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The Frasnian–Famennian (F–F) bound ary in Cen tral Iran has been in ves ti gated on the ba sis of cono dont fau nas (34 spe cies and sub spe -
cies) from four sec tions: Chahriseh near Esfahan, and Kal-e-Sardar, Howz-e-Dorah and Ghale-Kalaghu near Tabas. The F–F bound ary in 
the Chahriseh sec tion is lo cated in a one-metre in ter val be tween beds EX1 and F-F9 whereas in the Kal-e-Sardar sec tion it is at the base of 
bed Cly1. The F–F bound ary can not be rec og nized in the Howz-e-Dorah and Ghale-Kalaghu sec tions be cause of un con form able re la -
tion ships and ero sion of the up per most late Frasnian beds in di cated in ci den tally by re worked boul ders (in di cat ing con tem po ra ne ous tec -
tonic ac tiv ity) and by the abrupt ap pear ance of con trast ing en vi ron ments, in clud ing tempestites at the base of the lower Famennian. The
best cono dont and palaeoenvironmental data were ob tained from the Kal-e-Sardar sec tion where a deeper ma rine en vi ron ment pre vailed
dur ing the late Frasnian, be com ing shal lower in the early Famennian; the Chahriseh sec tion dis plays small fluc tu a tions in sea level dur -
ing the early Famennian. The cono dont fau nas dis play the in cep tion of the Polygnathus communis group in the late Frasnian
(rhenana–linguiformis zones) and the ap pear ance of Icriodus alternatus mawsonae in the Late rhenana Zone. A new age-range is sug -
gested for Polygnathus aequalis Klapper and Lane, from the  transitans to the linguiformis zones. Three cono dont biozones are rep re -
sented in the late Frasnian to early Famennian of the Chahriseh sec tion, two late Frasnian and one early Famennian in the Kal-e-Sardar
sec tion and two biozones in the late Frasnian and early Famennian of both the Howz-e-Dorah and Ghale-Kalaghu sec tions. Two new spe -
cies are de scribed: Polygnathus tabasianus (Early to Late crepida zones) and Polygnathus vachiki (Late rhenana–linguiformis zones).
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INTRODUCTION

The Global Stratotype Sec tion and Point (GSSP) for the
Frasnian–Famennian (F–F) bound ary is des ig nated at Coumiac
in the Montagne Noire of south ern France (Klapper et al., 1993;
House et al., 2000). High-pre ci sion iden ti fi ca tion of this bound -
ary is best based on cono donts and some times on ammonoids.

The mass ex tinc tion event as so ci ated with that bound ary
(Up per Kellwasser Event: e.g. McGhee, 1996) has been stud -
ied by nu mer ous re search ers no ta bly by Sandberg et al. (1988)
and Ziegler and Sandberg (1990). Their zonation through this
in ter val has been based pri mar ily on ma rine pe lagic gen era, es -
pe cially Palmatolepis, a ge nus that is gen er ally very rare or ab -
sent from Ira nian se quences. Fau nas stud ied for the pur pose of
this pa per are from ob vi ously shal lower ma rine biofacies than
the se quences that pro vided the ba sis for the Late De vo nian
zonations. That not with stand ing, both pres ently uti lized zonal
schemes (Klapper, 1989; Ziegler and Sandberg, 1990) and the

Frasnian–Famennian bound ary can be ap plied with rea son able
ac cu racy in the Ira nian suc ces sions. 

Ex em plary stud ies of the F–F bound ary, apart from the now
clas sic Coumiac se quence, have been un der taken in var i ous
coun tries in Eu rope, North Amer ica, north Af rica and east Asia
(e.g. Mor row, 2000; Racki and House, 2002; Racki, 2005). Chen 
et al. (2005) de scribed the F–F cri sis on the ba sis of anal y ses of
13C and 87Sr/86Sr in some sec tions of south ern China. Racki and
Baliński (1998) doc u mented brachi o pods across the bound ary in 
south ern Po land. Yazdi (1999) sug gested lo ca tion of the F–F
bound ary in a terrigenous in ter val in the south ern Shotori Range
of east ern Iran, but this was based on a sin gle bro ken cono dont
el e ment that ap pears to have been re-worked. Sub se quent data
in di cates that the up per most Frasnian is ab sent in the south ern
Shotori Range, hav ing been re moved by ero sion.

Dastanpour and Aftabi (2000) have pre sented pre lim i nary
iso to pic data from across the F–F bound ary in the Kerman re gion 
of south east ern Iran, and Mahmudy Gharaie et al. (2003, 2004)
have un der taken a re con nais sance study of sed i men ta tion and



iso tope chem is try across the F–F bound ary in Cen tral Iran. Both
stud ies, un for tu nately, were not tied to high res o lu tion
biostratigraphic data. In the pres ent study, more pre cise in for ma -
tion on the Up per Kellwasser Ex tinc tion Event in Iran and on the 
cono dont biostratigraphy across the F–F bound ary is given. 

Wendt et al. (2002) iden ti fied the Frasnian–Famennian
bound ary in some south east ern sec tions of Iran such as Hutk,
but this iden ti fi ca tion is based on poor sam ples which do not
con tain any in dex spe cies. These au thors re cently ex am ined
many sec tions of Cen tral, South east ern and North ern Iran and
iden ti fied the F–F bound ary in some of them such as
Khoshyeilagh, Howz-e-Dorah, Niaz, Anarak and
Kuh-e-Kanseh based on lithofacies changes and poor fos sil

col lec tions (Wendt et al., 2005), but more pre cise and high res -
o lu tion biostratigraphic data on the Frasnian–Famennian
bound ary are still needed.

Four sec tions (Figs. 1 and 2) were cho sen for study: the
Kal-e-Sardar sec tion in the mid dle of the Shotori Range near
the Sardar River, 23 km east of Tabas; the Chahriseh sec tion 10
km east of the Esfahan–Ardestan road, 55 km north-east of
Esfahan (Fig. 3); and the Howz-e-Dorah and Ghale-Kalaghu
sec tions, 500 m apart near the Chiruk mine in the south ern
Shotori Range, 70 km south of Tabas (Fig. 4). Leach ing of 152
lime stone sam ples from these sec tions in ace tic acid pro duced
3841 cono dont el e ments as cribed to 34 spe cies and sub spe cies
of cono donts (in 6 gen era) from 56 pro duc tive sam ples.
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Fig. 1. Late De vo nian palaeogeographic map of Iran and lo ca tion of the stud ied sec tions

The map is re drawn from Wendt et al. (2005); the shaded area is the East-Cen tral Iran microplate
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Fig. 2. Late De vo nian global palaeogeographic map and lo ca tion of sec tions

C.I = Cen tral Iran; the back ground is based on Golonka et al. (1994)

Fig. 3. Geo log i cal map of the Chahriseh area (Yazdi et al., 2000)



UPPER DEVONIAN OF CENTRAL IRAN

Two sed i men tary for ma tions are rep re sented in the Up per
De vo nian of Cen tral Iran, the Bahram and Shishtu for ma tions.
The Bahram For ma tion con sists of 300 m of lime stones with
brachi o pods, cor als and stromatoporoids re garded as Givetian
to Frasnian by Stöcklin and Setudehnia (1991). They pointed
out that equiv a lent se quences can be ob served in many parts of
Iran, e.g. in Esfahan, Kerman, Shirgesht and the Shotori Range. 
Mem ber 2 of the Bahram For ma tion shows an abun dance of
co lo nial rugose cor als, stromatoporoids and tab u late cor als; it
has been re ferred to the Frasnian (Rohart, 1999; Mistiaen et al.,
2000). Brice et al. (1999), who stud ied the dis tri bu tion of
brachi o pods and other biota in East ern and Cen tral Iran,
stressed the dis ap pear ance of reef-build ing fos sils at the top of
the Bahram For ma tion (and equiv a lent strata) as re flect ing the
first step in the lat est Frasnian mass ex tinc tions, sug gest ing cor -
re la tion with the Lower Kellwasser Event. 

The Shishtu For ma tion has been di vided into two mem bers
with the F–F bound ary be ing lo cated in Shishtu 1. 

