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2- Palynodebris
3- Autochthonous
4- Allochthonous

Cleistosphaeridium sp., Coronifera oceanica,
Cribroperidinium orthoceras, Cribroperidinium
sp., Cymososphaeridium sp., Diconodinium sp.,
Endoscrinium campanula, Eucladinium sp.,
Fromea amphora, Gardodinium trabeculosum,
Hystrichosphaeridium sp., Kiokansium polypes,
Odontochitina operculata, Odontochitina sp.,
Oligosphaeridium albertense, Oligosphaeridium
cf. fenestratum, Oligosphaeridium complex,
Oligosphaeridium pulcherrimum, Oligos-
phaeridium sp., Pseudoceratium polymorphum,
Pseudoceratium retusum, Spiniferites ramosus,
Spiniferites sp.
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1- Odontochitina operculata, 2- Odontochitina sp., 3-4- Spiniferites ramosus, 5- Batiacasphaera sp., 6- Cleistosphaeridium sp., 7- Endoscrinium
campanula, 8- Diconodinium sp., 9- Cribroperdinium orthoceras, 10- Cribroperdinium sp., 11- Oligosphaeridium sp., 12- Oligosphaeridium
albertense, 13- Oligosphaeridium  asterigerum, 14- Cymososphaeridium sp., 15- Trilete spore, 16- Fungal body, 17- Bisaccate pollen,
18- Cicatricosisporites sinuosus, 19- Cicatricosisporites sp., 20- Dictyophyllidites mortonii (scale bar 20um).
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5- Highly proximal shelf or basin
6- Marginal dysoxic - anoxic basin
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7- Proximal suboxic-anoxic shelf



VYA (92 ol 3) ST ol (cwlisdbdinn (b 53 4l wijle (Kool gl (sooylus ) g 4la 0 Comn § bausmo

AOM (o) 6 355 AOM & AOM ) Blad AOM s

5 ool iy 4y 23 53 e Jol g 51 (S O st 4 058
L Sl oo o3 (S5 Jamn (5Ll o5 4
i Coenl ) 5 S g5 JSCS 53 0581 O s
Sosliwl b g5l slag SL 05T 325 b3yl
325l JT ol gn 525 4 528 ST 5 glos 055
5 OenS T plad (AT 5l e a2 035 YU ) 5 5o
S oS e Lo g esls Cows (I s 059,
Glag S S el 0,5 K, AOM 5 bibe o L
Tl 3 S omls (o5 0581 B (ames )3 Slsn o
Ll el s 1S e sl |y Colid AOM (s gun
sl ly (JTsles gilen o slag SL ol
63 058, AT b ol 31y 5 LS e 4 o S g
¢Tyson, 1989) uS s ud 5 Olas 5 ST 0y S AS!
Bombardiere & Gorin, sWaveren & Visscher, 1994
.(2000

o s (Sels ol gl el Sas bis
a3 o 2013 M gy e 5 0508 O e
3> a3l 035 4 25 SLaCs e sidly Sus Lais
L5 eVl (O gy o 5 058 355 2
5 Dby 93 0581 3585 Ol jon I8 sy VL &
Sl JToles b cladl 35 5uls 0dd duls 5 4 o
ol GME Sy S 5 058 Oln B ks
o LT s 5 el sl S bl pe Sl il
s 3L 058 Ol e S1 5 355 0 Colis AOM
IS i L5 slacs o gl el ol (6518 s
(Tyson, 1993) &5 oo s <55 0,5 AOM 4 5 o5l
Bombardier & Gorin, <«Waveren & Visscher, 1994
.(2000

il &S5l w05 AOM 4 Cslas AOM s asli
G 5l S e ol B 5 05T 55 Ll 5 51 LS

Aom 60 3s Palynomorph

5296 onsl G 9 O 33l (3 paas Jas 5 Gunald gilly Y S8
(1993) Tyson €€ ,lu gai (sbisa

I: highly proximal shelf or basin Il: marginal dysoxic-anoxic
basin 11: heterolitic oxic shelf (proximal shelf) 1V: shelf to basin
transition V: mud-dominated oxic shelf VI: proximal suboxic-
anoxic shelf  VII: distal dysoxicOanoxic shelf ~ VIII: distal anoxic
shelf IX: distal suboxic-anoxic basin.

