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1-Introduction

The southernmost part of the Dezful Embayment comprises the high API gravity oil and gas reservoirs trapped
within a series of anticlines associated with a paleo-high structure, namely Kharg-Mish paleo-high. The oil and
gas are trapped in four different intervals including the Surmeh (Upper Jurassic), Fahliyan (Neocomian),
Gadvan (Barremian) and Dariyan (Aptian) formations. The reservoirs are separated by intermediate cap rocks,
such as the Hith anhydrite or Gadvan marls. The thick shaly Kazhdumi Formation finally sealed the migrated
hydrocarbons and isolated these oils from overlaying Upper Cretaceous-Tertiary oils (Asmari-Sarvak
reservoirs). Due to a complicated sequence of folding and faulting, the nature of petroleum generation,
migration and entrapment processes are still anonymous in this area.

Petroleum geochemistry provides crucial information on the nature of existing petroleum systems and their
evolution. This work displays how detailed geochemical information can help to define lithology, organic
matter type, and depositional environment of petroleum source rocks. Also, exercising statistical techniques can
considerably facilitate the establishment of the genetic oil families within the study area. In this study, we
investigated the possible genetic relationships between the two oil families belonging to Jurassic-Lower
Cretaceous and the Upper Cretaceous-Tertiary reservoirs. These findings can significantly reduce the
exploration risk and improve future filed development plans.

2-Geological setting

The Dezful Embayment is a part of the Folded and Faulted Zagros, a basin with an initial horst-graben nature,
which is complicated later by structural dynamism (controlled by basement faults) in conjunction with halo-
kinetic movements (Sherkati and Letouzey, 2004; Bordenave and Hegre, 2005; Fard et al., 2006). Repeated
activation of NW-SE and NE-SW basement faults, mostly inherited from Precambrian orogenic and epeirogenic
phases, has resulted in vertical and lateral facies changes during the evolution of the Zagros basin. Our study
area is located between the Qatar-Kazerun Fault (QKF) from the east and the Kharg-Mish Fault (KMF) from the
west (Fig. 1). The Mountain Front Fault (MFF) and the Zagros Frontal Fault (ZFF) respectively define the
northern and southern boundaries of this area.

3- Samples and methods

Comprehensive geochemical analyses, including liquid chromatography, stable carbon isotope analysis, gas
chromatography, and gas chromatography-mass spectrometry, were conducted on 14 oil samples from four
different reservoirs, including Surmeh (Upper Jurassic), Fahliyan (Neocomian), Sarvak (Upper Cretaceous) and
Asmari (Oligo-Miocene). The samples are collected from nine exploratory wells covering the whole study area.
Genetic oil family classification of these samples was carried out utilizing geochemical and statistical
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techniques. HCA and PCA techniques were employed using a total of 15 source and age-related biomarker
ratios (Peters et al., 2005) to define the genetic relations between the studied oils (Fig 2). Five steranes, nine
hopanes, and one aromatic biomarker ratios were adopted for this purpose. The distance measurement method
was used as "Euclidian” and the "Average within groups” was applied for the hierarchical clustering of the data
set.
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Fig. 1. Geographic distribution of studied oilfields within South Dezful Embayment (modified from Zagros
structures Index Map, NIOC Exploration Directorate, 2001).

