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Abstract 

     The content of redox sensitive trace element (V, Co, Ni, and Mo) in the 

bituminous limestone of the Euphrates Formation (E. Miocene) and bituminous 

gypsum of the Fatha Formation (M. Miocene) in the Hit Abu-Jir village area, Anbar 

governorate were determined using Inductively-Coupled Plasma Mass Spectrometer 

(ICP-MS), in order to infer the origin of the hydrocarbon and the depositional 

conditions of the organic matter. Hydrocarbons species by using FTIR technique 

was identified as aliphatic, aromatic compound, hydroxyl acids, hydroxyl group, 

sulfoxide and sulfur. Bitumen occurrences in these formations is a result of the 

hydrocarbon seepages that moved up under high pressure along the Abu-Jir fault 

Zone, and then were intruded in the limestone and gypsum beds of Euphrates and 

Fatha Formations. A distinctive fractional differentiation in trace elements in the 

hydrocarbon-bearing fluids was detected, and resulted in enrichment of these trace 

elements in the carbonates of the Euphrates, rather than in gypsum belonging to the 

Fatha. The source of the organic matters located in the Euphrates carbonates is 

mainly marine planktonic deposited in an anoxic environment, whilst, for that 

located in the gypsum of Fatha Formation is marine anoxic carbonate-shale, marine 

terrestrial oxic-dysoxic, and terrestrial oxic. The original kerogen is estimated as of 

type- I/ II. Bitumen precipitated in shallow depth does not exceed 2 km. The 

temperature of the ascending hydrocarbons-bearing fluids is computed as 35°C, 

whereas the burial depth is of 61°C, where the biodegradation was the most probable 

process responsible for producing bitumen in such depth and temperature. 
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باستخدام جياز المطياف الكتمي البلازمي الحثي،  وذلك لتحديد اصل الييدروكربونات و بيئة ترسيب المادة 
العضوية. تم تحديد انواع الييدروكربونات باستخدام جياز قياس طيف الاشعة تحت الحمراء حيث شخصت 

وأكاسيد كبريتية و كبريت. يوجد مركبات اليفاتية، اروماتية، احماض ىيدروكسيمية، مجموعة الييدروكسيل 
البتيومن ضمن ىذه التكاوين نتيجة حركة الييدروكربونات تحت ضغط عالي باتجاه الاعمى عمى امتداد نطاق 
فالق ابو جير، والتي بعد ذلك اقحمت في  طبقات الصخور الجيرية لتكوين الفرات والصخور الجبسية لتكوين 

ية مميزة لمعناصر النزرة في الموائع الحاممة لمييدروكربونات، نتج تم التحسس بحصول تجزئة تفاضم الفتحة.
عن ذلك اغناء بالعناصر النزرة لمصخور الكربونايتية العائدة لتكوين الفرات عمى حساب الصخور الجبسية 

ة لصخور الفتحة. ان اصل المواد العضوية في الصخور الكربوناتية لتكوين الفرات ىو الكائنات الدقيقة العالق
ذات الاصل البحري و المترسبة في بيئة لاىوائية. اما المواد العضوية في الصخور الجبسية لتكوين الفتحة  
فيي ذات اصل بحري كربونايتي الى سجيمي مترسب في بيئة مختمطة بحرية غير مؤكسجة، خميط من بيئة 

 .2ونوع  1مى انو يعود الى نوع ولي عبحرية وقارية مؤكسجة و قارية مؤكسجة. تم تحديد نوع الكيروجين الا
دة الحاممة كم. تم حساب درجة حرارة المحاليل الصاع 2ترسب البتيومن في عمق ضحل لا يتجاوز 

 11مئوية بينما درجة حرارة عمق الطمر الذي يتواجد عنده البتيومن ىي  درجة o33 لمييدروكربونات لتكون
درجة مئوية، حيث يعتقد في الغالب ان عممية التحمل الاحيائي ىي المسوؤلة عن انتاج البتيومن في مثل ىذا 

  العمق وىذه الحرارة.
                                                            

Introduction 

     Hydrocarbons seepages (bitumen and H2S gas) are distinct phenomenon can be easily seen on 

surface at the western side of the Euphrates River, particularly, in area extended between Hit and Abu-

Jir village [1].Some seepages associate the sulfurous spring water, while others are independent 

bitumen seeps Figure-1. These seepages reflect the NW-SE trend of the Abu-Jir Fault Zone (AJFZ). 

