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Abstract
We performed a palynological study on Jurassic successions of the Hojedk Formation, Central Iran. The sampled material was
recovered from well no. 233, South Kuchak-Ali area belonging to the Tabas Block. The lithology comprises 475.80 m of green–
grey shales and sandstones. Palynological assemblages were recovered including spores, pollen grains, dinoflagellate cysts,
woody debris and amorphous organic matter (AOM). Furthermore, 22 taxa of plant macrofossils were identified. We analysed 48
samples which resulted in identification of 13 spore species (belonging to 11 genera) and three pollen species (from three genera)
with fair preservation quality. Trilete spores dominate while pollen grains only represent 11.5% of the total particulate organic
matter. Representatives of the fern spore Klukisporites are particularly abundant and the K. variegatus acme zone, which is of
biostratigraphical importance, is identified in the host strata. The abundance of K. variegatus and K. scaberis suggests a Middle
Jurassic (Bajocian–Bathonian?) age for the host strata. This age designation corroborates previous stratigraphic interpretations,
mainly based on plant macrofossils for this formation. The palynomorphs indicate deposition in an oxygenated environment
close to the shoreline in a deltaic system. The presence of subordinate marine palynomorphs (proximate dinoflagellate cysts) is
probably indicative of intermittent sea level transgression. The affinity of the palynological assemblages from the Hojedk
Formation indicates a diverse parental flora of, in descending quantitative order, ferns, bryophytes and gymnosperms, the latter
mainly represented by conifers and ginkgophytes. Comparisons with modern plant ecology indicate accumulation of
palynomorphs under a moist warm climate during the Middle Jurassic (Bajocian–Bathonian?) time. The comparison of parental
plants with previous palaeofloristic studies indicates that the Tabas Block was located in theMid-Asian part of the Indo-European
floristic province of the Northern Hemisphere.
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Introduction

From a geological point of view, Iran has been subdivided into
a number of distinctive tectonostratigraphic units (Stocklin
1968). The Central Iran Basin is located in the central part of
the country with narrow extensions to the northeast and north-
west resulting in a triangular outline. In the east, it is limited by

Dasht-e-Lut; in the south, southwest and west by the Sanandaj-
Sirjan Metamorphic Belt; and in the north by the Alborz
Mountains (Fig. 1). The Tabas Block is sandwiched between
the Yazd Block in the west and the Lut Block in the east, as a
part of the so-called Central-East Iranian Microcontinent
(CEIM; Takin 1972). The thick Upper Triassic–Jurassic succes-
sion within this area has been subdivided into several forma-
tions (Stocklin and Nabavi 1971) which were subsequently
combined into two lithostratigraphic groups: the Upper
Triassic–lower Middle Jurassic Shemshak Group and the
Middle–Upper Jurassic Magu Group (northern Tabas Block)
or Bidou Group (southern Tabas Block), respectively
(Aghanabati 1977, 1998). The wide distribution of the
Shemshak Group across the Iran Plate represents deposition
of sediments in a foreland basin, which was part of the
Cimmerian Orogeny, during the Upper Triassic–Middle
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Jurassic (Fürsich et al. 2003; Seyed-Emami et al. 2004;
Wilmsen et al. 2009b). In the area of the Tabas block, the
Shemshak group consists of the marine Nayband Formation
(Norian–Rhaetian), the non-marine Ab-e-Haji Formation,
which consists of coal-bearing sediments deposited around
the Triassic–Jurassic boundary, the marine, Toarcian–Aalenian
Badamu Formation, followed by the Bajocian (−early
Bathonian), coal-bearing Hojedk Formation. This formation is
unconformably overlain by the Upper Bajocian–Upper Jurassic
Magu (or Bidou) Group (Wilmsen et al. 2009a). The Hojedk
Formation comprises arcosic-quartzitic sandstones and green to
grey shales with coal-bearing intervals. The presence of coal in
grey shales is indicative of a temporary development of
marshlands. Both, the lower and upper boundaries of the
Hojedk Formation are defined by an erosional unconformity
(Fürsich et al. 2009; Wilmsen et al. 2009a).

The Hojedk Formation is known for its rich assemblages of
bivalves, ammonites (e.g. Seyed-Emami et al. 2004) and plant
macrofossils (e.g. Vassiliev 1984; Poole and Ataabadi 2005;
Vaez-Javadi and Mirzaei-Ataabadi 2006; Ameri et al. 2014),
which generally indicate a late Bajocian–early Bathonian age.

Palaeogeographical reconstructions indicate that during the
Callovian, Northern and Central Iran was located at the north-
eastern margin of the Neotethys Ocean, approx. 20° to 30° to
the north (Thierry 2000; Seyed-Emami et al. 2008; Wilmsen
et al. 2009a, 2009c, 2010). Vakhrameev (1991) suggested that
during the Late Triassic and Middle Jurassic humidity in-
creased, causing plants to thrive and develop fast and form
widespread coal-bearing strata. The Middle Jurassic Hojedk
Formation also includes abundant coal seams, with c. 30 beds
identified in well no. 233.Many authors have studied the plant
micro- (Kimyai 1968; Arjang 1975; Baharadwaj and Kumar

1986) and macrofossils (Barnard 1967; Vassiliev 1984;
Schweitzer and Kirchner 1996, 1998; Poole and Ataabadi
2005; Vaez-Javadi and Mirzaei-Ataabadi 2006; Ameri et al.
2014) of the Hojedk Formation, in the Tabas Block. The pur-
pose of the present study is to document the palynological and
palaeobotanical content of the Hojedk Formation in the well
no. 233, South Kuchak-Ali area, in the Tabas Block and to
evaluate its stratigraphic, palaeoecological, palaeoenvironmental
and palaeobiogeographical significance.

