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Phylum Chlorophyta
Class Dasycladophyceae Hoek et al., 1995
Order Dasycladales Pascher, 1931
Family Polyphysaceae (Kiitzing, 1841)
Tribe Clypeineae (Elliott, 1968)
Genus Clypeina (Michelin, 1845)
Clypeina occidentalis (Johnson & Kaska)
Pl. 1, Figs. 4-6

1965 Acroporella occidentalis n. sp.; Johnson &
Kaska, p. 78, pl. 7, figs. 1-2.

1976 Acroporella occidentalis Johnson & Kaska;
Segonzac, p. 128-130, pl. 2, fig. 5 (France
Thanetian).

1990 Clypeina occidentalis (Johnson & Kaska);
Radoi¢i¢ n. comb., p. 98-100, textfigs. 1-2; pl.
4, figs. 1-9 (Iraqg: Paleocene).

1993 Clypeina occidentalis (Johnson & Kaska);
Kuss & Herbig in Barattolo et al., p. 270, pl. 3,
figs. 5-15.

2013 Clypeina occidentalis (Johnson & Kaska);
Granier & Radoici¢ in Granier et al., p. 283, pl.
1, figs. a-f; pl. 2, figs. f-I; pl. 3, figs. a-j; pl. 4,
figs. a-c; pl. 8, fig. d.
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1991 Clypeina elliotti Beckmann & Beckmann;
Deloffre et al., p. 530, pl. 3, figs. 1-5.

1991 Clypeina elliotti Beckmann & Beckmann;
Radoi¢i¢, p. 60-61, pl. 4, figs. 1-14.

Sl 0l odaline M3-14 t}aju)b 4 gel | idgad
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odas Ll 2o o /00 G +/0 00 d5d> Cand sl
e e /Y 0T o dool 5 o Sy geo ) s e 5

NG

b LS el Sl s a5 8 ) Melio
Cewl ol s o Lulis (1966) Beckmann & Beckmann
il e a1 B AL il aulS gls fud s slyls &7
m;\&‘uwﬂauu@t{gug&w
LS Sledbl 5 dias o Ol > &K s 1) 4 la sue
iz ) e 35T s as s fu 55 51 018 50 1)
L owgasiy b, S 5l o il cLacS T
Laast s sl 457 ol o5ls es=i5 (1971) Segonzac
SUNPRECRERY o= A DAL S SPRTIT

(1978) Elliott L. & Clypeina elliotti L 4lis sl4 ge5
el ts s a8 4 8 o Bls sl
Hamulusella 1, 6T Js il oo o ol b (glo3
i 0335 0SS @ 4 5 L3 505 5 e SEdalanensis
055 s Elliott (1978) L s ol 5,20 45 S 5
Hamulusella sl 53> 1.R.C.Z.N J@L;Mr.a
Laas gad ol 53 555 00 35 5 Ced ame SEdalanensis
oy L Byl s a8 Laas s asle oM (ool v
Sl bosls cpl iz 8350 00 0> (955 4 el (ol

s e Clypeina

Clypeina cf. haglani Radoi¢i¢, 1990
PI. 4, Figs. 9-10
1990. Clypeina haglani n. sp.; Radoici¢, p. 93-94,
pl. 3, figs. 1-5.

225 Dby @YU 5 Sl Side 5 4 sad ol isad
Sl odys 8 o dalie M4-7 s M6-11 ¢ M6-14 pbLis
(v S

sl (G5 15 &S opl g3 wJU o8 Sy icduogd
AL 5ol S Jantns &5 L lnl 53 JS Jas Leas s
5 od 5 plad Lgsl )3 Laas s s o fate il 4 oS
Pl 4, Fig. ) ot oud y S 3L ondS &Y S Lo s
3L 0 dare g g0 iy BB S5 plm 5 O
JUCTIRGIW P - L I P I SRy - I EPN.
el e o /N B /8O Js i s e la
Al iia 342 VA BNF s o > bl sl
JUPIPE PN W) ¢ L WYL o WO S P B R P Bt
e 4 ged SlE sl e Lo /A G/ OT ol
Biae G e S ais b yme oS & gas 5 allie oyl 53 ol
4 ged 534S Gk il e b e s ls S
Ol G dgms 53 Jg ol T IS8 (sl Laas L S
SELOT 58 ol jelul ol dims Las laas s
aalllae 45 g 5,503 ol sl s S el G b
S0 5 g b 46,8 Ledd

G e 3l 5l S 658 o s 20504%0
o Sl ol o O5130555 4 4 55 L Ol 5 oo 5 08
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Clypeina elliotti Beckmann & Beckmann, 1966
Pl. 4, Fig. 4

1966 Clypeina elliotti n. sp.; Beckmann &
Beckmann, p. 37, pl. 11, figs. 155-159.

1971 Clypeina elliotti Beckmann & Beckmann;
Segonzac, pl.2, fig. 8, pl. 3, fig. 11.

1978 Hamulusella sedalanensis n. gen. n. sp.;
Elliott, p. 687-688, pl. 3, figs. 1-4 nom nod.

4- Tabular
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L Vesicular 3l Ca s cb\ e o L_aasl_ &
sl s (JSe g5,5 U JL) <l Phloiophorous
L /0¥ s S 5 5 e 55 0T kb 5 o555 ¢S50
St U Sl 3 g gl el /40
Laatli olgnl U s icde Lol colilii g |y asls
IS 5 b Ol i S e 4 5 Sl 0 S
3 S 6 ga5 a7l s 405500 adtie S35 L1 4 Ls
et Lads 13 s S5 50l 3158w S

s 0315 o Clypeina aff. dragastanii 4 (s
S5 5ol an 0130355 4y e Sl s D3940
55 550 ol Sl Al ey e ST e oS

W23 5315 e een Ol 5 o8

Clypeina cf. lucana Barattolo & Romano 2002
Pl. 4, Figs. 11-12

1978 Praturlonella salernitana n. gen., n. sp.;
Barattolo, p. 2-3, 11-25, pl. 1-19, Text figs. 13-16.

1979 Praturlonella salernitana  Barattolo;
Chiocchini et al., pl. 2, figs. 2, 97, 11-12.

2002 Clypeina lucana n. sp. (Barattolo); Barattolo
& Romano, p. 53-54, text fig. 10; pl. 2, figs. 9-
12; pl. 3, figs. 1-11; pl. 4, figs. 1-7; pl, 5, figs.
1-12; pl. 6, figs. 1-12; pl. 9, figs. 1-2.

2012 Clypeina lucana (Barattolo) Barattolo &
Romano; Sokac et al., p. 166, pl. 4, figs. 1, 2b,
3-4, 5b, 6-10, pl. 5, figs, 1-10.
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LLa 31 o sl Sbgany 1S o] i 0390420
33 il 5 Sas S 5 Calots 518 Ls Calies
Deloffre & Granier, ) 55,8 sdalin o2 o 5 oo 5
Os 105 L 2l en am a5 L Ll (1992
Rotorbinella detrecta ¢Mississippina binkhorsti
ax>U -yl )5 4 5ed ol Mississippina sp. 5 Kathina sp.

s sd g IS sl

Clypeina cf. elliotti Beckmann & Beckmann, 1966
Pl. 4, Figs. 5-8

oh odal e MA5 5 MA-T oblin 5 45 gai ) diged

(¢ )
ol T Glls 5 JSs (g Sl by
U laasls (69 9358 oo odud ba fud sy Jome 53 oS ol
Lt ey 0 SLds 53 Sl 0k oS Jls jims
ol e e S A S S Sl s
i U el Olail e Ls S o Oy g0 40 ba 5 5
G /Y Laas L aluols 5,05 aslsl (s o ys sl
G- U SN PORT - NI BRGNS WY o
U slade JSTb an Laas s .l 10 B VY Lo goe
L odols (oS 8 ol 31 Jless i 53 5%0) 86
aM@KJM:MUJL&A&-Lﬁ:g-g@«;—j
Clypenia Sl 58 5 sa 55 oo i (1l (s
A5 5y 50 68 4 0 5uST pl B 355 e oy s elliOL

el o3 planil 25

Clypeina aff. dragastani Dieni & Radoi¢i¢ 1999
Pl. 4, Figs. 1-3
1999. Clypeina dragastani n. sp.; Dieni &
Radoi¢i¢, p. 109, fig. 7, pl. 1, figs. 1-12; pl. 2,
figs. 1-14; pl. 6, figs. 10-11.

5- Pyriform
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Genus: Cymopolia Lamouroux, 1816
Cymopolia cf. frugifera Segonzac, 1976
Pl. 1, Figs. 1-3
1976 Cymopolia frugifera. n. sp.; Segonzac, p.
123-125, pl. 3, fig10.
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o 03l 915 b bt s ol 358 0 0ls 68 10 4N
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ol 5L Og e a4y 5 05 13 adgl i la oS
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OT OIS s 5 ol g gy S 5 31 &Sl o 5
Faka NGV o T by g5 s U (s
3 g g S OIS o 53 5525 4y a5 LAl s
o=l (Pl 1, Fig. 3,5 QLQ:;) G e 093 slaadl>
Cyompolia cf. frugifera a4 ol osly e
o=l 93 G g ol 4S5l s Segonzac, 1976

ol )5 pseal 4 55 (1976) Segonzac bow 5

6- phloiophorous

Ghls 5 S5 ot a5 4 oS ol e U Schurgd
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023 68535 5 Laadl o ol S oS 035 ke
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Sl ol g I STl 0S8 a0 (il 3o Ol 8
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235 S o ol 5 s s (PL4, Fig. 11)
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S s s sad iy YU O b s ool o
T PO U P & S BNV SN Y [ P G POy
Jmss ibes (sl 5 Jlome Bl (g 4y 5L a2 b
as sae (1978) Barattolo (g jlu 5k Jis 55 .ol gy
ol o 0303 DL Gar oS 4ulST 65 D50 4 e L
55 La0T olie bl 5 ale (53, » el Slaiil fous
S 53 (W i JalS ) ab 4 JlannS s i3
e 550 Qe 305 ) 53 e 1 s

51 (1978) Barattolo v g i ol i s 089020
Sl 0 Z3L Ul g Al Gos oS ol S
ool o 1l B ,2e Clypeina lucana b 4 e
o ol am OI1305 ) codd 3 me w4l
4>l 5 43,? o) o Kathina sp. s Mississippina sp.
o it o A 4 alllan 3 50

Family: Dasycladaceae Kiitzing, 1843

Tribe: Dasycladeae Pia, 1920
Sub-Tribe: Cymopoliinae (Pia, 1931)
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g5 35 PL L FIQ.T) 50 51,5 &S w3 4l o
SAe F B F sl o 520 ol bl 3 ol gonn 520 S
03 4w ESG oy g dn 4S5 51> ) 5 4 5l as L
g el (o PL 1, Figs 7, 9) 555
L +/2Y0 554> Laasls -l ks ..l Phloiophorous
e 53 A0k ol gla 5 55 Sl e s 07000
Laas L o glad it alatal ol T (ol Sl
Laas s, hd 51 0T Caled 45 (65 0k 4 0l oS

Ll S
L sl e g83L Sl gy 1Sl ol i s 039000
s 4l Lol (s 3 =e (Deloffre & Radoigi¢, 1978)
Deloffre & ) cul ol i3S sl sl B OT
Sl i3 5 50 asdlles 55 404U y5 (Granier, 1992

el 0 3L sl Dl (YL

Cymopolia cf. mayaense Johnson & Kaska, 1965
PI. 1, Figs. 10-11; PI. 3, Fig. 6

1965 Cymopolia mayaense n. sp.; Johnson &
Kaska, p. 83, pl.18, figs.1-4.

1978 Cymopolia mayaense Johnson & Kaska;
Deloffre & Radoici¢, p. 71, pl. 7, figs. 3-4.

1991 Cymopolia mayaense Johnson & Kaska;
Deloffre et al., p. 528-529, pl. 3, fig. 13.

2013 Cymopolia mayaense Johnson & Kaska;
Granier et al., p. 283.pl. 3, figs. 1-4.

tM4-5 tM3-10 eM3-7 tM3-6 sblis ;3 & a5 ] 4iped
33 4 ga5 ol SAST, el 0s 03 M5-8 5 M4-7

A JS8) el ol 3550 2 Sl sla iy
5 Ui glass js e I lyls ai ) iy
(b o oy 33 45 el (&1 sl (glaky I (5las sazen
o Sk 855 o s (slo s pie g1l Loy
SEF U Y e OT ¢S 587 had o e Lo (/AN G 4/50
Glaastls ol 4 g 5 adsl glaasle lyls 5 e o
L5 (slas 515 L Phloiophorous JSCs 4 5 oL 8™ )

Laastls ol s las S 51 5 ale Lol 5 soms ) S

PL 1, Figs. s eai szl sl sad Oluo gua .ol
L Lal «c—wl Cymopolia barattoli « 4 a5 3 1-3
a1y OT ¢ il s 5 OIS Y 5, >

el S Cymopolia cf. frugifera
o ,Ssl 51 Cymopolia frugifera < 8 ; iw o990tx0
3 s 2l pon 5 Sl od (5155 e Il s

s Rotorbinella detrecta a— Lo> 51 01515054,

o= Sl o Y e abLie 55 Mississippina sp.
Ao a8 s 0T sl slaay 5 oSl

Cymopolia edwarsi L. & J. Morellet, 1939
Pl. 1, Figs. 7-9

1939 Cymopolia edwarsi n. sp.; L. & J. Morellet,
p. 33-34, pl. 5, fig. 1

1968 Cymopolia edwarsi L. & J. Morellet;
Segonzac, p. 7, pl. 1, fig. 6

1978 Cymopolia edwarsi L. & J. Morellet;
Deloffre & Radoici¢, p. 70, pl. 5, figs. 5-8, pl.
6, figs. 1-8, pl. 7, figs. 1-2.
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6y s el i ol e St U IS (14l gl
00 L /FA OT ¢S S s 5 e L V/YP L 0/4 0T
s 5 ol gl slaas L (shls il o o s
3 s b 31 s LB 5 el Acrophor ¢ i 51 eSS L
2348 Sl odd i 4l gbarls a4 SaT iy
g oo 0> La0T lsue 3 ST 5 g go gla 5
il e Vesicular JSKo a5 sl baasls cpl oo a3l
s ol 4yl laasLs 1 3ol oS b el ol b
laatli s g te Lo o/ F G /oW sl glaasls
it 348 AEb e e e /OB /Y s g 4 gL
Az Clavlate U Vesicular g azils s 2ol 58l Jlws s
« | Cymopolia mayaense 4 as Lz » 4,5 -yl
e Ll 5o 4 56 Glaasla 5 5 J b ad sl Glaest Lo Lol
23 St s sl 45 Lzeaa VeSiCUlAr 5 aiils (¢ i
Bah podsd oS4 Pl. 2, Fig. 2

et o SR 55 0586 () 0390220
o 3 0k S L

=53l sl 5 5—5(1992) Deloffre &  Granier
OOy 3 2 ganda oo Lo d 555 u':,lj_f
dauﬁ > Rotorbinella detrectea 4 Mississippina sp.
2 &Sl S e red iz sy el S
b s 5

