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1- Introduction

The term bitumen can be found in much published literature, especially in organic geochemistry and organic
petrography (Mussa et al., 2025). In organic geochemistry, bitumen is defined as the fraction of organic
matter that is soluble in organic solvents (Peters and Cassa, 1994). On the other hand, from the perspective
of organic petrography, bitumen is considered a solid organic material that fills the pores and fractures of
rocks and is classified based on solubility, reflectance, and fluorescence intensity (Landis and Castafio,
1995). In studies related to petroleum systems, bitumen is used as a tool to determine the migration path of
oil and also to assess the maturity of hydrocarbons (Mussa et al., 2025).

Today, bituminous samples are also studied by laser Raman spectroscopy analysis (e.g., Xiao et al.,
2020). Raman spectroscopy technique has been mainly used to index the structural order of carbon-rich
materials such as solid bitumen samples, carbonaceous meteorites, coal, graphite, and carbonaceous fossils
(Zhou et al., 2014; Xiao et al., 2020). In addition, this method has also been used to investigate the
temperature conditions and thermal maturity of bituminous samples (Mumm and Inan, 2016). In this study,
the results of laser Raman spectroscopy analysis of bitumen samples from the Khaviz anticline, including
the Ahangaran, Dodangeh, and Ghaland mines, have been analyzed. This study also attempted to establish
a relationship between the results of laser Raman spectroscopy analysis and the bulk-rock chemical
composition of bitumen samples.

2-Geological setting

The Khaviz anticline is located along the boundary of Dezful embayment and the Izeh zone. It is closely
associated with the Mountain Front Flexure fault. The main bitumen occurrences of this anticline—
including the Ahangaran, Dodangeh, and Ghaland deposits—are situated on the southern limb. Secondary
oil migration led to the formation of solid bitumen as epigenetic- stratabound accumulations within the
marly— anhydrite sequences of the Gachsaran Formation. They mainly occur as incomplete replacement
among anhydrite layers, filling veins and fractures, along the pressure-release joints parallel to the bedding
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of marly sequences, and also as lenses within the marly and anhydrite sequences of the Gachsaran
Formation.

3- Materials and methods

In this study, sampling was carried out from the outcrop of bitumen in the Ahangaran, Ghaland, and
Dodangeh mines. To measure the structure and composition of the bitumen samples, selected samples from
various bitumen occurrences were analyzed using the Confocal Raman Spectroscopy method using a Lab
Ram HR instrument at Shiraz University, Iran.

After Raman spectroscopy analysis, the samples were divided into two groups, I and II. To investigate
the geochemistry of the bitumen samples and to establish a relationship between the results of the laser
Raman spectroscopy analysis and the whole rock chemical compositions, representative samples from
groups I and II were subjected to quantitative and qualitative analysis using an X-ray fluorescence (XRF)
instrument (ZSX Primus III+ X-ray fluorescence) in the XRF laboratory of South Aluminum Corporation,
Iran.

4- Discussion and conclusion

All studied samples display characteristic Raman peaks of crystallized carbon near 1580 cm™ (G-band) and
1350 cm™ (D-band). Based on their spectral characteristics, two distinct groups of bitumen (Groups I and
II) are identified. Group I bitumen is characterized by a dark glossy appearance, brittle texture, and higher
G-band intensity relative to the D-band. In contrast, Group II bitumen exhibits a brownish-dark color, a
highly brittle nature, and a more intense D-band than G-band. Additional peaks at approximately 1435 cm™
and 980 cm ™' indicate the presence of carbonate—sulfate minerals (e.g., calcite and anhydrite), reflecting the
impure composition of the Group II samples. Furthermore, characteristic peaks in the 1850 -1760 cm™
range correspond to anhydrides of carboxylic acids, suggesting a higher oxidation degree in the Group II
bitumen. Geochemical analyses of representative samples from both groups reveal that progressive
oxidation likely led to the depletion of oxidation-sensitive trace elements such as vanadium, copper,
chromium, and nickel in the Group II samples. It is suggested that future studies investigating the metal
potentials of bitumen in the Khaviz anticline should focus on the Group I samples.
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mine, (b) Stratiform bitumen occurring along the planar release joints in gray marls of Gachsaran Formation, (c)
Bitumen occurrence as filling the vertical faults and along the planar release joints, and (d) Bitumen lens in the

gray marl of Gachsaran Formation.
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Table. 1. Results of quantitative X-ray fluorescence (XRF) of representative samples from groups I and II.