The names (Bahram and Shishtu for ma tions) were in tro -
duced in an un pub lished manu script by Ruttner et al. (1965)
but were not for ma lised un til three years later (Ruttner et al.,
1968). They di vided both for ma tions into two mem bers,
Bahram 1 and Bahram 2, and Shishtu 1 and Shishtu 2. Stöcklin
et al. (1965) stud ied the Shishtu For ma tion in the Shotori
Range and pro posed some sec tions near Howz-e-Dorah
(Howz-e-Dorah and Ghale-Kalaghu sec tions of this pa per) and
Kal-e-Sardar as ref er ence sec tions. Ac cord ing to them, this for -

ma tion is Frasnian to early Viséan in age. Yazdi (1999) was of
sim i lar opin ion, though Ashouri (1990) be lieved its age to span
a slightly shorter in ter val, Frasnian to late Tournaisian.
Palynomorph study of Shishtu For ma tion in the Ozbak-Kuh
Moun tains (Hashemi and Playford, 1998) sug gested a shorter
age for the for ma tion in that area: Frasnian to Famennian. A
pre lim i nary study of Late De vo nian cepha lo pods has been un -
der taken by Walliser (1966). 

CHAHRISEH SECTION 

The lower part of this sec tion in West-Cen tral Iran is mostly 
sand stone and dolostone with palynological data sug gest ing a
Frasnian to Famennian age (Ghavidel-Syooki, 2001). Ver te -
brate mi cro-re mains and a few cono donts from beds near the
base of the sec tion (Turner et al., 2002) have not in cluded the
zon ally im por tant in dex cono dont spe cies spec i fied by Ziegler
and Sandberg (2000) that might in di cate the mid dle falsiovalis
to Late hassi zones (Turner et al., 2002). Ac cord ing to Turner
(1997) and Valiukevicius (1998), abun dant microvertebtrate
re mains (Australolepis seddoni and Nostolepis cf. goujensis)
con firm an early Frasnian age for the base of the sec tion (cf.
Turner et al., 2002). This part is equiv a lent to Bahram 1. 

The up per part of the sec tion, con sist ing of car bon ates with a
di verse epifauna in clud ing biostromes with rugose and tab u late
cor als and stromatoporids, has been re garded as Givetian to late
Frasnian in age (Mistiaen et al., 2000; Mistiaen and
Gholamalian, 2000; Rohart, 2000), though brachi o pods from the 
biostromes were re garded as mid-Frasnian (Jafarian, 2000; Brice 
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Fig. 4. Geo log i cal map of the Tabas area by Stöcklin et al. (1965)



and Kebria-ee, 2000). This unit is equiv a lent to Bahram 2. Lime -
stones and marly lime stones at the top of se quence were as -
sumed to be Famennian in age. Late Frasnian and Famennian
beds cor re spond to Shishtu 1. Cono dont-based in ves ti ga tions
(Gholamalian, 1998, 1999, 2003) in di cated a Frasnian to late
Famennian age for the sec tion as a whole. Data now pre sented
ac cords with the po si tion of the Frasnian–Famennian bound ary
as be ing within the one-metre in ter val be tween the top of sam ple

EX1 and the base of sam ple F-F9, lower than as sumed in pre vi -
ous pa pers (Fig. 5).

KAL-E-SARDAR SECTION 

Stöcklin et al. (1965) were the first to ex am ine the nu mer -
ous and dis con tin u ous out crops of Shishtu For ma tion at
Kal-e-Sardar and at trib ute a Late De vo nian age to them. The
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Fig. 5. Strati graphic col umn of the Chahriseh sec tion, the col umn has been closed up two times 
to show de tailed li thol ogy and sampling

M — mid dle, tri.— triangularis, rhe. — rhenana, lin.— linguiformis



F–F bound ary is lo cated in the Shishtu 1 mem ber. The most
con tin u ous se quence, stud ied in the pres ent in ves ti ga tion, dif -
fers in fauna and li thol ogy from the south ern most Shishtu sec -
tions in the south ern Shotori Range (see be low). Its base is a
bed rich in late Frasnian rugose cor als and cono donts. Higher
in the se quence is a bed of oolitic lime stone with cepha lo pods
(Fig. 6) but, un for tu nately, it has proved bar ren of cono donts.

Re worked boul ders in the Ghale-Kalaghu sec tion,
stratigraphically and lithologically very sim i lar to this ho ri zon,
may have been de rived from it.

Some late Frasnian and mid-Famennian beds of this area,
rich in cepha lo pods, were not en coun tered in the south ern
Shotori Range sec tions.
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Fig. 6. Strati graphic col umns and sam pling of the Kal-e-Sardar, Howz-e-Dorah and Ghale Kalaghu sec tions

Sam ples from re worked blocks are shown as Lb1 and Lb3; E. — Early, L. — Late; other ex pla na tions as in Fig ure 5



Some marly lime stones in the mid dle of the sec tion are very 
rich in late Frasnian cono donts (Fig. 6). Ac cord ing to Yazdi
(1996) these beds con tain the cephalopod Beloceras and were
there fore named the “Beloceras beds”. Yazdi (1999) has stud -
ied cono donts and cepha lo pods from richly fossiliferous marly
beds at the top of se quence-dated herein as mid-Famennian
(Late marginifera Zone). Becker et al. (2004) stud ied the
cephalopod fauna in the mid dle of the marly beds, as sum ing it
rep re sented the Annulata Event (Late trachytera Zone), but
cono dont data pre sented here in di cate the base of this in ter val
to be early Famennian (Early triangularis Zone). Bar ren black
shale (8.7 m) be tween these fossiliferous late Frasnian and
early Famennian lithological pack ages, and the pres ence of
Palmatolepis triangularis im me di ately above this in ter val, ac -
cords with all of the black shale pack age be ing re garded as
most likely late Frasnian (Late rhenana to linguiformis zones).
The sec tion stud ied is a part of one of the Shishtu For ma tion
ref er ence sec tions (Shishtu 1). The Kal-e-Sardar sec tion of the
pres ent study is lo cated on Hill IV of Becker et al. (2004) and
un der lies their sec tion. Be cause of its po si tion near the Naiband 
fault in the west ern flange of the Shotori Range, the Shishtu
For ma tion is frag mented, but Hill IV is not af fected. 

HOWZ-E-DORAH AND GHALE-KALAGHU SECTIONS 

Howz-e-Dorah and Ghale-Kalaghu are two ref er ence sec -
tions of the Shishtu For ma tion in the south ern Shotori Range
(Stöcklin et al., 1965). Both sec tion can be di vided into two
mem bers and the Frasnian–Famennian bound ary is lo cated in
Shishtu 1. Yazdi (1999) stud ied a com plete sec tion of the
Shishtu For ma tion at Howz-e-Dorah where he es ti mated a to tal 
thick ness of 570.5 m. An in ter val of 71.5 m, com menc ing with
yel low lime stones with large placoderm plates iden ti fied as
Aspidichthys, re ferred to as the “placoderm beds” (Yazdi et al.,
1999) was cho sen for study (Fig. 6). Yazdi (1999, 2000) as -

signed these beds to the linguiformis Zone, sug gest ing the F–F
bound ary to be in the mid dle of an in ter val of lam i nar sand -
stones. New cono dont data in di cate the Early to Late rhenana
zones for the placoderm-bear ing beds. There are two
disconformities: one at the base and a sec ond at the top of the
lam i nar sand stone beds. The top of the late Frasnian suc ces sion
and the ero sion sur face can be ob served in the field; the Up per
Kellwasser equiv a lents could not be rec og nized. The up per
disconformity sur face has also been shown by Wendt et al.
(2005, pl. 3, figs. 2 and 3) and they have pro posed this level as
the Frasnian–Famennian bound ary. Mahmudy Gharaie et al.
(2004) fol lowed Yazdi et al. (1999) con cern ing the lo ca tion of
the bound ary.

The Ghale-Kalaghu sec tion is very sim i lar to the
Howz-e-Dorah sec tion, but with a few re worked lime stone boul -
ders (with Early rhenana to linguiformis zones cono donts) scat -
tered through a ma trix of lam i nar sand stones (Fig. 7). Sim i lar oc -
cur rences are known from other ar eas, e.g. late Frasnian reefal
blocks trans ported by de bris flows into Late De vo nian car bon -
ates in the Can ning Ba sin (Aus tra lia; Becker et al., 1991).

