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The Lower-Middle Ordovician sediments exposed in the Faraghan Mountains, south-eastern Zagros Ranges, represent
a condensed succession of siliciclastic-dominated rocks rich in palynomorph assemblages (acritarchs and subsidiary
chitinozoans) and sparse shelly concentrations bearing biostratigraphically significant brachiopods and conodonts. The
Lower Ordovician Zard-Kuh Formation comprises coarse-grained siliciclastic deposits rich in Cruziana ichnofossils.
The lower 80 m of the overlying Seyahou Formation, late Floian to Katian in age, form a heterolithic succession com-
posed of black and green shales, subarkoses and silty limestones. Its lower part is punctuated by a centimetric
phosphoarenite that contains lingulate brachiopods (Atansoria yaseri sp. nov.) and conodonts (Baltoniodus aff.
B. triangularis Lindstrom and Drepanoistodus sp.) that suggest a latest Floian age. The top of the condensed
phosphoarenite is marked by a considerable hiatus that ranges the Dapingian and early Darriwilian interval. Overlying
the hiatus, the Seyahou Formation comprises two fossiliferous levels, the oldest dated as mid-Darriwilian with
chitinozoans characteristic of the Siphonochitina formosa Zone, and the youngest of the Katian Acanthochitina barbata
Zone. Mid Ordovician phosphogenesis associated with starvation, reworking, resedimentation, and the onset of distinct
stratigraphic gaps was a complex process recorded throughout the Arabian margin of Gondwana. In the Zagros Ranges,
maximum flooding and phosphate precipitation are suggested as the counterpart of the Helskjer Drowning Event of
Baltoscandia and the third-order maximum flooding surface that punctuates the Siphonochitina formosa Zone in North
Africa. » Key words: chitinozoans, conodonts, acritarchs, brachiopods, stratigraphy, Gondwana.
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After the Pan-African amalgamation of the Arabian-Nubian
shield, the uppermost Ediacaran—lower Cambrian sediments
on both sides of the Persian Gulf, including thick accumula-
tions of salt (Hormoz and Ara salt plugs), suggest that the
Arabian margin of Gondwana recorded a rifting phase with
active intracratonic extension. The end of this phase was ac-
companied by a major episode of tilting and uplift, which led
to the record of forced regressive pulses and widespread ero-
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sion in some areas, such as in the Arabian Peninsula. By the
Early Ordovician, sea-level rise peaked to a highstand and
the Arabian margin (then a peneplaned platform with low
subsidence rates) was again blanketed with marine sedi-
ments (Husseini 1989, 1990; Oterdoom et al. 1999; Shar-
land et al. 2004; Konert et al. 2011).

The Zagros platform formed part of the Arabian mar-
gin of Gondwana. Therefore, it is not surprising that the
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Figure 1. A — major tectonic features of the Arabian Plate, the Zagros Mountains, and adjacent areas; modified from Heydari (2008) and
Ghavidel-Syooki et al. (2011). * B — geological map of the study areas in the southeastern Zagros Fold and Thrust Belt, North of Bandar Abbas; modified

from Afaghi & Salek (1977) and Ghavidel-Syooki et al. (2011).

Cambrian—Llandovery (Silurian) sequences of the Zagros
Ranges (well exposed in the Faraghan and Gahkum Moun-
tains) show distinct stratigraphic similarities to the contem-
poraneous sequences documented in the Arabian Peninsula
(Ghavidel-Syooki & Khosravi 1995, Rickards et al. 2000).

The aim of this paper is to control the onset and range of
Lower—Middle Ordovician stratigraphic gaps in the
Faraghan Mountains (Zard-Kuh and Seyahou formations,
the former recognized for the first time in the area), based
on facies and biostratigraphic analyses. The biostrati-
graphic constraint of the succession is based on both paly-
nomorphs (acritarchs and chitinozoans) and shelly fauna
(brachiopods and conodonts). A comparison with neigh-
bouring areas will allow a better understanding of the rift
evolution of the Arabian margin of Gondwana.

Geological setting and stratigraphy

The Zagros Ranges are a fold-thrust belt located in the
northeastern margin of the Arabian Plate. There, Ordovic-
ian—Silurian rocks crop out only in two massifs, north of
Bandar Abbas, named Faraghan and Gahkum Mountains
(Fig. 1). The Ordovician—Silurian exposures of the Farag-
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han Mountains were under extensive geological studies
since the 1920s, but the information was mainly stored in
unpublished internal reports of the former Anglo-Iranian
Oil Company and only came into light in Rickards et al.’s
(2000) synthesis. The first substantial study of the Palaeo-
zoic sequence in the area was published by Ghavidel-
Syooki & Khosravi (1995), who subdivided the exposed
strata into the Seyahou (Middle to Upper Ordovician) and
Sarchahan (uppermost Ordovician—Silurian, Llandovery)
formations (Fig. 2). Their biostratigraphy and correlation
were subsequently based on palynological studies (Ghavi-
del-Syooki 1998, 2000; Ghavidel-Syooki & Winchester-
Seeto 2002) and preliminary reports of graptolites (Ric-
kards et al. 2000). Recently, Ghavidel-Syooki et al. (2011)
have documented the presence of Hirnantian glaciogenic
strata, which have been lithostratigraphically assigned to
the Dargaz Formation.

Material and methods
This work has two components: facies analyses involving

field and petrographic observations of rocks, and palaeon-
tological studies. Forty samples were collected from
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Figure 2. Summarized Ordovician chrono- and lithostratigraphic chart of the Arabian margin of Gondwana, based on Vaslet (1990), Armstrong er al.
(2005), Clark-Lowes (2005), Turner et al. (2005, 2012), Molyneux et al. (2006), Rickards et al. (2010), Ghavidel-Syooki et al. (2011), and this work; and
Ordovician chrono- and lithostratigraphic chart of Alborz Region, Iran based on Ghobadi Pour (2006) and Ghobadi Pour et al. (2007, 2011). North

Gondwanan chitinozoan biozones after Paris in Videt et al. (2010).

Lower-Middle Ordovician exposures in the Faraghan
Mountains for thin-section and petrographic study. A total
of 19 samples from the lower 75 m of the Seyahou Forma-
tion were chemically treated for microfossil extraction.
The latter succession is exposed at the southern foothills of
the Faraghan Mountains. The presence of the Lower Ordo-
vician Zard-Kuh Formation is recognised for the first time
in the area; however, rocks referred to this formation are
barren. The Seyahou Formation within whole studied in-
tervals contain well-preserved and abundant organic-
walled microphytoplankton (acritarchs) and significantly
less common chitinozoans. Majority of acritarchs and or-
ganic debris range in colour from yellow to orange, indica-
ting a relatively medium thermal maturity for the organic
material.

Palynomorphs were extracted from shales using a stan-
dard palynological technique of treatment in hydrochloric
and hydrofluoric acids to remove carbonate and silicate, re-

spectively, and neutralising residues in distilled water after
each acid treatment (see e.g. Jenkins 1967, Paris 1981).
The samples were not oxidised and organic residues were
concentrated using density separation in Zinc bromide so-
lution with a specific relative density of 1.95. The organic
residue was then sieved through a 15 um nylon mesh sieve
in order to eliminate the finer debris and facilitate
palynological analyses. Palynological preparations were
then studied using transmitted light and scanning electron
microscope (Cam Scan MV2300) in the Technical Faculty
of the Tehran University.

Conodonts and organophosphatic brachiopods were
isolated from carbonate rocks by etching in weak (10%)
acetic acid using standard techniques (Jeppsson et al.
1999). After coating with gold palladium they were studied
under a scanning electron microscope using a Cam Scan
MaXim 2040S SEM with variable vacuum chamber in the
Archaeology Department, Cardiff University, UK.
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Figure 3. Trace fossils from the Cruziana beds of the Zard-Kuh Formation. * A — enlarged view of Cruziana imbricata Seilacher, 1970; scale bar is
2 cm. * B — general view of a bedding surface infested with numerous Cruziana trace fossils.

Facies associations
and palaeoenvironmental interpretation

Zard-Kuh Formation

The lowermost Ordovician lithostratigraphical unit expo-
sed in the Faraghan Mountains is the Zard-Kuh Formation.
It was introduced by Setudehnia (1975), who selected a
type section located at Zard-Kuh (Kuh = mountain in Farsi;
Central Zagros). An isolated exposure of coarse- to
medium-grained litharenites and siltstones in the lower
part of the Zard-Kuh Formation at 1 km west of the studied
section [27°517 49" N, 56°18” 56 E] locally contains Cru-
ziana ichnofossils on sandy surfaces, such as Cruziana im-
bricata Seilacher, 1970 (Fig. 3). Within the section, the up-
per part of the Zard-Kuh Formation (Fig. 2), reported as
lower member of the Seyahou Formation in Ghavidel-
Syooki et al. (2011, fig. 1), is 20 m thick. It consists of po-
lymictic, poorly sorted conglomerates changing upsection
into pebbly, very coarse- to medium-grained litharenites
arranged as both trough and tabular sets of cross-strata.
Conglomerate displays a varied clast composition, includ-
ing quartz, quartzite, chert, feldspar and metamorphic
clasts. The sequence of crudely stratified, poorly sorted
conglomerate and pebbly litharenite might represent depo-
sition of meandering bars, whereas the stratified tabular
sets of cross-strata would represent deposition of sand
waves migrating across channel bottoms. Cruziana ichno-
fossils mark starvation on shoal surfaces during episodes of
energetic fall. The occurrence of channelised conglomera-
tes reflects high-energy conditions and an active source
area, the latter related to either a sharp fall in relative sea
level or the onlapping patterns on an unpreserved palaeore-
lief of unkown palaeotopography, due to reduced exten-
sion of available exposures.
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Seyahou Formation

The lower and middle members of the Seyahou Formation
form a heterolithic succession composed of black and
green shales, grey subarkoses and silty limestones. The
thicker interbeds are shales both greenish and blackish; the
latter are black when freshly broken. Colour contacts are
sharp but ichnofossils can crosscut them. Oxygen levels of
the substrate were sufficient, at least episodically, to render
the seafloor suitable for colonization by burrowing meta-
zoans. Despite the black colour of some shale packages,
burrowing of these sediments suggests that deposition took
place in well-oxygenated water below normal wave base.
Oil inclusion is secondary, probably facilitated by diagene-
tic fracturing of strata.

