
GEOLOGICA CARPATHICA, 54, 5, BMTISLAVA, OCTOBER2OO3
281 297

METAMORPIIOSED CARBONATES OF KRKONOSE MOUNTAINS
AND PALEOZOIC EVOLUTION OFSTJDETIC TERRANES

(NE BOHEMI A, CZECIJ REPUBLIC)

JINDRICH HLADIL', FRANTISEK PATOEKAI, VACLAV KACHLIK2,
ROSTISLAV MELICHAR3 and MARTIN HUBACIK 3

rlnstitute of ccology, Acatlerny of Scienccs of the CR, Rozvojovii 135, 165 02 Praha 6, Czech Republic; hladil@gli.cas cz
2Departmeni oI Gcology, Facully of Science, Charles University, Albertov 6, 128 43 Praha 2, Czcch RePublic
rDe;artment of ceology, Faculty of Sciences, Masaryk University, Kotldiski 2, 6l I 37 Bmo, Czech Republic

(Manuscript receired AugLtst 28, 2002: accepted in revised form March 1J' 2003)

Abstract: The metamorphosecl carbonale bodics slructurally embcdded in the East and South Krkonosc Conplexcs

(ESKC - N Bohemian Massif, KrkonoSe Mountains, czcch Republic) have principalty lwo types of sedimentary prc-

cursors. Thc first prccursor corresponcls to Early Cambrian dolomilized oolites and microbialites (Dolni Albciice) and

provides practically the same fauna and geochemical leaturcs on residucs as obscrved in Lusatia (Doberlug-Torgau

iyncliney_ thc Cadomian calc alkaline meta-igneous rock sources, geochemically observcd on this Early Cambrian,

were also found in the Early Devonian ofthe Banandian. Thc second prccursor consists ofopcn-sea calcitic wackestones/

packstones ancl dolomilized packstones/grainstones (Ponikl?i and Horni Ldnov, part) and yiclcb fossil fcmnants, which

arc widely comparablc with N Gondwanan calbonatc scdiments of the Bohcmian typc. The Middle Late Devonian

scdiment;ry continuation in the ESKC was likcly abscnt (or restricted), and this was prcccdcd by incrcased geochemical

variation of insoluble residucs in tbe martlle precursors. Succcssivety divcrsificd compositiolts of trapped weathering

products (regional to intcr-regional background sediment, close to Post-Archean Average Australian Sedimcntary dislri_

tution nr REE, with a significant proponion of atmosphcrjc depositions) sugScst, that area precu*ors of the ESKC,

Lusatia. Bar^ndian and Polish Central Sudetes werc well separatcd and expanded 1() a Sreat extent. The residocs fiom

carbonate rocks of the Sudctcs corespond to a complex palcotectonic cvolution from Cambrian intracontinental

rifting to Devonian arcs. However, there is a trend toward the East and with limc toward lhc Middle Dcvonian' lhat

Sudctic carbonatic residucs indicale a variely of sources posing a widc spectrum of tcctonic setiing types-
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lntroduction

Metarnorphosed Neoproterozoic-Paleozoic sediments, pluto-

nites and volcanites in the southern and eastem parts of the
Krkonose Mountains constitute parts of the Krkonoie-Jizcra
Unit (Kachlik & Patoaka 1998b; formerly the KrkonoSe Meta-

moryhic Complex, Chaloupskj 1958). Narpbski (1994) de-

fined it as a part of the West Sudetic Terane Assemblage. ln

the following text, it is accordingly refened to the KrkonoSe-

Jizera Tenane (KJT - Kachlik & Patodka 2001) The dcfini-

tion of this terrane is still rudimentary' It is difficult to statc

whether the KJT is a suspccted microterane or composcd

structure that originated on the contact between thc Saxothur-
ingian and Central Sudetic Telranes (Cymerman el al l997)
Most generally, it is also considered to be an eastem projec-

tion of thc Saxothuringian lerrane (Franke 2000) Three char

acteristics of the KJT are significant: (1) Thc inilial Cambriar-

Ordovician granitoid magmatism and protracted Early

Paleozoic rift rolated bjmodal volcanism (Fumes et al. 199'1;

Patoaka & Smulikowski 2000; Dostal et a|.2001)' (2) the

Late Devonian Early Carboniferous subduction and HP-LT

metamorphism lbllowed by rapid uplift with equilibration of

the HP LT rocks in greenschist-facies conditions (Maluski &

Patoika 1997; Coll ins ct al. 2000; Marhcine et al. in print)

and, (3) the base of flysch sedimentation stmtigraphically on-

lapping toward the Wcst (Hladil et al. 1999; Kachlik & Patod'

ka 2001). The complicated architecture of the west Sudetes

with uncertail positions of repeatedly dismembered and amal-
gamated sutures offers a number of open questions about the

dating of tectonometamorphic evcnts (Bederke 1924; Franke
et al. 1993; Oliver ot al. 1993; Alekandrowski et al. 1997;
Zehitiewicz 1997; Crowley et al. 2001; Winchester et al. in
print). The reason is in successive assembling of East Avalo-

nian and Armorican crustal chips and structural reorganiza-
tion by nrovements on the TESZ-parallcl (Trans European Su-

ture Zone) faults (Cymerman et al. 1997; Mazur & Kryza
1999; Pharaoh 1999; winchester et al. in ptint).

Kachlik & Patoaka (2001) characterized the KJT as a

Variscan NW ditected orogenic wedge. Its lower part (au-

tochthonous unit) is composed of the Cadomian granitoids
(-540-587 Ma, Krdncr et al. 1994) with their end-Protetozoic

country rocks (Chaloupskj et al. 1989; Gehmlich et al. 1997)

thal are uncorlbnnably overlain with Paieozoic rock This

autochthonous part is cxposed in the westemmost part of llle

KJT (at thc Lusatian TerareJ and in the JcltEd Moultam
Range, close to the South (F'ig. l). The vcry complex alloch

