) and tundra peat (phase E) 
replaced ·before sedimentation of glacifluvial sands and gravels by a borea! 
forest (phase F). The whole section of Jasionka may be c<?rrelated with 
a part of the Kpzi Grzbiet sequence, vdz. with the younger warm phase 
(Table 2). Such correlation postUlates that at Kozi Gtzbiet a more -com
plete section of the "Jasionka Interstadial" occurs than in its type loca
lity. 

This "interstadi:al" was cot·related by Dllbrowski (1967) with 0lgod 
1 Interglaciai in Denmark. Moreover, ·fuis "Interstadial" may be corre
lated with Harreeskovian in Denmark, Voigtsted-Warmzeit or ,rSchlieven 
unteres InterglaziaI?", which occurs between Elster I Grundmoranen and 
EIster II Grundmoranen (Cepek 1967). In the Netherlands it seems pro
bable that the Jasionka - Kozi Grzbiet "Interstadial" has an equivalent 
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in Croinerian 11 between Glacial A and Glacial B (Montfrans 1971), nam
ed Westerhoven Interglacial (Hammen & al. 1971). As an equivalent in 
Czechoslovakia may be treated the "soil F i' from the Cerveny kopec (Ku
kla in: Demek & Kukla 1969). In the USSR, the equivalent of Jasionka
Kozi. Grzbiet "Interstadial" may occur in the IJubensk fossil soil which 
corresponds to the warm phase between the older and younger Oka I 
Till (Zubakov & Kochegura 1973). All these correlations are compiled in 
'l'able 2 .. Moreqver, analogous climatic ohanges were also recognized in 
deep sea cores (e.g. Shackleton & Opdyke 1973; cf. Table 2). All these 
correlamons are based on georogical and indirect palynological data, 
whereas direct paleozoological comela:tion is possible only w~th separate 
localities, usually representing a single necrocoenose. 

The presence of Mimomys savini Hinrton with Microtus and Pitymys 
indicates the Upper Zone (C) or "Niveau chronologique des Valerots" 
(Cha.J.ine & Michaux 1974). Among numerous karst localities in the Fede
ral Republic of Germany comparable in age are certainly the localities 
Erpfingen 1 and 3, Sudmer-Berg 2, Voigtstedt and SUSBenborn (cf. Koenig
swald & Fejfar in: Bartolomei & al. 1975). Interestnng analogies may be 
pointed to the excellently studied profiles in Czechoolovakia of Cave C 
718 near Koneprusy where the layers El-H8 may directly .correspond to 
layers 2a-2c, at Kozi Grzbiet and of Southern Chimeny at Zlaty Kun near 
Koneprusy (Fejf.ar 1961, in: Barlolomei & al. 1975); it should be stressed 
that Fejfar classified these fauna as interglacial. In Hungary, a similar lo
cality ,is that at Tarko :rock-ehelter (Janossy in: Bartolom~ & ~. 1975), 
and in the Younger Bihaxian localities (cf. Kretzoi 1961, JanDSSy 1972). 

The locality Kozi Grzmet s~ms .in general to be a lirttle younger 
than the older zones of "Nliveau Valerots" (cf. Chaline & Michaux 1974), 
as well as Sackdilling in FRG (cf. Koenigswald in: Be.rtolomei & al. 1975), 
Gomba.sek and Plesivec in Czechoslovakia (cf. Fejfar 1961), Kadzielnia 
and Kamyk in Poland (cf. K. Kowalski 1964, 1975, in: Baxtolomei & al. 
1975). 

Absolute ,age determination of Older Pleistocene depoSits is very dif
ficult. Outside the lolC damng range, the most reliably dated material of 
Middle and Lower Pleistocene age is probably the KtAr dating of vol
.canie rocks. But such data me scarce and pOOrly correlated With a more 
refined "climatic" chronostratigratphy based on the succession of cool or 
cold and warmer periods, as reflected ·by the changing veg~ation and 
faunal associamons, lithology of lSediments and oxygen isotope tempera
tures. "Climatic" chronostratigraphy may also be correlated with paleo
magnetic reversals and thus with "standa'l'd magnetic time scale" (PM in 
Table 2). Another method of "absolUJte age determination" was proposed 
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on the thermoluminescence of continental sediments (TL in Table 2). All 
these methods pave Irelatively wdde confidence limits, and the proposed 
"absolute age" for these same "climatic" chronostratigraphic unit based 
on different data differ markedly (cf. Ta,ble 2). The third of ,the authors 
has attempted to correlate the climatic succession with different "absolu
te 'age" determinations for the Quaternary (Wysoczanski-Minkow.icz 1975); 
a fragment of this attempt is here presented (Table 2) . 

