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Abstract. A detailed microfloristic study was conducted in the Faraghan Formation in nine boreholes drilled 
by the National Iranian Oil Company (NIOC) and in four outcrops in the Zagros Basin. The Faraghan Formation, 
widely distributed in the Zagros area, generally consists of  shale intercalated with sandstone and pebble conglomerate, 
with thin carbonate intercalations near the top. Due to the lack of  significant fossils, the age of  this rock unit has been 
strongly debated in the Iranian literature and uncertainly attributed to the Pennsylvanian or Cisuralian. In this study, 
the age of  the Faraghan Formation was reviewed in light of  new biostratigraphic advances in the Arabian Peninsula. 
The assemblage is characterized by an abundance of  monosaccate pollen such as Florinites? balmei, Caheniasaccites spp., 
Plicatipollenites spp., Potonieisporites spp. and Striomonosaccites spp., and bisaccate pollen such as Alisporites spp., Corisaccites 
alutas, Distriatites insolitus, Hamiapollenites spp. and Striatopodocarpites spp.. The assemblage also contains polyplicate pol-
len such as Vittatina spp.. Spores such as Indotriradites mundus and Thymospora opaqua are also present. The stratigraphic 
ranges of  the taxa allow reference to the biozone schemes for Oman and assignment of  the Faraghan Formation to 
the Guadalupian. 
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IntroductIon 

The Zagros region, extending from southwest 
Iran to southwest Iraq, is one of  the major global 
oil producing provinces. Almost all the studies per-
formed in the Zagros Basin have been concentra-
ted mainly on petroleum geology, sedimentology 
and structural geology (Sampo 1969; Setudehnia 
1972; Kashfi 1976; Bahroudi & Talbot 2003; Ala-
vi 2004; Sepehr & Cosgrove 2004; Insalaco et al. 
2006; Fakhari et al. 2008; Zamanzadeh et al. 2009a, 
b; Agard et al. 2011; Esrafili-Dizaji & Rahimpour-
Bonab 2013). However, biostratigraphic studies, 
crucial also for correlation and palaeogeographic re-
construction of  the Permian in this area are limited. 
A recent project of  the Arianzamin Pars Geological 

Center (Tehran, Iran) and the University of  Peru-
gia (Italy) on the palaeontology and biozonation of  
Palaeozoic sedimentary rocks of  the Zagros Basin 
aimed to improve knowledge of  the palynology 
of  the Faraghan Formation. In the Zagros region, 
this formation crops out in several areas including 
Dena, Faraghan and the Zardkuh Mountains. The 
formation is also reported in several boreholes dril-
led by the National Iranian Oil Company (NIOC). 
A Sakmarian-Kungurian age was originally propo-
sed for the Faraghan Formation (Ghavidel-syooki 
1984, 1988, 1993, 1994, 1995, 1996, 1997) based on 
palynology.  

In the present work, we studied palynologi-
cal assemblages from the Faraghan Formation and 
the base of  Dalan Formation, to review the age of  
the Faraghan Formation in light of  new biostrati-
graphic advances in the Arabian Peninsula.  
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GeoloGIcal settInG 

The Iranian plateau is composed of  numer-
ous continental terranes joined along ophiolitic su-
ture zones. In the first reconstructions (e.g. Stöcklin 
1974; Berberian & King 1981), during Palaeozoic–
Triassic three main regions are distinguished: North 
Iran (including the Alborz region), Central Iran 
(comprising Yazd, Tabas and Lut blocks) and the 
Snandaj–Sirjan Zone. This latter was divided by a 
branch of  the Permian Neotethys oceanic basin 
from the Zagros region (Zanchi et al. 2009 with ref-
erences). During the late Palaeozoic, the Zagros Ba-
sin was located in the northern part of  the Arabian 
Platform (e.g. Beydoun 1988; Konert et al. 2001; 
Zharkov & Chumakov 2001). The Zagros Basin 
(about 2000 km in length and 250 km in width) ex-
tends from southeast Turkey through north Syria 
and Iraq to west and southwest Iran (Fig. 1). It is 
characterized by late Precambrian to Neogene 
sedimentary successions. In the Zagros part of  the 
Arabian Plate, the thickness of  Palaeozoic to Cre-
taceous sediments is more than 14 km, deposited 
over the Neoproterozoic igneous and metamorphic 
rocks of  the basement. This large thickness is the 
consequence of  the rifting and subsidence of  the 
AfroArabian plate margin (Berberian & King 1981; 
Motiei 1993; Bahroudi & Talbot 2003; Stern & 
Johnson 2010). The eastern Arabian platform has 
been affected by significant cycles of  extension and 
compression. During the late Palaeozoic, an exten-
sional tectonic regime linked to the break-up of  
Gondwana affected the northeastern Arabian pas-
sive continental margin. Around the margin of  the 
Arabian platform along the Zagros suture zone and 
the Gulf  of  Oman, the Neo-Tethys was developed 
and progressively widened during the Mesozoic 
(Stöcklin 1968; Şengör 1990; Glennie 2001; Angio-
lini et al. 2003a, b; Cavazza et al. 2004), causing the 
separation of  the Sanandaj-Sirjan zone from the 
Arabian platform (Alavi 2004).  

