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Ammonia beccarii, Amphistegina sp., Archaias
kirkukensis, Asterigerina rotula, Bolivina sp.,
Borelis melo curdica, Dendritina rangi,
Elphidium sp., Globigerina praebulloides,
Globigerinoides sp., Meandropsina anahensis,
Meandropsina irnica, Operculina complanata,
Orbulina sp., Peneroplis thomasi, Pyrgo sp.,
Quinguloculina sp., Rotalia viennotti,
Schelumbergerina sp., Sphaaerogypsina globulus,
Textularia sp., Triloculina tricarinata, Triloculina
trigonula.
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Pliocene Brick-red conglomerates and tuffs
3 Alternation of green and brown marls in which green layers
M, are of predominant rock-units (Upper Red Formation - U.R.F.)

Miocene

White caloured thin to medium bedded fossiliferous reefal limestone
and some olive green marls in places (Qom Formation)

Alternation of brown and green marls in which brown layers

Oligocene are of predominant rock-units (Lower Red Formation - L.R.F.)

Light grey coloured poorly packed polygenous

Cretaceous Ko conglomerates and sandstones (Fajan Formation equiv.)

Cream coloured thin to medium bedded.
Ammunites bearing biomicrudites {Lar Formation)

OM
E = Green coloured well bedded tuffd and
ocene discontinius bed of volcanic breccia (Karaj Formation)
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A- Quinguloculina sp. (Sample AQO); B- Textularia sp. (Sample AQ7); C- Borelis melo curdica (Sample AQO); E- Sehlumbergerina sp. (Sample
AQ48); D- Schlumbergerina sp. (Sample AQ4); F- Amphistegina sp. (Sample AQ18); G- Sphaerogypsina globulus (Sample AQ7); H- Ditrupa sp.
(Sample AQ18); I- Pyrgo sp. (Sample AQ8); J- Dendritina rangi (Sample AQ 48); L- Elphidium sp. (Sample AQ 25); K- Ammonia beccarii (Sample
AQ3); M- Triloculina tricarinata (Sample AQ18); N- Triloculina trigonula (Sample AQ35); O- Bolivina sp. (Sample AQ16); P- Globigerinoides sp.
(Sample AQ16); Q- Globigerina praebulloides (Sample AQ26); R- Orbulina sp. (Sample AQ16); S- Ammonia beccari (Sample AQ 25); T- Rotalia
viennotti (Sample AQ25); U- Asterigerina rotula (Sample AQ25); V- Archaias kirkukensis (Sample AQ 48); W- Peneroplis thomasi (Sample AQ48);
X- Discorbis sp. (Sample AQ43); Scale bar: 0.5 mm.
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A- Meandropsina iranica (Sample AQ49); B- Meandropsina anahensis (Sample AQ49); C- Tubucellaria sp. (Sample AQ19); D- Operculina
complanata (Sample AQ16); E- Lithophyllum sp. (Sample AQ7); F- Coral (Sample AQ30); G- Echinoid spine; H- Echinoid spine; Transversal
section (Sample AQ36); Longitudinal section (Sample AQ15); I- Bivalve (Sample AQ37); J- Gastropod (Sample AQ36); K- Gastropod (Sample
AQ49); Scale bar: 0.5 mm.

Q1180395 9 308 <l (Sl Hgiwdgy b Hgiuigls Y 3yllewl oylust ) 5y Jolas oyl 55 5 ol das s
e et S KL BIVAR T & 55w Lo &S 035 (2010) Flugel « 5 ,> SMF18

Ll ol Jss b 52 5 050 Jold ) adllas 550 a3 e OLS O b FF (slads sas oyl s 1y Js1s



WAV gl @y Jlod jo o8 Wil (sga) dauo g (owliclicdy 533 5

350 S5 dsb s el ) (Sl o Ogrenil £
B o3 L5l YL 5 Gle glaidm 5305 4 5 anlllas
odins JS 85 ol slaeS T Ol o sl ol
S 83 53 5 A oo KT ) eslest 55 o)
Sjucb\_a,ej&;w.\_ﬁa,ava;\kgl_ﬁ
dila o 58 5o (A JS8) dey o Sy K
Slros ;5 Lol ad 5950 0 5 e p Sl s Jd
3 e o dalie oS (s Ol 4 5 Sl
qYM&Lﬁ&AT&»J}\JJAEMUL&)}U
..\_:;"TJ.éA_?r::J);L;:)lyj.s Lol 0395 o0 GMLLA(’.;JJ:}LN
RS- PP PR lacSaT Ko i EBE RS SR PE
a2l 30 ams 53 &S gy sb w el lols L6 5
5 b LS I olisl iy i e f 55 5550
3 gt L 5 4y o 3l JelS b 4 oK
5Ol s 3 il e otalive BB Ol e (sla foud
elalis 6 s el LS ol e ol b dilie
Wl 03,8 1y K Jble I i 48T sl
ol oLl Glao,lust 5y 5o Gl e ol 55
\)Mﬁd\hﬂdﬁﬁcwbé)ydb)br;ij
a3 V0 U Ve 59l U (63,90 434S (gysb 4 5,05
Aeas e S8 S i Jl glalas | K o
23 SMF7 s lustenl oyl 5y Jslae oyl 555 ol
slacay s cald ad e 5054 (2010) Flugel a5