A single shelly phosphoarenite bed, up to 8 cm thick,
marks the top of the lower member of the Seyahou Forma-
tion. It represents a shell lag concentration of valves of
linguliformean brachiopods, such as Atansoria yaseri sp.
nov. and unidentified lingulides, and the conodonts
Baltoniodus aff. B. triangularis (Lindstrom, 1955) and
Drepanoistodus sp. (sample MG10002/1). The shells are
commonly broken and their fragments chaotically ar-
ranged, although laterally they also show imbricated ar-
rangements (Fig. 4A, B). The level contains hard-
ground-derived clasts and both fragmented and subsidiary
articulated specimens in ecologically mixed, but little-
transported (parautochthonous), benthic and pelagic as-
semblages. Pockets of undisturbed silty sand, in the other-
wise well-sorted sand matrix, with variable fossil preserva-
tion suggest condensation in an offshore setting,
punctuated by episodes of reworking and resedimentation.
Although most fossil occurrences consist of disarticulated
and broken elements, in which the skeletal and grain edges
show considerable rounding, a large number of articulated
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Figure 4. Photomicrographs (transmitted light) of phosphoritic and limestone beds from the Seyahou Formation stratotype. * A, B — phosphoarenite rich
in linguliformean brachiopods and hardground-derived clasts (HG), sample MG10002/1.  C, D —silty wackestone-packstone rich in calcite- and aragon-
ite-walled (a) brachiopods (br), bryozoans (b), echinoderm ossicles (e) and trilobite sclerites (t), sample MG KF3b.

brachiopods have been extracted after etching. Concentra-
tion of phosphate debris suggest that deposition on the
seafloor was inhibited for sufficient intervals of time to al-
low the substrate/water interface to be indurated by
authigenic (apatite) cementation as well as reworked and
physically abraded. Mechanical compaction and pres-
sure-dissolution features include reorientated and de-
formed shells, displaying interpenetrative grains, fitted
fabrics, solution seams, and microstylolites. The top of the
phosphoarenite bed represents a nondeposition surface.
Sandstone interbeds, 10 to 40 cm thick and exhibiting
abundant pinch and swell, are abundant. Their most com-
mon primary sedimentary structures are parallel to low-an-
gle cross-lamination, hummocky cross- and convoluted
stratification. The parallel and low-angle laminae grade
laterally into broadly undulant laminae. The size of the
hummocks increases with increasing bed thickness and
sand content. Bed tops also display symmetric ripples. The
thinner-bedded and finer-grained sandstone interbeds con-

tain burrowing. The thicker sandstone beds, which contain
sharp, scouring bases, localized channelling, and internal
discontinuities, were the product of strong erosive flows.
Two silty limestone beds, up to 60 cm thick, are
interbedded in the upper part of the section. Both display
scouring bases and crude parallel to low-angle lamina-
tion of their skeletal component, mainly composed of
disarticulated and broken brachiopods, including Tafilatia
sp. (Fig. 4C, D; sample MG KF3b, Fig. 5) trilobites, bi-
valves, cystoid and crinoidal echinoderms, and bryozoans.
Matrix is a variable mixture of very fine- to me-
dium-grained sand and shell fragments. It is interpreted to
have been deposited in nearshore, high-energy settings.

Depositional trends

The studied Zard-Kuh/Seyahou stratigraphic log of the Farag-
han Mountains exhibits a transgressive/regressive composite
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sequence, with a lower transgressive systems tract (TST) and
an upper highstand systems tract (HST), separated by a phos-
phoarenitic maximum flooding surface (MFS; Fig. 5).

The TST shows an upsection change from conglomer-
ate to sandstone and sandy shale, characteristic of a gradual
transition from continental (?) to nearshore depositional
environments. The lack of laterally equivalent exposures
precludes a definitive sedimentological assignation of the
Zard-Kuh basal conglomerates.

Evidence of an abrupt upward deepening of facies, cul-
minating in a level of deepest or most offshore facies, cor-
responds to the onset of a phosphoarenite bed that marks
the top of the lower Seyahou Member. The bed corre-
sponds to the time of maximum water depth in the Zagros
Platform generating a condensed horizon (surface repre-
sentative of episodic starvation, reworking and redepo-
sition) with concentration of hardground-derived clasts
and microfossils, mainly brachiopods and linguliformean
brachiopods (sample MG 10002/1). Its top is marked by an
omission surface representing sediment starvation or
nondeposition. Its stratigraphic gap will be estimated be-
low based on shelly and organic-walled microphossils.

The overlying HST consists of sandstone/shale alterna-
tions where high-energy currents or sustained wave action
concentrated sand, and adjoining areas of low energy con-
ditions received clay deposits, producing the typical se-
quence of interbedded sandstones and shales. Impure car-
bonates occurred at two levels: its argillaceous and sandy
composition shows that shelly carbonate production and
siliciclastic deposition intergraded. Finally, the upper
member of the Seyahou Formation consists of shoal com-
plexes and tidalites that represent the end of the HST, sub-
sequently capped by a glaciogenic Hirnantian uncon-
formity (Ghavidel-Syooki ef al. 2011).

Biostratigraphy

The biostratigraphic control of the studied stratigraphical
interval is based on brachiopods, conodonts, chitinozoans
and acritarchs (Figs 5, 6).

Brachiopods

Only two brachiopod species have been recovered, thus
their biostratigraphic application is rather limited. Among
them Aransoria yaseri sp. nov. belongs to a lingulid genus,
previously known from the Upper Ordovician of Kazakh-
stan and the Australasian sector of Gondwana (Popov
2000), and is reported here from a phosphoarenite that
marks the top of the lower Seyahou Member (sample
MG10002/1; Fig. 5). Tafilatia sp. occurs in a shell bed in-
cluded in the Acanthochitina barbata Zone (sample MG
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KF3b). It probably represents a new species, which shows
some similarities to Tafilaltia brevimusculosa Villas, 1995
from the Katian Bancos Mixtos of Central Spain.

Conodonts

Although more than 1000 conodont elements were recove-
red after etching from the reported phosphoarenite (sample
MG10002/1; Fig. 5), only three species can be discrimina-
ted with confidence and they are discussed in the systema-
tic part. Conodonts are dark grey to black (CAI 4-5), and
most of them broken.

Almost 30% of counted elements belong to Balto-
niodus aff. B. triangularis Lindstrom, 1955. B. triangularis
is the index species used to define the base of the
Dapingian Stage (Wang et al. 2009). The Baltoniodus
conodont elements from the Faraghan Mountains show mi-
nor but constant differences suggesting that Baltoniodus
aff. B. triangularis belongs to the genus and can be placed
at the base of the Baltoniodus phylogenetic lineage. In
South China, the earliest representatives of Baltoniodus
appear within the late Floian Oepikodus evae Zone consid-
erably below the FAD of B. triangularis. They may repre-
sent a separate taxon tentatively identified as Baltoniodus
cf. B triangularis (Wang et al. 2005, 2009). It is probable
that the Iranian specimens assigned to Baltoniodus aff.
B. triangularis should have similar or even older age.

Recently, conodont elements conspecific to Balto-
niodus aff. B. triangularis have been reported from the
lower member of the Rann Formation in the northern
Oman Mountains (Fortey er al. 2011), where they co-occur
with graptolites that include Baltograptus deflexus (Elles
& Wood, 1901) representative of the varicosus-victoriae
zones (mid-Floian—early Dapingian).

Large nongeniculate coniform hyaline elements, com-
prising approximately 10% of counted specimens, are as-
signed to Drepanoistodus sp.

Almost 60% of counted elements most probably belong
to a single taxon representing a new genus and species.
Though, because of unusual combination of elements in
the apparatus and poor knowledge of the Early Ordovician
conodont faunas from the “North Gondwana Domain”
(Gutiérrez-Marco et al. 2013), they are left without formal
taxonomic designation; while morphology and affinitiy of
this taxon require further evaluation.

Chitinozoans

Chitinozoans are represented in the studied collection by
16 species assigned to 10 genera (Fig. 5, Table 1). They oc-
cur throughout the basal interval of the Seyahou Forma-
tion, ca 18 m thick (samples MG10002-MG10008), and
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re-appear in the upper part of the studied interval at ca 8 m
upsequence (samples MG10011-MG10019). Three diffe-
rent assemblages, corresponding to Desmochitina ornensis
(sample MG10002), Siphonochitina formosa (samples
MG10003-MG10006) and Acanthochitina barbata (sam-
plesMG10011-MG10019) biozones have been recognised
in the lowermost part of the Syahou Formation.

(1) The lowermost chitinozoan assemblage from sam-
ple MG10002 contains Conochitina poumoti Combaz &
Peniguel, 1972; Cyathochitina dispar Benoit & Tau-
gourdeau, 1961; Desmochitina cf. ornensis Paris, 1981;
Eremochitina sp.; Euconochitina sp.; Lagenochitina cf.
obeligis Paris, 1981. Desmochitina ornensis is the index
species of the eponymous zone erected by Paris (1990) for
the Ordovician of high- to mid-latitude peri-Gondwana,
the so-called “North Gondwana Domain”.

As for other associated taxa, Lagenochitina obeligis is
a long-ranging taxon, which appears in the upper part of
the Eremochitina brevis Zone and ranges up to the
Darriwilian (e.g., Paris 1990, fig. 4; Samuelsson & Ver-
niers 2000, figs 4, 5). It is used as the index species of the
Lagenochitina obeligis Zone in the Lower—Middle Ordovic-
ian sequence of the South American sector of Gondwana. Ac-
cording to Grahn (2006), it mainly corresponds to the
Dapingian and lower Darriwilian, but the base of the biozone
must be likely placed in the upper part of the Floian Stage.

Conochitina poumoti is a cosmopolitan species with
diachronous appearences in various continents. The oldest
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record of the species is from the upper Tremadocian to
Floian of the North African Sector of Gondwana (Fezouata
Formation, Anti-Atlas, Morocco, Elaouad-Debbaj 1988). In
South China (Chen et al. 2009), it ranges from the upper
Floian (Oepikodus evae Zone) to the lowermost Darriwilian
(Baltoniodus norrlandicus Zone). Conochitina poumoti also
occurs in the Dapingian—lower Darriwilian of the Goldwyer
and Nita formations, Canning Basin, Western Australia
(Combaz & Peniguel 1972, Winchester-Seeto et al. 2000,
Quintavalle & Playford 2008). According to Chen et al.
(2009), the specimens from Laurentia described and figured
as Conochitina poumoti by Achab (1982, 1986), Bockelie
(1980) and Albani et al. (2001) are most probably not
conspecific with the taxon.