3- Results and discussion

The studied oils' gross compositional properties, including the API gravity, saturate, and asphaltene contents and
the stable carbon isotope ratios of the asphaltene, classify the studied oils into two distinct oils families (Fig 3). The
Asmari-Sarvak oil family is differentiated from the Khami Group oil family based on low CousTetracyclic/Cas
Tricyclic terpanes, low Ts/Tm, and low tricyclic terpanes (Caz3-Css homologs). In contrast, the Khami group oils are
characterized by relatively higher concentrations of Cs Diahopne and CygTs. The Css/Cs4 homohopane ratio (>1)
for the Asmari-Sarvak oils is different from the ratios for Khami Group oils (<1). Regular sterane distribution
patterns (i.e., m/z 217 and m/z 218 mass chromatograms) showing the predominance of Cyg sterane would suggest
a significant terrigenous input to the source rock of the Khami Group oils. Similar concentrations of Cy7 and Cag
regular steranes in the sterane distribution pattern of the Asmari-Sarvak oil are consistent with the contribution of
mixed terrigenous-marine organic matter to the related source rock (Waples and Machihara, 1991). Extended
tricyclic terpane ratios (Holba et al., 2001) are higher than 0.68 in the Khami Group oils and less than 0.65 for the
Asmari-Sarvak oil family. The ETR parameter suggests but does not prove, that the Asmari-Sarvak oils are
originated from Middle to Late Cretaceous source rock (i.e., the Kazhdumi Formation), while the Khami Group oils
should be derived from an older (Early Cretaceous) source rock. Based on the maturity-related biomarkers from
steranes (Seifert and Moldowan, 1978) and triaromatic steroids (Mackenzie et al., 1981), the Asmari-Sarvak oil
family is originated from a source rock with a thermal maturity as high as the middle oil window. The Khami
Group oil family, by contrast, is generated by a mature source rock in the peak of oil generation.
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4-Conclusion

Investigations of the oil biomarker fingerprints (m/z 191, m/z 217 and m/z 231), hierarchical cluster analysis
(HCA) and principal component analysis (PCA) deduced that the oils in the South Dezful Embayment could be
classified into two major genetic families: the Khami Group oils and the Asmari-Sarvak oils. According to various
biomarker ratios, the Asmari-Sarvak oil family is most likely originated from an anoxic to a semi-anoxic source
rock (i.e., the Kazhdumi Formation) with mixed marine-terrigenous organic matter input and marly-carbonate
facies. The source rock of this family has reached a thermal maturity level equivalent to the middle of the oil
window. In contrast, the Khami Group oils are generated from a mature source rock corresponding to the peak of
the oil generation window.
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Fig. 2. Qil family classification in South Dezful Embayment according to Hierarchical Cluster Analysis (HCA) and
Principle Component Analysis (PCA). The oil samples were classified into two major oil families of Sarvak-

Asmari and Khami based on 15 source and age-related biomarker ratios.
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Fig. 3. Oil families classification based on the relative proportions of the saturates aromatics and polar compounds
(resin and asphaltene).

The probable source rocks related to this oil family (i.e., the Lower Cretaceous Gadvan and Dariyan formations)
were most likely deposited under semi-anoxic to dysoxic depositional conditions, where extended amounts of
terrigenous organic matter could enter the basin. Generally, our results indicate that the immature to marginally-
mature Pabdeh Formation has acted as a subordinate source rock impregnating the Asmari-Sarvak oils.

Acknowledgments

The authors would like to thank the Shahid Chamran University of Ahvaz, particularly to the geology department
for providing petroleum laboratory facilities, National Iranian Oil Company, Exploration Directorate (NIOC EXP),
particularly geochemical research department for financial supports as well as technical management for providing
samples and geological information.

References

Bordenave, M., Hegre, J., 2005. The influence of tectonics on the entrapment of oil in the Dezful Embayment, Zagros
Foldbelt, Iran. Journal of Petroleum Geology 28, 339-368.

Fard, I.A., Braathen, A., Mokhtari, M., Alavi, S.A., 2006. Interaction of the Zagros Fold-Thrust Belt and the Arabian-type,
deep-seated folds in the Abadan Plain and the Dezful Embayment, SW Iran. Petroleum Geoscience 12, 347-362.

Holba, A,, Ellis, L., Dzou, I., Hallam, A., Masterson, W., Francu, J., Fincannon, A., 2001. Extended tricyclic terpanes as
age discriminators between Triassic, Early Jurassic and Middle-Late Jurassic oils, 20th International Meeting on
Organic Geochemistry. EAOG Nancy, France, p. 464.

