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Abstract. Sixty-three conodont species and subspecies from
the Kal-e-Sardar section indicate that the strata span carly to late
Famennian. Contrary to most of the sections measured in the Shishtu
Formation, the icriodid-polygnathid biofacies is restricted to the low-
er part of Kal-e-Sardar Famennian succession. Palmatolepid and bis-
pathodid-dominated biofacies in the middle and upper part of section
represent a deep shelf to mid-continental slope marine environment.
The currently accepted ranges of P tichonovitchi, P. tenellus and P
inconcinnus are early Famennian, late Frasnian-early Famennian, and
early to middle Famennian, respectively, together with middle to late
Famennian for P. nodoundatus. Two new species, Polygnathus sardar-
ensis and P. yazdii, are proposed.

Riassunto. Sessantatre tra specie e sottospecie di conodonti sono
state identificate nella sezione di Kal-e-Sardar entro la Formazione
Shishtu, consentendo di riconoscere che la porzione studiata si estende
dal Famenniano inferiore a quello superiore. A differenza di molte altre
sezioni in questa parte della formazione la biofacies a icriodidi-polygna-
thidi ¢ limitata alla parte inferiore della successione famenniana di Kal-e-
Sardar. Nella parte media e superiore della sezione dominano invece le
biofacies a palmatolepidi e bispathodidi, rappresentando un ambiente
marino di piattaforma profonda o di pendio intracontinentale. Le di-
stribuzioni attualmente accettate di P. tichonovitchi, P. tenellus e di P
inconcinnus sono rispettivamente Famenniano inferiore, tardo Frasnia-
noc-Famenniano inferiore, e Famenniano inferiore e medio. La distri-
buzione di P nodoundatus ¢ invece del Famenniano medio e superiore.
Sono infine proposte due nuove specie, Polygnathus sardarensis e P.
yazdi.

Introduction

The Kal-e-Sardar section near Niaz village, 23 km
east of Tabas, is located along the northern side of the
Sardar River, nearby the Nahrein dam (Figs 1, 2). Sev-

eral individual exposures of Shishtu Formation are visi-
ble and the most complete succession is considered here
(Hill IV of Becker et al. 2004). Coordinates of the stu-
died section are N 33° 39" 30.6”, E 57° 8’ 35.8” (base) and
N 33° 39 31.9", E 57° 8' 36" (top).

Upper Devonian fossiliferous beds in the Kal-e-
Sardar area have been examined by many researchers,
with studies based on sparse conodont samples (Yazdi
1999; Ashouri 2002, 2004); goniatites (Walliser 1966;
Ashouri & Yamini 2006), which includes the description
of the Annulata Event on the basis of clymenids (Becker
et al. 2004) and trilobites (Feist et al. 2003). Gholama-
lian (2007) identified the Frasnian-Famennian boundary
by means of conodonts.

Abundant and diverse conodont faunas of 63 spe-
cies and subspecies from 25 productive samples out of
29 allow correlation using the Upper Devonian cono-
dont zonation of Ziegler (1962) and its more recent
revision by Ziegler & Sandberg (1990).

Lithostratigraphy

The Shishtu Formation is the middle unit of the
Ozbak-Kuh Group in the Shotori Range Mountains,
eastern Tabas, east-central Iran (Fig. 2). Stocklin et al.
(1965) introduced the Kal-e-Sardar and southern Sho-
tori Range successions as the reference sections of the
Shishtu Formation. The Upper Devonian Shishtu 1
member is exposed in the small hills numbered from I
to V by Becker et al. (2004) in the Kal-e-Sardar area on
the northern side of Sardar River. Hill IV, with complete
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undisturbed exposure of calcareous beds, was examined
for this study.

In the Kal-e-Sardar section, the Famennian be-
gins with 1.7 m of red ferruginous oolitic limestone
that normally overlies the upper Frasnian black shales
(Fig. 3). Gholamalian (2007) identified the Frasnian/
Famennian boundary at the base of this oolitic lime-
stone. The abrupt lithologic change from the upper
Frasnian carbon rich shales of hypoxic/anoxic environ-
ment to the lower Famennian red oolitic limestones
indicates a rapid marine regression at the end of Fras-
nian, corresponding to the Late Kellwasser Event
(Gholamalian 2007, fig. 8). The succession continues
with marls and alternations of oolitic and marly lime-
stones. The middle part of the section is marked by a
10 cm bed of black fossiliferous marl (bed T2) which
corresponds to the Annulata Event bed of Becker et al.
(2004). This bed is conformably overlain by thin-
bedded marly limestones and red oolitic limestones
with two thin beds of sandy limestone at the base
and top. 10.1 m of thin to medium-bedded marly lime-
stones, two intercalations of thick-bedded limestones,
and an oolitic interval overlie the lower layers and
form the main part of succession (Fig. 3). Wendt et
al. (2005, fig. 17) suggest that this forms a conformable
Famennian-Tournaisian sequence, but on the contrary,

the top of section appears to be overthrusted by upper
Frasnian fossiliferous beds. Some conodont species
such as Polygnathus webbi, Icriodus alternatus alterna-
tus and Ancyrodella buckyensis were obtained from
these beds.