Cyathochitina dispar has been reported from the Floian
of Southern Europe (Paris 1981), and from the upper
Floian—lower Dapingian Abbaye de Villers Formation of the
Brabant Massif, Belgium (Samuelsson & Verniers 2000). In
South China, Cyathochitina dispar occurs in the upper part
of the Floian Meitan Formation in northern Guizhou (Zhen
1985) and the upper Dapingian—lower Darriwilian part of
the Dawan Formation in Yichang (Chen et al. 2009).

The stratigraphic range of Desmochitina ornensis and
associated chitinozoans is still a matter of debate. There is
indication of an anomalous occurrence of Desmochitina
cf. ornensis reported by Hints et al. (2004) from the
Tremadocian Paroistodus proteus Zone of North Esto-
nia; however, it was not supported by the description and
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Table 1. The absolute abundance of chitinozoans observed in the samples from the Seyahou Formation. Grey fields indicate barren samples (for sample

details see Fig. 3).

Sample number < a 9 3 2 8 5 2. - o o X v v 5 x99
S S 8522 :|8 888288888 :;8_
=]
Chitinizoans taxa ? - EBEEEEREE] EEREEREEREEREEE
Eremochitina cf. brevis 3 3
Desmochitina cf. ornensis 2 2
Cyathochitina dispar 2 1 3
Conochitina poumoti 2 1 3
Lagenochitina cf. obeligis 2 2 3 1 3 13
Siphonochitina formosa 0 3 0 0 0 3 8
Conochitina elegans 1 1 2 0 0 5 4 1 19
Euconochitina sp. 25 10 4 0 0 3 8 2 52
Rhabdochitina usitata 2 2 3 2 4 2 8 2 25
Acanthochitina barbata 4 2 2 3 2 5 4 22
Belonechitina robusta 2 7 2 3 12 5 9 1 1 42
Desmochitina minor 2 4 0 0 3 2 5 1 17
Belonechitina micracantha 1 4 0 7 6 5 3 26
Lagenochitina baltica 3 2 0 4 5 3 2 0 1 20
Cyathochitina campanulaeformis 3 4 0 15 9 1 1 33
Cyathochitina latipatagium 2 1 4 5 8 6 5 31

illustration of the specimens. In the “North Gondwana Do-
main”, chitinozoans of the ornensis Zone are often absent
(Paris et al. 2007b, text-fig. 2; Videt et al. 2010,
Gutiérrez-Marco et al. 2013) and its chronostratigraphic set-
ting is interpolated between the top of the widespread
Armorican Quartzite, dated as mid-Florian by means of
chitinozoans of the Eremochitina brevis Zone, and the oc-
currence of pendent didymograptids (Darriwilian 2) in over-
lying shales. This ambiguous situation led to common modi-
fications of the Dapingian chronostratigraphic subdivision,
from considering a single ornensis Zone placed in the “up-
per Dapingian” (Paris in Webby et al. 2004, Paris et al.
2007b), followed by a “lower Dapingian” ornensis Zone and
an “upper Dapingian” henryi Zone (Paris in Chen et al.
2009), to an essentially “upper Dapingian” combination of
both biozones (Videt et al. 2010; for further discussion, see
Gutiérrez-Marco et al. 2013). The biostratigraphic data re-
ported above do not contradict a possible late Floian age of
the chitinozoan assemblage from sample MG10002.

(2) The second assemblage (sample MG10003,
MG10006 and MG10008) is characterised by the occur-
rence of Siphonochitina formosa Jenkins, 1967 (Fig. 5).
This is the index-species of its Darriwilian eponymous
zone, which is widely traced across the “North Gondwana
Domain” (Paris 1990). This species is also documented
from the Hanadir Member (lower part of the Qasim Forma-
tion; Al-Hajri 1995, Paris et al. 2000), where it occurs in
core samples together with graptolite “Didymograptus
murchisoni” (= D. artus) characteristic of the mid-Dar-
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riwilian. Another associated taxa in the sample MG10003
are Conochitina poumoti, Cyathochitina dispar and
Lagenochitina cf. obeligis. The latter occurs also in sam-
ples MG10004-MG10007.

(3) The third fossiliferous assemblage (Fig. 5) is char-
acterised by the occurrence of Acanthochitina barbata
(Eisenack, 1931), which has the first documented occur-
rence in sample MG10011. A. barbata is the index species
of the fourth chitinozoan zone of the Katian Stage in the
“North Gondwana Domain” (Webby et al. 2004, fig. 2.2;
Paris in Loi et al. 2010). The list of associated chitinozoan
taxa includes Belonechitina robusta (Eisenack, 1959),
Belonechitina micracantha (Eisenack, 1931), Conochitina
elegans Eisenack, 1931, Desmochitina minor Eisenack,
1931, Lagenochitina baltica Eisenack, 1931, and Rhab-
dochitina usitata Jenkins, 1967. Two more taxa, including
Cyathochitina campanulaeformis (Eisenack, 1931) and
Cyathochitina latipatagium Jenkins, 1969, are added to the
assemblage from the sample MG10013.

Acritarchs

Acritarchs proved significantly more common than chiti-
nozoans in the studied samples (Fig. 6, Table 2). A total of
52 acritarch species assigned to 26 genera have been identi-
fied. Seven succeeding acritarch assemblages different in
diversity and taxonomic composition can be recognised
through the studied sequence.
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(1) The lowermost assemblage from sample MG10001
is dominated in abundance by two species: Tectitheca
additionalis Burmann, 1968 (Fig. 71) and Polygonium
gracile Vavrdova, 1966. T. additionalis is the most abun-
dant taxon in the assemblage. It was originally described
from the Middle Ordovician of Cis, Saharan Morocco
(Cramer & Diez 1977). According to Yan et al. (2005), in
South China 7. additionalis and Striatotheca transformata
are confined to the late Floian C. deflexus and A. suecicus
graptolite zones; in other parts of Gondwana, it ranges up
to the lower Darriwilian. In north-western Argentina,
T. additionalis occurs in the lower part of the Darriwilian
Capillas Formation (Rubinstein ef al. 2011). By contrast,
Polygonium gracile, which has the second frequency in the
sample, is a long-ranging taxon known from the Furongian
to the Middle Ordovician (Brocke 1998, Cramer & Diez
1977, Vecoli & Le Hérissé 2004).

There are also several species with their First Appear-
ance Datum (FAD) in the upper Floian, including
Aureotesta clathrata simplex (Cramer et al., 1974) Brocke
et al., 1998 (Fig. 7G), which ranges from the upper brevis
Zone to the top of the Darriwilian (Vecoli & Le Hérissé
2004), whereas Coryphidium bohemicum Vavrdova, 1972
(Fig. 7D) and Striatotheca principalis parva Burmann,
1970 (Fig. 7TH) were reported from the A. suecicus and
C. deflexus zones of South China (e.g. Li et al. 2004).

Three acritarch taxa have been previously documented
from the Middle Ordovician, with FAD at the Desmochitina
ornensis Zone or the overlying Belonechitina henryi Zone
(Vecoli & Le Hérissé 2004): these are Acanthodiacrodium
tadlense Cramer & Diez, 1977; Acanthodiacrodium
vavrdovae Cramer & Diez, 1977 (Fig. 7J) and Barakella
filex Cramer & Diez, 1977. In addition to the reported taxa,
the assemblage contains numerous long-ranging species,
which appeared already in the upper Tremadocian to lower
Floian (Vecoli & Le Hérissé 2004), including Acantho-
diacrodium ex. gr. costatum Burmann, 1968; Acan-
thodiacrodium uniforme Burmann, 1968; Arbuscludium
filamentosum (Vavrdova, 1965) Fatka & Brocke, 1999;
Arkonia sp.; Coryphidium bohemicum Vavrdova, 1972;
Coryphidium milida Cramer & Diez, 1976; Coryphidium?
sp.; Cristallinium dentatum (Vavrdova) Martin, 1984;
Cymatiogalea granulata Vavrdova, 1966; Dactylofusa
velifera (Cocchio) Albani, 1989; Pirea sinensis Li, 1987,
Picostella perforata Cramer et al., 1974; Picostella turgida
Yin, Di Milia & Tongiorgi, 1998; Stelliferidium striatulum
(Vavrdova) Deunff er al., 1974; Striatotheca principalis
parva Burmann, 1970; Striatotheca transformata Burmann,
1970; Tectitheca additionalis Burmann, 1968 and some taxa
reworked from underlying strata, including Vulcanisphaera
africana Deunff, 1961, Caldariola glabra (Martin, 1972)
Molyneux, 1988, Cymatiogalea boulouardi Deunff, 1961,
Cymatiogalea messaoudensis Jardiné et al., 1974 and
Cymatiogalea velifera (Downie, 1959) Martin, 1969.

(2) The second assemblage (sample MG10002) con-
tains a significant number of acritarch taxa that were al-
ready present in the sample MG10001. In addition, some
newly appeared acritarch species, including Pirea dubia
Vavrdova, 1972; Rhopaliophora palmata (Combaz &
Peniguel) Playford & Martin, 1984; Veryhachium lairdii
(Deflandre) Deunff, 1959 ex Downie, 1959; and Very-
hachium trispinosum (Eisenack, 1938) Deunff, 1959 ex
Downie, 1959 are of a long range and they are known else-
where already from the Tremadocian or Floian (Tongiorgi
et al. 1995; Raevskaya 1999; Ghavidel-Syooki 2000, 2001;
Vecoli & Le Hérissé 2004).

Barakella rara (Lu, 1987) Tongiorgi, Yin & Di Milia,
1995 is reported by Vecoli & Le Hérissé (2004, fig. 5) as
appearing in the Dapingian, but in South China it was un-
doubtedly documented from the upper Floian Oepikodus
evae Biozone (Tongiorgi et al. 1995).

The presence of Vogtlandia flosmaris Burmann, 1970
and Pterospermella colbathii Vavrdova, 1990 looks some-
what problematic, because they are not reported elsewhere
in deposits older than the Darriwilian (Fensome et al. 1990;
Vecoli & Le Hérissé 2004, fig. 5)

(3) The acritarch assemblage from sample MG10003
shows close resemblance to the assemblage from
MG10002 both in taxonomic diversity and relative abun-
dance (Table. 2). Their only difference is the presense of
Veryhachium symmetricum (Lu, 1987) Tongiorgi, Yin &
Di Milia, 1995 and Rhopaliophora pilata (Combaz &
Peniguel, 1972) Playford & Martin, 1984. Both taxa have
been reported elsewhere from the Floian (Tongiorgi ef al.
1995, Raevskaya 1999) and the only indication of a
Darriwilian age is their association with Pterospermella
colbathii Vavrdova, 1990 and association with the chitino-
zoan Siphonochitina formosa.

