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. Oceanic anoxic event
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4. Coniacian
5. Neocomian

2, Valanginian
3. Aptian
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7. TurboVap system

8. Long-chain aliphatics

9. CPI; Carbon Preference Index
10, Xylene

11, Tetramethylbenzene; TeMB
12, Bimodal
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1. GC; Gas chromatography

2, GC-MS; Gas chromatography-mass spectrometry
3. EOM; Extracted organic matter

4. Normal hexane

5. Maltene

6. Soxhlet extractor



Response

\Al4

50,000

a) b)
2,500
40,000 g
2,000 - o &
30,000 g 1500 ‘i: |
g £ o 3
20,000 | & 1,000 ‘ E ]
10,000 500 - ’ JJ |
"""" L ‘ U PR RRNEYV—
oo bbbt 04 i e
0 20.00 40.00 60.00 80.00 100.00 0 20.00 40.00 60.00 80.00 100.00
Retention time (minutes) Retention time (minutes)
n-alkanes W
110 + R | 1007 d) CuHt
|
| 80
S0
Tm
| 60
70 - %
E ‘ Biomarkers 2
2 — g . CyH
8§ so &
| CyuH
’ | L [l NL“JM s
" CyH
J»*“J"M R s 1 ST N T
1 20 60 30.00 40.00 56 00 60.00 70.00 0. 60 25.60 30.00 35.00 40.;)0 45.00 5000 55.00 60.00 65.00 70.‘00 7500 80.00 85.00
Retention time (minutes) Retentiontime (minutes)
1007 e) Steranes C,, 0] f) Steranes C,,
-~ ——p
Steranes C,, ‘ l Steranes Cy
80 | ‘ — 80 ‘ ’ [ 4‘—>
‘ Steranes Cy, ‘ ‘ SteranesC,, ||
604 I — 60 ‘ ‘ — |
] ‘ ‘ | ‘ 2 [
g “ [ 1‘1 ‘ r 2 40 I {
g . ‘ ] g | ‘
H [ " Wl Ll |
sl . i i+ I {4, !'“‘Mn‘ ’4‘:“ | \1 20 Il '.‘ | |
( ““::\ N \‘l“‘.‘,‘,".‘"\ ALY T Yl W‘h‘\‘, i L
o : : f o] ; "
45.00 48.00 51.00 54.00 57.00 60.00 63.00 66.00 45.00 48.00 51.00 54.00 57.00 60.00 63.00
Retention time (minutes) Retention time (minutes)
9,5 Wijlw Jlazw! pogin 30 Silogyl g gledsl sy oy 635 (B1595log S b yloges .Y JSC&
Lo 4y aiunlg s )5 liscens 5 Y Jous
Gr | ol | ol | gl | gl | gl g -Cy -Cn oby olbgs s .
Sy90 Cyy Cya Crs LY obed & Olaws /N obed/n Cys/Cya CyRI/Cy. ol el & B9 93
res 129 (3] ) ) RS ol i
A Yo YY/IA ArdAR) 444 <Y <Yy -1 eladl L6 AR AR A
G YvIf YAIX AR7AN O.AN < IAY Avd AR eladl LB AR AR Y/IAY
H YYI-0 YFIfY Y7lovY 0.00 <Y <Yy -1 eladl L6 - IfY <N\Y AFAT

by S 4 2l Sl JTolge 059 51 0 Gld 5 e
F U jo eols sl ol Gz go a5 (sl 00y L]
g $gd oS Vb g o oo 4 (Hlyp 0
Oizme i Lis 093 I glo,B T slge ilaseia
Cri Olse Gl (2byo (o5 Le Ll Joay
Cowl a8l olidl 9,8 Wil o (CRYY/Cy) Gyl
Lulyd opl cos (Vo0 (ohlen 5 550) (1 J9o2)

el 0l (ol g glals aw slal 5 Cas
sluze (axls plpisay ol pasls o5 polie
ool (51 S 55 Wile Geagin sladiged 3 550
Col ool Fy sl Gl e o ganaY e S

O s Oher @ oliel Cens ool bl
A i o(F S2) O Jgu) glid @ b
i 5l g5 Wil eaums LSS L,>_JT olgs 45" s, 0
OLHen g lgdge Ve e A olols 5 LL) auib W]
Vool o) an g 550 VAT (laalgn om0 VAL
polie |y el Cawyob blacwl (ol Ll (Y o ¥ (ol
ol AL )80 Connd S Sl a5 (g VL
0900 4 (i3 jlead el (oL SL slge 09,9 e
Obed (F93 Cesloog 9,5 wile (2byS (o9 4Ss>
Job) ceslass> jo Sl bl JIs 55 e
Gsime y58s Gl (Voo ¥ bl A AVY (60,500