Becker et al. (2004) described the strata of Hill IV
and some of the other hills of Kal-e-Sardar area. They
interpreted the differences between these sections by
gravity tectonics and believe that Carboniferous displa-
cement and redeposition of Famennian olistoliths was
responsible for the mixing of Frasnian, Famennian and
Carboniferous  stratigraphic  sequences. However,
Wendt et al. (2005) do not agree with the redeposition
interpretation. They consider that Alpine tectonic
movements could account for the displacement of the
successions. This seems a better explanation for thrust-
ing of upper Frasnian beds over the top of upper Fa-
mennian.

There are significant lithologic and biofacies dif-
ferences between the Upper Devonian sequences of
Kal-e-Sardar and the southern Shotori Range sections
at Howz-e-Dorah and Ghale-Kalaghu (Fig. 2) which
cannot be attributed to post-Famennian gravity move-
ments. These differences may be explained by horst —
graben systems.
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Fig. 2 - Geological map of Tabas area (after Stocklin et al. 1965).

Biostratigraphy

Sixty-three conodont species and subspecies are
clustered into nine conodont biozones (Tab. 1). Deep-
water faunas in most parts of the section allow us to
apply the palmatolepid zonation of Ziegler & Sandberg
(1990), but owing to the lack of index palmatolepids in
some cases, icriodid and polygnathid species are used

to differentiate the upper and lower limits of zones

(Pls. 1-6).

Lower to Middle triangularis zones (Bed H1).
This interval can be recognized by the entry of Palma-
tolepis triangularis for the base and the entry of Pal
tenuipunctata in the next zone for the top. The fauna
is associated with Icriodus alternatus alternatus, Poly-
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Fig. 3

- Stratigraphic column of Famennian strata and conodont biofacies curves in the Kal-e-Sardar section. Abbreviations used for biozones
are: TR1 - 2 = Lower to Middle triangularis zones, TR3 = Upper triangularis Zone, CR1 - 2 = Lower to Middle crepida zones, CR3 —
4 = Upper to Uppermost crepida zones, MAR1 = Lower marginifera Zone, TRA1 = Lower trachytera Zone, TRA2 = Upper
trachytera Zone PO1 = Lower postera Zone. Barren intervals: X1 =?Lower to Upper rhomboidea Zone, X2 = Upper to Uppermost
marginifera zones, X3 = Upper postera to Lower expansa zones.
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Zones TRI-2 [TR3| CR1-2 |[CR3-4] MARI |TRAI |TRA2|POI1 Middle to Upper expansa

Species Samples H1 H2 | H3 | H4 H5 H6 | A B T2 H7 | T3 [ H8 | H9 | T4 [HIO|HI1| T5 |HI3|[HI5|HI6[HL7[HI§|HI9| D E

Pal. triangularis 3 30 [ 13

Pal. tenuipunctata 1 )
lanceolus 14| 4

P.
P. tenellus 1 4
P. ratebi 4
P. communis group 35 2 141 7 1 7 511 2
B 5
1

brevilaminus 3

P. tichonovitchi
P. yazdii n. sp. 14 3 2
I alternatus alternatus 9 5520 | 48| 50
1. alternatus mawsonae 30 [ 50| 14 11

1. iowaensis iowaensis 1 5
Pal. minuta loba 5| 14
Pal. minuta minuta 5 1 16 | 1

Pal. quadrantinodosalobata 4
Pal. clarki 2

1. alternatus helmsi 6

Pal. subperlobata 1
P. nodocostatus 5 1 2 171 5 7 8 3
P. pseudobrevilaminus 3 1
P. sardarensis n. sp. 8 | 47 2 2
Pal. perlobata schindewolfi 2 8 | 17| 64 21 1 1 7 2 1 8

Pal. crepida 3

P. glaber medius

Pal. quadrantinodosa quad.

Pal. quad. inflexoidea

= |w (=N
=

Pal. quad. inflexa
Pal._glabra distorta 10( 7
Pal. glabra glabra 6 1

Pal. glabra pectinata 20| 12

Pal. glabra prima

Pal. gracilis gracilis 2 1 2 1 2 5 1

P. inconcinnus 5 8

P. planirostratus 3

P. lagowiensis 7 (10

P. aff. lagowiensis 2
P. nodoundatus 15 1 4 215

1. aff. iowaensis 1

P. subirregularis 4 3

P. glaber bilobatus
P. perplexus 6 | 2 1 5 1 2 | 1
Pal. gracilis sigmoidalis
L. cornutus 9 | 28 8 10 1
1. cf. cornutus

D= |R |

Pal. rugosa cf. ampla
Bi. stabilis

=y
N
[o-]
[$;]
L\v]
[}
~
S
[

58| 4| 4

I

Alternognathus beulensis 30
Bi. aculeatus aculeatus 1] 1 126 | 35([45]156| 3
Bi. costatus 16 35| 14
P. semicostatus 4 2 1 5 1 4 |1 3 1 217|414
P. delicatulus 1 2 4
Pal. per. cf. schindewolfi

Pal. rugosa ampla 2 1 1 2

Ps. primus 59

Ps. brevipennatus 1
Ps. sp. 1 1
P. sp.A 1
P. sp. B 1
P. sp.C 1
Clydagnathus sp. 312 1 51212