(4) Acritarch diversity declines significantly in samples
MG10004 and MG10005 (Fig. 6), which contain only tran-
sitional taxa, including Acanthodiacrodium vavrdovae,
Aureotesta clathrata var. simplex, Coryphidium bo-
hemicum, Polygonium gracile, Tectitheca additionalis and
Veryhachium trispinosum, probably due to environmental
constraints.

(5) Samples MG10006 and MG10007 are characterised
by the co-occurrence of Aremoricanium rigaudiae Deunff,
1955 (Fig. 7E) and Dicrodiacrodium ancoriforme
(Burmann, 1968) Servais ef al., 1996 (Fig. 7F). Both taxa
are often considered as characteristic of the Darriwilian
(Vecoli et al. 1999, Paris et al. 2007a), although a recent re-
vision by Vecoli & Le Hérissé (2004, fig. 5) clearly indi-
cated that their FAD occurred as early as the lower Floian,
thus they are considered here as biostratigraphically unin-
formative.

(6) Samples MG10008 and MG10009 contain a low di-
versity acritarch association that comprises a few transi-
tional taxa, including Acanthodiacrodium vavrdovae,
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Arbusculidium filamentosum, Aureotesta clathrata var.
simplex, Coryphidium bohemicum, Dactylofusa velifera,
Dicrodiacrodium ancoriforme, Pirea sinensis, Poly-
gonium gracile, Tectitheca additionalis, Veryhachium ex.
gr. lairdii and Veryhachium ex. gr. trispinosum. The only
biostratigraphically informative species, which appears in
sample MG10008, is Ordovicidum elegantulum Tappan &
Loeblich, 1971 (Fig. 8E). It can be considered as the indi-
cator of the base of the Upper Ordovician Series
(Jachowicz 1995).

(7) Other typical Late Ordovician acritarchs (Assem-
blage 3) occur only in the uppermost part of the sequence
(samples MG10011-MG10019). In particular, Aremori-
canium syringosagis Loeblich & MacAdam, 1971 and
Villosacapsula setosapellicula (Loeblich, 1970) Loeblich
& Tappan, 1976 (Fig. 8F) appear for the first time in sam-
ple MG10011 (Fig. 6, Table 2) together with chitinozoans
characteristic of the Acanthochitina barbata Biozone.
Orthosphaeridium spp. (Fig. 8H-J) first occur in sample
MG10012 in association with a number of transitional spe-
cies, including Aremoricanium rigaudae, Polygonium
gracile and Veryhachium ex. gr. trispinosum. Ordovicidum
elegantulum is a relatively rare taxon, which occur in low
frequencies only in the samples MG10012, MG10015 and
MG10017.

Biostratigraphic constraints

The lower member of the Seyahou Formation, underlying
the phosphoritic level, contains Desmochitina cf. ornensis,
which is close to the index species of its eponymous zone.
Originally, the base of the Desmochitina ornensis Zone
was defined in the Domfront Syncline (Armorican Massif,
France) at the base of the Pissot Formation, which is sepa-
rated by a stratigraphical discontinuity from the underlying
Armorican Quarzite Formation (Paris 1990). Precise chro-
nostratigraphical position of the base of the ornensis Zone
is difficult to define in the “North Gondwana Domain”,
where its setting is commonly interpolated between fossili-
ferous strata or simply absent by erosion or non-deposition,
which is the case of the central Anti-Atlas (Videt et al.
2010). Dapingian and lower Darrivilian strata are exclusi-
vely identified in this domain in a “condensed” sequence,
6-8 m thick, of some areas of the Armorican Massif (Da-
bard et al. 2007) and in the Pochico Beds, ca 200 m, of the
Central-Iberian Zone in the Iberian Peninsula (Gutiér-
rez-Marco et al. 2013). As stated above, the ornensis Zone
and the stratigraphic ranges of its associated chitinozoans
are in need of revision.

The occurrence of the conodont Baltoniodus aff.
B. triangularis in the phosphoarenitic sample MG10002/1
(1.5 m above sample MG10002), which is probably the
most primitive representative of the Baltoniodus lineage
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(see discussion below), provides confident chrono-
stratigraphic ~ constraints for the chitinozoan-based
biostratigraphy. Based on the correlations reported above,
the phosphoarenitic bed confidently represents the topmost
part of the Floian.

The occurrence of Siphonochitina formosa Jenkins,
1967, the index-species of the mid-Darriwilian eponymous
chitinozoan zone (sample MG10003), in black shales di-
rectly capping the phosphoarenite bed, suggests the pres-
ence of a paraconformity capping the lower member of the
Seyahou Formation. This stratigraphic gap includes the en-
tire Dapingian and the lower part of the Darriwilian Stage.
In addition, conodonts of the phosphorite bed (sample
MG10002/1) are latest Early Ordovician in age, which
contrasts with the mid-Darriwilian Siphonochitina for-
mosa Zone age (sample MG10003) of the immediate over-
lying black shales. This suggests the setting of a strati-
graphic gap with at least five chitinozoan biozones
missing. Correlation with the Ordovician sequence of the
Arabian Peninsula suggests that the phosphoritic level that
separates the lower and middle members of the Seyahou
Formation closely coincides with the base of the Hanadir
Member, which is the lowermost unit of the Middle—Upper
Ordovician Qasim Formation. The Hanadir Member con-
sists of homogeneous black shales locally punctuated by
subsidiary phosphoritic beds at the base (Al-Hajri 1995).
The Dapingian—lower Darriwilian interval is incompletely
recognised in the “North Gondwana Domain”, due to the un-
identification of the chitinozoans representative of the
ornensis Zone, a contemporaneous gap in central Anti-At-
las, and the presence of similar condensed phosphatic
hardgrounds and beds in the Armorican Massif (Dabard et
al. 2007).

The setting of the Darriwilian—Sandbian (Middle—Up-
per Ordovician) boundary in the studied section is poorly
constrained due to the absence of biostratigraphically signif-
icant taxa; however, it may be close to the first occurrence of
the acritarch Ordovicidum elegantulum Tappan & Loeblich,
1971 (sample MG10008). A sequence of appearences of
several indicative acritarch taxa can be also used to identify
its approximate position. In particular, the co-occurrence of
Dicrodiacrodium ancoriforme and Ordovicidium elegan-
tulum (sample MG10008) may suggest a late Darriwilian to
early Sandbian (up to Lagenochitina deunffi Zone) age.
Other typical Late Ordovician taxa, such as Villosacapsula
setosapellicula (sample MG10011) and Orthosphaeridium
spp. (sample MG10012) appear upsection within the strati-
graphic interval which is dated as Katian by their associated
chitinozoan species (Table 2).

The beginning of the Katian can be placed somewhat
below the FAD of Acanthochitina barbata and Belone-
chitina robusta (sample MG10011). Acanthochitina
barbata is the index species of the eponymous mid Katian
chitinozoan zone in the “North Gondwana Domain” (Paris
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Table 2. The acritarch assemblages and absolute abundance of acritarch taxa observed in the samples from the Seyahou Formation (for sample details

see Figs 4, 5).

Sample number and Acritarch S 8 9 ¥ 2 £ 53 ¥ g S - 9 @ F v o = x 9
Asserblage™ B EEEEEEEEEEEEEEEEER
O v v v v U UL UV UL U UV U U UL UL L U U O Tg
= =2 2 2 2 =2 2 =2 2 2 2 2. =2 2 2 =2 2 2 =2 B
Acritarch taxa P Al A2 A3 A4 A5 A.6 Acritarch Assemblage 7
Vulcanisphaera africana (reworked) 1 1
Caldariola glabra (reworked?) 2 2
Cymatiogalea boulouardi (reworked) 2 2
Cymatiogalea messaoudensis (reworked) 4 1 2 7
Stelliferidium striatulum 2 3 5
Striatotheca transformata 6 4 10
Striatotheca trapeziformis 5 4 9
Peteinosphaeridium armatum 32 5
Arkonia sp. 2 2 4
Picostella perforata 23 30 53
Acanthodiacrodium filamentosum 16 24 20 50
Acanthodiacrodium uniforme 2 48 15 60
Acanthodiacrodium costatum 4 4 35 43
Acanthodiacrodium tadlense 5 20 20 45
Cymatiogalea velifera 10 28 20 58
Barakella felix 14 30 15 59
Cristallinium dentatum 3 40 25 58
Solisphaeridium solare 5 10 15
Coryphidium milida 5 12 5 22
Coryphidium sp. 10 6 3 11
Dicrodiacrodium sp. 7 8 3 18
Picostella turgida 2 45 20 67
Arbusculidium sp. 2 12 30 44
Cymatiogalea granulata 10 33 10 53
Pirea sinensis 2 8 8 0O 0 O O 1 19
Striatotheca principalis parva 4 8 18 0 0 3 43
Coryphidium bohemicum 15 4 18 0 0 3 0 1 81
Tectitheca additionalis 70 330 400 3 9 20 0 26 10 867
Acanthodiacrodium vavrdovae 22 48 40 2 0 2 114
Polygonium gracile 70 160 250 4 4 20 O 50 40 2 4 2 1 2 3 2 5 2 621
Polygonium sp. 8§ 9 5 22
Acanthodiacrodium vavrdovae 22 48 40 2 0 2 114
Aureotesta clathrata simplex 5 12 30 0 7 58 1 60 1 174
Dactylofusa velifera 21 10 31
Rhopaliophora palmata 2 2
Pirea dubia 4 3 7
Barakella rara 12 5 17
Pterospermella colbathii 20 10 30
Dicrodiacrodium sp. 19 25 34
Vogtlandia flosmaris § 0 O O O 0 1 9
Arbusculidium filamentosum 15 45 0 0 5 0 7 1 73
Veryhachium ex gr. lairdii 36 22 0 O O 1 0 2 62
Veryhachium ex gr. trispinosum 210 1 2 2 0 1 1 4 o 1 0 0 7 0 10 50
Rhopaliophora pilata 39 39
Dicrodiacrodium ancoriforme 2 0 1 3
Aremoricanium rigaudae 10 1 9 4 0 O O O O 0 2 26
Ordovicidium elegantulum 4 5 0 012 0o O 0 8 0 5 34
Aremoricanium syringosagis 1 o 2 0 5 0 1 1 2 12
Villosacapsula setosapellicula 11 18 10 15 7 43 70 16 7 197
Orthosphaeridium sp. 2 0 2 0 7 2 13
Orthosphaeridium bispinosum 2 5 5 0 0 4 3 1 20
Orthosphaeridium ternatum 14 2 3 12 5 6 1 43
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Figure 6. Floian—lower Katian stratigraphical log from the upper reaches of the Tange-Pashag gorge showing stratigraphical position of palynological

samples and distribution of acritarchs.

et al. 2007b, Paris in Loi et al. 2010). The earliest Katian
Jenkinochitina tanvillensis Zone was not yet identified in
the sequence. In the Arabian Peninsula, there is no record
of Belonechitina robusta; however, Acanthochitina bar-
bata occurs in the lower part of the regional Armorico-
chitina aff. fistulosa Zone (Al-Hajri 1995, fig. 4). The
Ra’an Member of the Qasim Formation also contains
Jenkinochitina tanvillensis (Paris in Robardet et al., 1972),
Calpichitina lenticularis (Bouché, 1965) and Belonechitina
micracantha (Eisenack, 1931), and therefore can be corre-
lated with the interval from sample MG10011 to sample
MG10019 in the Faraghan Mountains.