The interaction among Abu-Jir Fault Zone with Euphrates and Fatha basins appears as bitumen 

seepages and sulfurous water springs as evidence for recent activity along Anah-Abu Jir Fault [2]. Oil 

seeps were generated from planktonic kerogen partially mixed with the terrestrial material belong to 

source rock older than Jurassic and Cretaceous rocks [3]. These seeps are characterized by non-waxy 

oil originated from the marine organic source deposited under anoxic conditions [3]. The abundance of 

trace elements in the crude oils and bitumen have a wide range varies from less 1ppb to more than 

several thousand ppm [4]. Nickel (Ni) and vanadium (V) occur in oils and bitumen as metallo-

porphyrins and non-porphyrin species; they are usually the most abundant metals with values ranging 

up to 200 ppm Ni and 2000 ppm V [4]. The relative concentrations of some trace elements such as Ni 

and V are generally resistant to hydrocarbon maturity, secondary alteration and unaffected by 

hydrocarbon migration [5], [6] and [7]. Therefore, these metals are used as geochemical indicators of 

source rocks, paleo-depositional environment and organic facies. In the current study trace element 

geochemistry and FTIR technique were used to identify the origin of bitumen, depositional setting of 

organic input, parent kerogen type and paleo-temperature.  
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Figure 1- Geological and locational map of the study area displays sampling sites along the AJFZ 

(after [8]).The approximate boundary of AJFZ installed in this map based on [1]. 

Materials and methods 
     Sixteen samples (five bituminous limestone and eleven bituminous gypsum samples) were 

collected from the area between Hit and Abu-Jir village Figure-1. Samples (6EB to 19FB) represent a 

partially impregnated with bitumen. So, the bitumen-saturated fraction was carefully separated from 

whole rock. Samples from 20B to 25B represent bituminous gypsum rocks that were wholly 

impregnated with bitumen. All samples were subjected to Inductively Coupled Plasma technique 

(ICP) at the ALS Laboratory Group, SL- Seville in Spain. A total of ten samples are selected for the 

investigation by the Fourier Transform Infrared Spectrophotometry (FTIR), Shimadzu instrument at 

the Environmental Laboratory University of Baghdad to identify the hydrocarbon species of bitumen 

impregnated in limestone and gypsum samples. Geological map and sampling site was drawn using 

GIS software. 

Results and discussion  

Source rocks and paleo-depositional environment  

     The non-porphyrin Ni and V complexes in the crude oil form may be primary or secondary. The 

metal complexes released from kerogen during catagenesis and formation of metal-organic complexes 

represents primary origin, whilst secondary includes the metallic complexes derived via the interaction 

of oils with sediments or waters during migration and maturation. Biodegradation may also affect the 

concentrations of some trace elements in crude oils [4]. The results of the element concentrations (V, 

Co, Ni and Mo) and their ratios are listed in Table-1. The concentration averages of V, Co, Ni and Mo 

in the bituminous limestone of the Euphrates Formation (41.2, 5.8, 43.8 and 5.2 ppm) are clearly more 

than of those in the bituminous gypsum of Fatha Formation (33, 1.0, 38, and 1.0 ppm).The depletion 

of trace elements in the bituminous gypsum of Fatha Formation could be attributed to incorporate the 

largest content of these trace elements in calcite lattice of Euphrates Formation leaving trace elements-

poor fluid. So, the remnants trace elements were incorporated within gypsum lattice which belongs to 

the Fatha Formation. Accordingly, when using the cross plot of V versus Ni proposed by [9],[5], 

[10]and [11] Figure-2.  
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     The majority of the bitumens gypsum samples are plotted in the marine anoxic zone Figure-2 with 

the exception of one sample that plot in the marine–anoxic–carbonatic shale. So, the Euphrates 

bitumen was mainly sourced from marine rocks that were deposited in an anoxic environment. It may 

seem, bitumen in gypsum of Fatha Formation appears as of different origin (marine anoxic carbonatic-

shale, marine terrestrial oxic-dysoxic, and terrestrial oxic Figure-2. Redox sensitive parameters 

including V/Ni, V/(V+Ni) and Ni/Co are most widely used in hydrocarbon–source correlations; 

because, these ratios vary significantly in different sedimentary settings and generally not influenced 

