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EARLIEST TRIASSIC CONODONTS FROM CHITRAL,
NORTHERNMOST PAKISTAN

MARIA CRTSTINA PF,RRI , PNTIiR D. NIOLLOY'& IOHN A. TALF,NT'

lio ilorTlr ConocL,nts. l)rhist.rn. Chirr.rl. K.riltt)rùfr'f.n.ìl(.
Zrit l-inrerronc. Tlirssìc. Scrrhi.rn. InrlLr.rn.

,1úsoilr. l:rrensire rfrcr\ oa \(f! 'hrllo\ " rr.ì. .r$(',r.rr.' i)ì

rhc rrlìcr s ,'i rhc \,rrkì,uo rncl \l.r*Lri rircn r'l Chirrrl i norrhtr.nnr.'.r
P.rkisrrnt pr*i,,usl' rhough ro be I'cnrri.rn ((r(-r.rr..où\) r,.'h,r\n
bv conodont' | <'m r" i, horiu on' in .iqurnùr Il0 hD trpìfr n.rf li)È
mrn Gol t)lrsruj r,rllci):rncì ne.rIS.rliirnrLrl 1u1)prrlrÌLIu,r \,ìllf\ ) -r{ì
includcc.rrlierrTri.rssic{Ssthi.rn InJLL.rnl l,'rizon5. Llorh irunr\ lì.r\c
I:arctrdla:Ldt:thtì l)ri N Zh.rng, l: l,lrtal'crtì. /s. ar.r,rlr tK,rzL l cL

J.) nd Hindaodr: pat-lj iKo,ur N I'j.tt,tho..,t. rherers.t:. is,rrcri,r

lHLrckricdel h.ri bcen recogni:ed o,rI in rhcTornr,rn Goì occurlL.nc,:.

The preserrce. rcspccritcl\. oa 1.. nrc!l'(r ìn rhc S.rkirnul .rnd À. ir.rr
ciar in theT<rlnr.rn Col occurrences..rlL's. dis.f;rìì;nìrion ol rhc v.k-
rc/.'c; .rntl r.axn,r zt ne* respccrir rlr rhe rhirri ,,n(l rh! tourrh r(,n,,(1,'nr

biozonci oi the L.rrlr Tr.i.r'sic c,,n,iil,'rr t,ir,zon.rrion oi Pen ì 1in I't n i

& F.rr;rlregoli.2CC3). Such i.Nnrs. conrirrìn,i n.,lnìr oi isrrciccllicL.r,Ll
hlndeodiclsbrLtl.rckìnqsonilolclll(l\,r(uh.rr.rcLcrìsLìcoflesrr'ìcreJrt.r
enr'ìr'onmcnts.rcross the Pemri,rn Tri,rssic I'r,LLncl.rn rnd in rhe L.rrliesr
Trirsric in otlrcr Tcthvrn rrr'.rs. lhur,'r)(,(1(,rìrirù,ì.ìsJronrLì,c'crro
occurrencc! .rr( rcnrrrkrbI sin,il.rr, ne.rr'], conLcnpor.rncou...rntt ìnJì-
c.rre sh.rllos s.rtcl hbf.rcìes. Ther ,rru in le n ttl ro equ.te r irI rhc Àil.r|r.

Dol<,nitc, .r s(qù(nce r,l I ,ìre I'rnìirtr-:l .ìr( I i.rssic rloLxroncs tli.-
crnnin.rrecl i.rnher up rht 'trr khun '.rìl* .rnJ trrtnJing e.r.r" rnl. inr, '
rhe upptr HÌrnzr rccion ol norh(nnìo\r I'j.rli.rrn. The Z.rit Linrcrrorrc
.rnd S.rkilmLrl c.rrl'on;rte 

'e,1uene,:.rrc 
e,,n.i'rcnr r irh crtcnrìr,n ol rhr

previoLrslr inlcrrcd lì.rssic c;rrbon.tc prl,rtl,,rn,.rr lc.,sL 110 Lrrr f,rnhtl
ro tLc S\'. Lh.rn plevioush :upprxccl.

Àr,rsarro. F.stc'i rrrrrì di c.ubon.ritli rcquc nrolro i'.r're n. ììc

r.rlli cìciiiunri \ìrkhun c \lrtui in (:hirr,,l f.rtn,on(rdLìflÌ'j.ìl{.i\t.ìnr.
precedtnl.Drcnre fitcrruti pcrnìirni to cr'ct.re,:i'. in,:lueìorro orizz,'nri
scitici (Inr.lurn,,-Trir"ico lnier.iortr. I o 'ì i poruto dirrro'tnn pcr
m, u r,',lir,.n,'i,'nri pru , rrirrrri,lr.luc..ri. /. ,ìì. , ..,!!.. , .,ì ffL\-
so SrkiLrrLrl nrlh.rh.r rrllc clcllo \i,kìrun c lnrn,rn (iol 

'r.1h nll,'.lcl
llfrstuj. clist.rrLi ir.r loro Il0 hn,. lintr,rnrbe [,f.rln. prescnt.rno /r.rlti
olla st,rcstlvì Di x 'zl.rn q. 

^. 
l,1,,rr, r l'}crrì, /., r r,trtr (lioi L,r .]r ,,1. ) |

Hìtultrxfus ltati trs lKozuf & Pjùrk(^ì). nrfnrrt /s. rs,rrT rc,r qHLrckIicdet

è sr.rr.r riconosciur.r sciì.rnrente r'ii,un.rn (;ol. I r ff.\.r,.ì.i; /i. rt,&'-

rc,i,lei nell.r rssL'ci.ru ione di Srkinrul t rli i.. trr.rr in ,tucìì.ì .li lì'tnr.tn

col h.r prrn,ciio Ji ìtlcnLitic,rre hrtrelDri e l.r ir.nrri,r Zone, rispeni-
.rmtnre h rcrz,r c l,r qLr,rn,r Liozon.r r conoclorìri delli biozonazio e l
crrroJonri rlel Tri.r"ier) lnlef;ofe pfopos!r d.r I'eni (in Perri .\ Frra-
i.<{oli li3.ir. Sinrilì l.rrnc. pm .rl.'nr enren re c('srir(;rc di n:ìrc;cellidi
c hin.lcoJ;Ji . priri Ji sonJol.'llidi. sono c.rr:rttcristichc di rnbienti
<li mrrc ri'trcrr,'.rl linrir. Prrno Tri.rs'ico c rlh biìsc del Tr;ass;co in
rìrrr rrt rcridLc. l.c frLrne r conodonri plofcnienri tl.ri due orizzon-
ii \ono rùol!o 'irrrili. plcssochú conrcrnporrnc(', c indic.rno biotacies
di rc.tuc t r"r. Si presurlc che equi\rlgrno ,rll.r Ail,rk Dolonire, unr
sequenz,r cì,,lorliLic.r ilcì I'cnrrì.rno Supcriolc-?'lii,rssico Superiorc ri-
conorciur.r p!ù ['nt.rno nclh prlre rtn tleìl.r v.rllc del]o Yrrkhun chc