Cymopolia satyavanti (Pia) Radoi¢i¢ 1998b
Pl. 2, Figs. 4-5
1936 Indopolia satyavanti n gen., n. sp.; Pia in
Rao & Pia, p. 20-23, pl. 1, fig. 5-13; pl. 2, fig. 4.
1968 Indopolia satyavanti Pia; Elliott, P. 52-53,
pl. 12, fig. 2.
1998b. Cymopolia satyavanti (Pia) Radoici¢ n.
comb, p. 349-350,, pl. 1, figs. 1-7.
2004. Cymopolia satyavanti (Pia) Radoici¢;
Radoici¢, p. 31, pl. 1, fig. 12.
o> M4-5 E) M3-14 «<M3-6 da‘._ia B 4_"5.“ U'."‘ ."0'}04'

Sl piin o hn /¥ G /oY o IS g 5 i3e s
545 1,5l Ool bl 55 bt g 8l Sy pao 4
Pl. 3, ) dzes Ols 55 &Ky slmn (sl fus 55 53 Laast L
laarli Gl e oo /Y laasls - alols (Fig. 6
L ol 53 LSl ol e i Vs Oy po 4 4 5t
U ol o 4o sl slaastla slaw . ijls 55 Jol (g
,Uj_&wa,\_iadi_..l;-@ﬁgu;&qpﬂgw\;,\p@
L /019 s> 4 5l slaasls L3 (PL. 3, Fig. 6)
PREIS PP RTIMICIPIP.UNIFRE WV
PL. 1, Fig.) Conl JlesuS 5 5 idms ol 55 0T Jld a8
Laaxli o slas Lz Phloiophorous g5 s .11

St L Ls k3 50T 184S (g 5b 4 ol S

Sl
Gl VLIS gl 516 o 1l 2w 0390420
el 3115 0T b ;805 s (S5 At 500
Wl 0l 0355T olien Cd 534S s ged 515
Deloffre & Lw g ods g slaj S8, Jods
G 8l 4 15 OT s aals (1992) Granier
seds ;S 00 an ez L opl sl das s
Sl cold i y158 Calibes bl 55 0T Sas,

4 d> o ¢ 4>U ;5 Cymopolia cf. mayaense

)l Ghas e 2L

Cymopolia drobneae Radoici¢ 1998a
Pl. 2, Figs. 1-3
1998a Cymopolia drobneae n. sp.; Radoici¢, p.
109, pl. 3, figs. 1-6.
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il o e /08 39 ad gl (glaas i oo dlols Ll
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Family Dasycladaceae Kitzing, 1843 orth. mut.
Stizenberger, 1860
Tribe Dissoclaoelleae Elliott, 1977
Genus Dissocladella Pia, 1936
Dissocladella aff. longijangensis Mu & Wang, 1985
Pl. 2, Figs. 6-9; PI. 3, Figs. 1-2, 5.
1993 Dissocladella longijangensis Mu & Wang;
Kuss & Herbig in Barattolo et al., p. 274, pl. 4,
figs. 9-12.
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el (6 S a3 (61l ¢SS & o
51 (1936) Pia Loew g 14l 55 fuud ool i 0090
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O3 S 025 i1 B o ly Sy 0T (1968)
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5 ool ol il 03505 3OS 0L g e gL 11 0T
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Pl. 3, Figs. 9-10
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1993 Orioporella villattai Segonzac; Kuss &
Herbig in Barattolo et al., p. 261, pl. 4, figs. 1-
6.

2008 Orioporella villattai Segonzac; Vitale, p. 85,
pl. 1, fig. 1; pl. 17, fig. 7.
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Family Acetabulariaceae (Endlicher) Hauck, 1885
Tribe Acetabularieae Decaisne, 1842
Genus Orioporella (Munier-Chalmas, 1877)
Morellet & Morellet, 1922
Orioporella villattai Segonzac, 1967
Pl. 3, Figs. 3-4
1977 Orioporella villattai Segonzac; Deloffre, et

al., p. 55, pl. 5, figs. 3-5.
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Family Dasycladaceae Kitzing; 1843 orth. mut.
Stizenberger, 1860
Sub family Dasycladoideae Valet, 1969
Genus Broeckella Morellet & Morellet, 1922
?Broeckella sp.
Pl. 3, Figs. 11-12
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Phylum Chlorophyta
Class Bryopsidophyceae Round, 1963
Order Bryopsidales Schaffner, 1922
Suborder Halimedineae Hillis-Colinvaux, 1984
Family Udoteaceae Endlicher, 1843 emend.
Agardh, 1887
Genus Ovulites Lamarck, 1816
Ovulites cf. arabica (Pfender, 1938) Massieux, 1966
Pl. 3, Figs. 7-8
19930uvulites.arabica (Pfender, 1938) Massieux.-
Kuss & Herbig in Barattolo et al., p. 277, pl. 5,
figs. 10, 13-14.
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Plate 1

Figs. 1-3: Cymopolia cf. frugifera Segonzac; 1: nearly cross section, Thin section (M3-7); 2: longitudinal
section, Thin section (M4-5); 3: magnification of fig 2, pay attention some of whorls in left side have two
gametospongia.

Figs. 4-6: Clypeina occidentalis (Johnson & Kaska) Radoi¢i¢, 1990; 4: oblique- cross section, Thin section
(M4-5); 5: oblique section, Thin section (M4-5); 6: oblique section, Thin section (M4-5).

Figs. 7-9: Cymopolia edwarsi L. & J. Morellet, 1939; 7, 9: oblique section of the upper thallus, Thin section
(M4-5), 8: oblique section’ Thin section (M4-5).

Figs. 10-11: Cymopolia cf. mayaense Johnson & Kaska, 1965; 10: nearly cross section, Thin section (M3-7);
11: cross- oblique section, Thin section (M3-7).

Plate 2

Figs. 1-3: Cymopolia drobneae Radoici¢, 1998a; 1: oblique section, Thin section (M3-6); 2: cross section,
Thin section (M3-14); 3: oblique section Thin section (M3-14).

Figs. 4-5: Cymopolia satyavanti (Pia) Radoici¢, 1998b; 4: longitudinal section, Thin section (M3-6); 5:
longitudinal section, Thin section (M3-14).

Figs. 6-9: Dissocladella aff. longijangensis Mu & Wang, 1985; 6: tangential section, Thin section (M4-5); 7:
oblique section, Thin section (M4-5); 8: longitudinal section, Thin section (M4-7); 9: . oblique section, Thin
section (M4-7).

Plate 3

Figs. 1-2: Dissocladella aff. longijangensis Mu & Wang, 1985; cross-oblique section, Thin section (M4-5);
2: cross oblique section, Thin section (M4-6).

Figs. 3-4: Orioporella villattai Segonzac, 1967; 3: longitudinal section, Thin section (M4-5); 4. longitudinal
section, Thin section (M5-8).

Fig. 5: Dissocladella aff. longijangensis Mu & Wang, 1985; nearly cross section, Thin section (M4-7)

Fig. 6: Cymopolia cf. mayaense Johnson & Kaska, 1965; oblique section, Thin section (M5-8).

Figs. 7-8: Ovulites cf. arabica (Pfender, 1938) Massieux, 1966; cross section, Thin section (M6-9), 7
magnification of fig 8.

Figs. 9-10: Cymopolia sp., 8: oblique section, Thin section (M4-5); 10: oblique —longitudinal section, Thin
section (M4-5)

Figs. 11-12: ?Broeckella sp.; 11: a broken part of oblique section, Thin section (M3-14); 12: oblique section,
Thin section (M6-7).

Plate 4

Figs. 1-3: Clypeina aff. dragastani; 1: cross section, Thin section (M2-2); 2: cross section, Thin section (M2-
1); 3: cross section, Thin section (M2-2).

Figs. 4: Clypeina elliotti Beckmann & Beckmann, 1966; 4: longitudinal- oblique section, Thin section (M3-
14).

Figs. 5-8: Clypeina cf. elliotti; 5: oblique section, Thin section (M4-5); 6: longitudinal- oblique section, Thin
section (M4-5); 7: oblique section, Thin section (M4-5); 8: longitudinal section, Thin section (M4-5).

Figs. 9-10: Clypeina cf. haglani Radoic¢i¢, 1990; 9: cross section, Thin section (M4-7); 10: cross section,
Thin section (M6-14).

Figs. 11-12: Clypeina cf. lucana Barattolo & Romano, 2002; 11: cross section, Thin section (M4-5); 12:
longitudinal- oblique section, Thin section (M4-5).
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wollo == =X |aw|y ~ Intercalation of redish marl and sandstone
-’ = - e SA 26) . .
=== = uxlx — Green silty marl with gypsum
fedtediadas - Intercalation of green marl and thin to
180 g T medium bedded sandstone
~ -~ ~ A%
Q
g 160
Ofo
— s Covered
o -~
N|wn
o -
= 2 sA28
O |ny sA22
Of1
o) sa21
= sam| | - Thin to medium bedded gray sandstone
5) sa1e interbedded with green and gray marl
S sA18
= *]sA17
n.‘ SA 16
SA 15
SA 14
SA13
SA12
SA11
SA 10
e - Grayish green marl interbedded with
sAs calcareous thin to medium bedded
sandstone
SA7
SA6
sAS Marl
o Sandstone
3 [:] Cover
- ll_EI:ll:li Sandy limestone
SA1
?21? Covered

S A b 0lS Ay S (i ¥ K




690 ablé (g, Jole YA

Cenozoic Erathem
Neogene - Quaternary System
Pliocene - Pleistocene Series
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Lithology
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Plate 1

1. Discoaster brouweri Tan (1927) emend. Bramlette & Riedel (1979)
2. Discoaster pentaradiatus Tan (1927) emend. Bramlette & Riedel (1954)
3. Discoaster surculus Martini & Bramlette (1963)

4, 5. Reticulofenestra pseudoumbilica (Gartner, 1967) Gartner (1969c)
6. Discoaster asymmetricus Gartner (1969c)

7. Ceratolithus acutus Gartner & Bukry (1974)

8. Triguetrorhabdulus carinatus Martini (1965)

9. Discoaster quinquramus Gartner (1969c)

10. Discoaster surculus Martini & Bramlette (1963)

11. Discoaster hamatus Martini & Bramlette (1963)

12. Catinaster coalitus Martini & Bramlette (1963)

13. Discoaster kugleri Martini & Bramlette (1963)

14. Discoaster exilis Martini & Bramlette (1963)

15, 16. Helicosphaera sp

Plate 2

All figures light micrographs magnified X 1000

1, 2. Minylitha convalis Bukry (1973c)

3. Fasciculithus tympaniformis Hay & Mohler in Hay et al. (1967)

4. Sphenolithus sp.

5. Sphenolithus heteromorphus Deflandre (1953)

6. Helicosphaera reticulata Bramlette & Wilcoxon (1967)

7. Braarudosphaera bigelowii (Gran & Braarud, 1935) Deflandre (1947)

8. Discoaster druggii Bramlette & Wilcoxon (1967)

9. Calculites obscurus (Deflandre, 1959) Prins & Sissingh in Sissingh (1977)
10. Helicosphaera seminulum Bramlette & Sullivan (1961)

11. Eiffellithus gorkae Reinhardt (1965)

12. Eiffellithus turriseiffelii (Deflandre in Deflandre & Fert, 1954) Reinhardt (1965)
13. Neochiastozygus imbriei Haq & Lohman (1976)

14. Cruciplacolithus tenuis (Stradner, 1961) Hay & Mohler in Hay et al. (1967)
15. Calculites ovalis (Stradner, 1963) Prins & Sissingh in Sissingh (1977)
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16. Lucianorhabdus sp.

Plate 3

All figures light micrographs magnified X 1000

1. Discoaster brouweri Tan (1927) (emend. Bramlette & Riedel, 1954)

2. Chiasmolithus nitidus Perch-Nielsen (1971)

3. Discoaster kuepperi Stradner (1959)

4. Discoaster sp.

5, 6. Discoaster kugleri Martini & Bramlette (1963)

7. Chiasmolithus bidens (Bramlette & Sullivan, 1961) Hay and Mohler, 1967
8. Cruciplacolithus tenuis (Stradner, 1961) Hay and Mohler in Hay et al., 1967
9. Amaurolithus tricorniculatus (Gartner, 1967) Gartner and Bukry, 1975

10. Helicosphaera sp.

11. Helicosphaera ampliaperta Bramlette and Wilcoxon, 1967

12. Lucianorhabdus sp

Plate 4

All figures light micrographs magnified X 1000

1, 2. Discoaster deflandrei Bramlette and Riedel, 1954

3. Discoaster calcaris Gartner, 1967

4. Discoaster sp.

5, 6. Neochiastozygus concinnus (Martini, 1961) Perch-Nielsen, 1971
7, 8. Ericsonia staerkeri Bown, 2005

9. Ellipsolithus lajollaensis Bukry and Percival, 1971

10, 11,12. Discoaster asymmetricus Gartner, 1969
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TIME SYMBOL LITHOLOGY

|
Qa :Recent alluvium.

d, || Q% | d, Youngandiow levelteraces. QfyYoungfans.

