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Introduction

The Zagros mountain belt extends over 1800 km from Kurdistan in N Iraq to the Strait of Hormuz in Iran (Lacombe and
Mouthereau 2006). Zagros Mountain belt is one of the richest oil provinces in the world (Emmami 2008) and is important to
paleontological, sedimentological, structural and geological studies. The Cretaceous sediments in the Zagros Mountain Belt (SW
Iran), is characterized by a large diversity of rocks and facies. The Gurpi Formation is one of the source rock for petroleum in
Zagros basin and outcrops extensively to southwest Iran (James and Wynd 1965). The type section of this Formation (49° 13" 47" E,
32°26” 50" N) is measured at Tang-e Pabdeh, north of the Lali oilfield in Khuzestan (James and Wynd 1965). This section is
composed of 320 meters of dark bluish gray, thin-bedded marl and shale beds and occasionally thin beds of marly limestone (Motiei
1995). The following publications have appeared for this formation (e.g. Kalantari 1976; Vaziri Moghaddam 2002; Ghasemi-Nejad
et al. 2006; Darvishzad et al. 2007; Bahrami 2009; Rabbani et al. 2009; Bahrami and Parvaneh-Nejad Shirazi 2010; Bieranvand and
Ghasemi-Nejad 2013; Parvaneh-Nejad Shirazi et al. 2013; Beiranvand et al. 2013, 2014 and Fereydoonpour et al. 2014). Late
Cretaceous calcareous nannofossils study is still scarce in Zagros basin and is a strong motivation for investigating calcareous
nannofossils in southwest Iran. Late Cretaceous calcareous nannofossils in Gurpi Formation were studied by (Senemari and Azizi
2012; Badri and Kani 2014; Razmjooei et al. 2014; Najafpour et al. 2015; Senemari 2015 and Hadavi et al. 2016).

The aim of the present study was to establish the biostratigraphic zonation for the Gurpi Formation and determine age range of
this formation in Izeh sub- zone by means of calcareous nannofossils. A 215-m-thick, well-exposed section was chosen for this
purpose. The Kuh-e Siah section is located about 15 Km to the north of Deh-Dasht area. This section was measured in detail at
30°54'31.86" N and 50°36°38.80" E. Lithologically, it consists of shale, shaly limestone, and shales with thin bedded limestone. It
conformably overlies the llam Formation and is overlain unconformably by the pabdeh Formation.

Material and Methods area. The standard zones identified are listed below from the

In this study a 215-m thick of Cretaceous sediments
including the upper part of Illam Formation, Gurpi Formation
and the lower part of Pbdeh Formation were recognized. A
total of 122 samples with ~ 1 — 2 m sampling interval were
collected. Calcareous nannofossils were processed by smear
slides technique described by Bown and Young (1998). The
slides were studied with a polarized microscope Olympous
(BH2) with 1000xmagnification. The zonal scheme proposed
in this study is based on the ranges of the most important
stratigraphically nannofossil taxa. Calcareous nannofossil
taxonomy follows Perch-Neilsen (1985) and Bown (1998). In
this study the stratigraphic zonation developed by Sissingh
(1977) modified by Perch-Nielsen (1985) was applied and is
compared with, Burnett (1998) biozones.

Discussion of Result and Conclusion

oldest to the youngest:

Reinhardtites anthophorus biozone (CC15) (Equivalent of
Subzone UC11a and UC11b), late Coniacian.
Lucianorhabdus cayeuxii biozone (CC16) (Equivalent of
Subzone UC1lc and UC12), late Coniacian- middle
Santonian.

Calculites obscurus biozone (CC17) (Equivalent of Subzone
UC12 and UC13), middle Santonian- Santonian Campanian
boundary.

Aspidolithus Earcus biozone (CC18) (Equivalent of Subzone
UCl4a,b,c" ), early Campanian.

Calculites ovalis biozone (CC19) (Equivalent of Subzone
UC14d™ and UC15a™), late early Campanian.
Ceratolithoides aculeus biozone (CC20) (Equivalent of
Subzone UC15b™), late early Campanian.

Quadrum sissinghii biozone (CC21) (Equivalent of Subzone

UC15c™), early late Campanian.
Quadrum trifidum biozone (CC22) (Equivalent of Subzone
UC15d™ andUC15e™), middle late Campanian.

According to the first and last occurrences of the index species of
calcareous nannofossils, Late Coniacian to Early Maastrichtian
age were recognized for the sediments of Gurpi formation in this
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Tranolithus phacelosus biozone (CC23) (Equivalent of
Subzone UC16 and UC17), middle late Campanian- early
Maastrichtian.

Reinhardtites levis biozone (CC24) (Equivalent of Subzone
UC18), middle early Maastrichtian.