si eitercli r.,r'o isr ncìl.r p.rlte superiorc dell.r rerione di Hunza nel-
Ìcsrrerro nord,lcì l).rìristrn. Lo Zeir Linrestone c I.r scquenz:r c;rrbo-
rrlic.r di S.rkirnrul sonL, conp.rribili con I'e'srcnsionc <lclla piattaforllr:r
r.ubor.rric.r rri.r'sic.r plcre.ltnrtnrrnresuppo'rr.d;rlmeno ll0kmpii,
.r \t) di qu.rnro ip,rrizz.rt<,.

lntroduction

Conoclonr drta (Pcrri et al.2000) xrc showing that
T:-iassic sequences rre nrorc $'idclv clisrributed in N Paki-
stin thin fornrcrll thought; thc'sc include metamorphic
sequences \\'irh nrilbles once thought to be Palaeozoic or
Proterozoic, ior cr,rt'nple rround thc N\f margin of the
Peshas':rr-B,rsiu. ln this rcport \\'(. docurlent very early
Triassìc conoclonts fronr tn'o locllities in nrassive carbon-
iìte units ol rhe Karakorum Tcrmne or Block (Gaetani
1997) of nolrhernnrost Pakist:rn:

l) In ro.rcl cuttings on rhe N{îstuj-Lashr road on rhe
ìclt fhnk of tìte ìirrkhun River 2 knr N of Sakirmul (2.5

knr N oi Dob,rrgl ) in NE Chitr;rl, NW Prkìstan.
2) Florrr bionricrite flo:rt "rrbout 300 n.r tos'ards Zait

ironr the clossins ovcr Tornan (= Dorman) GoÌ" (be-

rwecn Rcshun .rnd Kurash) on the left fl,rnk of the Mas-
ru, Rilcr 100 knr ro thc S\\i in ccntral Chitral.

Austr.rli;r. L-rruil: orolìolr,r l.rurel.r,cs.nrq.cdu..ru: it.tlenru l.rrrrcl.oc'.n,(t.LJu..ùl
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Fig. I - Ponion oi NE Chitr.rl, Prkist:rn (portion oi hlcnr .'r .rl. 1999, I ìg. l, n ith nrocìiiic.rrion oi some irult-:rlirnmenrs from Zrnchi et rl,
2000).A.Situltionofloc.r1itr'linre|.rtjr,ntrlgcolotrolthcslroshr-S.rkiInu|lrrc'.r(b.rscol
of kx.rlitr'l (fronr T:rlcnr et .rl. 1999. fiq. l).

The firsr of these locrlities (Fig. lA), samplcd in
1999, has been portr:lyed in recent m;rpping (Cact;rni et

al. 1996, [ig,.5) as falling rvithin a rract of "Upper Pcr-
nian carbonates" within the Axial unit of thc Northcrn
Sedimentary Belt of norrhernmost Pakistiìn, or n'irhin a

trrct rcfcrred to as "?Devonian-Carbonifcrous-early Pcr-

nrian" flanked on the NW bl,Jurassic-Crct:rccous (Scrrlc

& Khan 1996). This limcstone r:rct wiìs first noted bv
Hayden (1915, p.289) as tonning "grert cliffs on eirher
side of the fYarkhunl river rnd also on thc high hills on

rhc right brnk behind Turipotk, s'here the Koksum steam

Ironr the Shrlr J:rrrrli p:rss enters thc Yarkhun".
The second of thesc localities (Fig. lB), sampled in

1971, has been dcscribed in some detail by Conaghan (in
T,rlenr ct ,rl. 1982, 87 89). This unit, formall,v named the
Zair Limcstone (Tllcnt et al. 1982, p.88), is believed co be

ruorc than 600 nr in thickness. Manl'samples wcre taken

in 1973, 1975, 1999 and 2000 from the Charun-Diryani
.rre;r, from the vicinitv of Zait, and from farther SV along
strike at Girint Lasht (Fig. l). A splendid section through
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Fig. 2 - Palaeogcotraphic c:rrtoon cross-section fron Zait through Srkirmul ;rnd Baroghil in upper Chitral to the Ch:rpursrn and Shimsh.rl ul
ìevs oi upper Hunza, nofthcfnmost Prkistrn (Baroghil-Shimshrl porrion ironr Ge€rîni 1997, I;i!Ì. 6).

massive carbonares apparenrly gradational from the Chi-
rral Slare on the lefl (N) flank of Barum Gol behind and
upstream from the village of Parpish may be a sequence of
Zair Limesrone but could be a tectonically isolared tract
of Krinj Limestone (Creraceous). Spor samples of this
occurrence colÌected in 2000 failed to produce conodonrs
or oîher microfauna. OnÌy one sample, collecred in 1973

from near Torman Gol, produced conodonrs.
Because the conodont faunas from rhese rwo sam-

ples indiclte near contemporaneity, remarkable similar-
ity of shallow-rvater litho- and biofacies, and imply ex-
tension of the Triassic carbonare platform much farther
to rhe SE than formerly imagìned, n'e documenr rheir
conodont faunns.

Carbonate units believed to span the Permian-Tri-
assic boundary-to n hich the Sakirmul and Torman Gol
occun enccs might be compared-include the Ailak Dol-
onire, a name introduced by Gaetani et al. (1995) for a

1000+ m sequence of dolostones discrininated farther
up the Yarkhun valley and extending eastwards. It has

produced a diverse fauna of Late Permian foraminifers
from dark gre.v, thick bedded limestones xî i60 m above
the base and, towards the top, ghosrs of foraminifers sug-
gestive of a Late Triassic attribution (Gaetani et al, 1995).
Farther E the Permian-Triassic boundary occurs wirhin
the much thinner (60 m) Virokhun Formation of the
Chapursan and Shimshal valleys (Zanchi & Gaerani 1994,

Gaetani et al. 1995). This unit has produced Neospathodus
dieneri and GondoLeLla carinata (Nicora in Gaetani et al.
1995) indicative of a slightly younger horizon and deeper
sea in the Early Triassic than the Sakirmul and Torman
Gol faunas described herein.