Material and methods

Forty-eight samples were collected from exploration well no.
233, which is located at N33° 15′ 39″ and E56° 22′ 44″, 60 km
southwest of Tabas city in South Kuchak-Ali area, South
Khorasan Province, Iran (Figs. 1 and 2). Standard palynolog-
ical procedures (e.g. Phipps and Playford 1984; Wood et al.
1996) were utilised for extraction and concentration of the
palynomorphs. Samples were mechanically crushed into
small fragments, 1–2 mm in diameter, and soaked in HCl
(30%) for 24 h to dissolve carbonate contents. The silicate
content was dissolved using HF (33%). After that, samples
were boiled in HCl (10%) for 10 min to prevent silicate gel
formation. The organic residue was sieved via a 20 μm mesh.
Finally, samples were mixed with zinc chloride (ZnCl2, 2 gr/
cm3) and centrifuged to separate palynomorphs from heavy

Fig. 1 Sketch map showing the location of the exploration well no. 233 in South Kuchak-Ali area, Tabas Block, Central Iran

Fig. 2 Lithostratigraphic column and distribution of miospore taxa and
dinoflagellates through the sampled succession, and proposed
palynostratigraphic zone of the Hojedk Formation in the exploration well
no. 233, in South Kuchak-Ali area, Tabas Block, Central Iran

b

380 Palaeobio Palaeoenv (2019) 99:379–399



Palaeobio Palaeoenv (2019) 99:379–399 381



minerals and other unwanted material. Due to their lower spe-
cific weight, palynomorphs form a thin layer at the top of all
material when centrifuged.

This layer was separated and washed through a 20 μm
sieve and used to prepare palynological slides. In general,
more than 130 palynomorphs were counted per sample.
Spores comprise 87.1%, pollen grains 11.5%, bisaccate pollen
1.6% and dinoflagellates 1.6% of the total assemblage
(Fig. 3). The proportions of palynomorphs after counting were
calculated in percentages for all samples (Table 1). To supple-
ment palaeoecological data derived from the botanical affini-
ties of pollen grains and spores, a palynofacies analysis was
performed. To do this, three microscopic fields of view were
randomly selected, in which the organic particles were count-
ed. Based on these, selected ratios were calculated, which are
presented in Table 1. All rocks samples, residues, and strew
slides used in this investigation are permanently housed in the
Paleontology Collection at the School of Geology in the
University of Tehran, Iran.

Microfloristic assemblage and palynostratigraphy

Shales and sandstones of the Hojedk Formation in the ex-
ploration well no. 233 follow unconformably on limestones
of the Badamu Formation. The upper boundary of the
Hojedk Formation in the well no. 233 is located at surface
level. Most of the studied samples comprise palynological
assemblages of fair preservation, including spores, pollen
grains and, as minor constituents, dinocysts. The palynoflora
includes 13 spore species (assigned to 11 genera) and three
pollen species (assigned to three genera) (Fig. 4). Trilete
spores dominate in terms of abundance, and among these
the fern spore Klukisporites variegatus is of greatest abun-
dance, allowing the identification of the Klukisporites
variegatus acme zone (Fig. 2). The palynozonation de-
scribed by Arjang (1975) for the Hojedk Formation com-
prises the Klukisporites Zone (Arjang 1975) and the
Klukisporites variegatus Subzone (Arjang 1975), which is
dated as Middle Jurassic.

Other co-occurring spores represent Anapiculatisporites sp.,
Concavissimisporites punctatus, Converrucosisporites sp.,
Cyathidites australis, Deltoidospora sp., Dictyophyllidites
harrisii, Granulatisporites sp., Klukisporites scaberis,
Biretisporites spp., Osmundacidites wellmanii and
Verrucosisporites varians and the pollen taxa Araucariacites
australis,Callialasporites dampieri andCycadopites sp. (Fig. 4)

Arjang (1975) states that the palaeoflora of the Kerman
Block changed greatly at the beginning of the Middle Jurassic,
that is when Klukia exilis (the Klukisporites variegatus parental
plant) became abundant in the region (Fig. 5), an interpretation
also supported by observations on plant macroremains (e.g.
Popa et al. 2012).

Klukisporites variegatus is reported from the Middle Jurassic
by many authors (e.g. Arjang 1975; Achilles et al. 1984;
Bharadwaj and Kumar 1986; Kimyai 1975, 1977; Vajda
2001; Sabbaghiyan 2009; Hashemi-Yazdi 2015; Dehbozorgi
2014; Shevchuk et al. 2018; Slater et al. 2018). This species is
also reported widely from Jurassic-Cretaceous sediments of
Australia (e.g. Filatoff 1975; Backhouse 1988; McKellar
1998; Sajjadi and Playford 2002). Thus, due to the high abun-
dance of K. variegatus in the Hojedk Formation observed in
this study, the succession can confidently be dated as Middle
Jurassic. In addition, the occurrence ofKlukisporites scaberis,
indicative of Middle Jurassic (McKellar 1998), in the lower
parts of the formation, further supports the age determination
(samples 8–29). Filatoff and Price (1988) stated that the
Bajocian–Bathonian boundary is marked by the presence of
Steriatella spp. and of Contignisporites burgeri, but these
miospores were not found in the current study. Marine
palynomorphs are very rare (1.6%) in the Hojedk Formation
and cannot be identified taxonomically due to poor preservation.

Palaeoenvironmental interpretations

Palynofacies

Palynofacies analysis can be used to determine certain
palaeoenvironmental aspects and sea level changes (e.g.

Fig. 3 Relative abundances (average percentages) of palynomorphs (spores, pollen grains, bisaccate pollen and dinoflagellates) from Hojedk Formation
samples
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Tyson 1993, 1995; Zavattieri et al. 2008; Batten and Stead
2005). In this study the palaeoenvironment is interpreted
based on AOM ratio and phytoclasts (Fig. 6).

