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ABSTRACT: The structures and deposits associated with subaqueous mass move
ments !in the Upper Devonian of the Holy Cross Mts. are described. Slump1ngs, 
mud flows and turbidity currents were important factors during exclusively calca-. 
reous sedimenta·tioo... A -considerable pari of the ;resedim.ented calcareous Frasnian 
deposits is connected with contemporaneous oreefs. They had a b6ar.ingon the 
sedim,entafllon of the basin .facies {the K()stomroty Beds') and the FrasDd.an. sedimen
ta1don of 'the southern ·part .of the Kielce region wi.thin the reach .of turbidity 
currents. The resed:imented deposits come pantly trun the carbonate shelf lying 
most likely NW of the Holy Cross M1s. ResedimeDJtation also <took place in the 

peiagic meies. 

INTRODUCTION 

The Upper iDevonian of the Holy Cro9:J Mts. :is developed as calca
reousdep<mts. -Facially they are strongly differentiated and conrta'm sedi
ments, fram Skeletal limestan.es ~dherms, biostromeS) and detrital; ree.f
:-deposits to pelagic sed.iments. _ The !present paper dea·ls with some selec
t~ problems of Upper [)evonian sedimentation, but only concern~ 
subaqueous mass movements and them- results. The oonnecrti.on of these 
pr.oblems with the Famennian !has been previously dlBcussed by Rad
wa~i and ·Ran.iewicz (19'62). Other authors have also reported similar 
structlLrEs (KotailSld 1-95"9, CzermiDSki 1900, Pajchlowa 1962). Those 
disCussed here may prove of essential importance in rflhe ,reconstruction 
of the paleogeography and sedimentary history Id! the Upper Devonian 
i!n the Holy Cross MtB. These questions cannot, however, be more 
thoroughly discussed' until the exact stratigraph1c diviSian has been 
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settled. The Upper Devonian sedimentation Of the Holy Cll"OSS MrtB. is 
being inlVestigated by the wrlt1ler, the present paper heing Qf a prelilmi
nary character. 

GENERAL STRNI'IGRAiPIHY AND PAUEOGEOGRAFIHY 

The Paleozaic deposits in ,the Holy Qloss Mts. may be divided into 
two chief facies (fig. 1): the souotihern fadES of Kielce and the northern 
fades of 1ihe t.ysog6ry Mts. This facial division also exists in 'the Upper 
Devonian ~zamodki 1950). In the t.ysog6ry 'facies the Frasnian is belie
ved to '!be geosyncl:in.al, iWhile contemporaneous deposits in the Kielce 
facies are mainly reef or detrital Ide,po$its ~Cza:rnocik:i 1948, 1950; Paj
c!hlowa & StasiDska 1005}. Czamocki ~1i95()} divided the FrasnialD. IOf the 
t.ysog6ry fades into t1:1n-ee successive members: the iJ?'dlm'zywiaJnlka Beds, 

--I 
----I ' 

Fig. ,1 

$tetch map of the Holy Cross MtS. (Oen·tral iPoland) showing localities nHm,tioned 
dn the ·text 

1 contours of Palaeozolc deposita, I boundary between tbe z.ysogory faetes and Ktelce 
faetes during the Famennlan (after CZarnockt 1950) 

the Nieczu1i~ Beds and the KoOStomloty Beds. Czamocki also supposed 
that all i1hege members had rtJbei.r equivalElIlts in the !tripartite F:rasnian 
of KadzieIma and 'Wie1rmJa ~Kielce facies). Later i!J:wtestjgaiians (paj
chlowa 1957) halVe, however, shtOWlll :that out of fue above memlbeirs only 
the Kostomloty Beds are of Frasnial1l age. 'Ilheir tFrasniaIn age has il"eCE!!lltly 
been confiTmed ,by oonodanJts l~ie1Jn:iakowSka 11966). Some doubts 
Cbl'ise, however wi1b regard to more detailed. candusians about -the age 
of the KoOStomloty Beds. 
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These were divided by iKokielniak:()wsk:a (1966) da:rto f()ur strati,grapbi<: umts 
(the a, b, c; d sets). She supposed tbem to <:ompI."Iise oo1y tbe IrJy ' zarie. Other 
conclusions are, however, suggested by the strati8NlPhk range of the oonodo.n.ts 
(cf. ZJ.eglier 1962, Glen!isller & IGapper 1966) desoribed from !the aboV'e sets. Namely, 
amoDJg rthe cOiIlJodants adsted by iKoSclel:Dda!kowska (1966), PoZygnathUII dubiu8 ds re
corded ()nly :Jrom the iPOly.gnathus asymmetrdea mIle (to la - t() 'I¥J), Af&C1I1'ognathus 
triangularis Tanges from -the A. trd.angu'JM.!s to the iP.almato1epis Nas zone (to Iy -
to lW), Ancyrognathu8 asymmetrica and Palmatolepts ZinguifOnms dOOioate the Pal.;. 
matolepis gigas zone .(!to iM), whilJe the same occtn'lrellce of Po1.ygnathu8 glabra ds !in 
the Pa.lmartiolepis ~epida zone (to TIer). AddUionalily, <the List ofoonodOllltS presented 
by KOI§aiellldaJlrowaka {1~66) offers oS :r:ather :improbable succeSsion of <these fossms. 
Thus the straIlIgraphi.c poidrtion of the Kostomloty Beds .and theiJr exact C!Ol"relation 
with the iFIasD.ian depoBlts ()f !the iKdel~ ireg!on still l'emein.s an open q\reSt.ion. 

Facial dilfferentia-tiJOn of the deeper-water . Lysog6ry fades from 
the shallower Kielce facies oantiInues d'UriDg the FamenJIliiaIn, tCza:rnocki 
1950). In rthe Kielce facies the Famermi.altl :is cha:racterised !by calcareous 
sedimen!tatian; stratigrajphic condensation, stratigraphic gaps and the 
abundance of cEfPlhaJopods are -the common features of most deposits. The 
Lysog6ry facies is characterised ,by marly-calcareous sedimentation and 
grea ter thictkIness of deposits. The latest .iInrvestigatians, however, show 
tha:t Famermian rodks resembling the l..ysogoryfacles may also occur iIn 
the Kieloe region 1(ai'1'eyeI' & Zaikowa 1967). In some ourtcr.ops e.g. art Ko
wala, the Frasnialn-.Famennian· ·boundary has 'IlIOt, so fair, been established. 
In such doubtful cases only the ;general assignment to 1Jhe Upper Devo
IIlm will be used here. 

SEDllMENTARY STRUCTURFS 

The structural and depositional :types ;resulting moorm. subaqueous 
mass movements in the U!P,Per DevonI:ian of the Holy Cross 'Mrts. dlB.Platy 
strong differentiation and conrtaiin rflhe plastic deformations of rbedding 
as well 88 the disint-egration aJDd redepos:i.tion of sediment>&. The ID.(lSt 
common types iIn the Upper Devonrialll aTe: 8/) sluinp folds, b) slump 
sheets, Q) mtraformatkmB.1 conglomerates and breocias, d) -turbidites. 
Reef breccias .which wiill n'Ot be discussed here are also 'Of common occur
fence there. 