The Ira nian blocks are di verse in li thol ogy and in ferred en vi -
ron ments: oolitic lime stone and white sand stone. Frag ments of
fos sil wood ma te rial in the lat ter may sug gest a non-ma rine en vi -
ron ment, though it is well-known that plant ma te rial can be
trans ported. The li thol ogy and the as so ci ated un con formi ties
above and be low the lam i nar sand stone in ter val, are con sid ered
to cor re spond to a ma jor re gres sion dur ing the early Famennian
(e.g. Sandberg et al., 1988) in the south ern Shotori Range as so ci -
ated with tec tonic ac tiv ity, subaerial ex po sure, ero sion of the top
of the late Frasnian se quence and an im por tant in ter val of clastic
sed i men ta tion. Ac cord ing to Mahmudy Gharaie et al. (2004) the
cli mate around the F–F bound ary was hu mid and warm. The
sand stone suc ces sion in both of the Howz-e-Dorah and
Ghale-Kalaghu sec tions is capped by a disconformity sur face,
over lain by red sandy lime stone. The lat ter has pro duced cono -
dont fau nas in dic a tive of the Early to Late crepida zones.
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Fig. 7. Ghale-Kalaghu sec tion, re worked boul ders (Lb1, Lb2 and Lb3) are scat tered in the lam i nar sand stone beds



BIOSTRATIGRAPHY

This work is based on 152 sam ples
acid-leached from four strati graphic sec tions;
56 of them pro duced cono donts as cribed to 34
spe cies and sub spe cies of six gen era. Ab bre vi a -
tions used: Ad. — Ancyrodella, Ag. — Ancyro -
gnathus, I. — Icriodus, Pal. — Palmatolepis,
Pel. — Pelekysgnathus, P. — Polygnathus.

CHAHRISEH SECTION

Thir teen cono dont spe cies and sub spe cies
from the Chahriseh sec tion in di cate that three
biostratigraphic in ter vals can be dis crim i nated
(Fig. 5; Ta ble 1). 

Early rhenana to linguiformis zones. This
in ter val is iden ti fied by the pres ence of Icriodus
alternatus alternatus, I. sp., Polygnathus 
politus, P. evidens and P. sp. B. Among as so ci -
ated cono donts are P. brevilaminus and the P.
communis group. 

Early triangularis Zone. I. iowaensis
iowaensis, Pel.  serradentatus, I. alternatus
alternatus and I. aff. I. cornutus oc cur in this in -
ter val as so ci ated with the P. communis group as 
well as with P. brevilaminus, P. sp. A and P. sp.
B. There is no sign of any zonal or in dex cono -
dont in this in ter val but the strati graphic sit u a -
tion helps us to at trib ute this strata to the Early
triangularis Zone. Pel. serradentatus ranges
from the triangularis to the crepida zones
(Capkinoglu, 1991; Capkinoglu and Gedik,
2000). How ever, a one-metre bar ren zone in ter -
venes be tween the low est sam ple at trib ut able to
Early triangularis Zone and the up per most bed
at trib ut able to Early rhenana to linguiformis
zones pre vent ing a high-pre ci sion lo ca tion of
the F–F bound ary.

Mid dle triangularis to crepida zones.
Char ac ter is tic of this in ter val are I.  iowaensis
iowaensis, I. aff. I. cornutus and I.
multicostatus multicostatus. Among as so ci ates 
are I. alternatus alternatus, Pel. 
serradentatus, P.  communis group and P.
brevilaminus. The lower bound ary of this in -
ter val is iden ti fied by the ap pear ance of I.
multicostatus multicostatus in sam ple EX5
(Ta ble 1).

KAL-E-SARDAR

The Kal-e-Sardar se quence pro duced 23
cono dont spe cies en abling dis crim i na tion of
three biozones (Ta ble 2).

Late rhenana Zone. I. alternatus
alternatus, I. alternatus mawsonae, Pal. sp. A,
Ad. curvata, Ad. buckeyensis, Ag. triangularis,
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P. evidens, P. politus and P. webbi oc cur in this biozone; it in -
cludes the old est oc cur rence of I. alternatus mawsonae. Note -
wor thy in this in ter val is a richly fossiliferous bed with cor als
over lain by a metre of dark ferruginous oolitic lime stone (with
cepha lo pods). 

Late rhenana to linguiformis zones. This in ter val is char -
ac ter ized by an as so ci a tion of I. alternatus alternatus, I.
alternatus helmsi, I. alternatus mawsonae, I. xenium,
Ancyrodella curvata, Ad. buckeyensis, Ag. triangularis, Pal.
sp. A, Pal. winchelli, P. aequalis, P. evidens, P. politus, P.
procerus and P. webbi. Other as so ci ated spe cies are P.
brevilaminus, P. vachiki n. sp., Pal. sp. B, P. sp. B and P. sp. C.
Di ag nos tic of this biozone is Pal. winchelli. This as sem blage
Zone is com pa ra ble to zones 12 to13 of Klapper (1989). Some
beds in this in ter val (K5 and K5H) are pro lific in cono donts,
sug gest ing es pe cially fa vour able con di tions for pres er va tion. 

Early triangularis Zone. An as sem blage of Pal. aff. Pal.
perlobata, I. alternatus alternatus, I. alternatus mawsonae, I.
alternatus helmsi, P. tenellus, P. cf. P. webbi and P.
brevilaminus oc curs in this in ter val. 

HOWZ-E-DORAH

Two biozones with 13 spe cies and sub spe cies are rec og -
nized in this sec tion (Ta ble 3).

Early to Late rhenana zones. I. alternatus alternatus, Ad.
curvata, Ag. asymmetricus, P. aequalis, P. evidens, P. politus
and P. webbi oc cur in this in ter val. The placoderm bed of Yazdi 
et al. (1999) oc curs in this biozone. 

Early to Late crepida zones. I. alternatus alternatus, Pal.
sp. aff. Pal. perlobata and Pal. wolskajae oc cur in this biozone. 
Co-oc cur ring are P. tabasianus n. sp. and P. brevilaminus.

Wendt et al. (2005) pro posed the range of triangularis–Early
crepida zones for these strata. Yazdi (1999)  at trib uted a 
triangularis Zone age to this strata. Mahmudy Gharaie et al. (2004)
fol lowed the age of Yazdi (1999), but this age is ques tion able.

GHALE-KALAGHU

Eight spe cies and two biozones are as signed to this sec tion
(Ta ble 4).
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Zones L. rhe. Late rhenana–linguiformis E. tri.

Sam ples N K5H K5 K5X K5I K5J Cly1

Ancyrodella curvata   8 – –     1  –  – –

Ad. buckeyensis   1     8     12     3  –  – –

Ancyrognathus triangularis   4   22     31     3  –  – –

Icriodus alternatus alternatus 10   30     50     8  –  –   87

I. alternatus helmsi –   10     15  –  – –   1

I. alternatus mawsonae   4     6     10  –  –  –   24

I. xenium – –       1  –  –  –  –

Palmatolepis sp. A   1     2       1  –  –  –  –

Pal. winchelli –     3       6  – 1  –  –

Pal. gigas gigas –     2       4 – – –  –

Pal. aff. Pal. perlobata – – – – – –   15

Pal. sp. B –     4       3 – 1 –  –

Polygnathus aequalis –   24       7  – 2 2  –

P. brevilaminus –     1       3  –  – –   16

P. evidens   5   26     74   42  – 1  –

P. cf. P. webbi – – – – – –   19

P. politus   8 205   239     4  –  –  –

P. procerus – 116   185   20  –  –  –

P. sp. B –   12       3  –  –  –  –

P. sp. C –  –       1  –  –  –  –

P. tenellus –  – – – – –   18

P. vachiki n. sp. –     2       8     4  –  –  –

P. webbi   3   17     24   21 1  –  –

Un as signed el e ments 31 287   410   60 1 2   47

To tal 75 777 1087 166 6 5 227

Biofacies P-I P P P – – I-P

L. — Late; tri. — triangularis; other ex pla na tions as in Ta ble 1

T a  b l e  2

Dis tri bu tion chart of cono dont spe cies in the Kal-e-Sardar sec tion, east of Tabas



Early to Late rhenana zones. I. alternatus alternatus and
P. politus co-oc cur in this zone. Large placoderm re mains have
been placed in this in ter val.

Early to Late crepida zones. I. alternatus alternatus, Pal.
sp. aff. Pal. perlobata and Pal. wolskajae were ob tained from
this biozone. Among other spe cies is P. tabasianus n. sp.

