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| 1Q2, young alluvial fans(Quaternary)
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El, Limestone(Eocene)
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- A-D: Dinoflagellate: A-Operculodinium centrocarpum (KT36), B-Spiniferites ramosus (KT2), C-Palaeopridinium cretaceoum (KT13),
D-Polykrikos schwartzii (KT25), E-N: Spore: E-Cyathidites australis (KT2), F-Cyathidites concavus (KT2), G-Dictyophyllidites mortonii (KT9),
H-Indospora clara (KT9), I-Luminidites reticulatus (KT52), J-Retitriletes austroclavatidites (KT62), K-Retitriletes circolumenus (KT36),
L-Cicatricosisporites hughesii (KT36), M-Cibotiidites tuberculiformis (KT52), N-Clavifera rudis (K25), O-U: Pollen: O-Podocarpidites otagoensis
(KT13), P-Alisporites similis (KT9), Q-Podocarpidites exiguus (KT46), R-Podocarpidites ellipticus (KT52), S- Assamiapollenites inanis (KT53),
T- Tricolpites phillipsii (KT36), U- Cycadopites follicularis (KT9), V-X: Foraminifera: V-Elphidiella multiscissurata (KT37), W-Pseudolituonella
reicheli (KT49).
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Palynofacies parameters Statistical analysis on spore, pollen and microplankton percent

Sample Number  SOM % Phytoclast % Marin palynomorph %  Sample Number Spore% Pollen%  Microplankton%

K-T2 1.4 97.9 0.7 K-T2 0.0 81.8 18.2
K-T3 13.6 86.4 0.0 K-T3 25.0 75.0 0.0
K-T4 17 98.3 0.0 K-T4 0.0 100.0 0.0
K-T6 13.8 84.4 1.8 K-T6 0.0 53.3 46.7
K-T9 24.5 74.9 0.6 K-T9 333 53.3 133
K-T13 2.7 96.9 0.4 K-T13 16.7 66.7 16.7
K-T15 13 98.7 0.0 K-T15 0.0 0.0 0.0
K-T17 325 67.0 0.5 K-T17 0.0 60.0 40.0
K-T25 8.2 89.6 2.2 K-T25 111 66.7 22.2
K-T26 18.1 81.2 0.7 K-T26 0.0 60.0 40.0
K-T27 311 68.6 0.2 K-T27 0.0 66.7 333
K-T34 18.8 79.8 1.4 K-T34 0.0 66.7 333
K-T36 8.2 82.8 9.0 K-T36 115 60.3 28.2
K-T42 9.2 90.8 0.0 K-T42 0.0 100.0 0.0
K-T45 26.3 72.8 0.9 K-T45 0.0 66.7 33.3
K-T46 33.8 65.0 1.2 K-T46 0.0 90.9 9.1
K-T52 124 78.8 8.8 K-T52 9.4 54.7 35.9
K-T53 113 87.8 0.9 K-T53 0.0 60.0 40.0
K-T55 9.8 89.9 0.3 K-T55 0.0 83.3 16.7
K-T56 28.2 70.8 1.0 K-T56 0.0 80.0 20.0
K-T58 21.0 77.6 1.4 K-T58 12.5 75.0 12.5
K-T59 23.1 76.9 0.0 K-T59 0.0 100.0 0.0
K-T62 20.4 745 51 K-T62 15.0 50.0 35.0
K-T65 9.6 90.4 0.0 K-T65 0.0 100.0 0.0

K-T70 0.0 100.0 0.0 K-T70 0.0 100.0 0.0
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1- Polygnathus linguiformis linguiformis Hinde, 1879; yla morphotype; upper view, EUIC 100, sample S21, x 40;
2- Polygnathus cf. P. dengleri Bischoff and Ziegler, 1957; upper view, EUIC 101, sample S40, x 40. 3- Polygnathus
pseudoxylus Kononova, Alekseev, Barskov and Reimers, 1996; upper view, EUIC 107, sample S169, x 40;
4- Polygnathus xylus Stauffer, 1940; upper view, EUIC 135, sample S88, x 40; 5- Polygnathus alatus Huddle, 1934;
10 upper view, EUIC 124, sample S95, x 40; 6- Polygnathus aequalis Klapper and Lane, 1985; upper view, EUIC
131, sample S169, x 40; 7- Polygnathus zinaidae Kononova, Alekseev, Barskov and Reimers, 1996; upper view,
EUIC 138, sample S169, x 40; 8- Polygnathus webbi Stauffer, 1938; upper view, EUIC 178, sample S199, x 40;
9- Polygnathus cf. dubius Hinde, 1879; upper view, EUIC 181, sample S199, x 40; 10- Polygnathus brevilaminus
Branson and Mehl, 1934; upper view, EUIC 141, sample S301, x 40; 11- Polygnathus angustidiscus Youngquist,
1947; upper view, EUIC 142, sample S218, x 40; 12- Polygnathus cf. decorosus Stauffer, 1938; upper view, EUIC
148, sample S219, x 40. 13- Polygnathus pollocki Druce, 1976; upper view, EUIC 147, sample S88, x 40;
14- Polygnathus lodinensis Posler, 1969; 28 upper view, EUIC 170, sample S88, x 40; 15- Polygnathus cf.
semicostatus Branson and Mehl, 1934; upper view, EUIC 149, sample S310, x 40; 16- Polygnathus krestovnikovi
Ovnatanova, 1969; upper view, EUIC 177, sample S300, x 40; 17- Polygnathus elegantulus Klapper and Lane,
1985; upper view, EUIC 165, sample S218, x 40; 18-Polygnathus aspelundi Savage and Funai, 1980; upper view,
EUIC 218, sample S218, x 40; 19- Polygnathus politus Ovnatanova, 1969; upper view, EUIC 218, sample S301, x 40.
20- Polygnathus evidens Klapper and Lane, 1985; upper view, EUIC 151, sample S300, x 40; 21- Polygnathus
nodocostatus Branson and Mehl, 1934; upper view, EUIC 154, sample S310, x 40; 22- Polygnathus granulosus
Muller andMuller, 1957; upper view, EUIC 190, sample S310, x 40; 23- Icriodus excavatus Weddige, 1984; upper
view, EUIC 224, sample S25, x 40; 24- Icriodus brevis Stauffer, 1940; upper view, EUIC 228, sample S25, x 40;
25- Icriodus eslaensis Adrichem Boogaert, 1967; upper view, EUIC 229, sample S21, x 40; 26- Icriodus cedarensis
Narkiewicz and Bultynck, 2010; upper view, EUIC 236, sample S102, x 40; 27- Icriodus expansus Branson and
Mehl, 1938; upper view, EUIC 365, sample S106, x 40; 28- Icriodus subterminus Youngquist, 1974; upper view,
EUIC 249, sample S40, x 40; 29- Icriodus norfordi Chatterton, 1978; upper view, EUIC 260, sample S88, x 40;
30- Icriodus latecarinatus Bultynck, 1974; upper view, EUIC 261, sample S88, x 40; 31- Icriodus lilliputensis
Bultynck, 1987; upper view, EUIC 379, sample S102, x 40. 32- Icriodus arkonensis Stauffer, 1938; upper view,
EUIC 271, sample S21, x 40. 33- Icriodus difficilis Ziegler, Klapper, 1976; upper view, EUIC 272, sample S102, x
40. 34-Icriodus praealternatus Sandberg, Ziegler, Dreesen, 1992; upper view, EUIC 324, sample S262, x 40;
35- Icriodus cornutus Sannemann, 1955; upper view, EUIC 277, sample S310, x 40. 36- Icriodus alternatus
alternatus Branson and Mehl, 1934; upper view, EUIC 314, sample S310, x 40. 37- Icriodus alternatus helmsi
Sandberg and Dreesen, 1984; upper view, EUIC 288, sample S262, x 40; 38- Icriodus iowaensis Youngquist and
Peterson, 1947; upper view, EUIC 329, sample S287, x 40; 39- Icriodus symmetricus Bransoan and Mehl, 1934;
upper view, EUIC 383, sample S218, x 40; 40- Icriodus deformatus asymmetricus Ji, 1989; upper view, EUIC 387,
sample S310, x 40; 41- Palmatolepis quadrantinodosalobata Sannemann, 1955; upper view, EUIC 396, sample S310,
x 40. 42- Palmatolepis triangularis Sannemann, 1955; upper view, EUIC 409, sample S310, x 40; 43- Palamtolepis
aff. tenuipunctata Sannemann, 1955; upper view, EUIC 418, sample S310, x 40; 44- Palmatolepis
guadrantinodosalobata Sannemann, 1955; morphotype 1; upper view, EUIC 422, sample S310, x 40;
45- Palmatolepis sandbergi Ji and Ziegler, 1993; morphotype 1; upper view, EUIC 417, sample S310, x 40;
46- Palmatolepis quadrantinodosalobata Sannemann, 1955; morphotype 3; upper view, EUIC 390, sample S310, x
40. 47- Palmatolepis aff. quadrantinodosalobata Sannemann, 1955; morphotype 1; upper view, EUIC 406, sample
S310, x 40; 48, 56, 57- Palamtolepis glabra pectinata Ziegler 1962, Ji and Ziegler, 1993; 48-upper view, EUIC 408,
sample S310, x 4; 56- upper view, EUIC 403, sample S310, x 40; 57- upper view, EUIC 421 sample S300, x 40;
49- Palamtolepis cf. delicatula Branson and Mehl, 1034; upper view, EUIC 412, sample S310, x 40; 50- Palmatolepis
cf. termini Sannemann, 1955; upper view, EUIC 183, sample S310, x 40; 51, 52- Ancyrognathus sinelaminus
Branson and Mehl, 1934; 51-upper view, EUIC 186, sample S310, x 40; 52- upper view, EUIC 184, sample S310, x
40; 53-Bispathodus stabilis Branson and Mehl, 1934, morphotype 1; upper view, EUIC 184, sample S310, x 40.
54, 55- Ancyrodella cf. pristina Khalymbadzha and Chernysheva, 1970; 54- upper view, EUIC 425, sample S102, x
40; 55- upper view, EUIC 292, sample S102, x 40.
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4- transitans to early rhenana zones
SLaas gad odijls 53 Culed 20 7Y L 095 )
0850 | olid Ko Al 0 S230 L5 S168
s Y b b oSl g pSl GlacSaT K fuls
U S0 S slacSal K 5 s o ool
0958 =l 2 md S ol fid 5 Y b e
Polygnathus aequalis Klapper ;s> -Jsl » ot
Ziegler & ) c_.Itransitans zone ,sand Lane 1985
sl 0T oYL 5, 5 (Sandberg, 1996
Icriodus alternatus alternatus Branson & s>
4S Cwl 3-late Upper rhenana Zone > Mehl 1934
3503 p i) e 0ins OLES 8 al gl )
slal sy sS sl (i & Ziegler, 1993) cwl s
SIS Hke 0958w opl
Polygnathus alatus, Polygnathus brevilaminus,

Polygnathus cf. decororosus, Polygnathus politus,
Polygnathus pseoduxylus, Polygnathus webbi,

Polygnathus zinaidae.

5- Upper rhenana to linguiformis zones
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S sl (6 S glaeSaT K 5 ol sl
Icriodus alternatus ;o> tsl o 095 ) o)
Upper ,salternatus Branson and Mehl 1934
Ziegler & Sandberg, ) c—.!| 3l rhenana Zone
s T s Gdte 50T (VL5 e 5 (1996
(Polygnathus  politus  Ovanatanova 1969
Polygnathus «Polygnathus webbi Stauffer 1938
Polygnathaus evidens jalatus Huddle 1934

linguiformis &5 3o 5,5 Klapper & Lane 1985

latecarinatus, Icriodus lilliputensis, Icriodus
norfordi, Polygnathus alatus, Polygnathus
lodinensis, Polygnathus pollocki, Polygnathus
xylus.

