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a-b. Ctenidodinium combazii Dupin 1968; ¢. Dichadogonyaulax sellwoodii (Sarjeant) Stover & Evitt 1978; d. Systematophora
areolata Klement 1960; e. Ctenidodinium continuum Gocht 1970; f. Pareodinia ceratophora Deflandre 1947; g. Cribroperidinium
crispum (Wetzel) Fenton 1981; h. Nannoceratopsis pellucida (Deflandre) emend. Evitt 1961; i. Nannoceratopsis gracilis Alberti
emend. Evitt 1962; j. Meiourogonyaulax valensii Sarjeant 1966; K. Tubotuberella dangeardii (Sarjeant) Stover & Evitt 1978 emend.
Sarjeant 1982; |. Gonyaulacysta jurassica (Deflandre) Norris & Sarjeant 1965; m. Sentusidinium sp.; n. Escharisphaeridia pocockii
(Sarjeant) Erkmen & Sarjeant 1980; 0. Chytroeisphaeridia chtroeides (Sarjeant) Downie & Sarjeant 1965; p. Cyathidites australis
Couper 1953; proximal focus; (-r. Dictyophyllidites mortonii (de Jersey) Playford & Dettmann 1965; proximal foci.;
s-1. Klukisporites variegatus Couper 1958, proximal foci.; U. Alisporites lowoodensis de Jersey 1963, median focus; V. Ricciisporites
tuberculatus Lundblad 1954, median focus; w. Fungal spore; X. Micrhystridium sp.
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1- Amorphous Organic Matter (AOM)
2- Marine Palynomorph (MP)
3- Phytoclast (PH)
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Phytoclast

Sample number: 1,2 (—

Sample number: e—
3-5, 8-13, 15-16, 18-20
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6,7,14,17,21-24

f T T T
Aom Palynomorph

s pruliBding (B 5o ead dalllas slad o sl Grula 6 S
(Tyson, 1993) 44w Hlasad (55, slaals W5l

1. Highly proximal shelf or basin; Il. Marginal dysoxic-anoxic basin; III.
Heterolithic oxic shelf (proximal); IV. Shelf to basin transition; V. Mud-
dominated oxic shelf (distal); VI. Proximal suboxic-anoxic shelf; VII. Distal
dysoxic-anoxic shelf; VIII. Distal anoxic shelf; IX. Distal suboxic-anoxic basin.
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4- Transparent AOM (T AOM)
5- Opague AOM (O AOM)
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6- Equidimensional Opaque Palynomacerals: P1
7- Blade-shaped Opaque Palynomacerals: P2

8- Terrestrial

9- Marine

10- Gonyaulacoid



&olodw oo o Sy oo ailudl \Y

IV Guacsld gl (Gl Guaeals sl (o Guaesls gl (&) fadn celididiun Ghos 59 slaals 5le 3l amlly yolie 5 Guiwls gully o Ko
«8laB AOM A 518 ) saal A comn gula LV (Gl gn N ¢ gl 20 (A =l ot (S gl sl ele sully 1Y dasad sl ale sl 1Y ol 350
8,5 AOM _\ -

Sluijs et al., ¢Pross & Brinkhuis, 2005) 4 5L ..
s me 03,5 opl.(Mahboub & Slimani, 2020¢2005
Lo sl gl osgdoe 55 5030 T o500
23 55 ol N o e ST S Ay g
oS 33 ;0 3 b e U ol oWl ae sl b e
(Wiggan et al., ol odd sdalin o> 5 Jls
Slapp Jald o guls GLap 3 L 2018)
el T 55 e 5 TS s s S NS s
D5 s m slaad sl LIl s slap b
08 ST 50153 olde sl b Ghla 53 & Lzas
LaoT Slsl 5 5 (Sluijs et al., 2005) 1S » S
(Tahoun et Wil o slail> Gas (S Lo 2 ne
beoes O3m 5 i s s slap b Al 2017)
A 55l sl b 5 (May, 1977) lail> oL 50
Ail o s amn 5 e oS (glss Loe 3 as
Comdgo 51 Sle Je VS (Leerveld, 1995)
A SVL 8 Sty e gl sl 3
D) W g gn (e 5 A 55 e 5 S a5 s S
b > JlonS 5 - s gy 4 S 1 (L

11- Peridinioid
12- Gymnodinioid
13- Ceratioid

sl T b o, a5+ - AOM
bl oy 058 e b e (6518
Lpd oo Bl AOM g Cble> (v oS e
s el I8 58T sl 53 (518 g pule
sy anly o, s AOM 5 oi (g5l a slag STt
a5 5> .(Waveren & Visscher, 1994) ., ,T
O3St 09 Lol i oias Olis Colas AOM iyl 5
Lyl s 51 St 0,5 AOM (lsl 3 5 058108 L
o 5 AOM & (ol AOM s .l HI50 505
PNl o s Brma 53 O3S Ol e e
Loyl odias OLAS UL K 51 e S o Sl
ol 1 Gy s 53 Yzl 5 050108
«Zonneveld et al., 1997 {Batten, 1996)
polas Cowl s (Bombardiere & Gorin, 2000

N L RS JC VS g
ST o Ot ol 53 0155 o0 S (5,505 Jule
A3 SYL S laad 326 415ty 3,5 eslial OT
SRR Y S PP WPy ) W S GO
2345 Bl oa B 55l s 3 gl Lads SYL S
s (Powell et al., 1992) sty p,T b gLa s
S o S5 Sl ol g My &S bl o
sdzala| 3 UL > Slsl 3 o jme ame 53 LgT 35S



(B 5 7)oy milioiony G2 30 (sl ijlas 4y 390 b 9 19 5 T (31,5 gy

Marl $ \
& & TS ) S

=0
5] Cherty limestone ¥ Rl

Legend

& i
Argillaceous limestone & & &
8 & &S

110 24

100 ¥ SR R R B

70 -

L | LA

16+

Callovian
F
'.
'-
P
|.

60 b o e e A -

40 J.-L-L-I.-I.-L- -

Y
30 FR AN e S J.-L.[)S-

20 o A | A

Bathonian
F
[-
F

F
s
b
k
F
=
1

Iatq

ajocian
F
F
F

B
3
k
k
F
F

IRRRRIRMIIRIER R R
- }//l/,

n
>
n
=]
n
(=]

Thickness 5;]%
(m)

(P2 <Equidimensional Opacue Palynomacerals (P1 :(s lualal ale fadd peulididiun (B 5o asns Jolse 5 655 5ally Lol pmlic olpuas 1\ (Ka
Marine (M <Terrestrial (T «Opague AOM (O AOM ¢Transparent AOM (T AOM ¢Amorphous Organic Matter (AOM ¢Blade-shaped Opague Palynomacerals



&olodw oo o Sy oo ailudl \¥

gils slo 0,8 Olaazs jo Jolo bas 51 S83 9 (5,90 W,

Jolo 4 S0

p  J>lo 5l g0

.z Gymnodinioid Ceratioid Peridinioid
S :

——

@ Marginal

Marginal marine
marine Proximal Inner Neritic

Gonyaulacoid

—

Distal Inner Neritic
- Middle Neritic

(Tahoun et al., 2018 Garzon etal., 2012 3l 438 X 1) (obso buse ju lacs ;) g sially cuadse V <&

Skupien et ) 555 s o sl ¢SO IS 25 (VL
as s ol 1o YL Cwwa 5peaels i@l 2015
e aS Sl O mhas cabiiie Ol ks ali
Seis Sleska 63555 5 2liys slacs e sl Ol e

(FJSE) Gl o eie
30t BT e slonds Wl stsb 5l o5l
Ol 03 (s SRl 31T s pai 518l 0 L s
5 DS 528 5lie 5o SRl 5 ol sl s sl
(& JS8) das o 65y 2ld o (Sis ole S
ST Sso0im Fars o ma ¥ Gsad 53 dalsd ol g5
A=Y X0 Glads gos 0 gdoma 55 Ll 0 5L (gll s
O3S 108 St Gas oS James <SG VA-Y 1 51017
23 g e 1 (I e ) O3S BB L
5l (St ole ol a3 (S
12 IS (A 0 e dmen 1 sl oo il
A1 o o Bd (g5 e 5 g o7 A e VL
Wil oo ¢S5 ) i 0,5 4 Olis AOM S LS o
Cmal OT s OLis 0,5 AOM &Sl i 8 3 53 5 Lol