Q, Qi | Q} :0dandhighlevel teraces. QY Old fans.

tr
Q ‘Travertine.

| OM; :Cream to yellowish cream limestone, mari and sandy marl.

OM% :Red conglomerate and marl (Qom Formation).

K

JS  Brownish sandstone with intercalation of shale.

Rsh :Yellowish dolomite (Shotori Formation).
d
P :Dark grey dolomite.

Im
K11 :Alternation of light grey orbitolina limestone, sandy limestone, marl and shale.
3 :Cream to light grey orbitolina limestone, sandy limestone, marl and shale.
Ki{  Red and dolomite.

SYMBOLS
Major fault === First class road
—=—Strike slip fault s - Second class road
—i—i—iie Reverse fault = Rail way
—A—a s Thiust faul River, drainage
— — — — Inferred fault ‘ City, Village

__ Rock unit boundary i

Dip of bed (Estimated)
. 1-29 T Travertine

Ore indication

- 30-59
— 35 Dip of beds (Measured)
— —— Geological section
S—

Mine in operation

:Dark grey fossilliferous limestone, dolomitic limestone and sandstone.
:Light grey to white quartzite and red sandstone. (Dorud Formation).

:Limestone and dolomitic limestone with of (Bahram F

:Reddish sandstone, quartzite and quartz arenite with intercalation of sandy dolomite (Padeha Formation).
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EXPLANATION OF PLATE 1

Fig. 1- Polygnathus sp., Upper view, EUIC 12234, Sample P3 X 40. Fig. 2- Polygnathus nodocostatus
nodocostatus, Branson & Mehl, 1934, Upper view, EUIC 12235, Sample P4, X 180. Figs 3, 4- Polygnathus
communis collinsoni, Druce, 1969, 3) Upper view, EUIC 12236, Sample P25C, X 180, 4) Upper view,
EUIC 12237, sample P31, X 144, Figs 7, 19, 27, 28- Neopolygnathus communis group, Branson & Mehl,
1934, 7) Upper view, EUIC 12238, Sample P4, X 144, 19) Upper view, EUIC12239, Sample P9, X 204, 27)
Upper view, EUIC 12240, Sample P8, X 180, 28) Upper view, EUIC 12241, Sample P4, X 144. Fig. 5-
Polygnathus semicostathus, Branson & Mehl 1934, Upper view, EUIC 12242, Sample P28, X 180. Fig. 6,
9, 10, 12, 14, 17, 21, 26- Polygnathus communis communis, Branson & Mehl, 1934, 6) Upper view, EUIC
12243, Sample P3, X 168, 9) Upper view, EUIC 12244, Sample P15, X 180, 10) Upper view, EUIC 12245,
Sample P15, X 120, 12) Oblique view, EUIC 12246, Sample P9/1, X 180, 14) Upper view, EUIC 12247,
Sample P18, X 168, 17) Upper view, EUIC 12248, Sample P4, X 240, 21) Upper view, EUIC 12249, Sample
P4, X 190, 26) Upper view, EUIC 12250, Sample P10, X 204. Fig. 8- Polygnathus semicostatus, Branson &
Mehl, 1934, Upper view, EUIC 12251, Sample P8, X 120. Figs 11, 13, 15, 16, 18, 22, 23, 25- Polygnathus
berevilaminus, Branson & Mehl 1934, 11) Upper view, EUIC 12252, Sample P16, X 200, 13) Upper view,
EUIC 12253, Sample P16, X 220, 15) Upper view, EUIC 12254, Sample P10, X 204, 16) Upper view, EUIC
12255, Sample P5, X 204, 18) Upper view, EUIC12256, Sample P9/1, X 240, 22) Upper view, EUIC 12257,
Sample P4, X 240, 23) Upper view, EUIC 12258, Sample P7, X 204, 25) Upper view, EUIC 12259, Sample
P4, X 180. Fig. 20, 24- Polygnathus sp., 20) Upper view, EUIC 12260, Sample P16, X 300, 24) Upper view,
EUIC12261, Sample P9, X 300.

EXPLANATION OF PLATE 2

Fig. 4, 20- Branmehla bohlenana, Helms, 1959, 4) Upper view, EUIC 12262, Sample P25, X 325, 20)
Upper view, EUIC 12263, Sample P25, X 195. Figs 1- 3, 9, 11, 14-16, 21, 25- Bispathodus stabilis, Branson
& Mehl, 1934a, 1) Upper view, EUIC 12264, Sample P9/1, X 220, 2) Upper view, EUIC 12265, Sample
P21, X 325, 3) Upper view, EUIC 12266, Sample P25, X 156, 9) Upper view, EUIC 12267, Sample P7, X
200, 11) Upper view, EUIC 12268, Sample P23, X 220, 14) Upper view, EUIC 12269, Sample P23, X 160,
15) Upper view, EUIC 12270, Sample P4, X 240, 16) Upper view, EUIC 12271, Sample P1, X 156, 21)
Upper view, EUIC 12272, Sample 25C, X 200, 25) Upper view, Kuh-e-Kaftar section, Northeast Isfahan,
EUIC 12273, Sample P33, X 260. Figs 5-8- Mehlina strigosa, Branson & Mehl, 1934, 5) Lateral view,
EUIC 12274, Sample P10, X 144, 6) Lateral view, EUIC 12275, Sample P4, X 216, 7) Lateral view, EUIC
12276, Sample P7, X 180, 8) Lateral view, EUIC 12277, Sample P6, X 204. Figs 10, 12, 18- Bispathodus
sp., 10) Upper view, EUIC 12278, Sample P21, X 195, 12) Upper view, EUIC 12279, Sample P23, X 156.
18) Upper view, EUIC 12280, Sample P29, X 191. Figs 19, 22-24- Bispathodus costatus, E. R. Branson,
1934, 19) Upper view, EUIC 12281, Sample P25C, X 143, 22) Upper view, EUIC 12282, Sample P25C, X
174, 23) Upper view, EUIC 12283, Sample P25C, X 136, 24) Upper view, EUIC 12284, Sample P25C, 136.
Figs 13, 17- Pandorinellina insita, Muller & Muller, 1957, 13) Upper view, EUIC 12285, Sample P23, X
182, 17) Upper view, EUIC 12286, Sample P31, X 312. Figs 26-40- Icriodus cornutus, sanneman, 1955, 26)
Upper view, EUIC 12287, Sample P4, X 195, 27) Upper view, EUIC 12288, Sample P4, X 234, 28) Upper
view, EUIC 12289, Sample P5, X 234, 29) Upper view, EUIC 12296, Sample P16, X 286, 30) Upper view,
EUIC 12290, Sample P9, X 182, 31) Upper view, EUIC 12291, Sample P5, X 286, 32) Upper view, EUIC
12297, Sample P4, X 208, 33) Upper view, EUIC 12292, Sample P16, X 300, 34) Upper view, EUIC 12293,
Sample P16, X 300. 35) Upper view, EUIC 12298, Sample P13, X 300, 36) Upper view, EUIC 12299,
Sample P11, X 300, 37) Upper view, EUIC 12294, Sample P23, X 286, 38) Upper view, EUIC 12300,
Sample P7, X 220, 39) Upper view, EUIC 12301, Sample p5, X 260. 40) Upper view, EUIC 12295, Sample
P4, X 213
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EXPLANATION OF PLATE 3

Figs. 1, 7, 10, 13-15, 19, 21- Polygnathus communis collinsoni, Druce, 1969, 1) Upper view, EUIC 12302,
Sample P30, X 140, 7) Upper view, EUIC 12304, Sample P25A, X 224, 10) Upper view, EUIC 12306,
Sample P25B, X 224, 13) Upper view, EUIC 12309, Sample P25C, X 155, 14) Upper view, EUIC 12310,
Sample p25C, X 210, 15) Upper view, EUIC 12311, Sample p27, X 210, 19) Upper view, EUIC 12312,
Sample P25C, X 222, 21) Upper view, EUIC 12313, Sample P25C, X 210. Fig. 2, 8, 11, 12- Polygnathus
communis group, Branson & Mehl, 1934, 2) Upper view, EUIC 12303, Sample P23, X 238, 8) Upper view,
EUIC 12305, Sample p17, X 190, 11) Upper view, EUIC 12307, Sample P18, X 176, 12) Upper view, EUIC
12308, Sample P18, X 176. Fig. 3- Polygnathus communis communis, Branson & Mehl, 1934, Upper view,
EUIC 12314, Sample P22, X 238. Fig. 4, 6- Polygnathus brevilaminus, Branson & Mehle, 1934, 4) Upper
view, EUIC 12315, Sample P16 X 225, 6) Upper view, EUIC 12316, Sample P16 X 380. Fig. 16-
Polygnathus sp., Upper view, EUIC12317, Sample P26 X 280. Figs 9, 17, 18-Polygnathus delicatulus,
Ulrich & Bassler, 1926, 9) Upper view, EUIC 12318, Sample P25B, X 225, 17) Upper view, EUIC 12319,
Sample P25D, X 280, 18) Upper view, EUIC 12320, Sample P27, X 182. Figs 5, 20- Polygnathus sp., 5)
Upper view, EUIC 12321, Sample P24, X 196, 20) Upper view, EUIC 12322, Sample P30 X 210. Figs 22,
24-28- Bispathodus costatus, E. R. Branson, 1934, 22) Upper view, EUIC 12323, Sample P25, X 187, 24)
Upper view, EUIC 12324, Sample P27, X 300, 25) Upper view, EUIC 12325, Sample P27, X 225, 26) Upper
view, EUIC 12326, Sample P28, X 300, 27) Upper view, EUIC 12327, Sample P25C, X 230. 28) Upper
view, EUIC 12328, Sample P25C, X 175. Fig. 23- Bispathodus aculeatus aculeatus, Rhodes, Austin &
Druce, 1969, Upper view, EUIC 12329, Sample P27, X 175.
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EXPLANATION OF PLATE 4
Fig. 1- Bispathodus costatus, E. R. Branson, 1934, Upper view, EUIC 12330, Sample P28, X 186. Figs 2-6-

Bispathodus aculeatus aculeatus, Branson & Mehle, 1934, 2) Upper view, EUIC 12331, Sample P29, X
210, 3) Upper view, EUIC 12332, Sample P29, X 195, 4) Upper view, EUIC 12333, Sample P28, X 164, 5)
Upper view, EUIC 12334, Sample P30, X 195, 6) Upper view, EUIC 12335, Sample P31, X 300. Fig. 15-
Bispathodus aculeatus plumulus, Rhodes, Austin & Druce, 1969, Upper view, EUIC 12337, Sample P24, X
258. Figs 11, 16- Bispathodus sp., 11) Upper view, EUIC 12336, Sample P8, X 220, 16) Upper view, EUIC
12338, Sample P23, X 270. Figs 7-10, 12-14, 17- Scaphignathus velifer velifer, Helms, 1959, 7) Upper
view, EUIC 12339, Sample P28, X 186, 8) Upper view, EUIC 12340, Sample P15, X 225, 9) Upper view,
EUIC 12341, Sample P28, X 135, 10) Upper view, EUIC 12342, Sample P20, X 180, 12) Upper view, EUIC
12343, Sample P20, X 195, 13) Upper view, EUIC 12344, Sample P28, X 150, 14) Upper view, EUIC
12345, Sample P28, X 167, 17) Upper view, EUIC 12346, Sample P28, X 330. Figs 18-20, 22-24, 26-28-
Polygnathus semicostathus, Branson & Mehl, 1934, 18) Upper view, EUIC 12347, Sample P25C, X 167,
19) Upper view, EUIC 12348, Sample P27, X 195, 20) Upper view, EUIC 12349, Sample P27, X 195, 22)
Oblique view, EUIC 12350, Sample P18, X 243, 23) Upper view, EUIC 12351, Sample P21, X 153, 24)
Oblique view, EUIC 12352, Sample P27, X 300, 26) Oblique view, EUIC 12353, Sample P31, X 192, 27)
Oblique view, EUIC 12354, Sample P27, X180, 28) Upper view, EUIC 12355, Sample P20, X 260. Fig. 21-
Polygnathus delicatulus, Ulrich & Bassler, 1926, Upper view, EUIC 12356, Sample P25D, X 225. Fig. 25-
Polygnathus cf. semicostatus, Upper view, EUIC 12357, Sample P24, X 300.
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EXPLANATION OF PLATE 5

