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Rock-Eval Pyrolysis

Code Name Depth (m.) S1(mgHC/g rock) S2(mgHC/g rock) Tmax(‘C) TOC(Wt%) HI(mg HC/gr TOC) | OIl(mg CO2/grTOC) ‘fn?;;?;;; )
Borehole Azar-2 3298 N.D N.D N.D N.D N.D N.D N.D
Asmari-2 430 0.29 0.07 480 0.32 21 125 1.48
Band karkheh-1 3330 0.62 13.42 428 2.78 482 52 0.544
Danan-1 3240 0.45 3.45 426 0.82 420 86 0.508
Dehluran-22 3428 2.45 3.87 428 1.78 217 18 0.544
Haft Kel-61-1 1050 0.58 1.38 431 0.47 293 85 0.598
Haft Kel-61-2 1260 0.65 1.75 436 111 157 85 0.688
Kabud-2-7 2063 1.28 6.44 436 151 426 39 0.688
Kabud-2-13 2212 0.29 0.78 439 0.93 83 48 0.742
Kupal-20-1 3895 3.42 4.42 430 1.89 234 54 0.58
Kupal-20-3 3925 4.35 10.35 431 251 412 49 0.598
Lab Safid 3020 N.D N.D N.D N.D N.D N.D N.D
Lab Safid 3350 N.D N.D N.D N.D N.D N.D N.D
Mamatain-10 1030 3.84 12.28 426 2.58 480 40 0.508
Mansuri-6 2830 0.88 1.67 424 231 72 140 0.472
Marun-222 2880 13.61 18.53 426 4.76 389 28 0.508
Paydar-West-1 3500 5.78 10.25 430 311 329 14 0.58
Qaleh nar-3-1 3570 0.98 2.2 439 0.68 323 20 0.742
Qaleh nar-3-2 3635 34 9.2 427 3.05 301 33 0.67
Ramin-4-3 4120 1.2 3.17 427 1.95 162 75 0.526
Ramin-4-7 4280 4.62 17.1 429 7.2 238 49 0.562
Zeloi-5 3925 3.12 11.25 432 2.75 409 35 0.616
Surface Tang e Pabdeh - 0.22 12.29 430 2.89 425 31 0.58
Kuh e Anaran - 0.12 2.38 429 1.24 191 42 0.562
Kuhe ShahrazUl - 0.52 14.22 422 321 443 16 0.436

fo
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GC
Code Name Depth (m.) (PriC17) (Ph/C18)

Borehole Azar-2 3298 5 3.13
" Asmari-2 430 0.5 1.16

" Band karkheh-1 3330 1.23 3
" Danan-1 3240 0.2 0.86
" Dehluran-22 3428 0.23 0.72
Haft Kel-61-1 1050 0.6 0.86
Haft Kel-61-2 1260 0.59 0.96
Kabud-2-7 2063 05 1.2
Kabud-2-13 2212 N.D N.D
Kupal-20-1 3895 0.6 0.96
Kupal-20-3 3925 0.52 0.85
Lab Safid-1 3020 0.6 0.96
Lab-Safid-2 3350 0.64 0.95
Mamatain-10 1030 0.5 0.69

Marun-222 2830 - -
Mansuri-6 2880 0.47 0.78
Paydar-West-1 3500 0.78 0.68
Qaleh nar-3-1 3570 0.43 0.86
Qaleh nar-3-2 3635 0.45 0.75
Ramin-4-3 4120 0.56 0.9
Ramin-4-7 4280 0.66 0.86
Zeloi-5 3925 0.51 33
Surface Tang e Pabdeh - 0.55 1.67
Kuh e Anaran - N.D N.D
Kuhe ShahrazUl - N.D N.D

