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ANISIAN TERRESTRIAL SEDIMENTS IN THE BÙKK MOUNTAINS (NE HUNGARY)
AND THEIR ROLE IN THE TRIASSIC RIFTING OF THE VARDAR-MELIATA

BRANCH OF THE NEO-TETHYS OCEAN

I. EI-ICITASZ VI.,LLEDITS

R..tirùl ()rtu!,et )1.:::i:..(tt:t'td lnh t.;. )iîJ

Ào ;or1l: Bùkk \irs.. hLc scdinrrnrs. il!\ilil. ..Jinr(rrr.
br,rìclcd rìvcl l,.rli grrbrn. riitinr, S,,LLrhern Alt\. Dirrfi(1(\.

.llusnrr lr r eeenr r t.rrs dcr.rilctl srdinrurrolosic.rl.rntlbio,rr.rr i-
rr.rphicrl ìnrcsri*rrion. hrrc rere.rl.rl r\Di\iiJr rencsnirl stdìmcrr. in
thr(c sc.ti1)ns ol thc llilkl i\'loLrnL.rìrrs. ln rhc northcln p.rrr oi rhc
nounr.rins fìurirrilt.etìirrrcnrs rere lecognisctl shiìr: in rhc w,urhLrn
p.rn l.rke clcp<'sir' scre,,bs.rrcd.

B;rscrl on rhe s t rr i!f.ìphic.Ì l positìon,rni1 rricrol.rci* rn.rlvs.r
ot rhc resrilinrenred gr.rin., r" o rerr,:.rri.rì er int. crn hc

eil. l he rge oi thc r ourì{(r is lìrt l).ln),ìixn c.rrlr llh rì,rni. l his c.rn [c
colrcl,rred rith the Rì,:hrhoierr Corrglonerrr, in rhe Di,L,mitcs. Thc
rgc r,f Lhc old. r rcrrcsrri,rl ctnr coultl nor bc ert.rblishccl L r.rcrh brr ir

mu:t h,rr,: h.rppcned cither il rhr Irelstrri.ur or in rhc .\cgc.rn-iìirhr ni.rnr

conrc.lutnrh ir nnr con el.rrc cirhcr s iLL rhe \i,lL.rg,, or r irìr rhc I,iz Jc
Pcrer ConsL,nrer.rrc ìn rhc t)ol<,n,ir... TLc rerre'tri,rl scrlinrenr' in rh,
tsill,k ùlount.rins.rre p.rni t,i.r.olc,rn,r scdinrnr,ìr! sLr..c\\ion. \'|r.lr
is chrr'.rcrcr isri,: ,'r rhc rrpclonring p.ìrr ,,4.ì rilr;rr .rrtr. Ten errri:l :c<li,
ncnr. in rhe 

'r,uthcrn 
p,rn ,,f rhc n,,'unr.rir. rcli, c\cnr rh( !l!rpc:;r p.ì,r

of rlrc half g,rrl,,rn'. rhirh oricìn.rLt(l (ÌuLìng rlr. coursc oi thc riirinq.
Thc prLscnr p.rp,:r girc' rn rrr.nics ,'t rhr Ani,irn lo\ff

l-.rclirri.rn tenerrri.rì stclirrr<nrs in rhc sourh(rr rìps Din.rrrles rnJ
corsitlcr s rheir' lorm.rtion rllring rhe 'liiiss;c , iirìng oi rIe \'.rrthr ì!le-

/lr,rsrrrrrtr. ll JcrL,r{ìi,ìto sruJìr' srdinrcnrologico e biosrr.tigr.r-
fico h.r rccentcncnte mtsso in cridtnz,r 1:r prcscnzr di sc<linrcnri con
rincnnli in rrc 

'czìoni d( ll( Búkl' \l(,unrr;n\. Nell.r prrrc rrrLcnrrion.r-
lc dclìc nront.rsne \ono.r.ri osscrr.rri 'edintnti iluri.rli. nrcntrc r.uJ
sorr<, presenri scclincnti l.rcustrì.

In brse ,rlh posizione strrrigr.riic.r eclrllr nricn,hci... clei qnnLlli

rìsetlinrtntrti. rno ricono.ciLrili ilu. crenri conrinenrrli. licrì dtl piir
rccente è prob.rbìlnrenre l,clsonlco superiorc Illirìco inieriore. Qucsrr,
può cssere correl.rto cor I CongL'nr,:r'.rLo dì Iì.ichLhoicn ncllc Dolo-
mìri. Invecc letì dell tpis, io pìi, .rnri.o rl()n purì css,:r'i.clc.linit.r cor
prccisionr r può rsstrsi rcliliclo si.r ntl J'clwrnico che nrll ll{cico-lJì-
rinico. Di conicquenz.r può csscr c correì,rro sìr ton il{l<,ngloncr.to iii
V,lt.rgo orrrrurr,con rtucll,) !1.1 Pi, Je l'.f.* nelle Doìoniri. I scdinrcnti
c(,ntincnr.ìli d(ll! lìúkk llounr.ìin\ lrìno pìr r( tli rrnr .uce.".ione . ul-

crntsrdinrcnr.rrir chc è c.rr.rttcrisrìe.r tlelh prrrc lilcvrrr in un conre-
sr<, Lli riltìng. I seclinrcnricontinenr.rli delh porzione nrcLiclionrlc deile
nron!rgne f.rppfr\entino l.r p;rrte pìir prcilond:r <tei srni gr.rbcn, che si

!)n(' r,,,Dr(i (ìl|f.ìnrc il Íilrint. Sull.r b.rsr di un.r r.rssegna dci sedinenri
corrrlnenr.rìiclcll ,\ nìriccl.rdinico infcriore dcllc Alpì\lcridx,nrli c delìe

Dìn.rrìdi r icnc r,rlutrt.r l.r lolo nodrliri dell:r lort iormrzione dur;rnte il
riirirrq lìi,r:sil, eleì nnro \.rrdrr \tclirt.r dell:r Nuo,Tetidc.

Introduction

Anis jlrr tcrresrri:rl sedjnrcnts rvitìrin thick platfornt
crrbon;ltc sLrcccssions are $.cll-known in rhe Dolomites
llnd rhel rrc :rlso rvcll-docunrcnred (lrlrabegol; & Le-
\'rnri 198.2i I)e Zanchc et al. 1993; Serrowbar ì-D;uyan cr
al. l99i; Cianolla &Jacquin 1998; Girnolla er î1. 1998).
Horvcler,.rìthoush Anisian rcrrcsriîl sedincnrs in rhc
Biìkk Mounr,iins a1c nrenrioncd in the lìtcrature (Balogh
196.{; Pelik:in 1993) there is no detailed documcntation
abour thenr. The aint of thìs pcpcr is ro describc the Ani-
siln tencstrì;rl scdinlents (two occurcnccs our of thc rhree
\\'erc carlier urìkno\\-n) in the iliikk Mounrains, to sho\'
thcil rolc in rhc Trilssic elolurion of thc mountains and

to nlirke:r coDìparison $'ith thc coe\'.ìl rerrestritl sccli-
nìents ot lhe Southern Alps lnd Dinirr ides.

Todar', rhe Bùkk Mountairìs iìrc locilted in rhe Nl:
pxrt of Hun11ltr)i (Fig. l). In tìrc Triassic thev wrs situ-
atcd NW ol thc Dinerides, in the neighbourhood of rhc

Juliln Alps ancl the Southern Karaq-anks, on thc south-
er n shclf of thc Vard:rr-Melirrr branch oI rhe Neo-Teth1.s
(ts;rlorh 196.{; Kor'ícs 1984; H,r,rs ct al. 1995; Dcrcourr
et r1.2000; Zie,,.ler 8. Srampfli 2001).

-fhe ccntral p:rrt ol the Bfrkk Mounteins was af-
iected br'\'crv lo\\'to lov grrde n'ìctanlorphosis, so sec-

t)cperrmerrr oi Ccoìogrl hi;tviis I-r,r'ind Unirr:rsìtv ol Scicnccs -

l-rrrail: ilc lledirs(, fìi cnr.ril.hLr

H-11 l/ llud.tpcst. Pízrìin\ Parcr \órín\' l/C. Hung.r|.\.
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Fig. 1 - Locarion ntap of the srudied areas. 1/a. Bùkk Mrs., D: Darnó-zone, AR: Aggrelek-Rudabínya Mts. 1/b. Geographical posirion of the
Sebesvíz Section (Svv), and borehole Miskolc-10 (Mk-10). 1/c. Geographical posìtion of borehole lels6rírkiny 7 (It-7), and the dol
omite quarry of Vírhegy (Dq).

tions suirable for sedimentological investigations can be rions of three Triassic sections revealed Anisian terrestrial
found only on its margins. Sedimentological investiga- sediment occurrences, out of which two are situated in
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rhe'norrhern prrr, wlrile onc in rhe southern perr of rhc
mount.rins (Fìr. 1b,c). Triessic seclimenlarion of thc Birkk
\lount.rins \\':Ìs conn ollcd nl:linì\ b\. e\tcnsionll recton-
ìcs i\eìlcdirs l99tì.r). The elolurion of rhe volceno-sedi-
nlcìltùr'\ succc sion oi the mounrrins follou's the evolu-
rion of thc uptlonrint prrt of .r rifting are:1 (Dixon er :ì1.

191ì9 ) lronr the Anisi.rn.
Sillcc irr rhe nlonrcnr thcre is no fornr.rllv acccpted

defjnition of thc Anìsirn/Lrclinirrn staecs ìnd rheìr bound-
rr\'. thc ilticle ntlinlv follorvs the schentc proposed bv
\li.'tto N \l.rntr ìn (1995).

Sections

Ilr.r clct.rilccl tlc:cription ol rhc outcrops r.c.ealins the
Anisi.rn Lcrrcstriel scdimcnts of thc Biikk IloLrnr.rins sce \tll-
cdirs r1999,20C0). ln rhc prcscnr p,rpcr onlr.!hc mosr intpor-
trlrL i.ìcrs tre givcn belo\:

Bo|'cholc Felsíjtirkínr'-7

(ìcogrrphic.rl position: south oi rhc vilhsc ol Felsrîírkín1,.
in rìrr N\\ ridee oi rhe V.ir Hill ltìig. lc). Thc srr.rtigr.rphic set-
rinq c,i thc rerresrrj.rl sedinrcnts in bcrrcholr Fclsr'irirkinr-7 can
L)C \eCD lll r'jg, l,

'1he borcholc sroppcd in rhc rcrrcstfiil dcposìts. Con-
seqLrlrtìu thc L.rs.rl p.rrL oi rhe rcrrerrrirl deporits,rnd rhe un-
tLcrlr int irrn.rtion .1rr unknosn. trlost prob;rbh; .r[ter a short
uncrpli'rL.cl inrtnrl H.iuor l)olonr ir r: occu r-s. Thc dolomitc cen
bc 'nrdiccl ir rhe ncishbourhood in ;r quarrl on the Vír Hjll,
south ol lrclsiitírk.inr' (lìir. lc). It consisrs of pcrticlal tcetures
ie.s..rlq.ll nrrts.:rlg,rl clonres lFig..'ì.r)..rnd htrse ll 1cm) on-
ctiiel: i. .rnd subrid:rl t1<rlonrìte bcds, sìrich are lich in for:rnrirrit-
cr;r. iT,rblc l. rhc ior'.rrls nerr. idcntiiicd bl A. llclLczi-I{alLk).
Thc.rgc ir |cìsoni.rn. (lris.lb c).
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Fig- a - Sequcnce and hcics ot borehole Fels,îífkínr-7. I-egcnd: 1. siliceous, ruftrceous, rverthered cll'stone,2. vc.rrhcrcd rulf,:- r'olc;Lnic

ruff,4. radìolarìre.5. lanìnitjc caìcareous nrrl,6. tuffrccous bioturbated narl, 7. frcshwatcr lìmcstont, lj. sandstone rìch ìn fcìdsprr,
9. màr1, c:rlcarcous m:rrl, 10. srronglt weadrcred, rcworkcd \'olcanic fr;rgnrenr, 11. red clarl 12. c:rlclreous nrarl nirh fcldsprrs lJ. sandv

marl rich in green nìnerals, 1,+. dolonìte (Hímor DolomLte Fm.), 15. trlus, 16. cherry iinestone (Iels,îírkinv Lst. Fm.), 17. lthochs-
tic inrercrlation (r-.elsr;tirkíny t.imestone), 18. linestone of brsin frcies s ithout cherr, 19. Mrrl ricL ìn r esedinented roìcrnic ch,,ts 2C.

dolomirned lìnesrone, 21. l:rck of informrrion, 12. Sedìmentrrìon unirs, ll. ridìohri:Ì, .24. osrr.Ìcode. .25. .hù.ì.
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Trb. I - Thc nro'r inponant fossils ol rhe icxrrri,.rll ol the flurirtile
sedinrr:nrs (borchole: Miskolc- I 0)

tenlporincous t ith rhe volcanic activitr'.
- Thc lal<e sedirrrents werc formed on the deepcst part

of r half gr:rben (Velledirs 2000) thich camc into being due to
thc Middlc-Uppcr Trirrssic rifring.