Comparison with neighbouring areas

The presence of Cruziana ichnofossils is common in Lower
Ordovician strata of the Arabian margin of Gondwana. In
the Arabian Peninsula, both the Cruziana Shale and Sajir
members of the Saq Formation comprise siliciclastic
fluvio-marine deposits rich in these trace fossils (EI-
Khayal & Romano 1988; Fig. 2). In the Oman Mountains
(UAE), the lower member of the Rann Formation is also
rife of Cruziana ichnofossils. The member contains trilobi-
tes, such as Neseuretus cf. arenosus Dean, 1967 and Tai-
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hungshania cf. miqueli (Bergeron, 1893) suggesting an
early Floian age, conodonts of the Baltoniodus genus (con-
sidered here as conspecific to Baltoniodus aff. B. triangu-
laris from the lowermost Seyahou Formation), and grapto-
lites characteristic of the varicosus-victoriae zones
suggesting a mid-Floian to early Dapingian age (Rickards
et al. 2010).

Recent stratigraphic studies have revealed the onset of
numerous Ordovician gaps in the Arabian Peninsula (e.g.
Molyneux et al. 2006, Rickards et al. 2010, Fortey et al.
2011). The Dapingian—lower Darriwilian gap reported in
the phospharenite that caps the lower member of the
Seyahou Formation is somewhat correlatable with similar
gaps (although of different time span) of UAE, Oman,
Saudi Arabia and the Alborz Region of Iran (Fig. 2).

In the UAE, biostratigraphical data on the the Rann
Formation from Ras Al Khaimah (Fortey et al. 2011) sug-
gest the presence of a considerable stratigraphic gap sepa-
rating Lower and Middle Ordovician strata (Fig. 2). The
Ayim Member contains a late Darriwilian conodont assem-
blage suggesting recognition of the late Pygodus serra
conodont Zone (Fortey et al. 2011). In Oman, the
Dapingian—Darriwilian transition is absent due to the onset
of a gap marking the Ghudum/Saih Nihayda contact
(Molyneux et al. 2006; Fig. 2).
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Figure 7. A — Striatotheca transformata Burmann, 1970, NIOC/MG10001/I00C slides 1-2, sample MG10001. « B — Pterospermella colbathii
Vavrdovd, 1990, NIOC/MG10003/I00C slides 1-3, sample MG10003. ¢ C — Barakella rara (Li) emend. Tongiorgi, Yin & Di, 1995,
NIOC/MG10002/100C slides 1-2, sample MG10002. D — Coryphidium bohemicum Vavrdova, 1972, NIOC/MG10002/I00C slides 1-2, sample
MG10002. « E — Aremoricanium rigaudiae Deunff, 1955, NIOC/MG10006/I00C slides 1-2, sample MG10006. ¢ F — Dicrodiacrodium ancoriforme
Burmann, 1968, NIOC/MG10006/I00C slides 1-2, sample MG10006. * G — Aureotesta clathrata simplex (Cramer et al., 1974) emend. Brocke e al.,
1998, NIOC/MG10002/100C slides 1-2, sample MG10002. « H — Striatotheca principalis parva Burman, 1970, NIOC/MG10003/I00C slides 1-2,
sample MG10003. ¢ I — Tectitheca additionalis Burmann, 1968, NIOC/MG10003/I00C slides 1-2, sample MG10003. * J — Acanthodiacrodium
vavrdovae Cramer & Diez, 1977, NIOC/MG10003/I00C slides 1-2, sample MG10003. ¢ K — Barakella felix Cramer & Diez, 1977,
NIOC/MG10002/100C slides 1-2, sample MG10002. » L — Acanthodiacrodium tadlaense Cramer & Diez, 1977, NIOC/MG10002/100C slides 1-2,

sample MG10002. All scale bars are 50 pum.

In the central part of the Arabian Peninsula, there is
uncertainty in the character of the Saq/Qasim contact:
e.g., Senalp & Al-Duaiji (2001, p. 241) considered as con-
formable based on the study of core samples (well
QSIM-801), although Le Hérissé et al. (2007) mentioned
a gradational and apparently conformable transition. In
addition, Vaslet (1989, 1990) pointed out the presence of
phosphatic bioclastic conglomerates in the lowermost
part of the Hanadir Member (lower part of the Qasim For-
mation), which suggests the record of one or several ero-
sive discontinuities. In addition, Al-Hajri (1995) intro-
duced the Velatachitina veligera Zone in the upper part of
the Saq Formation at the KAHF-1 well, which was con-
sidered as a local equivalent of the earliest Floian

Desmochitina ornensis Zone. Though, a recognition of
the Desmochitina bulla Zone in the lowermost part of the
Hanadir Member looks highly questionable, as well as
chitinozoans characteristic of this biozone co-occur with
Siphonochitina formosa (Al-Hajri, 1995) suggesting the
onset of stratigraphic discontinuities and the extensive re-
working of Dapingian—early Darriwilian chitinozoans
from underlying sediments is suggested by several au-
thors (see diagram in Fig. 2). This correlation also sug-
gests that the lower part of the Seyahou Formation, domi-
nated by green and secondary black shales is extremely
condensed by comparison with the Lower—-Middle Ordo-
vician succession of the Arabian Peninsula. In the
Faraghan Mountains, the stratigraphical equivalent of the
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Hanadir and Kahfah members of the Qasim Formation
does not exceed 25 m in thickness.

All these data clearly suggest that the Saq/Qasim
lithostratigraphic contact is also paraconformable, but
there are not enough biostratigraphical constraints to de-
fine the time span involved in the gap. Data from the
Zagros Ranges and the Arabian Peninsula suggest that the
base of Siphonochitina formosa Zone, which corresponds
to the base of the Hanadir Member and the base of the mid-
dle Seyahou Member post-dates the onset of phosphogenic
processes related to widespread condensation of regional
importance. In addition, the Siphonochitina formosa Zone
coincides with a major third-order flooding surface recog-
nized in North Africa (Videt er al. 2010, fig. 8), apparently
synchronous with Nielsen’s (2004) Helskjer Drowning
Event and the associated mid-Darriwilian Positive Carbon
Isotope Excursion in Baltoscandia (Ainsaar et al. 2010),
and with a distinct transgression and proliferation of the
Saucrorthis Brachiopod Association in the Alborz Moun-
tains of Iran, which occurred at the Lenodus pseudoplanus
Zone (Ghobadi Pour et al. 2011).

Systematic palaeontology

The illustrated and described brachiopods and conodonts
are housed in the National Museum of Wales, Cardiff
(NMW) and in the Central Geological Research and Ex-
ploration Tschernyshev Museum, St Petersburg
(CNIGR), respectively. Palynomorph slides are housed in
the palaeontological collections of the Iranian Offshore
Oil Company (IOOC) under repository numbers
NIOC/IOOC/MG10001 to NIOC/IOOC/MG10019.

Brachiopods (L.E. Popov & M. Ghobadi Pour)

Abbreviations. — W, L, T = maximum width, length, thick-
ness of the shell; Lv, Ld = maximum length of ventral and
dorsal valve.

Class Lingulata Gorjansky & Popov, 1985
Order Lingulida Waagen, 1883
Superfamily Linguloidea Menke, 1828
Family Obolidae King, 1846

Genus Atansoria Popov, 2000
Type species. — Atansoria concava Popov, 2000; Ordovic-
ian, lower Katian (Dulankara Regional Stage), Mayatas

Formation, north-central Kazakhstan.

Remarks. — Previously Atansoria was known only from the
Upper Ordovician (Katian) of north-eastern Central Ka-
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zakhstan and New South Wales, Australia (Popov 2000). It
is distinct in having a concave dorsal valve, which is un-
known in other obolide genera, but morphology of the ven-
tral valve is unknown.

Atansoria yaseri sp. nov.
Figure 9

Derivation of name. — After Yaser Sheikhan in appreciation
of his kind assistance during fieldworks in the Zagros Range.

Holotype. — NMW 2011.10G.128 (Lv = 0.76, Ld = 0.72,
W =76), conjoined valves, Lower Ordovician, Floian, Sey-
ahou Formation, sample MG10002/1, Faraghan Mountains,
Zagros Ranges, Iran.

Paratypes. — NMW 2011.10G.116 (Ld = 0.54, W = 0.62),
117 (Lv =0.50, W = 0.46), 118 (Lv=10.50, W = 0.54), 119
(Lv=0.46,Ld=0.44,W =0.46), 120 (Lv=0.58, T=0.19),
122 (Lv = 0.52, W = 0.52), 123, conjoined valves; NMW
2011.10G.121, 124-127, ventral valves. Total eight conjoined
valves and five ventral valves. Locality and age as for holotype.

Diagnosis. — Concavoconvex shell almost circular in out-
line and about one third as thick as long. Ventral valve
about 93—109% as long as wide and ornamented with regu-
lar concentric rugellae; strongly convex in a sagittal profile
with maximum depth at about 30% of sagittal valve length
from the umbo. Dorsal valve slightly shorter than ventral
valve, smooth, gently concave with swollen umbonal area.

