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1. Introduction

ABSTRACT

Middle Jurassic sediments of the Hojedk Formation are well-spread in the Tabas Block. In this
study, plant macrofossils of the Takht-e-Saffar open pit mine, southwest Tabas were illustrated. This
formation contains 29 species of plant macrofossils belonging to 17 genera of various orders such
as Equisetales, Marattiales, Osmundales, Filicales, Caytoniales, Cycadales, Ginkgoales, and Pinales.
Based on the occurrence of index plant macrofossils such as Equisetites sp. cf. E. beanii, Nilssonia sp.
cf. N. bozorga, Nilssonia macrophylla, and Elatides thomasii, this plant assemblage is early Middle
Jurassic (Aalenian-Bajocian) in age. According to statistical data, Cycadales with 41.62%, ferns with
29.5%, Caytoniales with 13.93%, and conifers with 9.93% have high relatively abundance herein,
respectively. In addition, the average floral gradient score of this fossil assemblage was calculated as
57.83. Therefore, it is concluded that a ‘warm temperate biome’ has prevailed during this interval.
On the other hand, lithological evidences, such as coal seams, point to humid conditions. Moreover,

mesophyte and megathermic plants were dominated in this locality during this interval.

Middle Jurassic terrestrial macroflora remains are well-
known in various localities in central east [ran microcontinent
such as Calshaneh, Jafar Abad, Chahrekhneh, Mazino,
Calshur, North and South Kouchekali in the Tabas Block
(e.g. Vaez-Javadi, 2014a, 2016, 2018; Vaez-Javadi and
Namjoo, 2016; Mehdizadeh et al., 2019, 2020; Vaez-Javadi

and Abbaszadeh, 2022) and Bahabad in the Yazd Block
(Mehdizadeh, 2019). Moreover, the Hojedk Formation
yield well-preserved plant fossil assemblages in the Kerman
Basin such as Dasht-e-Khak, Pabdana, and Hashooni mine
(Vaez-Javadi and Mirzaie-Ataabadi, 2006) important for

floral comparison analysis (e.g. Vakhrameev, 1991; van
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Konijnenburg-van Cittert, 1971; Barbacka, 2009). This
formation considered middle Bajocian in the Tabas Block by
Wilmsen et al. (2009b).

The aim of this paper is fourfold:

* To introduce and describe the Middle Jurassic plant
macrofossils from the Takht-e-Saffar open coal mine,
southwest of Tabas.

* To determine ‘Floral gradient’ of the flora assemblage
herein and recognize the ‘biome’ of study area, reconstructing
palaeoclimate and paleoenvironment interpretations based
on original data.

* To interpret palacoclimate of plant macrofossils herein by
using ‘eco-plant model’ of Zhang et al. (2021), indicating
humidity (EPH) as well as temperature (EPT) demands with

considering relative abundance of taxa proxies.

2. Research methodology

This study began with a geological survey to the Takht-e-
Saffar open mine located at 82 km southwestern of the
Tabas city. Plant macrofossils gathered, labeled, and sent
to the Palacobotany Laboratory of University of Tehran.
Then, specimens were photographed and photos enhanced
in quality by Photoshop CC 2013. Plates prepared and
fossils identified. Some of them illustrated and described.
Moreover, all taxa countered and statistic table and charts
were drawn. The emphasis was put on the concept of
“biome”, determining main morphocats, comparing floral
gradient scores (Rees et al., 2000), and plants assignment
to Eco-Plant model according to humidity (EPH) as well as
temperature (EPT) demands and related macrofossil taxa
proxies identified (Zhang et al., 2021). Finally, biome and

palaeoclimate recognized.

3. Results and discussions

3.1. Systematic palaeobotany

In this study, 29 plant macrofossil species were identified as
following:

Equisetites sp. cf. E. beanii, Equisetites sp. cf. E. columnaris,
Neocalamites sp. [Order Equisetales]; Marattiopsis
intermedia, Marattiopsis sp. [Order Marattiales]; Todites
fakhrii [Order Osmundales]; Coniopteris hymenophylloides,
Lobifolia iranica, Lobifolia rotundifolia, Lobifolia sp.
[Order Filicales], Cladophlebis sp., Taeniopteris intermedia,
Taeniopteris  sp. [ferns]; Sagenopteris nilssoniana,

Sagenopteris phillipsii [Order Caytoniales/seed ferns];

Ctenis sp., Nilssonia sp. cf. N. acuminata, Nilssonia sp.
cf. N. bozorga, Nilssonia feriziensis, Nilssonia sp. cf.
N. pterophylloides, Nilssonia undulata, Nilssonia sp.,
[Order Cycadales]; Sphenobaiera sp. [Order Ginkgoales];
Cyparissidium  sp., Elatides thomasii, Elatides sp.,
Pagiophyllum insigne, and Podozamites distans [Order

Pinales].