Gaetani (1996 and 1997) has hypothesised a former
Late Permian to Late Trixssic carbonate platform extend-
ing from the upper Hunza region of Gilgit into the up-

per Yarkhun valley of Chitral. Both thc Tormirn Gol and
Sakirmul occurrcnces occur within major carbonate behs;
we believe them to be parts of the very same Lare Permi:u
and Trìassic carbonate platfor m alreadv hvporhesised: in
other words ìdentifying it as exrending at least an addi-
rional 1 10 km to the SV-through a i:eologìcrlly virtu-
ally unknorvn tract oi thc Hindu Kush berween Sakirmul
and the Charun-Diryani (Buni-Kuragh)/Reshun/Girim
Lasht tracr. Photointerpretation (Gamcrith 1982) indi
cates the presence of prominent carborÌate bodies ìn the
mountainous tract between Sakirmul and Charun-Dir-
yani; some or all of these carbonate unirs may be Lare

Pernrian Triassic eqùating with the Zair Linrestonc. \i/e
suggest rhat the enrire beÌt of carbonare plarform mighr
be referred to as rhe Ailak-Zair Carbonate Platform (Fig.
2). The Ailak Dolomitc, incidcntalll,, passes easrwards
(Fig. 2) into slope and offshore facics in rhe Chapur-
san and Shimshal r.alleys of upper Hunza (Gaetani et al.
1996, Gaetam 1997).

Relationships betwcen this carbonare platfornr and
sediments to the S\V and E of it in ccntral Chitral are

rather spcculativc, An account has been presented else-
where (Talent er al. 1982) of rhe Permian iusulìnid lime-
stones occurring as tectonic slìvers, float and as clasts ìn
Cainozoic conglomerates in central Chitral, and oi the
extensively outcropping but str:rrìgraphically inrracrable
Chitral Slate, a prominent fl,vschoid (essentially quartz
flysch) sequence of cenrral and S Chitral. It includes ho-
rizons from which Permian brachiopods have bcen re
ported though not docun'Ìented (Tipper 1922, Cooper
& Grant in Stauffer 1975), specifically from Chitral Gol
and near Phasri, SW of the aree shown in Fig. 1B. It has

been noted that there is a general trend toyr'ards increase

ìn proportion of cirrbonate in thc Chitral Slate from S\i/
to NE, with noteworthy exposures of calcareous flysch in
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Shakuh Gol (the princìpal rributan oi Reshun Gol) and
in the Mlstuj i,rlle'y berwec'n Arvi rnd Slnoehlr (Trlenr
er al. 198:, p. 90), Bccausc oI rhe rugrerl rer.ra]n ancl thc
tecronic conrplerirv resenrbling a "pîck oi cards" (Tai-
ent et rl. 1932,p. 77). unrl.cllinrr thc' trlnsirion trom thc.
southern palr of the Ajlak-Zait Cîrbonare Pllrforrl to
flvsch nr.u.bc impossiblc be'cause oi loss oI sequcnces duc
to taulting, or ar rhe rerv lcrsr s ill be î drunrins t.rsk.

Conodont faunas

The conodont faunls fronr thc tso producrir.e lo-
calities prescnt sinrilar associarions. Borlr consist nrainh.
rrl ii.rrcicellid. .uJ hinJ.oJid,,; borh f.run.r,. .rrikingty.
ì.rck gondoìcllids. Such associations irrc characreristic of
resrrictcd sc:ì cnvir()nnrcnts Jcross thc Pernrian-Triassic
boundarl' (P-TB) rnd in thc earliesr Tri.rssic.

E.lseg'herc in Pakistln, but on the Indirrn conti-
nentrl block. ale cl:rssic secrions for the Pernrian-Tri-
;rssic bound.rn'rnd thc Eerll Tr-iassic, specific.rllr.in thc
Salt Rlnge lnd Trrrns-lndus Ranees (Ss,eet l9ZOb, Pa-
kistan-J:rp:rn Reserrch Group 1985, Nakrzau,.r 1993);
thesc occurrences h:rte gondolellids in thcir conodont
iaunas. Thesc arc considcred to reflecr deeper or at le.rsr
n'rore opcn sel enlironnrenrs. Hindcodids and is.rrciccl-
lids are rssociatcd uith gondolclÌids in most rreas n.ith
nell-displavcd Pernrian-Trilssic boundln secrions, no-
tably in Kashmir (Srveet 1970a, ìVfatsud,r 1981, Budurov
& Gupta l9lì8, Nhns 1995, Kozur 1996. Orchard & Krr.-
!r\n lq()St. llrl.rlri.r tMcrc.rlie 1995r. \rnreni.r 1Z.rkh.r-
rov 1992, Kotlyrr ct al. 1993), Irrn (lran-J.rpan Rcsearch
Group 1931),Tiber (Orchrrd eî al. l994,Jin er.rl. t996)
and in China, including thc P-T Srratorr.pe Sc'ction and
Point;rr Meishrn (Li er al, 1989, Tian 1993, Vhns 1995,
Ding et al. 1996. Yin er îl 1996, Zh:ug er al. 1996, Yin cr
al. 2001, Nicoll et .rl. 2002-the lasr with raxononrr. rc-
stricred ro H tnrlt,xlur l.

