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I:IPI‘,': Alternation conglomerate, marl, siltstone and sandstone (Paleocene age).

K™ : Rudistic limestone and red sandstone (Tarbur Formation).

K"'g,,: Grey, blue shale, grey marl with interbedded, grey sandstone (Gurpi Formation).
K'.: Cream to white well bedded limestone with interbedded marl and grey chert (Ilam-Sarvak Formation).

K",,: Alternation marl, grey, thin bedded limestone, shale and grey chert (Kazhdomi Formation).

Cretaceous Pu«/Quaternary
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Summary statistic Untransformed Transform
Mean 109.670 4.213

Std. Deviation 137.262 1.059
Sample variance 18840.85897 1.122
Minimum 12 2.64
Maximum 410 6.02
Skewness 1.76 .30
Kurtosis 1.54 -.36
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1 49 1.98 13.98 7.30 4.64 0.04 7.02 1.46 4.24
2 32 11.57 28.34 20.60 3.72 0.43 15.99 3.95 3.73
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4 10 6.49 13.07 9.53 2.06 0.19 1.14 0.55 0.29
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1- Helvetoglobotruncana helvetica Zone
Category: Total Range Zone

Author: Sigal (1955)

Age: Early-Middle Turonian

Definition: Interval of total range of Helvetoglobotruncana helvetica.
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Archaeoglobigerina blowi Pessagno 1967, A. cretacea (d‘Orbigny1840), Dicarinella algeriana (Caron 1966),
Di.canaliculata (Reuss 1854), Di. hagni (Scheibnerova 1962), Di. imbricata (Monrod 1950), Guembeliteria
cretacea Cushman 1933, Heterohelix globolusa (Ehrenberg 1840), H. moremani (Cushman 1938),
Macroglobigerinelloides ultramicra (Subbotina 1949), Marginotruncana renzi (Gandolfi 1942), M. sinuosa
Porthault 1970, M. sigali (Reichel 1950), Muricohedbergella delrioensis (Carsey 1926), M. planispira
(Tappan 1940), Praeglobotruncana delrioensis (Plummer 1931), P. stephani (Gandolfi 1942), Schackoina
multispinata Cushman and Wickenden 1930, Ventilaberella austiniana Cushman 1938, Whiteinella aprica
(Loeblich and Tappan 1961), W. baltica Douglas and Rankin 1969, W. praehelvetica Trujillo 1960, W.
paradubia (Sigal 1952).

2) Marginotruncana sigali Zone

Category: Partial Range Zone

Author: Dalbiez (1955)

Age: Late Turonian

Definition:

Interval with Marginotruncana sigali from the first occurrence of Dicarinella primitiva

(Sigal) to first occurrence of Dicarinella concavata (Dalbiez).
68 LoLal OF Ll a5 458 pl G e35d=s 3 Marginotruncana sigali ix gl ez 035
_a>e Dicarinella concavata « 53 52> - Jsl Ll of VL a> 5 Helvetoglobotruncana helvetica
S ol o sl (6 S lal b ulis S 4 gaze b o V0l Dod> 15 093 Cems () Cwlbes 35
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Dicarinella canaliculata (Reuss 1854), Di. hagni (Scheibnerova 1962) Di. primitiva (Dalbiez 1955),
Heterohelix globolusa (Ehrenberg 1840), Macroglobigerinelloides sp., M. ultramicra (Subbotina 1949),
Marginotruncana marginata (Reuss 1845), M. praconcavata Porthault 1970, M. pseudolinneiana
Pessagno1967, M. renzi (Gandolfi 1942), M. sigali (Reichel 1950), M. schneegansi (Sigal 1952), M. undulata
(Lehmann), Muricohedbergella delrioensis (Carsey 1926), M. flandrini (Porthault 1970), M. planspira
(Tappan 1940), Praeglobotruncana gibba Klaus 1960 ,P. stephani (Gandolfi 1942), Schackoina multispinata,
Cushman and Wickenden 1930, Ventilabrella austiniana (Cushman 1938), Whiteinella aprica (Loeblich and
Tappan 1961), W. brittonensis (Loeblich and Tappan 1961), W. baltica Douglas and Rankin 1969, W.
paradubia (Sigal 1952).

3- Dicarinella concavata Zone
Category: Interval Zone

Author: Sigal 1955

Age: Late Turonian to Late Coniacian

Definition:

WAA Olis 5 55k DA ol oo Sl Ol G ol oo a sy — oo 4,25 [1)



This zone is defined as the interval from the first appearance of Dicarinella concavata to the first appearance

of Dicarinella asymetrica (Caron, 1985).
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Archeoglobigerina bosquensis Pessagno 1967, A. cretacea (d ‘Orbigny 1840), Dicarinella canaliculata (Reuss
1854), Di. concavata (Brotzen 1934), Di. hagni (Scheibnerova 1962), Di. primitiva (Dalbiez 1955),
Macroglobigerinelloides caseyi (Bolli, Loeblich and Tappan 1957), Guembelitera cretacea Cushman 1933,
Muricohedbergella delrioensis (Carsey 1926), M. flandrini (Porthault 1970), M. planispira (Tappan 1940),
M. simplex (Morrow 1934) ,Heterohelix globolusa (Ehrenberg 1840), Marginotruncana marginata (Reuss
1845), M. paraconcavata Porthault 1970, M. renzi (Gandolfi 1942), M. sigali (Reichel 1950), M.
schneegansi (Sigal 1952), M. sinuosa porthault 1970, Praeglobotruncana gibba Klaus 1960, P. stephani
(Gandolfi 1942) , Ventilabrella austiniana Cushman 1938, Whiteinella archeocretacea Pessagno 1967, W.
baltica Douglas & Rankin 1969, W. brittonensis (Loeblich and Tappan 1961), W. aumalensis (Sigal 1952),
W. paradubia (Sigal 1952).
4- Dicarinella asymetrica Zone
Category: Total Range Zone
Author: Postuma 1971
Age: Early Santonian — Late Santonian