3- Upper falsiovalis to transitans zones
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Ancyrodella o> -Jsl 5 Glate 093wy ool o s
s pristina Khalymbadzha & Chernysheva 1970
(Ziegler & Sandberg, 1996) early falsiovalis zone
Polygnathus s> pdsl o Gdate OT YU 5,
transitans > aequalis Klapper and Lane 1985
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Hindeodus excavatus (Behnken, 1975); Verna et al., 2011,
Figs 5.2t0 5.3.

Hindeodus cf. wordensis Wardlaw, 2000; Sun et al., 2017, PI.
4, Fig. 17.
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Order Ozarkodinida DZIK, 1976
Family Anchignathodontidae Clark, 1972
Genus Hindeodus Rexroad & Furnish, 1964
Hindeodus wordensis Wardlaw, 2000
Figs. 6-1to 6-4
Hindeodus wordensis Wardlaw, 2000; Angiolini et al., 2003,
PI. 2, Figs 3-8.
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Genus Merrillina Kozur, 1975
Merrillina divergens (Bender & Stoppel, 1965)
Plate 1, Fig. 8
Merrillina divergens (Bender & Stoppel, 1965)

Merrillina divergens (Bender & Stoppel, 1965), Swift, 1986,
Figs 2,3.1 & 3.3.
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Subclass Osteichthyes Huxley, 1880
Infraclass Actinopterygii Mdller, 1846
Order Palaeonisciformes Hay, 1929

“Palaeonisciformes” indet
Figs. 6-10 to 6-11
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Family Sweetognathidae Ritter, 1986
Genus Sweetognathus Clark, 1972
Sweetognathus iranicus Kozur, Mostler &
Rahimi-Yazd, 1975
Figs. 6-5to 6-7
Sweetognathus iranicus Kozur et al., 1975, Kozur, 1995, P.

192, Tab. 2.
Sweetognathus iranicus Kozur et al., 1975, Mei et al., 2002,
Figs 10.6 t0 10.12.

Sweetognathus iranicus Kozur et al., 1975, Sun et al., 2017,
PI. 3, Figs 4-5.
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Class Osteichthyes Huxley, 1880
?0steichthyes indet.
Figs. 6-13 to 6-15
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Fig. 6; 1-4- Hideodus wordensis Wardlaw, 2000; 1-2) Lateral and upper views of HUIC600, Sample PD1, X160; 3) Lateral view of HUIC601, Sample PDX2, X170;
4) Upper view of HUIC602, Sample PDX2, X480. 5-7- Sweetognathus iranicus Kozur, Mostler & Rahimi-Yazd, 1975; 5-6) Upper and oblique lower views of HUIC603,
Sample PDX2, X185, 7) Upper view of HUIC604, Sample PD1, X225; 8- Merrilina divergens (Bender & Stoppel, 1965); Lateral view of HUIC605, Sample PD1, X280;
9, 12- Hybodontiformes indet., 9) Lateral view of HUIF1, Sample PDX2, 130, 12) Upper view of HUIF2, Sample PDX2, X250; 10-11- “Palaeonisciformes” indet., 10)
Upper view of HUIF3, Sample PDX2, X180, 11) Upper view of HUIF4, Sample PDX2, X190; 13-15- Osteichthyes indet., 13) Lateral view of HUIF5, Sample PDX2,
X200, 14) Lateral view of HUIF6, Sample PD1, X220, 15) Oblique lateral view of HUIF7, Sample PDX2, X230.
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Class Chondrichthyes Huxley, 1880
Hybodontiformes Maisey, 1975
Hybodontiformes indet.

Figs. 6-9 and 6-12
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Jsh : Shemshak Formation; Sandstone and shale (Jurassic)

- S :Red sandstone (Cambrian)

Ng1 : Marl, gypsum, conglomerate and minor volcanic rocks (Neogene)
J-k; : Lar Formation; Light and pinkish limestone and dolomitic limestone (Jurassic)

Jg  : Dalichi Formation; Light green marl, Limestone and marly limestone (Jurassic)

D'"'sh : Khoshyeilagh Formation; Dark limestone and green shale (Devonian)
G o O O 18
D° Padeha Formation; Red and white sandstone and green marly shale (Devonian) QP': Conglomerate (Quaternary)

0¥ : Volcanic (andesite to basalt),sandstone and shale (Ordovician)
OS:sh: Dark sandstone, olive green shale and minor sandy limestone (Ordovician )

I+do: Dark grey algal limestone with algae and dolomite ( Cambrian )

'ﬂ. Qg : Recent alluvium (Quaternary)

Q; : Fan deposits conglomerate

02 . Young alluvial deposites (Quaternary)

1l

Q1 : High level piedmont alluvial (Quaternary)

/ Stratigraphic section / Road
Trust and /.
,/Normal Faults 0 Vilege

- ebt : Barut, partly Zaigon and Lalun Formations; red and green shale, limestone, dolomite, sandy shale, tuffacious sandstone and shale (Cambrian)
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58 WOl > Az —wa Vermisphinctes  sp.
_=e>La (2003) Majidifard |, Sphaeroceras tutthum
Parkinsonia sla« & 5 awsls Garantiana o s <
s Lobosphinctes cf. costulatosus «cf. radiata
035 3 2 2e 5 Planisphinctes cf. tenuissimus
ys Garantiana 0 sy ; Cwls .azwa Parkinsoni
090t Catled 9 2 VYO (21wl a5

Sl e Ve 5 opl s Parkinsoni

Garantiana g Parkinsoni (W39 )
oYM ¢ game Cutlind LY puae ol Siou b)) e
Glalsca ) ssToln et li glac sl gl
Ot e Al o Parkinsoni 5 Garantiana s )ik
«Cadomites (Polyplectites) sp. Jsli Lacessal 0!
(Leptosphinctes (Prorsisphinctes) sp.
Parkinsonia cf. (Lobosphinctes cf. costulatosus
Planisphinctes cf. tenuissimus cradiata

sSphaeroceras  tatthum (Planisphinctes  sp.
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la-b. Phylloceras kunthi, FUM#VK107; 2a-c. Phylloceras velaini, FUM#VK113; 3a-c. Calliphylloceras disputabile, FUM#VK115;
4a-b. Holcophylloceras zignodianum, FUM#VK119; 5a-b. Sowerbyceras tourtisulcatum, FUM#VK126; 6a-c. Parkinsonia cf. radiata, FUM#VK171;
Ta-b. Lytoceras album, FUM#VK136; 8a-c. Planisphinctes cf. tenuissimus, FUM#VK208; 9a-b. Sphaeroceras tuthum, FUM#VK160; 10. Cadomites
(Polyplectites) aff. Zlatarskii, FUM#VK159; 11. Morphoceras (Morphoceras) multiforme, FUM#VK175; 12a-b. Prohecticoceras cf. retrocostatum,
FUM#VK150; 13a-c. Lissoceras psilodiscus, FUM#VKZ139; 14. Morphoceras cf. macrescens, FUM#VK181; 15a-c. Lobosphinctes cf. costulatosus,
FUM#VK183; 16a-b. Bullatimorphites (Bumburites) cf. microstoma, FUM#VK163; 17a-c. Oxycerites cf. oppeli, FUM#VK141
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la-b. Choffatia perdagata, FUM#VK216; 2a-b. Reineckeia (Tyrannites) sp., FUM#VK198; 3. Hecticoceras (Zieteniceras) cf. zieteni, FUM#VK148;
4. Hecticoceras (Zieteniceras) cf. evolutum, FUM#VK147; 5a-b. Macrocephalites (Dolikephalites) hoyeri, FUM#VK169; 6 Hecticoceras
(Lunuloceras) cf. metomphalum, FUM#VK144; 7a-b. Reineckeia (Reineckeia) cf. nodosa, FUM#VK203; 8a-b. Reineckeia (Reineckeia) anceps,
FUM#VK200; 9a-c. Hecticoceras metomphalum, FUM#VK143; 10. Perisphinctes (Dichotomoceras) bifurcatus, FUM#VK235; 11a-b. Alborzites
semnanensis. FUM#VK204: 12. Binatisnhinctes hinatus. FUM#VK?223: 13. Perisnhinctes (Dichotomoceras) cf. hifurcatoides. FUM#VK234
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la-c. Taramelliceras (Taramelliceras) costatum, FUM#VK156; 2a-b. Subdiscusphinctes sp., FUM#VK243; 3.Peltoceras sp., FUM#VK250;
4. Orthosphinctes (Ardescia) sp.1, FUM#VK258; 5. Euaspidoceras douvillei, FUM#VK253; 6a-b. Orthosphinctes (Orthosphinctes) aff. tiziani,
FUM#VK229; 7. Orthosphinctes (Ardescia) cf. desmoids, FUM#VK255; 8a-b. Subnebrodites cf. laxevolutum, FUM#VK237; 9. Ataxioceras cf.
collignoni, FUM#VK266; 10. Orthosphinctes sp., FUM#VK231; 11. Ataxioceras (Schneidia) cf. elmii, FUM#VK246; 12. Orthosphinctes cf.
polygyratus, FUM#VK260; 13. Orthosphinctes (Ardescia) sp.2, FUM#VK267; 14a-b. Tramelliceras compsum, FUM#VK155.
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«Cadomites  (Polyplectites)  aff.  zlatarskii
Morphoceras «Lissoceras psilodiscus
Morphoceras «(Morphoceras) multiforme

Prohecticoceras cf. retrocostatum s macrescens
Ao o 534S La 210780 095 e ld
Oxycerites cf. 45,8 .5 ls Culbs 20 WV 2L wlis
5 —wl Retrocostatum O 5 5w 5 (2 s - OppEli
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«Anceps «Gracilis Bullatus sl BO9IC 33

Lamberti Athleta «Coronatum
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Binatisphinctes sp., Bullatimorphites
(Bumborites) cf. microstoma, Calliphylloceras
disputabile, Calliphylloceras sp., Choffatia
(Chaoffatia)  sp., Choffatia  (Grossuvira)
meridionalis, = Choffatia  (Grossuvira)  sp.,
Choffatia cobra, Choffatia perdagata, Choffatia
sacuntala, Euaspidoceras (Euaspidoceras) sp.
Hecticoceras (Lunuloceras) cf. metomphalum,
Hecticoceras (Lunuloceras) sp., Hecticoceras
(Putealiceras) cf. punctatum arcatum,

Hecticoceras (Zieteniceras) cf. zieteni,
Hecticoceras metomphalum, Hecticoceras
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Bullatimorphites (Kheraiceras) bullatus,
Bullatimorphites sp., Cadomites (Polyplectites)
aff. zlatarskii, Cadomites (Polyplectites) sp.,
Calliphylloceras disputabile, Calliphylloceras sp.,
Holcophylloceras sp., Holcophylloceras
zignodianum, Homoeoplanulites (Parachoffatia)
sp., Homoeoplanulites sp., Lissoceras psilodiscus,
Macrocephalites (Macrocephalites) sp.,
Macrocephalites (Pleurocephalites) sp.,
Macrocephalites cf. triangularis, Morphoceras
(Morphoceras) multiforme, Morphoceras
(Morphoceras) sp., Morphoceras macrescens,
Oxycerites cf. oppeli, Oxycerites sp., Phylloceras
aff. duodecimsulcatum, Phylloceras aff. velaini,
Phylloceras kunthi, Prohecticoceras cf.
retrocostatum, Ptychophylloceras
(Tatrophylloceras) euphyllum.
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Dichotomoceras crassum, Euaspidoceras
(Euaspidoceras) sp., Euaspidoceras cf. douvillei,
Holcophylloceras polyolcum, Holcophylloceras sp.,
Holcophylloceras zignodianum, Lithacosphinctes cf.
freybergi, Lytoceras album, Lytoceras sp.,
Orthosphinctes (Ardescia) sp.2, Orthosphinctes
(Orthosphinctes) aff. tiziani, Orthosphinctes sp.,
Peltoceratoides (Parawedekindia) arduennensis,
Peltomorphites sp., Perisphinctes (Dichotomoceras)
bifurcates, Perisphinctes (Dichotomoceras)
bifurcatoides, Perisphinctes (Dichotomoceras) cf.
wartae, Perisphinctes (Dichotomosphinctes) sp.,
Perisphinctes cf. alatus, Perisphinctes cf. panthieri,
Phylloceras isotypum, Prososphinctes mazuricus,
Ptychophylloceras (Tatrophylloceras) hommairei,
Ptychophylloceras  sp., Sowerbyceras  sp.,
Sowerbyceras tourtisulcatum, Subdiscosphinctes sp.,
Subnebrodites cf. laxevolutum, Taramelliceras
(Taramelliceras) aff. costatum, Taramelliceras
(Taramelliceras) costatum, Taramelliceras
(Taramelliceras) psoudoflexuosum, Taramelliceras
(Taramelliceras) sp.

