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Abstract
Jurassic deposits are well exposed in the Bazehowz area, South west of Mashhad city, East Alborz, Iran. It contains plant macrofossils
belonging to eighteen species of eleven genera of various orders such as Equisetales, Filicales, Bennettitales, Cycadales,
Corystospermales, Caytoniales, Ginkgoales and Pinales. Two biozones were recognized in the type section of Bazehowz Formation.
Biozone | is an assemblage biozone with its lower and upper boundaries identified by first observed occurrence (FOO) and the last
observed occurrence (LOO) of Nilssonia rigida, Nilsssonia sp. cf. N. bozorga and Nilssonia feriziensis. Since there are species from
Liassic such as Nilssonia rigida and uppermost Liassic such as Nilssonia feriziensis and Nilssonia sp. cf. N. bozorga, a Toarcian age
is suggested for this biozone. Biozone Il is an interval zone with its lower and upper boundaries identified by FOO of Klukia exilis and
Ptilophyllum vasekgahenses and Coniopteris hymenophylloides and Ctenozamites cycadea, respectively. According to occurrence of
Klukia exilis, a lowermost Middle Jurassic age is suggested for the lower boundary and based on the occurrence of Coniopteris
hymenophylloides Aalenian age is considered for upper boundary of Biozone Il. On the basis of relative abundance of Filicales

(%16.6), Bennettitales (%27.7) and Cycadalesiit is considered a humid sub-tropical climate for this period of time.
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Introduction

Jurassic plant macrofossils have been found at
many locations in Iran but existing Jurassic
paleobotanical data from Binalud are sparse. Vaez-
Javadi and Pourlatifi (2002; 2004) described and
figured four and eight species from the Rhaetian of
Dizbad-e-Bala and the Middle Jurassic of
Golmakan (East Alborz), respectively. Saadatnejad
et al. (2010) described and figured thirty-nine
species from the Toarcian-Bgjocian of Shandiz (NE
Iran). Information from new localities represents
important additions to a database used in global
phytogeographic and climate studies. Herein, is
reported a smal florule from the Jurassic of
Bazehowz area, SW of Mashhad city, a new fossil
plant locality on the Binadud Mountains. The
Jurassic period is generaly characterized by
equable and stable climate and a lack of dragtic
climatic events. Vakhrameev (1991) and more
recently, Rees et al. (2000) and Vaez-Javadi (2014)
developed paaeoclimatic reconstructions on the
basis of paeophytoecologica data. Distribution
patterns and adaptative mechanisms of plant taxa
are interpreted in this framework. Taxonomic
studies from new localities provide valuable data
for improving climatic and paaeogeographic
interpretations. The plant macrofossils described
herein were collected from a measured stratigraphic

section in Southeastern Mashhad City, N 36° 3,
and E59° 33" (Fig. 1).

Material and Methods

A total of 74 plant macrofossil samples were
collected from the Bazehowz Formation, South
West Mashhad city. Material cited in this work
(prefixed AJBM; acronym for Allameh, Javadi,
Bazehowz and Mashhad) is held in the collections
of the Paleontology Laboratory of the Department
of Idamic Azad University, Mashhad Branch. They
are preserved in siltstone as compressions of
variable sized fragments with almost complete
pinnules/leaves.

Lithostratigraphy and biostratigraphy

The studied section is about 249 m thick without
obvious unconformities and consists of successions
of conglomerates, sandstones, siltstones, and dark-
grey to dightly olive shale bearing plant fossils.
There is no evidence of fossils or sediments of
marine origin in this section. Three layers contain
relatively abundant plant fossils (Fig. 2). Assereto
(1966) established the Shemshak Formation based
on a type section to the east of Shemshak village.
He divided it into four informa members (A to D)
represented  by: lower sandstone,  lower
carbonaceous series, upper sandstone and upper
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Figurel. Geological and location map of the studied section (Geological map of Mashhad 1:250000) Source: Afsharharb et al. (1986)

carbonaceous series. Firsich et al. (2009a;b) raised
the Shemshak Formation to group status. The base
of this group rests unconformably on a succession
of older strata beginning with the Middle Triassic,
Elika Formation. The Dalicha Formation
unconformably overlies the Shemshak Group in
Central Alborz. Wilmsen et al. (2009) studied a
Liassic-early Bajocian age of non-marine sequence
of the Binalud Mountains which is equivalent to the
Jurassic part of the Shemshak Group in Southern
Alborz. Based on lithological and sedimentary
features, as well as on dratigraphic succession,

three formations are differentiated. These
formations from the base upwards are: 1. Arefi
Formation, 2. Bazehowz Formation, and 3. Aghounj
Aghounj Formation.