Figs 1-6, 26-30- Bispathodus aculeatus plumulus, Rhodes, Austin & Druce, 1969, 1) Upper view, EUIC
12358, Sample P30, X 140, 2) Upper view, EUIC 12359, Sample P30, X 130, 3) Upper view, EUIC 12360,
Sample P32, X 132, 4) Upper view, EUIC 12361, Sample P31, X 156, 6) Upper view, EUIC 12362, Sample
P32, X 180, 26) Upper view, EUIC 12363, Sample P32, X 320, 27) Upper view, EUIC 12364, Sample P32,
X 156, 28) Upper view, EUIC 12365, Sample P32, X 180, 29) Upper view, EUIC 12366, Sample P32, X
180, 30) Upper view, EUIC 12367, Sample P31, X 130. Figs 9, 10, 16, 22-24- Bispathodus aculeatus
aculeatus, Branson & Mehl, 1934, 9) Upper view, EUIC 12368, Sample P27, X 170, 10) Upper view, EUIC
12369, Sample P23, X 180, 16) Upper view, EUIC 12370, Sample P27, X 135, 22) Upper view, EUIC
12371, Sample P27, X 160, 23) Upper view, EUIC 12372, Sample P27, X 173, 24) Upper view, EUIC
12373, Sample P25A, X 130. Figs 11-15, 25- Bispathodus costatus, E.R.Branson, 1934, 11) Upper view,
EUIC 12374, Sample P25C, X 170, 12) Upper view, EUIC 12375, Sample P25C, X 160, 13) Upper view,
EUIC 12376, Sample P25C, X 160, 14) Upper view, EUIC 12377, Sample P25C, X 195, 15) Upper view,
EUIC 12378, Sample P25C, X 155, 25) Upper view, EUIC 12379, Sample P25C, X 195. Figs 17, 18-
Polygnathus communis collinsoni, Druce, 1969, 17) Upper view, EUIC 12380, Sample P28, X 150, 18)
Upper view, EUIC 12381, Sample P25D, X 195. Fig. 20- Polygnathous delicatulus, Ulrich & Bassler, 1926,
20) Upper view, EUIC 12383, Sample P25 A, X 195. Figs 19, 21-Polygnathous semicostathus, Branson &
Mehl, 1934, 19) Upper view, EUIC 12382, Sample P31, X 130, 21) Upper view, EUIC 12384, Sample P32,
X 180. Figs 5, 7, 8- Scaphignathus velifer velifer, Capkinoglu, 1959, 5) Upper view, EUIC 12385, Sample
P29, X 144, 7) Upper view, EUIC 12386, Sample P28, X 138, 8) Upper view, EUIC 12387, Sample P28, X
156. Figs 31-40- Pelekysgnathus inclinatus, Thomas, 1949, 31) Upper view, EUIC 12388, Sample P7, X
204, 32) Upper view, EUIC 12389, Sample P9/1, X 168, 33) Upper view, EUIC 12396, Sample p 9/1, X 150,
34) Upper view, EUIC 12390, Sample P5, X 200, 35) Upper view, EUIC 12391, Sample P15, X 160, 36)
Upper view, EUIC 12392, Sample P15, X 184, 37) Upper view, EUIC 12393, Sample P18, X 153, 38) Upper
view, EUIC 12394, Sample P18, X 100, 39) Upper view, EUIC 12397, Sample p18, X 162, 40) Upper view,
EUIC 12395, Sample P18, X 162.
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Depth GR IGR 2IGR Vsh Depth GR IGR 2IGR Vsh
1041.6 55.8 0.9 18 0.8 1067.6 36.1 0.2 04 0.1
1041.9 50.0 0.7 14 0.5 1068.0 38.7 0.3 0.5 0.2
1042.2 43.6 0.5 0.9 0.3 1068.4 40.0 0.3 0.6 0.2
1043.0 455 0.5 11 0.4 1068.8 38.7 0.3 0.5 0.2
1043.5 475 0.6 12 0.4 1068.8 40.6 0.3 0.7 0.2
1043.5 58.4 1.0 2.0 1.0 1070.0 335 0.1 0.2 0.0
1043.9 55.2 0.9 1.8 0.8 1070.2 36.7 0.2 0.4 0.1
1044.0 51.9 0.8 15 0.6 1070.4 374 0.2 0.4 0.1
1044.7 51.3 0.7 15 0.6 1070.9 374 0.2 04 0.1
1045.1 50.0 0.7 14 0.5 1071.2 40.6 0.3 0.7 0.2
1046.0 41.7 0.4 0.8 0.2 1071.7 36.7 0.2 04 0.1
1046.4 46.2 0.6 11 0.4 1072.2 39.3 0.3 0.6 0.2
1047.2 46.9 0.6 11 0.4 1072.9 43.2 0.4 0.9 0.3
1047.3 53.9 0.8 17 0.7 1073.1 47.1 0.6 1.2 0.4
1047.6 48.8 0.6 13 0.5 1073.8 48.4 0.6 13 0.5
1047.8 475 0.6 12 0.4 1074.1 52.9 0.8 16 0.7
1048.2 48.8 0.6 13 0.5 1074.7 45.8 0.5 11 04
1048.2 43.7 0.5 0.9 0.3 1075.2 45.1 0.5 1.0 0.3
1048.6 44.9 0.5 1.0 0.3 1075.2 49.6 0.7 14 0.5
1048.9 45.6 0.5 11 0.4 1076.2 49.0 0.7 13 0.5
1049.1 48.2 0.6 12 0.5 1076.2 45.1 0.5 1.0 0.3
1049.5 46.2 0.6 11 0.4 1076.6 47.0 0.6 12 04
1049.9 43.7 0.5 0.9 0.3 1077.3 38.6 0.3 0.5 0.1
1050.1 385 0.3 0.5 0.1 1077.9 43.8 0.5 0.9 0.3
1050.5 34.7 0.1 0.3 0.1 1078.1 40.5 0.3 0.7 0.2
1050.6 32.8 0.1 0.1 0.0 1078.7 44.4 0.5 1.0 0.3
1050.9 36.6 0.2 0.4 0.1 1078.8 50.9 0.7 14 0.6
1051.1 40.5 0.3 0.7 0.2 1079.1 53.5 0.8 1.6 0.7
1051.3 42.4 0.4 0.8 0.3 1079.6 45.7 05 11 0.4
1051.5 45.6 0.5 11 0.4 1079.7 49.0 0.7 13 0.5
1051.7 47.5 0.6 12 0.4 1079.7 51.6 0.7 15 0.6
1051.9 43.7 05 0.9 0.3 1080.2 48.9 0.7 13 0.5
1052.2 41.1 0.4 0.7 0.2 1080.9 515 0.7 15 0.6
1053.0 45.6 0.5 11 0.4 1081.0 40.5 0.3 0.7 0.2
1053.4 42.4 04 0.8 0.3 1081.8 437 0.5 0.9 0.3
1053.6 39.2 0.3 0.6 0.2 1082.0 47.6 0.6 1.2 0.4
1053.9 379 0.2 0.5 0.1 1082.6 46.3 0.6 11 0.4
1054.3 38.0 0.2 0.5 0.1 1083.3 47.0 0.6 12 0.4
1054.7 373 0.2 0.4 0.1 1083.7 48.9 0.7 13 0.5
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Depth GR IGR 2IGR Vsh Depth GR IGR 2IGR Vsh
1038.6 59.9 0.8 1.6 0.7 1044.6 51.3 0.5 0.9 0.3
1038.8 58.7 0.7 15 0.6 1044.7 52.0 0.5 1.0 0.3
1038.9 55.0 0.6 1.2 0.4 1044.9 52.7 0.5 1.0 0.3
1039.1 54.6 0.6 1.2 0.4 1045.0 55.2 0.6 1.2 0.4
1039.2 55.9 0.6 1.3 0.5 1045.2 55.8 0.6 13 0.5
1039.4 57.3 0.7 14 0.5 1045.3 53.6 0.5 11 0.4
1039.5 62.3 0.9 1.8 0.8 1045.5 52.8 0.5 1.0 0.3
1039.7 63.9 0.9 1.9 0.9 1045.6 52.7 0.5 1.0 0.3
1039.8 65.2 1.0 2.0 1.0 1045.8 53.4 0.5 11 0.4
1040.0 64.6 1.0 2.0 0.9 1045.9 53.8 0.6 11 0.4
1040.1 62.2 0.9 1.8 0.8 1046.1 53.3 0.5 11 0.4
1040.3 61.1 0.8 1.7 0.7 1046.2 51.4 0.5 0.9 0.3
1040.4 56.7 0.7 13 0.5 1046.4 52.2 0.5 1.0 0.3
1040.6 55.1 0.6 1.2 0.4 1046.5 52.9 0.5 1.0 0.3
1040.7 52.0 05 1.0 0.3 1046.7 53.4 0.5 11 0.4
1040.9 52.3 05 1.0 0.3 1046.8 54.7 0.6 1.2 0.4
1041.0 55.2 0.6 1.2 0.4 1047.0 54.6 0.6 1.2 0.4
1041.2 55.9 0.6 13 0.5 1047.1 54.3 0.6 11 0.4
1041.3 56.2 0.6 13 0.5 1047.3 53.9 0.6 11 0.4
10415 56.6 0.7 13 0.5 1047.4 51.6 0.5 0.9 0.3
1041.7 57.6 0.7 14 0.5 1047.6 50.4 0.4 0.8 0.3
1041.8 57.7 0.7 14 0.5 1047.8 49.6 0.4 0.8 0.2
1042.0 57.1 0.7 14 0.5 1047.9 48.5 0.3 0.7 0.2
1042.1 55.4 0.6 1.2 0.4 1048.1 48.1 0.3 0.7 0.2
1042.3 54.9 0.6 1.2 0.4 1048.2 51.2 0.4 0.9 0.3
1042.4 50.9 0.4 0.9 0.3 1048.4 51.4 0.5 0.9 0.3
1042.6 49.9 0.4 0.8 0.2 1048.5 49.3 0.4 0.7 0.2
1042.7 51.6 05 0.9 0.3 1048.7 49.0 0.4 0.7 0.2
1042.9 53.1 05 1.0 0.4 1048.8 49.4 0.4 0.8 0.2
1043.0 57.1 0.7 1.4 0.5 1049.0 49.6 0.4 0.8 0.2
1043.2 57.8 0.7 1.4 0.6 1049.1 49.0 0.4 0.7 0.2
1043.3 57.4 0.7 1.4 0.5 1049.3 49.5 0.4 0.8 0.2
1043.5 56.6 0.7 1.3 0.5 1049.4 50.7 0.4 0.9 0.3
1043.6 53.4 0.5 11 0.4 1049.6 50.5 0.4 0.8 0.3
1043.8 52.3 0.5 1.0 0.3 1049.7 49.2 0.4 0.7 0.2
1043.9 52.2 0.5 1.0 0.3 1049.9 49.5 0.4 0.8 0.2
1044.1 52.6 0.5 1.0 0.3 1050.0 475 0.3 0.6 0.2
1044.2 52.7 0.5 1.0 0.3 1050.2 46.6 0.3 0.5 0.2
1044.4 52.1 0.5 1.0 0.3 1050.3 47.1 0.3 0.6 0.2
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Lithology Vina (ft/sec) AT ma (Usec/ft) ATma (Hsec/ft)
Sandstone 18.00 to 19.50 55.5t051.0 55.5t051.0
Limestone 21.00 to 23.00 47.6t043.5 47.6
Dolomite 23.00 to 26.00 43.51t038.5 435
Anhydrite 20.00 50.00 50.00
Salt 15.00 66.70 67.00
Casing (Iron) 17.50 57.00 57.00
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Achomosphaera  ramulifera, Achomosphaera
sagena, Achomosphaera sp., Alterbidinium
varium,  Amphorosphaeridium  fenestratum,
Andalusiella dubia, Andalusiella gabonensis,
Andalusiella polymorpha, Andalusiella
rhomboids, Andalusiella sp., Caligodinium

aceras, Callaiosphaeridium  asymmetricum,
Cannosphaeropsis utinensis, Cerodinium diebelii,

Cerodinium  obliquipes,  Cerodinium  sp.,
Cerodinium  speciosum,  Chytroeisphaeridia
baetica, Cribroperidinium orthoceras,

Circulodinium distinctum, Cleistosphaeridium
multifurcatum, Conosphaeridium striatoconum,
Cribroperidinium sp., Cyclonephelium
compactum, Cyclonephelium membraniphorum,
Cyclonephelium sp., Cymososphaeridium sp.,
Deflandrea  damasii, Deflandrea galeata,
Deflandrea sp., Disphaerogena lemniscata,
Disphaerogena  sp., Ellipsodinium sp.,
Exochosphaeridium bifidum, Exochosphaeridium
sp., Florentinia buspina, Florentinia deanei,
Florentinia mantellii, Florentinia sp.,
Glaphyrocysta marlboroughensis, Glaphyrocysta
sp., Godavariella venkatachalae, Hystrichodinium
pulchrum, Hystrichosphaeropsis ovum,
Hystrichosphaeridium sp., Hystrichosphaeridium
tubiferum, Kalyptea aceras, Kleithriasphaeridium
truncatum, Odontochitina operculata,
Oligosphaeridium abaculum, Oligosphaeridium
albertense, Oligosphaeridium asterigerum,
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Sample No. AOM% Maceral% Palynomo.%
1 15 96.5 2
2 20 77.75 2.25
3 30 67.25 2.75
4 9 90.25 0.75
5 16 84 0
6 13.75 86.25 0
7 17.25 82.75 0
8 4.25 95.75 0
9 14.25 85.25 0.5
10 2.75 96.25 1
11 2.75 96 1.25
12 1.25 97.75 1
13 10.5 88.25 1.25
14 11.25 87.5 1.25
15 26.5 73.5 0
16 8 98 0
17 8.5 88 35
18 85 89 25
19 7.75 92.25 0

20 4 95.75 0.25
21 18.5 80.5 1
22 24.25 75.75 0

Oligosphaeridium buciniferum, Oligosphaeridium
pulcherrimum, Oligosphaeridium sp.,
Oligosphaeridium  totum, Palaeocystodinium
bulliforme, Palaeocystodinium  golzowense,
Palaeocystodinium lidiae, Palaeocystodinium sp.,
Palambages morulosa, Pervosphaeridium sp.,
Phelodinium  kozlowskii,  Pterodinium  sp.,
Spiniferites perforatus, Spiniferites ramosus,
Spiniferites  sp.,  Thalassiphora  delicata,
Thalassiphora patula, Thalassiphora pelagica.
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Andalusiella rhomboids
Andalusiella polymorpha
Andalusiella gabonensis
Palaeocystodininm golzowense
Andalusiella dubia
Chyrroeisphaeridia baetica
Cleistosphaeridium multifurcatum
Florentinia buspina
Cyclonephelium sp. || |
Phelodinium kozlowskii | _|®
Palambages morulosa
Spiniferites perforatus
Hystrichosphaeropsis ovium
Callaiosphaeridium assymetricum
Cymososphaeridium sp. ||
Pervosphaeridium sp. ||
Spiniferites ramosis
Cribroperidinium orthoceras
Hystrichosphaeridium tubiferum
Pterodinium sp.
Amphorosphaeridium fenestratum
Cribroperidinium sp.
Odontochitina operculata
Palaeocystodinium sp.
Oligosphaeridium albertense
Hystrichodinium pulchrum
Thalassiphora delicata
Caligodinium aceras
Florentinia deanei
Florentinia mantellii
Fxochosphaeridium bifidum
()I/‘gosplmcriditm1 abaculum
Achomosphaera sagena
Conosphaeridium striatoconum
Oligosphaeridium pulcherrimum
Kalvptea aceras
Andalusiella sp.
Achomosphaera sp.
Oligosphaeridium totum
Godavariella venkatachalae
Palacocystodinium lidiae
Disphaerogena sp.
Deflandrea galeata
Cerodinium diebelii
Achomosphaera ramulifera
Cerodinium speciosum
Hystrichosphaeridium sp.
Palaeocystodinium bulliforme
) Deflandrea damasii
Cannosphaeropsis utinensis
Thalassiphora patula
Kleithriasphaeridium truncarum
Oligosphaeridium buciniferum
Deflandrea sp.
Alterbidinium varium
Cerodinium obliquipes
Disphaerogena lemniscata
FEllipsodinium sp.
Exochosphaeridium sp.
Oligosphaeridium sp.
Spiniferites sp.
Florentinia sp.
Glaphyrocysta sp.
Cyclonephelium membraniphorum
Cyclonephelium compactum
Thalassiphora pelagica
Glaphyrocysta marlboroughensis
Cerodinium sp.
Circulodinium sp.
Oligosphaeridium asterigerum ®
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Phytoclast