(Zieteniceras) evolutum, Holcophylloceras
indicum, Holcophylloceras sp., Holcophylloceras
zignodianum, Homoeoplanulites sp., Lissoceras
voultense,  Macrocephalites  (Dolikephalites)
hoyeri, Macrocephalites (Dolikephalites) cf.
hoyeri, Macrocephalites (Macrocephalites) sp.,

Macrocephalites (Pleurocephalites) sp.,
Peltoceras sp., Phylloceras aff.
duodecimsulcatum, Phylloceras isotypum,
Phylloceras sp., Ptychophylloceras

(Tatrophylloceras) euphyllum, Ptychophylloceras
(Tatrophylloceras) hommairei, Ptychophylloceras
sp., Rehmannia (Loczyceras) cf. reissi, Reineckeia
(Reineckeia) anceps, Reineckeia (Reineckeia) cf.
nodosa, Reineckeia (Tyrannites) sp., Reineckeia
(Reineckeia) sp., Sowerbyceras sp., Sowerbyceras
tourtisulcatum.
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Reineckeia  «(Lunuloceras) cf. metomphalum
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(Lithacoceras)  sp.,  Lithacosphinctes  sp.,
Orthosphinctes (Ardescia) sp.2, Orthosphinctes
cf. polygyratus, Orthosphinctes sp.,
Orthosphinctes  (Ardescia)  cf.  desmoids,
Orthosphinctes (Ardescia) sp.1, Subnebrodites cf.
laxevolutum, Taramelliceras (Taramelliceras) sp.,
Taramelliceras compsum

«©Orthosphinctes (Ardescia) sp.1 slbas S ¢ ! !
Orthosphinctes (Ataxioceras (Schneidia) cf. elmii
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Plate 1

A) Eouvigerina khuzestanika (Axial section; -3703 m, scale bar: 77 mm); B) Catapsydrax dissimilis (Transverse section; -3703 m,
scale bar: 77 mm); C) Hankenina sp. (Oblique section; -3705.5 m, scale bar: 77 mm); D) Lenticulina sp. (Axial section; -3705.5 m,
scale bar: 77 mm); E) Turborotalita boweri (Axial section; -3701 m, scale bar: 77 mm); F) Triloculinatrigonula (Transverse section;
-3332 m, scale bar: 52 mm); G) Peneroplis evolutus (Transverse section; -3459 m, scale bar: 52 mm); H) Valvulina sp. (Axial
section; -3398 m, scale bar: 52 mm); 1) Peneroplis farsensis (Transverse section; -3421 m, scale bar: 52 mm); J) Sphaerogypsina
globula (Equatorial Section; -3467 m, scale bar: 52 mm); K) Asterigerina rotula (Axial Section; -3396 m, scale bar: 52 mm);
L) Reussella spinulosa (Axial section; -3395 m, scale bar: 52 mm); M) Quinqueloculina sp. (Transverse section; -3336 m, scale bar:
52 mm); N) Dendritina rangi (Transverse section; -3364 m, scale bar: 52 mm); O) Elphidimm sp. 14 (Transverse section; -3332 m,
scale bar: 77 mm); P) Austrotrillina howchini (Transverse section; -3486 m, scale bar: 23 mm).
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Plate 2:
A) Miogypsinoides complanatus (Transverse section; -3506 m, scale bar: 23 mm); B) Heterostegina sp. (Axial section; -3499 m, scale

bar: 51 mm); C) Borelis sp. (Transverse section; -3267.56 m, scale bar: 51 mm); D) Archaias cf. hensoni (Axial section; -3396 m, scale
bar: 51 mm); E) Amphistegina sp. (Axial section; -3494 m, scale bar: 51 mm); F) Nephrolipidina tournoueri (Axial section; -3585.75
m, scale bar: 51 mm). G) Discorbis sp. (Oblique section; -3373 m, scale bar: 51 mm); H) Planorbulina sp. (Transverse Section; -3490
m, scale bar: 51 mm); 1) Spiroloculina depressa (Axial section; -3620.75 m, scale bar: 51 mm); J) Pyrgo sp. (Equatorial section;
-3599.25 m, scale bar: 51 mm); K) Ditrupa sp. (Transverse section; -3588.25 m, scale bar: 51 mm); L) Nephrolepidina marginata
(Axial section; -3587 m, scale bar: 23 mm); M) Spiroclypeous blankenhorni (Axial section; -3501 m, scale bar: 51 mm); N) Archaias
cf asmaricus (Axial section: -3436 m, scale bar: 51 mm). O) Operculina complanata (Axial section: -3584.5 m, scale bar: 51 mm);
P) Archaias Kirkukensis (Axial section: -3468 m, scale bar: 51 mm); Q) Rotalia veinnoti (Transverse section; -3490 m, scale bar: 51
mm).
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Alveolina sp., Amphistegina lesonii, Amphistegina
sp., Archaias cf asmaricus, Archaias cf hensoni,
Archaias kirkukensis, Austrotrillina howchini,
Dendritina rangi, Eulepidina sp., Heterostegina
costata, Heterostegina praecursor, Heterostegina
sp., Lepidocyclina sp., Meandropsina anahensis,
Meandropsina iranica, Miliola sp.,
Miogypsinoides complanatus, Peneroplis
evolutus, Planorbulina sp., Pyrgo sp., Quing-
ueloculina sp., Reussella sp., Rotalia viennoti,
Schlumbergerina sp., Sphaerogypsina globula,
Spiroclypeous blankenhorni, Spirolina cylandrica,
Spirolina sp., Spiroloculina depressa, Textularia
sp., Trilioculina trigonual, Valvulina sp.

4. Miogypsina - Elphidium sp. 14 - Peneroplis
farsensis Assemblage zone

O 93 9 il Gl e AY maed 095 S ) oy
ol s B sl 5 (g e FYYA L FFYY Gleel
=l g il e laS T 4 by e 0558
Elphidium sp. 14 — 4o i 5 095
4 soms 2alS L 0T slgsl 5 Peneroplis farsensis
Ol 5 eI Sl Dog s e 095 4 & (o
ab 53 08 o3l 055 3l pob (oramd 0 1S
Cahuzac & i g ,5SB24 (530 «(1965) Wynd
Miogypsina-  —sez 09— 5 5 (1997) Poignant
a2 ¢ 5 Elphidium sp.14—Peneroplis farsensis
(2010) Van Buchem et al. 5 (2009) Laursen et al.
(YAQ) 0,8 5 ol ) &g 5T opl alive AL oo
o B0 EOAF) O 5 Gdems 5 3 55w B
=) 53 55 g0 (Sla feud ds gazes losls i1 F o S s

il 5 6l o Jols 3550
Amonia sp., Archaias kirkukensis, Archaias
operculiniformis, Asterigerina rotula,
Austrotrillina howchini, Bigenerina sp., Borelis
sp., Dendritina rangi, Discorbis sp., Elphidium
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Valvulina sp.

3. Archaias asmaricus - Archaias hensoni -
Miogypsinoides compalanatus Assemblage zone
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Al figures (XPL-PPL) light microghraphs x2000; the taxa considered in the present figure are referenced in Perch-Nielsen (1985).
1: Sphenolithus capricornutus Bukry & Percival 1971, XPL; 2: Sphenolithus calyculus Bukry, 1985, XPL; 3: Helicospheara
euphratis Hag, 1966, XPL; 4: Triquetrorhabdulus carinatus Martini, 1965, XPL; 5: Sphenolithus delphix Bukry 1973, XPL;
6: Zygrhablithus bijugatus (Deflandre in Deflandre & Fert, 1954) Deflandre, 1959, XPL; 7: Helicosphaera granulata (Bukry &
Percival, 1971) Jafar & Martini, 1975, XPL; 8: Helicosphaera recta (Haq, 1966) Jafar & Martini, 1975, XPL; 9: Helicosphaera
obliqua Bramlette & Wilcoxon, 1967, XPL; 10: Discoaster deflandrei Bramlette & Riedel, 1954 (PPL); 11: Cyclicargolithus
abisectus (Muller, 1970) Wise, 1973, XPL; 12: Pyrocyclus orangensis (Bukry, 1971) Backman, 1980, XPL; 13: Cyclicargolithus
floridanus (Roth & Hay in Hay et al., 1967) Bukry, 1971, XPL; 14: Helicosphaera ampliaperta Bramlette & Wilcoxon, 1967, XPL;
15: Sphenolithus dissimilis Bukry & Percival, 1971, XPL; 16: Pontosphaera multipora (Kamptner, 1948 ex Deflandre in Deflandre
& Fert, 1954) Roth, 1970, XPL; 17: Discoaster druggii Bramlette & Wilcoxon, 1967, PPL; 18: Helicosphaera scissura Miller, 1981,
XPL; 19: Reticulofenestra lockeri Miller, 1970, XPL; 20: Sphenolithus belemnos Bramlette & Wilcoxon, 1967, XPL.
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rhotomagense rongniart 1822;
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Sowerby 1818;
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Bosc 1801;

G. Lepthoplites
cantabrigiensis Spath 1926;
H. Cunningtonicers
cunningtoni Sharpe 1855;

1. Anahoplites daviesi Spath
1923.



Liggmgo duamadline (S5 (Jrdlal (]9 puogil ¢ G gmigo puons YVY

Ay b g Pl Sl 35U romen 3 58 IVl ) 5o
ﬁ&hxjs}_&wéﬁTth}SUJJWQ}}E
GlaaY 53 La fud 5l S o axrlge JSaa U 1) aosT
ke gLy s 5 ledis bio Y gane S anle
S b Ol el TSl (L sla i
Lo U Cans (1983) ROt 5,1kl U s foud 45U
Glo1s Lok god ol bl Sy s Ysana 5 o
Al 5303l 3 pslie clas S 5l YU Lo s
Al oLaa 58 5. Watznaueria  spp.
Ve 4b Ladh L W pd e (o Y sene ZeUgrhbdotus spp.
Oyl an A ol s il e S L@Td_}jﬁ:
Tranolithus (Rhagodiscus asper J.s ;| ol Jd 5
o3 Broinsonia . ;| oLa4as,& 5orionatus
Gl et gl dlaas ol 5o (F JSC2) Wis b s
Calis U dilodld onlaiwl pw cpuatd 5 (Shudigy S
5 ol K 3 s s T 5 51 e YA
RGO PPN N I PSS v NN g HPUE P g | W
FY e Cals) el T L5l 51 g YAY Sl s
Eiffellithus 58 5 5a> tsl (i = 57 51 620
ol @15 ey T 52 45T Ll 0l oty turTiSEfeli
Corollithion 58 ;s tsl s (6 g S oCn
ol ol T W3l g 26 FYY Csles s kennedyi
- 53T 50 2,20 (2012) Gradstein et al. a i g
3T e NCIOA 05505l by 5 Sl (e 5o
Leymeriella 5o 055 mms -5 oS o33 1y s
YA+ 5 6w L3le SLL = P ol - tardefurcata
3 ety ol o el T A5l (sl (6 s
Euhoplites  (Euhoplites lautus glad s jc—