Pel. inclinatus 1

Branmehla inornata 6 2 10 1

(Mehlina sp. 3 10 16 2
Unassigned elements 1 110 98 | 76 8 330|140 112 | 152 [ 6 | 8 | 3 | 7 |59 |111]|203|44 | 49 |69 | 56 | 12 | 46 |139] 26 | 41
Total 17 281|254 |223| 104 |442|254| 219 | 218 | 51 | 47 | 10 | 54 |133|203|439| 53 | 71 | 81 | 60 [ 21 | 52 |221| 39 | 75

Tab.1 - Range chart of Famennian conodonts in the Kal-e-Sardar section. Arrows show the first and last appearance datums. See Fig. 3 for
explanation of biozones.
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gnathus brevilaminus and P tenellus. According to
Ziegler & Sandberg (1990) and Klapper et al. (1993),
the Frasnian-Famennian boundary is located at the base
of the Lower triangularis Zone with the first specimens
of Pal. triangularis. Klapper et al. (2004) and Klapper
(2007) believe that the first appearance of Pal. triangu-
laris occurs slightly above the base of the Lower trian-
gularis Zone in European reference sections. On the
other hand, more precise reidentification of figure 9L
of Gholamalian (2007) shows the presence of Pal. sub-
perlobata. Its lowest occurrence can characterize the
Lower triangularis Zone (Klapper et al. 2004). Recovery
of the first specimens of Pal. triangularis from bed H1
in the present study confirms the identification of the F-
F boundary by Gholamalian (2007, fig. 6).

Upper triangularis zones (Bed H2). The associa-
tion of Icriodus alternatus alternatus, I. alternatus maw-
sonae, 1. cornutus, 1. iowaensis iowaensis, Palmatolepis
triangularis, Pal. tenuipunctata, Polygnathus lanceolus,
P. communis group, P. brevilaminus, P. ratebi, P. tenel-
lus, P. tichonovitchi and P. yazdii n. sp. can be seen here.
The boundaries are identified by the entry of Pal. te-
nuipunctata for the base and the entry of Pal. minuta
loba and Pal. quadrantinodosalobata in the next zone
for the top. Polygnathus lanceolus, which ranges from
Upper triangularis to Uppermost crepida zones, occurs
in this interval. Polygnathus tichonovitchi, which was
previously reported by Kuzmin & Melnikova (1991)
from the crepida Zone, makes its first appearance here.

Lower to Middle crepida zones (Beds H3-H4).
The lower limit of this interval is recognized by the first
appearance datum of Palmatolepis minuta loba and the
presence of Pal. quadrantinodosalobata. The upper lim-
it can be identified by the last presence of Pal. clarki
ranging from Ubpper triangularis to Middle crepida
zones (Schiilke 1995). Entry of Pal. perlobata schinde-
wolfi at the base of the next zone can also determine the
top of this interval. Other associated fauna are Icriodus
alternatus alternatus, 1. alternatus mawsonae, I. alter-
natus helmsi, 1. cornutus, Pal. minuta minuta, Pal. sub-
perlobata, Pal. triangularis, Polygnathus brevilaminus,
P. communis group, P. nodocostatus, P. lanceolus, P. te-
nellus, P. semicostatus, P. pseudobrevilaminus, P. sarda-
rensis n. sp., and P. sp. A. Ji & Ziegler (1993) proposed
to limit the age of P. tenellus to Lower rhenana-Lower
triangularis zones, but its last appearance datum is with-
in this interval.

Upper to Uppermost crepida zones (Bed H5).
The lower limit is identified by the entry of Palmatole-
pis perlobata schindewolfi, the upper one by the last
occurrence of Pal. tenuipunctata ranging from Upper
triangularis to Uppermost crepida zones (Ji & Ziegler

1993). Palmatolepis crepida that ranges from Lower cre-
pida to Lower rhomboidea zones occurs here. The final
occurrence of specimens of Icriodus alternatus alterna-
tus and I. alternatus mawsonae is found in this interval.
Other taxa of this zone are: I. cornutus, I. iowaensis
iowaensis, Pal. minuta minuta, Polygnathus brevilami-
nus, P. communis group, P. nodocostatus, P. sp. B.

Lower marginifera Zone (Beds H6-A). The low-
er boundary of this zone is determined by the entry of
Polygnathus glaber medius. The upper limit can be
identified by the last occurrence of Pal. quadrantinodo-
sa quadrantinodosa, which is restricted to the upper part
of Upper rhomboidea-Lower marginifera zones (Zieg-
ler & Sandberg 1984, fig. 2; Capkinoglu 1997). Palma-
tolepis quadrantinodosa inflexa, ranging from Upper
rhomboidea to Lower marginifera zones and Pal. glabra
distorta (Lower marginifera-Lower trachytera zones)
are important taxa in this interval (Ji & Ziegler 1993;
Barskov et al. 1987). Polygnathus lagowiensis, with a
range from Lower rhomboidea to Upper marginifera
zones (Helms & Wolska 1967), occurs here. Perri &
Spalletta (1990) restricted the range of P. nodoundatus
to Upper marginifera-Lower trachytera zones. How-
ever, the species enters in the present interval, indicating
a longer range, from Lower marginifera to Upper ex-
pansa zones.