S (g aa |y Gl
L ooslus) 5 ol 129U 01100595 B9l Ogauns 9 =0
el rﬁ Lile Sle gla ise o LS crf &
5 oobe 5 a¥ STL ST Ko Jols 3 5o
ol odias JS s C e LayS o IT ol e §
a5 Globigerina ks sl 01515055, 1y o ylust 55 )
o)l 3505 ol 53yl O1yl505 5,5 (A JSKa) dias e

BEREW-RT v i sjb)sg\)\}grflj:.at;&)yag

S 13 53 0 )last 5 ol il glalis 6
sy Olazslw u 56 4 Y o U S50 clacSaT
SIS O130595 9 e b GacSlla .ol 4 S ) 3
wlo.&.&:g}.ﬁ'x}s&a\ Sl oy Lghmxlgg)k
a6 556 o o s e LS5 15 0plt
odias LS sl ol Kos 3 (A JSK8) wilas S 415
30l o (Cmw gl Slres 5 4 Ol 5 g0 o)l ) 505 ()
Ol e 4 1S 53 Sl Slalad L ol e S5 5
oyl s 55 dolre o)l 5505 (ol 5 e 0 )LAN 208
L > 5034 (2010) Flugel «& 5 55 SMF18 5 )|kl
Sl e slaci s gl 5 s (S o)

s e Ol
SIS OLIB039) Migh Sl Oy B Oghus™y -F
Sl ity 55 Lt o )lasty ol il O35 § g8
OL Y laassaioylais 55 ganllban 3y 50 b ol
) PR T K. S VW D EPS BYCHI P - W 15
L oS 8 (55S Oy Bas 1y o5l i,
(o ) das e K5 0,5 5 5 50 50 (Sladiun sy
oyt g5y o odins SKis A sl o) s
5 SIS 93 0Tyl G Sy 4 Ol o0
4S oyt ol o i olakas L gas o, La1 AT
Iy sl e Cmiys kot b i) anle o510 s butes
3 ST Dlalas el jan Sl 5SS b3S
VO LN s 5o Shel 3L oS wias e LS5 b
BRI S| EE FrE PR S U N ENTAW. 2y W Wy
odalin 5 1) sladsl 8 A s (o o Slalis
3 Slslpas am 5 L ojlast s, ol L35 S
L 0S5 Oy g 4 OT (S e 5 okims 1S3
L Jslas oslest 35 ol ool ok 4 8 5 53 0328
(2010) Flugel <5 5 53 SMF16 s jlteul oylus 50,

.MJ@QW‘)&\J&&M}GQ}{



G bl o Sy Slez  VAY

(o )3V L 0 s5u 53) 28 Sl b booslust 5y ol
ol b (S ST 5,158 g5 5l A 3
P33 5 S SE el dalin L 5 oo
S Lsh p o gmen 0yl s 3y ol odins JSKa5 (gl
s S e 1 dop3 ¥ 5 53 S5l p g e 5
o) olis K oS 5 s e ol 3w |
Y b U oS50 slacSaT oKiu 1) o)l 5,
WA oyleds (o gai 53 oS o lust y 5y opl ad o LSS
S #r G OF lajl e 53 9 Y0 o)lat dges 35 5 Y0 b
35kl o 5last 5 5 Islas el od glulis o3 53
gl o> 5035 (2010) Flugel <& 55,5 SMF3

.&5@?5&#\)0}\5%

sdalie |6 0 STy il L (M LS s oS
L3Lw VWV 518 oyl Lok gas 53 o jlust ) Cpl dibl oo
sl Jalns 5l o5 ) 3 5 o sobaltn o3
545 . (2010) Flugel <= 5 ;5 SMF5 5 ikl