BIOFACIES

The pres ent in fer ences on palaeo ec ol ogy and
palaeoenvironment are based on field ob ser va tions as well as
on palaeontological and sta tis ti cal data. Quan ti ta tive anal y ses
of cono dont biofacies are based on the con cepts of Pohler and
Barnes (1990); the biofacies were then com pared with pre vi ous 
mod els (Sandberg and Dreseen, 1984; Sandberg et al., 1988)
based pri mar ily on se quences in North Amer ica and Eu rope.
The abun dance of Icriodus cou pled with the ab sence of
Palmatolepis, Ancyrognathus and Ancyrodella is typ i cal of
most Cen tral Ira nian cono dont fau nas such as the Chahriseh se -
quence which is char ac ter ized by icriodid-polygnathid and
polygnathid-icriodid biofacies  (Ta ble 1). The num ber of
Polygnathus el e ments de creases dra mat i cally in the Early
triangularis Zone with icriodid el e ments in greater abun dance
than polygnathids. Rhyth mic changes be tween
polygnathid-icriodid and icriodid-polygnathid as so ci a tions oc -
cur through out the triangularis Zone. The triangularis Zone
biofacies in the Chahriseh sec tion pos si bly re sem bles the in ner
shelf en vi ron ment of the White Horse Pass suc ces sion in the
Early triangularis Zone (Sandberg et al., 1988) though the
biofacies of the late Frasnian in the Chahriseh sec tion is less
com pa ra ble to this. 

The low est sam ples from the Kal-e-Sardar sec tion with a
coral-rich bed show a polygnathid-icriodid biofacies, but in the
mid dle part of this suc ces sion the Polygnathus el e ments rep re -
sent more than 80% of the cono dont fau nas (sam ples K5H,
K5J). This sit u a tion is sim i lar to that of the end of linguiformis
Zone at White Horse Pass, Ne vada (Sandberg et al., 1988). 
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Zones Early to Late rhenana Early to Late crepida

Sam ples Da D1 D2 D3 D4 D6 HD1 D7 HD2

Ancyrodella curvata  –   1   1    1  –  –  –  –

Ancyrognathus asymmetricus  –   1  –  –  –  –  –  –

Icriodus al. alternatus 1   6   3 3 – 1   9 2 14

Palmatolepis sp. aff. Pal.
perlobata  –  – –  –  –   2  –   1

Pal. wolskajae  –  – –  –  –   2  –  –

Polygnathus aequalis 1   9   2 7 –  –  –  –  –

P. brevilaminus  –  – –  –  – 17  – 13

P. buzmakovi  –  – –  –  –   2  –   2

P. evidens  –   3   1 1   2  –  –  –  –

P. politus  – – –    2  –  –  –  –

P. procerus 1  – –  –  –  –  –  –

P. webbi 1  –   1    1 –  –  –  –

P. tabasianus n. sp.  –  – –  – –   4  –   2

Un as signed el e ments  –   1   6 5   8 –   4  – 12

To tal 4 20 14 16 14 1 40 2 44

Biofacies – P-I P-I P-I P – P-I – P-I

Ex pla na tions as in Ta ble 1

T a  b l e  3

Dis tri bu tion chart of cono donts in the Howz-e-Dorah sec tion, south of Tabas

Zones E. to L.
rhenana

E. to L.
crepida

E. to L.
rhenana

Sam ples GK1 GK2 GK6 GK7  Lb1 Lb3

Icriodus al. alternatus 1 2   61 2 2 3

Palmatolepis sp. aff.
Pal. perlobata  –  –     5  –  – – 

Pal. wolskajae  –  –     3  –  – – 

Polygnathus communis 
group  –  –     2  –  – – 

P. brevilaminus  –  –   76  –  – – 

P. buzmakovi  –  –   10  –  – – 

P. politus 1 1 –  – 1 2

P. tabasianus n. sp.  –  –   10  –  – – 

Un as signed el e ments  –  – 121  –  – – 

To tal 2 3 288 2 3 5

Biofacies – – P-I – – –

Sam ples from re worked blocks are shown as Lb1 and Lb3; ex pla na tions as
in Ta ble 1

T a  b l e  4

Dis tri bu tion chart of cono dont spe cies in the Ghale Kalaghu sec tion



More over, some spe cies such as P. procerus and P. politus
are pre dom i nant in these sam ples, in di cat ing a fa vour able en vi -
ron ment for these spe cies. Coral beds at the base of the
Kal-e-Sardar and in the mid dle part of the Chahriseh sec tion
(be low the F–F bound ary) ac cord with en vi ron ments sug gested 
for beds near the F–F bound ary (Figs. 5 and 6). Biofacies in the
up per part of the Kal-e-Sardar suc ces sion are very dif fer ent to
those in the mid dle of the suc ces sion. Cono donts from the low -
est Famennian bed (sam ple Cly1, Early triangularis Zone),
rep re sent an icriodid-polygnathid biofacies. This ac cords with
the shallowing en vi ron ment from the late Frasnian into the
early Famennian (Fig. 8). 

In the Howz-e-Dorah and Ghale-Kalaghu sec tions,
polygnathid-icriodid biofacies pre dom i nated dur ing the
rhenana and  crepida zones. As men tioned be fore, the early
Famennian terrigenous suc ces sion is in ferred to have been de -
pos ited in a non-ma rine en vi ron ment. These data and the lat eral 
fa cies dif fer ences be tween the Shishtu For ma tion sec tions in
Kal-e-Sardar, Howz-e-Dorah and Ghale Kalaghu ac cord with
the south ern Shotori Range be ing ex posed dur ing the re gres -
sion in the early Famennian (triangularis Zone; Fig. 8).

REMARKS ON THE CAUSES 
OF THE F–F MASS EXTINCTION

Many causes have been pro posed for the Late De vo nian
(F–F) mass ex tinc tion. Sev eral au thors, point ing to the pres -
ence of heavy met als (such as Ir and Ni) and as sumed me te or ite
traces (such as melt brec cia, microspherules and shocked min -
er als) at the ex tinc tion level, sug gested ex tra ter res trial im pact
as the main cause of this mass ex tinc tion (McGhee, 1996, 2001; 
Reimold et al., 2005). How ever, Sandberg et al. (2002) pre -
ferred stepwise de te ri o ra tion dur ing the Frasnian with a se ries
of im pacts, sea level changes and a fi nal cri sis at the end of
Frasnian. Oth ers (Nicoll and Playford, 1993, and es pe cially Gi -
rard et al., 1997) re jected the iso to pic evidence for an im pact
sce nario. Buggisch (1991) and Becker and House (1997) pro -
posed a trans gres sion-re gres sion (T/R) sce nario in volv ing ox y -
gen de ple tion, cou pled with dras tic sea level and climate
changes. Bratton et al. (1999) pre ferred an oce anic anoxic
event at the end of the Frasnian. 

Racki (2005), on the ba sis of re ports of mag matic ac tiv ity in
Si be ria, east ern Eu rope and mid-Asia (e.g. Kiselev et al., 2004;
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Fig. 8. Sea level changes pat tern in the stud ied sec tions based on cono dont biofacies against biozones

Ex pla na tions as in Ta ble 1



Pervov et al., 2005), dis cussed the strengths and weak nesses of
the var i ous the o ries, lean ing to wards vol ca nic/hy dro ther mal ac -
tiv ity dur ing the Up per Kellwasser Event as a pos si ble ex pla na -
tion. A sim i lar ex pla na tion was put for ward by Hao et al. (2003)
who in voked sub ma rine rift ing and hydothermal ac tiv ity as the
prime cause, point ing to en rich ment of met als in clud ing nickel in 
de pos its near the F–F bound ary in the NW of China. 

New re search by Chow et al. (2005) and Averbuch et al.
(2005), sug gested that tec tonic ac tiv ity, weath er ing and or ganic
car bon burial played a sig nif i cant role in the ex tinc tion event.
Hal lam and Wignall (1999) stated there had been a sea level rise, 
but Yazdi (2000) ar gued for a sea level fall. The suc ces sion of
the icriodid-polygnathid biofacies and the pres ence of re worked
boul ders in the early Famennian (Early to Late triangularis
zones) suc ces sion sup ports the sea level fall sce nario. Yazdi’s
(2000) view is there fore felt to be more con sis tent with pres ently
avail able data, if eustatic re gres sion was indead a pri mary cause
of the large scale global ex tinc tion event. 