Other associated conodont fauna are: Palmatole-
pis glabra pectinata, Pal. minuta minuta, Pal. perlobata
schindewolfi, Pal. glabra glabra, Pal. glabra prima, Pal.
gracilis gracilis Polygnathus communis group, P. semicos-
tatus, P. planirostartus, P. inconcinnus, P. nodocostatus, P,
psendobrevilaminus, P. aff. lagowiensis, P. sardarensis n.
sp., . yazdii n. sp., Icriodus cornutus, I. aff. iowaensis,

Mebhlina sp.

Lower trachytera Zone (Bed B). The base of this
zone can be discriminated by the entry of P. subirregu-
laris, the top by the last appearance datum of Pal. glabra
distorta. The final occurrence of Polygnathus glaber bi-
lobatus, ranging the Upper marginifera-Lower trachy-
tera zones (Perri & Spalletta 1990), may also used to
determine the upper limit of this zone. Polygnathus in-
concinnus is known from Upper triangularis to Upper
crepida zones (Kuzmin & Melnikova 1991), but its last
appearance datum occurs here and its new range is here
proposed from Upper triangularis to Lower trachytera
zones. Other associated species are: Palmatolepis perlo-
bata schindewolfi, P. nodocostatus, P. nodoundatus, P.
perplexus, P. yazdii n. sp., 1. cornutus.

Upper trachytera Zone (Bed T2). The base of this
biozone can be recognized by the first appearance of
Palmatolepis gracilis sigmoidalis, which ranges from
Upper trachytera to *Upper praesulcata zones (Ji &
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Ziegler 1993). The top of this zone can be identified by
last appearance of Icriodus cornutus (Sandberg & Dree-
sen 1984). Other fauna are: Bispathodus stabilis, Palma-
tolepis gracilis gracilis, Pal. rugosa cf. ampla, Pal. perlo-
bata schindewolfi, Polygnathus communis group, P. no-
docostatus, P. nodoundatus, P. semicostatus, P. subirregu-
laris, Alternognathus beulensis, 1. cf. cornutus. The
Annulata Event bed (M) of Becker et al. (2004) is the
same as bed T2, which is within the Upper trachytera
Zone.

Lower postera zones (Bed H7). The base of this
interval is coincident to the last appearance of Icriodus
cornutus at the top of the previous zone. The top of the
interval is known by the last appearance datum of Alrer-
nognathus beulensis, which ranges from Uppermost
marginifera to Lower postera zones (Zigler & Sandberg
1984). Bispathodus stabilis, Palmatolepis gracilis sigmoi-
dalis, Pal. perlobata schindewolfi, Polygnathus commu-
nis group, P. nodocostatus, P. semicostatus, P. subirregu-
laris, P. perplexus, and Pseundopolygnathus sp. are asso-
ciated species.

Middle to Upper expansa zones (Beds T3-E). The
entry of Bispathodus aculeatus aculeatus, which ranges
from Middle expansa to Upper crenulata zones (Ziegler
et al. 1974), defines the base of this interval. Polygnathus
semicostatus, which ranges from Middle crepida to
Upper expansa zones, terminates this interval. Asso-
ciated species are: Bispathodus costatus, Bi. stabilis, Pal-
matolepis gracilis gracilis, Pal. gracilis sigmoidalis, Pal.
perlobata schindewolfi, Pal. perlobata cf. schindewollfi,
Pal. rugosa ampla, P. delicatulus, P. communis group, P,
nodocostatus, P. nodoundatus, P. perplexus, P. sp. C, P,
yazdii n. sp., Pseudopolygnathus primus, Ps. brevipen-
natus, Ps. sp., Clydagnathus sp., Meblina sp., Branmeh-
la inornata, Pelekysgnathus inclinatus.

Barren intervals. There are three intervals which
do not yield any conodont specimen, so the ages of
these beds have been recognized on the basis of their
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stratigraphic position. The intervals are: X1 =?Lower to
Upper rhomboidea, X2 =?Upper to Uppermost mar-
ginifera, X3 =?Upper postera to Lower expansa (Fig. 3).

Biofacies and sea level changes

This palaeoenvironmental and palaeoecological
investigation is based on field observations and statisti-
cal data. Biofacies quantitative analyses are erected on
the basis of concepts of Pohler & Barnes (1990). The
biofacies of the studied section is compared with the
models of Sandberg & Dreesen (1984), Sandberg et al.
(1988) and Savoy & Harris (1993). Abundance of Icrio-
dus with absence or rare occurrence of deep marine
genera such as Palmatolepis is typical of most central
Iran sequences: e.g. Howz-e-Dorah (Southern Shotori
Range); Abadeh; Hutk and Hojedk (Kerman); and
Chahriseh (Esfahan) (Yazdi et al. 2000; Wendt et al.
2002, 2005; Gholamalian 2006, 2007; Gholamalian &
Kebriaei 2008). The Kal-e-Sardar section beds are rich
in Palmatolepis and some other deep marine genera.