Arkhangelskiella cymbiformis biozone (CC25) (Equivalent
of Subzone UC19), late early Maastrichtian.

Using of these results and their comparison to other global
nanno events, which were reported on upper Cretaceous stage
boundaries, can be used to better identify of these boundaries
in this section. In this study the Coniacin- Santonian,
Sntonian- Campanian and Campanian- Maastrichtian
boundaries were identified as follows:

Coniacin/ Santonian boundary: This boundary has been
reported as the interval from the FO of M. staurophora to the
FO of R. anthophorus by Perch-Nielsen (1985). Bralower et
al. (1995) have been shown this boundary between the FO of
the M. staurophora to the FO of L. cayeuxii. Burentt (1998),
Melinte and Lamolda (2002) and Melinte and Lamolda
(2007) have been considered the FOs of R. anthophorus, L.
grillii, Micula concav, Lucianorhabdus inflatus and L.
cayeuxii in the late Coniacin and the LO of L. septenarius in
the Early Santonian. The Coniacin- Santonian boundary
(CSB) has been placed between the FO of L. cayeuxii and the
LO of L. septenarius, within the CC16 Zone of Sissingh
(1977), and in the UC11c sub-zone of Burnett (1998). Also
the presence of C. obscures after the FO of L. cayeuxii and
higher abundance of M. concava, has been reported the CSB
(Lamolda et al. 2014). The first sample of the Kuh-e Siah
section contains R. anthophorus, L. grillii, Q. gartneri and M.
staurophora. The FO of L. cayeuxii and the LO of L.
septenarius has been recorded at 5m and 15 m, respectively.
Based on these data, the lowermost part of the Kuh-e Siah
section is late Coniacian and the CSB was considered in the
Kuh-e Siah section in the UCllc/ CC16/ NC17 zones,
between the FO of L. cayeuxii and the LO of L. septenarius.

Santonian/ Campanian boundary:

At informal sections of GSSP (Hancock and Gale 1996; Hampton
et al. 2007)., this boundary is marked by the FO of A. parcus
parcus. Two main suggested markers, i.e. the FO of A.
parcus parcus and the LO of Dicarinella asymetrica occur
closely to the base of Chron 33r which may be suggested as
the main events for the base of the Campanian (Wagreich et al.
2015). The Santonian- Campanian boundary is described
within the intetrval from the FO of A. cymbiformis (UC13a)
to the FO of A. parcus parcus (UC14) (Gale et al. 2008), while
Melinte and Bojar, (2010) placed this boundary within the
CC17/ UC13 and the LO of A. cymbiformis is located before
the boundary. The Santonian- Campanian boundary is located
at the base of CC18/UC14 zone, marked by the FO of
Broinsonia parca parca, (Wagreich et al. 2010; Cetean et al.
2011; Russo 2013; Dubicka et al. 2017). In the Kuh-e Siah
section, the Santonian- campanin boundary was marked by
the FO of A. parcus parcus at the base of the CC18/ UC14/
NC18 at 45 m.

Campanian— Maastrichtian bondary: The Campanian —
Maastrichtian boundary (CMB) at GSSP is defined below the
LO of Q. trifidum and Q. gothicus. The LO of B. parcus
constricta is also recorded about 1.8 Ma above the CMB
(Gardin et al. 2001) and considered as an indicator of the
CMB which is observed above the LO of Q. trifidum and Q.
gothicus (Odin and Lamaurelle 2001). At Gubbio area (Gardin et
al. 2012), similar to Tercis-Les-Bains (Gardin et al. 2001), the
LOs of Q. gothicus and Q. trifidum are followed by the LOs

of A. parcus constrictus and Q. trifidum and differs with the
proposed CC and UC zonations. It must be mentioned that
the LOs of T. orionatus (Gardin et al. 2012) and A. parcus
constrictus (Gardin et al. 2012; do Monte Guerra et al. 2016) are
diachronous between different latitudes. Thibault also used
the LO of Quadrum trifidum as marker for the CMB at low
latitude site. In the Kuh-e Siah section, the Campanian-
Maastrichtian boundary is identified by the LO of the
Quadrum trifidum.

1- The presented data suggest that the age of sediments of
Gurpi Formation in Kuh-e Siah section are late Coniacian to
late early Maastrichtian.In kuhe Siah section

2- According to the continuous presence of L.grillii <M.
concava s M. staurophora in samples of Illam and Gurpi
Formations and the presence of Q .gartneri and R.
anthophorus in the first sample of the Gurpi Formation, the
Illam and Gurpi formations boundary is conformably.