by reservoir mineralogy or fluid migration [12] [13]. [11],[5] and [14proposed that bitumen deposited 

in reducing environments has a V/Ni ratio more than 3.0. The V/Ni ratio higher than 3 indicates 

marine organic material, ranging from 1.9 to 3 indicates mixed terrigenous and marine source input, 

less than 1.9 indicates predominantly terrigenous organic materials. The V/Ni ratio in the bituminous 

carbonates varies between (0.41-5.1) while in evaporites ranges between (0.8-6.5). It is clear, bitumen 

is of wide range of V/Ni ratio. So, the mixed marine and terrigenous source input is suggested.[15] 

proposed the following values and conditions for the ratio V/(V+Ni): the ratio that are more than 0.84 

reflect euxinic, 0.54–0.82 is anoxic, where 0.46–0.60 are suggestive of dysoxic conditions. Also the 

ratio Ni/Co; more than 7.0, 5.0–7.0 and less than 5.0 indicates anoxic, dysoxic and oxic environments, 

respectively [15]. Accordingly, the vast majority of the Euphrates samples (EB) have Ni/Co ratio, 

where the average of Ni/Co is 8.57 indicate an anoxic environment. The ratio Ni/Co in most samples 

of the Fatha Formation (FB) is lower than of 7, where it is 7 in sample 17 FB and 11 in sample 18FB. 

However, the average of Ni/Co (8.8) indicates anoxic environment. [10] proposed values of V/Ni ratio 

to identify the precursor of organic materials.  

Table 1- Results of some redox sensitive trace elements and their ratios in the sedimentary bituminous       

rocks. 

Sample No. V Co Ni Mo V/Ni V/V+Ni Ni/Co 

ppm 

E
u

p
h

ra
te

s 

F
o
rm

a
ti

o
n

 

6EB 18 4.0 43 2.0 0.41 0.30 10.75 

7EB 39 6.0 52 6.0 0.75 0.42 8.66 

8EB 77 9.0 15 6.0 5.1 0.83 1.66 

9EB 37 5.0 53 4.0 0.7 0.41 10.6 

10EB 35 5.0 56 8.0 0.62 0.38 11.2 

Mean 41.2 5.8 43.8 5.2 1.5 0.46 8.57 

F
a
th

a
 F

o
rm

a
ti

o
n

 

15FB 17 1.0 3.0 1.0 5.6 0.85 3.0 

16FB 17 1.0 5.0 1.0 3.4 0.77 5.0 

17FB 12 1.0 7.0 1.0 1.7 0.63 7.0 

18FB 9.0 1.0 11 1.0 0.8 0.45 11 

19FB 5.0 1.0 1.0 1.0 5.0 0.83 1.0 

20B 32 1.0 6.0 1.0 5.3 0.84 6.0 

21B 39 1.0 6.0 1.0 6.5 0.86 6.0 

23B 55 1.0 13 1.0 4.2 0.81 13 

24B 110 1.0 28 1.0 3.9 0.81 28 

Mean 33 1.0 8.8 1.0 4.0 0.76 8.8 
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Figure 2- Cross plot of V versus Ni concentrations indicate the redox conditions in the depositional 

environment of the source rocks after [ 9],[5], [10] and[11]. EB bituminous carbonate rocks, FB and B 

bituminous gypsum rocks. 

Hydrocarbon species 
     FTIR spectra identification was done based on the spectra standard table Table-2. Bitumens that 

were intruded limestone and gypsum are composed of aliphatic, and aromatic compounds containing 

hydroxyl group, hydroxyl acids, sulfoxide and sulfur. These hydrocarbon compounds are incorporated 

in limestone and gypsum. A total of ten samples of bituminous carbonate and gypsum rocks were 

chosen (three bituminous carbonates and seven bituminous gypsum). Distinctive IR spectra of 

hydrocarbon species were identified Figurs- 3, 4 and 5. The FTIR spectra of bituminous carbonates 

revealed that many hydrocarbon species are incorporated with calcite in samples 6EB and 7EB), 

whereas the sample (8EB) is wholly consisted of hydrocarbons Figure- 3. The bituminous gypsum 

(19FB, 20B, 21B, 22B and 23B) have striking peaks of hydrocarbon species and traces of gypsum, 

while IR spectra of gypsum in the samples 24B and 25B disappeared due to complete impregnation by 

bitumen Figure-5.  