After the sea level rise in the late Frasnian (Upper
rhenana-linguiformis zones) of the Kal-e-Sardar sec-
tion, the spreading of the icriodid-polygnathid biofacies
indicates a rapid eustatic shallowing at the base of the
Lower triangularis Zone (Gholamalian 2007). This is
similar to the inner shelf environment of the White
Horse Pass section of Nevada (Sandberg et al. 1988).
This situation continues to the Middle crepida Zone
(Fig. 3). The increase of icriodid specimens in the Upper
to Uppermost crepida zones indicates a shallower en-
vironment. The palmatolepid-polygnathid biofacies
then appears in the Lower marginifera zone and con-
tinues to the Upper trachytera zone (Tab. 2). This bio-
facies represents a sea level rise and indicates a deep
shelf to mid-continental slope environment, similar to
that of the Alberta Platform (Savoy & Harris 1993, fig.
11A). The Upper trachytera Zone (Bed T2) shows the
maximum sea level high-standing during the Annulata
Event, whereas the overlying Lower postera zone (bed
H7) with 65% of Alternognathus, indicative of a sub-

Zones TR1-2|TR3| CR1-2 [CR3-4| MARI TRA1|{TRA2|PO1 Middle to Upper expansa

% Sample Hl [H2 |H3|H4| H5 | H6 | A B | T2 |H7| T3 [H8|H9| T4 |H10|HI1| T5 | H13 [H15|H16|HI17|H18HI9| D | E

% Icriodus 57 [ 56|65[42| 78 | 10 1 5

% Polygnathus 25 [26[22]40| 11 40 | 57 | 30 | 30 [ 13| 34 41712 68 1350 | 51

% Palmatolepis 18 [ 1812 18| 11 | 50 | 41 | 69 | 41 [4 | 6 6|16 18 10] 8

% Bispathodus 17 117 ] 16 90| 56|87 |75 71128 12

%Clydagnathus 14 6 |14 36

Y%Alternognathus 5 |65

Others 2 44 22111125

Biofacies I-P | I-P|I-P| I-P | |Pal-P|P-Pal|Pal-P|Pal-P P-Bi Bi | Bi | Bi | Bi P-Pal Bi |P-Bi|P-CI
Tab.2 - Biofacies chart of Famennian conodonts from Kal-e-Sardar section. See Fig. 3 for explanation of biozones.
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tidal environment (Ziegler & Sandberg 1984, p. 185),
shows an abrupt sea level fall (Fig. 3).

The polygnathid-bispathodid facies occurs at the
base of Middle to Upper expansa zones (bed T3). The
assemblages of beds H9 to D change to bispathodid,
bispathodid-polygnathid and polygnathid-palmatolepid
biofacies, which indicate a deep shelf environment. The
final bed (E), with a mixed polygnathid-clydagnathid
biofacies, may represent a shallow near-shore marine
environment (Tab. 2).

The biofacies of the lower part of the Famennian
sequence of Kal-e-Sardar is very similar to that of Ker-
man (Hutk and Hojedk) and Dalmeh sections (Hair-
apetian & Yazdi 2003; Gholamalian 2006; Gholamalian
& Kebriaei 2008). The icriodid-polygnathid and icrio-
did biofacies indicate the predominance of shallow
subtidal environments in the early Famennian (Lower
triangularis to Uppermost crepida zones) of central
Iran. The icriodid-polygnathid biofacies of southern
Shotori Range sections (Howz-e-Dorah and Ghale-
Kalaghu) appears in the Lower crepida Zone after tri-
angularis Zone non-marine deposition (Gholamalian
2007). Predominance of palmatolepid-polygnathid, bis-
pathodid, and polygnathid-bispathodid biofacies in the
Lower marginifera to Upper expansa zones cannot be
observed in most of Iranian sequences except for the
Kal-e-Sardar section. Middle and Upper Famennian
beds of some sections, e.g. Howz-e-Dorah, show pre-
dominance of icriodid and icriodid-polygnathid facies.
Equivalent beds in the Hutk area are restricted to 41.4
m of offshore sandstones (Gholamalian 2006). By con-
trast, subsequent beds in the Kal-e-Sardar section have
palmatolepid-polgnathid and polygnathid-bispathodid
biofacies. These significant differences can be explained
by the activity of large north-south trending faults
which formed graben systems in which deeper marine
environments developed and deep marine sediments
were deposited. The erosion of the upper part of upper
Frasnian strata and triangularis Zone none-marine de-
positions of southern Shotori Range sections against
the upper Frasnian black shales and lower Famennian
marine limestones of Kal-e-Sardar section are evidence
of tectonic activity during late Frasnian and early Fa-
mennian. Such activity resulted in a deep sedimentary
environment for most of the Famennian sequence of
Kal-e-Sardar, as shown by the pelagic biofacies. On
the other hand, the thickness of the Kal-e-Sardar Fa-
mennian sequence is considerably thinner than equiva-
lent strata in Iran: 23 m as against tens of meters in
Howz-e-Dorah and hundreds of meters in the Chah-
riseh and Dalmeh sections (Yazdi 1999; Hairapetian &
Yazdi 2003; Gholamalian 2007). The reduced thickness
and pelagic fauna indicate that the studied sequence is
a condensed section. Sedimentation rate in the lower
part of the section was very slow, especially in the

Lower marginifera to Lower postera zones. It in-
creased in the Middle to Upper expansa zones, but this
rate is still very much slower than that of other Iranian

sequences (e.g. Chahriseh and Dalmeh).

Systematic Palaeontology

Order Ozarkodinida Dzik, 1976
Family Polygnathidae Bassler, 1925

Genus Polygnathus Hinde, 1879
Type species: Polygnathus dubius Hinde, 1879

Polygnathus sardarensis n. sp.
Pl 5, Figs 1-16

1990 Polygnathus granulosus Branson & Mehl - Perri & Spal-
letta, P1. 5, Figs 5a-5b.

Holotype: HUIC339, sample H4, Kal-e-Sardar section, Plate 5,
Figs 5-7.