Mackenzie, A., Hoffmann, C., Maxwell, J., 1981. Molecular parameters of maturation in the Toarcian shales, Paris Basin,
France I11. Changes in aromatic steroid hydrocarbons. Geochimica et Cosmochimica Acta 45, 1345-1355.

Peters, K.E., Peters, K.E., Walters, C.C., Moldowan, J., 2005. The biomarker guide. Cambridge University Press.

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.

211




Summer 2020, Vol 10 (2): 208-223 Adv. Appl. Geol. “\"‘

Sherkati, S., Letouzey, J., 2004. Variation of structural style and basin evolution in the central Zagros (Izeh zone and
Dezful Embayment), Iran. Marine and Petroleum Geology 21, 535-554.

Waples, D., Machihara, T., 1991. Biomarkers for Geologists. AAPG Methods in Exploration Series No. 9. American
Association of Petroleum Geologists, Tulsa, Oklahoma.

HOW TO CITE THIS ARTICLE:

Alizadeh, B., Jahangard, A.A., Alipour, M., Gandumi Sani, A.R., 2020. Genetic classification and
geochemical evaluation of oil families in the South Dezful Embayment, southwest of Iran. Adv.
Appl. Geol. 10(2), 208-223.

DOI: 10.22055/AAG.2020.31504.2053

url: https://aag.scu.ac.ir/article_15334.html?lang=en




o

Yoo kel Ve oy90 A lils Wi @35 (olid ey T e
(S

Olpl e oee (ee Jed3s (Solidly,d 1o byl oluwisd] oyl 9 (b GLodlgils (pmsi

“ooljule ol e
Olrl el lsal olrezdagd oA olidnuej 09,5 e pole ouSiilo

Sk b ol
Ol jlgal jlaal ol rez g ol ¢ oslid a9, o aj pple 0aSCiils

Ol jlanl jlan] ) roz e ol o peslid a9, o aj pple oAl
U (oS Lo joes|
Ol It ot s o 55 BLEST oyt

VUMY : s o VPN A/+ ) sl o g b

#alizadeh@scu.ac.ir

I
oS

a3y LaS (2)5 g 000 W8 (gl sl &jslorne 5o calie o @8l )0 (cu)S g 0 (3l g Saxie B sla)liBle vy (Jsdie (Soldly b a0
loodlgils o (S5 Lol s polate 4 ulil red sl 4>l cnl 50 Sy (SOLEl Al @ 5 Oyzles (ialy sloanl b 5 s )lsle (Sauz
—awli,S (3l b Sl 53 O3l stk e B3| (aliendsts laghs, 650 b ik jo Jld Sk Glapies Condy Bl Sds, 9 S
dibaie ;0 (pals 05,5 (jloe 5 Sy — (5 loms] Gjl5e 10 lme (i 03Il 90 3529 (1S oSSl g Ci S la Sy 28,5 1B pyp 3590 S by
Sl S oo St S9ge Sl ln 1) (Flite L SlaSin (o9 Eob g Lace @ adly 655 Jlegn Dlpled amd os oglx Jeiome | anlllas 59
—stlys JTolge 8 Lia b (Sile — LS 95 5l 5 ol L 51 ol () 5,00 9wt 285 0 ony daulgl oogasme )3 sk SIS Sy =5 Lo 350
oo & Feedd Lide K 5l ols 09,5 i 00lgils .l 039y ol 4o b ol Biae 09,5 ol L S (6, 1i%gm0, Ll ol 0 §iiin (o 55
sgime 13 a3l 05,5 ool Lo St g ol atily il oo 55 Lo b JT ool b 5 oo - s Saons (6350 Ll )0 5 5 S
Syl I8 S gsuee Ll S
Gl gl o T 00l o ol g iy g lons] (15 B0 gtz 850 (SOl i gudS olads