"y o) (Ll g ke F) o)lad 18 099 (0 3yl (omwbidiirmn (x93 Lol

095 ol O s (V40 ) Ko g 59.2) (A
5 Gllw) bole (55 (232 Cigenr 359 by

C,, Sterane

Diatoms & bryophytes

Planktonic/Bacterial

Planktonic/Land plant

«$595) 9 o9y bz (p (Sed S04y (V4 -0
Slotome b ' olmld a4 dedgings Camd slaosls
Jgoz) el a8 3 18 aslie 5,90 s @ (b

@ A Location

® G Location

o
@ H Location

%

Land plants

o

100 90 80 70 60
C,, Sterane

40 30 20 10
C,, Sterane

(YA i 9 Kilgd) ()8 YA BTV (clb o il & 97 SioSa e silin loges ¥ JSUi

8.0
x
60 | «
+
o —
=
il
£
@ ]
g 4.0
o
=N
] —]
= Marineg,
20 7|
G T

Terrestrial

T
2

T
4 6

Pristane/Phytane

VooV copilsl) (grgm ) uzmo (o) 2 (812 Oyl &2 (b9 Cand Jillo 50 Bl &1 (b 32 S slools .F S

Follh Ko eos a4 Y IS (¥ Jgo) ol ol o [RX9
L b JoLf.‘:')l).) |) ULHSA.,QLW;)J g;u‘.w’5CV 6)u1
Bl NAVY (60,8 5 Job) oS (oo oy (29w,
e cuslio bl il g 90 €95 0359,5 9929 L L(VAAY
oy ads> d9 5 Cpidlawl-sy YL slgime 4
oS i 9 ssilam polic a5 a e Ja sl

1,.CV=-235 013Csat12.22 813Car0 — 11.65

5 elsl OlS 5 ;0 @0 S bk egnl cos
Lo gy p sl VO 5l G ) ol b Sy

e g 5 & US) cl a4 g,
el Sl polie (1290 (ygaals £V AAF 3l Y+ 0

553 Slacens Jolis 1o il i) CV el
oads SIUT gladises ;o (Ssbes,l 5 glodl wloS s

S 3l STyt p Cii b g egie g LS

. DBT/PHEN; Dibenzothiophene/Phenanthrene



NA VPo) Ll 5 5L XY o 3las 15 030 (93 2,15 (ol pmo (g8 (sLoALL;

5,5 isle ooy Ses JToole Lyl ol o . aos 5 b oog8 T olge sbliy o )ls bl Lyl

. s : Y e e I . : P - wa [ea B
W‘OM‘?U 60)595508340)3)5UL'45‘” OM‘SQ;B)MJJUL‘S))&‘)S‘Wjows}w)
X X All data
4 4
X Zone 1A Marine Carbonate
Zone 1B Marine Carbonate & Marl
Zone 1A Lacustrine sulfate-rich
Zone2 Mixed Shale/Carbonate
3 Lacustrine sulftac poor
X Zone 3 Marine Shale and other lacustrine
Zone 4 Fluvial/Deltaic

(¥

Zone 1B

DBT/Ph

Zone 2 Zone 3 Zone 4

0 1 2 3 4
Pristane/Phytane

€9 9 owrkume B ST hg cmni Holiioas lid A liws y Cad Jollo j0 (ol LS 4y (p89uT 95060 i (GL0OIS T O S
0838 (5o g j9u0) 9,5 wijlw 15§59l g

-32 -31 -30 -29 -28 -27 -26 -25 -24 -23 -2 -21 -20/19

Terrigenous
organic source

8"C aro 00/0

Marine organic 27
source 28]
29]

-304

® ALocation 3™

® G Location

® H Location

8"3C sat 00/0
9Lw) 9,5 i3l 51 Jlamiuwl (rogiu digad duw 3310 31 s 0255 Sl b Seilog,T g gLl G 50 (2,5 5l Coig il Cam £ S5

ALY ¢
g
4
’ Terrestrial oil
2 (oxidazing)
1
K ,
0.2 0.6 1 14 1.8 2.2 2.6 3 3.4 3.8
-1
2)
3] Marine oil
(reducing)
XK