(5 JS8) ol 0345 05081 36 Nl Loy 5 o7

15- P1/P2 ratio

o= 23 Slamdd Wil 4 98 tase (S5l
cadbate ;3 ¢S b Ll gl aCmsy p =T
)33 4S el K (los g3 U e b slacsKivwanle
Slonds L3l odel oy ST Ko 5 0ol 51 s,
ot b tin (Sl b5l s bl 8 55
Fole sl ds s 3l ol laylsgas 5 (0 5 F JS5)
(7 JS) (b il sl s 5 (S5l Aol
L Sy o bt oty iy ol O gt Il 3
2l Tl o S ole (Vb Co g a5
2% 2o Sl sl b Ol 5 IS 58 VL
Got 05 sl Jaoes S i o i
ool o3 slds w5l 6l (I sl sdl) ol K55
YL S 350 oa algidiy e s 5L Ll o
GYL S 5 oL ) ge sl LB (IS
Lo T el 035 ol e s (sladl e sl
CnnS 5 5 A5 5015 (Gedl & Ziaja, 2012) wsl -
PPy CbL,u 23 o= 14l ys Nanoceratopsis

dopyd ngl_>- tglhwb}.;ti‘))w&w‘ .JJ‘J 3¢9

14- T/M ratio



VO (B 5 yll) oty (ool (b1 50 (slmdd il 4y 00 Lazmo 9 190 9 T (31,50 gy

0¥ OLL s 5 (635 sosla \FAF ( SLal
s sleds ile jlens oLull gla Js 9 sl
iy 2 e A3 A (oly bl
Mlac KKy 5 I Mad s S I Ve 5380 10
gt m ) s g s ST 57T d e sl sty 1 LY
=S S 3 e e Sz 5 O o 4l ek DL
Slhaig JSa5 Loe Ol bI Gble LS riy
Al o iAo ol D3 slands L5
05 Sladaome 55 &3 55550 Olys3 sk 55 ba st
J=l— s St slacls o b Sl o b e s
(Abbink et al., 2004) 454 Olsl 5 Lhasl=sy,
U plsil Gble saolSans 53 OLLE ol 5 05 0!
505l 5 OT Sme g odd SO ol slans
Jansson et ¢<Vakhrameev, 1991) il o C ob e
55 wlsn s ST 0l e ol nl (@l 2008
Slomds il Sbsmy O atigs Olej 53 1y sb e
G553 O b sty sl oy mlidais b o
Slads Lile 555 2 485 Do Slallles 4L
5 OLaals (Oliaw 03 gdmme 3 1y Laoy 8 ol Slol 3
QAY¥AY (S5 503) das e 0L 659l 55 a5
Sloalp Sy s ol (\WAF (655 il
\F s C‘.,\_Uf aabie js gl ads L0 (YY49)
Lals 518 andllas 3 40 1) a8l e 3,5 g (6 e ghS
G35 aallan 3y5e g g3 e e Aoy VY LS
St Il 457 s o 5 4y bl s i S
O Ogmaist ) o) 5l 457 (gmmy don 53 Slands 5L

el 03 55 G5 sl Lg) 3 Sl (SL

16- Pterophyta
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18- Coniferophyta

19- Ginkgophyta

20- Pteridospermophyta
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All figures light microghraphs X1000-2500, the taxa considered in the present figure are referenced in Perch-Nielsen (1985); 1: Arkhangelskiella
specillata Vekshina (1959); 2: Aspidolithus parcus constrictus (Hattner et al., 1980) Perch-Nielsen (1984a), (X1250); 3: Quadrum gartneri Prins &
Perch-Nielsen in Manivit et al. (1977), 4: Eiffellithus turriseiffelii (Deflandre in Deflandre & Fert, 1954) Reinhardt (1965), (X1250); 5: Quadrum
gothicum (Deflandre, 1959) Prins & Perch-Nielsen in Manivit et al. (1977); 6: Quadrum trifidum (Stradner in Stradner & Papp, 1961) Prins & Perch-
Nielsen in Manivit et al., (1977); 7: Reinhardtites levis Prins & Sissingh in Sissingh, 1977; 8: Watznaueria barnesiae(Black in Black & Barnes, 1959)
Perch-Nielsen (1968); 9: Ceratolithoides arcuatus Prins & Sissingh in Sissingh (1977); 10; Calculites obscurus (Deflandre, 1959) Prins & Sissingh in
Sissingh (1977); 11: Ceratolithoides verbeekii Perch-Nielsen (1979a), 12:Rhagodiscus angustus (Stradner, 1963) Reinhardt (1971), (X1250); 13:
Eiffellithus eximius (Stover, 1966) Perch-Nielsen,1968; 14: Micula decussate Vekshina (1959); 15: Watznaueria biporta Bukry (1969); 16: Eiffellithus
gorkae Reinhardt (1965); 17: Lucianorhabdus cayeuxii Deflandre (1959); 18: Lithastrinus grillii Stradner (1962), (X1250); 19: Microrhabdulus
decoratus Deflandre (1959), (X1250); 20: Marthasterites furcatus (Deflandre in Deflandre & Fert, 1954) Deflandre (1959), 21: Aspidolithus parcus
parcus (Stradner, 1963) Noel (1969); 22: Quadrum sissinghii Perch-Nielsen (1984b), 23: Micula preamurus (Bukry, 1973) Stradner & Steinmetz
(1984); 24: Reinhardtites anthophorus (Deflandre, 1959) Perch-Nielsen (1968); 25: Lithraphidites quadratus Bramlette & Martini (1964), 26:
Tranolithus phacelosus Stover (1966); 27: Calculites ovalis (Stradner, 1963) Prins & Sissingh in Sissingh (1977); 28: Arkhangelskiella cymbiformis
Vekshina (1959), 29: Braarudosphaera bigelowii (Gran & Braarud, 1935) Deflandre (1947); 30: Ceratolithoides aculeus (Stradner, 1961) Prins &
Sissingh in Sissingh (1977).
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Cl/ol Cl Lc Hc ol Lo Ho Eyes abundance Orbitolina types Sample number
0.77 0.2 0.18 1.11 0.16 2.26 0.52 3 Discoidal 1
0.46 0.25 0.26 2.3 0.12 3.49 0.86 6 Discoidal 2
0.74 0.39 0.35 0.77 0.45 2.22 0.86 5 Discoidal 3
0.8 0.25 0.52 1.28 0.4 2.73 0.96 8 Discoidal 4
0.81 0.22 0.35 111 0.31 3.85 0.77 18 Discoidal 5
0.69 0.3 0.43 2.05 0.21 2.56 0.77 17 Discoidal 6
0.87 0.23 0.52 2.56 0.2 4.09 0.94 26 Discoidal 7
0.97 0.24 0.69 2.98 0.23 4.35 1.03 24 Discoidal 8
0.91 0.34 0.6 1.96 0.31 2.3 0.77 23 Discoidal 9
1.04 0.28 094 324 0.29 3.66 1.03 15 Discoidal 10
0.61 0.39 0.35 1.45 0.24 2.64 1.03 9 Discoidal 11
0.8 0.3 0.43 1.79 0.24 3.15 0.94 25 Discoidal 12
0.46 0.37 0.26 1.54 0.17 2.81 1.03 18 Discoidal 13
0.5 0.25 0.09 0.69 0.13 1.03 0.26 6 Discoidal 14
0.68 0.27 0.35 1.88 0.19 3.49 0.94 19 Discoidal 15
0.93 0.23 0.6 2.81 0.22 3.75 0.86 12 Discoidal 16
0.78 0.27 0.52 2.74 0.21 3.83 1.03 25 Discoidal 17
0.75 0.21 0.52 3.24 0.16 3.66 0.77 13 Discoidal 18
0.67 0.32 0.35 1.62 0.22 2.98 0.94 29 Discoidal 19
0.74 0.33 0.69 2.81 0.25 3.66 1.2 22 Discoidal 20
1.14 0.42 0.6 1.28 0.47 3.32 1.37 5 Conical 21
0.81 0.62 0.26 0.52 0.5 2.22 1.37 6 Conical 22
1.26 0.53 0.69 1.03 0.67 1.45 0.77 4 Conical 23
0.86 0.58 0.35 0.69 0.5 1.62 0.94 7 Conical 24
1.05 0.41 0.52 1.2 0.43 1.88 0.77 7 Conical 25
0.91 0.55 0.52 1.03 0.5 171 0.94 11 Conical 26
1.06 0.53 0.43 0.77 0.56 1.79 0.94 4 Conical 27
0.91 0.61 0.43 0.77 0.56 1.96 1.2 8 Conical 28
0.8 0.5 0.18 0.43 0.4 1.03 0.52 3 Conical 29
0.65 0.55 0.52 1.45 0.36 2.05 111 10 Conical 30
11 0.61 0.52 0.77 0.67 1.96 1.2 9 Conical 31
1.01 0.45 0.39 0.86 0.45 1.54 0.69 6 Conical 32
1.11 0.5 0.43 0.77 0.56 1.37 0.69 10 Conical 33
141 0.54 0.52 0.69 0.75 1.28 0.69 8 Conical 34
1.05 0.41 0.52 12 0.43 1.88 0.77 7 Conical 35
0.97 0.61 0.86 1.45 0.59 1.96 1.2 13 Conical 36
1.4 0.52 0.69 0.94 0.73 2.13 1.11 14 Conical 37
0.95 0.59 0.43 0.77 0.56 1.03 0.6 5 Conical 38
0.69 0.58 0.18 0.43 0.4 1.62 0.94 4 Conical 39
0.97 0.57 0.52 0.94 0.55 1.37 0.77 9 Conical 40
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Hallock & Glenn, 1985 Hallock & Hansen, 1979