2
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GC-MS
m/z=217 m/z=191 m/z=231
Name %StrC27 %StrC28 9%StrC29 DBT/Phen | Str29 SIS+R Ts/Tm A LS Str29pp/ac+Bp TSTS+Tm
C28SIC27R C34/C35
Azar-2 395 325 28 116 0.1 0.47 0.82 0.9 0.28 N.D
Asmari-2 335 335 33 N.D 0.43 0.61 N.D 0.83 0.56 0.45
Band karkheh-1 35 45 20 N.D 0.1 0.32 N.D 0.72 03 0.31
Danan-1 345 22 435 0.9 0.4 0.27 135 0.86 0.48 0.18
Dehluran-22 35 28 37 184 0.19 057 0.89 0.82 0.45 0.35
Haftiel 61-1 36 25 39 139 0.43 0.35 0.67 0.81 0.48 0.25
Haftiel 61-2 30 32 38 127 0.44 0.51 0.83 0.85 0.49 N.D
Kabud-2-7 31 27 42 2.65 0.44 0.52 0.84 0.76 057 0.35
Kabud-2-13 N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Kupal-20-1 39 23 38 107 0.47 0.38 0.49 115 0.44 0.22
Kupal-20-3 44 24 32 124 0.42 0.4 0.87 12 0.45 N.D
Lab Safid-1 40 26 34 0.41 0.49 0.95 129 0.9 05 0.48
Lab-Safid-2 22 27 31 0.43 05 0.86 135 0.93 051 N.D
Mamatain10 24 37 39 114 0.25 0.42 0.7 0.65 0.25 N.D
Mansuri-6 31 31 38 0.69 0.36 0.4 113 1.05 N.D N.D
Marun-222 - - - - - - - - - N.D
Paydar-West-1 22 24 34 172 0.17 0.46 125 0.76 0.33 N.D
Qalehnar3-1 3 21 46 0.69 0.58 122 129 0.56 0.59 N.D
Qalehnar3-2 N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Ramin-4-3 46 24 30 187 0.62 0.4 0.74 053 0.6 N.D
Ramin-4-7 37 26 37 1.88 0.44 0.59 101 051 0.62 N.D
Zeloi-5 23 28 29 0.79 0.11 0.29 0.82 0.67 0.36 0.23
Tange Pabdeh 3 44 23 0.61 0.31 0.37 0.63 0.79 031 N.D
Kuh e Anaran N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Kuhe ShahrazUl N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
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Code Name nCis nCi7 nCio nCa nCazs nCa7 NnCag
Borehole Asmari-2 5.87 17.62 5.87 3.52 2.34 1.4 0.46
" Mamatain-10 10.73 11.64 9.05 7.03 3.23 1.68 1.03

" Mansuri-6 11.14 14.57 11.14 4.28 1.37 0.68 0.34

" PaydarWest-1 4.92 12.65 7.73 5.62 3.51 1.4 0.84

" Kabud-2-7 13.86 10.16 4.62 5.54 4.8 2.4 0.36

" Dehluran-222 10.73 10.99 11.64 6.46 3.62 1.29 0.51

" Zeloi-5 8.33 12.5 4.16 3.47 2.08 6.25 2.77

" Azar-2 2.48 3.64 5.29 2.48 2.48 9.1 4.13
Lab Safid-2 14.05 54 9.51 3.24 211 1.73 0.86