- A subsidence cunc (Fig. 4), reconsrructed fronr rhe
scclinrcntlrv sequencc of borehole Ft-7, indìcatcs an updom-
ing (latc I)elsonian-Earlv Ledinian) wirh coeval volcanic activirv
r Unir I t. The uplrft is folloleJ b, r.rpirJ .ub.idcncr lUnit ll;.
thich slorved dorvn in rhe L.!c Ladinian (Unit III).

Borehole Miskolc-10 (Zsófiatorony)

GcographicaÌ posirion: 10.5 kn Nrù/ of the vi!lage of Lil-
l:rfùred, rt the Lcncsés side (lie.lb).

Thc stratigraphic scttirrg oi rhc borchole can be seen
in Fig.6.

The section of the borehole can bc divided into four
unirs (fiu.7):

Unit I (120.0 99.9 m): Steinaln Limesroner
Lieht grel limesrone and dolonite in which rhree mi

crofacics tvpes cln be disringuishecl:
1: Dasr-cladaceaen \.acke-, pickesrone: (116.8 m and

1 16.4 m).
In I micriric matrix, D:rsvcladeccaen (determined by O.

f iros) ancl Foraurinifen (Table 2) indicate r Pclsonian agc,

2: lìoraminiieral packstone (l11.50 11.+.65 m).
In l nricritic rnatrix, a nrassivc occurrence of a single

for.rn,inifer spccies Pilanmita densa (Pantié) can be obsen'ed
(Pl.l, Fit.l ). Thc texturc is qrrin supported. Thc age is uppcr
Pcìsoni;rn-lorver Illyrian.

Renrark: lround rhe Pelsonian/ lyrian boundar_r-, a layer
rhiìt contxins only one foraminifer species, Piknnìna densa,
can bc found in manr.sections. This laver can be found in the
Gerlnan cpicontinental basin (l-orver Silesir, niddle part of Po
l.rnd Glazck 1973) rnd in the Tethvs in Slovenia (Ramovi 1975).
It rcprescnts a.l rn thick horizon conra;ninq naìnly P dcnsa),
lVftrnteùeqro (Panrié 1965), Krrakay:r Basin (Ahiner 1993). A
sinrilar nricrofrcies is knonn irom the Alsó Hill (Aggtelck
Rud;rbínla Mts., NE Hungar,ri Bérczi-Makh 1996), and flonr
the Danubc-Tisze Intcrfluvc rrca (Bérczi-Makk, A., personal
corìrnlunrcÀ on),

3: l)olomitc mudstone (105.0 nl).
The uppcrmost parr of rhe Stcinaln Limestone is to-

talk' doìomitiscd.
Llnir ll {99.s-E7.1 nr): The r..rrs.rrirl chsric:uquence i.

mirdc up of ar altc.rn;rtion of rhrce rock typesr A, conglomerîrc/

l t1\ hu"""|ù dh,It||||\

TrL,. | - ll-. r'o r.ììt,o1ìnr ".. 1. :,. ',i . r.,-,1 .".r
h.rngings.rll oi thc Lrke seclinrenrs.

The sctlucnce of the boreholc can be dir ided into thr.-c
unìts (l;ig..f):

UILI (]-ì 1.0- 199.-1m): nrerl. celcercous ntarl, srndsrone,
rnd clirvstonc rcprcscnt a ìecustr ine deposirìon:rl environmenr,
Differerrr fecics of ir llcustrinc environment could aÌso bc dis-
tinguishcd (f:i*.5). The tcrrcstrial sedimcnts cont,rin rolcanic
(both l.rva ancl tuffirc) inrcrlirvers (.)24.1-172.1 nr). The vol-
c.rnic nratcri.rl indicetes:rn udesir ic-rhr olirìc conrposition. ln
the srnrple from 207.l' nr ir crn bc obserlcd that rhe volcanic
rrareri.rl r as phsric s hcn it rcachcd the l:rke. Extinction of rhc
phqìoclises indicatcs rhet th..v orìgilated flom:rcidic errrusìvc
rocks (Arglr:1.ín, B.C., personirl comnru rr ication ). Tufls s.ith
punricc tere found er rhe follon-inil depths: 2].t,5 nr, 217.C m,
2 12.5 nì. 2C3.8 m. Thr: irnrli scs of volcanic rocks revceicd rhar
the nirioritr-ol rhcnr oriqirriìtcd from en effusite p) roclesric
serìcs. The) rre tuffs conrainìng pumicc, but rhe tirv dirmcter
of lhe sriìns sugsesrs r dìstil origin.

Unit ll: l.rminitic, caìcirlcous rrari (199.4 183.9 Irl) reprc-
senti s rìn euxinic b;ìsin. Thir is orerlaid bv radiolrrìtc (i3.3-9-
llì.ì.1 nr, 1S2.9-lSt.3 m). lìcr*ccn thc tto radiolaritc lavcrs
ru'r 'r 

iù n'.rrl crn b, foLrnd. Thc .rg< ^r r h, r.Ldi.lrrirc {T.rbl( I/ i,
upper Fessani:rn-Loneobardi:rn (ptrsonal cornnunication f ront
the ìatc L. Dosztily).

Unit III: chcrtv limestone (172,I -3.0 m) th:rt n as formed
ìn e vcll-oxyecnaterl intr.rpllrfornr basin. Somc tvpes of nri-
crolacies represcnt lulochthonous sedinrcnrs (e.u. radiol:rrian.
fiìlnrent muc{, pecksronc), rvhcte:rs other opes reprcscnr al,
lochthonous ones. The lattcr form djstincr iavcrs (levels) be-
twcen th. pelxgic scdirrcnt (crinoicìal p:ìcksrone, conslomer-
rtc-breccir lelcls).

The clrcltr' linrcstonc n;rs dcpositcd in rhc time inten el

tretn'ccrr l.atc l.:rclini;rn-Errlr Carnjln and Larlv Rhactìrn. (The
esrim:ltion of ige deternrinetion is Lrlsed on for.rnrs and cono-
clonts. Thc' lartcr *.es c{erternrined bl S. Kovics).

I rrtcrprer.rtion:
- The a{c of rhe tcrrestrial scdiments in boreholr Ft-7

is nrost plobablv upper Pelsorrian-lon'er IlìJ rian.
- Dcposition of thc terrestfirl sedin1cnts q'irs pelrly con-



Lrcusrrirrc sedìmenLs. h thc middlc
redìncnLrrr cnii,onmcnrs rnd rheir chrrrcteriirir rirìimcnrs thrr crn be stll conclrrtJ rirh rhc rock r.pcs rnd f.rcies oi bofenore
Fc|si;tjrkjn\-7'i'ciìclreousnl.rLl.ric|
drill core is 6 cm. b. Clh

rnd \\ ìlknxon l9s0). Ch:Lr;L b.rnks colonisc rhc sreeper upper prn o1 tht sìope. (213.3 ,rl. N::0r. c. Crlc,rreous rr,u I l irh nicrokrrst
phenonlen.r.ThcioIneIc.rrirr(P.rssjqc0[il|ool0|;L]Ùl|o\jnq0liJ
sedincntsìnr:rledcloscthcncrIshorcr.rise.rborcrhescl1c.e]occ.lsionl]lr:(]]]'sm].Nl+I
ro highlr bnclìsh rrrc
tilìec1 from thr insoluble resiilue. Dct. l\'1. l\lorosrorì tll.l.0 nr) N= tt\.
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Lithostratigraphic units of the
Northern Bùkk
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F;9.6 - Srrrrigrephic sc,tring ol the 'tudied lareru of thc Sebrsríz

Srcrion rnd boreholc lfiskolc-|3. Leqend: Some itens irc
the s.rnre as on I'ig.2. Dìffercnccs rrc rs iolloss: L nr.rrl
(vi\sz,rs F ).). l. sand'rc,nc. cìrvcv nurì. crlcrrcous mrn
(Abhkoski;lajlgv liÌ.1. J. oolitic limestone (Ccrenn:rrir l.sr.

lrn). S!r Steinilnr Linresrone, S(l: SebesrÍz ConglorÌcrrtc. I:
bor(hole Miskolc-10. ll: sruJicd l.rvers oi rhe Sebes íu Sccri,u.

breccia: ll, rcd s.rndstonci C, ochre srndy clay- This sequcnce s as

deposited bv l braided strclnr. The conglomerare,/brcccir Lr\ -

ers rcpresenr thc channel fill, thc red sandstone interlavc'rs and

the sirnd bar bcrrvccn the charncls, *,hilc the yellorr ish-brorvn

Ijìg. 7 - Scquencc,rf borchole Mirkolc- 10.I-egcnd: 1. voìc.rnitc (Szcn-

tisninhegl Porphlrir,:),2. sindsione, L aleurolire rvirh rc-
*rxked rolcrnic cl.ìstr..l. er.rnule (:-3 nìm),5. nìicrocon-
glonrerarc (:-5 nìnr).6. conglomerrte. breccir (0.5-8 cnr),7.
linrcstone, $. chver crlc.rrcous marl.'r. crlcareous marl wìth
linresrone cbsts. 10. dolomne.

sindv clal'Iivcrs $,c,re dcpositcd es floodpl.rin mud.
A: CongJonrer;rtc/breccie (Pl.l,Fig.h):
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-- ^ F-=l - fr 'TtI l---l 1l__l o l-TJ
l-ig.6 Srnrignphic setrirg of thc srudied hvrrs oi Lhr Sebes.Íz

Secrn)n rncl borehole Miskolc-10. l-csend: Somt irens are

rhc s.rmc rs on ljìq. L Ditterences rrc as tolloqs: l. nr.rrl
(vc!s,(;s Iìnr.).2. srndsronc. chyer nrlì, c.rlcrreorLs nrrl
(Ablakosk,;r iiìgr lm.).3. ooliric lirncsrone (Cere î!ir Lst.