3.2. Statistics data analysis of plant macrofossils

The relative abundance of the reported taxa from the
Takht-e-Saffar locality was studied as well, showing that
relative abundances of Cycadales, Filicales, Caytoniales,
and Coniferales are 41.62%, 29.5%, 13.93%, and 9.93%,

respectively.

4. Conclusion
In this study, new data are provided from the Middle Jurassic,
Takht-e-Saffar, SW Tabas, Central East Iran.

The Middle Jurassic deposits in this open coal mine
contain 29 plant macrofossil species belonging to 17 genera
of various orders.

Based on the occurrence of index fossils such as
Equisetites sp. cf. E. beanii, Nilssonia sp. cf. N. bozorga,
Nilssonia macrophylla, and Elatides thomasii an Aalenian-
Bajocian age is suggested for this assemblage.

The results of this study indicate that Cycadophyta,
Filicophyta, Pteridospermophyta, and Coniferophyta are
relatively abundant. The genus Nilssonia with five species
was dominant within the Middle Jurassic flora of Takht-e-
Saffar. Its variability and relative abundance indicate that
a macrophyllous cycadophyte morphocat was widespread
through Iran during this interval, indicating a warm temperate
climate.

The Floral Gradient score of this area is 57.83. A
comparison chart of floral gradients of other localities in Iran
have been established in which the average scores of North
Kouchekali, South Kouchekali, Mazino open mine, Mazino
borehole, Jafar-Abad, Chahrekhneh, Calshur, Calshaneh
(Tabas Block), and Kerman Basin are 56.2, 55.5, 53.5,
54.89, 58.5, 56.3, 69, and 59.8, respectively. Since the floral
gradient scores are in the middle part of the table of Rees et
al. (2000) it is concluded that the Tabas Block and Kerman
Basin were located in the warm temperate biome.

The climate of the study area was humid and sub-tropical

during the Middle Jurassic herein.
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Based on plant fossil proxies, the assignment of Eco-Plant and megathermic plant were dominated in this locality

pattern of Zhang et al. (2021) emphasized that mesophyte during Aalenian-Bajocian interval.
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2011 Equisetites beanii: Vaez-Javadi; p. 82, figs. 3C; 4B, D; SA.
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pl. 7, fig. 19 S; text-fig. 1.

1925 Sagenopteris phillipsi: Thomas; p. 334; pl. 15, figs. 50, 52, 53; text-

figs. 11 C, D; 12 C, D.
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1975 Sagenopteris phillipsii: Poliansky et al.; p. 11.

1976 Sagenopteris phillipsi: Doludenko & Orlovskaja; p. 94, pl. 46, figs.

1-19.

1980 Sagenopteris phillipsii: Sadovnikov; pp. 86, 88.

2014a Sagenopteris phillipsii: Vaez-Javadi; pp. 91-92; pl. V, fig. 3; fig. 8: 6

¢ o Lo YO (sligs 5 e SLa VY/Y (515155 4 0lS (slo iy <5 tmogi —

FB st (a5 6 5 b Gle 8,855 55 0 0l (AT 4 0o

SIS Sl eS8 il 0l 5,8 b b s Sy ol stalie

B s OV a3 L il S 5y i (5l 5 a3

¥ JS) S plid 1 & a3 WD asli b s eds 2ol Sl
.(Plate 2 A <D =5

b op 25 Snlyss sl Slsw 51458 cpl satldlpier g vy L1 —

Seward, 1900;) 0bdSSl ¢ Loy 5 4 015 o dhor 31 &8 5,05 2 28 e

{(Makarewiczowna, 1928) Oliug) ¢(Mdller, 1902) ¢S, Lils «Harris, 1964

¢((Jacob and Shukla, 1955) oluslxél ¢(Halle, 1913) ] rl.aljf g.,L.LJ,f

Odne w}jl{—d:;llT ¢(Schweitzer and Kirchner, 1998) ol , 5 Sle Sl y 55

Al ok i1 S (Vaez-Javadi, 2014a) 5 50 5bs,

Division Cycadophyta Bessey 1907
Class Cycadopsida Barnard & Long 1975
Order Cycadales Persoon ex von Berchtold & Presl 1820
Family Nilssoniaceae Kimura & Sekido 1975
Genus Nilssonia Brongniart 1825
Nilssonia sp. cf. N. acuminata (Presl 1838) Goeppert 1844
1838 Zamites acuminatus Presl in Sternberg, p. 198; pl. 43, fig. 2.
1844 Nilssonia acuminata (Presl) Goeppert, p. 141.
1977 Nilssonia sp. cf. N. acuminata: Fakhr; p. 93; pl. 29, figs. 1-2; pl. 30,
fig. 1.