Slump folds 

The rpresence of slump iolds ID the Famenniall: at' f.ag6w !has been 
repor·ted!by lRadwaDski & :Roniewicz 1{l'962). Slump gt·rucfu·res of this type 
have alSo been found in the Frasnian at Kowala (fig. 2; pt I, fig 2). 
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Slump folds in ,thin-bedded ;limestones overlaid by -cross-!bedded detrital :reef, 
deposf,t&. Frasnian at Kow.ala {set E) 

Slump folds ;occurr there in the lower part of a complex of thin-bedded 
planar limestones with regular stratilfication. These DoIds involve several 
limestone layers but each particular foOM ' ·includes ·only some of the 
layers. On the lef,t oOf fig. 2 the molds Me shoWtn mvolvmg more and more 

. of the higher Layers whille the ,lower layers, itnIvolved !by the preceding 
:folds,are uncontorted. The slump folds may ,be vertical folds, iJncliJned 
folds or asymmetrical .recumbent folds. TIley may be twmned 8Jlld the 
oontkluity of layers is only sporadically broken. The dragging of 1h.e 
upper layers ilnwlves the fold pattern in the layers benealJh. Alnticl:inal 
inclined. folds <;!ragged the .wndemea1lh ·layers bending them in a direc
tion opposite to that of the slumping (as shown ,by Spreng 1967, fig. 138) . 
. In fact the directIon of .the movemenJt is pointed lOut by the anticlinal 
folds, in trus case to the south. 

The iUP!P'E!~ part IOf ·the aIbove OOJlltPlex, overlying the folds, is 
a cross-lbedded. limestone .breccila ,built up of limEStone fragmenif;s . and 
abu.ll~t fossils, i.a. massive strQmat.qporoids. The CI"OSS-'bedding direc
tion suggests that the 'branspart direction was the same as ·that of slump
. ing. The upper surface of the hreccia ~ fIat and panllel lto rtihe ;bedciing 
of limestones underlying the slump-fold-bea.r.ing :layers. 

The slump structuxe shown i;n fig . . 3 (see also pI. I, fig. 1) differs in . 
character. TIle slump folds here occur as :irui~e.rJ!t sytncl:iJnal folds, 
ruptured one from the 'other and lactkmg the anticlinal crests. 'The sy.n
elinal f,old.s are aooompalIlied by isolated limestone Mooks ~bedded in 
marly shales.. The slump structure contains a 1 m thick. complex of 

layers. The glide surface oorresponds to the top surface of one of the 
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Fig. S 

\~ 
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Slump folds dn a set IDf thin-bedded limestones 'and shaly marls. Frasnianat 
iKowala (set F) 

thin-bedded. limestone layers Imd. does not bea;r an erosional chaxacter. 
The underlying beds are undistuxbeci. The ahove slump structure closely 
resembles a submarine 'slumping from ,the Devonian Um:J.eniberg-Sand
stone .described by Jux (1000, Abt. 4, Taf. '10, ·F1g. 1, Taf. H, Fig. 'l). 

Slump sheets 

Besides slump folds, Tept'esenting the plastic deformation of layel'6 
by slumping, slump sbeets conta:imng larg,e sUp IblOClks also occur in the 
Upper Devoni8lll af ,the Holy Cross Mts. The slip 'bl<lOks occur as big slaJbs 
which had !been. only slightiy a:Mec1:.ed a:nd bad not been 'folded. The 
slabs were tom out of the substratum conformably witih bedding, as jJt is 
suggested /by their shape and lamination. The slump sheets contalin se
veral oOVerlappIDg slalbs (~. 4). The bottom hOlllndary of the slump sheets 
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Shown in fig. 4 has an erosiona,l character. '!be slajbs are emlbedded !in 
the mtI"afurm.atiOna:l oonglam.erate ~ mainly of fiat pebbles. They 
may a.lso be assoc:iaJted with reef detrittus. The ltop ,of the slump sheets 

~f -= .~\ :.,:. -6, -. e "_~;e.1_"i.,"' ~ 
,. ~ ~ 
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IFi;g. 4 

Slump sheet consisting ·of flat :pebbles -and bIgger .slabs. Frasn.ian at Czam6w 

is ilndistiJnct as l1lhe sheets grade into laminated. limestone. A slump sheet 
oontainmg slalbs of some metres (fig. 4) occurs in the Frasnian at Czar
n6w (iJn the ibiiblilography also mown as SluC'howice). Quite lately it was 
also observable ID the Frasnian at Kowala (il"aill'oad cut). 

IntrajormatiO'!'al conglomerates and breccias 

The prese!llOO of mtraiormational hreccias jm, the Famennioo at Psie 
G6r!ki \(jKieloo) was reported by IKotafuiki ~11959). The breccias were also 
observed by Czerm:i.ilSki ~1900) m. the Givetian and Frasnism at Kowa,la, 
while Pajcthlowa 'rH~2) menrfiians iJntercalatioos of ,,sedimentary breccia" 
in the Frasn·iatn at Kostomroty. 

Intrafarnnational calciTudi1:es are very commcm ID the Upper De
vonian IOf :the Holy Cross M1ls. They OOOUT in the Frasnian as well as in· 
the Famannian of iboth 1l'he Kie1ce and th.e ·l.ysogbry :regians. '!bey are 
exoeptionally abundant in tlle KtOStomloty ~ I(KOOtomloty, Ozamaw, 
G6mo). TwIO !kinds of d~iJts may he disti!lllguished amongtbe Upper 
Dev:oniaJn ca1cirudites, viz. flat !pebble conglomerates and irregular pebble 
breccias. 

'!be flat pebble conglomerates (pI. U, ngs. 1,2; !pI. HlI) always occur 
.in regulaT layers up to 190 cm thiclk:,lbut mostly half a .metre th:ick. 
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The bottom su·rfaoe of the layer is usually flat 6Illid. smoatlh. The 'bottom 
surface of the layer is dbviously eoos:i.ooal (fig. t5') only :iIIJ. two instances 
(G6mo, Czarin6W1). The top SUil'faoe of the la~r is usually indistinet. 