AOM and ratio of brown to opaque AOM (BP/OP)

The relative amount of transparent AOM and opaque AOM
can be used to determine oxygen content. Oxygen is one of the
most important factors in environmental interpretation
(Bombardiere and Gorin 2000). Transparent AOM is influ-
enced by anaerobic bacteria which are active slightly below
the sediment surface, and is formed in non- to low-oxygen
environments. These bacteria decompose organic matters,
producing nitrate and sulphate (e.g. van Waveren and
Visscher 1994; Tyson 1993). High sedimentation rates do
not allow these anaerobic bacteria to decay organic matter
(Zonneveld et al. 1997), therefore, in this situation, the pro-
portion of transparent AOM is higher than of opaque AOM.
The ratio of transparent AOM to opaque AOM is less than one
for the sediments in the present study, indicating that the ox-
ygen content was high and sedimentation rate was low (Batten
1996; Oboh-Ikuenobe 1996; Bombardiere and Gorin 2000)
(Fig. 6).

The ratio of brown to opaque macerals is another useful
proxy for palaeoenvironmental interpretations (Fig. 6 and
Table 2). For the material studied in the present study, this
ratio is less than one, confirming that during sedimentation,
the oxygen content was relatively high in the depositional
environment (e.g. van Waveren and Visscher 1994;
Bombardiere and Gorin 2000).

Phytoclast ratio (P1/P2)

Phytoclasts originate from plants and are divided into opaque
and brown clasts. Higher abundance of phytoclasts indicates
that sedimentation occurred in a proximal facies (e.g. van
Waveren and Visscher 1994; Schiøler et al. 2002) (Fig. 6).
Also the ratio of dark, equidimensional phytoclasts (P1) to
elongated phytoclasts (P2) can be used as additional evidence

that the sediments of the Hojedk Formation were deposited in
a proximal condition (Fig. 6).

Palaeoecology and palaeoclimatic interpretations

Plant macrofossils are useful proxies in palaeogeographical
and palaeoecological studies. By determining the parental
plants of miospores, it is possible to provide palaeoecological
interpretations based on palynomorphs (Table 3).

A major component of the palynomorphs recovered from
the Hojedk Formation is miospores. Most miospores recog-
nised in this study are related to ferns indicating that this group
was a dominant component of the source vegetation (Figs. 7
and 8; Table 3). A small number of miospores is related to
conifers and ginkgophytes and some to bryophytes (Figs. 7
and 8). Based on the identified parental plants and their in-
ferred palaeoecology and also the presence of coal-bearing
layers with woody debris, it can be concluded that the
Hojedk Formation was deposited under a relatively warm
and humid climate. The composition of the macrofossils (in-
cluding remains of 22 taxa) in the studied deposits is in agree-
ment with previous interpretations based on plant macro-
remains occurring in this formation at other localities (e.g.
Ameri et al. 2014) (Figs. 9 and 10).

The coals in the sediments of the Hojedk Formation are
derived from carbonised plant macrofossils, which are indi-
cative of a moist nearshore environment (e.g. Ameri et al.
2014). In addition, higher amounts of spores in comparison
to pollen grains can be seen as further evidence for a nearshore
source (e.g. Tyson 1993, 1995; Zavattieri et al. 2008).
Additionally, the higher amount of terrestrial palynomorphs
compared to marine palynomorphs indicates that the
palaeoenvironment of the succession was a deltaic system
(Tyson 1987; Van der Zwan 1990; Zavattieri et al. 2008).
The presence of dinocysts in two samples (41 and 42)
(Table 2) may point to a temporary sea level rise during the
deposition of the formation (Fig. 6).

Palaeobiogeographical inferences

One of the most important events in the Jurassic of Iran is the
Cimmerian Orogeny (Wilmsen et al. 2009a, 2009c). This
event led to the closure of the Palaeotethys Ocean and
uplifting as well as faulting in the sedimentary basin
(Stocklin 1968). However, the folding also caused a great
amount of sediments to be deposited during the Bajocian–
Bathonian in central Iran (Berberian and King 1981;
Wilmsen et al. 2009a). During the Permian, the Iranian
microcontinent was separated from Gondwana and moved
northward to eventually collide with Eurasia during the
Triassic (Berberian and King 1981; Alavi et al. 1997;
Stampfli and Borel 2002; Wilmsen et al. 2009b). During the

Fig. 4 Palynomorphs retrieved from the Hojedk Formation. aCyathidites
australis Couper, 1953, proximal focus. b Deltoidospora sp., proximal
focus. c Dictyophyllidites harrisii Couper, 1958, proximal focus. d
Osmundacidi tes wel lmanii Couper, 1953, lateral view. e
Converucosisporites sp., median focus. f Concavissimisporites punctatus
(Delcourt and Sprumont) Brenner, 1963, proximal focus. g
Anapiculatisporites sp., proximal focus. h, i Klukisporites scaberis
(Cookson and Dettmann) Dettmann, 1963, (h distal focus, i proximal
focus). j, k Klukisporites variegatus Couper, 1958, (j distal focus, k
proximal focus) . l Biret i spor i tes spp. , median focus . m
Verrucosisporites varians Volkheimer, 1972, proximal focus. n
Granulatisporites sp., median focus. o Callialasporites dampieri
(Balme) Sukh Dev, 1961, polar view. p Cycadopites sp., distal focus. q
Araucariacites australis Cookson ex Couper, 1953, median focus. r
Indeterminate dinoflagellate cyst, Scale bar 20 μm
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Norian-Rhaetian, the subduction of the Neotethys Ocean un-
der the Iranian Plate gave rise to the extensive volcanic area
known as Sanandaj-Sirjan Zone (Arvin et al. 2007; Wilmsen
et al. 2009b). The deposits from this time are formally named
as Nayband Formation (Fürsich et al. 2005). The Cimmerian
event caused a slab break-off, pushing the plate northward and
giving rise to the Alborz Mountain Range, similar to the slab
break-off, which gave rise to the North Alpine Foreland in the
Middle Oligocene (Wilmsen et al. 2009b; Regard et al. 2008).