3- The LO of B. hayi bio- evente has a reverse order in
this study relative to biozones was described by Sissingh
(1977). Although the LO of B. hayi was recorded in zone
CC19 (Sissingh 1977), the LO of this species has been
recorded up to the middle part of the CC20. In this section,
the LO of Bukryaster hayi was recorded in the CC20.
Razmjooei et al. (2014) in the northeast of Kazeroon in Iran
(Fars area) and Melinte and Bojar (2010) in southern
Romania have also recorded the LO of B. hayi in zone CC20.
Based on Melinte and Bojar (2010), the LO of B. hayi in
CC20 is attributed to diachronism or reworking.

4- Due to the presence of Biantholithus sparseus,
Fasciculithus tympaniformis and Markalius inversus in the
first sample of the Pabdeh Formation and the non-
identification of the end zone of the CC25/ UC19 zones in
this section, the Gurpi and Pabdeh Formations boundary is
unconformably.
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U5 jpam e 5 G VY Culis s M. furcatus



WAV Ol o33 o5l VY (gl ol cpler 5 (oo Sl ¢l s 5 )i sl tas ”

el 035 3 ,2e UCL5e™ (345 5 1, Eiffelithus eximus
ol s Eoparallelus gailedalin cleay ol dallas s
5 UCLBA™ s latssiny S8 iy Sl i
B spim T pimen 555 kO UCISE™
syl A Sl s e VWAl s E. eximus
e kd S (6 e WY Cwbs s R.anthophorus &S
Ll (Bumnett 1998) olul ,oddaadllas 3 51 e ol

.l (middle late Campanian) . olelS

Tranolithus phacelosus Zone (CC23) &5 44
by eddmoal (Sissingh 1977) O5lssnl bl 5
ssa= A1 L 055 ol el e {Perch- Nielsen 1985)
oA Lol oYU 5, 5 Reinhardtites anthophorus & 8
Tranolithus phacelosus (Tranolithus &8 2>
sddanlllas 5oy 53 093 opl 558 0 eie OriOnatus)
WY cslhs s R.anthophorus &8 5 sa> 20 L
VA) Culbis s T.orionatus &5 | sa> o A1 5 (5 %
ool sl Celes e Yoo 550 e jeie (SR
GBS ks U 0y el opl (Sissingh 1977) O senlis) sl
33 4 A parcus subsp. CONStrictusi S s> o =1
ol Celbs 5d e s CC23b 5 CC23a 0355
A parcus LS pas AT Sl wer il bUsS )
VY 5 A S (g e WA Culses s subsp. constrictus

sl e

{(Burnett 1998) & sewli sl b ulad 5 auslis

CC23b 0355L 5 UCLE 015550 Jsles CC23a 04550
sl (Burnett 1998) & 5l s 5L 51 UCLT7 095 0L Jsles
AT op 835d5w) UCL6 055L (Thibault 2016) b
A parcus L8 o> op ol G E eXimus L8 ) sas
oebol  (Burnett 1998) O 5.l s3 ;| (subsp. constrictus
5 UCL6a 05,05 55 « Q. trifidum &5 0> - 51

AT o 835dwe UCLBA 0535k 1358 oo s UCL6D

h.»j; av\.}';c:>=~a: (SISSlngh 1977) Q):“”L’}J}ib u,uLwl »
g s b O3 0l o 3 A ((Perch- Nielsen 1985)
o Lol VU a5 Quadrum sissinghii &,
035 ol 258 e Lasise Quadrum trifidum &8 2>
53 Qusissinghii § 8 som cpres 5l eddanilas 5 5o
Q. trifidum &8 o> s 5 s V0 VO Cubs
Coles 20 A0 g 558 0 yasein (5 V)0 Culhs 5o
ols
o (Burnett 1998) O smwbigyel b Gl 5 awslio
(Burnett & sesliss 52l 51 UCL5C™ 0555k Jslae 0535k
d«:Lw\ B aJ.J:‘t:JLh& ULJ" )‘ J:”"’ ;)'.’.‘ e G| (1998
(early e lelS slal (Burnett 1998) O sl s sl

.l (late Campanian

Quadrum trifidum Zone (CC22) &)L
Loy ol (Sissingh 1977) & senliss sl bl
g i b 093 ol o 3 5 ((Perch- Nielsen 1985)
s o2 Lol oYU 5 s Quadrum trifidum &S
orl 258 e esis Reinhardtites anthophorus &,
53 Qutrifidum &8 s> s beddol 5 53 O3
R. anthophorus &S ;s> - 51 5 (g V)0 Culbes
b 0 01 5 34 0 jafie 6% W) Cubhs 5o
Oeeds elal 51y 0950 ol (Sissingh 1977) sl

5 CC22a 35,5 s> « Reinhardtites levis &5 52>

s Rolevis o> ozt o35 s CC22b
O ol A edalin Ayl (e VY0 Culbks
Al Cweles e 8N 9V g e el sl 03
oyl (Burnett 1998) O gmeligyal b lai § 4awglis
Oyeelisy 5IUCLBe™ 5 UCISA™ (sladiss s Jslee 033
Oy e 83 9d>s (Bumnett 1998) ..l (Burnett 1998)
L8 o= eess BQ trifidum 88 e
O 8554 5 UCLI5d™ 045 5 1, Eiffelithus parallelus