The tntrac1asts composing the conglomerate are flat EIllld h~y dis
coidal, up tp 40 cm in sire. The inlin'aclasts B!l"e made up laf peliltic lime";' 
stones, such as those most oomman in all 1ibe Upper DeVOIrlan of the 
Holy Or.ossMts. l!n1traclastB aTe chiefly subalngula:r. Many intraclasts are 
:liractured IOr brdken '(!pI. III). 'Banded iJn:b:'aclasts, i.e. t'haie ~ected 'by 
plastic derorma:tians, are also enOO\llIlltered. 
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l\i.g. 5 

Layer of flat pebble ·oonglomente showing distiniCt · erosion at bottom. Frasnian 
at G6rno 

The niatrix -of the flat pebble conglomerates .is of lfihe calcaTenite 
type. Organilc detrlrrus, mainly crinaidal, is ,one of rthe dhiEf compan.enrts. 
The m.traclasts are usually haphazardly aI'T8illIgIed. M1 possible ;patterns 
may be observed :from that parallel resembling "flat pebble rbreccias" of 
Fentan & Fentan (1937) 1;0 ·the "edgewise 'breccias" of the Fentans and 
of BOOdring (1,931). In the latter case rthe :i!nrtn'ac,lasts are art sharp angles 
to the surface of la~rs I(fig. 6). 'Imbrication of lPelfu1es :is occasionally 
encountered, ,too. Besides mtradasts the matrix of flat pEtille conglo
merates 8'lso canta.iIns embedded fragments of sbaUow ... water animals 
(massive stromatOporokis and anofihozoa:ns, crlnoid stems, Ibrachiapods). 
These fossils are aften Ibroken up and ;never m life positions. Irn same 
proiiles(Czamaw, G6mo) the flat peIbIble OOniglomerates aTe the only 
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deposits oantainialg an assemblage of shallow-water benthonic Ol'Iganisms 
(massI'Ive stromatoparoJds, an1lhOZlOalIl8). Thin-lbedded limestones and 

. marly ·shales, among which few :iJnteTcala1;icms of f~1; pebble cian.glomera
tes OCCiUr, are slightly fossiliferous. They · contain a distinctly dilfiferenJt 
fauna of. tentaculitoids, ramose stromatopOroids, few brachiopods. In the 
sca:rp of the:road ,leading to the quarry at Kowala flat pe!bble conglome
rates can1;a.in· numerous sillidfied fussils. 

Fig. 6 

,;Edgewise" ·textw:-e in intra
oforma:tional deposits inter
mediate between a fla.t peb
ble .conglomerate and an ir
Teguloar pebble brecda. Fras-

nian at G6rno 

Irregula:r pebble ibrecc.ias (pI. IV, figs. 1, 2; pI. V, fig. 3) occur ID the 
F~asnian of the t.ysog6ry fades (the Koastomloty Beds). Their presence 
is !DOted throughout the eXiposed iProfile iin the quarries at Gomo and 
Czam6w, as well 8S in the lower part of the Frasnian profile at Kosto
~oty. They are, ,however, absent from the region -of the t.ysog6ry faciles 
ial I1jhe Frasndan il:JareOOle lMaslOvi II (Zanrowa & Pawlowska. 1900). mtra
formatianal ibreccias of this type also 9CCur among deposits at 'Wzd61, Iby 
KoaScieIma!kowska (1966) regarded as 'Famennian. The occurrence. fre
quency of the in trarformatkmal ibreccilas in the Kostomloty Beds is re
marltable. In the Czarn6w quarry there are 40 interealatlans of irregular 
pebble !Qreooias withilIl a 27 ,m F\tasniaJIl profile, while at G6mo a 10 m 
profoile of the Prasn:ian contains 25 of :these ilnterealatians. 

The trregulaT pebble 'breccias consist of irregular intradaBts, often 
.very intricate in outline oGPl. IV, figs. 1, 2; pI. V, fig: 3). The mtraclasts 
often bear circular or ovate holes which, howeve:r, are not of lithopl.lag 
origin .. . Usually ~e iJn1;raclasts are 2-3 cm in size ibut sporadically tihey 



SLuMp STRUCTURES AND TURBIDITES IN THE UPPER DEVONIAN 3,11 

may be up ·to 15 cm. The irregular pebble conglomerates contain only 
calcareous material They are :built a·lmost exclusively .of ulIlifoesiliferous 
pelitic limestone and but rarely contain calcarenite mtraclasts. The litho
logy of 'the intraclasts agrees with the IDature of limestcm.es directly 
underlying the intraformatianal breccias. The bottom surface of the 
breocias is mostly Ullleven ,(!pt IV, fig. 2; pI. V, fig. 3), shaped into crests 
and furrows. These are due to the scouring of the subetratum also resul
tilng in the deposition of i1ntraclasts over the erosional surface. The 
crests and fulTOWs of the bottom surface. ralnge fram 2 to3 ce:rutilinetres. 

The irregular pebble ;breccias may be individuali.zed. layers where 
the intraclasts occur from the bottom to the top .of the layer. Small 
amounts of such irregular pebbles may, however, also occu.r in 1ihe calca
renitic layers. The intrac1asts a~ .-then strictlyoonfilned. to the lowexmost. 
part of the calcar-enitic layer (pI. V, fi!g. 2). Occaskmally, however, the
. intrafurmational hreccia may latera:1.1y pass into pure oalcarenite. Th~ 
matrix of the ·breccia is always a calcarenite Ibuilt ·up roainJy of crinoidal 
detritus and often oantaihing long fra.gmenlts of cr.ilIl.oidal stems. Antho
zoan debris which are .never in: life position and beaT :traces .of mechanical 
wear are much rarer in the intraf.ormatianal1breccias. The thickness oOf 
the beds of the intraformational ibreccias may Ibe up to 2.5 m (Kosto
mloty), hut fu mlQSf; cases it dl()es not exceed 35 cm aJnd sometimes it is 
hardly a few centimetres. 

Flat pebble oonglomerates aJIlid irregular !pebble breccias have many 
features in CoOmmon: 1) they always occur in layers, 2) they axe mono
genetic I'IOdks devoOid !Of anYlIlo:n.-calcareous material, 3) their ma·trix 
always consists of calcarenite built up mawy of organic detritus, 4) ,they 
oontailn :fossils redeposfted from shallow..JWa:ter en:vironmenlW. !Neverthe
less the shape of the intrac1asts and the ooture I()f the lbottom suTiac,e of 
layers suggest that the formation of irregular pebbles .resulted from the 
reworlkdng of .penecoIl!temporaneous deposits withiln· Jtihe deposition area. 
The disintegration of the deposits suPPlying :the material foOl' the flat 
pebble conglomerates ,took place farther from the area of depositiicm. The 
mtraformartioOnal deposits of these two ikiIn.ds of calcirudites dolIllOt repre
senrt: the successilVe stages of disintegration of deposi1;s (being :iJn,traror
maJtionally rewo:rlked, but they differ greatly in o:r.igin. 

The oansidera:ble size and the disooidal shape .of the mtTaclasts in 
bhe flat pebble conglomerates suggest that their forma:tion is due toO the 
rewookialg of consolidated or semi-oansolidarted bedded calcareous depo
s]ts. Slabs tom out in con.:formity with origilnal,beddilng caJnlIlJat be due 
directly to the el"cmonal act1an of currents or ·of 'littoral agents. T-he 
general facial character of the Upper Devonian in ·the Holy Cross Mts. 
does notreasanably suggest :the dessication .of littoral deposits at it was 
currently lbelieved in the case of some simllla.r deposits ~aloott 1'896. 
'Ricbter 1006 fide Fentan & Fenton. 1'937). Neither is it poesilble :that such 
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oong.lomerates in this case could devel,op in oresult 'Of sulbaqueous synaere
sis craclts as is suggested iby some authors (Fenton & Fen.ton 1937~. The 
monphology and size .of 'the ilntraclasts ,ilndicate an abrupt reworking af 
the depc»rlts and ItheE- sJ.ight roomi:IDg by traJnsport. The deposits moved 
along a broad fuxmt aane, hence, rthe layers of flat pebble oooglomerates 
stretch out wklely. They originated i!rom Slibaqueous sliding, hence, 
genetically, they are slide conglomerates. The edgewdse !te:xture of con
glomerates frequently enoo1liIlltered here, ind-icates according to Hadding 
('1931) this mode of foomatian. The material mobilised. by underwater 
sliding suibBequently passed into a mud flow movilllig mro ifihe d~ 
;parts of the ibasin. The ;passage af slump structures into intraformational 

. conglomerates !has also been ol?served (lfig. 4; see also OroweH 1957, figs. 
5, W; Jux 1963, filg. 1~. 