& Ll Lg)l;\fgy”@af;q)j@,;tlﬂ
P o0y g FV (FP FO YD (¥F glad g 55 5 LA o

..5)..»

W8 (29w Lo O Ol g0

oz L S8 el y JT sl e CBlim ol 52
adl el 2J) (o stdly ol Lol os 8 aw Sl
e 4S 545 o0 odoeiw (AOM 5 oL slals e gl
oS Sl s (U g a3 el )5 (93L 5
Joals8 0l gy S L 0L 53 058 Ol e
S A sl sssm JTslse 5l bl

OLeMbl leslicul U Cowl odld s Eagis opl 5o
J—slse 51 gl n aalllas 5 SO5 05l o )lus
a > g e S g s JT 3150 Sus bai
o oS 5 S laslre S 5l i opl sl 4l
o b sy se Jalse o ege (O JSE) Sl odaT s

Al g



-
gz 2 |5| £
— a p— —_
E S| g g 4 2 e = E % =°
» |'S = — = = = = = =
< ot = = — ~ [ ]
Zlalal=|lE] 9 | & = = = = z -4
Y al 2 = S = = S
2
50
- ; |
- 48
£ 47
< 46
—-— 45
(7)) 44
w|3 43
=} No)
42
ol fa)
Q) U O) 41
(O K o 40
(o ot 39
o | o [
™ eTe 38
S BB —B
Oldl [=
0] 2l 34
3 0
O : m 32
] [
-
+ 29
a¥
25
21
19
16
10
5
+
1
onww»mqnw&ow:;;wwsommouwww 20 4 60 % 20 % & %
28 (m)
- = = [ 14
Dark Gray Shale Green Shale Brown Shale Gray Shale Limestone B

5568 sl yole silly ool so 5L o silly 45 655 AOM «psls o (sl se silly 45 s, AOM o5 0 oty AOM aseas i Linlas U<
S S pareeS 5y irareS o 4 oS (LA (IS G waan 058 sl rule sl 5 (lud) 58 4

il a2 55 S Sl oyl san 5 ol OLSS o gos L3l Bombardier & ) ol 513058 Ll 5 ediasolis il
OT o5 sl Oln b 05 555 Jasl -2 SOy oS .(Gorin, 2000
..Lv)Lw LSJ‘KU}‘“’J QLA) )J (th\:v.)k.w‘ )‘ ‘ff J‘-\ﬁ: )J) U':'Jd )b 44&_‘& -b)\_w )b J_ALF U-..-‘ 4.._..»\:;&) Lrﬂ)j'



VPN (9o oLl y3) obT ol (bt by 50 ailiuw w33l (S95elgiudly (sooslus 5 g 4y 20 Comn 5 banmo

oubu\_&&li):dfhjliManAOM w‘}wﬁ\f

A 20 (Dgw) 409> GBS Ol pudd
s JIAOMy / AOM(op) s u.::l::\( J.»Lo LS s

s osliul 3508 gl wle Saas § 5 Sii, e

Slalplogidh 4 PM (r) dnped 08 Sl pologidl

PM ug) J&& (Slard
Lome (51 o0l Wil g o (¥ LS ) Jale ()
sl s oy JSo (hang 6,5 ladl e dly sl
oo Lalal 5 dsled (b 1) ol Cdlue Al 5 o0 Y Hles
Boulter & ) wil s 500915 Jolo 51 595 gla Lases
3515 4SS ol adeas b 355 ol U (Riddick, 1986
23 (e S el (S 5 Skt T & by
Hart, ) sl «sls ¥ ¢ o5 Jl e sl Slabss 285
5 & Wl et Cows 4 Sledbl 4 4 45 L (1986
o domen o 5 ladl e sl ls el (s 03
YL G (ST )5 b (IS lais slad e sl
L5 Loy 5 6,0 6Lt slars 0,5 sl mle sl

(OJQ)MLLS‘LSJ‘KU}“JW}"

(S 9 51 dmd o 385 (SLRA 93310 L

(CIPPC) ca g5 § Cu 85 gouns 9 3
S 1 Ol a5 e bl 336 5015 31 oslizal b by5 cpuns (gl
(oS 5 2 15 S Slai S U oo
0Ly CIPPC jlasl g 487"y 5 2y 58 50 s
CaosS sl IR S 5 e S eslinul 5 e
il Bl edias ol wf 5 CooeS 5 5, S2p £ s0zes &
et W SAL 5 Sl (0l gy iy Lol 3) L 5