.(Mateu-Vicens et al., 2009 <Hallock et al., 1991
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e s S esliul Mateu-Vicens et al. (2009)
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Samples T: Thick (mm) D: Diameter (mm) T/D species
22 0.61 1.23 0.49 Amphistegina bohdanowiczi
23 0.6 12 0.5 Amphistegina bohdanowiczi
30 0.38 0.98 0.38 Amphistegina lessonii
34 0.6 11 0.54 Amphistegina bohdanowiczi
35 0.72 12 0.6 Amphistegina bohdanowiczi
48 0.81 1.42 0.57 Amphistegina bohdanowiczi
49 0.63 1.09 0.57 Amphistegina bohdanowiczi
50 0.5 1 0.5 Amphistegina bohdanowiczi
51 0.82 1.43 0.57 Amphistegina bohdanowiczi
56 0.42 0.98 0.42 Amphistegina bohdanowiczi
60 0.51 1.05 0.48 Amphistegina bohdanowiczi
61 0.8 2 0.4 Amphistegina mammilla
(b1l 5 ) Amphisteging i slodiges <o yiogs 90 (6 pSo3lail Y Jgo
Samples T: Thick (mm) D: Diameter (mm) T/D species
18 0.55 1.2 0.45 Amphistegina bohdanowiczi
18-1 0.55 12 0.45 Amphistegina bohdanowiczi
18-2 0.45 1 0.45 Amphistegina bohdanowiczi
18-3 0.59 1.2 0.49 Amphistegina bohdanowiczi
61 0.55 13 0.42 Amphistegina bohdanowiczi
61-1 0.48 11 0.43 Amphistegina bohdanowiczi
61-2 0.41 0.9 0.41 Amphistegina bohdanowiczi
61-3 0.44 12 0.36 Amphistegina bohdanowiczi
135 0.52 1.2 0.43 Amphistegina bohdanowiczi
31 0.7 1.6 0.43 Amphistegina bohdanowiczi
34 0.5 11 0.45 Amphistegina bohdanowiczi
34-1 0.62 1.23 0.5 Amphistegina bohdanowiczi
34-2 0.5 1 0.5 Amphistegina bohdanowiczi
38 0.54 12 0.45 Amphistegina bohdanowiczi
45 0.43 11 0.39 Amphistegina bohdanowiczi
90 0.5 1.23 0.4 Amphistegina bohdanowiczi
90-1 0.55 11 0.5 Amphistegina bohdanowiczi
53 0.39 1 0.39 Amphistegina lessonii
88 0.48 11 0.43 Amphistegina bohdanowiczi
88-1 0.38 1 0.38 Amphistegina lessonii
85 0.6 12 0.5 Amphistegina bohdanowiczi
73 0.66 1.65 0.4 Amphistegina bohdanowiczi
69 0.6 1.32 0.45 Amphistegina bohdanowiczi
69-1 0.62 11 0.56 Amphistegina bohdanowiczi
67 0.7 12 0.53 Amphistegina bohdanowiczi
64 0.52 11 0.47 Amphistegina bohdanowiczi
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Samples T: Thick (mm) D: Diameter (mm) T/D species

22 0.031 0.1 0.31 Amphistegina sp.

24 0.75 1.75 0.42 Amphistegina bohdanowiczi

25 0.78 1.7 0.45 Amphistegina bohdanowiczi
25-1 0.75 1.72 0.43 Amphistegina bohdanowiczi

28 0.72 1.25 0.57 Amphistegina bohdanowiczi
28-1 0.75 1.75 0.42 Amphistegina bohdanowiczi

29 0.75 1.6 0.46 Amphistegina bohdanowiczi

32 0.8 2 0.4 Amphistegina mammilla

36 0.075 0.15 05 Amphistegina sp.

36-1 1 2.45 0.4 Amphistegina mammilla
37 1 21 0.47 Amphistegina mammilla
37-1 0.75 1.75 0.42 Amphistegina bohdanowiczi
38 0.75 14 0.53 Amphistegina bohdanowiczi
38-1 0.6 11 0.54 Amphistegina bohdanowiczi
39 0.8 1.6 05 Amphistegina bohdanowiczi
42 0.75 2.2 0.34 Amphistegina mammilla

42-1 0.85 2.25 0.37 Amphistegina mammilla

43 0.7 1.8 0.38 Amphistegina bohdanowiczi

45 0.6 13 0.46 Amphistegina bohdanowiczi

47 0.852 2.4 0.35 Amphistegina mammilla

50 0.45 1.25 0.36 Amphistegina bohdanowiczi

51 0.6 1.25 0.48 Amphistegina bohdanowiczi

52 0.7 21 0.33 Amphistegina mammilla

53 0.6 1.75 0.34 Amphistegina sp.

54 0.75 15 0.5 Amphistegina bohdanowiczi
54-1 0.8 1.255 0.45 Amphistegina bohdanowiczi
54-2 0.55 1.55 0.35 Amphistegina bohdanowiczi

55 0.8 1.75 0.45 Amphistegina bohdanowiczi
55-1 0.75 1.3 0.53 Amphistegina bohdanowiczi

57 0.35 0.6 0.58 Amphistegina lessonii
57-1 1 2.2 0.45 Amphistegina mammilla

58 0.5 11 0.45 Amphistegina bohdanowiczi

59 0.7 1.25 0.56 Amphistegina bohdanowiczi

60 0.6 1.6 0.37 Amphistegina bohdanowiczi

62 0.4 1.2 0.33 Amphistegina bohdanowiczi
62-1 0.7 15 0.46 Amphistegina bohdanowiczi

64 0.75 1.75 0.42 Amphistegina bohdanowiczi

66 0.6 1.75 0.34 Amphistegina bohdanowiczi

67 0.75 1.75 0.42 Amphistegina bohdanowiczi
67-1 0.5 151 0.33 Amphistegina bohdanowiczi

68 0.755 1.75 0.43 Amphistegina bohdanowiczi

69 0.7 1.75 0.4 Amphistegina bohdanowiczi
69-1 0.5 1.25 0.4 Amphistegina bohdanowiczi

70 0.8 1.75 0.45 Amphistegina bohdanowiczi

71 0.7 1.47 0.47 Amphistegina bohdanowiczi
71-1 0.75 1.48 0.5 Amphistegina bohdanowiczi

72 0.55 11 0.5 Amphistegina bohdanowiczi

73 0.7 1.48 0.47 Amphistegina bohdanowiczi

74 0.85 23 0.36 Amphistegina mammilla

75 0.7 1.25 0.56 Amphistegina bohdanowiczi
75-1 0.75 2.1 0.35 Amphistegina mammilla

78 0.7 11 0.63 Amphistegina bohdanowiczi
78-1 0.8 1.62 0.49 Amphistegina bohdanowiczi

79 0.6 1.48 0.4 Amphistegina bohdanowiczi

82 0.8 18 0.44 Amphistegina bohdanowiczi

86 0.55 0.85 0.64 Amphistegina bohdanowiczi

90 0.7 1.3 0.53 Amphistegina bohdanowiczi
90-1 0.7 1.6 0.43 Amphistegina bohdanowiczi
90-2 0.9 1.75 0.51 Amphistegina bohdanowiczi

ol JoSi5 s b Jaee Nummulites 5 Operculina Afzal et al., <Beavington-Penney et al., 2006
N s L;.,\_Sj Sl ) awls a3 cladls .(Pomar et al., 2014 ¢Nebelsick et al., 2013 2011

e 3 glacS > iyl 5 .(Pomar et al., 2014) «(Neorotalia L e_?,; s olsd 2k Olyls0 s,
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<55 Coralline red alge