MalllY featUJ'leS of ·the wregular pebble ocmglomerates suggESt that 
they farmed owWn.g to the strong erosion of the superficial pa1'lts of senn
-oonsolida1:ed sediment, caused by Clm'Emlts ~ Skeletal remains 
into a lPelitic limestone erwilllcmment. These C'Ilrren:ts, .or at least a part of 
them - as is sbo"Wln in ·the !llext chapter - were the tu.Tlbidity clllrren:ts. 
The lack of !}i;tholog:ical OOIliOO:rnn;Ity between. Ithe dnrtrac1asts and 1lhe 
unmedia'te sUibstratum 'of some Ibreccias I(JpI. IV, fig. 1), rtlhe textuoral passa
ges of ir·regular pebble breccias :iJnto flat pebble conglomerates, and lh.e 
"edgewise /breccia" texture associated rwi1!h these passages, all suggest 
tha:t a part 'Of rthe breccilas, Itoo, might have been transported . as .mud 
flows. 

Turbidites 

The furtbidites ,occur :in the ·Frasnian 'Of 1ihe l.ysog6ry fades (loWer 
pa'l'-t'Of the (Kosto.rru1aty Beds at KlClS1ioJ:llioty, Czaxnaw, G6mo) and of the 
Kielce facies at Kowala and 'Wietrzoia (Kielce). They are !l"epresented by 
detrital calcareous daposits, devoid of wrrigenous materilaI. The material 
of whJich they are bui:lt comeS from the ilntraTormational reworlking or it 
is the detritus of .silta·llow-wa1ier benJtihanic . .organisms .. The detrital mate
rial grades :from calcitrudIte rto calcilutite but most frequenrtJy it oansists 
of fine ca1ca.renite and ca!lciluti1te. Turbidites occu·r as beds, 1-75 cm thick 
(Czam6w). Most of ,them are ·graded /(pI. . V, .figs. 1, 2; !pI. VI, figs. 1, 2, 31). 
All the rburbidites here cooskle:rEd. show 1OOl'tII1a1. . graded bedding. In 1lhe 
particuw lbeds it is single and complete Ibedd:ilng, single and incomplete 
bedding or multiple and irwoo.nplete bedding. lIn most beds graded bed
ding ccm-tams calcere.nite and calcilutirte material but the battcm part 'Of 
some beds may ccm:tadin. calcirudirte· up to several centimetres thfulk (pI. . 
VI, fig. 3). :Laminated bedding oocurs at ,tihe tqp of graded beds (pI. V, 
figs. 1, 2; pI. VI, figs. 1, 3). Ho:r:i:rontal, cross and w8JVY ~larminae are 'Of 
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, the three types (cf. Unrug 1959) encountered here. Ocmtorted la·milDatim 
mayoccw.-, too, .resul!t:iIng ID "p.geudo--rlpples" (pI. VI, fig. 1). Ttmbidites 
form frequent mterealaltions within the thin-bedded pela.gic sequences 
of 1:im.estonesand .marly sha'les. The turibidite layers rest eiiher on lime
sto.nes or 'cm ·sbal€\9 /(PI. VI, figs. 1, 2). The Ilower oOlIlltact with 'the UIIld:er
lyiln.g 'bed. is aIrways shaIp .amd distiJnct, often el.'losionaf {pI. V, figs. 1, 2; 
pI. VI, figs. 1, 12~. The tur.bidtite8 differ from the al1:emat:iJng dEparilts not 
only in structural am texturaireatu\1'eS, 'but also in their faUlllill and its 
biostrartonomical clla.raciers. '!be organo-<ietrit6'1 pa'l'ltides dominate :in the 
turbMites, while autochthonous deposits occurring in altem.ation wttJl,. 
the turnidites are sliJghtly fa!lriiiferous or umossiliferous. The 'autochiho-, 
nollS deposits conta:iJn chiefly te:ntaoulitoids, 'ramose stromatoporoids and 
'lingulids. The coarse fractions of the turlbildites conta:in massive and ra-
m<lBe stromaltqporoids, atnth<>roallB, brachlopods, ,whUe crinoiclB predamil
nate m the :fme fractions. , The Ibe.nthanic fossils are often broken u!p, 

never in life position, and sorted aooordilng to the grain sl;ze. 
"llhe turbidite origin of fue deposits described above .is plainlly 

suggested by the following features: 
1. T:hey are aM detriotail and in this they dUffer from 1lhe pelagre, 

calcareous and marly deposits alternating with them. 
2. The lower margm :is a'lways cle9JIl.-<CU't, often erosional, while the 

top merges imperoe.ptiJbly into the COVI6l'dal,g pelitilc lor maTly dePosits. 
3. Graded bed.~ is frequenJt. 
4. ' The' uwer, • fine-grainEd part of beds Shows lamiJnartion; cr.oss or 

wavy 'laminae ibJaJVe oMen /been. fouJnd. ' 
5. The detritus of Ibenthanic fossils, aibsenJt !from. the pelitic or 

marly deposits altenna1li!ng !With ;fJhe tuTbidites, represent l1ii:te ibullk of the 
material. These f088ll8 come from facies shallOwer (partly xeei-()QlD.
plex~) than the facies of the autochthonous d~ts in ,the area of 
deposi,tron .. 