Fm). Sr: Sreinalnr Linestone,5C: Sebcsvíz Congìonrerrte, l:
borchole NfiskoÌ(- 10, II: stLr,lie<l lrren oi the Scbts\Í? Stcrrcn.

brcccia; B, red sandstoner C, ochre sanc|'clau This sequence n_:rs

dcposired by a braided srre^-. The conglomerate/breccir liy-
ers rcpresent the channel fill, the'red s.rndstone inte'rlavers and

rhe sand bar betwecn rhe channcls, while thc,r''cllo*'ish-brorvn

ljig. 7' Sequcnceoi brehole ìVliskolc i0. Lerend: l. lolcanitc (Szen-

tisoínheg1, Porphvrire), :. srndstone. L aleurolìte rvih re-

Norhed \îlcani,: chsrs. 1. gnnule (2-.ì mrn),5. microcon-
glorrrc'r:rre (2 5 nrr), 6. conglonreratc. brecci.r (0.5-8 cn), 7.

lìnestone, S. cì:r,:v calcarcous nr;rrl, 9. calcarcous marl s ith
limesrone chsts, 10. dolomire.

sxndv cley lelers rl'cre dcpositcd as floodplein mud.

A: Congiomcratc/brcccia (Pl.l,liig.h):
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2. Foraminifèral nrudstone

i,1ca LIr0Vit Lt Llclòntl|!|Ll

l,lcd nLl turp i t o d i ttu r i(

\1eunln:pnL|tu utnnrcIi

Pelsonren

sand shorl Nlcandrospifa detònrata

Ta|\ paIt,ttt|1 gtcSut ì.1

Tolt

3. Foranìniîeral gfainstone

.1.Oolitic grainstone

5. Peloidal packslone

6. Mikroìrial strollatolitc

7. Mudslonc \\ith bivalvc shclls

l\lcdndt a\pìtu diru|ì(d

Toh pan1tlt in.r :4-cgut ltl

9.CrinoidaÌ packs(rre

l0 Cìaystone grains

The thicl<ness o{ thc bcds varics bern'ecn 0.4 rnd 5.,{

m (5.4 n, 0.1 m, 1.2 m, 0.6 m, I m).
Clasts of thc conglomerrte/breccia bcds are onìy

slightly rounded, suggesting a pro)iinrrl source arer. Thc suLrc

rure is grxin suppoltcd. Most of the redeposited clasts :rre dolo
fiìtc, brìt limcstonc and clal pebblcs also occur in iì sùiLllquin
rit1.. The grainsize v:lrres bet\'ccn 2 mnl ànd 3 cnÌ.

TlTe spaces bet*ccn thc pebbÌes are filled *ith red or

1'cllo* clel'. At 39.95 nr and above, rinv qrainlcts of lolc:Lnic or i-
g;n occur arìlonq the pebbles and thcir dianrctcr is onh :r fc\\'

Both normal and revcrse gradxtions occur, but the Irt

The material (dolomire, limesrone, cl:rlsrone) end thc
nÌjcrofacies of the pebbles ,rrc djffcrcnt (T:rblc -l). Thc dolo
r'nitc pcbbles originatc from dilferent environùlcnts of .r l.lqooìr

(subticlal, peritidal) and fronr rhe s,rnd sho,rl f.rcics. Iirr':rminìl-
ers ,rrc cvidcncc o{ Pelsonian age.

l-imestone pebbles: coIrlpl-cd ro thc dolomìte greìns thc
preservatioù of lincstonc grains is better, ,rnJ thcl c,ccur in .r

srrallcr quantitl: Thc microfacies of thc linestonc grrìns indi-
clte b:Ìs;n and sÌopc ticics.

Thc quantity of rhe cìavstonc stains js verv lorv rnd thcir
cliar'nctcr varies between sonrc Ìnm Ànc1 sonc cm.

In the samples bcrn'een 1J9.95 39.3 m, pcbbìcs oî I 2

nnr in diamctcr appear end in rhcsc plagioclasc l,rthcs cen be

secn. Based on theif extinction rngle thc basìc origin c:ìn bc

also ercluded.

Unit III (3/.3 '18.5 nr): finc qriincd chstic scdirrlents

(c.t. sandstonc. congbnlerate).
This inten:rl oî thc borcholc u es inlcstìgatcd by cx,rnr

inìng sclcctcd fcpfcscntetivc srnlple!:
36.6 S6.5 nr: doìomìte pebbìes in a nrrlv nrarrix.
In comp.rrìson r irh Unit II, tircrc is l lowcr quentitv of

pcbblcs. Thc'tcxturc is nratrj\-sLrpported. In the ochre marl m:l

trìx, slichrlv rounclccl cLrlorrrite pebbÌes occur irì ì snìiÌll quentir\'.

ft is nosr likelr rhat thc sediment is the producr o[a gravity
nllrss nr o\ c nr cnt, pres un,rbl,v ,r dcbris flon. muds tr eanr (Sztar, ó,
C). pers,rn.rl com nìunicirtion).

33.0 rr: fine-grrined pl rochstic rock.
Thc colours of thc fcspcct;\'c gr:lìns .rrc tùite rnd riolct

:rnd thcir lcr:rge dìameter is 2 3 mnr. bur sonìe grìins re:Lch

eyen li 1O ùìrì.90'1" oi rhe crains .rre zc'nal pìreiocl:rsc, l0ol,

rrc dolonitc. Thc mrtrix is lltelccl lolcrnjc rlass. Thc rock sug

gcsrs coer'.rl roìc:rnic .rctivity'.
-,r0 -- r':I,r,\ i.||\ -|,||||I.Iu..
'l hc clirmctcr of thc pcbbles valie: trenr een 2 llmn,957,

of rhc grains arc ìndcsite (aph;rnitic rndcsi!c), 5ol, ire crrboùxtc.
The carborr;rtc pebbles arc c,ltcd n ith clev film. The rrr,rtrir is

eltcrcd lolcrnic clìss. It is nrost prob.rble thet thc scciirlent is

rhc product ol :r ilflvit\ ìl1olcrllcnt, ir fornrer lahrr (Sz.rbó, Cs.

personrl co,ìmunicrtion).
/{r.) lll: aoilrsc grillneC s1ìldstollc

Thc size of thc clrsrs vrlics berl'een .2 rnd 3 ntm and thc
rc\rure is orien!ed. Thc colours of tlTc rcspccriYe clasls are rio
1ct rccl. thitc, green. Thc qu:Lnrìtv ol thc volcùloclasts is snellcr

Limestone pebbles:

8. Radiolarian. sponge spìculc wackestone



rhan in the forner santple, lt nral indicarc the r ccurrcncc of rhc

fluvìal dcposirion during a break of volcanic irctilitr'.

It is is violet in coiour. The mejoritv oi rhc qr.ins rrr
plagiochse. Sincc thcir conrour is inract thcl.rrrll'hlvc origi-
nared jn thc nerr vìcinity A singlc cm-sized hr',rlit. flag"r"rrt
nts also cncountercd.

48.5 nT: volcanirc rvith carbonate pcbblcs.

Occurring in:r light grcen rrratrix, \'iolc! spars xppc,rr
rvith an irregular contour', The spars have a thin d:rrk green
rinr- Thc framcs,ork ol the rock consìsts of phgiocl:rs.' larhcs
and betwcen thcr'n carbonate fraqnrents c,rn bc scen. Thc rim of
the carbonate grains is altere'd. Thc rock is a product of a llll
flow. Bctwecn the volcÀnic componerts the cirrbonrrc greìns

represcnt the se'dimcnts thlt rvere ripped up and incorporltcd
b,r' rhc Lrve flot.

Unit IV (48.5-0 nr): green lolcanic tuff.

lntcrprctirtion;
Bcnveen the dcposition oIrhc lagoonal 5ediments of Unir

I (Steinrlrr Linrestonc) ancl thc tcrlestr iel sedirrenrs of Unit Ì I,
rhc areiì \\'^s liftcd up. Due ro thc recronic acrility significlnr
cliffcrences in thc rclicf occurrcd in thc llrc Pclsonian rrnd this
resulted in arr intensc e'rosion l'hich provided rhe nl:ìrerirl ol
the conglomcute/brcccia Iavers oI the sccond unit.

A rnicrofacies investigation of thc redcpositcd pebblcs
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(Unir II) r'cvc,rlecì th,rt dr,rlorritc ind linr.stone pebblcs origi
nrted nor only fronÌ à for mer carbonle platforur but rlso Irom
it besin, Consc'qucnth', n,c can concludc th.rt bcfore thc uplìft
lhl: b.scDent tas dii[erentietcd. Thc pllriocllse at tì9.95-39.5
m (crlsrel tui[) indicatcs coclrl volcenic ectilirr: On thc Lr,rsis

of the inlcstil4rrion of rhc pl.rgiocl,rsc, r birsic rock-!\,pe orilain

can be llso crcluded.
The fincr-grrrined rocks of Unit III suggest.r leveìling

oI thc relicf. A gr:rdu.rl dccreesc in thc rescdintcnted sedintcn-

trrl-rììltcfials in the borehole scction (SIise III) indicates rhc
beginning of intense lolc.tnic ectiritr (Unit l\i).

Sebesvízvólgy Section (Fig. 8)

Geogllphic positiorr: h,rli-ner lretr.cen the lill.rsrs oi
B;fukúr .rnd l-illafiìrcd, on rhc southefn side of the Ger:rclna

Vrtler (l:ig. lb).
'l'he srrirrigrlphic serring oi thc sccrion crìr Lrc seerr in

I'ig.6.
!l!LL plxrlorn dolomirc (Hinrol Dolonritc). No fos-

sils rvelc found in this scction.
Unit II: Sebcsvízr-òlgl Congkrnrcrate (ll. 2, l:ig. a).
A.fter rn crosion surfrrcc thc Scbesr'íz (lorìglotìlrrîtc Iol-

lols ;rnd it hls a thickness oî l.l nr (sincc'thc strar,rl dip is un
ccrtaìn, its thickness could be 51.3 n ìf r highcr rnglr' is tirkcù
into eccount). Pebblt's of l-15 cnr in dirrnlcter floer in e srer',

cilcercous nriìtri\. In the lo\'er prù-t

of the conglomerete, in tn'o (20 lnd
60 c,,)1 thiclt) horizons, thc' mirtrix
is rcd cì11'lncl thc qr:ìiDs rrc rngu-
hr encl unsolred. In the nretrix ol
thc conglomer:rtc, Al chloritc :rnd

ptrophvllite rvere indicrted bv X-
rirl, rn,rLysis. Thesc tsî nrincrals
- tosethel \'ith l lergc illlount of
h;enr.rrjte - sugilcsl hcr\') lxteritic

|ig. s - -lnirirn l..rclinirn l.rrers .rnd

i.rcie' cun. oi rhc Scbcsvíz

Section. l-cqrnd: l. s hire
rìri\sirc Iirre\1onf (Fehúrl{,,

L5r. |nì.). l. liqht grcv lintc-
sr<'nc. in cerrrin horiz,'ns
limest,,nc ci.rsts iD fed chy
m.rrrir, L el.rrk rlrcr-chcltl
linrcstrnc sith sh,rle .rnrì r,r-

diol.rlirt inrelc.rl.rtions, .+.

drrk grc. l.rnrin:rr' liuestorr',
5. ( hì!e dolomi!e, a). roìcin-
itc (Szentisn inhegri I'or phv-
fireJ, 7. c{)nglorr(f.r!e brccci.ì
(SebLsríz C0ngìontcntcl, 3.

dolomitc pcbbles in red cl.rl
iScbcsvíz Con*lonrcr,rtc), 9.

n,cdium grcr dol()nìit(' (lli
nìor l)olonìiÌc Fnr.).