8 pam o 21 U E parallelus &5 b s



Cddns Ol s 3 adled 53 Kol sla led 5U ol 1 58 L5l (6 Kk

Cel SleS omly pWlar glase s s L
@ by gbaadlas 5l gles 55 (Perch-Nielsen 1985a)
LS opam oS b Ul Glaase
ool ol eslanal O3 ol oYU 50 mend gl ML murus
5o ceddasllles 5 55 (Perch-Nielsen 1972; Roth 1978)
Cubs 3 R levis L5 o o AT L 055l p s
OdiSedalie clew OF VU 50 5 Ad Lasis (g % 140
Gl 3l 54l jasie Mo MUIUS 85 s> piuss
05352k ol 5> (Y 31,20 sty e skl b (s 140
ol sl 31 AL cymbiformis &8 &3lul 5,8 e 3
G M Sl S Js a5d e 5SSl 05350

JﬂdaaMW@l)))laM}g)f;)‘.b‘Lo4.s)§u_ﬂ

{(Burnett 1998) & sewlig) el b ulai 5 aunlis

AT o 83 5de (Bunett 1998) O seelisy b pelal
L. quadratus &8 ;s> w0 U R levis &5 0>
ol ddlas 3 a8 e a S b 55 UCL9 054b
plal i ol Loquadratus £S5 sl s
SPUCLY 05t Sl rom Jsbae oddsl D5t
oo OV o ol e 5 Sl (Burnett 1998) O 5wl 55 5L
(late early i is meole lesl olw o5 3
gl o4 S Lay ;s (Maastrichtian
b oS BB 5y 53 058 Lsle ol ddlas s
Wik o 5 o Sal Sl sl Sl )
oeliS Kol sla Jed 50 Al b 2 ol 0> oS
(late Coniacian- late i oio tesle el U o
Do o oS Nile s sl (early Maastrichtian
Slmanl SO L5 o) Lol gy sy Hsba sddol
D3 el ke 3ol Sy gle ) sla e 5 il
Lgrillii ST gls b 5U ) pim v 5L ool an S
L5l & by e &se3 55 M. staurophora 5 M. concava

Q. trifidum &,8 52> - =1 G E. eximus &8 o>
Jela 1, (late Campanian ey o580 Slenl 5)
sga Al 335w UCLBD o 055 355 00
A. parcus subsp. &, s> o 21 G Q. trifidum &8
I, (early Maastrichtian ...l is iesls) constrictus
B8 sy 0 oo 055 B (2 53 3,8 a0
A. parcus subsp. &8 5 sa> op =1 51 YL Q. trifidum
UC16 055 SS& Ol g,00150 cds <5 Constrictus
S99 (Thlbault 2016) L.wj; eJ...ZJéJM dLﬁQ)Jﬁ) “
oolelS Lanlyl stdandlas iy 5l el e LI
(middle late Campanian- -, i o le Al B

.l (early Maastrichtian

Reinhardtites levis Zone (CC24) 043 4L
by eddmoai (Sissingh 1977) O5nlssnl olul
spa= 2 AL 05y opl o 5 dPerch- Nielsen 1985)
oA Lol oYL 5, 5 Tranolithus orionatus &8
Doy 03 S ad s asia Reinhardtites levis &S pa>
53 Toorionatus &5 5 pa> oo 21 L 035 cpl codianlas
53 Rolevis &8ss o2l 5 g, VA) Culbhs

Syls Cubes e f g ssd e jatiia (60 VA0 Culbs
oyl (Burnett 1998) O awligr el L lar 9 awglas
(Burnett 0 5sls3L 51 UCL8 055500 Jalee 05550
bl e eddaddlas i 5l s ol e el (1998
Ot e yesle Ll sl (Burnett 1998) O senlig 5l

Ssd e 4 S Ly 55 (middle early Maastrichtian)

Arkhangelskiella cymbiformis Zone (CC25) &454L
b eddpmmad (Sissingh 1977) O 5slss sl ol
ssa A L 055 ol e e {(Perch- Nielsen 1985)
s e b OT VU 5, 5 Reinhardtites levis 4,8
war 5L 545 e as<is Nephrolithus frequens &8
sl s s e axls N frequen &5 4l