@ Benthic foraminifera
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Fig.1: Klukisporites variegatus Couper, 1958, X400; Fig.2: Dictyophyllidites mortonii (de Jersey) Playford & Dettmann, 1965, X400;
Fig.3: Cyathidites australis Couper, 1953, X400; Fig.4: Alisporites grandis (Cookson) Dettmann, 1963, X400; Fig.5: Callialasporites dampieri
(Balme) Sukh Dev, 1961, X400; Fig.6: Nannoceratopsis pellucida (Deflandre) Evitt, 1961, X400; Fig.7: Pareodinia ceratophora Deflandre, 1947,
X400; Fig.8: Cribroperidinium crispum (Wetzel) Fenton, 1981, X400; Fig 9: Ctenidodinium continuum Gocht, 1970, X400;
Fig.10: Ctenidodinium combazii Dupin, 1968, X400; Fig.11: Carpathodinium predae (Beju) Drugg, 1978, X400; Fig.12: Ctenidodinium combazii
Dupin, 1968, X400; Fig.13: Cribroperidinium crispum (Wetzel) Fenton, 1981, X400; Fig.14: Ctenidodinium combazii Dupin, 1968, X400;
Fig.15: Dichadogonyaulax sellwoodii (Sarjeant) Stover & Evitt, 1978; X400.




g Yo (2515 4l sl yob mpo VA

ui'd‘gjg b:\“)J sl U__lLu.uL'uiu bl)‘dbbd)b‘mﬁabx\’w B3 ‘_S.ﬁ.:
Fig.1: Vidalina sp.; Fig.2: Glomospirella sp.; Fig.3: Protoglobigerinid; Fig.4: Globuigerina bathonica; Fig.5: Valvulina sp.; Fig.6: Miliolid foram;
Fig.7: Spirillina sp.; Fig.8: Lenticulina sp.; Figs.9-10: Ophthalmidium sp.; Fig.11: Dentalina sp.; Fig.12: Spirillina sp.
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BIOZONE (Martini, 1971)

STAGE
SAMPLE NO.

SYSTEM
SERIES

THICKNESS (m)

LITHOLOGY

Discoaster kugleri

Helicosphaera walbersdorfensis

Helicosphaera obliqua

Sphenolithus moriformis
Discoaster braarudii

Tetralithoides symeonidesii
Helicosphaera intermedia

Huahesius tasmaniae

scoaster prepentaradiatus

scoaster hamatus
scoaster triradiatus

Calcidiscus premacintyrei
Catinaster coalitus
Discoaster bol

Catinaster calyculus

NN9
HNNNNRENRNN
BEREERESRHEE

199)
198|
197,
196
195,
194]
193]
192]
191
190)
189)

187,

185

NN8

Neogene
Middle - Late Miocene
Serravallian - Tortonian

NN7

122
121
120
119
118
117
116
115
114
113
112
111

e
Q
]

90

82!

80

70

60

@
S

40
39

30

20

10

1

5507]

AN

500 =

L)

L1

415

450 _

+|Sphenolithus abies

+ «|Coccolithus plagicus

«|Pontosphaera discopora

+|Helicosphaera wallichii

D
-|D
D
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1: Sphenolithus moriformis (Bronnimann and Stradner, 1960) Bramlette and Wilcoxon, 1967, PNU/AEL7; 2: Sphenolithus abies Deflandre in Deflandre & Fert, 1954,
PNU/AM178; 3: Sphenolithus conicus Bukry, 1971, PNU/AM27; 4: Sphenolithus pseudoheteromorphus Fornaciari & Agnini 2009, PNU/AM14; 5: Sphenolithus
orphanknollensis Perch-Nielsen, 1971, PNU/AE3; 6: Sphenolithus multispinatus Maiorano & Monechi, 1997, PNU/AM97; 7: Sphenolithus belemnos Bramlette &
Wilcoxon, 1967, PNU/AM96; 8: Sphenolithus cuniculus Bown, 2005, PNU/AE9; 9: Calcidiscus premacintyrei Theodoridis, 1984, PNU/AM151; 10: Helicosphaera
scissura Miller, 1981, PNU/AM82; 11: Helicosphaera recta (Hag, 1966) Jafar & Martini, 1975, PNU/AM16; 12: Helicosphaera ampliaperta Bramlette & Wilcoxon,
1967, PNU/AMB84; 13: Helicosphaera euphratis Hag, 1966, PNU/AM13; 14: Helicosphaera obliqua Bramlette & Wilcoxon, 1967, PNU/AM124; 15, 16: Helicosphaera
walbersdorfensis Muller, 1974, PNU/AM142; PNU/AM199; 17, 18: Isthmolithus recurvus Deflandre in Deflandre and Fert, 1954, PNU/AE15, AE20; 19: Hughesius
tasmaniae (Edwards and Perch-Nielsen, 1975) de Kaenel and Villa, 1996, PNU/AM31,; 20: Tetralithoides symeonidesii Theodoridis, 1984, PNU/AM117

6LM_;; 315 (Cdlsl ) Sl e gen J3lins o NN7: Discoaster kugleri Zone
) ) ) Discoaster s> pdsl 51 053 ) ol 03 9dee
s Discoaster  challenger [Discoaster  kugleri
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s o930 is gls 2T s Discoaster bollii -
. o ' o il Catinaster coalitus , s.2> -J,! U floridanus
o3k m) 53 Hisd n Al e s Sl Ese ] 53 oS o _
o (Martini, 1971 «Bramlette & Wilcoxon, 1967)
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1: Discoaster deflandrei Bramlette & Riedel, 1954, PNU/AMA47; 2: Discoaster triradiatus Tan, 1927, PNU/AM198; 3, 4: Discoaster prepentaradiatus Bukry and Percival,
1971, PNU/AM194; 5, 6: Discoaster braarudii Bukry, 1971, PNU/AM206; 7: Discoaster kugleri Martini and Bramlette, 1963, PNU/AM111; 8: Discoaster hamatus
Martini and Bramlette, 1963, PNU/AM192; 9: Discoaster cf. druggii Bramlette and Wilcoxon, 1967, PNU/AM28; 10: Discoaster druggii Bramlette and Wilcoxon, 1967,
PNU/AML11; 11: Cribrocentrum reticulatum (Gartner & Smith, 1967) Perch-Nielsen 1971, PNU/AE13; 12: Coccolithus plagicus Wallich, 1877 (Schiller, 1930),
PNU/AE2; 13: Chiasmolithus oamaruensis (Deflandre, 1954) Hay et al., 1966, PNU/AEL; 14, 15: Catinaster calyculus Martini & Bramlette 1963, PNU/AM203;
16: Catinaster coalitus Martini & Bramlette 1963, PNU/AM149; 17: Triquetrorhabdulus carinatus Martini, 1965, PNU/AM61; 18: Triquetrorhabdulus challengeri Perch-
Nielsen, 1977, PNU/AMZ26; 19, 20: Rericulofenesrta umbilicus (Levin, 1965) Martini and Ritzkowski, 1968, PNU/AES8
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Sample Ca (%) ?ng Mg (ppm) | Fe (ppm) ( ;\g;) ( pﬁ;) ( pﬁ:’n) Sr/Mn Sr/Na 1000Sr/Ca Sr/Ca
KP12A 36.1 0.46 4563 6574 443 824 362 0.82 0.43 10028 10.03
KP14 36.52 0.29 2852 10785 274 771 346 1.26 0.44 9474 9.47
KP15 38.24 0.28 2785 13183 382 899 269 0.70 0.30 7035 7.03
KP15A 37.73 0.33 3268 11607 392 710 343 0.88 0.48 9091 9.09
KP33 37.75 0.32 3245 1978 205 604 678 331 1.12 17960 17.96
KP36 37.36 0.33 3329 3279 187 594 574 3.07 0.97 15364 15.36
MP13 37.28 0.33 3333 6754 221 718 548 2.48 0.76 14700 14.70
MP18 33.15 0.36 3621 5021 177 877 553 3.12 0.63 16682 16.68
MP35.5 35.23 0.39 3858 2733 134 950 484 3.61 0.50 13738 13.74
MP43 38.2 0.28 2846 2250 143 894 526 3.68 0.59 13770 13.77
MP45 36.12 0.46 4639 3190 196 1189 518 2.64 0.43 14341 14.34
MAX 38.24 0.46 4639 13183 443 1189 678 3.68 1.12 17960 17.96
MIN 33.15 0.28 2785 1978 134 604 269 0.70 0.30 7035 7.03

AVERAGE | 36.69 0.34 3485.36 6123.09 250.36 820.9 472.81 2.32 0.6 12925.72 12.92
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Introduction

The Middle Jurassic strata (Dalichai Formation) is widespread across the Alborz Range. It is chiefly
characterized by alternating shale beds, bluish-grey thin to medium bedded limestone, and marl including
ammonites, belemnites, and sponge (Steiger, 1966). Various mega- and microfossil faunas are recorded in
the formation, including fairly rich ammonites, spores, pollen grains, dinoflagellate cysts, belemnites,
bivalves, brachiopods, echinoderms, sponges, bryozoans, and foraminifera. The 212-m-thick Dalichai
Formation in the Bashm stratigraphic section, Eastern Alborz, mainly consists of marl, argillaceous
limestone, and a few intercalations of cherty limestone. With distinct disconformity, it succeeds the Upper
Triassic-Lower Middle Jurassic Shemshak Formation and gradationally underlies the thick-bedded limestone
of the Upper Jurassic Lar Formation. This study aimed to make and correlate a palynostratigraphic
framework for the studied interval and interpret the palynofacies and paleoclimate of the Dalichai Formation
based on palynological data at the Bashm stratigraphic section, Eastern Alborz, northern Iran.