Definition: This zone is defined by the total range of the index species, Dicarinella asymetrica
Culis 3 s i i a5 Dicarinella asymetrica « 8 ya> op ST U pa> sl olad 1 sl o 2SO ol
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Archaeoglobigerina bosquensis Pessagno 1967, A. cretacea (d’Orbigny 1840), Contusotruncana fornicata
(Plummer 1931), C. pateliformis (Gandolfi 1955), Di. canaliculata (Reuss 1854), Di. concavata (Brotzen
1934), Macroglobigerinelloides alvarezi (Eternod olvera 1959), M. bolli (Pessagno 1967), M. escheri
Kaufmann 1865, M. prarihellensis (Pessagno 1967), Globotruncana arca (Cushman 1926), G. bulloides
Vogler 1941, G. linneiana (d'Orbigny 1839), Globotruncanita elevata (Brotzen 1934), Guembelietria
cretacea, Cushman 1933 Muricohedbergella flandrini (Porthault 1970), M. holmdelensis (Olsson 1964), M.
simplex (Morrow 1934), Heterohelix globulosa (Ehrenberg 1840), H. carinata Cushman 1935,

Laeviheterohelix pulchra (Brotzen 1936) ,Marginotruncana coronata (Bolli 1945), M. marginata (Reuss
1845), M .pseudolinneiana Pessagno 1967 M. paraconcavata Porthault 1970, M. renzi (Gandolfi 1942), M.
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schneegnasi (Sigal 1952), M. sigali (Reichel 1950), Pseudoguembelina costelifera  Masters 1976,
Pseudotextularia nuttalli (Voorwijk 1937), Schackoina multispinata, Cushman 1938, Rugoglobigerina rugosa
(Plummer 1926 ),Ventilabrella austiniana Cushman 1938.
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Plate 1: Al, A2, A3: Dicarinella cf. concavata, Sample number 42, B1, B2, B3: Dicarinella cf. hagni,

Sample number 2, C1, C2, C3: Dicarinella takayanagii, Sample number 5, D1, D2, D3: Whiteinella baltica,
Sample number 1, Scale bar represent 100um.

Plate 2: Al, A2, A3: Marginotruncana coronata, Sample number 12, B1, B2, B3: Marginotruncana coronae,
Sample number 5, C1, C2, C3: Whiteinella cf. paradubia, Sample number 42, D1, D2, D3:
Archaeoglobigerina cretacea, Sample number 14, Scale bar represent 100pum.
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Plate 3: Al, A2, A3: Marginotruncana marginata, Sample number 33, B1, B2, B3: Dicarinella cf.
imbricata, Sample number 18, C1, C2, C3: Marginotruncana pseudolinneiana, Sample number 25,
D1, D2, D3: Marginotruncana desioi, Sample number 29, Scale bar represent: 100um.

Plate 4: Al, A2, A3: Dicarinella bouldinensis, Sample number 2, B1, B2, B3: Contusotruncana
fornicata, Sample number 60, C1, C2, C3: Marginotruncana cf. renzi, Sample number 20, D1, D2,
D3: Dicarinella canaliculata, Sample number 50, Scale bar represent: 100um.
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o= E @*": Middle dasht: alluvia-proluvial pebble gravel, sand, conglomerate.
Q™:Eolian sand.

High dasht: alluvial-proluvial pebble gravel and sand, { gravelly sand

Pl ‘Weaklv cemented boulder conglomerate, coarse-grained sandstone.

Quater. |

E, Tuffite, tuff, congl marl, litic li ignimbrite .

- Congl ates and red sand
-Colored Melange Zone.

PR polomitized limestone.

Limestone. JAMAL Fm.

Black calcareous quartz sandstone and shale with limestone interbeds.  SARDAR Fm.
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-O- c - Limestone, sandstone, siltstone, shale. ~ SHISHTU Fm.
N =
o g Lit dolomitized lii , rare marl interlayers. BAHRAM Fm.
o g Dolomite. SIBZAR Fm.
— - Diabase, quartz sandstone.
© Red and white quartz sandstone, diabase, lenses of quartzite. rarely of dolomitized limestone. PADEHA Fm.
o MSandsmne, limestone, dolomite, siltstone. NIUR Fm.
- Violet-red, greenish-grey sandstone, gravelstone, conglomerate, lenses of limestone. SHIRGESHT Fm.
L. Pale. Lakh marble, Marble, dolomite.
M,: Doshakh
metamorphites, P‘
L epidote-chlorite, River, drainage " Stratigraphic section
- 3 carbonate-chlorite
g_ 2 schists, phyllite, Major fault — 1-29 Dip of bed (Estimated)
23 metaciabase, — Second classroad = = = Third class road
o metasandstone,
E marmorized

limestone, marble.