Aas a0l Ty )6 ot Las
o=l 01855 9 Lay5 o 01518038 Sl OgisS
555805 ¢S 15 b e Sl (b shime o5l
sdalin BB 3l 5 sl (SB35 5 Crnd S b
ol e IS5 b Slabad oy mege Sl diil
(S3aS 5 55l O1)1a05 95 am Ol s5 o sl 32
Lol e (1adS 53 5 595 5 Ol o okl Jam ilaba
35 J 5 Jom (b 53 Tan 4875 g )Ll e 3 S

93 (ks Slals (V35 L oo (2 JSKE) Lo

O 9, 5 5 st sl (0 fSa 5S (65 AS LIa00s0 Gola Ot B ¢ sian S () iaadlas 550 (s 5o sad olalis gla slud j 5, 4SS
O3S (& 1Pl ro o ieunils (& tnle 13 5 S5 6S (65 IS G0 sk sols 58S B 05y (@ (038 GLloss § 3o 8 Sala ssls
3035 5 603 aS Hllaodus sols 0ieSs (¢ 0SS olgoss ssls

adlats )3 08 Wjle JI5 55wty Dyso 45 a5 6
Ll ol O a5 Kok Yzt 0l ; o e dled
2 bes 5 5lbad Cals g Sl S (S & o
osdhe (V) SKE) il o 0T Haloe 5 b Slaise

J':.;&‘Jﬁ)}}')lq-ﬁuk;“jJﬁjcc.ﬁjj&)c)w)

9 a0 gl
Lo g ol Sluls laolust ;) Sl Ve S s
o bt o 7 aalllas 35 50 155 b 55 03 Ll g5
P PP I IO -0 W B SN S

i L o5 sLacSlr dislon Slai slagS T



VAY gley @y Jlod jo o8 Wil (oga) daumo g (oaliclicdy 3339 5

| Standard Microfacics

(SMF)
18 16 7

anoan 5
VL L a3
< F 3

Relative Sea
level LEGEND

Micro-
Facies

Sedimentary Sy i
5 6 lenvi model T L H

Serie

Stage

Member
Thickness(m)
Sample No.
Sequences

—
[
w
-

:| Lithology

UR.Formation

23
S
[

x [

Conglomerate

Sandstone

aDD
N
Extraclast

(Second reef)

Marl

Sandy

L u : ‘ limestone
n " '

! Argillaceous
X 3 limestone

' ' 1 =
Dolomitic
limestone

o i MFS ‘ v
i i Dolomite

" " @

Limestone

Qom

Miocene
Burdigalian
(First reef)

ember
=h=1}
| N | |

Lopia byl ipegbagog byl

A A
AP

Evaporite

veoniigelagnil

P
Disconformity

SB/

.R]
Microfacies

1: Grainestone - packstone with small benthic foraminifera

2: Floatstone - rudestoen with benthic foraminifera and red algae

3: Wackstone - packstone with pelloid, small benthic foraminifera and sand particles
4: Boundstone with coral

5: Wackstone with planktonic foraminifer

6: Packstone-grainestone with benthic foraminifer

Facies belts
3: Toe-of-slope  5:Slope  7: Platform-margin reefs  16,18: Platform interior

Abbreviation:
SB: Sequence boundary MSE: Maximum flooding surface H: High L: Low

OB sl oo lae s 555 lsmis Wi, Hlased 5 oIS dun gt N K



G2 ol ( Sby olgs VAV

y |8tf0rm

margiy
Sand shoal] Rg
— eef
Standard microfacies 16
——
18 E——

= Bioclast

% Limestone o, Coral

[T:1]
[ T.T| Sandy limestone
LI-T-]

<) Siliciclast

aalllas 500 oy oo a3 W)k s 65 (sl suliduy (oo, Jao VY K&

33 ls las,lus ) jaa L (O o8 o 5)
O)I58595 5 gy wm s L g5caS Ols0js, 3l o8

O OIS 5 (6 5) 55 o i H3lid

SIS e
S g aibie 53 il Ky Sl
Loy s Gloslast ) Sk Sl (S (slad1
bt an Slallas ol 55 0b 8 Sy pn iule b
Van) sy 5l ol sl e 5 o jlust )y azws oSS
4S () sb 4 Sl ol o3kl (Wagoner et al., 1988
Lo Ol o bl o o olgmil ¢ S5, 0l 3
SOl i Lo OT mla o (21530 A o litz
Sl S Gla g gt b 8 s S
b p (Ko gl S b anlllan 3 g0 ailate 5 08 L35
S lsie a1 0T 05 o0 & bl o oo S5 ¢ 5
2 e Jls ml glasl 5> (SB type 1) dsl ¢ 5 S
Sl ks 13 e caalsl 3 (OF JSB) s B L
LS 03 L5l () i O Dy slmn 53 (Slo sl
oA Sl o el b (S ) dny o e