WAV Ol o33 o5l VY (gl ol cpler 5 (oo Sl ¢l s 5 )i sl tas v

B8 byt G 839d>ws 53 (Perch-Nielsen 1985)
R. anthophorus &S ,,2> x50 5 M. staurophora
AL — S el e @S s
Oswls3 b > (Coniacian-  Santonian boundary)
LS g piest 833> 5> (Bralower et al. 1995)
I8 L. cayeuxii &8 52> 2.0 U M. staurophora
R. anthophorus slaa § o> s Gl 4B S
(Burnett L.l . L. cayeuxii 5 M. concave L. grillii
OewleS ;3 (Melinte and Lamolda 2002) 5 (1998
Ol b bl bl ods ab § La3 55 (Coniacian)
(Coniacian- s gole - wliS 5,0 (Burnett 1998)
e e 9 UCLIC O35 ,5 ,> (Santonian boundary
G5 Lya>  pl 5 Lecayeuxii £5 0 sas
(Melinte and Lamolda 2007) .5 .S .» |3 L. septenarius
Lucianorhabdus L. grillii sba S s> oz
(late Coniacian) :ye. -wslS 531, L. cayeuxii s inflatus
i wasle 3 |y Lseptenarius &8 e o S
osile = eliS 55 5,8 s L s (early Santonian)
(Melinte and _,.L.| ,, (Coniacian- Santonian boundary)
o-l58 L (Melinte and Bojar 2010) 5 Lamolda 2007)
Linflatus & 8 ; y2> 20 5 Mconcava &5 Jlsl
(Coniacian- - ossle — uliS 50 345 0 yasis
(Melinte and Lamolda aallzs > (Santonian boundary
odd 5,158 UCLIC/CCLE s sWa0ys 51> 2007)
(Coniacian- Santonian -0 sle — bS50 .ol
O 833d>e 3 (Russo 2013) (slaaslls 3 (boundary
G5 syl o2l s Loayeuxii £,5 sas s
5 (Lamolda et al. 2014) ..l oli <5 L.septenarius
—oelS G Sl solled Osety 5 A Addlae
JL.s s (Coniacian- Santonian boundary) -, ssle
I, 5, o»! {Global Stratotype Section and Point) LiL...|
sy e b 5 UCLIC/ICCLE/NCLE (sladyss b 1o

Platyceramus undulatoplicatus Al e sl (glaiS g5 &5

s (Burnett 1998) & sulss el 31 UCLla O35ab e
ol el (Sissingh 1977) 05l 51 CCL5 O35 0L
ekl Lol ol i sl (Perch- Nielsen 1985) laws &
QSAT S e 56 gl wam gl 54l e a3 S b s
Sphenolithus primus Biantholithus sparsus .l
4> Markalius inversus s Fasciculithus tympaniformis
Sl sy e SOl oS sy Lsle 4 bsy e Kl
oo 0 gluls sl 5 cpl o el Wl e
Cmﬁb cl.;.w a§ JM.:.L;L U’LJ" BE c.l..nk,: B Lﬁ:); éuJu)Lw
j':l (W‘-\Y‘) Q‘JKAA 9 )}:.:j./\;”_).e Sl ol 63l u.a..:>=.1.3
A\ Z)LA..\;' Q)Jﬁb &:»Jj L)ﬁ ;‘J"‘S\Ji 39 &}uﬁ wL&\ Bx
22 Rotalia sp. (Rotalia cf. 0lge L (Wynd 1965)
slasy O’lJ’.T > (skourensis- algae Assemblage Zone
@ \) e.,\..ibki L):IJ': BL] r)&i‘ J;)Lw B cr}ki‘ .,\J)L.q @ J&};jd
Ol Llesls s (late Coniacian) e ewleS
Lo Klosls el atwgn | ol L5l L oS sl
O...\.J“L».ujs 9 M}ﬁb b .Ju)l.w 9 UJ»‘ 3RS ‘o.b.lg: .Lv)l.w
.(Fereydoonpoor et al. 2014) Lles S J'zjlj-f
Gl o ol 02 oSS ke Glate B0 s
L .grillii R. anthophorus Sl (gls L 5t
L3 mL 0l <ol M. staurophora 5 Q .gartneri
O sl 31 UCLla 5 (Sissingh 1977) O 5l 31 CC15
Bl 5 s oS Ll seB sl (Burnett 1998)
Oy WL«SW le.’)fds.)u.l.\l 0313 UM‘J el.:..u e§
Olazagutia %, .Loes Sl ol (gl (late Coniacian)
sylbal Ggeisty 5 5 Olgea Lol JWs s Quarry
(Global Stratotype Section 5 gile = wlcS 5,0 Sler
(Lamolda et al. 2014) .l ols 5 =0 (and Point=GSSP
(Coniacian- Santonian boundary) s sile — aliS 5