thonous parts are exposed mostly in the Krkonoie Mountains,
farther to the E in the KJT (Kachlik & Patodka 1998b;
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tig, l. A sinrplificd Bcological map of lhe (rLonoie Jizda Cryshlhrc Unil (NE Bohcmi!, Czech Republic) wirh samDled siles in rhe Sourh
and Ersr Ki*onole Conrplexes (numbered labcls). BNd on rhc l)lclious nrdp licws (kchlik & Kozdioj 2o0l;Kozdroj cl al 200t;posirion
ofsitcsbyM llubaaik) A\tthlllohoLsto paru nutachTlD,o"r ,xnr (Ncoprolcrozoic basenent wnh }alcoz.i. cover):1 Larclrotcrozoic
Mtrchnin G.oup (nctrgnywlck.s, nct,tclil6): 2 Cadonian Zawidow cranodiorile;3 micxschish to gleiss$ nr drc Jiara Onhog
neissr4 Jizcrr Onhognciss (-510-.180 Mr);5 RunburkCrrilc (510 Ma)i6 l-ower Paleozoic phylliLes, gi'phne phyltircs (with nr-
l.bnsitc. quartzitc rnd m. t. nner.lhtons Sintrian O.kcrkalk lrcies rnd SilLtrirn Dcvonil(?) micrcfossits i'r non-cxrbo.dlc
mchscdincnlsr T Lo\vcrlalcozoi. (Ordolicid?) phyl|ns wnh qu.izirc inrcrcahrions thrusl olcrLltc Devoninr sequcnceiS auMz-
ilcsr 9. pl]lliL.s wilh i (crhlions ol Middlc io UpFr Dcvoni.n nmrbks (ev encc lbl rhc upl)ei'nostprrl ol civciirn)j 10 UpDciDc
von i ln loLowcrcxrbo . i l ' e ro l60}schdepos i1swi thnxc Ica la t ionso | 'ne l i |as l l l s ' rc jdvo l � � � � � � � � � � � � � � � � �d � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
nrity oi thc Dclonian-Ca$oniferors bourdrry. l//,.r/rom,{s ,,rs 1l clnbrinn Odovicirn lolorno sedim.ntarv unit tmcratulln.\.
ioo f lgphy |1 i leswi lho t lov ic ju1 icnno launa 's i | l sandd}kcsofnre l ld ia Iasc . |a |emehg l ] r t [os lndp jc i i l cs . lnd l l so � � � � � � � � � � � � � � � � � � �
ncs): 12 Zclczni Brod volc.nic Cohplex (mclabasxllic pillow hvA, n,ehlLrll! rnd acil mcLxvolcari.s nr thc uppcr parr with nrlcrcala
lions of marblcs ard mix.d lolcinosenic qunzncs)i ll - sericne tlyllircs wilh inlcrcddio.s ol mfbls rnd quaazircs, basic volcrni.
producrs (lolc.nisD wrnnrg towrkls (rf oJ l|e scqucncc)i 14 phyll.nlli4d sranircs .nd o hog.cis\es tbpct Vdris.at sranit.s: 15
Krkono ie  r i z . ra  Cran i rc  (110 M^)  Pkr t lb tu  y ln roE 16 Pcn im-Cdrbo. i l c ro lsdcpos i rso f rhcKrkonoaePiednon lBxsnr :17 .de-
Posits ol lhc Boheni.r Crelrceous Brsnr rvldMhd,ns 18 T$tiry volcanic ro.ks. na'nely brsrnires and olivinc bx\nlrs (Pliocone)
Sa,?L./ r../D,rr |idld rvork nlnccs nurkcd *ith numbcrcn lcllow hbcls (contarc rhc lisl ni rptendix of thc ptrpurl

K.cIlik & Kozdrcj 20Oli Kaclrlik et rl. 2002). ln rhcse arcas,
thc tectoDornetamorpiic succcssions of PaLeozoic rocLs liJnn
r lrrgc antjfbrm. Tlre largely oul.tuppcd castcrnaDd sondrern
naDks of the anriforn are rcprcscntcd by tlE East xnd Soudr
KrkonoSc Complexes (ESKC - Chiu|ia l99li Kachlik &
Prtoakr l998ai Paroaka cr rl. 2000i Doslal er xl. 200t) t hc
tecloDi.dlly ntl{laycrcd bodics of Ca'nbro Or.lovician (!nd
also yonDger?) pordryrilic irctlgraniles occur in inncr parrs
ofthe flanks (Kachlik cl al 1999; Crowlcy ct al.200l).

Two ESKC submits wcre delined, bolh ivith typicllly
varying rock composiiioD and melanorylric Eradc (Kacfilik &
Pdloak! 1998a). The lower hit consists of s.ricite chlorilc
phyUiles, roofjng phyllites ard two meraeolcanic suires The
uppcr nnn is nrade up ofnainly se.icitc and graphire ph]llites

witb qlailrite and nr!.blc iDtercalations (volcanic products arc
$rbordinrrc). The rrdiomeiric datings ofthe ESKC rocks rarge
lrom thc CrDrbrian to DcvoDian (Oliver ct al. l99l; Bendl&
Patodka 1995i Mrluski & Prtoaka 1997i Tnnmem.nn er at.
I999r NlaflieiDe et al. 2000 in f'.int), rvhcrcrs fte paleontologi
cal nldicalon oiaSc concer$ mostly possiblc Ordovician and
Siluriar (Homi 196,1r Cl upia 1993, 1997). 'lhe 

uppcmosr
rlbchthonous slices are lypicllly marked rvith occuderces of
bhrcschist metamo4nrisn. Thc blLrcschist end datum -360 Mir
is the lalest F'amcnniu, close to the Dcvonian-CrrboDifefous
bourdaiy (Mahrski & Patoika 1997). The wnicsprcad Sreen
sd'is! facics ovcryfcss ("345 3a0 Ma) cbangcd into shearnrg,i
thrusting 0ral was cxlrcssed with NW SE lineirr hbrics
(-320-3,10 Mai Marheine el al. in p'in0 and rennirrated by iD
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METAMORPHOSED CARBONATES AND PALEOZOIC EVOLUTION (NE BOHEMIA)

trusion of the Krkonoie-Jizera pluton (-328-313 Ma; Pin et
al. 1987; Marheine et al. in print).

Assessment of previous data

The solid biostratigraphic dating concerns only the Jeitdd
para-autochthon, wherc metacarbonates associated with bimo-
dal volcanics provided Devonian faunas (Koliha 1929;
Chluprid & Hladil 1992; Chluprid 1993; Kachlik et al. 2002).
Marbles occurring in structurally higher (allochthonous) parts

of the KJT unit have not been directly dated yet, because the
pdmary structures were intensely obliterated during the tec-
tonometamorphic development. The absence of biostrati-
graphic and physical stratigfaphic data is in contrast with
abundance ofthe ESKC metacarbonates as well as their highly
variable mineral composition, major element geochemistry,
rock-fabric and variability of alteration effects (Svoboda
1955). Practically, only one record in the literature about the
ESKC carbonates concems findhg of a real fossil (SilesicarLs

nds#d Giirich 1929; Silurian phyllocarid; Chlupdi 1997:p.15).
The main importance was originally seen in collateral data

from neighbouring slates. The classical locality is the Jizera
River bed in Ponikli village. The fauna from concretions
present in micaceous black slates was first collected by Perner
(1919), who reported the " Didymograptus" sp. (= "Clin|-

cogrcptus" of Ordovician? age; Chlupiid 1953: p. 213). Rein-
vestigation by Homi (1964) provided graptolite branches of
Pristiog raptus dubiu.r (Suess), Morograptus Priodotl (Brorn)

a:nd Monograptus flzrao.srls? Tullberg or Mediogrcptus koli
fiai? Bouiek. The original assiSrunent ot' this fauna to the
wenlockian must now be extended to Llaodoverian-Wenlock
ian (consulting by P. Storch). The pyritized stripes regarded as
graptolites, inorganic metamorphic structures compared with
the ichnotaxa, and other dubious fossil relics described by
Prantl (1948) were problematic and the matedal does not exist
any more- Other rejected possible graptolites were reported
from thc mid-south part of the ESKC (Chlupdd 1953 vs
1998). The younger than mid-Silurian ages are based on mi-
crofossils (mazuelloids). Konzalovri & Hrabal (1998) reported
the Silurian-Devonian mazuclloids from Vysokd nad Jizerou,
but assemblages described by Walter (2000), from Ponikli,
correspond to the wide Ordovician-l)evonian range. Tho
same uncertain range provided the ichrofossil assemblages
from neighbourhood of Zelezty Brod (Chlup:id 1991 - Bi-

fungites, Planolites, Spirop hycus, Tap hrhe lmintopsis, elc,
and large star shaped "Teichichnus" stellatas; originally dccp
watcr Ordovician, or Silurian? shales with relationships to fly-
sch ichnofacies). However, a direct application of these "slatc

agcs" to the marbles is in question since the slates and marblcs
may bc separated by an unknown number of ductile fault
zones.