" ale¥ ol
STole S bis amyn 005, o @ly Jolo ol
S p Grate 5 dBl 0 by OT mbaws i Ol e
(BP/OP) 6,5 sladl puls sidl 4 (gl g5 (sladl puls sl
Jl b s Jl (Bombardier & Gorin, 2000) &l
Looe 030U 5 ol (S DS 4 sl s (5o 53
‘Waveren & Visscher, 1994) 1ib o J>lo 4 ¢S5 5
s Loses 0das Wi 6,5 I uls o)L (Schioler, 2002
33 Y game 5 Sl ol Sl 3 5 6T s 13055
5 O0Labl 51580 6l 358 n 3L 5 Lo ) 593 Lo
g Sasn Jalse s 58 ps b koY ble (2s
5 S8 Olsn el 3l el s & kel 31,8 13
ol s0LE AOM ialS™ 5 oL )s e e sidly ¢ 3
5 b3y bl g il o T sl pe VL (St Lais
aallles 3 50 (Slad 305 53 (5o g8 Ul purla 5y ESI Ly
Sl 4 ol ol Sl oV Jole 6 WL
Sl 0581057 Sl 5 Lia 5195 ¢ ol 1 95 Ll 2

(O JS8)

3(MP) oL 35 B yogidls 4 AOM (g Slad AOM o
(MP) 2035 S yogidl 4 AOM (o) 6 35 AOM

Ol ir oz (51 0iS JoSS ol Ol g6 4 Jule !
A 358 o s p GNE Cpy Bl 5 5 0508
oS Ll e 2bos S el 4 SLSE AOM )3l
ol b I O gy o 5 O35S A3 G (300 )
okas(lis LS’-\i)b g_}fhj\g‘baﬁSAOM oo U’:d—‘.)a‘j
il L3l T s & Sl 4y 4> 55 L
O3S 168" Ll 2 en 250 O asidly 4 Slis AOM

5l e ol (IS Oy o 5 O3S BB G

8- Lability



adle o VFY

s Spiniferites o5, § 3| oL a i > 35 >4 .(2000
L e ol Al 5 oS s Oligosphaeridium
Lo et Li OYLE 1 (am )3 5 bt SL oL o
.(Heimhofer et al., 2005) Lloiss 5 e >l ¢S 5
Loyl b s (61 5SS LS Al slaad 32 gl
6 s glia |5 iyl 3,0y l8 oyl 5 s S
« .(Sluijs et al., 2005) & ls 150 5ST Lol 5 4l 5 s
1> S e i 1 015 6T 51 s e
;1 Cyclonephelium Jts ol g 4.5 S eslinal o)l 4
U3 (g3my Jamme o ias0LE 5 A3 S IS (Gla
Oligosphaeridium 8 ;5o L5b 0 (S ) 5L
doas o 0Ly -l 510 ¢S 5 Ll complex
o5 S > (Quattrocchio et al, 2006)
Lo jeslily Josb ol 5 L Oligosphaeridium
i Al e ol S g 5l gl s
mal Al ¢S Lo >e S5Ls Odontochitina
«Circulodinium  distinctum gL ac s 501>
Lribroperidinium orthoceras «oronifera ocenica
Oligosphaeridium «Cymososphaeridium  sp.
Df sLaT (s 2 Spiniferites ramosus s complex
.(Svobodova et al., 2011 <Leereveld, 1995) wil .
5L by 4wsia Cleistosphaeridium sp. &8 5

(Jaramillo et al. 2006) wxl . i3 V'{ Lef
Slaw 4SO B FY 5P A FA OV ol el s
(el iy K5 SLads god any Sl Laa I 536 500
«Coronifera (Batiacasphaera sl > 52>
¢S 5 Jasws o 20 Spiniferites s Cribroperidinium
Lo bl & S Sy 57 slag Rl il e >
L5 LS 5 (53 ) my SLE Ll 5o Wi sa al 5

Sl (g 42

5 pT Lo oinsilts o gb ls5 b o) S (lacn
Sstomio b ConnS Ty 5 5 w; S 5 855165
5655 Rl b ediasOLS o sb Aol O 5 e
Ghasemi-Nejad et ) wewa L5 VS b sl
laa 15506 05 Olyl 8 s 5l (al., 1999
S5 L dge S S S s 5 a S (ConeSs
Al e oliiaia 5 ol 5 I8 gy 45
(0 JK&) (Vajda 2003; Ghasemi-Nejad et al., 1999)