Mahmudy Gharaie et al. (2003), on the ba sis of 13C and
REE anom a lies in beds near to F–F bound ary in Cen tral Iran,
sug gested two pos si ble causes: cli mate change and vol ca nic ac -
tiv ity. Both are spec u la tive as no ac count of biostratigraphic re -
search was taken, es pe cially of those stud ied based on cono -
donts. Sub se quently Mahmudy Gharaie et al. (2004), sug -
gested from iron-rich and clay min er als and iso topes (no ta bly
87Sr/86Sr) that very warm hu mid en vi ron ments (green house
con di tions) pro duced by a high con cen tra tion of CO2 in the at -
mo sphere caused the mass ex tinc tion. Such a warm and hu mid
cli mate was said to re sult in deep weath er ing and sub se quent
in creas ing sed i men tary trans port from the con ti nents, while
vol ca nic ac tiv ity was thought to be re spon si ble for CO2 in -
crease in the at mo sphere. Their work was mainly based on the
pres ence of vol ca nic rocks and black shales in the Late De vo -
nian suc ces sions of Iran.  Ev i dence of synsedimentary vol ca nic 
ac tiv ity can be seen in some sec tions of Cen tral and North ern
Iran (e.g. Geirud and Ardekan ar eas in Hairapetian and Yazdi,
2003; Wendt et al., 2005). How ever, con trary to the opin ion of
Mahmudy Gharaie et al. (2004), there is no high res o lu tion
palaeontological ev i dence of Frasnian vol ca nic events in Iran.
To the con trary, the vol ca nic ho ri zons of the Geirud For ma tion
in the cen tral Alborz Range can be at trib uted to the Famennian
(Gaetani, 1965). Famennian ammonoids from a bed be tween
two ba saltic lev els in the Geirud For ma tion were dis cov ered by 
Dashtban (1995). Re vi sion of the Dashtban ma te rial by Becker
et al. (2004) con firmed a mid-late Famennian age and made
pos si ble cor re la tion with con tem po ra ne ous ammonoid-bear ing 
beds in the Shishtu For ma tion, rep re sent ing the mid Famennian
Annulata event. Ac cord ing to Hairapetian and Yazdi (2003,
fig. 3), vol ca nic units in Dalmeh (the Ardekan area) formed in
the early to mid Famennian (triangularis to postera zones).
There fore, these dated vol ca nic events in Alborz and Cen tral
Iran can not be older than the early Famennian and there fore,
this vol ca nic ac tiv ity as the pos si ble cause of late Frasnian mass 
ex tinc tion ap pears un sub stan ti ated. 

Black shales from the Hutk and Gazestan lo cal i ties, ana -
lysed by Mahmudy Gharaie et al. (2004) with re gard to the F–F 
cri sis, are also prob lem atic. No pre cise age has been pro vided
for black shales of the Gazestan sec tion, whereas re cent stud ies

in the Hutk sec tion re vealed early Famennian cono dont fau nas
(Gholamalian, 2006).

Dastanpour and Aftabi (2002) noted a de crease in 13C and
18O across the F–F bound ary in Cen tral Iran, re gard ing this as be -
ing due to ei ther a me te oric im pact or de cay of or ganic mat ter.

Higher res o lu tion biostratigraphic and geo chem i cal data are
thus needed from a larger num ber of se quences, not only in Iran
but glob ally, in or der that the con trols on the global events across
the F–F bound ary can be ef fec tively de ter mined. But, con sid er -
ation of the cono dont biofacies and of field data in di cates that a sea 
level fall is strongly as so ci ated with the Up per Kellwasser Event in 
Iran. Disconformity sur faces show the ef fect of tec tonic events in
the late Frasnian and early Famennian, as ob served in sec tions
such as at Howz-e-Dorah and Ghale-Kalaghu. The F–F bound ary
is as so ci ated with changes in cono dont biofacies in the Chahriseh
and Kal-e-Sardar suc ces sions. A com bi na tion of orogenic/epeiro -
genic move ments and in creased weath er ing may be a pos si ble ex -
pla na tion for the late Frasnian cri sis (in ac cor dance with the opin -
ion of Averbuch et al., 2005). Well-rounded re de pos ited blocks
and deeply weath ered sand stones in the south ern Shotori Range
suc ces sions (e.g. Mahmudy Gharaie et al., 2004) strengthen this
opin ion. Dis place ment of such blocks re quires high en ergy flow,
such as tsu nami (e.g. Sandberg et al., 1988) or a pow er ful flood. 
These phe nom ena are less pro nounced in the Kal-e-Sardar sec tion 
(north ern Shotori Range) than in the south and there is no sign of
nonmarine con di tions, though some black shale beds (8.7 m) are
in ter ca lated be tween beds K5J and Cly 1 (Fig. 6) and in di cate de -
po si tion of car bon-rich siliciclastics in a ma rine en vi ron ment pos -
si bly due to en hanced weath er ing on land. How ever, the en vi ron -
ment be came shal lower at the top of this sec tion (Kal-e-Sardar)
and this trend con tin ued into the Early triangularis Zone. The
pres ence of ma jor faults (such as the Naiband Fault) may be
mainly re spon si ble for this phe nom e non by form ing ac tive
horst-graben sys tems. 

SYSTEMATIC PALAEONTOLOGY

Phy lum Conodonta Pan der, 1856
Or der Ozarkodinida Dzik, 1976

Fam ily Spathognathodontidae Hass, 1959
Ge nus Ancyrodella Ulrich and Bassler, 1926

Ancyrodella buckeyensis Ulrich and Bassler, 1926
Ancyrodella curvata (Branson and Mehl, 1934a)

(Fig. 9C)

D i a g n o s i s. — See Klapper (1989) and Ziegler and
Sandberg (1990).

R a n g e. — Early hassi to end of linguiformis zones (Ji
and Ziegler 1993, p. 52).

Ancyrodella buckeyensis Stauffer, 1938
(Fig. 9D)
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D e s c r i p t i o n. — See Over (1997).
R a n g e. — Ac cord ing to Over (1997, figs. 7 and 8), this

spe cies has range of zones 12–13 of Klapper (1989).

Fam ily Polygnathidae Bassler, 1925
Ge nus Ancyrognathus Branson and Mehl, 1934a

Ancyrognathus irregularis Branson and Mehl, 1934a
Ancyrognathus asymmetricus (Ulrich and Bassler, 1926)

(Fig. 9B)

D i a g n o s i s. — See Klapper (1990). 
R a n g e. — Up per part of Zone 12 to the end of Zone 13

(Klapper, 1989,1990, p. 999), equat ing with the Late
rhenana–linguiformis zones (Klapper and Becker, 1999). As -
so ci ated taxa in the Howz-e-Dorah sec tion in di cate cor re la tion
with the rhenana Zone (Ta ble 3).

Ancyrognathus triangularis Youngquist, 1945
(Fig. 9A)

D i a g n o s i s. — See Klapper (1990). 
R a n g e. — From Zone 11 to the lower part of Zone 13 of

Klapper (1990, p. 999) which is equiv a lent to the  jamieae to
Late rhenana zones, but Mor row (2000, p. 30–32) has re ported 
this taxa from the hassi Zone at Tempiute Moun tain and from
the linguiformis Zone at Gran ite Moun tain (USA). As so ci ated
cono donts in the Kal-e-Sardar se quence in di cate an age-range
from Late rhenana to linguiformis zones. 

Or der Prioniodontida Dzik, 1976
Fam ily Icriodontidae Müller and Müller, 1957

Ge nus Icriodus Branson and Mehl, 1938
Icriodus expansus Branson and Mehl, 1938

Icriodus alternatus alternatus Branson and Mehl, 1934a
(Fig. 9O)

D i a g n o s i s. — See Sandberg and Dreesen (1984). 
R a n g e. — This sub spe cies ap peared in the Early

rhenana Zone (Ziegler and Sandberg, 2000, p. 340–341), ex -
tend ing through to the Late crepida Zone (Sandberg and
Dreesen, 1984).

Icriodus alternatus helmsi Sandberg and Dreesen, 1984
(Fig. 9Q)

D i a g n o s i s. — See Sandberg and Dreesen (1984). 
R a n g e. — Late rhenana Zone to the end of the Middle

crepida Zone (Ji and Ziegler, 1993, p. 55). 