A,tisi,11t tLrrestrlal setlincnts n thc Biìkk .llo tìr.rilts

SEBESVíZ _ VALLEY
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668 F. Ve//edits

\reathering (Kovícs Pílffl P.rnd Vicziín I., personai commu
nicatiol). Bcr*'ecn the clav mincrals the ììlìtc has a double na-
ture: a p:rrr of ìt is a 2lVI-altered, cl:rsric or alreedv netrnorphic
product; its orher p:ìrr is b:rd11-cr1-stalliscd:rnd has r rviclc brse
rellectioú. The latter \r-rs smectite, thus the tufl3ceous chrrrcter
of rhe original nìatcrixl cxnnot be erclucled, eirhcr.

iror the nricrofacies rrpes and fossìls of thc resedimcnred
pebbìes sce Table 3. The rge is Acgean-Bithynìen.

ln thc laycr group.,r 70 x l0O cm cLish-sh:rped conslonì-
erate represents channel sediments. In rhe niddle pxrt of rhe
Sebesvíz Conglonrerirle, a mariimum.l.lJ ,ìr thick ruffitic rolcanic
intercalation c:rn be found; its lo*-er and upper boundrries rrc
rectonic jn thc section. In the upper prrt of the conglomerere,
cleystonc pcbblcs also occur among thc rcscdimented pebbles.
Accordingll, the erosion affcctcd the footrv.rll and the under
lving rocks as wcll.

The shapc of thc clasts is vcn'oftcn angular and rhel'do
not sho$ anv parricular ordcr. The grains are similar ro those
in the lower p,rrr of the SebesvízvillfÌ)' Conqlomerètc and thcv
are complenented by clav pebblcs. The lattcr most probablr.
orìsina!c from the Ablakoskór'ólgy lìornretion thet undcrlies
the Hímor Dolornite (Fig.6).

Flcics: in the lo*'er prft the red, clavev metrìx suggesrs
lateritic rveathering; according to the Iìtholosy rhe sedimenr can

be interpretcd as a fluvierìle. tlood-pÌaìn sedjnent. The dish-
shaped conglomerate complex is e channcl fi11ing.

On the b.rsjs of foranrinìfera, the age of rhe dolonrite
pcbbles is Eariv Anisi,rn, thcir frcics is hgoonal.

Unit III is the Szentisrvínhegi,Porphvrite. Unir IV (P1.

2, Fig. h, i) ìs a thin-bcddcd lirnestone of basin frcies. Its asc is
Ledinian/uppcr Fassanìen on the basis of conodonrs. This is Iol-
iorl'ed bv white dolomite (Unit V) end rhin bcddcd gley lìnrc
sronc (Unit VI), and thcn chcrtv lincstonc q.ith radiolalite in
tercalat;ons occur.s (Unit VII). Thìs is followed bv light- gre_u

limestone with red clayel' limestone ci:rsts (Unrt VIII). Unir IX is

a platforùr linrcstonc rvith stronrxtact;s that occùrs cn nlassc.

Interpretation
The Sebesvízvòìg_v.' Section indicates the folÌon'ing

subsjdence historr,: efter the deposirion of rhe Ìagoonal
HínTor Dolonite (Unit I), the area *es raìsed. Sr.rbsequentlr';

or probably coevalv \\'irh the volcanjc ectivirr' (Unìt III), rhc area

subsìdcd rapidl,v (Units IV VIII). The initial repìd subsidenc.'
had slo*ed down by the Late Lrdinian. In the Lrre Ladinien,
thc scdinrcntatìon, duc to thc progrrdxt;on ol thc platfornrs,
continued orì the platforms.

Current knowledge about the terrestrial sediments of the
Biikk Mountains

Age: the nain problem wirh rhe terresrrial sedi

nrcnrs of the Bùkk Mount:ìins is that their age cannot be

determined as precisely as that of thosc in thc Dolomitcs.
This is partÌy due to the subsequcnt tccronics, partly to
the bad exposure conditiorls, xnd partly to thc doÌomite
(which in some cases forms the footwall) that very fre-
quently contains no fossjls.

The dating of te..est.ial deposits was based on the
xse of the undcrlying formation and on the rge dàta ol
the resedinrented pebbles.

Borchole Felsótirkínv-Z: since the borehole
stopped in the leke sedinrents, its footn'all is unknonn.
Hon'ever, according to tlìe assumed srratigraphiceì posi
tion ol the l,rkc dcposits thcir agc is n.rost probablv late

Pclsonian lllvrian.
Borehole Miskolc-10: the underlying formarion

(Steinaln.r Limestone) contains upper Pelsonì:n-lower
Illyr-ian fossils, so the terrestrial evelìt rÌlust har.e taken
place ìn the latest Pelsonian-earl1' Illvrian.

The materìel, agc, and facics of the resedimcnted peb

bles are diflerent. Arllong these were iound SteinaÌm Lime-
stone, dolonìite (Hímor Dolonite) and shaÌe most proba-
blv originated from the Abiakoskóvólgy Formatìon (uppcr
parî of the Lower Triassic), rÌrd oolitic grrinstone which
nrost probablv originated fronr the Gerennavír Linestone
(ìower plrt ot the [-o$,er Triassic). The [rains originated
not only lronì rhe directly underlying [ormxrion, bur from
deeper ones, too. Based on microfacies of the resedimented

grails, we caù àssuùre that before the updonring the pìat-
form had been differentiated, so we have to take into con-
sideratjon the coeval existencc of platforms and basins.

Sebesvízr'òìg1.: the foorw:iìl consisrs of Hímor Dol-
omitc but rve could not tìncl any fossils jn the srudied out-
crop. The age of the resedinented grains is Lorver Ani-
sian; their nicrofacies indicates a lagoonal orìgin. Onll-a
ferv cl,rvstone grains rvere found and these probably origi-
nated fronr the Ablakoski;vólgv Formation. Grains which
could have originated from the Steinalm Limestone and
the Gerennar':'ir Limestone have not been found.

Comparing the niaterial of the pebbles from the
Sebesvízr'ólgy Conslomerate as rvell as from borehole Mis-
kolc 10, r-c can assumc thJt rhc pcbblcs rcprescn! ts-o tel
restriaÌ evenrs: one ìn the latesr Pelsonian earìv Illyrian, and

probablv another in the Los,er Anisian or in the Pelsonìan.

Volcanic activity is coeval rvith the Anisjan terres-
trial sediments. In the lacustrine rrarl sediments, reworked
volcanìc rock fragments as well as resedimented minerals
.rrt Le fou r,l. Il rh...rmpl. fr,'rrr Ft--:20-.t, rr. t irn
bc secn th:rt the nratcriaì s/as st;ll plast;c when it entered
rhe basjn. The material fronr which the clasrs originated
was originalll. felsitic (glassr'). Its remnants are mineral-
ised with clal'and contein plagiocÌase phenocrysts. On
the brsis of the extinctjon of the pÌrgioclese, the grains

are almost certainl) derived from acidjc extrus;ve rocks
.i ,

,A r;r ct rn. 8.C.. pcr.(.nJl cL,r-r-ur ic.rli('n./. Thc r u ..rni,
rocks arc dcrived from a pyroclastic series that càme jnto

being due to explc,sive volcanism. B,rsed on their petro-
grrphic character, they are puniceous tuffs, the fine grain

size of n'hich indicates a distal facies. On thc basis of the
thin sections, tlicir genetic classiiicetion cannot be crrried
out. They nlry be menrbers of a dispersed pyroclestic series

connected to a Plini:rn type, or the distaÌ perts ol an ìgn
inrbrite scrics (Harangì, Sz. personal communication).

Traces of voìcanìc activity can be found bctween
the Upper Anisjan l-adinian sediments of the Búkk
Mounrains.
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Fìg. 9 - Posuion of the Alpian rnd Di-
naridic unns during the Trias-
sic rifrine of the Nco Terhys.
'Ihe lorcr parr of the lìigure
depicrs rhr modìfied sinple
she.rr nodcì (Dixon et rt.
1989). See rexr for exptrna-

Role of the Anisian terrestrial sediments of the Bùkk
Mountains in the rifting of the Vardar-Metiata branch of
the Nèo-Tethys-ocean

Terrestrial sedimenrs in rhe Bùkk Mountains are
parl of a volcano-sedinlentary sc.ies which is characrer-
istic for the updonling parr of a rifring area (Velledirs
1998/ a; 1998/b:2000). According to Dixon et al. (1989)
and Allen and Allen (1990), rhis part of a rifring area is
characterised bv topographic culmination and by bimo
dal voicanisn.r (Fig. 9). Above the upwelling of the asthe-
nosphere the crusr is updoming and rhe area is upfifted.
The respective occurrences of the volcanisnr and uplift-
ing probably coincided (Coleman er al. 1983 in Dixon et
al. 1989). Shortly after the uplifting, reworking of clas
tic sediments from the uplifted areas began and gradually
even the deeper layers were eroded dovn to the crysralÌine
basement. These clastic layers are not always very thick
and do not extend over rhe whole area. Leeder and Gaw-
thorpe (1987) established rhat extensional rectonism pro
duces characteristic half-graben/tilt-block systems. These
basins have a profound influence on rhe geomorpholosy
and on facies distriburion. In rheir modeÌs, in the deepest
parts of the conrinental half-grabens, either a lake can be
found or flows a river.

Frorn point of view of subsidence, two different
srases can be distinguished ìn rhe evolution of a rifting
area. The synrìft or mechanical subsidence stage is char-
acterised by the breaking up of the crust along fauìts.
During rhis period the subsidence ìs very rapid. It is fol
Ìowed by the post-rift or thcrmic cooling srage, then the
subsidence of the crust is slow and is controlled by the
cooling of the crust.

According to the paleogeographic rcconstructions
of Kovícs (1984), Haas (2001: Fig. Z), and Zieeler &
Stampfli (2001: Figs. 3, 5) rhe Bùkk Mounrains were sìtu-
ated on the Southern shclf of the opening Vardar Meliata
branch of the Neotethys ocean.

Based on sedimentological, biostratigraphical, geo
chemical and petrological anaiyses, we can follow the dif-
ferent stages of an updoning part of a rifting arca in the
Triassic sedjnents of the Biikk Mountains. After the pre-

rift stage (Hímor Dolomitc, and Steinalm Liraestone),
the terrìtory was upÌifted (terrestrial sedimenrs).

In the Southern Bùkk Mountains the evolurion of a
half-graben berween Anisian-Rhaerhian can be followed
(Velledits 2000, figs. Z-8). In the late Anisian a rerresrri_
al haÌf-graben came jnto being with a lake in the deep-
est part. This evolved ìnto a carbonate shelf half-graben
due to the subsidence o{ the rifting. (Above the Anisian
lake sediments we can find cherty limestone in rhe No-
rian-Rhaethian) .

After and par rly coevally with the uplift, an acidic
voicanic event took place. The petrographical character
of thc volcanic rocks shows rhat rhe Middle Triassic vol-
canìc rocks represent magmatic activity re)ated to ex,
ren.ionai <pisoJcs rHar.rnri er rl. lqc6/. Thc voic;ric
activity was followed by a rapid subsidence of the crust.
In the course of a few million ycars the crusr subsided
by a minimun of 500-600 merers. In the late Fassanian
the Ìate Anisian lake sedimenrs were covered by laminitic
marl and radiolarite. Larer, this rapid subsidence slowed
down and cherty limestone was deposited during the
thermal cooling stage.