The features, of the above deposits ag'ree in all essential pointB wi1ih 
the ,,aUodapic limesflanes" of Me:ischner (196'4) :recog1ni:zed as Ume 1;u.rIbi':" 
dites. ThiB applies particularly to 'the tul"bildites of [KlOIWala. The turt>idites 
from the Frasnian of 'lihe Lysog6ry facies (lKostomloty, Czarnow, ,GornQ) 
exhibit certain features in wbichtbey differ from the , typical allodapic 
[hnestones, i.a. :£rom :the turbiktites of !Kowala.. ~ of the parnculaT 
characters of rbudliditEs ID 1ihe t,ysogary fades Ut the exceptional mrtensity 
of intrarormation.al erosion resulting in a great number of intraf.orma
tionai breccias and erosional SUI'l.faces. '!be iower contacts with the 
undeT'lymg bed aTe s1nxmgly irregular !(pI. V, figs. 1, 21) and do II.lOt m any 
~ differ 1irom. 1Jh.e :lower erosional oanrta.cts of the irregular pebble 
breccias (pI. V, fig. 3l. PaTts iQf the detrital 'limes1xmes arre graded aald 
represenrt: typica!l turb:idites 1~1. V, fig. 1). If they COIlltaiIn IS. COM'Be frac- ' 
tilon it 00nsists of Skeletal debris, mailllly reef~bui1dmg or.gandsrns. More 
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often, however, we can observe false graded-beddiJng: the lower part of 
the ,bed oansists of ca1ca:reous mtrac1asts which are not derived from the . 
littoral paris of the basin fed by ocganic detTitus, iburt rfJhey havebeern 
reworked from within the depositilon area and withiID.1!he same formation 
(plo V, filg. 2). 'This is reasonably suggested not 'OOl'ly 'by the el'lOoSioll'lal cha
racter of the bottom surfaces of Iayexs hut also hy the lithol.ogical ana
iogies of the intraclasts 'With the underlyin.g eroded beds. A wide scale 
of :the passagesaf deposirts may !be observoo, from typical rtul'1bidites 
without any OO8Jl'se detrital material; due to mtTaf.ormatianal reworlldlng 
(pI. V, fig. 1),lto mtraformatioI:lal breccias where calca':rendte or calcilutite 
only !play the role .of matrix (Jp!. V, fig. 3). 'IIn the intermediate :types 
coarse intraclasts occur in the lower part of the layer While fine
-grained fractionS of ,graded lbedding are encountered in the 1l!Pper pa·rt of 
the lay-er,· am 'lamiJnatiiQIl ()CC'Urs :in the uppern:i,ost pari (pI. V, fig. 2i). 

Lateral passages of rtul'lbidites into mtraformatiorial 'breccias occur, too. 
Curre.nif;s whiCh laid OOWlll the dep<mts described above .ori:ginally 

C81'l"ied only fine fractions Of the material 'Wihdcih n!plesanted 'but a' small 
volume of ;the depoBit. T-,hese were high energy currents ~ressed iIn the 
strong erosion ·of the suibstratum. Most likely 'the density of the ourrent 
was not sufficient for the ooarse-grajJned material to Ibe !l'a:.ised . iIn suspen-. 
sian. Eroded mtraclasts couloel probably move in a watery slide along the 
base. This, rather probable, type of llII!OIVelII.em may oo.rreSpand to one of 
the modes of the formation ·of fluxotul'1bidi tes (OZulyDSki, KsillZkiewicz 
& KUeI1€1ll.1959), thou@l ihe effect of these ~ here would hear 
a specific C'ha'l'acter, differing from the so-far observed iflux.otuttbidites. 

It is qui:te poIBi,ble thart a strong erosion of ·the substrarlium took 
plaoe closely to ·tihe a,linien.tary a·rea Of tUI"bidity currents (cf. Kuenen & 
Ca:rozzi 19513). In fact, ·th·e distance from. ·the shalloyi-'Wa·ter areas is Il'ather 
9lllaU here. Strong in!tramorniational reworUdng is excep1;ianally associiart·ed 
with caI.caroous turbidit.es. It is common only:in a J'UraSsic 1iul"bidite for
mation descdbed: by Bemoulli (1'967). 

SIGNl'FDCANCE OF RmEDLMENTATION IN THE UPPER DEVONIAN OF THE 
HOLY OROISS MTS. 

Kielce jacies . 

'lbe frequent <lCCur.renoe .of Skeletal limestones seems to be the 
most characteristic feature of the Upper f>ev,anian ID 1lhe Holy 'Cross 
Mts. Ozarnoclki (1946) observed. that the ;reef facioesis clGgely associated 

. 'WIi.'th the Ki:elce elevatiOll, and bot further on in the Kielce region it 
passes lateraUy into detrital, ibrachiopod-coral or cephalopod deposits. 
The Frasnmn ibiohemlB 00 the. Kielce elevation I(!Kadzielnia hill at Kiel-
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ee) have been d€8Criibed by Pajchlowa & StasiilSka 1(1965). The skeletal 
limestones also- occur in the 'Frasnian at Kowala. The proilile at Kowala 
(fig. 7) clearly shows tthe relation of the redeposited sediments to ·the ske
letal limesfJcmes. 'Dhe terms "Teef", "biost~me" and "bioherrn" defining 
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Slump structures 'andturbidites jn the Upper Dev-oni'llIlprGfile .along the railroad 
cut at K-owala 

1 distInctly bedded, pelit1c limestones, Z blohermal limestones, 3 blostromal iimestones, 4 
coarse dettltal limestones, /j fine-grained detrital limestones, /J marly shales, 'I massive 
stromatoporolds, B- lamellar stromatoporolds, 9 ramose Thamnopora, 10 massive Atveott.tes, 11 

lamellar AlveotUes. U branchlng Bugosa 
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the type of skelet81limestoD.es will ~be used here after Nelsan et a1. (1962) 
amd foll'Owing the canoept of Cunimings ('1932) a:nd Lowenstam (1900). 
Thus the terms "bioherm" am ,,.biostrome" refer to rfihe shape of skeletal 
limestan~ while i1lhe tenn "Tee!" .refers to an a.ssemIblage 'Of 'Orgalll,isms 
building warve-<resi.staJnt structures, , 

Set "A" at iKowala {fig. 1) consists of biostromes while set "C" is 
a 'biohenn. These deposits do lIlot sulbstantially differ in the assemblage 
'Of the roctk-budl.dIDg organisms. They are very f,ossiliferous; rpassive and 
la.mellar swolrIls:tQporoids, also massive and 'lamellar AlveoUtes being the 
chief 'roc!k-iquiLrulIlg oliganisms 'Of these skeletal limestones. The above 
fossils occur in association with numerous mmose Thamnopora and bran
ching Rugosa, in places also w.ith braohtapods, gastropods, criilloids and 
Aulopora. In :tbe rtwo above types of deposits most fossil organisms occur 
in ;the posi.ltion. of growth. This appHes to la'l'lge-.sized oroga:rrlsms, i.a. ;to 
the lichen-shaped anes. 

Skeletal limestones supply the material for most of ifue redepo
!ri.ted sed:imenrts. A lateral passage of skeletal limestones into derirvative 
detrital deposits has never been iObserved. Neverrtiheless detrital deposits 
can:taindng lal'lge amoUlllrts ,of organiSms that occur in ibidherms and bio
stromes are very oommon in. the Upper Devonian of the Holy Cross Mts. 
Coarse detrital 1imestones coosiStilng chiefly of stramatoporoids and 
anthoooans a,re produced by ,the wearmg away of the reefs. They are 
reef Ibreccias associated with fine-grained detriltallimestones built of the 
fine detritus of simi1a1" organ,isms. ID the !profile of Kowala (fig. 7) the 
detrital, fore-reef deposits intercalate with well bedded pelitic limestones 
(D. F. H). 'DUB reasanably suggests an interfingering of the reef faciies 
with . the facies of chemical calcareous sedimEmtation, as well as changes 
in the expansion .of !l'"ee.f seciilmenta:tian, 'over, the adjoinilng areas. The 
bedded chemical limestones contain a distinctly dMferent faunal assem
°blage than that in Ithe detrital, . !l"ee.f-deposits. 'l1he platy ldmeetanes (D) 
oonrt:am. IIlIUmerous brachiopods, while the rhythmically stratilfied thiln
~bedded limestones, aoltema/f;ing with marly sha'les (F, H, J)' oontain rten
taculitoids, brachd~ with a predo:rnIDa!noe.of Imgulids, and IbralllchilnJg 
stroma,tqporoids. These ~ts had already formed in the basin facies 
which was also affected by reef envilr.onment. This is expressed by the 
pre~e of numerous tur:biditte beds,consistmg of reef-ibuilding delbris (J). 
The decreasing thickness of the successive proximal sets of detrital, reef
-deposilts, aoo, fmally, the limitation of detrital, reef .. depoSi:ts to turbidi
tes testify to the recession of the reef facies during ,the Upper Devonian. 