Description. — Shell concavoconvex, almost circular in
outline, about 93—109% as long as wide and about one third
as thick as long. Anterior commissure rectimarginate. La-
teral profile of the ventral valve strongly convex with ma-
ximum height at about 30% valve length from the umbo.
Dorsal valve gently concave with a slightly swollen umbo-
nal area. Pseudointerarea absent in both valves. Ventral
valve ornamented with regular concentric rugellae with
gradually increasing interspaces from the umbo to the ante-
rior margin with 10 rugellae at 100-200 pm from the umbo
and 5 rugellae at 400—500 um from the umbo. Dorsal valve
smooth with regular concentric fila. Larval shell small, up
to 75 um across, smooth, with a small posteromedian
mound probably corresponding to the metamorphic prote-
gulum. Ventral interior lacking distinctive features; dorsal
interior unknown.

Remarks. — Atansoria yaseri sp. nov. differs from the type
species Atansoria concava Popov in having more than
twice smaller shell with a thin, weakly convex dorsal valve
and a swollen dorsal umbonal area. Morphology of the
ventral valve in the type species remains unknown.
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Figure 8. A-D, G - Aremoricanium syringosagis Loeblich & MacAdam, 1971, NIOC/MG10011/I00C/ slides 1-2, sample MG10011.
* E — Ordovicidium elegantulum Tappan & Loeblich, 1971, NIOC/MG10009/100C/ slide 1, sample MG10009. « F — Villosacapsula
setosapellicula (Loeblich, 1970) Loeblich & Tappan, 1976, NIOC/MG10011/I00C/ slide 1, sample M10011. « H — Orthosphaeridium sp.,
NIOC/MG10012/I00C/ slide 1, sample MG10012. ¢ I — Orthosphaeridium ternatum (Burman, 1970) Eisenack, Cramer & Diez, 1973,
NIOC/MG10014/I00C/ slide 3, sample MG10012.  J — Orthosphaeridium bispinosum Turner, 1984, NIOC/MG10013/I00C/ slide 2, sample

MG10013. All scale bars are 50 um.

Conodonts (T.Y. Tolmacheva)
Genus Baltoniodus Lindstrom, 1971

Type species. — Prioniodus navis Lindstrom, 1955; Middle
Ordovician, Dapingian, Baltoscandia.

Baltoniodus aff. B. triangularis Lindstrom, 1955
Figure 10A-J

2011 Baltoniodus sp.; Fortey et al., p. 136, pl. 3, figs 1-6.

Material. — More than 300 isolated elements, sample
MG10002/1. Lower Ordovician, Floian, Seyahou Forma-
tion, Lower Member.

Remarks. — The P elements usually have denticulate poste-
rior, adenticulate anterior and generally adenticulate lateral
processes. Only few Pa elements bear one or two small
denticles on distal part of lateral process. Sd elements are
trapezoid and bear small, more or less confluent denticles
on all processes. Although M elements are slightly variable
in morphology; however most of them have relatively short
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posterior extension of the base and rudimentary denticles
on the upper anterior margin. In all these features the Iran-
ian specimens bear distinct similarities to the conodonts
from the Rann Formation Lower Member of United Arab
Emirates, briefly described and illustrated by Fortey ef al.
(2011) as Baltoniodus sp. and they are considered here as
conspecific.

Both the generic and species assignment of elements in
the collection is problematic and needs further comments.
Baltoniodus triangularis and especially its derived pre-
decesor from China Baltoniodus cf. B. triangularis (Wang
et al. 2005, 2009) are very similar morphologically to con-
temporaneous early species of Trapezognathus. Represen-
tatives of both lineages occur together in Baltoscandia and
South China which sometimes make difficult a generic as-
signment of broken and juvenile elements. This problem
was evident in the description of Baltoniodus? triangularis
from the Horns Udde section from northern part of Oland
(Sweden) with a question mark (Bagnoli & Stouge 1997).
After the revision of the topotype material from Sweden
(Bergstrom & Lofgren 2009) the generic identity of the
Swedish and Chinese Baltoniodus triangularis and
Baltoniodus cf. B. triangularis was considered undoubted
(Wang et al. 2009).

It was reported that the main difference of Baltoniodus
triangularis and its ancestor Baltoniodus cf. B. triangularis
is the lack in the latter of confluent denticles on the anterior
process of the Pb element of the latter species (Stouge in
Wang et al. 2005). Younger representatives of Baltoniodus
lineage [e.g. Baltoniodus navis (Lindstrom, 1955) and
Baltoniodus variabilis (Bergstrom, 1962)] exhibit further
development of denticulation on P element processes,
strong reduction of basal sheath and increase of length of
free processes.

In turn Baltoniodus cf. B. triangularis differ from
Trapezognathus diprion (Lindstrom, 1955) in the develop-
ment of free denticles on the anterior and posterior pro-
cesses of the P element (Wang et al. 2005). There is also a
subtle difference between Baltoniodus and Trape-
zognathus in M and S elements (Stouge & Bagnoli 1990).
The cusps of the latter form an angle of 90° with the upper
margin of the base, whereas this angle is generally less in
Baltoniodus. Cusp of S elements of Baltoniodus is signifi-
cantly longer than that of Trapezognathus.

The Iranian elements are simpler than Baltoniodus cf.
B triangularis in the morphology of P elements which re-
semble corresponding elements of Trapezognathus more
than Baltoniodus. However, the assignment of them to the
most primitive and ancestor species of the Baltoniodus line-

age (Baltoniodus aff. B. triangularis) is based on morpho-
logical characters of all element types: long cusps of Sd el-
ements that generally have regular denticulation of all
processes, reclined long cusps of M elements and presence
of denticles on posterior processes of P elements.

In addition, Baltoniodus aff. B. triangularis is a similar
to Barrandegnathus Stouge, 2005 based on a single, mor-
phologically primitive single species B. bohemicus (Dzik,
1983). This species was originally described from the
Klabava Formation in Bohemia, but was subsequently
found in the uppermost part of the Volkhov Stage of Swe-
den (Bornholm and western Scania) (Stouge 2005). De-
spite the shared similarity in morphology of P elements
with the earliest representatives of Baltoniodus the former
genus differs in the absence of sheath and the development
of free processes in S elements.

Genus Drepanoistodus Lindstrom, 1971

Type species. — Oistodus forceps Lindstrom, 1955, Lower
Ordovician, Floian, Billingen Regional Stage, Sweden.

Drepanoistodus sp.
Figure 10K-M

Material. — About 100 isolated elements, sample
MG10002/1. Lower Ordovician, Floian, Seyahou Forma-
tion, Lower Member.

Remarks. — This unnamed Drepanoistodus species inclu-
des large hyaline coniform geniculate and nongeniculate
elements. Geniculate elements have relatively short po-
sterior extension of the base and smooth, convex outer
and inner lateral sides (Fig. 10K). Few elements have
wide rounded costae on the outer side. Sa elements are sub-
erectiform with smooth lateral sides, whereas the other
nongeniculate elements bear from one to three lateral
sharp costae.

The elements of Drepanoistodus sp. most resemble
Drepanoistodus costatus (Abaimova, 1971) originally de-
scribed from the Siberian Platform as they are hyaline,
large and some morphotypes have costate lateral sides.
Morphologically similar elements, identified as Drepa-
noistodus costatus, were previously reported from low-lat-
itude conodont faunas from Australia, New Zealand and
North China (Zhen et al. 2009). Identification of this spe-
cies in relatively coolwater mid-latitude margins of Gond-
wana looks too interpretative in current state of knowledge

Figure 9. Aransoria yaseri sp. nov., sample MG10002/1.« A—NMW 2011.10G.117, ventral view of conjoined valves. * B—NMW 2011.10G.118, ven-
tral view of conjoined valves. ¢ C, D, F,J - NMW 2011.10G.116, conjoined valves, honeycomb epithelial imprints on the surface of the inner layers of the
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shell, dorsal view of exterior, dorsal umbonal region showing transition from larval to adult shell, dorsal umbo showing halo around larval shell.
* E - NMW 2011.10G.128, holotype, dorsal view of conjoined valves. * G, K, M — NMW 2011.10G.119, conjoined valves, oblique posterior view,
oblique lateral dorsal view, oblique view of conjoined valves showing dorsal umbo with larval shell. « H, L - NMW 2011.10G.121, ventral valve interior
lacking ventral pseudointerarea oblique lateral view of interior. ¢ J - NMW 2011.10G.120, lateral view of conjoined valves. C, F, H, I, M — scale bars are
10 pm; all other figures — scale bars are 100 pm.
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without a revision of the type material. In addition, the M
elements, assigned to Drepanoistodus sp., have smooth lat-
eral sides in contrast to the costate M elements of
Drepanoistodus costatus from New Zealand (Zhen et al.
2009).

Gen. et sp. indet. 1
Figure 10N-S

Material. — About 600 isolated elements, sample
MG10002/1. Lower Ordovician, Floian, Seyahou Forma-
tion, Lower Member.

Remarks. — Composition of the inferred apparatus of this
unnamed conodont taxon, as well as general morphology
of Sa and P elements differ significantly from all known
Ordovician conodont genera and species. The suite of S
elements includes all prioniodontid S element morphologi-
cal types: Sa, Sc, Sb and Sd. The Sc (Fig. 130), Sb and Sd
(Fig. 10N) elements are very similar to those of Baltonio-
dus or Trapezognathus in general morphology, but differ in
having shorter and more discrete denticles on all processes.
The Sa symmetrical element (Fig. 10R, S) is pentacostate
with a broad anterior face, two costae on each side, poste-
rior costa along the posterior margin, and cusp star-shaped
in cross section. Typical prioniodontid P and M elements
that theoretically could fit to observed S elements are ab-
sent in the collection. The only elements in the assemblage
besides those composing Baltoniodus aff. B. triangularis
and Drepanoistodus sp. species are makellate (Fig. 10P, Q)
that have long and wide reclined cusp and anterior and po-
sterior processes of almost identical length with small re-
gular denticles. The character of denticulation and shape of
denticles resemble those of S elements including pentacos-
tate ones allowing to propose that all these elements may
belong to one conodont species. The abundance of makel-
late elements is rather high indicating that they can be ana-
logs to P or/and M elements in prioniodontid plan of appa-
ratuses.

Assignment of this taxon to any known genus is prob-
lematic. Pentacostate Sa elements occur in couple of
Acodus species only (Zhen et al. 2003) and completely un-
known in ramiform taxa. Combination of classical suite of
S elements with P elements of makellate morphology is
also not characteristic for any of known apparatuses.