Lab Safid-1 7.34 9.57 6.68 8.9 5.12 3.56 2.78

Qaleh nar-3-1 13 12.86 6.5 8.67 3.61 2.16 0.72

Ramin-4-3 9.06 11.32 12.38 7.55 2.26 0.9 0.45

Ramin-4-7 10.7 12.35 11.86 7.41 2.47 0.98 0.32

Kupal-20-1 9.88 11.04 10.23 7.55 3.48 0.69 0.23

Kupal-20-3 9.67 10.39 9.91 7.49 3.62 1.8 0.69

Bande Karkheh-1 10.15 12.96 5 3.75 3.59 3.75 2.34

Haft kel-61-2 15.35 11.09 5.97 2.55 1.36 0.85 0.34

Haft kel-3 16.72 11.15 4.46 2.78 1.11 1.48 0.92

Haft kel-1 14.01 8.56 7 4.67 2.8 1.55 0.93

Surface Tang e Pabdeh 12.79 9.89 4.09 4.09 4.09 3.75 5.11

iloads ool o jlogai ;o aS onuly Wil ladiged b Lo o (s Jromns (slosaly -0-F Jgo>

Bor hole Surface
B Asmari-2 A Kupal-20-3 @ Labe Safid-1 X Tang e Pabdeh
B Bande Karkheh-1 € Mamatain-10 @ Labe Safid-2 Kuh e Anaran
Danan-1 Mansuri-6 @® Qaleh nar-3-2 | € Kuh e Shahrazui
B Dehluran-22 X Marun-222 M Azar-2
A Haft Kel-61-1 A Paydar West-1
B Haft Kel-61-2 ® Qaleh nar-3-1
@ Kabud-2-7 ® Ramin-4-7
X Kabud-2-13 X Zeloi-5
A Kupal-20-1 Ramin-4-3
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Wlgs o VO ply TOC 4 St cos s s 05 o0 (astin S5l o (> b)) aidl, & >l
(Hunt, 1996) wil ;05 il yo 5l 4l & p2ls glogn 59 em (anseis sl slaibinl plsiea,
by o digal) digei S Lo conly iils (gloolz (55la> (glood 5 digai 03550 5 logal (al ulusl 2
cii b g g)lix S 5 b Wlg e o] e a5 ol ool s Srsel (Marun-222 ol
Ss sladiges logas cpl 5l oliial 5 e (V-FUSE) Wil oy sl 5l 4l & mlea

355 o 4,8 colaiwl 590 oy dnlol jo g;‘"‘“‘T Q8L sladiges g « 83> Si,_....ci

100
Non-indigenous hydrocarbons
10
k- o
£
20
O
= 1
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@ Indigenous hydrocarbons
0/1
0/01
0/1 1 10

TOC (wt%)

(Hunt., 1996) oasly &3l sladiges sl TOC Jildo ;0 ST jloges —V-F JSCi

oy —F-¥
-85 B 5lg,S 9 (GC) (5315 (B1)55ilog 5 5l ol yommads —1-F-F

(GC-MS) (0,5 b

(GC) 3L5 81,5 55Lag,S sla sy, 5 eomal s slaosls 3l ool wl L T couiogsy 5o
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(03555 €55 eI o)l £55 s 50 (GC-MS) (oo 2 s i (55LS (B 55ilas 5
o |y Loasised 59y o st sboonny L5 L g (5o gl vy Lo Ll
o—l o (Tissot and Welte, 1984; Hunt, 1996; Yenespbayev et al., 2010) o5 o
5 (GO (5315 (81,5 55Lag,S sl ig, 3 ool cony i lideo slb el (s ey i

p.»)b);‘so o..bl; \.\.’)Lu.’ (SLQAJ}N o (GC'MS) S e @.mg_ﬂ...b—tg)lf L_;Q‘;yuj;

03955 E9 9 i o byl s (g - V-)-F-F

a5l alizo sla il Ly Liie i (55505 5 4os 8 Lap oo bauly 5 (poand psliie
42 (GC) 35 (SIS 5las,S oo, @b 54 olid an by sloodsis nonl Cuns
Sl e sl Sg pep!l ol (HuNt, 1996) o5 S o 5,8 soliiwl 0590 ] o G
Wgd oo (b Lo S g plals 5l g 009 (s letsluw lls sba S lase 5l (o295
¥ oimgn g an J39)5 i db oo J89)1S JoSge Jol> 90 o Lind g b
e 505 Sleesl o Lol Ly e 5 0aelys (aydyy ezl JSC5 o Jg g il
Ly obied o b Lol b Joid il e | Jgid ot (slmo joni ( ily & j9-0

olisd 4o b 5 o ST slala e (0 09 oo o b 5 an Hosd alS]

Ol b acsl e 2alS a5, coms ol ol slada e a5 JLs> o 03g: UL (Pr/Ph)
P PrinC17 ol, 5 Jlogoi 0 (Y- Jga—=>) Pri/nC17 4 Phy/nC18 ,ol__do o, S

g Ol ol s (Shanmugam, 1985) (Y-¥ ) Phy/nC18 | _lae

51 aas o s oanly Wil sladsses aan sl Lo i ) 11 55 39,5 «oylid sUL
a5 ol lnars lae e SO s 5 aslas 3 Lice Loy eiSill sid asile oo (T olss
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(Shanmugam, 1985) <5 wWge J1olge £45 g g cpmns « Phy/NC18 Lilis yo PriNCL7 jlsges -Y-F JSCo

yokie a1, (Mathur et al.,1988) Phy/nC18 Llis ,o PrilnC17 ol jloges 5 Y-F S
2 ST olge 25T LSas Lyl lagad cal 31 esbisial b oo go (L5 T olge LS25 Laoms cyens
el 35y baly ao sladazma b 3l ol sladame 55 bl daul, 5 condly il (sladigos
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JJo 4 «( Sl sog0s 4o Tang-e-Pabdeh <Zeloi-5 <Kabud-2-7 «Band Karkheh-1 sladises
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(Mathur et al.,1988) Lice Sius JSis Lo (yuuss « Phy/NCL8 & PrilnC17 jloges -¥-¥ i

