Yov VY Gl g 5l KO o lods A 0590 (6835 (owlidiimme (g sloasdly

(6550 33D Jlzgi oy 35 SBT s Jmndgil (slano 0 @)l wjlw (65 A Comn

T 65 loss ouma 9 ' pudio Jillai dpd po

Ol e9d o)) (simad plol Modliy olRiils (yomn cwdigee 05,5 JLoisls =Y

* notghi.m @pnu.ac.ir : Jgiwo oo g

gy o goi

VXNV lNeihpds VESYIVITY redly,s

ouS

by Wl b gy (U5 b 29i2) Sz G yd (Sl lapgSidl gl el p b5 w5le (6 Kanz a5 adlllas cnl )
039 o VIV o Koo 02lg ¥ b Jlogs (o 50 953l Cealed ol o0l @Bl 55 Wil 25 53 9 (28 (slpeglSS VL 5o (A cnl 5o
wlolis 4 i (Sl glajaiSid 6l 5 0ol oolol diges Vo0 gy y calllas 1l jo il oo o))l § SIS 5l JSicie Lowes
Tribrachiatus L5 of peds Jod asgamme 9 (asli Lwdgil sloaisS joa o 315 gl Gl p oo i V8 4 Glato 435 YV
Nannotetrina fulgens 5 Discoaster sublodoensis Tribrachiatus orthostylus Discoaster lodoensis .contortus

o] owlidais oSl g (Lawdgil loygjiam ) 08,5 cpnd 5L 95k ;0 CNE9 5 CNP11 3 NP15 5 NP9 (slayg5cens

el Jlrgs Gy 03 )b wike sl (9 B 5eb) Gl (gl B Gy gty (oo 90

Sl (g )b o Sl slaJend gl (g5 s 1ol saoslg

097 3l 45 ABlbioe (RS e §500me) 4 Sgae
@ e by 0 Ohg amao bl gl asas
Gl @l S Sl oS 315wl canl d42g
sl gy W 5 005 (9 T 5l 55l o e
oy, 5l i JF e 5l 0 S I 0
@l (S oghe ems hedly (2b)s
9 Fled 5l 4 sgazme (5e8 5 039l slaarie
odd ()58 5 635 0 9 (Brb 5l )0 9 S (o9i
Ay ol @by Slgw, OYAY SLGH  cul
9 SSgiere «SSgiedly 4 bape (SSlege;
gl =gl Sligas; (S5 55k 0 bl (oo SC3g590m
w25k Sal Wil (2 ol eslSS slavisle 515
(SLBI) wleas Sis oS Wil 5 2,5 Sy sl
yol> gk aiae a5 Ol 5wl le cpl jo (VWWAY
s ocses oSl Kie Il 4w
Wile (oolidarz alols o Jsomo job 4 g 090
W3l Slhgasy 0,10 J1B YL o 2,5 wisle g 5 50 o8
Sge a5 Cewl Jlsd (2l)d sleo,lsS g5l &)L
G gy adg> 5l alaiz o obys llys blus
Slalllas w5k ol 8ay 52 ST sl 5 i

S Jlod slagasly Jold 5l S - 9y i
Glily S 55 S e Bl JSE 4y a5 el oLyl
3,00 aalol Gl 3 B ol 3T 5l oy - B8 oges
sloogSais, ‘SILM Comnd )| (S )).” sl
Ssb s Jlad 545 Cenl pf sl 45 Wlaga ~ T
Olnl G bl asgy JLS 10 Cgiz 5l g GrpelS a1 5,8
oS siil sFas 5l (VAR (gele) o 18 635 e
9005 5,0 ol GUSS i 5 5 5yl Sy
oS lpl oS (pl g dtugy i S Lo (293
35 S Sy 4 5l L iy o
slaslaz, 5l Sl g (Ilagme) 6l n ae o
A 50 L)‘ﬁd.d’ 9 L...:bs‘ o)Lé).g‘ 9o B 4O ‘5~>L~wu~o)
03,5 Sy | 993 (2555 o (S 0088 93 (l Sles
sodlagy IS jeb 4 L(VYAR (), g (5, k) ol
L yiogkS VP s 05 sl b aloisasl Jals
S o B 5048 Sl (958 = (Fyb QL a sl
(Sole) W o L st Cp See A (SoeeS b
sl e §ye i lidiope) e 51.(VA47 A0