Slump structures are not confined to detrital, reef-deposits. They . 
occur iboth in dep<Jsirts of the basi:n facies and in the proximal detrital, 
reef-deposits (fig. 7!). Flat peblble conglomerates are an instance .of slump 
depositS COOItainilng material from the two above facies, although the 
predominan,t matterial is that Iforo.m fue basin fades. 
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Gysog6ry jacies 

As lis currently accepted, 1ihe F'rasnian iIn the t..ysog6ry faci€S is 
developed as the Kostomlotjr Beds (see p. 304). The iK(}Btomloty 'Beds in 
their stratotype are, however, divided.in'to twO, 'lithologiJCally quite dis": 
mct memlbers. The lower member, K<lScielniakowSka's (1966) set "a", is 
built nf RUemating il'lIOdula1r 'limestones, pellitic or marly limestxmes, also 
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of calcaoreinit€S and mtraformatianal breccias. Irregu!a·r pebble breccias. 
predominate in rthe latter dtpos~, though flat pebble conglomerates are 
also EmOOUID,tered!. 

The higher member !(set "b" of KoScielniailrowSka, 1966) oonsists of 
calcarenites W1ith intercalations ,of or1noidal lim€Stcmes. IlllItercalations of 
black cherts, a1bsanit f·rom the lower member, are TIrequent ani strongly 
chaTacteIistic here. The Frasnilain at G6mo and Czamaw (fig. 8) in litho-
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logy closely resembles only rthe lower member of ·the Fa-asnian at Kosto
mloty. The ,Frasnian at Czam6w differs from the FraSnian at G6rno and 
:from the lower member of the F.rasnian at KoOstomroty in that it omirtailIls 
numerous marly shale interealations (fig. 8). 

In the Fmsnian sequence of >the type of the lower Kostomloty mem
ber the autooMhanous deposits are represented !by !pelittic, nodular and 
wavy-bedded limestones, also by marly shales. The Tedeposited sediments 
are represented by ca'lcarenites; :iJn.rtraformational ibr€Ccias and slump 
sheets. The resedimen:ted deposits bear ,traces of tTanspoIlt by slumping 
(slump sheets, slride OOIIlglamerates) and {by diluted turibidirty currents 
(graded beds). A pari of the calca·reniltes formiJn,gthe thicker lbeds am 
showing cl"iOlSS lamination was depoSited .bybofltom tracU-on cu·rrents. The 
autochthrQlOOus deposits are slightly .fossiliferous and their fauna resem
bles. the fossil assemblage · in the basin fades at Kowala. The Iburibidites' 
with coarse material, 8Il1d slump sheets ooniain massive stromattaporoids, . . 
anrtbozoans and numerous braC'hiopods. The calcall'eIlites consist chiefly of 
organodetritic material wi1lh the !predo:miJn.amc.e of crinoids. Both at G6r- . 
no and at Czam6w the autocbthrcmous deposits maike up 2/3 .of the thick
ness of ,the profile, the remam.ing 1/3 of thickness being represented .by 
:resedimented deposits. In the lowermost part of the KoOStomJ:oty Beds at 
Kmto.m}oty the reserdimeMai deposits malke up lIlearly one half .of the 
total thickness of lbeds. At rG6nno the .:frequency of redeposiltion '(slides, 
mud flows, density cUTreIlrtS) is f.our times per 1 metre of 1ihethidlmess 
of deposi'ts, . and in some parts .of the profile it is even· up to 1i2 per 
1 metre. 

The top paN of the KoOStomloty !Beds in their stratotype is Illot tur
bidite-liike. In spiJte of the presence of numer·ous cberts -the deposits there 
s;re :not deep-water seddmen:ts. The limestones a.re calcarenirtes, and COIIl

tain crmaidal . mterealatians iruiica·tiIn.g the shelf chancter of the sedi
ments. The material of which rthey are ibuilt was not supplied by bioher
mal deposits but comes fr<;m the carbonate shelf crowded by crinoids. 
Perhaps, this area lay more to the north or the north-west of 
the Kostomloty facies. This lndgrhrt ,be suggested Iby the absence of simiiar 
sedimen,ts in Upper rDevron-ian· profiles lymg farlher south (Czam6w, Gar- . 
no). Quite 'liikely, some!p81"ts of -the redeposi!ted. sedi.menrts with a crin.oidal 
matrix .:iJn. the lbottom of the Kadiomloty 'Beds, oorne ~lso from the north. 
These dnflu,ances may hav:e reaChed further south ~Ozam6w, G6mrO). . 

The Kostamroty Beds, aTe not, however, the only type of FraSnian 
deposits ·within r1ih.e t.ysog.fuoy area. Neal" Ozam6w (cote 868 m), below the 
Kosboll1:loty iBeds ·there is a more than 10 m thiClk set of reef breccias, 
calcareniies and flat pebble oonglomerates. BOth, the reef ' b:reccias and 
the siide COIl!glomerates, OOIllItain numerous massilve stromatoporoids SJnd 
Alveolites, ibranchilllig RugoSa and Thamnopora, brachiopods and crirnai.ds. 
Hence, these are proximal reef-deposirts, closely :resemblilng rtlhe deposits 
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of set "G~' at Kowala (fig. 7) as weli as certain linJks .of the Frasnian iPro
file on ·the ·Wietrznia bill (Kielce). Theref.ore, this is·the "Kielce" type .of 
the F:l'asma.n facies . . 

Flat pebble conglomerates are the most common type of slump 
structU:res in the Famennian .of the Holy Cross Mts. Genetically they are 
slide conglomerates. Slump folds aJlld flow rolls (slump lballs) described 
by Radwafis'ki & Ron-iewicz (1962)a.re also eoooU!Iltered in 'the Famen
man. The .ori.gilll of the latt-er structures will be diSCussed in greater detail . 
m a separate wortk. 

