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Abstract
The concentration of organic matter in the oil shale of the Muwaqqar Formation 

(Maastrichtian - Palaeocene) in the two locations west of Deir Abu Said and south At-Tayyiba, 
Irbid-district, Jordan ranges from 1.8 to 24.6% and consists mainly of kerogen ( about 95% ) and 
to less amount (~ 5%) of bitumen. The analysis of the total organic carbon (TOC) shows values of 
1-14.76% indicating that this oil shale has mostly excellent generation potential. According to the 
hydrogen indicies values, the oil shale can be considered as good source potential for liquid 
hydrocarbons. Tmax values which are less than 435°C, productivity index (PI), which is < 0.1 , 
and the thermal alteration index ( TAI ) ranging between 1 and +1 indicate the immaturity of the 
oil shale.The kerogen is according to the pyran analysis mainly of type . The maceral analyses 
show also that the kerogen is mainly liptinite (type ) with few amount sporinite and the organic 
matter is mostly amorphous. The oil shale in the study area is considered according to the 
isoprenoid ratios (Pr/Ph), which are < 1.00, as anoxic marine sediment.
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Introduction:

Oil shale is fine grained sedimentary rock that has the ability to yield hydrocarbons 
on distillation. It is composed of about 20% organic matter mainly kerogen (about 95%) 
and bitumen (about 5%) and of about 80% inorganic mineral matter, which includes 
mainly quartz, feldspar, clays, carbonates, pyrite and sodium chloride, in addition to 
compounds containing Cu, Mo, Co, Ti, V, and other trace elements.  

Oil shales have been classified according to their different features in different 
ways. Duncan [1] based on the lithology and mineral components classified oil shale into 
carbonate- rich shale, siliceous shale and cannel shale  
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According to the origin and depositional environment, Yen and Chilingarian [2] 
had classified oil shale into the following types:  

a. Torbanites: It is of algal origin deposited in shallow fresh water environment.  

b. Tasmanites: This type is also of algal origin deposited in shallow marine environment. 
c. Green River Oil Shale: This type of oil shale consists of organic- rich shale or 
marlstone and other minerals. It is thought to be of algal origin deposited in a lacustrine 
environment.  

It is believed that the planktonic organisms such as algae are the main source 
material for oil shale. Cyanophyceae, Chlorophyceae and Xanthophyceae are the most 
important ones. Also, unicellular Protozoa, plant tissues, fragments of spores, pollen, and 
cutin are also contributors to kerogen formation.  

The term kerogen has been defined by several authors according to its geochemical 
properties. Durand [3] defined it as “ sedimentary organic matter insoluble in the usual 
organic solvents”. While Tissot and Welte [4] define kerogen as “ The organic 
constituents of sedimentary rocks that are insoluble in both aqueous alkaline and 
common organic solvents”. Burgess [5]defined kerogen in a specifically “optical” way 
as “Finely disseminated organic material freed from a sedimentary rock after acid 
treatment”. While Kinghorn [6] defined it as “The insoluble organic matter that has the 
potential to generate hydrocarbon, either by artificial pyrolysis or by being buried for 
long periods of time at sufficient depth and temperature”.  

Large deposits of oil shale are reported in many areas of Jordan (Fig. 1) from north 
to south with different thicknesses. These deposits are siliceous oil shale of Old 
Palaeozoic age or calcareous ranging in age from Late Cretaceous to Early Tertiary. 
Various workers have investigated these rocks such as: Quennell [7], Wetzel and Morton 
[8], Wiesemann and Abdullatif [9], Futyan [10], Wiersna [11], Bender [12,13] Amireh 
[14], Yassini [15], Abu Ajameih [16], Abed [17], Abed and Amireh [18], Jarrar [19], 
Darwish [20], Jarrar and Mustafa [21], Darwish and Mustafa [22,23] Armstrong et al. 
[24]. Also, many investigations have been applied by Natural Resources Authority.  

The present study aims to determine the maturity, the type and amount of the 
organic matter and the depositional environment of the studied oil shale.  

Geological setting and stratigraphy
Oil shales are found in Jordan exposed at the surface in many localities (Fig. 1). 

The study area is situated in NW Jordan, SW of Irbid City; It is bounded by the latitudes 
212 to 220 N and the longitudes 211 to 218 E (Palestine grid) (Fig.2).  

Four geological columnar sections belonging to the Muwaqqar Formation are 
described (Fig.3): Wadi Abu- Ziyad section (Sec. 1), Wadi Ziqlab section (Sec.2), Wadi 
Darraba section (Sec.3) and South at Tayyiba section (Sec.4).. - Wadi Abu-Ziyad (Sec. 
1)

This section has a total thickness of about 82 meters (Fig.3). The samples, 1 to 26 
are collected from the oil shale of this section. The rocks consist of more than 60 m oil 
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shales with varying amounts of organic matter (3.3 — 24.6%), and overlying about 20 m 
thick yellow to white marly chalk (Fig. 3).  

