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BepxHeKameHHOYronbHLIe (rHenschie) ABYCTBOPKH H3
AsoprHukoro poyra (Hapaesanku, CnoseHus)

Upper Carboniferous (Gshelian) pelecypods from JavorniSki rovt,
the Karavanke Alps, Slovenia

Zgornjekarbonske (gZelijske) Skoljke iz Javornidkega rovta

K. A. Actadnesa-YpGaaTuc
Mysein aemnesepeHuA MY, Mockea 117234

Anton Ramov$

Katedra za geologijo in paleontologijo, Univerza v Ljubljani
61000 Ljubljana, Alkeréeva 12

Pesiome

B M3BECTHOM MECTOHaxXOXAeHWM y soponana fAsopHuk (= CnogHA nou{u-
sana) B ABOPHHUKOM poyTy Guina cobpaHa B TOMHOCEPbLIX WAU YepPHbIX TOH-
KOCNIOAUCTLIX BEPXHEKapGOHOBLIX (BOPXHENKeNbCKWX) CRaHuax W Takx Xe
MEpPrenucTLIX CNAMUAX, KOTOPHbI® BHIBETPUBAIOTCA KOPMYHEBATO, O4eHb G6o-
ratan cayHa U Sonee peakan Mukpodnopa. OxameHenocTH NPeACTaBNeHLl
M3BECTKOBLIMU BOACPOCAAMU, MENKUMK 1 (DY3YNUHMAHEIMU thopaMUHUdEpamu,
ry6kemun, Kopannamu, racTponoAamMu, ABYCTBOPKaMH, PeAKHMU rONOBOHOrUMM,
MLIAHKAMU, BPAXMONOAAMM, TPUNOGHTAMU, MOPCKAMK NUAKAMK M examu. [o-
MUHMPYIOT GpaxvWononbl, MWAHKA U MOPCKWe Munuu. [lBycTBOpHaThie MOnNo-
CK MEHE® MHOFOMMCNEHHEI, HO NPEACTABNEHLI UHTEPACHLIM ¥ CBOBOBPAasHbLIM
KOMMNeKCOoM. XapaktepHo paaHooSpasue hopM M 06UWAWE HOBbIX TEKCOHOB.
Onpeneneno 22 BUAA ABYCTBOPOK, OTHOCAWMXCA Kk 17 popam, 11 cCeMencTeam:
Malletiidae, Parallelodontidae {noacemevicTea Parallelodontinae u Grammato-
dontinae), Pterinopectinidae, Aviculopectinidae (noacemeiictea Aviculopecti-
ninae u Streblochondriinae), Entollidae, Posidoniidae, Pterineidae, Myophori-
idae, Edmondiidae, Allorismidae, Grammysiidae. OnucaHsl 7 HOBbIX BUAOB ¥ 1
nopeua: Parailelodon javornikensis, Ptychopteria (Actinopteria) gjelica, Acan-
thopecten ramovsi, Annuliconcha spinosa, Amonotis palasozoicus, Ivanovia
slovenica, Grammysiopsis carboniferous w Cuculiopsis quadrata jugoslavica.
Komnnekc BKNIOWAET ABe TPYNNbl BWAOB, OAHA U3 KOTOPbIX CBOWCTBEHHA
uvtepeany Cp s, BTOpan uHTepsany Cy — Pi. MHTEBpeCHO NpUCYCTBHUE PeaKMX

swaoe, Takvx kak Cucullopsis quadrata jugosiavica, Ivanovia slovenica, csoe-
o6pasHblX PAKOBUH HBACHOr0 GMCTOMATUYECKOrO MONOKEHVA, BCTPEYOHHLIX
paHee B 6AWKMPCKMX OTNOXKGHWAX Ypana. U MTO OCOBGEHHO WHTepecHo,
fpMCYCTBUE B TXKONbCKUX OTNOXEHWAX npeacTaBuTenn poAa Amonotis. 370
TANKYHBIN PHAGMWK, W3BECTHLIA paHea NUIWbL B Tpuace Korocnaeuw,

HawGonee BAM30K ONWUCHIBAGMEINA KOMNNEKC AByCTBopkam Ypana v [loH-
Gacca, a TaKke NOAMOCKOBHOW KOTNOBKMHLI U CeB. AMepHKy.
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Abstract

A rich pelecypod fauna from the Upper Carboniferous (Gshelian) shale
and marly shale of the Karavanke Alps (loc. Spodnja podivala = “Javornik-
Fail”*, JavorniSki rovt) is described. Among 22 species the following 8 taxons
are new: Paralielodon javornikensis, Ptychopteria (Actinopteria) gjelica, Acan-
thopecten ramovsi, Annuliconcha spinosa, Amonolis palaeozoicus, ivanovia
slovenica, Grammysiopsis carboniterous, Cucullopsis quadrata Jugosiavica.
Two pelecypod groups of different ages could be distinguished: the first
indicating the Middle/Upper Carboniferous age, and the second the Upper
Carboniferous/Lower Permian age. Cuculiopsis quadrata jugosiavica and fva-
novia slovenica are rare and interesting: the genus Amonotis, designated
as a typical endemic pelecypod in the Triassic beds of Yugoslavia, has now
been found in the Gshelian layers of Slovenia. The pelecypods described can
be compared as most similar to the fauna of Ural, Donbas, Podmoscowian
Basin and North America.

Kratka vsebina

V zgornjekarbonskem (g2elljskem) temno sivem in &mem sljudnem gli-
nastem skrilavcu in laporastem skrilavcu je bila nabrana pri Spodnjih potiva-
lah (= slap Javornik) v Javornidkem rovtu zelo bogata $koljéna favna. Novo
dologenih je sedem vrst in ena podvrsta: Parallelodon favornikensis, Ptycho-
pteria (Actinopteria) gjelica, Acanthopecten ramovsi, Annulioncha sp'nosa,
Amonotis palaeozoicus, Ivanovia slovenica, Grammysiopsis carboniferous in
Cucuilopsis quadrata jugosfavica. Po starosti se deli dkoljéna favna na dve
skupini; prva je znatilna za &as srednji karbon/zgornji karbon, druga pa za
Sas zgornji karbon/spodnji perm. Redki in zanimivi sta podvrsta Cucuflopsis
quadrata jugosiavica in vrsta i/vanovia siovenica; obe imata svojevrstni lupini
in $e nejasen sistematski poloZaj. V g2elijskih plasteh Javorni§kega rovta
je posebno zanimiv predstavnik rodu Amonotis, znan kot endemiéni triadni
rod v Jugoslavijl. Opisana 8koljéna favna je najbliZja 8kolj¢nim favnam Urala,
Donbasa, Podmoskovske kotline in Severne Amerike.

1. UcTopuueckuii ovepk
Anton Ramov$

B BepxHem Kapfoxe KapaBaHK A0 HACTORWWX CUCTEMATHHOCKUX UCCneaoBakuit U céo-
poB thayHu ABYCTBOPOK GbiNG U3BECTHO Mano. MNoBuavMOMY, Sonbliee BHUMEHWE MCCNe-
AoBaTenNM YAGNANW NMNEYEHOrWM W APYrUM TPynnam, Yem ABYCTBOPXaM.

Nunonoba (1859, 59) nepBbiii YNOMAHYN M3 KaMEHHOYTONbHBIX CNAHUEeB [ONWHGLI
MnaHuner Hapn Ecenwnuamn (Morannec-CronneH) snn Avicula valenciennesi Koninck. Xe -
puy (1919, 67) npusoput u3 dunutHoro mamectHnAxa Ecexuy Edmondia sp., BWAOBOE
onpeaenexue KOTOpoW 6bin0 HEBOIMOXHO U3+-33 MAOXOH COXPAHHOCTU. Mo cKkynbAType W
APYTVIM OTAWYUTENbHLIM Npu3Hakam 2ata copma 6nm3ka E. acuta Hind, Ho ornuvanacs
pasmepami.

B 0CHOBHOM NaneoHTONOrU4eCKOM Tpyae NO chayHe RepxHero kapSoHa X e puy (1931,
34—39) onwcan u3 oteana (xanbAwl) CaBckux AM KPOMe KOpannos, MWEHOK, 6paxuonog,
cproueparun U ractponop, Takxe u asycrsopok: Conocardium uralicum Verneuil, Cono-
cardium sp., Edmondia sulcata Philllps, Aviculopecten elegantulus Stuckenberg, Pecten
(Pseudamusium) sericeus Verneuil.

B Tom xe ropy Pakopeu (1931, 81—82) u3 TOMHOCEPbIX FAWHUCTLIX CNaHLeR Y BOAC-
naga ABopHMK B AIBOPHMUKOM POYTY onucan u naobpasun cnegylowwe Bupbl: Clenodonta
(cn. cTp.) undulata Phillips, Aviculopecten cf. interlineatus Meek et Worthen, Avicuiopecten

sp.
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Pamosw (1969, 245) TONLKO YNOMUHAET CpeAV 6OTaTol BEPXHEKAMEHHOYrONbHOH
chayHol FABopHuukoro poyra (Boaonas ABOpHMK) Takke W ABYCTBOpHATHIX MO/IMOCKOB M3
FMMHACTBIX CraHues — oTnevatok Schizodus (tad. 6, dwr. 1). BrtoT %e astop (PamoBLl
1971, 1389) nosnHes npuBoaWT Schizodus sp., Aviculopecten cf. interlineatus Meek et Wor-

then, Avicuiopecten sp.

2. O MECTOHAXOXMAGHWA BEPXHEKAMEHHOYIOnbHbIX ABYCTBOPOK
Anton Ramovs

Bce ABYCTEOPKW, ONMCAHHBIE B 3TOW paboTe, cofpaHbl M3 YyXe W3BECTHOro MOCTO-
waxoxpenua y soponafa AROPHUK B flsopHuukom poyTy (= CnopHsa noyusana). (1pyu pe-
KOHCTpyKLKW BOAOMNposoaa flaopHuukmi poyT — CnoBeHcKwi AropHUK 6binn oGHaxeHb!

i
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®ur. 1. Ckvua MeCTOHAXOXAS-

HUA BOPXHABKAMEHHOYOTbHbIX
nBycTBopKY Y ABOPHUUKOM DOYTY
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Gonse rny6okue cnou. Mpu MHTEHCHBHOM c6ope oKkameHenoro marepwana sa nocneaHns
ORI 3HAYNTENLHO YBENMMMNACL MECTHAA Konnekuus ayHbl, COCTOAWEI M3 U3BECTKOBLIX
2oRopocnei, dopamuHudbep, rybok, Kopannos, racTponon, ABYCTBOPOK, PEAKUX FONOBO-
HOrux, MwaHok, Gpaxuonon, TPUNoGUTOB, Mopckux nunuit 4 Mopckux exeid, K ueTbipem
OTnevaTkaMm pakoBuH, onucaHHeIM M. Pakobuem B 1931 rogy U xpaHAWWMCR B Ecte-
CTBEHHOM My3ee B JloGnfAne, npubaBunocb ewe okono cra 3K3EMNNAPOB Pas/4HbIX
ABYCTBOPOK B OCHOBHOM B BMfI® XOPOILO COXPAHMBLUMXCA OTNEYATKOS B FAWHUCTBIX CnaH-
uax. Noutn Bce cropmbl cobpantl 1. Beguu.

YnomAHyTas B nepeon rnare chayHa ABYCTBODOK MZ MECTOHAXOXASHWA B Casckux
AMax Guina cobpaHa BG BPeMA ropHbIX padoT B XenesHom pyaHuKe. OpHako, NOCKONbLKY
PYAHMK nasHO He paboTaeT u waxTbl 3ackinaHbl, a oTBan (xenbpa) 3apoc, Tam yxe Henban
cobupaTtt BepxHeKapGoHOBYIO chayny.

WHTepecHo, 4TOo B Apyrvx BEPXHEKApPGOHOBLIX MECTOHAXOXAGHWUAX thayHol B8 fsop-
HUUKOM poyTy, Ha lTnanuHe nop Fonuuer n B okpecTHOCTAX CaBcKux Am He obHapyXeHo
OCTaTKoB ABYCTEQPOK.

B MecToHaxoxaeHuu y soponapa AeopHuk (Cnoawa nouneana) npeobnanaloT TeMHo-
Cepbie MM YepHbI® TOHKOCNIOANCTLIE W B SOMLWMHCTBE Cnyyaes TOHKO3OPHUCTLIE FNHK-
CThI® CRaHUBLI U TOHKOCMIOANCTHIE NECYAHBIE MeprenbHbie ClaHub, KOTOpbie@ Npu BbLIBETPU-
BAHWW CTAHOBATCA KOPUYHEBATHIMU. CNAHULI YOpPenyloTcR CO CROAMM KpemHesoro necuya-
HUKE, KOTOPLIA BOMblueil 4acTolo He CORePXMT okaMeHenocTen, nu6o oHu pegku. B
CNaHUax a OTAGNbHBIX MPOCNOAX OKAMEHENOCTU MHOrOYNCAGHHBL, Cpeau okamenenocTteit
npeobnanaioT 6paxvOMNOAL], MWAEHKW M YNEHWKY crebneit MOpCKUX NUMUA (CNMcoK hayHbi
cM. Pamoeuw 1871, cTp. 1389). Cpeau chysynuHuaHbix dopamuumndep B meprenbHbIX
cnosx uacra Rugosofusulina alpina antiqua (Schellwien). OxamenenocTy noATBepXAQIRT
NO3AHEKapGOHOBLIt BO3PACT (BTOPAA NONOBMHA XENLEKOro BeKa) onucbiBaeMblX OTNO-
XeHuh. CoxpaHHoCTL hayHbl Kak npaswno XOpPOWas, XOTA B FMMHUETLIX CNaHuax BCTpe-
YaIOTCA NWlb CKYNLATYPHLI® AAPa. B oTnedaTtkax xe 06biyHO COXPEHAINTCA AaXe Cambie
TOHKUE CKYNeNTYpHLbIE 3NeMeHThl. CYAR NO BCeli hayHo, OHa HAXORUTCA Ha n8pBsoHaYans-
HOM MeCTe uny 046Hb HE3HAYUTeNbHO NepeHeCeHa OT MecTa OBUTEHMA.

BepxHekapSOoHOBHe OTNOXEHUA OTKPbITHI TONbko B 06nacTH yrny6nexHoro TpyGonpo-
BoAa, B OCTanbHBIX MECTaX OHW 3aKPbITLl U O6HAXAIOTCA NUlb HeGonblUMe yyacTkn cnoea
NNOTHOro nec4yaHuWka. [M03aTOMy BOCCQ3AaHME BCero paspesa BepPXHEKAMEHHOYrofbHbIX
OTNOXEeHUit B 06NAcTH COOPA OKAMEHONOCTER HEBOIMOXHO. TouHan MouHoCTs cnoes
¢ chayHOl Takke HewaBecTHa, npubnu3uTensHo oxa paeHa 1,5 M. Haubonee MHOrO4YMCNOH-~
Hbl@ OCTATKM (payHbl BCTPEYAIOTCR B OTAeNbHbIX NPOCNOAX CNOA, MOWHOCTBID OKOMo 50 ¢Mm,
rAe ABYCTBOPKW OGbINHBI B KOMNREKCE C GPAXHOMOAAMM, MILAHKAMM W APYTMMAW rpynnamm,
Bea dbayHa npuypodeHa k OOQHOMY YPOBKIO.

3. Xapaxrepnctuka u onucanmue chaymel ABYCTBOPYAaTbIX MONAICKOR
K. A. Acradsesa-YpSantuc

QBycTBOpHaTLIE MONMIOCKM M3 MKENbCKUX OTAOKEH Mt rop KapasaHku npegcTasnmioT
VHTEPeCHBIA U CBOeoGPasHbLIA KOMNNEKC, XapaKkTepuU3yIOWNACA 4peaBbIvaitHbIM  pas3Ho-
obpasveM ¢opm. OnpepeneHHble Hamy 22 BUAA ABYCTBOPOK OTHOocATcA K 17 popam, 11
cemelicteam: Malletiidae, Parallelodontidae (noncemeiictea Parallelodontinae 1 Gramma-
todontinae), Pterincpectinidag, Aviculopectinidae {noncem. Aviculopectininae u Streblochon-
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driinae), Entoliidae, Posidoniidas, Pterineidae, Myophoriidae, Edmondiidae, Allorismidae,
Grammysiidae. HaasaTb 3TOT KOMNNEKC TUNUYHO «MKEALCKAM» HENb3A, NOCKOJILKY OH
COAGPXMT KaK CpeAHe-BepXHEKapBOoHOBLIG, «neHCUnbsaHckue» (18 Bupos), Tak u Gonee
Mmonopgsle hOPMbl, BEPXHEKAMEHHOYTOSIbHO-HUXHeNepMckue (9 BHAOB). TUNWMHO BepxHe-
kap6oHoBble nulWb npeacTasutrenn popa Cucuflopsis. 3To oHeHb peAkve (OpMbl, U3BECT-
Mbl@ AOHLIHE JiMb B Bepxax KapGoHa Kuvan, oTKyna Obin ONUCaH ©AMHCTBEHHLIW BUA
Cucullopsis quadrata Chao.

Hanbonbliee CXOACTBO ONWCAHHLIA KoMmnrekc oBHapyxweaeT G aApycTBopkamu Ypana
(13 10 o6IUMX BWAOB, 7 — BCTpEMeHs! Ha Ypane B HUXHEW nepmu, 3 — B 6aWKUPCKOM
apyce) n flon6acca (9 ofWMX BMAOB CO CpeAHe-BepXHeKaMeHHOYrobHLIMUA ABYCTBOPKaMwm}.
M3 cemu ofux BULOB ¢ ABYCTBOPKAMM MOAMOCKOBHOW KOTNOBMHLI TOMbKO OAMH (Edmon-
dia nebrascensis Geinitz) w3secTeH U3 BepxHero Kapb6oHa, OCT&nbHLie O6LIYHbI ANA MO-
CKOBCKOro Apyca. [IATb BWAOB W3BECTHBL B NOHCWILBAHCKMX OTNOXeHWRX CesepHoil
Amepuku. [lea supa obume ¢ GopeanbHoin ¢hayHow Ceeepo-Boctoka CCCP.

ToneKo B HWXHSBA nepMu KpacHOBMAOBO BCTpewsHbl OblW  nNpeacTaButTeny poaa
fvanovia nom. nov. {— Modiolodon Netsch.)). Csoeofpastinie pakOBUHbl, HEACHOTO CHUCTe-
MATUYECKOro NONOXEHWA, OMMcaHHble Hamu xak Gen. et sp. indet., waBecTHul B Gawkwp-
CKWX OTNOXEeHWAX Ypana., W, 4To OCOGEHHOD MHTepecHo, HaMu onpepeneH Bua Amonotis
palaeozoicus sp. nov. Pop Amonotis xapakrepe# ToNbko ANA Tpuaca lOrocnaewun. Cnepyer
OTMETUTb M O6UNMe HOBLIX TAKCOHOB. W13 22 OnpeAeneHHbIX HaMW BUAOB (onucaHue ABYyX
He AAeTCA W3-3a NNOXOW COXPaHHOCTW, NOBAANMOMY, 3TO Bunbk poacs Aviculopecten
v Dunbarella) onucaHo 7 HOBbIX BMAOB ¥ 1 HOBbIW noasvMA. Her HM oAHoro Bupa, 3a
UCKNIOYGHUEM O4YeHb pefkvx npeacraeutenen popa Cucuilopsis, XapakTepHoro TONbKO
ANA DXENbCKUX WA AGXKO BEPXHEKAMEHHOYIONMbHBIX OTNOXEHWHA.

MsyueHHas thayHa NpPeACTaBNeHa KOMNNEXCOM ¢hopM, XapakTepHsiX ANA HErNy6oKUX
y4acTKoB MOpPA, AOCTATOYHO XOPOWO adPUPYeMbiX, C MATKMM WAMCTLIM FPYHTOM. MNpeotna-
paioT GUCCYCHbIe 3NWbayHHble (hOPMbl, MEHEE MHOFOYMCNSHHBS COMUWHbaYHHbIS, MBNKo
3apbiBAOLMecA RBYCTBOPKM,

NaneoWToONOruYecKan 4acTh

K. A. ActadbeBa--YpGantne

Cewmeitcteo Malletiidae Adams et Adams, 1858
Pon Palaeoneilo Hall et Whitfield, 1869

Palaeoneilo sp.
Taé. 1, dwr. 1

Onucanne. Pakosusa cpefiHei BennymnHbl ([l go 38 MW}, YANIMHEHHO-0BaNbHAA (4 :B1,52),
yMEpPEeHHO BbiNyknas, ACBONbHO HEpPaBHOCTOPOHHARA (AMY: 4 0.26), anukanbHwii yron 1000

Bameqanna, CoOXpaHHOCTb 3aTPYAHAET onpepernienne A0 BMAA, HO Haubonee 6nuaka
onucbiBaeman dopma P. magna (Tschern) us sepxHero KapfoHa — paHHei nepmun Ce-
Bepo-Boctoka CCCP (OMONOHCKWA MAaccuB) v OxHOM DepraHol.

leorpachuiecxoe pacnpocTpaHerne W reonoruyeckwin Boapact. KOrocnaBuA, ropbl Ka-
paBaHKe; BEPXHWiI KAPGOH, FKenbCckud ApYC.

Matepuan. HenonHoe AApPO NEBON CTBOPKH.
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Cemenicteo Parallelodontidae Dall, 1898
MNoacemericteo Parallelodontinae Dall, 1898
Pon Parallelodon Meek and Worthen, 1866

Parallelodon javornikensis Astafieva-Urbaijtis, sp. nov.
Ta6. 1, cur. 2 a, 6

Tonotmn. Ho. 85. TexHuuecknit My3eh XeneaapHe Ecenuue. lOrocnaeus, ropei Kapa-
BaHKe; BepxHur XxapbOH, MXenbCKUi \pyc.

Onucanne. PaxobBuHa cpeaHed sennumnksl (0 Ao 30 MM), nouTH pasHocTBOpUATAR,
yAnuHeHHo-poMGouaanshan, esinyknas (Buin.: B cp. Ben. 0,35), NOBOMBHG HEPABHOCTO-
ponnas (An4: A cp. sen. 0.18), TOHKOCTEHHaA, € ene PA3INUYUMBIM GUHYCOM GpPIOWHOrO
kpan. MakyweuHblid yron 100° (cp. sen.).

3aMOuHLIA KPB8i NPAMOKM, ero nepeaHAR BeTBb HECKONbKo Gonee % mnvHbl 3anHed
BetBu. CoenwHenne co cnabo BLINYKNbIM NEPEAHWUM KPAaeM OKPYrIONPAMOYIONbHOe, CO
CNPAMMEHHLIM, CKOIW@HHbLIM 3aQHWM KPaeM 3aMOYHbIA COSAMHASTCA NOA TYNBIM crna-
XEHHbIM YrnoM. BpiolwHoR Kpad nouTtw napanneneH 3aMoMHOMY, OMEHb CNabo BbINyKAbIN, C
HeABCTBEHHBIM CHHYCHLIM W3ru6om. Makyuwika HeBLICOKAA, WMPOKARA, YAANeHa OT nepeaHerc
Kpas Ha paccTofHME OKOMO % ANMHLI paKoBuMbl. CTBOPKE PABHOMOPHO BbINYKNA, MWL
8 CpejHer ee 4acTu Hame4aeTCR HeGonbwan YnNowWeHHCTb, K nepepHeMy u GploutHOMy
KpasfM BbiNyKNoCTb NOCTENEHHO YMEHLIIAGTCA, 3a ¢nado NPUNOAHATLIM, HO AOCTATOYHO
PenbechHLIM KuneBbiM neperu6oM — BOFHYTOe 3akunesoe fone. CKynenTypa HapyXHOM
noBepxHOCTH cBoeoGpa3Ha. lMepenHve papnantHbie NNOCKOBbINyKnbie pebpa (5—6) pac-
WHPAITCA W Pa3aBUraloTCA ¢ NpubnnXeHWeM K nepeaHsMmy Kpaw. CnaBoeorHyTuie npo-
MeXyTKW NouTH paeHwl pebpam. [anee cneayior MHorouvcneHHoi® (18—20) Yowkue, pas-
ReNeHHbI® YIKUMW NPOMeXYTKamK pebpa, koTophie NPUONM3UTENLHO HA CepeaUHe CTBOPKM
BHOBL CMOHATCA §ONEe WUPOKUMKM pacXoAALMMUCH pebpamn (T—8). Ha 3aKunesom nons
pacnonoxeHs 5—& peGep, nopoGHbix nepegHdm. MpU yBenuueHUM YAaNocb HaGNIOAATE,
4TO K&XRoe pagvanbHoe pebpe NpeacTaBnAeT CoBoW napy COMAUNKEHHbIX, PA3AeNOHHbIX
Y3KUM NpomexyTkom pebep. PaguanbHas CKYNbNTYpa CEYOTCA KOHUGHTPUMOCKMMW CTPYH-
Kamy, MeHee ABCTBEHHbIMW B LGHTPANbHOW 4acTu CTEOPKW, CKyNbnTypa HACTOMLKO pe-
nbehHan, YTo, CYAR NO BHYTPEHHAM AAPAM, HAGNIOAAGTCA U HA BHYTPEHHOW NOBEPXHOCTH
CTBOpKU. XapakTep MYCKYNbHbIX OTMEYAaTKOB HeWM3IBeCTeH, TAK Xe KaKk W 3amka. Jluwe Ha
NeBoR CTBOPKe ronoTuna yaanocb HaGnioRaTs TPU MNACTUHHATHIX KOCBIX NEPeAHWxX 3y6a,
HAMPABNeHHLIX CNEpeAn HAalag K BeHTPANbHOMY KPAi0 3aMOYHOW NNACTUHLL.

OHTOTeHOTHYECKM® MIMOHOHNA M MIMONYMBOCTb. Ha pPaHHWX CTAOMAX pasBuUTMA pako-
BMHbI XApaKTePHbLIW NPU3HAK BUAA — PAa3fBOEHUE DagUABHBIX pelep He OTMeYasTch.
Bonbwas vacTb pebep AUXOTOMUPYET HA ORHOM YPOBHE (NPY BLICOTE paKeBuHb 2—3 MM),
XOTA HabniopgaeTcA U 6onee noagHee OUXOTOMUPOBAHWUE OTAGNLHBIX peGep. Y B3pochbIX
OpM BapUNPYeT YANUHEHHOCTb paknsuHbl (A B or 1,72 go 2,07), HePABHOGCTOPOHHOCTD,
HO XapakTep CKyNbNTypbl U o6LMe OvepTaHUA COXPaHRIOTCA,

Cpasnenne, Bua HauGonee 6nuaok onucanHoMy M. 3. AHUWeEBCKUM (1800)
P. tenuvicostatus n3 cpegHero kap6oHa Ypana (FOHWATUTOBLIH rOPU3OHT, CNOA «e»}, OTNH-~
4aACh OT NOCAe[HEero XapakTepoM CKyNbNTypbl.

Sameuanwa. XapakTepHan MR ONUCHIBAGMOrO BHAZ CABOEHHOCTEL paauvanbHeix pebdep,
no Bced BUAUMOCTH, HAGMopaeTch U y P, conceliatus {Martin), ecnu cyautb no n3obpaxe-
WUAM 3TUX popm Yy B. MapTuna (1809) my XawHaa (1896—1801). OnHako oTAWLMa
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OT HWKHEKAMEHHOYFONLHOrO BUAA LOCTATOMHO BENKUKW (OMepPTAHNA CTBOPOK, MBHee pe3kuit
KWb, M@HEE BbICOKME MaKylku), 4Tobsl pacCMaTpMBaTh lOroCnaBckHe pakoBMHBI B Ka-
4YecTe® CaMOCTOATENLHOro BHAA.

FeorpacuecKoe PACNPOCTPEHGHUE W TEONOTMYSCKWA BO3pacT. IOrocnaeus, ropel Ka-
paeaHke; BOPXHMA KapGOH, MKeNLCKUA ApYC.

MaTepuan. Aigpo WM OTNEYATOK NPABOH CTBOPKM, AAPE U OTNEYATKM PAKOBUH C pacKphH-
ThiMM CTBOPKAMW.

Nogcemeitcteo Grammatodontinae Branson, 1942
Pog Cuculiopsis Chao, 1927

Cucullopsis quadrata jugoslavica Astafieva-Urbajtis, subsp. nov.
Tab. 1, cur. 4—6

Fonotmn. Ho 61. TexHwyeckuin Mmyaeis Xeneaapwe Ecenuue. tOrocnaenn, ropbl Kapa-
BaHKe, BEPXHUIA KapGoH, MKeNLCKuh ApycC.

Onucanue. PakosvHa A0BONbHO kpynHaa ([l Ao 43 MM), YANMHEHHO-MPAMOYronbHana c
KPBINOBMAHOPACWMPEHHON 3akunesod HacTelo (A :B 1,11), noBONLHO HEBPABHOCTOPOHHAA
(Qnu : f 0,34), TONCTOCTOHHAA (AC 3 MM), He3WAIOWAA; anuKanbHeId yron 85%, yron 3amo4-
HbIX BeTEOW 145°.

3amouHLI Kpad NPAMONR, ero fepeAHAR BeTBb MOYTU B ABA pasa KOpO4e 3aQHeN, OHa
COGAWHABTCA GO CMPAMNGHHbIM WNW cnado BLINYKNbIM BLICOKMM MNEPEAHWM Kpaem noa
NPAMBLIM CrRAXeHHbIM yrnoMm. KHu3y nepegHui Kpai cnerka CKoWeH ¥ no LUKPOKOA Ayre
cNUBAeTCA CO cnado BeINYKNHIM HWXHAM KpaeM, [NuHHAA 3afHAR 3a8MOYHAA BETBb NOA
YyrioM MeHblue NMPAMOro COBAVHABTCA CO €nabo CHMHYCHBLIM, HECKONbKO 6onee ANWMHHBLIM,
4YeM NepenHMH, 3aAHUM KpasM, o6pasyA KPLIMOBMAHYIO OTTAHYTOCTbL BEpXHe-3aAHen 4acTu.
CoennHeHMe 3aAHero v GpIOLIHOrO Kpaes NpaBuAbHO 3aKpyrneHHoe. Maxywku Wupokwe,
ebicTynaiowme (B. m.:B 0,16), conpvkacaiowmecn, cna6o npo3orupHbie, yaasews OT ne-
penHero Kpam Ha PaccTOAHWe % ANMHbI CTBOPKW.

Hau6onbluan BbINYKNOCTb — B CPefHen 4acTW CTBOPKW, OTKYRa NOYTH OAWHAKOBO
KpYTO CnapaeT K NMepefHeMy W 3aAHeMy KpaAM, K GDIOWHOMY Kpaio BbINyKNOCTh yMeHb-
WwaeTCA 60nee Cnoko#HO. BepxHe-3afHAR 4ACTb PaKOBWHbI OTTAHYTA W ynnoweHa, Gnaro-
AapAa 4eMy CO3AaeTCA BMeNaTNeHue OKpYrnoro KunesnaHoro nepernba, 3a KOTOpPHIM WHOrAa
HaGniopaeTcn cnabas BOrHYTOCTb CTBOPKW. HapyxKaa noBepxHOCTb NOKPLITA KOHUSHTpW-
HECKUMM TOHKMMM fMHWAMK pocTa, CPEAU KOTOpBIX Yepe3 MOYTW paBHble NPOMEXYTKH
HabnionalcTeA Gonee peskue, OTMEUAoLLMe NepepeiBel B POCTe PAKOBUHL. B nyny MOXHO
BUAETD U O4OHb TOHKWE MHOrOYWCNEHHLIE PaananbHble CTPYHKN. BHYTPEHHRA NOBEPXHOCTE
rnagkaa C PeAKMMH KOHUEHTPUHECKUMM NEepeXHMBMY, COOTBETCTBYIOLUNMU Gonee rpy6oiMm,
KOHUBHTPUYBCKUM CTPYyWKaM HAPYXHOW NOBEPXHOCTW.

3amouHaR MNACTMHA NPAMAR, PACIUMPEHHEA NO3AAK U TIOA MAKYWKOH, HenocpeacTeeHHO
NOLA MaKyWKoW HaXOAATCA TPU TOHKUX, CKOWEHHBIX OT MAaKYLWKKU Ha3an, NNacTH4aTbix 3y6a.
Ewe 2—3 3y6a HaxOARTCA YX8 Nepea KIOBHKOM MAaKYyLIKW, OHW ToNWe U @ BOPXHOW 4acTh,
3arn6aAch, HANPABNROTCA NOYTH NapamieNlbHO 3aMOYHOMY Kpatw. Ha nepeaHeil BeTBu
3aMOYHON NNacTWHbl PacNONOXeHbl 2 «GOKoBbiXe 3y6a; HAYWHAIOTCA OHW Y nepeaHerc
CKNOHa MaKywki v TAHYTCA K MepefHe-BepXHeMy Yrny 3aMONHOA RNacTUHLI. QT Maxyiuku
HA32a HaNpaBneHo YTOMUIeHWe Ha 3aAHe! 38MO4HOA BOTBW, NOKPLITOe NapannentbHLMw
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33MOYHOMY Kpald TOHKMMU SOPO3AKAMM, HWKE KOTOPbIX HAXORATCA 3 MIMHHBIX NNACTHH-
HaThiX 38AHMX «Bokoebix» Jyba. [lea HUXHUX Gonee MOU(HBIS, yrnybneHuMa Mexay HWUMK
K3a4v PacmMpAIOTCA, ¥ KPYNHLIX (hOPM 3Th 3y6bl Ha KOHLAX paciyensieHbl, HABMIOAAIOTCA
M kak Gbl BCTaBneHHbIe 60Nee TOHKME NNACTUHKK («3y6l BTOpOro nopaakas). JagHme
u «BokoBbie» 3y6bl HEe BRONHE nNapannelisHbl 3aMO4YHOMY Kpaio, OHM DPaCNONOXeHbI
BEBPOOGPa3HO Ha PaCWHPAIOWENCA K38AM 3AMONHOR NNACTUHE, HO He AOXOAAT RO 3aaHero
kpan crBopku. CBA3ka HaMu He HaGnonanack, Ho B. Yao (Chao, 1927) nuwer of
«04eHb y3KOA NUHEHHOW NIWraMEHTHOW apea C rOPUIOHTANLHON GOPO3AYATOCTLIO, pacno-
NOXEHHOW HaA MepeaHed YACTbK) 3aMOYHOM MNACTHHLIS. MyckyneHete nons creopok
yTonweHbl. OTNeuaTok NepeAHero anAaykTopa FnyGoKui, YANUHEHHOTPEYFONLHON (BopMbl.
Bbilwe Hero Ha nepenHeM MaKyWewyHOM CKNOHE — OTNeYATOK HOXHOrG Myckyna. MepegHes
MyCKyllbHO® Mone OTAeNeHO OT MONOCTH CTROPKM YTOMUEHUeM — BarTpuccoid. Ha 3a-
KWII@BOM nofle pacnonoxeH Go/ibiuui MO pasmMepam YANMHEHHO — OBaNbHLIN OTNeYATOK
dapHero apnykropa. OH Gonee Menkui. Boiwe M HECKONBKO NEpPeA HUM pacnonoxex
Gonee rny6okuiA OKPYrRbi# OTNSYATOK 3agHEro perpaktopa (7). Ha Appax or makywku
BAOAL KUNEBUAHOTC neperuéa TAHTCA CYpyRKa #u nepem Heil BTOpas, KOTOPLIM Ha
BHYTPEHHEH NOBEPXHOCTU CTBOPOK cooraeré_"‘raynr nnHeliHbie GOPOo3aKM.

OHTOreHeTUYECKM® M3MOHOHHS M W3MeWYMBOCTB. Ha MONoAbIX CTanuAX DPAKOBUHA,
NOBMAOMOMY, UMena Gonee ANMHEHHbIA 3AMOYHBLIA KPaW, 23AHWK Bbin NUeH CUHYCHOro
uaruba, Cpepu BapocnbIxX opM Habnopaerca Bap1UPOBAHUE O0YepPTaHWU! PAKOBMHBI, XOraa
HapAgy ¢ Gonee NPAMOYrONbHO-BLICOKMMW BCTPEYAIOTCA W MEHe® BLICOKME C HBCKONBKO
CKOLUeHHbIM NepPeAHUM KpAEM PAKOBWHBI.

CpaBnenne. OT HOMMHANLHOTrO NOABMAA OTAMMAGTCA Gonee MACCHBHbIMM, BbICOKWMH
Maxywkamu (B. m.: B cp. 0,16), Gones MeNkuMu oTnevarkamu 3apHux MYCKYNoB M, noBu-
AUMOMY, Hanuivem nepepHUX «GoKOBLIX» 3yO6OB (HE MCKMIOYEHO, YTO HA KUTAHCKMX pa-
KOBUHAX COXpaHHOCTb HEe NO3BONMNA HaBNAATL 3aMOK MONHOCTLIO.

3ameuaunn. Pon Cucuilopsis v eAMHCTBOHHbIR sun C. quadrata onucawnr Yao (1827)
U3 eepxHero kapGoHa Kutaa. PakoBUHbI, BCTPEUEHHbLIS B PKONbCKMX OTAOXEMMAX IOrocna-
BUK, HeCOMHeHHO npuHaanexar popy Cuculiopsis u oueHb BNU3KU KWTRHCKUM chopmam,
OAHAKO OT/IUYMA 8 (DOPME PAKOBUHELI, B XapaKTePe MYCKYMbHbIX OTMEATKOB, B CTPOGHUM
JaMka 3aCTaBAAIOT PACCMATPUBATL WX, MO MEHbLLGN Mepe, B PaMKax CaMOCTOATENbLHOro
reorpamyeckoro noasuaa.

Teorpagiuieckoe pacnpocTpaneHue W reonoruveckws Bo3pact. tOrocnaemn, ropwy Ka-
paBaHke; BepxHui KapGoH, MKeNbCKWi Apyc.

Matepuan. 4 BHyTpeHHux Afpa, 3 otmedatka HapyXXHOW NOBEPXHOCTU M paxoBUHA CO
CMOLLSHHBLIMY, HENnoNHLIMUA CTBOPKAMK.

Cemeiicteo Pterineidae Miller, 1877

Pon Ptychopteria Hall, 1883
Noapon Ptychopteria (Actinopteria) Hall, 1884

Ptychopteria (Actinopteria) gjelica Astafieva-Urbajtis, sp. nov.
Ta6. 3, dur. 4

Fonotun. Ho. 86. Texnuueckuid myseir XeneaapHe Ecenuue. I0rocnasus, ropel Kapa-
82HKe, BEPXHUA KapGOH, MKenbCKui Hpyc.
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Onncauwe. PakosuHa cpefHel BennuuHbl (4 32 mm), OKpyrno-ksappatHas A:8 1,14,
YM@PEHHO-BbINyKNan, pe3Ko HepasHOCTOPOHHAR. AnuxanbHblA yron 70%.

Mepeanuii kpail BbICOKMRA, cnabo BLINYKNBIA; 38KPYrNAAcL, CAMBASTCA ¢ BbINYKNbIM,
0co6eHHO B NepeaHed 4acTu, cnerka NoAHUMaWHWMCA Ha3an 6pIOWHLIM KpasMm; Nocneaxnd
NOA NPAMbIM CTAAXEHHBIM YIMOM COEAMHARTCA ¢ KOPOTKHM, CMPAMNEHHbIM 38QHNAM KpaeMm.
3a0cTpenHan KNOBOBUAHAA MBKYLIKA Pe3KO CMelleHa Bnepea ¥ BbiCTynaeT Hap 38MOY4HbIM
¥ NepeaHMM Kpaamu. MakcumanobHas BbiNykROCTb npuypodeHa K npuMakywe4Hon obnacti
M K KMNEBMAHOMY neperuby CTBOPKM, 33 KOTOPbIM HEBYUHAGTCA YMNOLUeHHoe, Gonbiuoe,
3a4HEE YWKO (COXpaHeHHOe He NaNHoCTL0). MepeaHee yWKo He COXPAHUNOCH. HapyxHan
cKynbnTypa, HabniojaeMan Ha CNOXHOM FApe Nesoid CTBOPKW, COCTOUT M3 MHOMO4MC-
NEHMHLIX, OKPYFAbLIX, COMMXeHHbIX pagnanbHbix peep (cnaGoBOrHyThie NPOMEXYTKU He-
CKONLKO YXe pabep), Nepece-eHHbIX KOHUEHTPUUECKUMU CTDYAKaMH. 0Oco6eHHO penbedHbi
peSpa B o6nacTu kunesuaHoro nepernba CTBOPKW, rhe HaBnICAAINTCA peakwe BCTABHbLIe
pebpa. CTpoeHUe 3aMKa W BHYTPEHHAR MOBEPXHOCTL PAKOBUHBI HE MIY4eHbl.

3ameuanna. Cpean HEMHOTOUMCNEHHLIX BWAOE poaa Haubonee Gnu3ka ONUCHIBAGMOMY
A. taberi Mc Alester u3 sepxHero pesoHa Ces. AMEpPHKH, Tarke UMelowan OTHOCUTBNLHO
ebicoxkyio pakosuHy (A :B 1,4) ¢ BbinyknbiM GpIOWIHEIM Kpaem. OnHako ¥ or aToro Bupaa
worocnasckar (hopMa OTNMYAETCA YKOPOueHHO# HOPMOW PaKoBUHbLI C WK POKOOKpYrnow,
HO OTTAHYTOW NepeaHe-GpIOLWHON HacTbio.

Feorpachuueckce PACNPOCTPAHEHNE W FEONOTHYECKMA BO3PAacT. I0Orocnasus, ropel Kapa-
BaHKe; BEPXHUA Kap6OoH, NKeNnbLCKUA APYC.

Marepuan, OaHO CroOXHO® RAPO NEBOH CTBOPKM.

CewmeiicTeo Pterinopectinidae Newell, 1938
Pop Pterinopectinella Newell, 1938

Pterinopectinelia acutiptera? (Janischevsky), 1900
Tab. 1, ¢pur. 38, 6.

Aviculopecten acutipterus: AHMWEBCKMW “, 1900, crp. 187, Ta6. 3, cumr. 3.