The duration of the different evolutionary stages
(taking into account the dates of Gradstein cr al. 199 5) are
as follows: the updonring stage lasred from rhe Aegean/
Bithynian boundary until the Pelsonian,/IlÌyrian boundary
The duration was approximarely 3.1 n.rillion years. The
syn-rift stage lasted from the Pelsonian/Illyrian bound,
ary untiÌ the Fassan/Longobardian boundary iasting 4./
milÌion years. For tbe duration of the post rift stage only
an estimated value can be gìven due to the lack of infor-
mation about the Jurassic sediments of the Bùkk Moun-
tains. At the Triassic{urassic boundary the subsidence is
loq and continous. Most probably the slow subsidence
contjnued until the Bajocian/Bathonian boundary The
Bùkkzsérc Formation (oolithic limesrone) represenrs rrìe
early occurrence of cornpression. The assumed boundary
between rhe Bajocian/Bathonian probably took place ar
tl.re end of the post-rift stage and it lasted for something
like 51.3 million years.

ln Nonh-East Hungary in the neighbourhood of
the Bùkk Mountains such units can be found which were
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dc'positcd on diifcrcnr palts of the V.u d.rr-l,l eli.rra br.rnclr
of thc NccTcthls occirn (Kovics 1981) . The Trirssic se -
qucncc of thc. 13iikli trlorrnrrins t.as dcpcrsitcd on rhc up-
donring sidc, rr hilc thc scclucncc of thc Asgteìek Rucì.1-

binr'.r Mount:rins l ls deposired on the oppositc (brerrlir-
rr.rr ) sidc of rhc oce,rn (\'elledits l99S/.r, l99S/'b). Snrrll
renìn.rnrs of the occln lre rcptcsentccl trl the ophiolires
in Ilódla V.rller'.rnd D:rrnó Hill (sce Fig. l.r:rnd Fìg.9).
The evolutìon of these threc prrts oi thc riitìng ocerrn

c.ln l)c cor.elitcd lcrl sell. l ìrc Anisi.rn Stcinaln Linrc-
sronc is plesent in rhc Biikk NIount:rins incl in the As-
gtcìcìi-Rudeb.inr.r l\{ount.rins. Altcr rhc scclimenrltion
oi thc Steinalnr Linrcsrone rìrc- erer oi lJtikk !lountrins
n.rs uplilrccì. Sinrulrrncousìr uirh thc Lrplilì the inncr
p.rrrs of the As{tcle k-Rucl.Ìbirrr a }lountrrins neirer rhc
liit .rris (Bódr'.r rnd Szijl,'js.rrcló unìts) subsiclccl. Dr,rlinr
thc Middle-Uppel Trirssic, p.rr,rÌlel rvìth thc strikc ol thc
rift .rsis. l llrger irnd ì,rr gcr ,rree qr adu.rllv clr-os necl in thc
Agstelek-Rucl.rbinr a Nlourrr.rins.

Irr rhe N'liclclle Lrdini.rn. .1./ niÌlion le.rrs .rftcr rhe
r.r;rìifr of thc Ilillili N{ountains betwccn the trro shclvcs
(c;rch halinq,r clificrent evolurion hìstolr'),.r ncr oceirn
openccl encì its rernn,rnts rrc rcprcscnrcd ill rhe ophio-
lithcs of the lJóclvr V.rllcl rnd Drrnó zonc (Réti I9S5.

1988; Dosztírlv E: Józsr 1992).

Thc Tri.rssic dcrcÌopnrcnr of the units of Norrh-
E:rst Hung:rrr jusriir the ;ìs\'rÌrnìerric rifting model oi
\\'erniclic (1931. 1985) rnd Dixon et rl. (l9lì9).

Terrestrial sediments in the Southern Alps , Dinarides

Anisian terrcstrill scdinrcnrs le elso knoln from
the SoLrrhcrn Alps. irorr the are.r ll ing north ol the Sourh-
ern Alps. end fronr thc Dinarjdes.

'l hcl scem ro be charecteristic ofthc southern shelf
of the opcninq V.rld.rr-Me lìirr:r ocein, to the northern
contincntil shcll of the Gondrvirnl. Hol'evcr, thcy are

n'tissing lronr the tleltcst part o1 the Northern Clllc.reous
Alps lnci from the Nesrern C.trprthians - rhlr is, front
rhe norrhern shelf ol thc opc'ninq Vardar-Mcliatl br,rnch
of the' Neo-Tcthvs ocean (Fig. l0). ConscclLrcntlr', the
prescncc ol the Anisi,rn terrestri,rl sccliments in the Biikk
l\lountains confilnrs its paÌircoqcographic conncctions
nirh thc [)in;rr'ìc]es rnd rhc SourherlÌ Alps (Fig. 10).

A conplrison ol the Anisiirrr tcrrcstrillsediments is

mrde ntore diflicult bv the fect thirt the)'knowlcdge xboLrt

thcnr is unelen. ln solnc cases onll thc substrge of thcir
aqc is linorvn, rnd sotnetimcs their zone/subzorre is knon'n
as tr elì. It heppens ,rlso thet the ,rge oi the s.rne fornration
is dctclnrìned diliercntlv bv diiferenr aurhors.
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A) ) ì s i Ll1t t trrei tri d I t rrl i n Ln t i n tb e I] ii kl:,1 I o u t t tù n :

Southern Alps
Lombardy
Opinions on thc origin oi rhc terr-estri,rl sedinrcnrs

ol Lomb:rrdv varr'. Girnolh cr .ì1. ( 1998. Fig. {) describe
terrcstliirl sedilnents front rhre e lcr cls (Bithr ni:rnl'Osm.rni
subzonc, Peisonian/Cuccr'nse subz-onc, lnd Iili,r'i.rn1
Trinodosus subzone) thlt rrc prraìlcl with the coclrl
aerrestì'irl sedinlcnts of rhe Dolomitcs. Ser lelcÌ chinscs
is bclicved to be the prinrarl f:rctor oi their oriuin.

Despite to this, accorcling to G.retrni er;rl. (199S),

thc scdimcntetion of Lonrblrdr t,rs nr,rinh' iniìucncetl
bv cpisodes ol transprcssion ind tÌiìnstension, s ith l icle-

sprciìd voÌc:lnisnl and local uplilìs in thc ìvlidcllc Tri.rssic.
linkcd indir-cctly to thc opcninq oi Nc'otcthvs in thc Errsr.

Middlc Triassic scrics is char',rctcr-iscd bv thick cirrbonirtc
succcssion (1.200 1.500 nr) to the Fhsr elid 500-1000
l'r'Ì to the Wcst, $'here it contrrins nrljor glps. Grrer.rni er

al. (199S) descrìbe ore supcrscqucnce fron rhe lVIidc{le

Tri.ts,.ic thrr is 'ubdividecl inrt' rno nr.rior,,,nrpositc '.-
quences (Al and A2 Ll).

Fronr the Anisian, the ic,lìor. ìne terrestlj.rl recli-
nlcnts \vete reportcd:

| . Or r h. L"p o. r ìrr A I .urìu(1r( r. J rì'inùt \rq lt(nic
(41/ll) appc.rrs in Westcrn Lourbrrcly (Brenrbanir Vrìlo )

in the Upper Anisian. lts lol,cr boundarv is nrrrkecl br'.r
discontornitv q'ith,,terr.r rossrr".ìnd localh- intr,riorrrr.r-
lionxl brccci:ì ìn the basal ,,Pcriridal Dolorlìtes" (Upper
Antolo Limestonc).

ln the L,rkc Cooro rtrc.t, f.rn clcltes progr:rdcd onto
thc e.rrborr.rre Lr.rr ' lJrll.rrr l ('rrr.rtr,' r r .r..ì c n.c(lu(.n, (.{rl

thc incrcrscd siliciclirstic supplv Lìthic arkoscs pessint up-
rvar:d to fcldspathic litharcnitcs rrrc explained bl uplilt of rhe

birsenrent.rs g'ell as eithcr vo]c.urisnr ol basin inversion.
2, ln Vrcstcrn Lomb,rrcll. thc ìorver boundlrv ol tìre

sequencc A2-l-l is n.rarkcd br':r -i-5 kn prorredltion oi
thc Bcll;rno Fornration onto thc undelh ing coasral lr. ln
Ccntral Lonrbardr, ir is nrrrrkcd bl rhc subaerirl cxposr.rre

of tlre upper ,,I'eritidal Dolonrircs". The seque'ncc bouncl-
ar,v is placed in the upper patt oi thc Baliltonicus zone.

3, Coevally rvith the Richthoicn Conslonrcrtc of
the Dolonritcs, e sh,up inclc,rsc ir-r cllv suppll'appels ir

fcrv mctcrs above thc blse ol the Prezzo Limestone, \\'hich
is explained cither br. local uplift or coast;rl retrcrt.

Dolomites
'l'crrigcnous sedinrcnts rverc' described ìn I Ievels

(tscchstidr t{ Brandner 1970; Assereto er :Ìì. 1977: De
Z,rnchcctr1. 1992; De Z:rnchc cr.rl. 1993;Senolbari-Dr-
rl;ìn et rl. 1993; Gianoll:r et î1. 1998):

- Piz d:r Pcrcs Conglon'ìtrite, (Bithlnirn, Kocacli.r
zone/Osnirni subzonc);

- Volrago Corglomerrrc. (Pelsonian. B.rlatonires

zone/Cuccensc subzone - unnîmed subzonc l):
- Richthofen Congtonrerrtc (ll1;'rian. Paracer'rîites

zone/Trinodosus subzonc).

Pia (19-17) h.rtl rlreirdv cstrblishcd th.rr dLu'ìng thr
Trilssic, the Southcrn Aìps sere ,riiecrecl lrr svnsedi
nrcntrrl tectorììsnr .rrrd volc.rnisrl. Thc nrost signìficant
crosion c:ln be cl.rrctl to thc rinrc of thc forrrrlrion of
the lìichthofcn (ìonglonrcrlrc, u hen rhìs unconfoÌnìir\.
dcepJt cut Anisi.rn, Lol'er Triassic encl Perrriirn units. C)n

thc b:rsis ol thc .rn.rllsis of tl.re pebblcs of rhc lìichrhofcn
Conglomcrrue, Be chsr;iclt li Br-.rndner ( l9l0) estrblishcd
th:ìl r nlorc thln:r.100 nl thickness oi secliDrents s',rs

erocled lt this tinrc.
-\fter thc thirrl uplifr lrhe' :r:e oI rr hicìr .rccor dirr{ tt)

Gianolla cr rl. l99S is rhe l)irrlccr-rtites zonc,,Tr'inoclosus
subzone). the r.rre oi subsiderce ìncrcascs, The scquence

boundlv scenrs ro cor'tcs;roncì to .r dros,nìnq unconforlìritl
clused br' .r strcrng incrc.rse in subsidencc .rrrd in sc.r-ìevel lisc
(Gìrnolla cr:rl. 1998). In rhc l.rtc Illlrirn,lroric Lrlsins ceme

irrto being. ancl in tìrese birunrjnous clrbon.rre rhvrnrires
sh.rrph orerlic rhe prelious crrbonire tlnrp scclinrenrs-

Rùîicr & Ziihìlic (199r) .lnd Ziihlke (J000) hele
presentcd sonrt'rcsulrs lrolr sinrple nunrcricll b.rsin nrod-
ellinq \\,ith respccr ro subsjdenccr'upìift r-.rres.rncl pr.irnrn
conttoì br sei-lcvcì cìrrnqes or subsiclcncc,rLrpliit. Ac-
cordìng to rhcr'lr, scqLrcrìcc [roundaries in 1.rluc prrts oI
thc Southcrn Alps (c.rstcr.n Dolonritcs. LonrLr.rrclr'), in
the Europcan epìconrincnr,rl scas (S\!:Gcrnr.rnr ). in thc
Arctic Sea (B.rrents Se.r, C.rn'rdi,rn Arcric),.rncl in Chìn.r
corrcl.rtc l ìth e.rcìr orìrcr. Nunrericrl rrroclclling for the
Dolomitcs indicrtcs rh.rr thc or igins of thc [)iz cl.r Peres

Congìonìerite,rncl Volt.rgo Clonglonrcr.rtc irr l.rrge .rrc.rs

of the eesteln I)oìonrites tcre induced bl se,r-lcveì chlnq
,.-s, rvhereas the lìicìrtholen Conglonlcrilrc ol rhc r,csreln
l)olonritcs lrrrd the Voìtrrgo Conglomerltc in rhc Sourhern
Dolorrites n-clc prirttlill conrrolled b' tcctorrics.