The Palaeozoic lithostratigraphy of  the Za-
gros area is presented in detail in the geological 
literature (e.g. James & Wynd 1965; Setudhenia 
1972; Koop & Stoneley 1982; Motiei 1993; Ghavi-
del-syooki 2003; Alavi 2004; Ghavidel-syooki et 
al. 2011; Zoleikhaei et al. 2015; Fig. 2). The base 
of  the sedimentary succession is characterized by 
the Hormuz Formation of  late Precambrian age, 
deposited in an evaporitic basin. The early Cam-

brian to Late Devonian is marked by the develop-
ment of  epi-continental basins (Setudehnia 1972). 
During Devonian time, the Zakeen Formation was 
deposited, consisting mainly of  sandstone with in-
terbedded shale and subordinate dolomitic lime-
stone. This formation together with the Faraghan 
Formation was originally considered as a single 
lithostratigraphic unit of  early Permian age (Szabo 
& Kheradpir 1978). Later, Ghavidel-syooki (1994) 
reported a distinct hiatus (70-80 My long) between 
the Zakeen and Faraghan formations on the basis 
of  palynological data. Using these results, the unit 
was split into two formations attributing the Za-
keen Formation to the Devonian and the Faraghan 
to the Permian. These formations represent differ-
ent sub-environments of  a shallow marine siliciclas-
tic shelf  (Szabo & Kheradpir 1978; Zamanzadeh 
2008; Zamanzadeh et al. 2009a, b; Zoleikhaei et al. 
2015). Nevertheless recently, Sabouri et al. (2014) 
documented palynological evidence of  rocks of  
Mississippian age in the Zagros Basin. The authors 
indicated an unconformity (referred to as the Herc-
ynian unconformity) separating the Visean deposits 
from the overlying Faraghan Formation. The Far-
aghan Formation passes up into the Dalan Forma-
tion, which is characterized by oolitic grainstones to 
mudstone-wackestone shallow-marine carbonates 
(dolomite, dolomitic limestone), locally reefal, with 
intercalations of  evaporites (Zamanzadeh 2008; Za-
manzadeh et al. 2009a, b). This formation was at-
tributed to the Middle-Late Permian on the basis of  
foraminifer content (Insalaco et al. 2006; Davydov 
& Arefifard 2013). Parvizi et al. (2013) also docu-
mented calcareous algae from the Dalan Forma-
tion of  relatively broad stratigraphic distribution in 
the Permian period characterizing shallow-marine, 
warm, well-oxygenated and relatively high-energy 
environments. The unit that succeeds the Dalan 
Formation is the Kangan Formation. This consists 
of  a mixed carbonate-evaporite succession that, 
together with the Dalan Formation, is considered 
equivalent to the Khuff  Formation of  Saudi Arabia, 
Qatar, United Arab Emirates and Oman (Al-Jallal 
1995; Insalaco et al. 2006). 

stratIGraphy of the faraGhan 
formatIon  

The name Faraghan Formation was establi-



Palynostratigraphy of  the Permian Faraghan Formation in the Zagros Basin, southern Iran 575

shed at Kuh-e-Faraghan Mountain by Sazabo and 
Kherapdir (1978). Kuh-e Faraghan is one of  the 
main areas in the Zagros Mountains where a com-
plete Palaeozoic to Tertiary succession is exposed. 
The Faraghan Formation, widely distributed in 
the Zagros area, generally consists of  shale inter-
calated with sandstone and pebble conglomerate, 
with thin carbonate intercalations near the top. Its 
thickness varies from about 300 to 10 m. The Fa-
raghan Formation lacks significant fossils. For this 
reason, the age of  this rock unit has been debated 
in the Iranian literature. Before the study of  Sza-
bo and Kherapdir (1978), the Faraghan Formation 
used to be called the “Carboniferous sandstones” 
or the “Permo-Carboniferous sandstones” due to 

the presence of  plant remains of  Sigillaria persi-
ca in the Chal i Sheh area. The deposition of  the 
Faraghan Formation took place in a variety of  set-
tings (sabkha, beach, submarine channel, estuary, 
shoreface, offshore; Zamanzadeh 2008). The sili-
ciclastic shelf  of  the Faraghan Formation gradual-
ly changed into the carbonate shelf  of  the Da-
lan Formation (Szabo & Kheradpir 1978; Kashfi 
1992). 

The stratigraphic sections (four outcrops 
and nine boreholes; Fig. 1 and 2) analyzed in the 
present study are located in five parts of  the Za-
gros area: the Lorestan Domain, the NW High Za-
gros, the Fars Domain, and the SE High Zagros 
and Persian Gulf. 
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Fig. 1 - a) Clear segmentation of  the 
fault network in the Zagros. 
ZFBF, Zagros Foreland 
Basin Fault; UDMA, Uru-
mieh–Dokhtar Magmatic 
Arc; SSMZ, Sanandaj–Sirjan 
Metamorphic Zone; MZF, 
Main Zagros Fault; HZF, 
High Zagros Fault; HZB, 
High Zagros Belt; ZSFB, 
Zagros Simply Folded Belt; 
IZ, Izeh Zone; IFZ, Izeh 
Fault Zone; KFZ, Kazerun 
Fault Zone. b) Location map 
of  the studied outcrops and 
wells. c) Domains in the Za-
gros (from Madani-Kivi and 
Zulauf  2015; modified) 
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Lorestan Domain 
In the Lorestan Domain, the Faraghan For-

mation was found in Well-1, located in the southwest 
of  Lorestan Province at a distance of  30 km from 
Ilam city (Figs 1 and 2). The well, having a depth 
of  3156 m, reaches at the bottom the Zard Kuh 
Formation. The Faraghan Formation is about 10 m 
thick and is characterized by sandstone with shaly 
intercalations (Fig. 3), unconformably overlying the 
Seyahou Formation (Floian to Katian, Ghavidel-

syooki 1996; Ghavidel-syooki et al. 2011, 2014; 
Ghobadi Pour et al. 2015). 