FonotMn. MeCTO XPaHEeHMA HeMIBeCTHO. Ypan, CpeAHui xapb0OH (rOHMaTMTOBLIA rop.,
cnon C).

Onncanme. Hefonblwan paxosBuHa, cnabo NPO3OrvpHaR, cnabo Bobinyknan, cnabo He-
paeHocTopoHHAa (Any: A 0,36); ¢ ANWHHLIM NPAMEIM 3aMouHLIM kpaem (. 3. kp.: 4 1.2)
A MONYKPYrNbIMM O4BPTaHUAMK CBOGOAHLIX XPaes. MepegHee yiLko B BuAe OCTPOro wwuna
BblAAeTCA Bnepea, CUHYC OKPYrnbiv, HernyGokwi. LUnpokoe zapHee yuiko cnabo oTaeneHo,
380CTPEHO, MANEHbKWA Kpaesoh CMHYC Cpady Nnoj 3aMouHbiM kpaem. PapvanbHme petpa
MHOFOYMCREHHSI, OKPYrNbl, PasfeneHbl WHPOKWMU TIPOMEXYTKaMU. QcoberHo penbetHbl
OHW B CpeaHel 4acTu PaKOBWHbI, FAS MEXAY peGpamu NepBoOro MOpsAKa B KAXAOM Npo-
MEXyTKe HaxoAuTCA 6Gonee TOHKO® BCTaBHO® peSpo. Ha 3JapHeM yuwke petpa Gonee
TOHKM®, YALEe PACTONOXEHHBIe, HO HeOTAeNUMb OT pebep 3agHen 4acTu CTBOPKW.

Makyluku €na60 CMeweHbl Bnepefl, NOMTM He BLICTYNAKT HAA 3AMOUHbIM Kpaem.
Makyweutnift yron oxono 100°.
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3ameuannn. OT ypanoCkuX (hOPM OTAMHAGTCA HECKONBKO MeHbLWMMM pasMepaMu
W MOHbWKUM yYucnom peGep. MNoOBMOMMOMY, IOrOCNABCKMIA 3K3IEeMnnAp — Gonee Mmonopan

paxoeuua,

Feorpacdhutecroe pacnpocTpaHeéHue W reOROrMNecKHi so3pacr. |Orocnasua, ropbi
KapaeaHks; BepxHui KapGoH, rxenbCKui ApYC. Ypan, cpeaHui kapGoH, 6aWKUPCKUI APYC.

Matepuan. CnoxHoe AAPO M OTNEYATOK HAPYXHOW MOBEPXHOCTM HEMONHON NeBOW
CTBOPKM.

Cemeiicteo Aviculopectinidae Meek et Hayden, 1864
Mopcemelicteo Aviculopectininae Meek et Hayden, 1864
Pog Aviculopecten M'Coy, 1851

Aviculopecten mutabilis Licharev, 1927
Tab. 1, dour. 7—9

Aviculopecten mutabilis: Nuxapen, 1927, cvp. 118, Ta6. 5, cur. 7—10, 12, 14—17;
®epotvos, 1932, crp. 126, Tab. 14, dwr. 17.

Onncanne. PakoBuHa CpeaHen BenHuuHbLI (4 no 35 MM), TOHKaR, AKNMHHAA, HBCUNBHO
Bbinyknan, seeposuaHas (f1:B cp. Ben. 1,1).

MakyweyHsle cknagkw ABCTBEHHbIE, CNpAMNeHHble Y Makywkw, cnabo uaruGarch, pac-
WHPAIOTCA # MOA TYNLIM, CrIAXEHHBIM YINOM COGAMHAIOTCA C RPABMNLHO 38KPYFNOHHbLIMU
MEepBAHAM U 32AHUM, NONTH pPABHLIMWA KpaAMu. HuWHUA Kpad ANMHHBIA ovyep4eH Gonee
WUPOKOH Ayrod. MakywKn Boinyknble, 380CTPEHHLIO, BHICTYNAIOT HAQ 3&MOYHBLIM Kpaem.
Nocneammint npAMoi, HECKONBKEG GONBLIE NONOBUHEI MAKCUMANLHOM ANKHLL cTBOpKMA (. 3.
Kp.. : [ cp. Ben. 0,6). MOYTU PABHLIE YWKK YETKO OTrPaHUYEHb! KPYTolM neperuboM CTBOPKH.
JaaHee CUNLHO 380CTPEHO € YrNOBaThiM CWHYCOM; nepeaHee cnabo Bbinyknoe, ero ne-
PenHUA Kpah COGAMMAGTCA C 3BMOYHBLIM MOA NPAMBIM WM Cherxa JROCTPEBHHLIM YrNOM,
CHHyc HernyGokWR, yrnosatuiit. Ckynbniypa cnoxwean, PaguanbHoie pebpa HeCKOAbKUX
PAHroB yeenu4nealoTCA BCTABNOHHEM HAYMHAA C CAMLIX PAHHUX CTAAWIA POCTA; NEPBUYHBIX,
OCHOBHbIx pefep or 6 A0 9?7 KOHueHTpwuackan CKyRbnTypa Gonee TOHKARA, nepecekan
pebpa oxa obpa3yeT 6Yropku, Ha KpynHuix pebpax — Gonee rpy6bte. Ha ylkax, ocoSeHHo
Ha nepegHeM oHa npocTynaer Gonee pesko. XapakTtep pamManuHoOs CKYNnbNTypsl YWeK —
KaK Ha Tene paKkoBuHbl. BHYTpeHHee CTpoeHue HeM3BEeCTHO.

OuToreHeTHYOCKHE MIMeHeHmn. MONOALIe PAKOBUHLI §0Nee BLICOKHE W y3kue, ¢ Sonee
ANVHHBIM 38MOYHBIM KDEEBM M MEHBLUWMM anuKansHbiM yrnoM. Ha I1oHbiIX crapuax pocTa
4 :B ¢cp. sen. 0,85, an. yron cp. een. 65°.

Feorpachuiecxoe pacnpoctpaHeHne n reonoruveckwin so3pacr. I0OrocnaBsun, ropet Ka-
paBanke; BEpXHWA KapBoH, rkenbckui Apyc. B CCCP: eepxHuit kap6ow foHGacca: Ypan
W TuMaH — HU3Ll Py,

Marepuan. Tonbko neswie €TBOPKH. 5 CHOXHLIX AAep WU 5 HapYXHbIX OTNeYaTKoB.
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Pop Acanthopecten Girty, 1903

Acanthopecten carboniferous (Stevens), 1858
Ta6. 1, ¢our. 10 a, 6.

Pecten carboniferous: Stevens, 1858, cip. 261

Aviculopecten carboniferous: Aakosnes, 1903 (pars), cTp. 3, 1a6. 1, ¢ur. §;
®epnotos, 1932, crp. 119, Tab. 19, dur. 10.

Acanthopecten carboniferous: Newell, 1837, cTp. 72, Ta6. 12, ¢ur. 8—10.

Tonovun. lecnoruueckan cnyx6a WnnuHoinca, CLUA. Wnnuxohc, BepxHuiA KapSoH
{central formation, Missouri subseries).

OnucanMe.* PakoBnHa HeGONLWAR, NOYTW PABHOCTBOPHATAA, TOHKAA. flesan cTBOPKE
cnato Bbinyxnamr, noutu okpyrnaa (f : B y TonoTtuna 1,12) co cnerka OTTRHYTOW W NPUAOA-
HATON 3BAHOA HACTLIO, CAPAMNEHHBIM 32AHWAM KPAEM, OT CepoAUHbI KOTOPOTO HAYMHRSTCA
CMHYC 38AHEr0 YWKa; 3aMOYHbIfi Xpad MoYTH NPAMON, ANMHA 6rc HEeCKONbKO MeHblue
MaKCUMANBHOM ANMHLI PaKoBwHbl. Makyluka ManeHbKan, 3a0CTPOHHAA, NONTU He BbLICTYNaev
Hag 3amouHbiM Kpaem. MNepeaHee YWKO 4ETKO OTRSNEHO OT cpeasHen HacTn CTBOPKN KPYThiM
YCTYNOM; NOPeAHAA 4YacTb YWKa 3aKPYrneHa, HWXHAA — BbiNyKna, cuHyc rnyGokvi,
yrnosaTbid. 3aaMee YWKO ANWHHee NepeaHero, 3a0CTPeHO; CUHYC rny6okni, oGpaszoBax
npaBunbLHO 3aKpyrnerHow ayron. Ckynentypa HEpY)XHON NOBEPXHOCTH He OTNN4AeTCA OT
onucaHHo# anA TonoTana. Ha Hawwx akaemnnApax uucno pebep — 15. Lunel Habno-
[a0TCA W HA CWHYCO Y 38AHOr0 yWKa MeXAY TOHKUMU pebpbiwkamu (2—5) npu nepece1eHnn
Ux C Kpaem CTBOpKM. HauGonee KpYMHLIA, WIOrHYTLIW BBEPX WMN PACNONOXKeH B MecTe
CVAHWA HWXKHETO M 38AHEro Kpaes. [lepearee YKo TaKke MOKPEITO pPaananbHbiMu
peSpbiuikaMH (37) U KOHLBHTPUHECKMMU CTRYHKaMU. CxynbnTypa BHYTPEHHEW NOBEPXHOCTW
HEraTMBHO OTPAXAET HapPYXHYI0 CKYAbNTypy. 3aMOK XapaKTtepHuiéi ANA pOAa.

OHTOreHOTHHECKM® M3MeHEeHMA. [0 Mepe poCTa PaKOBWHLI MEHAIOTCA W OHOPTaHWA U
ckynenTypa. Monoabte opMel Sonee WKWPOKO OKpYrab:, HUXHE-33HAA 48CTb He OTTAHYTA,
YWKN AOYTH PaBHbI®, C MEHEO IMyGOKUM CHHYTOM, ocobeHHo y 3agHero ywka. HapyxHan
CKYNIbNTYpa COCTOMT M3 NPOCTLIX OKPYrNBIX, WHTEPKAAUPYIOWUX peGep, pa3meneHHblX twu-
POKUMH NPOMEXYTKAMA W NEPECEYEHHbIX KOHUEHTPUHECKUMK cTpy#ikamMn. Takux cTpyex
HACHUTLIBAGTCA AOC 12, 3aTeM HAYWHaeTCA pacwwpeHke papvanbHbix pebep n YCNOXHEHWe
BCOM CKYNbNTYPHl U PARMANLHOW ¢ KOHL@HTPUHECKOW. DTa HauansHas CTapuA ABCTBOHHO
pasnuM4MMa Ha BCeX MeEbix CTBOpPKAX, WMEeBLWUWUXCA B W3YHEHHOA KONNeKUUW.

CpasHeHwe. OTAMHMA OT OCTaNbHLIX BMACB Acanthopecten ykalaHbt B ONWCaHuu No-
CNBAHVX.

leorpathuueckoe pacnpocTpaHeHne W reonorwdecxuid so3pact. !Orocnaeva, ropm Ka-

paBaHKe, BOPXHUW KapboHW, Mxenb; KapTuHckve Anbnbl, BEpXHW#H Kapbow — HWKHAA
nepmb; CeB. AMEpuKa, BEPXHHUA NOHCWNLBAHUA; BEpXHWUA KapGoH (OxHOK AMepukn U
Kutan: 8 CCCP: cpegHwa — BepxHud kapSow [lonbacca, cpeaHuih kaploH — HUXHAR

nepMb Ypana, CpefiHuiA KapO6oH TOAMOCKOBHOM KOTNOBUHSL
Martepwan. Tpn Aapa v 83 HAPYXHbIX OTNEYATKa NeBkbix CTBOPOK.

* fleTanbHoe onwucawne CM. Yy New ell, 1937, ctp. 72.
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Acanthopecten elegantulus (Stuckenberg), 1899
Tab. 1, dur. 11—13

Avictilopecten efegantulus: lWTykenGepr, 1899, ¢Tp. 201, Ta6. 1, cur. 16; Nuxa-
pee, 1927 ctp. 87, 1a6. 6, dur. 14—23 (cm. RONHYID CHHOHWMUKY); ®epoToe, 1932
cTp. 120, Tab. 14, cpur. 11—14

Acanthopecten carboniferous: Rxosnes, 1903 (pars), c1p. 3, 1a6. 1, cur. 2; My-
Pomuena, 1974, cTp. 65, 1a6. 12, pur. 13—15

Acanthopecten stefiaris: Mypomueea, 1974 {pars), crtp. 66, 1a6. 9, dur. 20

Fonotun, MecTo xpaHeHuna He U3B8CTHO.

Onncawwe. Cpepnnx pasmepos (B Ro 28 MM), yMEpeHHO BhINYKNAR, TOMKOCTEHHARA
PaKkobuHa, okpyrabix o4epTtaHmv ([]: B cp. sen. 1,06), aKwIMHHas MNM ouYeHb chao nposo-
KANHHAA. HUXHAR 4acTb CTEOPKW NPaBUALHO 3aKpyrfieHa. 3aMOYHLIA Kpan NOYTH NPRMOA,
ANMHA 610 NULWbL HE3HAYUTENbHO MEHBLIe MaKCUMANBHOMA ANMHEI CTBOPKM. Makywky noutu
UBHTPANkHLIB, Y3KWe, He BLICTYNAloWMe HAA 3aMONHLIM KpaeM. MepepwHee YUKO NOYTH
B ABa pasa KOpPQ4e 3aflHero, 4YeTKC OTARNEHO OT CPefHeN 4acTM CTBOPKN KpyTbIM YCTY-
NOM; NBpeaHAR YacTL YWKa JaKPYTNeHa, HIKHAR — BhiNyknar. 3agHee YWKO OCTPOYrofib-
HO®, CNOKORHO CAMBAIOWIBECA CO CPeAHEN 4acTbio cTBopku. Ero 3anHui Kpain obpasyer
€ 3AMOYHLIM OCTPHI# Yrofl, KPYTO BOTHYT, BBINPAMAAACE HWXE, OH nepexoanT B NPABWbHO
38KPYrNEHHbIA HUXHWA Kpar, HapyxHas NOBBPXHOCTL CNOXHO CKYNsNTuposaWa. Pa-
AvanbHebie pebpa (18—19) no crpoeHuic 6nuaku Ac. carboniferous (Stevens), rak xe kak
W KOHUBHTpU4eckas ckynbhnTypa. B npumakyweuHoir wacTu Pe3KHe KOHUeHTPU4ecKue
CKNBAOYKM PACTIONOXEHL 4aUle ¥ He 06pasyioT B NPOMEXYTKaX MeXAy paavantHLIMU
pebpaMn OTTAHYTOCTH KHu3y. OBa yWKa HECYT ABCTBEHHYIO KOHUEHTPUMECKYIOD CKYALNTYPY,
H& 380HEM OTME4RIOTCA 2—5 TOHKUX PagMantHLIX cTpyex. Ha nepesHeM yiike pagnancHuie
CTPYAKU MeHee ABCTEEHHM, B TO BPEMA Kax KOHUBHTpU4eCKan CKyNbNTypa Npofo/aXaeTca
W Ha NOBepXHOCTU ywka. Nepearwid U HWKHWI KPah PAKOBUHLI, MHOFAB WM HUXHE-I8RHWIA
Kpai 3aaHeroc ywka ocTpo 3a3ySpeHs.. CTpoeHne 3aMKa Kak y TUNOROrO Bufa.

OHTOraHeTHYECKME HIMEeHOHHA. Kax y Ac. carboniferous (Stevens).

CpasMenne. OT TvnoBOro supa oTnuuasTcA Gonblei BEINYKNOCTHIO ¥ OYEPTAHWAMM
NeBOH CTBOPKM (OTCYCTBUEM GTTAHYTOCTH M NPUNOARHATOCTU B MeCTe COBAUHBHUA HUXHOrO
W 3agnero Kpaes), 6onbwel ANMHOR IBAHErO YIIKA, HEABCTBEHHLIM OTHNEHeHUeM YwiKa
OT CPERHeN 4acTH CTROPKM (3aQHEe YWKO HAUMHAETCA OT KOHUZ HMXHerc KpaAa W TAHeTCA
NOYTM napannencHo cnabo BLIpaXeHHoMY neperuSy CTBOPKM, OTAGNAICWEMY YWKO OT
CpenHeii 4acTu GTBOPKM), Xapakrepom CKynbATYpPbl NEPeAHero yiwika, Ha KOTOpOM OTYEeT-
hvBa KOHUSHTPU4YECKAA W HEABCTBEHHA PAAMANbHARA CTPYR4aTOCTh,

3ameuanna. OnucuiBaeMbli BUA AOCTATOMHO 4YOTKO OTHAU4ABTCA ot Ac. carbonflerous
(Stevens), ecnu cynute No TUNOCBbLIM 3Kk3eMnnApaM u3 Hebpackn v Ypana. Hawm obpa3upl,
noao6Ho onucanieim . M. ®egoToebi M (1982) u3 cpepHero — sepxHero kapGoHa
Oonbacca, Menbye 4eM TUNKUuHbIe Ac, elegantulus (Stuckenberg) n kpynHes, 4em amepu-
KaHckue popMmiul. HO ouvepTaHMAMM nesmixX CTBOPOK (Npaeble He W3y4deHbl), XapaKTepoM
yweK, 60nbWed BLINYKAOCTLIO OHU GITU3KK ypanoCkoMy BuAY, XOTR 4MCRO pebep y Hux
HBCKONLKO MeHbwee (Ao 19). Mo mHeHnow A. M. denoTosa, ACHeLKNe NpeacTaBuUTenk
Ac. elegantulus (Stuckenberg) MOMYT paccMaTpUBATLCA KaK MPOMEXYTOYHLI® (hOpMbl
Mexay Gonee paHHuM Ac. carboniferous (Stevens) n onucuiBaeMbm BUROM, HIBOBCTHbIM
M3 BEPXOB BEpXHero kapboHa. OfHAaKO HAMW 068 BURA BCTPEYEHBI COBMECTHO B ofHOM
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MecToHaxoXaeHuu MOAMOCKCBHOM KOTNoBMHbI (B oTnoxenuax C;%), a Takke B CGonee
MONOABIX MKSALCKNX OTNOXEHUAX lOrocnaeuu. Takum obpasom, cTparturpaduyeckas no-
CNefoBaTeNsHOCTL B NOABREHUW 3TUX BUAOB He HabniopaetcA. Ob6weauHuTs 062 BWAE,
nogo6uwo Yao (Chsao, 1927) u B. A. Mypomuesow (1974), M He cuuTaeMm BO3-
MOXHbIM, NOCKOMbKY HaM He YRanoChb HAGNIAATL NOCTENEeHHLIX nepexomos oT Ac. carbo-
niterous (Stevens) k Ac. elegantulus (Stuckenberg). Manope6epHuie dopmut (14—15 pebep)
MUMEIOT M BCE OCTANbHbIe NPU3HAKW (XApaKTep YLIeK, )opMy PakoBHHLI W T.A.), CBOW-
cTBEeHHble AC. carboniferous (Stevens). B TO BpeMA KaK pPaKOBWHE!, MMelowme no 18 un
Gonee pebep, BNonkHe ONpeAeneHHe NpuHaanexat Ac. efegantulus (Stuckenberg). KcraTu,
v wsobpaxeHHuie B pabote B. A. MypomueBon (1974, T. 12, ¢. 14) pakoBuHu —
3T0 HecoMHenHule Ac. elegantulus (Stuckenberg).

HeobXoaMMo TaKKe OTMeTuTb (Tab. 1, dwr. 13) U HekoTopoe cBoeobpa3ue CKyNbNTYpHI
OQHOA M3 PAaKOBHMH, OTIMYHOE OT OMMCAHHOW B AuarHoae popa. 310 BI3ROCNan cdopma
Ac. elegantulus (Stuckenberg), y KoTopoih HabniogaloTCA yeenuuenvwe Yncna pebep B aaaHei
HacTW NeBO CTBOPKM ¥ Ha NO3AHWX CTaAWAX pocta nytem Gudypkauuu. Liwnet, obpa-
30BaHHLIE B PB3YNbTaTe apKOBMAHOro WArnGaHuA rpy6biX KOHUEHTPUYEeCcKUX CTpyek, He
BCerga COBNARAIOT C MEXPOBOPHLIMM NPOMOXYTKaMi4 B NEPeAHeNn U 3agHen 4acTAX paKo-
BvHbl. B nepeom cny4ae oHW, nepecekan peGpa, HanpaBneHul BNepes, BO BTOPOM — HAalan.

Feorpachwyeckoe pacnpocTpaHeHWe M reonorWvMeckui Bospact. lOrocnasus, ropbl Ka-
pasaHKe, BepxHWil KapG6oH, Mxenbckui Apyc. BepxHui xapSor BeHrpuw, KapuHTCkux Anen,
Manuxypuu. Kapéow CCCP: NopmockosHan kotnosuna (Ce*—Cs); p. Kama, foxbace, Ypan,
Dapsa3z, Yccypuiickun kpan — Cy: 1oro-zanagHelii Man-Xon u BepxoaHbe — Cos; CpeRHui
kapGoH KonoiBane-TOMCKOM cknagdatoin obnacrw.

Matepuan. Tpu aapa U HeTelpe OTNE4ATKa HAPYXKHOM NOBEPXHOCTH NEBLIX CTBOPOK.

Acanthopecten ramovsi Astafieva-Urbaijtis, sp. nov.
Ta6. 2, pur. 1—3

ronorwn. Ho. 94. TexHuueckuin mysed Xenezapne Ecenuue; lOrocnaewa ropet Kapa-
2aHKe, BOPXHUW KapBoH, MKEeNbCkui Apyc.

OnucaHue.? PakoOBuHa CpeAHWX pa3MepoB, TOHKAA, ABCTBOHHO NPO3OKNWHHAA, Tpe-
yronsHo-koco-oBansHaa (4:B y tuna 1,25). NepefHsia 4acTe CTBOPKM LUMPOKOOKPYrnas,
38QHAR HECKONLKO OTTAHYTA W cnabo npunopHaTa. KopoTkoe nepeaHee naeqo non Yrno
Heckonbko Gonbwe 90° COSAUHASTCA € NPaBWILHO 3aKPYIMEeHHbIM KOPOTKUM NEepeaHuM
KpaeM, No WWPOKOA Ayre CAMBAICWUHMCA € AMUHHbBIM, BLINYKABIM HUXHUM KDagM. KopoTkuit,
cnabo BeINYKNbIA 3aBHUY Kpaw NOA NPAMbLIM YoM COSAMHATCA C ANWMHHEIM 3JAAHWAM
nneuom. ANMKANLHBIA Yron or 110° ao 125°, y Tuna 112°. 3aMoNHbif Kpai noYT NPAMOR,
ANWHA ero pasHa MAN GONbLE MAKCMMANLHOW WHpMHL! cTBopkM (A. 3. kp. 1Ay TWNa 1,13);
NEepepHAR BETSn 3HEYMTENLHO KOPo4e 3aaMen. Makyulki HeGonbwve, ¢na6o BbICTYNAOLNE
HAp 3JaMONHBIM KpaeM. YIUKM XOpOLWO pasBuThl, ABCTBEHHO OTAENEHbl (nepeaHee KpyTobiM
ycTynom) oT cpeaHeid 4acty cTeopku, cnaGo Boinyknwie. OKpyrnoe Bnepead nepeaHes
yuIko uwMeeT rny6oxui OCTPOYronbHbIA sulcus (okono 50°), aapHAnA ymGoHanbHaa cknapka
pasBuTa cnafee, CaMo YWKO NOYTW B ABA pasa RNMHHee nepeaHero, OCTPOYronbHoe,
3a0HWA CYNBKYC TAYOOKWiA, OCTPOYronsHbIA (85—75°). CkynbnTypa HapyXHo# NOBEPXHOCTH

* Onucanue AAEeTCA NO NeBbIM CTBOPKAM, NpaBble B KOINEKXUWN OCTYCTBYIOT.
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X8pAKTEPHAA ANA aKaHTONeKTeHOB. MHOroYMCNEHHbe (19—21) pebpa WMeIOT BLINYKALIO
CKNOHbI C TANWUYHLIM NPUMATUBHLIM PebPLILIKGM NO BEpwHHE pebpa: NPOMEXYTKU YaKne
TPeyronbhole, XapakTep KOHUEHTPWYECKOA CKyNbNTypsl Takke NoAoSeH TWMOBOMY BuAY.
Wunet BAONL cpeaHen YacTW GpIOWIHOrO Kpas pacnonaraTea 8 MexpebepHsix npome-
KYTK8X, Ha NepegHeM W 3afHem Kpaax, & TAKXEe BAONb CYNbKyCa 3afHero YWKa OHW
NepNeHAUKYNAPHLI KPa CTBOPKY (NOAoGHO onucaHHoMy anA Ac. elegantulus Stuckenberg).
Ha ywkax HabniopaeTcR ABCTBEHHAR KOHUGHTPWYECKas CKynbhTypa, COOTBECTBYOWAn
Gonee peakMm KOHUEHTPUYECKUM CTPYIiKaM Tena pakoeuHsl. [TOBUANMOMY, COXPAHHOGTB
maTtepvana He noseonuna HabnioAaTb paavanbHYio CTPYUWHETOCTh HA ylwkax., BHYTPOHHAR
CKyNbNTypa CMAM4eHHO OTpaxaeT HapyXHyo. CTpoeHWe 3amka NONHOCTLIO HabnogaTh He
YRANoCb, He COXpaHUNCA peaunudep. XapaxTep MYCKYNbHBIX OTNEYATKOB HE W3BBCTEH.

OHTOreHeTHYECKHE® WIMOHeHMA. MMOROGHO ONUCAHHLIM BLILE BWUAAM HA KOBEHUIIBHBIX
PaKoBUHAX HAGNIONAETCA MEHee CMOXHAR CKYNbNTypa. PagnanubHble pe6pa COOTBECTRYIOT
NPYMUTMBHLIM peSpLIWKAM B3POCNbIX CTapwi. OTCYTCTBYIOT PE3KUe KOHUEHTPUYECKHE
GTPYAKW, NPEACTABNAIOWMNE COBORM CONUXKEHHYIO CEPUId TOMKHX CTPYeK, HeT apKOBMAHBIX
HelWyeobpasHuix U3rubos Haa pebpamd, HET M OTTAHYTBIX KHU3Y WMNOB B ME@XpetepHbiX
npoMexyTkax. Camu NPOMEXyTKU UMEIoT Gonee OKpyrnoe CeveHue. YILKU MeHee YeTKO
OTAENEHbl OT Tena PaKOBWHLI, CYNbKYChl MeHee rny6okue.

Cpasienne. OT TUNOBOTO BUAA OTIMMAETCA RBCTBEHHO NPOAOKIMHHOI PAKOBUHOA,
6onbiuum uucnom pebep. OT Ac. elegantulus (Stuckenberg) — cunsHee pasBuTOW Npo3o-
KNWHHOCTBIO, HanW4Mem 3afHeH YMGOHANbHOW Cikafku, FNyGOKUM OCTPOYrONbHBIM 3JBAHWM
CYNBKYCOM.

3amevaunn. Mopo6Ho TUNOBOMY BUAY AC. 7amovsi sp. n. MMeeT OTTAHYTYIO M CRnerxa
NPUNOAHATYI0 KBEPXY HUXHE-3aAH©OI0 4aCTb CTBOPKM; ABCTEEHHEE PAIBUTOE 3ARHEE YIWKO.
HalinHaloweecs OT CépeAvHbl 3afHero nrieva. B To xe BpeMs 3agHee ywko & gea pasa
AnuHKee nepeAHero v uucno peGep, kak y Ac. elegantulus (Stuckenberg). Ho c¢opma pa-
KOBWHb! (ABCTBEHHO NPO3OKNVHHAA, KOCAA, BLITAHYTAas CUNLHEe B nepeaHe-3agHeM Ha-
npaeieHny), 6ONbWNA ANWKaNBHLIA Yron, HanwyWe 3aAHeld yMGOHANbHOM CKNagkW nos-
BONAIOT OTHECTW OnuCaHHble POPMbI K CAMOCTOARTENLHOMY HOBOMY auay. Bce Tpu eupa
BCTPE4EeHbI COBMECTHO.

Feonoruvecxoe u reorpacuvecxoe pacnpocTpaKenwe. (Orocnasua, ropbl KapasaHke;
BEPXHUIA KapGOoH, MKenbcKuin apyc.

Matepuan. 4 CnoXHLIX ARPA, OAVH OTNEMATOK HADYXHOW NOBEPXHOCTY.

Acanthopecten? orientalis Janischevsky, 1900
Tab. 2, ur. 4 a-r

Aviculopecten? indeterminatus: Gruenewaldt, 1860, crp. 130, 1a6. Y, ¢wr. 7
Avicuiopecten orientalis: Anvwesckmui, 1900, cTp. 176, Ta6. 3, cur. 7
Aviculopecien sp. (No. 2): Auuwenckui, 1900, cTp. 177, Tab. 3, dwur. 4

lonotun. MecTo XpaHEHWA He W3secTHO. Ypan, cpeaHWM kap6oH, GawKupckuii Apyc
(FoHWaTuTOBLIR rop., CNoW «ex).

Onucanke. PakosuHa HeBonbwan (O fo 14 MM), aKnvHHaA, cnabo eeinyknar, Tpe-
YronsHO-OKPYrNan, BhiCOTa OObINHO HECKONLKO Gonblue anuHb! (4 : B cp. Ben. 0,97), anuHa
3aMOYHOrO Kpaa MeHble MakcuManeHoR anmket ([. 3. kp. : 1 cp. sen. 0,8). Ywkn Xopouwo pas-
BUTEI, NEPEAHEE HECKONLKO ANWHHee (M. y.:3. y. cp. Ben. 1.3). 3agHue ywKu noyTw npAmMo-
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yrofbHble ¢ €ne 3aMeTHbiM CuMycoM bonbuioe YnnoweHHoe nepepHee ywko NeBoN
CTBOPKM TaKXe NOHYTH NPAMOYroNbHO®, HO ero NepenHnid xpan cnado BuinNyknbi BBEPXY
C MenxMM CWHYCHbIM M3rnGoMm BHM3y. NepeaHee ywkKo NPaBOi CTBOPKM TEPMWHANBHO
OKPYrnoe OTAeNEHO Y3KUM ryGoKMM Bulpe3oM (Cyntkycom). Cteopka K GUCCYCHOMY BbIPE3y
M3OrHYTa NOMTA NOA MPAMBIM YITIOM K NMOBEPXHOCTY TeNla pakoBuHbl, YMGOHANbHAA CKnaaka
yrnoeatan (Ha ofenx cTBopkax). 3apHAA ymOOHanbHaR CKNapka BbipaxeHa meHee pe-
needHo. PaguansHan CKyNbnTypa HEPYXHO# NOBEPXHOCTM COCTOMT U3 pensedHblX, WH-
NoBaTbIX, PACLUMPAIOWMXCA KHW3Y pebep; npoMexyTkn dyTb yxe pefep. K nepeaHemy
w sagHeMy nepernfam CTBOPKM pebpa cyxaiTtca. Ha 3aguux ywkax no 4 pebpa, Ha
NepeaHWX, Ha MNpasod CTBOPKe 5—8 PpacWWPRIOWNXCA pensedHbiX petep, Ha nesoM
nepeaHem yuike 7 6onee y3kux pe6ep. MMEIOTCA W ueTKMe COMMKEHHbIe KOHUEHTpHU4eckue
CTPYWKW, Ha NpaBoil CTBOPKE Y GPIOWHOFO KpaA HabnioaaioTca Gonee pe3kve, OTTAHYTHIC
YFNOBaTO KHM3Y B MeXpeGepHhix NPOMEXYTKaX apKOBMAHC W3OTHYTbIE Haj peGpamu. Ha
NeBO} CTBOPKE B 3aAHel 4ACTW HabnioflaloTCA BCTaBHLIe pebpuiliky HA paHHed cTapun
pocTa, Ha npasoi — aenenue 3apHux pefep, TAKXKE B BEPXHE 4acTi CTBOPKH.

OMTOreHeTMHECKHE WMIMSHEHMA N WIMEHHMBOCTb. HapyXHBA NOBEPXHOCTb HauyansHol
PAKOBUHKM C PE3KMMW KOHUEBHTPUMECKUMU CTRYAKaMn, PacnoNoXeHHbIMM 4Hepes paeHble
uHTepBanbl. PagdanbHan CKynbnTypa vimeet Kak Owl NOAYVHEHHO® 3HAYEHHEe, XOTA Camw
paavanbHble peSpuiWKN TOXE peribedpHble, y3Kue.

Cpeawn Bapocnbix ¢dopm Habniopaercy BapnupoBaHune OYepTaHWR OT TPeyronbHo-oKpy-
IMbIX ¢ anuKaibHoM yrnom 90° (dopma, onucaHHar TpuHBaNbAOM), A0 Gonee wwm-
POKOOBANbHBIM C anUKanbHbIM yrnom Gonee 100°.

CpapHeHwe. OT TMNOBOrO BHAa OTAUHAETCA BbICOKOW PAKOBUHOA € NPaBUNbHO 3axpy-
TNEHHBIMA KpasMy (OTCYCTBYeT OTTAHYTOCTb 3anHe-GPIOWHOR 4acTh), MeHee pe3ko Belpa-
EHHOW 3a3yBGPEHHOCTLIO KPaeB, MoMTH NPAMOYrONHLIM OYePTaHMeM 3aaWero yiuka, Gonee
ManeHbKuM nepepHum yiukow. OT Ac. elegantulus (Stuckenberg) u Ac. ramovsi sp. nov.
OTNMYAETCA AKNMHHOCTHIO PAKOBWH, MeHee Pe3KOl 3a3yGpPeHHOCTLIO Kpaes, hopMOoi yWek.

3ameuanun. py yCTaHOBREHWUY BuAA OH Obll OTHeCEH M. 3. AHNWeBCKUM K PoAy
Aviculopecten. lOrocnasckne pakoBuHbl NPaKTUHEBCKK HEOTAWHUMbI OT ypanbCKUX HopM,
OQHAKO NpW Nyvileid COXpaHHOCTW yAanochk HabnioaaTe XapakTepHylo AnA Acanthapecten
KMNEBATOCTb PAAUENbHLIX pebep W MeHee Pe3Ko BLIPAXEHHYIO, HO pPa3nuMUMyio 3asy-
6PEHHOCTb Kpaes 38 GHeT Uarn6a BHMI KOHLEHTPUHECKuX CTPYeK.

MosToMy Hamu BuA OTHeceH K popy Acanthopecten. VIMeIOTCA OAHAKO M OTAUHMA OT
TUNNYHBIX AKAHTONEKTEHOB: NPAMOYrONbHLIE OYEPTAHMA 3BAHUX YLIEK, OTMeYeHHoe B Onu-
caHun peneHue 2aaHux peGep B BEpXHeW 4acTi NPaBoi CTBOPKW. OTCIOAA W 3HaK BOnpoca
B HA3BaHWK POja.

Feorpathu4eckoe PacnpoCTpaHeHWe W reonorvveckwii 8o3pact. lOrocnaewa, ropol Ka-
paBaHKe; BEPXHWI KapGoH, MKenbckui spyc. Ypan, cpenHwi Kap6oH, GaWKWPCKM ApYC.

Marepuan. Yetesipe HapyXHbIX oTneyaTka v ABa BHYTPEHHVX RApa.

Pop Annuliconcha Newell, 1937

Annuliconcha spinosa Astafieva-Urbaijtis, sp. nov.
Tab6. 2, ur. 5—7, 10

Tonotmn. Ho. 102. TexHu4eckun Myseit XenesapHe EceHuue; BepxHuit KapOoH, rxenb-
ckwi Apyc. TonoTtunbl Ho. 103, 105, 108.
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Onucanne. PakosnHa HeGonbwan (8 Ao 18,5 MMm), nouTu PaBHOCTBOPHATAR 38 WUCKAIO-
YeHUEeM yllexk, TpeyronbHo-oBanbHan (Al : B cp. Bsen. 1,20); cnabo nposoknuHHana, cna6o
BbiNyknan, TOHKOCT@HHARA, ABYCTOPOHHe aumAlowan. MakylweuHbii yron 115° {cp, sen.).

3aMOYHbIit Kpai NeBON CTEOPKA NPAMOM, NUL HOMHOTO KOPOYE MEKCHMaNbHOMN ANUHLI
cTeopku (B. 3. kp.:[ cp. Ben. 0,95), BeTBM NOMTU pasHble, CpeaHAR 4acTb TPEeYyronbHo-
OBaNbHaA, NepeaHur, HWXHWH W 3aQHUA Kpaa 3aKPYrNeHbi, MHorga HadnopaeTcA Hexo-
TOpas OTTAHYTOCTb HUXKHO-3BAHEW HacT CTBOPKM W3-38 HEGONBbLUOA CKOWEHHOCTW PaKo-
BuHbl Mnedn nouTu paswbie, 3agHee NpAMOe, nepeaHee cna6o BOCHYTO. Yron nne4 ot
105 o 126°. Makywkn nouTM UEHTpancHble, NPAKTUYECKN HE BbICTYNaolMe HAA 3a-
MOYHbLIM KpaeM. YWKK YEeTKO OTFpaHU4eHbl, NePeAHee HECKONbKO Kopoua 3aaHero (4. n.y.:
4.3.y. cp. sen. 0,7). 3agHee OCTPOYrORbHOE, C FAYGOKMM CHHYCOM. (TepeaHuin CUHYC Takxe
rnyGoKnA, HO NEpPeaHNi N HWKHKA KPaR yika BbinyKknul. MNepeaHAn yMGoHanbHaA cknagka
NeBOi CTBOPKW y3aKas, Yrnoparan, 3afHAR CNaGo BbIpaXeHa. Ckynonrypa HapyXHO# no-
BEPXHOCTH paavanbHO-KOHUEHTpMYEckan. PaguancHuie OKpyrable CTpyliku Habnioaasmbie
Ha PaHHUX CTagUAX POCTA O4EHb TOHKWE, PAAfleNneHbl GoNee tUMPOKUMU MAOCKUMU MNPO-
MexyTkaMu. MHoraa HabnioAaloTCA O4eHb TOHKME BCTABHLIO CTPYHKU. KOHUBHTPUHECKAR
CkynbnTypa AByX paHroB. BeiCOKM®, WMPOKOOKPYINOro CE4eHWA KOHUBHTpUYecKWe pespa
nepeoro Nopraka ¢ GYrOpkaMM, KOTOpbie HE BCErpa COOTBETCTBYIOT NEPeCeYeHWAM ¢ pa-
AUANDHLIMM CTDYHKaMKU, GYrOpKN OTTAHYTLI KHU3Y B HEANVHHLIE Wunul. B cpeaHen vacTtu
CTBOPKW LUMNbI HANPABNBHEI EHU3, B NEpeaAHer U 3aHEH 4aCTAX, COOTBECTBOHHO — BRepea
v Hasan. Wunuku HaGniopaloTCA BAONL HAapYXXHLIX Kpaes CTBOPKU nepepHero, GplowHoro
W 3apHero. Mexay rpy6siM4 pebpamu pacnonoXeHa COPUA TOHKWX, BOAHMCTBIX CTPYeK,
nepecexkaoMx paauanbHylo CKYNLNTYDY W B MECTE NOPeCceHeHUA CNErKa MIOTHYTBIX KHUAY.
KOHUBHTPU4OCKAR CKYNLNTYpa ywek peskam, 2-—3 PapManbHbLie CTPYAKU 3aMeTHLI NULLL
NPU CuMAbHOM yBenuieHun. Bponb KApAWHANLHOrO KPaA YLIEX NPOXOAMT Y3Koe, TOHKO®
pebpo, OTHETNNBO OTAGNEHHOE Y3KUMW I'MYGOKUMM BoposgKamm.

MNpasan cTeopka, B 0TAK4ME oF neaow, Sonee YNNoILeHa, C HU3KOW MAaKYLKOW, HapyX-
HaA CKynbnTypa BbipaXeHa 3HAYUTENbHO MEeHee 4eTKO, CBOGOAMbIE KPAA NULEHHL LIMMOB,
HO Ha YWKax Pe3ko BbIP&XEHHLIE CONUKEHHbIE KOHUBHTPUMOCKM® CTPYiHKM 60nee OoTveT-
NUBLIG, YOM HA Tene PaKOoBWHbLI.

Hamerunpocts, OuspTaHMA pakoBuHbI WAPOKO BapuUMpYOT. Hapafly €O CKOWEHHBLIMMK
opMaMK, BCTPEYEHEl U WNPOKO 0BanbHLIe, ¢ KPYTO 38KPYrNeHHbIM NEPeRHUM WU JafHUM
kPaAMY, cnabo BHINYKNLIM, ANUHHbIM HUXHUM {4 :B 1,26). OTME4AOTCA M W3MEBH4VBOCTL
8 Xapakvepe paguanbHOW CKYNBNTYPM. MHOrAa 3TO MHOrOYMCNEHHbIe CTPYAKA ¢ npome-
XKYTKaMN MeXJy HAMU NWWL HEMHOro WUpEe camux cTpyek. OHM 60Nnee ABCTBEHHLI B Ne-
PeaHeA 1 3anHeR YacTaAx pakosunrbl, LLunel rpyGeix KOHUBHTpU4@CKUX pebep pacnonoxeHsl
wupe aTux cTpyek. ¥ Apyrux copm paguancHelx CTPyeK MeHblue {17) npoMexyTKu 04eHb
WAPpOKMe W LWHNL! KOHUBHTPUYECKWX peGep NOMTU COOTBETCTBYIOT YUCNY pasuanbHBIX
CTPYeK. ¥ TPeTbUX CTPYMKM COHNVKEHbI B CpefHen 4actu, B TO BPEMA Kak B nepeaHeid w
JafHeN 4acTAX PAcnoNoXeHbl Wupe W B BpoMexyTkax cnabo HAMEYeHbI OYeHb TOHKWEe
BCTaBHLI® CTPYAKU. VIBMEHYMEB U MaKyLUIE4HLIA yron,

Cpasnenne. OT TUNOBOrO BUAA OTNMMABTCA XapakTepoM CKynbnTyphl, GONbUIER CKO-
WEHHOCTHIO MEHEO BLICOKUX PAKOBWH.