It is remarkable that the ESKC does not show any indicatoN
ot the Middlc or Upper Devonian sediments (Kachlik & Pa-
toaka 1998b). In contrast, the para-autochthonous Jeitdd rocks
yielded not only evidence fbr the Silurian-Devonian transi-
tions (scyphocrinitids in "Ockerkalk" - Chlupdi 1993; or
monograptids in "silica slates" - Watznauer 193'l), but also
clear late Givetian ages (Chluprid & Hladil 1992), and further

to the W also Frasnian (Galle & Chlupiia 1976) and Famenni-
an (Koliha 1929; Zikmundovri 1964 - the Cheiloceras-
wocklumeria zones). Possible Frasnian-Toumaisian sequenc-
es were also reported by Kachlik et al. (2002). On the N
Krkonoie (Polish Karkonosze) slope, Skowronek & Steffahn
(2000) reinvestigated the "Cambrian" Wojcieszow Limestone.
They found advanced foraminifers with Silurian, Devonial
(?) or even younger traits. Even the relatively distant Sudetic
tefanes usually have Middle and/ot Late Devonian sedi-
ments, for example the findings in Klodzko area (early

Givetian - Hladil et al. 1999).
Several attempts have also been made to classify the ESKC

marbles according to overall geological criteria (such as com-
position, shape, thickness and a angement of bodies). The

classification of carbonate st pes developed since 2%-stripe
concept by Krutsky (1968), through 3 stdpes by Hoth (2000),

including a thick "Cambrian" belt, to 4 stdpes by Kachlik et
al. (2002). Tho last concept of assembled stripes, with 4 struc
tural levels is as fbllows: (1) Minor lenses and layers of dark
grey coloured (graphite) marblcs occur in transitional levels
between the lower and upper part of the ESKC; any accumula-
tions >5 m are very rare, the calcite >> dolomite; associated
with sericite phyllites. (2) The -100-200 m bodies of whitish-
grey poorly foliated dolomitic marbles (the Jesenny or Lrinov
types) are typically embedded in the higher ESKC pafis. Dark
sericitc-graphite phyllitcs or sericite phyllites prevail in some
places. (3) The calc-silicate rock- and quartzite-associated
grey to blue-grey coloured marbles form several bodies NW
of Jrinskd Liiznd and further to the KrkonoSe high ranges. (4)

Tbick bodies of variegated dolostones tepresent a unique type
of the ESKC marbles with white to ochre-umber-hued oolites
intercalated within the former. Close spatial relations to acid
volcanics, mostly porphyroids, were observed near Dolni Al-
beiice, whcre the Rb-Sr dating (-505 Ma - Bendl & Patodka
1995) indicates Middle Cambrian volcanism (compare the
Cambrian ages in Encarnaci6n et al. 1999). With very rough
speculation only, the possiblc precu$ors of graphite marbles
have been seen in the Wenlockian-Ludlowian facies, whereas
thc thickest and light-grey-coloured types occur in the Piido-
lian Pragian (Emsian?) facies, both on examples from the
Barmndian or Saxothuringian regions (Svoboda 1955;
Chlup{i 1997). Rocks with relicts of oolites and early diage-
netic dolomites indicate precursors of shallow-water Cam-
brian facies.

Concepts, methods and techniques

Several phases of metamotphism in the ESKC (Kachlik &
Patodka 1998b; Marheine et al. 2000; Marheine et al. in print)

correspond to strong effects upon preservation of the oriSinal
fabics and compositions of carbonate rock. Bccause of thesc
strong but selectivg alterations, only a few of the carbonate
samples could reasonably be analysed as sediments. The in-
vestigation of overprinting had to find constraints for which
these samples are still usable. Stage of metamorphic overpdnt-
ing was assessed mainly according to lelict-stnrcture succes
sions (thin scction optical and cathodoluminescence (CL) mi-
croscopy techniqucs), because the structured "ghosts" consist
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of bands of inclusions and lattice defects, which copy the past
shapes ofcrystal aggregates. They constitute a discrete "mem-

ory" of the c.ubonate rock. Using a simple rule that young
structures usually cut (or mask) the old, up to 3 or 4 recrystal-
lization stages have been ordered within a single rock speci
men. The lateral compadsons of these "short successions"
(using the overlaps among differently timed successions) re
sulted in hypothesis about the ideal recrystallization path.
Such an elimination of strongly metamorphosed rocks was the
basic step.

An extensive investigation on fossil relics was based on
20 m2 of slabs (using a quary cutter), 120 thin sections (% are
polished section-s) and 60 insoluble residues (in 5% acetic
acid and formic acid, altematively). Another set of 40 thin-
sections (% polished) is related to the Dolni Albeiice dolos-
tones. The composition of thin-sectioned or extracted fossils
has been charactedzed using the X ray diffraction (XRD), en-
ergy dispersive X-ray microanalysis (EDX) and electron mi-
croprobe analysis (EMP). This mineralogical and structural
material inspection was very important, because an alteration
gmde of extracted "fossils" must be in agreement with the
staSe of overprinting (elimination of contaminants, artifacts,
etc.). As concems the preparation of insoluble residues for
geochemishy, 5% formic acid was used for three weeks (car-
bonates from dre ESKC. Lusatia. Polish Central Sudetes and
Barrandialr). The residues were analysed using the X ray fluo
rescence (XRF) and instrumental neutron activation analysis
(NAA) methods for selected trace elements and the REE.
Specific effects of mineral carfiers and element fractionation
(e.9. phosphate), or "dilution" (e.9. quartz or relic carbonate)
were checked using a combination of the EDX and XRD
nethods. The dissolution was always "imperf'ecf", because
the strong dissolution might cause a serious geochemical
damage on minute aggregates and subctystalline flocs. The
data about non-carbonate components serve as proxies to tec-
tonic settings of croded rocks, as well as climates or large re
gional to global features.

Results

Succession of netamorphic recrystalliTation stages and se-
lection of the best preserved rocks

The youngest fabrics cut all other ghost fabrics and are
post-metamorphic. Sub-rectangular networks of cracks with
dissolution calr exemplify these fabrics in the ESKC carbon-
ates and alother typical feature is the occurrence of rims with
small carbonate crystals (Fig. 2H). It coresponds to brittle de-
formation and rccrystallization in a relatively cold pat of the
deep phreatic zone. The calcite fossils and cements in the Dol-
ni Albeiice dolostones were replaced by optically clear,
young calcite crystal aggregates (bright yellow in CL). These
small calcite cavities developed after the retrograde degrada-
tion ofcrystal size (including the origin of tectomicrites/mylo
nites). An epigenetic silicification on Dolni Albeiice dolos-
tones developed in rims of quartz carbonate hydrothermal
veins. The timing of this process is between post-metamor-
phic alterations and intense shearing. The evident retrograde
changes were observed on 80 % of samples (e.g. Fig. 2F). The
early retrograde disruptions of the peak P T crystal fabrics are
expressed on calcites by bealing of originally strong lamellae,
as well as by the origin of ncw twin lamellae and gliding
along microfiacturcs. Rimming (satellite) calcite crystals of
small size are typically early retrograde featue (e.g. Fig. 2D).