slewi;Ls (Bordenave and Hegre, 2010; Bordenave, 2014) doddo
Sl e hleaS Gl Wile 5 ysS 5 el Sile ket S (oo J9350 50 ) ST5 00,93 ez A peS Sy p S oei

oo JSi 1) abgpe e Ol 4l ol 55 il Gl Ciors o e b slbade )
b ad o)Ll & wigSlen () 4wl S=( 2Vl Sl 95 (5 s St polie sl (SBgs anls,S) ks 5 (wsmasSal) (5 Lo
Wile el Cosal Pl Sw Sl g JB RS Rals ooy Al s LF — oail i slaal s Jlaseil LB cds
Bordenave and Burwood, 1990; ) (.5 oleS Sk ol dalllas 550 035000 (ol 03,5) e 4l S SlBgd Sl
(Bordenave and Huc, 1995; Bordenave and Hegre, 2010 10 5 (S ) Wy S a0 b s ) glalisdo L6 solio
5 loduzmny i Boyb 5l g 0ad wdgs bl Gyl —aile S wle aes  (paleo-high) asud gl o L i, sbebsls
OIS 5 0l9aS Olled e jgm (S3Pme S E o I I35 ez g Lo S JJs « (Fard et al., 2006; Bordenave and Hegre, 2010)
aby sladed 5 ol laded o (Lol wile ool @l ges Conle (25 Cnl 5o oad ol sgaze glowdisl 5 swlid e Slallas
3 oo JoSiS 1) (S5 e (] )3 Laslgus oS g (o035 08,95 S Saday sl modl sloe 5l o] Orles 5 S sy0en )
3k Yoo B Vee sg0s cules b p005S wijle a5 ol Jls o (4l ROWPUEITRI TN IR
Cgmre (G el | 2l Sy Glsien Gile g S gl 3 Gy~ Sy gy g5 50 Iyme g Lateiie (S s 3

Dileiss lzme redp —(SBsd Al S (S e 1T G 5 2900 ~Bgs Al S pies s o b aslllas 55e 03595
i olerdssy 5L slaogls (Bordenave and Hegre, 2010) §) i 45 003 corall 033 Wil Liie S l)ls gy
ol o9 I (g 4 Sy = slemsl (il i b (ol 05,5 (e 5 @il e (O] ~ Sy sladiile) Sty 0g)F oibke 5 o] s
lodgn anlb 1) (185 g el 08,5 435 cpolia B o |y s lommsl pie Ko it

Y


mailto:bahroudi@ut.ac.ir
mailto:bahroudi@ut.ac.ir

Y o)Lo.«:) AR 0)50 A4 ULV».SL)

o

Wb yioy 635 (ol (reej S gt ao

Letouzey and Sherkati, 2004; ) cosl (Kiw o glo ol lowgs
.(Bordenave and Hegre, 2005

093858 S b 38 Byb 5l Jgdse (Sobile b it (n i avr
by ggey a9 ol (0 Jled oo 4 Casl 00l ble (QKF)
5 NW-SE slasl b (MFF) (051 obassS agen (Stw o o
T s 0030 S
oaiiS sl a5 ol NE-SW slazel b (KHMF) s -5 )5 S o
Gody—anl S sl by sl glal el S
cww 5l (Fard et al., 2006; Bordenave and Hegre, 2010)
ot o b (ZFF) (o515 Gliny (Siwigy JoS by ad5> copir
() J58) 995 (o0 nlote (o Bgls (St g 49> jlas

l_x? oolw

ol

alllas 550 03gazme ;o Ly 5 JUb o8 Slapics iz 3975
Shote y o805 azsu B g5l oe 9 (oleadissy Sldllae plodl &g 50
4y St Sy ol o Gllllae (i plnil jlo e (289) G
S S BlassT Glaal s 50 9 Sis glaol> e uile; JBlas
looolgls e axllle ol 51 s ol ol 2 Aiis Sl il
4S5 b Js85s (Sobdly b i (it 5o Wl pleardss heog 5 S8
wiles I alordss slogss,
axfloo g0 adbain bl yuo )
9 00,550z ShpeS Gl sl (Foldly s S Jsdie (Solily s
ol J S g oduzm (5Ll Soloo b adg> SO g oS 00,95 S