o7 b5 (S5 9iles 55 (GO) 315 (S, 555leg S 4 Lo yo slwvosls 3.8k 5l eslaza]
o 51055 8 oolitiasl 3,50 bagms oSl bl byl Cpeni 4 Wilsi oo 33 (GC-MS)
ST slalams 13 el sl bid by slalams soims Las w5k UL Home C34/C35
Wb oo molS G ol ol Gla a0 @Sl )5 004 UL (PIIPO) (Lid & b 5y S
Pr/iPh Llie o Home C34/C35 jloges 10 ossl &5l sladiges 4 by e slosls 0,8 ol b
KUpal-20-1 saiges 95 5 wlaxd 5 13 Slol Lase 10 1S ladiges 45 8,5 4 g5 oo
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(27 5220R

Plankton/algal

28 5220R 29 5a20R

Huang & ) owsl w5le £95 9 JoSis ame olulids > Cog g Cog ,Cor sla ] il o 1,510 -0-F S
(Meinchein,1979

s
Zone-1
Zone-1:Marine carbonate and marine marl
Lacustrine sulfate-nich
4 -
l Zone-2:Lacustine sulfate-poor [
A 34 | Zone-3:Marine shale and other Lacusrine |
; ® | Zone-&Fluvial/Deltaic |
=
21 o
. A
u|
N ALl ®
.X X‘
zone2 * I’ Zone-3 Zone-4
o L] ) ) [ T
(] 1 2 3 4 5 6 7
Pr/Ph

(Hughes et al., 1995) (Pr/Ph) :ls /oyl 5 blie j0 (DBT/P) (,:6L8 /48505 g3 (60 Ol yunss Jloges -#-F S
3 Ugene (315 (31,5 55lag,S gl bl aiges lawons L, 510 (seamlin jslaie
S Jlo g molie sl b jloges ol 5l oolazul (gl 09-i oo oolaiul slo,lw slaloges
Gl polie ol a aiS W3 a5 jpbailan (F-F Jgoz) 055 anulone (555 (3T 5ileg 5 (slacals
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3525 (gosiad slis Cig 5 C17 Cis )5 polie Jlgl 3 V-F o ol el oo a il
das i g 09 Wle> 16 iSL dgzg 3l Sl diges ;0 Ci7 JSlgl,8 o il o G.prisca Sl
3929 3l (S laiges 40 Co2 Syl 3 il sael S350l oyl 90 5l aS ol o olaccss sla
oblS 5l a8 Lsie JT olge soums Lz Cag 5 Co7 ¢ Cos Jlgl,d 5 ail oo olyo Sl
Sdiges 4 by o (slo,liw (sl lges Vo—F 5 4-F A-F JS o (Hunt, 1986) ol S_zs

ol 00 00)51 ol wisle

Cya Cyg, Gy Waxes
formed by land plants

Cys) Cy5, C,g hydrocarbons
formed by plankton

Sy 5 (S Dhogzse (galmss Dligw 50 Jsb (sloynis S5 oy Slap ST Jislo a6 -V-F S
(Hunt, 1986)

Mansuri- <Asmari-1 slaasges ;o C19 5 C17.Cis Jlgl 3 A LV e sy sloca b
5> Dehluran-10 ol> aigei,s C22 9 Mamatain-10 «Zeloi-5¢Kabud-2-7 <PaydarWest-1 <6

oblS Lsis b Cor UL gl shls AzZar-2 wges ail oo ob,s Ldie b Sil> 5924

(A-F JS2) asl g (Sas
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Haft kel-2 <Haft kel-3 slaaises ;o Ci9 9 C17 .Cis Jlgl,8 a5 548 co oomlive (VO U Awgm
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Legend

w——HAFT KEL-2
w—HAFT KEL-1
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~—Tange Pabdeh
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— Kupal-20-1
- Kupal-20-3