Materials and Methods

In the studied section, twenty-four samples were collected for palynological analysis. All samples were
prepared following standard palynological processing procedures (e.g., Phipps & Playford, 1984),
comprising treatment with hydrochloric (10-50%) and hydrofluoric (ca. 40%) acids for dissolution of
carbonates and silicates, respectively. Thereafter, hot 50% HCI was used to dissolve silica-gel formed during
the HF-silicate reaction. Then the solution was neutralized and centrifuged in ZnCl; (specific gravity 1.9) for
density separation. Neither oxidative nor alkali treatments were applied. Residues were sieved through a
20um mesh and strew mounted on glass slides using liquid Canada balsam. All the samples, slides, and
figured specimens were stored at the Laboratory of Paleontology of the Department of Geology, Faculty of
Science, Imam Khomeini International University, Qazvin, Iran.

Discussion

The 24 samples examined yield well-preserved, diverse palynofloras consisting predominantly of
dinoflagellate cysts and miospores (spores and pollen grains). Fungal spores and acritarchs occur as minor
constituents. The presence of some index species of dinoflagellate cysts leads to the identification of three of
the North-western European biozones (Woollam & Riding, 1983; Riding & Thomas, 1992; Poulsen &
Riding, 2003), i.e., Cribroperidinium crispum Total Range Biozone (late Bajocian), Dichadogonyaulax
sellwoodii Interval Biozone (Bathonian to early Callovian) and Ctenidodinium continuum Interval Biozone
(early to middle Callovian). Moreover, the presence of such dinoflagellate species as Mendicodinium
groenlandicum and Systematophora areolata has been used to attribute a late Callovian age to the upper part
of this studied section. Therefore, the late Bajocian - late Callovian age is collectively attributed to the
studied section. This age assignment based on palynological data is consistent with the age presented by the
ammonites (Hossein Zadeh, 2011) in this stratigraphic section. The erected palynozones correspond largely
to those established in Northwestern Europe and reveal the marine connection between North of Iran with
Northwest Europe and the Northwestern Tethys during the late Bajocian to late Callovian ages. Quantitative
analyses of the palynological data indicate the dominance of a relatively shallow, low-oxygenated marine
environment with a relative increase in depth at some intervals upward in the studied section. Such spore
species as Klukisporites, Cyathidites, Dictyophyllidites, and Gleicheniidites known to have been produced
by Pterophyta dominate the palynofloras. Thus, the contemporaneous coastal vegetation was characterized
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by the predominance of Pterophyta and minor components of Ginkgophyta, Pteridospermophyta,
Coniferophyta, Lycophyta, and Cycadophyta. Moreover, this reconstruction accompanied by the dominance
of warm and intermediate dinoflagellate cysts collectively indicates a mild to warm climate for the Dalichai
Formation in the studied section during the Middle Jurassic (late Bajocian - late Callovian). Indeed,
according to the paleogeographic maps, in the Middle Jurassic (Middle Callovian), the Alborz Mountains of
northern Iran occupied lower latitudes between 20 to 30 degrees north (Thierry, 2000; Seyed-Emami et al.,
2008; Wilmsen et al., 2009, 2010). This position confirms this paleoecology for the Dalichai Formation.

Conclusion

All samples examined yield well-preserved, diverse dinoflagellate cyst assemblages. 26 identified
dinoflagellate cyst species led to the identification of three biozones: Cribroperidinium crispum (late
Bajocian), the Dichadogonyaulax sellwoodii (Bathonian to early Callovian), and Ctenidodinium continuum
(early to late Callovian). Due to such dinoflagellate species as Mendicodinium groenlandicum and
Systematophora areolata, a late Callovian age is attributed to the upper part of the studied section. This age
assignment is consistent with the age presented by the ammonites in this stratigraphic section. Palynological
data designate the dominance of a relatively shallow marine environment with a relative increase in depth at
some intervals upward the studied section. The abundance of intermediate and warm water dinoflagellate
cysts and ferns in the surrounding area of the Dalichai Formation depositional setting and also fungal spores
collectively indicate a mild to warm climate for the Dalichai Formation in the studies section.

Keywords: Palynostratigraphy; paleoclimate; Middle Jurassic; paleoenvironment; Eastern Alborz; Dalichai
Formation.
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Introduction

One of the most extensive Cretaceous strata is the marine strata of the Gurpi Formation in Zagros, which was
studied based on paleontology studies. The Gurpi Formation type section is located in Tang-e Pabdeh, North
of Masjed Soleyman city (James & Wynd, 1965). One of the most important achievements obtained from the
Gurpi Formation is the evaluation of stage boundary and biostratigraphy of it. In this section, the Gurpi
Formation consists of 143 m thick which mainly consists of marl and marly limestone.

Materials and Methods

In this study, 73 samples from the Gurpi Formation interval have been studied. Samples were prepared
following the standard smear slide method (Bown & Young 1998). All the slides were examined under the
polarized light microscope at x1000 magnification. The nomenclature of calcareous nannofossil follows the
taxonomic schemes of Perch-Nielsen (1985) and Burnett (1998).

Discussion and Results

To study biostratigraphy based on calcareous nannofossils, the Gurpi Formation succession in the southwest
of the Aghar anticline, SW Shiraz, was selected. In this section, the Gurpi Formation with 143 m thickness
mainly consists of marly limestones and marl. For introducing index species, calcareous nannofossil
assemblages, and bio-zones, slides have been studied at the Gurpi Formation, which led to the determination
of 40 species and 21 genera of calcareous nannofossils. In this study, ten biozones were recognized in the
Gurpi Formation. Bio-zones including Lucianorhabdus cayeuxii Zone (CC16), Calculites obscurus Zone
(CC17), Aspidolithus parcus Zone (CC18), Calculites ovalis Zone (CC19), Ceratolithoides aculeus Zone
(CC20), Quadrum sissinghii Zone (CC21), Quadrum trifidum Zone (CC22), Tranolithus phacelosus Zone
(CC23), Reinhardtites levis Zone (CC24) and Arkhangelsiella cymbiformis Zone (CC25) with Late
Santonian - middle Maastrichtian in age. According to the first and last occurrence of index species the
following bio-zones are identified:

1- Lucianorhabdus cayeuxii Zone

This bio-zone is recorded from the FO Lucianorhabdus cayeuxii to the FO of Calculites obscurus. The age
of this zone is Late Santonian. The thickness of this zone has been measured approximately 4 m.

2- Calculites obscurus Zone

The second zone is recorded from the FO of Calculites obscurus to the FO of Aspidolithus parcus. The age
of this zone is Late Santonian - Early Campanian. The thickness of this zone is 4 m.

3- Aspidolithus parcus Zone

This zone spans the interval from the FO of Aspidolithus parcus to the last occurrence of Marthasterites
furcatus. The age of this zone is Early Campanian.

4- Calculites ovalis Zone

The next nannofossil unit recorded in this study is the CC19. This zone spans the interval from the LO of
Marthasterites furcatus to the FO of Ceratolithoides aculeus. The age of this zone is late Early Campanian.
5- Ceratolithoides aculeus Zone

The next bio-zone recorded is CC20. This zone spans the interval from the FO of Ceratolithoides aculeus to
the FO of Quadrum sissinghii. The age of this zone is late Early Campanian. The thickness of this zone was
measured at about 15/6 m.



Scientific Journal

Sedimentary Facies
Spring & Summer 2020, Vol. 13, No. 1 b 150

6- Quadrum sissinghii Zone

This zone spans the interval from the FO of Quadrum sissinghii to the FO of Quadrum trifidum. The age of
this zone is early Late Campanian. The thickness of this zone was measured at about 4/4 m.

7- Quadrum trifidum Zone

This zone spans the interval from the FO of Quadrum trifidum to the LO of Reinhardtites anthophorus. The
age of this zone is late Late Campanian. The thickness of this zone was measured at about 57 m.