- Wadi Ziqlab (Sec.2)  

This section has a total thickness of about 55 meters Fig .3). The Muwaqqar 
Formation of this section is overlying the Phospharite Unit. It begins with 5 m thick 
black to pale oil shale from which 5 samples have been obtained (Sec.2/1, Sec.2/2, 
Sec.2/3, Sec.2/4, Sec.2/5) with one meter spacing. This oil shale is overlain by 50 m 
continuous sequence of moderately hard, fossiliferous, yellowish brown to gray white 
chalky marl.  

- Wadi Darraba (Sec. 3)  

This section has total thickness of about 81.7 meters (Fig.3). It is divided into three 
sequences from bottom to top as following:  

7 m: Black to pale dark brown, soft to medium hard, massive at top, weathered oil shale 
containing pyritic nodules (2.5cm) in the middle part. The samples obtained with 1 
meter spacing and are labeled from base to top, Sec.3/1 to Sec.3/7.  

Figure 1: Locations of oil shale deposits in Jordon . 1: Study area; 2:Wadi El-Arab 3: 
Himma 4: Wadi Esh—shallala and Al Maqarin; 5 & 6: Ruweished area; 7: Wadi 
Rajel; 8: El—Lajjun 9: Sultani; 10: Jurf Ed-Darawish. 
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Figure 2: The location map of the study area. (Studies section are labeled by )
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Figure.3: Columnar sections of Upper Cretaceous rocks (Maesterictian- ?Palaeocene). 
(1) Section 1 (Wadi Abu-Ziyad), (2) Section 2 (Wadi Ziqlab), (3) Section 3 
(Wadi Darraba) and (4) Section 4 (South at-Tayyba). 

14.7 m: White to pale gray, thick bedded chalk. It contains carbonate concretions and 
pyritic nodules in the lower part

60 m:  Orange brown to white soft, fossiliferous and laminated chalky marl.  
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- South At- Tayyiba (Sec.4)  

 This section is about 20 meters thick (Fig.3). The rocks from bottom to top are:  

1 m: Yellow to white fossiliferous, soft to medium hard marly chalk. It contains bands of 
chert.

1 m: Milky to white, soft chalk.  

5 m: Pale gray to brownish, weathered, medium hard oil shale with  

intercalations of marly chalk.  

10 m: Thick, red to yellow creamy to brownish, fossiliferous marl.  

3 m: Light white, soft, fossiliferous chalk.  

The section of the Muwaqqar Formation is bottomed by about 2 meters of 
phosphates, belonging to Al Hisa Formation. The age of Muwaqqar formation is 
Maastrichtian to Palaeocene. It contains high concentrations of organic matter, which 
could be of economic potential. As oil shale is not studied yet in this area, it will be the 
object of this study.  

Methodology
43 samples obtained from different locations of the study area (Tab.1) have been 

wholly or partially subjected to the following analyses:  

 - Total organic matter (TOM)  

The percentage of organic matter has been determined for 43 samples (Tab.1) 
according to the method of Walky and Black [25].  

- Total organic carbon (TOC)  

After removing the inorganic carbon by HCl (TOC) is determined then by using the 
(CHN 800) Carbon Hydrocarbon Nitrogen computerized furnace where the samples are 
burned at about 950°C and the CO2 which is produced by the burning is transferred to 
infrared cells to determine the organic carbon.  

- Fischer assay

Through this assay, we can determine the percentages of total oil, total water, 
released gases and ash (spent shale).

- Pyran analysis  

Pyran Fid Level I apparatus is used to analyze the organic matter quantitatively. 
The principle of the apparatus depends on the extract and pyrolysis of a determined 
weight of the sample in isolation of oxygen at increasing temperature until 650°C and 
measuring the released hydrocarbon compounds. This analysis can determine the 
following: 

Amount and percentage of bitumen (P1) at temperature not exceeding 300°C.  
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Amount and percentage of kerogen (P2) at temperature between 300-650°C.  

Tmax which is the temperature where the maximum hydrocarbon matter is released from 
kerogen.

Kerogen analysis  

- Maceration

 The different types of kerogen particles are called macerals, a term taken from coal 
petrology.  

Kerogen types can be analyzed by isolation of kerogen from the rock using normal 
maceration technique and mounting on a slide for visual examination.  

 - Thermal alteration index (TAI)

The thermal maturity of the organic matter was estimated by thermal alteration 
index (TAI) after Staplin [26] using the chart “pollen- spores color standard of Philips 
Petroleum Company (1984)”.  

Bitumen analysis  

- Extraction of organic matter (EOM) 

A pulverized sample is extracted for 20 hours with redistilled dichloromethane in 
soxhlet extraction apparatus. After the extraction is completed, the sample is filtered, 
evaporated to remove the solvent and transferred to a vial for analysis.

- Liquid Chromatography (LC)  

 The principle of this experiment is to separate bitumen into three fractions or 
compound groups; paraffins/naphthenes (saturates), aromatic and the polar resins or 
NSO (Nitrogen, Sulfur, Oxygen) fraction.  