Element El.line Detection Limit Ahangaran (wt. %) Ghaland (wt. %)
Group I 11
NaO Na-KA 0.01308 0.4635 0.0626
MgO Mg-KA 0.01234 1.4565 0.7244
AlLO3 Al-KA 0.00687 2.6746 1.0680
SiO, Si-KA 0.00967 9.4275 3.6364
P,0s P -KA 0.00304 0.0386 0.0161
SO; S -KA 0.01102 24.2592 34.9679
Cl CI-KA 0.00498 0.2771 n.d
K>0 K -KA 0.00327 0.9205 0.4011
CaO Ca-KA 0.00627 13.1386 34.4974
TiO» Ti-KA 0.01139 0.3067 0.1024
V205 V -KA 0.00915 0.0799 n.d
Cr0; Cr-KB1 0.03617 0.4624 0.0143
Fe,0; Fe-KA 0.00516 2.834 0.8202
NiO Ni-KA 0.00253 0.0248 0.0073
CuO Cu-KA 0.00226 0.0038 0.0021
ZnO Zn-KA 0.00192 0.0065 0.0025
Rb0 Rb-KA 0.00128 0.0041 0.0014
SrO Sr-KA 0.00131 0.1374 0.3042
Y»0; Y -KA 0.00131 0.001 0.0006
Nb,Os Nb-KA 0.00125 0.0012 n.d




]

.y o P . &
\ o)l.a.w N7 o)j\b AR KA )Léd 4..5).“....) ‘_go).;)lf QSNL“"‘“"Q"?'Q) ;'f,’df/:r:oéb

n.d = not detected.

006 £5000 3500 x40 x5000 20 2000 x40.0 360 03 5002
(a) 3 = < *
3 3 3 % 2 i
081 A o S i > N fl
VLl SN
£ 06 l l | ! < < | il I
= l Il ‘ [ 2 3 I I , 1
H | l f “ ’ ‘\ ?‘ “I | (| t* |'|
i 04 | || I “ “ i| !.l ’l J l | ‘ [.N‘”M,‘!
f | I (| (" o okl | {0\ |
5 || | | |\ - | v ) | \ | |
"l WU U G DU T
| [ A ' I\ 2 2 |
oc'l'l"'—Jl'lL"l"l‘ R TR "I/"¥ TT T T/y'¥ TTT h._/1'|k'—""\/l|/'l\’»w
15 17 112 114 135 138 92 % 109 112 139 142 108 110 142 145 37 39 45 47 737
oo Hem(®d KA KKA QKA S KA P KA SiKA ALKA MgKA  NaKA FRA (dep
60
IEEER |
= 4.0 #‘ %1 ,; = ‘
aaj t ’
z ARt B s
g z2\32 2 |
= : 3“f > l 2
z B3 ’ <
B g 3 %
S . SSE. S .
65 70 75 80 85 90
2 theta(deg)
(b) x9000 %08 x500 00 ) x02 002
< i
03 - : g ? p;
» 7 | 2'.
; A i h s | C ol
LR 21T T bk
= [ |
B | ‘ |
LA T T
| 2 2 WA
03 M A1 |
| | 3 | = \ W\\,
N
0.0 '% lL Tt JJ;}' ¥ B e () L 72 § T =T
109 112 139 142 108 110 142 145 37 39 45 47 37
. SKA P KA SiKA AKA  MgKA  NaKA FKA (deg)
x‘“
3.04
g 2
: 10+ 3. 3 '
2 8 371 || 3 3 3
Z & ~ 23 z I ) s - =
0.0+ T T -|""|-l\7'|-JIILT 'J:'I 'TI""I""I""I%"
5 3 5 gl sain Yigegn Srggren gtk gho S hineles ey
Heavy 2-theta(deg)