Two major Jurassic palaeofloral provinces are recognised
in Eurasia. One, encompassing the north, is known as Siberian
province and the other, encompassing mostly the south of
Eurasia, is named Euro-Sinian province (Vakhrameev 1987).
Subsequently Vakhrameev (1991) introduced the names
Siberian and Indo-European for these Jurassic floristic prov-
inces (Fig. 11). He also divided the Indo-European province
into Europe, Mid-Asia (extending south from the Karagandar-
Turgay region in the north to the coast of the Jurassic sea in the
south), and Western Asia. This study follows the division of
Vakhrameev (1991) utilising the term Indo-European province.
The Middle Jurassic flora includes a variety of lycopsids, horse-
tails, ferns and gymnosperms (Gomolitzky andKhundayberdyev
1976). Palaeobotanical evidence reported from Georgia-
Transcaucasia inMid-Asia shows a comparable variety and con-
gruence with the European province during the Middle Jurassic
(Barale et al. 1991; Vakhrameev 1991). Previous palaeobotanical
reports from the Middle Jurassic of the Kerman Block (e.g.
Schweitzer and Kirchner 1996; Vaez-Javadi and Mirzaei-
Ataabadi 2006) demonstrate that approximately 50% of the
palaeoflora were similar to that of Eurasia (Delle 1967), the
western Ural in Russia (Genkina 1963) and the Saighan in north-
ern Afghanistan (Jacob and Shukla 1955), all of which are parts
of the Indo-European province (Vakhrameev 1991).

Records of permineralizedwood belonging toPrototaxoxylon
feriziensis (Fakhr and Marguerier 1977) and Xenoxylon cf.
latiporosum (Cramer) Gothan 1905 (Nadjafi 1982; Poole and
Ataabadi 2005) in sediments of Early Jurassic and early
Middle Jurassic age provide evidence that trees were part of
the vegetation in Iran during this time. On a global scale
Xenoxylon seems to be restricted to relatively high latitudes (>
35–40° N) in the Northern hemisphere during the Middle
Jurassic (Philippe et al. 2017). The similarity between the
palaeoflora of northeastern Iran and northern Afghanistan indi-
cates a common terrestrial distribution area (such as an island) at
the southern margin of Eurasia (Seyed-Emami 1971; Fakhr
1975; Vakhrameev 1991). However, Vozenin-Serra and
Taugourdeau (1985) argue that the Kerman Block in Iran was
part of Gondwana during this period and that there was a large
body of water between this block and India.

The genus Coniopteris was abundant in the Mid-Asian
province, whereas, Thaumatopteris and Dictyophyllum,
which were abundant in Europe (Shevchuk et al. 2018), have
only rarely been found in the Mid-Asian province. In the
Middle Jurassic, the genus Cladophlebiswas rare in this prov-
ince, while Klukia was abundant. Cycadophytes such as
Otozamites, Nilssonia and Ptilophyllum are notable in the
Mid-Asian province (Vakhrameev 1991). Jacob and Shukla
(1955) argued that Annulariopsis, Dictyophyllum and
Clathropteris would only occur in the Northern Hemisphere
and not in Gondwana. However, in the meantime these genera
have also been reported from Argentina (Frenguelli 1941;
Herbst 1966; Choo et al. 2016) and Antarctica (Bomfleur
and Kerp 2010).

The following plant macrofossil taxa could be identified in
the Hojedk Formation: Annulariopsis, Equisetites,
Marattiopsis, Cladophlebis, Clathropteris, Dictyophyllum,
Klukia, Ferizianopteris, Coniopteris, Phlebopteris,
Sagenopteris, Pterophyllum, Anomozamites, Ptilophyllum,
Nilssonia, Podozamites, Elatides and Elatocladus (Figs. 9
and 10). The abundance of Coniopteris, Ptilophyllum,
Nilssonia and Klukia, which are indicators for the Mid-
Asian province, together with the high variety of cycado-
phytes, indicates that the sediments of the Hojedk Formation
in Central Iran were deposited in the Indo-European floristic
province during the Middle Jurassic (Fig. 11).

Regional correlation

The Middle Jurassic macroflora of the Hojedk Formation in
the Central Iran has first been studied by Barnard (1967). This
early work was continued by a series of contributions by
Vassiliev (1984), Schweitzer and Kirchner (1996, 1998),
Poole and Mirzaie Ataabadi (2005) and Vaez-Javadi and
Mirzaei-Ataabadi (2006) which contributed to the knowledge
of the Middle Jurassic flora of this formation. In addition, the
palynoflora from theMiddle Jurassic of the Hojedk Formation
has so far only been studied in the Kerman Block (Kimyai
1968; Arjang 1975; Bhardwaj and Kumar 1986; Hashemi-
Yazdi et al. 2014; Hashemi-Yazdi 2015).

Kimyai (1968) reported a palynoflora from the upper–
Middle Jurassic in the northwest of the Kerman area, and report-
ed the following genera, which were also found in this study:
Araucariacites, Cyathidites, Deltoidospora, Dictyophyllidites,
Klukisporites and Osmundacidites.

Achilles et al. (1984) studied the microflora of the Norian–
Middle Jurassic recovered from different parts of the Alborz
Mountains. They reported the Leptolepidites argenteaeformis
Zone (Achilles et al. 1984), which could not be seen in the
samples studied here.

In similar reports, some authors positioned the Early–Middle
Jurassic boundary at the FOO (first observed occurrence) of
Ischyosporites (Klukisporites) variegatus and LOO (last

Fig. 5 Comparison of the palynostratigraphic scheme proposed herein
for the Middle Jurassic Hojedk Formation with those established from
coeval strata from Iran and elsewhere (modified after Dehbozorgi 2014)

R
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observed occurrence) ofConcavisporites (Dictyophyllidites) spp.
(e.g. Achilles et al. 1984; Arjang 1975; Ashraf 1977).