Iy $\lme ;dT —w Hoplites dentatus s loricatus

1-Etching
2-Rim

2o S) cwloas 3,15 ;5 Schloenbachia varians

(VAW €S (6 g g

Mantelliceras dixoni Zone
£lw ‘_;J_:ﬁbt‘b)a_u wu,u:ﬁ S0 OVO Ll i

<50, Turrilites scheuchzerianus s soT 45 (ulo T
0953 3 e ibo i YL 23w et li 45 0l
) e 3l s C—wl Mantelliceras dixoni Zone

RE PRTRCH RS I PO

Cunningtoniceras inerme Zone

B3l (6 20 OAD) 5T ool 5 1 (6,20 FYO Cslie s
5L, Cunningtoniceras cunningtoni 45,8 (el
i ) Gl e ol s SET KL o ol
CuNNINGoNiceras & s3cmmj yasli 458 ol .ol
Acanthoceras (s;c—ws ) edels I Lsl ol inerme
- Turrilites costatus o3 ; » 3 s rhotomagense
ol 31 (Wright & Kennedy, 1987) ccul ods Ll 8
sSchloenbachia  coupei gL—aa 58 3

ol i 138 ;s Placenticeras aff. mediasiaticum

YA (LS (g gn 5 2l S) ol

Acanthoceras rhotomagense Zone

a5 S (e FY 039U ma > =35 slsJos !
4SS Cwled i sl Acanthoceras rhotomagense
<! Acanthoceras rhotomagense & s ;< —ws ) 2 =
o b el T 3l (6,20 900 B #YVs Jolo u> 5 5

35 on i Gl e g

90T 9 Bl (SBCIg I § N 35T sgig 5~ B
o ol S (ST (6l Jod 51 plarl 5 1 2

p3lie g5l a3 o 53,85 13 35k 5 Il 3G



YWY (LT ol 50) 1S pigmsy g (5 paolit] s 35 (ansb il iigal (510 cygjemn 5 dunslin

Perch-Nielsen L. s i ~Ssl (1977) Sissingh
Roth 45 5,5 NC13 L NC9 (slady g5 5 5 (1985)
B3l ol Gl o e b g U T e 5 (1978)

2 g o gy
ST ool s 53 0t Sl s slaas S L
Acanthoceras  rhotomagense sL—ad s — )
Euhoplites  lautus Cunningtoniceras inerme
Hoplites dentatus (Euhoplites loricatus
Mantelliceras mantelli .Leymeriella tardefurcata
_=>=a Stoliczkaia dispar s Mortoniceras inflatum
Sl Glr pplosm s i T e 5 S
pelnT Wle ol e Yo U sl lw slgs!

2 o gy
(b 56 5 (e SLa0 55§ 0313 )15 o LS
RAROLS ) Dl 5 6l yot &3 5 G35 (o e
S i s 68w wle oYU i ) S
48 (s 3550 o (sl 2 YY) el T il
@b 28 5l 55k S s 4 Jeed 5L a5
Sty T e 50T SO 35 i 13 55
Calsnd) b Sl P 53 S (ool 1 Sl
oy AT o b 03 8 53 2 (p g0 P8 BYY
gl e Y 3 s aS e slgin |y Sle slesin o
g S 10T W5le ol e Y g sl T Wl
e s s Jamed 56 Sl £ o Sl e

s o QLA Ty b 9 85 - e

T GLal IS o o) 4 S e slgiiy
Ji'\_ﬁ Stolickaia dispar s Mortoniceras inflatum
L o PR P e | o
Ul;@uw LAJ:..«&}SU L.w‘}? a-uw:&?w "}::JT
Sed 56 S L Sle s ey e g 035
LaasY o o p AL OLSl o ol 53 55 50
Mantelliceras manteli & s ; jesls glacs sl
Acanthoceras (sla0s)cam ) 5 Gubiy polo g S b
,— s Cunningtoniceras inerme  rhotomagense
Gl olgsl iz Yo 5ol ot CaL Sle ple g
ol el 58 LT il edels e Fr T
6\.@44;)}& LJ'.’-J>TU":’”;I.’.‘ Ql{y})b C,.w‘ oo
Rhagodiscus Lithraphidites acutus J—.s 4t
Calis y3 .ol ST Wil 5T ze Yo b wleT
Quadrum 5,8 5 sa tsl 50T L3l g 2 Y9
Sl 1y iy 9555 e 45 3 95 o0 o> GArtNEri
S (op S P Sl

L5l Ll 53 okl pend hd SU G055 b
odallie 34 ,oeie Lijlw 9o ua”\ O 08w ) o
9 ﬁﬁﬂ\w) h:/-‘w‘ o u;v)bj/ﬁ C‘b‘\:{ T Eab)
OYAY (59, $IFAY O SKen

S 5 domid
el T 53 SaT (sla foud 5b andllan pulul



Liggwge dumadlons « o5 (il ()l i gil c G guign s YVY

&b

PV () plST dre SBLLST 5 wli o s Olo L C"‘*‘f s a5 Ol (ol a3 YWY g O LS

i el OLL (o 5 ) El3aS o Jled o el T il (s oty (ST (gla fod 56 AFAY Cp (55,42
i ol et

- e oslr) Olysd iy s ST Glad g sl lis p el T L3le 5 (i 3151 2l b AVAF (¢ g
gl s 53,8 oK el )l _enled 1S 4l DU (o

(V) gl a5 4 (F10S o 5,20 3UT (B b 53 (le siae (Sl T IYAY (g (S (g gm0 0 ¢ lo 8
ALAALS

5 St 03 SSAT slad gm0 5b gl 1 oele T W5l (Gl (s G S5 IPAF o cosl o g0 0.5 (g 33la
O e ple o0 ol 5 Sy (F130S 08 w2 y) OT

bl gl bl el T il (SIS 5550 8l AR 0l g pome (i (L3 (S gm g0 €20 e DI3Ll oty T So
SIS s pale (Mo s 55 o Ol ool i o] R lad ey (o SUL 2 ) e Jlad 3 El3aS
AYFAYA oo Ol S o oo o le s 45 it

Il 53 ot T 3l (5 i S 5505 WYY ) (o (Sgmm 6 cpiliie (5255 0f ¢ $3L0 cp (o Al kezs
TYFXYO AD ¢ pale 42 (45 05l o b ) $154S 4 s 5,

O3 asoimsamr s L) fhaS Hsls 5o Slw anli S gam)y G, (oold Joud 5 (wlid aizr IYAV p (S (G50

up?’b~ ‘M 4:.(,«3 AK:J/.’ “;Ji‘.(.) 4.’[««) (LST.;J}AT

Amedro, F., 1992, L' Albien du bass in Anglo-Parisien: Ammonites zonation phyletiques, sequences.
Bulletindu Centres Recherche Exploration-Production EI fAqultaine, 16 (1): 187-233.

Berberian, M., & King, G.C.P., 1981. Towards a Paleogeography and tectonic evolution of Iran. Canadian
Journal of Earth Science, 18: 210-265.

Bown, P.R., & Young, J.R., 1998. Techniques. In: Bown, P.R., (ed.), Calcareous Nannofossil
Biostratigraphy. British Micropalaeontological Society Publications Series, Chapman and Hall/Kluwer
Academic Publishers, 16-28.

Bown, P.R., (ed.), 1998. Calcareous Nannofossil Biostratigraphy, Chapman and Hall, London, 1-315.

Burnett, J.A., 1998. Upper Cretaceous. In: Bown, P.R., (ed.), Calcareous nannofossil biostratigraphy. British
Micropalaeontological Society Publications Series, Chapman and Hall/Kluwer Academic Publishers,
132-199.

Gale, A.S., Hancock, J.M., & Kennedy, W.J., 1999. Biostratigraphical and sequence correlation of the
Cenomanian sucessions in Mangyshlak (W. Kazakhstan) and Crimea (Ukraine) with those in southern
England. Bulletin de [’Institut Royal des Sciences Naturelles de Belgique, Sciences de la Terre, 69:
supplement A, 67-86.

Gale, A.S., Kennedy, W.J., Burnett, J.A., Caron, M., & Kidd, B.E., 1996. The late Albian to Early
Cenomanian succession at Mont risou near rosans (Hautes Alps, SE France); an integrated study
(ammonites, inoceramids, planktonic foraminifera, nannofossils, oxygen and carbon isotopes).
Cretaceous Research, 17: 515-606.

Gradstein, F.M., Ogg, J.G., & Hilgen, F.J., 2012. On The Geologic Time Scale. Newsletters on Stratigraphy
45 (2): 171-188.

Immel, H., Seyed-Emami, K., & Afshar-Harb, A., 1997. Kreide-Ammoniten aus dem iranischen teil des
Koppeh-Dagh (NE-Iran). Zitteliana, 21: 159-190.



YVO (3T ol ) 105 oigmsy g (5 paolit] W 35 (ansb il iigal (510 cygjeun 5 donslin

Immel, H., Seyed-Emami, K., 1985. Die Kreideammoniten des Glaukonitkalkes (O.Alb e O.Cenoman) des
Kolah-Qazi-Gebirges stdostlich von Esfahan (Zentraliran). Zitteliana, 12: 87-137.

Mosavinia, A., & Wilmsen, M., 2011. Cenomanian Acanthoceratoidea (CretaceousAmmonoidea) from the
Aitamir Formation (Koppeh Dagh, NE Iran): taxonomyand stratigraphic implications. Acta Geologica
Polonica, 61: 175-192.

Mosavinia, A., Lehmann, J., & Wilmsen, M., 2014. Late Albian ammonites from the Aitamir Formation
(Koppeh Dagh, NE Iran). Cretaceous Research, 50: 72-88.

Mosavinia, A., Wilmsen, M., Aryai, A., Shahida, M., & Lehmann, J., 2007. Mortoniceratinae (Ammonitina)
from the Upper Albian (cretaceous) of the Atamir Formation, Koppeh Dagh Mountains, NE Iran. Neues
Jahrbuch fiir Geologie und Paldontologie - Abhandlungen, 246 (1): 83-95.

Owen, H.G., 1999. Correlation of Albian European and Tethyan ammonite zonations and the boundaries of
the Albian Stage and substages: some comments. Scripta Geologica, 3: 129-149.

Perch-Nielsen, K., 1985. Mesozoic Calcareous Nannofossils. In: Bolli, H.M., Saunders, J.B., & Perch-
Nielsen, K., (eds.), Plankton Stratigraphy. Cambridge University Press, Cambridge, 329-426.

Raisossadat, S.N., 2004. The ammonite family Deshayesitidae in the Kopet Dagh Basin, north-east Iran.
Cretaceous Research, 25: 115-136.

Raisossadat, S.N., 2006. The ammonite family Parahoplitidae in the Sanganeh Formation of the Kopet Dagh
Basin, north-eastern Iran.Cretaceous Research, 27: 907-922.

Roth, P.H., 1973. Calcareous nannofossils-Leg 17, Deep Sea drilling Project. In: Roth, P.H., & Herring, J.R.,
(eds.), Initial reports of the Deep Sea Drilling Project, 177: 696-796.