NW High Zagros 
The Faraghan Formation is well represen-

ted in the NW High Zagros area (Figs 1 and 2). In 
the Chal i Sheh area, the studied section crops out 
70 km southwest of  Fereydoon shar city. Here the 
formation mainly consists of  siltstone, sandstone 
and shale with conglomerate beds only in the lower 
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chart for the Palaeozoic stu-
died successions (outcrops 
and wells), approximately 
oriented NW-SE in Zagros 
Basin. Hormuz Formation: 
halite, anhydrite, sandstone, 
shale, dolostone and igneous 
rocks. Barut Formation: 
dolostone and shale. Za-
gun Formation: shale and 
sandstone. Lalun Forma-
tion: sandstone and shale. 
Mila Formation: dolostone, 
limestone and shale. Ilbek 
Formation: shale and san-
dstone. Zard Kuh Forma-
tion: shale and sandstone. 
Seyahou Formation: shale 
with sandstone, siltstone, 
conglomerate and limestone. 
Sarchahan Formation: shale 
with conglomerate, sandsto-
ne and carbonate. Zakeen 
Formation: sandstone with 
shale. Berwath Formation 
equivalent: shale and lime-
stone. Faraghan Formation: 
sandstone and shale. Da-
lan Formation: limestone 
and dolostone. Lithostrati-
graphic data: Courtesy of  
Arianzamin Pars Geological 
Center and NIOC.
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part (Fig. 4). The Faraghan Formation unconforma-
bly overlies the Zard Kuh Formation attributed to 
Early Ordovician (Ghavidel-syooki 1996; Ghavidel-
syooki et al. 2011, 2014). Recent detailed fieldwork 
data indicates that the Faraghan Formation is about 
365 m thick in this area, significantly less than the 
thickness of  500 m reported by Ghavidel-syooki 
(1993). The Faraghan Formation crops out also in 
the Zard Kuh area situated about 30 km south of  
Chelgard city. Here it is about 134 m thick, and is 
characterized by sandstone and shale (Fig. 5), and 
unconformably overlies the Sarchahan Formation 
attributed to latest Ordovician-earliest Silurian 
(Hirnantian to Llandovery, Saberi et al., 2016). The 
Faraghan Formation is also present in Darreh Yas 
in the southwestern Shahr-e Kurd and northern Ar-
dal City. Here it is considerably less thick reaching 
about 60 m thick. It consists of  shale with interca-
lations of  sandstone, conglomerate and limestone 
(Fig. 6) and unconformably overlies the Seyahou 
Formation. 

Fars Domain 
In this area the Faraghan Formation has been 

found in several wells: -2, -3, -4, -5, -6, -7 and -8 
(Figs 1 and 2). In Well-2 – terminating at a depth of  
3719 m-, the Faraghan Formation is about 114 m 
thick. It is characterized mainly by sandstone with 
scattered shaly intercalation in the lower part and 

with rare dolostone in the upper part (Fig. 7). In 
Well-3 – 4030 m depth -, the Faraghan Formation 
is about 107 m thick and characterized by shale. A 
sandstone intercalation was mainly recognized near 
the base (Fig. 8). Here, the Faraghan Formation un-
conformably overlies Visean rocks correlated to the 
Berwath Formation in Saudi Arabia (Sabouri et al. 
2014). The Well-4 is 3815 m depth. The Faraghan 
Formation is about 46 m thick, unconformably 
overlying the Ordovician Seyahou Formation. It 
consists mainly of  sandstone intercalated with sha-
le beds (Fig. 9). In Well-5 – reaching a depth of  
4180 m - the Faraghan Formation is about 106 m 
thick and represented by sandstone intercalated 
with siltstone and shale in the lower part and sha-
les in the upper part (Fig. 10). Shale beds, recently 
attributed by microflora to the Visean (Sabouri et 
al. 2014), lie unconformably below the Faraghan 
Formation. Well-6 terminates at a depth of  3288 
m. Here, the Faraghan Formation is about 133 m 
thick and mainly characterized by sandstone and 
siltstone in the lower part, and siltstone with scatte-
red shale and sandstone intercalations in the upper 
part (Fig. 11). Its lower boundary is uncertain. In 
Well-7 – depth 3140 m-, the Faraghan Formation is 
about 52 m thick, and mainly consists of  shales with 
scattered sandstone intercalation in the lower part 
and dolostone and shale in the upper part (Fig. 12). 
The formation unconformably overlies the Zakeen 

Fig. 3 - Well-1: stratigraphic log (for 
the legend see Fig. 16) and 
distribution chart of  palyno-
morphs.
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Fig. 4 - Chal i Sheh section: strati-
graphic log (for the legend 
see Fig. 16) and distribution 
chart of  palynomorphs. 
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Formation. Well-8 reaches a depth of  4364 m, with 
the Faraghan Formation about 144 m thick. The 
lower part mainly consists of  shale beds with rare 
sandstone and the upper part consists of  sandstone 
(Fig. 13). The Faraghan Formation unconformably 
overlies the Devonian Zakeen Formation. It uncon-
formably overlies the Zard Kuh Formation.  

SE High Zagros 
The Faraghan Formation, about 40 m thick, 

crops out in its type locality at Kuh e Faraghan, lo-
cated approximately 80 km N of  Bandar Abba. In 
this area the Faraghan Formation mostly consists 
of  sandstone with shaly intercalations and it uncon-
formably overlies the Zakeen Formation (Fig. 14).  

 
Persian Gulf 
Well-9 (depth 3820 m) in the Persian Gulf  re-

presents about 195 m of  the Faraghan Formation, 
characterized by sandstone, shale and dolostone 
(Fig. 15). Its lower boundary is uncertain. 

prevIous palynoloGIcal work on the 
faraGhan formatIon  

Detailed palynological studies of  the Fa-
raghan Formation were carried out by Ghavidel-
syooki (1984, 1988, 1993, 1994, 1995, 1996, 1997 
and NIOC internal reports) in surface sections 
(Chal i Sheh, Kuh e Faraghan, Kuh e Gahkum, Kuh 
e Surmeh, Zard kuh) as well as subsurface sections.  