'FlNAlL REMARKS 

Thou,gh the Upper Devooian .of the Holy Cross Mts. developed as 
calca,reous deposits, a grea,t !part of 1Jhese deposits was resedimented and 
mechanically. transported. The movement .of .de,Pmits :in the Upper De
vonian sea took on the form of subaquequs slumping or sliding, mud 
fl-ows ami tu1'lbiJdity cu.rren.ts, ,tihus .representing a wide scale of SUlba-· 

queous mass movements (see iDott 196'3). The complete absence in the 
redeposited sediments of terrlgenous ?T non-calcareous deposits su.ggests 
that the dy.namics ,of ·the subaqueous ,gravity ICiepmitiooaJ. lP~s were 
controlled. . only Iby !P'I'ocesseIS within the basin itself. M1Jd Illot by -littoral 
p1"OCeS.geS. Hesedimen1:ed deposits oontaiin a great ~UJntt .of 'the d.ebnis .of 
.organisms which have the ecologicalpotantial lto build wa'V1e-resistaInt 
structures. Stromatoporoid-alIJIthozoaJn, reefs were the most common. types 
of the la: tter structures in the Upper \Devonialn sedimentation ID the Holy 
Cross Mts. They influenced 'Dlot 'only the adjaoorut aTeas but also the rela
tively distant lbasin . faci~ which they occaSionally supplied wiifih deriva
otive detrital deposits (fig. 7). The proximal detrital, ;reef-depos.i.ts are of 
the type of reef breccias and fine-gramed detrital limestones.' These 
depadts tnterfiriger wffil ,the basin fades suggestiJDg an ' intermittent 
effect of the reef environment on the surI'Ol.lIIlId. facies. The proximal, 
:reef-deposits are widely distributed. In.1ihe ·south they xeachto K.owala 
(fig. 7;) but :tihey also invade the t.ysog6ry fades (cf. fig. 1) where .they 
underlie the ' K<JStomloty Beds (Czambw). The liJrnits and the influence 
of 'the reef . facies an 'the adjacent ibasiln :graduaJily. decrease. This is 
OOlIDected with ·the disappea!rall1Ce of the reef formation. !Within the Holy 
Gross region. The range .of the proximal, reef-de,parits gradually decrea
ses while that of the turbidites alnd 'the ·associated slump deposits, invad
ing the !basin facies and su!p'plymg it with :r.eef detritus, 'gams in impor
tance. If, origilnaHy, ·the de1n'd.ta-l, reef-d~tts of the "Kielce"type had 
encroached the area of the t.ysog6ry facies, later on the facial develop
ment in some regions of :the Kielce facies l(lK.owala) rather resembles 
the t.ysog6ry type. At the cl<:lSe of the IF'rasnian the 'Waning. reef z.cxne 
separates the tw.obasins. which aTe symmetrically SUlplplied with detrital 

5 
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material :by w'l'Ibidity currents and slidiln.g. stromQlto.poroid-anthozoan. 
r~ were not, however, the only S01.¥'ce of material tralllSpOrted' t>y gra
vity processes. AB was Shown above, a part of the Tesedimented depas:i.ts 
probably come f,OOIl1 the shelf area, iJnihalbrted. by crinoids and SUjpposedly 
situated 'to ,theiNjW of the 'Holy Cross t'egion. A !part of redeposited sedi!

-mants comes partly or entirely fl'lOIn 'the lbasin fades (flat pebble ~ 
mera:tes, slUlll!P folds, slump shee1;s). Such types of sedimerits . still con
ti)nued durilng ~e FamenniaJn when the reefs had disappeaTed in 'the 
Holy Cross ;region. R may 'be also sta1ted tthat !the mass Ill!()Vement dyna
mics were associlated not cmly wd.1hthe mechainical wear of ·reefs but also 
with ear.tbqualke activities- ID -the early phase of Yariscan movements 
(Radwailski & Raniewicz 1962). 
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OSUWISKA I PBl\DY ZA\WESINOWE W SEDYMENTACJI WAPIENI 
GOBNEGO DEWONU OOB' SWIJP'(}KRZYSKICB . 

(streszcze.n.ie) 

W wapienny.ch oosadach g6mego dewonu w G6rach Swill;tok-rzy&k:ieh pospoll
ci-e wY\9f;ll;pujll u·twory irooeponowane lub zdaformowooe przez podmorSikie ruchy 
masowe. Ws.r6d nioch najwi~sze maczende majll :fia!dy osu~owe, powlOlki o.su
wds.k·owe (.mg. slump sheets), zlepieiiee i brekeje sr6dformacyjne Ol"ai osady prlld6w 
za:wiesin.owych (an.g: tuI"bidites). 

Faldy osuwiskowe majll dwojakll po9tac: SIl to alba zespoly przecbodzllcych 
w siebie, meporozrywanych :Iiald6w (fig. 2 d pl'. I, :ago 2), alba oderwane od siebie 
~dy syIllltllnOle, nie posiadajltce pariii antyk1inalnych (fi·g. 3 i plo I, fig. 1). P.o
wlokii osuWii.skQfWe (:Iiig. 4) majll .cha.ra1tter 'l"egularny.ch warstw zloZoo.:y.ch z materialu 
,poddane.go pr.zede wszysflkim defoo.macjom ntywnym; w masie zk>Zonej z firagmen
t6w wapienia pelltowego ·OirQZZ detrytusu .plytkow.odnych ·O'l"ganliQ:lD.Ow bentonicz
nych plywajll wtedy ikiLkumetrowe ,;!try", wyrwane zpocUoia wzdbIi poWlierzclmli 
warstMlwam.a. IPospolitsze od nich sq Wo81l'stwy zlepieiic6w m-6dJormacyjnych zlo
zone ·z duzy,ch, plaSkich iLrutrak1ast6w (fig. 5 i- 6; plo rI', tig. ,1 d· 2; plo 'UI); b~llce 
PlIoduktem osuwisk: ·podmomk:1ch i splyw6w bl·ofnych. Zlliacmi.e lr6Zndll sill; od ndch 
bre'kcje m-6dfarmacyjne uoZooe z nieregul~ych intraJldasrt6w '(pI. W, fig. 1 d 2; plo 
V, tig. 3), kt6re powstaWaly w wyn.ilku erozji pOw.i«zclmi.·owej .partii osad6w przez. 
P1"lIdy nD.QSltCle detrytus' organdcmy. 'Prlldy te, a przynajroniej lch c~c, mialy cha
naJk.tter prlld6w zawiesinowych isplyw6w bl:ofm.yeh. CZIl;SC osa.d6w franu zostabl 
osadzo:na Pirzez prlldy zawiesinowe. Osady re, czyld t1ll"bidyty, uoZone sll z marter.i.aIu 
czyS1io wapiennego: z in1inaklast6w d detrytusu organic:mego. TU!rbidy,ty wyraZnie 
r6:inill sill; detrytycznym ·char.akterem i zaw.a;r.wscill plytkowodnych org.allldzm6w ben
ltond.'CZIlych od ll"Y'lmiczn.i.e warst~Wlanych, ubogi<:h w ~amienia}oSci· osad6w wa
piennyoh d. malt"gJJistych, ~ 1kt6rymi ;,gill; przewarstwiajlJ. Turb1dyty zazwyezaj SIl w,8il"

stw.owane f.ralk:e~onalnde (pI. V, fig. 1 j, 2; pI. 'VI, fig. 1-.3). spl\gowe lch g,randce 
6Ij, nllltomdtast za:ws.ze ostre d oCu:sto et"ozyjne (pt V, fig. -1 11; 12; pI. 'W, ti-g. 1 ii 2). 