Carnic Alps
Kr.riner fr" l.utz ( 1995) desclitrc t l o clillclenr liìnds

of brcccias rrith <liffcrcnt eges fronr thc (ì.rrrrrerkofel

Ziclkoiel arer. 'l he firsr brccci:r horizon consisrs of rii
jltr brcccias conrlTosccl oi clecinrctcr-llgc cl.rsrs clcr-ilcd
fr:om the \\trfcn Iirrnr.rtion and thc'se clcvcìopred local
ll ar tl.ie bese. Thcsc breccias (''fitrfcrr brcccias') occur
llong smrll-sc.rle svnsedinrenrrn sc;u-p f.rulrs. 'l'heir:rgc is

[-on er Trjassic. Thcsc br't-ccies lncl slnscdirrent.rrl sclr;r
i.rults nrost prob,rbh r.cflcct the iirst bcginning ol \liclclle,
Triassic tectonics in rhc Sotrrhcrn,\lps.

The seconcl brccci,r hor-jzon js thc U!:!:o\. itz Brcc
cir. Its nrrxinrunr rhickness is .10 nr. Accordins to the
authors, ìts agc is prob.tbly l-.rte Anisirn/È-:rr'lv l-,rdini:rn.
The conglorne'rltcs lrc polvnricr, trlin-suppoltecl lr-rd

rttoclcr:rtclv to po()rlr soltecl. Clasts .rtc dctived fror't't

the Llllper p.rrt of thc \Verien Formrtion. Iìcrvcrr-liirg oi
An;siirl cirl)orìirtcs rr'.rs not obserÌcd. The lorvel cont,rct
ol nr:rn\ beds is erosire. ,\ sruelì roìclnic clr lie cln bc ob-

serled ;n thc los'cr p,rrt of the Uggol itz Brc'cci.r .rt thc
Klnrnrìciten, n'herc'.rs jn thc uppcÍ plrt clarli violet lol-
crnlc clasts ar e lrcqucnt.
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The Uegowitz brcccia is overlaid bv a thin sequence

of carbonate siltstones irnd sandstones (Kùhweg Mem-
ber). Tbe Kùhwes Mcnrbcr is followed bv pelagic lìnrc-
stones and intcrcalated pyroclastìcs (Pictra verde) of rhe
Buchenstein Iìornt:rtion,

Farabegoli & Levrnti (1982) recognised three rnrin
lcvels of terrigenous erosion in Vcstern Carnìa. The re-

sedimented grains lre included: l, in rhe los,ermost l)onr
Fbrnation: Pelsonianl 2, in the M. Bivera Fornlation: lo\\-
er Illyrian; and 3, Ugovizza l3reccia: upper IIl,vri:rn.

In the Eastern Carnic Alps, in the eastcrn part of
thc "Palcocarnic chain", only rhc Ugovizza Breccia ap-

pears (Fois & Jadoul I 983; Jadoul & Nicora 1986). Thìs
ìs dcposited on the erodecl surfaccs of the Auer nie Gr oup
of Pcrmian Carboniferous age, or on the eroded surface
of the \ferfen Forlnation. It consists of delra fans and

tcrrigenous fluviatile deposits. The breccia is overlaid bl
Calcari di Pontcbba, thc agc of rvhich is Latc Anisian ([l-
lyrian, Trinodosus pp,/Avisianus Zone).

The age of the 1'ounÍlest terrestrial sedinrent (Ug-
gowitz Breccia II) ìs latc Illvrian (Hungarites z-oncl

Avisianum subzone) which is youngcr rhan rhe Rich-
thofen Conglonrerate oI the Dolomites (Illyrian - Pa-

laceratites zone, Trinodosus subzone, according to tlre
zonation of Mietto & Manfrin 1995).

Southern Karawanken
Above thc dolonirc (Dipbpora ltexaster, Plt. pau-

ciJàrata), clasttc scdimenrs (conglomeratc, sand. silt) rp-
pc.rr (('crn1 I'r77). Thcir thicknr\\ rrrie. ber$e( n J0-h0
n. Tuffite can be found at thc base of the "Muschelkalk

Konglomerate". Tuffitic nrirtcr ial appears as a matrix. irnd
:rs resedimented gravcls. Thc tcrrestriaÌ sediments:rrc cov-
ered by basin carbonatcs.

According to Krainer & Lutz (1995) rhe South Al-
pine Karawanken Mountains sho$'s most strìking litho-
logic similarities to that of thc Gartncrkofel area. Thc Late

Anisian shallow q'ater limestones (Contrin Fornrarion)
are covered b1' red pelagic limesrones (Loibl Formation;
Mostler 6c Krainer 1994). The latter formation is overlaid

bv volcanic rocks of andesitic ro dacitic composition. The
volcanics are covered by a basinal sequence, rvhich is vc'ry

similar to that of the G,rrtnerkofel area. The succcss;on

starts with polymict conglomerates of the Ugovizza Brcc-
cia, grading into sandstoncs and siìtstones of rurbiditc
origin (maximum thickncss: a5 m.) This horizon is cor'-
ered by the Buchenstein Formation (marlt'nrudstones,

cherty nodular limestones and pelagic linresrones). The
Ugovizza Brcccia is situated between the early F,rss,rni,rtr

Loibl Formation and the Iate Fassanian to Longobardirrn
Buchenstein Formation (Mostler & Kraìner 199,{).

Julian Alps
Gianolla et al. (1998) described terrestriîl sediments

from four levels from the Southern Julian Alps (Piz da

Peres CGM, Voltago CGM, Ugovzza Breccia, and Rio

Gelovitz ss.2). Thc firsr three are identical wjrh the lev-
els described in rhe Dolorrites, whilc rhe youngcst onc
corrcsponds to lcvcl 2 of the Ugovizza Breccia.

From the Northern Julian Alps only the two
younger levcls (Ugovizza Breccia 1, and Ucovizzr Brec-
cia 2) are knorvn.

Farabegolict al. (1985) describe three tcctono-sedi,
mentary cycles oI second orden uppcr part oi the Lorver
Triassic-Pelsonian, Pclsonian-lower Illr,rian and upper Il-
lvrìan-Loq'cr l-adiniln. In the upper Anisian, the periridal
carbonate plarform broke up and duc to rhe uplifr of the
northern part of thc irrca an E-\X/ orìented rìdgc (Anisian
Paleocarnic Rìdge) <Jeveloped. This is characterised bv
fluviatile deposirs. In thc los'er Illyrian the ric'lgc Lrrokc
down and trvo basins uerc formed. In the uppcr Illyr-
ian the southern brsin subsided intensilely and becirne
a turbiditic basin. Still in thc upper IIlyrian, an intcnsilc
volcanic actir'ìty begln on the ridge-

Areas adjacent to the Southern Alps

In these areas, sandstonc and arkose reprcscnt tlìc
Anisian terrestrìal scdimenrs.

Lienz Dolomites
Brandner (1912) dcscribed nvo terrestrial cvcnts in

thc Anisian: a snraller one in the Los'er Anisirn, and :r big-
ger onc around the Pclsonian-Ill,vrian boundarr,. The sec-

ond cvcnt is represented bt ,r sandstone conrplex th:rt is

150 m thick and consists of quartz-sandstonc, partlv u,ith
carbonate binding rrratcrialand sandy rrarl. Thc author ex-
plains the occurrencc of the sediments rvith tectonics.

From the areas belov', Brandner (1984) nrentions
sandstones coeval with thc Voltago Conglonrcratc (Pel-

sonian):
- Engadiner Dolonrites (Follerkopf Fornratiolr,

Dòsegger et al. 1982 in Brandner 1984);
rhe Southern nlargin of the Í'estcrn part of the

Northern Calcarcous Alps (Krabachjoch-Deckschollc,
Imsterberg);

- Curktalcr Alps, "Licischen Fazies" (Tollman
1975 in Brandner 1984).

Dinarids

From the territory of the Dinarids, n'e have only
.r few exact data on eirhcr tìre age or facies rrf ter_restrjal
sediments. Anisian lnd Lldini'rn terrestrìaì sedinrents lre
known in the areas listed belorv:

Idrija and Stopnik area

Terrestrial sedimentary rocks wcre iormcd in a tccron-
ic trench as a consequence of the Lower and Middle Triassic

tectonic activiry in rhe area of Idrija and Stopnik. Among
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them, rhe Idrija tectonic rrench s,irh mercun'ore dcposits
is the nrost inrportant. It had started ro form in thc Lorver
Triassic. Thc first tcctonic moyements producing a flerulc
are nrarked lrv inrraformation brccci,rs in the upper plrt of
rhc I.orucr Tri.rs'ic dolonrirc lPl.rcer & C.v 1977).

In thc Upper Anisian thc unifornr Anisian dol-
omite platfornr, or rilmp was cut by subvelrical faults.
Sonre blocks u'erc uplifted and becamc partl) drv land.

Subarcal wcathcring produced bauxitic sandy sediruents
(which arc only prrtly prcservcd) ond dolorritic clastic
sedinrcnts that werc mostlv rransported into,r sh,rllorv
sea (Òar & Caclcl 1977).

In rhc Uppcr Ladinirn, Longobardian, the rrc.r .. as

differcntiatcd into uplifted and subsided blocks. Sonrc up-
lifted blocks nerc crodcd don'n to the Carbonifrcrous shale.

Thc clastic sedinrents originating from the uplilt are shale,

sandsrones lnd conglomerirtes, s'ith distinct tcrrestrill ho-
rizons and volcrnk rocks. ln the othcr casc thc sanrc r1,pc

of conglorreratcs are cleposited on thc top of Triassic rocks
of different agcs. Thc conglomerates mav reach r thickness
of more than ó00 n. In the Stopnik area they consisr of
pebbles of differcnt types of limestone, dolomite, volcrnic
rocks, tuffs, tuffnccous sandstone and conglomcr.rte. Thev
represcnt nrainly rescdirnenred rocks of the Lowct Ladinian

and Anisian :rgc. The sedimentary complcxes of the Stop-
nik conglomcrrtes nerc intcrpreted as allulial frns ancl pre-
doninantly fan dcltrs (Car & Skaberne 2003).

The rvhole arc:r subsided at the end of Longobard-
ian. Thc subsidcnce rvas acconrpanied bv volcrnic lctir'-
it1- producing, ap:rrt fronlvolclnic rocks, also tuifaccous
sc.limcnrs in which rhc r oungcsr singenr'tic nìrrcurl or(
wls formed in Idrija. The tuffaccous sed;ments wcre cov-
ercd bl Corder olian dolomite.