100
1.8,10,1 l.lZ.lb.I".%g

2.3.4,5,6,7,9.13.14,
15,17,18,21,22

100 /100

AOM 60 37 Palynomorph

I: Highly proximal shelf or basin; 1l: Marginal dysoxic - anoxic
basin; 1lI: Heterolithic oxic shelf (proximal shelf); IV: shelf to basin
transition;

V: Mud - dominated oxic shelf (distal shelf); VI: Proximal saboxic -
anoxic shelf; VII: Distal dysoxic - anoxic shelf; VIII: Distal anoxic
shelf; IX: Distal suboxic - anoxic basin.
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Palaeocystodinium 4 Phelodinium  kozlowskii
Wilpshaar & ) Lbb o Gos o5 Lyl 25 4, 3o lidiae
«Smelror & Lereeveld, 1989 <Leereveld, 1994
¢Sluijs et al., 2005 ¢tMohamoud & Moawad 2000
.(Soronnandi et al., 2014 «Chiaghanam et al., 2013
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Sample | AOM</ BP/OP AOM¢/ | AOMoy/ Mg/
No. | AOMop Mp M, M
1 6 0456 | 0.85 0.14 0
2 10 04 4 03 10
3 1614 | 0328 | 981 063 | 128
4 8 0.7 7 30 80
5 008 | 1.080 5 59 162
6 265 | 0061 | 53 2 64
7 335 | 0107 | 67 2 26.1
8 16 0136 | 16 1 327
9 338 | 0138 | 22 6.5 127
10 10 00%6 | 25 025 | 184
11 10 0.075 2 02 | 435
12 5 0156 | 25 0 9.2
13 36 0.675 9 0 17.8
14 44 0168 | 88 0.2 210
15 102 1601 | 106 0 27.2
16 8 0113 | 10 0 352
17 34 0128 | 242 0 62.6
18 46 0101 | 28 06 | 313
19 158 | 0213 | 19 12 74
20 3 0119 | 12 4 275
21 36 0308 | 18 05 | 170
22 094 | 0207 | 47 50 303
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«Cannosphaeropsis  utinensis s oL aa 58
Spiniferites  Kleithriasphaeridium truncatum
==L Oligosphaeridium buciniferum 4 ramosus
‘Bujak, 1984 Downie et al., 1971) c—ul 3L <L s
<Roncaglia, 2002 <Mahmoud & Moawad, 2000
<Heimhofer et al., 2005 «Sluijs, et al. 2005
YAV O, 5 asdle «Quattrocchio et al., 2006
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Plate 1

1. Achomosphaera ramulifera; 2. Achomosphaera sagena; 3. Achomosphaera sp.; 4. Alterbidinium varium;
5. Amphorosphaeridium fenestratum; 6. Andalusiella dubia; 7. Andalusiella gabonensis; 8. Andalusiella
polymorpha; 9. Andalusiella rhomboids; 10. Andalusiella sp.; 11. Caligodinium aceras;
12. Callaiosphaeridium asymmetricum; 13. Cannosphaeropsis utinensis; 14. Cerodinium diebelii;
15. Cerodinium obliquipes; 16. Cerodinium sp.; 17. Cerodinium speciosum; 18. Chytroeisphaeridia baetica;
19. Cribroperidinium orthoceras; 20. Circulodinium distinctum; 21. Cleistosphaeridium multifurcatum;
22. Conosphaeridium striatoconum; 23. Cribroperidinium sp.; 24. Cyclonephelium compactum;
25. Cyclonephelium membraniphorum.

Plate 2

1. Cyclonephelium sp.; 2. Cymososphaeridium sp.; 3. Deflandrea damasii; 4. Cerodinium sp.; 5. Cerodinium
sp.; 6. Disphaerogena lemniscata; 7. Ellipsodinium sp.; 8. Exochosphaeridium bifidum;
9. Exochosphaeridium sp.; 10. Florentinia buspina; 11. Florentinia deanei; 12. Florentinia mantellii;
13. Florentinia sp.; 14. Glaphyrocysta marlboroughensis; 15. Glaphyrocysta sp.; 16. Godavariella
venkatachalae; 17. Hystrichodinium pulchrum; 18. Hystrichosphaeropsis ovum; 19. Hystrichosphaeridium
sp.; 20. Hystrichosphaeridium tubiferum; 21. Kalyptea aceras; 22. Kleithriasphaeridium truncatum;
23. Odontochitina operculata; 24. Oligosphaeridium abaculum; 25. Oligosphaeridium albertense.

Plate 3

1. Oligosphaeridium asterigerum; 2. Oligosphaeridium buciniferum; 3. Oligosphaeridium pulcherrimum;
4. Oligosphaeridium sp.; 5. Oligosphaeridium totum; 6. Palaeocystodinium bulliforme; 7. Palaeocystodinium
golzowense; 8. Palaeocystodinium lidiae; 9. Palaeocystodinium sp.; 10. Palambages morulosa;
11. Pervosphaeridium sp.; 12. Phelodinium kozlowskii; 13. Pterodinium sp.; 14. Spiniferites perforatus;
15. Spiniferites ramosus; 16. Spiniferites sp., 17. Thalassiphora delicata; 18. Thalassiphora patula;
19. Thalassiphora pelagica; 20. Foraminiferal test lining; 21. Bisaccate pollen; 22, 23. Spore; 24. Woody
fragment; 25. Fungal spore.
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Plate 3
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A. Annularia carinata; B. Pecopteris sp.; C. Lilpopia raciborskii; D. Paripteris cf. linguaefolia; E., F. Acitheca polymorpha, G. Alethopteris sp.; H.
Lepidodendron cf. subdichotum (determinations S. Oplustil). Specimens A, B, E, F, H from Mt. Corona (Pontebba, Udine); C from Casera Cordin
Grande (Paularo, Udine); D and G from Casera Auernig (near the old landslide, Ponteb ba; Udine).
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Introdaction

The study area is located between Lut and Helmand blocks. This area is named Eastern Iran Flysch Basin.
This basin is surrounded between Nehbandan fault in the west and Harirrud fault in the east (Stocklin, 1968).
Post Cretaceous deposits of Birjand area are composed of different facies with variations thickness.
Paleogene deposits in Birjand area formed after Laramid orogeny phase in Paleocene and ended in late
Middle Eocene (Eftekharnezhad, 1986).

The studied section is located about 60 kilometers west of Birjand. Access to the outcrop is along Birjand-
Kerman road. After passing through Khusf city and Dastgerd village, a gravel road separated from Birjand-
Kerman road. The measured section is near Gorong village. The geographical position of the section is 320
52" north latitude and 580 52’ east longitude. This section is about 26 kilometers North West of Khusf City.
Paleocene deposits in the study area include sandstone and conglomerate at the base, then changes to sandy
limestone, marly limestone, thick bedded to massive limestone in middle and upper parts, and marly
limestone and conglomerate in uppermost part.

In order to study algae in carbonate beds, samples collected from different intervals. Sampling interval is
between 1/5 meters and 3 meters, which in clastic beds the intervals are greater than carbonate beds. Ninety
samples have been collected in the field and thin sections prepared from all samples.. The photomicrograph
of fossils prepared and based on references, genera and species of algae, identified, described and introduced.

Discussion

The thickness of measured stratigraphical section is 342/5 meters and could be divided into four units. There
are conglomerate beds above the boundary (unit A and B). In uppermost part of unit D also there are
conglomerate beds. It seems the lower and upper boundaries are disconformable. The lithology of units are
as follows:

Unit A- The lower part of this unit is covered, then 53 meters of marl and with thin intercalated limestone
beds are present.

Unit B- This unit include 111 meters of conglomerate at the base, then changes to sandstone and massive
limestone.

Unit C- This unit is composed of 144.5 meters of thick bedded limestone with marly limestone.

Unit D- This unit is composed of 34 meters marly limestone in lower part and conglomerate and sandstone in
upper part.

After studing thin sections of units B and C, the following algae are identified; Clypeina occidentalis,
Clypeina aff. dragastani, Clypeina cf. haglani, Clypeina elliotti, Clypeina cf. elliotti Clypeina cf. lucana,
Cymopolia cf. frugifera, Cymopolia edwarsi, Cymopolia cf. mayaensis, Cymopolia drobneae, Cymopolia
satyavanti, Dissocladella aff. longijangensis, ?Broeckella sp., Orioporella villattai, and Ovulites cf. arabica.
In all identified genera and species, all parameters such as outer and inner diameters, branch diameter in
proximal and distal, number of branches in every verticil were measured.

Results and Conclusion
Although the Paleocene deposits in western Birjand consist of clastic and carbonate sequences, the carbonate
deposits contain a good variety of algae especially green algae. The most important identified genera and
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species are Clypeina occidentalis, Clypeina aff. dragastani, Clypeina cf. haglani, Clypeina elliotti, Clypeina
cf. elliotti Clypeina cf. lucana, Cymopolia cf. frugifera, Cymopolia edwarsi, Cymopolia cf. mayaensis,
Cymopolia drobneae, Cymopolia satyavanti, Dissocladella aff. longijangensis, ?Broeckella sp., Orioporella
villattai, Ovulites cf. arabica. The assemblage algae confirm Paleocene age and foraminifera such as Kathina
sp., Mississippiana binkhorsti, Mississippiana sp., Rotorbinella detrecta, Rotalia sp. also support this age.

Keywords: Lut block; East Iran; Paleocene; algae; dasycladacean; Birjand.
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Introduction

In this research, Calcareous Nannofossils of the Kharchang section have been studied. The area under study
is located in the eastern Paratethys and the section with 260 meters thickness is located 10 kilometers far in
south of Sari city and in the north of the Kharchang village. The lithology of the deposits consists of soft,
yellow fine grained sandstones, gray, blue and yellow sandstone, and yellow and brown sandy claystone.

Material and Methods

In this study, 35 samples from the Kharchang section have been studied. Samples were prepared as smear
slide method. In order to study of the thin sections and the prepared slides, Olympus Optical Microscope
(BH2) with an object lens with a magnification of 100 was used and the gypsum plate was used for
distinguishing certain species. In general, 23 genera and 43 species of the calcareous nannofossils have been
recognized in this section.

Discussion

Nannofossils are suitable for biostratigraphical studies since they are abundant, planktonic, rapidly evolving
and largely cosmopolitan. These fossils are found abundantly in the section and they are well preserved,
especially Discoasters, which are protected from excess growth and dissolution and have a fairly large
variety of species. The coccoliths in this section have relatively high diversity and good preservation. The
biostratigraphic studies are done based on Martini (1971) zoning. In this zonation, the NN abbreviation
represents Neogene nanoplanktons (Nannoplankton Neogene).

Based on the identified nannofossils, age of the lower part of this section is Early Pliocene (Zanclean)
corresponding to NN14 (Martini, 1971).

In the known fossil assemblage, a number of reworked Mesozoic fossils are seen such as Braarudosphaera
bigelowii, Calculites obscurus, Calculites ovalis, Eiffellithus gorkae, Eiffellithus turriseiffelii, Micula
concava, Watznaueria barnesae and Watznaueria biporta and some Palaeogene species such as
Chiasmolithus  bidens, Chiasmolithus nitidus, Coccolithus pelagicus, Cribrocenrum martini,
Cruciplacolithus tenuis, Discoaster deflandrei, Discoaster kuepperi, Discoaster kugleri, Ellipsolithus
lajollaensis, Ericsonia staerkeri, Fasciculithus tympaniformis, Helicosphaera reticulata, Helicosphaera
seminulum, Neochiastozygus concinnus, Neochistozygus imbriei, Prinsius martini, Sphenolithus ciperoensis,
Sphenolithus radians and Triquetrorhabdulus carinatus present and species commonly associated with the
Neogene are Catinaster coalitus, Helicosphaera ampliaperta, Helicosphaera sellii, Pseudoemiliania
lacunosa, Reticulofenestra pseudoumbilica, Sphenolithus belemnos and Sphenolithus heteromorphus.

The age that have been suggested for the studied section are introduced as follows:

DISCOASTER ASYMMETRICUS ZONE (NN14)

Definition: From the first occurrence of Discoaster asymmetricus to the last occurrence of Amaurolithus
tricorniculatus

Author: Gartner (1969)

Age range: Early Pliocene (Zanclean)

The mentioned zone is 28 meters thick in the Kharchang section and the biozone was identified in the base of
the section.
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Considerations: Because the species belonging to the mentioned genera are present in almost all specimens,
their attribution to Neogene is ascertained. For example, the species Sphenolithus belemnos, Sphenolithus
heteromorphus, Amaurolithus tricorniculatus , Ceratolithus acutus, Discoaster brouweri, Discoaster
calcaris, Discoaster druggii, Discoaster exilis, Discoaster kugleri, Discoaster pentaradiatus, Discoaster
surculus and Discoaster asymmetricus were observed. It should be noted that due to the presence of the
Amaurolithus and Ceratolithus genera in the Late Miocene and the presence of the Amaurolithus
tricorniculatus species in the first specimen, which is present at the basis of the studied deposits, it is
indicative of the absence of deposits older than Late Miocene, but the Discoaster asymmetricus species
appearing in the Lower Pliocene and at the base of the studied thickness indicates the age of Pliocene is the
beginning of this sedimentary sequence. Since the species has been present throughout the studied section,
the age of these deposits can be attributed to the Early Pliocene, which is compatible with the NN14 zone of
the Standard Zoning of Martini (1971). Regarding the fact that the NN15 biozone begins with the last
occurrence of Amaurolithus tricorniculatus, and the species is found in the last sample, unfortunately we
cannot currently determine the age of the top of these deposits.