- Pol-e Khavand gneiss, schists, gneiss, muscovite granite.
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5 S 448 (S il . Palmatolepis gracilis gracilis Zone o535 s o s S0 2 e (A19) s

s 0550b ool s Gl sn 58 (YHIV OKes 5 WLl FYAVA IS5

Polygnathus semicostatus, Palmatolepis glabra pectinata, Palmatolepis minuta minuta, P. subnormalis,
Mehlina strigosa, Icriodus cornutus, Polygnathus inconinnus

Palmatolepis marginifera Zone (A20)

4 5o > Palmatolepis perlobata maxima Miller 1956  (s43 S ;s> sl 5 G 055 Gy (ol 0 2 3,
Upper marginifera 31 (Y+\V OLes 5 Wha! 948Y K5 5 ) bl 5 458 opl w0 28 &S el A20
> Polygnathus triphyllatus Helms, 1961 2L s -+ 455 wzmen .ol LOwer expansa Zone b Zone

J.ALJ: a\Ja.A dum; J‘.’.L"“ (V'\V gdb&.&.ﬁ 9 L*JL,J) J).w@ J.pJL.A Q}) S ) Uﬂl
Bispathodus stabilis vulgaris, Palmatolepisgracilis gracilis, Palmatolepis minuta minuta, Polygnathus
semicostatus Icriodus cornutus

Scaphignathus velifer velifer to Palmatolepis rugose trachytera zones (A21)
s Scaphignathus velifer velifer Helms 1959 axli sl S s> Jdol b 055 Gy ol pps 50

oles 033 Cansy ool 355 o s A21 & 5a5 5 Scaphignathus velifer leptus Ziegler and Sandberg 1984
s W) b g S dib e (0440 (S a5 JK3) Ly ol b ,=e Uppermost marginifera Zone o5 cs
T 4ol e sba S sl .cul sl 3 =e Scaphignathus velifer velifer o5 o Olge 4 (YIV O

Polygnathus perplexus, Polygnathus granolusus, Alternognathus regularis regularis, Polygnathus
nodocostatus, Branmehla bohlenana, Bispathodus stabilis vulgaris, Palmatolepis perlobata maxima, Mehlina
strigose, Polygnathus semicostatus

Pseudopolygnathus granulosus Zone (A22)
5 Palmatolepis gracilis sigmoidalis Ziegler, 1962a, (slad S s> sl b 035 G ool oo o

g Oﬁfﬂ L SBss 5,0 0 »JST s = Bispathodus stabilis stabilis (Branson and Mehl, 1934a) [M2]

Icriodus cornutus Sannemann 1955b, Palmatolepis minuta minuta Branson and Mehl 1934a, Scaphygnathus

Jslee Psudopolygnathus granulosus Zone O3 Cews s oL 0 A22 & sal s velifer velifer Helms 1959
Ly s VY (Kds) AL e Upper trachytera Zone s astlils 5 Ao 5 sesdd O35 G
Bispathodus 053 sy ool (sls oo 68 S0 31V Oan 5 Wl VAAY (S pi 5 IS5 144Y

>, ¢l Ol s 1, stabilis vulgaris, Mehlina strigosa

Polygnathus styriacus to Palmatolepis gracilis manca zones (A23)
S8 5 s S 055 e bl p 5 AL e el s 0 S W36 055 (Lnls 055 S ) szl

»> Scaphygnathus velifer leptus Ziegler and Sandberg, 1984 ==L 535S &8 adl ol slis § SS&

29 Metzger, 1994
30 Klapper and Ziegler, 1979
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Palmatolepis & Scaphignathus velifer velifer Zone 3l i s 1S &8 pl Cid> 55 355 00 L& e A23 & gas
(Y O 5 WL aib s 1415 1, gracilis manca Zone

(el ol e slap 2 e

Bispathodus stabilis stabilis, Branmehla bohlenana, Palmatolepis gracilis sigmoidalis

Palmatolepis gracilis expansa Zone (A24)
RERTE I FL NGt I L R SN T 5 A5 b el b~ Lower expansa Zone 055 Cows i J3lae 053 S 3 00!

s Bispathodus jugosus (Branson and Mehl, 1934a) <5358 axls &8 55 buy 055 )
&S 5 e oxS5 8 . s Palmatolepis gracilis expansa Sandberg and Ziegler, 1979

oo slad g ple (Y)Y OLKes 5 WL wil . Bispathodus ultimus L Palmatolepis gracilis expansa

t el

Clydagnathus ormistoni, Bispathodus bispathodus, Bispathodus stabilis stabilis.

Bispathodus aculeatus aculeatus Zone (A25)

o o e el VA (S i IS5 b 5 edd 3 xe Middle expansa o5 sy Jslas 033 S o]
s x5 Bispathodus aculeatus aculeatus (Branson and Mehl, 1934a) oals s sl sl b0 s
G Middle expansa 31 VAAY (St 5 JK5 bw g 5 THAAY OB 5 o Sllas bl 68 ol o

338 s 2 s 35 Clydagnathus ormistoni Beinert etal. 1971 g4 58 055 s opl 55 AL 0 texanus Zone

Bispathodus costatus Zone (A26)
Bispathodus costatus Branson 1934 M1 Ziegler and 2=ls 455 s> ool U 053 Cns ol o p 5y

il ol jen saai S sl 355 s aseis Sandberg 1984

Bispathodus bispathodus, Bispathodus spinulicostatus, Pseudopolygnathus cf. primus, Polygnathus
communis collinsoni, Bispathodus jugosus, Palmatolepis gracilis expansa, Polygnathus perplexus,
Bispathodus cf. costatus

Bispathodus ultimus Zone (A27-A29)
Ly edd 5 =e cOstatus—kockeli Interregnum , praesulcata zones 5 Upper expansa Jsles 053 G o5

Bispathodus ultimus (Bischoff, 1957) s> sl b 055 Cnss opl o) o0 ccnl Yord 0L Ken 5 u0lS
Middle praesulcata U Upper expansa ;i (Ziegler and Sandberg 1984) ..L.l ol s 0 S A4S 34 a0 yaselia
tels sy cpl D3 eds anlllas s pS sbw S Kos el

Bispathodus spinulicostatus, Pseudopolygnathus cf. primus, Bispathodus aculeatus aculateus, Polygnathus
communis collinsoni, Bispathodus costatus, Bispathodus bispathodus, Palmatolepis gracilis expansa