Paratype: HUIC337, sample H4, Kal-e-Sardar section, Plate 5,
Figs 1-2.

Material: 8 specimens from sample H3, 47 from H4, 2 from Hé
and 2 from A, Kal-e-Sardar section.

Etymology: Sardar is the name a river that flows in Tabas.

Diagnosis: A polygnathid species with platform surface com-
pletely covered by nodes, high and fused carina reaching the posterior
tip. The free blade is high and denticulated.

Description. Pa elements of this species are
more or less symmetric. Platform is leaf-like to ellip-
tical in outline. The platform is widest in the middle
and gradually becomes narrower towards the posterior
end to form a sharp posterior tip. Coarse nodes ran-
domly cover the entire platform surface. The carina is
high, composed of fused denticles and reaches the pos-
terior tip. The free blade is composed of 5-6 high iso-
metric denticles and equal to two-thirds of platform
length. A narrow basal cavity with small flanks is lo-
cated beneath the anterior quarter of the platform. The
keel is distinct.

Remarks. Polygnathus sardarensis can be distin-
guished from P, lagowiensis by having coarser nodes on
the platform, and by the isometric denticles of the free
blade. Polygnathus sardarensis has a higher carina, com-
posed of fused denticles and reaches the posterior tip,
whereas P. lagowiensis is characterized by small nodes
on the platform and separated denticles on the carina.
Polygnathus granulosus can be discriminated from P
sardarensis by the absence of nodes on the anterior
quarter of the platform surface and a basal cavity with-
out flanks (Barskov et al. 1991, pl. 25, figs 1a-2).

Range. Lower crepida - Lower marginifera zones

(Tab. 1).
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Polygnathus yazdii n. sp.
Dl 4, Figs 18-23, 25

Holotype: HUIC331, sample H2, Kal-e-Sardar section, Plate 4,
Figs 18-20.

Paratype: HUIC334, sample B, Kal-e-Sardar section, Plate 4,
Figs 21-23.

Material: 14 specimens from sample H2, 3 from Hé, 2 from B,
Kal-e-Sardar section.

Etymology: In honor of Iranian conodont researcher Dr. Meh-
di Yazdi (Esfahan University).

Diagnosis: A polygnathid species with slightly asymmetric
platform, one longitudinal ridge on each side of carina, and small basal
cavity that is located on the anteriormost part of element.

Description. Pa elements of Polygnathus yazdii
are slightly asymmetric. The platform is slightly wider
at mid-length than the anterior part and makes a weak
lobe. It becomes narrower toward the posterior end and
forms a sharp tip. Carina is high, well fused, reaches the
posterior end, and is composed of small separated
nodes. Two nodose fused longitudinal ridges are parallel
to the carina. The free blade equals one-third of the
complete element and is composed of denticles which
reduce in height posterior-wards. The platform is
slightly curved downwards. The basal cavity is small
and located beneath the anterior quarter of the platform.

Remarks. Polygnathus inconcinnus can be recog-
nized from P, yazdii by having a shorter free blade with
the highest denticle at the junction to the platform and
the location of the basal cavity that impends to the
centre (anterior one-third) of the platform. A laterally
arched and more downwards platform is the other char-
acteristic of P. inconcinnus.

Polygnathus nodoundatus differs from P. yazdii
by a broader platform and a carina that becomes weak
towards the posterior end as well as two longitudinal
ridges which are restricted to the anterior part of the
platform.

Range. By considering the association with index
species, Polygnathus yazdii has the range of Upper tri-

angularis-Lower trachytera zones.

Conclusions

Beside the conodont communities in the Lower
triangularis to Uppermost crepida zones typical of an
inner shelf environment, Lower marginifera to Upper
trachytera zones show a marine sea level rise. Rapidly
shallowing conditions appear at the base of the Lower
postera zone bed (H7) that overlies the Annulata Event
bed (T2). Open marine environments occurred again in
the Middle to Upper expansa zones.

Polygnathus sardarensis n. sp. with the range of
Lower crepida-Lower trachytera zones and P. yazdii n.
sp. ranging Upper triangularis-Lower trachytera zones
are introduced. New ranges are proposed for some

known species: Upper triangularis to Upper crepida,
zones, Lower rhenana to Middle crepida zones, and
Upper triangularis to Lower trachytera zones for P
tichonovitchi, P. tenellus and P. inconcinnus respectively.
Lower marginifera to Upper expansa zones is new
range of P. nodoundatus.
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PLATE 1

All figures are x 35
Figs. 1-3 Icriodus alternatus alternatus Branson & Mehl, 1934
1) upper view of HUIC 219, sample H1; 2) upper
view of HUIC 220, sample H2; 3) upper view of
HUIC 221, sample H2.

Icriodus alternatus helmsi Sandberg & Dreesen, 1984:
upper view of HUIC 222, sample H3.

Icriodus alternatus mawsonae Yazdi, 1999: upper
view of HUIC 223, sample H2.

Icriodus cf. cornutus Sannemann, 1955: upper view of
HUIC 225, sample T2.