Ty e lh (Sl gnld
IS (S O sy Lo §5 e Sl LD sl
o B Y G IO P (G- W RO L PR
5l lamme 5o 5585 4 LBl e DLy 5 BB L SL S
Jusb Sl 5 b gl bl eliph o Sab ol 4 S5 5
S @bo i b A Job 5193 Lo oy 5o
03,5 3l ala i L s Jusb Sl 5 L D sl
(il ot ol ¢Sn 5 ks el Spiniferites
Circulodinium- o5 5 i ola i s> 45 Jb= o
el s ¢S 5 Lyl & awaseiie Cribroperidinium
Ldd 5 saS slac;Ls ,s Cribroperidinium il 5
S5 oS sladisme | (S 68 51 53 055
H1s ¢Sa 5 ass e Cribroperidinium .co!
Peyrot et al., «Wilpshaar & Leerveld, 1994) & _..|
Y sns Spiniferites > .(Guler et al., 2013 2012
OYlae  m o Ll (ol 0l gy oy Ll 280 2t L
el ol Ll 55 5L b ys Laowe Loyl 5 slaslis
ol ol slly oz 1 (5 505 Jolge &SGaSTy uled (1
L Spiniferites ol j ST i 015 0 S o 5150
o dias 0L 2l (ABL ol e Lad Do sl Sl 3 5 ¢ 55
Mahmoud & Moawad, ) cl 5L b ys daoes Ll &

9- Open marine neretic



VPY (95 olul ) obT ol (bt by 50 ailiuw w33l (S95elgiudly (sooylus 5 g 4y 20 Comn 5 bnmo

S35 s Al 5 3T el Gy oy 5o S8
ot o3,5 o BT S5l stanst
(AOM 5 s o sidly cladl e 52Jl) (o505l ol
«(1993) Tyson asBaw Hls s - LgT Ll
Lyl s 5 oSS ain Ll (ol el Il 4
33 8 s (6551 0S5 55 preas Ly I e
b o el glaa IO suls wy s
S5 U s oS 5 51 68 i3l (6518 O g
‘_;)),3am(@g\s)uTwa.@\agﬁﬁb@)u
53T 66 9551 S a5 s o 5|
by & ile i Jsb s o Sl b
S 3l A 13 O3l g AL
Ol ys Loys V—( L > 2 5 Cribroperidinium
Lt 5 el 5 g Lo Bl 0 L5 (65108 g

Wl g gn il sl e (S 5o

03 5 1L s I3 guls 5l ola wi > 54 o>
9 ) sl 5 b Sl 55 L Oligosphaeridium
05 s il e () S5 e U pme
i 015 e 68w L3l slgsl s Cribroperidinium
£ Laadsas plaw 55 .Sl oLl s 6555 5 Lams
g Ladl e ks (5150 5 ol oS s Ladd 3306 g1l
9 sl ($31Ax5 o 5 SpiNiferites > g2 of on
AL ol G 4 )l S 5 Jae o me S
Licatricosisporites sla sl 5l ola i s>
sl 5 T Kl Triplanosporites s Deltoidospora
<Kedves, 1986) Cul (¢ pme § oo Lol 5 5 osb e

.(Mahmoud et al., 2007

S 5 dom
L3l 3l ol 4 (S5 sl s ul 4 a5 L

&b

0P YO () piST dre SBLLST 5 pwli o j Olo sl .@ag old e 10l (el ey ATV L6 (O Ll

= F1S gy b S e 5 G s il Wil 1Sl sl IYAE (g (58l w315 e 00 o5,
MY N O wlid gy g ()t (sla_ing s Iad 56 5l5 S (sl

SLas] 5 e oy ool ST o3 §134ST 5 gy 4o s 4l S 0553 a3 g2l ol Ll Y40 e casdle
2 VY e OIS

(5 Jlo) Gmanld 51 53 88 Wl il () At 5 4y 25 Lo anlllan AFAF (315 ol o ¢ ablS”
AY =98 o (Olgiont oSl i puslidipory 5 (50 (Slain sy . (S dly (SGE 1 sl g0 gl giome bl

5 ator g Sladi3lo (6551l 5 (5Pl WYY ol ¢ e o ipdie (635 s 1S5l 03l F qonl Cp (S ratS
YYDV ol gy 5 (IS i (sl sy f15 48 G b 53 $SEl (pulid i iy 53 68w

Batten, D.J., 1996. Palynofacies and palaeoenvironmental interpretetion. In: Jansonius, J., & McGregor,
D.C., (eds.), Palynology: Principles and Applications. American Association of Stratigraphic
Palynologists Foundation, Dallas, 3: 1011-1064.