Bharadwaj and Kumar (1986) reported three assemblage
zones according to the abundance of (A) Dictyophyllidites (late
Early Jurassic), (B) Cyathidites (early Middle Jurassic) and (C)
Klukisporites (late Middle Jurassic). They argued that the FOO
of Klukisporites variegatus is indicative for the late Middle
Jurassic. Their palynozones B and C can be correlated with the
current study on theHojedk Formation inwell no. 233. Common

Fig. 6 Proxies used for palaeoenvironmental interpretation of the Hojedk
Formation in well no. 233. a The ratio of PH/AOM/MP shows that PH is
more than 70% throughout the formation. b The ratio of AOM(T)/
AOM(O) indicates a high oxygen content and low sedimentation rate. c
The ratio of P1/ P2 indicates that the sediments were deposited in a
shallow nearshore environment. d The ratio of BP/OP shows a high level
of oxygen in the depositional environment. PH phytoclasts, AOM amor-
phous organic matter, MP marine palynomorph, AOM(T) translucent
amorphous organic matter, AOM(O) opaque amorphous organic matter,
P1 dark equidimensional phytoclasts, P2 dark elongated phytoclasts, BP
brown palynomorphs, OP opaque palynomorphs

R

Table 2 Ratio of BP/OP and percentage of palynomorph occurrence per sample

Sample
no.

Depth
(m)

Marine
palynomorph

Spore and
pollen

P1 P2 Transparent
AOM

Opaque
AOM

Wood and
cuticle

Brown
palynomorph

Lability
BP/Op

48 10 0 0.1 91.5 2.9 0.5 4.1 1.3 1.4 0.01
47 20 0 0 91.9 4.6 0.5 3.5 0 0 0
46 30 0 0.1 78.6 10.5 0.5 5.4 5.4 5.5 0.06
45 40 0 0 95.1 2.4 0.5 2.5 0 0 0
44 50 0 0.1 71.7 1.3 0.5 26 0.4 0.5 0.005
43 60 0 0 83.9 6.7 0.4 8.7 0.5 0.5 0.005
42 70 0.1 0.1 79.4 6.1 0.4 14.4 0 0.1 0.001
41 80 0.1 0.1 72.3 10.3 0.4 13 3.7 3.8 0.04
40 90 0 0 82.3 8.3 0.4 8.3 0.9 0.9 0.009
39 100 0 0 78.2 3.3 0.5 6.2 6.1 6.1 0.07
38 110 0 0 67.5 12.3 0.5 16.8 2.3 2.3 0.02
37 120 0 0 82.8 2.9 0.5 14.2 0 0 0
36 130 0 0 85.3 11.3 0.5 3.3 0.1 0.1 0.001
35 140 0 0 82 11.2 0.5 6.4 0 0 0
34 150 0 0.2 82 5.3 0.6 11.3 0.7 0.9 0.008
33 160 0 0.3 85.9 6.1 0.5 6.8 1.1 1.4 0.01
32 170 0 0 80 11.7 0.5 7.5 0.5 0.5 0.005
31 180 0 0 85.3 7.2 0.5 7.2 0.1 0.1 0.001
30 190 0 0.2 83 6.6 0.5 9.5 0 0.4 0.002
29 200 0 5.6 70 7.6 0.5 9.3 1.1 6.7 0.08
28 210 0 0 87.8 3 0.5 8.7 0.3 0.3 0.003
27 220 0 0 90.4 7.1 0.5 2.3 0 0 0
26 230 0 0 88.3 4.4 0.5 7 0.3 0.3 0.003
25 240 0 0 96.4 1.3 0.5 2.2 0 0 0
24 250 0 0 61.9 16 0.5 14.4 7.5 7.5 0.09
23 260 0 0.1 88.8 3.2 0.5 7.5 0.3 0.4 0.003
22 270 0 0 84 6.6 0.5 8.2 0.5 0.5 0.005
21 280 0 0 66.5 16.3 0.5 10.9 6 6 0.07
20 290 0 0 92 4 0.6 2.8 0.1 0.1 0.001
19 300 0 0 63.8 15 0.1 17.1 3.7 3.7 0.04
18 310 0 0 77.2 11.2 0.1 9 2.4 2.4 0.02
17 320 0 0.2 68.9 13.1 0.1 17.6 0.1 0.3 0.003
16 330 0 0.2 76.2 10 1 10.8 1.8 2 0.02
15 340 0 0.3 82 9.7 0.1 5.8 1.7 2 0.02
14 350 0 0.3 76.1 8.6 0.2 12.7 1.8 2.1 0.02
13 360 0 0 81.2 9.2 0.1 8.8 0.6 0.6 0.006
12 370 0 0.7 61.7 10 1.3 21.3 4.6 5.3 0.07
11 380 0 0 78.4 11.4 0.2 10 0 0 0
10 390 0 0 85.9 9.4 0.6 4.2 0.4 0.4 0.004
9 400 0 0.2 67.3 13.8 0.6 16 2.1 2.3 0.02
8 410 0 0.5 64 16.8 0.6 17.3 0.2 0.7 0.008
7 420 0 0.1 75.6 13.8 0.6 10 0.2 0.3 0.003
6 430 0 0 73.9 12.2 0.6 12.2 1.1 1.1 0.01
5 440 0 0 72.7 15.5 0.6 10.4 0.9 0.9 0.01
4 450 0 0.1 78.5 14.4 0.6 6.4 0.5 0.6 0.006
3 460 0 0.2 58.7 18.5 0.4 20 1.7 1.9 0.02
2 470 0 4.9 46 25.5 0.3 19.3 3.9 8.6 0.1
1 480 0 0.1 58.5 31.3 0.5 7.5 2 2.1 0.02
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miospores between the two studies are Araucariacites,
Cyathidites, Cycadopites and Dictyophyllidites.