Jameyanun. WITykeHGeprom (1905) ua eepxHero kapGoHa Camapckoii [lyku noa
HazBaHuem Astarte volgensis onwcana, no BCEH BUAUMOCTH, pakoBuHa ¢ O6NOMaHHLIMM
yUIKaMy, HO O4eHb XapaxTepHOW, ONUCAHHOA BbLIWE CKYNLNTYPOH. MNOXAA COXPAHHOCTL
ofycnosuna HeNpaBUABLHOE POROBOE ONPEReTeHUe 3TOM dopmbl. OTNUHEeTCA oHa W Ot
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ONMCAHHBIX 31eCh PaKkOBUH 6onee NpaBuNEHO OKPYrNoH (HOPMONA, 1 MEHBLINM MAKYLWEYHBIM
yrnom (98°%. He vcknioyeHo, YTo, ecnu Gbl YAANOCH HAWTU M U3y4uTb, NOMUMO 3TOW eAvH-
CTEEHHOM HeNONHOM CTBOPKW, matepuan u3 Kap6oHa Camapckol [lyku, To erc cnepgosand
6bl OTAENWTL OT FOCNAaBCKOro Ha NOABUACBOM YPOBH®.

leorpacuyeckoe pacnpocTpaHeHue w reonoruy¥eckui sospact. lOrocnasun, roput Ka-
paBaHKe, BEPXMHII KapGoH, rxenbckwd Apyc, ? Camapckan Slyka, BepXHUR xapGoH,

Matepuan. 2 CROXHBIX AAPA, S5 HAPYXKHbLIX OTNEYAaTKOB NeBbiXx CTBOPOK W 1 oTne4aToK
npasoi.

Noacemeiticteao Streblochondriinae Newell, 1938
Poa Strebiochondria Newell, 1938

Streblochondria sculiptilis Newell, 1938
Tab. 2, chur. 8—9

Aviculopecten sculptiiis: Miller, 1891, ctp, 92, Ta6. 20, ¢wr. 5

Streblopteria ufensis: YepHboiwes, 1902, cTp. 345; Mypomuesa, 1974, cTp. 77,
Ta6. 13, cwur, 1

Pecten (Pseudamusium) utaensis: Nuxapes, 1927, ¢Tp. 30, 7a6. 2, dwr. 7, 8; Fre-
bolt, 1831 (pars), cTp. 53, 1ab. 1, dwr. §

Streblochoridria sculptiiis: Newell, 1938, crp. 82, Ta6. 16, dur. 5, 7, 9, 11

ronotun. Ho. 3894, Cincinnati University.

Onucanve. PakoBuHa CpegHUX pa3Mepos, NOYTH PaBHOCTBOpUATAA, NpaBan CTBODKA
HeckonbKo Gonee nnockan, 4em nesas; cnabo ONUCTOKNWHHAA, BbiCOTA NPEBLIWAET ANUHY
cteopok, MepeaHan, cna6o BOrHyvaa ymOOHanbHaA cknapka {nneuo) HeCKoNbko AnNUHHee
NOYTH NPAMOM, HO TOXE XOPOLIO BLIPAXEHHOW YMOOHaNLHOW CKNapKM. CeobogHble kpan
CTBOPKM MPABWILHO 3aKpyrneHbl. Makylwxa ManeHbkas, 3a0CTpeHHaA (MaxkyweyHbliid yron
okono 90%, BLICTYNAeT Haj 3aMO4YHbIM Kpaem, MocneaHud noytw B Asa pasa MeHblle
MaKCUMANbHOW LWMPUHLI CTBOpKY. YWKW XOPOWo BbipaXeHbl, nepefpHee B f[ba pasa
ANWHHee 3aAHero. OKOH4aHWA ywek O6nn3Ky MPAMOYTONbHLIM, WCKNIOHeHMe — OKpyrnoe
OKOHY&HVe NEPefHero YWKa npasod CTBOPKU. MepefHnit CUHYC neBoi CTBOPKW cnabo
BOrHYTbIN, MepeaHMA YILHOW CYNbKYG yakui, ray6okni, Ckynentypa HAPYXHOH NOBepPXHOCTH
petanbHo onucaHa Hbwoennowm (Newell, 1837). CtpoeHne 3amka TUNMYHOS ANA POAA.

W3MeHYMBOCTb. POPMa DAKOBWHLI BADUMPYET OT BbICOKOOBANBLHOW A0 NPaBUNbHOOKPY-
FNOR, OT CHNBHO ONUCTOKNUHHBIX AC MOYTH AKNMHHBIX. LUMPOKO sapuupyeT U penseHoCTb
CKYNbOTYpb!, 4acTOTa PacnONOKEHUA PaaNanbHbIX CTpyek.

Bameuanns. l0rocnaeckue hOPMbl OTAWHAIOTCR 3HAYMTENbHO GOMbLIeH MAMEHYUBOCTLIO,
ueM amMepuKaHckue. B CHHOHUMUKY ONUCLIBAEMOrO BUAE BHECEH HAMW W BEPXHOKAMEHHO-
yronbHblA ypanhcxuw Bup  Streblopteria utensis Tschernyschev, nockonbky nocnepHun
HEOTNUYMM OT @MEPMKAHCKMX W 1OrOCNaBCKWUX NpeacTasvTenei.

leorpadmyeckoe PACNPOCTPaHeHW® W reonormieckuit Bo3pacr. OrocnaesuA, ropbl Ka-
paBakke; BepxHuii kapboH, MKeNLCKUi Apyc. Cen. AMepuka, NEHCUNBLBAHWA; HUXHAA NEPMb
WnuuGeprena. B CCCP: BepxHMil KapGoH — HWXHAA NepMb Ypana TUMAHA; HU3bl BEpX-
Hero kapGoxa Mau-Xos u foHSacca.
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CemeitctBo Entoliidae Korobkov, 1960
Pog Pernopecten Winchell, 1865

Pernopecten prosseri? (Mark), 1912
Ta6. 3, thur. 10

Pecten aviculatus: Swallow, 1858, p. 213

Entolium attenuatum: Meek et Hayden, 1872, ctp. 189, Ta6. 9, ¢ur. 11; Axop-
nes, 1903, ctp. 2, Ta6. 1, chwur. 5; PepnoTtos, 1932, crp. 140, Tab. 16, cur. 11

Entolium prosseri: Mark, 1912, ctp. 309, Ta6. 15, cour. 6—8

Pernopecten attenuatus: Mypomuesa, 1974, crp. 80, 7a6. 15, cour. 9

Pernopecten sowerbyi: Mypomuesa, 1974, ctp. 79, Tab. 15, dur. §

Pernopecten prosseri: Newell, 1937, ctp. 111, Ta6. 20, cdwur. 17, 18, 12, 13;
AcTadpresa-YpbauTtnc, 1977, crp. 38, va6. 3, mr. 7

Nexrorun. Ho. 14036. XpauuTcA B YHusepcuters wrata Oraiio, CLUA, BEpXHWY KapOoH,
fApyc muccypu. YetaHoened H. . Hewennom {(Newell, 1937).

Onncanwe.* Hebonbwan ([l 19 MM) HenonHas nesan CTBOPKA, CNAabo CYXBHHAA KBEpXY,
cnaGo Npo3oKnnHHAA. MepepaHuit U OPIIWHOM Kpas NpaBunbHO OKPYrnbl; HUXHAR YacTb
3afHeroc Kpaa 3aKkpyrneHa Heckonbke Bonee KPyTo, Belie OH CKOLWEH M o4eHs cnabo
BOrHYT. MNepeaHse M HECKONLKO YANWHEHHOE 3afHee KpaeBbie nons y3Kue.

3amevanna. EQMHCTBEHHBIN HENONHLIM 3K3SMANAP neBo CTBOPKMA (CNOXHOE AAPO) HE
rno3|oAnUnN TOMHO ONPeAenuTb Bua.

Teorpacbu4yeckoe pacnpocTpaHeHne W TreoNOrHYeCKui Ro3pacr. KOrocnaeua, ropu Ka-
PaBaHke; BepxHui KapGoH, rxennckui APYc; CeB. AMEPWKA, BBPXHWA KapGOH, MUCCYpW:
B CCCP: TlopMOCKOBHAR KOTNOBMHA, MOCKOBCKUII ApYC; Camapckan Jiyka n Ypan — Bepx-
MWW KapGoH; cpegHe-BepxHnid KapBoH [loHbacca (Cg? — Cs?).

Mavepuan. OfHO CNOXHOE AAPO NEBOW CTBOPKW.

CemennictBo Posidoniidae Frech, 1909
Poa Amonotis Kittl, 1904

Amonotis palaeozoicus? Astafieva-Urbaijtis, sp. nov.
Tab. 3, cour. 1a, 6; 2

Fonotun. Ho. 88. TexHuueckui myaeit XenesapHe EceHuue; lOrocnaeus, ropnr Kapa-
BaHKe; BEPXHWiA KapBOH, rKenbCKui spyc.

Onucanme. PakoBuHa cpenHel senwuunbl {4 21 MM), noyTn paBHOCTBOpYaTan, cnabo
NPO3OKAWHHAR, CAabo BhiNyKnas, wupokooeanbHan (I :B 1,16). 3aMO4HLIA Kpaih NPAMON,
ANVHHBIA, HECKONbKO KOPOHYe MaKCUManbHOW ARUHEI CTBOPKM ([. 3. Kp. : 8 0,85), ¢ noutn
PasHbIM4 BETBAMK (NEPEAHAA HEIHAUMTeNLHO KOpoYe 3aaHeir). Cnabo BbiNyKnblid nepeaHnin

* Monxoe onucaune pavo H. . Hioennom (Newell, 19837).
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W paBHblii No BeICOTE cnabo CUHYCHBIN BBEPXY 3afHVIA KpaA, C 3aMO4YHBIM COSAVHAIOTCH
nog TYNbIM Yrnom (8 NepspHeM COoefuHEeHWW yron meHee Tynoi). HUKHWIA cnaéo Buinyknbin
Kpai Nno AnNvMHe paBeH 3amMO4HOMY.

Yikv HEOTAENEeHb OT Tena paKkoBuHbl M BHIAENAKTCA NUWb YNNOLWEHUEM CTBOPKM.
Makywka Hesbicoxan, cnafo BuICTYNAloUIaR, NOYTW USHTpanbHad. AnvkaribHbiid yron 110°
HapyXH&R MOBEPXHOCTb MOKPLITA HENPaBMNIbHEIMA paaUanbHbIMU pebpamMi; KHU3Y HEKOo-
TOpbie W3 HMX PacWennalTCA, uHOrAa HEOQHOKPATHO, WMEIOTCA W TOHKUe BCTaBHbie
pebpbiiky N0 OAHOMY, VAW MO HECKOMbko B mexpebepHeix npomexyTkax. B o6nactv
ywek pebpa 6onee TOHKWE W HwWIKue. PaavanbHan CKynbnTypa repeceqeHa KOHUEHTpu-
JOCKAMM NUHVAMKM POCTa, 60nee RBCTBEHHLIMYM B OBNACTU MAKYLIKW. B nepepHen 4acTu
CTBOPOK CKyNbNTYpa MeHee penbedHa.

XapaKkTep 3aMKa ¥ BHYTPSHHEE CTPOEHM® PaKkOBKHbI Habmopate He yaanoce.

Cpamnenne. OT TUNOBOTO BwAA OTNU4ABTCA Gonee BLICOKOA PaKoBVHOW co cnabo
HaAMEYEHHON GWHYCHOCTHIO B BEpPXHeid 4acTu 3ajHero kpas.

Jamevanun. Pog OTHOCUTCA X HUCNY 3HAEMWKOB. M3BeCTéH OH 6uin Muwb U3 TpWaca
(xapHui) tOrocnaeuw. B naneosoe npepcTaBuTeny poaa BCTPeYEHbl BnepBLIe.

lFeorpacdhuyeckoe pPacnpocTpaHeHve reonoruMeckuii soapacr. lOrocnaeua, ropol Ka-
papaHke; BEPXHUA KapBOH, MKEenbcKkuit Apyc.

Marepuan. flsa rapa M OTNBYATOK NEBLIX CTBOPOK.

CemeitctB0 Myophoriidae Bronn, 1849
Poan Schizodus Verneuil et Murchison, 1844

Schizodus meekanus? Girty, 1899
Tab. 3, ur. 9

Schizodus wheeleri: Swallow, 1872, cTp. 209, yab. 10, dur. 1; Keyes, 1894,
cTp. 123, Ta6. 46, our. 3; Beede, 1900, cTp. 155, Tab. 22, dwr. 1 ’
Schizodus meekanus: Girty, 1899, ctp. 583, va6. 52, cur. 7

FonoTun. MecTo XpaHeHuA Hen3pecTHo. Ces. AMepHKa, BepxHuiA kapGoH.

Onucanne. PakoeuHa cpegHell Benvunab (A 26 mm), ceancHar (1:B 1,2) ¢ BbICOKOW
makywkow {8.m.:B 0,33), (anukaneHeti yron 90%), Boinyknas, ocoferHe 8 obnacTu Ma-
KYWKM; € BOTHYTHIM, PE3KUM KWUIEM, OTAGNRIOLUM ynnoweHxoe 3akunesoe none. [e-
PeRHAR 4YacTb PaKkoBMHbI KOPOTKAA, NPaBMILHO 3aKpYrneHHan, 3agHAA YANUHEHAa, HeCKONb-
KO CyXeHa W KOCO cpe3aHa. BaKpyrneHHbIl Bnepean GproLHOi KpaW, HeCKONbKO BbINPAM-
NRETCA W NORHUMAETCA KBBPXY Y 3afHEro KOHUAa paKoBuHbl.

Jameyanua. OT TUNOBLIX opM W onwucaHHbix [l M. ®beagoToBEIM (1932) 13 kap-
6oHa floHb6acca OTNUHEEeTCA MEeHee BbITAHYTOW 3afHeN 4acTblo PaKOBUHEL

Feorpathu4eckoe pacnpocTpanelne W reonorMYecknit Bo3pact. lOrocnasus, ropwsl Ka-
paBaHke; BEPXHWA KapGoH, rKenbckuin ApYC; CeB. Amepuka, BepxHuin xap6oH; B CCCP —
fAon6acc Cgb — Cs?.

Marepwan. Henonsoe RAPO M OTNE4aTOK HapyXHOM NOBONXHOCTW.
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Cemeitcteo Edmondiidae King, 1850
Pon Edmondia Koninck, 1843

Edmondia nebrascensis? (Geinitz), 1866
Tab. 3, hur. 3 a, 6

Astarte nebrascensis: Geinitz, 1866, ¢. 16, Ta6. 3, ¢ur. 25
Cardiomerpha lameliosa: LUTykeHGe Pr, 1905, cip. 88, Ta6. 11, dwur, 3
Edmondia maccoyii: ®egoror, 1932, CTp. 78, Tad. 7, ¢our. 10

Fonotun. Mecto xpaHeHws HenzBecTHO. :

Onncanne. PakosuHa CpefiHeil BeRWYMHbL (A 27 MMm), paBHocTBopuaTan, cybksanpaTHo-
oBantHaa (1:B 1,37), HepPaBHOCTOPOHHAR (Anu: A 0,25), orHocwTenbHo TOHKOCT@HHAn,
HeanAwan. Makyweunsiit yron 1200, Yron 3amouHbtx sersew 135°, 3aMoYHbiii Kpai anuM-
HbIA, NOYTH Napannened U pasex BHIMYKNOMY HuxHeMy kpaio. Ero nepegHas ¢nabo Hakno-
HEHHAA BOTBL OKPYr/IO COGAWHAGTCA € HANPABAGHHLIM K Hedh o4 NPAMEIM yraom cna6o
BBINYK/ILIM NepegHnM Kkpaem. Gonee ANWMHHEA NPAMAR 3aAHAA 38MOYHAR BeTBb nop ewe
S0nee CrNaxeHHHIM NPUTYNNEHHBIM YINOM COGANWHASTCA CO cnabo BoLINyK/IbIM  3agHUM
KpaeM. MNocnenHwit nowTu napannenew nepeaHeMy, Ho Bhiwe ero. CAMAHNE GPILIHOro Kpas
¢ 38QHWUM OKpYrioe, C NepeAHNM OH cnueaeTea no Gonee LIMPOKOH pyre. Buicokue, npu-
TYNNeHHule MaKyWki CMeLLSHb! Bnepen Ha PaccTofHue Y, ANWHLI CTROPKW OT nepeaxerc
Kpaf. HapyxHan KOHUeHTpuueckas CKkYNeNTypa COCTOMT W3 PE3IKMX Cllerka 380CTPOHHBIX
H8 BEplIMHax CKNAAOK W NUHWI pocTta, BHyTpexHero CTPOEHUA HabniopaTe He yaanock,
38 WCKNIOYeHWeM CBR3OMHOW CKNAAKW, KOTOPAR 4eTKO BbIpaXeHa, LNMHHaA.

3ameuanun. OnucaHHbI BUA HECKONbKO OTNM4aeTCA OT Buaa laiHwTua Gonee winpo-
KWMH, XOTA W pe3kumu pebpamul. Haubonee Gnuaxa ONUCbIBAGMLIM hOpPMaM flOHeUKaR
3AMOHAMA, onpepeneHHan . M. ®ego0ToB LI M (1932) xax £. maccoyii Hind.

Teorpachuueckoe PACNPOCTPANGHME M TOONOTHNECKWH Bo3pacr. KOrocnasua, roper Ka-
PaBaHKe. BepxHMiA Kap6oH, MKenbckuid Apyc; Ces. AMBpuKa, nexcunbBaHui; B CCCP:
BepxHWi kapboH MogmMockoewHoro Gacceina, Camapckon Nykwn, fonBacca, HuxHAR nepmb
3anagHoro cknoxa CpepHero Ypana.

Cemeiicteo Allorismidae Astafieva-Urbajtis, 1963
Popn Alforisma King, 1844

Allorisma gravida (Tschernyschev), 1950
Tab. 3, cowur. §

Edmondiella gravidus: YepHuuiwes, 1950, ta6. 14, cur. 114, 115

Fonotun. Xpanurca 8 Kueee B Feonornveckom mysee AH YCCP.

Onuncanme.* Pakoenra noeonbHo KpynHaa (4 35 mwm), paBHOCTBOpMATAN, YANWHEHHO-
anannTuyeckan (I . B 1,8}, eeinyknan (Boim, : B -— 0,3), HepaBHOCTOPOHHAR (Anu : & — 0,21),
YMEPBHHO TOHKOCTOHH2A, He3UAIoLWAR.

* MNMoapobroe onucanue cpenavo B. U, Ye PHbweBbIM (HepHbiwes, 1950),
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3amevannn. O1 AoHeukux (POPM OTNMYEBTCA fIMILL HBCKONbKO MEeHGLLWeHR BHIMYKIOCTHIO
nepepHero kpas.

Feorpacdimyeckoe PacnpoCTpaHeHWEe W Feonornyeckud sospact. (Orocnasun, ropel Ka-
paBaHxe; BepxHuh Kap6oH, rkenbckui Apyc; DoHbace, Cet (M3BECTHAK Ji2).

Marepuan. CnoxHoe AAPO PacKpPbITbIX CTBOPOK.

Pon Ivanovia nom. nov. Astafieva-Urbajtis, 1978

Ivanovia slovenica Astafieva-Urbaijtis, sp. nov.
Tab. 3, ¢ur. 8a, 6

Fonotun. Ho. 57. TexHudeckmi Mysen XeneaapHe Ecenwue. lOrocnasus, ropw Kapa-
BaHKe; BepXHu xapBoH, MKeNbCKUIA ApYyC.

Onucanne. PakoBuHa cueHe KpynHaa ([ 77,5 MM), CyXeHHO-OKpyrnas enepegu v pac-
wupeHHONpAMoyronbHan nosaau (A :B 1,64), ROBONbHO BLINYKAAA, CUALHO HEPABHOCTO-
POHHAA, OTHOCWUTE/ILHO TOACTOCTEHHAR. AnUkanbHbii yron 130°.

3aMouHbln Kpan AnvHHBIA (A, 3. kp. : A1 0,87), ero kopoTkas paclwmpeHHas NEPEeSHAR
BETBb COBAMHABTCA CO CNabo BLINyKNOW, ANWHHOP 38AHER BETBLIO NCA NPAMbIM yrnom 160°,

COeAUHBHME KOPOTKOrQ, BLINYKROrO NEPEAHEro Kpam C 3aMOYHbIM — NPAMOYIONbHOS,
C ANWHHLIM Cnato BHINYKNbIM GPOWHLIM — 3aKPYMNEHHoe. BLiCoKWA, novtn B Tpu pasa
npeebHuaoWNA NepegHui, 3aAxwii ¢naboc BbINYKAbIK Kpak CKOWEeH; C 3aMO4YHbIM OH
COEAVHAGTCA NOA TYNbIM YrAOM, GPICWHOMY OH B CBOEA HIKHEW 4YacTW NOYTH nepneH-
AVKYNADPEH, HO COCAMHEHW® 32KPYFNOeHHOe, HeCKCNLKO OTTAHyTOe, Makylka Hu3kaR, wh-
pOK&R, NOYTW TepMUHanbHas. OT Maxyulku K NepeAHel Tpeti GPIOWHOro KpaA TAHBTCA
crnabaR BAABNEHHOCTb MOYTH He OTPA3MBLUAACA Ha BGpiowiHoM Kpae. [loaaau cynbkyca oOT
MaKyIKW K HWKHE3AAHEMy YIMy TAHETCA AWaroHanbHAA BLINYKNOCTb CTBOPKYW, 3a KOTOPOW
oTMeNaeTCA cnaban ynnoweHHocTk. HapyxHan noBepXHOCTe CKyNbNTUPOBaHA KOHUEHTPW-
YECKUMW NUHUAMK POCTA, HEKOTOPLI® M3 HUX 60n6e penbedHb), U TOHKWMW, ene 3amert-
HbIMW MENKoSYropHaTbiMK PaauanbHbiMKW CTPYRKAMH.

Ha BHyTpeHHe/i NOBEPXHOCTU CTBOPKW OTPAXalOTCA NMiLL Haubonee rpyGole 3Haku
pocra.

MepepHea MYCKYAbHOE MOfe PACMONOXEHO HA YTONUEHWH CTBOPKW W OTaeneHo eanu-
koM. MyCKynbHble Bre4aTneHMA rnyGoKe BAABNEHHbIS. YANMHEHHO-0BAMbHEIA aAAYKTOP
y nepegHero Kpas BMEopPead Maxyilku, OTAGNEHHLIA OT AAAYKTOPa BANTUKOM BbIWE HAXo-
AMTCR TNy6OKWA Cnef NPUKPENNoHMA HOXHOrO MyCcKyna. 3afHuiA aaAyKTop HeCKONbKO
meHee rny6ok, 60NbiuMX pasMepoB NOMeLLeH BBBPXY Y 38MOYHOI0 Kpas, HO B HEeKOTOpPOM
oTnaneHuy ov 3apHero kpas. O OKpYribil, C BOFHYTOA MNEPeAHeiR 4acTbio, nonepeYHo-
WTPUXOBATLIA. Mepes HUM, CYXaAch K MaKyluxe, TAHETCA Cnej ero NepeMelleHuA no mMepe
yBenu4enua pakoBuHbl. MaHTUAHAA NMHWA HBCMHYCHaA, TNYGOKO BAABNeHHaR,

Ha nepenrei 3aMOYHGA BETBM COXPaHWINCHL Ha& AApE OTNEHATKH 3-X TOHKUX, napan-
nenbHbIX 3yGOBMAHBIX BATWUKOB.

Cpasuenmne. Ot oblongum (Golowkynsky) otnuyaeTca Gonee NPAMOYTONbHLIMM O46pTa-
HUAMK, OT elongatum (Netschaev) SHaYWUTENbHO MBHbLWEN CYXKEHHOCTLIO NepesHeV +acTy
Gonee BHICOKOW PaKOBUHLI.

JaMevanuna, OnucbieaeMblit B — MNPEACTABUTENb AOCTATOYHO pegKo BCTpeYasMbix
ABYCTBOPOK, ONUCaHHbIX B 1894 roay A. HewaeBblM B cocTase NOApoAa Modiolodon
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poaa Modiclopsis Hall. B Tom xe rogy Ynopuxom (Ulrich, 1894) HazpaHne Modio-
fodon 6einc paHo uHbIM bopMaMm ABYCTBOPOK, NOCKONMbKY pa6ora Ynebpuxa Bobiuna
HECKONbKO paHee, Ha3BaHWe 0Ka3zanocb MPeoKKynupoeaHHbiM, 1 HaMu (AcTadbepa-
YpbanTtuc, 1978) npeanoxeHo HoBos — [vanovia. Wiamener HamMM M paHr TaKCoHa.
BknioYeHHble B Ivanovia BUALI 3HAYUTENBHO OTNUAYAIOTCA OT npegcTaButenein Modiojopsis
Hall xapakTepoM samka — OfHWM M3 rnaexbix KpuTepues poaa. Mostomy Hamu fvanovia
paccMaTpuBaeTcA B Ka4vecTee CaMOCTOATeNbHoro poaa. PaccMarpusaembie copmbl ofHa-
PYXHWBAIOT 3HauWTensHoe CXOACTBO ¢ Allorisma King u B CTpoeHuM 3aMKa, U xapaKrTepe
MYCKYflbHBIX NONeV, M APYrUX AETANEH BHEWHEro U BHYTPEHHEro CTPOeHUA PaKOBUHLI.
TlochegHun pon Hamu paccmartpusaetca B pamkax cemedicTsa Allorismidae (Actadboe-
sa-¥Yp6antuc 1963, 1964), kyna, no BCei BUAMMOCTH, CNeAyeT OTHECTH W pos /vanovia.

Feorpadmyeckoe pacnpocTpaxenwe W reonorudeckui Bo3Ipact. lOrocnaens, ropel Ka-
papaHke; BepxXHUA Kap6OH, rKenbckuil Apyc.

Marepuan. CroxHoe AP0 M OTNEYATOK HAPYXHOA MNOBEPXHOCTM NPABORA CTBOPKM.

Cemelicteo Grammysiidae Miller, 1877
Pog Grammysiopsis Tschernyschev, 1950

Grammysiopsis carboniferous Astafieva-Urbaijtis, sp. nov.
Tab. 3, dwr. 7

Fonormn. Ho. 59. TexHuueckuin Mysei XenezapHe EceHwuo. BepxHWW KapGOM, rKenb-
CKUH APYC.

OnucaHne. PakoBuHA CpeHen BeNUUMHLI, YATMHEeHHO-0BANEHAR, PacWUpAIOWARCA K3aau
(A : B 1,72), HepasHocTOpOHHAR (On4 : [ 0,26), TOHKOCTEHHAR, 3URIOLLARA nosaau. Anukano-
HbIA yron 120°.

KopoTkan nepeaHRA 3aMO4HAA BETBL HAKNOHEHE W MOA 3&KPYFNEHHLIM YFNoM oKono 90°
COERWUHAGTCA C 3aKPYrNeHHLIM nepeaHuM kpaeM. pAman (wnu chaGo BOrHyTan?) ANMHHAR
3agHAR 3aMO4YHER BETBbL MNapannencsHa OAUHHOMY ¢CnaGo CHUHYCHOMY GpIOWMOMY Kpaio;
cnabo croweHHbId (?) 3aAHMA KpaW NOYTV B AB2 pase Bbllle NePEeRHero, ¢ 3aMOYHLIM OH
CoeAVHARTCA NoA TYNuIM YrnoM. Makywka, noenamMoMy, HeBbICOKan, pacnonoXeHa Ha
PacCTORHMM ¥ ANWHBI CTBOPKM OT nepeaHero Kpas. CPenHAs 4acTb CTBOPKM PaBHOMEPHO
Bbinyknan, Cnabo BOrHYTLIH KMNEBUAHLIA Neperné CTBOPKM HANPEBIEH OT MAKYWKU K Ce-
peavHe 3aaHero kpas. 3a HAM NPOXOAUT Herny6okaa 6opo3aa, No3aan KOTOpoi 3akunesoe
none ynnolleHHos. HapyXHaa noBepxHOCTe MOKPLITA: Y3KUMU, CONUKEHHBLIMM, TPeYromb-
HbIMM B NONEPeYHOM ceyeHun pebpamu. B nepeaHen 4acTM CTBOPKM OHW NapannenbHbl
HApYXHOMY Kpaio CTBOPKM, 3aTeM, NO NWHWKW, MAYIEA OT MaKyWKu K NepegHe-6pioluHOMy
yrny, HeKOTOpble pebpa Ha4MHaT pPa3sfBauBaTbCs, YUCNO PeBSep yBenMunBaeTcA. B Bepx-
He| 4ACTW PaKOSMHBI OHW Cnerka BOTHYTH, ¥ BPIOWHOrO Kpaa peépa NOMTH NapannenbHb
emy. Mo NUHUW, TAHYWEUCA OT MAKYILKU K 3aAHEeR 4acTW GPIOWHOro Kpan (He AoxoaA Ao
3anHe-6pIolWHOrO Yrna), OTME4aeTCs KpyToi neperut pebep (nos BbIPAXEHHbIM YINOM
okono 90° B BepXHEW 4HaCTU CTBOPKM Y NOR CrNaXEHHBIM Yrnom y GpiowHoro Kpam). 3a
neperi6om, He YMEHbWAaACk B YUCAE, HO HBCKONBKO CYXAaACH {TaK, 4To NPOMEXYTKK CTa-
HOBATCA HECKONbKO WHpe pedep), pebpa KPYTO HaNPABNAIOTCA BBEPX, NepeceKkas NUHUW
pocta. Ha a3akuneeom none pe6pa HepasnuuuMbl. Ha CHOXHOM AApe, B 3agHen
acTu CTBOPKkW, ene Buavmas B Nyny, HaGniOAAeTCA TOHKAEA, COAWXEHHAA paawanbHan
CTPYA4aTOCTb. XapaxTep MyCKynbHbIX OTMNE4ATKOB M 3aMka HabnKaaTh He yRanockb.
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3amevaHna. Cpeay WU3BECTHbIX BWAOB FPaMMU3UONCHCOB BHOBR OnuCaHHbIi Hawnbonee
6nvaok Gr. artiensis (Krotov). Mocneauust Bua onucan M. KpoToBbl M (1885) 13 apTuH-
CKX OTAOXEHUN 3anagHoro cknoHa Ypana (p. KockBa). [xefbCkui BUA, HECMOTPR Ha
aHAUNTENsHOe CXOACTBO, OTAMMABTCA OTCYCTBMEM YETKO BbiDAXOHHOro CynbKyca, TAHywe-
roGA OT MaKylWKU K NepefiHed TPeTu GPIOWHOrc Kpas ypanbCckux popM, a TaKkKe xapaxrte-
POM CKyAbTITYpbl {y ONUCLIBAEMOrO BUAR B CPEAHEN HacTH CTBOPKM Ha6niofgaeTca pasasau-
paHWe pebep). PasasaveaHue peGep XapakTepHo W ANA HUKHEKaMEeHHOYroneHOro BUAA
Gr. kazachstanensis Tschernyschev, y KQTOpPOro npusHak 93TOT NpOABARETCA HauGonee
ABCTBEHHO. HabNIOARETCA NOCTENEHHOE CTNAXWeaHne 3T0ro NpuaHaxa B nuHnw Gr. kazach-
stanensis — carboniferous — artiensis.

Feorpaghmyeckoe PACNPOCTPAHEHME W reonornYecKMi BO3PACT. lOrocnaeun, ropel Ka-
papaHke; BepXHUiA KapboH, MKenbCKUA ApYC.

MaTtepnan. CnoxHoe AAPO M OTNEYATOK HAPYXHOW NOBEPXHOCTU npaBsofl CTBOPKMW.

Genus et sp. indet.
Tab. 3, ¢wr. 6

OnncaHwe. PakobnHa Hebonbwas ([ 16,5), yanuWenHo-oeanthaa (A :B 1,74), cnabo
SbINYKNad, O4eHb CNado HepaBHOCTOPOHHAR (Ony : 0,48) HeauAwwWwaR?

NepeaHUiA M 38AHUHA KpaA pPaBHOBLICOKWE, OAWHAKOBO JaKPYrNeHHbI8, HO COefUHEeHWe
PEPEAHero ¢ ANWHHBIM, MPAMbLIM 3EMO4HLIM KPaeM 38KPYTNeHHOe, B 70 BPeMA Kak 3ajHee
cnaGo TynoyronbHoe. [1oYTW paBHbLIM 3aMOYHOMY, ANUHHBbIA, CNAGoBbINYKABLIA 6plowHON
KpaW MO WWPOKVM AYraMm CAWBAETCA C MEpPEeAHNM U 3aQHUM Kpasmn. Makywka ManeHeKas,
cnabo BLICTYNACIAA NOYTH LUeHTpanbHan. Haubonslan BuiNyknocTe — 8 npuMaKyLWwe4Hom
yacTu., KuneBbix nepernbos HET M BBINYKNOCTH PEBHOMEPHO YMEHLUWAETCA K KPaaM
cTROPKN. KOHUGHTPMYECKas CKYNbNTypa HAPYXHOW NOBEPXHOCTU COCTOMT M3 Hn3kux pebep,
Kak-Gbl pa3nPavBalolvXCA B CpedHen 4acTu CTBOPKW. Ha sgpe pasnuyuma W O4éHb
TOHKEA pamuanbhas CTPYAYaToCTh. Xapaktep BHYTPeHHe# NOBEpXHOCTH, CBR3KU W 3amka
HEU3BECTEH.

3amevannA. OnucaHHas dopma Onuska Aflorisma laevis Eichwald, onpeaeneHHON
M. 3. AHnwesckuUM (FHuwesckuw, 1900, T. Y. dur. 15—16)} n3 cpeguero kap-
650Ha BOCTOMHOrO CKNOHa Ypana, & Taxke onucaHowh 8 Toi xe paboTe (T. Y, . 9) xpynHo#
pakoBuHe genus et sp. indet. [TocneaHsa oTnuvyaeTcA BENUHUHON W TONCTOCTEHHOCTHIO PAKO-
BUHbI, CHAPYXX TIONTU FNAAKON, NOKPEITON NULilb NUHWAMKM POCTA. Ot All. laevis oTnnvaeTcs
UL HECKOMBKO NHBLIM XAPAKTEPOM CKyNbNTypu!. C oTHeceHWeM AHMWEeBCKUM ypanbokux
¢opMy K poay Allorisma (no BCE# BUANMOCTU HE K COBPEMEHHBIM Wilkingia, a K TANU4HBIM
Allorisma — (Actacdbesa-yYpbaiTuc, 1964) Henb3n cornacuybea. Nogo6tvo Ha-
CTOAWMM annopucMam OHW NULIEHBI NYHKM W LWWTKA, OAHAKO XapaKTep (3a0CTpeHHbIe,
OpPTOrvpHbIE) U MonoXxeHue (noyTu LUEHTPaNbHOS) MAaKyllKu, OTCYCTBUE Ha Appax oTne-
4YAaTKA CUNBHOYO, OTAENEHHOrO BANWKOM nepegHero MycKynbHOro NoOnA, w obuwmve o4ep-~
TaHUA CTBOPOK CBUAETENbCTBYT O CBoeobpasnu 3TOro, HECOMHEHHO, HOBOro poga. Ho
ASTb eMy Ha3saHWe n ONWCaTb He NO3BOMAET HeROCTATOK marepuana.

lFeorpacmyeckoe pacnpocvpaHeHue H reonornyeckmi Bo3pact. lOrocnaenAa, ropw Ka-
paBaHKke; BepXHuil kapGoH, mKenLckvui ApYyec.

Martepuan. flapo Nesoi CTAOPKW.
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Tabnuua 1.

®ur. 1. Palaeoneilo sp. Ho. 64, X 1.5. CnoxHoe AP0 NEBOW CTBOPKW.

Qur. 2 a-6. Parallslodon javornikensis sp. nov. Ho. 65, X 1.5.
a8 —— CnoxHoe ARPO NeBOW CTBOPKM; & — HEBNONbHLIA OTNeYaTOK HARYyXHOA MOBEPXHOCTH
NpasoiA CTBAPKW.

Qur. 3 a-6 Pterinopectineila acutiptera? (Janischevsky). Ho. 76, X 1.3. a — AAPO NEBOA
CTBOPKM; 6 — OTNEYATOK HAPYXHOW NOBEPXHOCTU NEROM CTBOPKM,

Our, 4—8 Cucullopsis quadrata jugosfavica subsp. nov. 4 — Ho. 61, ronotun, war. Ben.,
RHYTP@HHOe AAPO nNpaBoid ciBopkn, 5 ~— Ho. 63, X 1.5 BHyTpeHHee ARPO npasoM
CTBOPKY, 6 — Ho. 107 X 1.5 npasas cTBOpPKa ¢ 06NOMAHHLIM NEepeaHUM Kpaem,

Qur. 7—9. Aviculopecten mutabilis Licharev
7 — Ho. 84, X 2, BHyTpeHHAR NOBEPXHOCTL NEBOW CTBOpKN; 8 — Ho. 68, X 1.5 Henonkan
nesas cTaopka; 9 — Ho. 71, X 1.5, neman cTeopka.

. ®ur. 10.a, 6. Acanthopecten carboniterous (Stevens)
Ho. 90, X 1.5, a8 — oTne4aTok nesoi CTBOPKU; 6 — BHYTPEHHeE AQPO nesoi CTBOPKM.

®ur. 11—13. Acanthopscten elegantulus (Stuckenberg)
11 — Ho. 92, X 15, a — Aapo neecin CTBOPXN; 6 — OTNEYATOK HAPYXHOR NOBEPXHOCTH
neson cteopkw; 12 — Ho. 99, X 2, HapyXHbIM OTNEYaToK Nesoi cTeopKa; 13 — Ho. 101,
X 1.5, cnenok neeci creopku.



Ta6bnuua 1.




_30 K. A. Actacdbesa-Ypbantuc & A. Pamosw

TaBnuuya 2.

®ur. 1—3. Acanthopecten ramovsi sp. n.
1 — Ho. 94, X 3.5; ronoTun, cnoxHoe AApO nemoit cTBOPKU; 2 — Ho. 98, X 3, nedopmw-
poBaHHOe AApO Neeon CTBOPKM; 3 — HO. 91, HAT. BeN.; a — CNOXHOE RAPG NEBON CTEBOPKM;
6 — cnenok Nesoi CTEOPKW.

®ur, 4 a-r. Acanthopecten orientaiis {Janischevsky)
4 — Ho. 108, X 3. a — 0OTne4aToK NPaBOA CTBOPKM; 6 — CMenoK NPaBovi CTEOPKM; B —

OTNe4aToK NeBOW CTBOPKM;, r — CREeNoK JIeBOW CTBOPKM (BWAHA CMELIIEHHAA BBEPX
npasas).
®ur. 5—7, 10. Annuiiconcha spinosa sp. nov.
$ — Ho. 102, X 3, ronotun, OTNE4ATOK HAPYXHOW NOBEPXHOCTM NEBOM CTBOPKM, 6 —

Ho. 108, X 4, cnenox neeow creopxu; 7 — Ho. 105, X 3, cnerok neeon creopxmn; 10 —
Ho. 103, X 4.5 HenonHas npaeaA cvBopka.

Qur. 8—9. Streblochondria scuiptitis {Miiler)
8 — Ho. 77, X 3; a — AApo npaeol CTBOPKW; 6 — CNenoK Npaeoci CTsopku; 9 — Ho. 73,
X 2: HenonHaa nesdan CTsopKa.



Tabnuua 2.
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Tabnuua 3.

®ur. 1—2. Amonotis palaeozoicus sp. n.
1 — Ho, 88, X 2, ronotun; a — oTneyarok NeRoil CTBOPKWU; 6 — CAOXHOS ANPO HEMNORHON
neso# ctBopku; 2 — Ho. 87, X 2, oTnevyaTox npapoy CTBOPKU (06NOMOK).

®ur. 3a, 6. Edmondia nebrascensis? (Geinitz)
3 — Ho. 55, X 1.5; a — cnoxHoe AAPO Npasoit CTBOPKU; 6 — CnoXHOEe RAPO Nepoit
CTBOPKM.

O©ur. 4. Piychopteria (Actinopteria} gjelica sp. n.
4 — Ho. 86, HaT. Ben., ronoTun, CNoXHoe AAPO NEBOW CTBOPKM (3apHee Kpbino
HEABCTBOHHO).

®ur. 5. Allorisma gravida (Tschernyschev)
§ — Ho. 58, X 1.3; Henonkaa pakosuHa C pPa3OMKHYTbIMM CTBOPKamMu.

®ur. 6. Genus et sp. indet.
6 — Ho. 58, X 3, agpo neeow creopkaM,

@ur. 7. Grammysiopsis carboniterous sp. n.
7 — Ho. §9, X 1.5; ronotun, cnoxHoe AApPO NPasof CTBOPKM.

®ur. 8a, 6. Ivanovia sfovenica sp. n.
8 — Ho. 57, X 0.8; 2 — cnenok npasoii CTBOPKW, 6 — CAOXHOE AP0 NPABOW CTBOPKM.

®ur. 8. Schizodus meekanus? Girty
9 — Ho. 114, Har. Ben.

®@ur. 10. Pernopecten prosseri (Mark)
10 — Ho. 79, Hat. Ben., HenonHoe CNOXHOe AAPO Nepow CTBOPKMU.
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A new species of Acanthochaetetes from the Cenomanian beds
of Central Slovenia

Helmut W. Fliigel

Institut fiir Geologie und Paldontologie
Universitit, HeinrichstraBe 26. A-8010 Graz

Anton Ramovg

Katedra za geologijo in paleontologijo
Univerza v Ljubljani, 61000 Ljubljana, Askerfeva 12

Acanthochaetetes sloveniensis n. sp. from the Cenomanian? beds of
Central Slovenia is described and the question of its classification is
discussed.

Aus dem Cenoman? von Mittel-Sloweniens wird Acanthochaetetes
slozeniensis n. sp. beschrieben und die systematische Zuordnung disku-
tiert.