YOA VX Olenali g 5l F0 o5loid VA 0,98 (63 32,1 (wlbbiimo (g5 sloasdly

b 5 1 AVF) S gl lalllan ool y el s
Sl olidine) s S ) asdlas 5 )50
2 sk Wil cwl 555 Sl 4 Gl Gl
gl wgzl> b asle (dblis )3 50l g slaassls
O35 5 3 OIS Byd L9 9 (3 oS00 ¢ iaesS
Sk il a8 cudd ol by 5l (S Sl o oyl
N0y55 0 i geiS; 5l e VAY Cualies b ] o
Ol Brd Cgi (5 yegkS TP 10 5553 by ably o
SOV ok )] ldlas clatse 5 onds &l

O JS0) ol S YEO N o he g

ardllao (o9, -¥

3 Aged Vo slaws wile glo Jpwdsil adllae Cyp
Dol ol 9) Bl ladigas o udlo 398 JIgs
Lug 5 20,5 gileesle] (V294 (Sl 5 os)
Fyore )95 50 ;9 BHZ Juo (groll (5553 98y e
Sl Slooysi Sl 5 <8, 1 anllas o o33 5
slaiss glalid sl 4 ad )l yeSe 3525
S5l 1A0) sl T el bie 31 (dsl
Y-V o),5Ken ¢ L) Nannotax data base () 14A)
3SSlg i 5l loaisS (Sadlad> ow)p S g
bl g s et sl ol o0l oolil (Y- +Y)
5 QYY) (5l sy o6 Bz tonj Slalllas
yea gl oliwl b g oo (Y1) QI)L&@MS;,,S'I
ouds Slsie lewdgili (a3ls glaaisS j5a> (ny5
ol yor sla Jrndsil dcgorms 5 j95 0o Slosaurg) 4
235 plowl Wil (e (s

sy o] Gl (S 0 a5 85 s sousie
5 Ao Jlie @) Sl GBS o, bulys
5 o sk YA () San 5 ST AYAY (] ISen
g (VoYY o)) San g ola ¥V F (g loe eV VY (o]
ol ol Ay owbidfnd Slalllas 4y Sy 0
sl 5 WL sas abml olid foud bl
AYA: (S AYYVE (pogls) o0g ojaiald
YA ) San 5 conle YAA (oo 5 g s
YW () an g aighS Ve o A ) ) Kon g pn soma>
s YN0 ) San g gola VY (ol g a0 pndes
o il Lo w5l edsls G155 g5 5 (7419
Wil sy ol jo a5 00y0 )5 SLIAYAT) ), Ken 4
s 3l (35,8l o EJled) e i 5 Sk
Sl GlopESLl (o) &yl Slogly 5o e
o Dok Wil (lewdgll (slaggitu) Gt g

Ll e CoxBgo ¥
e e Oy 4 OFF) glids by oy Sip
S olasl 2 9 00 (Do g SN 5 w3jle
&Sl oy (6, a0l paS (VAYA) Slols 5e
I8 5l g5 0o asdllas 5550 adlais woals ploxil lagys)
5l 095 (29iz 9> G (pl Bl Cunl 385
il ool Sl sl 5 o 4 50 )
Slaigs Gialaz 550 45 ol Jlad g jlee S liam
5 9 (BB 50 9 0ud Guend Sl (635 50 Gl 5l 5l
ateie (LY oS 5 09l 0995 b e 4 095 0

5230/

i

Tehran

w Tochal

35°30”