Yo

Family Dicksoniaceaec Bower 1908
Genus Coniopteris Brongniart 1849 emend. Harris 1961
Coniopteris hymenophylloides (Brongniart 1828) Seward 1900
1828b Sphenopteris hymenophylloides Brongniart, p. 189, pl. 56, fig. 4.
1900 Coniopteris hymenophylloides (Brongniart) Seward, p. 99, pl. 16, figs.
4-6; pl. 17, figs. 3, 6-8; pl. 20, figs. 1,2; pl. 21, figs. 1-4.
1955 Coniopteris hymenophylloides: Jacob & Shukla; p. 19; pl. 4, figs. 25-
30; pl. 5, figs. 34-36.
1961 Coniopteris hymenophylloides: Harris; p. 152; text-figs. 53-54.
1964 Coniopteris hymenophylloides: Kilpper; p. 65; pl. 15, figs. 1-12; text-
figs. 36-37.
1976 Coniopteris hymenophylloides: Sadovnikov; p. 82; pl. 10, figs. 3, 5.
2004 Coniopteris hymenophylloides: Vaez-Javadi and Pour-Latifi; p. 100,
pl. 1, fig. 4.
2006 Coniopteris hymenophylloides: Vaez-Javadi and Mirzaie; p. 71, fig.
12E.
2010 Coniopteris hymenophylloides: Saadatnejad et al.; p. 4; pl. 1, fig. 2.
2017 Coniopteris hymenophylloides: Costamagna et al.; fig. Sc.
¥y s e ke OY l3ls 4 o K S (S sS ankd 4 5ai o iy —
slze B oslteans Djpe @ n et Db 55 o d s Sl e
Lghudj;i.a;@gu;\)q{,ug}bbvuv ey o Ll 2T
o)US e 53 0400 il y & Ll &5l ¢ e oo 1/ 15150 atdiy b okt
Sl &5l oyl 5 5 Yz oo ol cokbpar ot car ) Und iy
PRk 526K e G T ey edalie BB U gy piler o b
.(Plate 1- D) & % o
33l 53 3z Gbla 1 658 ol ratldl e g wliddy LS —
ol e gl il aks SIS 5l b ey Ty 5l el aie il L
YL U e(Kilpper, 1964) Ol 5 oYL wld Slsmy 31 010 55 68
35008 S 55 = WU (Fakhr, 1975) Ol5 5 plr ol slaesS) 58
Lels) (55 0 5,300 gl ddbete w556 dIT «(Sadovnikov, 1976) (5,J1)
5 @3l bely) GIl) OKSE o5 Sas - oYU Ll COFAV (o3l
Vaez-Javadi) (08 4o ) ¢Sl Cdis Jle &Sy 55 €OFAY ( ik, 5
Calies Gble I opimmar .ol od 318 (and Mirzaie Ataabadi, 2006
Jacob and) olslal Sl ¢Sulys) Sl 4 015 o Olgr b ,lu o
Y «(Harris, 1961) R plasS g Sle Sewly 55 ¢(Shukla, 1955
LS Lulyl e 5 Bl g8 Slasl ESKul g5 v s b SLa
555 5 Wl i sy ST 5 Al ST 6 ol oS 5 005 0
(Macleod and Hills, 1991) 156" o 55wl S blsl b cp 5 <Senlys5 s

.3; A)U:\

Division Pteridospermophyta
Class Pteridospermopsida
Order Caytoniales
Family Caytoniaceaec Thomas 1925
Type species: Sagenopteris phillipsii (Brongniart 1830) Presl 1838
Genus Sagenopteris Presl in Sternberg 1838 emend. Rees 1993
Sagenopteris nilssoniana (Brongniart 1824) Ward 1900
1824 Filicites nilssoniana Brongniart; p. 218, pl. 12, fig. 1.
1900 Sagenopteris nilssoniana (Brongniart) Ward; p. 352.



OA-19 :( |) PO <1 E ol (o] pgle/ 53192 helg owbld/.... jlisocuRi jLg ) (a0 5> Sx22 33 jlw LaLS slo Jwdg Sl

Nilssonia macrophylla Jacob & Shukla 1955 emend. Schweitzer,
Kirchner & van Konijnenburg-van Cittert 2000

1955 Nilssonia macrophylla Jacob & Shukla, p. 27; pl. 9, figs. 18-19.

2000 Nilssonia macrophylla Jacob & Shukla emend. Schweitzer et al.,

pp.44-45; pl. 16, figs. 1-3; text-figs. 17-19; fold-out 6.