A well rounded pebble was picked up from the Sopota alluvium west of
Radede at Zidani most. The prevailing constituent of the stone is a fossil remain
embedded in a fine-grained conglomeratic mass. From the thin sections made
of the pebble it is evident that it consists partly of a biosparitic calcirudite. The
rest is particles of a dark sparry and micrite limestones 2—5 millimeters in
diameter as well as remains of foraminifers, shell fragments, and echinoderms.
Important are redeposited orbitolinas. Although there are no oriented thin
sections, an Aptian-Cenomanian age of foraminifers is supposed. The conglo-
merate itself is derived, however, from an Upper Cretaceous rock, probably
Senonian.

The same calcareous conglomerates including redeposited orbitolinas are
widespread in Central Slovenia. Their original deposits are also recorded from
Krmelj village lying south of the locality in the Sopota Valley and south of
Mirna village. Similar calcareous breccio-conglomerates occur in many locali-
ties of the Sava folds, for instance in the Ljubljana district. Everywhere they
contain redeposited orbitolinas and somewhere rudistid fragments as well. The
fossil-bearing clastic rocks occur in a sequence of greenish-gray marl, clayey
rock, and platy limestone characterized by globotruncanas.
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Fig. 1. Location map of the new species of Acanthochaetetes
Abb. 1. Die Lage des Fundortes der neuen Acanthochaetetes-
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Systematic part
Helmut W. Fliigel

Order Chaetetida Hartmann et Goreau 1972
Family Acanthochaetetidae Fischer 1970
Genus Acanthochaetetes Fischer 1970

Acanthochaetetes sloveniensis n. sp.
Figs. 2 and 3

Etymology :Named for Slovenia where this species was found.

Diagnosis: Species of the genus Acanthochaetetes showing four tubes/
square millimeter. The diameter of the tube is about 0.4 mm. In the measure-
ments given the new species differs from the forms of Acanthochaetetes so
far described (see table 1).

Age designation of species: ? Cenomanian beds of Central
Slovenia.
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Table 1. The measurements of Acanthochaetetes sloveniensis n. sp. compared with
those of the other Acanthochaetetes forms and with the genus Tabulospongia

Spocing Di 4 "
ameter  Thickness  Thickness Spacing of
Tubss/square  of tubs of lumens of walls  of wbuloe  tobulos

millimorer centres - Age
Rehren auf Abstand Lumen W.und- B?dcn Bixden Alrer
1 mg" Zeak ./ B Dicke Dicke Abstand
Zenirum e e o me
varigble
. slovenignsis n.ep. 4 0.5 variobel 0,025-0,1 0,025 0,2-1.5 Cenamanion?
0.35-0,45
Oxfordi
. foroiuliengis (ZUFF.=-CoM.) 4-9 0.45 0.35 0.1 - ! Oxfordw"
varioble Albion, Cenamonian
. souncai FISCHER 1-1.8 0.6-1.2 variabel 0.05-0.18 - 0.1-1.3 Alb, C'onoman
, variable Albian, Cenanonion
. ramulosua {MICH,) 2-4 0.35-0.70 variobel 0.45-1.2 0.2 0.2-2.0 Alp, Ceroman
R
wellsi (HART. & GOR.) 0.3-0.6 0.06-0.07 0.02-0.}  0.05-0.5 R:::::
. horiguchii MORI 0.4-0.6 0.05-0.06 0.01-0.03 0.5-1.5 ::::::

. Japoniaa MORL 0,406 02009 0.2-0.05 01412 ot

Repository: Holotype 3861 stored in the collection of the Katedra za
geologijo in paleontologijo, Ljubljana University, 61000 Ljubljana.

Description: From the thin sections made of the pebble, a stock
45 X 26 mm is evident. Its true thickness could not be measured due to the
one-sided polishing of the specimen. The present thickness exceeds eight mms.
As to the astrorhizae, nothing could be supposed since the surface is unknown.
No references are given to spicules. The cellular tubes are irregular or nearly
polygonal having round or slightly elliptic lumina. The straight tubes are divi-
ded by mostly horizontal or slightly inclined tabulae. In a longitudinal section
two types of the tabulae are recognized: thin flat tabulae, and thicker tabulae
showing an arched top end. From the transversal section the centripetal growth
of the tabulae could be supposed. Thereby a small central pore pierces the tabu-
lae. No wall openings were seen, spines, however, are well developed reaching
up to 0.075 millimeter in length. The tubes are reproduced by intramure’
offsets.

The measurements of the new species are compared with those of the other
Acanthochaetetes forms known till now, and with the genus of Tabulospongia.
The latter is characterized by a similar structure of the calcitic skeleton
(table 1).

Discussion. In 1970 J.-C. Fischer established the genus of Acanthochae-
tetes and assigned it to the family Acanthochaetetidae together with Septa-
chaetetes Rios et al. and Tiplochaetetes Weisermel, all being referred to Hydro-
zoa. He believed this genus to be composed of Oxfordian and Cenomanian
forms respectively. Their microstructure has been described by J.-C. Fischer
& J. Lafuste in 1972. Later astrorhizae have been seen in Acanthochaete-
tes (J. P. Cuif et al, 1973). The question of classification then arose as both
stromatoporoids and sclerosponges exhibit such a microstructure. W.D. Hart-
mann and T. F. Goreau recommended an assignment to the sclerosponges
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Fig. 2. Acanthochaetetes sloveniensis n. sp., transverse section, 12 X

Abb. 2. Acanthochaetetes sloveniensis n. sp., Querschliff. X 12
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pointing out recent material from the Pacific region characterized by the cal-
citic skeleton corresponding to Acanthochaetetes. In addition siliceous spicules
were observed. Mesozoic forms, however, show no spicules. W.D. Hartmann
and T. F. Goreau placed the family of Acanthochaetetidae in the new ordo
of Tabulospongida.

Additional recent forms, characterized as having a calcitic skeleton like
Acanthochaetetes, led to a rediscussion of the latter. According to K. Mori
(1976, 1977) spicules are a distinctive mark of recent forms in comparison with
Acanthochaetetes. Therefore, they should be assigned to a new genus of Tabu-
lospongia belonging to Sclerospongia. The question of the classification of
Acanthochaetetes without spicules remains, however, completely open.

The spicules occur within the living tissue. That is why they could hardly
be found in fossil forms. Noteworthy are the observations of L. S. Land
(1976) on a species of Sclerospongia named Ceratoporella nicholsoni showing
free siliceous spicules. He believed that the spicules could easily be removed.
Most likely they are taken away by biological processes set in already before
an organism dies out. These observations render the examination of Acantho-
chaetetes difficult, as well as Mori’s supposition according to which Acantho-
chaetetes and Tabulospongia are to be regarded as two different genera, even
belonging to different classification groups. In this respect the tabulae attract
attention with their centripetal growth. Such growth occurs, however, in Tabu-
lata (Favosites) too. Therefore this could not be useful for a proper classifi-
cation,
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Konodonti v triadnem apnencu pri Prikrnici
Conodonts from the Triassic limestone at Prikrnica village

Kataring Krivic in BoZo Stojanovic
Geoloski zavod, 61000 Ljubljana, Parmova 33

Vzordevani profil triadnih plasti pri vasi Prikrnica severozahodno od
Morave je debel 40 metrov. Od tega odpade okrog 3m na dolomitno
bre&o in temno sivi dolomit, 37 m pa na plo3tasti mikritni apnenec, bogat
s konodonti vrste Pseudofurnishius murcianus van den Boogaard, ki jo
spremljata rodova Enantiognathus in Hindeodella. Konodonti kaZejo na
zgornjeladinsko-spodnjekarnijsko starost apnenca.

A Triassic section exposed at Prikrnica village north-west of Moravee
was sampled for conodonts, Its lowermost part consisting of dolomitic
preccia and dark gray dolomite is 3 meters thick. The upper part is made
up of a plate-like micritic limestone some 37 meters thick. The later
appears to be rich in conodont form Pseudofurnishius murcianus van den
Boogaard accompanied with Enantiognathus and Hindeodella. The cono-
dont assemblage proves Upper Ladinian-Lower Carnian age of the lime-
stone examined.

Uvod

F. Kossmat (1884) je uvrstil apnenec pri Prikrnici v stopnjo $koljkovite-
ga apnenca. Med kartiranjem lista Ljubljana osnovne geoloske karte SFR Jugo-
slavije smo profil apnenca vetkrat vzordevali. Po makrofosilih se ni dalo skle-
pati na starost apnenca. Naposled smo leta 1976 uspeli zbrati vzorce s kono-
donti.

Opis profila

Profil lezi ob kolovozni poti pri vasi Prikrnica severozahodno od Moravé.
Pritne se s ¢rno dolomitno brezo nad tektonskim kontaktom s srednjetriadnim
dolomitom. Bre#a je tektonska, njeno vezivo je mikritno z glinasto primesjo.
Sledi ji temno siv precej zdrobljen dolomit. Ves ostali del profila sestoji iz érne-
ga ploitastega apnenca z belimi kaleitnimi Zilicami, limonitiziranimi razpokami
in s stilolitnimi &ivi. S kalcimetrom dolofena mnoZzina CaCOs je 88,5 %/s do
95,3 9. Vetina vzorcev sestoji iz mikrita, manj je mikrosparita. Debelozrnati
intrasparitni in intramikritni vzorei so redki. Tu in tam vsebuje apnenec ostan-
ke moluskov, ehinodermov in foraminifer.

Konvolutna laminacija apnenca kaZe na okolje kalnih tokov.
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Sl. 1. Nahajalid¢e konodontov Prikrnica
Fig. 1. Locality of conodonts at Prikrnica

Spodnji del profila je brez mikrofosilnih ostankov. Sledijo vzorci z bolj ali
manj Stevilnimi konodonti, od 50 vzetih vzorcev jih je vsebovalo 27 vrsto
Pseudofurnishius murcianus van den Boogaard, ki jo spremljata Hindeodella
(Metaprioniodus) suevica (Tatge) in Enantiognathus ziegleri (Diebel). V sredini
profila se pojavi vrzel v konodontni favni. Nato zopet sledijo plasti s pred-
stavniki istih treh konodontnih vrst kot pod vrzeljo. Poleg konodontov so pogo-
sti ribji zobéki. Vrhnji del profila je povsem sterilen.

Opis konodontov

Pseudofurnishius murcienus van den Boogaard 1966
Tab. 1, sl. 1—4, tab. 2, sl. 1

1972 Pseudofurnishius murcianus van den Boogaard — F. Hirsch, P. 2, Fig.

3—8.

1972 Pseudofurnishius murcieanus van den Boogaard — H. Kozur, Taf 2,
Fig. 14—18.

1973 Pseudofurnishius murcianus van den Boogaard — van den Boo-

gaard & O.J. Simon, 16, PL 1, figs. b, d—f, P, 2, figs. £, g k, 1.
1974 Pseudofurnishius murcieanus van den Boogaard — D. B. Eicher &L. C.
Mosher, 737, Pl 1, figs. 1—14, 17, 19, 23, 26, 32, 33, 35—38, 41—44,
Pl 2, figs. 1—5.
1977 Pseudofurnishius murcianus van den Boogaard — A. Ramov$§, 364,
Abb. 3, Fig. 1a—¢, 2a-—, 3, 4b, Abb. 4, Fig. 1a—b, 2a—b, 3a—¢, 4a,
5a—b, 6, 7, Abb. 5, Fig. 1 a—c, 2 a-—c, 3, 4 a—b, Abb. 6, Fig. 1 a—b.
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Tabla 1 — Plate 1

SI. 1—4 — Figs. 1—4
Pseudofurnishius murcianus van den Boogaard 1, 2, 3 X 120, 4 X 300
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Tabla 2 — Plate 2

Sl. 1 — Fig. 1
Pseudofurnishius murcianus van den Boogaard X 120

Sl. 2 — Fig. 2
Enantiognathus sp., X 120
Sl. 3—4 — Figs. 3—4
Hindeodella sp., X 60
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Material: 71 primerkov, povedini dobro ohranjenih. Levi in desni pri-
merki so zastopani z enakim $tevilom. V nekaj primerkih sta levi in desni ele-
ment zdruZena.

Kratek opis: Primerki so popolnoma nesimetriéni. Platforma je razvita
le v eno stran, desno ali levo. Tu so Stevilni zelo mo&no razviti zobje. Stevilo
zob je razli®no glede na starost in razvitost primerka, vetinoma pa se giblje
okoli 10. Tudi zobje lista so veliki in dobro izrazeni. Nesimetriénost se kaze tudi
na spodnji strani primerkov. Bazalna jamica leZi na sredini razsirjene platfor-
me. Od tu poteka proti zadnjemu delu izrazita bazalna brazda, zelo neizrazita
pa je brazda pod listom. Na obeh straneh brazde je mo&an greben, ki se ob ba-
zalni jamici razdiri na isto stran kot platforma.

RazSirjenost: Vrsta Pseudofurnishius murcianus je bila do sedaj naj-
dena na Sinaju, v Izraelu in Palestini, v Kamerunu, Spaniji, juzni Franeiji,
zahodni Srbiji in Sloveniji. V Sloveniji je bila do sedaj najdena v Hudem
klancu juino od Rovt, v Korenem, Setniku in na Malem vrhu — juino od Pol-
hovega gradca, na Todkem é&elu, pri Domzalah in v okolici Prikrnice pri Mo-
ravéah.

Poleg primerkov vrste Pseudofurnishius murcianus je v vzorcih nekaj pri-
merkov rodu Enantiognathus, ki so slabo ohranjeni. Le nekaj primerkov je
dolotenih in sicer kot vrsta Enantiognathus ziegleri (Diebel). Bolj 3tevilni so
vrimerki rodu Hindeodella. Dolo¥ena je vrsta Hindeodella (Metaprioniodus)
suevica (Tatge), povedini slabo ohranjena. Posebnost predstavljajo v skupinice
zdruZeni primerki te vrste.

Kljub najdbi oblik Pseudofurnishius murcianus vpradanje o%je starosti ap-
nenca le ni zanesljivo re§eno. Po primerjavi amonitne razélenitve srednjetriad-
nih in zgornjetriadnih plasti na cbmogju Tetide s konodontnimi conami na za-
hodnem mediteranskem prostoru ustreza oblika P. murcianus prehodu med
langobardsko in cordevolsko podstopnjo (H. Kozur, 1972). Na drugi strani
pa so postavili plasti s to vrsto v Izraelu, JuZni Franciji (Provence), Spaniji
(Catalufia, Majorca, Minorca) v ladinsko stopnjo $koljkovitega apnenca. Triadne
plasti Betskih kordiljer v jugovzhodni Spaniji sta pristela van den Boo-
gaard in O.J. Simon (1973) zgornjeladinski-spodnjekarnijski stopnji. Po-
doben stratigrafski pomen sta pripisala vrsti P. murcianus D. B. Eicher in
L. Cameron Mosher (1974), ko sta obravnavala konodontno favno Sinaja
in Palestine. A. Ramov#$ (1977) pa je uvrstil apnenec v okolici Ljubljane
z oblikami P. murcianus v langobardsko podstopnjo ladinske stopnje.
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Zgornjekarnijski in spodnjenoriski konodonti
v okolici Mirne na Dolenjskem

Upper Carnian and Lower Norian conodonts
from Mirna in Lower Carniola

Anton Ramov§

Katedra za geologijo in paleontologijo, Univerza v Ljubljani,
81000 Ljubljana, AskerZeva 12

Kratka vsebina

Za Mirno in okolico je znadilen temno sivi gomoljasti biomikritni ap-
nenec z vmesnimi lapornimi in glinenimi polami. Lepo plastovita kame-
nina vsebuje konodonte: Epigondolella abneptis, E. nodosa, E. permica in
Gondolella polygnathiformis. V spodnjem delu apnenca prevladuje plo-
stasti element polygnathiformis, prehodna oblika med G. polygnathifor-
mis in nodosa in element E. modosa. Ta plast ustreza zgornjemu delu
cone subbullatus in spodnjem delu anatropitnega podrofja. Srednji del
apnenca s prevladujogéim elementom E. nodosa in z elementi E. permica,
G. polygnathiformis in njeno prehodno obliko v element E. nodosa se
uvrs¢a v vrhnji del tuvalske podstopnje (= cona macrolobatus). Naj-
tanjsa vrhnja pola apnenca z elementi E. abneptis, E. nodosa in E. per-
mica predstavija najniZji del noridke stopnje (= cona kerri).

Abstract

In the Mirna valley of Lower Carniola a dark gray nodular limestone
occurs interbedded with marl and claystone. The rock is well stratified
and marked by the persistent occurrence of the conodonts: Epigondolella
abneptis, E. nodosa, E. permice, and Gondolella polygnathiformis. By
the vertical distribution of these elements the following zones were
identified: The lowest limestone bed is characterized by the plate-like
element of Gondolella polygnathiformis indicating the upper part of the
subbullatus zone and the lower part of the agnatropites zone. In the
middle Epigondolella nodosa prevails associated with Epigondolella per-
mica and Gondolella polygnathiformis. Thereby the macrolobatus zone
of the late Tuvalian substage is indicated. The thin top limestone layer
belongs to the kerri zone of the early Norian stage as shown by the
assemblage of Epigondolella abneptis, E. nodosa, and E. permica. The
plate-like conodonts mentioned above are described in detail.
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Uved

Po projektu Mezozoik Slovenije sem raziskal 36 konodontnih vzorcev iz
temno sivega mikritnega apnenca v Mirni in okolici (sl. 1). Najve¢ vzorcev sem
nabral v obeh kamnolomih na juZnem koncu Mirne; med njimi je vefina pozi-
tivnih. Vzoréeval sem $e na gri¢u nad kamnolomoma; tu je le eden od vzorcev
vseboval drobce plostastih konodontov, drugi pa je bil prazen. Od treh vzorcev
z gri¢a ZapuZe, vzhodno od Mirne, ni noben vseboval konodontov, uporabnih
za parastratigrafsko raztlenitev plasti. Zelo pomembno pa je najdise ob cesti
Mirna—Debenec—Trebelno z znadilnimi plosfastimi elementi. Fotografije je
posnela Irena Hrovat na elektronskem mikroskopu stereoscan-JEOL JSM-P15.

Izraze, uporabljene pri opisu konodontov, pojasnjujejo slike na tabli 1.
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Sl. 1. Skica kaZe, kje so bili vzeti konodontni vzorci apnenca pri Mirni na Dolenjskem
Fig. 1. Location map of the sampling sites at Mirna in Lower Carniola

~N

Dosedanja raziskovanja

C. Germoviek (1955, 121—122 in priloZena geolodka karta v merilu
1:50000) je oznakil na geoloski karti zahodno od Mirne ozek pas kamenin kot
»ladinsko-rabeljski skrilavci in apnenci«, ki leze na srednjetriadnem in zgornje-
triadnem dolomitu, oziroma na ladinskem in zgornjetriadnem dolomitu.
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NatanZneje starosti ni mogel dolofiti, ker ni imel fosilnih ostankov. Ger-
movikov pas apnenca zajema vsaj starejii kamnolom nad hi3o Mirna 115.
Juznozahodno in zahodno od tega pasu je na njegovi geoloki karti oznagen
srednjetriadni in zgornjetriadni dolomit, ki visi proti severovzhodu, to je pod
apnenec. Na obmo¢ju dolomita je najbrz tudi drugi, mlaj$i kamnolom, ki pa
takrat 3e ni bil odprt.

A. Ramov$ (1975, 105—106) je doloZil v starem kamnolomu juZno od
#elezni$ke postaje Mirna na podlagi konodontov cono polygnathiformis, to je
tuvalsko podstopnjo karnijske stopnje, ki jo dokazujejo tudi ostanki tropitidne
favne. .

Na novi geoloski karti SFRJ, list Novo mesto v merilu 1 : 100 000 so uvrstili
plasti Mirne in okolice v spodnji del ladinske stopnje; sestoje iz sivega plastna-
tega dolomita, tufa in tufita, glinovca, apnenca in kremenastega apnenca, dolo-
mitne brede in konglomerata. Na juZni strani grifa z mirenskima kamnolomoma
je vrisan dolomit z gomolji rozenca. Na ZapuZah pa je aniziéni dolomit z vkljué-
ki apnenca (M. Pleni¢ar, U. Premru & M. Herak, 1975).

Stratigrafski pregled

Zgornjekarnijske in spodnjenoriike apnenZeve in laporne plasti so najlepSe
odkrite v obeh kamnolomih na juZnem koncu Mirne na zaletiSéu skakalnice
okoli 100 m juznovzhodno od mlajéega kamnoloma, ki je vsekano v Zivo skalo.
Povsod prevladuje temno siv, pogosto marogasti apnenec, ki je delno skladnat,
delno plo$¢ast. Pogosto je gomoljast, predvsem po zgornji strani plasti. Povrsje
plasti je najvefkrat vegasto in pokrito z neravnimi lapornimi prevlekami.
Apnenec je delno bituminozen in le redko prepreden z belimi kalcitnimi Zili-
cami. Ponekod vsebuje gomolje in dalj¥e nepravilne lete érnega rozenca. V skla-
dovnici je nekaj znaédilnih plasti debelo gomoljastega apnenca, ki kaZe na
razpadajotem povriju videz konglomerata (gl. sl. 2, vzorec 18). Vendar ne gre
za mehansko usedlino; njena struktura se je razvila v zgodnji diagenezi, ko se
je iz lapornega blata zgostil apnenec v razlitne gomoljaste oblike, ki jih je
obdal laporasti ali glineni material. Med tak$nimi gomolji in drugim delom
kamenine so vmesni prehodi, kar so potrdile tudi preiskave zbruskov. Seveda
v »vezivu« ni nikjer peSéenega ali drobnega konglomeratnega materiala, ki bi
ga pritakovali v grobem konglomeratu. Tudi konodontni elementi so v »gomo-
ljih« isti kot so v plasti pod gomoljastim apnencem in nad njim.

V zbrusku jc apnenec homogen biomikrit s pogostnimi bioturbatnimi pojavi.
Med fosilnimi ostanki so pogostne radiolarije in prekristalizirane foraminifere,
posamiéni so juvenilni amoniti, v nekaterih plasteh pa je vse polno ostankov
lebdedih krinoidov. Po povr§ju plasti se dobe posami¢ni slabo ohranjeni ostanki
involutnih amonitnih hiSic, nekatere bolje ohranjene imajo tropitidne znaéilno-
sti (A. Ramov$§, 1975, 106).

V obeh kamnolomih sem sistemati®no vzordeval 25 plasti. Konodonti so po-
kazali, da so plasti v obeh kamnolomih razli¥no stare in pripadajo dvema
strukturama. V juZnejSem, mlajsem kamnolomu (sl. 3) in v useku zaletidZa
skakalnice je pokonéna guba s Sirokim temenom, ki je v sredini prelomljeno.
V zahodnem delu gube je vet vzporednih prelomov in plasti so med njimi precej
dislocirane (sl. 4). Os gube tone proti severu; v njenem jedru so v kamnolomu
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Sl. 2. Severni del starega mirenskega kamnoloma z oznadenimi konodontnimi vzorci

Fig. 2. Sampling points in the northern side of the old Mirna quarry

Sl. 3. Vzor¢evani del apnenca v novem mirenskem kamnolomu z ozna¢enimi kono-
dontnimi vzorci

Fig. 3. The limestone section of the new Mirna quarry sampled for conodonts



Sl. 4. Teme gube v novem mirenskem kamnolomu; desno krilo je vec¢krat prelomljeno
in dislocirano, premaknjeno
Fig. 4. The fold crest as it appears in the new Mirna quarry. Its right side is faulted
and displaced

Sl. 5. Stari mirenski kamnolom z oznaéenimi konodontnimi vzorei

Fig. 5. Sampling points in the old Mirna quarry
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odkrite najstarejde plasti. Vzhodno antiklinalno krilo je lepo razvito, kar je
omogotilo sistematiéno vzoréevanje.

V starem kamnolomu (sl. 5) je leZe¢a guba z vodoravno osno ravnino in
jedrom v zahodnem koncu kamnoloma. Proti vzhodu prehajajo plasti v nor-
malno vzhodno krilo. Na zahodni strani pa plastnati apnenec konkordantno
vpada pod sivi zrnati skladnati dolomit, ki vsebuje sprva malo roZengevih go-
moljev, vide pa ¢edalje ved.

Raziskave so0 zajele $e gri¢ nad kamnolomoma, ki ga na jugu omejuje dolina
Zabritice. Po gritu je ve¢ majhnih opudéenih kamnolomov, kjer so Mirenéani
lomili trde sklade apnenca za lokalne potrebe. Plasti pripadajo strukturam,
ki se vletejo iz kamnolomov proti jugu.

Podoben apnenec z vlozki laporja ali glinovea je tudi na zahodnem koncu
hriba ZapuZe (vi3. kota 317) vzhodno od Mirne. Po gri¢u mole na povrsje le
posamiéne skale, nekaj plasti pa so odkrili v majhnem opustenem kamnolomu
in v krajSem jarku, kjer so bili vzeti trije vzorci.

Zelo pomnembno je najdi¥ée ploic¢astih konodontnih elementov ob cesti
Mirna—Debenec—Trebelno. Severno od Debenca je na povrSju nekaj plodé
{rnega apnenca, ki predstavljajo najvisji del mirenskega karnijskega razvoja.
Konkordantno na njih lezi tudi tu zrnati dolomit z rozenci.

Opis konodontov

Ordo Conodontophorida Eichenberg, 1936
Superfamilia Gondolellacea Lindstrém, 1970
Familia Gondolellidae Lindstrém, 1970
Genus Epigondolella Mosher, 1968

Epigondolella abneptis (Huckriede)
Tab. 2, sl. 3

1958 Polygnathus abneptis n. sp. — R. Huckriede, 156—157, Taf. 11, Fig
33, Taf. 12, Fig. 30—36 b, Taf. 14, Fig. 1, 2, 3, 5, 12—14, 16—22, 26, 27,
47—58. .

1973 Epigondolella abneptis (Huckriede). — L. Krystyn, Taf. 4, Fig. 1—-3.

Material: dva cela elementa.

Opis: Necimetri®na platforma je kraj$a od polovice celotne dolZine in je
podobna enakokrakemu trikotniku. Njen sprednji rob karakterizirajo na eni
strani trije visoki in Siroki trnasti izrastki, na nasprotni strani pa dva podobna
trna, od katerih je zadnji precej mo¢nejsi od sprednjega. Na raz$irjenem valo-
vitem zadnjem robu platforme je na enem oglu precej modan robni trnasti izra-
stek, na nasprotnem oglu in priblizno v sredini pa sta izraziti robni odebelitvi.
Prosti list je visok, znadilno enakomerno izbo&en in nosi deset koni%astih zob-

Tabla 1
Terminologija pri opisanih plodéastih konodontih
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¢kov, ki stoje tesno drug ob drugem; peti zob&ek je najmoénej§i in najvisji. Na
zadnjem delu zobgaste letve so e trije prosto stojeéi zob&ki: zadnji od njih je
najmotnejsi in ve&ja vrzel ga lo&i od zob&ka pred njim.

Visok in Sirok gredelj se za ozko ovalno bazalno jamico raziiri in se s kraj-
sima krakoma #e nekoliko podaljia proti ogloma na zadnjem robu platforme.
Bazalna brazda je ozka in delno zabrisana.

E. abneptis motno prevladuje v najniZjem delu nori¥ke stopnje (cona kerri)
in se pojavlja skupaj z elementoma E. nodose in E. permica, medtemn ko kaZe,
da G. polygnathiformis zgine na meji karnijske in noriske stopnje, pojavlja pa
se posamié v tipi¢nem razvoju z moéno raziirjeno platformo na zadnjem delu Ze
iudi v najvi$jem delu anatropitnega podrotja (L. Krystyn, 1973, 134).

Pri Mirni je najdena E. abneptis samo severno od Debenca, kjer spremlja
elementa E. nodosa in E, permica.

Epigondolella nodosa (Hayashi)
Tab. 2, sl. 2 in tab. 3,51. 2, 4in 5

1873 Epigondolella nodose (Hayashi). ~- L. Krystyn, 138—139, Taf. 3, Fig.
24,

Material: 34 primerkov in precej drobcev.

Opis: Ozka ali zelo ozka in ob stranskih robovih odebeljena platforma je
pokrita z drobnimi jamicami in zavzema skupaj s klinastim sprednjim delom
pribliZno 2/3 celotne doliine. Sprednja robova platforme karakterizirajo topi
vozli¢ki, ki so zelo izraziti ali pa le nakazani in jih lodijo plitvi brazdasti za-
Zetki med seboj. Stevilo niha od tri do est. Vozli#ki niso na obeh straneh enako
veliki in ne stoje povsem simetri¢no. Zadnji rob platforme je rahlo izboten,
raven ali lahno usloten, je brez vozlitkov, redko lahno valovit. Prosti del lista
je visok in nosi 8ibke ali precej moéne zob&ke s prostimi konicami; zobtki so
zrai¢eni med seboj. Sprednji in srednji del zoblastega lista je v srednjem delu
lahno ali precej mo¢no izboden in ima navadno Zest do deset razli¢no velikih
zobgkov. Izjemoma ima list do 14 zob&kov, ki se po velikosti dosti manj lo¢ijo
med seboj kot se razlikujejo zob&ki pri primerkih z manj$im $tevilom zobdkov.
V zadnji tretjini lista so trije, redko 3tirje prosto stojedi nizki stoz2asti zob&ki.
Zadnji med njimi je nekoliko vetji od drugih. Pri nekaterih primerkih dose¥e

Tabla 2
SL. 1. Epigondolella permica (Hayashi). 1a od strani, 1b pofevno od zgoraj
Sl. 2. Epigondolella nodose (Hayashi). Po§evno od zgoraj
Sl1. 3. Epigondolella abneptis (Huckriede). 3a po3evno od strani, 3b od zgoraj
Sl. 4. Epigondolelle permica (Hayashi). Od spodaj

S1. 5. Epigondolella n. sp. ex aff. permica (Hayashi). Od zgoraj. Ker je bil najden
samo ta primerek, prilagam tu le fotografijo

S1. 6. Epigondolella permica (Hayashi). PoSevno od zgoraj
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prosti del lista najvedjo visino Ze pri prvih dveh zobékih in se nato viina lista
hitro znizZuje.

Razlona bazalna brazda se malenkostno raz&iri v ozko ovalno bazalno
jamico. Obdajajoéi Siroki, vendar nizki gredelj se znaéilno rogovilasto cepi in
konici rogovil sta usmerjeni proti zadnjima ogloma platforme. Bazalna jamica
lezi precej pred rogovilasto cepitvijo.

Ta vsesplofno raziirjena oblika se pojavlja v vidjem delu tuvalske pod-
stopnje (anatropitno podrofje oziroma cona macrolobatus) in v nizjem delu
spodnjenorifke stopnje (cona kerri) (L. Krystyn, 1973, 139). Verjetno seie
pri Mirni 3e v zgornji del cone subbullatus.

E. nodosa spremlja v niZjem delu apnenéeve in laporne skladovnice plo-
§tasto obliko G. polygnathiformis, v njenem visjem delu pa je skupaj s plo-
Stastim elementom E. permica. V vrhnjih plasteh apnenca se pojavlja skupaj
7 elementoma E. abneptis in E. permica.

E. nodosa se je razvila iz oblike G. polygnathiformis, sledila pa ji je strati-
grafsko mlaja E. permica (cf. L. Krystyn, 1973, 139).

Epigondolella permica (Hayashi)
- Tab. 2, sl. 1, 4 in 6; tab. 3, sl 6.

1968 Gladigondolella abneptis var. permica var. nov. — Hayashi, 69, pl. 2, fig.
3a—c.

1973 Epigondolella permica (Hayashi). — L. Kry styn, 140, Taf. 3, Fig. 5,
Taf. 5, Fig. 1—3.

Material: osem primerkov.

Opis: Nesimetri¢na platforma je po kratkem sprednjem topem nastavku
v grobem pravokotna ali nepravilne oblike in ima v vi$ini bazalne jamice na
vsaki strani razli®no velik zazetek. Redko je zaetek na eni strani le slabo na-
kazan. Na vsaki strani platforme so pred zaZetkom nesimetriéno razporejeni
mocni robni zob&ki, na eni strani eden ali dva, na drugi pa navadno dva ali
trije. Rob platforme je za zaZetkom gladek in brez zobékov. Na sprednjem delu
lista je okoli devet prosto stojetih koni¢astih zob&kov, nasproti robnih zobikov
pa so zobtki na grebenu $ibki in stoje bolj narazen; zadnji je odebeljen in raz-
potegnjen proti zadnjemu robu.

Tabla 3

Sl 1. Gondolella polygnathiformis Budurov & Stefanov. 1a od strani, 1 b po3evno od
zgoraj

Sl. 2. Epigondolella nodosa (Hayashi). 2a poSevno od strani, 2b od zgoraj
Sl 3. Gondolella polygnathiformis Budurov & Stefanov. Od strani
Sl. 4. Epigondolella nodose (Hayashi). Nekoliko podevno od zgoraj

Sl. 5. Epigondolella nodosa (Hayashi). Od spodaj
Sl. 8. Epigondolelle permica (Hayashi). Nekoliko pofevno od spodaj
Pri vseh fotografijah je povefava 120-krat.
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Ta plo¥tasti element kaZe v oblikovitosti in velikosti platforme precejsnjo
variabilnost. Najdene so bile tudi vmesne oblike med elementoma E. nodosa in
E. permica, ki predstavljata dva ¢lena v razvoju najmlaj$ih karnijskih kono-
dontov.

Razloéna bazalna brazda se malo razdiri v ozko ovalno bazalno jamico, ki
lezi v viSini robnih 2a%etkov. Mokan in 3irok gredelj se za bazalno jamico ne-
pravilno polkroino kona ali pa se razcepi v dva kratka roglja, ki sta usmer-
jena proti zadnjima ogloma platforme. Pri tem elementu gredelj ni tako po-
dalj¥an navzad kot pri E. nodosa.

L. Krystyn navaja filogenetske zveze med obliko E. permica, njeno pred-
hodnico E. nodosa in elementoma E. abneptis in E. postera, ki ji sledita v raz-
vojnem nizu.

Element je znan samo z Japonske in iz Alp; L. Krystyn (1973, 140) ga
navaja iz najviSjega dela karnijske stopnje (zgornje anatropitno podroéje) ter
iz celega spodnjega in srednjega dela noriske stopnje. Pri Mirni se pojavlja
skupaj z elementoma E. nodosa in E. permice v vrhnjem delu karnijske stopnje
in v najnizjem delu noriske stopnje.

Genus Gondolella Stauffer & Plummer, 1932
Gondolella polygnathiformis Budurov & Stefanov

Tab. 3, sl. 1

1965 Gondolello polygnathiformis n. sp. — K. Budurov & S. Stefanov,
118, Taf. 3, Fig. 3a—b, 4a—-b, 5a—b, 6 a—b, 7a—b.

1968 Paragondolelle polygnathiformis (Budurov & Stefanov) — L. Mosher,
938, pl. 118, fig. 14—16, 17, 19,

1875 Gondolella polygnathiformis Budurov & Stefanov. — E. Kristan-Tol-
Ilmann & L. Krystyn 271—272, Taf. 1, Fig. 3—5.

Material: 18 primerkov in ve& drobcev.

Opis: Platforma zavzema nekoliko vet kot polovico celotne dolZine in pri
posameznih primerkih precej variira v $irini; naj$ir§a je pribliZno v sredini in
se zoZuje proti zadnjemu robu. Stranska robova sta razlino odebeljena; med
njima in zobéasto letvo potekata precej globoki brazdi, ki sta posebno izraziti
pri elementih z ozko platformo. Robova sta brez robnih zobeev in posuta s §te-
vilnimi jamicami, ki so najveéje na najbolj izbofenem delu. Prosti list je lahno
izboten, konidasti zobtki se ve#ajo od sprednjega roba proti sredini prostega
lista in so v spoednjem delu zraséeni. Velikost prostih konic je razli®na. Zadniji
zobtek je Siroko stoZfast in molnej$i od treh ali $tirih zob&kov pred njim, od
sosednjega pa ga loéi precej$nja vrzel. Od strani kaZe platforma vedjo ukrivlje-
nost kot drugi del elementa.

Gredelj je ozek ali srednje $irok in nizek, ozka brazda se vle¢e od sprednjega
roba do majhne okroglaste ali razli®no ovalne bazalne jamice. Gredelj se za
bazalno jamico kon&a v lahno polkroznem ali skoraj ravnem sSirokem robu, ki
je le malo vzdignjen. Redko je zadnji del gredlja roglasto podaljSan.

Nekaj vzorcev je vsebovalo prehodno obliko med G. polygnathiformis in
E. nodosa, iz katere se je slednja razvila. Pri prehodni obliki je rob platforme
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manj odebeljen in na njenem sprednjem delu sta obitajno po dva robna zobZka,
lahko pa sta na eni strani dva ali celo trije, na drugi pa en sam, ali je rob celo
brez razlotnega zoblka. Pri tak$nih elementih se zafne zadnji del gredlja
rogovilasto cepiti v dva kratka podaljka proti ogloma zadnjega roba plat-
forme.

G. polygnathiformis sega od najvisjega dela ladinske stopnje do kraja kar-
nijske stopnje in kaZe, da ne gre ¢ez mejo med karnijsko in norisko stopnjo
(L. Krystyn, 1973, 134; 1975, 271). V Mirni ta element motno prevladuje
v novem kamnolomu, zraven pa se pojavlja tudi Zze prehodna oblika med G. po-
lygnathiformis in E. nodosa. G. polygnathiformis je redka v starem mirenskem
kamnolomu, kjer prevladuje E. nodosa, najdena pa je bila tudi prehodna oblika
med obema elementoma.

Vejnati konodontni elementi

vV veliki vedini vzorcev tuvalskega in najstarejSega nori¥kega apnenca v
okolici Mirne manjkajo vejnati elementi. V zgornjetuvalskem apnencu starega
mirenskega kamnoloma so v enem samem Vzorcu celi ali fragmentarno ohra-
njeni: enantiognathiformi, hindeodelliformi, neohindeodelliformi, ozarkodini-
formi in prioniodiniformi elementi. V spodnjem apnencu noriske stopnje pa
spremljajo ploS¢aste elemente enantiognathiformi, hindeodelliformi, ozarkodi-
niformi in prioniodiniformi element.

Biostratigrafske ugotovitve

Raziskave plotastih konodontnih elementov so pokazale, da je apnenec
2z vmesnim laporjem in glinovcem v Mirni in njeni okolici delno iz tuvalske
podstopnje in delno iz spodnjega dela noritke stopnje. Plasti s skoraj samim
plostastim elementom Gondolellu polygnathiformis v 12 vzorcih novega miren-
skega kamnoloma spadajo v tuvalsko podstopnjo, in sicer v konodontno cono
polygnathiformis. Ta element se zatne sicer v zgornjem delu ladinske stopnje
in sega skozi celo karnijsko stopnjo do kraja tuvalske podstopnje. V dveh vzor-
cih ga spremljata prehodna oblika med G. polygnathiformis in Epigondolella
nodosa ter E. nodosa, kar kaZe na mlajsi tuval in sicer na starejsi del anatro-
pitnega podrogja. Verjetno pa se je pojavila E. nodosa pri nas ze v starejSem
tuvalu, to je v coni subbullatus in ne 3ele v anatropitnem podro&ju, kot je do-
lotil L. Krystyn v Salzkammergutu (1973, 139). Zato uvritam spodnji del
apnenca pri Mirni v zgornji del cone subbullatus in v spodnji del anatropitnega
podrotja.

V konodontnih vzorcih starega mirenskega kamnoloma {Mirna 15—23,
34—37) je najbolj pogostna E. nodosa, ki jo spremlja v nekaj vzorcih E. permica;
v vzorcu Mirna 34 je prav tako najitevilneja E. nodosa, pojavljajo pa se poleg
prehodne oblike med elementoma G. polygnathiformis in E. nodosa tudi trije
znadilni primerki elementa G. polygnathiformis. E. nodosa ima po danasnjih
ugotovitvah (I. Krystyn, 1973, 139) svojo vertikalno raziirjenost od zgor-
njega tuvala (tuval 3, = cona macrolobatus) do niZjega spodnjega dela noriske
stopnje (lac 1, = cona kerri), E. permica pa sega od najvi§jega dela karnijske
stopnje do srednjega dela noriske stopnje (L. Krystyn, 1973, 140). Ker se
pojavlja v najvi3jem dclu karnijske stopnje tudi G. polygnathiformis, uvritam
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srednji del apnenca pri Mirni v vrhnji del tuvalske podstopnje, to je v zgornji
del anatropitnega podro&ja, oziroma v cono macrolobatus.

V vrhnjih 14 metrih apnenca v Mirni vzor&evane plasti niso dale nobenega
znadilnega plo3¢astega konodontnega elementa.

V apnendevih plos¢ah tik pod dolomitom z roZenci severno od Debenca pre-
vladuje E. nodosa v druzbi E. permica in E. abneptis. Ker je E. abneptis znati-
len norigki element in G. polygnathiformis ni ved prisotna, uvr$¢am ta vrhnji
del plasti v cono kerri (= najnizji del norifke stopnje). Iste starosti je tudi
vrhnji del apnenca ob starem mirenskem kamnolomu.

Dosedanje vzortevanje karnijskega in noriskega apnenca pri Mirni je po- -
kazalo, da so plostasti konodonti v njih sorazmerno redki, saj so le redki vzorci
vsebovali veé kot pet primerkov, e redkejdi pa ve¢ kot deset.

Zanimivo je tudi, da kaZe favnistiéni spekter plostastih konodontnih ele-
mentov v apnencu vrhnjega dela karnijske stopnje in spodnjega dela norigke
stopnje pri Mirni precej drugaéno sliko kot v Salzkammergutu (cf. L. Kry-
styn, 1973, 135).
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Karnijske plasti v okolici Idrije
Carnian beds in the Idrija region

Marko Cigale
Rudnik Zivega srebra Idrija, 65280 Idrija

Po ladinskih tektonskih premikih in vulkanski dejavnosti se je idrijsko
ozemlje na zaletku cordevolske podstopnje povsem umirile. Plitvomorski
dolomit in lagunski &rni apnenec sta znatilna za to podstopnjo. V sred-
njem in zgornjem delu karnijske stopnje so se obnovili tektonski premiki.
Sedimentacijske razmere so se hitro spreminjale, kar kaZejo razliéni
karbonatni in Kklastini sedimenti. Rjavkasto sivi dolomit, temno sivi
apnenec in prvi karnijski klasti¢ni horizont uvriamo v julijsko, svetlo
sivi pasoviti apnenec in drugi karnijski klasti¢ni horizont pa v tuvalijsko
podstopnjo. Prehod v norisko stopnjo je postopen. Mejo pomeni dolomit
brez laporastih vlozkov.