Dalnratia
At Muc, the Canpilian Bcds are cor.ered bv thc

Otarnic Brcccia (Mar janac 2000). Its agc is Anisian. The
maxinrum thickness is 25 nr. It is conrposed of verv co:rrsc

debris and the matrix is somerinres bauxiric. It reprcsents
alluvial fan to fan-delta deposits. The brcccia is overlaid
by dolomìte and this is followed bv black carbonatc clas-

tics with Iithoclasrs, skcleral frrgmenrs and chert nod-
uÌcs, showing oidcnce ot sliding and slumpine. Thcsc
sedinrents ,rre overhid b1'pyroclasts that :rre covercd bv
black gradcd calcarenite-radiolarite and overlaid b1' clayev

ash. Sediments of I-adinian rrge are represented bv bitunri-
nous ln:rss flow cllcarcnitcs, rnarls and brcccja intcrbcds,
containing abundant phnt debris in rddition to molluscs,
echinoderms, corrrls and lnrmonoids.

According to Marjanac (2000), the Oternic Breccia

was deposited during:r significant sea-levcl fall and asso-

ciared emersion. Thc Late Anisian pyroclasts have bcen

attributed to rifring (Belak 2000 in Marianec 2000). It
was inrerprcred:rs thc result of a subaerial explosive vol-
canism. Largc plant dcbris and coarse clastics suggest the
proximirv of an area covercd with vegetation. Thc ovcrlv-

ing sedìments rvere depositcd in shallow marinc environ-
ments. The scction indic:rres that rhe rifring failed aftcr a

short period of Middle Triassic volc,rnic rctivity and after
it a shallorv marine deposirional reginre rvas re-esrablished,
s'hich lasred throughout the rcst oi thc Mesozoic.

Radoièiè (1987) strres rhrt Anjsian block-faulting af-
fecrcd the entire Dinarides rnd was succceded by polyphase

volcanism (Anisian-Ladiniln). Synsedinrcnrarv faulting was

nrorc intensive in thc southern sector and began somcwhat

earlier - probabll' as earlr' .rs rhe end of thc Lon'er îiassic.
'fhe resulr was the uplift of a large rcgion in the Dinaric Car-
bonatc Plarform (cxternal zones). In rhe l-are Anisian a large

pirrt of thc Dinrridcs u.as charlctcrised bv rhe association

oi H,rn Bulog (rmmonitic tvpe facics) and bcddcd or nodu-
l:rr hcmipclagic limcstoncs and chcrrv linrcsroncs (Radoièiè

1990). Ladinian is represcnted by thc Porphyrite-Chert Fbr-
nrarion a group of nragnraric rocks ;rnd bedded limestones
rvìth chert. In the Middlc Carniln, l tectonic event caused

enersion :rgain. Radoiòiò (1990) menrions thick sequences

of congÌomerates and brcccias of Anisi:rn rge from the Di-
n;rrides, Lrut.he givcs no detailed dcscriprion.

Jadar Block
Protié et al. (2000) gavc rn iccoun! the Podbukovi

Conglomcrates thar lie bc'tn'ccn the Anisian Dolomitcs
rnd the Lorvcr Ladinian lolcanics (Tronosa Fornrarion).

Bosnian
Trubclja (2003) describcs Middlc Triassic bauxites that

lic on the karst surface of the Middle Trirssic dolostone and

,rre ovcrlaid bv a grey beddcd dolosrone, nrarl, sandsrone and

r chcrt sedinentrr], complex oI Uppc'r Triirssic age.

Conclusions

Ag.

Exacr agc data are known onll,fronr the Dolonritcs,
Carnic Alps, Julian Alps and K,rrarv,rnks. On this basis,

rhc following statcments can be mldc: in the Dolomites,
tcrrestrial scdimcnts rverc describcd in thrce levels (Gi-
anolla ct al. I998; see rheir n'ork mentioned previously in
rhis papcr). To rhc east oi the Dolomites, in thc Carnic
AIps, Julian Alps and Karau.anks, and in thc neigbour-
hood oi Idjija (N Dinarides) a youngcr conglon':erate

lcvel also appears in rhe upper Illvrian-Lower Ladinian:
Ugovizza lìreccia 2 (Fig. l0).

Tectonics versus sea level change

All the authors cited in rhis p'rper cnrphasise the
role of tectonics in thc appearance of thc Anisian terres-

rrial scdimcnts between the thick platfornr carbonates
(e.g. Assercto et i. 1977; Castellarin et al. 1979).



lr r,lries ri,hat thei, thought rhe pr.ìnrllr causc of
the lppearlncc of thc Anisien tcrrcstrjel sedìments n'as.

Whcther it q'es tcctonics or sc.r lclcl oscillltion. Horveler.
thìs supposition hrs chenqed in the course of tìnre. In
thc 1970s and 193Cs, the cited author:s rll consiclerccL thrt
tcctonics pl.* cd thc prinr,rrl rolc, l hilc in p:rpcrs ru ittcn
in the 1990s Ììr:'u1\ iutlìors (De Zrnche et rl. 1992; De
Zanche et rl. 1993; Gianoììa & Jacquin 1998; (ìirnollr et el.

1998) ret.rrd se,r-ler,cl oscìllatior as bting the prinre t.lctor
in rhc iornr:rtion oi the terresu-j,rl sccLinrcnts irnd put theìr
.rppeir:1rìce to the boundirv of the J" ordcr cvclcs; cven
.,' rrer .rill .t,c..cd tlc tL. t,' e '. r-,r,,rti,..

Bascd on thc crlcuÌarioùs of Rfifler 6. Ziihlke (1995)

;rncl Ztihlke (2C00) ittasprolc<1 thrt diffcr-c rr t pl-rs of th c

Gonds anl contincnt,rl sheli .r,ere pr:ob,rbì1' coltroìled br-

upliit in onc pìecc,rnd bv sea-Ìevel lall in other pleces.

The primacy of tectonics is implied by the fol-
lorving facts:

l) Thc Lcr rcstrirl scdinrcnts volcrnitcs-pcÌrgìc sccli

nrcnts (*,irh rhe exception of thc occurrencc in Delml-
Il:ìJ OCCUr tOgCtllCl.

In seleraÌ insr,rnces the l'eìsonjrn/Illr-ri:rn terrcs
l-ì.rl serlinrents ire coevil n ith the loìclnites or precede

tl-rcnr dircctli.. Thc volclnitcs;ue lolÌorvcd verr frequentÌv

bi pel:rgìc formations. or ivith verr thick crrbonatc pl:rt-
fornr ser-ìes.'l'hese ,rre repl.rced by shallou *,:rtcr c.irbon
.1tcs onlt in the I-ongob;rrdi;rn.

This r:efcrs ro thc hct that thc uplilting ilr thc end

of the Anisi,rn r.as ioìlon,e,:l bv the rrpid subsidence of
the crusr rvhìcìr slot'ccl clrl'n in the Lrte Lrdinirn.

l his tcnclcr-rcy' c,rn bc vcn- u,cll obscn ccl in rhc Wcst-
crn Southefn Alps (WSA), Dolonrìtcs, Cnnìc AÌps, South-
crn Karawrnhs, Julian Alps and jn thc Biikk N'lountains.

In the \VSA Gretrni ct aì. (1998, Fig.4) dcscribed

trvo pcrìods t'ith acceler-rted subsidence: rhe first in the
I-ltc Anisian. rnd the second in the nricl-Norian. Thci
crplain it t ìth tectoric rcrjlitr,.

In rhc Dolonritcs rhe Richrhofen Conglomerrte is

coi'ercd by rhc sh,rllon'nrarine Morbiac-, and Contlin For-

nlrtion. -fhc olerlr-ing Buchenstejn /Livinrllongo Formr
rion rcprcscnrs the pelagic sedinrents, rvhich .rrc hetcropic
u,irh the thick Schlcrn platlorn carbonates. These scdi-
úrerìts ire repleced bl pl:Ltform c;rrbonetc's in thc Longo-

brrdian ,rfter the \\'enscn loìcanìtes. Meurer (2000) pointcd
to tlìe frct thlr rhc rarc of subsidence considerlblv acccl

crrted in rhe lrte IlÌr,rien-E:rrh L.rdinien (Reìtzi, Secedcn-

sis, Culioni zones). He esrirìrrte \ 200 Bubnotfs (n/Ma)
for this pctiocl. T,rkìng into consìdcrrtion thc f;rct thrt in

rhc \\'cstcrn Doìonitcs rt Llie Reìtzi/Scccdensis boundatv
rhe plltiornrs ìn the l estern I)olomitcs rìreadl t-c,rched l
thìckncss of rpproxinretclv l0O nr (lVIaurcr2O00), r subsid-

cnce for the pcrìod of Reitzi, Secedcnsìs. Curjonj zones of
600-7CC nr c;ur be esrim.rted. ln the central Dolonritcs and

C:uni.r, rhe subsidence is highcr. At rhc lìeìtzi/Sececlensis

boundarv thc platfornrs aÌrerdy re:rch a rhickness of 500-

650 m. Conscqucnrlv for rhe Reìtzì, Secedensjs, Cur.ionj
zones a subside'nce of 900-1050 nr can bc csrim:rtcd.

According to M,rurcr (2000) rhe subsidence slowed
down in rhc Cr edler i :rnd Archelaus zones, reaching onll
50 Bubnoffs.

Alre,rdv Bosellini (1991,1993) had suggested thar
in rhe Middle-Lete L:rdinien thc subsidcncc "ccrscd slrd

clenlv over alnost the whole Dolorrirc Rcgion".
A simillr: terìdcÍìc)-cen bc obscr-r'cd in thc Brikk

ìvlountair.is (VeÌledits 2000). Thc Uppcr Anisian lacus-

rrinc scdimcnts lrc coverccl bv lirmìnìtic calcareous merls

deposited ìn rn anoxic basjn and these are ovcrleid b) ra
cliolrrite of Ì,rte F,rssenian,rge. Radiolrrite is followcd bl
chcrty limcsronc of Uppcr l-adinian Rhaetien age. Be-

r1'een the deposition oi the tcr rcstrial sedìnrents :nd the
radiolrrite thc subsìdcnce of the basement \\'as ver) rîpid
in the Bilkk lvlountrins: i.e. more than 5-600 m netrcs
cluring e ferv nillion ve,,us.

Thc movcmcnt of thc crust is rhc slnrc in both arc

as: ì.c. crnelgcncc i1r rhe end of Anisian thet is foÌÌowed by
rrpid subsidcncc. The repid subsidcncc slo*'s dorvn in the
\lifJl.-l rr. Lrdir i'r. \ 'r.l,.iJ.r,. ,'l .rrcl r de"-t-L i.rtr
bc cxplaincd onll,bi.tectonic ìro\,enents, though rhe rise

in sca-levcl probablr-coincidcd q.ìth thc subsidence oi the

crust. Due to the rîpid subsidcncc aftcr thc uplifting, anoxic

basins frequenrlv canre into beirg (e.g. in rhe Bùkk: Vclicdirs

200C ancl thc l)oìomites: Senorvl>arj ct al. 1993). These rvere

Ìatcr rcpleccd bv n'cll oxl.gcnarccl clccp.oatcr scclinìcntation.

2) Discordancc.
The 1'ounger tcrrcstrial sedinrcnts (Richthofen Con-

gÌoner-rte, Ugovizzrr Breccìa 2) rr'crc dcposìtccl frequentlv
virh r significant discorclance on Pernrian ol Carbonif-
crous beds (Erstern C:rrnic Alps Fois & Jadouì 1983;

Jadoul 3t Nicore 1986; ldrija Phcer & Car 1977).

Angular discordancc berween the terrestrial sedi-

ments and their footweÌl hes also been described scvcr:ri

tinrcs (borchole Villaverla- 1, AGIP - GianoÌle et eì. 1998;
'Wcstern Carnic Alps ler,rbegoli & Lev:rnrì 1982; Vicen-
r.rr.-n Arp.. R(.o lo .rre.l: ; ro l0 u tcor jotm.t) 

B.tr

bieli er rÌ. 1977).