Conclusion

In this research, Calcareous Nannofossils of the Kharchang section have been studied. The section with 260
meters thickness consists of soft, yellow fine grained sandstones, gray, blue and yellow sandstone, and
yellow and brown sandy claystone. Based on the current studies, 23 genera and 43 species have been
identified in the 35 studied samples and the age of these deposits is the Early Pliocene, which corresponds
with the NN14 zone of the standard zoning of Martini (1971)..

Keywords: Paratethys; Caspian Sea; Kharchang; calcareous nannofossils.
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Introduction

The main Paleozoic sequences of Isfahan Province cropped out in the northern part of Isfahan e.g: Soh and
Natanz (Najhaf, Negeleh, Varcamar, North Tar and west Kesheh section) (Zahedi, 1973; Adhamian, 2003,
Ghobadipour et al., 2013; Bahrami et al., 2015); Zefreh, Chahriseh and Dizlu areas (Brice et al., 2006;
Gholamalian, 2003; Habibi et al., 2013). Kuh-e-Kaftar section (Chahriseh area) is one of the most complete
sequence of Upper Devonian deposits in north Isfahan (central Iran), which have been devoted many papers
by different researchers on the fossils content of these deposits (Ghavidel-syooki, 2001; Hamedani, 1996;
Brice and Kebriae, 2000; Djafarian, 2000; Mistian and Gholamalian, 2000; Mistian et al., 2000; Yazdi et al.,
2000; Turner et al., 2002¢ Safari and kangazian, 2003; Gholamalian, 2003, 2007; Webster et al., 2007 and
Hairapetian et al., 2000). This paper focused on the Famennian deposits of Kuh-e-Kaaftar section to
establish precise age of the lower and upper boundary of sequence, as well as the lithostratigraphic
characteristics.

Materials and Methods

Forty-four samples (3-4 kg each) were collected from Kuh-e-Kaftar section, the samples were processed with
conventional acetic/formic acid technique. All collected samples were prolific and yielded more than 1613
conodont elements which helped in erecting the stratigraphic framework of biozonation of the Shishtu |
subformation. Although the abundance of conodont elements is scarce, but the acceptable diversity and
presence of Zonal index taxa let to establish the age framework of the studied interval. The state of
preservation of the conodonts is generally excellent, where many specimens are complete without
contamination. The color of conodonts is dark black (C.A.l. 4.5- 5) in total elements of sampled section. All
the studied conodont specimens are coded under acronym of EUIC and redeposit in the Department of
Geology, University of Isfahan, I.R. Iran

Discussion

The studied deposits of Kuh-e-Kaftar section, which is located in southwest of Chah-riseh village 55 km
northeast of Isfahan, comprises Famennian deposits equivalent to the Shishtu Formation (Shishtu I
subfromation). The thickness of the studied and measured profile is about 110 meters, including 4
lithostratigraphic units (limestone, sandy limestone, marly limestone, shale and sandstone levels) including:
bivalve, bryozoan, crinoids stems, brachiopod, trilobite, goniatite, conodonts and vertebrate micro-fauna.
Alternation of medium bedded limestone and shale can be seen at the basal levels of the section. Basal level
overlies on Frasnian stage sediments and underlines with an eroded surface (red clays) can be dated to
Permian system. In order to establish the biostratigraphical framework for the Shishtu I subfromation, 44
samples were collected systematically and the examined samples contain 1613 conodont elements. Twenty
conodont species and subspecies belong to eight genera have been identified as follows: Bispathodus
aculeatus aculeatus, Bispathodus aculeatus plumulus, Bispathodus costatus, Bispathodus stabilis,
Branmehla bohlenana, Icriodus cornutus, Icriodus sp., Mehlina strigosa, Pandorinellina insita,
Pelekysgnathus inclinatus, Polygnathus delicatulus, Polygnathus deplanatus, Polygnathus nodocostatus,
Polygnathus brevilaminus, Polygnathus semicostatus, Polygnathus sp., Neopolygnathus communis group,
and Scaphignatus velifer velifer. The abundance and distribution of conodont elements as well as the
sedimentary record suggest marine conditions of an inner shelf environment. The conodonts are related to
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the following conodont biozones as: Upper marginifera, Uppermost marginifera to Upper trachytera,
Middle expansa, and Upper expansa zones. In terms of biofacies, the conodonts can be assigned to the
icriodid—polygnatid, polygnatid— bispathodid and bispatodid—polygnatid biofacies.
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Introduction

Talkhab watershed is located in the southwestern parts of Iran, longitude 45 50 '00' 'and 46 00', and latitude
33 40 'and 33 48', and has two branches in the northwest (Chaman) and northeast (Srachamlu) that are joined
together and form the main Talkhab river. The basin area is covered an area of 161 square kilometers and is
elongated in shape. According to The geological division of the Zagros structural zone which is location in
the Lurestan in SW Iran, this basin contains a relatively thick sequence of sedimentary rocks including Ilam,
Gurpi, Pandeh, Asmari and Gachsaran formations. In this study, the Arc GIS software used to evaluate the
geomorphology and physiography studies on order to evaluate the distribution of different geological units in
this area. Therefore, the map shows that most geologic units are carbonate (Gurpi and Pabdeh) and evaporate
rocks (Kalhor and Gachsaran) that are most abundant rocks in this region and they are very sensitive to
erosion. The purpose of this study is to identify different lithofacies that form in this watershed and evaluate
the sedimentary link toward downstream.

Method and Materials

In this study, 21 sediment samples from Srachamlu, 17 samples from Chaman and 32 samples from Talkhab
Rivers have been collected for grain size analysis (coarser grains based on Lewis and McConchie, 1994;
finer grains based on Coates and Hulse, 1985) in order to evaluate the finning to grain size toward
downstream. Lithofacies were identified in the field based on Miall (2006). Textural parameters calculated
based on Folk (1980).

Result and Discussion

The results indicate that grain size decreases toward downstream is not exponential and has discontinuities
and isolated sedimentary links in Talkhab river. Based on the sedimentary analysis, four discontinuities and
five continuities in sediments of the Sarcham, five discontinuities and six continuities in sediments of the
Chaman and three discontinuities and four continuities of sediment in the main river of Talkhab have been
detected. Our results show that hydraulic sorting has more effective role in downstream fining of the particle
size in each of sedimentary links. Particle size parameters indicate that the studied sediments consist mainly
of poorly to very poorly sorting grain size, positive skewness and flattened and elongated kurtosis. This
indicates that discontinuities resulted from laterally input of coarse grain sediments from banks and
tributaries (Marren et al., 2006; Simon and Rinaldi,, 2013), increasing the bed slope, exposed bedrock,
changes in lithologic units along the stream bed and structural activities such as joints and faults. The
lithofaceis recognized along the studied rivers consist of three coarse-grain gravely lithofaceis (Gmm, Gem,
Gmg) and one medium sandy lithofaceis (Sh). These lithofaceis have formed two architectural elements
including gravity flow deposits (SG), gravel bars and bed forms (GB). Based on identified facies associations
and architectural elements, the sedimentary model of Talkhab watershed is proposed as gravelly-bed braided
river with sediment-gravity flow deposits in upstream and toward downstream shallow gravel-bed braided
river system. Finally, we believe that this study can help in a better understanding of erosion and sediment
yield patterns in such a basin for better water and soil preservation and watershed management.

Key word: Sedimentary link, Talkhab watershed, lithofacies, llam Province, finning downstream
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Introduction

The silisiclastic-carbonate sediments of the Geirud formation (Upper Devonian) are deposited in the Central
Alborz Basin, northern Iran. Generally, these sediments display four depositional systems as follow: fluvial
(alternation of red-purple shale, sandstone and conglomerate), estuary (thick-bedded, white sandstone with
bi- to multiple-directional planar cross bed and herringbone), shoreface (alternation of thin to thick-bedded
sandstone with trough and planar cross bed and HCS and gray-black, fissile shale) and shallow shelf or
offshore (fossiliferous limestone with HCS and tempestite and black, fissil shale) that indicate a deepening
up-ward trend. A prevailed stressful and unsuitable condition with respect to salinity led to preservation of
the ichnoassemblages with low diversity and small size of the trace fossils in the studied sediments (Gingras
et al., 2008). The studied sediments indicate remarkable changes in sedimentation rate, water circulation and
salinity level during the Late Devonian time. Ichnological analysis has become a valuable tool in basin
analysis, especially for recognizing and interpreting genetically related sedimentary packages (e.g., Tovar
et al., 2007; Sharafi et al., 2012 & 2014). The primary controls on the distribution of different burrowing
behaviors and lifestyle of the existing fauna and the trace markers in the marine realm are nutrient supply,
hydrodynamic energy, salinity, sedimentation rate, oxygen level, water turbidity (Seilacher,1967; Bromley &
Ekdale, 1984; Pemberton & Wightman, 1992; MacEachern & Burton, 2000; Gingrass et al., 2008, 2012;
Sharafi et al., 2014).

Discussion

The Alborz Mountains with a E-W trend is one of the structural zones in the northern Iran (Stécklin, 1968).
This structural zone is sub-divided into the east, central, and west parts and the study area is located in the
central part. The Geirud Formation crops out at the Dehmolla, and the Shahmirzad sections, geographical
coordinates are 36° 21' 53" N and 54° 45' 28" E and 35° 46' 12" N and 53° 19' 25" E, respectively. In the
studied areas, the Geirud Formation disconformably overlies the marine shale of the Milla Formation
(Ordovician) and is conformably overlain by the black limestone-shale of the Mobarak Formation (Lower
Carboniferous). Various paleontological studies on brachiopods (Bozorgnia, 1964), Palynomorphs
(Ghavidel-Syooki, 1995) and Goniatites (Dashtban, 1995) indicate the age of the Geirud Formation is Late
Devonian (Frasnian—Famennian).

Tow stratigraphic sections measured in the Alborz mountain north of Iran for the purpose of this research.
Tow hundreds and Eighty thin sections were examined to identify fine-scale sedimentological and textural
characteristics such as grain size and sedimentary structures that are recorded in the studied successions.
Both sedimentological and trace fossils features were examined on fresh and weathered surfaces in the field.
Degree of bioturbation is assessed according to Taylor and Goldring (1993) and is done with using of
comparative charts. The bioturbation index (BI) aims to relate the degree of bioturbation to the preservation
of primary bedding features (Taylor & Gawthorpe, 1993). In this scheme, a Bl is defined, ranging from 0 (no
bioturbation) to 6 (complete bioturbation, total biogenic homogenization of sediments).

Results and Conclusion
Nine ichnoassemblages are identified in the studied successions that indicate considerable
environmental changes (e.g. salinity, nutrient supply, hydrodynamic energy, sedimentation rate, oxygen
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level) within a generally deepening up-ward sequence from fluvial-estuary depositional setting to open
marine environment (shoreface, shallow shelf). Alternation of the red-purple, thick-bedded sandstone-
conglomerate and red shale of the fluvial system in the lower part of the formation with low diversity of
vertical trace fossils and low bioturbation index (B.l.= 0-1) (Skolithos-Arenicolites ichnoassemblage)
indicate high sedimentation rate of the silisiclastic sediments in a high energy and agitated setting with
unstable and mobile substrate. White, medium-thick bedded sandstone in the lower part of the
successions with a few shell fragments and Skolithos-Arenicolites and Thalassinoides-Rhiocorallium
ichnoassemblages displayed by mainly vertical burrow elements and low B.l. (1-4) indicate high energy,
unstable substrate and periodically water circulation in a beach setting with high sedimentation rate. In
the middle part of the studied successions thin-medium bedded fossiliferous sandstone with planar and
trough cross beds and HCS and Thalassinoides-Rhizocorallium-Palaeophycus, Arenicolites-
Thalassinoides and Arenicolites ichnoassemblages with medium B.l. (3-4) and a mixed vertical
(suspension feeders) and horizontal (deposit feeders) burrow elements, display the various life style of
the trace markers from suspension feeding during high energy phase with high sedimentation rate and
deposit feeding during low energy periods with low sedimentation rate and more stable substrate, in a
shoreface setting. Diversity and abundance of the trace fossils and shells in these sediments indicate a
suitable marine condition with respect to salinity, light and water circulation. The High diversity and
abundance of the trace fossils and the skeletal elements of the Arenicolites-Diplocraterion,
Thalassinoides-Rhizocorallium-Palaeophycus, Arenicolites-Protovirgularia and Protovirgularia
ichnoassemblages within the black, thin bedded fossiliferous limestone in the upper part of the
formation display establishment a fully marine condition (e.g., light, water circulation, and salinity)
along with a decrease in hydrodynamic level and turbulence in a shelf setting

Keyword: Geirud Formation; ichnoassemblages; ichnofacies; shoreface; shelf; estuary.
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Introduction

In this research, we tried to study the Ilam Formation using petrography (thin sections) and geochemical
analysis (major and trace elements). Petrophysical studies have also been used to identify the characteristics
and diagenetic environment, and to determine the sedimentary environment and evaluation of reservoir
quality.