Representrrives of Hindeodus Rexrotd & Fur-nish
1961 and Isarcicellr Kozur 1975 are considered ro rcflect
shallon'n''rter environnenrs Jnd rcnd ro har.e ubiqui-
tous spccies, for exrntple, Hindeotlus parcus (Kezur &
Pjatakor':r 1976). For this rceson, rhe first appcrr;rnce
of the lrrter has bccn choscn :ìs rhe crircrion for.defin-
ing the b,rsc oi the Mesozoic (Yin 1993). Secrions *.irh
shallow rv:rrer sequences presenr possibiliries Ior studl'
of intraspecific r';rrirrion and cvolutionarl rcnclcncies
in the tno generrr urilizecl for conodont zonation of
the Eirrìy Triassic. Thc conodonrs frorrr the rrr.o locali-
ties of the Chirr,rl region ilre relarivclv abund;rnr and
well ptescn-ed even though h:rving the samc Color Al-
rerarion Index (CAI) ol .1.5. Pa elenrcnrs oi Isarcicel
la and Hindeodus predontinate in the studied ntirreri:rl;

the fcw ramiforms occurring s.ith rhcm havc:rllowcd
unequivocrf idenrificrtion of elemcnrs ol the Hatlro-
dontina aequabilìs Staesche 1964 :tpp:lratus. No confì,

dent reconstruction of the rpparltus of :rnv spccics of
Hindectdus or Isarcicclla nas possiblc. Is. klnta Per'ì
(in Perri & Far,rbc{oli 2003), /s. staescJtei Du Ei Zhang
1989, Is. ttngida (Kozur, Mosrlcr & lì.rhinri-ì'azd 1975)
in associ:rtion s'ith Hi. parws and son.ìr' elenrcnts be
lonsins to the apptrttus <ti Ht. acqrafrll-s St.reschc196-l
h,rve bcen idcntified in both lreas, shercas 1s. r.sar-rica
(Huckriede 1958) h:rs been recognised onlr'.rt Torman
Gol. The prescnce oti I s. staaschci in the slrrplc fronr near
Sekirnul .rnd of 1-r. isar"crcir in Torrrirn Gol ellou,s iden,
tiiicaticrn cri rhe sraesc/.re,r ;rnd isarcica zoncs rcspcctively
(Tab. l), rhe third .rnd thc fotrrrh conodonr biozones ol
rhe E.u'll Triassic conodonr biozonatiolr (Perri in Perri
6i Farrbcgoli 2003) based or.r shrllorv \\,rrcr fircics. As-
sociations of hinclcodids rncl isarcjccllids lackjns gon
dolcllids occur in rhc Southcrn Aips oi It;rh (Huck-
ricde 1953, Streschc 196-{, Per.ri 199I, Schònl;ìub 1991,
Frrabegoli E: Perri 1998, Nicora & Pclr.i 1999, I)erri Et

l;xrabcsoli 200i). Deposirs of thc lrtcsr Pcrnrirn rncl of
thc elrliest Trilssic lre represenred bv the uppcrnrosr
cirbor'Ìate lcleìs of rhc Bellerophon Fornrarion lnd the
crrboniìtc'-tcrrigenous succession of rhc \ùlcrf crr For-
p1;11iqn-l sh:rllon nlter scquence rcfìccting rcsnict-
ecl m;rrirre concìitions (F;u'irbcroli in lir.ibesoli e. Pcrri
1993, rnd in Perri & Far:rbegoli2003). Thc s\.srcnìnrics
irnd stratiqraphic clistribution of conoclonrs across îhe
Pern.tian-Triirssic boundarv in the Sourhern Alps (Pcrrì
1986, 1991, 1998, Firabe!.oli er al. 198(;. Perr.i Et An-
draghetrì 1987, Farabcgoli & Perri l99S; I)crri & F.rrabe-

goli 1998, Nicorr & Perri 1999) have bcen recenrl\.re-
vìcrvccl (Perri & Farabegoli 2003). In rhe Bulla scction,

Sakirmul

BRG12

staeschei Z.

6.5 kg

Torman Gol
c174F

isarcica Z.

1.3 kg

Hadrodontina Pa
aequabilis Pb

M

Sb
SC

Hindeodus paNus pa

Isarcicella lobata Pa
lsarcicella staeschei Pa
lsarcicella turgida Pa
lsarcicellaisarcica pa

lsarcicella n.sp. A pa

Other ramiforms Pb
t\,,l

Sa
Sb
Sc

1

2
5
B

1

1

2
1

3

3

3

3
6
3

1

66
2
4
1

3
3

'lib. I - Nunreric.rlclisrrit,Lrrion oi e<'noJonrs.



where forn'rs lrarìs jtioniìl fronr Hi. pl Ltepmrus Koz\tl
1996 to Hi. par.-us rre displa-r.cd, the Pcrrrian-Tlirssic
boundirry was identified rt the fìrst ,rppearance of Hl.
patL,tts aî 1.3 m ,rbove the base of the Werfe'n I'ornra-
rion. Thc Bulll and Tcscro sections produced u.ell-pre-
scrved (Color Altcrarion Index : CAI l) and rehtive-
lv abundrnt conodonts allor.'ing docunrcntation of thc
gradual transition bct*,een hindcodids arrd isirr cicellids,
description of ncw species, revised diagnoses, and the
proposal of nen'bioz-ones. Thc mediunr to high se'di-

mentation rate of the scquence across the P-T bound-
ary in the Souther-n Alps f,rcilitated investigation of the
rransition and discr-irrrinarion of the boundan. The s:rme

conodont frunas occur through a feu,merres in China,
Krshnrir and Pakisrrn, but in the Alps range through 20-
,10 nrctres. In the present paper the conodont taxa h:rle
been identitied according to the revised (or nerv) species

descriptions presentcd bv Perri (in Pcrrì & Farabe{roli
2003) rvherc seven conocìont biozoncs rvelc discrin.ri-
nared, three defined for thc first time: l,o*er and Up-
per pr.lePirL'u s, pdf i.'u s, lob,tta, staescbei, iurcic,r t]n<l aecl-

uabilis zones.In the Southern Alps thc st,res<y'rei Zonc
is charactcrised bv rssociation oi ls,trcicella staescltei,

Is. inllata Pelri (in Perri 6i Far:rbegoli 2AA3),Is. Iobata,
Hadrotlrntirta aequabilis, Hi. paraus tnd Is. turgitLr,, thc
last tu'o specics beconring o.tinct $'ithin the biozonc.
s'hcreas the isarcica Zone is recognìsecl bl the prcsencc
ol lsarcicella rr,rrrrc.r :rssociared *'ih Is. inflata, Is. Io-
batq,ls. staeschei l.nd Ha. aequabilis.

The associations fiom the Chitrrl erers arc ex-
tremely close to those from rhe Alps, hcking onll'1s.
inflata. This species, chlr:rcterised br' :r verv erpanded
and thereiorc ir,rgile b:rsal cavin', is rlre:rlso in the Alps
s here, r'ery often, it is found onh' as broken elenents.
The ranges of Hi. paru'us and Is. turgida end :rt thc tolr
oi thc st,teschei Zone in the Alps, rvlrere;rs in Chitral
thev sccnì to extcnd into thc rs.rrctar Zone. It is not
possible tor us lo spccul:ìtc usefullt'on lios, differing
sedimcntarion ratcs ,rnd sampling intenals rnal be re-
flectctl in the slight dirergcnce in rpprrent ranges of
taxir in the Earh Trilssic clrbonate scquenccs of Chi-
tnl and thc Alps.