Icriodus cornutus Sannemann, 1955: 7) upper view of
HUIC 226, sample H2; 8-9) lateral and upper view of
HUIC 227, sample H3.

Icriodus aff. iowaensis Youngquist & Peterson, 1947:
upper view of HUIC 233, sample Hé.

Icriodus iowaensis iowaensis Youngquist & Peterson,
1947: upper view of HUIC 234, sample H5.
Palmatolepis minuta minuta Branson & Mehl, 1934:
12) upper view of HUIC 258, sample H9; 13) upper
view of HUIC 257, sample H6;14) upper view of
HUIC 259, sample H10.

Palmatolepis  quadrantinodosa  quadrantinodosa
Branson & Mehl, 1934: upper view of HUIC 260,
sample Heé.

Fig. 4
Fig. 5
Fig. 6

Figs. 7-9

Fig. 10
Fig. 11

Figs. 12-14

Fig. 15

Fig. 16 Palmatolepis quadrantinodosa inflexoidea Ziegler,

1962: upper view of HUIC 293, sample Hé.

Figs. 17, 20-21 Palmatolepis minuta loba Helms, 1963: 17) upper
view of HUIC 262, sample H4; 20) upper view of
HUIC 261, sample T2; 21) upper view of HUIC 265,
sample H4.

Figs. 18-19 Palmatolepis clarki Ziegler, 1962: 19) upper view of

HUIC 263, sample H4; 20) upper view of HUIC 266,

sample H4.

Palmatolepis  quadrantinodosalobata  Sannemann,

1955: upper view of HUIC 267, sample H4.

Palmatolepis crepida Sannemann, 1955: 23) upper

view of HUIC 268, sample H5; 24) upper view of

HUIC 269, sample H5.

Fig. 22

Figs. 23-24
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Figs. 25-26

Fig. 27

Fig. 28

Gholamalian H., Ghorbani M. & Sajadi S.-H.

Palmatolepis gracilis gracilis Branson & Mehl, 1934:
25) upper view of HUIC 271, sample H9; 26) upper
view of HUIC 272, sample T3.

Palmatolepis gracilis sigmoidalis Ziegler, 1962: upper
view of HUIC 273, sample H7.

Palmatolepis quadrantinodosa inflexa Miiller, 1956:
upper view of HUIC 274, sample Hé.

PLATE 2

All figures are x 40

Fig. 1

Figs. 2-3

Figs. 4-5

Figs. 6-10

Fig. 11
Fig. 12
Fig. 13
Fig. 14

Figs. 15-18

Fig. 19
Fig. 20
Fig. 21
Fig. 22
Fig. 23

Fig. 24

Palmatolepis glabra prima Ziegler & Huddle, 1969:
upper view of HUIC 275, sample A.

Palmatolepis glabra pectinata Ziegler, 1962: 2) upper
view of HUIC 276, sample H6; 3) upper view of HUIC
277, sample Hé.

Palmatolepis glabra distorta Branson & Mehl, 1934: 4)
upper view of HUIC 278, sample T2; 5) upper view of
HUIC 279, sample Hé.

Palmatolepis perlobata schindewolfi Miiller, 1956: 6)
upper view of HUIC 283, sample H16; 7) upper view
of HUIC 284, sample H19; 8) upper view of HUIC
280, sample D; 9) upper view of HUIC 281, sample
B, 10) upper view of HUIC 282, sample B.
Palmatolepis perlobata cf. schindewolfi Miiller, 1956:
upper view of HUIC 286, sample H13

Palmatolepis rugosa ampla Miiller, 1956: upper view of
HUIC 287, sample H13.

Palmatolepis rugosa cf. ampla Miiller, 1956: upper view
of HUIC 285, sample T2.

Palmatolepis glabra glabra Ulrich & Bassler, 1926:
upper view of HUIC 295B, sample Hé.

Palmatolepis triangularis Sannemann, 1955: 15) upper
view of HUIC 291, sample HI1; 16) upper view of
HUIC 290, sample H2; 17) upper view of HUIC 292,
sample H2; 18) upper view of HUIC 289, sample H2.
Palmatolepis tenuipunctata Sannemann, 1955: upper
view of HUIC 294, sample H5.

Palmatolepis subperlobata Branson & Mehl, 1934
upper view of HUIC 270, sample H4.

Polygnathus glaber bilobatus Ziegler, 1962: upper view
of HUIC 296, sample B.

Polygnathus glaber medius Helms & Wolska, 1967:
upper view of HUIC 298, sample Hé.

Polygnathus pseundobrevilaminus Vorontsova, 1993:
upper view of HUIC 305, sample H2.

Polygnathus brevilaminus Branson & Mehl, 1934a:
upper view of HUIC 303, sample H3.

PLATE 3

All figures are x 40

Figs. 1-5

Polygnathus lanceolus Vorontsova, 1993: 1, 2) upper
and lower view of HUIC 306, sample H3; 3-4) upper,
lateral and lower view of HUIC 307, sample H2.

Figs.

Figs.

Figs.

Figs.
Figs.
Figs.

Figs.

6-10

11-12

13-16

17-19

20-22

23-25

26-28

Polygnathus communis group Branson & Mehl, 1934a:
6, 7) upper and lower view of HUIC 309, sample H10;
8-10) upper, lateral and lower view of HUIC 310, sam-
ple E.