Table 2- Spectra standard table of the minerals and organic compound types 

Bond Minerals and organic 

compound Types 

Wavelength range 

(cm
-1

) 

Intensity References  

C-O in CO3 

 

 

Calcite 1798 

1429-1453 

848-877 

713-720 

Strong 

Medium 

Weak  

Weak   

[16] and [17]  

H-O-H 

O-H 

S-O 

S-O 

Gypsum 3547.09-3404.36 

1687,1622 

1141.95-1116.78 

669.3- 601.79 

Strong 

Medium  

Strong  

Weak  

[18] 

O-H Hydroxyl group 3600-3645 Medium  [19] and[20]  

C-H Aliphatic alkane 

alkyl 

2950-2970  

2860-2880 

Medium 

C≡C  Medial alkyne 2190-2260 Medium-weak  

C=C Aromatic combination 

Bands (Alkene) 

1600-2000 Medium-weak 
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C-H Aromatic (Alkene) 1410-1420 Medium 

C=O  Carbonyl 

Carboxylic acids 

1700 

1690 

Strong 

Medium 

C-O C-O bond in bitumen 

structure 

1078-1300 Medium- weak 

S=O Sulphoxide  1032-1042 Strong-medium 

C-H Aromatic(Alkyne)  610–680 Weak 

S-S and/or  C-

S 

Sulfur 500-700 Medium-weak [21] (2013) 

 
Figure 3- FTIR spectra diagram of the bituminous carbonates (6EB, 7EB and 8EB) in the Euphrates 

Formation. 
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Figure 4- FTIR spectra diagrams of bituminous gypsum samples (19FB,20B, 21B and 22B) in the 

Fatha  Formation. 
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Figure 5- FTIR spectra diagrams of bituminous gypsum samples (23B, 24B and 25B) in the Fatha 

Formation. 

The kerogen type and paleotemperature  

     FTIR technique was used to determine the parent kerogene type and vitrinite reflectance. The 

vitrinite reflectance is used to estimate the burial temperature when bitumen precipitated (Tpeak burial) 

and the temperature of oil field fluids (Tpeak fluids). Paleo-temperature estimation is important to 

predicate the processes by which oil alters to bitumen again and to estimate the depth of bitumen after 

the precipitation.  The classification plot of organic matter types proposed by [22] and [23] was 

adopted. The classification plot of organic matter types and maturation is based on A-Factor and C-

Factor [22] and [23]. This plot is comparable to the van Krevelen diagram Figure-6. A- Factor and C-

Factor obtained from the IR spectra diagram. 
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             -                                           … (1) 

            C-                                  … (2) 

    The  transmittance spectra of aliphatic groups typically display distinctive peaks at 2860 and 2930 

cm
-1

 wavelength, carboxyl and carbonyl groups at 1705 cm
- l

  and at 1630 cm
-1

 wavelength, aromatic 

C=C bands. Each wavelength on the X axis of IR spectra diagram has equivalent value (Ev) on Y 

axis(T%); these values (Ev) when applied in equation of A-Factor and C-Factor will give relative 

ratios of the intensities of aliphatic/aromatic bands and ratios of carboxyl and carbonyl/aromatic bands 

respectively[24].The equivalent values (Ev) are listed in Table- 3. With increasing maturation the 

aliphatic peaks initially increase, while the carboxyl/carbonyl peak decreases. As maturation continues 

to increase, the aliphatic peaks decrease, while there is no apparent change in the peaks representing 

the aromatic C=C bands. Plotting the relative ratios of the intensities of aliphatic/aromatic bands (A-

Factor) against the ratios of carboxyl and carbonyl/aromatic bands (C-Factor) in a classification plot 

Figure- 6 results in an excellent differentiation of the organic matter.  

    One of most important features of this classification plot, is allowing the precise determination of 

vitrinite reflectance (Ro%) [25] Bituminous samples have striking peaks of aliphatic and aromatic 

spectra (Figures-3, 4 and 5). A and C-Factors values of each sample was applied in Figure-6. Each 

sample had certain site on vitrinite reflectance equivalent grid reflects each sample (Ro%) value 

Table-3. Bitumen appears to be derived from lacustrine and marine planktonic kerogen of type- I and 

II. Kerogen type I is highly oil-prone, yielding high quantities of paraffinic hydrocarbons, while type 

II is moderate oil-prone [26].  