Although -80 7, of the ESKC marbles was changed in
metamorphic rehograde conditions, the boudinaged marbles
also provide undamaged relicts of the prograde fabrics. These
prograde structures are very inhomogeneous (Fig. 2B). How-
ever, many of the large and elongated calcite crystals are
rclicts, not the growing porphyroblasts (cofioded or recrystal
lized peripheries; typically dull in CL). The large calcite crys-
tals that have sharp, dense and complex banded twin lamellae
conespond to peak metamorphic stages. The mosaics of mid
size but growing crystals pertain to diagenetic/early metanor
phic stages. Ctystals in these mosaics "cannibalize" both the

Fig. 2. Diversified structurcs of mehmorphic limestones and dolomites. Sites (localjtics) scc Fig. I and Appendix in the text. A Progres-
sivcly rccrystallizcd carbonatc rock whcrc calcitc prcvails over relics of diagenetic dolomite. Twinned lamellac and sliding dclccls arc
slightly clevelopecl. Relics of dolomite are brown-coloured due to thc prcscncc of iron-oxidic inixlures. These brown-coloured ghost struc-
turcs arc considcred a possible archaeocyath bioclast; notc lhc ccntral opc ing and radi^l struclures (major parl of this irnagc). Possiblc oo-
lite ghosts border this structure (left). ESKC Site l0; polishcd section No. 862; W of Jcscnni (Kamenice, Za Prpirnou lowcr part of hill
slope). B - Coarse, basically progressivcly rccrystallizcd carbonatc rock. Largc calcitc cryslals display strong lamellae, where subordinate
dolomite interleaves calcite; sliding dislocntions are superimposed on this slruclure. Degradation of crvstal sizc is locatcd in nesls and irreg
ular zones; i1 coresponds to mclamorphic rclrogression. Quartz is corroded. Sile 4; polishcd seclion No. 868; W of Jcscnny (U Slari Vody).
C Large-size neomorphic calcite crystals repJacecl a dolomitc prccursor. Prcvailing thin lamcllac arc densely spaced. Polishod section No.
856; Homi Marsov (Waler Tank). D Cryslal size reduction on margins ol neomorphic calcitc cryslals rclrogrcssive origin of small
crystals in collar-shaped structures mantling largcr crystallinc rclics. Sitc 5; polishcd scction No. 867; NND of Bozkov (Brook Junction).
E A specific melrmorphic dolomite characterizcd by numerous spot-shaped crystal dcfccts with abscnce of visible zonal growth. Con-
tacts of crystals are lincar, with calcitc intcrstitial fills (whitc lincs). Siic 2lB; polishcd section No. 864; Homi Liinov Oasc of thc Activc
Quany). l' - Mylonitic dolomite rock with dispcrscd small calcitc cryslals oI young generation. Site 15; polished section No. 868; Marsov
(2.2 km S of the Homi Marsov Cave). G Relics of oJd (early diagenetic) dolomitc rim; thc inhcrjtcd stylolile localions are preservcd from
pre-mctamorphic timcs- Sitc l0; polished seclion No. 863; W of Jesennj (Kamenice, Za Papimou - uppcr part of hill slopc). H The cl:
fect of young brittle deformalion js cxpresscd as a cubc-shapcd systcm oI dislocalions, accompanied by grinding and dissolution of carbon-
ale and fbrmation ol a new generation of small cryslals of quartz and dolomitc. Silc 13; polishcd seclior No. 853; NW of Bozkov (Pod
Domini). Whitc polarizcd iransmiltcd li8h1, crosscd nicols, horizonlal edgc of each photograph 5.5 mm.
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allochems and cements of the sedimentary precursor. With
rapid recrystallization, the centdfugal movement of inclusions
(toward interstitial spaces) caused bluring (or damaging) of
the original rock fabric (e.g. Fig. 2A, marble with Fe-oxidic
ghosls after fossils; or G, where medium sized crystal mosaics
were consumed by large calcite specimens). It is characteistic
that many prograde crystal mosaics observed in the ESKC
marbles were imperfectly "purified" (blurred with a number
of mineral and fluid inclusions, including carbonate crystal-
l i tes - Fig. 2C).

Two processes differ from simple prograde-retrograde suc-
cession-s. The tirst involved the massive fabrics oflow-perme-
able dolomites from Dolni Albeiice, which survived until the
strong greenschist overpress, when the boudinaged oolitic/mi-
critic rocks were parlly changed into completely rebuilt calcit-
ic maLrbles subjected to highly ductile deformation (CL imag-
ing shows nebular bands of altemating, moderately dull to
moderately bright calcite streaks). These contnstive rock
types closely abut to thin envelopes of boudins, where maxi-
mum shear movements were localized on slip surfaces
(minute banding of carbonate cataclasites and silicates). The
calcitization above must be a fluid-induced process (Erickson
1994; Fisler & Cygan 1999) rather than a solid-state change
(Matthews et al. 1999), particularly if we consider the ex-
tremely rapid growft of low-magnesium calcite mass. The
second highly different rock types represent "coarse-mosaic"

dolomites, where interstitial seams among crystals are sharp
(occasionally with tbread of Cl--bright yellow calcite). The
dolomite crystals are homogeneously fillcd with a dense spray
of tiny inclusions (not zoned, not lamelled, no centrifugal
movement of inclusions, and dull in CL). To obtain such a
fabric, very slow crystallization is demanded for a long tirne
and with only a little chemical difference from the hypotheti-
cal precursor.

Owing to the results of this analysis, the reliable material
(relevant to paleontological and geochemical features of rock
precursors) was practically reduced only to calcite rnarbles
with visible diagenetic/early-metamoryhic prograde crystalli-
zation stages or, altematively, to these "blocked" dolostones
sheltered from hansformation to "neoplasmic" calcite rnar-
bles.

Relics of sedintentary a d biotic objects

An archaeocyath fragment, which was found during a joint
field trip by Ch. Pin in the Dolni Albeiice quarry (the speci-
men is housed in the Inst. Geol. AS CR; coll. J. Hladil). is in
the best state of preseNation from all of the sectioned fossil
rnaterial. Comparative morphology studies made on the Lusa-
tian material and Lower Cambrian of the world (TU Ffeiberg
Collections) clearly confirmed the detemination of this fossil
as an archaeocyath, which is similar to Erismacosciwrs De-
brenne (possible E rairzlns Elicki & Debrenne in comparison
with thin-sectioned material from Lusatia and also photo-
graphs and descriptions by Elicki & Debrenne 1993). Com-
monly associated archaeocyaths Afiacyathus Voronin also
foln small cups of elongated shape, but their porous septa are
interconnected with synapticulae and an inner wall containing
numerous canals. It is not so compact as the simply pored wall
of Erisnacoscinus. The stratigraphic range of the genus Ens-
,ldco.rcirrar Debrenne 1958 is Tommotian-Botoman. An ex
pe report by F. Debrenne from the Museum of Natural Histo-
ry in Paris was fundamental for the confirmation of the
archaeocyathan nature of this fossil (Fig. 3,4) and its Early
Cambrian age. Another candidate to be recognized as a relic
of an archaeocyath was found in a thin section W of Jeserlni
(F ig .2A) .

A small skeletal fossil found by V. Kachlik in the Dolni Al-
beiicc quarry has well-preserved trilobite microstructure (Fig.
3C,E). The oval to sub rectangular shapc (about 12nm
across, Fig. 3D) is vefy characteristic, because the exactly su-
perposable trilobite sections are common in Lower Cambdan
of Lusatia (TU Freiberg collections). Both conespond to box
shaped t lobite glabellae. They can be compared with "Bor

l1ia" Walcott (2 or 3 genera?, presently revised by trilobite
specialists). lL "Bot1nia", the antedor cnds of glabellae are
blunt, anterolateral corners expanded and glabellar furrows
are extremely shallow (Palmer 1964). Small but sturdy "3o,?-

t?ia"-trilobites seem to be typical inhabitants of carbonate seas
(in Bonnia-Olemelus Biozone), being widely reported from
different facies of North America (California, Colorado, N
Greenland - Blaker & Pecl 1997). but also Ccntral Asia or
other places (e.9. Kazkll-stan - L.B. McCollum pers. comnt.