Icriodus alternatus mawsonae Yazdi, 1999
(Fig. 9R)

D i a g n o s i s. — See Yazdi (1999). 
R a n g e. — The sub spe cies, dis cov ered by Yazdi (1999)

in beds as signed to the crepida Zone, has now been found with
late Frasnian Late rhenana to crepida Zone cono donts in
Kal-e-Sardar sam ples N, K5H and K5 (Ta ble 2). 

Icriodus aff. I. cornutus Sannemann, 1955a
(Fig. 10C, D)

D e s c r i p t i o n. — A form of Icriodus with a me dial
row of denticles as high as the lat eral denticles and a large cusp
at the pos te rior end of the plat form con nected to the me dial row. 
The I el e ment is unarched in side view but is down-curved be -
neath the large cusp. 

R a n g e. — I. cornutus is re ported to ex tend from the
Middle triangularis zone to the Late trachytera Zone
(Sandberg and Dreesen, 1984, p. 163), but con sid er ing its strati -
graphic po si tion and as so ci ated fauna, I. aff. I. cornutus seems
to have ap peared in the Early triangularis Zone.

Icriodus iowaensis iowaensis Youngquist and Pe ter son, 1947
(Fig. 9P, S–V)

D i a g n o s i s. — See Ji and Ziegler (1993).
R a n g e. — Early hassi to jamieae zones for first ap pear -

ance (Gholamalian, 2006), and Early rhomboidea Zone (?) for
ex tinc tion (Ji and Ziegler, 1993). 

Icriodus multicostatus multicostatus Ji and Ziegler, 1993
(Fig. 10A)

D i a g n o s i s. — See Ji and Ziegler (1993).
R a n g e. — Mid dle triangularis Zone to Late crepida

Zone (Ji and Ziegler, 1993, p. 57). 

Icriodus xenium Nazarova, 1997
(Fig. 10B)

D e s c r i p t i o n. — A spe cies of Icriodus char ac ter ized
by an ex panded plat form with an acute an te rior end (pos te rior
end rounded), lat eral denticles three to five in num ber on each
side, tri an gu lar in trans verse sec tion; me dial denticles small,
rounded, smaller than and al ter nat ing with lat eral ones. Pos te -
rior cusp ex tended back ward. 
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R a n g e. — Mid Givetian to mid Frasnian varcus–Ag.
triangularis zones (Nazarova, 1997, p. 639–640), but its range
ex tends to late Frasnian (Late rhenana–linguiformis zones) in
Kal-e-Sardar sec tion and into the early Famennian (Early
triangularis Zone ) in the Chahriseh sec tion.

Ge nus Pelekysgnathus Thomas, 1949
Pelekysgnathus inclinatus Thomas, 1949

Pelekysgnathus serradentatus Capkinoglu, 1991
(Fig. 10E, F)

C o m m e n t. — See Capkinoglu and Gedik (2000,
p.77–78) for di ag nos tic fea tures.

R a n g e. — Ac cord ing to Capkinoglu and Gedik (2000,
ta ble 4) from triangularis Zone to crepida Zone.

Or der Ozarkodinida Dzik, 1976
Fam ily Polygnathidae Bassler, 1925

Ge nus Palmatolepis Ulrich and Bassler, 1926
Palmatolepis perlobata Ulrich and Bassler, 1926

Palmatolepis gigas gigas Miller and Younquist, 1947
(Fig. 9F)

D i a g n o s i s. — See Ziegler and Sandberg (1990).
R a n g e. — Early rhenana Zone to the end of

linguiformis Zone (Ziegler and Sandberg, 1990).

Palmatolepis aff. Pal. perlobata Ulrich and Bassler, 1926
(Fig. 9K, L)

D i a g n o s i s. — See Schülke (1995, p. 43) for
Palmatolepis  perlobata.

C o m  m e n t s. — Be cause of breakage, many el e ments
can not be un equiv o cally iden ti fied as Pal. perlobata.

R a n g e. — Early triangularis Zone of the Kal-e-Sardar
sec tion.

Palmatolepis winchelli (Stauffer, 1938)
(Fig. 9E)

D i a g n o s i s. — See Klapper and Fos ter (1993). 
R a n g e. — Ac cord ing to Klapper and Fos ter (1993, p.

31), this spe cies oc curs in zones 12 and 13 of Klapper (1989),
equat ing with the Late rhenana to linguiformis zones.

Palmatolepis wolskajae Ovnatanova, 1969
(Fig. 9N)

D i a g n o s i s. —See Ziegler (1977).
R a n g e. — Early to Late crepida zones (Barskov et al.,

1987; Ziegler and Sandberg, 1990, p.23–24). 

Palmatolepis sp. aff. Pal. perlobata Ulrich and Bassler, 1926
(Fig. 9M)

R a n g e. — Early to Late crepida zones in the
Howz-e-Dorah sec tion.

Palmatolepis sp. A
(Fig. 9I, J)

R a n g e. — Late rhenana to linguiformis zones in the
Kal-e-Sardar sec tion.

Palmatolepis sp. B
(Fig. 9G, H)

R a n g e. — Late rhenana to linguiformis zones in the
Kal-e-Sardar sec tion.
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Fig. 9. Cono donts from Howz-e-Dorah, Kal-e-Sardar, Ghale-Kalaghu and Chahriseh sec tions

A — Ancyrognathus triangularis Youngquist, 1945, up per view of EUIC 82101, sam ple K5, Kal-e-Sardar; B — Ancyrognathus asymmetricus (Ulrich and 
Bassler, 1926), up per view of EUIC 83103, sam ple D1, Howz-e-Dorah; C — Ancyrodella curvata (Branson and Mehl, 1934a), up per view of EUIC
82104, sam ple D2, Howz-e-Dorah; D — Ancyrodella buckeyensis Stauffer, 1938, up per view of EUIC 82106, sam ple K5H, Kal-e-Sardar; E —
Palmatolepis winchelli (Stauffer, 1938), up per view of EUIC 82108, sam ple K5H, Kal-e-Sardar; F — Palmatolepis gigas gigas  Miller and Younquist,
1947, up per view of EUIC 82109, sam ple K5, Kal-e-Sardar; G,  H — Plamatolepis sp. B: G — up per view of EUIC 82110, sam ple K5H, Kal-e-Sardar, H
— up per view of EUIC 82111, sam ple K5I, Kal-e-Sardar; I, J — Palmatolepis sp. A: I — up per view of EUIC 82112, sam ple K5H, Kal-e-Sardar, J — up -
per view of EUIC 82113, sam ple K5H, Kal-e-Sardar; K, L — Palmatolepis aff. Pal. perlobata Ulrich and Bassler, 1926: K — up per view of EUIC 82177,
sam ple Cly 1, Kal-e-Sardar, L — up per view of EUIC 82178, sam ple Cly 1, Kal-e-Sardar; M — Palmatolepis sp. aff. Pal.  perlobata Ulrich and Bassler,
1926, up per view of EUIC 82114, sam ple HD1, Howz-e-Dorah; N — Palmatolepis wolskajae Ovnatanova, 1969, up per view of EUIC 82115, sam ple
GK6, Ghale-Kalaghu; O — Icriodus altrenatus alternatus Branson and Mehl, 1934a, up per view of EUIC 82116, sam ple K5, Kal-e-Sardar; P, S–V —
Icriodus iowaensis iowaensis Youngquist and Pe ter son, 1947: P — up per view of EUIC 82118, sam ple K, Chahriseh, S — oblique up per view of EUIC
82123, sam ple M, Chahriseh, T — up per view of EUIC 82124, sam ple M, Chahriseh, U — up per view of EUIC 82125, sam ple M, Chahriseh, V — up per
view of EUIC 82126, sam ple Y, Chahriseh; Q — Icriodus alternatus helmsi Sandberg and Dreesen, 1984, up per view of EUIC 82119, sam ple K5H,

Kal-e-Sardar; R — Icriodus alternatus mawsonae Yazdi, 1999, up per view of EUIC 82120, sam ple K5, Kal-e-Sardar; all spec i mens are ´ 32
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Ge nus Polygnathus Hinde, 1879
Polygnathus dubius Hinde, 1879

Polygnathus aequalis Klapper and Lane, 1985
(Fig. 10G, H)

D i a g n o s i s. — See Klapper and Lane (1985). 
R a n g e. — In the Kal-e-Sardar sec tion this is as so ci ated

with cono donts in dic a tive of the Late rhenana to linguiformis
zones (Ta ble 2), though it was for merly (Ji and Ziegler 1993, p.
74) re ported as rang ing from the transitans to the Early
rhenana zones. An ex ten sion of range is thus in di cated.