5 WLl 5 YoV (ol splulidd glagaud sy wLul , Bispathodus ultimus Zone 055 cewss oYU 550

658 sa= LIAVA O 5 S e wlul L 5 Protognathodus kockell | go> -5l bl Y4V 0l Kes

31 Lane et al., 1980
32 Kaiser et al., 2009
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BB 5 ol SOUE a s 5o 580 &8 95 s> phe @y g s 3,85 a5 Siphonodella praesulcata

AL oo praesulcate Zone s O35

?Protognathodus kockeli - L. Siphonodella crenulata zones (A30-A32)
L LYY AA 04 3] 55 5 o Lasis Siphonodella sulcata (s 458 ;s> sl b Oss Gy opl cp ) 5y

53 5 kil el Olojan Olisgh sl Calisn Gblie 3 5 atdll ey olilae SuS|, 48 ol Sepl @ ax g
Siphonodella bransoni (= <8 Y+ 17 OKas 5 cusly oS 1 cadl o 550 Sl ol andllas sla 5 0 51 (55l
e il o DIC 5,0 Glaie i 5 oS &S |, Protognathodus kockeli « S 5 5 Siphonodella duplicate M1)
W s S5 oalie SOUL 3 55 5550 Gasli sla oS 51 s S pl w ez i b Vo v Y] &l es sl
Protognathodus collinsoni, Polygnathus inornatus, Polygnathus — sla—«< S s> sl @ axg L

e etd 1y swl 5,0 Ol e Polygnathus parapetus« S s longiposticus

Siphonodella isosticha — U. Siphonodella crenulata to Upper Gnathodus typicus zones
(A33-A35)
Gnathodus delicatus, Gnathodus cueniformis, (slaa S ;s> ol U (Jls ) b 055 Casy cpl 05 3

Gnathodus typicus, s s 4 353 0 asie A33 «sei > Gnathodus semiglaber, Gnathodus typicus
JB szl ol SS& typicus Zone 55 sy odell 3 jaxld (D558 Gla0sh 24 pde 5 Hass, 1953

A2 el gl

Scalignathus anchoralis-Doliognathus latus Zone (A36-A38)
slls a5 Gnathodus pseudosemiglaber Thomson and Fellows, 1970 ;s> -Jsl U 053 Conss cpl oo Sy

Oy 5 KL VA OLes 5 o Sldllas Ll texanus Zone U anchoralis-latus Zone 31 s o 28
Gnathodus semiglaber, Gnathodus of yen (slaciss S s 35 o yaseie A3D &g 5 3L 7 144Y

Lo typicus

Upper Gnathodus texanus to Adetognathus unicornis zones (A38-A45)
Gnathodus bilineatus 5 Locheria commutata Branson and Mehl 1941 sl -5l b 055 G s ol 00 03 500

P s s sl Gl 48 Olge 4, Sde CisseS G5 55 55l e eseis bilineatus Roundy 1926

e va v st s

Rachistognathus muricatus Zone (A46-A48)

33 Belka and Korn, 1994
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035 cpl 355 o opens Rhachistognathus muricatus (Dunn, 1966) (s« S ;s> sl b O3 Conss ool 0 25 5,0
i gS das o Ol |, (Mississippian - Pennsylvanian) NU--p .5 254 S 5, (late Serpukhovian)

JAL& A‘JQ.A
Gnathodus girty girty, Gnathodus girty simplex

e ey, RS

Al s Ll Cavusgnathus 5 Lochriea Gnathodus (sla oo Jold iy ade S 5o zh slbaings
5 »> Bashkirian 4, ;laze Declinognathodus SsssS o jsl> sl by L5l 0 5 2w Serpukhovian
o0 OsmeneS JAE VA A AT Y] 55 5 e o5l (Mississippian - Pennsylvanian) - eie id e S
ey ASS 3 812 GSSP Ulsie 4 1 (K60 bl 0505 (2 1490 Lo 53 i S el e |
J«L2) Declinognathodus noduliferus sensu lato a=ls 358 LSU b sl ol 63503 5 a0 (o
Declinognathodus noduliferus noduliferus, Declinognathodus noduliferus inaequalis <5 53 4w
= ot A S 58 fead 53 ) A Ces e la S Olge 4 (Declinognathodus noduliferus japonicas s
JAY VA WY AA Y N0 ] cdles 5 b s

Declinognathodus noduliferus Zone (A49-51)
VoA 5l e 53) A49 & a5 5> DL noduliferus s.I. Ellison and Graves 1941 ;s> -5l b 095 Conss cpl o0 3 500
D. noduliferus Jels (52 YYO U VoA Slze 5 ol glacign oS ssd e jesiie (o edel 5l (g e

L2t . Declinognathoduus praenoduliferus Nemirovskaya and Nigmadganov 1992

Idiognathoides sinuatus — Rachistognathus minutus Zone (A51-A53)
Gl S el sl b 053 G ool s e s L3L e Middle Bashkirian < slae 055 can ol
Idiognathodus sinuosus. Ellison and , Rachistognathus minutus minutus (Higgins and Bouckaert 1968)
> lower Morrowan (base of sinuatus-minutus Zone) | Lol v o 28 & 355 0 asis Graves, 1941
LS Y esns il oo sl | pam ol b 05 s opl (FVA0) 0L 5 S5l5) ol Jlad (SIS o
035 Com3 (ol o Slaci g3 58 Kos 51l o ol pam sl 4 8 13 0ks 5 GlacSal 65, 2 mils 530
L .~ Declinognathodus praenoduliferus sD. noduliferus
303 5 035 ey e S U ey 03310 5l e 3550 gl i e 0 2SSl gl 055 ey elal
S Caalis glls anlllas 5550 55558 (U5 A2l oo odalive BB oUsS i o3 doms b S gul it S— 0553