Fig. 3, Rclics of the Lower Cambrian fossils and ooids in polished scclions ̂nd their comparison wilh unmelamorphoscd rocks from the Do-
berlug-Torgau area of Lusatia. A A fragmcnt of an arch^eocyath skclcton, possible Ellsrrflco.lcil,r.s in oolile. The ooids and thc bioclasr
are dolomitizcd. Very youn8 transparent calcitc crystals replace the rock matrix and ccment. Quarry at Dolni Albeiice. Polishcd scction, hor
izontal edgc 6.8 nrm. B Analogous fiagmcnls of archaeocyaths in dolomitized microbial packstonc with microbial structures ofRzndlin-
type. DoberluS-Torgau P8/1706, 98. Thin seclion. horizonlrl edge 16.0 mrn. C A section across a small box shapecl cephaton of hilobite.
Possiblc Bonlro, in dolomitized ooidal crrbonitle rock. Thc quartz-carbonrlc veinlets arc whitc; lhe lrilotrite skclcton is pink with a glassy
appcarance (marked with alrows). Quarry at Dolni Albeiicc. Polishc(l scclion, horizonlal cdge 15.3 mnl. D ,, Thc same object; thc "shcll" is
traccd using the imlrge analysis tcchnjques (arlificial colours, black on $een background). E The s rne objcc!; microstructlrre of skclcloll
(blue Iighl from lower and oblique upper illuminations). F An analogous scclion across a box-shaped cephalon. Strongly dolomitized oo-
idal packstone. Doberlug-Torgau Pl8(By1630, 88. Thin section, horizon{al edge 12.0 mm. C Relic slructurcs aftcr dolomirized ooi<js
form dark grey colourcd rinSs in neomorphic carbonalc structure of the rock. Dobcrlug Torg?ru P2/1614, 103. Thin section, horizontal edge
12.0 mm. H - Coated grains with quaflz sill and largc ooids. Doberlug-Torgau P2/1706, 95. Thin scction, horizontal edge 5.5 mm. The
EsKc-relatcd spccimcns coll. J. Hhclil (Praguc); Lusalian specirncns - drilled rock corcs, coll. B. Buschmann & O. Elicki (Frcibcrq).
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2002). Such sudden "island hopping" mi$ations of trilobites
tiom Lawentian to Gondwanan carbonate shelves are general-

ly possible (late Early Cambrian breakdown of provincial bar
riers - Geyer & Landing 2001). Otler smail trilobite chips
resemble, with some uncertainty, the "Kin8&spis" debds from
Jordan (TU Freiberg collections; Elicki & Shinaq 2000). The
"Kingaspis" trilobites have strictly dorned dorsal exoskeleton
(N African complete specimens); they were spiny and formed
cephalic and pleural doublures. Although suggestions abont
" Bonnia" ot " Kingaspls" from Dolni Albeiice have separately
rather a speculative than a conclusive character, a general Ear-
ly Cambrian trilobite indication is worth mentioning. The Scr-
rodiscns-Lusatiops faunulae have notbeen indicated yet (Lu-
satian silty shale facies - Geyer & Elicki 1995).

The archaeocyathan and trilobite rellrnants were embedded
mostly in oolites (Fig. 3A,C), rarely in micites. The sedimen
tary fabrics have largely been based on exceptionally pre-
served boudins from the Dolni Albeiice quarry (the eastem-
most ESKC), but ghosts of relic oolites in prograde
metamorphic fabrics (Fig. 2A) are also formd at other places

in the ESKC. The ooids ate usually well-sorted, t/c to 2 mnt
large; the maximum thickness of oolites goes over 30 m. As is
generally known, the formation of oolites requires gentle or
periodic wave actions in warm marine-waters which allow
carbonate precipitation on all sides of a grain of sand or shell
fragment. Favourable conditions are hiSh aragonite satura-
tion-s in seawater by low binding capability of benthic organ
isms. Not all periods were associated with thick accumula-
tions of oolites. A really massive oolitic production dates to
the Late Proterozoic-Early C-ambrian stages, whereas the Or
dovician to Devonian periods provided o y a limited chance
for expansions of oolitic facies. This simple fact is used as a
supporting argument in favour of biosffatigraphically deduced
Early Cambrian ages. In addition, the Dolni Albeiice oolites
and microbialites are nearly identical to the Lower Cambdan
carbonates of Lusatia (Doberlug-Torgau Syncline, Zwethau
Formation - Elicki 1999; Fig. 3F-H herein). The next world
wide exparsion of oolitic facies occurred with the Early Car-
boniferous "aragonite-facilitating" episodes (Sandberg 1983,
or Mistiaen 1984), but this altemative seems to be implausible
in the question relating to the ESKC. The 90%-prevalcnce of
early diagenetic dolomite, which formed even before the early

dissolution of aragonite chips, corresponds to evapodtic ma-
dne environments.

The microfossil assemblage from calcitic marbles of Poni-
kl:i differs from the above mentioned summary. The
maghemite-chlorite-siderite cast of a strictly conical shell
bears rings and longitudinal ribs (Fig. 4A,B). This shape is
more comparable with dacryoconarids than with the distinc-
tive forms of small Early Cambrian molluscs (collections in
Prague and Freiberg, respectively). The shell morphology
cofesponds to Nowakia Giirich, possibly N. acuaria (F.ich-

ter), because all other Nortakia species have much larger di-
ameters (>120 pm) by rather imperfect ornamentation in this
early stage of dacryoconarid shell formation (Boudek 1964).
The accompanying microremains are attuibutable to small
planktonic brachiopods Acrctreta K.utorga (Fig. 4C,D). Fc-
oxidic and carbonatic mixtures with chlorite replaced the orig-
inal shell of phosphatic-carbonatic composition. Although the
"Acrotreta"-brachiopods occurred from Camb an to Ho-
locene, they started to be really abundant during the Pragian
(as related to the Armorican-E Avalonian Terane Assem-
blages). Other microremains extracted from residues are very
unclear, for example of possible brachiopod or crinoid spines
(Fig. 4E,F). Although the "No.,',akia" a\d "Acrotreta" casts
are not pedectly proserved (Fig. 4A-D), they allow reasoning
about Pragian aEe (N. acuaria rs a zonal index fossil - bios-
tratigraphic marker).

Specific fossil microremains were also found in the upper
levels of an active quarry at Horni Ldnov (Fig. 4G,H). These
skeletal ftagmenls are dark grey and honey-brown-hued and
consist of ftancolite (phosphate) with perfoliated tiny crystals
of mica and dolomite. These microremains are abraded blades
and spines of V-shaped cross-sections and most probably be
long to phyllocarids, possible "C eratiocaris" Salter, or similar
primitive malacosttacan crustaceans (consulting by L
Chluprid). The " C eratiocaris" -type arthropods arc traceable
from Cambrian to Permian, but comparable microrernains are
particularly abundant in the Wenlockian-Piidolian interval
(mid- to end-Silurian times). The calcite marbles (only sliSht
ly dolomitic) have ghosts after bioclastic lime mud-suppofied
sedirnentary fabrics (possibly packstones and calcisiltites).
Related carbonate ramp-slope facies are typical for the Late
Silurian Early Devonian oceanic sediments of warm climates