 

Figure 6 - Classification plot of organic matters types and maturation (figure after[22] and [23]). 

Some of the previous studies mentioned, that the Palaeotemperature can be estimated by illite 

crystallinity, fluid inclusion homogenization temperature and vitrinite reflectance [27]. In the current 

study, the vitrinite reflectance was used. Vitrinite reflectance (Ro%) data Table- 3 can in turn be used 

to estimate peak temperature (Tpeak) by a calibrated vitrinite reflectance geothermometer (VRG) of 

[28]. The equations are: 

                  [            ]        …(3) 
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Consequently, the T peak fluids was 35°C in average which represents the oil field fluids temperature 

within the sedimentary basin. 

            [            ]       …(4) 

Table 3- The equivalent values (Ev) values, A and C-Factors, vitrinite reflectance (Ro%),temperatures 

of fluids(T°C fluids) and temperatures of burial (T°C  burial) in the bituminous samples. 

Sample no. Ev 

(2860) 

Ev 

(2930) 

Ev 

(1630) 

Ev 

(1705) 

C- 

Factor 

A- 

Factor 

Ro% T°C 

fluids 

T°C  

burial 

E
u

p
h

ra
te

 

F
o

rm
a
ti

o

n
 

6EB 49.4 48.3 79.7 77.7 0.49 0.55 0.41 38 63.5 

7EB 92.9 90.1 55.2 66.4 0.54 0.76 0.38 28.4 57.4 

8EB 54.6 48.5 44.3 48.2 0.52 0.69 0.39 
31.7 59.5 

F
a
th

a
 F

o
rm

a
ti

o
n

 19FB 84.7 81.5 86.7 86.9 0.50 0.65 0.40 35 61 

20B 83.1 80.4 58.9 63.7 0.51 0.73 0.40 35 61 

21B 91.6 88.1 83.5 84.0 0.50 0.68 0.40 35 61 

22B 80.9 79.5 78.9 80.6 0.50 0.67 0.40 35 61 

23B 83.6 82.7 81.4 80.4 0.49 0.67 0.41 38 63.5 

24B 59.7 56.9 67.7 73.2 0.51 0.63 0.40 35 61 

25B 81.8 83.6 85.9 83.3 0.49 0.65 0.41 38 63.5 

Mean   0.40 35 61 

 

Also, the T peak burial was computed to be 61°C representing the burial temperature of bitumen 

precipitated. Hence, in depending on the temperature values, bitumen-bearing oil was intruded 

Euphrates and Fatha Formations in shallow depth not more than 2 km depend on geothermal gradient. 

Such these values of temperatures (35°C of fluid and 61°C of burial depth) are not sufficient to alter 

oil to bitumen by thermal cracking, but biodegradation is the most effective process in this depth and 

temperature. The biodegradation is the microbial oxidation of crude oil controlled by temperature less 

than 80°C [29].  

Conclusions 

     The hydrocarbons- bearing fluids were rich in sensitive redox trace elements (V, Co, Ni and Mo). 

A distinctive fractional differentiation in trace element concentrations was detected. The large content 

of the total trace element concentrations were incorporated in the carbonates of the Euphrates 

Formation, consequently, the remnant hydrocarbons- bearing fluids become depleted in the trace 

elements. Thereafter, the depleted fluids intruded gypsum rocks of Fatha Formation; and so, the trace 

element concentrations in the gypsum are few.  

     Aliphatic and aromatic compounds linked with hydroxyl group, hydroxyl acids, sulfoxide and 

sulfur are the major components of the bitumen. In depending of the redox sensitive element 

concentrations, the bitumen that was intruded both of the Euphrates and Fatha Formations is of 

different sources. Organic matters that ascended and situated in the Euphrates carbonates were mainly 

sourced from marine planktonic that were deposited in an anoxic environment whereas  organic 

matters that situated in the gypsum of Fatha Formation were originated from multi sources (marine 

anoxic carbonate-shale, marine terrestrial oxic-dysoxic, and terrestrial oxic). The parent kerogen is 

estimated as of type- I/ II. 

     Bitumen precipitated in shallow depth not exceed 2 Km. The temperature of the ascending 

hydrocarbons-bearing fluids is computed as 35°C, whereas the burial depth is 61°C. Biodegradation 

was the most probable process responsible for producing bitumen in such depth and temperature. 
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