Bombardiere, L., & Gorin, G.E., 2000. Stratigraphical and lateral distribution of sedimentary organic matter
in Upper Jurassic carbonates of SE France. Sedimentary Geology, 132: 177-203.

Boulter, M.C., & Riddick, A., 1986. Classification and analysis of palynodebris from the Palaeocene
sediments of the Forties Field. Sedimentology, 33: 871-886.



aodle uuxo Y FY

Fensome, R.A., & Williams, G.L., 2004. The Lentin and Williams Index of Fossil Dinoflagellates. American
Association of Stratigraphic Palynologists Foundation, Contributions Series 42: 1-1097.

Fensome, R.A., MacRae, R.A., & Williams, G.L., 2008. DINOFLAJ2, Version 1. American Association of
Stratigraphic Palynologists, Data Series no. 1.

Fisher, M.J., 1980. Kerogen distribution and depositional environments in the Middle Jurassic of Yorkshire
UK. Proceedings of the 4" International Palynological Conference (Lucknow) 2: 574-580.

Ghasemi—Nejad, E., Sarjeant, W.A.S., & Gygi, R., 1999. Palynology and paleoenvironment of the uppermost
Bathonian and Oxfordian (Jurassic) of The Northern Switzerland Sedimentary Basin. Kommission der
Schweizerischen Palaontologischen Abhandlungen, Basel, 119: 69 p.

Guler, M.V., Lazo, D.G., Pazos, P.J., Borel, C.M., Ottone, E.G., Tyson, R.V., Cessaretti, N., & Aguirre-
Urreta, M.B., 2013. Palynofacies analysis and palynology of the Agua de la Mula Member (Agrio
Formation) in a sequence stratigraphy framework, Lower Cretaceous, Neuquen Basin, Argentina.
Cretaceous Research, 41: 65-81.

Hart, G.F., 1986. Origin and classification of organic matter in clastic systems. Palynology, 10 (1): 1-23.

Heimhofer, U., Hochuli, P.A., Herrle, J.O., & Weissert, H., 2005. Contrasting origins of Early Cretaceous
black shales in the Vocontian basin: Evidence from palynological and calcareous nannofossil records.
Palaeogeography, Palaeoclimatology, Palaeoecology, 235 (1): 93-109.

Jaramillo, C., Rueda, M.J., & Mora, G., 2006. Cenozoic plant diversity in the Neotropics. Science, 311
(5769): 1893-1896.

Kedves, M., 1986. Etudes palynologiques sur les sediments préquaternaires de L Egypt Eocene. Revista
Espaola de Micropaleontologia, 18: 5-26.

Leereveld, H., 1995. Dinoflagellate cysts from the Lower Cretaceous Rio Argos succession (SE Spain). LPP
Foundation, 175 p.

Mahmoud, M.S., Soliman, H.A., & Deaf, A.S., 2007. Early Cretaceous (Aptian-Albian) palynology of the
Kabrit-1 borehole, onshore Northern Gulf of Suez. Egypt Revista Espafiola de Micropaleontologia, 39
(3): 169-187.

Mahmoud, M.S., & Moawad, A.R.M., 2000. Jurassic-Cretaceous (Bathonian to Cenomanian) Palynology
and stratigraphy of the west Tiba- 1 berehole, Northern western desert Egypt. Journal of Africa Earth
Science, 30 (2): 401-416.

Peyrot D., Barroso-barcenilla, F., & Feist-Burkhardt, S., 2012. Paleoenviromental contraols on late
Cenomanian- early Turonian dinoflagellate cyst assemblages from Condemios (Central Spain). Review
of Palaeobotany and Palynology, 180: 25-40.

Quattrocchio, M.E., Martinez, M.A., Carpinelli, P.A., & Volkheimer, W., 2006. Early Cretaceous
palynostratigraphy, palynofacies and palaeoenvironments of well sections in northeastern Tierra del
Fuego, Argentina. Cretaceous Research, 27: 584-602.