(GO) 18 85 5ilag S glis ully oy il 23505 Vsl o151 -3 S

il 5l oud dnloe) sasly i3l 5l owile 3L aiges 0 « (GC) 35 1, Ssilag,S sl bl 1
Ramin- glaaigas ;o Cis Cig Jlgl,3 « Qaleh nar-3-1 wges ;0 C17.Cis Jlgl,d (Y- U VFwgm
39> LabSafid-2 sages ;o Ci9 5 C17 Ci5 g8 5 Lab Safid-1 Ramin-4-7 «4-3

soka (Vo -F USE) aib o by Sz 0925 5l (S aises Coz Jlgl,8 .ol Guprisca Sl

ool e S Lo 5 b Lice baaiges 25T 0 IS

e Legend
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ol e pd g fgbaz o (b, Y-)-F-F
phite ol Cons culpe 5 (MY D) L gl laSlage @l & 4z b Gidu cnl
Ol ylg ol Cad 9 (9948 o L 295/29S5+29R & j00 4 aS) Coo o @220S/aaa20S+aaa20R
—FUSE) ol Wil sladiged iz ax o s 4 (Peters et al.,2005)Cag 29B3/29Bp+290a
Bged St Slaed (AL o3gae ;o (Mamatain-10) aises «fob 5o s 3l 0gd o ailoy (V)
Esb b g5l adgl cogumo yo (Azar-2 «Zeloi-5 <Paydar-West-1<Dehluran-22<Band karkheh-1)
Asmari-2 <Danan-1 <Kabud-2-7 <Haft Kel-61-1 «Haft Kel-61-2) aigei coin olass g 0l
~a8,8 )18 5L el adgs o, 9,40 00900 ,o (Ramin-4-7 <Lab-Safild-2 <Lab Safild-1 «
3 aS jehailes aiil oo Sis 55 oy dl> e 0 o2 (Ramin-4-3<Qaleh nar-3-1) woes g5 .ol
S5 Vg, b ediges o 5l loges cnl )3 Yoig) L ladiged 5l (2250 03,5 oo (et V) -F IS0

Byl baigad 5oyl g SUL 6l 5l ColSs o 5 oS Wlowds

0.7
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0 T T T T
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€29 Sterane(f plaa+pp)

(Peters et al., 2005) suuly Wizl sladiges 29BR/29PP+29%0 4y 4o 295/29S+29R ol SLs -VV-F s
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Abstract

The Zagros oil basin is one of the largest and most important oil basins, which contains
huge oil fields due to the presence of regular anticline-syncline structures with a
northwest-southeast trend.In this study, the results of Gas Chromatography (GC) analysis,
Mass Spectrometry- Gas Chromatography (GC-MS) and Rock-Eval Pyrolysis are used
in Pabdeh Formation samples in some oil fields in northern Dezful embayment located at
south west of Iran. Based on the organic Geochemistry studies, kerogen type, bio-
degradation of samples, maturity, depositional environment conditions and hydrocarbon
potential of samples from Pabdeh Formation are evaluated. The most samples of Pabdeh
formation show the features of kerogen type Il based on GC results and the obtained
values of pristine and phytoene. The results of Rock-Eval pyrolysis of in Pabdeh
Formation samples alsoindicate the kerogen type Il and are less than that ofthe II-111
mixture. Gas chromatography shows that the origin of organic material of Pabdeh
Formation is marine type like phytoplanktons which refers they deposited in an extremely
reduced environment. In addition, the results of Gas Chromatography-Mass Spectrometry
such as the high ratios of home C34/C35 in the studied samples indicate the relatively
regenerative marine environments. The normal carbon values, including C27, C28, and
C29, also indicate that the organic materialsforming the samples is mainly originated
from phytoplankton and bacteria, with the exception of two samples located near the
diatoms range.The star diagrams based on the results of gas chromatography and carbon
values C15, C17 and C19 indicate the source of algae and bacteria for organic materials,
but the frequency of C25, C27, and C29 represents that the organic materialsoriginated
from land plants.Based on the results of the gas chromatography-mass Spectrometer and
the Hoppan coefficients Ts/ Ts + Tm versus the coefficients of regular stranes ratios C29
(29S / 29S + 20R) C29 in Pabdeh Formation samples, most of the samples are in the
mature range. The Rock-Eval pyrolysis results of the samples of Pabdeh Formation
indicate the beginning of the thermal maturation (oil window) or the end of the
diagenesis.Using the results of gas chromatography-mass spectrometry analyzes, the oils
type of Pabdeh Formation are most often identified as paraffinic oils, although a number
of samples also show naphthenic composition.

Keywords: Gas chromatography (GC), Gas chromatography-Mass Spectrometry (GC-
MS), Rock —Eval Pyrolysis, Zagros, Dezful embayment, Pabdeh formation
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