> ei; Baserment Faults

>(’ - ‘% MFF: Mountain Front Fault
Q
R,
~

ZFF: Zagros Frontal Fault
~ “q
-~ N ﬁ’
o 5

QKF: Qatar-Kazerun Fault
~
\\

KHMF: Kharg-Mish Fault

HBF: Hendijan-Bahregansar Fault
Structures

KZ: Khaviz

HK: Haftkel

GL: Gulkhari

BK: Binak

KK: Kilur Karim

5l: Siah Makan

SAB: Sarab

50; Seh-Qanat

5J: Shahranjan

SHK: Shakestan

DAR: Kuhe-Dara

BKZ: Bid Karz

CH: Chilingar

GN: Garangan

GS: Gachsaran

BH: Bibi Hakimeh

SR: Sulabdar L
SPR: Shapour
RK: Rudak

MT: Milatun
CHB: Charborjeh
NI: Nargesi

SHR: Shur

DTN: Dashtestan
KHA: Kheyrabad

Legend
8 Kham| Gas reservair
KhamIOil Reservoir
Asmari-Sarvak oil Reservoir
Dry Structure
®  0il Sample

Source Rock Sample
Basement Fault

5 Swg bS olf,> 5 osame clé (Ziegler, 2001
sloai (Sady 5 SIS » S M Sl (SoFiez
Beydoun, 1993; ) cul atsls (p)Sguee Li> 5 05500
s slasel WIS > Jle olsie & (Bordenave and Hegre, 2005
g JuS 99 olaiel o legin Gloj (2l3aS larx I (86
b izl (Solidlyp o obnl cum G S 5 09,55 5had
a8 laily pliay sylle (Sl Ko olajly ~ S (Sobidl 6
Sherkati and Letouzey, 2004; ) cul osd iwe -5,
owil) 4,9 053l (Bordenave, 2014; Baniasad et al., 2017
@9 J30 (Foldly b 50 ad (g li> B (p S Geee (e yeS-SLL
AV JS2) Sl S5 b s BespS S5lu)S ) Sligm) ol g o
5 olipds 0 or Wil Gy (lidas Jole wile ol
SrP g OlayS Jold o ooy I S g 03 Gliese
SISO, (i) bl Selygy (b pe ol il JuSa
Dype oXig ey base o3 Sep Wile (VS i lao )l
Lol -0l @bl anlys (Sogss ol el ads

Y\Y

el i e 08,0 (BLasS] Copas Sl slaylisle asi A s> Jse Solidld o adlas sype ilhe SaxSTy g lajlisle Cesdss -) S

(Maghsoodi, 2001)

Fig. 1. Geographic distribution of studied oilfields within South Dezful Embayment (modified from Zagros structures Index Map, NIOC
Exploration Directorate (Maghsoodi, 2001).
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Fig. 3. Oil families classification based saturates, aromatics and polar compounds (resin and asphaltene).
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Table 1. Bulk properties and GC parameters of oils in the southern part of the Dezful Embayment.