Pr/Ph
C8AF 8lw) ol Sl (ol yo SO o 5;1&.‘.‘; S Jusid )5 gL ybiad oyl . o oo 30 CV ol yly Y Ui

2. Kerogen type lls



"l VPo) Ll 5 5L XY o 3las 15 030 (93 2,15 (ol pmo (g8 (sLoALL;

ool polie fals 1ny a8l )l gsl 15l o80
e Gl sk e 5 0l FeS b 3 56 sl
s (VNS (L en 5 aSs, VAAA waSs))
Esk VL B Jolpe somamoplis tlsa (sl
Cot i jeSde S Lol (VY Jauz) el >
il e gy 409> 4 2L S Sy 355 3L
5 35 w3k > s Jre o5 16 el wags 5.
ikl A leilse 5 Syhen Yo 0 o) Kan
(YooY

Bl LY ez o ginne byl eizes
Poos dmslne oty yig Sl 0 ,ls Jlgren oty g
3351 Cewday ol e ey bl (lgise )
plas slp cus g oSl Jlade ((VAAY g g aSs))
al> o Lilsl sbsT a5 ol <1Vl anlllas 5 50 3blis
Sylge 5o I LOAAE LS 5 50 ol 5,1 (Sisy
Slalllae bl pae (> b g Coing Jhwle 090
Ot od dpubre Cutiihy el ((g58s S
el )l Eok b Sln Sl 9 Sl

Jloy sy IT 4 Lo 5ig 93| o
(g brme 5 Sl oole g5 Galed sl w55 ol S
Jly Gyl @ leangsnsn! slocew pmy
g Sl Ve« F ()] )Ken 9 L,lsS) canl A S 3ollao
Lils sy sbsS @l (Y210 Y F o Ken
Sl oole el 9,5 Wile by gasy o olsl
iz (4 JSE) il 0as " iy Sl T8 Jerie
Camd Jlio 3o V)8 Gzl Lasls sloodls 3
bald Sooogzy b A IS8 gl 4 gl
GoaisS dlgiinny S Come )l aslls Sl polas
56 Sl 9,5 Wila ladiged )3 (515> Eob ST Jlocl
AN ) en 5 ladse 1225 ila 1AFY Ll
Sy oo yhaidy Lol (Ve o ¥ ol eV e o o), g 5,500
5 5t St oS Came )l pasls polie ualS oS
oyl ol Cos sl g8 wile Ly S g ol lae

5. %R, = 0.6xMPI-1 + 0.4
6. Biodegradation
7. CPI; carbon preference index

£l & Aiuuly (510 55 L
Y Ll o oy Sl Esb o
Jsaz) [Y-SIv-S+v-R)] Cra sloyl il yguml 3o ol
sy A dsly yaal i jenl a5l cpl 51 ST ()
2 S b szl 4 R LL sla bsle )l
S5 oy 0yzmty g Jlal> oy bogye 9,5 Wil e
dgax> U 35ko al> e jo ¢ 5l 50506 Cand 1)
s ad gl 0yl g 5k (gals e 40 (< 1OY-+/AD) /0.
Comnd polie a5 ol > g0 ol g aiS o s
2o oo ol 1) (2 (K Coa ol il (gl o]
NN laddge g Spw Vool ) Sen ¢ 5,50)
4 N olsR s S eizmen (Veo¥ (il
2 s 5 oliicen; Ko Gl @ Tobsmgt g
Sl sk 55 Wile oS wesie o5 S sk
Slsize > sk o g el 05,5 Ja Iy (oS
5 whes UGS ol Js 4 (higr g 5
31 S5z Olhgrstysim i slp Cd nl Sep
g Oyaew Vool o LKen ¢ 50 VAAP (lga)g0)
5 5 ysSae s anlllas cpl 4o Ll OVAYA olgolge
2 a8 Ssbar Wl 0l 55 Wil ggw; lase
9 dbos G S iy S5 olal slao Lz
Oles 5 69,:50) 225 18 €5k (2l e (s
w4 ol ke pgs g ol slagasls (VAT
(Y Jgaz) wiylo < [$F—[OA o < /0= 10N yo 5 polae
FeS Seilog)l g sl () o5 SlaS o ]
oReg3 50 Lol wigh o alid Solascen; Glyea
o) &5 Ssba i ls g5l i) b 055 Slbil yol>
S wmse Glis i (Sl slaSlas
b 85 oty Eob 4 bogaye 9,5 il oy sladiges
byl Koo b bl cplaS coul (85 02y Ly
TS N WO ORI SRV Ny 3 NTRRpe
5 552) (otomy Laeome 3l o & 05258 500 5
Oz (Vo V0 igsSadlyy 5 njsd Ve 00 o
5 S Olsiear TpBssriass Jite s resinl glatoms
Sl Egb Olime Gend Sz Y ol
Wlgi oo &S (V Jgo2) <ol Jol 2 23k o930l (5952
L. Tm; Trisnorhopane
2, Ts; Trisnorneohopane
3. Methylphenanthrene index; MPI-1, 2