Chitinozoans (M. Ghavidel-Syooki)

Allmost all discussed taxa are assigned to well known spe-
cies, thus their formal systematic treatment is not given and
a short summary is added. The classification system of Pa-
ris et al. (1999) is used. The following symbols are adopted
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for systematic and biometric descriptions: L = total length
of vesicle; 1 = length of chamber; In = length of neck with
collarette; D = maximum diameter of vesicle; dcoll = dia-
meter of collarette; Is = length of spines; L/D = total length
of vesicle/maximum vesicle diameter; and L/In = total ve-
sicle length/length of neck; (x) = mean; N = number of spe-
cimens; (max) = maximum observed size; (min) = mini-
mum observed size. When the chamber is less flattened
than the neck, the chamber/neck diameter is restored accor-
ding to the method proposed by Paris (1981) using a coeffi-
cient of 0.7 and 0.8, respectively. Abundance values are
expressed semi-quantitatively, as follows: rare = 2-3 iden-
tified specimens; uncommon = 4-8 identified specimens;
common = 9-20 identified specimens; abundant >20 iden-
tified specimens.

Order Prosomatifera Eisenack, 1931

Family Conochitinidae Eisenack, 1931 emend. Paris, 1981
Subfamily Conochitininae Eisenack, 1931 emend. Paris,
1981

Genus Conochitina Eisenack, 1931 emend. Paris,
Grahn, Nestor & Lakova, 1999

Type species. — Conochitina claviformis Eisenack, 1931
from Ordovician erratic boulders of Germany.

Conochitina cf. poumoti Combaz & Peniguel, 1972
Figure 11E

Material. — Two specimens from sample MG10002, and
one specimen from sample MG10003. Lower to Middle
Ordovician, Seyahou Formation, Desmochitina cf. ornen-
sis Zone (upper Floian) and Siphonochitina formosa Zone
(Darriwilian).

Dimensions. — L = 246 pm, Dp = 107 um, dcoll = 72 um,
In=113 ym, L /Dp =2.3.

Remarks. — Observed specimens are closely related to Co-
nochitina poumoti because they have a convex base with-
out a mucron and a short oral tube widening toward the
aperture. The species has a restricted palacogeographical
distribution confined mainly to the North African seg-
ment of Gondwana, where it ranges from Floian to Darri-
wilian (Benoit & Taugourdeau 1961, Taugourdeau et al.
1967).

Genus Euconochitina Taugourdeau,
1966 emend. Paris, Grahn, Nestor, Lakova, 1999

Type species. — Conochitina conulus Eisenack, 1955 from
Ordovician erratic limestone boulders of Germany.
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Figure 10. Late Floian conodonts from the lowermost Seyahou Formation in Faraghan Mountains, sample MG10002/1. « A-J — Baltoniodus aff.
B. triangularis Lindstrom, 1955; A — CNIGR 1/13240, Pb element, lateral view; B — CNIGR 2/13240, Pa element, lateral view; C — CNIGR 3/13240,
Pa element, upper view; D — CNIGR 4/13240, Pb element, lateral view; E — CNIGR 5/13240, Pb element, upper view; F — CNIGR 6/13240, M element,
lateral view; G — CNIGR 7/13240, Sb element, outer-lateral view; H— CNIGR 8/13240, Sc element, outer-lateral view; I — CNIGR 9/13240, Sd element,
inner-lateral view; J — CNIGR 10/13240, Sa element, posterior view. ®* K-M — Drepanoistodus sp.; K — CNIGR 10/13240, M element; L. — CNIGR
11/13240, S element; M — CNIGR 12/13240, S element. * N-S — gen. et sp. indet. 1; N — CNIGR 13/13240, Sd element, outer-lateral view; O — CNIGR
14/13240, Sc element, inner-lateral view; P — CNIGR 15/13240, P? element, outer-lateral view; Q — CNIGR 16/13240, P? element, inner-lateral view;
R — CNIGR 17/13240, Sa element, basal view; S — CNIGR 18/13240, Sa element, postero-basal view. All scale bars are 50 um.
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Euconochitina sp.
Figure 11H

Material. — Total 52 specimens from samples MG100011 to
MG10013, MG10016-MG10018 (see absolute specimen abun-
dance in Table 1). Upper Ordovician, Seyahou Formation, Mid-
dle Member, Acanthochitina barbata Zone (middle Katian).

Dimensions. —L =135 um, DP=91.5 um, dcoll = 57.5 pm,
L/DP = 1.5.

Remarks. — The specimens have an almost cylindrical ve-
sicle with maximum diameter at 1/5 to 1/3 of maximum
length from the base with a smooth wall and a straight aper-
ture. Base of the vesicle is variable from flat to gently con-
vex. All specimens are fairly poorly preserved; therefore
their precise taxonomic assignation is ambiguous.

Genus Rhabdochitina Eisenack, 1931

Type species. — Rhabdochitina magna Eisenack, 1931 from
erratic Ordovician limestone boulders of Germany.

Rhabdochitina usitata Jenkins, 1967
Figure 11S

Material. — Total 25 specimens from samples
MG100011-MG10018 (see absolute specimen abundance
in Table 1). Upper Ordovician, Seyahou Formation, Middle
Member, Acanthochitina barbata Zone (middle Katian).

Dimensions. — L(max) =250 um, L(x) = 182 um, L(min) =
113.5 pm, DP(max) = 80 pm, DP(x) = 59.25 um, DP(min)
= 38.5 pm, dcoll(max) = 60 pm, dcoll(x) = 55 um,
dcoll(min) = 50 um.

Remarks. — Specimens from the Seyahou Formation are cha-
racterised by a cylindrical vesicle shape with maximum dia-
meter located at 1/5 to 1/3 maximum length from the base,
smooth wall, a hemispherical base with a basal scare and a
straight aperture typical for the species; however, they have
somewhat smaller sizes than British specimens described by
Jenkins (1967) and the specimens described and illustrated
by Jenkins (1969) from the Ordovician of the Viola and Fer-
nvale formations of the Arbruckle Mountains in Oklahoma.

Subfamily Belinichitininae Paris, 1981
Genus Acanthochitina Eisenack, 1931

Type species. — Acanthochitina barbata Eisenack, 1931
from the Katian (regional Vormsi Stage) of Baltoscandia.
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Acanthochitina barbata Eisenack, 1931
Figure 11Q, U

Material. — Total 22 specimens from samples
MG100011-MG100017 (see absolute specimen abundance
in Table 1). Upper Ordovician, Seyahou Formation, Middle
Member, Acanthochitina barbata Zone (middle Katian).

Dimensions. — L(max) =459 um, L(x) = 352 um, L(min) =
245 um, Dp(max) = 150 um, Dp(x) = 19, Dp(min) = 88 um,
dcoll(max) = 100.5, dcoll(x) = 85, dcoll(min) = 68 um,
Is(max) = 17 pm, 1s(x)11, Is(min) = 6 um, L/Dp(max) = 3,
L/Dp(x) =2.95, L/Dp(min) = 2.8, N = 10.

Remarks. — In Iran this species was previously reported by
Ghavidel-Syooki & Winchester-Seeto (2002) from the
Middle-Upper Ordovician Ghelli Formation of the North-
ern Khorosan Province; specimens from the Seyahou For-
mation are closely similar, but somewhat larger in size.

Subfamily Belonechitininae Paris, 1981
Genus Belonechitina Jansonius, 1964

Type species. — Conochitina micracantha robusta Eise-
nack, 1959 from the Katian Saku Member (Wasalemma
Formation) of North Estonia.

Belonechitina robusta (Eisenack, 1959)
Figure 110, P

Material. —  Total specimens from  samples
MG10011-MG10018 (see absolute specimen abundance in
Table 1). Upper Ordovician, Seyahou Formation, Middle
Member, Acanthochitina barbata Zone (middle Katian).

Dimensions. — L = 247 um, Dp = 91 pm, dcoll = 73 pm,
L/Dp=2.7,N=5.

Remarks. — Specimens from Zagros show multiroot spines
on a surface of the vesicle, which are characteristic of Belo-
nechitina robusta. In the Arabian Peninsula this species oc-
curs in the Haima Supergroup of Oman (Molyneux et al.
2006), whereas in Iran it was recently reported from the
Gorgan Schists in the northern Alborz Mountains
(Ghavidel-Syooki 2008).

Belonechitina micracantha Eisenack, 1931
Figure 11T, V

Material. — Total 26 specimens from samples MG10011,
MG10012 and MG10014-MG10017 (see absolute speci-
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Figure 11. A, B — Lagenochitina cf. obeligis Paris, 1981, NIOC/MG10002/I0OOC/SEM/ stub 1, sample MG10002. « C — Desmochitina cf. ornensis
Paris, 1981, NIOC/MG10002/I00C/SEM/ stub 1, sample MG10002. ¢ D — Conochitina sp., NIOC/MG10002/I00C/SEM/ stub 1, sample MG10002.
e E — Conochitina cf. poumoti Combaz & Péniguel, 1972, NIOC/MG10002/I0OOC/SEM/ stub 1, sample MG10002. « F — Conochitina sp.,
NIOC/MG10002/I00C/SEM/ stub 1, sample MG10002. * G — Eremochitina sp., NIOC/MG10002/IOOC/SEM/ stub 1, sample MG10002.
* H — Euconochitina sp. NIOC/MG10002/I00C/SEM/stub 1, sample MG10002. ¢ I — Cyathochitina dispar Benoit & Taugourdeau, 1961,
NIOC/MG10002/I00C/SEM/ stub 1, sample MG10002. ¢ J — Siphonochitina formosa Jenkins, 1967, NIOC/MG10003/I00C/SEM/ stub 1, sample
MG10003. « K — Desmochitina minor Eisenack, 1931, NIOC/MG10011/I00C/SEM/ stub 1, sample MG10011. ¢ L — Cyathochitina campanulaeformis
(Eisenack, 1931), NIOC/MG10011/I00C/SEM/stub 1, sample MG10011. * M — Lagenochitina baltica Eisenack, 1931, NIOC/MG1001 1/IOOC/SEM/
stub 1, sample MGI10011. N — Cyathochitina latipatagium Jenkins, 1969, NIOC/MG10013/I0OOC/SEM/ stub 1, sample MG10013.
¢ O, P — Belonechitina robusta (Eisenack, 1959), NIOC/MG10011/I00C/SEM/ stub 1, sample MG10011. ¢ Q, U — Acanthochitina barbata Eisenack,
1931 emend. Jenkins, 1967, NIOC/MG10011/I00OC/SEM/ stub 2, sample MG10011. « R — Orthosphaeridium bispinosum Turner, 1984,
NIOC/MG10012/I00C/SEM/ stub 2, sample MG10012. « S — Rhabdochitina usitata Jenkins, 1967, NIOC/MG10011/I00C/SEM/ stub 1, sample
MG10011. » T, V — Belonechitina micracantha Eisenack, 1931, NIOC/MG10011/I00OC/SEM/ stub 1, sample MG10011. E, H-L, N, P, Q, S, V — scale
bars are 50 um, F, G, M, O, R, T, U — scale bars are 20 um, J — scale bars are 10 um.
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men abundance in Table 1). Upper Ordovician, Seyahou
Formation, Middle Member, Acanthochitina barbata Zone
(middle Katian).