Sajjadi et al. (2007) studied the Kashafrud Formation in the
Senjedk section, Kopet Dagh Basin, and reported three assem-
blage zones (A–C) from the Bajocian–Bathonian. They reported
the followingmicroflora, which could also be seen in the current
study: Concavissimisporites punctatus, Cyathidites australis,
Deltoidospora sp., Dictyophyllidites harrisii, Klukisporites
variegatus,Osmundacidites wellmanii, Araucariacites australis
and Callialasporites dampieri.

Dehbozorgi et al. (2013) studied the Dalichai and the
Baghamshah formations in the east of Semnan. They
reported the Klukisporites Zone and the K. variegatus
Subzone of Arjang (1975) for these strata, which are indica-
tive for the late Bajocian-Callovian. Moreover, they defined
the Callialasporites dampieri Assemblage Zone, which en-
compasses the Dictyosporites complex Oppel zone (late
Bathonian) and the Klukisporites variegatus subzone (late
Bathonian-Callovian) for the Baghamshah Formation. The
Klukisporites variegatus subzone, introduced for the
Baghamshah Formation, can be correlated with the Hojedk
Formation in the well no. 233. Among the miospores report-
ed by Dehbozorgi et al. (2013), the following could also be
seen in this study: Concavissimisporites punctatus,
Concavissimisporites verrucosus, Cyathidites australis,
Dictyophyllidites harrisii and Osmundacidites wellmanii.
Araucariacites australis, Callialasporites dampieri, and
Cycadopites spp.

Hashemi-Yazdi et al. (2014) and Hashemi-Yazdi (2015)
studied the Hojedk Formation in the Eshkeli section in the
Kerman Block and found the Klukisporites Zone and the
K. variegatus Subzone of Arjang (1975), which are indicative
of late Bajocian–Bathonian. They reported some miospores

among which the following are in common with the current
study: Cyathidites australis, Concavissimisporites punctatus,
Dictyophyllidites harrisii, Klukisporites scaberis, Limbo-
sporites lundbladii, Osmundacidites wellmanii and
Callialasporites dampieri.

Global correlation

Since the late 1950s, many studies were conducted on
Jurassic sediments and a number of palynozones have been
introduced for this period (cf. Hashemi-Yazdi et al. 2014).
In this section, we compare our results with those of pre-
vious studies on Jurassic successions in other regions of
the world.

Asia

Ashraf (1977) suggested that the Early–Middle Jurassic
boundary in Afghanistan is concurrent with the genus
Ischyosporites (Klukisporites) and the Middle–Late Jurassic
is concurrent with the FOO of the genus Concavisporites
(Dictyophyllidites). Furthermore, this author defined the
Ischyosporites (Klukisporites) variegatus – Duplexisporites
(Striatella) problematicus (seebergensis) palynozone for
Middle Jurassic sediments which encompasses very few
miospores shared with the present material.

Tripathi (2001) studied the microflora of the Rajmahal
Basin in India and described 10 palynozones, reaching from
the Early Permian up to the Early Cretaceous. Among all
palynozones, only Assemblage 5, which indicates an
Aalenian-Bajocian age, is comparable with the current study.

Tripathi (2004) described three assemblage zones for the
Rajmahal Basin in India. This author argued that the high

Table 3 Inferred botanical affinities of spore and pollen genera identified in this study. Principal sources of information concerning botanical
relationships of sporae dispersae: Potonié (1962, 1967), Filatoff (1975), Filatoff and Price (1988), Balme (1995) and Abbink (1998)

Miospore Botanical affinity Genus affinity

Anapiculatisporites Bryophyte?

Biretisporites Fern, Hymenophyllaceae, Pteridaceae?

Concavissimisporites Fern, Cyatheaceae, Dicksoniaceae, Lygodiaceae Ferizianopteris, Dicksonia, Coniopteris

Converrucosisporites Fern, Dipteridaceae Clathropteris, Dictyophyllum

Cyathidites Fern, Cyatheaceae, Dicksoniaceae Ferizianopteris, Dicksonia, Coniopteris

Deltoidospora Fern, Dipteridaceae, Dicksoniaceae Clathropteris, Dictyophyllum, Ferizianopteris, Dicksonia, Coniopteris

Dictyophyllidites Fern, Dipteridaceae, Matoniaceae Phlebopteris, Clathropteris, Dictyophyllum

Granulatisporites Fern

Klukisporites Fern, Schizaeaceae Klukia

Osmundacidites Fern, Osmundaceae Todites

Verrucosisporites Fern

Araucariacites Conifer, Araucariaceae

Callialasporites Conifer, Araucariaceae

Cycadopites Cycadophyta, Ginkgoales, Peltaspermales Pterophyllum, Anomozamites, Ptilophyllum, Nilssonia
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abundance of Callialasporites is indicative for the Middle
Jurassic, from which only one species could be found in the
current study. In addition, he described the palynozone

Assemblage 1 for the Middle Jurassic including
Concavissimisporites, Klukisporites and Callialasporites,
which are present in the current study as well.

Fig. 7 The abundance per sample of the miospore species observed in the Hojedk Formation (well no. 233)
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Jiang et al. (2008) studied the palynomorphs of the Tarim
Basin in Northwest China. Among the miospores recovered
by these authors, the following are found also in the present
study: Callialasporites dampieri, Cyathidites australis,
Dictyophyllidites harrisii, Klukisporites variegatus and
Osmundacidites wellmanii.