4. Methyldibenzothiophene isomer ratio (MDR); 4-MDBT/1-
MDBT



. Vo) (bl g 5L XY olaid AF 0593 (60 2,5 (ulidiiymo (x295 (sLoardly

25518 Gl gl b))

=S zey ey b by ST il jo slale S
2 130 (1295 il sl o0lidl 3] )5S e Lanoma o

Eob 4 Al b 5l ;.Y g

Sy90 by | Ts/Tm | MPI-y | MPI-y | MDR | Tmax | Cy¥+S/(Y+S+Y+R) 4l sl
anlllae °C
A AN -10A -10A Ve A \ard NN
G eVt -1 Nidd Vea | fYA -1
H AT -16Y Nidd VeA | -1

10.0

Pristane / n-C,,
=
o

o1

1.0 10.0
Phytane / n-Cy

H19903) 9,5 Wijlw (G108 gy bl pd g (Fily> Eob o JT ool £65 (owyp 1y Jboy LT & busgig gl Comd A JSb

(V1D oyl )0 g Silw) gucuo 31 o0y wluidl

4
More oxidizing
34
H
E X A Location
> 2
=
E' X G Location
- +H Location
=
&
K]
A lTecmccmccecccc et e cccccccccccccmesem e — e ————————
X + x
More reducing
0 T T T T
0 0.5 1 15 2 25 3
CPI

(Y210 &yl ) 0 5 S'95°T) 9,5 i3l (rgmsy banxo (ouwy 32 yoliiody (ylid &1 ¢yl 33 s il 53 o158 Canmr )l 5L A JSC

Sl awliyS 0,90 b aS Cewl YL g IV (ugee U
Voo ) 5 500 VA S g 5 ples )5) o)le
S il Sy sl 0 djleedle 5 5lag
SleaaS SBT3 e aly oS laican
Ll TS 555 bl b si ! Lyl sl alor

3, Norcholestane

beiirmo o 41 Ay (51 )5 (Lb e 3
Oz () J592) Cra 2 Gy il S ppolite bl
bsSs (bogS lite Siw o5 gl am
odd S5 anli S 0)90 (SeSDLgd sladcgens
O Sl 95 0599 1y 555 00 Cad Ol w15

1, Oleanane
2, Nordiacholestane



m VPo) Ll 5 5L XY o 3las 15 030 (93 2,15 (ol pmo (g8 (sLoALL;

ool 0oy ely (glo)l8 Blgusy o5 99,9 b bl Lyl
“y Slgome g 09l dyly 59,5 JLsle 0 0,568
5335 3| e g 8 Gl 3 o5 35, Wl i

Al doles 9,8 aisle
SO el osls Fy ( Soslar aS ol Hlas 4y 5929 (I
5 ¥ ragingl pb a4y o Bl pd sl gt £95
Elsl ggime oluly 0AYR () el o
3 SIS iyt Sl olenty Sl
50 (Ve ISKE) (F Jauz) 9,5 wsle 5l Jlasiw! pegin
955 Wil 5l T olse 5 (359,5 59) 2 Esb ol s aslol
Jso) canb jlanl oe coa ST S il Gle e
P oS @Forl Sy 0 e Culead cely Sojlse
aLlls 992y (Sloenl ool zl 2wl esin 9 (35,5
osle 3l fpegig a5 WS oll ale coied o g ol
laiges axlix Ll ool 48,55 olas 4,5 Wil J
Jgaz) Cuilai gy JSis iz 091 (o yiwd )0 ues
ool MY (3le 993 DAY L) (F
ity (ad (S czge ohigh (S (ole S
s el ol o5 JoSUge (359 b Sisles,l LS 5
5 OxSha S8y SlaS s i b ()l
PRVSIVONE CH P 1 FESUN LICINR [PUE R [T BT | P