Throughout the Faraghan Formation in the 
Chal i Sheh area, Ghavidel-syooki (1993) described 
the Pollen Spore Assemblage Zone IV characteri-
zed by pollen such as Alisporites sp., Ephedripites el-
lipticus, Fusacolpites fusus, Hamiapollenites perisporites, 
Nuskoisporites triangularis, N. rotatus, Pityosporites gigan-
teus, Protohaploxypinus diagonalis, Sulcatisporites ovatus 
and Striatopodocarpites sp. Spores such as Horriditri-
letes ramosus, Punctatisporites gretensis and Thymospora 
perverrucosa were also reported. The base of  zone IV 
coincides with the appearance of  pollen such as F. 
fusus, H. perisporites, Potonieisporites granulatus and Vit-
tatina costabilis and on the basis of  these occurrences 
the author attributed the Faraghan Formation to 
the Cisuralian (Sakmarian to Kungurian). The same 
age was attributed to other Faraghan assemblages 
by Ghavidel-syooki (1994, 1995, 1997) documented 
in the Faraghan, Gahkum and other Zagros areas. 

These assemblages consist of  Corisaccites alutas, Com-
plexisporites polymorphus, Hamiapollenites karrooensis, H. 
perisporites, H. saccatus, H. tractiferinus, Klausipollenites 
schaubergeri, Lueckisporites virkkiae, Platysaccus papilio-
nis, Plicatipollenites indicus, Potonieisporites granulatus, 
Striatoabieites multistriatus, Striatopodocarpites cancellatus, 
S. rarus, Sulcatisporites ovatus, Vittatina costabilis, V. lata 
and V. subsaccata. 

palynostratIGraphy  

Materials and methods 
One hundred and five samples of  20 g each were studied. 

Samples from surface sections were processed at the Sedimentary 
Organic Matter Laboratory of  the Department of  Physics and Geo-
logy of  University of  Perugia. The organic residue was concentrated 
using hydrochloric acid (HCl, 37%) and hydrofluoric acid (HF, 50%) 
and sieved with a 10 mµ filter. Light microscope observations were 
performed on palynological slides using Leica DM1000 and Nikon 
Eclipse 80i microscopes with differential interference contrast (DIC) 
techniques in transmitted light. The material from boreholes compri-
sed cuttings and core samples, made available by NIOC. The slides 
are stored in the palynological laboratories of  NIOC (Rey Storage 
of  Exploration Directorate, National Iranian Oil Company building, 
Hafez crossing, Taleghani Avenue, Tehran, Iran). A minimum of  
100 palynomorphs, where possible, were counted from each slide. 
The remainder of  each slide was then examined to identify taxa not 
present in the count. The yield of  the samples was generally high. 
The term ‘first occurrence’ in this account pertains to first uphole 
occurrence. Data, determining the palynozonation given here, come 
from palynological analysis of  surface (i.e. Kuh-e-Faraghan, Chal 
i Sheh, Zard Kuh and Darreh Yas sections) and core-samples (i.e. 
Well-2, Well-3, Well-5, Well-6 and Well-8). Palynomorphs coming 
from cuttings-samples (i.e. Well-1, Well-4, Well-7 and Well-9) support 
the palynozones. The Appendix gives the full author citations of  the 
taxa mentioned in the text. A short description of  the palynomorph 
content from each surface section and borehole is given as follows. 

Chal i Cheh section 
Five samples were processed from the Fa-

raghan Formation (Fig. 4). Bisaccate pollen, such 
as Alisporites nuthallensis and Distriatites insolitus – the 
latter occurring in the sample 8592 -, and monosac-
cate pollen are abundant throughout the succession. 
Other bisaccate pollen such as Hamiapollenites spp. 
occurs only in the basal part of  the formation. Pro-
tohaploxypinus spp., Striatopodocarpites spp. and trilete 
spores such as Indotriradites mundus were recognized 
from the upper portion of  the Faraghan Formation 
(sample 8619). 

Zard Kuh section 
Five samples were analyzed (Fig. 5). The 

palynomorphs from the basal part of  the Faraghan 
Formation are poorly preserved. Despite this, bi-
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saccate and monosaccate pollen were recognized as 
well as Alisporites nuthallensis, Hamiapollenites fusiformis, 
Plicatipollenites spp., Protohaploxypinus spp. and Vitta-
tina costabilis. A sample from the upper part of  the 
Faraghan Formation (sample 8989 from about 20 

m below the lithostratigraphical boundary between 
the Faraghan and Dalan formations), yielded a rich 
palynomorph assemblage. Monosaccate pollen such 
as Plicatipollenites malabarensis, Plicatipollenites spp., Po-
tonieisporites novicus and Potonieisporites spp. and bisac-

Fig. 5 - Zard Kuh section: strati-
graphic log (for the legend 
see Fig. 16) and distribution 
chart of  palynomorphs.

Fig. 6 - Darreh Yas section: strati-
graphic log (for the legend 
see Fig. 16) and distribution 
chart of  palynomorphs.
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cate pollen such as Alisporites nuthallensis, Alisporites 
spp., Distriatites insolitus, Hamiapollenites karrooensis, 
Protohaploxypinus spp. Striatopodocarpites spp. and Sul-
catisporites ovatus are common. Moreover, spores 
such as Indotriradites mundus, Indotriradites spp. and 
Laevigatosporites spp. are present. 

Darreh Yas section
Six samples were analysed from the Faraghan 

Formation (Fig. 6). The palynomorph content of  
the basal part of  the succession is scarcely diver-
sified and mainly consists of  Alisporites spp., Di-
striatites insolitus and Distriatites spp. These taxa also 
characterize the upper portion of  the Faraghan 
Formation (from sample 13262 to sample 13268) 
in assemblages with other pollen such as Florinites? 
balmei, Hamiapollenites karrooensis and Hamiapollenites 
spp., and spores such as Indotriradites mundus and In-
dotriradites sp., and the incertae sedis microfossil Redu-
viasporonites chalastus.  