8- Tranolithus phacelosus Zone

This zone spans the interval from the LO of Reinhardtites anthophorus to the LO of Tranolithus phacelosus.
The age of this zone is late Late Campanian- Early Maastrichtian. The thickness of this zone was measured
at about 38 m.

9- Reinhardtites levis Zone

This zone spans the interval from the LO of Tranolithus phacelosus to the LO of Reinhardtites levis. The age
of this zone is Early Maastrichtian. The thickness of this zone was measured at about 4 m.

10- Arkhangelsiella cymbiformis Zone

The last nannofossil unit recorded in this study is the CC25. This zone spans the interval from the LO of
Reinhardetites levis to the FO of Nephrolithus frequens. The age of this zone is middle Maastrichtian.

So, as a result of this study and according to the identified bio-zones, the age of the Gurpi Formation is Late
Santonian - middle Maastrichtian.

Keywords: Calcareous nannofossils; Biozones; Zagros; Cretaceous.
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Introduction

The Arab Member (upper part of Surmeh Formation) in the Balal oil field in the middle part of the Persian
Gulf is 130 meters thickness. It consists of thin to medium grain limestone, thin to medium crystal dolomite,
and anhydrite. It is equivalent to the Arab Formation of Saudi Arabia, Bahrain, Qatar, and the United Arab
Emirates (Al-Husseini, 2008).

Materials and Methods

A total of 200 rock samples were selected for analysis. Thin-sections were prepared at the Ferdowsi
University of Mashhad and the Iranian Offshore Oil Company. The preservation of the microfossils is good,
and identification follows Loeblish & Tappan (1988), Boudagher-Fadel (2008), Chiocchini (2008), and
Hughes (2018), and they were stained with Alizarin Red-S solution using the Dickson (1965) method to
distinguish calcite from dolomite. According to Dunham (1962) and Embry & Klovan (1971), the carbonate
microfacies were classified. Skeletal and non-skeletal grain identification follow Flugel (2010).
Parasequences of the Arab Member were recognized according to the sedimentary cycles and their relative
sea-level equivalents (Haq et al., 1988; VVan Wagoner et al., 1988-1990).

Discussion

This research aims to determine the age of the studied member, microfacies, and sequence stratigraphy of the
upper Surmeh Formation in Balal oil field in the Persian Gulf. The investigation of benthic foraminifera and
green algae is led to the identification of 12 species belonging to 12 genera of benthic Foraminifera and 2
species 2 genera of Algae. Based on the index taxa, two biozones are distinguished within the Arab Member:
Kurnubia jurassica Interval Zone and Clypeina jurassica Range Zone, which indicate the Kimmeridgian-
Tithonian age for the Arab Member in this part of the Persian Gulf Basin. Petrographic investigations is led
to the identification of 12 microfacies (Mf1-Mf12). These microfacies are grouped into four facies
associations that are assigned to four depositional environments (supratidal, intertidal, lagoon, and shoal)
sited on the inner part of a homoclinal carbonate ramp. Facies analysis was carried out mainly by using the
standard facies model for ramps by Flugel (2010). One third-order sequence can be substantiated in this
study.

It should be noted that the lagoonal facies are considered to represent the maximum flooding surfaces (MFS)
for depositional sequence due to the lack of other deeper facies. In addition, sequence boundaries are
indicated based on a combination of methods, including core observations, microfacies analyses, and the
presence of evaporite minerals along with gamma-ray logs. By sequence, stratigraphic analysis one third-
order sequence was recognized in the studied member that consists of transgressive systems tract (TST) and
highstand systems tract (HST).

Conclusion

Based on the determined biozones (Kurnubia jurassica Interval Zone and Clypeina jurassica Range Zone),
the age of the studied succession is Kimmeridgian-Tithonian. Petrographic investigations are led to the
identification of 12 microfacies. According to Walter's law and facies evidence, the Arab Member sited on
the inner part of a homoclinal carbonate ramp. The Arab Member deposited in one depositional sequence
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based on seismic data, facies changes, and benthic foraminifera; One third-order sequence consists of
transgressive systems tract (TST) and highstand systems tract (HST).

Keywords: Arab Member; Jurassic; Benthic foraminifera; depositional environment; sequence stratigraphy;
Persian Gulf.
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Introduction

The Zagros structural zone has undergone part of its evolution and sedimentation trend during the Cretaceous
on the northwestern margin of a vast carbonate platform called the Arabian Plate (Sharland et al. 2001;
Ziegler, 2001). Darian Formation Lower Cretaceous in age (Aptian-Albain) (Schroeder et al. 2010) is the last
formation of the Khami group named by James & Wynd (1965) and is important in terms of hydrocarbon
reservoir potential (Habibi et al., 1994; Rahmani et al., 2010). An essential feature of the Darian Formation
is the abundance of different species of orbitolina, so that at the beginning of studies, this formation is
named "Orbitolina limestone" (James & Wynd, 1965). The study of benthic foraminifers in carbonate
sediments of the Dariyan Formation revealed round to oval subjects in Orbitolina tests. Since these subjects
have been field by sparry calcite cement, known as “calcite eyes” (Galloway 1933; Schroeder & Cherchi
1979), various theories have been proposed about the mechanism and cause of the formation of "calcite
eyes" (Colom, 1955; Mohammed, 1996). The present study tries to provide a report on the characteristics of
calcite springs and the process of their changes in terms of frequency, size, and dispersion in Darian
Formation sediments. In the following, the hypotheses about the formation mechanism of these structures are
examined.

Materials and Methods

Banesh and Sangsiah stratigraphic sections were selected based on geological maps. Total 351 samples were
collected and named according to Dunham (1962) classification for carbonate rocks. Different species of
“calcite eyes” were identified based on Haslett (1992) and Schlagintwait (2007). To investigate the
relationship between calcite eyes and adaptive reactions of Orbitolina to the environmental condition such as
low oxygen states, the abundance trend of calcite eyes was correlated with early Aptian oceanic anoxic event
(OAE1a) (Moosavizadeh et al. 2014) interval.

Discussion

Because there are still uncertainties about the mechanism for the formation of these structures, the present
study tries to compare the morphology, frequency, and distribution of "calcite eyes" in Orbitolina, the
sedimentation, and paleoecological conditions during the formation of sediments of the Daryian Formation
with the processes discussed concerning the formation of "calcite eyes" and the best mechanism to specify.
The structural features of "calcite springs" include morphology, their position on the orbitolina tests, and
their stratigraphic distribution. These structures are seen in two main forms, spherical and oval shapes.
However, boring in these two forms has caused irregular shapes in these structures. In terms of stratigraphy,
these structures are abundant in the Upper Aptian sediments and are simultaneous with highstand facies of
the seawater. On the other hand, in terms of abundant facies and magnificence, "calcite springs"” have been
observed in elongated orbitolina related to orbitolina rudestone of open marine setting.

Conclusion

Investigation in orbitolina of the carbonate sediments of the Dariyan formation revealed the existence of
round to oval subjects called "calcite eyes". Examining the structural properties and based on the evidence
available, it was found that these objects cannot be created as a result of an adaptive response to
environmental changes, and these are, in fact, sponge spicules that form as foreign objects in the tests of
benthic foraminifers in the Dariyan formation.
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Introduction

The Tethyan seaway was located between the Gondwana and Eurasia supercontinents (Reuter et al., 2009).
The Qom basin developed at the northern margin of the Tethyan seaway (Reuter et al., 2009). In addition,
the Qom Formation was deposited in this basin during the Oligocene-Miocene ages (Reuter et al., 2009). The
researchers indicated that the Qom basin was divided into three sub-basins by the Urumieh-Dokhtar
magmatic arc, and the sub-basins are inclusive of the fore-arc sub-basin (Esfahan-Sirjan basin), the back-arc
sub-basin (Qom basin), and the Intra-arc sub-basin (Reuter et al., 2009; Mohammadi et al., 2013). The study
areas (Andabad, Nowbaran, and Kahak areas) lie in the back-arc sub-basin (Qom basin). In this research, the
paleoenvironmental conditions (such as light, nutrient supply, salinity, substrate nature, depth of seawater,
and temperature) of the Oligo-Miocene deposits (Qom Formation) were studied.