2004 Nilssonia macrophylla: Vaez-Javadi & Pou-Latifi; p. 101; pl. 3, figs.

1, 4.

2006 Nilssonia macrophylla: Vaez-Javadi & Mirzaie-Ataabadi; p. 79; figs.

SF, 12G.

2014a Nilssonia macrophylla: Vaez-Javadi; pp. 93-94; pl. 16, fig. 1; pl. 17,

fig. 1; fig. 2: 7.

2018 Nilssonia macrophylla: Vaez-Javadi; pp. 303-304; fig. 2.

2022 Nilssonia macrophylla: Vaez-Javadi & Abbaszadeh; pp. 210, 212; fig.

2: 8; fig. 3; pl. 3, fig. Sa, 6.

3 a3 AAD asli L Slabad ¢z S V1 i 1515 b 5 sdmogi —

) edily oy 5 8l I3 endly O3 b g Jlimeass U flie 21T L

iy (S LG etn (5 0o 5 otes DS YL 0ol LE e

C oy F JS8) Sl e Sl 3 sde WY (S8, (S5 ol
.(Plate 6 A, B

Sloys e Slys Dlgay 5l 85 ol il g ubididinn L1 —

‘)}’.3 ‘CU sble Sla &Swly 95 ¢(Jacob and Shukla, 1955) stz €9 g

&Snly 55 ¢(Schweitzer et al., 2000) (Ol ) g&.ﬂt 5 eSdoa 5 (5D ol

¢Vaez-Javadi and Mirzaie-Ataabadi, 2006) (Ol S) & }.;L e Sl

Vaez-Javadi, ¥+ + cosl5 ole 5 (ol g Laslg) s 50 S adbats g 5L oIT

SIS (Vaez-Javadi, 2018) (k) g5 2S5 e s 0T 5 (20140

RS PRV

Nil: ia pterophylloides Nathorst 1879

1879 Nilssonia pterophylloides Nathorst, p.72; pl. 16, fig. 1; pl. 17, figs. 2-3.
2000 Nilssonia sp. cf. N. pterophylloides: Schweitzer et al.; p. 31; pl. 8, figs.
1-3; text-fig. 8a, b.
2014a Nilssonia sp. cf. N. pterophylloides: Vaez-Javadi; p. 40; pl. 7, fig. V.
NP Sl e Ble VA h3lys 4y b 6K 65 tdimogi —
&S g5 oS slao,lST L (plull el ©l3e) s e sl B3 e b e
WS okb gy o 5 i o (Vb odelB 50 gy o 5 0l ¢ paimtal
o3lu (ud s (g lpe b 5,5, Lyls ol KuSS 3 e Lo VV/0 Ol e 4
ol ja Sl 53 348 O L aald a3 sae PV (58,5 o815 s
(Plate 1 C*C g 5 F JSC2)
55 G oysb s Sl 1 65 ol 1l i g owhidiy L —
oks 1)1 (0l S 4 ) (ISl o &l 55 Gl o ) 035 5 Oikne
4}}? oyl e OT 31 (Schweitzer et al., 2000; Vaez-Javadi, 2014a) <l

s Sl s oyl Ko (ol (slo3 28wl HLisl (sl )

Division Pinophyta
Class Pinopsida
Order Pinales
Family Taxodiaceae
Genus Elatides Heer 1876
Type species: Elatides ovalis Heer 1876
Elatides thomasii Harris 1979

2000 Nilssonia sp. cf. N. acuminata: Schweitzer et al.; p. 41.

2014a Nilssonia acuminata: Vaez-Javadi; p. 39; pl. 5, fig. 2; fig. 2: 3-5.
Gl b S lalsd 4 i e Bl VWY 1 L sl3lhs 4 5, ihwogi —
by ool pla L o8y il ods s ke sl 5 faSle B3
Jlss Side 55 54255 F0-0 w55 L o S5 0 23w 55 JolS (glae, LS
eS8, ailiy o 1) OT (555 9 okd Juate edly 4 433 Fr sl L 0T
b3y BB LI b odeld 31 5 died o o 53 348 VYW 51w 40 5 (631 g0 cosln