Polygnathus brevilaminus Branson and Mehl, 1934a
(Fig. 10J, K)

D i a g n o s i s. — See Schülke (1999).
R a n g e. — Late Frasnian and Famennian (Ji and Ziegler,

1993).

Polygnathus buzmakovi Kuzmin, 1990
(Fig. 11O, P)

D i a g n o s i s. — This is a spe cies of Polygnathus with a
nar row lan ceo late asym met rical plat form that be comes shal -
lower pos te ri orly. The carina is nodose, ex tend ing to a sharp
pos te rior end. Or na ment pf nodes or very short trans verse
ridges cover the plat form. 

R a n g e. — Ac cord ing to and Kuzmin (1990, p. 70) and
Barskov et al. (1991, p. 15), this spe cies oc curs in the crepida
Zone.

Polygnathus communis group Branson and Mehl, 1934a
(Fig. 12C–J)

C o m m e n t. — The P. commuis group in cludes many
sub spe cies all char ac ter ized by the pres ence of a de pres sion
show ing a thin keel im me di ately be hind the small pit. Most au -

thors re fer to a small plat form with out or na ment, but Barskov et
al. (1991), Khalymbadzha et al. (1991) and Vorontsova (1993,
1996) ac cepted a broader in ter pre ta tion for the P. communis
group in clud ing forms with sur face or na men ta tion. Barskov et
al. (1991) and Vorontsova (1993, 1996) pro posed a new ge nus,
Neopolygnathus, for this group. All pre vi ous work ers re garded
the group as hav ing orig i nated in the Early crepida Zone. How -
ever, spe cif i cally the pres ence of spec i mens of this group in the
rhenana to linguiformis zones in the Chahriseh suc ces sion,
makes it nec es sary to re-con sider the early evo lu tion of the P.
communis group. Cono dont as sem blages from near the
Frasnian–Famennian bound ary in the Chahriseh se quence dem -
on strate a pref er ence of the group for the icriodid-polygnathid
and the polygnathid-icriodid biofacies, both in ter preted as shal -
low wa ter en vi ron ments (Fig. 8).

Pre vi ous work ers e.g. Ji and Ziegler (1993) re ported the P.
communis group from deeper en vi ron ments in the Famennian
with Palmatolepis, but close as so ci a tion with near-shore en vi -
ron ments in the late Frasnian and early Famennian (rhenana to
triangularis zones) seems ev i dent from data pre sented here.
Ovnatanova and Kononova (2001, pl. 23, figs. 15–24) fig ured
sev eral spec i mens iden ti fied as Polyganthus aspelundi, but two 
of their fig ures (17 and 18) have a de pres sion be hind the basal
pit and be long, in fact, to P. communis. From these new data, I
con clude that the P. communis group ap peared in the late
Frasnian. This group has also been rec og nized in Frasnian sam -
ples from the Kerman area of SE Iran (Gholamalian, 2006), the
el e ments be ing very sim i lar to those from Chahriseh. 

R a n g e. — rhenana–linguiformis zones in ter val (the
pres ent pa per) to the late Tournaisian anchoralis-latus Zone (Ji
and Ziegler, 1993, p. 48). 

Polygnathus evidens Klapper and Lane, 1985
(Fig. 10M, N)

D i a g n o s i s. — See Klapper and Lane (1985).
R a n g e. — Early to Late rhenana zones (Ovnatanova

and Kononova, 2001).

Polygnathus politus Ovnatanova, 1969
(Fig. 10R–V)

Conodont biostratigraphy of the Frasnian–Famennian boundary in the Esfahan and Tabas areas, Central Iran 469

Fig. 10. Cono donts from Howz-e-Dorah, Kal-e-Sardar and Chahriseh sec tions

A — Icriodus multicostatus multicostatus Ji and Ziegler, 1993, up per view of EUIC 82128, sam ple EX6, Chahriseh; B — Icriodus xenium Nazarova,
1997, up per view of EUIC 82130, sam ple K5, Kal-e-Sardar; C, D — Icriodus aff. I. cornutus Sannemann, 1955a: C — up per view of EUIC 82134, sam ple
T4, Chahriseh, D — up per view of EUIC 82135, sam ple T4, Chahriseh; E, F—  Pelekysgnathus serradentatus Capkinoglu, 1991: E — up per view of
EUIC 82132, sam ple F-F1, Chahriseh, F — lat eral view of EUIC 82133, sam ple F-F7, Chahriseh; G, H — Polygnathus aequalis Klapper and Lane, 1985:
G — up per view of EUIC 82136, sam ple D1, Howz-e-Dorah, H — up per view of EUIC 82137, sam ple K5H, Kal-e-Sardar; I — Polygnathus sp. A, up per
view of EUIC 82138, sam ple T3A, Chahriseh; J, K — Polygnathus brevilaminus Branson and Mehl, 1934a: J — up per view of EUIC 82150, sam ple F-F7, 
Chahriseh, K — up per view of EUIC 82151, sam ple T3A, Chahriseh; L — Polygnathus sp. B, upper view of EUIC 82140, sam ple T4, Chahriseh; M, N —
Polygnathus evidens Klapper and Lane, 1985: M — oblique up per view of EUIC 82141, sam ple K5, Kal-e-Sardar, N — up per view of EUIC 82143, sam -
ple EX1, Chahriseh; O, P—  Polygnathus procerus Sannemann, 1955b: O — up per view of EUIC 82145, sam ple K5H, Kal-e-Sardar, P — up per view of
EUIC 82146, sam ple K5, Kal-e-Sardar; R–V — Polygnathus politus Ovnatanova, 1969: R, S — up per and lat eral view of EUIC 82147, sam ple K5,
Kal-e-Sardar, T — lower view of EUIC 82148, sam ple K5, Kal-e-Sardar, U, V — up per and lower view of EUIC 82179, sam ple EX1, Chahriseh; all spec i -

mens are ´ 32
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D i a g n o s i s. — See Ovnatanova and Kononova
(2001).

R a n g e. — Lower to Up per most gigas zones
(Ovnatanova and Kononova, 1996, 2001), equat ing with the
Early rhenana to linguiformis zones of cur rent no men cla ture.

Polygnathus procerus Sannemann, 1955b
(Fig. 10O, P)

D i a g n o s i s. — See Schülke (1999).
R a n g e. — Middle falsiovalis Zone into Late crepida

Zone. (Ji and Ziegler, 1993).

Polygnathus tabasianus n. sp.
(Fig. 11A–G)

H o l o t y p e. — EUIC 82155 sam ple HD1,
Howz-e-Dorah sec tion, Fig ure 11A–C.

P a r a t y p e. — EUIC 82181 sam ple HD1,
Howz-e-Dorah sec tion, Fig ure 11F, G. 

E t y m o l o g y. — Tabas, a small town in East-Cen tral
Iran near the Kal-e-Sardar, Howz-e-Dorah and Ghale-Kalaghu
sec tions.

M a t e r i a l. — Four Pa el e ments from sam ple HD1, two
from HD2, Howz-e-Dorah, ten from sam ple GK6,
Ghale-Kalaghu sec tion.

D i a g n o s i s. — This spe cies is dis crim i nated from P.
ratebi Yazdi (1999) by its shal lower adcarinal troughs and hav -
ing nodes in stead of trans verse ridges on the plat form. It dif fers
from P. nodocostatus by hav ing nodes in stead of nodose costae 
on the plat form and a ca rina that does not ex tend to the pos te -
rior end. P. buzmakovi Kuzmin (1990) is sim i lar, but the plat -
form of P. tabasianus is wider, the free blade is shorter and the
ca rina does not reach the pos te rior end of the plat form. 

D e s c r i p t i o n. — Pa el e ments with an asym met ric and
nodose plat form con stricted an te ri orly and with up turned plat -
form mar gins, also an te ri orly, mak ing mod er ate an te rior troughs
shallowing to wards mid-length. Plat form broad at mid-length,
with outer pos te rior plat form strongly arched down ward, bear -
ing small nodes or short trans verse ridges. Free blade is very
short with four denticles, the sec ond and third be ing higher than
the oth ers. The ca rina con sists of dis crete nodes ex tend ing for
four-fifths of plat form length, and does not reach the pos te rior

end. Basal cav ity small, lo cated in the an te rior third of the plat -
form. Keel ex tends to the pos te rior end of plat form.