Well BH#40 GN#02 RK#01 CH#03 CH#03 BH#40 BK#02 CB#01 NI#01 SHR#01 SQ#01 BH#40 BK#02 SHR#01
Reservoir Fahliyan Fahliyan Fahliyan Fahliyan Surmeh Asmari Asmari Asmari Asmari Asmari Asmari Sarvak Sarvak Sarvak
Sample code BH-Fa GN-Fa RK-Fa CH-Fa CH-Sm BH-As BK-As CB-As NI-As SH-AS SQ-AS BH-Sv BK-Sv SH-SV
API Gravity 38.50 38.00 40.00 38.00 39.50 31.00 27.50 32.50 38.00 27.00 31.00 32.00 31.00 25.50
%SAT 65.00 64.00 59.50 66.00 67.00 45.00 45.00 44.50 40.00 41.00 35.00 42.00 41.00 38.50
%ARO 20.00 17.50 23.50 19.00 21.00 33.00 32.00 25.50 37.00 22.50 28.50 29.50 26.50 25.50
%POL 15.00 18.50 17.00 15.00 12.00 22.00 23.00 30.00 23.00 36.50 36.50 28.50 32.50 36.00
%ASPH 1.50 1.50 1.00 1.50 1.00 7.00 8.50 5.50 3.00 6.00 6.50 10.50 11.00 8.50
SAT/ARO 3.25 3.66 2.53 3.47 3.19 1.36 1.41 1.75 1.08 1.82 1.23 1.42 1.55 151
PrinC17 0.55 0.33 0.28 0.32 0.35 0.80 0.65 0.52 0.41 0.75 4.69 0.49 0.69 0.94
Ph/nC18 0.70 0.50 0.53 0.51 0.54 0.72 0.93 0.82 0.63 0.79 5.51 0.72 0.97 0.35
Pr/Ph 0.85 0.67 0.54 0.68 0.72 0.74 0.74 0.67 0.76 1.07 0.82 0.71 0.73 115
Pr/Pr+Ph 0.46 0.26 0.35 0.40 0.42 0.55 0.42 0.40 0.43 0.51 0.45 0.46 0.42 0.75
813C ASPH (%) -26.90 -26.80 -27.30 -27.00 -27.10 -26.10 -26.50 -25.00 -25.50 -26.40 -25.60 -26.10 -26.30 -26.50
CPI 0.89 0.84 0.85 0.86 0.83 0.99 0.91 0.89 0.90 0.93 0.91 0.96 0.92 0.94
12.00
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Fig. 4. Oil families classification based on API gravity and asphaltene fraction content.
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Fig. 5. Oil family classification in South Dezful Embayment according to Hierarchical Cluster Analysis (HCA) and Principle Component
Analysis (PCA). 12 oil samples were classified into two major oil families based on 15 source and age-related biomarker ratios.
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Table 2. GC parameters of oils in the southern part of the Dezful Embayment.