Schioler, P., 2002. Palynofacies and sea level changes in the middle Coniacian-Late CAmpanian (Late
Cretaceous) of the East Coast Basin, New Zealand. Palaeogeography, Palaeocimatology,
Palaeoecology, 188: 101-125.

Slimani, H., Louwye, S., Dusar, M., & Lagrou, D., 2011. Connecting the Chalk Group of the Campinen
Basin to the dinoflagellate cyst biostratigraphy of the Campanian to Danian in the bore hole Meer
(northern Belgium). Nether lands Journal of Geosciences, 90: 129-164.

Slimani, H., Louwye, S., & Toufig, A., 2010. Dinoflagellate cysts from the Cretaceous—Palaeogene boundary
at Ouled Haddou, southeastern Rif, Morocco: biostratigraphy, palecenvironments and
paleobiogeography. Palynology, 34 (1): 90-124.

Slimani, H., Louwye, S., Toufig, A., Verniers, J., & De Conink, J., 2008. New dinoflagellate cyst spe cies
from Cretaceous/Palaeogene bound ary deposits at Ouled Haddou, south-eastern Rif, Morocco.
Cretaceous Research, 29: 329-344.

Sluijs, A., Pross, J., & Brinkhuis, H., 2005. From greenhouse to icehouse; organic-walled dinoflagellate cysts
as paleoenvironmental indicators in the Paleogene. Earth-Science Reviews, 68: 281-315.

Svobodova, M., Svabenicka, L., Skupien, P., & Hradecka, L., 2011. Biostratigraphy and paleoecology of the
Lower Cretaceous sediments in the Outer Western Carpathians (Silesian Unit, Czech Republic),
Geologica Carpathica, 62 (4): 309-332.

Traverse, A., 1998- Palaeopalynology, 1% edition. London, Unwin Hyman, Boston, 600 p.



VYO (9o oluly3) obT ol (bt by 50 ailiuw w33l (S95elgiadly (sboylus 5 g iy 20 Conmn 5 banmo

Tyson, R.V., 1989. Late Jurassic palynofacies trend, piper and kimmerdgian clay Formation, UK onshore
and Northern Sea. In: Batten D.J., & Keen, M.C., (eds.), Northwest European Micropaleontology and
Palynology. Ellis Horwood Publishers, Chichester, 135-172.

Tyson, R.V., 1993. Palynofacies analysis. In: Jenkins, D.G. (ed.), Applied Micropaleontology. Kluwer
Academic Publisher, Dordrecht, 153-191.

Tyson, R.V., 1995. Sedimentary Organic Matter: organic facies and palynofacies. Chapman & Hall, Londen.
615 p.

Vajda, V., 2003. Pollen and spores in marine Cretaceous/Tertiary boundary sediments at mid-Waipara River,
North Canterbury. New Zealand Journal of Geophysics, 46: 255-273.

Van Der Zwan C.J., 1990. Palynostratigraphy and palynofacies reconstruction of the Upper Jurassic to
Lowermost Cretaceous of the Dra field, offshore Mid Norway. Review of Palaeobotany and Palynology,
62 (1): 157-186.

Waveren, 1., & Visscher, H., 1994. Analysis of the composition and selective preservation of organic matter
in surfical deep-sea Sediment from a high-productivity area (Bandasa, Indonesia). Palaeogeography,
Palaeoclimatology & Palaeocology, 112: 85-111.

Whitaker, M., 1984. The usage of palynology in definition of Troll Field geology, Reduction of uncertainties
in innovative reservoir geomodelling. In: 6" Offshore Northern Seas Conference and Exhibition
Stavanger. Norsk Petroleumsforenging, 1984: Paper G6.

Wilpshaar, M., & H. Leerveld, 1994. Palaeoenvironmental change in the Early Cretaceous Vocontian Basin
(SE France) reflected by dinoflagellate cyst. Review of Palaeobotany and Palynology, 84: 121-128.



aodle o

Palaeoecology and Palynofacies of the Sanganeh Formation in Amir Abad
Stratigraphic Section (Khorasan-e- Razavi Province)

Allameh, M.*
Associate Professor, Department of Geology, Mashhad Branch, Islamic Azad University, Mashhad, Iran

*Email: allameh0277@mshdiau.ac.ir

Introduction

The Sanganeh Formation is one of Early Cretaceous formations which is deposited in the Kopet-Dagh
sedimentary basin. It is investigated from palynofacies and palaeoecological points of view in Amir Abad
stratigraphic section. This formation has a thickness of 530 m and is mainly composed of dark grey shales. It
contains septarian nodules as well as cone-in-cone structures with ammonite in some horizons. The
Sanganeh Formation overlaid the Sarcheshmeh Formation and is distinguished by a limestone rich-in fossil
and is gradually underlain by the Aitamir Formation. Sanganeh Formation in the Amirabad section is located
at 36°34¢ northern latitude and 60° 5° eastern longitude 852 meter above sea level, in Amirabad village
along Mashhad Kalat road.