90
80

M A Location

SAT Aro

0 . ——

B G Location

2

AG o b ow)p Gl a5 o i 885l polie

IRV 3

oo | yoiw! pogin S i IS Olaxie
3529 ) she A5 dw o ol (Y US8) ¢ el (o3
(Soilsn olas, 10 Lol chwgie b S LS 5
09 2 Y s s 4 (2505 e g gl
s 42 Jl) Siloh i il (gl (gla U dandigas
ol 2 I Sy sole L w98 5 oo pj o8
39 Oezeed (Al ced Wal ST ‘;o)‘\yb aS el
o5 @ ciab oat S0y <o) b 5@ slapl Syiles,s
S glocn )59y i Sileg| oy a0 by e
& Gysbar Wl (Jwy o B e SeS
oad ey gyl g eaioas sanlice b3 C, oS 5
e S 5518 GlaSiles,l 5l (6 lade o5 el
NAAF ol 128V (o Kan 5 (spmnie) wigd g yls
OHKes g cudd Y LS 5 L )AAY
S o5 i g5 3929 ol b LV AAT (yaSg Y- - ¥
5 sy w5 Al el gabid Tolile 5 (slalS >
FB o5 i g g ol S i 50 sbo]
“0,5 S DSy gade el Sl
b Soilog, T 5 ol sloist s a5 sl 8 i (y5mS]
gals (Lol cle oplply abloes oold LB ]
ezl b aolio jo Soileg,l b g glotl clizl LS s

Wiz y8) o (b S g (Sojlen 059,008 e

H Location Asph

4

NSO
3

(1) cyogioms ouddd JuSid sy (o 1 vuo o

sl aillis— 93 31 o Driged 1,5 Lo Kiw (yogion gBaigod 35 (ydlinwl 9 NSO Silog T gLl gl st o (Silal 3 Ve S5t

5, Biobitumen

4. Thermogenic gas



"y o) (Ll g ke F) o)lad 18 099 (0 3yl (omwbidiirmn (x93 Lol

Aromatics %

Paraffinic Oils

Paraffinic-Naphthenic

Naphthenic Oils @

@ A Locatios
@G Location
@H Location

Saturates %

NSO %

Ggad) (2] 5l S (pogin (2o Gluogas (il S (4255 9508 ;f 9 ()5 9 )0 liio o b g (ko 510905 VY Sl

1908 g Sl

388 485 cnl oo Glsls g o ) QS g3
&)1 glows sl lolpiny @llin oyl cuaS &5l cye
adla ]y Sleyad g Sis JleS gl

&Lo

Adegoke, A. K., Yandoka, B. M. S., Abdullah, W.
H., Akaegbobi, I. M (2015) Molecular
geochemical evaluation of Late Cretaceous
sediments from Chad (Bornu) Basin, NE
Nigeria: implications for paleodepositional
conditions, source input and thermal maturation.
Arabian Journal of Geosciences, 8: 1591-16009.

Arthur, M. A., Dean, W. E., Schlanger, S. O (1985)
Variations in the global carbon cycle during the
Cretaceous related to climate, volcanism, and
changes in atmospheric CO,. In: Sundquist,
E.T., Broecker, W.S. (Eds.), The Carbon Cycle
and Atmospheric CO2: Natural Variations
Archean to Present, 32: 504-529.

Arthur, M. A., Jenkyns, H. C., Brumsack, H. J.,
Schlanger, S. O (1990) Stratigraphy,
geochemistry and paleoceanography of organic-
carbon rich Cretaceous sequences. In: Ginsburg,
R.N., Beaudoin, B. (Eds.), Cretaceous
Resources, Events and Rhythms. NATO ASI
Series, 304. Kluwer Academic Publishers,
Dordrecht: 75-119.

Baban, D. H., Shadan M. A (2008) Biomarker
indicators of source and depositional

(AAY addg g

oYL chle b 0S5 VY i slagl il 0e2g
5 T olge Lice 8929 Foks aslllas cov slaaiges
Sl (355,550 @bSh g SeSMgd slepsls)
bl g alo,S haore S 50 (6 005 Cgusy w0 95
slazel BLE b To/Tm 1> Esb b)) sl
N | LROE T CF VORI I ERT. e
S el 4l als (WS g oD 58 Wl
SLg il Gl o gl s aboz 5l €5k sl yal
Jeo gl Glacans (o8l e loa>ls Cre
QLS 00 dline Sy g olSasl 325 9 40393 7060
SYgame .ol b g0,y g Al al> e goases
le s oS 5 Al s

Slozenl Czge S B0 ohgar (Sojlse sz,
odd Gegle 9 039S Om S Mk ogisnl nolie
S oleySe anlp ol Ko Gk sl el
ablie 0 5,5 ke J1olse 55, 030 & (Gegimsels
O elbendighy Slhuogas Hllat g duslie walllas Co
el )b leolainl b o ysunl fegin § Voo S
el 05,5 azlse JSia b 1 slianiss ilisee



Yy o) (Ll g ke F) o)lad 18 099 (0 3yl (omwbidiirmn (x93 Lol

Klemme, H. D., Ulmishek, G. F (1991) Effective
petroleum source rocks of the world:
stratigraphic  distribution and  controlling
depositional factors. AAPG Bull, 75: 1809-
1851.