qus.a ‘5»)@4‘.‘9\ Q‘")" Ms.o 9 (W e ol) Al JS..:)
Fig. 1. The access road and location of Tochal stratigraphic section
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Fig. 2. Lithostratigraphic column of the studied deposits in the Tochal stratigraphic section
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Plate 1. Images of some identified calcareous nannofossils in the Ziyarat Formation in the Tochal stratigraphic section
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1: Fasciculithus involutus Bramlette & Sullivan, 1961; PNU. Zt6 (XPL); 2: Fasciculithus richardii Perch-Nielsen, 1971; PNU. Zt8 (XPL); 3:
Fasciculithus tympaniformis Hay & Mohler in Hay et al., 1967; PNU. Zt16 (XPL); 4: Fasciculithus clinatus Bukry, 1971; PNU.Zt4 (XPL); 5:
Fasciculithus thomasii Perch-Nielsen, 1971; PNU. Ztl12 (XPL); 6: Fasciculithus alanii Perch-Nielsen, 1971; PNU. Zt3 (XPL); 7:
Rhabdosphaera gladius Locker, 1967; PNU. Zt97 (XPL); 8: Chiasmolithus bidens (Bramlette & Sullivan, 1961) Hay & Mohler, 1967; PNU.
Zt14 (XPL); 9: Coccolithus pelagicus (Wallich 1877) Schiller, 1930; PNU. Zt103 (XPL); 10: Helicosphaera seminulum Bramlette & Sullivan,
1961; PNU. Zt92 (XPL); 11: Reticulofenestra minuta Roth, 1970; PNU. Zt80 (XPL); 12: Pontosphaera multipora (Kamptner, 1948 ex
Deflandre in Deflandre & Fert, 1954) Roth, 1970; PNU. Zt72 (XPL); 13: Nannotetrina alata (Martini, in Martini & Stradner 1960) Haq and
Lohmann, 1976; PNU. Zt101 (XPL); 14: Nannotetrina fulgens (Stradner, in Martini & Stradner 1960) Achuthan and Stradner, 1969; PNU.
7t104 (XPL); 15: Tribrachiatus bramlettei (Bronnimann & Stradner, 1960); PNU. Zt30 (XPL); 16: Tribrachiatus contortus (Stradner, 1958)
Bukry, 1972; PNU. Zt27 (PPL); 17 (XPL), 18 (PPL): Tribrachiatus orthostylus Shamrai, 1963; PNU. Zt56; 19 (XPL), 20 (PPL): Discoaster
lodoensis Bramlette & Riedel, 1954; PNU. Zt77; 21 (XPL), 22 (PPL): Discoaster barbadiensis Tan Sin Hok, 1927; PNU. Zt87; 23: Discoaster
sublodoensis Bramlette & Sullivan, 1961; PNU. Zt81 (XPL); 24: Discoaster multiradiatus Bramlette & Riedel, 1954; PNU. Zt9 (XPL)
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Abstract

In this study, biostratigraphy of the the Ziyarat Formation was investigated based on calcareous
nanoplankton in the Tochal section (southeast of Tehran). In this section the Ziyarat Formation
conformably overlies the Fajan conglomerate and is overlain the Karaj Formation. The thickness of the
formation in Tochal section with four rock units is 212 meters and it mainly consists of limestone, and
marl. In this study, investigation of 105 prepared samples and calcareous nannoplanktons has led to the
identification of 37 species belonging to 16 genera. Based on the first and last occurences of nannofossil
species and assemblage species such as Discoaster sublodoensis, Nannotetrina fulgens, Tribrachiatus
orthostylus, Discoaster lodoensis and Tribrachiatus contortus the NP9-NP15 and CNP11-CNE9
biozones in the Ziyarat Fsormation were determined. The nannofossil biozones and their stratigraphic
location indicate the age of the late Paleocene - middle Eocene (Thanetian- Lutetian) for the Ziyarat

Formation in the Tochal section.

Keywords: Biozone, Calcareous nannofossils, Ziyarat, Tochal, Alborz

Introduction

The Ziyarat formation is a carbonate sequence,
located in the north of Tochal Village (south-
east of Tehran). The Ziyarat formation mainly
consists of marl and limestones with a total
thickness of 212 m conformably overlie the
Fajan conglomerate and are overlain by
greenish tuffaceous siltstone of the Karj
Formation. In this research biostratigraphy of
the Ziyarat Formation based on calcareous
nannofossils were investigated. Several studies
have been carried out by other researchers on

Ziyarat formation. Some previous
biostratigraphic studies base on foraminifera
and reconstruction of depositional

environment of Ziyarat formation includes:
Khatibimehr et al.,, (2008), Maleki (2010),
Alimi et al., (2010), Gravand et al., (2013),
Khatibimehr and Adabi (2013), Hadi et al.,
(2021).  Whereas, previous calcareous
nannofossils study on this formation was done
by Notghi Moghaddam et al., (2014) in the
Mojen section.