(Plate 3 C A g 5 o JS8) L8 oo

Nilssonia sp. cf. N. bozorga Barnard & Miller 1976
1976 Nilssonia bozorga Barnard & Miller, pp. 82-83; pl. 11, figs. 1-5; text-
fig. 19 A-1.
2000 Nilssonia bozorga: Schweitzer et al.; p. 26; text-fig. 6; fold-out 2.
2006 Nilssonia bozorga: Vaez-Javadi & Mirzaie-Ataabadi; p. 79; figs. 4J,
13D.
2012 Nilssonia sp. cf. N. bozorga: Vaez-Javadi & Abbassi; p. 40; fig. 3; fig.
4: 10.
2018 Nilssonia sp. cf. N. bozorga: Vaez-Javadi & Abbassi; p. 93; pl. 1, fig. 1.
2022 Nilssonia bozorga: Vaez-Javadi & Abbaszadeh; pp. 211-212; fig. 3;
pl. 3, fig. 1.
R NI = RYRC SPI N PR L S 4 o5, thwogi —
Ly ity .ol (oblanceolate) 45 05 (glo s m 0T IS Ko ol o
G145 )55 6la 53 Jyosp e ool y3 S ol odd okl gy S Silakis
LI N PR VC RN PETR  SA L S SPCI ERCPONERN gt gyt
Ay Slapen s F JS8) dd aslizal f. o3l 5l o €5 4 S (585 S
.(Plate 3 B ‘B
(533) Sle Seulys3 Slgmy 51 65 ! 1atldl i g bl St —
Sle ¢Sulys5 «Barnard and Miller, 1976) (¢35 = 541 ,» at?&.flj
Ol S b Jld @S css (Sweitzer et al, 2000) Ol S (IS
33 S pmails ke ew g3l ((Vaez-Javadi and Mirzaie-Ataabadi, 2006)
oresil o T YY) (ule 5 slmbiely) 655 0 5 ol ailae
-1 5 (Vaez-Javadi and Abbassi, 2018) Ol o s caslblu glae S
b Lo e dibie SLST ol s S il sl
oSS s 5l s 8 IS (F e ol ol 5 sl Lasly)
el Sl Sl

Nilssonia feriziensis Fakhr 1975

1977 Nilssonia feriziensis Fakhr, p. 219, pl. 28, figs. 3-5.

2000 Nilssonia feriziensis: Schweitzer et al.; p. 35; pl. 9, fig. 3; pl. 10, fig.

1; text-fig. 10 (fold-out 3).

2004 Nilssonia feriziensis: Vaez-Javadi & Pour Latifi; p. 101, pl. 3, figs. 2, 5.

2010 Nilssonia feriziensis: Saadat-Nejad et al.; p. 10; pl. 3, fig. 1.

2014a Nilssonia feriziensis: Vaez-Javadi; p. 132; pl. IV, fig. 5; fig. 3: 9.

o Sl ¢ e Sle YY1 e @l 4 oslul 68 o8, ey —

Jlie LB b s Jlas ol s Soslime Gl b e sl Y/E-F/Y (6l

S S U el edels Sl g oo a5 POAY a sl Ly el oy &S

S5 a5 ekd L S 5 S by gy 4 oS oIS 5 (lae S o

53 348 VY Sl s (il cosle LSS, 5 pn e 0 sdules S
(Plate S A) Cwl 2o Sl

\2
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2018 Elatides thomasii: Vaez-Javadi; P.307, pl. 4, text-fig. B.
2020 Elatides thomasii: Mehdizadeh et al.; p. 94, pl. 7, fig. 7; pl. 9, fig. 25.
2022 Elatides thomasii: Vaez-Javadi & Abbaszadeh; p. 211; pl. 2, fig. 5.
bobail Sler b e Sle O/F (o 8 Jsb 4 letli dpe ol eyl —
(spiral) (omsslo (LT b1y Sblatil mlaw plod WS ol o sle (51T
i 53 5 ooy Bl 4y 0ol ol b S s o 53 Sy sli g e
Gy S el SlS S ks 1S il e 1 53 5 35T Sy
did e o /) (lig 5 e o ¥ o 5 5115 4 S s ool b 35
.(Plate 5 C, D)
LS5 g Sla ESaly5 Dl 3148 sl 1atldl yier g ol L —
«(Schweitzer et al., 2000) (51 :p 535 cool  j oy 3 {(Harris, 1979) Ol
61;&;:— S YVaez-Javadi and Mirzaie-Ataabadi, 2006) (Ol ,S) 5 sin Odns
cosl 3 dge) ais yole ¢ SLAIS™ 5 (Vaez-Javadi, 2014a,2018) (_ub) 4 5o ¢ o5
el os 51E (V¥4 (1, Cen 5 031 55 g VYAV

1979 Elatides thomasii Harris, pp. 74-77, pl. 2, figs. 8-13; text-figs. 33E, J,
35A-G,K, L.

1996 Elatides thomasii: Schweitzer & Kirchner; pp. 103-113, pl. 5, figs.
1-5; pl. 6, figs. 1-8; pl. 7, figs. 1-10; pl. 8, figs. 1-7; text-figs. 11, 12a, b,
13-17, 18a-b, 19a-c, 20.