Kotarba, M. J., Peryt, T. M., Kosakowski, P.,
Wiectaw, D (2006) Organic geochemistry,
depositional history and hydrocarbon generation
modelling of the Upper Permian Kupferschiefer
and Zechstein Limestone strata in south—west
Poland. Marine and Petroleum Geology, 23:
371-386.

Leckie, R. M., Bralower, T. J., Cashman, R (2002)
Oceanic anoxic events and plankton evolution:
biotic response to tectonic forcing during the
mid-Cretaceous. Paleoceanography, 17: 13-29.

Mansuy, L., Philp, R. P., Allen, J (1997) Source
identification of oil spills based on the isotopic
composition of individual components in
weathered oil samples. Environmental science
& technology, 31: 3417-3425.

McKirdy, D., Aldridge, A., Ypma, P (1983) A
geochemical comparison of some crude
oils from pre-Ordovician carbonate rocks,
Advances in Organic Geochemistry 1981.
Wiley Chichester, 99-107.

Moldowan, J. M., Seifert, W. K., Gallegos, E. J
(1985) Relationship  between  petroleum
composition and depositional environment of
petroleum source rocks. AAPG bulletin, 69:
1255-1268.

Moldowan, J. M., Sundararaman, P., Schoell, M
(1986) Sensitivity of biomarker properties to
depositional environment and/or source input in
the Lower Toarcian of SW-Germany. Organic
Geochemistry, 10: 915-926.

Motiei, H (1993) Stratigraphy of Zagros. In:
Hushmandzadeh, A. (Ed.), Treatise on the
Geology of Iran. Geological Survey of Iran, 60-
151.

Nichols, P. D., Palmisano, A. C., Rayner, M. S.,
Smith, G. A., White, D. C (1990) Occurrence of
novel C30 sterols in Antarctic sea-ice diatom
communities during a spring bloom. Organic
Geochemistry, 15: 503-508.

Palmer, S. E (1984) Effect of water washing on
Cis+ hydrocarbon fraction of crude oils from
northwest Palawan, Philippines, AAPG
bulletin, 68:137-149.

Palmer, S. E (1993) Effect of biodegradation and
water washing on crude oil composition.
Organic Geochemistry, Springer, Boston, MA,
511-533.

Parnell, J., Kucha, H., Landais, P., lichik, R. P
(1994) Bitumens in Ore Deposits. Society for
Geology Applied to Mineral Deposits Special
Publication No. 9. Economic Geology and the
Bulletin of the Society of Economic
Geologists, 89: 1202-1202.

environment for the organic matters within
Barsarin Formation (Upper Jurassic) in Kirkuk
and Taqg Taq Oil Fields, Northern Irag. Journal
of Kirkuk University—Scientific Studies 3: 51-
72.

Baudin, F (2005) A late Hauterivian short-lived
anoxic event in the Mediterranean Tethys: the
“Faraoni event”. Comptes Rendus Geosciences
337: 1532-1540.

Berberian, M., King, G. C. P (1981) Towards a
paleogeography and tectonic evolution of Iran.
Canadian journal of earth sciences, 18: 210-265.

Bordenave, M. L., Burwood, R (1990) Source rock
distribution and maturation in the Zagros
orogenic belt: provenance of the Asmari and
Bangestan reservoir oil accumulations. Organic
Geochemistry, 16: 369-387.

Bray, E. E., Evans, E. D (1961) Distribution of n-
paraffins as a clue to recognition of source beds.
Geochimica et Cosmochimica Acta, 22: 2-15.

Connan, J (1979) Genetic relation between oil and
ore in some Pbh-Zn-Ba ore deposits. Special
Publication of the Geological Society of South
Africa, 5: 263-274.

Damsté, J. S. S., Kenig, F., Koopmans, M. P.,
Koster, J., Schouten, S., Hayes, J. M., de Leeuw,
J.W (1995) Evidence for gammacerane as an
indicator of water column stratification.
Geochimica et Cosmochimica Acta, 59: 1895-
1900.