The Bazehowz Formation consists of
argillaceous silt-fine-sandy silt aternating with
large-scale through cross-bedded, medium- to
coarse-grained sandstone, pebbly sandstones and
fine-grained conglomerates forming beds of up to
10-30 m in thickness (Wilmsen et al., 2009). There
are three greenish-grey colored shale consisting
plant fossils. The Aghounj Formation is overlying
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this formation. Wilmsen et al. (2009) did not
sharply identify lower and upper boundaries of the
Bazehowz Formation. Two biozones were
recognized in this section; Biozone | is an
assemblage biozone with its lower and upper
boundaries identified by FOO (First Observed
Occurrence) and LOO (Last Observed Occurrence)
of Nilssonia rigida, Nilsssonia sp. cf. N. bozorga
and N. feriziensis.

Since there are species from the Liassic age such
as Nilssonia rigida (Schweitzer et al., 2000) and
uppermost Liassic such as Nilssonia feriziensis and
Nilssonia sp. cf. N. bozorga (Fakhr, 1997), a
Toarcian age is suggested for this biozone. Biozone
Il is an interval zone with its lower boundary
identified by FOO of Klukia exilis and Ptilophyllum
pecten and upper boundary by FOO of Coniopteris
hymenophylloides and Ctenozamites cycadea.
According to occurrence of Klukia exilis, a
lowermost Middle Jurassic age (Schweitzer et al.,
2009) is suggested for the lower boundary and
based on the occurrence of Coniopteris
hymenophylloides an Aaenian age is considered for
the upper boundary of Biozonell.

Systematic palaeobotany

The flora contains eighteen species within eleven
genera from various orders such as Equisetales,
Filicales, Bennettitales, Cycadales,
Corystospermales, Caytoniales, Ginkgoales and
Pinales. The florafrom thislocality is here reported
for thefirst time.

Division: Sphenophyta
Class: Sphenopsida
Order: Equisetales
Genus: Equisetites Sternberg, 1833

Equisetites beanii (Bunbury, 1851) Seward, 1894
emend. Harris, 1961 (Plate 5, Fig. 7b)
Class. Leptosporangiopsida
Order: Gleicheniaes
Family: Dicksoniaceae

Genus: Coniopteris Brongniart, 1849

Coniopteris hymenophylloides (Brongniart, 1828)
Seward, 1900 (Plate 1, Figs. 1, 2, 5)
Order: Filicales
Family: Schizaeaceae

Genus: Klukia Raciborski, 1890
Klukia exilis (Phillips, 1829) Raciborski, 1890
(Plate 1, Figs. 6, 7)

Division: Pteridospermophyta
Order: Caytoniaes
Family: Caytoniaceae
Genus: Caytonia Thomas, 1925
Caytonia sp. (Plate 4, Fig. 4)
Order: Corystospermales
Family: Incertae Sedis
Genus:. Ctenozamites Nathorst, 1886 emend.
Harris, 1964
Ctenozamites cycadea (Berger, 1832) Schenk, 1887
(Plate 4, Figs. 1, 2)

Division: Cycadophyta
Order: Cycadales

Genus:. Nilssonia Brongniart, 1825
Nilssonia sp. cf. N. bozorga Barnard & Miller, 1976
(Plate 3, Fig. 1)
Nilssonia feriziensis Fakhr, 1977 (Plate 2, Figs. 1,
2; Plate 3, Figs. 5, 6)
Nilssonia rigida Schweitzer, Kirchner & van
Konijnenburg-van Cittert, 2000 (Plate 2, Figs. 4, 5)
Nilssonia sp. cf. N. tazarensis (Sadovnikov, 1991)
Schweitzer, Kirchner & van Konijnenburg-van
Cittert, 2000 (Plate 2, Fig. 2)
Nilssonia undulata Harris, 1932 (Plate 2, Fig. 3;
Plate 3, Fig. 3)