Sh'rìlol * atcr conodont l'runas ircking gondolcllids
h,rlc becn reported fronr the Dongling rnd Yirngou sec-

rions in Jirngri Provincc, China (Zhu er al. 1994). \\'ing
& Wrrng (1997), after haling re-samplcd these secticxrs

bed bv bed, proposed ir nc\\'Jt4eJc/rsi Zone bet$'ecn thc
parcus tnd isrtrcica zones on thc basis of the first appe,rr-

xncc of 
^. 

stagsclrsi. Tho, demonstnted rhlt rhe first c'n-

trv of rhc spccies in scvc'rrl localitics:tround the globc is
str rt igrirph ic:rlly, bc lorv the first appcirrrnce of L.. r'-.zrrica.

The faunas from Chitrrl and thc Sor,rthern Alps look re-
nrarkabll similar to thosc front Jiangxi, but prccise com-

parison u'irh the nerl'rnd redescribcd species presented

b1'Perri 1in Perri Ei Frrabegoli 20C3) cannot be under-
takcn solclv on the blsis of the illustrations prescnted b1'
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Wang & Wlne (1997). Noe rtheless both faunas justiti
cliscrinrinrtion of the sraescler and isarcica biozones and,
n'ìoreovcrì rhe conodont biosrrarigraphy of the Sourhern
Alps docunrenrs thar the stacrtlrer Zone is stratigraphi
cally belos thc isarcica Zone.

The first reports of Early Triassic conodonts from
Chitral presented here rllos easc of allocation of the
Srkirnrul s,rnrple to the staeschei Zone and the Torman

Gol sirmplc rc rhc isarcica Zone of the Earlv Triassic.

l\'[ore intcnsivc sanrpling nral prove that it is possible
to discrinin,rte the P T boundarv in both sequcnces, as

u ell as identifv other Lare Pernrian through Early Trias-
sic conodont biozones.

Systematics

Onfv Pl clenrcnts ol Hinclcodrs Rexroad & Fur-
nish 196.1 tnd lsarcicella Kozur 1975 rre described. The
rlrnifornrs do not rllon confident reconstmction of ap-

plratuscs of rnv spccies of these trvo genera. Svnonymies
:rre limired ro kc1'citations. For more completc s1'nony-
nrics of sonre species see Pcrri Ei Farabeeoli (2003). Fig-
ured specìnrens arc houscd in the collections of the Mu-
seo C,rp.'llini of thc Dipartinrento di Scicnze della Terra e

Geologico-Anrbientali, University of Boiogna, Italy and

oi Deparrment ol Earth & Pl.rnetarv Scienccs, Macquaric
Universitri S1 dne1, Australir.

Genus H indcodus Rerro;rd & Furnish, 1964

Tlpc rpccies: 'l|ícborulelh inpclètta Rcxrord. le57

\= Sl,tlngnatlndns trisrrlrir Yountquist N \'liller. 1919)

The scrrphate elemcnts irssigned to the Pa position
oi the mtrltielcnrenr apparrtus o'i Hindeodus present a

synnretricrl or slightlv asymnetrical lachrvmiform ba-

sal crvitl'not bordered bv flange-lìke brims. In upper
tieq the surface of the basal cavitl is smooth. Blade, at-
tlchment arca of the dcnticles, and basal cavitl'shov'no
srvelling and thickening. Thc posterior tip crn end ei-

rher abruptir'or with denticles decrersing in height rnd
:'eaching rhe tip. Wc h:rvc approrched spec ies -deiin it ion
in a dificrcnt n'av to Nicoll ct al. (2002). Thel'focused
on supposed gron th pattcrns, and on the nrorpholoev ol
thc postcrior portion of rhc clenrcnt-sonrething which
could be prinrarill inrraspccific variabilitv.

Thcv proposed four ne*' iorms of Hil deotlus (two
nanrcd; two informal) from the Pernrien-Triassic trlnsi-
tion ar Shangsi .rnd in the P/T strarotlpe at Meishan in
ccntral Chinl. None of thesc forms occur with ccrtainty'

among rhc Elrll Triassic conodont ilunas encountered
in the Southcrn Alps of Italv (Perri & Farabcgoli 2003)

nor in the coeYal faunules front northernmost Pakisten

documenrcd here. This nr,rl reilect bioecographic dif-
ferentiation.
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Hlndeodus parvus (Kozur & Pjatakov;r, 1975)

Pl. l, tiqs tC.ì-b- ììi pl. f. iigs l.r-c

1973.{ndigutltortns pr: rrr Kozu r & Pi.rr.rkor r in Kozur. \toy
rler 3. Rrhillli,\izd, l, pl. l. ii{s l:ì-15, pl. 7, ii.rr 7.9.

1976 /1 .Líg'úrho.lh 7,.rrlrs Kozur & l)i:rr:rkolr Kozur òi
l'iirilovi. l:3. tigr l:r-b. d-r.

2aA3 Hntdeodr:|ar,v (Kozur & I)j,rt.rkor',r) Perri h |.rr.rbc-
goli. pl.2. figs 1-12 crlr,1'rr.

PI-ATIJ I

Conodonts fron Sakirrrrul, uppcr lirkhun r.rlle\ srmplc lìlì.Ct2. v,rc
rr(r Zone. ligs I - 1.1ìr.

Conodonrs lron Tonr.ìn Gol. \hstui vrlL:r1 srmple Cl7.+F. r-r.orrur
Zonc. tig\ l5r-17c.
ll.rgniiic.rtions: xl25 iigs l-lldi \61 iigs ll.r-17c.

Figs l-ó.r-c - lsarcicelh st.rcrr'ór'i l)ri 3i Zhins l'rs9. l. U-pper ri.*r
ICIlT9C 8:-ll3ll7r ].1.b. Irrcrrl rnd upper rics\.
lCIlT9l Sl-lljl.lSr -1.r.b. L.rrcr.rl rnd uppcL ries,.
ICIlT9l tìl-::-ìl{ti J:r,l'. I.rtcr.rl, upper ries\, lCIl7,r.ì
8l-l.2il.+5; 5rì-c. Upper, loser.rnd l.rtcL.rì riess respec-
rivel!: ICI 1791 8:-.2.21.2.{2; (,.r-c. t..rrr r,rl, upper' :rnrl lo$ r'r
vic$ s rcspcctirclrl ICI1795 Sl-::J:+1.