In Ladinian time the Idrija region has been subject to diverse geo-
logical events including voleanism and tectonism, Thereafter a rather
inactive interval set in. The Cordevolian substage is characterized by
shallow water dolomite and lagunal black limestone. In the middle of
Carnian stage an increasing of tectonic movements was entered again
as shown by the alternation of strongly-contrasted carbonate and clastic
deposits. Brownish gray dolomite, dark gray limestone, and the first
Carnian clastic horizon are assigned to the Julian substage. They are
overlain by light gray ribbon limestone and the second Carnian clastic
horizon belonging to the Tuvalian substage. The Carnian/Norian boundary
is transitional in nature. The proper boundary between two time-strati-
graphic units is indicated by dolomite without marly intercalations.

Uvod

Klasi¢na razdelitev zgornje triade na cone temelji na bogati amonitni favni
v pelagi¢nem alpskem razvoju. V karnijski stopnji razlikujemo cordevolsko, ju-
lijsko in tuvalijsko podstopnjo. Na Idrijskem so paleontololko dokazane vse tri
podstopnje: cordevolska z amoniti (B. V1aj, 1969), julijska z algami, s fora-
miniferami in fkoljkami (M. Cigale, 1973) in tuvalijska s pomo¢jo megalo-
dontidnih fkoljk (M. Cigale, A. Ramov3 inE Végh-Neubrandt,
1976). Za dokonéno biostratigrafsko omejitev con pa bo treba zbrati Se podatke
o vertikalni razporeditvi posameznih vrst in njihovi pomembnosti za biostrati-
grafsko razélenitev.



62 M. Cigale

Sedimentacijske razmere so se v srednjem in zgornjem delu karnijske stop-
nje hitro spreminjale, kar se odraza v izredno pisanem razvoju plasti. Pri se-
dimentolo$kih raziskavah sem ve&jo pozornost posvetil karbonatnim kameninam.

Rekonstrukcija paleogeografskih razmer temelji na preu¢evanju debelin in
vrste sedimentov, ki s0 se v dolog¢enem &asu sedimentirali v doloZenem sedi-
mentacijskem prostoru. Pri paleogeografski interpretaciji karnijske stopnje mo-
ramo upoStevati, da je sedanji prostorski poloZaj teh plasti posledica poznejsih
tektonskih premikov. Idrijsko-Zirovsko ozemlje predstavlja del zgradbe zahodne
Slovenije. Njegovega odnosa z ostalimi tektonskimi enotami v Sloveniji ne po-
znamo. Paleogeografska interpretacija razmer v karnijski stopnji je zato ome-
jena le na idrijsko ozemlje.

Obravnavane karnijske plasti Orehka, Sentviske gore, Trebude, Vojskega,
Zgornje Idrijce, Govekarja in Govekarjevega vrha pripadajo zirovsko-trnovske-
mu, tj. najvi§jemu pokrovu, enako stare plasti na Medvedjem brdu in Logu
pa idrijski luski, ki je del tega pokrova. Premik med idrijsko lusko in ostalim
zirovsko-trnovskim pokrovom je po L. Placerju (1973, 331) neznaten in ga
pri izdelavi paleogeografskih kart nisem uposteval. Ze formirano krovno zgrad-
bo sekajo subvertikalni terciarni prelomi, ob katerih so se skladi horizontalno
premaknili za nekaj metrov do 2,5km (I. Mlakar, 1969). Pri izdelavi paleo-
geografskih profilov sem uposteval le premik ob idrijskem prelomu (sl. 1).

Zahvaljujem se profesorju Antonu Ramovsu; dolodil mi je mikrofavno in mi
< nasveti pomagal pri raziskavah.

Cordevolska podstopnja

Na Idrijskem lo¢imo 8tiri razvoje cordevolske podstopnje: neplastoviti dolo-
mit, plastoviti apnenec, neplastoviti dolomit z le?ami neplastovitega apnenca
in plastoviti apnenec. Neplastoviti dolomit prevladuje zahodno in severozahod-
no od Idrije. Manj8e povriine pa zavzema e pod Maruinim vrhom severno od
Idrije in na Govekarjevem vrhu, pri Govekarju, Baraki in Logu jugovzhodno
od Idrije. Proti vzhodu se ponovno pojavi Zele vzhodno od Hudega konca. Dolo-
mit leZi konkordantno na langobardskih plasteh, le na manjfem podroZju
Vojskarske planote, Kanomlje in Idrijskih karnic pa diskordantno na anizinem
dolomitu (I. Mlakar, 1969, 13). Dolomit je masiven, debelozrnat in luknji-
¢av. Dolomitizacija in rekristalizacija sta popolnoma unitili prvotno zgradbo,
v zbruskih je videti le debelozrnati prekristalizirani sparit. Zgornji del dolo-
mita je ponekod plastovit. Debelina dolomita se spreminja od nekaj metrov pri
Govekarju do 300 metrov na grebenu Slanic, Vojskarski planoti in Trebui.

Neplastovito je razvit dolomit tudi na Cerkovnem vrhu in Jelenku; v zgor-
njem delu ga ponekod nadome$a neplastoviti apnenec, bogat s fosilnimi ostan-
ki. Skoljke in polzi iz tega apnenca so sorodni s favno marmolatskega apnenca
in schlernskega dolomita italijanskih Dolomitov (B. V1aj, 1969, 64). Debelina
tega razvoja je nekoliko manjsa in ne presefe 100 metrov.

Plastoviti apnenec ima najvetji obseg med Medvedjim brdom in Zidankom,
manjse krpe dobimo ob Rakah in pod pokopalif¢em pri Idriji. Apnenec je &érn
in vsebuje Stevilne le¢e roZenca. V njegovem spodnjem delu so pogostni vlozki
apnenega skrilavca, ki ponekod celo prevladuje. Pri Idriji in na Medvedjem
brdu so v spodnjem delu apnenca pogostni fosilni ostanki (B. Vlaj, 1969,
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Sl. 1. Lega karnijskih profilov v okolici Idrije
1 Profil Zejne doline-Planina, 2 Profil Zgornja Idrijea, 3 Profil Hilcvide, 4, Profil
Cekovnik, 5 Profil Tratnik, A-B Profil, prikazan na sl. 9
Fig. 1. Location map showing the Carnian sections examined in the Idrija region

1 Zejne doline-Planina section, 2 Zgornja Idrijca section, 3 Hlevise section, 4 Cekov-
nik section, § Tratnik section, A-B Section in the fig. 9

33—47), vendar paleontoloiko $e niso obdelani. Debelina cordevolskega apnenca
zna3a na grebenu Planine 300 do 350 metrov, v okolici Idrije pa je ohranjen le
njegov spodnji del.

Prehod med neplastovitim dolomitom in plastovitim apnencem opazujemo
v idrijskem rudi$éu, pri Sedeju, juZno od Zav&ana ter vzhodno od Hudega
konca. Kjer sta ohranjena oba razvoja, je dclomit vedno pod apnencem (I
Mlakar, 1969, 13).

Julijska podstopnja

Prehod cordevolskih plasti v julijske je na celotnem idrijskem ozemlju po-
stopen. Na juznem pobodju Idrijskih karnic lezi na neplastovitem cordevolskem
dolomitu rjavi apneni pe$¥enjak, debel do enega metra. Pod kmetijo pri Marku
na severni strani istega izdanka karnijskih plasti nadome$¢a peifenjak temno
sivi bredasti apnenec. Podoben apnenec dobimo tudi na juZni strani Vojskarske
planote pri kmetiji v Kotlu. Nad temi lokalno razvitimi plastmi sledi dolomit,
ki ga po njegovi legi na meji z julijsko podstopnjo imenujejo mejni dolomit.
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Drugod na Idrijskem leZi mejni dolomit neposredno na cordevolskem dolomitu,
medtem ko nad cordevolskim apnencem mejni dolomit ni razvit.

Sivkasto rjavi plastoviti dolomit z roZenci je prvi& omenil kot najni%ji ¢len
julijske podstopnje B. Berce (1960, 26-neobjavljeno porotilo). Julijska sta-
rost mejnega dolomita na Idrijskem paleontolofko ni dokazana. V zgornjem
delu stratigrafsko in litoloSko enakega dolomita v Gorenji Trebudi je P. Kri-
vic (1974, 59) dologil algo Clypeina besici Panti¢, ki nastopa v Sloveniji $ele
v julijski podstopnji (A. Ramov§, 1973, 384).

Sedimentno zaporedje dolomita se priéne s tanko plastovitim mikritom (sl.
2). Pri Logu, Govekarju in na Govekarjevem vrhu je na mikritu nekaj metrov
pelsparita. Vetina dolomita sestoji iz monotonega sparita z redkimi intraklasti.
Debelina dolomita narai¢a od zahoda proti vzhodu in se spreminja od nekaj me-
trov pri Govekarju do 50 metrov na Vojskarski planoti. V zgornjem delu
mejnega dolomita so zahodno od Tratnika razvite ledaste plasti temno sivega
apnenca z rozenci, ki vsebuje mot¢no prekristalizirane ostanke 3koljk. Debelina
apnenih le¢ ne preseZze 50 cm. Prehod dolomita v julijski apnenec je postopen.
Na mejnem dolomitu le%i ploi¢asti &rni mikritni apnenec, debel od enega do
Sest metrov. Posamezne plos¢e so debele od enega do dveh centimetrov. Apne-
nec je tu pa tam pasovit, kar je posledica pravilne razporeditve intraklastov.
Mikritnemu horizontu sledi temno sivi in gomoljasti biosparitni apnenec. Go-
moljasti apnenec je prvi dokazani julijski ¢élen nad apnencem cordevolske pod-
stopnje. Meja med obema podstopnjama je paleontolosko dolotena z algo Cly-
peina besici Panti¢ (B. V1aj, 1969, 59), Posamezne plasti apnenca so debele
pet do 30 centimetrov. Med plastmi apnenca so vlozki &rnega apnenega skri-
Javea. Gomoljasti apnenec vsebuje vodilne fosile julijske podstopnje., Najpo-
membnejsi so: alga Clypeina besici Panti¢ in foraminifere Trocholing biconvera
Oberhauser, Trocholina muitispira Oberhauser, Trocholina cf. procera multi-
spiroides Purdanovi¢. Pogostni so tudi nedoloéljivi primerki iz rodu Glomo-
spire.

Nad zaselkom HleviSe je v horizontu gomoljastega apnenca ved plasii sivega
sparitnega dolomita. Tako v apnencu kakor v dolomitu so pogoste lee roZenca,
debele do 30 centimetrov (sl. 3 a). Debelina gomoljastega apnenca se spreminja.
V profilih med Cekovnikom in Mrzlo Rupo ga je najve¢ sedem metrov, na Pla-
nini pa celo 36 metrov.

Gomoljastemu apnencu sledi mikritni apnenec brez roZenca in z redkimi
fosilnimi ostanki. Apnenec je temno siv, gost in tanko plastovit. Posamezne
plasti so debele pet do 10 centimetrov. Med fosili prevladujejo moéno prekri-
stalizirani ostanki ostrakodov. Celotna debelina tega horizonta se spreminja od
$tirih metrov pri Tratniku do 17 metrov na Govekarjevem vrhu.

Sedimentacija julijskega apnenca se ob Zgornji Idrijci konéa z 19 metrov
debelo skladovnico biopelsparita, ki vsebuje pogoste lete rozenca, Med plastmi,
debelimi 20 do 30 centimetrov, je peseni skrilavec. Posamezna kremenova

Sl. 2. Pregledno litostratigrafsko zaporedje karnijskih plasti pri Planini in na Zgornji
Idrijci

Fig. 2. General lithostratigraphic sequence of Carnian beds at Planina and Zgornja
Idrijca



3.5,
LS Z| 0
v |S=2052|380 PLANINA
&N ,‘nuo.-_z
o °<‘J<ﬁx
&, ..:o:wo
4| oxETx 0O
— fEo=0o|WY
nC|SLIL|O-
= [ =
SER
14 [%8%
= o
z [=%€
S w ged
[ ] EIO
own|lg.
Aamlxgc
:"8-3'9
¥z|c28
b= |
s%|5%cs
>>| 3¢ S%
=2 € E
- = (=%
o =

Prvi karnijski klastiéni|Pasovit

horizont - The first
Carnian clastic horizen|Ribbon

JULLISKA PODSTOPNJA - JULIAN SUBSTAGE

-
£y
ST
:2
.gg
(-]
.Eg
$s2
S9E
SES
<53
I
g —
= T
] T
* I
@ T
i I
S —
2 I
£ ) T
Q |=o I
O ES [ I
. |8%® | S -
- 38}
§ -] w04 I —
o |- !
C|yg |_l I 1
h|ee I I
Q g"' { 1
£1la 100 I I
<. L1
< T T
% I I
3 L
o b I
S !
=
o I I I
o

PROFIL - SECTION

ZGORNJA IDRICA

0 L]

117
sfis
Inll
L H

5 — Geologijs 21

Masivni dolomit
Massive dolomite

Plastoviti dolomit
Stratified dotomite

Plastoviti apnenec
Stratified limestone

Gomoljasti apnenec
Nodular limestone

Mikritni apnenec
Micrite limestone

Peddeni apnenec
Sandy limestone

Oolitni apnenec
Oolitic [imestone

Apnenec 2 rofenci
Limestone with chert

Peitenjok
Sandstone

Skrilavee
Shale

Lapor
Marl
Lapor s karbonatnimi

gomolji - Marl with
calcareous nodules

Meljevec
Siltstone

Apnenceva brefa
Limestone breccia

Konglomerat
Conglomerate

RoZenec
Chert

Makrofavaa
Macrofauna

Mikrofavna
Microfauna

Rastlinski ostanki
Plant remains

Mikroflora
Microfiora
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zrna so tudi v samem apnencu. Kremenova zrna ponekod prevladujejo in apne-
nec prehaja v kremenov pedtenjak (sl. 3 b), ki se pa lateralno izklinja. Na ozem-
lju Zgornje Idrijee je bila sedimentacija apnenca za dolofen &as prekinjena.
Na to kaZe plast debelozrnatega peS¢enjaka, debela do dva metra. Poleg zelenih
tufskih zrn vsebuje peitenjak zrna rdetega jaspisa. Peftenjaku sledi pelmikritni
apnenec, Med plastmi apnenca je sivi pe&eni skrilavee, ki ponekod lateralno
prehaja v sivkasto zeleni glinasti peitenjak, v katerem prevladuje tufski ma-
terial. Ob Zgornji Idrijei in v Gorenji Trebudi dobimo v tem intervalu tudi
pravi kremenovo-jaspisni konglomerat, kot kaZe detajlni profil pri Tratniku
(sl. 3¢). Na plazu nasproti Tratnika so v tufskem pe$¢enjaku slabo ohranjeni
ostanki Skoljk. Pogostni so primerki Pachycardia rugosa Hauer, Myophoria ke-
fersteini Bittner in Lopha montiscaprilis Klipstein.

Pri Govekarju lezi na biosparitu z roZenci laporasti mikritni apnenec z le-
¢ami mo¢no bituminoznega skrilavca, ki prehaja ponekod celo v premog (F.
Kossmat, 1898, 95). V glinastem skrilavcu je pogostna slabo ohranjena
skoljka Trigonodus carniolicus Bittner.

HLEVISE CEKOVNIK TRATNIK

Sl. 3. Detajlni profili julijskega apnenca a) Hlevise, b) Cekovnik pri Ferjandidu in
¢) Tratnik. Legenda na sl. 2

Fig. 3. Detailed sections of the Julian limestone a) Hlevide, b) Cekovnik at FerjanéiZ,
and c) Tratnik. See fig. 2 for explanations
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Na Govekarjevem vrhu mikritnemu apnencu sledi debelozrnati sparit z
redkimi ooliti. Nato prevladuje do konca profila sparitni apnenec. Karnijske
plasti na Govekarjevem vrhu in pri Govekarju odreze vertikalni poljancev
prelom.

Nad mikritnim apnencem se pri¢ne monotono zaporedje drobnozrnatega
sparita z redkimi alokemi na celotnem podro¢ju med Medvedjim brdom in Zi-
dankom. Apnenec je pogosto glinast. Od alokemov prevladujejo fosilni ostanki.
V zgornjem delu apnenca je znacilen oolitni horizont. Nad oosparitom pa se je
sedimentiral mo¢no laporasti apnenec. Apnenec vsebuje vlozke sivkasto zele-
nega laporja. Apnenec in lapor vsebujeta ostanke julijskih Skoljk. Najstevil-
nejsi so primerki vrst Pachycardia rugosa Hauer in Myophoria kefersteini Bit-
tner. Debelina julijskega apnenca med Medvedjim brdom in Zidankom je 250
do 300 metrov; nad dolomitnim razvojem cordevolske podstopnje pa je apnenca
mnogo manj. Ob Zgornji Idrijci ga je 54 metrov, na Govekarjevem vrhu pa 104
metre, vendar tu ni ohranjen normalni prehod v prvi karnijski klasti¢ni ho-
rizont.

Nad julijskim apnencem se menjavajo razli¢ni klasti¢ni sedimenti. Lateralno
se posamezni litoloSki ¢leni izklinjajo in zvezno prehajajo drug v drugega.

Peséenjak je lepo plastovit; debelina posameznih plasti se spreminja od 10
do 20 centimetrov. Med plastmi so pogostni vlozki peS¢enega skrilavca. Sorti-
ranost in velikost zrn se hitro spreminjata tako po horizontali kot po vertikali.
PesS¢enjak prehaja mestoma v konglomerat, v katerem so prodniki veliki do 10
centimetrov. Prodniki so najdebelejsi na obmo¢ju Zgornje Idrijce in Trebuse.
Vezivo v peSéenjaku je kontaktno, kriptokristalno do mikrokristalno in v vetini
primerov mo¢no prekristalizirano in kalcitizirano. Kamenina vsebuje $tevilne
drobce porfirja, keratofirja in steklastega tufa. Klastiti so na obravnavanem
obmoc¢ju nastali z mehansko dezintegracijo in sedimentacijo langobardskih
magmatskih kamenin in njihovih tufov.

Sl. 4. Apnena bre¢a nad cesto Planina—Tominc

Fig. 4. Limestone breccia along the Planina—Tominc
road



68 M. Cigale

Najpogostejsa kamenina obeh karnijskih klasti¢nih horizontov je lapor z
znadilnim Skoljkastim lomom in iverasto krojitvijo. V njegovem spodnjem delu
prevladujejo zelenkasto sivi barvni odtenki, vise pa so vedno pogostejsi rdedi
in vijolidasti. Barve se menjavajo neodvisno od plastovitosti.

V spodnjem delu klastiénega zaporedja je pogosten sivkasto zeleni skrilavec.
Tako skrilavec kot meljevec vsebujeta pooglenele rastlinske ostanke (sl. 3 c).

Med klastiénimi sedimenti dobimo v tem delu karnijske stopnje vet le¢ pe-
Z¢enega apnenca. Vel apnenca je v profilih na Planini. Tu se priéne apnena
skladovnica z onkosparitom, ki vi¥e preide v biomikrit. Apneno zaporedje se
na tem podro&ju konta z brefo, debelo dva metra (sl. 4). Ob Zgornji Idrijci je
apnenca mnogo manj in je mo&no pe3den; poleg kremenovih zrn vsebuje drobce
fosilov.

Prvi klastiéni horizont je nad apnenim razvojem cordevolske podstopnje
debel 140 m, nad dolomitnim razvejem pri Tratniku pa 340 m.

Tuvalijska podstopnja

Celotno laporastopesteno serijo so po stari razdelitvi Steli med rabeljske
plasti. Po novi razdelitvi pa uvriéamo njen spodnji del v julijsko podstopnjo
kot prvi karnijski klastiéni horizont, zgornjega pa v tuvalijsko podstopnjo kot
drugi karnijski klastiéni horizont. Vmes lezi svetlo sivi pasoviti apnenee. F.
Kossmat je ta apnenec oznadil kot megalodontidni (1898, 92). Bolj kot mega-
lodontidi je zanj znadilna pasovitost, ki je opazna tudi tam, kjer megalodontid-
nih 3kolj ni. Starejsi geologi so ta apnenec oznatili le kot leto v klasti¢nem zapo-
redju; . Mlakar (1969, 14) pa je opozoril na njegovo pomembnost za korela-
cijo oddaljenih profilov karnijske stopnje.

Prvi karnijski klasti¢ni horizont se na celotnem preiskanem ozemlju konéa
s temno sivim laporjem. Sledi mu sivi rahlo laporasti intrasparitni apnenec
tuvalijske podstopnje, ki vsebuje poleg intraklastov %e drobce $koljk in fora-
minifer. Prehod intrasparita v viSe leZedi pelsparit je oster in vezan na krajSo
prekinitev sedimentacije (sl. 5). Vedina apnenca je pelsparit. Menjavanje pel-
sparitnega in pelmikritnega apnenca daje kamenini pasovito strukturo (sl. 6).
Posamezni pasovi so debeli tri do pet milimetrov. Med peleti so vidni Se drobni
intraklasti. Zrnavost sparitne osnove je odvisna od gostote alokemov v sedi-
mentu. Z vetanjem gostote peletov se vefajo tudi sparitna zrna v vezivu.

Zgornji del pasovitega apnenca ne kaZe enotnega mikrofaciesa. Pelsparit in
biosparit se prstasto prepletata med seboj. V biosparitu prevladujejo ostanki
$koljk, med peleti pa so redki ooliti, ki jih je omenil Ze F. Kossmat (1898,
92) kot znadilnost tega apnenca. Megalodontidne $koljke so na veé krajih ohra-
njene kot kamena jedra v Zivljenjskem poloZaju. E. Végh-Neubrandt je
iz najdid¢a v bliZini Krekov$ dolodila novo vrsto Triedomegalodon idrianus
(M. Cigale, A. Ramov$ in E. Végh-Neubrandt, 1976, 32). Sedi-
mentacija apnenca se je kon¢ala z mikrilnim apnencem, ki vi$e zvezno prehaja
v lapor drugega klasti¢nega horizonta. Debelina pasovitega apnenca se le malo
spreminja, najvet ga je zahodno od Tratnika, kjer ga je 62 metrov.

Nad pasovitim apnencem se ponovi pisano zaporedje laporja, peStcnjaka,
skrilavca, apnenca in dolomita.
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Sl. 5. Ostra meja med intrasparitom in pelsparitom.
Z15/6, 50 X

Fig. 5. Sharp boundary in between intrasparite and
pelsparite. Zlz/6, 50 X

Sl. 6 — Fig. 6

Z medsebojnim menjavanjem pel-
sparitnega (svetlo) in pelmikrit-
nega (temno) apnenca se izraza
pasovitost kamenine. Z1{/46, 6,5 X

Lamination of limestone is dev-

eloped as a result of the alterna-

tion of pelsparite (light) and pel-
micrite (dark). Z1;/46, 6.5 X
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Sl. 7. Lapor z apnenimi in dolomitnimi gomolji
Fig. 7. Marl including calcareous and dolomitic nodules

Sl. 8. Mikrosparitni apnenec z redkimi velikimi klasti.
6,5 X

Fig. 8. Microsparite limestone including some larger
clasts. 6.5 X
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Peitenjak tega horizonta se le malo razlikuje od peitenjaka ped pasovitim
apnencem. Opazni sta vefja koli¢ina karbonatnega veziva ter prevladujofa
rdeda in vijolitasta barva. Znadilna kamenina drugega karnijskega klasti¢nega
horizonta je vijoli¢asto rdedi in sivi lapor z gomolji laporastega apnenca in
dolomita (sl. 7). Karbonatni gomolji so iz mikrosparita z redkimi intraklasti, ki
jih obdaja debelozrnati sparit (sl. 8). Lapor s karbonatnimi gomolji lateralno
in vertikalno prehaja v apnenec ali dolomit.

V zgornjem delu karnijske stopnje je zamenjala pisano klasti¢no sedimen-
tacijo monotona sedimentacija laporja ter mikritnega in sparitnega dolomita.
Mikritni dolomit vsebuje 3tevilne stromatolite. Debelina horizonta, v katerem
se menjavata lapor in dolomit, je ve¢ kot 50 metrov. Meja med karnijsko in
norigko stopnjo ni paleontolosko doloZena. LitoloSka meja med obema stopnja-
ma je jasna in jo postavljamo tam, kjer mikrosparitni dolemit ne vsebuje vet
laporastih viozkov. Meja z noriko stopnjo je med Medvedjim brdom in Zidan-~
kom ostra. Karakterizira jo apnena breta, debela od enega do dveh metrov.
Breta vie zvezno prehaja v intrasparitni apnenec, ta pa v dolomit norifke
stopnje. Severno od Tominca je med apnencem in dolomitom dva metra debela
plast sivkasto zelenega laporja. Drugi karnijski klastiéni horizont je debel
140 do 170 metrov.

Paleogeografija idrijskega ozemlja v karnijski stopnji

Po zivahni srednjetriadni tektonski in vulkanski dejavnosti se je ozemlje
osrednje in zahodne Slovenije umirilo. Na plitvomorsko dno (sl. 9 a) so se nase-
lile trate apnenih alg z vodilno vrsto Diplopore annulata. Dana3nji predstavniki
te druzine %ive v plitvih tropskih morjih do globine 20 metrov. Velika debelina
monotonega diplopornega dolomita je lahko nastala le zato, ker se sedimenta-
cijsko okolje ni spreminjalo skozi daljSe obdobje. Drugi tip cordevolskih sedi-
mentov je érni plo$éasti apnenec, ki nastopa vzhodno od Idrije. Ta apnenec je
sediment globjega mirnega morja. Primerki kopenske rastline Voltzia v apne-
nem skrilaveu pri idrijskem pokopalid¢tu (M. V. Lipold, 1874, 444) kaZejo,
da je bilo v zatetku podstopnje kopno 3e v neposredni bliZini. Prav take kaZejo
na blizino kopnega tudi bazalni sedimenti, predvsem apneni psevdoolit (B.
Vliaj, 1969, 25). Podoben &rni apnenec dobimo v spodnjem delu cordevolske
podstopnje tudi na zahodnem obrobju Ljubljanskega barja. Na tem prostoru je
apnenec povsod prekrit s svetlo sivim grebenskim dolomitom (A. Ramovs.
1953, 94). Na idrijskem ozemlju leZi dolomit vedno pod apnencem. Stik nepla-
stovitega dolomita in plastovitega apnenca lahko opazujemo le na majhnem
podroé¢ju. Meja dolomita in apnenca se je v &asu cordevolske podstopnje komaj
zaznavno premaknila proti jugozahodu (sl. 9a, b, ¢, d). Proti koncu cordevolske
podstopnje se je pritelo morsko dno hitreje ugrezati; zato se je rast apnenih alg
prekinila. Po umirjeni karbonatni sedimentaciji v cordevolski podstopnji so se
odlagali pisani klastiéni in karbonatni sedimenti julijske in tuvalijske pod-
stopnje.

Meja med cordevolsko in julijsko podstopnjo je povsed na Idrijskem postop-
na (. Mlakar, 1969, 14). Neplastovitemu dolomitu sledi mejni dolomit,
v aphenem razvoju pa lo¢imo obe podstopnji le na podlagi mikroflore. Relativ-
no redki ostanki zelene alge Clypeina besici Panti¢ v julijskem apnencu kaZejo
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na globje morje in na slabSe pogoje za rast te vrste. Da je bilo morje globje,
potrjujejo tudi pogosti ostanki foraminifer iz rodov Trocholina in Glomospira.

V julijski in tuvalijski podstopnji je bilo najbolj umirjeno ozemlje med
Gorenjo TrebuSo in Orehkom. Tukaj se je sedimentiral v obeh podstopnjah
dolomit z redkimi skrilavimi vlozki. Srednji in zgornji karnijski dolomit se ma-
kroskopsko ne lo¢i od vife lezetega noriskega. Odnos med karnijskimi plastmi
idrijskega prostora in psevdoziljskim faciesom na Cerkljanskem 3e ni razjas-
njen. Lateralnega prehoda karnijskih plasti v dolomitni razvoj na ozemlju
Sentvidke gore in Polic tudi ne moremo nikjer direktno opazovati; sklepamo
pa nanj po razmerju med klastiénimi kameninami in dolomitom; kjer se stanj$a
klasti¢no zaporedje, se odebeli dolomit.

Tudi v julijski podstopnji je ostalo morje nekoliko globje na obmodju Me-
dvedjega brda. Mirno in sorazmerno globoko morje je pogojevalo nastanek
mikritnih kamenin, ki na tem ozemlju mo&no prevladujejo. Pogoste so tudi
spikule spongij.

Enotni sedimentacijski bazen je razpadel v ¢asu odlaganja julijskega apnen-
ca na vet lofenih sedimentacijskih kadunj (sl. 9d). Regresija, ki je prekinila
sedimentacijo julijskega apnenca, ni nastopila istoZasno na celotnem ozemlju;
zato je debelina tega apnenca na raznih krajih razli¢na, spreminja pa se tudi
razporeditev mikrofaciesov v njem. V zgornjem delu apnenca pri Govekarju
se med plastmi apnenca pojavljajo vlozki glinastega premogovega skrilavca
in premoga. Kopno je forej obstajalo v neposredni bliZini. Na bliZino kopnega

Drugi kornjski klastiéni horizont -~ Cordevolski dolomit Lateralm peenod
E The second Carnian clastic horizon Cordevol dalomite et Supposed Iateral transiticn
[L—T) Amfiklinski skiodi [TATR] Cordevolski cprenec fan. 3 Morska gloding
Amphiclina beds Lol ]l Cordevol limestone Sea level
Plastovit mejni  doiomit Longobardske kamenine ~—~ Morsko dno
E Bedded boundory dolomite nﬂﬂ]ﬂ]ﬂm Langobardicn rocks o Sea boltom
[T 1=] Posoviti apnenec Prediangabardske kamenine Erozijska diskordanca
(o1 T] Banded limestone Pre -tongobardian rocks Eresional unconformity
Prvi karnjskl Klastién horizont Nejosen odnos med faciesi N Triadni preiom .. VEHARSE "
The first “Curnion clastic horizon ? Unclear relation between % Triassic fauit VEHARSE
the focies -
Psevdoziljske kamenine - Smer prafila
Pseudozilian rocks Strike of section
[T=T1=] Julijski apnenec
(=1—=1 Jution Umestone Merilo doldin - Horizentol scole Merilo vifin - Yerhcal scale
0123458 10 km [¢] 1?0 200 300 400 S00m

Sl. 9. Spremembe sedimentacijskega okolja na Idrijskem v karnijski stopnji

Fig. 9. Successive changes of sedimentary eonditions in the Idrija region during
Carnian stage

PriZetek sedimentacije cordevolskega dolomita (a), mejnega dolomita (b), julijskega
apnenca (c), prvega karnijskega klastitnega horizonta (d), pasovitega apnenca (e),
drugega karnijskega klastiénega horizonta (f) in noriskega dolomita (g)

The beginnings of sedimentation of Cordevol dolomite (a), Boundary dolomite (b),
Julian limestone (c), the 1st Carnian clastic horizon (d), banded limestone {e), the 2nd
Carnian clastic horizon (f), and Norian dolomite (g)
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kaZejo tudi Stevilni zogleneli rastlinski ostanki v skrilaveu in meljeveu pri
Tratniku.

Zaradi poznejiih tektonskih premikov ni ohranjena celotna skladovnica kar-
nijskih plasti pri Govekarju in na Govekarjevem vrhu. Vpliv srednjetriadnega
preloma Veharfe zato lahko zasledujemo le do konca sedimentacije julijskega
apnenca. Sedimentacijske razmere so se tu verjetno razlikovale vse do pridetka
odlaganja zgornjetriadnega dolomita. Izenaditev sedimentacijskih razmer, kot
je prikazana na sliki 9, je zato le ena izmed moZnih interpretacij.

Pisana sedimentacija klastitov je posledica hitrih sprememb sedimentacij-
skega okolja. Na hitre spremembe kaZejo tudi pogosta menjavanja litoloskih
¢lenov, ki horizontalno in vertikalno prehajajo drug v drugega. Kopno je bilo
podvrZeno intenzivni denudaciji. Sestava prodnikov v karnijskem konglame-
ratu in zrn v pestenjaku pri Borovnici ter v okolici Idrije se mo&no razlikuje.
Pri Borovnici prevladujejo zrna cordevolskega dolomita in apnenca, medtem
ko je drobcev magmatskih kamenin, tufov in jaspisov manj (A. Ramovs,
1953, 96). V okolici Idrije so karbonatna zrna redka, prevladujejo pa zrna
tufov in jaspisov. Redkejsi so zrna vulkanskega stekla in ko3¢ki moéno prepe-
relih magmatskih kamenin,

Izvorni material karnijskih klastitov na Idrijskem so bile langobardske mag-
matske kamenine in njihovi tufi. To med drugim dokazujejo tudi jasno konkor-
dantne plasti istih jaspisov, npr. Pisanice pri Oblakovem vrhu (I. Mlakar,
1976, 279-neobjavljeno poro&ilo). Prodniki in zrna jaspisov so zelo znatilni za
oba karnijska klastiéna horizonta. Ugrezanje v #asu odlaganja prvega karnij-
skega klasti¢nega horizonta je bilo najbolj intenzivno na obmotju Zgornje Idrij-
ce (sl. 9e). Velika debelina klastidnih sedimentov v profilih na tem podro&ju
je posledica hitrejSega ugrezanja in povedane koli¢ine prinesenega klasti®nega
materiala.

Proti koncu julijske podstopnje se je celotno preiskano ozemlje zatasno
umirilo. Nad temno sivim laporjem se je sedimentiral pasoviti apnenec (sl. 9 f).
Stevilni peleti so lahko nastali le v mirnem sedimentacijskem okolju. Trate
megalodontidnih $koljk v zgornjem delu apnenca so Zivele v zelo plitvem morju
s poveano cnergijo. Na povelano energijo kaZejo tudi redka oolitna zrna.

Severno od Trebuse se nad pasovitim apnencem nepravilno menjava dolomit
7 dolomitnim laporjem (P. Kriviec, 1974). Drugi karnijski klastiéni horizont
je razvit le v okolici Idrije. Denudaciji <o bili podvrzeni enaki sedimenti kakor
v julijski podstopnji. Razlike v sestavi peitenjaka pod pasovitim apnencem in
nad njim nisem nadel. Ker je bilo morje plitvo in se globina ni veé bistveno
spreminjala, previadujeta lapor in mikritni apnenec, ki ju v zgornjem delu
nadomeséa dolomit.

Konec karnijske stopnje se je klastina sedimentacija prekinila. Vegji del
zahodne Slovenije je ponovno zalilo plitvo morje. V vseh preiskanih profilih
se menjavata lapor ter mikritni in intrasparitni dolomit. Sparitni dolomit ima
Stevilne izsuSitvene pore, znacilne za nadplimsko okolje sedimentacije. Morsko
dno so ponovno poselile alge; na to kaZejo pogosti stromatoliti v zgornjetriad-
nem dolomitu. Izenatilo se je tudi sedimentacijsko okolje obeh miogeosinkli-
nalnih jarkov (sl. 9f); ba$ki dolomit, ki leZi na amfiklinskih skladih, je prav
tako sediment plitvega morja.
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Kontaktnometamorfne kamenine v okolici Crne pri MeZici
Contact-metamorphic rocks from Crna at MeZica

Ana Hinterlechner-Ravnik
Geoloski zavod, 61000 Ljubljana, Parmova 33

Intruzija granita pri Crni je povzrodila kontakino metamorfozo obda-
jajotih pelitov in kremenovo-glinendevih ped¢enjakov. Razvita sta dva
faciesa: predvsem amfibolov rogovéev facies in tudi K-glinentev cordi-
eritni rogovtev facies. Pri zadnjem ka¥e mineralna asociacija mikro-
klin 4 cordierit -+ andaluzit na njegov niZji del, na ortoamfibolov sub-
facies. Prvotna laminacija sedimentov je ohranjena kot laminacija ro-
govceev,

The intrusion of the granitic bodies at Crna produced the contact
effects in the surrounding pelitic and quartzo-feldspathic rocks. Two
facies are developed, namely, the hornblende hornfels facies and the
higher temperature orthapyroxene hornfels facies, In the latter the
mineral assemblage of microcline 4 cordierite + andalusite has been
observed pointing to the orthoamphibole subfacies. Tt is noteworthy that
the lamination of the original rocks is recognizable in banded texture
of the hornfels.

Globognine granitnega pasu karavanfke magmatske cone na SirSem obmotju
Crne na Koroikem so povzrotile kontaktno metamorfozo vulkanskih in sedi-
mentnih kamenin, v katere so prodrle. Vzorce kontaktnometamorfnih kamenin
sedimentnega porekla sta nabrala P. Mio¢& in M. Znidar&ié ob poti za-
hodno od Lipolda proti Konéniku. Granitni pas pa se stika ob samem robu tudi
2z izhodnim zelo 3ibko regionalno spremenjenim sericitno kloritnim skrilavcem
italenskogorske serije, ki vsebuje spilitizirani diabaz (J. Loeschke in K.
Weber, 1973). H. V. Graber (1398) je natanéno opisal genezo rogovca.
Po neposrednem kontakiu prvotnih sedimeniov in granita je sklepal, da se je
del kontaktnometamorfnih kamenin skupaj z granitom ob prelomu ugreznil. Na
juznem obrobju granitnega pasu so jzhodne kamenine povsem spremenjene v
blestnik in gnajs. Enako velja za §tevilne bloke v granitu samem. Gre za sred-
njezrnati in debelozrnati kremenov pes¢enjak z bazalno sericitno kloritno osno-
vo, kakrinega doslej pri nas v Stalenskogorski seriji nismo poznali, Najdemo ga
v karbonskih plasteh juzno od OlSeve, kjer se zmenjuje s pelitskimi razli¢ki in
vsebuje zelo redke lele albitiziranega kremenovega porfirja.

Razli¢ni odtenki vijolitasto rjavega rogovca so odvisni od kolifine rdeéka-
stega biotita, Vzorci brez biotita so sivkasti. Rekristalizacija je napredovala
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v smeri prvotne laminacije in je zato ohranjena. Sestava mineralnih asociacij
in velikost zrn sta odvisni od prvotne sestave in velikosti zrn po posameznih
laminah. Vozlasti rogovec kaZe transverzalno skrilavost, ki sefe tudi drobne
blaste cordierita, in je mlaj¥a od kontaktne metamorfoze (sl. 1). Isto¢asno ohra-
njena fina laminacija, vezana na prvotno razliko v sestavi in strukturi, izklju-
¢uje nastanek kontaktnometamorfnih kamenin iz retrogradno spremenjenih
regionalnometamorfnih razli¢kov.

Cordierit ima razli¢no mikrostrukturo in je znadilen mineral raziskanih me-
tasedimentov. V metapelitih severnega obrobja granitnega pasu lee blasti
intermediarnega cordierita v finozrnati osnovi rdetkastega biotita, muskovita,
klorita in kremena. Pogosto so neizrazito dvoj2iZni in polni finih vkljudkov,
ki ustrezajo mineralom v osnovi skrilavea in neprosojnim mineralom. Tak cor-
dierit je znaéilen za zunanje dele toplotne avreole v zaZetnih pogojih kristali-
zacije amfibolovega rogovZevega faciesa (W. E. Tréger, 1967). MoZen potek
reakcije je naslednji:

muskovit + klorit + kremen — cordierit + biotit + H:O

V bolj raznolicnem blestniku in gnajsu na juinem obrobju granita, ki sta
rekristalizirala pri vi§ji temperaturi, in zlasti v sedimentnih blokih, zajetih
Vv granitu, pa je cordierit prosojen, monokristalen ali izrazito dvojdiden. Pone-
kod vsebuje luske rdetega biotita. Pogosto je delno ali popolnoma spremenjen
v pinit. V njegovi zdruzbi so kremen, oligoklaz, rdetkasti biotit, akcesorni mu-
skovit in gobasti andaluzit. Redki vzorci vsebujejo poleg cordierita mikroklin
(sl. 2), ki pomeni zatetek piroksenovega rogovécvega faciesa, oziroma K-glinen-
¢ev cordieritni rogovéev facies po H.G. F. Winkle rju (1974). Mikroklin ima
tipi¢no mrezo. MoZen potek reakcije je po H. G. F. Winkler ju (1967, p. 72)
naslednji:

& muskovit + biotit -+ 15 kremen == 3 cordierit -+ 8 K-glinenec + 8 H:0

V teh vzorcih ni muskovita, niti sillimanita, nastopa pa 3e vedno andaluzit.
Zrna so velika 1 do 3 mm.

Raziskane kontaktnometamorfne kamcnine izhajajo iz metamorfoziranega
pelita in kremenovega peitenjaka z bazalno kloritno sericitno kremenovo osno-
vo. Prisotnost andaluzita in cordierita kaZe na visoko vrednost razmerja
Al:0s/K:O v prvotnem sedimentu. En sam laminiran vzorece, ki vsebuje poleg
zelene rogovage tudi kremen, plagioklaz, sericitne agregate, epidot in zeleni
biotit, izhaja verjetno iz bazi¢nega tufa. Kontaktnometamorfne baziéne razlidke
v okolici Schaide je opisal H. V. Graber (1930) in domneval, da izhajajo iz
diabaza S$talenskogorske serije. Potreben bi bil natanten pregled bazi¢nih
vkljutkov v granitu, ki jih sicer pridtevamo h granitni asociaciji.