Materials and Methods

500 thin sections prepared from cutting samples in X and Y wells and 80 thin sections from Asaluyeh
section have been studied to identify, evaluate facies and type of sedimentary environment beside diagenetic
processes of The Dalan Formation. For classification and texture descriptions, the classification schemes of
Dunham (1962) used. The method of Dickson (1965) used to differentiate calcite from dolomite, with
Alizarin (Red-S) and potassium Ferosianid. Types of dolomites were identifies (Adabi, 2009). For
description of the microfacies and interpretation of depositional environment model, Fliigel (2010) scheme
was used. Study of Petrophysical Properties of llam Formation in the South Pars Gasfield have been done
based on petrophysical logs (gamma, sonics and acoustic), geological reports and reservoir data.

Discussion and Conclusions

Major and trace elements analysis and especially their diagenesis are the important part of carbonates
studies. According to the major and trace elements studies and the ratio of these elements in the limestone
samples of llam Formation, the original aragonite mineralogy in shallow parts and original calcite
mineralogy in deeper parts of these deposits were interpreted. Comparison of the llam limestone samples
with ranges that presented to aragonitic limestone of other fields and plotting the samples in this area
confirmed the mixed aragonite-calcite mineralogy. High contents of Sr and Na, low Mn content and high
Sr/Na ratio for aragonitic samples and low Sr/Na ratio for calcite samples show that the limestone samples
have been stabilized by fluids in a closed to open diagenetic system. The shale zones are almost similar in
both wells, and the shale volume has peaked at the lower boundary of both wells due to the high percentage
of shale in the Lafan Formation. The sharp changes in the upper and lower limits of the llam Formation
represents a change in the boundary of this formation with upper and lower formations.

Keywords: Original carbonate mineralogy; gheochemistry; reservoir quality; llam Formation.
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Introduction

The Kopet-Dagh Basin formed on the southern margin of the Eurasian Plate since the Jurassic up to the
Tertiary. The Kopet-Dagh Basin marks the northern boundary of the Alpine-Himalayan Orogeny in
northeastern Iran and also corresponds to the morphological boundary between Turkmenistan and Iran. The
Kopet-Dagh Basin is an intracontinental basin and its topography dies out toward southeast in the
Afghanistan, indicating a tectonically stable part of the basin. Kalat Formation (Late Cretaceous) is one of
carbonate unit in the Kopet-Dagh sedimentary basin (Afshar-Harb, 1994). So far, various studies have been
done on this formation, but for the first time, the microfacies and palynofacies of the Kalat Formation have
been carried out simultaneously.

In order to study Kalat Formation, one section is measured in the Chehel-Kaman valley. Kalat Formation in
this section is located about 163 km from Mashhad with a geographic coordinates of 36° 28" 8" North and 60
23 42.4" East and is 310 meters thick and consists of shale and limestone alternation. In order to study
palynofacies and microfacies in Chehel-Kaman section (310 m shale and limestone), 36 samples of
limestone and 22 samples of shale have been studied. The description of the limestone textures follows the
Dunham (1962) classification and shales Tyson charts (1993).

Discussion and Results

Study of limestone thin sections led to identification of three sedimentary facies, A, B, C, including barrier,
restricted lagoon and tidal flat that are composed of 12 subfacies. These facies can be classified in two group,
carbonates and hybrid. Studying of shale led to identify two facies, A and B. Facies A is equivalent to type |
Palynofacies and facies B is equivalent to type Il Palynofacies. Shale facies A shows semi restricted lagoon
into tidal flat and shale facies B shows deeper semi restricted lagoon to shoal and open marine environment.
In the basis of microfacies and palynofacies studies, we can say that Kalat Formation has been deposited in a
homoclinal carbonate ramp (Flugle, 2010).

Because the palynofacies and paleo-sedimentary environments of the shale parts of Kalat Formation were
based on palynomorphs (dinoflagellates), 52 species of 36 genera of dinoflagellates were identified. In
addition to dinoflagellates, spores and bisaccate pollen grains, fungal spores and foraminiferal test linings are
also observed.

The palynological parameters of the shale facies of this formation indicate that the lability factor in this
section is less than one. Decreasing this factor indicates an increasing the amount of oxygen in the
sedimentary environment. Therefore, it is possible that semi-oxygenated conditions dominate during the time
of the deposition of these facies. However, according to the numbers obtained, the oxygen content in type
palynofacies (A) is more than type (B). On the other hand, the ratio of AOM trans to dark AOM indicates
that despite the presence of oxygen, the amount of this element is not high (the number obtained is greater
than one), which indicates low oxygen conditions in the parts of shale at the time of sedimentation. However,
the amount of oxygen in type palynofacies (A) is more than type (B) (Boulter & Riddick, 1986).
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To determine more precisely the amount of oxygen and sedimentation rate from a complementary factor
(transparent and dark AOM ratio to marine palynomorphs), the best conservation degree of marine
palynomorphs (especially dinoflagellates) is in high oxygen saturation and sedimentation rhythms.

If the low sedimentation rate and the low oxygen content transmitted are of the palynomorphs to the
transparent AOM, and in the opposite case, palynomorphs into a dark AOM. According to the measurement
of the percentage of transparent AOM percent to marine palynomorph along the stratigraphic column, this is
high which indicates low oxygen conditions, and the ratio of the percentage of dark AOM to marine marine
palynomorph is low, which indicates low oxygen conditions and high sedimentation rate for palynofacies of
the Kalat Formation. Of course, the numbers indicate higher oxygen content and higher precipitation rates
for type palynofacies (A) than type (B) (Bombardier & Gorin, 2000).

The ratio of the equal dark palynomaceral to the blade - shaped dark, along with the labilatory factor,
expresses the amount of energy governing the environment. Blade - shaped dark palynomaceral can travel a
long distance due to high flotation, and are abundant in remote areas. According to the results obtained from
the study of palynological slides, the equal dark palynomaceral is also greater than the blade, indicating the
close proximity to the coast of the shale parts of the Kalat Formation and the resulting numbers indicate the
shallowness of the type Palynofacies (A) than type (B), Kleithriasphaeridium truncatum. The presence of
species Cannosphaeropsis utinensis Oligosphaeridium buciniferum and Spiniferites ramosus is an open sea.
The abundance of the above examples in Palynofacies type (B) is likely to be related to open sea
environment for this facies (Chiaghanam et al., 2013).

On the other hand, species like Alterbidinium varium, Andalusiella dubia, Andalusiella gabonensis,
Andalusiella polymorpha, Circulodinium distinctum, Cerodinium diebelii, Godavariella venkatachalae,
Palaeocystodinium bulliforme, Phelodinium kozlowskii and Palaeocystodinium lidiae show shallow
conditions. The palynological factors and the presence of the above species, as well as the presence of spores
and bisaccate pollen in Palynofacies type (A), are indicative of the shallow conditions of these deposits.

Key word: Kalat formation; microfacies; palynofacies; depositional environment; homoclinal ramp.
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Introduction

During the Late Paleozoic, as a result of the north Gondwana continental collision of the Europe, Hercynian
Mountains have created (Berberian & King, 1981; Hagq & Al-Qahtani, 2005). Most geologists and
researchers e.g.: Stocklin (1974), Nabavi (1976), Berberian (1976) and Stampfli (1978), believed Hercynian
phase has influenced the Iranian platform on the type of epeirogenesis, but new studies has proved evidence
of Hercynian orogenic movements in Iran. Furon (1941), Gansser (1955), and Gansser et al. (1965) for the
first time studied the geology of the Shotori range in the frame of the general geology, sedimentology and the
mapping geology.

Stocklin et al. (1965) assigned the Ozbak -Koh Group deposits to the Late Paleozoic (Devonian and
Carboniferous) in the Central Iran which includes the Bahram, Shishtu and Sardar formations to the pre-
Permian and the Jamal Formation with Permian age. This study conducts the effects of the Hercynian
movements and the related evidences in the north, west and central Iran on the base of sedimentology and
geochemistry of the basal Permian siliceous sandstone and the fossils (fauna and flora).

Yazdi et al (1989) compared the “top quartzite of the Sardar Formation” with many other sections of Iran to
identify the sources of sands with detailed geochemical study and its economic uses of this horizon which
has been named "transgressive basal Permian sandstone” (YYazdi, 1999).

Yazdi et al. (2004), Parvaneh et al. (2004), Rabiey & Yazdi (2001), Yazdi & Archbold (2002) and Yazdi
(2001) also studied the Paleo-events in Upper Carboniferous - Early Permian with emphasizing on the plants
fossils at the topmost Carboniferous which were the markers to the epirogenetic movements and the sea level
fall at the Carboniferous — Permian boundary.

Materials and Methods

Several siliceous sandstone samples were collected from eight sections for this research include: Stabragh
Sirjan destructive sand granitic, silica sand base of the Permian Zagros in sections Gahkom, Faraghon,
Surmeh, Zardkuh and Dashtak (Zard kuh-e-Zagros), Chiruk-e- Tabas and DJam Semnan. Samples studied
using semi industrial and industrial analysis for percentage, weight, volume, granulometry and melting point,
based on the obtained results this siliceous sandstone has the same source and paleoenvironment condition.

Discussion

According to plant fossil remains, conglomerate unit, crinoidal beds and the siliceous sandstone at the
transition zone of the C/P boundary, also lack of Carboniferous and different thickness and age of the pre-
Permian deposits in Tabas, Zagros, Isfahan and Alborz areas reveal the act of Hercinan movements in
Iranian platform. Presence of Permian marine deposits show the privilege of the deeper marine condition at
beginning of Permian in comparison to the Late Carboniferous time interval (Bahrami et al., 2015a; Bahrami
et al., 2015b; Yazdi, 1999; Webster et al., 2011; Rabiey & Yazdi, 2011; Yazdi & Archbold, 2002; Leven &
Gorgij, 2004).

Acknowledgement

This research undertaken at Department of Geology, Faculty of Sciences, University of Isfahan. Financially
and logistically supported by the Vice chancellor for Research and Technology office at University of
Isfahan which deeply appreciated.



Sedimentary Facies
Spring & Summer 2017, Vol. 10, No. 1 R 172

Keywords: Hercynian vertical movements, siliceous sandstone deposits, transgressive sequence of basal
Permian.

References

Bahrami, A., Konigshof, P., Boncheva, |., Sadat Tabatabaei, M., Yazdi, M., & Safari, Z., 2015. Middle
Devonian (Givetian) conodonts from the northern margin of Gondwana (Soh and Natanz regions, north-
west Isfahan,Central Iran): biostratigraphy and palaeoenvironmental implications. Palaeobiodiversity
and Palaeoenvironments, 95; 555-577.

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

Berberian, M., 1976. The important deformational and metamorphic phases in the belt North east of the
Zagros thrust line (Iran). Geology Survey of Iran, International Report, 13 p.

Boncheva, 1., Bahrami, A., Konigshof, P., Yazdi, M., Hoveida, M., & Razi Allipour, B., 2015. Devonian
deposits of Bahram Formation in the Kuh-e-Reza-Abad and the Kuh-e-Shorab sections (southwest
Damghan), Central Iran. Strata, 16: 18-19.

Boncheva, I., Bahrami, A., Yazdi, M., & Torabi, H., 2007. Carboniferous conodont biostratigraphy and late
Paleozoic depositional evolution in south central Iran (Asad-abad section — SE Isfahan). Rivista Italiana
di Paleontologia e Stratigrafia, 113 (3): 329- 356.

Furon, R., 1941. Geologie du plateau Iranien (Perse-Afghanistan-Beloutchistan). Mémoires du Muséum
National d'Histoire Naturelle, Nouvelle Serie, Paris, 7 (2): 177—-414.

Gansser, A., 1955. New aspects of the geology in Central Iran. Proc. 4™ World Petroleum Congerss, Rome,
sect. I/A/5, paper 2, 279-300.

Hairapetian, V., & Yazdi M., 2003. Late Devonian conodonts from the Dalmeh section, Northeastern
Ardekan, Central Iran. Courier Forshungsinstitut Senckenberg, 245: 209-225.

Hag, B.U., & Al-Qahtani, A.M., 2005. Phanerozoic cycles of sea-level change on the Arabian Platform.
GeoArabia, 10 (2): 127-160.

Leven, E.Ja, & Gorgij, M.N., 2004. Gzhelian Fusulinids First Discovered in Central Iran. Stratigraphy and
Geological correlation, 14 (1): 19-29.

Rabiey, Z., & Yazdi, M., 2001. Parallic sedimentary basin and mass extinction close to the Carboniferous-
Permian boundary in Darchsleh section (South of Isfahan, Iran). In: Yan, J., & Pen, Y., (eds.)
Proceedings of the International symposium on the global stratotype of the Permian-Triassic boundary
and the Paleozoic-Mesozoic events. Changxing, Zhejiang, August, China, 8 p.

Stampfli, G.M., 1978. Etude géologique generale de I’Elbourz oriental au sud de Gonbad-e-Qabus (Iran NE).
Ph.D. Thesis, University Geneve, 1868: 329 p.

Stocklin, J., 1974. Possible ancient continental margine in Iran. In: Burk, C.A., & Drak, C.L., (eds.), The
Geology of Continental Margins. Springer,NewYork, 873-887.

Stocklin, J., Eftekhkar-Nezhad, J., & Hushmand-Zadeh, A., 1965. Geology of the Shotori Range (Tabas area,
East Iran). Geological Survey of Iran, 3:1-69.

Webster, G.D., Maples, C.G., Yazdi, M., Marcus, S. & Waters, J.A., 2011. Early Pennsylvanian, Bashkirian,
echinoderms from eastern Iran, a potential transitional fauna between Laurentia/Avalonia and the
Paleotethys, and a Permian cromyocrinid from central Iran. Senckenberg Gesellschaft fur
Naturforschung and Springer. Special paper. 1-61.

Yazdi, M., 1999. Late Devonian-Carboniferous conodonts from Eastern Iran. Rivista Italiana di
Paleontologia e Stratigrafia, 105: 167-200.

Yazdi, M., 2001. Late Devonian faunal events and sea level changes in east and central Iran: correlation with
global patterns of change. Historical Biology, 15: 83-89.