Iiigr 7;r-c: 9.r-c - lrarrirelld h'bau l'crri 2AAi,7:,-c. l.or c1 upprr.rnrl l.t-
crrl viesr rcspcctir cìl ÌCI1796 S:-ll3l.l6: 9r,c. I-rrcrrl,
Ios er .rnd upper r ies s r especrir*hr lCl i 797 Sl,llllle.

!igs lìr-c - /r,oîrre[1a rrogirLr (Kozur. llosrlcr òi Rrhimi-l:zd l e/5 t. l.o\ -

cr. uppcr.rnd httr.rl rics s re\pecti!cì\r ICI l79S Sl-llll11.
l:iqs loi,br llr-d Hì|deodu: par*: (Kozuf N I'iirikoli l9151. l!J.t,.

Upperrnd l;rcr.rl ries:. I(lll799 Sl-2131.10j lli-d. Up-
pcr, loser. Icxvcr'-lrtcrrl .rncl l,rrcr'.rl licss rerpecLircll
ICI l8C0 1ì.2-.2: t 2l $.

l-igs l2.r,b; l5e,b t7t-c - Itnltutlo,tí i nq,,'rilir Sticsche 196.1. l.l-t).
Pb clencnt. los cr .rncl l.rrcrrl ricsr. ICI l3C t 3l-::-ì:.lt)i
l5r,b. Sc elemenr, inner- .rnil outer-l.terrì riess, Sr-
2:1205i 16. M rlÈÌììcnt. po5rcrior yics.3.l l23lC7r l7.r-c.
Sb clcmt'nt, lorrer-inncr-l.rre'rrl, inncr-lrrcral :rnd outcr-
lrter:rlries.s rcspcctirch. s1-22i:c6. STB I ll.

Iigs l3l.b-l.h,b - Ranifonrs: lla,b.5c clcnlent. inner-. ourer'-lrrcrrl
liess. lCllSCl 8l-lll:i6i l.li,b. Sb elenenr. rnrcrior,
posterior \'ie$s. ICI I803 PTS:-2:32.17.

PI.ATE:

Conodonts from Torman Col. llastuj r,rller. srnìple Cl7+l:, rrrr(;(.r
Zonc. \f rgniiiciìrìons: n| 25.

Irigs lr-c - HrrrleotJls l,rl:,!J iKozur si I'i.t;rkor.r I975). uppcr. hrer.rl
.ìnd lo\ rr-1.ì'errl \ ie\. re'fL'Jrrr.l\'. sl-i.'ì.' l:.

Fig.2 - /r,rrcrce11a n.sp. A. los,cr'-l:rrcnl lietr STtì l-1.
figs 1.r-c-5 - /vrcicc//a urrtror (Huchtierle 195$), +.t-c. Los er, uppcr,rnJ

lateral !iess respcctilclvi S3-l2l:ltìr 5. rpper !ie\. STll.:-1.
l:igs -ì. 6-l +.r,b - -fsa,rircl/,r st rcrtlci Dri .\ Zh.rns 1939, l. Upper \ ie\r

STB l ;r 6. Upper riclr 7.r-c. Loser. upper.ìnd li(cÈ
al ric*s respccrireh, Sl-ll3ll5r Si,b. Uppcr rnd lrtcr-
rl vieNs, 8l-l2ll ll'.r.r,tr. Upper .rntl l.rrer,rl riess. s-r-

lli2l.li l0:ì.b. I..rterrl rnd uppcr ricss. 8l-:ll.2l9r I l.r-

c. Lateral, b\cr ind upper tie\s rc:'pcctireh, sl ll3l:lr
l2a,b. Upper rnd l er;rl lie$ s. 8l-:ll2l3i l3a-c. UpFcr.
lorver end lrrerrl |ien s respccri\'.1\l lì3-l2il0: l+i,b. Up-
pcr and larcr.rl riers. 53-223217.

Description. Thc Pa e lement is small, short, n ith
a big and rather slcndcr cusp conspicuouslv hiehcr rhan
the succccdint dcnriclcs.

Remarks. I-ornrs llcking srr.elline of thc blldc and
lacking rhickeninr: and sn elling oi rhe arrîcllrì'ìcnr :ìrea oi
the denricles ancì of the blsal cavio are hcrc includc'd in
the species. Thc posrcrior end can be eirher idenriculate,
rbruptly cndinu, or rvith denticles decreilsing in height to-
\'irds the rip - a conlnlon chirracreristic in conodonts
rcross thc Pcrrrri,rn-Triassic boundarr' - distinguishing
ts'o morphon'pes: respecrivelv morphotlpes I lnd 2.

Both morphorvpcs have been rccognised in thc Torman
Gol sample, onlr nrorphotvpe I in the S:rkirmul srmple.
Elcrnenrs shos ins cnhrscnlcnr of rhc bladc, .rnd rhicken-
ing and slelling of thc'attrrchnrcnt:rrca of thc dcnticles
:rnd of the brsll cavitv hrrve bccn rc'ferred ro ts specics of
IsarcicelLt, such rs 

^. 
plac.r, nrgid,t and lob,rt,t.

Occurrence. Srkirrnul. '.rnrpl,. BGRll rnd Trrrn.rn Gol, s.rm-

plc C 17.+l'.

Knorrn range. /ìrr-,rir-rj,rr(r(, (iinr.i(.r : 
'uesdn Z. + i;drti.

a Z.t zoncs (Kozur l(./96 t. /,.r': /,J-IrrÒrici zoncs lPtrri N F.rr.rbegoli

JC9ìj: Frrlr îi.rrsic. InrJurn lc.rrll Scuhi:rn 1.

Ucn Lrs 1j.?rctccll,r Kozrrr, 1975

T|pc spccics: Sl,alogrr,rrl.rorlra ir.r'cicrs Huckricde. 1953

The orisin.l dcfinition oi thc gcnus silcn bl Kozur
( 1975) for Pa sc:rphrtc clellcrì ts sho\\ ing a r-cn sidc rnd in-
flated cup and bearin!: dcnticlcs l.rteral to the bhdc, hls been

exrended to include elenrenrs s irh s'eakll ro highlv asvnr-
nrctrical;rnd srvollclr cup, bordcred br flangc-lìlic brints, but
n'ithout lateral denticles, rnd rvith a svollen bhde ol artach-
nrent eree of the denticles (Perri & Fxraberoli 2003).