2002 Elatides thomasii: Saadat-Nejad; p. 293, pl. 48, fig. 6, pl. 49, figs. 1-6;
pl. 50, figs. 1-5; pl. 51, figs. 1-4.

2006 Elatides thomasii: Vaez-Javadi & Mirzaie-Ataabadi; p. 92, figs. 6, 14F,
15C.

2009 Elatides thomasii: Vaez-Javadi; p. 153, pl. 34, fig. 3, pl. 37, figs. 1-2,
text-fig. 24: 6.

2012 Elatides thomasii: Vaez-Javadi; P. 231, pl. 4, fig. 2.

2014a Elatides thomasii: Vaez-Javadi; P. 97, pl. 18, figs. 1, 3, 4, 5; fig. 5:
7; fig. 8:1.
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Sagenopteris phillipsii (D <Lobifolia rotundifolia (C <Marattiopsis intermedia (A, B -Y Ji...
ol a5l &l wlie als Sagenopteris nilssoniana (E

Figure 2- A, B) Marattiopsis intermedia; C) Lobifolia rotundifolia; D) Sagenopteris phillipsii;

E) Sagenopteris nilssoniana. Scale bar is 1cm.
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Nilssonia sp. cf. N. (C Nilssonia sp. cf. N. bozorga (A, B -f S

sl o Sl &Gl wlis ale plerophylloides

Figure 4- A, B) Nilssonia sp. cf. N. bozorga; C) Nilssonia sp. cf. N.
pterophylloides. Scale bar is 1cm.

(ool omlidCiuy sla S5y 5l Lol laey S é)lfru Sl S sl S e
5 ol Slacnd s ¢l 5 sl Ul s b2 53 OIS 25T,
38 8 e b 2l gn 5 T (Lol (053) gy 0 0T (b 47 0l o3lizal
oS S £ b (b ar )3 8 3L QWi 50 53 (e 3 o g
GV g5 b (I s 70 B F0) QU (la o8 55 1ddone (,f o2
b b eCast g (s ST1) &5 pi s o slSw 1ol 3 5 e S
S ol (5 s 8 das UL £ 8 150, 0LLE L(winter wet) (Sl S5
(summer wet) ( Sl 5L L b i £33 2 ) sl OT 530S L 5
O 53 03 8T 5 sl il SALS 5 axbls i 8 |zl Lot O gal oS
RS S RESFRC-N PP JEPC G S A U S PO NP ES
A g8 3 edes £ 5 53 OT w53 &5 ol ol 413 & il
s 0bs s (S b ble 1its 8 e $Kly s slasises 53 ALE
s DL L bl 5 gyl oS 5 eSKas pa Sl & bl 53l
ol Y Aol 5 03 g Sbles 87 3 KSE 5 Dby e 51 5
LS i tile 2150 5 O gr (ol K (sla s Ui ¢l 205 31
SUS 78 Wle G Slguy spdm 5 s <DL Condy el Ol
Sl POL e ond
(Rees et al.,2000) 31, 50en 5 mo 5 Lo 55 0 151 ( ALE 31 50 gl glis

Nilssonia sp. cf. N. (B ¢Nilssonia sp. cf. N. acuminata (A -¥ S
el &Kl wlis als Nilssonia sp. cf. N. macrophylla (C spterophylloides

|
Figure 3- A) Nilssonia sp. cf. N. acuminata; B) Nilssonia sp. cf. N.
pterophylloides; C) Nilssonia sp. cf. N. macrophylla. Scale bar is

lcm.

ooy —¥

GBS (510 g 5o Sy o gt P (o —1—F
:l.\,:L;)hTsua;\:w)ﬂ‘Qﬁ:@\:f&ix‘5)'1.,«)1;‘)‘}:1".?gv.@_'e)}lé;ae.
il sy ol Coaal 1 e wegazs 6 L0 ST g8
3 3l Odme atlie ALE (ols Juuds Sl I 45505 TYY Sl cod ol
GFVPY L sl a4 s oo 05 oa Tty s LS 5lad Lo
b (Cdgo sl 1) laails la st QYAD L (b iSLS) s st e
Sl 03l 53 b G313 Gt 1> 7 4 %A L DLy e 6VYIYO
U Nilssonia \a juar ¢ yioean (0 Jii) Blos g aibte pl 53 Sle Sl 55
QoV/YO L Elatides YoM 74 s Marattiopsis Yo \Y/Y0 L Sagenopteris Sof+/FA
48 sazen )3 |y od G913 o 25 %#/0Y L Coniopteris y %%/AY s Lobifolia