Kuh e Faraghan section 
Four samples were processed from the Fa-

raghan Formation (Fig. 14). Microflora, throughout 
the succession, consists of  non-taeniate pollen such 

as Alisporites nuthallensis, Alisporites spp. as well as ta-
eniate pollen such as Protohaploxypinus spp. and Stria-
topodocarpites spp. Monosaccate pollen are abundant 
and Pteruchipollenites indarraensis and Vittatina costabilis 
were also recorded, but only from the lower part of  
the formation. Indotriradites mundus and Indotriradites 
spp. occurred about 25 m from the base of  the sec-
tion (sample 6657). 

Well-2  
Only 3 core-samples of  the basal-middle Fa-

raghan Formation were studied from this borehole 
(Fig. 8). The assemblage consists of  common Ali-
sporites nuthallensis, Alisporites spp., Distriatites insolitus, 
Hamiapollenites dettmannae, Hamiapollenites spp., Plica-
tipollenites malabarensis, Potonieisporites novicus, Protoha-
ploxypinus spp., Pteruchipollenites indarraensis and Sulca-
tisporites ovatus.  

Well-3 
Nine core-samples were processed from the 

upper Faraghan Formation. The interval studied 
(Fig. 9) yielded abundant bisaccate pollen such as Di-
striatites insolitus and Pteruchipollenites indarraensis, and 
less common monosaccate pollen such as Plicatipolle-

Fig. 7 - Well-2: stratigraphic log (for 
the legend see Fig. 16) and 
distribution chart of  palyno-
morphs. 
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nites malabarensis and Potonieisporites novicus. Alisporites 
nuthallensis, Hamiapollenites dettmannae, H. fusiformis and 

Vittatina costabilis occur only from the basal part of  
the studied interval. In the upper part of  the forma-

Fig. 8 - Well-3: stratigraphic log (for the legend see Fig. 16) and distribution chart of  palynomorphs.

Fig. 9 - Well-4: stratigraphic log (for 
the legend see Fig. 16) and 
distribution chart of  palyno-
morphs. 
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tion close to the base of  the Dalan Formation (sam-
ple from 3891.0 m), Indotriradites mundus is present. 

Well-5  
The palynological assemblage from 11 core-

samples was well preserved and diverse (Fig. 11). The 
dominant taxa are Distriatites insolitus, Plicatipollenites 
spp. (including P. malabarensis) and Potonieisporites spp. 
(including P. novicus) and Protohaploxypinus limpidus. Co-
risaccites alutas, Hamiapollenites dettmannae, H. karrooensis 
and H. saccatus also occur, as well as Alisporites nuthal-
lensis and Pteruchipollenites indarraensis. Indotriradites mun-
dus, Pyramidosporites cyathodes and Thymospora opaqua are 
less common and occur only in the upper part of  the 
Faraghan Formation. Reduviasporonites chalastus is also 
common in the upper part (sample from 3198.0 m). 

Well-6 
Eight core-samples were processed and 

analyzed (Fig. 12). The assemblage from the lower-
middle part of  the succession consists of  Alisporites 
nuthallensis, Cannanoropollis spp., Densipollenites spp., Di-

striatites insolitus, Plicatipollenites malabarensis, Potonieispo-
rites novicus, Sulcatisporites ovatus, Striatopodocarpites spp. 
and Vittatina costabilis. Other taxa such as Cristatispori-
tes spp., Cyclogranisporites spp., Protohaploxypinus amplus, 
Pteruchipollenites indarraensis, Punctatisporites spp. and 
Vittatina spp. occur throughout the succession. The 
upper part of  the Faraghan Formation (above 3174.0 
m) contains Indotriradites mundus as well as Indotriradites 
spp., ?I. ater, Laevigatosporites spp., Microbaculispora spp. 
and ?Reduviasporonites spp.. 

Well-8
A well preserved and diverse assemblage was 

recovered from twenty core-samples (Fig. 7). Com-
mon palynomorphs include Alisporites nuthallensis, 
Caheniasaccites ovatus, Cannanoropollis janakii, Corisaccites 
alutas, Distriatites insolitus, Hamiapollenites dettmannae, H. 
karrooensis, Indotriradites spp., Leiotriletes spp., Lophotri-
letes spp., Pakhapites ovatus, Plicatipollenites malabarensis, 
Potonieisporites novicus, Protohaploxypinus spp. and Sulca-
tisporites ovatus. The top of  the sampled section (from 

Fig. 10 - Well-5: stratigraphic log (for the legend see Fig. 16) and distribution chart of  palynomorphs.
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sample 4306.8) contains Densoisporites spp., Indotriradi-
tes mundus and Kraeuselisporites spp. 

Well-1 
Seven cuttings-samples (four from the Fa-

raghan Formation – samples from 2968.7 m to 
2962.6 m - and three from the Dalan Formation – 
samples from 2959.6 m to 2955.0 m) yielded a mo-
derately preserved, though not diverse assemblage 
(Fig. 3). Bisaccate pollen such as Alisporites spp., 
Protohaploxypinus spp. and Taeniaesporites spp. were 
found in association with monosaccate pollen such 
as Potonieisporites spp., including P. novicus and trilete 
spores such as Indotriradites mundus. Reduviasporoni-
tes chalastus was also documented. The investigated 
section of  the Dalan Formation yielded Protoha-
ploxypinus spp., P. limpidus, Reduviasporonites chalastus 

and Taeniaesporites spp. as well as indeterminate mo-
nosaccate and bisaccate pollen. 