Yazdi, M., 2001. Post-Westphalian (Carboniferous) to Early Permian mass extinction and
Palaeogeographical features in east and central Iran. In: J., Yan, & Y., Peng, (eds.), Proceedings of the
International symposium on the Global Stratigraphy of the Permian-Triassic boundary and the
Paleozoic-Mesozoic events. Changxing, Zhejiang, August, China, 120 p.

Yazdi, M., 2002. Late Carboniferous to Early Permian flora from central Iran (Abadeh and Isfahan). In:
Brock, G.A., & Talent, J.A., (eds.) First International Palaeontological Congress, Geological Society of
Australia. July, Macquarie University, N.S.W. Australia, 68: 295.



S dow

S0 ._slke)l.é)‘thm&‘_rl)’&l p;e

S il
ey D s IS
Oy adses Col b 5l Jlw Ods 4 Sl a5 alow g0

had oyl SSOL B FAF oyl (65l Ol 4 SO iy Lo s Syl G gb s T
.le"“‘f(gr‘”u S, Slalas) EE LSL‘“’)\-w?'-)‘deu(U @ FYO US dgin 902 o isls

@‘aMJLAJ‘MﬁM a)uﬂhsbd\i)

]

o d Loyl 93 oo 4 1y <51yl p b ke
L;Zj_w)tg\_ha)\_wﬁ-)rx_lquj_‘éb_ HH(’)‘LG"M"" w)b}o&;ﬁ‘bwbﬁ- v\.e_&..a

NWWOVFYS sy By

@)U);LAH

S dow

dy)é&b)h&)@&f‘ﬁ'f)é

P Ll
iy s S

aads Syl $STL O FAF o5l (6 )l Ol 4 SOU dewy Lo bislod Syl Ggp s T
fen 4 (i e Salllan) () (laosLust 5 alos o 4 FYO US dglen g3 b ol

wlaMdu)‘w}ﬁﬂ °JL"":’U:‘.‘.':°L¥J\1)

U, Yoo aluils Slawie 5 oliesl 6l o 4 38 Olazs| U aloes 4L oS 281 G

!
o d Loyl 93 oadT 4 1y &1 il p b ke
&}dﬂjtgl_ka)l_“d-)t&_l?uj_‘éb_ Aﬁkr)&om‘:- w)b}a@llawbﬁ_ dg—ie

NVVOVFYS ooy Gy

@)U};L,é,a\




Plo Jloyl 9 5y o9
L sd @ ddome (o3lgiiy Cmlr bl p a5 A8t Jll 655l ) SV
355 46 Word 2003 L, Word Xp 51531 ¢ 5 55 4L dlae -
55 ol Times New Roman s luslul o jesin ("L’ Ll s
.:ﬁmLJL@&LJJ}IA?cch@}SQWV 23 S dllas_
g oSl V0 o Aol 5 el ¥ O3 b le Sl e abuoli
b 5 glptsu Jols dlas.
s Ol ge N
B OL5 4 08 s 5 b okt 5 JolST )T 5 2l 45 o Sol s il Y
(3157 6 F S glao3ly 5 aedS ¥ v S 0aS5) ()b 0L 4 (5l glaels 5 oa S ¥
eSO 4 08 iy 5 ety 5 JalST s T 5 (K15 43 50 ¢ 3l ol ol i O 5s ¥
SN 0L & S slaaalS 5 0uSr B
wdds F
(k) andllas 35 go adbaie cwlid e
adlas 25, A
Cow A
S8 s N
(o) gl £ ol MY
ke Y
ot Y
(ot 3 ol S31) LIS AF
35 ol o5e5 Times New Roman 14 6 L @.:15\;\ Olse 5 35 Times New Roman 16 15 | s gw )b Ol g2e
B L b sl S «S ;L5 Times New Roman 10 L sl (e Times New Roman 10 ks L O s § L ol 5 el
oS> &S5 Times New Roman Lol b oS> ¢p>~ Times New Roman 11 Bl L;*.:Ksl Sl 5 e Times New Roman 13
B Ly (oSSl e 5 e oS5 Times New Roman 13 oI5 L owylé mlie 5 e c2S 5L Times New Roman 10 4 5 Ly S
A5 s 5 Times New Roman 11 6 L S e 555 5 ¢S 36 Times New Roman 11
Wl oun> g Olgie
S Alie Lol O gande s kil 5 53 50l S Wi Ol oo
338 ettt Cadle b OIS s s 5 0s 438 5 Olse 15 55 OB Ay 55 S JolS7 uysT 5 i
el G50 33T 535 SIS g g S5 SN g 5 o ¢ il o lacdi
.;,:}:Aﬂ.gir&u,gcu;sjt,ui)tww@u,uwgawc‘;uQJHS?,;_
g3 oSS 5T 0 e b s IS (sl 3l -
53,8 1l sl el Al eSS SIS (Gl 315 5 0k S ¢y T OB s 5 Ol i
Ll 5y Ny o 4 5ol 0L 4 6T SV 55 ) SIS (slae3ls 5 0k S OB iy 5 )3T el Olge 03,57 -
&b
3 ot S 3 g SSINYPA VPV (655 210) Se ki g 575 Ll o i 4y wbie S 3 5 U381 Dl 5 4 ool 2 55 il
OYAY O, 5 (s alla Lashkaripour et al., 1998 ¢\¥#0 (O, Kas 5 s s5la ¢\¥F7 (gl
e 08 i 6\44.3[@_‘..;‘)344_3‘34_&3;”)\_?)')_&ddlﬁdu_ﬁ):.bj_fna:))T&*_;liﬂctaWJw)u e Ll s iy 55
S I 0 s S Gy g0 53 355 S5 5l s 3 s 1 I press™ 5 b e 1 m Ol 157 Sl daamio
O Gt syl sladlie gl i Persian” See oy d A5 sl s s OT sl s eslizul 354 (e ol 0L sl oa s

Dsh g s e bl il Sl 5o Sl 5L 25 e DS



idloxo 3o ol Pl Mo
PPV XA (e o ale aolidoad OT (G52 587 polal ro 8 S50 03 ST s e ATV CLf (sl

tom o 33 ol &Iyl dlie
93 e slaes s geslie sl xalyl 5 glisle e 5y s SYAY (o o Sl 32 b “of s RS- e e
NOYNFN L o g8l nio oS> (Ol el S pameil s Lot poaniiin NS [ 35 a5l

HE g
(0P OYD e ctgds J o 55 Rl 5 (83,8 alaBl wlid s S NYAY (L (Doslaw “Tp s (.JJS

ol oLl
- gt onl) 58 K5 s ét,ﬁjt Gip 03 ST slg SN 5 (sl o ol disle 3151 2l b AYAY (. Cll ¢ sl s 50
w2 WY o o g3 5 o825 iyl plisd )57 4ol DL (st o

2

L piS e SBLEST g ol o Olojla sy pala VY e v e J;)Le—:-@uwj%”‘"\ ol

Journal:

Mahboubi, A., Moussavi-Harami, R., Lasami, Y., & Brenner, R.L., 2001. Sequence stratigraphy and relative sea level
history of the Upper Paleocenesediments in the Kopet-Dagh Basin, northeastern Iran. Bulletin of American Association
of Petroleum Geoleologists, 85: 839-8509.

Editorial book:

Rahimpour-Bonab, H., Bone, Y., Moussavi-Harami, R., & Turnbull, K., 1997. Geochemical comparisons of modern
cool-water calcareous biota, Lacepede Shelf, South Australia, with tropical counterparts. In: James, N.P., Clarke,
J.A.D., (eds.), Cool-Water Carbonates. SEPM Special Publication, 56: 77-91.

Thesis:
Karimpour, M.H., 1982. Petrology, geochemistry, and genesis of the A.O. porphyry copper complex in Jackson and
Grand Counties, northwestern Colorado. Ph.D thesis, University of Colorado, Boulder, 251 p.
Book:
Manutchehr-Danai, M., 2005. Dictionary of Gems and Gemology. 2™ edition, Springer-Verlag, Berlin, 879 p.
Map:
Taheri, J., & Ghaemi, F. 1996. Geological map of Mashhad, scale 1:100,000. Geological Survey of Iran.

@ g lels o

IS O L sladlin 53) JSC8 Olge L il s L 4t clals sas clay 5l 4S54 0l sl o 4 WS & ol e s
alj_,gagtejj.\?.gj;;sctﬁjtmwuxwt&_aotilusw%cha.ggffﬁﬁL@)pxuoaﬁ)\fg}lﬁxﬁubd?ﬂ(l:ig.
S 3 S 5 ) e Jst VU 55 T s

o CsdsS”  al (alCh 39 (o0 Py ke 9 Ol D390 & Ao &7l & Ao g b g 03030 5 e (Sl 53 S A 5 b SKE ST
LT Ul (ol (sl 2l il o3bT oBn 53 0 &S S Dy o 53 o5 Bl Stiys (slojIl 4 WIS (55 (slass 5 by o395
23 gd Lad>

Yo Jloyl og

Lol plon 5l b 1 S s S O e 4 SV ol sl 5 Izl S-Sl ol sl el oo oalos 487 LT S
Sl e oSG S LS s Tl b (SYE— 0151 5 08 Al OB d ) (el S 0L S e e
Jol e sl s s @1yl 4 i a1y 5 Iyl JBT glad> RS ¢S s 08 i 5l el http://jm.um.ac.ir/index.php/earth
NENPIESEE P SCCH HERPFRC SANED

EL ) aee el b Sl cladllas

.l doc 6N

DXF DWG |5 5l 5555 5 lgblb Sl (555 ,0) Lok 0,53 JPEG a3 Ldpi 300 ¢SS5 & yud ol b oS @IS 2 IS™ L6 Y
(35,5 50 555 5 Lkl Jluyl 5l 5 Lsd bis ey 4 JPEG Cs 5 55 owlte i ST L. 5CDR



In the Name of God, the Beneficent, the Merciful

Sedimentary Facies
Vol. 10, No. 1; Spring & Summer 2017

In order to publishing the scientific papers and to extend of research and amplify the earth
science, Sedimentary Facies journal of Ferdowsi University of Mashhad invite masters,
researchers and students to submit their articles in Paleontology, Stratigraphy,
Sedimentology and Sedimentary Petrology.

EDITOR IN CHIEF: Dr. ALIREZA ASHOURI

EDITORIAL BOARD:

Dr. Ali Reza Ashouri Stratigraphy & Paleontology Prof., Ferdowsi University of Mashhad

Dr. Reza Moussavi Harami Sedimentology & Petroleum Geology ~ Prof., Ferdowsi University of Mashhad

Dr. Fatemeh Hadavi Stratigraphy & Paleontology Prof., Ferdowsi University of Mashhad

Dr. Mohammad Ali Jafarian Stratigraphy & Paleontology Prof., University of Isfahan

Dr. Mohammad Dastanpour Stratigraphy & Paleontology Prof., Shahid Bahonar University of Kerman
Dr. Ebrahim Ghasemi-Nejad Stratigraphy & Paleontology Prof., University of Tehran

Dr. Mehdi Yazdi Stratigraphy & Paleontology Prof., Uinversity of Isfahan

Dr. Mehdi Nadjafi Stratigraphy & Paleontology Asso.Prof., Ferdowsi University of Mashhad

EDITING CONSULTANT
Prof. R. Moussavi-Harami & Dr. A. Ghaderi

EXECUTIVE DIRECTOR
Dr. A. Ghaderi

Publisher:  Department of Geology, College of Science, Ferdowsi University of Mashhad

Printed by: Ferdowsi University of Mashhad Press

Address: Department of Geology, Faculty of Science, Ferdowsi University of Mashhad, Iran
P.O.BOX: 91557-1436

Tel: +98-051-38804143

E-mail: gs@um.ac.ir

Web Site:  http://jearth.um.ac.ir



= <4>/
RY FACIES J—

——N——— — A —— FERDOWSI UNIVERSITY,

OF MASHHAD
Vol. 10, No. 1, Spring & Summer 2017 , S.No. 18 ISSN: 2008 - 787X
CONTENTS

Green Algae (Dasycladales) from Paleocene deposits in Western Birjand (Grong section) ........ 1

Barani, F., Rashidi, K., Raisolssadat, S.N., Khazaee, M.

Nannostratigraphy of the Pliocene deposits in Kharchang section (Eastern Paratethys of South

(0F: LY [ JoT-1- ) NN ——»’ - . 23
Barari, A., Hadavi, F.

Biostratigraphy of Late Devonian Deposits (Famennian) of Kuh-e-Kaftar section (Northeast

Isfahan) based on conodont fauna ....... o e 37
Bahrami, A., Yazdi, M., Parsa-Nejad, H.

Lithofacies analysis and sedimentary link in sediments of Talkhab watershed ... 61
Rafighdoust, Y., Moussavi-Harami, R., Mahmudy-Gharai, M.H., Mahboubi, A.

The Ichnoassemblages and their environmental Importance in Geirud Formation, SW Shahroud

and north Shahmirad, Contral AlDOrz .................... SRR - ................. 77
Sharafi, M., Mahboubi, A., Moussavi-Harami, R., Mosaddegh, H.

Petrophysical evaluation and geochemical evidences for the recognition of original carbonat

mineralogy of llam Formation in the asaluye cross section and South Pars Gas Field .............. 99
Shirooye-Nasab, N., Fallah-Bagtash, R., Adabi, M.H., Moussavi, M.R.

Palynofacies and Microfacies of Kalat Formation at Chehel-Kaman Valley Section (North East

Khorasan Razavi) ... e e S 121
Allameh, M., Javanbakht, M., Zyhani Noghani, F.

Transgressive sequence of basal Permian System: An evidence to the Hercynian vertical move-
ments in different studied sections of Iran ... ———— 143
Yazdi, M., Bahrami, A., Parvaneh, A.R., Hoveida, M.




	Jeld 1 
	Introduction 10 (1)
	B2
	Binder1
	بارانی 2
	براری 2
	بهرامی 2
	رفیقدوست 2
	شرفی 2
	شیرویه نسب 2
	علامه 2
	یزدی 2
	Abstracts 10-1 (English) (2)

	M
	N
	EDITOR
	Jeld 2 