R a n g e. — Early to Late crepida zones is sug gested be -
cause of as so ci a tion with I. alternatus alternatus, the P.
communis group, P. buzmakovi and Pal. wolskajae in the
Howz-e-Dorah and Ghale-Kalaghu sec tions. 

Polygnathus tenellus Ji and Ziegler, 1993
(Fig. 11T, U)

D i a g n o s i s. — See Ji and Ziegler (1993).
R a n g e. — Early rhenana to Early triangularis zones (Ji

and Ziegler, 1993). 

Polygnathus vachiki n. sp.
(Fig. 11H–L)

H o l o t y p e. — EUIC 82156 sam ple K5X Kal-e-Sardar
sec tion, Fig ure 11H, I.

P a r a t y p e. —EUIC 82182, sam ple K5, Kal-e-Sardar
sec tion, Fig ure 11K, L.

E t h y m o l o g y. — In honor of the young Ira nian ver te -
brate palaeontologist, Vachik Hairapetian.

M a t e r i a l. — Two Pa el e ments from sam ple K5H,
eight from K5, four from K5X, Kal-e-Sardar sec tion.

D i a g n o s i s. — The spe cies can be dis crim i nated from
P. webbi and P. samueli by more pro nounced con stric tion of
the plat form an te rior and a left an te rior mar gin that is higher
than the right.

D e s c r i p t i o n. — The new spe cies is char ac ter ised by 
pro nounced con stric tion of the an te rior half of the plat form to
form a col lar, a left an te rior mar gin that is higher than the right
and a plat form sur face that is or na mented by ir reg u lar trans -
verse ridges and dis crete small nodes. The plat form wid ens
pos te ri orly and is curved gently down wards. Adcarinal troughs
are deep an te ri orly but dis ap pear in the mid-part of the plat -
form. Outer and in ner lobes are wide. Ca rina fused, not reach -
ing the pos te rior end. Blade joins an te rior of plat form with out
any an gle. The free blade is short and high with the third an te -
rior denticle high est. 

R a n g e. — Late rhenana–linguiformis zones ac cord ing
to as so ci ated spe cies in the Kal-e-Sardar sam ples (Ta ble 2).
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Fig. 11. Cono donts from Howz-e-Dorah, Kal-e-Sardar and Chahriseh sec tions

A–G — Polygnathus tabasianus n. sp.: A–C — lat eral, up per and lower view of EUIC 82155, holotype, sam ple HD1, Howz-e-Dorah, D, E — up per and
lower view of EUIC 82180, sam ple HD1, Howz-e-Dorah, F, G — oblique up per and lower view of EUIC 82181, paratype, sam ple HD1, Howz-e-Dorah;
H–L — Polygnathus vachiki n. sp.: H, I — up per and lat eral view of EUIC 82156, holotype, sam ple K5X, Kal-e-Sardar, J — lower view of EUIC 82157,
sam ple K5X, Kal-e-Sardar, K, L — up per and lower view of EUIC 82182, paratype, sam ple K5, Kal-e-Sardar; O, P — Polygnathus buzmakovi Kuzmin,
1990, up per and lower view of EUIC 82158, sam ple HD1, Howz-e-Dorah; M, N, R, S — Polygnathus webbi Stauffer, 1938: M, N — up per and lower view 
of EUIC 82183, sam ple K5, Kal-e-Sardar, R — up per view of EUIC 82161, sam ple K5H, Kal-e-Sardar, S — up per view of EUIC 82163, sam ple K5H,
Kal-e-Sardar; T, U —– Polygnathus tenellus Ji and Ziegler, 1993, up per and lower view of EUIC 82184, sam ple Cly 1, Kal-e-Sardar; V — Polygnathus sp. 

C, up per view of EUIC 82164, sam ple K5, Kal-e-Sardar; all spec i mens are ´ 35



Polygnathus webbi Stauffer, 1938
(Fig. 11M, N, R, S)

D i a g n o s i s. — See Ji and Ziegler (1993).
R a n g e. — Early falsiovalis to end of linguiformis Zone

(Ji and Ziegler, 1993).

Polygnathus cf. P. webbi Stauffer, 1938
(Fig. 12A, B)

D i a g n o s i s. — See Ji and Ziegler (1993).
R a n g e. — Early triangularis Zone, Kal-e-Sardar sec tion. 

Polygnathus sp. A 
(Fig. 10I)

D e s c r i p t i o n. — This spe cies is char ac ter ised by an
asymmetrical plat form with ex panded outer plat form-half and

weak trans verse ridges. The an te rior part of the plat form is con -
stricted, be com ing wider near mid-length. The ca rina is fused,
reach ing to the pos te rior end and form ing a tip. The basal cav ity 
is small, lo cated in the first third of the plat form.

R a n g e. — As so ci ated, at Chahriseh, with early
Famennian (Early triangularis Zone) cono donts. 

Polygnathus sp. B 
(Fig. 10L)

D e s c r i p t i o n. — This spe cies is char ac ter ised by its
nar row, elon gate, slightly asym met ri cal plat form with its an te -
rior mar gins up turned: this part is nar row and con stricted, but
wid ens at plat form mid-length. Adcarinal troughs are deep an -
te ri orly, be com ing shal lower pos te ri orly. The outer plat form
mar gin is slightly ex panded. The an te rior two-thirds of the plat -
form is smooth, the re main der be ing covered by short trans -
verse ridges or nodes.

R a n g e. — As so ci ated spe cies in the Kal-e-Sardar and
Chahriseh sec tions sug gest an age-range of late Frasnian to
early Famennian (Late rhenana to Early triangularis zones). 

472 Hossein Gholamalian

Fig. 12. Cono donts from Kal-e-Sardar and Chahriseh sec tions

A, B — Polygnathus cf. P. webbi Miller and Younquist, 1947, up per and lower view of EUIC 82185, sam ple Cly 1, Kal-e-Sardar; C–J — Polygnathus
communis group Branson and Mehl, 1934a: C, D — up per and lower view of EUIC 82167, sam ple T3A; E, F — up per and lower view of EUIC 82169,
sam ple Q; G, H — up per and lower view of EUIC 82173, sam ple F-F7; I, J — up per and lower view of EUIC 82186, sam ple F-F10; all fig ures C–J are

from Chahriseh sec tion; all spec i mens are ´ 50



Polygnathus sp. C 
(Fig. 11V)

C o m m e n t. —This spe cies is rec og nized by its long
blade and more or less smooth asym met rical plat form con -
stricted an te ri orly and its ex pand ing outer plat form-half. The
blade is as long as the plat form. The ca rina is smooth, reach ing
the pos te rior end.

R a n g e. — Late rhenana to linguiformis zones,
Kal-e-Sardar. 

CONCLUSION

In ves ti ga tion into the Frasnian–Famennian bound ary in
Cen tral Iran on the ba sis of cono dont biostratigraphy and
biofacies anal y sis has been con ducted at four sec tions:
Chahriseh (Esfahan), and Kal-e-Sardar, Howz-e-Dorah and
Ghale-Kalaghu (Shotori Range). Two new cono dont spe cies
are de scribed; Polygnathus vachiki n. sp. from late Frasnian of
Kal-e-Sardar and P. tabasianus n. sp. from the early
Famennian of Howz-e-Dorah and Ghale-Kalaghu in the
Shotori Range. On the ba sis of biostratigraphic data and as so ci -
ated fau nas, new age ranges are pro posed for Polygnathus
aequalis, Icriodus xenium and I. alternatus mawsonae. Some

ini tial forms of the P. communis group are re ported from late
Frasnian beds for the first time.

Cono dont biofacies anal y sis in the beds close to the F–F
bound ary in Cen tral Iran shows a con sid er able sea level fall,
con tin ued by ma rine shallowing or com plete re gres sion (e.g.
south ern Shotori Range). The pres ence of large blocks that are
scat tered in a deeply weath ered sand stone ma trix (in the south -
ern Shotori Range) and in black shales (north ern part), in di -
cates con sid er able orogenic/epeirogenic ac tiv ity around the
Frasnian–Famennian bound ary. The palaeotectonic ac tiv ity in
the west ern part of Cen tral Iran ap peared in form of epeirogenic 
and ver ti cal move ments and caused sea level fall (shallowing).

Ac knowl edg ments. The re search was fa cil i tated by many
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use ful lit er a ture not eas ily avail able in Iran; Prof. P. Bultynck
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