Fig. 4. Examples of the best preservcd fossil relics from insoluble residues aftcr djssolution of marbles. A and B A maBhcmite-chlorite

sidcrile cast of a dacryoconaid shcll, possible Nowaild. Note exlremely narrow carly pat of the shcll (d - l20pm); lonSiltrdinal ribs arc

patlly preserved. C and D A maghemite,chlorilc-sidcrite casl of,4crotretd valve (small planktonic brachiopod), size < 300 !m; a general

view (C) and dctail of coarse cryslal aggregales in brokcn cast (D), which shows elongaled cryslal shapes of sideritc > maghemite (wilh olh_

cr Fe,oxirles) and obliquely oricnted platelets of chlorite (with traces of mica). Small amounts of chalcedolty quarlz arc p'esent (small

bulbs). E and F - A pscudomorph of snall rod-shaped bioclasl consisting of pyrile-gocthilc-mica aggregates \\ith phosphate lnd dololnilc

rclmixlures. G and H Phosphatic bioclasls- Thc V-shaped rod (G) co sists of fiancolite phosphatic mass with subordinatc contcnts of do

lomite and disperscd mica; prrts of phyllocarid carapaces, possiblc Cer.rlio.dr.is (opinion ol I. Chlupii). Abradcd blades ol laminatcd phos-
phatic bioprecipilates arc most likely also disarticulated p Ls of arthropods. The photographs A 10 F were lakcn on lhc matcri|J from lho Io-

calily of Ponikl:i, Dolski polok; c and H from Honri Liinov, base of thc Aclive Quany. All in SEM, wilh the exception ol G (lighl

microscopy). The insolublc rcsidues werc obtaincd by thc buffercd fomric acid clissolution proccss. Mirler:llogy was interPr..re.l from thc

EDAX and XRD dat?r. The ESKC-related specirncns comc fion the collcclions of M. Hubar)ik (Brno and Semily).
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(anywhere, from the Appalachians, through the Ba[andian to
S China- for instance).

Rare-eatth and trace elefients in insoluble residucs
of nntbles and compared carbonate rocks

The chondrite-normalized REE distribution pattems of the
irLsoluble residues from the ESKC metacarbonates show a dis-
tinct effichment in light REE (LREE), small negative Eu
anomaly, and mther unftactionated and almost flat distdbu-
tion of heavy REE (HREE) (Fig. 5A). The ESKC metacarbon-
ate residues are quite similar to Post-Archean Average Austra-
lian Sedimentary @AAS) rock (Nance & Taylor 1976), as
well as to the other typical post-Archean sediments (e.9. Tay-
lor & Mcl-eman 1985; Mcl-eman & Taylor 1991; Mclennan
2001) according to the lanthanide distribution patterns -

nevertheless, compared to these standards, they are depleted
in REE abundances by the factor of 5 to 10 due to the general-
ly low lanthanide concentratiolls in carbonates (Bowen 1979)
which survived in finely crystalline mineral mixtures of the
residues. Examples of the other carbonate insoluble residues
of the Bohemian Massif - from the Banandian (Early Devo
nian), Lusatia (Early Cambrian) and Polish Central Sudetes
(problematic Cambrian, Middle Devonian, and Late Devo-
nian) generally display the same features of chond te-nornal
ized REE distribution pattems (Fig. 5B-D). However, the de
pletion in lanthanide concentrations similar to that of the
ESKC marble insoluble residues was revealed only in some

samples from the Polish Central Sudetes (Middle Devonian,
Maly Bo2k<5w locality) (Fig. 5D); the only REE-depleted and
Ca-rich sample from the Kondprusy reef (Early Devonian, the
Banandian) seems to be an exception, too (Fig. 58, Table l).

TIle data on REE concentrations in insoluble residues ob-
tained from rcpresentative samples of carbonate rocks fiom
the ESKC. Barandian. Lusatia and Polish Central Sudetes
were double-normalized by PAAS values (Nance & Taylor
1976) and by Lup (i.e., Lu values of every individual sample
normalized by PAAS). The purpose was to minimize the ef-
fect of dilution of lanthanide concentntions in the rock resi-
dues by abundant undiluted carbonates and detrital-to-silicifi-
cation quartz (Fig. 6). The double-normalized REE-dis-
tribution pattems of the residue samples of the ESKC Early
Cambrian marbles (e.g. from Dolni Albeiice and Homi
Ldnov, part of which may be Silurian) as well as of the Lusa-
tian Early Cambrian dolomite.s reflect slight deviations frorr
the normalizing REE profile, which can be interpreted as an
influx of calc-alkaline igneous-rock products from the sur-
rounding region (not from atmospheric deposits - see Dis-
cussion). If simply compared with igneous rocks, it may sug-
gest continental arc to active margin sources - CAAM
(Bhatia 1985; Bhatia & Crook 1986; Girty et a[. 1993;
Mcl-enrlan et al. 1993j ard Fig. 6,{,8 herein). As mentioned
by one of the reviewers, Ch. Pin, the mixing effect of local
and global sources of the background sedimentation luve Irot
been completely understood yet and a simple inferelce to be
made on geodynamic setting is may be difficult to ascertain.
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Fig. 5. Distribution patterns of REE concenttations in insoluble residues normalized by chondrite composition (Andc$ & Grevcssc
1989). A - ESKC marbles (Cambrian and Silurian Devonian); B Barrandian (Early Devonian) limcstones; C Lusalian (Early
Cambrian) dolomites; D - Polish Central Sudetcs (Cambrian?, Middle Devonian, and Late Devonian) carbonate rocks.
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Table 1: Abunalances of rarc earth elements and sclectecl tracc elemenls; selected macroelements and Th/U ratio - round mcan values Re-

sults of the INNA-XRF analyses of residues, i.e., the lormerly clispeIsed wealhering products trapped in carbonates were moderahely (and

up to various stage cf. abundance of Ca) concentratcd by means of ihree-weeks dissolution in 5% formic acid. Abbreviatiotts of sites:

Ii - KrkonoSe-Jizera area: K-l Dolni Albciice Quarry; K-2 Ponikl'i, Dolskj Brook, Middle, sanple No.2; K-3 Ponikl,, Dolski

Brook, South, sample No. 3; K-4 - Ponikld, Ponikld Cave, samplc No. 6; K-5 - Homi LAnov Active Quarry, Crusher, sample No. 9;

K-6 Horni Lrinov Active euany, 2nd level, sarnple No. 12. B = Banandian area: B-l - Velk,l Chuchle Quany, conodont point No. 7 of

L. Slavik - Lochkovian; B,2 - Na Cikince Quarry, conodont point No. ? of L. Sl^vik - Lochkovian; B-3 - Kon6prusy Quary West, L

Slavik's conodont point 2 - Lochkovian; B 4 - Kon6prusy Quarry Wcst, conodont point No. 6 of L Slavik - Pragian; B_5 - Mramorka

euany, Chjnice/Zluzany, bcal interval No. 6 Pragian; 8,6 , Stydld Vody Quarry, bcd interval No. 7 - Pr^gian; B-7 - Mramorka Quar-

.J Clrynl"ffur^ny, t cd interval No. 13 Zlichovian. L = Lusatia Doberlug Synctinc: L-l northern flank of Doberlug Syncline WBW

ittz,' zll .s m - Early CambriaD; L-2 N Doberlug syncline wBw 1612, 280.0 m Early Cambrian; L-3 - N Doberlug Syncljne

wBw 1612.389.0m - Early cambrian; L-4 N Doberlug Syncl ine wBw 1612,396.5 m - Early Cambrian. s = Polish cenl 'al  sudetes:

s I Dzikowicc, Playgrouncl Quarry - Famennian; S 2 Maly Bo2k6w, "cofal 
Quany" Givclian; s-3 Maly Bo2k6w, "Malaysia"