(7 J.i.i) Adls Ghl._f S i S

& 19 il Pt 533l g Julni —Y—F
s Coonl 31 LS (2 Gl 5 oIl 5o sl 5 OT Ll b oSyl i
ailite o) LS b Jouds Sl (0S5 5 el o 00l oo sy 5
5 o skt 4 comen (I35 515 LSl sy ek S s s Jod
Reesetal.,) S s y50 [hg).Ad o3 0,0 oy Lo e YL [ AT
555 n 030l Lwd OWLE 4 games olsn 5 OT Cunds glulid Soga (2000

YA



OA-1A :(1) PO 1o (a0 pole/(53lg> biclg aablé/ ...

sl b ool AL 515 g wile 53 (6,813 odiasalits a5 s 8 alous
oy PSS (b JuSa S 55 b ST i bl Lo b 515
S) SIS 5 IS s ol LT jiner (55 o (SLEST ol (55 e gy Oudee
DOF/Y DF/Y DA/ BF/AL DY/ BO/Y BF/Y 131 5 6 pas slyls i 5 4 &S (b
S5 ASTE 5,5 Sl alols ol s «J.unvﬁw»w(\ Jgd=) O4/A 554

Jlocid jlg ) gde 3 Sxas 33 jlw GalS sl Jrusg Sl

il 5 T oy i OT (Koo o o b5 5
@Bl 5o ke 53 el e 655T5,5 Sledbl (5l JSL o
oo 4 b sl G 8ile dmlowe b g 03505 0la5 1y Jodr 5 i
wallln 3500 O GWl i 0,0 b OT Gl 5 ailate 12 55 59 g0 aeS
ool il oLl Wl s s OT

e ol Db pdy R

@l STl s Sy il y

as e OV/AY jlas &3 3Lg,y Odas (Floral gradient) «sal:f S5 e gy ol
ercent -
P P 41/62
45 B o ’ i
40
'E 35
2 30
é 25
Z 20 13735
= 9/93
& 10 4/35 ‘
= 1/55
g s =4
0
> > > >
K K K K K
o O & &
g & & & N
oS ') & ¢

Do S5 Gas dilate 53 AL s STl Calibes laastls s 1315 13 5e5 -0 K2

Figure 5. Chart of Relative abundance of various

mine area.

plant macrofossil divisions in the Takht-e-Saffar

> 140
z
S 120
=
& 100
g
E 8o
(=%
S 60
8
e 40
)]
1> eall.08 ]
E o U o - ' - Ay © o >
.% 25 S S S s & O s o < “\’ <
& o W & S o o o @
02& \0 ‘0 Q" \)0‘0 oQ @Q on ‘\O’Q é*\é' .(p ‘\0‘0 {@sx @\@ .0&\ 60&
SR W& & N
Pt T T ¢ T

o C3u s ailais )3 ALE Jeudy STl Calites gl i s 513 15 ses -7 JSC8

Figure 6. Chart of absolute abundance of various plant macrofossil genera in the Takht-e-Saffar mine area.
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Table 1. Floral gradient score of several areas in the Tabas Block (Vaez-Javadi and Namjoo, 2016; Vaez-Javadi,
2014a, 2018; Mehdizadeh et al., 2019, 2020; Vaez-Javadi, 2016; Mehdizadeh, 2019, and this study).