Roth, P.H., 1978. Cretaceous nannoplankton biostratigraphy and oceanography of the northwestern Atlantic
Ocean. In: Benson, W.E., & Sheridan, R.E., (eds.), Initial Reports of the Deep Sea Drilling Project 44.
U.S. Government Printing Office, Washington, 731-760.

Roth, P.H., 1983. Jurassic and Lower Cretaceous Calcareous Nannofossils in the Western North Atlantic
(Site 534): Biostratigraphy, Preservation, and Some Observations on Biogeography and
Paleoceanography. In: Sheridan, R.E., & Gradstein, F.M., (eds.), Initial Reports of the Deep Sea Drilling
Project, 76: 587-621.

Seyed-Emami, K., & Aryai, A.A., 1981. Ammoniten aus dem unteren Cenoman von Nordostiran (Koppeh
Dagh). Mitteilungen der Bayerischen Staatssammlung fiir Paldontologie und Historische Geologie, 21:
23-39.

Seyed-Emami, K., 1980. Parahoplitidae (Ammonoidea) aus dem Nordost und Zentral Iran. Neues Jahrbuch
fir Geologie und Paléaeontologie, Monatshefte 1980, 719-737.

Seyed-Emami, K., Forster, R., & Mojtahedi, A., 1984. Ammoniten aus dem mittleren Cenoman von
Nordost-Iran (Koppeh-Dagh). Neues Jahrbuch fir Geologie und Paldontologie Monatshefte, 159-172.

Sissingh, W., 1977. Biostratigraphy of Cretaceous calcareous nannoplankton. Geologie en Mijnbouw, 56: 37-
65.

Varol, O., 1992. Taxonomic revision of the Polycyclolithaceae and its contribution to Cretaceous
biostratigraphy. Newsletters on Stratigraphy, 27: 93-127.

Wright, C.W., & Kennedy, W.J., 1987. The Ammonoidea of the lower chalk. Part Il. Monograph of the
Palaeontographical Society, London, 139: 127-218.



Sedimentary Facies
Autumn 2019 / Winter 2020, 12 (2): 251-288

DOI: 10.22067/sed.facies.v12i2.70118 A g

oy Woylus ) cole 4 pis
YAA-YYS :(F) 1Y AVAA olous) g jls

(Original Research) iag5 alie

(S99l sLrogs 4id;) A9 8 v 2 39 Moy W sl SlauS| ot

" Ssitacn tw ' (5951 dabld

Q‘J._:" ‘J.«,.i'..» ‘.l{..’;.a Li“'}:J; ali:.l\: ¢(}l§ am‘) &5»:\;.; wﬁ) o};ﬂ:ﬁ‘_\
Ol pl cdgiion cdgdn w3 2 oKl ‘C}'L; oSl ‘@u(ﬁqxgjé)@aﬁéjf:_‘f

hadavi231@yahoo.com :¢$G 5 S ™

WY 1 b gy g b

ALARIA R TP BT

oS>

Oplis b il e )3 @l 455 (el iy (o 55 el Canlbied .ol 3 iy algy 6Kl 55 (St 00l 55 o ez 5
G35 = otian sb & L3l pl o ls i anle 51 S50 Sl en odiST 5 ob 4 &5 Sl ST &K 5 0yle ¢ o 1 JSCkze 5 20 VYO

AJJUinU:.:}L@av\:‘iﬁQb);}a.ﬁjbLiJ:l;uL;h:}:)W&h&T&b}:}g:}&;uéjf)i}:})@lf.\jjbl{J:l;uu.ﬂy“

Fahwﬁ‘ﬁ‘@;bﬂwu‘d‘j&“_mﬂ‘wjf)b;w)f))}ne.k&:liwu%ulj)éu\:;ra}_ &)bélﬁu\f‘k\)b&}‘é‘f
dglie 3 gy 0d B yme by ol 5103 oy 45T hed U a0 5505 Lot g lulis (slaaST| 2l 3 8 (6ls 5 o Se 5 s Caliies i

Al gn alllan 3550 5 Sl ey 3k - e Sl o LS Alie pl s 8

e K anle 5 SHL slaaY 5 ST K )le
Slod55 5 i SLaeSaT i 5y o L5k 4
o35ty Ll S b il e 0159350 il
CrE kS VD 3 5, o Dl g 0 S e kS
35557 055 (asm Gle o S p du ey oS
sl s Lilw ol (Ashraf, 1977) el sus s
0 aS K, 0 5 aY SSTL eSaT K glaas
5 Slos 55 LS oK 4 Vb oo 4y 5 il 5 5b
abl JSCiS Lsh oo e Ol)sd e Ll glaus o
3 S e Ol g a1y 0T (ST i K ol
L S 5 (2 S $SaT o8 (g 28 b (slaeY

YR PPt AN WSS W N LS I B~ W gy Y511
A0

s Lol (slao S aniy s 8 s s iy agy
o ) ool B AE e g - sl L
228 il el Cu B Hplis 5 ol Jld s
g 5 Sl el B 53 (Ol s (g g OT
sb s BLE ) (gl 53 ESKmil 5 Sl sy 3 I
1) 535 85 sles sama 5 S 5558 Dby o
by y alie 5 ol Slguy o ol 53 45 il gy o
(VYVA o3l hogyn) didl go 1 53 $Sia 09 S

03 Sl 55 Sladiig o ege S (S o e 5
3 b el s aalllas 5y Jgs AL e agy ol
(el 25,28 Al 4 Glate gba i Jals 6y 3 5y



YVV (09l sloogs and) digyB (o 50 dmipes Wil (glousT il (S sz

305 41,8 5 plis - dgde adlawT oy paws 55 55 de 3,
3,5 558 035,8 Oln g8 51 LL 0T & bcaws gl &S
G5 Sliwgy Sty b OT Sl 5 &Sgyle a4 b
5 @oUT pl ysls (6 e glSTY 53 b5 5y e 5 sl el
) JS8) el 4 815 s iy 4 ok
S0l 2 VIO iy cpl 53 o L3l Sl
oab a5 ST o8 5 0)be (i ) [Sie o5 0
oy g A 5 ol S anle 1 STU oY ouST
S8 2caiS Lle b doles Gl JI5 (5, 2 oo
Slos g3 5 it SaSAT &K b st 5 a3 S
NI PEOCE 4 SN KU S-SR W- SV  BYY SR R O
Wl odih Cils 6,2 VO B e ol gh L s iy e
Yo Glasl 51 ST 5 Sajlen 5l Ol S b g

el ok s 5y el Sl (6 e Sl 00 6

Y P T R DY W N WS PO

OYAZ Sl g 5 )
Wil ol Sy g ook plal kit & > Slalllae I
03 53 Lo b 5 151 5 lao ) g0 52l caisal sl
oLil b 0T 5l 5yt lid Jud Slalllae 23w 55 oS
SISl 5 mn ol aalllan 5 Con .l 0k
22055 A0 053 (g 5 B9 S 03 ey Ll
SLa Joud 5U Al s 4 0 aalllae (gLl gy )

il o ST

S0 (bl duz 9 2Ll > CurBgo
53 5 yslid Oliw s Jld el ST FY 3wy 8 5y
PO oLl Cnbge L aSs 5 sl Hsls Jled

Lol @y S oo YO R 0" 5 o,sls Jsb OA°

58730

58'45

36457

3638

P llas 5550

. —
p—_ 0 80km o
3630 3630
58307 58745
4.1.“]:.44)_94uﬁxgw}ngLAb‘)j&uL_.&‘)igﬁeﬁy:\JSJ}
. . - . . - & K
AS&E-LJ»&&.‘.VbMaJ\Jy)w“LJ}:M; w%ng

aals) 355 JY 5 Colo S eI 5 3l okt gl T
Ol S 1w LSl () obile b o guny .30
i 2lieS 5 L 5 Zeiss ZHB5 Sy Seo alew s 4,
B3ai 2 533 5 30 SIS 2l (oS e 5 (o 240X

)\ﬁf}&aﬁ%%‘)b}@\b)uﬁwuﬂjbj

23 aiged a5 e S e g sa (55le e3beT g
) 58T DT 5 T I b 5 A8 03l 1 3 40 &S
4 (25310 6581 OT o Vo T 2 8 1)
¥o eSSl oslizal b s 5 ol ol YF ke

N2 G ol ias ety



Godduao Lig (590> aobld YVA

3 5b o (1140) 0K 5 Sl &S (g5 4 Lilods
s e Dl S il Sl ) Ot k- e
daopezr il STzl 5L ool (6l ol anllls o
el a3 1S s 20sm 25 T

Ol g3 Cden oy jdted goo 5 US| 2l 87l 4y 4 55 L
)Mpwt&rﬁgﬁsju_wt&@ﬁ:&wbjs
slaasl o ey ml 55 Ols ol Aol gy o0
s &Sy 35 03 5dma 53 b 03 5 ) 51 (s
L oS S 8 Ol i ) sl il
Sl ien 53 los 28 5 b 4tz Sy S
o Glaze (slap 5 5 Lladks w55 S35 56 (s
055 s 5 ol S S iy 2815 dauly 43,5
s aS ST S 55 51 S aze oo 059 o> ims
dedis 53 ooy, 8 o 5 Sl elig i o Jomd S ola
.(Van Morkhoven, 1963) .l o Ol sl

B STl Cet 555 e S35 ¢ il aalllas s
e S 35 D) 50 4 WOT 2oy 5 il 0335 (o)
ol I (slaadS” I (63 gdoms sl LB o (uli|HS)) -
B gy Sus b oa LT a8 s sdal s
03,5 1 03 oo S Bl 5 onlial (S Lo
Dbl 4 5355 () 8 WS o ol g S (heed
oo ol 35 o i 33k Sl daoe 4 0 UST
Ghle 3l oks (8 me gl Lo lalis Glawi 8 51 (5 5k
Ulod s 03,55TSP. oy yam 4o 1) 5 it aulitn 6 S0
Aot Slaas & Lads sai oml 457 5,05 3. g Jlai|
g ity CB3 () el 5,158 048l &7 sl
(ol 5l 6 s aalllan 5 Dlomt eyt (slass § ()18 el
635 5 S s ISl a3 (65 Ll
ol iasn 53 Lleds i) E e b 5 didl
33 Lo per i3l 3 STl 16,8 08 5 i FO sl

FUY Gl JKa) ol ok glulids 4595 i

AN Sy Sn ST oSl ) 523 S
Sl 55 L dga pss 3 ol (655 0 o8y Le3T
Claassad a5 Gl ST 0LLE s ()5 5 5 guad Calides
03,5 olid a3 o iulejT )3 0dld (613 o gl
eV g gr )13 gt 53 b ol ol e
Lle mlin 5 bauST sl glulis gl o ol ;S50
Arkadev et al. (1981) Sheppard ((1978) Blaszyk
Franz et al. (2008, 2009) Tesakova et al. «(2006)
(2014) Honigstein et al. «(2014) Guzel «(2009)

) ol oalain!

el fd OlIliae
e L5l e I 655 ekl plasil slata
(o gl Gl Jomd ol 5l 5 ElaaST Glaass s >
il a8 o s b 56 T 5 O g sl
Seyed-Emami et al. Lw g Lle ol glacssel
2003, ) Majidifard «(\¥V4) 5 cdgs (1998, 2013)
AYAP) Ol LSan 5 ol 5,5 ((V¥AP) OL_s 55, (2008
OYAV) Ol San 5 (6 —ale ((\FAY (\FAQ (\FAV
Seyed-Emami & (VWA 01, 5 Sl 5 (V¥4
OT las s s ((\WAY) LS 5, 5 (2010) Schairer