YY) OKan 5 ol V498 (633) A3 o b 4> 5L

3 Varker et al., 1991
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adlas 5,90 g slacdgs o8 -0 S

Fig.1- Polygnathus aequalis Klapper and Lane, 1985; Upper view of IUMC 222, sample A4, X 289, Fig. 2-
Polygnathus alatus Huddle, 1934; Upper view of IUMC 222, sample A4, X 289, Fig. 3- Polygnathus cf.
politus Ovnatanova, 1969; Upper view of IUMC 125, sample A6, X 131, Fig. 4- Polygnathus cf. xylus
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Stauffer, 1940, Upper view of IUMC 103, sample A4, X 205. Fig. 5- Palmatolepis triangularis Sannemann,
1955; Upper view of IUMC 101, sample A7, X 140, Fig. 6- Polygnathus aspelundi aspelundi Savage and
Funai, 1980; Upper view of IUMC 222, sample A8, X 300, Fig. 7- Polygnathus brevilaminus Branson and
Mehl, 1934a; Upper view of IUMC 125, sample A13, X 131, Fig. 8- Pelekysgnathus inclinatus Thomas,
1949; Lateral view of IUMC 124, sample A10, X 140, Fig.9- Ancyrognathus sinelaminus (Branson and Mehl,
1934); Upper view of IUMC 100, sample A10, X 127, Fig. 10- Icriodus alternathus alternathus Branson and.
Mehl, 1934; Upper view of IUMC 105, sample Al1, X 216, Fig. 11- Palmatolepis perlobata perlobata Ulrich
and. Basller, 1926; Upper view of IUMC 160, sample A12, X 143, Fig. 12- Icriodus alternathus helmsi
Sandberg et Dreesen, 1984; Upper view of IUMC 146, sample A15, X 137, Fig. 13- Palmatolepis minuta loba
Helms, 1963; Upper view of IUMC 167, sample A14, X 179, Fig. 14- Polygnathus semicostatus Branson and
Mehl, 1934; Upper view of IUMC 119, sample A16, X 141, Fig. 15- Polygnathus cf. communis communis
Branson and Mehl, 1934; Upper view of IUMC 108, sample A15, X 188, Fig. 16- Palmatolepis glabra
pectinata Ziegler, 1962; Upper view of IUMC 207, sample Al7, X 127, Fig. 17- Palmatolepis minuta minuta
Branson and Mehl, 1934a; Upper view of IUMC 148, sample Al7, X 120, Fig. 18- Palmatolepis
quadrantinodosalobata Sannemann, 1955a; Upper view of IUMC 102, sample Al17, X 161, Fig. 19-
Polygnathus padovanii, Perri and Spalletta, 1990; Upper view of IUMC 158, sample Al18, X 201, Fig. 20-
Polygnatbus webbi Stauffer 1938; Upper view of IUMC 222, sample A4, X 289, Fig. 21- Polygnathus aff.
subnormalis VVorontsova and Kuzmin, 1984; Upper (2) and lower (b) view of IUMC 196, sample A18, X 181,
Fig. 22- Polygnathus triphylatus Ziegler, 1960; Upper view of IUMC 170, sample A20, X 142, Fig. 23-
Mehlina strigosa (Branson and Mehl 1934); Lateral view of IUMC 185, sample A19, X 97, Fig. 24- Icriodus
cf. cornutus Sannemann, 1955; Upper lateral view of IUMC 139, sample A19, X 261, Fig. 25- Polygnathus
inconcinnus Kuzmin and Melnikova, 1991; Upper view of IUMC 206, sample Al19, X 86, Fig. 26-
Palmatolepis perlobata maxima Muiller, 1956; Upper view of IUMC 198, sample A19, X 126, Fig. 27-
Bispathodus stablis vulgaris (Dzik, 2006) Branson and Mehl, 1934; Upper view of IUMC 128, sample A21, X
216, Fig. 28- Scaphignathus velifer velifer Helms, 1959; Upper view of IUMC 125, sample A21, X 131, Fig.
29- Branmehla bohlenana Helms, 1959; Upper view of IUMC 155, sample A21, X 172, Fig. 30- Polygnathus
nodocostatus Branson and Mehl, 1934; Upper view of IUMC 125, sample A21, X 131, Fig. 31- Polygnathus
granulosus Branson and Mehl, 1934a; Upper view of IUMC 177, sample A21, X 197, Fig. 32-
Alternognathus regularis regularis Ziegler and Andberg, 1984; Upper (a) and lower (b) views of IUMC 186,
sample A21, X 123, Fig. 33- Polygnathus perplexus Thomas, 1949; Upper lateral view of IUMC 157, sample