Well-4
Thirteen cuttings-samples were processed for 

palynology: twelve from the Faraghan Formation 
(samples from 3660.0 m to 3618.0 m) and one from 
the Dalan Formation (sample from 3614.0 m; Fig. 
10). The Faraghan assemblage is characterized by an 
abundance of  Distriatites insolitus, Hamiapollenites spp., 
especially H. karrooensis, Plicatipollenites spp. and Po-
tonieisporites spp. Indotriradites mundus and Thymospora 
opaqua occur in a sample from the top part of  the 
Faraghan Formation (sample from 3628.0 m). This 
part of  the formation also contains Caheniasaccites fla-
vatus, Plicatipollenites malabarensis and Reduviasporonites 
chalastus. The base of  the Dalan Formation yielded 
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Fig. 11 - Well-6: stratigraphic log (for the legend see Fig. 16) and distribution chart of  palynomorphs. 
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only a few indeterminate specimens of  monosaccate 
and bisaccate pollen.  

Well-7  
Only two cuttings-samples were studied from 

the upper Faraghan Formation (Fig. 13). Alisporites nu-
thallensis, Distriatites insolitus, Hamiapollenites karrooensis 
and H. fusiformis are present along with abundant mo-
nosaccate pollen such as Florinites spp., Plicatipollenites 
malabarensis, Plicatipollenites spp., Potonieisporites novicus 
and Potonieisporites spp., Thymospora opaqua is common. 

Well-9 
Twelve cuttings-samples (eleven from the Fa-

raghan Formation and one from the Dalan Forma-
tion) yielded a well-preserved assemblage (Fig. 15). 
The Faraghan Formation contains abundant Alispo-
rites nuthallensis, Distriatites insolitus, Plicatipollenites spp., 
Potonieisporites spp., Protohaploxypinus spp. and Striato-
podocarpites spp. Indotriradites mundus, Laevigatosporites 
spp., Punctatisporites spp. and Reduviasporonites chalastus 
occur in the middle-upper part of  the Faraghan For-
mation (above 3733.8 m). 

dIscussIon 

The assemblages from the Faraghan and Da-
lan formations are remarkably similar to those of  
the Gharif  and Khuff  formations to the west of  the 
Persian Gulf, in Oman (Tab. 1). These were descri-
bed by Stephenson et al. (2003), Stephenson (2006), 

and in more detail by Stephenson (2008). The latter 
study of  an extensively cored and sampled section 
(196 core samples) of  the Middle and Upper Gharif  
members (including the ‘Khuff  transition section’) 
and the Khuff  Formation in Barik-36 in the north 
central Oman Barik Field provides a particularly use-
ful reference and comparison for the Faraghan and 
Dalan formations. In Barik-36, the Middle Gharif  
Member consists, toward the base, of  palyniferous 
fluvial and lacustrine sandstones and mudstones suc-
ceeded by a thick stack of  red palaeosols known as 
the ‘Middle Gharif  shale’, which is palynologically 
barren. The Upper Gharif  Member consists of  simi-
lar fluvial facies interbedded with stacked palynologi-
cally barren palaeosols. Despite the barren sections, 
the productive parts allowed a detailed palynological 
succession to be reconstructed. Between 2771.67 and 
2756.15 m of  Barik-36 (the Middle Gharif  Mem-
ber), the assemblages contain common indetermi-
nate bisaccate, monosaccate and taeniate bisaccate 
pollen. Barakarites spp., Florinites flaccidus, Kingiacolpites 
subcircularis, and Vesicaspora spp. also occur. Between 
2698.6 and 2619.73 m (the Upper Gharif  Member), 
are poorly- to moderately-preserved, low diversity 
assemblages that are dominated by bisaccate pollen 
including distally taeniate bisaccate pollen (mainly Di-
striatites and Hamiapollenites). Spores such as Indotriradi-
tes spp. and Playfordiaspora cancellosa also occur, as well 
as distinctive monolete spores. Between 2619.73 and 
2614.84 m is the ‘Khuff  transition section’ consisting 
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of  heterolithic beds overlain by the Khuff  Formation 
carbonates and containing a distinctive assembla-

ge dominated by bisaccate pollen and cingulizonate 
spores as well as probable freshwater or low-salinity 
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Fig. 13 - Well-8: stratigraphic log (for the legend see Fig. 16) and distribution chart of  palynomorphs.
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aquatic algal forms, for example Botryococcus spp. and 
Tetraporina spp., as well as rare marine indicators such 
as microforaminiferal test linings, scolecodonts, and 
spinose acritarchs. Florinites? balmei is common above 
2620.3 m, occurring in almost all the samples. Indotri-
radites mundus occurs commonly above 2619 m. 

The ranges of  well-preserved assemblages in 
Barik-36 were used to improve understanding of  the 
OSPZ5 and 6 biozones established by Stephenson et 
al. (2003) and Stephenson (2006). In particular it was 
possible to succinctly define the base of  OSPZ5 and 
6. The base of  OSPZ5 was defined as the first appe-
arance of  the distinctive taxa Distriatites insolitus, Ha-
miapollenites dettmannae, Indotriradites ater, Playfordiaspora 
cancellosa and Thymospora opaqua (Stephenson 2006, 

2008). The base of  the OSPZ6 Biozone was defined 
as the first appearance of  the distinctive monosac-
cate pollen Florinites? balmei (Stephenson 2006, 2008) 
with a recognition that the first appearance of  Indotri-
radites mundus could also serve to indicate the base of  
OSPZ6. Palynomorphs recovered from Chal i Sheh, 
Darreh Yas, Kuh e Faraghan and Zard Kuh sections 
and from core-samples from Well-2, 3, 5, 6 and 8 al-
lows the recognition two stratigraphic assemblages. 

The lower assemblage, mostly from the lower-
middle Faraghan Formation mainly consists of  bi-
saccate pollen, both taeniate such as Corisaccites alutas, 
Distriatites insolitus, Hamiapollenites dettmannae, H. fusi-
formis, H. karrooensis, H. saccatus, Hamiapollenites spp., 
Protohaploxypinus amplus, P. limpidus, Protohaploxypinus 
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spp., Striatopodocarpites spp., and non-taeniate such 
as Alisporites nuthallensis, Alisporites spp., Pteruchipolle-
nites indarraensis, Sulcatisporites ovatus. It also contains 
polyplicate pollen such as Vittatina costabilis and 
Vittatina spp. Monosaccate pollen also occur such 
as Cannanoropollis janakii, Cannanoropollis spp., Densi-
pollenites sp., Plicatipollenites malabarensis, Plicatipollenites 
spp., Potonieisporites novicus, Potonieisporites spp. Spores 
such as Camptotriletes spp., Cyclogranisporites spp., Indo-
triradites spp. and Thymospora opaqua are also present. 