g Locality
g = % = =
2 | -5|=3|8,| 8 |E| £ s | £ 3.
¢ B |55|2%|z2¢€| £ | & E BERE
: |“5|%5|5°| B |§| £ |s|&|z&°
e M % | = S| = 5 © | %
= = =
Raphaelia 100
Lycopodites 91
Phoenicopsis 89
Czekanowskia 87
Desmiophyllum 85
Pityophyllum 84
Sphenobaiera 81 * * *
Ginkgo 78 * * * *
Taxocladus 78
Baiera 78 *
Hausmannia 71
Pseudotorellia 76
Equisetites 76 * * * * * * * * *
Podozamites 72 * * * * * * *
Coniopteris 72 * * * * * * * * *
Cladophlebis 70 * * * * * * * ® *
Anomozamites 64 * *
Ctenis 60 * * * ®
Elatides 57 * * * * * * *
Nilssonia 55 * * * * ® * * * *
Elatocladus 52 * *
Todites 52 * * * * *
Sphenopteris 51
Taeniopteris 50 * * * *
Pterophyllum 45 * * *
Pagiophyllum 28 * *
Sagenopteris 21 * * * * * * ® *
Pachypteris 17
Ptilophyllum 13 * * * * * *
Brachyphyllum 9
Otozamites 9
Zamites 0
Average score 56.2 55.5 53.5 54.89 58.5 56.3 69 59.8 57.83
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a5 5 bz 05 4 SIS waly i gl (6 S 5 o sla S
A S 58 5 s Kl O e 4 Il aaly o Jom 3 355 0 s uai
3 3l e Lo 5 4 sl 1 S S ol 0T 35 8
S gl 1 EPH pMawol 0T a3 8 5870 w5 ¢l 5 T 55
S s 8 SblE) Hygrophytes) sy Sols LS 1oy 50 4 olals
Lyl 5 «(Hydrophytes) Cowsscash, (S o Caws ST L ST 5 plasl
aJ.:.f axls b ¢«(Xerophytes) .J..“U_(.:.:- ¢(Mesophytes) diwsJdins b 4le
Mol iman s L« (Buryphytes) Sy b oo 5550
S i (Megathermic) ¢Sn 5o 168 e sWos S !, EPT
(Eurythermic) ¢S j s, 5 s (Microthermic) ¢S 5 5 Ss «(Mesothetmic)
SUL (slos L gza b p Saas U p 5 bl 53 &Sa 5K 0L s § S
los Jow o b iblie 55 G 5550 DL S o g S 53 Yo (VL (5
SUL Lo sze slos b bl 53 oS0 s Koo tamyn Yo B VF o 158 UL
DS Lyl o o) o gyl S Jine bl ) VY
(o oy Amn o> i 3l (gles 28 b Jaoed 4y 536 655
Slasl toxy $Sagsn 5 by Sols GBS WJbay SV 5 eSS
DI aaly sliel 5 oSKa & 5 05 Kola ALE WJUs S aly

{(Zhang et al., 2021)(Y Jsd>) dites Ko 580 5 g0 SIS

b e Ll 5 s e 5 b ke gl s glasl S5k
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Table 2. Mesozoic plants and their assignment to Eco-Plant model indicating humidity (EPH) as

well as temperature (EPT) demands and related macrofossil taxa proxies (modified after Zhang et

al., 2021).
Division Family/Order EPH EPT Genus
Sphenophyte Equisetales Hygrophytes Eurythermic Equisetites
Marattiales Hygrophytes Megathermic Marattiopsis
Filicophyte
Gleicheniales Mesophytes Megathermic Coniopteris
Pteridospermophyte Caytoniaceae Hygrophytes Megathermic Sagenopteris
Coniferophyte Cupressaceae Euryphytes Eurythermic Elatides
Cycadophyte Cycadales Mesophytes Megathermic Nissonia
Ginkgophyte Ginkgoales Mesophytes Mesothermic Sphenobaiera

Jsens ysbas UJf el (Watson, 1988; Zhang et al., 2021) Lzwa (Cupressales
4 538 OLLE Ll ol 55 il o 28 K Olsle YU 5L slas o
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Plate 1

pterophylloides

lem

A) Equisetites sp. cf. E. beanii; B, E) Marattiopsis intermedia; C) Nilssonia sp. cf. N.

D- Coniopteris hymenophylloides; F) Equisetites sp. cf. E. columnaris. Scale bar is

oy
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Plate 2

A) Sagenopteris phillipsii; Ba) Sphenobaiera sp.;
Bb) Sagenopteris nilssoniana; C) Lobifolia rotundifolia;
D) Lobifolia iranica; E) Taeniopteris intermedia. Scale

bar is Icm.

Plate 3

A) Taeniopteris intermedia; B) Nilssonia sp. cf. N.
bozorga; C) Nilssonia sp. cf. N. acuminata. Scale bar

is lem.
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Plate 4

A) Nilssonia  pterophylloides;, B) Podozamites
distans; C) Todites fakhrii; D) Lobifolia rotundifolia;
E) Williamsonia sp.; F) cf. Androstrobus sp. Scale bar

is lem.

Plate 5

A) Nilssonia feriziensis; B) Elatides sp. cf. E. thomasii;
C, D) Elatides thomasii; E) Cyparissidium sp.;
F) Pagiophyllum insigne. Scale bar is 1 cm.

of
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Plate 6

A) Nilssonia macrophylla; B) Nilssonia sp. cf. N.
macrophylla; C) Cyparissidium sp. Scale bar is 1cm.
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