Mafi (\¥4¥) SLs 5 (\WAV) O,LKen 5 (o> 0 Law 55

5 o by 0T S 55 ,uis ((2014a,b) et al.
5 bl oy 0T ST (la fd 56 5 (VWAY) 55

Alos axdllae (V¥40) 0, Kes
S 03 s e Ll e 5 S ds Olalllas bl
OYAY OhSKen 5 59 p0) a3 suls @ a5 b iy 3
Slon 5 oS = e (120 5AS T Sl o5l
(Y (L) Loy 50 5dly 5 (VFAY 0L 35 5) e 5eT
allias 5 s i ) ST s e 56T



TVA (ogllar soogs aih)) digyd by 50 dipezy wijlw ouST powl (8 yme

058 5355 ol pu sad ol slacS il 51 (A Y S
Fig. 1: Aaleniella bathonica Sheppard 1981, valve exterior of left valve; Fig. 2: Caudites sp., valve exterior of left valve; Fig. 3: Glyptocythere sp.,
valve exterior of left valve; Fig. 4: Rutlandella sp.2, valve exterior of right valve; Figs. 5-6: Cytherella ovate Roemer 1840, 5. valve exterior of left
valve, 6. valve exterior of left valve; Fig. 7: Oligocythereis sp.1, valve exterior of right valve; Fig. 8: Schuleridea (Eoshuleridea) bothonica Bate
1967, valve exterior of left valve; Figs. 9-11: Aphelocythere kanonica Dilger 1963, 9. valve exterior of left valve, 10. valve exterior of left valve,
11- valve exterior of right valve; Fig. 12: Aphelocythere sp., valve exterior of right valve.
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Fig. 1: Micropneumatocythere cracens Bate & Sheppard 1979, valve exterior of left valve; Fig. 2: Galliaecytheridea kingscliffensis Bate 1967, valve
exterior of left valve; Fig. 3: Rectocythere sp., valve exterior of left valve; Fig. 4: Trachycythere sp.1, valve exterior of right valve;
Fig. 5: Pontocyprella sp., valve exterior of left valve; Fig. 6: Cletocytheris sp., valve exterior of left valve; Fig. 7: Trachycythere sp.2, valve exterior
of right valve; Fig. 8: Monoceratina sp. valve exterior of right valve; Fig. 9: Rubracea artis Lubimova et al. 1957, valve exterior of left valve;
Fig. 10: Alocopocythere sp., valve exterior of right valve; Fig. 11: Cytherelloidea sp.1, valve exterior of left valve; Fig. 12: Oligocythereis sp.2, 1840,

valve exterior of right valve.
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Fig. 1: Oligocythereis sp.3. valve exterior of left valve; Fig. 2: Bairdia pumicosa Sheppard 1981, valve exterior of left valve; Fig. 3: Undetermined
gen sp.1, valve exterior of left valve; Fig. 4: Darwinula rogersii Jones 1862, valve exterior of left valve; Fig. 5: Pontocyprella cavata Donze 1967,
valve exterior of left valve; Fig. 6: Bairdia hilda Jones 1884, valve exterior of right valve; Fig. 7: Anchistrocheles spinosa Sheppard 1981, valve
exterior of right valve; Fig. 8: Rehacythereis sp., valve exterior of right valve; Fig. 9: Paracypris terraefullonfcae Jones & Sherborn 1888, valve
exterior of left valve; Figs. 10-11: Paracypris asymmetrica Sheppard 1981, 10. valve exterior of left valve; 11. valve exterior of right valve;
Fig. 12: Pseudoprotocythere sp., valve exterior of left valve.
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Figs. 1-2: Pntocyprella subaureola Sheppard 1981, 1. Dorsal view; 2. valve exterior of right valve; Fig. 3: Oligocythereis sp.4, valve exterior of left
valve; Fig. 4: Ovocytheridea sp., valve exterior of left valve; Fig. 5: Premunseyella sp., valve exterior of left valve; Fig. 6: Rutlandella sp.1, valve
exterior of right valve; Fig. 7: Cytherella krimensis Neal 1996, valve exterior of left valve; Fig. 8: Macrocypris sp., valve exterior of left valve;
Fig. 9: Krithe simplex Jones & Hinde 1890, valve exterior of right valve; Fig. 10: Oligocythereis sp.5, valve exterior of left valve;
Fig. 11: Procytheropteron sp., valve exterior of right valve; Fig. 12: Pichottia magnamuris Bate 1967, valve exterior of right valve.
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Fig. 1: Darwinula sp., valve exterior of left valve; Fig. 2: Cytherelloidea sp.2, valve exterior of right valve; Fig. 3: Praeschuleridea subtigona
Jones & Sherborn 1888, valve exterior of left valve; Fig. 4: Pichottia muris Oertil 1959, valve exterior of left valve; Fig. 5: Cytheropteron sp.,
valve exterior of right valve; Fig. 6: Fabanella tumidosa Swain & Brown 1972, valve exterior of right valve; Fig. 7: Hekistocythere sp., valve
exterior of right valve; Fig. 8: Undetermined gen sp.2, valve exterior of right valve; Fig. 9: Oligocythereis sp.6, valve exterior of left valve;
Fig. 10: Bythocypris sp.2, valve exterior of left valve; Fig. 11: Pseudomacrocypris atypica Sheppard 1981, valve exterior of left valve;
Fig. 12: Glyptocythere guembeliana Jones 1884, valve exterior of right valve; Fig. 13: Bairdia sp., valve exterior of right valve;
Fig. 14: Lobobairdia rotundata Monostori 1996, valve exterior of left valve.
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Introduction

Alborz Mountain (with East-West trend) in North of Iran and South of Caspian Sea has been created by the
collision of central Iran and South Caspian plates (Stocklin, 1974). Upper Cretaceous strata in the Alborz area
are consist of marine carbonates and marls that are different in western and eastern regions. Tertiary
conglomerates and sandstones strata disconformably overlie those. In the Northern Alborz, Cretaceous
carbonate strata are continuously overlain by shallow marine lower Paleocene layers (Rezaeian, 2009).
Cretaceous-Paleocene strata in the north flank of central Alborz are consist of 235 meters of carbonate,
siltstone, sandstone, and evaporitic layers. For reconstruction of the sedimentary environment in this strata, one
stratigraphic outcrop in the south of Sari city has been sampled and studied. In this study, benthic foraminifera,
palynomorphs, and palynofacies have been examined.

Materials and Methods

Seventy rock samples have been processed using the standard palynological processing method (Traverse, 2007).
In this method, carbonate and siliciclastic matters have been removed by HCL and HF (37%), then the residual
matter has been sieved and centrifuged (using ZnCl.), and finally, palynological slides have been prepared. Also,
seventy thin sections in order to the identification of benthic foraminifera have been prepared. Finally, all data
have been plotted on diagrams using Corel Draw, Triplot, Adobe illustrator, and Excel software.

Discussion

The studied section from base to top is consists of carbonate strata with siliciclastic intercalation layers, marl,
argillaceous limestone, shale, and evaporate. To the identification of relative age and Cretaceous-Paleocene
boundary in the studied section, fossils content of samples have been studied. Four species of dinoflagellates,
ten species of spores, seven species of pollens, and two species of foraminifers have been identified. Based on
stratigraphic distribution of Tricolpites phillipsii (Ocampo et al., 2006; Schulte et al., 2010; Vajda and Raine,
2003; Willumsen and Vajda, 2010), Palaeopridinium cretaceoum (Ogg et al., 2016) and Elphidiella
multiscissurata, Campanian-early Paleocene age can be proposed for these strata. K-Pg boundary is identified
in the sample (K-T 36) based on the first appearance of Tricolpites Phillipsii index species. Thin section studies
lead to the identification of five sedimentary facies (evaporite, siltstone, litarenite, sublitarenite, and bioclast
packstone/wackstone) in the studied samples that proposed shallow marine carbonate ramp as a sedimentary
environment for these layers. Organic matter in palynological slides can be used as a paleontological factor to
reconstruct the paleoecology and sea-level changes in the past (de Araujo Carvalho et al., 2006). High
abundance of terrestrial palynomorphs (spore and pollens) and plants particles (phytoclasts) and low abundance
of marine palynomorphs (dinoflagellate, acritarch, chitinozoans, ...) and structureless organic matter (SOM)
can prove landward environments and relative sea-level fall event and vice versa (de Araujo Carvalho et al.,
2006; Handford and Loucks, 1993; Tyson, 1993). Palynological studies in this section show a relative sea-level
rise trend from the base of the section to the middle parts, then a relative sea-level fall trend from the middle
parts towards the end of the section. Moreover, there is a relative sea-level fall event across the K-T boundary
the can be correlated with the global sea-level diagram (eustasy). Based on this fact, we can say that the
Cretaceous-Paleocene basin in this area was connected to the open oceans.
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Conclusion

Cretaceous-Paleocene strata in the South of Sari (Northern Iran) are composed of carbonate, evaporate, and
siliciclastic sedimentary rocks. In this study, based on paleontological investigations and the appearance of
Tricolpites phillipsii (index species of Paleocene age), Cretaceous-Paleocene boundary has been identified in
K-T36 sample (133 meters from the base of section). Stratigraphical distribution of index fossils proposed a
Campanian-early Paleocene age for the studied strata. Facies studies lead to suggest a shallow carbonate
ramp as a sedimentary environment for these strata. Statistical analysis on palynological factors shows a
deepening upward trend from the base of the section to the middle parts. Then there is a shallowing upward
trend from the middle parts towards the end of the section. Moreover, one significant shallowing event can
be detected across the K-T boundary that can be correlated with global sea-level fluctuations that show us the
connection between this basins to the open oceans.
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Introduction

The Kuh-e-Bande-Abdol-Hossein section, which is located southeast of Anarak, was first mentioned by
Reyer and Mohafez (1970) and later examined in more detail by Sharkovski et al. (1984) and Wendt et al.
(2005). We re-examined this section because it is mainly composed of sedimentary rocks ranging from
Ordovician to Permian age (Hairapetian et al. 2015; Lensch and Davoudzadeh 1982). Herein we focus on the
Middle to Upper Devonian strata in order to establish the biostratigraphic framework of this section by
means of conodonts. We also briefly discuss the conodont biofacies of the Kuh-e-Bande-Abdol-Hossein
section.

Material and methods

The measured profile is located approximately 32 km southeast of Anarak and 180 km northeast of Isfahan
(E 53° 52" 55" and N 33° 10" 90" WGS coordinates). The entire section has a thickness of approximately
1200 m. In order to improve the biostratigraphy of the Kuh-e- Bande-Abdol-Hossein section, 78 conodont
samples of roughly 2 to 3 kg each were taken from the 366m of carbonates and processed by conventional
methods using 10% formic acid. Washed residues were sieved and separated into three fractions, and
conodonts were handpicked utilizing a microscope. Depending on the depositional facies setting, the number
of conodonts per sample is highly variable, e.g., in dolostones, no conodonts were found. In contrast, in
shallow-water limestones, a good number of species occurred in separate beds. A total number of 1917
conodonts were obtained from the residues, which led to the identification of 41 species and subspecies
within six genera.