Division: Uncertain /? Cycadophyta
Order: Bennettitales
Genus: Otozamites Braun, 1842
Otozamites harrisianus (Kilpper, 1968) Schweitzer
& Kirchner, 2003 (Plate 5, Fig. 3)
Genus: Ptilophyllum Morris, 1840
Ptilophyllum pecten (Phillips, 1829) Morris, 1841
emend. Harris, 1969 (Plate 3, Fig. 2; Plate 5, Figs.
4, 6)
Ptilophyllum harrisianum Kilpper 1968 (Plate 5,
Fig. 1)
Ptilophyllum vasekgahense Barnard & Miller, 1976
(Plate 5, Fig. 2)
Genus. Williamsonia Carruthers, 1870 emend.
Harris, 1969
Williamsonia sp. (Plate 5, Fig. 7b)

Division: Ginkgophyta

Order: Ginkgoales

Genus Ginkgoites Seward, 1900

Ginkgoites parasingularis Kilpper, 1971 (Plate 3,
Fig. 4; Plate 5, Fig. 5)

Division: Pinophyta/ Coniferophyta
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Class: Pinopsida/ Coniferopsida Podozamites distans (Pred, 1838) Braun, 1843
Order: Pinales Coniferaes (Plate 4, Fig. 3)
Genus: Podozamites Braun, 1843
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Figure 2. Biostratigraphy of the fluvial Bazehowz Formation
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Figure 3. 1. Coniopteris sp. cf. C. murrayana, Fig. 2. Nilssonia feriziensis, Fig. 3. Ginkgoites parasingularis, 4. Nilssonia rigida.
Scale bars= 1 cm.
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Figure 4. 1. Ctenozamites cycadea, 2. Coniopteris hymenophylloides, 3. Caytonia sp., 4. Nilssonia rigida. Scale bars= 1cm

Geographic and stratigraphic distribution of Basin and Tabas areas in the early Middle Jurassic.
taxa Similar plant macrofossil assemblages have been
Floristic association described here is widespread in distinguished from the Shemshak Group in the
in the Centra-East Alborz Mountains, Kerman Alborz Mountains a Tazareh, Zirab, Sangrud,
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Djam, Vasekgah, Iva, Rudbarak, Golmakan, Ferizi, and geographic distribution of different identified
and the Hojedk Formations in the Kerman Basin at species in this study throughout Iran and from the
Pabdana, Dasht-e-Khak, Hashooni mine, Eshkeli, world is summarized in Tables 1, 2 and Figures 5
Babnizo and in the Tabas areas at Kouchekali, Jafar and 6.