@l 3153 T o 55 (2l 31 5 6K 403 5 00 25

B3l ol 58 5S35l et Kb Wl e
L5 oS bl Dlgu I (pidw OT ammi 55 &7 LiL
Aledd bl Sl e Sla s sk 5 )5 bl
S O S5 o Gl o i slaci ) pl ) >
L 5aS O30, 51 b 5 5 g 555 Y Looms
Gy Sty 93 LSl e Sl Lol on 05 i sy
5 Sy g Olass ¢ S Y L ol 53 Sl 0l
Lo 5 GLas T clasin o g il S ok
S o pleld (Ao ys Vv sgd 53) a5 JB Il
S 1 (8 slae)lest 5 Gy (S sk slaidu o
el a3 S S8 5l 0150505 5 Sisp e
Sladls s 5l epd Lile 6l Il S S i
Ol 5 50 gy Slaad ) Ol ol blE s 55wl
s 3 bl 0T )3 & Calods )18 55 (655 0
S S S s i gy 5 65 55 Sl e o
odb o5 5L GME gy (b3 lsad Cals sl S
5 0s3le QY (OIS 5 (gdames tLis (51 2) Sl

A0 (O SKes
2wl S S ol 505 slaisn Sl S5 p3Y
DS s (55 53 5 andllas 350 4l 5 S5 Ghbe



VA gy @yl Jlodh jo o8 Wijlw srga) daumo g (owlicliddy 533 5

S ot a8 L5 )3 (8 ojlecd (ggm) SISK)
23 05 5l (gl eds (S ime o) WIS bl

ML@&)ﬁw‘)bww.\)}AM

S 5 dom
ST (gl y s (ki i i 53 08 L
sla g 5l Size ;e VPA (gl 4 Ol sLe
UbyéL&T&ij&aTdﬁ;ﬁc@)b
S50 sb S oL s sl ysb 4 oS i o Y 2
s G A e S5 e B le) sLa I
Wil o 5 = s SIS 25 00 SEL s
el > Slalllas ol 4 815 VL e
SN glakis 4 Sy Sn S50 ablia (s,
Jomed 78 ol S0 8 e 0131305,
ol o 55l b 55 Borelis melo curdica es-La
Sloslast 52 Sl b3 8 o K355 Iy
S 8 e ojlus ) 7 SSE 4 bk sed 655
SMF 18, 16, 7, 5, 3 s luleul glao sy 55 Jslae
Sl 1y sty ST Cals sy Lomma ¢ same 53 5 LB
AS o et aalllae sy e o s KSlw ol
SIS i D J b s o)l 55 O s
il 5L s ST o o 131 L g5 &S5 odins OLS
sl U daulsl 5 —2alS Wy 5 b m danlgl b
i) i 8 oS et fgeea )3 &5 AL o0

.MM@N&A))}A&&J‘}S&‘ﬁ(}MoDJ

Kgﬁ@amm(\Aojw‘u}A)‘_;J:ﬁMU(,;JJ,'LW
w3 Ol e 40 Ol 5 o 15 03 5doms pl Gla JI 5 45 gocrs
255 L s (TST) adigy iy o les

L3 T oo bt elaw Olsie L a7 331 5o
s ysles 011505 cmwl ol ab S L, (MFS)
o &S (5 b 4 L5 5 s odalie (gledi>De L6 O e
Lo Uy ald 013055, (sl O gmaS s ojlasy 1SS
(2 00) T ojlad 4303 51 T oo ikl |z 2
&S das oo OLid 55 Sl chals Wy esbes By slgsl U
YU 51,5 o slast ) diws Ol e as Ol 5 oo 1) 03 5udoms
dnj_;),o,w,w_;u,jrs.c,_a,f,m,s(HSﬂ
O130555 5 g LSl 5 84S aalllas 350
o= ke ot sla it 3 (Tl 045 @ gy b S
ab>Sle JB1,ma b VL a8 L5le OAs iy 51 )3
b_gi\n{}ﬁjs,u,u}v;,ujuw;f.@umw
Ol 355 51 (0l ys SB)J oS Lams slae )l &
SBLype ) p 55 55 (il j po Ol 5t 4 Ol 5 oo a3 o0
(OF IS8 <6 8 s s

et a1 O mhaw ol 2alS 5 (515
L 15 o0 Yzl allan 3550 155 3 o5 5L
) GME gy s 53 p s 035 gy iS5
(Ve J88) aoal Oy o8 Jlad sl s 53 Ll
Q)ﬂ@&d)&%&&%)b@‘}ﬁ@rjy
055 53 o3l SN i 03 3 Sl s g by 8 8
claaig Gl COFAY LS 5 Oliils) o loms