Quarry unknown Paleozoic age.
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However, the patterns similar to above Cambrian pattems are

still traceable on Lower Devonian samples from Barrandian,
and a slightly similar pattem can also be seen on a single spec-
imen from the Polish Central Sudetes (Maly BoZkdw locali-

ty - Middle Devonian) - however, in the lattet area, source

rocks with conspicuously fractionated LREE/HREE were

substantially involved (Fig. 6D). In the ESKC Silurian Devo-
nian (e.g. Poniklii area), thess "continental" features also oc-

cur but to a lesser extent. The majority of the ESKC and Su-

detes samples, with an exccption for the Cambrian, reveal

either oceanic island-arc or passive continental margin influ-

cnc9s.
Slight arch-shaped deviations seen in several normalized

REE diagrams are caused by the ptesence of organogenic/di-
agenetic phosphate. This bias is demoD'strated by Baffandian

samples (chips of conodont-teeth elcments) and partly also

with thc ESKC samples (Silurian? "Ceratiocaris" nictore-

mains; Horni L:inov, part of which may be Cambrian).
The diagrarn of Hf/Yb vs. La/Th (employing repicsentative

elements of REE, HFSE - high field strength elements, ald

the least mobile LILE - large jon l ithophile elemcnts) can

be alternatively used for evaluation of the predominance of ei-

ther mafic or felsic rocks in clastic sediment source - an ap
proximate boundary between mafic and fclsic sources was

constructed on the basis of data tbllowinS authoF such as

Floyd (1989), Floyd et al. (1991) and Wilson (1993). The HfiYb

vs. La/Th discrimination on the ESKC and Polish Central Su-

detes mctacarbonatic residues are conspicuously scattered,

compared to the closely spaced data for the Barrandian and
Lusatian samples (Fig. 7). A considerable diversity of source
rocks can therefore be presumed for tlre lbrmer gronps of
rocKs.

An analogous ditTerence between the ESKC-Polish Central

Sudetes and Barrandian-Lusatian assemblages is visualized

using the HfTSc vs. LalTh plot (Fig. 8). Altbough these char
acteristics for sediments have bias from incompletely known

fractionation pathways (e.g. concenffation of Sc in latcritic
crusts - Ni, Co, Al affinites), it provides, according to first

expe ences, an interesting discrimination capability that is re-

lated to mafic-felsic depletion of Sc in igneous sotrce rocks.

The Barrardian Lusatian assemblage displays the data scatter,

which is strongly fbcused to CAAM field. Application of

these proxies to the Polish Central Sudetcs indicates the influ-

encg of oceanic igneous sources (from occanic island-arc to

oceanic witlilr-platc environments).
Altogcther, these ratios Hf/Yb, Hf/Sc and La/Th - com-

bined and plottsd for the ESKC specinens sbow large vari-

ability (usually with little shitis toward passive continental
margin compositions). The possible PCM influcnces (com-

pare: Taylor & Mclcnnan 1985; Floyd et al. 1991; Mcl-eruran
et al. 1993) are best exemplified by a sequestered point' which
stands for one of the Silurjan-Devonian samples from the

Ponikli area (Fig. 8, upper right).
The Th/U ratio based on insoluble residues fiom marbles

strongly fluctuates (0.4 ancl 9.9; Table l). Expected metamor
phic mobility ofurarium complexes practical)y precludcs any
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Fig, 6. Distribution pattems of REE concentrations in tle insoluble residues double-normalized by Post-Archcan Average Australian Sedi
mentary (PAAS) rock valucs (Nance & Taylor 1976) and by LUN (i.e., Lu values aheady normdized by PAAS) to minimizc thc cflcct of di-
lution of lanthanide conccntrations by carbonatcs and quarlz. Al ESKC Early Cambrian marbles (from Dolni Albeiicc and Horni Ldnov);
A2 ESKC marblcs of suspected Late Silurian to Early Devonian ̂ge (Ponikl?i area); B - Barrandjan (Early Devonian) limestones fiom
Velk;i Chuchlc and Mramorka; C - Lusatian unmctamorphosed Early Cambian dolomites (WisBaw borehole); D - Middlc Dcvonian
limestone sample from the Polish Central Sudetes (Maly Bozk6w area).
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Fig. 8. Insoluble rcsidues from carbonale rock of the ESKC, Barrandian, Lusati^ ^nd Polish Central Sudctes in Hf/Sc vs- L4Th plot. Reprc-

sentalive compositions of clastic sedimenls lrom various teclonic settings: OWP occanic within-plate, OIA oceanic island arc, CAAM
- continental arc to active contincnlal margin, and PCM passive continental margin (after Floyd er al. 1991), and UCC - upper conti-

nenlal crust (after Taylor & Mclennan 1985).

utilization of this ratio for estimating the original sedimentary
conditions or paleogeographical magnafacies.

Discussion

The strong obliteration of primary sedimentary fabrics and
alteration of weathering products trapped in carbonates con
siderably reduce the number of interpretable samples in the
ESKC. The exact classification of rock precursors in each of
these ESKC carbonate bodies is therefore practically impossi-
ble. The analyses of the ESKC marbles provide inspirational
jumping-off points for new and more accurate ways of under
standing the physical nature of the tectonometamorphically
stacked slices and stripes of rocks rather than all-inclusive
classification of all samples.

The trace-element geochemistry of dispersed weathering
products trapped in carbonates is practically new and connect-
ed with many problems. One of the principal problems is the
separation of regional iuflux of "real" CAAM-related material
(aquatic suspension from river deltas >> atmosphetic depos-
its) liom the "false" CAAM-image of largely averaged back
ground deposits (eolian atmospheric deposits >> aquatic sus-
perxions from river deltas). There is a widcspread myth
among the geological public, that atmospheric depositions are
negligible. This myth is based on present (interglacial) aver-
age values for the entire Earth surface area, which are approxi-
mately 1.5x l0-r3 kg m-2.s I 1i.e., -5 kilograms per square
meter and million years). However, it can be easy demonstrat-
ed, using the present reviews about deposition of eolian dust
and mineral aerosols (Harrison et aI.2001; Mahowald et al.
1999; Tegen & Fung 1995; Duce & Tindale l99l), that areas
with carbonate production have a great supply of these atmo
spheric deposits, which fluctuates in long-term averages fiom
1.5x10- r0 to  1 .5x10 ekg.m 2 .s  t  

1 i .e . ,  -5 to50tonspersquare

meter and million of years). It co[esponds, by 20 m/Ma accu-
mulation rate of pure carbonate, for instance, to a maximum
possible proportion of this substance (happed in carbonate),
which is equal to 10 50 %. However, this amount is common
ly reduced (washed and dissolved) to % t/t of the original
mass. that is -2.5-5 to 12.5 25 7. of the rock mass.

Accepting that both types of non-carbonate admixtures can
represent geochemical traits of source ateas, it makes sense to
study the deviations ftom the average clastic sedimentary ma-
tedal of post-Archean age (Mclennan 2001). Anyhow it will
be impossible to find unchanged igneous compositions in this
material (ftactionations related to weathering, transpo , depo-
sition and diagenesis), at least part of geochemical signatures
can be transfeffed with these weathering products (e.g. Ohr et
al. 1994).

In this direction of interpretation, the Lower Cambrian
ESKC marbles (Dolni Albeiice and partly also Homi Ldnov)
and Lusatian oolites (Doberlug-Torgau Syncline) have visible
local components, which probably conespond to calc-alkaline
(meta)igneous rocks of end Proterozoic ages. The CAAM
character of this material (compare with Bhatia 1985; Bhatia
& Crook 1986; Floyd et al. 1991; Mclennan et al. 1993)
seems to be involved in the double-normalized REE distibu
tion patterns (by PAAS values and by relevant value of LuN;
Fig. 6A-C). The possible ratio of the local to widely rcgional
and global dispersions (L/G) may fluctrate from 0.25 to 4. A
single sample from Polish Central Sudetes (Maly Bo2k6w
civetian; Fig. 6D) is typical for prevalence of local material.
The patterns based on Lochkovian-Emsian limestones of the
Banandian area (Fig. 6I}) have extm "phosphate-related de
flection" but, in general, again correspond to CAAM. Howev-
er, the typically decreasing values of Ce and Yb (and especial-
ly the absence of microlithoclasts and low conccntmtions of
clastic heavy minerals) suggest, that this CAAM character is
rather an effect of wide regional averaging, which makes a

2
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false semblance that is only similar to CAAM. The possible L/G
ratio is only 0.05 to 0.1.