Follmi, K. B (2012) Early Cretaceous life, climate
and anoxia. Cretaceous Research, 35: 230-257.

Grantham, P. J., Wakefield, L. L (1988) Variations
in the sterane carbon number distributions of
marine source rock derived crude oils through
geological time. Organic Geochemistry, 12: 61-
73.

Hag, B. U., Hardenbol, J., Vail, P. R (1987)
Chronology of fluctuating sea levels since the
Triassic. Science, 235: 1156-1167.

Homke, S., Vergés, J., Serra-Kiel, J., Bernaola, G.,
Sharp, 1., Garcés, M., Montero-Verdd, I.,
Karpuz, R., Goodarzi, M. H (2009) Late
Cretaceous—Paleocene formation of the proto—
Zagros foreland basin, Lurestan Province, SW
Iran. Geological Society of America Bulletin,
121: 963-978.

Huang, W. Y., Meinschein, W. G (1979) Sterols as
ecological indicators. Geochimica et
cosmochimica acta, 43: 739-745.

Hughes, W. B., Holba, A. G., Dzou, L. 1 (1995) The
ratios of dibenzothiophene to phenanthrene and
pristane to phytane as indicators of depositional
environment and lithology of petroleum source
rocks. Geochimica et Cosmochimica Acta, 59:
3581-3598.

Hunt, M (1996) Petroleum geochemistry and
geology. 2" ed, W.H. Freeman and Company,
New York, 743 pp.



¥ o) (Ll g ke F) o)lad 18 099 (0 3yl (omwbidiirmn (x93 Lol

thermal maturation and depositional
environment. Palaeogeography,
Palaeoclimatology, Palaeoecology, 410: 316-
336.

Song, J., Littke, R., Weniger, P., Ostertag-Henning,
C., Nelskamp, S (2015) Shale oil potential and
thermal maturity of the Lower Toarcian
Posidonia Shale in NW Europe. International
Journal of Coal Geology, 150: 127-153.

Tissot, B. P., Welte, D. H (1984) Petroleum
formation and occurrence. 2™ ed, Springer-
Verlag Berlin Heidelberg, 702 pp.

Tyson, R. V (1995) Sedimentary Organic Matter:
Organic Facies and Palynofacies. Springer
Netherlands, 615 pp.

Van Buchem F, Baghbani D, Bulot L, Caron M,
Gaumet F, Hosseini A, Keyvani F, Schroder R,
Swennen R, Vedrenne V, Vincent B (2010)
Barremian-Lower Albian sequence stratigraphy
of southwest Iran (Gadvan, Dariyan and
Kazhdumi formations) and its comparison with
Oman, Qatar and the United Arab Emirates.
GeoArabia Spec Publ, 4: 503-548.

Vincent, B., Van Buchem, F. S., Bulot, L. G,
Immenhauser, A., Caron, M., Baghbani, D.,
Huc, A. Y (2010) Carbon-isotope stratigraphy,
biostratigraphy and organic matter distribution
in the Aptian—Lower Albian successions of
southwest Iran (Dariyan and Kazhdumi
formations). GeoArabia Special Publication, 4:
139-197.

Volkman, J. K., Alexander, R., Kagi, R. I,
Rowland, S. J., Sheppard, P. N (1984)
Biodegradation of aromatic hydrocarbons in
crude oils from the Barrow Sub-basin of
Western Awustralia. Organic Geochemistry, 6:
619-632.

Waples, D. W (1985) Geochemistry in Petroleum
Exploration, Springer, 232 pp.

Waples D., Machihara T (1991) Biomarkers for
geologists. In: AAPG methods in exploration
series No. 9 American Association of Petroleum
Geologists, Tulsa, Oklahoma, and from: AAPG
Bookstore, P.O. Box 979, Tulsa, Oklahoma,
74101-0979.

Wynd, J. G (1965) Biofacies of the Iranian
Consortium-agreement  Area. Iranian  Qil
Operating Companies Report 1082.
Unpublished.

Peters, K. E., Cassa, M. R (1994) Applied source
rock geochemistry: Chapter 5: Part 1l. Essential
elements, 93-120.

Peters, K. E., Moldowan, J. M (1993) The
biomarker guide: interpreting molecular fossils
in petroleum and ancient sediments, 363 pp.