bl 5 5 CCLA 04550 JIs (Sissingh 1977) bl



Yo

Cddns Ol s 3 adled 53 Kol sla led 5U ol 1 58 L5l (6 Kk

(Global Stratotype ,olslS = o sule 5,0 (Lo 108)
(Hancock and Gale .leds b ,=s (Section and Point
oobels = osle 5, (1996, Hamptonet al., 2007
ekl 5. 93 s (Santonian-Campanian boundary)
_=>ia Aspidolithus parcus &5 o> s ol
(Sissingh  1977)  Oswlsssl  pwlol 5 cwl ol
J=1s 5 ol (Perch- Nielsen 1985) law &5 ]
031y 50 opl 5o (Burnett 1998) s 5ls 1,8 CCL7 O350
855 sy oS 25 s UCL2 03555k oo 0 5 5B 53
5 (Gale et al. 2008) .ol 3,5 5,155 A.cymbiformis
> (Santonian-Campanian boundary) :,sl.els — .5 sl
5350w 53 |, (#1555) Waxahachie dam spillway %
s (UC13a) A.cymbiformis & o> piess o
oli (UC14) Aspidolithus parcus &5 ) sa> puiuss
(Santonian-Campanian . LelS — -5 sl 5 0 .ol 0315
J=1s (Melinte and Bojar 2010) slaas)las s (boundary
55 jsam e YU 5 CCLT/UCL3 (ladss sl
(Wagreich et al. 2010) .ol ol 5,155 A.cymbiformis
S Joed 5L 5505 o.)\.i<=\>.g}l sl fass 2iy Lddie 34
5450 53 L 5 CCL7 030L Jls 1) opslalS suss (Sl
Seesd b &S Wlas S ki 45 CCL8/UCLA (slads) sl
Sy dsdb e asis Aspidolithus parcus &5 s>
» (Santonian-Campanian boundary) -,sllS — -5 ssla
L8 o= e L (Cetean et al. 2011) .l
(Russo asllas ;3 5 555 e o35 0L Aspidolithus parcus
> Aspidolithus parcus &S 52> ess L (2013
05 535 g0 e3ls 5,3 CCL8/UCILA/NCI8 (sl 5L sdels
B8 e i Ol wargl 0 sl el
s e g Sy TV Cubes 53 A cymbiformis
S S 80 Cwlss s Aspidolithus parcus &,
> (Santonian-Campanian boundary) :.lslS - - ssla
LS spim opfeds S o 3 5 UCLA 05550 susts
olals Lol eas a3 § a3 s Aspidolithus parcus

s M. concava &8 Jlsl b sl Olisl S e asiie
sy s 31 NG I Loinflatus £ 5 5 pam s
(Coniacian- - il — pewliS 50 5 L. cayeuxii &8
o 5 sl Lkl Jls s (Santonian boundary
Gl 2aiS . 15,8 e s 5he ol e SLES 51 ey,
Sigalia carpatica ¢ g 2ol 3 5> ol
5o GSSP j5 5 55 0 4 S b s e £33 el
> (Coniacian- Santonian boundary) s sile - ules
SlaS sy B8 jpax a3 e VoLlal Jles
o 05 Sl edd 5 P.oundulatoplicatus Jsl s
sdalin Linflatus &35 s> s colw 048 o3
Culss s Lcayeuxii &5 5o s 5 Sl ol
Culses s L.oseptenarius &8 > p 51 5 g 0
= oeekiS e el el edd Lasiie (g e VO
o, > (Coniacian- Santonian boundary) . sl
53 5 UCLLC/ICCLBINCLT 03555k 53 b 55 il
A s Leayeuxii £55 [ pas st o 835doe
el g ss ea S L s L. oseptenarius &S pa>
g4 L. septenarius &5 e o2~ (Burnett 1998)
OesSle 0aisl pl e 5 el Bme UCL2 05550
(middle Santonian- late Santonian) . o sile U Sle
- oesole 5,0 (Burnett 1998) piomes (ol ol Ol
skl 1, (Santonian-Campanian  boundary)  ,sl.lS
L5 Lsam e 5 s s UCL2 oyl
L8 o s 0Ll .l o3 S Ol Acymbiformis
Sei 5 UCL3 0s5eL saeB (¢l |, Acymbiformis
(Hampton et al. 2007) (slaasllas ;5 oS S5 2,8
(late  pws oo 55l Acymbiformis &5 s> pous
e 5 (Russo 2013) 5 das e 0L |, (Santonian
(late  py isils 53 1, Accymbiformis &5 s~
Waxahachie |l 5 55 .ol o3,8° 5,158 (Santonian
5> Seaford Head ;5 .15 Jls 5> dam spillway