The general character of  the assemblage, the 
presence of  Distriatites insolitus, Hamiapollenites dett-
mannae, Thymospora opaqua, and the absence of  Indo-
triradites mundus and Florinites? balmei suggest that this 
lower assemblage correlates to OSPZ5, and to the 
Upper Gharif  Member of  Oman. Based on the most 
recent information (Stephenson 2006) this suggests 
that the assemblage is of  possible Roadian-Wordian 
age. The upper assemblage, mostly coming from the 
upper Faraghan and lower Dalan formations, con-
tains Florinites? balmei and Indotriradites mundus, which 
suggest correlation with OSPZ6. In Oman, the base 
of  this biozone occurs a few meters below the base 

of  the Khuff  Formation carbonate beds within the 
‘Khuff  transition section’ and in Saudi Arabia within 
the ‘basal Khuff  clastics’. This suggests a possible 
age of  Wordian-Capitanian based on Stephenson 
(2006, 2008) and close similarity between Iran and 
Oman stratigraphy. OSPZ6 was also documented 
in other areas of  Northern Gondwana as the ba-
sal Khuff  clastics (Saudi Arabia, Stephenson et al. 
2003), the Sardhai Formation (Pakistan, Jan et al. 
2009), the Kas Formation (SE Turkey) and the cla-
stic base of  the Chia Zairi Formation (Iraq; Stolle et 
al. 2007; Stolle 2010).

conclusIon  

This paper clearly shows that palynology is an 
excellent tool for regional correlation. A different 
age for the Faraghan Formation than previously 
preposed, is here suggested on the basis of  a detai-
led palynological study of  sequences from nine bo-
reholes and four outcrops in the Zagros Basin. The 
stratigraphic range of  taxa recovered allows the use 
of  the OSPZ palynostratigraphic scheme based in 
Oman and Saudi Arabia (e.g. Stephenson et al. 2003; 
Stephenson 2006, 2008). Assemblages mostly from 
the lower-middle Faraghan Formation are correlated 
to the ?Roadian-Wordian OSPZ5 Biozone. Assem-
blages mostly from the upper Faraghan Formation 
are correlated to the ?Wordian-Capitanian OSPZ6 
Biozone (Fig. 16). 

The Faraghan Formation is therefore consi-
dered in part to be the equivalent of  Upper Gharif  
Member in Oman and in part to the ‘basal Khuff  
clastics’ (Saudi Arabia), ‘Khuff  transition section’ 
(Oman), the Kas Formation (SE Turkey), the cla-
stic base of  the Chia Zairi Formation (Iraq) and the 
Sardhai Formation (Pakistan).  
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Tab. 1 - Common occurrence of  sporomorphs recorded in this 
study and in OSPZ5 and OSPZ6 biozones. 1: Chal i Sheh 
section; 2: Zard Kuh section; 3: Kuh e Faraghan section; 4: 
Darreh Yas section; 5: Well-1; 6: Well-2; 7: Well-3; 8: Well-4; 
9: Well-5; 10: Well-6; 11: Well-7; 12: Well-8; 13: Well-9. 

This study  Section/well  OSPZ  

1  2  3  4  5  6  7  8  9  10  11  12  13  5  6  

A. nuthallensis  x  x    x  x  x  x    x  x  x  x  x  x  x  
B. rotatus                      x          
C. flavatus                x      x          
C. ovatus      x                          
C. janakii              x          x        
C. polymorphus                        x        
C. alutas      x            x      x    x  x  
D. indicus                        x    x  x  
D. insolitus  x  x    x  x  x  x  x  x  x  x  x  x  x  x  
F.? balmei        x                      x  
H. dettmannae  x      x    x  x  x  x      x    x  x  
H. fusiformis    x          x      x  x  x    x    
H. karrooensis    x    x        x  x    x  x    x  x  
H. saccatus                x  x              
I. mundus  x  x  x  x  x    x  x  x  x    x  x    x  
L. callosus        x                    x  x  
P. fusus      x                          
P. ovatus      x                          
P. malabarensis  x  x  x      x  x  x  x  x  x  x  x      
P. novicus  x  x  x    x  x  x    x  x  x  x  x  x    
P. amplus                    x        x    
P. limpidus  x  x  x  x  x  x  x    x  x  x  x  x  x    
P. indarraensis      x      x  x    x  x        x    
P. cyathodes                  x            x  
R. chalastus        x  x      x  x        x  x  x  
S. cancellatus  x  x  x                x  x  x      
S. fusus  x                    x  x  x      
S. ovatus    x  x      x  x  x        x    x    
T. opaqua        x        x  x    x    x  x  x  
V. costabilis    x  x        x      x    x    x    
W. striatus        x                        
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PLATE 1

Palynomorphs from the Faraghan Formation (scale bar indicates 10 µm). 