Abad and Mazino Formations. The stratigraphic and

Table 1. Stratigraphic range and pal aeogeographic distribution of the plant macrofossils in the Bazehowz Formation throughout Iran
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S HE S HER SR AN T IR A R
y & | 8 |gl3| S 2 aﬁ%ggu-3§§§~oa§5§i
c = N
Localities o3 88| 5 3 3 g |2] B § N3 2|58 3 [3|Z&
T D = c = o B
2 < s s 2 3
5 3
L~ > = = = N (&) oo Ny v ~ w ol = [ = N = = = = N N N
S p - p > S - - o - w - - N oo o N = © © N o (=]
TN o N o - = = - = = oo = - - -
= - = - N (&) N N ~ |l - (& N n = n n =
o~ © N N = - - &) - = o o ©o o o (&
= N - [ - = = v N
R o = = ~ S v N bSY
~ o S - N N N o
) = N N = N =
N = = = vl =
PR L o
P
B 5 |R
v N = N
e o L
n » N
[ =
Authors
1- Kilpper (1964), 2- Kilpper (1968), 3- Alavi & Barale (1970), 4- Kilpper (1971), 5- Barnard & Miller (1976), 6- Sadovnikov (1976), 7- Corsin & Stampfli (1977), 8-Fakhr
(1977), 9- Sadovnikov (1984), 10- Sadovnikov (1991), 11- Schweitzer & Kirchner (1995), 12- Schweitzer & Kirchner (1996), 13- Schweitzer et a. (1997), 14- Schweitzer
& Kirchner (1998), 15- Schweitzer et al. (2000), 16- Vaez-Javadi & Ghavidel-Syooki (2002), 17- Schweitzer & Kirchner (2003), 18- Vaez-Javadi & Pour-Latifi (2004), 19-
Vaez-Javadi & Mirzaei-Ataabadi (2006), 20- Vaez-Javadi (2008), 21- Schweitzer et al. (2009), 22- Saadatnejad et al. (2010), 23- Vaez-Javadi (2011), 24- Vaez-Javadi
(2012), 25- Vaez-Javadi & Abbasi (2012), 26- Vaez-Javadi (2014)
Species Age
Equisetites beanii eaIyMlque o * * * * * * *
Jurassic
Coniopteris Middle * x| * * * * * * x| ox * * x| o*
hymenophylloides Jurassic
K . Uppermost
Comopreris Early-Middle | * | *| *
Vel Jurassic
Klukia exilis Middle « « * x| s _r * |
Jurassic
Ctenozamites Middle-Late N .
cycadea Jurassic
Uppermost
Nilssonia bozorga Early-Middle * * * *
Jurassic
. . Uppermost
Nissonia Early-Middle | | o
eriziensis :
Jurassic
Nilssoniarigida Early Jurassic *
Nil . Late
i'ssonia Rhaetian- * * *
tazarensis Middle
Jurassic
Nilssonia Rhaetian-
i x| x| * x| ox * x| o«
undulata M'ddl.e
Jurassic
. middle Early-
Otozamites Middle * * *
harrisianus :
Jurassic
. Uppermost
Ptilophyllum N
harrisanum Early-Middie * * *
Jurassic
Ptilophyllum Middle % N
pecten Jurassic
Ptilophyllum Middle . .
vasekgahense Jurassic
Ginkgoites Ealy-Middle | , | . % . « «
parasingularis Jurassic
. Rhaetian-
Podozamites e | . . N S I I N
distans :
Jurassic
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Table 2. Stratigraphic range and palaeogeographic distribution of the plant macrofossils in the Bazehowz Formation throughout the

world

Talbragar (New South Wales) Walkom (1921), White (1981) Jurassic * *
K awhia Harbour, Curio Bay( New Zealand ) Edwards (1934), Arber (1917) Jurassic *
Montana (U.S.A) E. Cretaceous *

Lapasha and Miller (1985)

Hoor, Palg 6 (Scania, Sweden)

Nathorst (1886, 1878), Halle (1908), Antevs (1919)

Rhaetian- E. Jurassic

Scoresby Sound (E Greenland)

Harris (1932)

E.-M. Jurassic

Yorkshire (England)

Brongniart (1829), Bunbury (1851), Zigno (1856),
Phillips (1829, 1875), Seward (1898, 1900),
Thomas (1912), Harris (1946, 1961, 1964, 1969,
1979), van Konijnenburg-van Cittert (2008)

Middle Jurassic

Poland

Raciborski (1890, 1894)

M. Jurassic

Frankens (Germany)

Berger (1832), Pred (1838), Braun (1843)

Rhaetian-M. Jurassic

Bassin delaLoire (France)

Saporta (1872, 1891), Corsin (1950)

Rhaetian- E. Jurassic

Tuar-Kyr (Turkmenistan)

Duan (1987)

Middle Jurassic

Dahana-i-Tor, Karkar, Ishpushta Afghanistan

Seward (1912), Sitholey (1940), Jacob & Shukla
(1955), Benda (1964)

Middle Jurassic

Ferghana (E. Kazakhstan)

Brick (1937, 1953)

Tkvarchelian (Transcaucasia)

Prynada (1933), Delle (1967)