Well BH#40 | GN#02 | RK#0L | CH#03 | CH#03 | BH#40 | BK#02 | CB#0L | NI#01 | SHR#0L | SQ#01 | BH#40 | BK#02 | SHR#OL
Reservoir Fahliyan Fahliyan Fahliyan Fahliyan Surmeh Asmari Asmari Asmari Asmari Asmari Asmari Sarvak Sarvak Sarvak
Sample code BH-Fa | GN-Fa | RKFa | CHFa | CH-Sm | BH-As | BK-As | CB-As | NI-As | SH-AS | SQ-AS | BH-Sv | BK-Sv | SH-sV
D.1.=Caa/Caue 1.26 114 0.74 112 1.39 251 1.60 1.28 0.79 131 1.07 1.16 1.55 3.03
€24/C23 Tri Terp 0.82 0.93 0.56 0.85 0.69 0.88 0.68 0.60 0.56 0.62 0.60 051 0.68 0.64
C31R/Hop C30 0.42 0.38 043 0.41 0.46 0.46 0.56 0.66 0.57 0.45 0.57 0.53 0.55 041
C26/C25 Tri Terp 0.92 1.08 0.96 110 0.99 0.92 0.83 0.75 0.52 0.95 0.81 1.01 0.83 0.95
C35/C34 225 0.89 0.56 0.95 0.61 0.65 1.30 0.99 0.99 110 1.02 0.98 134 0.97 111
Oleanan/Hop C30 0.00 0.00 0.00 0.00 0.00 0.00 0.14 0.20 0.06 0.06 0.15 0.09 0.16 0.00
(DiaDiaRS;g')‘;fZ’Cﬂ 0.18 0.30 0.27 0.36 0.27 0.35 0.21 0.20 0.17 0.29 0.18 0.24 0.21 0.30
Gam/C30 Hopane 012 0.12 0.08 0.20 0.22 0.26 0.09 011 0.12 0.11 0.12 0.17 0.06 011
Ts/Tm 155 2.18 177 2.26 312 1.22 0.68 0.65 0.87 071 0.48 0.44 0.67 0.78
DBT/PHN 111 172 2.37 1.86 2.01 111 1.62 152 2.27 0.85 1.95 123 051 051
Str C27/Str C29 117 0.78 0.74 0.72 0.77 1.02 0.89 0.86 0.80 0.91 081 1.30 0.86 1.15
€29/C30 Hopane 0.50 0.55 0.86 0.56 0.52 0.48 0.6 1.05 111 0.68 0.80 114 0.69 053
Str C28/Str C29 0.70 0.60 0.68 0.6 0.68 0.88 0.78 0.76 0.79 0.80 0.80 0.82 0.75 081
ETR 0.63 071 0.6 0.69 0.76 0.57 0.62 0.58 0.50 0.61 0.59 0.58 0.61 0.64
% Str Cz ) 325 315 315 3 36 35 315 32 35 315 405 3 375
% Str Czs 26.00 26.00 26.00 25.00 24.50 20 29 205 28 30 30 285 29 30
% Str Cae 34 a5 425 435 425 35 37 39 40 36.50 385 31 38 32.50
(z-MMNﬁ'-F:Aart\:,Ol 2 129 137 121 148 149 108 | 100 | 0% | 120 1.09 088 | 08 | 118 105
¢ 4-|\'>|ADDBBTT/1F-{:}|EBT) 414 651 3.37 7.05 714 | 321 | 274 | 255 | 436 162 158 | 251 | 270 189
MPI-1 0.85 0.93 0.84 0.94 0.94 0.67 0.60 0.69 0.87 0.58 0.75 0.68 0.64 0.60
Str Coo app/(aca+ app) 0.56 0.58 0.55 0.62 0.64 0.53 0.46 0.42 0.52 0.47 0.42 0.41 0.45 0.49
Str Czo 00 20S/(205+20R) |  0.45 051 0.47 0.48 0.45 045 0.49 048 0.43 0.52 0.50 0.47 048 051
Hopane Cz 225/(225+22R) |  0.64 0.63 0.62 0.61 0.62 0.57 0.58 0.58 0.56 0.59 071 0.57 0.55 0.60
Re(@)=0.6(MPI-1)+0.37 0.88 0.93 0.87 0.93 0.93 077 0.73 0.78 0.89 0.72 0.82 0.78 0.75 0.73
(for Ro<1.3)
Ro from MDR 0.80 0.85 0.78 0.86 0.86 0.78 0.77 0.77 0.80 0.75 0.75 0.77 0.77 0.75
Ro from MNR 0.85 0.88 0.82 0.91 0.92 0.78 0.75 0.72 0.82 0.78 071 071 081 0.77
Cas 20S/C27 20R 1.02 171 0.80 1.33 116 0.6 0.89 0.70 1.10 1.04 0.68 0.68 1.02 114
% Cas TAS 185 20 19 205 2 205 21 25 20 2 205 21 16 23
% Cor TAS 35 35 30 a1 25 4 29 40 34 38 415 40 3 325
% Cas TAS 4650 45 51.00 485 455 385 50 375 4 40 38 39 49 445
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Fig. 7. Hopane mass chromatograms (m/z 191) in the Asmari (A), Sarvak (B) and Khami (C) oils.
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Fig. 9. Oil family identification based on age-related biomarkers of Cas/C2 sterane and Extended Tricyclic Terpane
(ETR= Ca2s+C20/(C28+C29+TS)).
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