Stopnja metamorfoze raziskanih sedimentov ustreza celotnemu obmolju
amfibolovega rogovievega faciesa in prehodu v K-glinenéevo cordieritni rogov-
tev facies. Asociacija mikroklina, cordierita in andaluzita, vendar brez musko-
vita in sillimanita, dokazuje kristalizacijo v ortoamfibolovem subfaciesu, ki
predstavlja nizji del K-glinendevo cordieritnega rogovéevega faciesa. Obmotje
pritiska in temperature kontaktnometamorfnih sprememb, ki ga kaZejo meta-
morfne mineralne asociacije raziskanih metapelitov, variira od cca 0,5kb in
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Tabla 1 — Plate 1

Sl. 1 — Fig. 1

Laminirani biotitno muskovit-
ni kremenov vozlasti skrilavec
z intermediarnim cordieritom.
Drobni blasti cordierita vse-
bujejo $tevilne fine vkljucke
biotita in hematita, verjetno
tudi Kklorita. Jasno izraZzena
prec¢na skrilavost
Vzorec 20435/1, nikola paralel-
na, 16 X

Banded biotite-muscovite-
quartz spotted slate with inter-
mediate cordierite. Fine biotite
and hematite inclusions in
small cordierite blasts. Distinct

transversal cleavage
Sample 20435/1, nicols parallel,
16 X

Sl. 2 in 3 — Figs. 2 and 3

Biotitno kremenov oligoklazni
skrilavec s cordieritom in mi-
kroklinom. Cordierit delno pi-
nitiziran
Vzorec 19414/2, nikola paralel-
na (sl. 2) in navzkrizna (sl. 3),
25 X
Biotite-quartz-oligoclase schist
with cordierite and microcline.
Cordierite partly altered to
pinite
Sample 19414/2, nicols parallel
(fig. 2) and crossed (fig. 3),
25 X
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520°C do najve¢ 2,5 kb in cca 650°C (H. G. F. Winkler, 1967, p. 70 in 1974,
p. 59). NajviSji moZen pritisk ustreza pribliZni globini 9 km. Vendar zna&ilne
mineralne asociacije niso obé&utljive za spremembo pritiska. Globina in ustrezni
pritisk sta bila zato verjetno precej manjsa.
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Plutonic Emplacement in the Eastern Karavanke Alps
Granitni in tonalitni pas v Vzhodnih Karavankah

Ernest Faninger
Prirodoslovni muzej Slovenije, 61000 Ljubljana

Ive Strucl

Rudniki svinca in topilnica MezZica

In the Eastern Karavanke Alps two nearly parallel plutonic belts
extend in the west-east direction. The northern belt is characterized
by granite associated with gabbro and monzodiorite, in the southern,
however, tonalite prevails. They are separated by a narrow phyllite stripe
overprinted by contact metamorphism, Their origin, and age in particu-
lar, involved many difficulties. Since some phyllite blocks have been
found in tonalite at Ravne above Sodtanj, the solution became easier. It
is noteworthy that a large phyllite block is intruded and impregnated
with granite. Hence follows that the granite rock association is older
than tonalite, From radiometric dating it results that granite is related
to the Variscan orogeny and tonalite to the Alpine magmatism. Along
the northern border of the granitic belt, a clear north vergence occurs.
The southern contact of the tonalitic belt, however, shows various stru-
ctural features. The southern contact is considered to be a part of the
great Periadriatic Lineament. Finally it should be noted, that no gene-
tical relations exist between the Karavanke plutonism and lead-zinc ore
deposits occuring in the Eastern Karavanke Alps as the latter appear to
be of Triassic age.

V Vzhodnih Karavankah potekata pribliZno vzporedno od zahoda pro-
ti vzhodu dva pasova globo®nin. Severni sestoji v glavnem iz granita, za
juznega pa je znatilen tonalit. Oba pasova magmatskih kamenin lodi
ozek pas kontaktno metamorfoziranega filita, O starosti karavanikih glo-
bo¥nin so doslej menili prav razli¢no; toda odkar so bili na Ravnah nad
SoStanjem v tonalitu odkriti bloki filita, od katerih je eden intrudiran
in impregniran z granitom, je postalo jasno, da je granit starejit od to-
nalita. Radiometriéne meritve so med tem Z%e potrdile, da je granit va-
risciten, tonalit pa alpidski. VzdolZ juZnega roba tonalitnega pasu poteka
periadriatski lineament. Triadna svindevo-cinkova orudenja v Vzhodnih
Karavankah nimajo niesar skupnega s karavanikim plutonizmom.

8 — Geologija 21
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The Eisenkappel emplacement of the Eastern Karavanke Alps is made up
of two parallel magmatic belts separated by a narrow phyllite stripe. The
structure is 42,5 kms long and extends in east-west direction. In the northern
belt of the breaking up zone a porphyritic granite prevails associated with
gabbro, diorite and monzodiorite. This rock association appears to be geneti-
cally related (C. Exner, 1971, 104). The prevailing rock of the southern belt
is quartz-biotite-hornblende diorite showing a distinet parallel structure; mostly
it is named tonalite. Usually the northern belt is named granitic belt and the
southern one tonalitic belt. In the tonalitic belt alsc some transitional rocks like
quartz-biotite diorite and granodiorite occur. At its south-eastern end occurs
a porphyritic rock showing indistinct parallel structure. All the rocks of the
tonalitie belt are genetically close related. They can hardly be discerned with
the naked eye (E. Faninger, 1976, 196-—199).

Unsolved is the question of the stratigraphic position of the phyllite in be-
tween the magmatic belts. In all probability it is to be compared with the
highly phyllitized lower suite of the Magdalensberg series (F. Kahler, 1953,
14), which belongs to the Ordovician period (G. Riehl-Herwirsch, 1970).
As this schistose rock exhibits a clear contact-metamorphic overprint, it is here
designated as contact-metamorphic phyllite.

At all times there was disagreement between the geologists about the age
of the plutonic rocks. According to F. Teller (1896, 32) granite was consi-
dered to be the youngest rock. Similar suggestions have been made by H. W.
Graber (1929) and C. Exner (1971). According to A. Zorc¢ (1955, 69)
the granite was assumed to be older than tonalite, and perhaps even older
than Triassic rocks. The age of the tonalite was resumed after C. Germov -
§ek (1952) to be Upper Cretaceous to Miocene in age. I. Strucl (1965, 161;
1970, 6; 1974, 385) supposed that granite is of Variscan, whereas tonalite of
Alpine origin. His contention is supported by the field work of F. Isailovi¢
and M, Mili¢evi¢ (1964), who found phyllite blocks intruded and impregna-
ted with granite within tonalite. L. Kober (1938, 156) wrote about the old
Eisenkappel granite and about the young (Alpine} Eisenkappel tonalite. J. Du -
hovnik (1956, 25) supposed that both intrusions are of Tertiary age, and
after B. Berce (1980, 246) granite appears to be younger than Lower Scythian.
Finally E. Faninger (1976, 204) succeeded in proving that the granite rock
association and tonalite have been derived from two magmatisms different in
ages. Through his additional field work and microscopic examination it be-
came evident that the tonalite is younger than granite.

According to radiometric dating, the rocks of the granitic belt are of Vari-
scan age (244—216 million years) and those of the tonalitic belt originated by
relatively young Alpine orogenetic events during the Tertiary period (29--28
million years) (R.Cliff, H. F. Holzer & D. C. Rex, 1974; H. J. Lip-
polt & R. Pidgeon, 1974;S. Scharbert, 1975).

Some details observed during our field work could give us certain informa-
{ion about the geologic age of the Karavanke plutons. In the east, the northern
belt of the breaking up zone borders on Tertiary deposits containing pebbles
derived from granite and tonalite (E. Faninger, 1970, 100). F.Teller
(1898) supposed that these deposits belong to the Socka beds of Oligocene age.
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Recently they are considered to be equivalent to Middle Miocene Eibiswald
beds (P. Mioé¢&, 1976). Therefrom it results that Karavanke plutons are of
pre-Middle Miccene age. In this way the upper boundary of the intrusion in-
terval is determined. North of the granite the carly Paleozoic Magdalensberg
series occurs indicating the lower limit of the granitic intrusion. H. W. Gra-
ber (1929) and C. Exner (1971, 64) dealt with the contact metamorphism
related to the intrusion. The contact between the granite and Magdalensberg
series, as well as between granite and Triassic beds, is for the most part tecto-
sequent. The section Topla-Koprivna appears to be an exception as there a
contact—metamorphic schist and hornfels are joined to the granite (H. W.
Graber, 1929; LS8trucl, 1954, 1965). No contact effects could be found
in the Triassic beds occuring at the contact with granite in the section Crna—
—Topla (I. Strucl, 1954). That is why a pre-Triassic age of granite was
supposed (A. Zorc, 1955; 1. Strucl, 1965).

As to the age of the tonalite, it could be supposed only that it is younger
than the contact-metamorphic phyllite in which tonalite apophyses occur. The
contact-metamorphic phyllite has been considered to be a schistose cover of
the tonalitic intrusion (F. Teller, 1896, 22). The Triassic beds lying in the
south of the magmatic emplacement can not give any information of the age
of the intrusion, as the contact tonalite/Triassic rocks is of tectonic nature.

It results from the above explanations that a rather wide intrusion interval
is in question, involving an intrusive phasis from Variscan to Alpine igneous
activity. The problem under consideration appears to be insolvable according
to the geological features shown in Teller’s geological map (F. Teller, 1898).
The tonalitic and granitic belts there are plotted to be separated in their whole
extent by contaci-metamorphic phyllite (fig. 1). The solution of the age problem
is somewhat udvanced since S. Isailovié and M. Mili¢evié (1964)
called our attention to the phyllite blocks enclosed within tonalite in its eastern-
most part. A large phyllite enclosure intruded and impregnated with granite
is particulary interesting (fig. 2). Nothwithstanding, the tectonic contact be-
tween phyllite and tonalite appears to be problematic. But no large displace-
ment could be indentified there, as a remnant of a schistose cover is in question.
The problem can be explained in the following way:

Firstly phyllite was impregnated with granite and affected by contact-
metamorphism. At a later period the tonalitic intrusion followed, and at that
time the contact-metamorphic phyllite turned to the cover mass of the tonalite.

Such a succession of the geologic events does agree with radiometric dating
mentioned above.

Finally let us make some remarks about the Alpine/Dinaric boundary (L.
Kober, 1938, 156), and the “Ostalpin” and “Siidalpin” (H. Bégel, 1975,
176) respectively. The northern and the southern boundaries of the crystalline
breaking-up zone are characterized by important displacements. In the north,
there a clear rorth vergence occurs; in the south, however, the fault appears
to be vertical. The north vergence of the granitic belt is evident from thrust
faults and overthrusts occurring in the North Karavanke range of mountains.
In the south, however, the relations are rather unclear. Therefrom both the
north- and south vergencc are reported: According to C. Exner (1971, 8—9)
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the Werfen beds of the Olseva Mt. are driven northwards over the mylonitized
tonalite, whereas elsewhere in the west a perpendicular or even reversed
fault occurs inclined northwards. Similar features have been found in the east
where the shattered zone is some meters wide. The southern dislocation line
appears to be more important compared to the northern one. This results from
a well expressed mylonitization and other geological relations. A direct contact
granite/Magdalensberg series is a general characteristic of the northern granite
boundary. The southern contact of tonalite, however, varies more in nature and
appearance. There have been brought together various lithostratigraphic se-
quences and different structural units as well. Moreover, Oligo-Miocene vol-
canie activity appears to be associated with the southern faulted structures (A.
Hinterlechner-Ravnik and M. Plenidar, 1967, 237, R. W. Bem-
melen, 1970, 141; 1. Strucl, 1971, 290). Consequently the southern fault
does come into consideration as a part of the Periadriatic Lineament (see C.
Exner, 1976, 20). The breaking up zone of the Karavanke Alps belongs in its
entire extent to the Eastern Alps or to the “Ostalpin”.

Along the magmatic zone, there occur some lead and zinc ore deposits, for
instance Mezica. Their origin has been supposed to be associated with the grani-
tic plutonism (B. Berce, 1960, 248). This conception could, however, hardly
be taken into consideration due to a great difference in geologic age of the
plutonic intrusions and mineralization. The latter appears to be of Triassic age,
whereas granite is of Paleozoic and tonalite of Tertiary age.
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Kras na konglomeratnih terasah ob Zgornji Savi in
njenih pritokih

Karstification of conglomeratic terraces along the Upper Sava River and
tributaries

Ljubo Zlebnik
Geoloski zavod, 61000 Ljubljana, Parmova 33

Med Kranjem in Radovljico se je na konglomeratnih terasah v po-
retju Save razvil plitvi kras. V konglomeratu prevladujejo apnene oblice,
bolj redki so prodniki vulkanskih kamcnin. Vezivo je apneno. Zakrase-
vanje sega v mindelsko-risko medledeno dobo, ko so bile apnene terasne
naplavine ugodna podlaga za razvoj krasa v toplejSem podnebju in ob
obilici vode. Od takrat je minilo dvesto tiso¢ do tristo tisod let. V tej dobi
so se razvile razliéne kradke oblike od vrtaé¢ do pravih kradkih jam ter
do ponorov in kragkih izvirov. Po vrtadah sklepamo na hitrost zakrase-
vanja; na visokih terasah so dobro razvite, velike in globoke, medtem
ko so na nizkih — mlajsih terasah komaj v zadetni stonji razvoja.

Interesting karst features were identified over Pleistocene conglo-
meratic terraces along the Sava River and tributaries in Upper Carniola.
In conglomerate calcareous pebbles prevail associated with some pebbles
derived from volcanic rocks. The abundant cementing material is calca-
reous. Over the high terraces the sinkholes are well developed. They are
larger and deep-seated compared to the sinkholes occurring over the
lower terraces. Beside the sinkholes there are to be found also some other
karst phenomena. At Naklo village even a true water cave is developed.
On the high terraces there occur karst springs, whereas on the younger
terraces ponors (swallow holes) are to be met. The karstified terraces
belong to the Mindel glacial stage. The time intervals between glacial
epochs were favourable to maintain of a warm climate to permit the
solution and precipitation of carbonate rocks.

V Sloveniji ni zakrasel samo apnenec v Dinarskem gorstvu in Alpah ampak
tudi konglomerat pleistocenskih teras v poretju Save med Kranjem in Radov-
ljico. V konglomeratu previadujejo apneni prodniki, bolj redki so prodniki
vulkanskih kamenin. Vezivo je apneno. Ta kras je 3e posebej zanimiv zato, ker
so starejSe, viSe lezete pleistocenske konglomeratne terase znatno mo&neje za-
krasele kot mlajie. To kaZe predvsem razvoj vrta%, ki so vetje in globlje na
srednjepleistocenskih konglomeratnih terasah, medtem ko so na mlajSepleisto-
censkih (rikih) 3e povsem neizrazite. Poleg vrtal je opaziti Se druge kraske
pojave, predvsem kraSke jame, med katerimi je najbolj znana vodna jama pri
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Sl 1. Presek pleistocenskih konglomeratnih teras zahodno od Kranja
Legenda pri sl. 2

Fig. 1. Cross section of Pleistocene conglomeratic terraces west of Kranj
See fig. 2 for explanation

Naklem, ki ji pravijo ArneSeva luknja; raziskana je v dol%ino 300 m. Znani so
tudi kraski izviri in ponori.

Geolodka raziskovanja in vrtanja so pokazala, da gre za plitvi kras; konglo-
merat, ki sestavlja terase, je debel 10 do 50 m, malokje ved. Pod konglomera-
iom leZi neprepustna oligocenska glina. Kraski izviri na stiku gline in konglo-
merata imajo nekatere posebnosti. Njihova izdatnost niha, kot pri vseh kraskih
izvirih, vendar znatno manj kot v dinarskem krasu, in nikoli ne presuse. Razen
tega kaZejo opazovanja v ArneSevi luknji, da imajo vedji kraski kanali, ki pote-
kajo na stiku gline in konglomerata, vlogo drena%; vanje enakomerno doteka
podzemeljska voda z obeh strani. Na podlagi tega sklepamo, da je vodna gladina
v konglomeratnih terasah zvezna, podobno kot v prodnih naplavinah, le da je
na posameznih mestih v kraskih kanalih pretok podzemeljske vode vedji in hi-
trejsi. Po zakraselosti pleistocenskih konglomeratnih teras sklepamo, da je za-
krasevanje sorazmerno hiter proces. Popolnoma razvit kras z vrtatami, kraskimi
izviri in ponori smo nali v konglomeratnih terasah domnevno mindelske sta-
rosti. Zata sklepamo, da je za nastanek tipi®nega krasa dovolj 200 000 do 300 000
let. UpoStevati je namre¢ treba, da je obstajalo ugodno okolje za razvoj krasa
v toplih medledenih dobah, ko je bila temperatura primerna tako za odlaganje
kot za raztapljanje karbonatov. V teh dobah so si reke zarezale globoke struge,
zato so se znadle terase visoko nad renimi dolinami, kar je omogoéilo inten-
zivno pretakanje padavinskih voda v globino in raztapljanje karbonatov. Za
zaletek zakrasevanja mindelskih teras lahko privzamemo v najboljiem primeru
sredino mindelsko-rifke medledene dobe; na ta nalin dobimo, da je kras na
tem obmogju star 200 000 do 300 000 let.
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Abstract

Fifteen grab samples and two shallow cores were studied from Lake
Bled. Their carbonate contents are in the range 55—79 %. Calcite prevails
but dolomite may occasionally amount up to 38 % of the carbonate com-
pound. The non-carbonates seem mostly to be diatoms besides some quartz
and traces of feldspar and clay minerals. Chemical analysis of the core
sediments revealed a general increase of the heavy metals Zn, Cd and
Pb in the uppermost layer. The highest content of Zn (up to 870 ppm)
and Pb (up to 160 ppm) were found within nearshore grab samples thus
indicating sewage input. The increased eutrophication of Lake Bled is
evident.

Eight grab samples and one core from Lake Bohinj are also carbonate
rich sandy silts and clays with total carbonate contents ranging from
53—91 %. Calcite prevails especially in the western part of the lake. Do-
lomite content is, in the average, higher than in Lake Bled. The non-
carbonates seem essentially similar to the Bled sediments. The core
samples contain an increase of the heavy metals Zn, Cu, and Pb within
the uppermost 10 ¢ms. In addition, Fe-, Mn-, Cr-, and Ni-contents are
unusually high compared to Bled.
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Kratka vsebina

V poroéilu so prikazani zafasni podatki o sedimentolotkih in geokemiénih
parametrih iz raziskav sedimentov v Blejskem in Bohinjskem jezeru. Iz
Blejskega jezera smo preiskali vzorce 15 zajemov s povr3ja jezerskega
dna ter dveh jeder sedimenta do globine 45 em. V sedimentu prevladqje
karbonatni glinasti melj, ki vsebuje v zgornjih 10 cm pod povrijem obilo
organskih snovi. Zaradi menjavanja organskih in anorganskih sestavin je
sediment laminiran, V preiskanih vzorcih je zna3ala celokupna koli¢ina
karbonatov 55 do 79 % bistvenih razlik med vzorci s povr§ja in iz globine
ni bilo. Prevladuje kalcit, vendar vsebuje ponekod karbonatna frakcija
do 38 % dolomita, Med nekarbonatnimi sestavinami prevladujejo skeleti
diatomej, v manjfih kolidinah pa so zastopani %¥e kremen, glinenec in
minerali glin. Karbonatni sedimenti Blejskega jezera so v glavnem de-
triti¢nega izvora, saj sestoji tudi okolica jezera vedidel iz triadnih kar-
bonatnih kamenin. To velja predvsem za deleZ dolomita v sedimentu,
medtem ko za kalcit ne moremo izkljuditi moZnosti avtohtonega nastaja-
nja ob udeleibi vodnih rastlin. Kemi¢ne analize jedrskih vzorcev kaZejo
sploéno poveéane koli¢ine cinka in kadmija, posebno pa svinca v zgornjih
centimetrih profilov ponekod do 160 ppm. Najvisje koncentracije Zn in
Pb smo nasli v vzorcih sedimenta blizu obale, kar kaZe na dotoke od-
padnih voda. S tem v zvezi je postajala jezerska voda vedno bolj eutro-
fi¢na.

Iz sedimenta Bohinjskega jezera smo preiskali vzorce 8 zajemov z je-
zerskega dna in eno jedro. Tudi v tem jezeru sestoji sediment v glavnem
iz karbonatnega melja in gline. Vsebuje 53 do 91 % karbonatov; med njimi
prevladuje kaleit, vendar je ponekod v karbonatni frakciji dolomita do
69 %. Koli¢ine dolomita v sedimentu Bohinjskega jezera so v celoti vi%je
kot v Blejskem jezeru. Dolomit je nedvomno detritiénega izvora, To velja
tudi za glavni del kalcita, vendar domnevamo, da je tudi v Bohinjskem
jezeru del kalcita avtohton. Nekarbonatne sestavine sedimenta obeh jezer
se ne razlikujejo bistveno. Kemi¢ne analize jedra kaZejo, da koli¢ine Zn,
Cu in Pb v zgornjih centimetrih sedimenta postopno naradéajo.

Pelod v jedrih sedimenta iz Blejskega in Bohinjskega jezera kaze, da
so ulsedline v obeh profilih relativno mlade in niso starejie od 400 do
500 let.

Zusammenfassung

Es wird iiber vorlidufige Ergebnisse einer Untersuchung der Sedimente
aus den Seen von Bled und Bohinj in Slowenien (Jugoslawien) berichtet:
dabei werden sedimentologische und geochemische Parameter diskutiert.

Finfzehn Greiferproben und zwei kurze Sedimentkerne mit einer
max. Eindringtiefe von 45 cm wurden aus dem Bled-See untersucht. Es
handelt sich um karbonatreiche Silte und Tone, in deren oberflichenna-
hen 10 cm organisches Material hiufig auftritt; entsprechend dem Wech-
sel von mineralischen und organischen Komponenten sind sie im mm-
Bereich laminiert. Der Gesamtkarbonatgehalt der untersuchten Proben
reicht von 5§ bis 79 %, wobei keine wesentlichen Unterschiede zwischen
Oberfléchenproben und Kernproben bestehen. Es iiberwiegt Calcit, doch
kann die Karbonatfraktion gelegentlich bis zu 38 % Dolomit enthalten.
Die Nicht-Karbonate sind iiberwiegend Diatomeen-Skelette; ausserdem
ireten geringe Mengen an Quarz, Feldspat und Tonmineralien auf. Die
Karbonatsedimente in Bled-See sind im wesentlichen als detritische Bil-
dungen aufzufassen, da die Umgebung des Sees aus Karbonatgesteinen
von meist triassischen Alter besteht. Dies gilt insbesondere fiir den
Dolomitanteil, wihrend beim Calcit eine autochthone Bildung unter
Mitwirkung von Wasserptianzen nicht ausgeschlossen werden kann. Die
chemischen Analysen an den Sedimentkernen erbrachten einen allgemeinen
Anstieg der Schwermetalle Zink, Cadmium und besonders Blei, der sich
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in den obersten Profilzentimetern volizieht, wobei Bleigehalte von z. T.
160 ppm erreicht werden, Die hochsten Konzentrationen fiir Zink und
Blei wurden in den ufernahen Proben gefunden, was auf abwasserhaltige
Zufliisse hinweist. Im Zusammenhang damit muss auch die beobachtete
Zunahme der Eutrophierung des Sees gesehen werden.

Aus dem Bohinj-See wurden acht Greiferproben und ein Sediment-
kern untersucht. Auch in diesem See handelt es sich im wesentlichen um
karbonatreiche Silte und Tone mit Gesamtkarbonatgehalten von 53 %
bis 91 %. Dabei i{iberwiegt im allgemeinen Calcit, doch wurden in Ein-
zelfdllen Dolomitgehalte bis 69 % der Karbonatfraktion angetroffen. Ins-
gesamt sind die Dolomitgehalte des Bohinj-Sees hoher als die von Bled.
Dolomit ist eindeutig detritisch und wird durch die Zufliisse in den See
transportiert. Dies gilt auch fiir die Hauptmenge des Calcits, obwohl auch
dafiir ein geringer Anteil durch autochthone Bildung vermutet werden
kann. Die Nicht-Karbonate unterscheiden sich nicht wesentlich von de-
nen der Bled-Seesedimente, Die chemischen Analysen der Kernsedimente
ergaben einen annihernd kontinuierlichen Anstieg der Schwermetalle
Zink, Kupfer und Blei innerhalb der obersten Zentimeter zur Oberfliche
hin.

Palynologische Untersuchungen zweier Bohrkerne von Boden der
Seen von Bled und Bohinj haben gezeigt, dass die Ablagerungen, die zwei
Bohrk%rne erfassen, ziemlich jungen Alters sind, nicht #lter als 400 bis
500 Jahre.
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1. Preface

The quality of waters in many regions has greatly suffered as a result of
the increasing impact on our environment by waste materials from industries,
communities and agriculture. This development is especially conspicuous in a
great number of fresh water lakes, that not only serve as drinking water and
nutrient sources, but have a very high value for recreation purposes. Examples
from all parts of the world have shown that lakes are very sensitive ecosystems
that can be destroyed within a period of mere decades, and can then be regene-
rated only with very strenuous efforts.

Meanwhile ambitious, large-scale research programs have been introduced
at several locations in order to evaluate the causes, extent and future conse-
quences of the pollution, and to prepare appropriate counter measures. In
this respect, the investigation of sediment has become increasingly important,
since the distribution of pollutants that are only sparingly soluble is, both in
their spatial and temporal development, relatively easy to ascertain from such
sediment deposits. An example is the research program begun in 1975, for
heavy metal distribution in the Sava catchment area in Slovenia, above all in
the sediment in the heavily polluted Moste dam, for which the first research
results have recently been published (J. Stern and U. Férstner 1978).
In the scope of a long-term cooperation between the Geolodki zavod Ljubljana
and the Institute for Sediment Research of the University of Heidelberg/Dept.
of Geology, University of Mannheim, detailed sampling of sediment from Lakes
Bled and Bohinj and their affluents was carried out in late summer 1978, in
order to be able to more closely examine various aspects of the sedimentologi-
cal and geochemical conditions of these lakes (see figs. 1, 2 and 3).

The results of the team investigations are presented in six chapters relating
to the different consideration aspects.

2. Limnological features of Lakes Bled and Bohinj
Franc Marcus Molnar

The Alpine lakes of Bled and Bohinj in Upper Carniola are characterized
by two different environmental conditions. The latter is pure enough to main-
tain a natural biological equilibrium as the Savica River supplies it with water
and air. Conversely, the ecological relations of Lake Bled are disturbed to a
degree demanding a restoration. To overcome the lack of a natural aeration,
a flushing project has been accomplished introducing a part of the Radovna
River water through a pipeline into the lake (M. Rejic, 1973). The water
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Fig. 1. Lakes Bled (Blejsko jezero) and Bohinj (Bohinjsko jezero). Location map

pipeline went into operation in 1965, and since then the annual inflow of fresh
water has been approximately 0,5—17 mio m3. In 1973 a permanent control of
the lake started with the foundation of the Limnological station Bled, which
was in 1974 incorporated into the Kemijski institut Borisa Kidri¢a Ljubljana.

The lake remains eutrophic in spite of the flushing. The reason could be
either that the amount of exchanged water is too small, or that the loading
with phosphorus and nitrogen is too high. Neither excludes the other. Figures
4 and 5 show the variations of the oxygen content as well as temperatures and
Secchi disc transparency in vertical water profiles at the two deepest points
BL-1B and 15B of Lake Bled (fig. 2) during the year 1976. It is evident that in
the summer and fail periods the hypolimnion remains anaerobic. There are
eumictic or even dimictic periods. The temperature of the cool hypolimnic la-
ver increases due to the inflow of the slightly warmer Radovna river water.
An increase of some 3 °C influences the autumn and spring turnover. The lake
is becoming holomictic. This can be dangerous for the consumption of oxygen.
The Secchi disc transparency is smaller in winter when Oscillatoria rubiscens
rises to the upper, cooler water layers.

Limnophysical and limnochemical data from Lake Bled was obtained from
vertical profiles at the same points BL-1B and BL-15B on September 28 and
September 30, 1976 simultaneously with sediment sampling. A concentration of

7 — Geologija 21
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Table 3. Temperature and oxygen dissolved in Lake Bohinj,
1975 — 08 — 13

Depth  Temp.  Oxygen Depth  Temp, Oxygen
m °C mg/1 m °c mg/1
0 20,2 11,3 0 19,0 11,2
1 18,4 11,1 1 18,2 11,4
2 15.4 13,1 2 15,1 13,3
3 13.2 13.8 3 13.4 14,0
4 n,7z 14,0 4 12.4 14,5
S 10,9 14,3 5 1.1 15,0

10 9.0 14,6 10 2.0 15,4
15 7.3 14,4 15 7.5 15,2
20 6.1 13.7 20 6.9 14,8
2 5.9 13.0 25 5.8 13,8
30 55 13.2
35 5.0 13.2
40 3,0 12,6
41 4.9 13.2
42 4,8 11,6
43 4,7 10.6
44 4.6 10.2

Left: profile between sediment sampling sites 1 and 8
Right: profile at sediment sampling site 2

Measured by F. M. Molnar and D. Vrhoviek

PO4, NH4 accumulated at the bottom water layer, is evident from the enclosed
tables 1 and 2. The decomposition of dead organisms, be it plant or animal,
takes place. There is a stronger rain-like precipitation of organic matter in the
warmer summer months. During the decomposition the oxygen is used up and
chemical changes set in to form hydrogen sulfide and other noxious substances.

Until now little has been reported about the water conditions of Lake Bo-
hinj. R.Gradnik (1948) examined the seasonal changes of the lake water
temperature with respect to depth. This lake is not polluted and its crystal-
clear water abounds in fish. It has the advantage of the Savica river flowing
through its whole length. Thereby the natural conditions are improved. The
river springs from the foot of the Julian Alps below Komar&a. The spring is
3.5 km away from the lake. There a small power plant is erected.

From the eastern side of the lake the river Sava Bohinjka flows out. The
passage of the Savica-Sava Bohinjka through the lake, and the temporary
torrential affluents, produce strong oscillations of the water level up to 3.0—3.5
m, as well as a certainly beneficial mixing and aeration of the lake (table 3 and
fig. 3). As yet the urban and tourist development has not endangered the water
quality and the ecological conditions, and Lake Bohinj remains ocligotrophic.
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3. Geological setting of the surroundings of Lakes Bled and Bohinj
Bojan Ognrelec

3.1. Lake Bled

The Bled depression with its lake occupies the western part of the Radovlji-
ca basin filled in by fluvioglacial deposits (D. Kud&er, 1955). A characte-
ristic feature of the Bled landform is the frontal moraine at the north-east
edge of the lake, where the Alpine resort of Bled is now situated. Even more
conspicuous are some monadnocks rising above the general level of the glacial
deposits. The most attractive is Grad with its cliff-like southern slope made up
of Middle Permian reef limestone and breccia. The island in the lake consists
of Anisian dolomite (A. Grimgi&ar, 1955). Outcrops of Lower Triassic
marly shale (H. Vetters, 1935) occur in a narrow belt at the northern edge
of Zaka. On the lake shore and its hinterland there prevail Anisian and Ladi-
nian dolomites and limestones containing nodular chert. At several places Plei-
stocene lacustrine chalk occurs associated with sandy and conglomeratic glacial
deposits.

The lake does not significantly benefit from surface streams. Different
manmade changes have altered the natural drainage. The most important per-
manent influent is the Mi%ca creek traversing Pleistocene deposits of the near-
shoreland north of the lake. The Solznik creek, is, however, of lesser length and
volume and is fed by heavy rainfall and melting snow. Thereby it has the cha-
racter of a torrent.

3.2, Lake Bohinj

The basin of Lake Bohinj is also of glacial origin as is confirmed by the
moraines and the steep-sided Bohinj Valley modified by the former Bohinj
glacier. To the north the lake is bordered by the steep slope of Priivec Mt. and
at the south by the ridge of Vogel which extends towards the west into the
Komna high plain.

On the western and northern shoreland of the lake the Upper Triassic,
slightly dolomitized, limestone prevails, showing some karst phenomena with
small bauxite pockets, residual clay and nodular limonite, The southern border
of the lake is composed of Middle Triassic dolomite (R. Fabiani and others,
1937). On the Komna high plain and on Vogar Mt., erosion remnants of red
Jurassic limestone including manganese nodules occur.

The main affluent carrying sediment into Lake Bohinj is the river Savica.
It is able to transport even cobbles and boulders as can be observed in the
valley of Ukanc. However, these large rock fragments do not reach the lake.
In a small delta mostly pebble size waterworn stones are accumulated. From
the southern slope some torrents are seen to descend. One of the biggest is
Jereka. The surface waters coming from the northern slope flow into the lake
beneath or within a talus accumulated all along the shore. During the last
glaciation the torrent of the river Mostnica issued into Lake Bohinj as can be
deduced from the gravel deposited on the lake shore at Jezersko polje. Subse-
quently the stream has changed its course in such a manner that it became
a tributary of the river Sava Bohinjka flowing out of the lake. As in the case
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of Bled there are also, at the southern border of Lake Bohinj, outcrops of
Pleistocene lacustrine chalk.

For a geochemical comparison a total of 20 rock samples of different ages
were taken from the surroundings of both lakes (table 4 and figs. 2 and 3).

3.3. Pleistocene lacustrine chalk from the surroundings of Lake Bled

For the purpose of comparison with the recent sediment of Lake Bled, some
mineralogical and chemical data of lacustrine chalk from its surroundings are
presented (see tables 5 and 6). In the neighbourhood of Bled there are some
large outcrops of lacustrine chalk at Gorje, at Krnica, and on the banks of the
river Sava Bohinjka near Mlino (A. Sercelj, 1970).

Lacustrine chalk is laminated and yellowish gray in colour. The chalk from
Gorje and Krnica belongs to the early Wiirm interstadial and contains more
carbonate than that from Mlino, which belongs to the younger stadial.

3.4. Sediments of the streams flowing into Lakes Bled and Bohinj

Samples were taken from the sediment of the main affluents close by their
issues into the lakes (figs. 2 and 3). The grain size distribution of the samples
examined is shown in figure 6.

Considerable differences were found between the affluents of two lakes.
Sediment recently deposited by the Bled streams of Solznik and Misca consists
mostly of poorly sorted coarse sand containing fine pebbles, some silt (7—10 %),
and clay (2—5 %). The sediment accumulated by the affluents of Lake Bohinj
is considerably coarser than that of the Bled streams.

The mean value of the sphericity index after Th. Zingg (1935) of 150
pebble samples taken from the mouth of the Savica amounts to 0.72. The peb-
bles are well rounded, although they have only been transported over a short
distance of 4 kms.

The mineral composition of the samples taken from the affluents of both
Lakes Bled and Bohinj is shown in fig. 7. In the fine grained sediment of the
creek MiSca dolomite prevails (72—94 %). Among the non-carbonate minerals
present are quartz, illite, chlorite, and smectite. In the river Solznik there is
a smaller amount of carbonate (40—75 %). Within the coarse fraction calcite
prevails, whereas dolomite is more abundant within the finer fractions. The
river Radovna in its turn carries mostly carbonates (68—85 %) with approxima-
tely the same proportion of calcite and dolomite. The sediment carried into
Lake Bled by an artificial conduit, made for bringing fresh water from the
Radovna river, has already been discussed by D. Vrhov3ek and A. Bre-
zigar (1976). A sediment charge of 2—5mg/l (low water) and 10—15 mg/1
(high water) has been determined. The particle size held in suspension in the
water pipeline is 0.1—-0.3 mm (low water) and 0.5 mm (high water),

In the gravel transported by the Savica limestone prevails, Dolomite is
abundant (up to 20 and at most 40 %) in the fractions finer than 0.1 mm only.
The torrential sediment of Jereka close to the lake shore, consists of limestone
and dolomite except the fraction << 0.063 mm. Dolomite prevails, both because
of its abundance within the drainage area and its concentration due to hard-
ness within the finer grain size fractions.
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Table 4. Chemical analyses of the rock samples from the surroundings

of Lakes Bled and Bohinj

Sampling Mg Ca St Fe Mn
point Age Rack type % %  ppm  ppm  ppm
BLED
14 Anisian dolomite 13,0 22,0 45 300 320
| ¥4 Ladinian limesione 0,26 36,0 1300 2450 450
18 Anisian dol limestone 4.8 34.0 95 480 130
19 Scythian morly shale 0,52 19,0 540 2400 240
20 Ledinian dolomi te 12,8 22,0 110 120 40
21 Ladinian {imestone 0.3 3%.6 170 100 40
22 Ledinian limestone 0.4 39.4 235 120 40
p«) Anisian dolomite 13,0 2,7 30 125 75
24 Anisian dolomite 12.8 21.6 25 110 150
25 Permian limestone 0,25 39,6 150 20 30
26 Pemian limesione 0.25 39.4 200 BO 20
27 Lodinian dolomite 13.0 22,0 45 40 150
28 Ladinian limestone 0,2 39,46 240 55 50
29 Permian limestone 0.3 39,6 135 420 105
30 Permian limestone 0,35 39.8 140 220 15
BOHINJ
9 Norian- dol, limestcne 7.5 30,0 120 120 15
-Rhaetian
10 Norian- dol.limestone 0.8 38.6 130 50 10
~Rhaetian
11 Norian= dol, limestone 4,5 34,0 110 120 20
-Rhaetian
12 Ledinian? dolomite 12,6 22.0 85 55 10
13 Lodinion? dolomite 12,8 2,8 40 50 20
14 Ladinion? dolomite 12,46 22,0 60 40 25

Table 5. Mineral composition of lacustrine chalk from the

surroundings of Lake Bled

Totel . . cloy minerals
Locafion  carbonate “':‘f"" ‘°l;;'° q";‘:" illie chlorite smactite
%
Gorje 84 28 58 3 X% xx race
Krnica 88 17 7t 3 x x -
Mlino 61 15 46 3 X% XX

Table 6. Chemical analyses of lacustrine chalk from the surrcundings of

Lake Bled
L?;f':f" Mg Ca St Fe Mn Zn Cr Ni Cy Pb Cd Hg Co
sample ) % ppm % ppm ppm ppm ppm  ppm ppm ppm ppm  ppm
Gorje 3,87 23,2 212 0,5 220 50 6,5 67 35 42 0,08 0,14 0.4
Kmica 2,02 26,0 212 0,70 130 37 85 70 28 57 001 026 0,4
Mlino 2,45 18.2 175 1,68 420 62 24,5 151 62 30 0,01 0,10 1,0

Analyzed by I.

Kriill, Heidelberg
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4, General properties of the sediments taken from Lakes Bled and Bohinj
Janez Stern

4.1. Sampling methods

In the period from September 20 to 25, 1876 preliminary sampling of sedi-
ments from lakes Bled and Bohinj were carried out. The samples were taken at
15 sampling points in Lake Bled and 8 sampling points in Lake Bohinj along
longitudinal sections. The distances between the sampling points were 20—200
meters in Lake Bled and 150—750 meters in Lake Bohinj (figs. 2 and 3).

From both lakes a total of 43 samples were obtained from the lake bottom
by a grab sampler of the Van Veen type. Subsequently the samples were divi-
ded (a) into an upper part corresponding to a depth of 0—3 cms, and (b) a lo-
wer part representing the layer from a depth of 5—10 cms. The midpart was
usually cast away to prevent contamination. In this way 13 samples (a), 13
samples (b), and two bulk samples were gathered from Lake Bled and six
samples (a), six samples (b), and two bulk samples from Lake Bohinj. Additi-
onally a sample from the midlayer (aprox. 3—5 cms depth) was taken at samp-
ling point 5 in Lake Bohinj.

The sites BL-1B and BL-15B were sampled in Lake Bled by means of a Zil-
lig type corer. The cores were divided into 9 and 19 samples, respectively. Like-
wise the site BH-5B was cored in Lake Bohinj. The core was subsequently di-
vided into 14 samples.

4.2. Field description
4.21. Grab samples

The macroscopic characteristics of the lake sediment are recorded from the
grab samples taken from the bottom. The upper part of the grab sample differs
considerably from its lower part. The difference is even more evident in Lake
Bled than in Lake Bohinj. Furthermore, the depth of the lakes is likewise of
great importance. Namely the difference is greater in deep waters compared
to nearshore regions. The upper part of grab samples from Lake Bled is charac-
terized by flocculent to jelly-like sediment of liquid to very soft consistency.
In general the sediment abounds in organic admixture, particularly in the top
part which is gray, dark gray to almost black in colour.

The midlayer 3—8 cm is often distinctly laminated. The sample Bled 14 for
instance shows about 30 laminae within a total thickness of approx. five centi-
meters (fig. 8).

The lower part of the grab samples (depth 5—10 cms) is mainly a brownish
gray sludge of a soft consistency. Infrequently indistinctly developed bedding
occurs.

The grab samples 12 and 13, taken from the northwestern nearshore of
Lake Bled, are dark gray to greenish-black in colour, rich in decayed leaves,
cloddy to mashed, and of liquid consistency. The grab samples 5 to 8, taken
from the northeastern shore of Lake Bled, are likewise extremely rich in orga-
nic admixtures and characterized by a mainly very dark, greenish brown to
greenish black colour.
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Fig. 8. Grab sample BL-14 from Lake Bled

Upper part is dark gray, homogeneous, and rich in organic
matter. Lower part is laminated and rich in carbonate. Ver-
tical scale is approximately 10 cms

Photograph and description by P. Rothe

All sediment samples taken from the bottom of Lake Bled, had an distinct
odor resulting from decay of sewage, particularly the sediment close to the
shore. A repulsive faeces odor was exuded by the sediment from the eastern
nearshore in the area of the densely populated Bled holiday resort. Abundance
of white shells of recent Anodonta forms 12 cm large has been found in sam-
pling site 8.

The upper part of the grab sample from Lake Bohinj is less liquid sandy-
silty mud. It is brownish gray to gray, showing lighter bands and reddish spots,
indicating a lower organic content compared to Bled. The lower part
of the sample shows a somewhat homogeneous and massive structure of rather
dry consistency. The sediment is light gray in colour, at places greenish in
deeper waters.

In the Lake Bohinj nearshore sediment an increased sandy content is ob-
served. Sample 1, taken along the eastern shore is light brownish gray, sandy-
silty clay, soft to stiff in consistency. In its top part soft material prevails,
including abundant leaves and other plant remains.