The aim of this study is to determine the
calcareous nannofossil assemblages, discuss

the possibility of applying the standard

zonation, and age determination of the Ziyarat
formation in the studeid section.

Material and methods

For nannofossil studies, a total of 105 samples
were obtained. Samples were prepared
following the standard smear slide technique
(Bown and Young, 1998) and were studied
under crossed polarized light and the plane
polarized light of Olympus microscope. All
calcareous nannofossil specimens were
identified by using the taxonomic schemes of
Perch- Nielsen (1985) and Bown and Young
(1998). For biostratigraphic analysis references
of Martini (1971) and Agnini et al. (2014) have
been applied.

Results and discussions

As a result of this study, thirty-seven species
belonging to sixteen genera were recorded in
these strata. Structures of the central area in
many species indicate that the preservation of
the nannofossil assemblages is good at the
studied section, and many nannofossil species
have been recognized. The most important
identified species are species belong to
Coccolithus, Chiasmolithus and Discoaster
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that are present in most of samples. In the
present study, the standard nannofossil
zonation of Martini (1971) was applied.
According to marker species of nannofossils 7
calcareous  nannofossil  biozones  were
recognized, ranging in age from late Paleocene
to middle Eocene.

The identified biozones are as follows:
Discoaster  multiradiatus  zone  (NP9)
equivalent to CNP11: The Discoaster
multiradiatus zone is identified from the FO of
Discoaster multiradiatus to the FO of
Tribrachiatus bramlettei or FO Discoaster
diastypus. The age of this zone is the late
Paleocene. The thickness of this zone in the
studied section is 23 m.

Tribrachiatus  contortus  zone  (NP10)
equivalent to CNE1, CNE2 and the beginning
part of CNE3: The Tribrachiatus contortus
Zone is identified from the FO of Tribrachiatus
bramlettei or FO Discoaster diastypus to the
LO of the Tribrachiatus contortus. The age of
this zone is the early Eocene. The thickness of
this zone in the studied section is 38 m.
Discoaster binodosos Zone (NP11) equivalent
to CNE3: The Discoaster binodosos Zone is
identified from the LO of the Tribrachiatus
contortus to FO of the Discoaster lodoensis.
The age of this zone is the early Eocene. The
thickness of this zone in the studied section is
16 m.

Tribrachiatus  orthstylus Zone (NP12)
equivalent to CNE4: The Tribrachiatus
orthstylus is identified from the FO of the
Discoaster  lodoensis to LO of the
Tribrachiatus orthostylus or FO of the Toweius
crassus. The age of this zone is the early

Eocene. The thickness of this zone in the
studied section is 37 m.

Discoaster lodoensis Zone (NP13) equivalent
to CNES: The Discoaster lodoensis Zone is
identified from the LO of the Tribrachiatus
orthostylus or FO of the Toweius crassus to FO
of the Discoaster sublodoensis. The age of this
zone is the early Eocene. The thickness of this
zone in the studied section is 36 m.

Discoaster  sublodoensis Zone (NP14)
equivalent to CNE6, CNE7 and CNES: The
Discoaster sublodoensis Zone 1is identified
from the FO of the Discoaster sublodoensis to
FO of the Nannotetrina fulgens or LO of the
Rhabdosphaera inflata. The age of this zone is
the middle Eocene. The thickness of this zone
in the studied section is 41m.

Nannotetrina fulgens Zone (NP15) equivalent
to CNE9, CNE10, CNE11 and the beginning
part of CNEI12: The Nannotetrina fulgens
Zone 1is identified from the FO of the
Nannotetrina  fulgens or LO of the
Rhabdosphaera inflata to LO of the
Rhabdolithus glandius. The age of this zone is
the middle Eocene. The thickness of this zone
in the studied deposits is not determined.

Conclusion

Based on index nannofossil species and
assemblages species the NP9-NP15 of Martini
(1971) and CNP11-CNE9 of Agnini et al.
(2014) biozonation in the the Ziyarat formation
were determined that indicate the age of the
late Paleocene - middle Eocene (Thanetian-
Lutetian) for the Ziyarat formation in the
Tochal section.