. FEATURES OF CAENOWIC KARST IN THE HOLY CROSS MTS 

In ·the Holy Cross area, the last subaecial karstification period start
ed after tthe I...anunian upl:Uft of the region (Kutek & Glazek 1972). This 
period, commenced of the Late Maastrlchtian and stil1iastq has given 
numercus karst forms Wdth complicated evolution. Precise dating of these 
kar5t forms is difficult due to the lack of biostratigraphical data. But 
generally, most of preserved karst torms were formed and filled during 
the Late Tertiary and Quaternary (Glazek & Markowicz-l.ohinowicz 1973), 
after a iem.oval of e 3 km thick Zechsbein-Mesozoic ged.iments dur.ing the 
Paleogene (cf. Kutek -& Glazek 1972). This is confirmed by the arrange
ment of well dated karst forms in the whole territory of Poland (ef. Gra
dzmski & W6jcdk 1966; Glazek, D~browski & Gradzmski 1972; Glazek 
1973), as well as paleontologioal localities .in karst forms of the Holy Cross 
Mts known 'Up to now (cf. Fig. 1) which contalin Pleistocene fossils only. 

The oldest karst deposits at Kozi Grzbiet (Units 3-5) reveal no fos
sils, with the exception of ,those redeposited from older weathered rocks. 
Such deposits were found at Kozi Grzbiet in boreholes up to the level 
of 247 m a.s.!. (cf. Fig. 2). The level of karst caves WalS controlled by val
leys at th~ corresponding height. The valleys were deepened c 20 m 
during the Latest Tertiary and Early Quaternary. before the· Cracovian 
Glaciation (cf. Lindner & W. R. Kowalski 1974). The period of valleys 
deepening may be responsible for' the disturbances observed in Units 
3-5. 

At Kadzielnia Hili in Kielce, K. Kowalski (1958) described a mammal 
fauna of Early Pleistocene age (probably GiinzlMindel Interglacial). As 
the KadzieInia fauna WWI found in the bone-bearing layer of reddish clay 
with high content of calcium carbonate (K. Kowalski 1958), it is clear 
that this clay is evid~y different from the bone-bearing loams at Kozi. 
Gr.zbiet (Unit 2), as well as from Units 3-5 in this locality. The fauna of 
Kadzielnia is evidently older than that of Kozi Gr.zbiet (K. Kowalski 1975) 
and thus it may carrespond to ,the hdatus between Unit 3 and the Kozi 
Gr2ibiet cave loams (Unit 2). Similar in age to the fauna of Kadzielnia 
may be that one foUDd in red clays at Jaworznia (cf. Fig. 1) by Professor 
K. Kermack (cf. W6dlrowsk:i 1971), whereas other fauna found in karst 
of the Holy CrOEls area (cf. Fig. 1: Sitkawka - Czarnocki 1935; Raj Cave-
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K. Kowalski 1972, 1974) are evidently. younger than that of Ko;Zi Grzbiet. 
It is also clear that the red loams have been deposited before the Mindel I 
(EIsterian I, G 11-1) Glacial, while the brown cave loams were deposited 
since the "Interstadial" between Mindel I and Mindel Il glacials. 

FINAL .REMARKS 

The fossil karst at Kozi. Grzbiet in the Holy Cross Mts contains very 
rich fauna of Cromerian character which was deposited between the Cra
covian I (Mindel I, Elsterian I, G 11-1) and Cracovian II (Min~el Il, 
Elsterian Il, G 11 max.) Glaciations. It appears to be the first karst locality 
with rich mammal fauna in .Europe correlatable with glacial events of Ear- . 
ly Plei!rtocene, as the Bohemian localities were correlated with loess, while 
tills were encountered some tens of kilorn.eters northward from the bone
-bearing caves near Koneprusy. The Cromerian character of this fauna 
evidenced that even north of the Carpa·thians a fUndamental turn in the 
history of the Middle European fauna of mammals was cOnnected with 
the younger maximal glaciation named Cracovian Il (G 1I max., Elsterian 
11, Mindel 11). 

Generally, it seems that .the reddish cave looms in Poland are older 
than the "Interstadial" between Cracov:ian I (Mindel I, Elsterian I, G 11-1) 
and Cracovian Il (Mindel Il, Elsterian Il, G II max.) and ,in consequence 
also older than Mindel I Glaciation, Pecause ever since the Kozi Grzbiet -
J~sionka "Interstadial" all mammal fwnae in karst localities have 
occurred in brown cave loarns. 