Ashraf et al. (1999, 2010) studied palynomorphs from the
Triassic and Jurassic in the Junggar Basin (NW China) and
reported the Ischyosporites (Klukisporites) variegatus–
Duplexisporites (Striatella) problematicus (seebergensis)
zone, indicative for a Middle Jurassic age, from the uppermost
part of the lower Sangonghe Formation, the upper Sangonghe
Formation and the Xishanyiao Formation. They stated that
these taxa are also known from other regions, like Afghani-
stan, Iran and Germany and can thus be used for long-range
palynostratigraphical correlation. These, and more recent
studies from the Junggar Basin (Sha et al. 2011, 2015) show
that the miospore assemblage are comparable with those of
this study, especially regarding the occurrence of
Ischyosporites (Klukisporites) variegatus and Cycadopites sp.

Europe

Stefanowicz (2008) reported five palynozones (A–E) for the
microflora of Scotland. Palynozone D, indicating middle
Bajocian–early Bathonian, is comparable with the current
study. Among the miospores recovered by Stefanowicz
(2008), Araucariacites, Ischyosporites (Klukisporites) and
Callialasporites were also found in the current study.

Ainsworth and Riley (2010) studied Triassic–Middle
Jurassic (Bathonian) successions in Southern England. Among
the miospores recovered by these authors, the following are
found in the present study: Callialasporites and Deltoidospora.

Rostovtseva (2011) reported two palynozones for the
Bathonian (Palynocomplex I) and the Callovian (Palyno-
complex II) for the sediments of the Middle Jurassic north-
west of Moscow. Based on the common occurrence of
miospores such as Cyathidites australis, Klukisporites
variegatus and Osmundacidites, the palynozone she de-
scribed for the Bathonian can be correlated with the sedi-
ments of the Hojedk Formation in well no. 233.

Slater et al. (2017) investigated miospores assemblages
from Middle Jurassic marine deposits of the Brent Group in
the northern North Sea to evaluate vegetation and depositional
processes. Among the miospores, only Deltoidospora is a
common taxon between their and this study.

Shevchuk et al. (2018) described two assemblages zones
for Jurassic (Bathonian) sediments of the Donbas, northeast
Ukraine. Twenty-six spores and 19 pollen taxa were identified
from assemblage A, which is dominated by the genera
Cyathidites and Osmundacidites, and is dated as middle
Bathonian. These two taxa are in common with this study.
Also, 27 spores and 22 pollen taxa were identified from as-
semblage B. In this assemblage pollen grains are abundant.

Middle Jurassic spores and pollen from the Ravenscar
Group of Northern Yorkshire from dinosaur foot prints were
investigated by Slater et al. (2018) in order to reconstruct the
vegetation and assess possible dinosaur-plant interactions.
Common taxa are Deltoidospora spp., Dictyophyllidites
harrisii, Araucariacites australis, Cycadopites spp. and
Callialasporites spp.

Australia

Balme (1957) described three assemblage zones for the Jurassic-
Early Cretaceous in Australia (I, IIa and IIb respectively). Later
on, Balme (1964) modified the described palynozones to the
Exesipollenites Assemblage (for the Early–Middle Jurassic),
the Dampieri Assemblage Zone (for the Middle–Late Jurassic)
and theMicrocachryiditesAssemblage for the Early Cretaceous.
He found that pollen grains are most abundant in the Middle
Jurassic, which is in contrast to the current study. Among the
miospores reported by Balme (1964), Cyathidites and
Araucariacites australis are also present in this study.

Reiser and Williams (1969) defined an assemblage zone for
the Surat Basin in Queensland, Australia, which was named
Tsugaepollenites (Callialasporites) segmentatus–
Tsugaepollenites (Callialasporites) dampieri zone. This
palynozone indicates Toarcian-Tithonian. Among all the species
reported by these authors, only Callialasporites dampieri was
seen in the sediments of the Hojedk Formation in well no. 233.

Filatoff (1975) studied Jurassic sediments in the west of the
Perth Basin in Western Australia. This author reported two

Fig. 8 Schematic diagram showing the relative frequency of the parent
plants of the miospores identified in this study

Fig. 9 Plant macroremains from well no. 233 in southern Kuchak-Ali
area (Tabas block). a Annulariopsis simpsoni (Phillips) Harris, 1946. b
Equisetites lateralis Phillips, 1829 emend. Gould, 1968. c Diaphragm of
Equisetites lateralis Phillips emend. Gould, 1968 (= Equisetum laterale
Phillips 1829). d Spiropteris sp. e Dictyophyllum sp. f Sterile frond of
Klukia westii Jacob and Shukla, 1955. g Fertile frond of Klukia exilis
(Phillips) Raciborski, 1890, h Sterile frond of Klukia exilis (Phillips)
Raciborski, 1890. i Marattiopsis munsteri (Geoppert) Shimper, 1869. j.
Cladophlebis denticulata (Brongniart) Fontaine, 1889. k Ferizianopteris
undulata Fakhr, 1975. l Sterile and fertile frond of Coniopteris
hymenophylloides (Brongniart) Seward, 1900 emend. Harris, 1961. m
Sagenopteris iranica Fakhr, 1975. n Sagenopteris colpodes Harris, 1940

b
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palynozones indicating Hettangian-Bajocian and Bajocian-
Kimmeridgian [i.e. Exesipollenites tumulus Assemblage
Zone (Filatoff 1975) and Callialasporites dampieri
Assemblage Zone (Filatoff 1975) respectively]. The following
miospores are shared between this report and the present
study: Converrucosisporites variverrucatus (verrucosus),
Klukisporites neovariegatus (variegatus), Klukisporites
scaberis and Callialasporites dampieri.

Helby et al. (1987) introduced two superzones in Australia:
the Callialasporites dampieri superzone indicating Hettangian-
Kimmeridgian and theMicrocachryidites superzone indicating
Tithonian-Albian. There is one species, Callialasporites

dampieri, which is shared between this study and the current
study on the Hojedk Formation.