I o5 (0) 5 15,5 byma sloaigos | (XRF) (oS0l anl puiloo2ls S 5007 s @) -F JSo
Fig 4. (a) Results of qualitative X-ray fluoresces (XRF) analysis of representative samples from the group I and
(b) group II.

dpep 4 ok, slodly Bis 5 Sadl azlp S Slosisl ey e bl o

slaial po olay slaegye sbml el lad (g3lusls] Sy S s 8 il e oselaens]
Gl 00 5 leS g (5 lom] (slaas sl ganay Fkaw g & ()55 olge opl (Biodegradation)
3O Oegim olas ) S,k 5l (Wennberg et al., 2006) (o> a8l o (Rezaei et al., 2025) wiloas Jos



\ O)LQ.A..:J N7 0)5\5 AR KA )Led

]

wy oa 5. . 4
ad i (69 )8 gwlidpe) Jl,qldzr:p%"

ol ool Eiwcads olKws jo (Exciting laser) oas
D-band zse Jsb (A =$YY/ANM Jlio olsic a) wily
—ieb e opl 5l Ol gl 45 WS (e iy a8
L ol j5bas caallln 3,50 (sloaipas plas (sl (2
=YY N ey S ouisS S 53 s Jsb
sldigas jo ol lad iy Olllas ol ploxl A
2 oast dozr 5D I - Gase olge ez (sl
AP 5 G (TOC) JT S U5 (liee &5 (90
JbB D-band 3 G-band & by 1o slaSly il sy
—cb les o (Xiao et al., 2020) sil o onnlice
SlaSey waslllas 3550 (y3las egin Sladiges Ll sla
ail o canlie L D-band 4 G-band 4 Ly e
G-band «; Lo slocSy (2 Faxlis adl (8 JS2)
50 o9 oy, 5om] yore Cpegio sladises ;o D-band 4
drpo b agier o, Jolh o Sl iy s
ol Slabd xS 3w ple ©)jgea YU egls
Bged ;0 (@-F g a-0 sla ) 04l 0 0aus Wil 0
Sl )10 53 5 3l ol S5y o g ol ¢ s

(@-F ga-0 sl JS) ail oo 0aiSs

Ol o saims lis oV JSs) w58 sl Sl olacul
o &y Bos 3l ()5 9000 gl s o o Soss
Ol az = olips olas; Coles o g (Haw (e
e oyl slaJlgs o (dilr &jyge 4 aghe
oS p Sl 5 Sl b ly e S
zobw Silae ol oo, slaal jo 35 g by SouSs
~J5) aibiee e Wile Gl sla Il gonay

(B sl
Saigen Gbly b mmls Julxi -V-f
]

b yo loresin sladiges a5l ools lis b o)
CM- odgazme ;o wld o K glylo 0> 4l
oo Wb b G-band jlgie o aS aiilb oo VOA-
S5 syl cpl podle g8 oo 4Ll (order band)
Cog aS aiib oo 50 VYO M- oogams jo S0 Sy
oauels (disorder band) ol Wb L D-band lgie
{(Frezzotti et al., 2012; Xiao et al., 2020) s4 o
wSSln )5 goe Job azslin il c8s wb

O (Sl ity 3 (Sle Slalad 00 S 40 i) Sjg0a AT VL oglS x50 b Gegte I (Siwd diges nglai (@) O JSA
Wgod) D9 o0 0030 (glY (glaciy ;05 b ol jor a5 W roging yore (pogin diges (D) 5 (L 09,5 (B jx0 diged ) Sl 00lo &, ol Sl

(1 04,5 G o

Fig 5. (a) Hand specimen of pure bitumen forming as the matrix of marly fragments in the Ahangaran mine
(representative sample of group I), and (b) bitumen sample from Ghaland mine accompanied with anhydrite layer

(representative sample of group II).
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