Moreover, if between Cracovian I imd Cracovian Il "stadials" there 
was a true interglacial period, then ,these "stadials" must be regarded as 
separate glaCiations; this concluSion ·agrees with that· of Hammen & a1. 
(1971) and Fejfar (in: Bartolo~ei & a1. 1975). If the Jasionka - Kozi 
Grzbiet Interglacial had been IQ long'lastlng period of erosion, thiseXiplains 
why the traces of Cracov.ian I {G II-1) tills are so poorely preserved and 
~ay be confused wHh also very poorely preserved Giinz (G I, Podlasian) 
tills. 
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INTERGLACJAl.. MINDEL IIMINDEL n W STAHOWISiIlU KBA~ 

HA KOZIM GRZBIECIE W GORACB SworrOKRZYSKICR 

(Streszozenie) 

Plrzednrlotempracy jest a.n.aliza osad6w lWypemiajllcyeh fr~ent .znis2)Czonej 

jaoskini w WllP!em8ich odewonskti.ch na iK.ozdm Grz'biecie kolo Ch~n (por. :ffig. 1'-3, 

pI. 1 i 2). Na Z6M:YICh ilach rezidualnych leZll tutaj czerwone piaskl .I. ily ,s.t8illowlllce 

,redeponowanll zwietrzelinl: pstrego ;piaskowca, kt6rego osady pierwotnie przykry

waly wapiem.e dewoilskie. G6.rna rcz~c tych osad6w jeSt przerobiona pnez pt"ocesy 

pery,glacjoa1ale 1 przykryta brllzowymi gdinam.i ja5!kinwwymi zawieraj~Ymi material 

pochodlZll'CY ~ najl1;1ta4'szyoh IQQIrlQW doc1owoowycl1 ulOOOwa'Cema knlJk.ows;k:iego I 

(Md.n.de1 I, EIsteclain 1, Gill-I). Na mrodoW&alej powierZ'Chni tydl ~m ieZ~ p:!a'S/k1 

fl'llWilog1acj.aline m!odszej CZ~Qi ~ kr~ (MiIldeO. II, Els1:erll.an Il, 

G II mu.). 
Bogata fauna kr~gowc().w i ildmak6w, zawierajllca mJn. MimomllB Bavini, 

PZiomt/8 lEmki, DicroBtonllX simplicior, Lemn'1.1.8 &p., UrBus deningeri i HeUcigona 

banatica, wskazuje na :kilka faz ·klimatycznych w czasie osadzania glin jaskill'iowych 

(por. tab. 1-2 i fig. 4) O:l"az na inrterglacjable war·tm.k.i. klimatyczne · !(por. Black & 

K. Kowalekd 1974, K. Kowalsld a9~ it. KowaJEIkJ. in Bartolomed & al. 119'l5). Przed

stawiono wymkd. daotawania iko&c.i metodll !f1uoro-ehlnro-apaltytowll i 'lrolaigenowll 

(por. Wysoczafrski-.Min:kDwlcz ;1900) oraz prZElPl"awadwIlI() korelacje stratyg:raficzne 

(tab. 2). 
Obe<.mo&c sertl.i dcttergl.eeja:lnej pomd~d.zy najebair'S!Zym .n~diem alloo1odu :zlo

dowaocenia da"alrowsk.iego (CracOV'lan I, G II-l) lIla ,p61noony sklOlll G6r Swi~okrzYB

klich (Liadner & W. R. Kowalski 1974, Lindne.r 1977) a maksymalnym stadium tego 

zlodoW'lllCEOia (Ct'acoviBlll 11, G U max.) dowodrzl, Ze Sll :j;o dwa od:r~bne zlodowacenia 

(ftg. oS), a nde staddaly. Zlodowacenia te odpOiwiadajll z'lodowa.ceodom MLndel 1 

(ElBterlan 1) d Mej.ndel II (Elster.1an 11), oZaB ll'ozdz.lelajll<!Y je interglacjal, pQPrted,ndo 

stwierdrwny w JalSion·ee lrolo Rzeszowa (D~browski ,1967, Las-lrowska-WyBl!)aaDska 

i967) oopowiada inJtetglaclalnym profHom Voigtetedt, Harreskov i 0lgod. 
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1 - J.nvestigated 'karst structure in the nomhern wall of the quarry at Kozi Grduet; 
position of the stalagmite (s) is marked. 

2 - Glacifluvi-al sands of Unit I {squared us the place where sample 1 was taken, 
et. Text-,fig. 3), and the underly.ing bone-bearing Unit 2 (cf. Pl. 2, F.ig. 1). 
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1 - Bone-bealfing cave loams ot Unit 2; successive laye; s (20, 2b, 2c are mar ked; cf. Text
-fig. 3). 

2 - Cherry-red clays and sands ot Units 3 and 4 (cf. Text-!ig. 3; nole brecclatlon of clay. 
in the u,pper ,part o.! ·Unit 3); L - limestone· wall of the cave. 
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