CM°>JL§J‘“)J“;L§‘”&‘1“U‘}L‘"¢H.‘J)L§?.JJ,£

égb.o

u}#) éj—‘dbaﬂ))r.;JJ)LNG}M)-%}MM}LAOJL«})J{”)JA‘JT\V*Y CCcr-LS.A ‘5}"‘)} ¢ G‘SJA«P ¢! c&bﬁnu.\'

NN o Olglant o813 e ol pnlis 4 13 ool s las maidn (OIS O 2



G2 ol ( Sby olgs VAP

S Oolallas 0510555 et s o S5 o A Sy S ) (Sl80 L N FAA (g i3l 031 ol g
2 XY Ol Gl o O3 e BLEST o ko ¢ s 41 5 (bt e j DA

STk - e a6 3 o8 5l 318G il s 5 (6518 gy doke clao st 5525 WVAF 0l b e 023U ¢ Sismy
YANVNY (o D (sla lng

JLHZ))L};M)JVQ»UJLN&}MJ‘]@?UM}LAOJLM»:'-)}L)L;»)J.:.“‘/V\C.Cccdiaéﬁj)).‘éspc.“éj)}e
NOYNPY Y (s (sloolast, (OIS O 2

s i 53 8 il (S GO i 5 gy Jamme claoylust 5, Y40 e el g (olo e Sl
VYA QO] nli o aolihas (Glas S i) 058 ol 5,4

9,_;?‘0,5&_1:Jzﬁﬁgu\;}\_w&,ﬂ,@,@&%wj.mo (o g AL el e 1 e
NN Y (035 lid gy Dl (5 5L

_;\_JJ?-@)gvjx;p&ﬂ)@ujwu)&.\m« o OLlem 5 e o i B gl g S LS
INON NG Lares g puslid o g s oole a0lilias O s 59

WSS 5 S 5 SISO il b el o8 Ll (slaatig 4 5 Lasms s AYAY (o Sz OLS
NOANDY oo o ptiegy o ol K213 e ] panlisd pm§ pazed] Lot peanridin O ole & % O g

(315 055 ol 0,8 Ik (slactals ol g b b 53 o8 L5k O 0555 S38STL VAV Glist ) ez ol
NN SO Y Olgio] oKl g i ales jlas § i 5

gl Al s (B13 OB 0 53 08 e K (sl phial b ol iz B8 AYAF Ll e (sbon oz 0L
FYFYQ oo (Ol e o 7 ol 6O ) i o ponil i Lot s

ol O ol sU6ST 5 08 ke Gt sla il b pulibaia B S aallls AYAF oo Gl oLl
NONEE oo (Ol e g 7 oS (O ) ol ] el L oo

23 0 il (il (5 5 g gy Lamen coslest ) AP T s Slde s el ¢ s ilege Skl € 0L
BYNY N Ol i s aalihzs jlas § 5, Jlad (SKad 05 i p

W5l slaaig il 6, 5 (Ko (slaoslest ) LT AYM o o Sl (g oTn g3 sl 03 ¢ GLEL Lz DLl
N8 o cdpltn g3 3 olSE (Ol ) il 4 5 pereil Lot o g il 2 g 3 03

0L ola 55l Jlacsi 53 08 Ll (slasig 4 25 Lo 5 SIS A o5 IVAR o I Cp el g e DL
DFO NP rnj o sle alons

055 ) S a3 08 5l slasig (e (S A APAY (g (oo s cBian g 0L
DFNANE lpiol oS5 4l pale sy ale (555 5o Ol Sl (03 345 g 3 (o )lone

Csr) 35,48 4l 53 05 il ) Sladase 5 baos Lty ) (g IVAY G pin (655 0l (A @y cOlins

MY—F0 ¥ a g il (sla i g alzes (OLAIS



VAV gledy @y Jlod jo o8 Wil (sga) daumo g (oalicliady y o3 5

ST idne SBLEST 5 e oo ol iy 5 s ¢ on S 200 ) (ol (e AFVE (05 0030 o
oA

(lazmad aabis 5 Vj L5k Glroslust 55 5 (elidaia WA o Glam) cliga) e (3bTlae 515 ,m 05 (yslle
N o o s ply oK (Ol prlid 4 25 el Lo it Ol 5

] (et )5 4l Ol an ) o acilate )3 08 5l (il (LSS i 5 () s VAP 00 ¢ glke
Ao o gyl oS3 ¢ urlid o 5 uslidtin

Shaig il (L i 5 sy Lo sty ATAY () o (S 3 50 Gz sedke S el s o Ol
SFANYV AF e pgle aolihai (555 0 Ol ) (5 55 Jlad Olonds (551 Jlas 3 o3 5L