Sl bl G, 5 S Olea Ok



WAV Ol o33 o5l VY (gl ol cpler 5 (oo Sl ¢l s 5 )i sl tas m

L& o= s (Bumett 1998) O sl ol
Oy s ol el e s e 55 1, Q. gothicus
03,5 (2,138 UCL2 055 5b 55 ol pen 855 Ol sieas 0S|
I, R levis £, ;p2> cowss (Burnett 1996) .ol
s (Burnett 1998) & gl g3 bl o by 0 05 SUs
,ls 13 UCLAd 0355 o3 R levis &8 0
I, R. levis &8 ;42> .z (Sissingh 1977) a5 Jl>- s
e 3 CC22 035l S5 (s Lol 88
JF1s ol 058 BB S s gy dsls cpl S s
pAE S 0 e VYO Gl js 5 CC22 053 sL
Loy R (Sissingh  1977)  Ognlsy  ulad
et olelS (Burnett 1998) 5 (Perch- Nielsen 1985)
Qusissinghii &,8 ;42> oz L (late Campanian)
250 g4 (CC21/UCI5C)
(Campanian- Maastrichtian -, xeole — - lelS 5 0
Osembsy 5 CC23/UCLT slads3L =I5 (boundary
s (Perch-Nielsen1985) L. 5 B e (Sissingh 1977)
5, (Bralower et al. 1995) ¢ ,S . ,I 3 (Burnett 1998)
(Odin and .l o33 1 3 NC20 04555L JIs 1) edisly
sl lllial Oy 5 5 dallles L (Lamaurelle 2001
(Campanian- Maastrichtian = ..oy tesle — - 0LslS 5 5
I, A. parcus constrictus &S ;sa> ,;T (boundary
e I D
Sl 03,5 5,158 (Campanian- Maastrichtian boundary)
(Burnett 1998) (slaasllas ;3 4555 pl oS o= 55 cpl 5
oy AT Ol el ol B S B s e el
A.parcus &5 ga> cp A1 5l 5 s |, Q. trifidum
e yesle = SllS 5. Sls e cOnstrictus
sl (Campanian- Maastrichtian boundary)
By Q;J;T O 833d>xs > (Perez-Rodriguez et al. 2012)
A. parcus 58 s> ol o Q. otrifidum &S
s oAl Olig) sl ol 4 S L > constrictus

AS o 1S e ol Sl 1, Toorionatus &S

(Sissingh 1977) & 5.l g5 5L > (early Campanian) ..l
O 839d=s (Perch- Nielsen 1985) Lo g B e
oess B Aspidolithus parcus &8 ) pa>  puiass
Sy e Jols |, (CCL7-CCL9) C. aculeus &8 s>
B. hayi |2~ =1 (Sissingh 1977) o subs; olul
el 0 S5 CCL9 0550l 53 5 i ilalS =1 5o
53 Bohayi 855 a2l el 08 Bl i s
I, B. hayi £,5 ;o> o1 i o CC20 Os)sb
(Melinte 5 03,35 &,adls > (Razmjooei et al. 2014)
< CC20 Us54L > Sles, — s > (and Bojar 2010
$,8 jsa> op Al o5 (Melinte and Bojar 2010) .Lles S
L 5 658 ol 035055k 41, CC20 0555 s B. hayi
O 8dgdee Aas e Caws (reworking)  Osglr U
ssa= eess BOAL cymbiformis &8 sl s
S Oseliss s (UC13-UC15¢™) C. arcuatus &,5
(early Campanian) i 5lelS Jslee (Burnett, 1998)
ool (early Campanian) i 6lelS ol
JoLs (Bralower et al. 1995) oai4lyl sladsisb
ey 85 3doee 45 el NC192 5 NC18 (sladys sl
8 ysa= s U Aspidolithus parcus &8 s>
2 NC18 0555l sl xS 555 o Jals 1, Q. gothicus
sNC18a 055 5 55w L. grillii £,5 2> - =1 .l
ol 055 L dBU S dalllae 3 35l e s NC18D
5 UCL5d™ICC22 03550 Jls L. grillii s o 21
S o (early Campanian) e SlelS s
05 esdold 8L 64l s (Razmjoii et al. 2014) (slaas]lzs
adlae s ol i dsl- ) alie 55 04,5
L. grillii S 52> - 1 (Do Monte Guerra et al. 2016)
old . (early Maastrichtian) i oois aole s
S SS& (gl as Q.gothicus &3S s s .ol
(Roth 1978) 0 ssbs; 55> NC19b 5 NC19a 035,55 s
3 g0 oolinal (Bralower et al. 1995) L 5 ol o2l
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Cldas Olw

s A e 1y 56 ol (Najafpour et al. 2015)

de

s

&ﬁebj

Z

s A. parcus constrictus &5 s> oy 5l

5 (Short Ray) Q. trifidum &,

.....