Discussion

Based on the revealed conodont data, six conodont zones were discriminated as follow:

expansus zone, subterminus zone, Upper falsiovalis to transitans zones, transitans to lower rhenana zones,
upper rhenana to linguiformis zones, triangularis to termini zones. Bahram Formation at the studied profile
spans late Givetian (expansus zone) to Early Famennian (triangularis to termini zones. Biofacies
interpretation and conodont frequency reveal the Icriodid-Polygnathis to Polygnathid-Icriodid biofacies due
to the deepening of the depositional basin. CAl interpretation also shows the variation from CAI=1/5-2 to
CAI=4-4/5. The studied interval is composed of an overall shallow-water, nearshore to open marine facies
setting.
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Introduction

Permian sequences of Zagros and Arabiab peninsula including Dalan Formation and its equivalent, Khuff
Formation, are precisely investigated in order to hydrocarbon exploration. Type section of Dalan Formation
is described by Szabo & Kheradpir (1978) and composed of three members; Lower and Upper Dalan and
Nar evaporite Member between them. Studied succession in the present paper is located in Gahkum
anticline, southeast of High Zagros Zone, SE Iran. We should pass 134 km northward from Bandar Abbas to
attain Sarchahan village and then 7.7 km eastward in order to access the section. Coordinates of section are:
28°5'40.5"N, 55° 55' 18.19"E.

Discussion

Numerous researches have been conducted on the Dalan and Khuff formations in the Middle-East. For
example, Alsharhan & Narin (1995) studied the sedimentary environment and stratigraphy of Permian
sequences in the Arabian Peninsula. Angiolini et al. (1998; 2003) and Henderson & Mei (2003) studied the
paleogeography and paleoclimatology of North and southeast of Oman by using conodonts. Kolodka et al.
(2011) studied the biostratigraphy and microfacies of Dalan Formation.

Dalan Formation in the Gahkum section with 685m thickness conformably overlie the marine uppermost
beds of Faraghan Formation and can be divided to Lower and Upper Dalan Members. No sign of Nar
evaporate Member is seen between them. The absence of this member may be related to lateral facies
changes of evaporite to carbonate. The Upper Dalan Member is disconfomably overlain by Middle to Late
Triassic dolomites of Khaneh-Kat Formation (Fakhari, 1995, Sabzehei, 1993). On the basis of foraminifer
stratigraphy, Kolodka et al. (2011) proposed the age of Wordian for the base of Lower Dalan Member, and
the present conodont species; Sweetognathus iranicus, Hindeodus wordensis and Merrillina divergens prove
this age. On the other hand, the base of Khuff Formation (equivalent of Dalan Fm.) in the southeast and
interior Oman has the age of Wordian (Angiolini et al., 1998; 2003). Conodonts are associated with
microvertebrate remains such as skeletal particles, scales and teeth of paleoniscoids, hybodontiforms and
osteichthyan fishes.

Conclusion

Conodont studies in addition to the stratigraphic situation of the base of Dalan Formation in the Gahkum
section show the age of Wordian. It seems that the base of Dalan Formation is diachronous and becomes
younger from the northwest to the southeast of High Zagros. The absence of Nar evaporite Member between
Lower and Upper Dalan carbonate members, may be related to the lateral facies changes. This is the first
report of paleoniscoid, hybodontid and osteichthyan fish remains from the Permian strata of Zagros
Mountains.
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Introduction

The Binalud Mountains in the northeast of Iran is a limited structural unit between the central Iran, Kopet-
Dagh, and Alborz Mountains, mainly considered as a southeastern extension of Alborz Mountains
(Lammerer et al., 1983; Eftekhar-Nezhad & Behroozi, 1991; Alavi, 1992; Seyed-Emami & Schairer, 2011).
Jurassic successions, which have very well extended outcrops in the eastern Alborz and Binalud Mountains,
were the main topic of the publications by Seyed-Emami & Schairer (2010), Wilmsen et al. (2009a,b),
Raoufian et al. (2011, 2014), Seyed-Emami and Raoufian (2017), Seyed-Emami et al. (2018). Dalichai
Formation in the eastern Alborz and Binalud Mountains comprises a thickness of marl and marly limestone,
with an abundance of ammonite fauna which is the most important characteristic of the formation in the
Binalud Mountains. This fauna in the Alborz and Binalud has long been considered in different papers (e.g.,
Shafeizad et al., 2005; Seyed-Emami et al., 2008, 2013, 2015, 2018; Raoufian et al., 2011, 2014). In this
research, an outcrop of Dalichai Formation in the Baghi stratigraphic section, northwest of Esfarayen city,
was lithostratigraphycally and biostratigraphically studied.

Materials and Methods

The base of the measured stratigraphic section is located in 37°11'45.34" and 57°16'21.89", 29 km northwest
of Esfarayen city (Esfarayen to Jajarm route). After field studies, reviews of lithofacies in the field, and
drawing the log, 540 in situ ammonite specimens were obtained from the section. They are kept in the
Museum of the Geology Department at the Ferdowsi University of Mashhad. The biometric details of
ammonite specimens, including the dimensions of the specimens, size, depth, and diameter of the umbilical
area, the number, arrangement, and shape of ribs, marginal keels, nodes, suture lines, and apertural shape,
have been studied. The studied ammonitic fauna are typically Northwest Tethyan and belongs to the
Submediterranean Province with episodic Mediterranean and Subboreal affinities (Seyed-Emami et al.,
2013). It reflects the relationship between these regions with other parts of the Paleotethys sidelines during
the Jurassic time.

Discussion and Conclusion

In the Baghi section, the Dalichai Formation unconformably overlies the siliciclastic Shemshak Formation
and gradationally underlies the cliff-forming carbonate rocks of Lar Formation. The Dalichai Formation,
with a thickness of 655 meters, is divided into ten separate informal members and is mainly composed of
marls, limestone, and marly limestone. One of the most important features of the Dalichai Formation in this
section is the abundance of ammonite fauna, especially in the lower half of the section. Due to the specific
color, lithology, and abundance of ammonite fauna, the second member is a key member.

Paleontological studies in this research is led to the determination of 96 species, 26 subgenera, 39 genera, 20
subfamilies, 14 families, and 6 superfamilies belonging to 3 suborders of Ammonitida. According to the
mentioned assemblage, 17 standard biozones are recognized, consisting of Grantiana, Parkinsoni, Zigzag,
Retrocostatum, Bullatus, Gracilis, Anceps, Coronatum, Athleta, Lamberti, Transversarium, Bifurcatus,
Bimammatum, Planula, Platynota, Hypselocyclum, and Acanthicum. These biozones show the age of late
Bajocian — late Kimmeridgian for the Dalichai Formation. The studied ammonitic assemblages are closely
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related to the other Middle-Late Jurassic fauna from Iran and further peri-Mediterranean regions, which
correlates with the Sub-Mediterranean province.

Keywords: Ammonite, Middle-Upper Jurassic, Dalichai Formation, Baghi section, Binalud, Iran.
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Introduction

This study was aimed at the biostratigraphy and sedimentary environments reconstruction in one of the wells
in Maroun oilfield at Dezful embayment zone. We also compared the studied sub-surface section with the
equal intervals in Mala-Kuh, Ghale-Nar oilfield, Moshkan section, and Firouzabad section. The thickness of
Asmari Formation in the studied well is 370.5 m and consists mainly of limestone, dolomite, dolomitic
limestone, sandstone and argillaceous limestone. In this well, the lower boundary of the Asmari Formation
with Pabdeh Formation and its upper boundary with Gachsaran Formation is continuous.

Method and Materials

For this study, 150 thin sections (mainly drilled cores) were studied in detail for paleontology,
biostratigraphy, allochems identification, and microfacies determination. References such as Loeblich and
Tappan (1980), Boudagher-Fadel, (2008), Adams & Bourgeois (1967), and other related articles were used
to identify the available microfossils. We used the biozonation scheme of Laursen et al. (2009) and Van
Buchem et al. (2010) to define and correlate the biozones. Classification of rock types was done according to
Dunham (1962) and Embry & Klovan (1971), and microfacies identification and interpretation were carried
out based on Wilson (1975), Buxton & Pedley (1989), Geel (2000), and Flugel (2010),

Results and Discussion

Based on paleontological studies, 43 genera and 61 species of benthic and planktonic foraminifera were
identified. They have been classified into six zones (five assemblage zones and one indeterminate zone) as
follows:

1- Globigerina spp.-Turborotalia cerroazulensis-Hantkenina Assemblage Zone

This biozone is 76 meters thick and lies between the depths of 3706.5 to 3630.5 m. It corresponds to the
upper part of the Pabdeh Formation. In this biozone with Oligocene (Rupelian) age, Globigerina spp. are
abundant, and the extinction of Turborotalia cerroazulensis occurs in this biozone.

2- Lepidocyclina-Operculina-Ditrupa Assemblage Zone

This biozone is 129.5 meters thick and lies between 3630.5 to 3501 m. The beginning of this biozone is
based on the first occurrence of the Lepidocyclina sp. and Operculina complanata. Its end is marked by the
first appearance of the Miogypsinoides compalanatus and Spiroclypeous blankenhorni. This biozone belongs
to the Chattian-Rupellian age.

3- Archaias asmaricus-Archaias hensoni-Miogypsinoides compalanatus Assemblage Zone

The thickness of this biozone is 80 meters and lies between 3501 to 3421 meters deep. The onset of this
biozone is marked by the first occurrence of Miogypsinoides compalanatus and Spiroclypeous blankenhorni.
The first occurrence of Elphidium sp.14, Peneroplis farsensis and disappearance of Archaias distinguish the
end of the biozone. The age of this biozone is Chattian.
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4- Elphidium sp.14 — Peneroplis farsensis Assemblage Zone

This Assemblage zone is 83 meters thick and lies between 3421 to 3338 meters deep. The age of this biozone
is Aquitanian. The onset of this biozone is determined by the occurrence of the Elphidium sp.14, Peneroplis
farsensis, and the end of this biozone is characterized by a decrease in the fossil fauna assemblage known as
the Ambiguous Zone.

5-Indeterminate Zone

With 70.44 meters thickness, this zone lies between the depths of 3338 to 3267.57 meters. A decrease in
fossil assemblages characterizes this interval. According to its stratigraphic locality, this indeterminate zone
is related to Aquitanian (Laursen et al., 2009). The fossils present in this biozone are very sparse and consist
mainly of porcelaneous and indeterminate milliolids.

6- Borelis melo curdica-Borelis melo melo Assemblage Zone?

This biozone is related to the uppermost part of the Asmari Formation. The beginning of this biozone is
defined based on the occurrence of the Borelis spp., continues to the end of the Asmari Formation. This
biozone is 7.56 meters thick and lies between 3267.56 to 3260 meters deep. The age of this biozone is
cautiously Burdigalian.

Based on the mentioned biozones, the age of Asmari Formation in the studied well is Rupelian — Chattian —
?Burdigalian.

According to sedimentary texture, sedimentary structures, skeletal and non-skeletal elements in the
microscopic studies if the provided thin section, 12 microfacies related to the outer ramp, middle ramp (distal
and proximal parts), shoal and inner ramp environments (patch reef, lagoon (semi-restricted and restricted)
and tidal flat were identified in the studied well. Gradual changes of facies to each other, the lack of coated
structures, and the absence of coated grains are the main evidence suggesting deposition in a homoclinic
carbonate ramp. Microfacies analysis shows that planktonic foraminifera in the upper part of the Pabdeh
Formation belongs to the outer ramp. Due to the presence of large hyaline foraminifera, the lower part of the
Asmari Formation is deposited in the distal part of the middle ramp, while the presence of lenticular
foraminifera demonstrates the proximal ramp environment. A high-energy, shallow-shoal environment with
the presence of thick-walled lenticular foraminifera, cementation, and grainstone textures characterize the
boundary between the middle and the inner ramp. Inner ramp environment is considered by the presence of
patchy corals (patch reef) and imperforate foraminifera (Archaias, Peneroplis, milliolids) of the lagoon
(semi-restricted and restricted lagoon) and tidal flat zones.