Unequivocrl gencr;c ilrrr;burìon of Pa elements
from vounqest Permian and e;rrliest Triassic levels nith
shape rcsembling Hjadeorlas Pl clcmenrs but having ba

sal cavitl', blldc or rttlchnrcnr .rex of dcnriclcs s$,ollen
(as abolc) to thc gcnus Hincleodus or /-(,lriccl/a s ill be

solled onl\' \\'hen reconsrrucrions are availîble for the
apparatus oi Isarcicella lÍìd for species nith shape tran-
sitional bctn ccn thc t\1'o gcncrr,

lsarcicella isarclca (Huckricdc, 1958)

Pl.:. ii{r {r-r-5

l95S.t/,f/ro8,?.'rfo./rj iirticr Huckriede. l6l. pl. lC. fì{. 7

lcci À.nrrcr'/lr n.rrcn;r tHuckricde) - l'crri N I'.rrrberoli. pl.
.1. frgs I 6 crar rlr.

Description. Thc Pr elc'rrrent is char:rcterised by a

s ide and infhted cup bc:rring onc or nìorc dcnriclcs on
both sides of thc cup.

Remarks. A fes elerrents have one denticlc on both
sidcs of thc e\pinded cup.

Occurrence. Tornì:ìn Gol. 5.ìnìple Cl7.lF.
Kno$n rangc. /s,r/cra-porry,,rn rÍ zones (\\ing & \\ing 1997).

irucia Zone (Perri N Frn$goli 1001): Earll Tri:rssic. Indu,rn (c.rrlr
Scvrhirn;.
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lsarcicella lobata Pcrri, 2001

l)1. I, iics 7.r-c.9.ì-c

t96+ Sp,úhrnrlh.ltt it.rr.r trar Huckriede - Srreschc. tcrr,iig. 6 t.
l99t H;ulu út l. )!j iKozur & Pl.rekouì )l;usud.r.9l.

pl. 5. hg. i-
teet Hìùla\lui t'.o..rt' rt;ozur ù P,iìriko\r) schòDt.ìut. pt.

l. Ìig. -ì.

1991 1:,uctttlh ì:,rr<ìu nrorphonpe t (Huckrietlit , Ptrri, pl.
f. iig. s.

lrrl I\,oaLdlt tttlth (Korur.l\lostler & Rrhìmi-lìzd) - Cullr
It Kozur. iig. l/l l.

t995 1],11!tdh i rrrr3alr (Kozrr. 14osrlcr lt Iìrhinri-\izLl) -
Kozur. pl.l. trs. s.

1995 Hi)tlúlu t,,1,\ r! (Kozuf si Piar.ko\rl /s.rrrrr.r/tr 'li.rn-

sìrìoni \1ctc;lie. pl. l. iiq. l:-l-1.
1L).)(,l\ '.ì(ll.t'. !rú!;ln {Ko7 u r, ltosrler 8- Rrhìni \.rztlr-Ko-

/ur. pr. ), I'!\ /-i.
1998 Htrdodn: p.rr;rr: nroqrhcrrpc I lKozur & Pil.ìkor.rl

rr.ìni. tornr ro /s.,rrlt1L r..rr.r.; vrcry'zi Dri si Zhrng 1..ìr.ìbcsoli
N Perr;. pl..l.i.l. i;g. l,ì.

t99t) l liltd.otlr' tr.ú.i n: t).(.r/rj h.ozur , Niron ti Perri. pl. j, iir. 7.

t999 Llú]J.Òl^ /,. -.t\ tlri.ri rl,ozrir & Pjl:ìko\r) - Nicor.ì
ft l']en;. pl. l, 1is. 1.+.

1A$ Is,rrLitlh lob,t,r l,eni in Ì)erri ó. F.rr.rbcgoli, pì. .1, iiss t-
3r pl. ì. fìgs 15 l9ì pl. t, iiss l:-11.

Description. Thc Pa elerrent is characreriscd bl ln
as\'lnnretricll to ì'righlr .rsÌmmetricel s\\ ollcn and rhickeneci
cup \\,ith r Ìxteril bulsc fìrrnrins I Iobc. Thc cup has no lareral
clenticles. The cuspr is higher then rhc succeeding denricles.

Remarks. Tlre cup is all irr s asr rrnretrical .rnd ss ol-
len; it has a later.rì btrlgc iolming rn inflated lobe on rhe inncr
side. The ourel siclc oi rhc cup is usuaìì1-morc rcduced rhJn
tbe inner side lncl nl.tv sho\\' ùncluìiÌrions. The lrtrerll \ ie\'s
of the forns incluclccl in /s. 1o1.,.rt r erc vcn-close to those of
othel species either o I H tndeodus like Hi. pat"i:us and ls,trcic-
ella such as Is. tutgitla, lrrd sontc clcnients of1s. st,leic/rci arrcl

Is. isarctca, fiom l hjch thev .rre distinguished onlv br' ìack

of latcrrl nodcs or denriclcs. Specimens previouslv included
in Hi. pan'us and Is. tlrgild hale been assigned to,/s. /oà,rta.

Hi. par"-us lacks thickcning lnd ss'clling of the attrchnrerrt
arer of the denricles and of rhe basal catitr'. 1s. rro3rlr dis-
pì:rls s$ elÌinq oi rhe irrrchnrent i.ea of rhe denticlcs bur ;r

reduccd ìnd nearh slnrnìctricll basal cavirr'. Ts,o ntorpho-
tvpes can bc discrinrinltcd bl the shepe of rhe posterior end.

Thc first.rppcarancc of Is. lobat,l has bccn utiliscd
in the Soutl.rer:n Alps to clefine the basc ol the lobata Zonc
located bctrvccrt thc p,u-.,us and staesc/rel zoncs.

Occurrence. Slkinrrul. s,rnrple BGll12 and Tornrn (lol. rrnr-
ple C17+r.

Knonn rangc. loD.a.r-iirrricr zoncs (Perri & F.rrrbcgoli 20C-1):

E.rrlr îi.rssic. lntlu,rn (e,rr['5cr rhirn).

lsarcicella staeschei Dai & Zhang, 1989

Pl. l. tigs l-6:r-cr pl. J, ii*s 3,6 l la-lr

116]' Sp,uh\ , halut i.nrfdcrr Huckriede - Suesche, 163, iigs

62-63.