McKellar (1998) studied Middle Jurassic miospores in the
west of Australia and reported eight palynozones ranging from
Hettangian to Tithonian. Due to the lack of the key species
Aequitriradites norrisii in the present study, his reported
biozone (Retitriletes circolumenus Association Zone) which
indicates Bajocian–early Bathonian, could only partially be cor-
related with the Hojedk palynoflora. However, Klukisporites
scaberis, Klukisporites variegatus and Callialasporites spp.
could also be found in this study.

Mantle and Riding (2012) studied the palynomorphs of the
Middle Jurassic in multiple basins in Australia and reported
somemiospores amongwhich the following could be found in
this study as well: Concavissimisporites, Cyathidites,
Dictyophyllidites, Klukisporites, Osmundacidites and
Araucariacites.

Argentina

Quattrocchio et al. (2001) studied the miospores of the Middle
Jurassic in the Guyo Group (Lajas and Callaco formations) from

Fig. 11 The palaeofloristic
divisions of the Early–Middle
Jurassic showing the Central Iran
Block as part of the Indo-
European and Mid-Asian prov-
inces, modified after Vakhrameev
(1991)

Fig. 10 Plant macroremains from well no. 233 in southern Kuchak-Ali
area (Tabas Block). a Fertile pinnules of Todites williamsoni (Brongniart)
Seward, 1900. b Sterile pinnules of Todites williamsoni (Brongniart)
Seward, 1900. c 1. Pterophyllum schenki Zeiller, 1903, 2.
Anomozamites thomasi Harris, 1969. d Ptilophyllum pectinoides
(Phillips) emend. Harris, 1969. e Pterophyllum sp. f Nilssonia bargi-bidi
Barnard and Miller, 1976. g. Nilssonia herriesi (Harris) Schweitzer et al.
2000. h Nilssonia sp. i Male cone of Elatides thomasii Harris, 1979. j
Podozamites distans (Presl 1838) Braun, 1843

R
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Argentina. Based on the presence of Deltoidospora,
Biretisporites, Osmundacidites, Dictyophyllidites, Klukisporites,
Araucariacites,Callialasporites andCycadopites, their study can
be correlated with this study.

Volkheimer et al. (2008) studied the palynoflora recovered
from the North of Argentina and reported somemiospores from
the Triassic–Middle Jurassic, among which Araucariacites,
Callialasporites and Dictyophyllidites, were also found in the
present study.

Stukins et al. (2013) investigated the Middle Jurassic of the
Lajas Formation, Neuquen Basin in Argentina. On the basis of
the occurrence of the common taxa Deltoidospora,
Araucariacites australis and Callialasporites spp. their study
could only partially be correlated with the Hojedk Formation
palynoflora.

Other localities

Ibrahim et al. (2001) studied Jurassic sediments in the Eastern
Desert of Egypt. They introduced the Converrucosisporites
spp., Verrucosisporites spp., Trilobosporites spp. assemblage
zone (Ibrahim et al. 2001) indicating a Bajocian-Callovian
age. This palynozone starts with Classopollis (Corollina)
torosa, Concavissimisporites variverrucatus (verrucosus),
Dictyophyllidites harrisii,Camarozonosporites sp. (ramosus),
Verrucosisporites varians and Klukisporites variegatus and
ends at the FOO of Cicatrocosisporites spp. Within this
palynozone Concavissimisporites, Converrucosisporites,
Klukisporites and Verrucosisporites are most abundant.
Except the three genera Trilobosporites, Cicatricosisporites
and Classopollis none of the miospores mentioned above
have been found in the current study.

Ahmad et al. (2014) defined a Middle Jurassic (Bathonian)
Callialasporites dampieri–Murospora florida assemblage for
the Hamam Formation in the western part of the Wadi Zarqa
region in northwestern Jordan. This assemblage is
characterised by the occurrence of Callialasporites dampieri,
Callialasporites trilobatus, Murospora florida, Corollina
torosa, Osmundacidites wellmanii, Granulatisporites
jurassicus, Cyathidites australis, Cyathidites minor,
Protopinus scanicus, Klukisporites variegatus, as well as a
number of other taxa diagnostic for a Jurassic age.
Callialasporites dampieri, Osmundacidites wellmanii,
Cyathidites australis and Klukisporites variegatus are also
common miospores in the current study.

Conclusions

Thirteen spore species belonging to 11 genera and three pollen
species belonging to three genera were recognised from the
Hojedk Formation in the well no. 233 located in the Kuchak-
Ali area, south of Tabas Block, Iran. Due to the high

abundance of this spore type, a Klukisporites variegatus acme
zone is introduced. According to the biostratigraphic age of
relevant miospores (i.e. Klukisporites scaberis and
Klukisporites variegatus), the formation is dated as Middle
Jurassic, which is in agreement with data derived from plant
macrofossils. Terrestrial palynomorphs are more abundant,
when compared to the marine palynomorphs, pointing to a
shallow nearshore environment. Palynological data gained
from the formation show that (A) equidimensional phytoclasts
are dominant, (B) AOM is the main contributor to organic
matter and the ratio of transparent AOM/dark AOM is more
than one and (C) the ratio of BP/OP is less than one through-
out the whole section. These data indicate that the Hojedk
Formation was probably deposited in an oxygenated deltaic
system in which the sedimentation rate was low and the pres-
ervation of organic matter was poor. In addition, the presence
of marine palynomorphs in very short intervals indicates that
probably the sea level transgressed temporarily during the
deposition of the formation. Parental plants of miospores are
ferns, ginkgophytes, conifers, and bryophytes, which are usu-
ally regarded as representatives of a relatively warm and hu-
mid climate. Also, the correlation of the parental plants with
previous palaeofloristic reports shows that the formation was
deposited in the Mid-Asian part of the surrounding Indo-
European province of the Northern Hemisphere.
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