The grab samples 7 and 8, taken along the southern shore, are rather pure
to almost white clayey and sandy chalky sediment.

Fig. 9. Lithological and mineral composition, and grain size of the core samples BL-1B
and BL-15B taken from Lake Bled and BH-5B from Lake Bohinj

Drawn up by B. Ogorelec; mineralogy after P. Rothe, tables 11, 12 and 14
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4.22, Core samples

The sediment was cored at points BL-1B and BL-15B in Lake Bled (see
fig. 2) and at the site BH-5B in Lake Bohinj (see fig. 3). The thickness of sedi-
ment penetrated is 25—45 cms. The top (0—1.5 cm) of the two Bled cores is
brownish and dark greenish gray liquid and slimy sediment, having an appa-
rent waste odor. The sample BL-1B had at first a characteristic odor, releasing
bubbles of hydrogen sulfide. Subsequently a repulsive sewage smell remained.
Proceeding downwards in core BL-1B a brownish shaded sediment prevails
showing a semiliquid jelly consistency which passes over into a sludge with
cloddy inclusions. At a depth of 15—25 ¢cms these inclusions gradually tend to
increase. Simultaneously the colour changes into reddish brown and more and
more the sewage smell increases. Noteworthy is the laminar structure at a
depth of 3—7 cms. As to the core BL-15B, no difference occurs in its composi-
tion and consistency compared to BL-1B. They differ in colour only. From the
depth 1.5 cm the sediment of the BL-15B becomes gray and greenish gray. In
the interval 10—20 cms a bluish shaded sediment occurs and at a depth from
20 to 40 cms brownish spots are observed. The laminated interval is somewhat
thinner there: it occurs at a depth of 2—3 cms.

The core BH-5B from Lake Bohinj differs widely from those from Bled.
First of all the Bohinj sediment contains fairly more sandy and silty fractions;
therefore its water content is lower. Furthermore its fine-grained organic ad-
mixture is low. It abounds, however, in leaves. On the contrary the Bled sedi-
ment contains no remains of leaved plants. In general the Bohinj sediment is
medium gray. At a depth of 5—7 cms a grayish white chalk-like intercalation
occurs. The samples obtained possess no particular odor.

4.3. Grain size distribution

Sieve and sedimentation analysis has been undertaken to determine the
particle-size distribution in the sediment from lakes Bled and Bohinj (see
tables 7, 8 and 9).

A total of 54 samples were examined. After the preparation of the sample
with water, each sample was sieved wet through the sieve screen, 0.063 mm
DIN 4188. The oversize was dried at 105°C and the undersize at 60 °C. Subse-
quently a part of the undersize << 63 am was dried at 105 C for sedimentation
analysis. The majority of the samples were examined using the Sartorius sedi-
mentation balance. For the core samples the sedimentation vessel after An-
dreasen-Bérner was used (table 8). The grain size variation in bottom sediment
is shown in figure 9.

In comparison with Lake Bohinj the sediment from Lake Bled is more fine-
grained and well sorted in both vertical and lateral directions. The grab samp-
les from the depth 5—10 cms, as well as the core samples from the same depth,
contain about 95 per cent particles << 20 um. In the samples taken from the
corresponding depths of Lake Bohinj the size grade <20 #m drops to 70 per
cent. It is noteworthy, however, that the fraction < 2 pm lies within the same
range (35—55 %) in both lakes Bled and Bohinj. The specific gravity of the
sediment from Lake Bohinj is somewhat higher due to less organic matter and
a higher dolomite content compared to Lake Bled.
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Table 7. Grain size of the grab samples taken from the depth (a)
0—3 cms and (b) 510 cms from the bottom of Lake Bled

_Gregin size in pm

Somple T . Medium  Sp.grovity
N >3 2063 6320 263 <2 grainsi= of grain si-
weight percent z pm 7o <63 pm
la 8,75 23,75 33,50 13,00 21,00 10,0 2,44
b 0,55 7.9 37,09 21,16 33,30 5,2 2,50
20 6,54 1,05* 35.76" 20,46 26,19* 6.0* 2,40
2b 0.8 4,73 30.83%  19,54* 44,04 2,6 2,48
Jo 4,63 14,20 40,56 21,50 19N 9.0 1,54
3b 0.89 5.27 35,34 17,40 41,10 4,2 2,52
40 5.68 21,07 26,54 21,47 25,24 7.3 2,51
4b 3,41 3.58 41,61 28,09 23,31 5.7 2,54
5a 5,68 21,56 36,58 21,02 15,16 9.0 2,54
5b 1,58 13,09 28,23 24,59 32,51 4,7 2,56
bat+7a 19,30 18,04 26,60 14,28 21,78 10,1 2,59
6b+7b 3.69 24,58 21,48 18,75 31,50 5.9 2,59
Sat+b 16,90 26,60 19,50 14,50 22,50 12,0 2,53
9o+l0a 20,97 12,64 27,31 17,08 22,00 9.7 2,50
9b 2,34 7,59 36,01 25,20 28,86 5,3 2,51
106 4,49 2,53 38,09 30,98 23,9 4.9 2.50
a 17,81 16,17 28,38 16,14 2,50 12,0 2,52
b 1,50 7,33 38,27 31,20 21,70 5.6 2,55
12¢tb 13,94  5.96* 24,50* 7,20  48,40*  2,5* 2,45*
130 7,22 14,90%  22,66* 46,69 48,53  2,5* 2,50
13b 5,13 7,27% 31,58  21.72* 34,30 4,2 2,53*
4a 13,90 11,44 29,75 19.41 25,49 8.8 2,55
14b 4,40 5,08 33,03 27,292 30,20 4.5 2,47
15a 22,86 12,32*  32,82% 19,26 12,74 120* 2,41
i5b 10,86 3,04 29,B0* 16,40 39.90* 3.8" 2,50*

Data obtained by the sedimentation balance and by the Andrea-
sen-Borner* sedimentation vessel

Table 8. Grain size data of the grab samples taken from the
depth (a) 0—3 cms and (b) 510 cms from the bottom of Lake

Bohinj

Sample  —— Grain size in pm Medium SP-S“’IV“Y.

Ne. 563 20-63 6,320 2-63 <2  gminsi-of s -

weight percent ™ pm Hm

lotb 21,82 13.30 19,30 13,70 32,05 7.9 2,28

20 10,32 8,10 24,33 20,15 37,10 3.9 2,55

Z2b 7,06 7.42 18,72 17,80 49,00 2,3 2,52

3a 11,42 5.66 20,24 27,8 35,00 3.8 2,51

3b 6.84 4,00 17,36 16,00 55,80 1.8 2,50

4a 7.7 15,70 18,63 17,96 40,00 3.8 2,56

4b 5,92 12,98 23,50 14,60 43,00 4,0 2,55

5 (see: care somples 5 B)

6a 16,90 22,09 22,9 17,55 20,50 13.2 2,61 .

éb 10,20 30,10 19,20 10,70 29.80 9.1 2,83

Data obtained by the sedimentation balance
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Table 9. Grain size data of sediment samples from core profiles
of Lakes Bled and Bohinj

Croin size in pm

Depth Mediuvm  Sp.gravity
in >63 18-43 5-18 2-5 <2 grain si= of grain si~
ems, 20-63* 6,3-20* 2-6,3* ze pm ze <863 pm

weight percent

BLEJSKO JEZERO =~ Core 1 B:
0~5 19,10 1,07+ 27,05¢ 9.48* 43,30 4.9 1.58
5-10 11,81 2,80* 17,79+ 25,65* 41,95 3,8 2.58
10-15 4,12 6,11 31,82 10,38 47,57 3.0 2,47
1525 6.37 7.85 37,62 6.67 41,49 5,6 2,49
BLEJSKO JEZERO - Core 15 B:

0-5 16,13 2,74*  26,85* 15,01* 38,27 5,3 2,54
5=10 9.83 4,24* 21,72 22.76* 41,45 4,] 2,54

10-15 4,68 2,46 29.38 17,76 45,72 3.1 2,54
15-20 7,42 6,50 23,9 12,55 49,61 2,0 2,51
20-25 3.23 8.89 34,05 9.42 44,41 3,) 2,52
25-30 5.06 4,95 34,54 7,73 47.72 2.8 2,50
3045 1.88 4,94 29,18 8.19 55,81 1.8 2,51
BOHINJSKO JEZERO - Core 5 8:

0-5 24,19 9.88*  20,70* 10.00* 35.23 8,1 2.63
5-10 12,78 10,02 21,09% 16,79* 39,32 4.8 2,61

10-15 18,31 12,00 15,50 ?.02 45,17 3.6 2,53
15-20 19,26 16,02 18,40 3,22 43,10 7,0 2,61
20-25 19,26 14,45 18,50 4,78 43,001 6.0 2,83
25-30 10,00 17,97 17,35 11,52 43,16 3,7 2,58
30-35 19,08 16,52 17.43 4,02 42,95 4,4 2,61

35-40 4,24 8.31 27,07 7,00 53,38 1.9 2,58
40-45 7.64 18,6} 19,22 4,71 49,82 2,0 2,54

Data obtained by the

Andreasen-Borner sedimentation vessel

5. Pollen contents in sediments from Lakes Bled and Bohinj

Alojz Sercelj and Metka Culiberg

Samples for pollen analysis have been taken and analyzed from the cores
BL-15B and BH-5B at an interval of 5 cm.

The main purpose of this investigation has been to gather some information
about the paleoecology of the surroundings of the lakes and about the age of
the sediments on the base of well known stages of vegetational development
or special plant indicators of man'’s activity (A. Sercelj, 1971, 1975). Com-
plete pollen analyses reveal about 50 taxa represented in different spectra.
Since it is evident that not all plant taxa have equal meaning in interpreting
vegetational history and hence stratigraphy, only the characteristic ones have
been picked out (figs. 10 and 11). As they are different from each other, the
explanations of each are given separately for the most important points.
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Fig. 10. Pollen diagram of the sediment core BH-5B from Lake Bohinj

5.1. Bohinj BH-5B

The pollen curves of various forest trees follow different, partly opposite
courses. But the most characteristic ones are those of Pinus, Fagus and Picea.
The Pinus curve increases from an initial 15 %o to 50 %/0 on the top of the diagram,
meanwhile the Fagus curve decreases in the same direction from 30 %o to 5%
tree pollen. This peculiar change in vegetation is certainly not due to climatic
events. Originally this valley had been covered by woods of Abieti-Fagetum
(depth 45—35 cm), and on the mountain slopes intermixed with fairly high
percentages of Picea. Then cutting of beech forests for burning charcoal, used
in melting iron, started, especially during the Middle Ages. This could be the
point of decline of Fagus pollen curve. On the contrary, continuous rise of the
pollen curve of Pinus suggests that the destroying of deciduous forest has con-
tinued by grazing, especially in the subalpine belt.

The presence of Secale pollen, other cereals, and of Cannabis-Humulus,
though in low percentages, also indicates that the radical change in vegetation
is due to extensive land use for farming.

Selaginella selaginoides, the subarctic small fern, is present in relatively
high percentages, though it did not thrive in the valley, but on the deforested
mountain plateaus.

8 — Geologija 21
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Fig. 11, Pollen diagram of the sediment core BL-15B from Lake Bled

5.2. Bled BL-15B

The surroundings of Bled is a more opened landscape and there are no
steep mountain slopes within the immediate neighbourhood. As a result the
forest picture, as shown by the pollen diagram, is a little more intricate.

The pollen diagram reflects two declines of the natural forest (Abieti-Fage-
tum). The curve of Fagus shows two oscillations which are not very pronoun-
ced, with a decreasing tendency. Opposite to that of Fagus, the Pinus curve
rises up to 23 %. Pinus forests are to be regarded here as a pioneer vegetation
on previously highly degraded soils. More indicative about the general aspect
of landscape may be the unusually high percentage of Juniperus (juniper) pol-
len in the middle of the diagram. This indicates heavy sheep grazing, juniper
being the only resistant element.

Direct indicators of man’s activity are: Juglans (walnuttree), present with
relatively high pollen values, obviocusly having been much cultivated here.

High pollen values of Secale and other cereals, besides Humulus and Canna-
bis, which theoretically could have been cultivated here since eneolithic times,
suggest that this country had been densely settled.

There are two more cultivated plants that yield us also a reliable dating:
Fagopyrum and Zea. Buckwheat has been introduced to Europe from Asia and
reached this country about 1490, and corn has been brought to Spain in 1519.
There is no doubt that this profile cannot be older than 500 years, but could be
younger.
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6. Mineral association in sediments from Lakes Bled and Bohinj
Peter Rothe

6.1. Introduction

Lake sediment consists of components of detrital, chemical, or biogenic ori-
gin. Within most lakes more than one of these components are found.

It has been amply shown that manyv factors such as climate, geographical
position, geological conditions, etc. are influencing the final composition of lake
sediment. Carbonates within lakes may either be of detrital origin or they are
formed authigenically within the lake due to biological activity, chemical con-
ditions, or both.

The surroundings of both Lakes Bled and Bohinj (Blejsko jezero and Bo-
hinjsko jezero) consist almost entirely of limestones and dolomites of Permian
and Triassic age.

The aim of this chapter is to provide a preliminary description of the sedi-
ments within both lakes. The main part of these sediments has a clearly detri-
tal origin. Carbonate mud and silt prevail. Autochthonous formation of some
of the carbonates may be suggested from the fact that abundant Cat* is sup-
plied by affluents from the drainage area. Precipitation of calcium carbonate
by means of changing physico-chemical conditions or photosynthetic activity
of macro- and microphytes within the lakes is possible.

6.2. Analytical procedure

Samples already split, for chemical analysis (see chapt. 7.2}, into fractions
<< 2 um, 2—6.3, 6.3—20, and 20—63 um were used for X-ray mineralogical de-
terminations. Powdered samples were run with a Philips PW 1310 diffractome-
ter at 36 kV and 24 mA. Nickel-filtered CuKa-radiation was applied. Total
carbonate content was determined by the “bomb”-method (G. Miiller & M.
Gastner, 1971); a smaller type of “bomb” was used where only small
amounts of the samples were left. Within the tables 10—14 some data are not
complete; in this case no material was available since it was entirely used for
chemical analysis.

6.3. Lake Bled

Fifteen grab samples taken from the lake bottom, already split into upper
and lower parts on board ship, and samples of two cores were analyzed. Upper
and lower parts represent a top sediment layer of 0—3cm (a) and a deeper
layer of approximately 5—10 cm (b) below the bottom surface. Results out of
a total of 58 samples 15 X 2 — 30 + 9 (= core BL-1B) + 19 (= core BL-15B) are
discussed below (tables 10—12). In regard to both regional sample distribution
(see maps fig. 12—13, figs. 1—4) and vertical penetration of the corer (fig. 9)
the results must be regarded preliminary.

6.31. Grab samples

Total carbonate content The samples taken from the lake bottom
have carbonate contents averaging about 70 % (54.5—78 %/ range). Carbonate
contents are different within different grain gize fractions. A general increase
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of total carbonate with increasing grain size is observed from the <2 pm fra-
ction to the 6.3—20 um fraction whereas it decreases significantly within the
20—63 pm fraction (fig. 14). Since clay mineral analysis from the << 2 pm fra-
ction failed to give definite results it must be assumed that most of the non-
carbonate is probably biogenic material. This applies also to the other grain
size fractions.

Carbonate mineralogy. Most of the carbonate is low magnesium
calcite but dolomite is also present throughout and is abundant within some of
the samples; 2—38% of the carbonate fraction was found to consist of dolo-
mite. An obvious difference of regional distribution of dolomite was found.
Dolomite contents within the carbonate fraction are highest in grab samples 4,
5,6,7 8 12 and 13.

A difference in dolomite contents was found between the upper and lower
parts of the grab samples. Within the lower samples dolomite seems to reach
a little further towards the central parts of the lake (fig. 13). This reflects that
dolomite input had changed with time.

Probably due to prior sedimentation, not much of the dolomite carried into
the lake can reach its deepest, or central, parts.

6.32. Core samples

The two cores BL-1B and BL-15B were separated into 9 and 19 samples,
respectively.

6.321. Core BL-15B

Carbonate content. Core BL-13B has an average carbonate-content
of about 87°%o (56.5—77% range), Carbonate contents within single samples
are extremely variable. They are lowest within the <C2um fraction ranging
from 5.5—48.5 %. Again a general increase of total carbonate with increasing
grain size is observed, with the exception of the 20—863 um and coarser fra-
ctions (fig. 15).

A rather good correspondence between the mineral composition of the finest
studied fraction (<{0.063 mm) of the Solznik affluent (40 % carbonate, see
chapt. 3.4) and the uppermost sample of the core (57.5% carbonate) reflects
more or less the present conditions. Higher carbonate contents within all grain
sizes are centered at 5—10 cm depth, reflecting that the sedimentation history
of the lake had changed slightly with time.

Carbonate mineralogy. Different amounts of calcite and dolomite
were found from core BL-15B. Within most samples, dolomite contents are low
(2—86 %6 or slightly more) but some layers contain more than 10% dolomite
(12—18 %). These higher dolomite contents are paralleled by higher amounts
of quartz, thus they represent phases of detrital sedimentation.

6.322. Core BL-1B

Carbonate content. Similar high carbonate contents as in core
BL-15B were found from core BL-1B (total samples about 75 %o average. Range
is 69—79°%s). Contrary to BL-15B the composition of the sediment is much
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more uniform as far as the total samples are regarded. The same pattern of
carbonate content versus grain size is observed with highest contents within
the 6.3—20 um fraction (fig. 16).

The difference between sediment composition of both cores may have its
origin in the position of core stations. Both cores were taken from similar wa-
ter depths. Core BL-1B was taken from a central part with equilibrated condi-~
{ions, whereas BL-15B is more marginal and most probably reflects the in-
fluence of the Solznik affluent.

Carbonate mineralogy. Calcite and dolomite are present but
within total samples dolomite is rare (about 3 %, range 2—4 %5). In the 20—83um
fraction, however, dolomite may reach up to 24 % (see table 11). This seems to
be paralleled by the amounts of quartz although quartz-peak heights can reach
similar maxima from samples of the <2 uym fraction without higher dolomite
contents. Again, the dolomite seems likely to be of detrital origin.

6.33. Origin of the Lake Bled sediment

Most of the sediments within Lake Bled are muds rich in, or entirely consi-
sting of, carbonate material. Both calcite (low magnesium calcite) and dolomite
occur. An approach to regional distribution of some parameters (carbonate con-
1ent, dolomite content) must be regarded very tentative since sampling sites
are scarce for such a purpose. Regional distribution of total carbonate content
shows highest values in the central part of the lake, decreasing towards the
northern shore. The lowest values occur within samples 12, 13 and 14 which
can most probably be referred to the influx of non-carbonates from the Misca
affluent in the northwestern corner of the lake (fig. 12).

In the mineral association calcite and dolomite prevail; there is considerably
less quartz, and scarce feldspar (see tables 10—12). Most of this material is
detrital but some calcite may also be autochthonous. Dolomite, however, is
apparently detrital, as can be suggested from both regional distribution and
linkage between dolomite and quartz contents of the samples (figs. 13, 17).
Although quartz was only determined on a semiquantitative basis by X-ray
diffraction, and peak height of the main peak was taken as an arbitrary measu-
re, it is evident that within a similar matrix this gives reliable results.

The regional distribution of dolomite within Lake Bled reflects transport
from the north or from the northeastern and northwestern part of the lake
surroundings (fig. 13). In the case of the northwestern bay, dolomite was appa-
rently transported by the MiSca affluent; its sand- and gravel fraction was
found to contain up to 70 % dolomite (see chapt. 3.4). Contribution from the
erosion of the shore rocks, however, is not evident. Likewise, the small island
situated in the western part of the lake seems not to have much influence on
nearby sedimentation: the adjacent sites 11 and 15 revealed comparatively little
dolomite although this island consists of Triassic dolomite.

Little can be said, so far, about the non-carbonates. Beside the scarce quartz
and feldspar, abundant diatoms were found, particularly within the smaller
grain size fractions. They are very well preserved. Selected samples investiga-
ted by scanning electron microscopy revealed several species of circular and
elongated shapes which require further studies (figs. 18, 19).
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Figs. 18. and 19. Sediment from Lake Bled
Diatoms from the carbonate free part of the < 2 um fraction, grab sample 14, lower
part
Due to the settling tube technique for grain size analysis, particles are usually larger
than 2 um because of slower settling of diatoms
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Fig. 21. Lake Bohinj. Total carbonate content

Above: Grab samples, upper part
Below: Grab samples, lower part

Abundant opaline silica was already suggested from the typical “opal bulge”
at the diffractograms of carbonate-free samples. The behaviour of clay mine-
rals within the lake remains an open question. From the contribution of B.
Ogorelec (see chapt. 3.4) it is evident that illite, chlorite, and smectite are
transported by the small streams, Within the lake sediment, however, very
little clay minerals could be determined. Although the hydrochloric acid method
to remove carbonate was replaced by using cation exchange resin (R. M.
Lloyd, 1954), clay mineral peaks remained poorly developed.

A tentative suggestion may be that a break-down of clay mineral structures
takes place due to dissolution of silica out of these clays. No data concerning
silica concentration of the lake water are available so far but apparently silica
concentration must be low in such lakes situated within an area consisting
essentially of carbonate rocks. The abundance of diatoms, however, requires
a source for silica, and clay minerals seem the most likely material to provide
silica rather rapidly according to the results of F. T. Mackenzie et al.
{1967).
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6.4. Lake Bohinj

Eight grab samples were taken from Lake Bohinj and were split into upper
and lower parts as the samples from Lake Bled. Additionally, one core was
taken from the western central part of the lake; the core was split into 14
samples. A total of 30 samples thus represent the sediment of Lake Bohinj di-
scussed here (tables 13, 14 and fig. 20).

6.41. Grab samples

Carbonate content. The upper part of the grab samples have carbo-
nate contents ranging from 53 to 91 percents. Most samples from the lower part
have higher carbonate content than their upper counterparts. On a regional
aspect, the present bottom surface sediment (if the upper parts of the samples
really represent it) is different in carbonate content: the western part of the
lake contains more carbonate than does the eastern part. This regional distri-
bution is not valid, however, for the lower part of the surface samples, wherein
high contents were found from both parts of the basin. Any suggestions about
regional distribution, however, must be regarded tentative sofar because of the
few sampling sites.
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Carbonate mineralogy. Both calcite and dolomite make up the
carbonates of the lake sediment investigated. Little can be said — as was the
case in Lake Bled — about their regional distribution. Figs. 21 and 22 represent
tentative suggestions only. They also display the distribution within upper and
lower parts of the samples. Again, a different input of sediment at different
times is evident. This also must be discussed with care, however, since not even
the uppermost part of the samples really represents one sedimentation event.
This holds true, much less, with the »lower parts« of samples which most pro-
bably are not time-equivalent in any case. No “single grain layers” were analy-
zed, but a mixture of layers representing different time span, instead.

The ratio of calcite/dolomite is fairly uniform throughout all grain sizes.
It is, on the average, about 50 : 50 although a range of 70 %o calcite: 30 %/ dolo-~
mite to 319 calcite: 69 %o dolomite was found within total samples.

With increasing grain size this ratio seems to shift in favour of dolomite;
hence dolomite is, on the average, more abundant within the coarser grain size
fractions.

6.42. Core BH-5B

Carbonate content. The total samples range in carbonate contents
from 65.5—76.5 %. Sofar, no phases of extremely different sedimentation events
are obvious from the core. As within the grab samples of the lake the core
samples also show carbonate contents increasing with increasing grain size
(see fig. 23).

Carbonate mineralogy. High dolomite contents, as already obser-
ved from the grab total samples, are also obvious from the cored sediment of
this lake, On the average, both calcite and dolomite are present in similar
amounts, although the ratio may reach from 68 % calcite : 31 %/6 dolomite up to
3% calcite : 85 % dolomite within the carbonate fraction. From the present
sampling sites a certain regional distribution of dolomite within Lake Bohinj
seems to be evident. The upper part of the grab samples show higher amounts
within the western part, reaching from sites 6 to 4 (fig. 3) which decrease —
continuously? — towards lower dolomite contents at the eastern part of the
basin,

Both affluents Savica and Jereka could be responsible for the transport
input of dolomite into the lake. According to B. Ogorelec (see chapt. 3.4)
the Jereka sediment contains more dolomite than the Savica sediment and
hence the Jereka is more likely the source of dolomite within Lake Bohinj.

6.43. Origin of the Lake Bohinj sediment

Since the geological surroundings and the general sedimentological condi-
tions of Lake Bohinj are partly similar to the neighbouring Lake Bled, a com-
parable origin of its sediments could be assumed. Accordingly the sediments
are dominated by calcite and dolomite, quartz and feldspar being not common.
In contrast to Lake Bled, however, no additional water is carried into Lake
Bohinj which in Lake Bled could have influenced locally the chemical condi-
tions of the lake water.
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A difference exists between both lakes as far as dolomite is concerned: The
Bohinj sediment contains considerably higher amount of dolomite than sediment
from Lake Bled. Although a relationship between dolomite and quartz con-
tents is generally observed, the higher dolomite concentration of the Lake
Bohinj sediment is not paralleled by correspondingly high amount of quartz.
Dolomite seems to be derived from the lake’s surroundings which consists of
Triassic carbonate rocks. At the southern shore dolomite prevails whereas the
other frame rock is slightly dolomitized limestone.

Calcite is present throughout and is the dominant mineral phase within most
of the sediments. The detrital origin of most of the calcite is beyond any doubt,
but a small part may also be autochthonous.

Evidence for calcite precipitation comes particularly from the southern
nearshore sites 7 and 8 where the lake floor has a2 whitish appearance and ma-
crophytes are abundant. Since the southern shore is composed of dolomite, the
caleite within the nearshore sediment may have at least partly been precipi-
tated by biogenic activity.

As within Lake Bled, the non-carbonates include abundant opaline silica of
very well preserved diatoms (figs. 24, 25).

6.5. Autochthonous formation and dissolution of calcite within Lakes Bled
and Bohinj

Although the sediments of both lakes clearly reflect a strongly detrital
regime, formation of some autochthonous carbonate is indicated by our data.

It is evident that high input of Ca*++ into both lakes takes place since the
affluence of both surface and ground water from an area consisting mostly
of carbonate rocks is likely to contain high Ca-concentrations.

Several mechanisms of CaCOs-precipitation are known: Inorganic chemical
precipitation may occur by either evaporation-concentration of the lake water
or else by a mixing of water bodies of different composition. Biogenic carbo-
nate precipitation due to the assimilation of plants is another possible mecha-
nism. Evaporation-concentration is unlikely to explain an eventual carbonate
precipitation from the lake water in Bled and Bohinj since the climatic condi-
tions are not favorable. Mixing of different water bodies (e. g. the lake water
and the Radovna river water) may eventually cause calcite precipitation
although the water chemistry of both the river and the lake may not be very
different. This model is unlikely, however, for the affluents.

If, nevertheless, some carbonate precipitation occurs within such mixing
areas, the small amount would be “masked” by the great amounts of detrital
carbonate carried by the affluents. The main, if not exclusive, source of auto-
chthonous calcite could then remain the biogenic activity of plants releasing
COz. Some of the nearshore environments, particularly at the southern shore
of Lake Bohinj, have a whitish appearance, and underwater macrophytes are
abundant there.

Eutrophication effects, particularly within Lake Bled, are evident from
several limnological data, and are also shown from the present study by U.
Forstner (chapt. 7). The uppermost layer (0—3 cm) contains up to 10.4 %
organic carbon (U. Férstner, 1977a in print) whereas the lower layer
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Figs. 24. and 25. Sediment from Lake Bohinj. Diatoms from the
carbonate-free part of the grain size 2—6.3 um

(5—10 cm) revealed only 2.29% (G. Schmoll, 1977). This high organic car-
bon content is referred to algal “blooms™ which are known worldwide from
many other lakes.

Such algal “blooms” may be the most probable factor for autochthonous
carbonate formation within Lake Bled and also Lake Bohinj. A certain increase
of Ca within the <2 um fraction, though not always very pronounced, in the
uppermost 10 cm of the sediment of the three cores studied (see table 16), may
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Fig, 26, Sediment core BL-15B from Lake Bled
Chemical composition of the interstitial water

indicate such biogenic precipitation of carbonate. Whereas the deeper layers
of the lake sediments have a rather homogeneous appearance, the upper
5—10 cm of almost all samples show a distinct thin lamination (fig. 8), the top
few centimeters consist of a textureless soft mud of a dark gray colour. The
laminated part contains very thin white laminae of calcite. It is possible that
this represents episodically precipitated autochthonous carbonate. Dissolved
Ca** is abundantly supplied to the lake water, although little data from the
lake water for Ca*+ were available (30—50 mg/l; unpublished data of the
Limnological station of Bled). The uppermost samples from the interstitial wa-
ter (table 15), however are likely to present slightly higher values of Cat+
than the lake water. They range from 100 to 170 ppm and are thus still double
that of the lakes of Plitvice where carbonate precipitation takes place (P.
Stoffers, 1975).

From chemical analyses of the Lake Bled water at sites BL-1B and BL-15B
(tables 1 and 2) it is apparent that already within deeper strata of the open
water column carbonate can be dissolved rather than precipitated. A conti-
nuous decrease of pH-values from 8.5 and 8.4 at the surface towards 6.9 at 24 m
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and 26 m, respectively, is observed, and is paralleled by an increase of COs,
HsS and HCOs (). Similarly, the temperatures decrease bottomwards, favouring
carbonate dissolution.

Chemical composition of the interstitial waters is also in favour of dissolu-
tion rather than precipitation of carbonate: An almost continuous increase of
Ca*t and Mg** is observed at core BL-15B which is independent of the car-
bonate content of the sediment (fig. 26). Sodium and potassium remain constant
although some variations occur,

Within the uppermost 10 cm of the core the decrease of carbonate can be
explained by two factors which most probably act together:

1. The sediment is diluted by the high amount of organic matter (up to
about 25 %o).

2. Decomposition of organic matter provides CO: and thus causes dissolu-
tion of carbonate.

A decrease of Ca within the uppermost layer is also evident from the other
cores as is indicated by the results of U. Forstner (chapt. 7).

Dissolution of carbonate at similar depths (max. 22 m) was suggested from
an extremely carbonate-rich part of Lake Constance (“Gnadensee”, M. Schot-
tle, 1969), where about ten times more carbonate is autochthonous biogenic
than detrital.

6.6. Sedimentation rates

Without further dating comparison with other lakes of a similar setting,
and the pollution effects within the uppermost centimeters of sediments can
be used for dating purposes. Comparison with dated sediment cores from other
lakes can only give approximate values. For the central part of Lake Constance
an average of about 1 mm/a seems now reasonably established (G. Miller,
1966,°G. Wagner, 1972). In case of a similar sedimentation rate in both
lakes Bled and Bohinj the lowermost samples within core BL-15B would not
be much older than 400 years (see A. Sercelj and M. Culiberg, chapt.
5.2).

Mass balance of the lake sediment is still an open question since almost no
data are available for the input rate of suspended matter. The small affluents,
as well as the artificial input of the Radovna water, seem to carry little su-
spended load (D. Vrhoviek & A. Brezigar, 1976).

Input of further suspended matter was not measured since most of the detri-
tal material seems to be transported by small torrents. Analysis immediately
after rainfall is necessary. Probably, a large part of the detrital sediments may
also be washed in by surface runoff similar to sheet-flows.

From the few analyses of the chemical composition of the outflowing water
of the Jezernica, it is evident, however, that suspended material is extremely
scarce (about 10 mg/l, unpublished data of the Limnological station of Bled).

Since the affluents of these lakes are mostly torrents a rather discontinuous
influx of detrital components must be assumed. Flood layers should be expec-
ted within the sediment column although they have not yet been detected
within the uppermost 45 cm studied. Further, and deeper coring is thus re-
quired to elucidate the history of Lakes Bled and Bohinj.
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Table 10. Mineral composition of the bottom samples from Lake Bled
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Table 12. Mineral compaosition of the BL-15B core samples from Lake Bled
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Table 15. Sediment cores from Lakes Bled and Bohinj. Chemical data of the
interstitial water (in mg))).

Core BL-1B Core BL-158
Depth Mo Moo N K Oeph - M Mg/Ca N K
in Y8 gromic T" in —7'—3—“ atomic —7——"
ems, WI ratio mg/l cms, m ratio mg/l
0-0.5 140 21 0,25 17.0 5.8 wrf, 170 31 0.3 1.5 5.0
0.5-).5 120 19 0,26 11.5 5.0 0-0.5 150 25 0,28 11,0 4.8
1,53 140 23 0,27 11.0 5.0 05-1 140 27 0,32 2.5 3.8
35 160 26 0,27 12,5 5.0 12 90 18 033 80 3.0
5-7 200 35 029 16,0 6.0 2.3 130 28 033 11.5 4.5
7-10 180 29 045 17.0 5.3 34 110 29 043 55 a8
1015 120 27 0,37 10.0 5.5 4-5 140 27 0,32 12,5 4.0
1520 300 42 0,23 6.5 3.5 56 160 33 034 180 5,0
20-25 310 44 0,24 13,5 3.8 8-7 240 39 0,27 125 2.8
7-8 150 28 0,31 13,5 5.0
89 180 33 0,30 15,5 5.0
9=10 160 29 030 15,0 4.3
10-15 400 59 0,24 7.5 3.0
. 15-20 4%0 N 0,24 5.5 2,8
Core 5::: 2025 400 59  0.24 6.5 2.0
Depth Mg/Ca 2530 490 77 026 9,5 5.8
in %’:ﬁl atomic N"Wl-"— 30-35 660 98 0,24 7.0 3.0
ems. rafio 35-40 720 112 0,26 12,5 4.
- 40-45 550 W 0,25 9,0 4.3
0-1 100 12 0,20 105 2.0
12 140 17 0,20 13,0 2.8
23,5 120 N 0,15 11,5 2.0
3.55 100 9 035 135 2.3
5-7 70 & 014 12,0 2.0
7.8 100 8 0,13 19,0 2.8
810 130 9 011 15,5 2.5
10-15 80 8 0,17 4.0 1.8
15-20 100 9 015 2.5 2.3
2025 70 & 004 5.0 1.8
25:30 60 4 0,11 8.0 2.5
30-35 35 17 0,08 5.0 4.0
3540 9% 7 013 55 2.5
40-45 % "7 033 10,0 3.5

Analyzed by D Reinhard.
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7. Geochemisiry of recent sediments from Lakes Bled and Bohinj

Ulrich Forstner

7.1. Introduction

The chemical composition of lacustrine sediments is influenced by a number
of internal and external factors, such as the lithofacies of the surrounding
areas, precipitation and sorption processes and diagenetic redistribution of ele-
ments after the deposition of the sediment material. During the last few deca-
des, many lakes in the more densely populated and industrialized areas are
becoming increasingly affected by human activities, in particular from sewage
inputs and air-borne contamination.

Initial observations of cultural effects from communities and agricultu-
re on lakes, indicated in the wvariations in the sediment stratigraphic re-
cords, were made on Lake Ziirich and described by H. F. Nipkow (1920).
Increased rates of eutrophication in lakes were first studied by G. E. Hut-
chinson & A.C.Wollack (1940) from Linsley Pond, Conn, and C. H.
Mortimer (1941) from Lake Windermere, England. These reports and the
subsequent findings of R. C. Murray (1956) from Wisconsin Lakes and W.
Ohle (1958) from lakes in Northern Germany suggested that lake sediments
“may be regarded as a response of the conditions in an aquatic system” (H.
Zillig, 1956). Characteristic man-made contamination effects have been
evaluated by investigating the distribution of phosphorous {A. Livingsto-
ne &J.C. Boykin, 1962, M. C. Whiteside, 1965), of iron monosulfide
(G. Miiller, 1967) and of changes of diatom assemblages (J. G. Stockner
& W.W. Benson, 19687, H C. Duthie & M. R.Sreeni-vasa, 1971).
Pollen variations in recent lake sediments have been found to reflect histo-
rical changes in land use of areas in North America and Europe (J. Vuorela,
1970; A. M. Solomon & D. F. Kroener, 1971; T. W. Anderson,
1973; A.L. W. Kemp et al,, 1974). During the last decade lake sediment analy-
ses have increasingly been employed as a tool to trace sources of less degradable
pollutants, such as halogenated hydrocarbons (H. O. Leshniowsky et al,
1970) and heavy metals (R. L. Thomas, 1972; R. J.Allan, 1974; U. Fo6r-
stner & G. Miiller, 1974, L. Hdkanson, 1977).

One field of sedimentary investigation, which is particularly useful in the
present context, is marked by the study of vertical profiles from fine-grained
deposits in lakes. Sediment cores provide a historical record of events occurring
in the watershed of a particular lake and enable a reasonable estimate of the
background level and changes in input of any pollutant over an extended period
of time. This approach is especially valuable if the rate of sedimentation is
known.

The present study deals with the distribution of major cations (sodium, po-
tassium, magnesium, calcium, and iron) and trace elements (manganese, stron-
tium, lithium, zine¢, chromium, nickel, copper, lead and cadmium) in the pelitic
fractions of grab samples and core samples from Lakes Bled and Bohinj (Blej-
sko jezero and Bohinjsko jezero) in Slovenia.

10 — Geologila 21
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7.2, Analytical methods

From both lakes a total of 82 sediment samples, obtained by the grab samp-
ling, was investigated geochemically; 28 surface (0—3cm) and subsurface
(5—10 cm) samples from Lake Bled, 14. surface and subsurface samples from
Lake Bohinj and 28 core samples were analyzed.

In.order to reduce the grain size effects as much as possible and compare
the different samples, the grain size <2 um (pelitic fraction) was separated,
in each case with distilled water in settling tubes. The suspended solids were
recovered by evaporation in porcelain bowls at 60 *C. For the metal analyses,
the dry material was treated with aqua regia {(conc. HNOs : HCl = 1 :3). The
¢lements lithium, sodium, potassium, magnesium, calcium, strontium, iron,
manganese, zine, chromium and copper were determined by conventional
(flame-) atomic absorption spectroscopy and the elements nickel, lead and
cadmium by means of flameless AAS according to the usual setting we use
in this institute (U. Forstner & G, Miller, 1974).

7.3. Interpretation of metal data

The analytical data of the elements investigated are registered in tables
16, 17 and 18. Mean values, standard deviations and variation coefficients for
both areas of investigation are summarized in table 19. The distribution of the
major and trace elements in the three core profiles are graphically presented
in figure 27.

7.31, Mean valﬁes

The comparison of the mean values (table 19) and variation coefficients
of the metal data from the sediments of Lake Bled and Lake Bohinj indicates
characteristic differences between both areas under consideration. There is a
significant higher amount of calecium (309%0), lithium and potassium (50 %o}
and magnesium (100 %), in the sediment of Lake Bohinj when compared with
the pelitic fractions of the Bled sediment. Even stronger enrichment (150 to
300 %/o more than in Lake Bled) of iron, chromium, manganese and nickel has
been found in the sediment of Lake Bohinj. The only significant exception with
regard to the metals studied here, are the values of zinc, which are on the ave-
rage, approximately 50%o higher in the sediments from Lake Bled than in
those taken from Lake Bohinj. Variation coefficients are relatively low for
sodium, magnesium and calcium in both test areas, as well as for copper in
Lake Bled and cadmium in Lake Bohinj; in contrast, the values of cadmium,
nickel and lead from the sediments of Lake Bled indicate particularly strong
variations, as the manganese concentrations likewise do in Lake Bohinj. With
regard to the latter effect, it can be seen from the data of the grab samples that
the top layers (0—3 cm) of Lake Bohinj are characteristically enriched in man-
ganese as compared with the analytical values obtained from subsurface sedi-
ments (5—10 cm).
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From the present data of average values and variation coefficients of major
and trace elements it would appear that there is a predominant lithogenic in-
fluence — from basic rocks — on the sediment composition of Lake Bohinj,
whereas the elevated concentrations of zine and the higher variability of the
cadmium and lead values of Lake Bled point to anthropogenic influences. Accor-
ding to available knowledge (see chapt. 3.2.), however, basic source rocks have
not been found in the catchment area of Lake Bohinj.

The extremely high variation coefficient of manganese in Lake Bohinj is
probably indicative of the presence of diagenetic effects that are brought about
by changes in the redox conditions. The increase of manganese in near-surface
sediments has been explained by processes of diagenetic dissolution of manga-
nese compounds in the lower reducing part of the sedimentary column, upward
migration of dissolved manganese ions and subsequent precipitation at the
oxidizing sediment/water interface (E. Bonatti et al, 1971). These processes
are considered important mechanisms in the formation of manganese concre-
tions in the lacustrine environment (E. M. Kindle, 1932; R. Rossmann &
E. Callender, 1968). Enrichment of manganese within the top surface se-
diment layers have been observed in Lake Constance (U. Forstner et al,
1974) and lakes of Upper Bavaria as well (U. Forstner, 1977b).

7.32. Core profiles

The metal data from core profiles (fig. 27), which were taken from the
eastern basin (BL-1B, water depth 24 m) and from the western basin (BL-15B,
29.6 m) of Lake Bled and from a water depth of 35 m of Lake Bohinj, confirm
the findings described above. Within the upper part of the sedimentary se-
quence of the eastern basin of Lake Bled, we can note a distinct increase of the
concentrations of zinc, lead and cadmium. Compared to the “background” data,
presented by the respective metal values from the lower parts of the core pro-
files {(approximately 150 ppm for zinc, 15 ppm for lead and 0.8 ppm for cad-
mium), there is a maximum enrichment in the surface sediment layers of the
eastern part of Lake Bled by factors of 3.5 for zinc, 4 for cadmium and 10 for
lead. In the western basin of Lake Bled, the surface enrichment is much lower
for these metals, ranging between 2 for zine and cadmium and 3 for lead. It
seems quite probable from the core data that the enrichment of zine, cadmium
and lead in the surface sediments is due to the inecreased input of wastes from
human activities. Similar effects can also be evaluated from the sediment core
taken in the central part of Lake Bohinj. Significant enrichment in the surface
sediment layers occurs: for copper, with concentrations up to 110 ppm (back-
ground 55 ppm) and zinc (420 ppm — 200 ppm). In contrast to the findings from
Lake Bled, there is no characteristic increase of the cadmium concentrations
within the upper portion of the core profile from Lake Bohinj. Decreasing
values of chromium, nickel, and to a lesser extent, iron and potassium concen-
trations are found in the upper layers of the sediments in the middle of the lake;
since there is a simultaneaous increase of the caleium concentration, we con-
clude that the depletion of Cr, Ni, Fe and K is due to the dilution effect by
higher carbonate contents in the near-surface sediments.