Middle Jurassic

Kansu, Hupeh. Shensi, W. Hubei (China) Sze (1933, 1949), Lee (1955), Wu et al. (1980) E.-M. Jurassic *
Kamenka, Emba region (Russia) Thomas (1911), Prynada (1938), Stanislavski Jurassic * * *
(1957)
Mongolia Sze (1952) Jurassic *
Quang-Nam, Hongay (Viétnam) Vozenin-Serra & Franceschi (1999) Rhaetian .
Tybsen (Korea) Kawasaki (1926) E. Cretaceous *
Kuwasima (Japan) Jurassic *

Y okoyama (1890, 1906)

Iskawa (Daidd & Tetori Series) Japan

Kawasaki (1926), Oishi (1940), Endo (1952)

M. Jurassic- E. Cretaceous

*

*

Occurences

Authors

Age

Species

Equisetites
heanii
Coniopteris
hymenophy-

Iloides

Coniopteris
murrayana

Klukia exilis

Ctenozamites

cycadea

Nilssonia

Undulata

Ptilophyllum

pecten

Ptilophyllum

vasekgahense

Podozamites

distans
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Figure 5. Comparison chart of distribution of various taxa during the Middle Jurassic in five localities in Iran (Alborz, Kerman Basin
and Tabas area)
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Plate 1. Figs. 1, 2, 5- Coniopteris hymenophylloides; Figs. 3, 4- Coniopteris sp. cf. C. murrayana; Figs. 6, 7- K
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Plate 2. Figs. 1. Nilssonia feriziensis; Fig. 2. Nilssonia sp. cf. N. tazarensis; Fig. 3. Nissonia undulata;
Scalebars= 1 cm
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Plate 3. Fig.hl. Nilssonia sp. cf. N. bozor; Flg. 2 Ptllohyll
parasingularis; Figs. 5, 6. Nilssonia feriziensis. Scale bars= 1 cm.
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Nilssoniarigida. Scale bars= 1 cm.
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Plate 5. Fig. 1. Ptilophyllum harrisianum, Fig. 2. Ptilophyllum vasekgahense, Fig. 3. Otozamites harrisianus, Figs. 4, 6. Ptilophyllum
pecten, Fig. 5. Ginkgoites parasingularis, Fig. 7a. Equisetites sp. cf. E. beanii, Fig. 7b. Williamsonia sp. Scale bars= 1 cm.

Results of this study indicated that Filicophyta Conclusion

and Cycadophyta were relatively quite abundant. In this study, new data have been provided from the
Therefore, the climate was humid and sub-tropical Bazehowz Formation, Binalud, east of Iran. Jurassic
totropical in this area. Jurassic deposits in this section contains plant

macrofossils belonging to eighteen species within
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eight genera of various orders such as Equisetales,
Filicaes, Bennettitaes, Cycadales,
Corystospermales, Caytoniales, Ginkgoades and
Pinales. Two bhiozones were recognized in this
section; Biozone | is an assemblage biozone with its
its lower and upper boundariesidentified by FOO
and LOO of Nilssonia rigida, Nilsssonia sp. cf. N.
bozorga and N. feriziensis. Since there are species
from Liassic such as Nilssonia rigida and
uppermost Liassic such as Nilssonia feriziensis and
Nilssonia sp. cf. N. bozorga, a Toarcian age is
suggested for this biozone. Biozone |l is an interval
zone with its lower boundaryidentified by FOO of
Klukia exilis and Ptilophyllum vasekgahense and

upper boundary by FOO of Coniopteris
hymenophylloides and Ctenozamites cycadea.
According to occurrence of Klukia exili, a
lowermost Middle Jurassic age is suggested for the
lower boundary and based on the occurrence of
Coniopteris hymenophylloides, Aaenian age is
considered for the upper boundary of Biozone Il. It
is noteworthy that variety and relative abundance of
the species of Genus Nilssonia (five species) and
species of Order Bennettitaes (five taxa), as a
macrophyllous cycadophyte, was high within the
Bazehowz area. Furthermore, on the basis of
occurrence of three species of ferns, a humid sub-
tropical climateis suggested for this period of time.
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