In the Dolomitcs, on thc Adigc platform, pcbbles of
thc Richdrolcn Conglorreratc were deposited on an erosion

:rl sur.trce: lùi/crfcn Formetion (Lower Triassic) to Bellcro-
phon I;ormation (Letc Pcrnian) (Brandner 198a, fig.2i).

3) Thc Anisì:rn terrestrixl scd;mcnts arc distributed
regionellr,. During the Pelsonian Ill)'rien tclrcstrirl sedì-

nlents èppcar on the Gond$,ana norrhet n continental sheÌl'.

Thc dcgree of erosion reiches up to several hundred mctrcs

(,+ 500 m) xt some phces. Ncvettheless, on the northern
margin oi the Vardar-Mcliatr branch of the Nco Tcthys,

in the Nolthern Crlcrreous Alps (NCA) rnd the \!'esterr
Carpathians (WNC), hugc perts of thc carbonate pìatforms
(Stcinalm Lsr.) ncrc drowncd at this tinie. Thc cxact dating



for the pl.rtlornr droiyninss in the NCA ,rncl irr the'\YNC
h:rs not becn :rsccrtaincd ls let. Pclsonirn dro\\ rìing rvcnts
:rlc describcd fronr thc NCA bl Schhgcr & Schijl]bcr!:cr
(1973). Mrndl (2000)..rntl fÍonr thc NNC b| Mello ct .rl.
(1997). Iìeiflin g/Sch tcic r.rlnr/N:iclLrs li.r l-irrrcstones ol b.r-

sin facics s erc depositecl orr rhc rop of thc ì.rsloonìl Stcirr-
lln Linrcstoncs. Anorher clrorvning cvcnt \\'.ìs dcscribctl
bl Schlager 3i Schóllbcfger (I97.1) .rs "lìt'iiìin.:er'\\cnclc".
I-ein (l9SZ) describcd rhis rvirh respect ro rhe NCA. .ud
Mcllo et ,rl. (1997) nr.rdc .r s imilar dcscriprion iorrhc\\'N(l.
Ncither terrcstrial sedinrcnrs no considerlblc lolcanires .rlc
knon'n flonr this intcrlll e'irhcr-frorl thc NCA or fronr
the WNC.

Ccrtrinh; rhe sc.r-ler cl oscill:rtion rficcred sedinrcn-
rîtion also in tlrc Anjsirn (givcn th;rt it is r continut>Lrs
phenomenon). The tcrrestrill scclinrcnts .rrc colerecl bl
i transgressivc series (c.g. Morbilc Forrrrlrion,/Contrin
Fornretitln/Buchenstein Forrnation) r.hich cln alsq be
s'cll-erpllincd bl a rise ìn thc se..r-loe'l. Prob.rbll thc rinrc'
of uplifting coincidcd rvith rhc lorvsrancl. Thc degrc'e of
the subsidence follos ing rhc tleltest uplifr, lrorr'eler'. flr
exceedcd thc order of rhe custltic seir-lelcl risc.

1-he precisc drtins of rhe upliftinr: oi rhc soutlr-
crn nl:lrgin lnd thc tirrrc oi rhe drosning cr.cnrs orì rhc
nor thern Ìrì.ìr'gin of thc Vrltirrr-Nlelirt.r br,rnch of rhe Neo-
Tcthvs occln ;ìre unknol rì .rs 1'et. Furthcrnlor',-'. it is to-
dl'unclear rvhethcr rhc uplifrinr: on rhc southern nr.rr-
gin l as cocr'.rl u'ith the clrol nings on rhe n()rthern nìir-
gin, or rvhcthcr the uplifting ercnrs prcceclccl rhc drou,n-
inss. $/hiìt cln cert:rinìr'be estrblished is th.rt rvhile on
the' southcrn nrargin rhc uplifrinr of plariolnrs, the .r;'-
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pelcnce of the terrcstrial sedinents.ìnd thc presence of
r olc.rnitcs :rre chrracteristic, on the norrhern nrîrqin thc
dron n ing of plltforms .rnd rhe Ìeck of volcanitcs arc tht'
rìrosr noriccrblc tendcnq. Thercforc in the Anisian the
developnrcnt tcndencies of platfornrs ilrc conrriìstirì!Ì ir'ì

thcir n:rture.

Sincc thc hisrorv oi rhc deleloprrcnr of rhe Bùkk
Ilount.rins in the Anisiiln lccords rveil s'ith thc assvnetri-
c:rl riltin!a of rhe Vardar-Meliirtl branch of rhe Neo-Tethys
occ;rn (Vclleclirs 1998/:r, 1998/b), the origins of rhe dn'
hnd scdirrrcntrrion of thc lìlkk in rhc Anisian c:rn be
linked ro rhe elcv.rtion oi the updonring s'ins. The simi-
ìar fc.rturcs oI the Anisian-Lirdinian strlta of rhc South-
crn Alps - I)inlrides sullscsr rhev coulcl hrLVc been closc
to erch othcr in rhe Triassic. Horvcler, in order to detcr-
nrine the errenr ro s hich the rifting of rhe Vrrdrr-Meliara
br.ench of rhe Neo-Tethts ocern aliecrcd rhc delclopment
of srrrr:r ol the Southcrn Alps-Dinarides in thc Anisiln-
L.rtlini.rn, fulthcr inlcsrigarions rvill lre rcquired.

.lckrl'tlu{yncnts. Tìrc ,rLrth,rr is inclebrtd ior dercrm;nin$
rhc lossil' to Anikc; Bór'czi,\l.rkk 1 lor.rnin iicr.r ì. Ols.r Pilx (tl.rr\.cl.r-
rhcc.rn'r. \lilLlr \lonosron to\rt,ì.od\), Sindor K(r jcs ((orì( tìnrs..

Jjno\ H.ìì\. Sjndrn Kolics .rncl C..rb.r Pe,r; (Acìderrlic;rl (ìcolosic.ll
Rcsc.rrch (ìr'oup, IìLrrl.rpest) lrc rh.rnkcd for rheir corrsrrucrrlc. r.rsclul

rdri... ()rrol!r Szr.rna, is :rcknos ledged for hff hclp in ìntcr.pretint
rhc r,:r'rr.rlirl i.rcitr. I .rm ren rh.rnkiul to Dr;rgonrir Sk;rbernc nx the
truitlLrl Jircursirn rb,rur theldri.r.rrer.Thi:srrrkr.rs.upporrcdbr rhe
\rrionrl scjt rrritìc Rrsc.rrch l:uncl 1O lKA. proiccr nulrl[ìer: TC]77.17).
'ì he ru r lroI ir g|rrclul ro R:rinel Ziihlke for rlc thorough rc|iew oi rhe
nr.rnurclipr,.rnel ior his criric,rl comnrenrs r.hich inprwed rhe Iirst drrft
ol rhe,ìì.ù,r'(ipr. I,rot. crerrni critic.rlh rericscd diiier.'nr sr.rgcs oi
rhc m.rnu'rripr. IJis criricisn r.r..crv rluch.rpprcci.ted.

I'I,ATI: I

Borehol.' lli'ìr,'lc- l a

.r-c, S. I'or.rrrrinilcr.r.rncl.rl{.ìe trt'nr rhc Srcinlln t-ìnc'rt'nc:

.t. I'ildnninr,{enú I,.rnrii. l'lorchole lllisl{olc-10, ll+.3 11.1.65 Ir.
\l= 7C\.

6. .ttuuln:pìmtell.' \p.. ll6.l n,. \=7a \.
c. Pbts,'1tnlù p;t;1,'rr.' 1C iìDìbcl ) /,,.r,.4',"r.' B\\rfi.k\', lì6..{

nì. N=:s\.
il-l For:rnrinilcr.r fronr thf fesorkcd pcl)br.\.
À. .rlunln:pir.ntlLr !p., s./.,/5 s9.S nr. N=7C\.
e. .tl e.onh o4' ìrt I ifl.o.rìrr K, rch.rn sk i Dc\iJ(NP.ìrìria.(,e.5n,.\=7:\.
i. .tt ranlro|trclla :n,irr'l S.ìhj. tÌ9.9i-s!).s rrr. N = 70\.
q. li'1orfo,/.r \p., I l6.5 rìr, N=lti\.
h. P.rrt oi rhr conqlonrer'.rtc lrlecci;r l.rrcn lUnir ll1. l:.rbric ol r[c

rock i. gr'.rin-supponeil..ì/e rnJ Í,un,ln$.,'i rhe pebblt'.rrr
rrn inr. (ir.rins ol rcrcr.rl <liiicrenr nr.rrrri.rl. c.rn Ic tìi*in*uisheLl
eren s ith un.ri,led cr c.

\li.f,,t.ì.;(\,,r'ì e,(s.,-1..1 f<l,tll.:
i. Dok,nritr oi gr.rinrront hblic. Thc lith,rchst'.rrc 'unounrle.l l,'

nlicririccrlgcr.l-hc.rr.rin'r(,r( Irt,ri. trtc,\ ro high-encrgr tnri,
ronÍlcnr ol rrronsì\ .rgir.rrc.l ".rcr'l'hc lock s.r: tìcpo'ued in
rhc l.rcies oi r hc noving c.rlc.rr eous s.rncl June o,, plrrior rr rrr,rr'-

{i'r.95.5nr. N=+0\.
i. Line.ronc pcbble. Crin,'rì.rl preke'r,,ne. CriroiLl ú.rgnrc.nts in

nrieririe m.rrrir. In rhr upper lcir corner oi rhe photo brrozo.rn
ir'.rgnrcnr crn Le obscned. Ir i. r sedinrenl,i rhe rJeeir!.l ,Ìild
s.rtcr prn of rhc l.rqoon or'.r r,:rlinrenr lesrtked fron the pl,rr-
l()rr to lhe birin. 95.5 rr. N =llìr.

I'l.Afl: l

Scbc\\i/!ijlg\ Sccr;on
r. Seberriz Clonql.,nrerlc. Slirllrh rorndcd dolon;rc pcbblcs ot

r.rrr ing size in retl cllel nrrrrix.
/lf .rrr.r \p.. -\.. = 7C\.
/;,41r",,,,,.,'p.. N-70\.
(ìr.rinrronr.Thc originrl con'riturnrs rclc ci,nrider.rbh .rkercd
rub'equcnrh: I nnet prrts ol rhu inrr rcl.rsrs s elc dissolred, rhcir
nx,uld. rr.' Iill(l io br dokrsp.rr. N=4tr.
tl t,n,l.':7 t n,ttJitn at,r S.rh j. \ = 7cr.
.llcmrlro:1tira 7n:i lld (Ho). N =7C.
Unìt l\'l I'he tcrrcstri.rl scdinrenLs .rnd rolc.rnircs rre fullowecl
Itv J.rtk gr'.r' l.rnrin.rr lìnrc'tone oi peLrgic f.rcics. l ht linrcsrone
corrtrin' ehcn inrecrl.tion'. ir' irbric bcciùe dcnrrnrcd iluc to
sub.rtlucnt rectonir'.
llicroscopir: piLlurc oI Unit l\': iil;rment. mcliohrian n-rckc*onc.
It.r.l,.'l.rn.rr'.rnJ trl.,ri. I'irrlre'lr.ll ...rr.rrln 'i.rjrj:-rrrrir.
The f,"sils rre rlongrrcd in the s.ruc dircuti,'n tluc to thc 'ubse-
qurnr tcctonics. N= lJ\.
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