CS b ol gy LT el e ool Lo T o S5 Sy S Slaojlasty 5 (gl &K NV 0l (g 58
oY Ol Cd e

35S e SBLEST 5 erleds G j Ol NN v v el L ole (ol (e 4285 A YA o i)

(OBl o o) polS ailate 53 03 dijle gy Jamme s oot )31y (o AYAF g OLIRS e i oz ale
S o cclgita s 53 15 olKE5 Oyl sl a5 paed] s Lod peagd

4_?-U)>V_79.Ujl_.~ s L g oyl 5y oy NYAA “p 03 e (Ghazme (- cpdie (S 55 0l oS e ol ghanes
AFAN 2N ¢ gy (sloo sl (OIS S gix) o5

el o8 L5k SIS gy Lo (5Ll 5 Laoylast sy sy A FAY o siald e g p )l (ghoma
BF YD DO pwlidsgury 5 (5 Kair slo_ing s .0l S O e g Ol

(o8 S o) 5T )5 A_?u,br_;.u;t_wd,t;\fg,_ﬂ,duju,,w)w ATA0 ¢z s mle cl (damma
DAY YA penj oils sla_ing s

Jie 5 byl 5525 ¢ At s 3 IYAF 5 B3l e 5 glinls cop e 55 cop € e 8 ale i c(Sukoman
TNV D)W ¢l a0 (3 OLS oy 40 (3,5 ) 7 (3,8 e 53 03 W5 18 g5

Sy Laes sl g oyl g oy )y 2 TR0 Q.C@lz_ﬁg ot gonls PR G NS “p By fwy e
IS0 3 oSl (O | el 4 13 el g los o 3 o 5l 4 53 (03 055L0) (o o S (slanigs
MY o ol

) GBS GLls 5 4 3 g my aes ol 3 (5Ll ITAY 5 0L o m cpdiie (6255 ¢l (5 i cp elge
AN DD Ol il o j (o8 o o si) S 4l 3 b o5 Sen bl 2 o3 3l 53 55 50

A Los mezin (Olands G5 Jlad) Bl 5 am-b 53 08 il (gsmy Jamms 5 ol s SCn NVAY (6 i o (5 soate
YN as Olgio] S5 (Ol prlids 4 5 pomed]

W5 gy Jame 5 baoslust )5 5 (6, ar S IFAR g (s sl5ue .3 OWLS g ¢ Slin Sl esida cp sy 5

YY-YAA WY (L) 6[@4)[«&) dl’su uy cbl)TbLﬁ M)Lw\{ U:'J’ BE) Vj



G2 ol ( Sby olga  VAA

Adams, T.D., & Bourgeois, F., 1967. Asmari biostratigraphy. Iranian Oil Operating Companies.
Geological and Exploration Division, Report 1074: 1-37. (Unpublished)

Amirshahkarami, M., & Karavan, M., 2015. Microfacies models and sequence stratigraphic architecture of
the Oligocene—Miocene Qom Formation, south of Qom City, Iran. Geoscience Frontiers, 6: 593-604.
Behforouzi, E., & Safari, A., 2011. Biostratigraphy and paleoecology of the Qom Formation in the Chenar

area (northwestern Kashan), Iran. Revista Mexicana de Ciencias Geoldgicas, 28: 555-565.

Berberian, M., & King, G., 1981. Towards a paleogeography and tectonic evolution of Iran. Canadian
Journal of Earth Sciences, 18: 210-265.

Bozorgnia, F., 1966. Qom formation stratigraphy of the Central Basin of Iran and its intercontinental
position. Bulletin of the Iran Petroleum Institute, 24: 69-76.

Daneshian, J., & Aftabi, A., 2010. Foraminiferal biostratigraphy of the Qom Formation on the basis of new
investigation at Navab anticline, in southeast Kashan. Journal of Science University of Tehran, 35: 137-
154.

Daneshian, J., & Dana, L.R., 2019. Benthic foraminiferal events of the Qom Formation in the north Central
Iran Zone. Paleontological Research, 23: 10-23.

Dozy, J., 1944. Comments on geological report no. 1 by Thiebaud (on the Qum-Saveh area). Geological
report, 308.

Ehrenberg, S.N., Pickard, N.A.H., Laursen, G.V., Monibi, S., Mossadegh, Z.K., Svana, T.A., Agrawi, A A.
M., McArthur, J.M. & Thirlwall, M.F., 2007. Strontium isotope stratigraphy of the Asmari Formation
(Oligocene—Lower Miocene), SW Iran. Journal of Petroleum Geology, 30: 107-128.