2AC3 I:axicclld tdctrl:ci l)ai e Zhrng - PerLi & f.rrlbcgoli, pì.

l, figs l-1.1, pl. +, figs 7-9 (rrl $',r.

C h itral, n ctrth crx n os t Pa h i san

Description. The.Pa clcntcnr is characteriscd bv
a \'er\' îsvnìmcrrical nide and usuallv inflated cup n'ìrh
:r laterll lobc beering one or i sc,ries of nodes or one or
nrore denticles on onll onc sidc'of the cup.

Remarks. It is thc rrrost abundant specics in rhc
studicd mareriel. shorving lcn' side intraspeciiic r.ari-
abilitl in shapc and ss elling oi thc cup. The number of
denticles on thc leterel lobe varies from one to rhree.

UsualÌr'the clcnenrs includcd in 1s. stae,rc,fer have a ven'
* ide and inflated cup rvirìr nrore or less pronounccd lobe.
Thc Chitral materi,rl has sever:11 elemenrs lr ith aìl nror'-
pholor:ìcal peculiarities of the species but with rhc cup
tcndjns ro be less developed iud srvollen. Sorne of thosc
elenrents s.ith a series of tìrree Iareral denticles deveÌop a
lrteral lobc quite discretc ironr rhe cup. The lateral ìobe
origir'ì:ltes cÌose ro rhc cusp in thc ntajoritt of elements;
in some it seems ro dcvclop frorr rhe nriddle of the short
blade rr ith a vari,rble anr:le up ro 90'. Numerous elenìcnrs
hale the {irst denriclc of rhc bl.rdc imnrediately behind the
cu.p, 'lilhrìr oil-cenÌ r'( on rhc opp,,'irc .idc ro rhe lobe.
Thcsc;rre interpreted is transitiolìal ro ]s. isarcica.

Occurrence. SrkinrLrl, srnrple BGRlz.rnd Tornrn Gol. srn-
plc C1/+1.

Known mnge. Strcrcl:ci ir.ncri,r zoncs ($lng & \\'ans 1997,
t)(rrì N Fi,rbesolì:ocl): F.rrlr Trirs'jc, lndurn (c.rL\ ScfrhiaD).

lsarcicella turgida (Kozur', Nlostler 8i Rehini-Yazd, t 975)

Pl. t. fig: S.r,c

t975 Atcbi3nalnlr nojrriir Kozur. \tostler & R.rbinri,\irzd,
i. pl. /. ìiSi l1 ll.

t993 lrúaúellr t"ryìth (Kozuf,Ilosrler& Rrhinri-\:ìzd) cullo
N Kozlìr, lis. l,// 9.

1995.:arcicellr? ntgh (Kozur, Mosrlcr 3; Rrhini Yrzd) Ko-
zur, ':. p. :. I g. ).

1996 lttrctcelh? rutgih (Kozur. Mostlcr & Rrhini-lìzd) - Ko-
zur, 100. pl. 1, fìg. S.

Description. The Pa element is characterised by a

thickencd bladc and slishth asturnretricalbasal cavin. In
uppcr vie\\', the surface corresponding ro rhe basal ca\'-
itr', is smooth.

Remarks. Sonrc clcmcnts closc to the holorl.pc
(Kozur 1925, pl. 7, iig. l2), in s'hich the blade is *'eakly
inflated and the basal cl itv is vcry slirhtlv asymmcrrj-
cirì, have bccn found in thc Chitral faunas. Onl,v forms
prcscnting the samc pecuìi;rritics stìpulatcd in the origì-
nrl de.cription h,rre been jncluded in rhe .pecie.. Thc
denticularion is the sartre a,s in Hindeodus pdruus irom
tthich I. nrrgída can be discrin'ìinared only by h:rving :r

s\\.ollcn bladc. Elcnrcnts with iì \'erv n-ide asl'mmerrical
,rnd sn'ollen cup resembling the specinen referred to 1.

rrrrgida tìgured bl Gullo & Kozur (1993, fig. 2/2-3) and
Kozur (1995, 1996) :rre assiened îo Is. lobata.

Occurrence. S.rkimrul, :.rnrple tsGRl2 rnd Tornrn Gol, s.rm-

plc C l7+I:.

KnoÍ,n rxnge. Stteschei is,ttrit,t zones (Vrng E Wang 1997),

par,u: lobata zones (l)eni& F.rr.rbegoli 2003): Exrl]' Tri;ìss ic, Induin
(errlv Scvthìan).
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lsarcicella n.sp. A
l'1. l, fig. .2

l99lJ Transitional tornr berrveen lsarcicclla iprtsca Mt Kazur
t995 rd ls,utirclla taryirla (Kozur, Mos(ler & Rihinti-'tàzd. 1975)

Frnbegoli & Perri, pÌ..1.3.1, fig. 11.

Rernarks. One element short and high with the
cusp xPparentllt higher than the follon'ing 5 denricles.
S-ollen blade and )arge asymm€trical basal car'ìty sug-
gest ;ncÌuding this form rn Isarcicella following the re-
tised diagnosis of the genus proposed by Perri (in Perri &
Farabegoli 2003). One conodonr very close to that from
Torman Gol rvas found in thc Southern Alps in the Bulla
section, sample BU12C.

This form resembles elements figured by Nicoll et
al. (20Q2, figs 7 and 8) referred b,v rhem to Hindeodus
euryp!ge Nicoll, Metcalfe & Wang, 2002.

Occurrence. Torman Gol, sample Cl7aF.
Known range, PatL^us Zonc in the Southern Alp s; isarcìca Zanc

in Chitral, Pakistan: Errly Triassic, Indu;rn (erdv Scvthian).

Achnottledgentenx.The taxononric prrt oÍ rhis reporr is by Perri

and Mollor; rhe geoloeic sctting bv Tirìenr. Tìre Sakìrmul s:mple was

collected bv Pr:rri and Talent in 1999, rhe srmple from nexr Tormîn
GoÌ by Prrrick Conaghan in 1971r thrr rhe larrer rvas crrliest Trirs-
sic wes iirst recogniscd by Mollo) (1979). \!e are grletul ro Miurizio
Gaetanì, Alda Nicor:r and Mike Orchcrd ior carc'ful rcading of our'
mrnuscripr. Dr:frìng is b1. Dean Oliver, SEM photos bl Paolo Ferrìeri
(Unir ersitv of Bologna).
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