A21, X 201, Fig. 34- Scaphignathus velifer leptus Ziegler and Sandberg 1984; Upper view of IUMC 197,
sample A23, X 125, Fig.35- Palmatolepis gracilis sigmoidalis Ziegler, 1962a; Upper-Ilateral view of IUMC
187, sample A22, X 122, Fig. 36- Bispathodus stabilis stabilis (Branson and Mehl, 1934a); Upper lateral view
of IUMC 164, sample A22, X 201, Fig. 37- Bispathodus bispathodus Ziegler, Sandberg and Austin, 1974;
Upper view of IUMC 188, sample A26, X 144, Fig. 38- Palmatolepis gracilis expansa Sandberg and Ziegler,
1979 Morphotyp 1; Upper view of IUMC 141, sample A24, X 201, Fig. 39- Polygnathus delicatulus Ulrich
and Bassler, 1926; Upper view of IUMC 125, sample A26, X 131, Fig. 40- Bispathodus costatus
(Branson,1934) Morphotyp 1; Upper lateral view of IUMC 193, sample A25, X 108, Fig. 41- Bispathodus
jugosus (Branson and Mehl 1934a); Upper view of ITUMC 200, sample A24, X 108, Fig. 42- Bispathodus
ultimus Bischoff, 1957; Upper view of IUMC 181, sample A27, X 138, Fig. 43- Polygnathus communis
collinsoni Druce 1969; Upper view of IUMC 189, sample A26, X 143, Fig. 44- Bispathodus aculeatus
aculeatus Branson and Mehl, 1934a; Upper lateral view of IUMC 175, sample A25, X 161, Fig. 45-
CLydagnatbus ormistoni Beinen, Klapper, Sandberg k Ziegler, 1971; Upper view of IUMC 222, sample A24,
X 289, Fig. 46- Pseudopolygnathus cf. primus Branson and Mehl, 1934b; Upper view of IUMC 125, sample
A27, X 131, Fig. 47- Bispathodus spinulicostatus (Branson, 1934) Morphotyp 1; Upper lateral view of IUMC
144, sample A26, X 183, Fig. 48- Icriodus costatus darbyensis Klapper, 1958; Upper view of IUMC 120,
sample A28, X 159, Fig. 49- Protognathodus collinsoni Ziegler, 1969; Upper view of IUMC 222, sample
A31, X 289, Fig. 50- Polygnathus inornatus E. R Branson, 1934; Upper view of IUMC 222, sample A30, X
289, Fig. 51- Polygnathus tichonovitchi Kuzmin and Melinkova, 1991; Upper view of IUMC 165, sample
Al13, X 201, Fig. 52- Polygnathus parapetus Druce, 1969;19) Upper view of IUMC 222, sample A32, X 289,
Fig. 53-Gnathodus cuneiformis Mehl and Thomas, 1947; Upper view of IUMC 211, sample A35, X 188, Fig.
54- Gnathodus semiglaber Bischoff, 1957;Upper view of IUMC 216, sample A35, X 178. Fig. 55-
Gnathodus typicus Cooper, 1939; Upper view of IUMC 222, sample A36, X 289, Fig.56- Gnathodus
pseudosemiglaber Thomson and Fellow, 1970;Upper view of IUMC 209, sample A37, X 143, Fig.57-
Gnathodus bilineatus Roundy, 1926; Upper view of IUMC 213, sample A38, X 130, Fig. 58- Gnathodus girty
girty Hass, 1953;Upper view of IUMC 214, sample A38, X 130, Fig. 59- Gnathodus girtyi simpLex Dunn,
1965; Upper view of IUMC 210, sample A38, X 196, Fig. 60- Gnatbodus delicatus Branson and Mehl, 1938;
Upper view of IUMC 222, sample A38, X 289, Fig. 61- Locbriea commnutata (Branson and Mehl, 1941);
Upper view of IUMC 222, sample A39, X 289, Fig. 62- Rhachistognathodus muricatus Dunn, 1965; Upper
view of IUMC 219, sample A48, X 155, Fig. 63- Declinognathus noduliferus s.I. (Ellison and Graves, 1941),
Upper view of IUMC 222, sample A50, X 289, Fig. 64- Declinognathus praenoduliferus Nigmadganov and
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Nemirovskaya, 1992; Upper view of IUMC 222, sample A49, X 289, Fig. 65- Idiognathodus sinusus Ellison
and Graves, 1941; Upper view of IUMC 221, sample A52, X 280, Fig. 66- Rhachistognathodus minutas
minutas (Higgins and Bouckaert, 1968); Upper lateral view of IUMC 212, sample A46, X 150, Fig. 67-
Polygnathus inornatus inornatus Branson, 1934; Upper view of IUMC 222, sample A30, X 289.