SLelS 5y . iles S

155 SAL6 o)

3

Lo

» (Campanian- Maastrichtian boundary)

L) Sl 0l

.a

Ll O

(Do Monte Guerra et al. 2016)
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Plate 1

1- Arkhangelskiella cymbiformisVekshina, 1959, 10° XPL (Sample No:53), 2- Aspidolithus parcus subsp.
constrictus (Hattner et al. 1980), 10° XPL (Sample No, 110), 3- Aspidolithus parcus (Stradner 1963) Bukry, 1969, 40°
XPL (Sample No, 122), ,4- Gorkaea obliqueclausus (Varol 1991) Varol & Girgis, 1994, 40°XPL (Sample No, 143), 5-
Placozygus fibuliformis (Reinhardt, 1964) Hoffmann, 1970, 45°XPL (Sample No, 211), 6- Reinhardtites
anthophorus (Deflandre 1959) Perch-Nielsen, 1968, XPL (Sample No, 7), 7- Reinhardtites levis Prins & Sissingh in
Sissingh, 1977, 25° XPL (Sample No, 143), 8- Tranolithus orionatus (Reinhardt 1966), 5° XPL (Sample No, 143),
9- Zeugrhabdotus bicrescenticus (Stover 1966) Burnett in Gale et al. 1996, 35° XPL (Sample No,110),
10- Zeugrhabdotus diplogrammus (Deflandre in Deflandre and Fert 1954) Burnett in Gale et al. 1996, XPL (Sample No,
43), 11- Zeugrhabdotus embergeri (Noél, 1958) Perch-Nielsen, 1984, 45°XPL (Sample No, 110), 12- Eiffellithus
eximius (Stover 1966) Perch-Nielsen 1968, XPL (Sample No, 1), 13- Eiffellithus turriseiffelii (Deflandre in Deflandre &
Fert 1954) Reinhardt, 1965, XPL (Sample No, 47), 14- Cylindralithus serratus Bramlette & Martini, 1964, XPL
(Sample No, 5), 15- Rotelapillus biarcus Bukry, 1969, XPL (Sample No, 7), 16- Cribrosphaerella ehrenbergii
(Arkhangelsky 1912) Deflandre in Piveteau, 1952, 10° XPL (Sample No, 143), 17- Retecapsa angustiforata Black,
1971, 5° XPL (Sample No, 1), 18-Retecapsa crenulata (Bramlette & Martini 1964) GriininGrin and Allemann, 1975,
XPL (Sample No, 112), 19- Retecapsa surirella (Deflandre & Fert 1954) Griin in Griin and Allemann, 1975, 65° XPL
(Sample No, 110), 20- Manivitella pemmatoidea (Deflandre in Manivit 1965) Thierstein, 1971, 50° XPL (Sample No,
110.
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Plate 2

1-Watznaueria barnesiae (Black, 1959) Perch- Nielsen, 1968, 45° XPL (Sample No,39), 2- Calculites obscurus
(Deflandre 1959) Prins & Sissingh in Sissingh, 1977, 10° XPL (Sample No,37), 3- Lucianorhabdus cayeuxii
Deflandre, 1959, 20° XPL (Sample No,37), 4- Lucianorhabdus maleformis Reinhardt, 1966, XPL (Sample No,
120), 5-Microrhabdulus belgicus 1963 (according to Verbeek 1977), 35° XPL (Sample No,120), 6 -Microrhabdulus
decorates Deflandre, 1959, XPL (SampleNo,122), 7- Lithastrinus grillii Stradner, 1962, XPL (Sample No,1),
8- Quadrum gothicus (Deflandre 1959) Hattner and Wise, 1980, XPL (Sample No,15), 9- Quadrum sissinghii (Perch-
Nielsen 1986) Farhan 1987, XPL (Sample No,143), 10- Quadrum trifidum-long (Stradner in Stradner and Papp 1961)
Hattner and Wise 1980, XPL (Sample No,5), 11- Quadrum gartneri Prins & Perch-Nielsen in Manivit et al. 1977,
XPL (Sample No, 1.5), 12- Micula staurophora (Gardet 1955) Stradner, 1963, XPL (Sample No,15),13- Micula
concava (StradnerinMartini & Stradner 1960) Verbeek, 1976, XPL (Sample No,1), 14- Micula praemurus Lees & Bown,
2005, XPL (Sample No0,193), 15- Ceratolithoides verbeekii Perch-Nielsen, 1979, XPL (Sample No,191), 16-
Ceratolithoides aculeus (Stradner 1961) Prins & Sissingh in Sissingh, 1977, 15° XPL (Sample No,120), 17-
Ceratolithoides indiensis Burnett, 1997, XPL (Sample No,195), 18-Marthasterites furcatus (Deflandre in Deflandre &
Fert 1954) Deflandre, 1959, PPL (Sample No, 50). 19- Fasciculithus tympaniformis Hay & Mohler in Hay et al.
1967, XPL (Sample No. 214), 20- Biantholithus sparsus Bramlette & Martini, 1964, XPL (Sample No. 214).
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