Osady 'l"edeponowane WY9tll;pujll powszeclmie Ulit"6W!1l1O w faeji- lIdeleok:iej, jail!: 
i lysog6rsdtiej g6r.nego dewonu (t.ig. 1). W .sedymenJta.eji gfxmego dewonu G6r 
Swd~OIk:rzys.klich 1Woie1kJi.e :maczende m:i.aly rafy stTomatoporoiOOwo-.ilrorEll1iowCQwe usy
too wane w p6mocnej c~oi facji ik.i.eledkiej. 1Prod1liktem ;i,ch niszc7Jel1i.a Sll grubode
trytyczne 'Osooy ra.:llowe typu proksymaJnego, wystll;pujllce ~Iaszc:za w :liaeji kiel.ec
kiej (fig. 7), a w n.iZszym franie sdll;gajl:lce !l."6wndel na 00szalt" :liaeji IysogOrskiej 
~zarn6w - S:luchowi-ce). W .poludniowej ,czll;Sci· o:bsm'l"u kreleok:iego' (Kowala) de
try;tycme osady Irafm mzszej oCZIl;Sc1 franu zaz~bLaj4 sill; z osadami pelagdcmymd 
(fig. 7). Wyisze, pelag,iczn.e osady franu w ~cji lysog6rs.kiej (warstwy kosliomloClkde, 
Czarnook,i 1950) r6Wli.i.eZ pqzostajll pod wplywem facji !l."af()wej, z .ktt6rej -osuw1ska 
;i prlldy mwiesin-owe 'PirzynQsily material argalllodetrytycmy .(fig. 8). TU.t-bidyty SII 
taik:lie obecne w wyiszym fnalliie (?) KowaM ,(;fig. 7). Tak: will;C prlldy zawiesmowe 
splyw4Hy z obszaa:"u ra~owego zar6wn·o na p6lnoc, jak i na opoludnie. Strefa sedymen
tacjd warSltw ikosboml·ockich .pozostawala prawdopodobnie me tyliko pod wplywem 
znajdujllcej sill; na polu<ln.i.u facji rafowej, ale .taik:Ze pod ·wplywem rozcilj,gajll-cego sill; 
da:1ej na p61noc.ny .m.cMdod facji lysog6rSkiej szelfu wapienl!lego, zasiedlonego 
gl6w:n:ie przez HJiiowce. PocbodZlj,cy stamotlld material wcbodzi. w S'klad najwyz9Ze'go 
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ogmwa franu w Kostomlotach '(Wll'1'stwy b 'K08cielniuowsldej, 1966), a prawdopo
dobnde byl an takZe redepooo.v.'IaIly daJe.j na pOtludnie i poludniowy 'WSch6d (Czar
n6w, G6mo). WskazaC nalezy ponatito, Ze osady nieklt6rych osuwisk podmorskich 
zawierajll niemal wyl~cznie mlliter·ia! pochodUlCY Z osad6w facii pelagicznej, a wi~c 
podmorg.Irun ruchcm masowym. podlegaly w g6rn.ym dewonde COr SwJc:tdtrzyskich 
me tylko osa<iy rafowe. 

Zaldad Geologti. Dynamicznej 
Un>iwers1ltetu WarnatDskiego 

Warszawa 22, AI. Zwirki i Wigur1l 93 
Warszawa, 10 listopadzte 1967 r. 

DESORI!PITION OF PILA'l'IES I-VI 

·PL. I 

Flg.l 

Slump folds in. a set oflthin-bedded \liim~ and ma:rly &hale!. 
Frasni..an at- Kowala (set F) 

!Fig. 2 

Slump folds in ,thin~bedded limestones. overlaid by eross-bedded detrital, reef 
deposits. ~asn.ian .&t :KowaJa (set E) 

PLU 

FJg.l 

Flat pebble ointraformational conglomerate .of slump origin. Frasnian at K<Qwala 
<set G) 

Fig. 2 

Fiat pebble conglomerate 'o.f slump orlgi·n. ~asnlal[l at KOWlala (set G) 

pL. .m 

Flat .pebble intraformatiooal ~onglomel'8Jte sbowmg bro.ken inifu:aclasts at bottom and 
centre. Fnsman at Czam.6w slightly magn. 
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PL.rv 

]ag. l 

Intraformwti..on·al breccia consisting of .irregular :limestone ~notN1clasts underlaid and 
overlaid by marly shales. Bottom . surface of erosional origin. F.r.asnian at Czarn6w 

nat. size 

Fig. 2 

Intraformational breccLa consisting of drregulaa- pelitk limestone intraclast.s and, 
subardIDately, of.calcaxenite. Calcareniote and calcilulite matrix. IrregulaT contact 
wHh underlying pemk 1Imestooe. The bottom .part of the pe:1it~.c iimestone shows 
load deformat~on with ·calcarenite pockets sunk in ·the sediment. Frasnaan at G6rno 

nat. size 

PLo .V 

a. - Lime tll!l"bidite. QTaded .caloarenite and Qlcilotite · overlying the ~on-al sur
face ·of pelitic ,limestone; wavy laminae oat the top of ·the gl'laded bed. Upper 
Devonian at K-owala (set J) . nat. size 

2 - Lime tuorb1dite. Graded ·calca;renite and' caJoilutLte ,oontaining in 1ts lowermost 
part numerous ·rudite ;intr~lams ·caused by erosion of the underlying pelitic 
limestone. Erosionoal bottom of turbidd.te i!ll contact with .pelitic limestooe. Cross 
lamillt8.tion iin the top part of turbidi1ie. Frasnian at GOrno nat. size 

3 - Lntr.a·farmational breeda overlying ofihe erosional sUl"!face of .peUu.c limestone, 
and ~ chiefly of pelitic limestone inttraclasts. iFTasnqan at GOrno 

lloa-t. size 

PL .. VI 

1 - Lime tUt'bidite. Graded ' calci:rudite; calcarenite and -oalcilutite. Erosionoal bot
·tomsurface; ·contorted lamination a!lld pseudoripples in the .top. U.pper Devo
nian ·at Kowala (set J) nat. size 

2 - Lime .turbldite. The erosional sU!l"face of maily shales overladd by crOlloS-bedded 
ealcarendte a:nd .calcllutite, towards the top passing into marly shaJ.e. Frasnian 
at Wietrz:n.ia (Kle1ce) nat. size 

3 - Lime tUrbl!i:i<te. Multiple @l"aded limestone consi8tin.g of eal<:lrudi:te, cilloarenite 
an-q .<l8ilaLluiflite. The il-aminae occur at .top of the g·raded bed. Upper Devonian 
at KoOW&a (set 1) slightly reduced 
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Fig. 2 
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Fig. 1 
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'Fig. 1 

Pig. 2 
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