Keywords: Zagros basin, Oligo-Miocene, Marun oilfield, Dezful embayment, Biostratigraphy, Microfacies,
homoclinal ramp.
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Introduction

One of the most extensive Tertiary succession in Central Iran is the marine strata of the Qom Formation,
which was studied based on paleontology studies. The type section of the Qom Formation has been studied
in the areas around Qom city (Bozorgnia, 1965). One of the most important achievements obtained from the
formation is evaluating stage boundary (Oligocene-Miocene interval) and biostratigraphy of it. In this section
the Qom Formation consists of 346 m thick which mainly consists of marl, marly limestone, and limestones.

Material and Methods

In this study, 78 samples from the Gurpi Formation interval have been studied. The samples were prepared
following the standard smear slide method (Bown and Young 1998). All slides were examined under the
polarized light microscope at x1000 magnification. The nomenclature of calcareous nannofossil follows the
taxonomic schemes of Perch-Nielsen (1985), Martini (1971), and Okada & Bukry (1980).

Discussion

Calcareous nannofossils are among the most important fossil indicators for determining relative age,
biostratigraphy studies, paleoecology studies, and correlation of sedimentary strata of various geological
periods in different parts of the world (Hewaidy et al. 2014; Faris et al. 2016). A succession of the Qom
Formation in southwestern flank Navab anticline was selected to study biostratigraphy based on calcareous
nannofossils. In this section, the Qom Formation with 346 m thickness mainly consists of marl and marly
limestones. For introducing index species, calcareous nannofossil assemblages, and biozones, slides have
been studied at the Qom Formation, which led to the recognition of 29 species of calcareous nannofossils. In
this study, four biozones were detected in the formation. Bio zones including Triquetrorhabdulus carinatus
Zone (CN1a-b), Discoaster druggii Zone (CN1c), Sphenolithus belemnos Zone (CN2), and Helicosphaera
ampliaperta Zone (CN3) with late Oligocene (late Chattian) to early/middle Miocene (Burdigalian-Langian)
in age. According to the first and last occurrence of index species, the following biozones are identified:

1. Triquetrorhabdulus carinatus Zone (CN1la-b)

This biozone is recorded from the LO Helicosphaera recta or Sphenolithus ciperoensis to the FO of
Discoaster druggii. The age of this zone is late Oligocene (Chattian) to early Miocene. The thickness of this
zone has been measured at approximately 14 m. In this zone, some associated fossil assemblages are
Coccolithus miopelagicus, Discoaster deflandrei, Helicosphaera obliqua, Helicosphaera euphratis,
Helicosphaera intermedia, Pontosphaera multipora, Pyrocyclus orangensis, Reticulofenestra bisecta,
Reticulofenestra locker, Sphenolithus capricornutus, Sphenolithus calyculus, Sphenolithus delphix,
Sphenolithus conicus, Sphenolithus compactus.

2. Discoaster druggii Zone (CN1c)
The second zone is recorded from the FO of Discoaster druggii to the LO of Triquetrorhabdulus carinatus.
The age of this zone is the early Miocene. The thickness of this zone is 187.68 m. Some fossil assemblages
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in this zone include Braarudosphaera bigelowii, Cyclicargolithus floridanus, Coccolithus pelagicus,
Coccolithus miopelagicus, Discoaster druggii, Discoaster deflandrei, Helicosphaera ampliaperta,
Helicosphaera granulate, Helicosphaera obliqua, Helicosphaera euphratis, Helicosphaera intermedia,
Helicosphaera scissura, Pontosphaera multipora, Pyrocyclus orangensis, Sphenolithus conicus,
Sphenolithus compactus, Sphenolithus dissimilis, Sphenolithus moriformis, Triquetrorhabdulus carinatus.

3. Sphenolithus belemnos Zone (CN2)

This zone spans the interval from the LO of Triquetrorhabdulus carinatus to the last occurrence of
Sphenolithus belemnos. The thickness of this zone is 81/32 m. The age of this zone is the early Miocene.
Some fossil assemblages in this zone include Braarudosphaera bigelowii, Cyclicargolithus floridanus,
Coccolithus pelagicus, Coccolithus miopelagicus, Discoaster druggii, Discoaster deflandrei, Helicosphaera
ampliaperta, Helicosphaera granulata, Helicosphaera obliqua, Helicosphaera euphratis, Helicosphaera
intermedia, Helicosphaera scissura, Pontosphaera multipora, Sphenolithus belemnos, Sphenolithus conicus,
Sphenolithus compactus, Sphenolithus moriformis.

4. Helicosphaera ampliaperta Zone (CN3)

The last nannofossil unit recorded in this study is the CN3. This zone spans the interval from the LO of
Sphenolithus belemnos to the LO of Helicosphaera ampliaperta. The thickness of this zone is 63 m. The age
of this zone is early/middle Miocene (Burdigalian-Langian). Some fossil assemblages in this zone include:
Braarudosphaera bigelowii, Cyclicargolithus floridanus, Coccolithus pelagicus, Discoaster deflandrei,
Discoaster druggii, Helicosphaera ampliaperta, Helicosphaera obliqua, Helicosphaera euphratis,
Helicosphaera intermedia, Helicosphaera scissura, Pontosphaera multipora, Sphenolithus compactus,
Sphenolithus moriformis.

Consequently, according to the identified biozones, the age of the section is late Oligocene (Late Chattian) to
early/middle Miocene (Burdigalian-Langian).

Keywords: Biostratigraphy; Calcareous nannofossils; Qom Formation; Oligo-Miocene.
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Introduction

The Kopet-Dagh Basin is located in the northeast of Iran, extended over Iran, Turkmenistan, and
Afghanistan with a west-northwest to east-southeast trend. The Iranian part of the basin is located between
61°14" and 54°00°E and 38°16" and 36°00" N. Cretaceous successions are thick and well exposed in the
northeast of Iran. The Cretaceous Ammonites are studied by Seyed-Emami (1980), Seyed-Emami & Aryai
(1981), Seyed-Emami et al. (1984), Immel et al. (1997), Raisossadat (2004, 2006), Mosavinia et al. (2007,
2014), and Mosavinia & Wilmsen (2011). Calcareous nannoplankton biostratigraphy of Aitamir formation is
studied by Susani (2005) and Hadavi & Musazadeh (2005).

Materials and Methods

The studied section, the Amirabad section, is located at a distance of 65 km to the northeast of Mashhad city,
on the Mashhad-Kalat road (coordinates: N36°34°59” and E60°09'24"; altitude: 720 m). Aitamir Formation
is measured 668 m in this section and comprised siltstones, fossiliferous (bivalve and ammonite) sandstones,
glauconitic sandstones, dark gray to greenish-gray silty shales, and dark gray shales. It conformably overlies
the Sanganeh Formation and is overlain by the Abderaz Formation. A total of 139 samples were collected
from the section at intervals 3-5 m to study the calcareous nannofossils. In addition, 40 m part of the topmost
of the underlying Sanganeh Formation as well as the lowermost of the overlying Abderaz Formation were
also measured and sampled. For nannofossil biostratigraphic investigations, all samples were processed
using the gravity settling technique (Bown & Young, 1998). The prepared slides were observed under a
Nikon Optiphot Il Pol light microscope with a magnification x1000. Bibliographic references for the
calcareous nannofossils are given in Perch-Nielsen (1985), Varol (1992), and Burnett (1998). Ammonite
samples were collected across the section and named and photographed at the paleontology laboratory of the
Payam-e-Noor University of Mashhad.

Discussion and Conclusion

Nannofossil bioevents have been utilized to biostratigraphically classify the exposed sedimentary succession
based on the CC biozonation scheme of Sissingh (1977, modified by Perch-Nielsen, 1985) and the NC
biozonation scheme of Roth (1978, modified by Bralower et al., 1995). The biozones CC8 to CC10 and NC9
to NC13 were determined, and accordingly, the Aitamir Formation is attributed to Albian to late Cenomanian
time interval. The lithology of sandstones and siltstones at the lower part of the Aitamir Formation
influenced the preservation of nannofossil taxa. In this part, the Ammonite biozones have covered the gap of
nannofossil biozones. The upper part of Leymeriella tardefurcata, Hoplites dentatus, Euhoplites loricatus,
Euhoplites lautus Mortoniceras (M.) inflatum, Stoliczkaia dispar, Mantelliceras mantelli, Mantelliceras
dixoni, Cunningtoniceras inerme and Acanthoceras rhotomagense biozones were determined at the Aitamir
Formation except for the upper 20 meters, which contains no ammonite sample. Based on Ammonite
biozones, the age of Late Early Albian to Middle Cenomanian is attributed to the Aitamir Formation.
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Introduction

The Binaloud Mountains, with an almost eastern-western trend, is extended from the Jajarm area in the
Northern Khorasan to the Torbat-e-Jam region. In the Binalud zone, Jurassic succession in many places
covered Paleozoic rocks and metamorphic assemblages, known as Mashhad Phyllite. Chaman-Bid Formation
is one of the most famous Jurassic deposits in the northeastern. The studied sequence in the Ghroneh section
is located at 43 kilometers north of Neyshabur and northeast of Ghroneh village (58° 45' 36", 36° 45' 05"),
respectively contains siliciclastic rocks of Kashafrud Formation, shale, marl, limestone, and sandstone beds
of Chaman-Bid Formation, and thick to massif limestones of the Mozduran Formation. Most paleontological
studies on the Chaman-Bid Formation are done based on ammonites (Majidifard, 2003, 2008; Raoufian et
al., 2011, 2014; Seyed- Emami et al., 2013, 2018), palynomorphs (Mafi et al., 2014a,b), and more recently
nannofossils by Amani et al. (2016). Based on calcareous nannofossils, the Early Bajocian—Early Berriasian
age was suggested for the mentioned deposits in the Ghroneh section. In the present study, for the first time,
ostracods of the Chaman-Bid Formation have been investigated. The present study introduces the Chaman-
Bid Formation ostracods and compares this fauna within the calcareous nannofossils biozones.

Methods and Results

The thickness of the Chaman-Bid Formation in the studied section is 715 meters and consists of shale, marl,
and limestone, interbedded with some sandstone beds. Sixty-four samples of the Chaman-Bid Formation
with intervals of 10 to 15 meters were collected. 300 grams of each sample were soaked in water and
hydrogen peroxide for 24 hours and washed in 30 and 60 mesh sieves. The residue was dried, and all
ostracods in each sample were separated. The ostracods were studied with a Zeiss ZH55 microscope at 40x
magnification and photographed in scanning electron microscopy (SEM) at the central laboratory of the
Ferdowsi University of Mashhad.

Results and Conclusion

Ostracoda is one of the most valuable crustaceans in paleontological and paleoecological studies. The
remains of these small and microscopic crustaceans are widely distributed through Phanerozoic, and
individuals belonging to this subgroup are characterized by their particular morphological and physical
characteristics (Van Morkhoven, 1963). In the present study, 45 genera and 59 species of Ostracoda have
been identified in the Chaman-Bid Formation in the studied section. Previous studies of Ostracoda have been
compared with ammonite zones. The current study is important since there are no reports on Iran's Jurassic
ostracods. Therefore, introducing ostracods and determining their age range is a significant objective of this
study; however, their preservation is relatively poor. The study of the Chaman-Bid Formation ostracods in
the Ghroneh section led to identifying of 59 species belonging to 45 genera. For relative age dating in the
present study, calcareous nannofossils have been used and identified ostracods correlated with them. These
assemblages have been compared with 12 previously reported nannofossil zones from the Ghroneh section.
Nannofossil zones (Amani et al., 2016) belong to NJ9 to Early CC1 and confirm the age of Early Bajocian to
Berriasian for the discussed ostracod assemblages.

Keywords: Ostracoda; Chaman-Bid; Ghoroneh; Binalud.
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