Materials and Methods

The Andabad area, with the coordinates of N 36° 48' 12.6" and E 47° 59' 28", is located 19 km away from
northwestern Mah Neshan city. The Nowbaran area (coordinates of 35° 05' 22.5" and E 49° 41' 00") which is
situated at 53 km from northwestern Saveh city, as well as the Kahak area (coordinates of N 34° 23' 01.1"
and E 50° 50' 20.2"), lies 30 km from south Qom city. The Qom Formation in the Andabad (with 220 m
thickness), Nowbaran (with 458 m thickness), and Kahak (with 645 m thickness) areas mainly contain shale
and limestone rocks. The lower boundary between the Qom and Lower Red formations is unconformable
with the Andabad and Nowbaran areas. In the Kahak area, Eocene volcanic rocks are covered by the Qom
Formation sediments. The Upper Red Formation unconformably overlies the Qom Formation in the Andabad
and Kahak areas. The upper boundary between the Qom Formation and Recent Alluvial deposits is
unconformable. A total of 401 rock samples from the study areas were collected. Microfacies analysis and
paleoecological studies were performed by resources such as Dunham (1962), Embry and Klovan (1971),
Pomar (2001), Mutti & Hallock (2003), Mossadegh et al. (2009), Mateu-Vicens et al. (2009), Brandano et al.
(2009), and Pomar et al. (2014).

Discussion and Results

The deposits of the Qom Formation were formed in the Kahak, Andabad, and Nowbaran areas during the
Rupelian-Chattian, Aquitanian, and Burdigalian ages, respectively. The paleoecological studies show the
high marine salinity to hypersaline conditions in the Kahak (Rupelian-Chattian), Nowbaran (Aquitanian),
Andabad (Burdigalian) areas. The euphotic condition can be considered for the deposition environment of
the Qom Formation in the Kahak (Rupelian-Chattian), Nowbaran (Aquitanian), Andabad (Burdigalian). In
the study areas, the oligotrophic to mesotrophic conditions can be observed. The paleo depth of seawater in
the Kahak and Andabad areas was variable from less than 10m to more than 30m. The seawater depth in the
Nowbaran area fluctuated from less than 10m to more than 40m. Therefore, the sea in the Aquitanian stage
was deeper than the Rupelian-Chattian and Burdigalian ages. The abundance of coral, red algae, and large
benthic foraminifera in the study areas indicate tropical and subtropical environments (18 to 25°C). The
grain associations such as foramol and foralgal (belong to heterozoan association) were identified in the
study areas.

Keywords: Neotethys; paleoecology; Qom Formation; Kahak; Nowbaran; Andabad.
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Introduction

The Dalichai Formation in Parikhan section in the west of Shahrood with a thickness of 250 meters
consisting of an alternation of bluish-gray was studied. This formation overlies the Shemshak formation
disconformity, and it has gradually been covered by the thick-bedded limestones of the Lar formation. The
biogenic components consist of brachiopods, gastropods, bivalves, ammonites, echinoderms, belemnites,
sponges and sponge spicules, radiolarians, ostracods, benthic foraminifers. The aim of the present study is to
discuss the age of the formations and paleobiogeography relationship based on foraminifera and
dinoflagellate cyst assemblage.

Materials and Methods

The Parikhan section is located on the central part of Alborz Mountains, approximately 14 km west of
Shahrood (coordinates with E 54° 49°11” and N 36° 24720"). 27 samples were collected systematically and
processed for palynostratigraphy following the standard palynological technique described in Traverse
(2007). Cold hydrochloric (30 %) and hydrofluoric acids (30 %) were used to dissolve carbonate sand
silicates, respectively. The residue was neutralized and centrifuged in ZnCl, with specific gravity (1.9
g/cm3). The materials were then sieved using a 15-um nylon mesh and mounted on microscope slides using
liquid Canada balsam. The present study shows that the Dalichai Formation is rich in terrestrial (spores and
pollen grains) and marine palynomorphs (dinoflagellate cysts, acritarchs, and scolecodonts). In the
laboratory, thin sections were prepared from all marly limestones and hard resistant shaly marl samples to
achieve further microfossils evidence and aid sedimentological descriptions. All samples were processed for
foraminiferal analysis following the standard method of Lirer (2000). Thus, 21 species belonging to 17
genera of planktonic and benthonic foraminifera were identified.

Discussion and Results

In the present study, 30 species of dinoflagellate cysts belong to 22 genera and 10 species of spore, which
belong to 8 genera, and 7 species of pollen, which belong to 4 genera, have been identified. Based on the
presence and stratigraphic distribution of the most dominant miospore, Klukisporites variegatus and
Callialasporites dampieri of pollen are identified in the Dalichai Formation (late Bajocian - Callovian).
Based on recorded dinocyst assemblages, especially marker species, three palynozone, including
Cribroperidinium crispum Total Range Zone (late Bajocian), Dichadogonyaulax sellwoodii Interval Zone
(Bathonian — early Callovian), and Ctenidodinium continuum Interval Zone (late Callovian) were identified.
Cribroperidinium crispum Total Range Zone

This biozone encompasses 43 m of the base of the Dalichai Formation from samples 1 to 9. The zone
differentiated here is equivalent to the Cribroperidinium crispum zone of Poulsen and Riding (2003) for sub-
boreal Northwest Europe and Cribroperidinium crispum zone of Mafi et al. (2013) and Ghasemi-Nejad et al.
(2012) for Northern Iran. Proximate dinocyst such as Nannoceratopsis spp., Nannoceratopsis pellucida,
Pareodinia ceratophora are abundant in the zone. Meiourogonyaulax valensii is also relatively common in
this biozone.

Dichadogonyaulax sellwoodii Interval Zone

The Dichadogonyaulax sellwoodii zone (Riding and Thomas 1992) is equivalent to the Ctenidodinium
sellwoodii zone of Poulsen and Riding (2003) for sub-boreal Northwest Europe and the Dichadogonyaulax
sellwoodii zone of Mafi et al. (2013) and Ghasemi-Nejad et al. (2012) for Northern Iran. This biozone
encompasses 57 m of the Dalichai Formation above the Cribroperidinium crispum zone (samples 9 to 18).
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Dichadogonyaulax sellwoodii and Ctenidodinium combazii have their first appearances at the base of this
zone. Many proximate and proximochorate dinoflagellate cysts such as Ctenidodinium combazii and
Ctenidodinium spp. were recorded in this zone. These are considered to indicate an age of Bathonian to Early
Callovian for this zone.

Ctenidodinium continuum Interval Zone

This zone encompasses 39 m of the Dalichai Formation above the Dichadogonyaulax sellwoodii zone (from
samples 19 to 25) and is marked by the LAD of Ctenidodinium combazii. A slight change has been recorded
in the upper boundary of the zone as the index species Scriniodinium crystallinium whose FAD marks the
end of the zone in Britain (Riding and Thomas 1992), sub-boreal Northwest Europe (Poulsen and Riding
2003), and Northern Iran (Mafi et al. 2013) has not been recorded. We, therefore, used the FAD of
Ctenidodinium tenellum as the marker for the upper boundary of this zone. These indicate the middle to late
Callovian for this zone. Dinoflagellate species are abundant, but all the species were concentrated in lower
parts of the Dalichai Formation in the Parikhan section; therefore, planktonic and benthic foraminifera was
used to determine exact age. The planktonic foraminifera comprises approximately 5-10% of the assemblage
at the studied locality, and are found within a benthic foraminiferal assemblage consisting of a mixture of
smaller agglutinated species and calcareous species (hodosariids, opthalmidiids and spirillinids) without any
larger foraminifera. Planktonic foraminifer’s preservation varies from poor to moderate. The planktonic
foraminifera association from the Parikhan section has been compared with those previously reported from
time equivalant strata worldwide (Boudagher-fadel et al., 1997). This formation was divided into two
biozones based on Lenticulina varians-Ophtalmidium Assemblage zone and Globigerina bathoniana Taxon-
Range Zone. In the early Bathonian, the beds show the first appearance of planktonic foraminifera. Two
protoglobigerinid genera are recognized: a low-spired species identified as Globuligerina sp. and a high-
spired form assigned to Conoglobigerina sp. Our discovery is the first report of planktonic foraminifera in
the Middle Jurassic (lower Bathonian) of Iran. It can be correlated throughout the Middle East, from Saudi
Arabia to Oman and Syria. The assemblages recorded from the Dalichai Formation are very similar to coeval
Northeast Iran and Northwest European populations. The close similarities of dinoflagellate cyst
assemblages and planktonic foraminifera recorded from the Dalichai Formation with Northwest European
populations confirm the connection between two sedimentary basins during Middle Jurassic.

Keywords: Biostratigraphy; Dalichai Formation; Index dinoflagellate; Foraminifera; Eastern Alborz.
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Introduction

Calcareous nannofossils are one of the most important groups used for oceanic sections biostratigraphy. This
research has studied calcareous nannofossils of the deposits attributed to Oligo- Miocene in Lut Block
(eastern Iran). Previous nannofossils studies on Paleogene and Neogene deposits of east Iran were done by
Hadavi & Zohravi (2010); Jalili et al. (2017). The present research is another investigation of calcareous
nannofossils in the Avich section. The studied section with 550 meters thickness is located in the southwest
of Qayen city and the south of the Avich village. The lithology of the deposits consists of sandstones,
argillitic limestone, and green marl with interbedded sandstone. This study aims to determine the calcareous
nannofossil assemblages and discuss the possibility of applying the standard zonation and age determination.