148 Molnar, Rothe, Férstner, Stern, Ogorelec, Sercelj & Culiberg

Cr

4?00

BLEJSKO JEZERO - 1B

N 0Nl
T e

£ é £ . e

& ﬁ & \\\m\“\\\\ T
o :h"f“{t;

8 % 0'“ ® hu’.:*.,k
I

¥ § x ; \\‘\\'\\\\.\\\\\\\\\\\ \\\\\ ]



149

Lakes Bled and Bohinj

(‘g pue ‘g ‘s31j 935 UONBI0] J07) [UIyoH pue vﬂm Saye] WOJJ SI0D JUSWIP3S JO
SUONOBI] PIZIS-AB[D SY} Ul S[RISW 3deN) pue IofBWl Jo UOHNQIISIP [BINRA "4g Bid

N*\\\\\\\\\\\\\\\\\
.

o o ¢ @ g

R4

0 %Z %0z OF O %t O
uz uw o4 e)

gG - OH3ZaAr OMSrNIHO8

x

8 89 3§ $5

[ 13
N



150 Molnar, Rothe, Férstner, Stern, Ogorelec, Sercelj & Culiberg

7.33. Inter-element relations

Further insight into the factors influencing the distribution of major and
trace metals could be expected from a statistical evaluation of the analytical
data. Tables 20 and 21 indicate the correlation coefficients from linear regres-
sion analysis of possible element pairs for 28 samples from Lake Bohinj and
54 samples from Lake Bled. Values of more than 95 %b significance are simply
underlined; “r”-coefficients of > 999 significance show double underlining.

Lake Bohinj. With respect to the last-mentioned effect of depletion of
Cr, Ni, Fe and K and simultaneous increase of calcium concentrations in the
core profile from Lake Bohinj, the calculation of the “r” coefficients seems
to confirm our interpretation of carbonate dilution: there is a significant ne-
gative correlation between calcium on the one side and the metals lithium,
potassium, iron, chromium, nickel and cadmium on the other. The latter ele-
ments form a first group of metals, which are positively interrelated, each to
one other, with a probability > 95?. Particularly high correspondence of the
pairs K-Ni, Li-Fe, K-Cr and Li-Cr point to a common source of these metals
from basic rocks; the presence of potassium and lithium in the strongly asso-
ciated element pairs suggests that clay minerals might be the dominant carriers
of elements, such as chromium, nickel, iron and cadmium into the sediment of
Lake Bohinj. A second group of metals is formed by the elements zinc, copper
and lead, which are correlated at more than 98 % significance. Although a com-
mon source of these elements from Zn-Pb-Cu mineralizations eannot be exelu-
ded, it seems more likely from their distinctly simultaneous enrichment in the
upper part of the core profiles, that these three metals originate from increased
anthropogenic inputs into the lake.

Lake Bled. Significant dilution effects by carbonate components are
restricted to the elements lithium, potassium and iron. The copper contents of
pelitic sediments from Lake Bled are related both to the group of lithogenic
elements, such as magnesium, iron, chromium and nickel, and surface-enriched
elements such as cadmium, lead and zinc, which are positively interrelated
with a particularly high degree of significance (> 99.9 %).

Enrichment of the latter elements is considered to be predominantly indu-
ced by human-activities. Particularly heavy anthropogenic enrichment of Cd,
Zn, Pb and Cu has been found by U. Férstner & G, Miiller (1973) in
sediment from the lower Rhine, by A. L. W. Kemp et al. (1976) from sedi-
mentary core investigation in Lake Erie and by L. Hikanson (1977) from
metal studies in the four largest Swedish lakes. This group of metals fully
coincides with the frequency sequence of trace elements emitted in the atmo-
sphere from burning fossil fuels (H. Erlenkeuser et al, 1974), which sub-
sequently forms a characteristic “coal-residue-assemblage” in aquatic sediments
(E. Suess, 1977).

It has already been shown by H. Hellmann (1972) that elevated zinc
and lead contents are indicators of increased input of sewage. After a review
of lacustrine sediment studies from highly industrialized regions, it was sugge-
sted by U. Forstner (1976) that a moderate increase of the above-mentio-
ned combination of heavy metals (Cd, Zn, Pb, Cu and Hg) is typical for mixed
sewage inputs from urban sources.
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7.4, Human effects on the metal composition of sediments from Lake Bled

The distribution of the last-considered elements zinc, lead and cadmium in
top layer samples from Lake Bled is shown in fig. 28. The dotted caption on
the bottom part of each graph depicts the probable background values, as
represented by the minimum metal contents in the deeper parts {(15—25 cm)
of the core profile BL-1B from the eastern basin of Lake Bled; dashed lines
indicate metal concentrations of the subsurface samples from 5—10 cm depth
and the solid lines show the actual levels of zinec, lead and cadmium in the
pelitic fractions of the surface sediments of 0—3 cm.

According to the present graph, a major source of enriched concentrations
of zine and lead must exist at the eastern shore of the lake. Typical increases
of lead and zinc strongly point to the influence of sewage, which is most pro-
bably derived from the community of Bled. In contrast to that, the distribution
patterns of cadmium values do not indicate a very distinct influence from the
shore, and seem to be rather more affected by diffuse sources, such as charac-
terized by atmospheric emissions. Another explanation for the distribution of
cadmium could lie in the lithogenic influences from the north-western inflow to
the lake, since the subsurface samples (5—10 cm) show a distinct decrease in
cadmium between that point and the eastern shore. Finally, it cannot be
excluded that soluble waste materials containing elevated cadmium concentra-
tions are dispersed in the lake water and are partly coprecipitated with carbo-
nate minerals.

7.5. Metal contents associated with the lake carbonate sediments

Sediment analyses are not only useful when evaluating local sources of
pollution and selecting critical sites for routine water sampling, they can also
reveal the fate of contaminants under varying environmental conditions. In
connection with the problems rising from the disposal of contaminated dredge
material, methods of sediment partitioning have been developed. The most
advanced techniques presently include the successive extraction of the metal
contents in interstitial water and of ion exchangeable, easily reducible, organic
and residual sediment fractions (e. g. R. E. Engler et al, 1974).

Here we are concerned mainly with the effects of carbonate associations of
trace metals, since the sediments of both Lake Bled and Lake Bohinj predomi-
nantly consist of carbonate minerals. Table 22 gives the data of carbonate-
associated metal contents from Lake Bled and — for comparison — of other
lakes; examples from Central and Southeastern Europe, are analyzed after
selective extraction, using strongly acid cation exchange resin {(R. Deurer
et al., 1978). By comparing the total carbonate percentage (in table 22 increa-
sing from top to bottom) with the corresponding carbonate-associated metal
content (given as percent from the total metal concentration), it is possible to
deduce the effects of either enrichment or depletion caused by the carbonate
component. If the metal content associated with carbonate is lower than the
total carbonate, a dilution effect results, even when — as in the case of the
result for iron — the metal content increases along with the carbonate percen-
tage of the sample. It appears that the carbonate fraction is generally capable
of bonding only up to 1/3 to 1/5 of the iron associated with the other sediment
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Table 16. Metal

153

data of pelitic sediment samples from core profiles of Lakes Bled

and Bohinj
BLEJSKO JEZERO - 1B
cm Li Na K Mg Ca Sr Fe Hn zZn Cr MNi Cu Pb Cd
0.5 -~ 1.5 16 0.24 0.52 0.49 9.2 160 0.74 140 4EB0 30 14 40 135 2.08
1.5 - 3 16 0©.22 0.52 0.56 7.8 160 0.74 90 510 36 14 40 117 2.80O
3 +=5 16 0.26 0.42 0.62 10.6 160 0.60 120 504 20 14 40 {51 3.24
5 -7 32 0.44 0.98 1.14 16,6 160 1.CE 19 250 38 24 40 €0 1.18
7 - 10 24 0.42 0.66 0.88 18.8 160 0.74 190 238 36 14 30 68 1.00
10 - 15 32 0.30 0.98 0.84 9.6 160 0.%0 158 160 36 20 30 24 1.09
15 = 20 32 0.26 0.94 0.69 6.2 100 0.90 100 180 58 22 30 14 0.85
20 - 25 32 0.24 0.86 0.65 5.9 100 0.90 100 192 40 22 30 20 0.85
BLEJSKO JEZERO - --15B
cm Li Na X Mg Ca Sr Fe Mn Zn Cr Ni cu Pb cd
0. = 0.5 20 0.76 0.40 0.71 18.0 200 0.€0 250 230 20 16 20 41 0.73
0.5 -1 13 ©0.43 1,44 1,68 16.8 132 0.83 158 216 21 16 21 37 1.0%
1 -2 20 0.51 0.65 0.86 16.4 125 0.63 130 248 25 19 20 37 1.18
2 -3 16 0,44 0,50 0.89 16.6 160 0.56 158 240 22 14 30 43 1.38
3 -4 13 0.46 0.32 0.74 18.9 250 0.38 163 330 20 8 38 45 1.14
4 -5 3 0.40 ©0.30 0.77 20.5 132 0,39 171 242 11 12 39 36 0.79
5 =6 20 0.48 0.61 1.02 18.2 160 0.67 216 350 22 20 40 32 0D.43
6 -7 16 0.46 0.44 0.84 19.4 160 0.48 200 198 36 14 30 26 1.00
7 -8 16 0.46 Q.46 0©0.84 19.4 160 0.43 224 322 30 26 3o 28 1,05
8 -3 20 0.48 ©0.66 ©.92 1%3.1 200 0.60 240 336 30 16 40 30 1.10
9 =10 32 0.54 1.01 1.08 18.0 160 0.%0 240 380 36 20 40 30 1.01
10 - 158 20 0.46 0.67 0.8B8 17.4 16c 0.80 200 220 30 20 30 23 1.38
15 - 20 24 0.42 0.82 0.93 14.6 160 0©0.88 216 140 36 20 16 19 1.00
20 - 25 40 0.41 1.38 1.02 8.0 160 (.40 200 164 40 26 30 21 0.91
25 - 30 36 0.41 1.36 1.02 8.8 160 1.27 190 160 40 22 30 13 0.73
30 - 35 44 ©0.46 1.67 1.18 8.2 160 1.58 200 140 40 32 30 17 0.73
3% - 40 44 D0.46 1.76 1.20 8.2 200 1.58 190 144 22 35 40 15 0.71
40 - 45 36 0.42 1.18 0.9 9.2 160 1.0% 140 262 22 22 30 13 0.63
BOHINJSKO JEZERO - ©SB
cm Li Na K Mg Ca Sr Fe Mn Zn Cr Ni Cu Pb Cd
[¢} -1 42 0.63 0.88 2.17 1B.,5 208 2.24 750 383 92 57 67 112 1.71
1 -2 S0 0,50 0.80 2.10 20.0 250 2.40 70C 420 100 30 80 100 2.30
2 - 3.5 50 0.46 1.20 2.32 16.0 125 2.45 5S40 2345 %0 70 100 112 1.9%0
3,5 - § 40 0.55 1.26 2.48 17.3 166 2.15 606 260 87 88 50 90 1.47
S -7 32 0.52 1.00 2.04 21.8 160 1.92 496 160 76 62 3o 61 1.27
7 -8 32 0.58 1.00 1.91 21.8 160 1.67 476 208 7¢€ 59 40 S2 1.34
8 ~ 10 36 0.66 0.95 2.38 20.1 89 2.11 583 321 71 68 54 75 1.58
10 - 15 42 0.53 1.23 2.20 15.7 132 2.84 573 263 105 80 21 73 2.03
15 - 20 43 0.48 1.32 1.99 14.5 174 3.06 584 228 119 99 33 53 2.22
20 - 25 40 0.54 1.32 2.12 t4.6 100 2.94 564 180 104 94 40 56 1.94
25 =~ 30 44 0.56 .47 2.20 12.2 100 3.18 564 340 120 1i0 40 66 2,27
3 - 35 52 0.50 1.44 2.38 12.8 160 3.12 552 224 104 120 30 54 2..6
35 - 40 44 0.54 1.41 2.18 14.8 160 2.72 3980 220 100 110 40 53 2.05
40 = 45 40 ©.59 1.38 2.12 15.6 160 2.32 390 164 104 98 30 30 1.41

Na, K, Mg, Ca and Fe in percent dry weight; Li, Sr, Mn, Zn, Cr, Ni, Cu, Pb, C4d in ppm
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Table 17. Metal data of surface (a: 0—3 cms) and subsurface (b: 5—10 cms). Sediment
samples of pelitic fractions from Lake Bled

BLEJSKO JEZERO
Li Na K Mg Ca Sr Fe Mn Zn Cr Ni Cu Pb cd

Ne- ppm 3 % t ks bpm A ppm  ppm  ppm  ppm ppm  ppm ppm

la 25 0.23 0.36 0.50 8.5 125  0.85 160 S20 40 19 40 99 2.50
ib 20 0.41 Q.76 1.04 16.4 160  0.88 224 408 36 25 40 62 1.34

2a 20 0.20 0.53 0.65 7.1 S0 0.80 158 S60 30 25 40 104 3.53
2b 20  0.41 0.76 1.07 16.8 100 0.76 224 220 36 22 40 64 1.16

3a 20 0.28 0.36 0.87 10.5 125 0.&2 175  &00 20 17 50 86 3.04
3b 20 0.42 0.76 1.07 17.4 160 0.76 240 348 36 22 40 66 1.3

4a 17 0.30 0.43 0.93 11.8 266 0.72 200 516 7 13 50 B2 2,13
db 24 0.46 0.76 1.14 18.5 200  0.80 200 230 30 22 30 57 1

Sa 27 0.37 0.63 1.27 12.5 266 1.27 200 646 37 27 €7 93 2.48
Sb 40 0.46 1.50 1.56 13.4 160 1.9¢ 264 472 36 51 60 56 1.00

ba 20 0,30 0.6% 1.20 10.8 160 1.31 140 664 3¢ 22 40 120 2,64
6b 64 0.56 2,20 1.68 11.0 160 3,06 660 238 90 108 60 64 0.86

7a 35 Q.56 0.53 1,85 15.8 250 1.21 200 860 79 32 57 127 2.28
e 25 0.46 0.58 1.55 22.5 400 0.68 190 310 6O 10 40 65 1.28

75 36 75 160 2.03

8]
N
=
0
-4
o]

8 4G 0.60 1.05 1.20 16.0 420 1.68

9a 16 0.2%9 0.48 0.65 Y.6 160 0.74 158 592 36 22 40 92 z.82
9b 20 0.29 0.59 o0.88 13.6 160 0.76 224 416 36 20 40 81 1.77

10a 20 0.30 0.32 0.82 16.7 200 0.50 225 4z5 2y 13 38 65 2.30
10b 20 0,41 0.67 0.99 17.4 160 Q.70 221 376 36 22 40 58 1.49

11a 13  0.34 0.35 0©0.95 13.7 200 0.56 163 388 25 13 38 S3 2.70
l1b 20 0.43 0.69 1.10 16.6 180 0O.76 180 41¢ 36 21 60 54 1.85

{2a 40 0.55 1.20 1.68 15.0 400 1,25 250 450 55 26 75 58 1,15

13a 24 0.33 0.76 1.04 9.6 200 1.40 158 400 36 26 40 86 2.80
13b 24 0.4 0.78 1.09 13.4 160 1.31 240 54¢ 36 26 60 77 1.85

14a 20 0.27 0.76 0.88 9.0 160 1,08 158 464 38 24 40 8o 2.32
14b 32 0.38 0.87 1.12 15.1 160 0.90 224 388 40 28 40 SO0 1.77

154 24 0.30 0.86 1.07 8.4 160 1.14 140 430 36 21 40 71 2.43
15b 24 0.38 0.83 1.08 15.1 160 0.94 200 320 33 24 40 53 1.63

components. In the case of manganese concentrations, it was found that most of
the investigated samples revealed an enrichment by carbonate. An exception
was the sample from Lake Bled, where the relative low values of manganese
might be explained in terms of diagenetic effects. The zinc values associated
with carbonate seem to be relatively independent of the total carbonate per-
centage. Low values in lakes of high salinities can possibly be accounted for
by the formation of soluble zinc-chloro-complexes, which influence the distri-
bution coefficients of zinc during co-precipitation with calcite (K. H. Wede-
pohl, 1972). In the samples from Lake Bled and Lake Ohrid (U. Forstner,
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Table 18. Metal data of surlace (a: 0—3 cms) and subsurface (b: 5—10 cms) samples
of pelitic fractions from Lake Bohinj

BOHINJSKO JEZERO

Nz Li Na X Mg Ca Sr Fe Mn Zn ¢t Ri Cu Pb Cd
' _ppm % hd A % ppm % ppm__ppm  ppm ppm ppm ppm ppm
! 32 o0.48 0.91 1.76 16.8 100 1.18 158 140 76 64 30 51 2.2

2a 40 0.55 1.15 2.12 16.9 167 2.56 1665 233 &7 85 50 73 2.81
2b 24 0.37 0.78 1.08 16.8 200 0.84 180 242 36 30 40 57 1.54

Ja 50 ©.50 1.10  2.09 17.4 400 2.50 10% 340 9% 83 40 94 1.70
b 20 0.33 0.66 1,07 18.0 160 ©0.73 224 208 22 24 BO 49 1.08

4a 60 0.42 '1.64 1.61 2.0 160 6.10 2100 238 110 112 40 108 2.25
4p 70 0.44 2.16 1.56 5.7 100 4.52 630 292 136 178 60 47 2.48

Sa 40 0.50 0.72 2.37 19.2 125 2.2 950 450 S5 61 75 1o 2.45
Sb 32 0.52 i.i.0 1.84 22.8 160 1.68 476 156 68 68 o 38 1.30

6a 31 0.63 0.78 2.40 21.2 193 1.93 1694 347 S8 49 58 87 1.66
éb 40 0.49 1.07 2,09 20.3 167 2,18 633 186 67 65 SO B5 1.80

7 46 0.5 0.73 §.90 21.0 250 1.58 166 280 55 66, 40 49 2.15

8 25 0,53 0.74 1.46 23.5 200 1.00 125 275 45 36 20 33 1.63

1977 b) concentrations of zinc correspond to the percentages of carbonate, i.e.
neither dilution nor enrichment by carbonates takes place; in Lake Constance,
the zinc contents are characteristically enriched through the carbonate sedi-
ment fraction, and partly by authigenic co-precipitation processes. The copper
values reveal no systematic trend; the carbonate-associated copper percentages
lie between 2 %o (Lake Bled) and 10 % (Lake Constance), indicating that a dilu-
tion of copper is brought about, in all studied cases, by the presence of carbo-
nate. Since chromium reveals no association with carbonate, it could be ex-
pected that the dilution effect should be even more pronounced that in the case
of copper. .

The chemical associations of heavy metals in sediments of Lake Bled have
been listed in table 23 (from data of G. Schmoll, Heidelberg). It is evident
that a large portion of the contents of nickel and chromium, and to a lesser
degree of copper and iron are fixed in relatively inert positions to organic and
inorganic detritus. The latter fractions are assumed to consist mainly of re-
sistant heavy minerals, such as silicates and oxides. A considerable amount
of nickel, chromium, copper and manganese is associated with hydrous oxides,
although the major carrier, the hydrous oxides of iron, contributes only 0.02 %/s
to the total sediment composition. As it has been shown from other examples
of lake sediments (G. Schmoll, 1977), the oxyhydrate phases — either as
direct precipitates or as co-precipitates with hydrous Fe/Mn oxides — effecti-
vely accumulate certain trace elements from the aquatic environment. Enrich-
ment of metals in humic substances seems to be particularly important for
iron and zine; for the latter metal example the contribution from sewage
effluents must be taken into account.
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Table 19. Mean values, standard deviation

and variation coefficients of the metal data

from pelitic fractions of the samples from
Lakes Bled and Bohinj

BLEJSKO JEZERO (nw54)

Mean Standard Variation
valyes deviation coefficient
Li 25,1 210 ppm 40
No 0,40 0,11 % 28
K 0.77 + 0,39 % 5
Mg 0.99 + 0,29 % 29
Ca 13,75 4,34 % 32
Sr 177 té67  ppm 37
Fe 0.94 “1 0,61 % 48
Mn 196 76  ppm 39
Zn 37 +178  ppm 48
Cr 35,2 14,1 ppm 39
Ni 22,9 $13,9 ppm 60
Cv 40,6 13,7 ppm 34
Pb 60,5 t 36,2 ppm 60
Cd 1,57 * 0,81 ppm 51

BOHINJSKO JEZERO (n~28)

Mean Standard Variation
wolues deviotion coefficient
Li 40.4 £10,5 ppm 26
Na 0,51 t 0,07 % 14
K 1,12 $0.33 % 30
Mg 2,00 0,37 % I8
Ca 17,22 4,07 % 24
Sr 168 t 41 ppm 37
Fe 2,38 + 1,08 % 45
Mn 635 486  ppm 77
Zn 255 * 8 ppm 31
Cr 83,2 t 26,9 ppm 32
Ni 77.1 t 32.6 ppm 42
Cv 47,1 19,2 ppm 4]
Pb 68,5 * 24,1 ppm a5
Cd 1,88 * 0.42 ppm 23




Table 20. Correlation matrix for the metal contents in the pelitic fraction of sediments from

BOHINJSKO JEZERO (n = 28)

Lake Bohinj

Li. Na K Mg Ca Sr Fe Mn Zn Cr Ni Cu Fb cd
Li x -0.045 0,271 0.293 -0.729 ©.008 Q,839 0:365 0.288 Q.803 0,775 ©0.167 Q.368 Q.812
Na -0.045 x  -0.098 0.649 0.354 =-0.016 =-0.070 ©0.153 ©0.152 0.120 =-0.001 -0.174 0.091 -0.062
K 0,771 -0.098 x 0.114 -Q.846 =-0.322 0.806 ©0.174 =-0.198 Q.830 Q.346 -0.179 -0.088 0.367
Mg ©0.293  Q.649 0.114 x 0.079 -0.075 ©.191 ©0.249 0.336 0.3%32 0.235 0.110 0.419 0.218
ca -0.729 x 0.302 =-Q,776 -0.198 0.028 -0.637 -Q.B07 -0.010 -0.068 -0.515
Sr 0.008 x  =-0.167 ©0.132 0.248 -0.179 =-0.289 <-0.031 0.207 -0.138
Fe 0,859 -0.167 x 0.550 ©0.110 0.768 0.166 =0.015 0.328 0.537
Mn  0.365 0.132  Q.550 x 0.281 0.108 0.158 0.191 Q.59Q0 0.318
Zn 0.288 0.248 0.110 0.281 x 0.054 -0.123 0.602 0,687 0.324
cr Q.803 -0.179 0.768 0.108 0.054 x ‘0.802 =-0.132 0.140 0.441
Ni Q.775 -0.289 0.766 ©0.158 =-0.123 Q.802 % -0.211 =0.120 0.470
ca 0.167 -0.031 -0.015 0.191 0.602 -0.132 -0.2M11 x 0,595 ©0.092
Pb 0.368 0.207 0.328 Q,390 0.687 ©0.140 =-0.120 0,535 % 0.251
cd 0.612 -0.138 ©.537 ©.318 0.324 0.441 0.470 0.092 x

Once underlined > 95 ¢ probability; doubly underlined > 99 % probabilitiy



Table 21. Correlation matrix for the metal contents in the pelitic fraction of sediments from Lake Bled

BLEJSKO JEZERO (n = 54)

Li N# X Mg Ca Sr Fe
Li x Q:331  0.316 Q,627 -0.327 0.194 0.868
Na 0.331 x 0.290 Q.511 Q.604 Q.426 ©.209
K 0.915 0.230 x 0.548 -0.345 0.04% 0.859
Mg Q.627  Q.311 Q0.348  x 0.212  Q.526 Q.32
Ca -0.327 0.604 -0.345 0.212 0.324 -0.392
Sr 0.154 0.426 0.049 0.526 ©0.324 x 0.148
Fe 0,868  0.209 Q.859 Q.632 -0.392 0©.148 x
Mn 0,347 Q-495 0,512 Q.541 0.229 0.142 0.617 x -0.068 0.505 Q.818 0.235 -0.075 -0.239%
Zn -0.094  -0.159 -0.277 0.190 =-0.085 0.359 0.110 -0.068 x 0.304 0.035 Q.680 0.84% Q.634
Cr Q.87 0-218  9.48% 0,593 -0.131 0.354 Q.653 Q.305 0.304 x 0:634 Q.437 0.280 -0.032
Ni 0.268 0.276  0:731 Q.36Q -0.208 -0.004 Q.887 0.818 0.035 Q.654 x 0.331  0.020 -0.151
Cu 0.251  -0.019  ©0.147 Q.439 =-0.091 Q.462 0.404 0.239 Q.680 0,547 0.331 X Qa371 0.367
Pb -0.167  -0.294 -0.298 ©0.023 -0.158 0.248 0.093 -0.075 0,849 0.280 0.030 0.571 x 0.635
Cd -Q.358 -0.302 -Q.402 -0.124 -0.248 0.039 -0.114 -0.235 Q,654 =-0.032 -0.151 0,367 0.695 =%

Once underlined > 95 % probability; doubly underlined > 99 % probability
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Table 22. Carbonate-associated heavy metals in Lake Bled and other
1akes: examples from Europe (Cc: calcite; MgC: high-magnesium cal-
cite; Dol: dolomite). From R. Deurer et al. (1978)

cerbo~ corbonate species Fe Mn Zn Cu Cr

nate (%)} in corbonate association percent
(%) Ce MgC Dol of total mefal phoses
Lake Constance 28 20 - 8 7 62 A3 10 0
Neusiedler See 37 - 12 25 10 34 15 4 0
Lake Ohrid 44 44 - - 10 55 43 8 <1
Loke Balawon 55 - 41 14 20 68 13 5 0
Loke Bled 72 70 - 2 26 44 67 12 4]

Table 23. Metal concentrations (Fe in %, other metals in ppm) and percentages of
metal associations (*organic and inorganic residues -+ sulfides) in a sediment sample
from the central part of the eastern basin of Lake Bled (data from G. S chmoll,

1977)
»
Towl Sorption + Houmic Hydrous Corbonate Residual
Meta! mewal Hzo-salublo Substances oxides fraction fraction
cone, cone, % conc, % conc, %  conce % conc., %
Fe 2.54% 04% 16 05% 20 013% 5 0.67% 26 0.8% 33
Mn 176 ppm 22 ppm 12 65ppm 4 4Dppm 23 80 ppm 46 27 ppm 15
Zn 162 6,0 4 7.8 n 2 1 108 &7 30 18
Cu 17.4 4,0 23 0.4 2 4,0 23 2.0 12 7.0 40
Cr 1,0 0.8 A 0.4 3 23 21 o 0 6.6 &
Ni 6,0 0.2 3 0.2 3 20 3B 02 3 40 67
Composition 4,7 % 0.02 % 2% 23%

of the sample: orgsubst, FeQOH carbonate residues
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8. Summary and conclusions

The sedimentological and environmental conditions of the Alpine border
Jakes of Bled and Bohinj presented here are part of a general program on
Recent fluviatile and lacustrine sediments of Slovenia. This program was star-
ted in 1975, and problems of the Sava-river pollution and the Moste-dam have
been studied since.

This time a working group was engaged to sample the lake sediments and
to examine them from the mineralogical and geochemical points of view. 15
grab samples and two core profiles (25—45 cm in depth) were taken from Lake
Bled, and 8 grab samples and one core from Lake Bohinj. A brief geological
and palynological survey of the surroundings of the lakes was carried out to
delineate the origin of the sedimentary material and its pollen contents. The
Bled sediment abounds in sewage and the lake water is characterized by dis-
solved plant nutrients and by the seasonal deficiency of oxygen in its hypo-
limnion. Thereby it becomes eutrophic. To overcome this disturbance of the
natural conditions a pipeline has been constructed to convey water of the Ra-
dovna river into Lake Bled. Lake Bohinj, however, owes its biological equili-
brium to a natural through-flowing stream. The results of the Lake Bohinj
sediments are therefore particularly helpful as natural background data for
pollution problems in Slovenia. Lake Bohinj should be noted, namely, for its
rather high iron, manganese, chromium and nickel contents. Their origin has
not been explained as yet.

In the Lake Bled sediment calcareous silt and clay prevail associated with
dolomite and organic admixture. The upper most 10 cms shows a laminated
structure due to the alternation of inorganic and organic matter. Total carbo-
nate contents of 56 samples are in the range of 55—79 9%, and are essentially
the same in grab samples and core samples. Calcite prevails but dolomite may
occasionally amount up to 389 of the carbonate fraction. The noncarbonates
appear to be mostly diatoms, besides some quartz and traces of feldspar and
clay minerals. Near surface sediments from all parts of Lake Bled exhibit an
apparent odor from the decay of abundant waste matter from sewers.

In the Lake Bohinj sediment total ecarbonate content ranges from 53 to 91
percent. Calcareous silt is indeed the prevalent constituent but dolomite con-
tent is higher compared to Lake Bled; it amounts locally to 69 %. Dolomite is
clearly detrital and is transported to the lake by its affluents whereas a small
amount of the low magnesium calcite may also be autochthonous, particularly
in the very shallow southern part. The non-carbonate sediments are essentially
similar to the Lake Bled sediment, including also very well preserved diatoms.
The content of organic substances within Lake Bohinj is much lower than wit-
hin Lake Bled.

Since both lakes are shallow (maximum depth about 40 m) and their sur-
roundings consist essentially of Triassic carbonate rocks, most of the Recent
carbonate sediments are supposed to be detrital. This is apparent for dolomite,
but some calcite may also be autochthonous due to activity of plants.

In general the Lake Bled sediment is more fine grained in comparison to
that of Lake Bohinj. Clayey matter tends to prevail in it, while silt is more
widespread in Lake Bohinj. Sedimentation rates appear to be higher in Lake
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Bohinj than in Lake Bled. The present study has revealed distinct human ef-
fects on the metal composition of the sediments from Lake Bled. A typical
increase of lead, zinc and cadmium towards the youngermost layers strongly
point to the influence of major inputs of sewage materials, which are
most probably derived from the community of Bled. These effluents are
considered to be responsible for the increased eutrophication during the
last decades. Eutrophication seems to be delayed since fresh water is conveyed
from Radovna river to the lake, although it is still continuing at a lower rate.
With respect to these problems, further evidence should be gained from addi-
tional studies on the contents of nutrient elements, such as phosphorus, nitro-
gen, and organic carbon, as well as from the distribution patterns of contami-
nants other than heavy metals, e. g. synthetic organic substances.

Further studies of the mineralogical and geochemical aspects of the lake
sediments should be based on a more closely-knit net of grab samples and on
sediment cores. The latter would be particularly useful to elucidate the geolo-
gical history of both lakes, e. g. by pollen chronology.
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NOVE KNJIGE
BOOK REVIEW

Otto Prokop /| Wolf Wimmer: Winschelrute, Erdstrahlen, Ra-
diisthesie, Ferdinand Enke Verlag, Stuttgart, 1977, 188 str., 18 slik, 203 cit. lit.,
format 19 X 12 cm. Bro$irano DM 16,80.

Bajanilarstvo, radiestezija, homeopatija, akupunktura in druge paraznanosti
so ostanki preteklosti. Vera vanje je pri nekaterih ljudeh e moéno zakoreni-
njena. Pa ne samo to! Njihova uporaba je povzrotila in $e povzrota tolik&no
duhovno in materialno $kodo, da ni prav ni¢ odvet od blize spoznati te »vede«.
V tem smislu je napisana knjifica avtorjev O. Prokopa inW. Wimmer-
ja. Prvi je zdravnik, drugi jurist. Ze ta kombinacija kaZe na »multidiscipli-
narno« naravo pojavov s podrofja parapsihologije in kriminalistike. Delo je
predvsem zbirka materiala, na podlagi katerega si vsakdo lahko sam ustvari
sodbo o bajanici, 0 zemeljskih Zarkih in o radiesteziji sploh. Za vse te vede
obstaja v literaturi in praksi nenavadno veliko imen, izposojenih iz tehnike in
fizike, ki skudajo vzbuditi vtis, da gre tu za moderne in predvsem znanstveno
utemeljene metode in teorije. Avtorja obravnavata v tem delu v glavnem po-
drodje zdravstva in iskanja koristnih mineralov, vode, nafte in 3e zlasti ve¢ pri-
merov zakopanih zakladov.

Znanost se za te paraznanosti ne zmeni dosti. Znaéilno zanje je, da jih stro-
kovnjak kljub svojemu znanju ne razume in mu nikakor ni mogote prodreti
v njihovo bistvo. Namesto huditev, zlih duhov, &arovnic in podebnih predstav-
nikov &¢loveku sovraZnega nevidnega sveta so izna$li geopatijo, astrologijo, koz-
mié&ne vibracije, hiromantijo in sorodne vede, ki s svojimi podro&ji ob&utljivosti,
z geozaréenjem in drugimi nesmisli v duhu modernega ¢asa kar dobro nado-
mestijo stare nosilce zla. Za vse te pojave je bajanica zelo nazoren in izredno
obdutljiv instrument. Radiestezisti ali ljudje, ki so obtutljivi za Zar&enje, so Ze
znanim elektromagnetnim valovom dodali 3e vrsto drugih valov, ki jih pa lahko
odkrije edino bajanica. Ti valovi imajo zanimivo lastnost, da jih dana¥nja fizi-
ka kljub svoji opremljenosti in raziskovalnim metodam ne more dokazati, pat
pa jih zelo ob&utijo nekateri laiki, ki jih umejo tudi koristno uporabiti.

Avtorja navajata vrsto raznih poizkusov, ki so imeli namen dokazati ali
ovredi obstoj zemeljskih Zarkov in uporabnost njihovih detektorjev-bajanic. Pri
teh poizkusih so sodelovali tudi znani zdravniki, fiziki in geologi, in to kot pri-
sta$i ali kot neprizadeti raziskovalei. O tem je bilo veliko napisanega. Sklepi so
bili ali nejasni ali pa so pokazali popolno nesmiselnost bajanitarstva. Krono
bajani®arstva predstavlja ravno sledenje vode. Navedenoc je nekaj uradnih sta-
tistik o »uspehih« slovitih bajanidarjev v Nem&iji. Za vrtanje njihovih negativ-
nih vrtin so bile potrofene ogromne vsote denarja.

Nadalje omenjata avtorja tudi tako imenovane aparate proti Skodljivemu
zemeljskemu Zarfenju, ki povzroéa razne bolezni, npr. raka. Tako so krimina-
listi leta 1976 samo v ZR Nemg&iji registrirali prek 60 raznih aparatov, ki jih
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prodajajo lahkovernim ljudem. Znatilno za te aparate je opozorilo, da izgubijo
svojo mot, ¢e se jih odpre. Njihova vsebina je vedno nesmiselna $ara brez ka-
krinegakoli pomena. Za izdelovalca enega takega aparata so ugotovili &isti letni
dohodek okoli 1 milijon DM.

Drugi del knjige obravnava stalil%e prava in njegove postopke proti radie-
stezistom, izganjalcem hudi¢a, astrologom, akupunkturistom, ckultistom, psiho-
kinetom, bajanitarjem in 3e celi vrsti podobnih ¢arodejev v ZR Nem¢iji. Veliko
deliktov, ki jih zagrefe omenjeni »izvedenci« pa sploh ne pride v javnost ali
pred sodid%e. Osebe, ki so bile opeharjene, se boje, ali pa jih je sram priznanja.
Avtorja opozarjata, da je v zadnjem desetletju v ZR Nemtiji moéno naraslo
zanimanje za nadnaravne sile. V raznih ¢asopisih in revijah se pojavljajo oglasi
za ustrezne usluge, ki jih iahko nudijo geobiologi, radiestezijski fiziki, gradbeni
biologi ali geomedicinci. Isto velja tudi za raznovrstne zatitne aparate proti
raznim Zardenjem.

Knjiga nudi zanimivo in poudno branje, ki se sicer po svoji specifi¢ni pro-
blematiki nanasa predvsem na Neméijo in Avstrijo, vendar se jo lahko prenese
tudi v naSe okolje. Seveda pa je treba na tem #irokem podro¢ju lotiti prizade-
vanja, ki imajo namen znanstveno razloZiti dolo¢ene pojave te vrste, od posplo-
Sevanja in ¢istih spekulacij.

Danilo Ravnik



UREDNISKA OBVESTILA
EDITORIAL NOTICES

Sodelaveem GEOLOGIJE

Vsebina in obseg dela

GEOLOGIJA objavlja originalne razprave s podrofja geoloikih in sorodnih ved
ter poroédila o geoloskih raziskovanjih, kongresih, posvetovanjih in publikacijah. Roko-
pis naj ne bo dalj§i od 35 tipkanih strani ali 60000 znakov. V to 3tevilo se 3tejejo
tuc}l{i slike. Osnova za preradunavanie slik v znake je 3500 znakov za celostransko
sliko.

Prosimo vse sodelavee GEOLOGIJE, da skrbno izbirajo vsebino svojih £lankov,
posvete ustrezno pozornost kratkemu in jasnemu nadinu izraZanja, uporabi posamez-
nih besednih vrst in strokovnih geolodkih izrazov ter izdelavi ilustracij. Na ta naéin
bo reviji zagotovljena primerna znanstvena raven in oblika,

Priprava rokopisa

Prispevki morajo biti pisani s strojem z dvojnini presledkom in s 4em Sirokim
levim robom. Pri pregledu svojih rokopisov naj avtorji zlasti pazijo na pravilno
pisanje znanstvenih in lastnih imen, znakov, $tevilk, formul in podobno, Osebna
imena pri navajanju literature naj bodo podértana é&rtkano, imena fosilov (rod in
vrsta) pa valovilo. Tekst naj ne vsebuje neobi¢ajnih okraj$av in nejasnih popravkov.

Tabele naj bodo napisane na pisalni stroj IBM tako, da jih bo mozno kliSirati.

Clanki morajo biti pisani ali v domatih ali v tujih svetovnih jezikih. Clanek v do-
matem jeziku mora imeti povzetek v tujem svetovnem jeziku v obsegu ene petine
¢lanka, prispevek v tujem jeziku pa naj ima kratek slovenski povzetek. Na zafetku
vsakega ¢lanka mora biti izvleéek v obsegu 700 do 1000 tiskovnih znakov v enem od
svetovnih jezikov,

Ce zeli avtor drugagne pogoje glede obsega in povzetka svojega ¢lanka, je to moZno
v sporazumu z uredniStvom.

Navajanje literature

Literaturo navajajte po abecednem redu avtorjev in kronolodko na naslednji nadin:
priimek avtorja, zadetna &rka avtorjevega imena, letnica, naslov dela (pri periodiZnih
izdajah tudi naslov revije in zaporedna 3tevilka zvezka), zaloZba in kraj, kjer je delo
iz§lo, V literaturo vkljudujte samo uporabljena dela, bibliografijo pa le v izjemnih
primerih glede na vsebino in pomen razprave. V citatih med tekstom navedite zatetno
¢rko imena in priimek avtorja ter letnico, ko je delo izilo, po potrebi tudi stran.

Ilustracije

Karte, profili, skice, diagrami in druge podobne slike morajo biti narisani na pro-
sojnem matri®nem papirju. Za fotogratske, mikrografske in rentgenske slike je treba
predloziti visokokontrastne originale na gladkem, svetlem papirju. Izjemoma imajo
avtorji mozZnost objaviti tudi barvne slike. Na vsaki sliki mora biti ime avtorja in za-
poredna &tevilka slike. V glavnem naj bo slika pojasnilo teksta, zato mora biti med
tekstom na ustreznem mestu navedena zaporedna $tevilka slike. Napisi in legende
k slikam naj bodo kratki, posebno 3e, ker morajo biti dvojeziéni.

Pri dosedanjih izdajah nase revije se je pokazalo, da avtorji pri slikah ne upoite-
vajo formata knjige, kar povzrota mnogo dodatnega dela pri urejevanju in tisku. Pri
vseh slikah med tekstom upoftevajte. da je zrcalo revije 12,8 X 18,2cm. V primeru,
da je potrebna vetja slika, naj njena dirina po moznosti ne presee 40 cm, vidina pa
naj ne bo vetja kot 18 em. Risba naj bo vedja kot slika, ki bo po njej izdelana; raz-
merje naj bo 2:1. Pri tem je treba paziti na debelino &rt ter na velikost Stevilk, érk
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in drugih znakov na risbi, da bosta njihova debelina in velikost tudi pe zmanjsanju
ustrezala; ¢rke in Stevilke na tiskani sliki morajo biti visoke najmanj 1 mm.

Celoten rokopis, vklju¢no risbe, fotografije, izvlefek in povzetek v tujem jeziku,
mora pripraviti vsak avtor sam.

Rok za predloZitev rokopisov

V 22. knjigi GEOLOGIJE, letnik 1979, bodo objavljena dela, ki jih bo urednidtvo
prejelo do konca leta 1978 za prvi del knjige in do konca junija 1979 za drugi del
knjige.

Korektiure

Uredni$tvo bo posiljalo krtatne odtise stavkov v korekturo avtorjem. Pri korek-
turah popravljajte samo tiskovne napake. Dopolnila so mozna le na strodke avtorjev.
Sodelavcem, Ki Zivijo zunaj Ljubljane, bomo krtatne odtise posiljali po dogovoru;

njihove popravke bomo upostevali le v primeru, da korekture vrnejo v dogovorjenem
roku.

Posebnl odtisi

Avtorji prejmejo brezpladno po 50 izvodov separatov vsakega ¢&lanka. Nadaljnje
izvode pa lahko dobe po ceni, ki ustreza dejanskim stroikom.