SHU g a3 B 5 bjs O e Ol s =0

I. Palmatolepid or Palmatolepid-bispathoid (outer shelf)
I1. Palmatolepid - polygnathid (middle-outer shelf)
I11. Polygnathid-icriodid (middle-inner shelf)
IV. Polygnthid - pelekysgnathid (inner shelf)
V. Clydagnathid (various restricted marine and peritidal setting)
VI. Scaphignathid (various restricted marine and peritidal setting)
VII. Patrognathid (various restricted marine and peritidal setting)
VIII. Pandorinellinid (various restricted marine and peritidal setting)
IX. Antognathid (various restricted marine and peritidal setting)
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VI.
VII.
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Bispathodid (starved basin).

Scaliognathid-doliognathid (starved basin and lower slope).
Gnathodid-pseudopolygnathid (fore slope).

Eotaphrid (shelf edge).

Hindeodellid (outer platform).

Pandorinellid (inner platform)

Mestognathid (tidal lagoon and sabkha).

% Sandberg and Gutschick, 1984

WA Olis 5 55k DA ol oo Il Ol G ol oo a sy — oo 4,25 [AY



wela S35 58 (CAD K juns il 5 (5558 glameslast ) sy (LK aar S

sedimentary shelf various restricted
i 9 " marine and
environment outer middle inner ceritidal seting
i o ; ;
conodont P;;T‘fj;?("‘fgr')? el Pa'";atO'eF;:% ~ £ |Polygnathid| Polygnthid — | Scaphignathid
c : ; . - | polygnathid | o | _jcriodid |pelekysgnathid .
@© biofacies bispathoid : E paryg Clydagnathid
5 72 Z4 1
> Gatiexant Ziz 219 22 28| %3 z3
A | biozones 213 I | Z7 78
- Z15 714 <)
2
™ &
S‘ -g o  |°Ewhotec Pelekysgnathus
[} "G o Dysphotic
e ©Aphotic SRR T T
ol 7 =
o g Unit1
—_ 2
= 0 Unit2
2 0
qC) [} Unit1: Grey, medium to thick-bedded fossiliferous limestone
= Unit2: Greyish to white, thin-bedded nodular limestone
Unit2
Z1: Palmatolepis winchelli to Ancyrognathus ubiquitus zones Z9: Scaphignathus velifer velifer to Palmatolepis rugose trachytera zones
Z2: Palmatolepis triangularis Zone Z10: Pseudopolygnathus granulosus Zone
Z3: Palmatolepis delicatula platys to Palmatolepis minuta minuta zones ~ Z11: Polygnathus styriacus to Palmatolepis gracilis manca zones
Z4: Palmatolepis crepida Zone Z12: Palmatolepis gracilis expansa Zone
Z5: Palmatolepis termini Zone Z13: Bispathodus aculeatus aculeatus Zone
76: Palmatolepis glabra pectinata to Palmatolepis rhomboidea zones Z14: Bispathodus costatus Zone
Z7: Palmatolepis gracilis gracilis Zone Z15: Bispathodus ultimus Zone

Z8: Palmatolepis marginifera Zone

.(a.\JJng Ljnﬁ‘,\ﬂl\i "O""lf”‘fﬂ“\"“'}‘ d‘“uD adlae 3,40 uf'ﬁﬁo:-ﬁ&:"d-’ ‘;'.‘...3) GLA°JL“5'J J.\.A—?JSJ

i ) Foreslope Carbonate platform i
sed!mentary Starsd s i : p _ Tidal
environment lower middle upper| outer middle innerlagoon

) . s Mes-|
- cc_;nodpnt Bispath- Scal.|ognath‘|d- Gnathodid- | Eotaphrid |  Hindeodellid Pandorin- |togn-
35 biofacies odid doliognathid | pseudopolygnathid ellid athid
(@)
3 | conodont 2l 16
< | biozones 719 220
= CFuphotic T .
© © S 2 Dysphotic
— w— O 0 oo A A
) amlfe . Aphotic
; o O o
e EE <
- S (72 S Oxygen minimum —— — — ————
’§ g Unit3: Red, nodular limestone
O
(o=
o2
?
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Fig.5 . Well Soroosh-02, 8921 ft. Fahliyan Formation (Neocomian). Carbonate with diffuse
lamalginite (DLam) and oil inclusions (O). Fluorescence-mode, Rvmax 0.39%., (Bashari,2008)

Fig.6 . Well Nowrooz-16, 2328.5 m, Kazhdumi
Formation. Strongly fluorescing liptinite consistent with
suppressed VR values. Fluorescence-mode. Rvmax
0.47%. Field width: 0.22 mm in both photos (Bashari. 2008)
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Abstract

The Sand tongues of the Albian Kazhdumi Formation is a major productive reservoir in
North West part of the Persian Gulf towards Kuwait. High porosity and high permeability
of these sandstones together with existence of shale either as source rock or cap rock in this
formation, have provided all conditions needed for hydrocarbon accumulation. A rapid sea
level fall in ealry Albian initiated the deposition of Burgan clastic reservoirs over the
Shuaiba Carbonates. The lower Burgan Formation was deposited in a low stand systems
tract represented by massive sandstone reservoirs. High frequency sea level changes have
resulted in deposition of shore face sands and extensive marine shales within an overall
fluvial setting. The middle part Burgan was deposited in a transgressive systems tract. The
upper part witnessed a relative sea level fall in a low stand systems tract with deposition of
sand prone facies in estuarine channels. The clastic cycle was terminated by initiation of
Mauddud carbonate sedimentations in transgressive systems tract. A combined effect of
allocyclic nesting of sequence stratigraphic packages and autocyclic ramp profile were the
primary factors controlling the lithofacies association. This Formation has been informally
subdivided into: Lower Interval (C) mainly shaly sands, middle Interval (B) clean sands
“main reservoir” and upper Interval (A) interbedded shale & sands. Petrographic analysis
shows that the reservoir consists of quartz-rich sands, (typically>70%) and feldspar poor
(mainly <5%). Nine authigenetic minerals in the Burgan sands have been identified: quartz,
calcite, siderite, pyrite, glauconite along with four groups of the clay minerals. XRD
analysis of clay fraction indicates the presence of four clay mineral groups in the Burgan
reservoirs: kaolin, illite, chlorite and expandable- lattice mixed —layer, illite/ smectite.

Keywords: Burgan sands, Kazhdumi, Reservoir Characterization, Persian Gulf, Clay mineralogy.
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Abstract

Late Devonian-Carboniferous (Mississippian-Pennsylvanian) conodonts fauna of Anarak
section, NE Isfahan (central Iran), led to identifying 67 conodont species belonging to 18
genera. 22 conodont bio-intervals were separated; 15 biozones belong to Late Devonian and
7 biozones belong to carboniferous (Mississippian-Pennsylvanian) time interval. Based on
field observation and sedimentological featurs and charactristics, the section, subdivided
into 5 lithostratigrafic unit. The conodonts element show dark color, CAI=4 (11-a) in
Frasnian biozones, light color, CAl= 1.5-2 (11-b,c) in Famennian and dark color in
Carboniferous CAl= 5-5.5 (11-d,e) these changes in the Color Alteration Index reveals texture
maturity and the possibility of hydrocarbure potential in the Famennian stage.