Peters, K. E., Walters, C. C., Moldowan, J. M
(2005) The Biomarker Guide: Biomarkers and
Isotopes in Petroleum Systems and Earth
History, Vol.l and 2, 2" ed, Cambridge
University Press, 1155 pp.

Philp, R. P., Allen, J., Kuder, T (2002) The use of
the isotopic composition of individual
compounds for correlating spilled oils and
refined products in the environment with
suspected sources. Environmental Forensics, 3:
341-348.

Powell, T. G., Mokirdy, D. M (1973) The effect of
source material, rock type and diagenesis on the
n-alkane content of sediments. Geochimica et
Cosmochimica Acta, 37: 623-633.

Radke, M (1988) Application of aromatic
compounds as maturity indicators in source
rocks and crude oils. Marine and Petroleum
Geology, 5: 224-236.

Radke, M., Welte, D. H (1983) The
methylphenanthrene index (MPI): a maturity
parameter based on aromatic hydrocarbons.
Advances in organic geochemistry, 504-512.

Radke, M., Welte, D. H., Willsch, H (1986)
Maturity parameters based on aromatic
hydrocarbons: Influence of the organic matter
type. Organic Geochemistry, 10: 51-63.

Schwarzbauer, J., Jvancicevic, B (2015) Fossil
Matter in the Geosphere, Springer International
Publishing, 158 pp.

Seifert, W. K., Moldowan, J. M (1978) Applications
of steranes, terpanes and monoaromatics to the
maturation, migration and source of crude oils.
Geochimica et Cosmochimica Acta, 42: 77-95.

Seifert, W. K., Moldowan, J. M (1980) The effect
of thermal stress on source-rock quality as
measured by hopane stereochemistry. Physics
and Chemistry of the Earth, 12: 229-37.

Seifert, W. K., Moldowan, J. M (1986) Use of
biological markers in petroleum exploration.
Methods in geochemistry and geophysics 24:
261-290.

Sletten, E. B (2003) A comparison of Petroleum
from Reservoirs and Petroleum Inclusions in
Authigenic  Mineral Cements-Haltenbanken,
MS thesis, University of Oslo, Department of
Geology, 100 pp.

Sofer, Z (1984) Stable carbon isotope compositions
of crude oils: application to source depositional
environments and petroleum alteration. Aapg
Bulletin, 68: 31-49.

Song, J., Littke, R., Maquil, R., Weniger, P (2014)
Organic facies variability in the Posidonia Black
Shale from Luxembourg: Implications for



AL 1Pe) ol g 5l XY o5lods A7 090 (90 I8 quwliiormoy (195 (sloasSl

Molecular geochemistry and biomarker analysis of the Garau formation,
western Iran

M. Hemati'” and Y. Ahmadi?

1- Ph. D. student, Dept., of Geology, Shahid Chamran of Ahvaz University, Ahvaz, Iran
2- Assist. Prof., Dept., of Chemistry Engineering, llam University, llam, Iran

*m.hemati@alumni.ut.ac.ir
Recieved: 2021/5/6 ~ Accepted: 2021/6/11

Abstract

The Garau Formation is one of the important oil source rocks in Zagros basin, Western Iran, which
several geological studies have been performed about it. However, current article attempts to study
biomarkers related to organic matter sources, thermal maturity and geological age in the extracted
bitumen samples from geological sections of the Garau Formation. Biomarkers were analyzed using gas
chromatography (GC) and gas chromatography-mass spectrometry (GC-MS) techniques. As well as,
stable carbon isotope composition analysis has been used to investigate the weathering processes and
genetic association of extracted bitumen with source rock samples. The study of sterane biomarkers
(C28/C29) indicates the Garau Formation has been formed during phytoplankton assemblages bloom of
the Cretaceous period, and includes predominantly algal matter along with bacterial matter, and some
reworked higher plant inputs. Sedimentation eventually occurred in a marine carbonate basin. Due to
predominance of reduced (anoxic) conditions in the sedimentary basin, the bitumen composition is rich
in nitrogen-sulfur-oxygen (NSO compounds) and asphaltenes. Based on bitumen fractions, aromatic-
asphaltic oil is expected to be generated. These findings indicate the occurrence of alteration processes
on the organic matter of the Garau Formation. As a result of biodegradation, a type of solid and insoluble
bitumen, called biobitoman, has been formed. Stable carbon isotope analysis shows that biodegradation
and water-washing have lost some more saturates and lower molecular weight aromatics in the surface
bitumen samples of the Garau Formation. The thermal maturity of the organic matter is almost high and
the source rock has entered to the oil window.
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