Materials and Methods

In this study, 20 samples from the upper part of the deposits attributed to Eocene, 100 samples from the
lower part of the deposits attributed to Oligo-Miocene, and 100 samples from the upper part of these deposits
from the Avich section have been studied. Samples were prepared as a smear slide method (Bown & Young,
1998). The examination of nannofloras was performed at 2500x magnification. All images were taken in
either cross-polarized light (XPL) or (PPL). All calcareous nannofossil specimens were identified by using
the taxonomic schemes of Perch- Nielsen (1985) and Bown & Young (1998).

Discussion

Calcareous nannoplanktons are widespread in the present oceans, from coastal areas to open ocean settings.
They are suitable for biostratigraphical studies since they are abundant, planktonic, rapidly evolving, and
largely cosmopolitan. Regarding calcareous nannofossils, 45 species belonging to 18 genera have been
recognized at the studied interval in the Avich section. In the present samples, structures of the central area
in many species such as Helicosphaera and Chiasmolithus; indicate the calcareous nannofossils in this
section have medium to relatively low preservation. The most important identified species are Chiasmolithus
oamaruensis, Isthmolithus recurvus, Discoaster druggii, Triquetrorhabdulus carinatus, Discoaster kugleri,
Catinaster coalitus, and Discoaster hamatus. Some species belonging to Discoaster, Catinaster,
Triquetrorhabdulus and Isthmolithus are existed from the lower part or upper part of the studied section.
Other taxa such as Hughesiu, Coccolithus, Tetralithoides, Sphenolithus, and Helicosphaera are present in
most samples.

In the present study, Martini's standard calcareous nannofossil zonation (1971) was applied. In this zonation,
the NP abbreviation represents Paleogene nannoplanktons (Nannoplankton Paleogene), and NN abbreviation
means Neogene nannoplanktons (Nannoplankton Neogene). In this study, according to the first and last
occurrences of marker species of nannofossils, two calcareous nannofossil biozones NP18 (Chiasmolithus
oamaruensis Zone) and NP19 (Isthmolithus recurves Zone) in the upper part of Eocene deposits, NN2
(Discoaster druggii Zone) and NN3 (Sphenolithus belemnos Zone) biozones in the lower part of Miocene
deposits, and NN7 (Discoaster kugleri Zone) and NN9 (Discoaster hamatus Zone) in the upper part of
Miocene deposits were recognized.

Calcareous nannoplankton zones, especially the presence of NP19 at the uppermost part of Eocene deposits
and the presence of NN2 at the lowermost portion of Miocene deposits, indicate that the investigated
boundary has the age of Priabonian — Aquitanian in this area. Other determined biozones represent the age of
the Aquitanian-Tortonian for the studied deposits attributed to Oligo-Miocene in the Avich section. In this
section, the absence of NP20-NN1 biozones may be due to the facies changes and the lack of calcareous
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nannofossils in sandstone rocks of the succession or the tectonic activities between the Eocene and Miocene
deposits.

Conclusion

The nannofossil assemblages of the Oligo-Miocene deposits of the Avich section are relatively good in
diversity with medium to relatively low preservation. Index calcareous nannofossils allowed us to infer the
biozonation and record bioevents in these deposits. In this section, the presence of NN2 at the lower part of
Miocene deposits and the presence of NN9 at the upper part of the studied deposits show that the
investigated deposits are Aquitanian - Tortonian in age.

Keywords: Calcareous nannofossils; Lut Block; Avich; Aquitanian; Tortonian; Priabonian.
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Introduction

After the Mid-Cimmerian tectonic event in the Central-East Iranian Micro-continent (CEIM), the marine
sediments of the Parvadeh Formation were deposited in the Middle Jurassic, with a significant expansion in
the north of the Tabas block and mainly formed from dark gray fossiliferous limestone (Aghanabati, 2014;
Seyed-Emami et al., 2004). In this study, two sections of Parvadeh Formation in Ravar-Mazino sub-block
(92 km west of Tabas) and Kalshaneh syncline in Kalmard block (83 km north of Tabas) have been selected
for diagenesis and geochemistry studies. Diagenetic events are an important key in sequence stratigraphy
studies, identifying surface exposure phases and changes in environmental conditions (Moore and Wade,
2013). Analysis of trace and major elements also leads to a better understanding of environmental conditions
characteristics and better identification of fluid systems associated with diagenetic processes (Nader, 2017;
Oliveira and Truckenbrodt, 2019). A combination of field, petrographic and geochemical data was used to
investigate the effect of diagenesis on the studied deposits.

Materials and Methods

After completion of field studies, 113 rock samples were selected and studied by Cathodoluminescence (CL)
and polarizing microscope after the thin sections were prepared, while Dickson (1966) method was used to
detect calcite from dolomite. Also, 11 limestone samples were selected for geochemical analysis and then
tested by Zarazma Mineral Studies Company using the ICP-OES Varian model to determine trace and major
elements.

Discussion

Petrographic studies indicate that the Parvadeh Formation has been affected by micritization, cementation
(Isopachus, Granular, Drusy, Blocky, and Poikilotopic), neomorphism, replacement (dolomitization,
silicification, and pyritization), physical and chemical compaction, iron oxide, and fracturing processes.
Calcite was pink to red in staining with red alizarin, while dolomite was not stained. In addition, elemental
analysis of samples from the Parvadeh Formation showed that the amount of Sr varied from 269 to 678 ppm,
and the amount of Na varied from 604 to 1189 ppm. The changes ranged between 134 to 443 ppm for Mn,
1978 to 13183 ppm for Fe, 33.15 to 38.24% for Ca, and 2785 to 4639 ppm for Mg. Positive trend changes in
the Fe/Mn, Fe/Na, the low Sr/Mn ratio in the studied samples, and its inverse linear relationship with Mn
values showed the highest effects of meteoric diagenesis and, to some extent, burial diagenesis. Based on the
Sr/Ca plot versus Mn, it is possible to figure out the open and closed diagenetic system, the ratio of water-to-
rock interactions, and the oxidation and reduction conditions of the environment (Brand and Veizer, 1980).
The bivariate plot of Sr/Ca versus Mn shows that fluids in an open diagenetic system have stabilized the
limestone of the Parvadeh Formation. Modern and ancient tropical carbonates differ from their non-tropical
counterparts by their Sr/Na ratio and Mn contents (Rao, 1991; Winefield et al., 1996). In the Parvadeh
limestone, Sr/Na concentrations range from 1.44 to 0.3 (mean: 0.6), similar to carbonate samples and the
subtropical-temperate climate of the recent regions. The plotting of Sr/Mn with Mn provides a valuable
measure of the degree of dissolution in limestone (Rao, 1991). The average Sr/Mn ratio in the Parvadeh
Formation carbonates is 1.61. The low Sr/Mn ratio in the studied samples and its inverse linear relationship
with Mn values show the highest effects of meteoric diagenesis and, to some extent, burial diagenesis.
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Conclusion

Micritization, cementation, neomorphism, physical and chemical compaction, dissolution, Viens filling and
fracturing, dolomitization, silicification, and pyritization are the most important diagenetic processes of the
Parvadeh Formation. These processes have been carried out in four marine, meteoric, burial, and uplift
diagenetic environments, with meteoric and burial diagenesis having the most significant impact on the
Parvadeh Formation, respectively. Micriticization processes, formation of microcrystalline dolomites, and
some cement (overgrowth) have occurred in the stage of marine diagenesis. In contrast, dissolution,
neomorphism, and appearance of some cement (Blocky, Granular, Drusy) have taken place in the stage of
meteoric diagenesis. Also, physical compaction, stylolite, formation of some cement (Blocky and Drusy),
and medium crystalline dolomites have occurred in the burial diagenesis stage, while the development of
fractures and their filling has taken place in the uplift stage. The positive trend of changes in Fe versus Mn
and Fe versus Na graphs indicates the effect of meteoric diagenesis. The low Sr/Mn ratio in the studied
samples and its inverse linear relationship with Mn values show an increase in burial depth and a decreasing
trend of Sr/Na versus an increase in Mn, indicating a close combination of recent temperate carbonates,
whose geochemistry results are consistent with subtropical to temperate climates obtained during the Middle
Jurassic. Also, changes (1000 * Sr/Ca (wt)) versus Mn indicate the open diagenetic system in the Parvadeh
Formation.

Keywords: Parvadeh Formation; Diagenesis; Geochemistry; Tabas Block; Middle Jurassic.
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