Furrer, M., & Soder, P., 1955. The Oligo—Miocene marine formation in the Qom region (Central Iran):
Proceedings of the 4" World Petroleum Congress, Rome, Section I/A/5: 267-277.

Flugel, E., 2010. Microfacies of carbonate rocks: analysis, interpretation and application. Springer Science &
Business Media, 1006 p.

Holakouee, Z., Maghfouri Moghaddam, 1., Yazdi, M., & Yousefi yeganeh, B., 2018. Biostratigraphy and
Microfacies of Qom Formation in Urumieh-Dokhtar Zone, Iran. International Journal of Engineering
and Technology, 10: 1052-1066.

Jaafari, A., 1963. History and development of the Alborz and Sarajeh fields of Central Iran, 6" World
Petroleum Congress, Frankfurt am Main, Germany.

Karami-Movahed, F., Aleali, M., & Ghazanfari, P., 2016. Facies analysis, depositional environment and
diagenetic features of the Qom Formation in the Saran Semnan, Central Iran. Open Journal of Geology,
6: 349-362.

Khoshtinat, N., & Mehri, M., 2015. Stratigraphy facies and sedimentary environments of Qom Formation
Sofiyan region, North West of Iran. Indian Journal of Fundamental and Applied Life Science, 5: 4621-
4628.

Laursen, G.V., Monibi, S., Allan, T.L., Pickard, N.A.H., Hosseiney, A., Vincent, B., Hamon, Y., Van
Buchem, F.S.P., Moallemi, A., & Druillion, G., 2009. The Asmari Formation revisited: changed
stratigraphic allocation and new biozonation. First International Petroleum Conference and Exhibition
Shiraz, Iran.

Leoblich, A.R., & Tappan, J.H., 1988. Foraminiferal General and their Classiication. Van Nostrand Reinhold
Company, 2: 869.

Mohammadi, E., Vaziri, M.R., & Dastanpour, M., 2015. Biostratigraphy of the Nummulitids and
Lepidocyclinids bearing Qom Formation based on Larger Benthic Foraminifera (Sanandaj-Sirjan fore-
arc basin and Central Iran back-arc basin, Iran). Arabian Journal of Geosciences, 8: 403-423.

Nouradini, M., Azami, S.H., Hamad, M., Yazdi, M., & Ashouri, A.R., 2015. Foraminiferal paleoecology and
paleoenvironmental reconstructions of the lower Miocene deposits of the Qom Formation in
Northeastern Isfahan, Central Iran. Boletin de la Sociedad Geol6gica Mexicana, 67: 59-73.

Reuter, M., Piller, W. E., Harzhauser, M., Mandic, O., Berning, B., Rogl, F., Kroh, A., Aubry, M. P,
Wielandt-Schuster, U., & Hamedani, A., 2009. The Oligo/Miocene Qom Formation (Iran): evidence for
an early Burdigalian restriction of the Tethyan Seaway and closure of its Iranian gateways. International
Journal of Earth Sciences, 98: 627-650.



VAR gley @y Jlod jo o8 Wil (sga) dauo g (owliclidy 533 5

Sabouhi, M., Sheykh, M., Darvish, Z., & Naghavi Azad, M., 2010. Facies Analysis and Depositional
environment of the Oligocene-Miocene Qom Formation in the Central Iran (Semnan area). EGU
General Assembly Conference Abstracts, 30 p.

Van-Wagoner, J.C., W., Posamentier, Mitchum, H. R.M.Jr., Valil, P.R., Sarg, J.F., Loutit, T.S., & Hardenbol,
J., 1988. An Overview of the Fundamentals of Sequence Stratigraphy and Key Definitions. In; Wilgus,
C.K., Hastings, B.S., Posamentier, H., Van Wagoner, J., Ross, Ch.A., & Kendall, Ch.G.St.C. (eds.), Sea
Level Changes: An Integrated Approach. SEPM Special Publication, 42: 39-45.

Yazdi, M., Parvanenezhad Shirazi, M., Rahiminejad, A.H., & Motavalipoor, R., 2012. Paleobathymetry and
paleoecology of colonial corals from the Oligocene—early Miocene (?) Qom Formation (Dizlu area,
central Iran). Carbonates and Evaporites, 27: 395-405.

Zhu, Y., Qi, Y., Zhang, B., Yang, H., He, C., Wang, S., Zhou W., Zhu, Q., & Li, Z., 2007. Revision of the
age of the Qom Formation in the Central Iran Basin, Iran. Journal of Asian Earth Sciences, 29: 715-721.