Polygnathus delicatulus Ulrich & Bassler, 1926: upper
and lower view of HUIC 311, sample H9.
Polygnathus semicostatus Branson & Mehl, 1934: 13-15)
upper, lateral and lower view of HUIC 312, sample E;
16) upper view of HUIC 313A, sample E.
Polygnathus ratebi Yazdi, 1999: upper, lateral and lower
view of HUIC 314, sample H2.

Polygnathus planirostratus Dreesen & Dusar, 1974:
upper, lateral and lower view of HUIC 315, sample A.
Polygnathus tichonovitchi Kuzmin & Melnikova, 1991:
upper, lateral and lower view of HUIC 316, sample H2.
Polygnathus nodocostatus Branson & Mehl, 1934: 26)
upper view of HUIC 316G, sample H3; 27) upper view
of HUIC 318, sample H13; 28) lower view of HUIC
319, sample H4.

PLATE 4

All figures are x 40

Figs.

1-3

Fig. 4

Fig. 5

Figs.

Figs.

Figs. 15-17, 24,

6-9

10-14

26-27

Figs. 18-23, 25

Figs.

28-29

Polygnathus subirregularis Sandberg & Ziegler, 1979:
1) upper view of HUIC 320, sample B; 2-3) upper
and lower view of HUIC 321, sample B.
Polygnathus perplexus Thomas, 1949: upper view of
HUIC 322, sample H7.

Polygnathus nodoundatus Helms, 1961: upper view
of HUIC 323, sample H13.

Polygnathus lagowiensis Helms & Wolska, 1967: 6-
7) upper and lower view of HUIC 326, sample Hé;
8-9) upper and lower view of HUIC 325, sample A.
Polygnathus tenellus Ji & Ziegler, 1993; 10-12) upper,
lateral and lower view of HUIC 327, sample H2; 13-
14) upper and lower view of HUIC 328, sample H3.
Polygnathus inconcinnus Kuzmin & Melnikova,
1991: 15-16) upper, lateral and lower view of HUIC
329, sample A; 17) upper and lower view of HUIC
330, sample E; 24) upper view of HUIC 343, sample
H4; 26-27) upper and lower view of HUIC 342,
sample H3.

Polygnathus yazdii n. sp.: 18-20) upper, lateral and
lower view of HUIC 331, sample H2; 21-23) upper,
lateral and lower view of HUIC 334, sample B; 25)
upper view of HUIC 332, sample H2.

Polygnathus aff. lagowiensis Helms and Wolska,
1967: upper and lower view of HUIC 335, sample A.

PLATE 5

All figures are x 40

Figs.

1-16

Polygnathus sardarensis n. sp.: 1-2) upper and lower
view of HUIC 337, sample H4; 3-4) oblique upper
and lower view of HUIC 338, sample H4; 5-7) upper,
lower and lateral view of HUIC 339, sample H4; 8-9)



Fig. 17
Fig. 18
Fig. 19

Figs. 20-21

Fig. 22
Fig. 23

Figs. 24-27
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upper and lower view of HUIC 348, sample H4; 10-11)
upper and lower view of HUIC 341, sample H4; 12)
upper view of HUIC 342, sample H3; 13) upper view
of HUIC 343, sample H4; 14) upper view of HUIC
344, sample H4; 15-16) upper and lower view of HUIC
336, sample H3.

Polygnathus sp. A: upper view of HUIC 345, sample
H4.

Polygnathus sp. B: upper view of HUIC 346, sample
H5.

Polygnathus sp. C: upper view of HUIC 347, sample
H5.

Pseudopolygnathus primus Branson & Mehl, 1934: 20)
upper view of HUIC 235, sample H11; 21) upper view
of HUIC 236, sample H11.

Pseudopolygnathus brevipennatus Ziegler, 1962: upper
view of HUIC 239, sample T3.

Psendopolygnathus sp.: upper view of HUIC 240, sam-
ple H7.

Bispathodus costatus Branson, 1934: 24) upper view of
HUIC 241, samples H10; 25) upper view of HUIC 242,
samples H10; 26) upper view of HUIC 243, samples
H10; 27) upper view of HUIC 244, samples H10.

PLATE 6

All figures are x 40

Fig. 1

Figs. 2-4

Figs. 5-7

Figs. 8-11

Fig. 12

Fig. 13

Fig. 14

Bispathodus costatus Branson, 1934: upper view of
HUIC 245, sample H9.

Bispathodus aculeatus aculeatus Branson & Mehl,
1934: 2) upper view of HUIC 248N, sample H10;
3) upper view of HUIC 246, sample H9; 4) upper
view of HUIC 247, sample H11.

Bispathodus stabilis Branson & Mehl 1934: 5) upper
view of HUIC 250, sample D; 6) upper view of
HUIC 251, sample H19; 7) upper view of HUIC
255, sample D.

Alternognathus beulensis Ziegler & Sandberg, 1984:
8-9) upper and lower view of HUIC 237, sample H7;
10-11) upper and lower view of HUIC 238, sample
H7.

Clydagnathus sp.: upper view of HUIC 256, sample
H19.

Branmehla inornata Branson & Mehl 1934: upper
view of HUIC 249, sample H10.

Meblina sp.: lateral view of HUIC 2480, sample T3.
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