Discussion

50 samples were systematically collected from the Sanganeh Formation. Traverse method (Traverse 1998)
was used to produce Palynological slides. About 40 grams of each samples were cleaved and washed
carefully and kept in 20% concentration HCL for 24 hours and afterward 24 hours in 40% concentration HF.
Furthermore, samples were boiled in 20 concentration HCL for 20 minutes and sieved using 20 micron nylon
sieve. Moreover, in order to separate palynomorphs from heavier materials, samples were centrifuged with
zinc chloride solution between 1.9 to 2 densities. Fensome and Williams (2004), Fensome et al., (2008),
Slimani et al. (2008, 2010, 2011), were used for categorizing and identification of dinoflagellates species.
The following species are the most important dinoflagellates that were identified from analysis of
Palyonological slides from Sanganeh Formation:

Achomosphaera neptuni- Astrocysta sp.- Batiacasphaera sp.- Cerbia tabulate- Cleistosphaeridium sp.-
Cribroperidinium sp.- Cribroperidinium orthoceras- Cymososphaeridium sp.- Coronifera oceanica-
Diconodinium sp.- Endoscrinium campanula-  Eucladinium sp.- Fromea amphora- Gardodinium
trabeculosum- Hystrichosphaeridium sp.- Kiokansium polypes- Odontochitina sp.- Odontochitina
operculata- Oligosphaeridium albertense- Oligosphaeridium cf. fenestratum- Oligosphaeridium complex-
Oligosphaeridium pulcherrimum- Oligosphaeridium sp.- Pseudoceratium polymorphum- Pseudoceratium
retusum- Spiniferites sp.- Spiniferites ramosus.

From the identified fossils and different Palynological elements, three species of palynofacies were
identified: 1) Highly proximal shelf or basin, 2) Marginal dysoxic - anoxic basin, 3) Proximal suboxic-anoxic
shelf. A good interpretation of the environments can be obtained, using the data from Palynological Facies
and study of some conservation factors of organic materials. These results are obtained from the combination
of quantitative and qualitative criteria. Most important factor are listed below:

Fraction of transparent AOM to opaque AOM: This factor demonstrates the less oxygen or low oxygen (in
very few slides) conditions during sedimentation.

Lability factor: The Lability factor for the Sanganeh Formation samples show low levels of Lability factor,
due to lack of existence or low existence of brown palynomacerals trace in these samples. This indicates that
deposition has taken place far from shore, far from source and extremely in the low oxygen conditions.
Transparent AOM to fraction of marine palynomorphs fraction and opaque AOM to marine

Palynomorphs fraction: Increases from AOM; to MPs is indicator of low oxygen or oxygen free conditions
and slow sedimentation rate, also decreases from AOM,, to MPs is indicator of low oxygen conditions
during sedimentation in Sanganeh Formation.
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Opaque same dimension Palynomaceralto Spiky Palynomaceral fraction: In general, high fraction of PMsrt0
PMgg s indicator of sedimentation in deeper parts of the basin.

Corate to proximate Dinoflagellate fraction, proximocorate to cavate (C/PPC): High occurrence of proximate,
cavate and proximocorate Dinoflagellate is indicator of shallow sedimentation in this Stratigraphy Section.
(Vajda 2003; Ghasemi-Nejad et al., 1999)

Conclusion

From the study of identified Palynological slides from the Sanganeh Formation, Three kind of Palynofacies
were recognized and dominant environmental conditions was the quasi airborne and low energy during
deposition of this formation. Also it has shown that the basin of Sanganeh Formation was varied from inner
Neritic to outer Neritic and shows that low oxygen or oxygen free conditions occurred during sedimentation.

Keywords: Palynomorph; Palynofacies; Kopet Dagh; Sanganeh Formation; Amir Abad.
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