SR (pedl ¢ Sy Slg>

Micropaleontology and sedimentary environment of the Qom Formation in the
northwest of Zanjan
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Introduction

Qom Formation carbonate succession unconformably deposited over the red clastic layers of Lower Red
Formation after the Eocene tectonic movements in Iran (Berberian & King, 1981; Rahimzadeh, 1994). The
type area of the Qom Formation is located in the South East of Qom city. Qom Formation has been divided
into six members in the type area (Furrer & Soder, 1955). Based on biostratigraphic studies, Eocene to
Middle Miocene age has been proposed for the Qom Formation (Bozorgnia, 1966; Dozy, 1944; Furrer &
Soder, 1955; Jaafari, 1963; Zhu et al., 2007). Later studies by (Daneshian & Aftabi, 2010; Daneshian et al.,
2008; Ruter et al., 2009) show Oligocene — Miocene age for this Formation. Sedimentological studies in
different sections show carbonate shelves and ramps in different locations. So, to biostratigraphy and
sedimentary environment reconstruction of Qom Formation, one stratigraphic section has been sampled in
the North West of Zanjan.

Geological setting

The studied section is located in the North West of Zanjan near And-Abad village. To access the area, we
can follow the main road of Zanjan to the Mahneshan. Geological coordination of the studied section is: E
47059 10.77 N 36° 48 08.54 . In the studied section, we can see the F member of the Qom formation that
created the heights of the area. The And-Abad village is located on the Upper Red Formation in this area.
Qom Formation in this area overlies the Lower Red Formation (with the angular unconformity boundary)
and underlies the Upper Red formation (with the sharp stratigraphic boundary).

Material and methods

Fifty-three thin sections have been prepared from 168 meters of carbonate layer related to the Qom
Formation. We used Adams & Bourgeois (1967) and Leoblich & Tappan (1988) for our biostratigraphic
studies. The microfacies studies and reconstruction of the sedimentary environment have been done based on
Flugel (2010), and sequence stratigraphy studies carried out according to Van Wagoner et al. (1988). 23
species of foraminifera and 6 microfacies groups have been identified using a transmitted light microscope.

Discussion

Biostratigraphic studies lead to the identification of 23 foraminifera species: Borelis melo curdica, Textularia
sp., Amphistegina sp., Schelumbergerina sp., Quinquloculina sp., Sphaaerogypsina globulus, Pyrgo sp.,
Dendritina rangi, Ammonia beccarii, peneroplis thomasi, Meandropsina anahensis, Meandropsina irnica,
Triloculina trigonula, Orbulina sp., Bolivina sp., Operculina complanata , Globigerinoides sp., Globigerina
praebulloides, Triloculina tricarinata, Elphidium sp., Rotalia viennotti, Asterigerina rotula, Archaias
kirkukensis. The total range zone of the Borelis melo curdica index species shows Burdigalian age in many
studies such as (Adams & Bourgeois, 1967; Ehrenberg et al., 2007; Laursen et al., 2009). In this study, the
first occurrence datum (FOD) of this species can be seen at the base of the section from the lowermost part
of the Qom Formation layers and the last occurrence datum of this species is located at the top of the section.
So we can propose the Burdigalian age for all studies layers of the Qom Formation in this section.
Microfacies analysis leads to the identification of 6 different microfacies as follow: 1- Grainestone-packstone
with small benthic foraminifera, 2- Floatstone-rudestone with benthic foraminifera and red algae, 3-
Wackstone-packstone with peloid, small benthic foraminifera, and sand particles, 4- Boundstone with coral,
5- Wackstone with planktonic foraminifer, 6- Packstone-grainstone with benthic foraminifera. These facies
are related to the platform interior, platform margin, and slope and toe of slope parts of the carbonate shelf.
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Sequence stratigraphic studies is led to identifying one depositional sequence (3rd order) with one sequence
boundary type | and one sequence boundary type Il. Relative sea-level changes curve and the stratigraphic
log show one transgressive-regressive trend during all sections.

Conclusion

To biostratigraphy, microfacies, sedimentary environment, and sequence stratigraphy analysis, one
stratigraphic section related to the Qom Formation has been sampled in the North West of the Zanjan. All 53
thin sections have been investigated based on microfacies and fossil contents. 23 foraminifera species have
been identified. Based on the total range zone of the Borelis melo curdica index species, Bourdigalian age
has been proposed for the studied layers. 6 different microfacies have been identified that show interior
platform to lower slope areas of a carbonate platform as a sedimentary environment of the studied samples.
On depositional sequence has been determined based on microfacies analysis that shows one transgressive-
regressive trend during all sections.

Keywords: Micropaleontology, sedimentary environment, Qom Formation. Zanjan.
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