Key words: Devonian, Carboniferous, Anarak section, Conodont biozones, Conodont biofacies.
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Abstract

In this study, the Abderaz Formation at Qalezo section in the west of the Kopeh-Dagh sedimentary
basin has been studied. It consists mainly of massive limestone, Marl, and chalky limestone units in
the mentioned section. The Abderaz Formation in the Qalezo section, paraconformably overlies the
lower unites, and its upper contact is covered conformably by Abtalkh Formation. The thickness of
the Abderaz Formation is 216 meters, a total of 55 planktonic foraminifera species belong to 15
genera have been identified in this research. which resulted in the recognization of 4 biozones. The
latest Early Turonian-Late Santonian ages were detected. In this study, four planktonic foraminiferal
species including Dicarinella bouldinensis (Pessagno 1967), Dicarinella takayanagii Hasegawa
1999, Marginotruncana desioi (Gandolfi 1955), and Marginotruncana caronae Peryt 1980, have
been introduced, for the first time, from Iran. Besides, planktonic foraminifera morphotypes were
studied for sea-level changes. In Lower-Middle Turonian, the high frequency of the M1 group and
the low frequency of the M3 group displayed a fall seal level at this time. In Late Turonian
frequencies of the M3 group with accompany of %P was shown a rise sea level. In the Coniacian
and Santonian stages, the M1 group was dominant and the M3 group showed low frequency and all
of the mentioned evidence were demonstrates fall sea level. Also, the depth average of the studied
section based on Depth = g (358718 + (003534 x %P)) hag heen estimated as 146 meters which were shown
these sediments deposited in the Outer Neritic environment.

Key Words: Kopeh-Dagh sedimentary basin, Abderaz Formation, Planktonic foraminifera,

Biostratigraphy, Paleodepth
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Abstract
One of the most common and relatively accurate methods for determining the amount of

organic carbon in rocks in the oil and gas exploration potential is the Pyrolysis methods, a
standard example of which is the first rock pyrolysis method. Based on the study of the core
sample, this method explores the potential of oil and gas in source rocks. One of the
important and valuable parameters in determining the potential of oil and gas resources is
the determination of TOC. The purpose and motivation of this research is to compare the
AlogR method and the mineralogy-based method for calculating the total amount of organic
carbon in the source rock. It has the desired accuracy and relatively low cost. The fields
studied in this study are two fields of Ahwaz and Rag-e sefid. These fields are among the
potential fields of southwestern Iran for more detailed investigation and estimation of
organic carbon content. In this research, software studies have been performed through IP
software, using which the petrophysical data of each field have been calculated and
compared, and finally, its results have been compared with actual TOC values. Input data in
the mineralogical data method include density log, neutron porosity log and gamma log,
and input data in the AlogR method include acoustic and resistivity logs. The most
appropriate methods (in terms of R?) in Ahwaz and rag-e sefid fields are the mineralogical
data method and the AlogR method, respectively. Also, in terms of cost, precision and
accuracy parameters, the best method discussed in this research is R? mineralogical data in
Ahwaz and Rag-e Sefid, 0.94 and 0.61, respectively. Then, the AlogR method comes
second.

Keywords: Organic carbon content, Source rock, Ahwaz Field, Rag-e Sefid Field, AlogR method,
Mineralogy based method.
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Abstract

Drilling mud loss is considered as one of common problems encountered during excavation. The aim of this
study is to evaluate of mud loss of the Sarvak Formation (Cenomanian age) in Azadegan oil field which is
known as the most important rich hydrocarbon reservoir in the Zagros region by providing the model in the
environment of GS* software. This formation consists of a thick sequence of limestone and clay limestone
layers, which is divided into 7 zones based on petrophysical characteristics. For this purpose, available data
such as drilling mud weight, pump pressure, mud loss, and related depths of 9 drilled wells were investigated.
Drilling mud loss data revealed that zones 1 and 2 with the mean of 109.67 and 102.769 bbl/h having the
highest mud loss in northern and southern parts. While Zone 3 and zone 4 with the average of 119.983 bbl/h
and 87.463 bbl/h, has the highest value in northern and southern parts, respectively. The other zones, i.e., 5, 6
and 7 having the mean of 29.615, 27.965, and 23.939 bbl/h indicating the highest values in both parts. The
results showed that despite of the operating factors including the weight of drilling mud and the pressure of
the pumps were kept constant, the presence of fractures in the reservoir rocks causes to occur mud loss
significantly in zone 3 while it is observed the lowest level of mud loss in zone7. Based on the results of mud
lost data patterns, faults, sedimentary environments morphology (such as sedimentary channels) seem to play
major roles in creating fractures or areas susceptible to mud loss. The difference in observed patterns of mud
loss is more likely to confirm the shifting of channel location over the time in different parts of the reservoir.
In general, in spite of the middle part of the reservoir, the highest rate of mud loss was detected and shifted in
the northern and southern edges. Therefore, the position of areas with the highest mud loss will be varied and
so optimized location for production wells and having high risk are also changed. It is suggested to prevent

mud loss hazards in this field, and so underbalanced drilling method should be preferred.

Keywords: Azadegan oil field, Sarvak Formation, drilling risk, mud loss pattern, GS* software
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Abstract

Reconstruction of the sedimentary environment of the Middle-Upper Maastrichtian deposits
(Tarbur Formation) in the Murak area (southwest of Semirom) was performed based on
Microfacies analysis. The formation with 239 m thickness consists of limestone and shale.
Meanwhile, the Tarbur deposits overlie the Gurpi Formation and is covered by the
Paleocene deposits. Seven microfacies were recognized based on the main components and
sedimentological features. In addition, these microfacies were deposited in homonicnal
carbonate ramp. From the viewpoint of wvertical distribution and interpretation of
microfacies, the Tarbur deposits were formed in the energetic environment (under the
influence of the storm waves) in the study area. Therefore, communities of rudist are absent
and the green algae (Dasycladales) are abundant in the study area. Concerning the high rate
of detrital grain input and increasing of nutrients, the bryozoans were performed the
encrusting more than other organisms.

Keywords: Rudist, Tarbur Formation, Microfacies, Storm waves, Maastrichtian
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