Dimensions. — L = 323 um, DP = 85 um, d coll. = 69 pm,
sl =8.5 um, L/Dp = 3.8, N = 20.

Description. — Long, cylindrical vesicle lacking distinct
flexure; flanks tapering slightly towards the aperture. Base
varying from strongly concave to almost flat, with rounded
basal edges. Vesicle surface with spines densely covering a
basal margin of the chamber.

Remarks. — Despite the slight distortion suffered by the
specimens, and their common pyritisation, they exhibit all
the diagnostic features of the taxon. Although the species
co-occurs with Belonechitina robusta, the former can be
distinguished in having simple, conical (not bifurcating)
spines covering the entire test surface, including the basal
margin. Due to its long stratigraphical range, biostratigrap-
hical application of Belonechitina micracantha is relati-
vely limited.

Subfamily Eremochitininae Paris, 1981
Genus Siphonochitina Jenkins, 1967

Type species. — Siphonochitina formosa Jenkins, 1967
from the Darriwilian (Middle Ordovician) upper Hope
Shale of Shropshire, UK.

Siphonochitina formosa Jenkins, 1967
Figure 11J

Material. — Total eight specimens from samples
MG10003, MG10006 and MG10008 (see absolute speci-
men abundance in Table 1). Middle Ordovician, Seyahou
Formation, Middle Member, Siphonochitina formosa Zone
(Darriwilian).

Remarks. — Although the neck in all specimens has been
broken; however they exhibit a siphon, firmly attached
to the centre of the base, and show a conical chamber
with slightly convex base, leaving no doubts about
their taxonomic attribution to Siphonochitina formosa.
In particular, they show close morphological simila-
rity to the types described and illustrated by Jenkins
(1967).

Family Lagenochitinidae Eisenack, 1931 emend. Paris, 1981
Subfamily Lagenochitininae Eisenack, 1931 emend. Paris,
1981
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Genus Lagenochitina Eisenack, 1931 emend. Paris,
Grahn, Nestor & Lakova, 1999

Type species. — Lagenochitina baltica Eisenack, 1931 from
Ordovician erratic boulders of the Baltic shore in Ger-
many.

Lagenochitina baltica Eisenack, 1931
Figure 11M

Material. — Total 20 specimens from samples MG10011,
Mg10012, MG10014-MG10017 and MG10019 (see abso-
lute specimen abundance in Table 1). Upper Ordovician,
Seyahou Formation, Middle Member, Acanthochitina bar-
bata Zone (middle Katian).

Dimensions. — L = 139 um, DP = 91 pm, dcoll = 46 pm,
In =28 pm, N = 10.

Description. — Ovoid vesicle with a short cylindrical
neck, distinct flexure and flanks tapering slightly to-
wards the aperture. Vesicle surface smooth or finely gra-
nulose.

Remarks. — The specimens of Lagenochitina baltica from
the Seyahou Formation have a smaller vesicle than repre-
sentatives of this taxon known from Baltica (Grahn 1982)
and Avalonia (Jenkins 1967), but otherwise have no signi-
ficant morphological differences and therefore considered
here conspecific.

Lagenochitina cf. obeligis Paris, 1981
Figure 11A, B

Material. — Total 13 specimens from samples
MG10002-MG10007 (see absolute specimen abundance
in Table 1). Lower to Middle Ordovician, Seyahou Forma-
tion, Desmochitina cf. ornensis Zone (upper Floian) and
Siphonochitina formosa Zone (Darriwilian).

Dimensions. — L = 149 um, DP = 71 pm, dcoll = 41 pm,
In=45pum, L/Dp=2,N=3.

Remarks. — Lagenochitina obeligis is a long-ranging taxon,
which appears in the upper part of the Eremochitina brevis
Zone and ranges up to the Darriwilian (e.g. Paris 1981,
table 1; Samuelsson & Verniers 2000, figs 4, 5). It is used
as the index species of the Lagenochitina obeligis Zone in
the Lower—Middle Ordovician sequence of the South
American segment of Gondwana (Grahn 2006). In the test
morphology Iranian specimens show close similarity to
the types described and illustrated by Paris (1981) except
being somewhat smaller.
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Subfamily Cyatochitininae Paris, 1981

Genus Cyathochitina Eisenack, 1955 emend. Paris,
Grahn, Nestor & Lakova, 1999

Type species. — Conochitina companulaeformis Eisenack,
1931 from the Darriwilian (regional Uhaku Stage) of Bal-
toscandia.

Cyathochitina campanulaeformis (Eisenack, 1931)
Figure 11L

Material. — Total 33 specimens from sample MG10013,
MG10014, MG10015-MG10019 (see absolute specimen
abundance in Table 1). Upper Ordovician, Seyahou For-
mation, Middle Member, Acanthochitina barbata Zone
(middle Katian).

Dimensions. — L = 217 ym, DP = 149.5 uym, In = 92 pm,
dcoll =71 pm, width of carina= 17 um, L/Dp=1.5,N = 15.

Remarks. — In Iran this species was previously documented
from the Ghelli Formation of North Khorosan Province
(Ghavidel-Syooki & Winchester-Seeto 2002) and the Gor-
gan Schists of northern Eastern Alborz (Ghavidel-Syooki
2008); both occurrences were confined to the Upper Ordo-
vician.

Cyathochitina latipatagium Jenkins, 1969
Figure 11N

Material. — Total 31 specimens from samples
MG10013-MG10019 (see absolute specimen abundance in
Table 1). Upper Ordovician, Seyahou Formation, Middle
Member, Acanthochitina barbata Zone (middle Katian).

Dimensions. — L = 195 um, DP = 173, width of carina =
48 um, L/Dp = 1.3. Four specimens were measured.

Remarks. — The specimens from the Seyahou Formation are
characterised by a smooth, conical vesicle with a convex
base. Maximum diameter of the chamber is situated near
the basal edges and its carina is fairly wider (48 um) than in
Cyathochitina kuckersiana kuckersiana Jenkins (1969).
The neck is short, slightly flares towards the aperture and
concentric rings are present in the basal margin.

Cyathochitina dispar Benoit & Taugourdeau, 1961
Figure 111

Material. — Two specimens from sample MG10002 and
one specimen from sample MG10003. Lower to Middle

Ordovician, Seyahou Formation, Desmochitina cf. ornen-
sis Zone (upper Floian) and Siphonochitina formosa Zone
(Darriwilian).

Dimensions. — L = 130 um, Dp = 91 pm, dcoll = 47 pm,
L/Dp =1.4.

Remarks. — This species has been discussed recently in
more details by de la Puente (2010); however, the speci-
men of Cyathochitina sp. cf. C. dispar Benoit & Taugour-
deau, 1961, described and illustrated in this publication, is
incomplete and twice as large as the Iranian specimens,
while its species attribution looks doubtful. Due to wide
range biostratigraphical application of this species is rather
limited.

Order Operculatifera Eisenack, 1931

Family Desmochitinidae Eisenack, 1931 emend. Paris,
1981

Subamily Desmochitininae Eisenack, 1931 emend. Paris,
1981

Genus Desmochitina Eisenack, 1931

Type species. — Desmochitina nodosa Eisenack, 1931 from
the Upper Ordovician (Keila Regional Stage) of Baltoscan-
dia.

Desmochitina cf. ornensis Paris, 1981
Figure 11C

Material. — Two specimens from sample MG10002. Lower
Ordovician, Seyahou Formation, Lower Member, Desmo-
chitina cf. ornensis Zone (upper Floian).

Dimensions. — L = 111 um, DP = 81 pm, dcoll = 44 pm,
L/Dp=1.4.

Remarks. — This taxon is present only in sample MG10002.
Desmochitina ornensis is considered as the index species
of the lowermost Dapingian chitinozoan biozone in the
“North Gondwana Domain”; however, in Zagros it appears
just below the occurrence of latest Floian conodonts.

Desmochitina minor Eisenack, 1931
Figure 11K

Material. — Total 17 specimens from samples MG10011,
MG10012 and MG10015-MG10018 (see absolute speci-
men abundance in Table 1). Upper Ordovician, Seyahou
Formation, Middle Member, Acanthochitina barbata Zone
(middle Katian).
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Dimensions. — L = 102 um including collar, dcoll =43 pm,
lc =9 um, N = 10.

Remarks. — Desmochitina minor is a cosmopolitan taxon
with a very long stratigraphical range, which is in need of
substantial revision. As it was commented by Grahn
(1984), it is probably a “waste basket” binomen, which is
used for a number of morphologically similar species.

Conclusions

In the Faraghan Mountains of the Zagros Ranges, the
Zard-Kuh/Seyahou transition has been studied in an attempt
to determine the range of the stratigraphic gap involved at the
top of a phosphoritic bed that covers the lower black
shale-dominated member of the Seyahou Formation. Based
on comparisons with successions of the neighbouring Arab-
ian Peninsula, the reported chitinozoans and conodonts sug-
gest the onset of a hiatus representative of the Dapin-
gian—early Darriwilian interval and ranging to at least five
chitinozoan biozones. Similar gaps marking the Lower-Mid-
dle Ordovician transition are recognized at the Saq/Qasim
(central part of Arabian Peninsula), Ghudum/Saih Nihayda
(Oman), and Rann/Ayim (UAE) lithostratigraphic contacts.
Mid Ordovician phosphogenesis associated with starvation,
reworking and redeposition, and the onset of distinct stratig-
raphic gaps was a complex process recorded throughout the
Arabian margin of Gondwana. Maximum flooding and phos-
phate precipitation is suggested as the counterpart in the Za-
gros Ranges of the Helskjer Drowning Event of Baltoscandia
and the third-order maximum flooding surface that punctua-
tes the Siphonochitina formosa Zone in North Africa.
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