Summarizing all indications, the ESKC Siluriar-Devonian
insoluble residues differ from their Barrandian counterpaits
by higher amounts and higher variation of the proximal silici-
clastic admixture, where the L/G can increase to values >0.3.
The source rocks were of con,siderable diversity (Ponikld area,
for instance - Fig. 642). The Ponikld area marbles (ESKC),
but particularly the carbonates of the Maly Bozkdw and Dz-
ikowiec localities (Polish Cenhal Sudetes), reflect a wide ar-
ray of sources involving mafic to felsic rocks. This may be
considered as a direct evidence of synsedimentary (not only
late Variscan) unevenness of crustal segment composition.
The Klodzko area also provides evidence about pre-Late De-
vonian unconfomity (Kryza et al. 1999). Practically, the
whole possible scale of both inactive (old and exhumed) and
synsedimentary settings occur in the Sudetic Terrane Assem-
blage (from OWP and OIA to continental CAAM and PCM

see Figs. 6 to 8).
The geochemical and lithological characteristics of the car-

bonate rocls of the ESKC. Lusatia. Polish Central Sudetes
and Barrandian - despite many similarities - point to sedi-
ment origin in adequately geographically separated basins.
The traits observed in the ESKC and Lusatian Cambian seem
to have indirect geodynamic continuation in the Devonian of
the Barrandian area. These basins were subsiding on a partly
eroded Cadomian CAAM rock suite of northgrn Gondwanan
relevance (Nance & Murphy 1994; Edel & Weber 1995;
Kachlik & Patodka 1998b; Keppie & Dostal 1998); the age is
Late Vendian, about -570 Ma (Buschmann et al. 2001). The
Cambrian carbonates had to be evolutionarily linked to atten-
uation and rifting of the West Sudetic Cadomian crust
(Kachlik & Patodka 1998b; Dostal et al. 2001). The Silurian-
Devonian basins (particularly in Barrandian) attained an ad-
vanced stage of basement extension (Patoika et al. 1993; Pa-
todka 2001). On the other hand, the Devonian sedimentary
precursors of the ESKC as well as the Polish CeDtral Sudetes
differ from any other neighbouring regions with their ex-
tremely varying spectrum of sources.

The fface element-REE gcochemistry of residues frorn the
West and Central Sudetic limestones and dolomites seems to
confirm the significant role of N Gondwana-pervasive Cam-
brian-Ordovician intracontineltal dfting, which continued
with strong Silurian sea-floor spreading (Crowley et al. 2000,
or Dostal et al. 2000, 2001). The "oceanization" culminated,
during the Devonian, with ocean-floor subduction and amal-
gamation of the Variscan terane mosaic (Cymerman et al.
1997; Maluski & Patoaka 1997; Pharaoh 1999; Frankc ct al.
2000; Marheine et al. 2000 in print; Winchester et al. in p nt).
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and ,Kirg.rspis. Abundance of early diagenetically dolo-
mitized oolites and rnicrobialites has lithostratigraphic cofie
lation significance. The occurrence of Ctrtograptus-Test
og,'aptus graptolite assemblage in slates near Ponikld implies
the Wenlockian-Ludlowian age. Possible Ceratiocaris and
Nowatia, both seen with comparative details, suggest that at
Ieast part ofthe marbles between Homi Ldnov and Poniklii are
of Silurian-Devonian age. The dacryoconarid from Ponikld
has apparent similarity to Nowekia acuaria and it makes
sense to take into consideration the Pragian stratigraphic
stage, as the prcsently youngest biostratigraphic datum in the
ESKC. The Silurian-Devonian precursors can be character-
ized as open-sea calcitic wackestones/packstones and dolo-
mitized packstones/gminstones.

The insoluble residues fiom the ESKC have REE distdbu-
tions comparable to PAAS, with decreased abundances (main-
ly the carbonatic character of residues, but possibly also natu-
ral depletion). The analyses of the background sediment
happed in carbonates revealed differences ofregional to inter-
regional significance. It implies extensive development of the
related N Condwanan rifting branches with Early-Middle Pa-
lcozoic geographical separation of the ESKC, Lusatia, Polish
Central Sudetes and Barrandian areas. In a Darallel to litholo-
gy and fauna, the geochemical features of the Early Cambrian
ESKC are apparently similar to Lusatian. These features re-
flect the "Cadomian orogenic" (calc-alkaline igneous/metaig-
neous) source rocks. which are taceable even in the Lower
Devonian carbonate sediments of the Banandian area. On the
other hand. the Silurian-Devonian features related to the
ESKC provide only impedect links to the Barrandian, the
variation of composjtions seems to increase toward the Early
Devonian - and, the Middle Late Devonian continuation is
absent. In contrast to tbis, the Polish Central Sudetes (prob-
lematic Cambrian, Middle Devonian, Late Devonian) reflect
extremely diversified and dynamically developing sources
(OWPiOIA-CAAM/UCC PCM types). Rarely observed lan-
thanide depletions werc found only in the Barrandian, or
within variation, also in Polish Central Sudetes.

The information resulting from studics on the ESKC car
bonates basically supports the existing opinions about the
Cambrian-Ordovician intracontinental rifting (breakup of the
N Gondwanan margin) with rapidly developed sea-floor
spreading during the Silurian Devonian times. The ESKC
"Lusatian" type of the Early Cambrian dolostones and "Bar-

randian'ltype of the Silurian-Devonian limestoncs (by possi
ble abscnce of Middle-Late Devonian sediments) are addi-
tional distinctive characteristics of the Krkonoie-Jizera
Terrane.
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Appendix

List of sites investigalcd by me.ans of structural, thin-section and chemi-

cal analyses to select reliable placcs for detemination of rock precur-

sors (Fig. 1): ESKC-I - SSW of Jesenni, Vrastilov; 2 Jesenni, Old

Quarry in village; 3 Bozkov, Small Quany at thc cntrance of the

Bozkov Cavet 4 - W of Jesenni, U Stari Vody; 5 NNE of Bozkov,

Brook Junction; 6 SSw of Jesenni; 7 SSE of Jcscnni; 8 - s of

Jcsenni; 9 s of Jcscnny, NNw of point 8; 10 - w of Jesenni, Ka-

menice, Za Papimou; l1 the samc location, but upper part of the sec-

tion; 12 - W of Bozkov, Cottage of Kamenice; 13 - NW of Bozkov,

Pod Domdni; 14 - Homi MaGov, Horni Mariov Cave; 15 Ma*ov,

2.2 km S of Horni Marsov Cavc; 16 - 2 km NE of Bozkov, U V:{-

claviku; l?A Ponikli, Poniktd Cave; l7B - Biln Skila Rock 3 km

from Benecko, 3.5 km E ofNo. 17A; 18 - Kiizlice, U B dleri, 1.5 knr

E of Benecko; 19 StEpanickii Lhota, Old QrDry, 2 km S of Benecko;

20 StEpanickd Lhota, water Tank, 2.5 trn S of Benecko; 2lA

Horni Ldnov, Homi Ldnov Quarry, Crusher; 2lB Homi Linov,
Homi Ldnov Quarry, centre of lower bench; 22 N of Svoboda nad

Upou, Janske L{zn6 junction; 23 Horni Mariov, Water Tark, 0.4 km

E of No. 14; 24 - Horni Albeiicc, Homi Albeiice Cave close to CZ|PL
boundary; 25 1.5 km w of Cemi Dnl.
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