1 - Alisporites nuthallensis Clarke 1965 (Well-9, 3733.8, W31/1); 
2, 3 - Distriatites insolitus Bharadwaj and Salujha 1964 (2: Well-4, 3640-42, M45/1; 3: Well7, 788, P32/4);  
4 - Striatopodocarpites spp. (Well-8, 14120-30, N37); 
5 - Taeniaesporites sp. (Well-8, 14150-60, R40);  
6, 11 - Corisaccites alutas Venkatachala and Kar 1966 (Well-8, 6: 14200-10, M45/4; 11: 14260-70, U21/2); 
7-  Platysaccus sp. (Kuh e Faraghan, 6655, P41/2); 
8, 9, 13 - Hamiapollenites karrooensis (Hart) Hart 1964 (Well-4, 8: 3652-54, S36; 9: 3627-28, K42/4; 13: 3652-54, M36/1); 
10, 12 - Protohaploxypinus spp. (Well-2, 11840, 10: T14/1; 12: P16/3); 
14 - Hamiapollenites dettmannae Segroves 1969 (Chal i Sheh, 8619, O31);  
15 - Vittatina costabilis Wilson 1962 (Well-8, 14170-80, V50/4). 
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PLATE 2 

Palynomorphs from the Faraghan Formation (scale bar indicates 10 µm). 

1 - Plicatipollenites malabarensis (Potonié and Sah) Foster 1975 (Well-8, 14190-200, R50); 
2, 3 - Potonieisporites spp. (Well-8, 2: 14250-60, S38/1; 3: 14190-200, U22/1); 
4 - Densoisporites spp. (Darreh Yas, 13266,106.1/62.1, P42); 
5 - Laevigatosporites sp. (Well-3, 3888, O21); 
6 - Densipollenites indicus Bharadwaj 1962 (Well-8, 14110-20, S36/4); 
7 - Thymospora opaqua Singh 1964 (Darreh Yas, 13262, O33/3); 
8, 9, 10 - Indotriradites spp. (Well-3, 8: 3888.0, I32/3; 9: 3907.0, J47/4; 10: Darreh Yas, 13262, U47/2); 
11,12 - Indotriradites mundus Stephenson 2008 (11. Well-1, 9740, M45; 12: Well-5, 3198.0, M40/1) 
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PLATE 3

Palynomorphs from the Faraghan Formation (scale bar indicates 10 µm). 

1 - Reduviasporonites chalastus (Foster) Elsik 1999 (Well-1, 9740, P39/2); 
2-6 - Florinites? balmei Stephenson and Filatoff  2000 (Darreh Yas, 13262, 2: O23/3; 3: P29/1; 4: Q20/3; 5: U39/2; 6: V23/3); 
7 - Pyramidosporites cyathodes Segroves 1967 (Well-5, 3198.0, P38); 
8-11, 13, 15 - Densoisporites spp. (Well-8: 14120-30, 8: L48, 9: E60/4; 14130-40 SL-2, 10: N28; 14140-50 SL-3, 11: P38/1, 13: P65; 14150-60 

SL-2, 15: O23); 
14 - Kraeuselisporites sp. (Well-8, 14150-60, K27/3); 
12 - Thymospora opaqua Singh 1964 (Well-5, 3194.0, V50); 
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appendIx: taxon lIst 

?Densipollenites spp. 
?Falcisporites stabilis 
?Indotriradites ater 
 ?Indotriradites mundus ?Reduviasporonites spp. 
?Retusotriletes spp. 
?Vittatina spp. 
Alisporites nuthallensis Clarke, 1965 
Alisporites cf. nuthallensis Clarke, 1965 Alisporites spp. 
Barakarites rotatus (Balme & Hennelly) Bharadwaj & Tiwari, 1964   
Barakarites spp.  
Caheniasaccites flavatus Bose & Kar, 1966 
Caheniasaccites ovatus Bose & Kar, 1966 Caheniasaccites spp. 
Camptotriletes spp.  
Cannanoropollis janakii Potonié & Sah, 1960 Cannanoropollis spp.  
Complexisporites polymorphus Jizba, 1962 Convolutispora sp. 
Corisaccites alutas Venkatachala & Kar, 1966  Cristatisporites spp.  
Cycadopites sp. 
Cyclogranisporites spp.  
Densipollenites indicus Bharadwaj, 1962  Densipollenites spp.  
Densoisporites spp.   
Distriatites insolitus Bharadwaj & Salujha, 1964  Distriatites spp.  
Florinites spp.  
Florinites? balmei Stephenson & Filatoff, 2000  
Hamiapollenites dettmannae Segroves, 1969  
Hamiapollenites fusiformis Marques-Toigo, 1974 
Hamiapollenites karrooensis (Hart) Hart, 1964  
Hamiapollenites saccatus Wilson, 1962 
Hamiapollenites spp.  
Indotriradites mundus Stephenson, 2008  
Indotriradites spp.  
Kraeuselisporites sp.  
Laevigatosporites callosus Balme,1970 Laevigatosporites cf. callosus Balme 

1970 Laevigatosporites spp.  
Leiotriletes spp.  
Lophotriletes spp.  
Microbaculispora spp.  
Pakhapites fusus (Bose & Kar) Menéndez, 1971 
Pakhapites ovatus (Bose & Kar) García, 1996 Platysaccus sp. 
Plicatipollenites malabarensis (Potonié & Sah) Foster, 1975  
Plicatipollenites spp.  
Polarisaccites spp. 
Potonieisporites novicus Bharadwaj, 1954 Potonieisporites spp. 
Protohaploxypinus amplus (Balme & Hennelly) Hart, 1964 Protoha-

ploxypinus spp.  
Pteruchipollenites indarraensis (Segroves) Foster, 1979 Punctatisporites 

spp.  
Pyramidosporites cyathodes Segroves, 1967  Reduviasporonites chalastus (Fo-

ster) Elsik, 1999  Retusotriletes sp. 
Striatoabieites spp. 
Striatopodocarpites spp.  
Striomonosaccites spp. 
Sulcatisporites ovatus (Balme & Hennelly) Bharadwaj, 1962 
Taeniaesporites spp. 
Thymospora opaqua Singh, 1964  
Tumoripollenites sp. 
Verrucosisporites spp. 
Vesicaspora spp.  
Vittatina costabilis Wilson, 1962 
Vittatina spp. 
Weylandites spp. 
Weylandites striatus (Luber) Utting, 1994 
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