- Gas Chromatography, HP 5890 (GC) is used to determine the compounds of the 
saturates. 

Organic geochemistry 
- Total organic matter  

The organic matter of 43 samples was determined. The resulting values range from 
1.8 % to 24.6 % with an average of 9.53 % (Table 1). 

The mean value of the organic matter in the study area is nearly equal the mean 
value of Nabi Musa oil shale [27] and less than the mean values of the oil shale of 
Maqarin and El-Lajjon [14], Wadi Esh-Shallala [21], and Amman Formation in Irbid 
area [22]. 

The highest values of organic matter have been determined in both the lower part of 
Wadi Abu-Ziyad and in Wadi Ziqlab, the less value was found in Wadi Darraba (Sec.3) 
(Table 1).
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The organic matter has affinity mainly with clay minerals where the organic matter 
is adsorbed at their surfaces [28]. 

Table 1: Organic Matter of 43 selected oil shale samples. 

Sample No. O.M % TOC
Wt% Sample No. O.M % TOC

Wt % 
Sec.1/ 1 15 13.47 Sec.1/ 23 6.9 5.93 
Sec 1/ 2 16.2 - Sec.1/ 24 6.3 - 
Sec.1/3 24.6 11.89 Sec.1/25 5.1 - 
Sec.1/ 4 7.2 - Sec1/ 26 3.3 1.7 
Sec.1/ 5 17.1 - Sec.2/ 1 9.9 11.35 
Sec.1/ 6 17.7 14.74 Sec.2/ 2 9.6 - 
Sec.1/ 7 15.6 - Sec.2/ 3 6.9 6.76 
Sec.1/ 8 16.8 - Sec.2/ 4 13.2 - 
Sec.1/ 9 17.7 13.98 Sec.2/ 5 17.4 14.2 
Sec. 1/ 10 10.2 - Sec.3/ 1 10.8 1.00 
Sec.1/ 11 4.8 - Sec.3/ 2 4.8 - 
Sec.1/ 12 6.9 9.07 Sec.3/ 3 2.1 3.07 
Sec.1/13 15.6 - Sec.3/ 4 7.5 5.25 
Sec.1/14  16.2 11.85 Sec.3/ 5 5.4 4.75 
Sec.1/14  6 4.06 Sec.3/6 3.6 -
Sec.1/ 15 7.2 - Sec.3/ 7 1.8 2.31 
Sec.1/ 16 8.7 - Sec.3/ 8 3.6 - 
Sec. 1/ 17 9.6 - Sec.3/ 9 2.1 - 
Sec.1/ 18 6.6 9.15 Sec.3/ 10 4.5 - 
Sec.1/20 11.7 - Sec.4/3 1 3.6 - 
Sec.1/ 21 6.9 - Sec.4/3 I1 3.3 - 
Sec. 1/ 22 7.8 -    

- Total organic carbon (TOC)  

The TOC was determined for 18 samples from the different study locations (Table 
1) in the Natural Resources Authority (NRA). The maximum value is 14.74 % which is 
obtained from Wadi Abu-Ziyad ,and the minimum value is 1 % from Wadi Darraba; the 
average is 8.03 %.

The average values of TOC in Wadi Abu-Ziyad is 9.6 %, in Wadi Ziqlab 10.77 % 
and in Wadi Darraba 3.27%.  

When evaluating source potential, it is important to consider the TOC value and the 
TOC composition. By comparing the obtained values with the values put by Peters [29] 
most studied samples (Table 1) have excellent generation potential.  

- Extractable organic matter (EOM)  

Other frequently used synonyms for extractable organic matter include bitumen, 
soluble organic matter (SOM), and total soluble extract (TSE).Seven selected samples 
have been analyzed in the oil shale laboratories of NRA (Natural Resources Authority) 
and the extracted fractions (EOM) are listed (Table 2). 



Geochemistry and Evaluation of Organic Matters of the Oil Shale from the Muwaqqar Formation 
(Maastrichtian – Palaeocene) in the Area between Wadi Zahar and Wadi Abu Ziyad, NW Jordan

241

Table 2: Extractable organic matter fractions of seven selected samples. 
Extractable organic matter 
(Normalized_percent)Sample 

No. 
EOM
ppm

Sat. 
ppm

Arom
ppm

NSO
ppm

Asph.
ppm Sat. Arom. NSO 

Sec.1/3 7219 605 949 1479 4186 19.95 31.29 48.76 
Sec.1/ 6 9787 768 1308 2502 5209 16.78 28.57 54.65 
Sec.1/9 10889 1176 1507 3190 5016 20.02 25.66 54.32 
Sec.1/18 2712        
Sec.2/ 1 15353 1799 3645 2771 7138 21.90 44.37 33.73 
Sec.2/5 18459 1808 3470 3786 9395 19.95 38.28 41.77 
Sec.3/ 5 719        

 The EOM ranges from 719 ppm as a minimum in Wadi Darraba to 18459 ppm as a 
maximum in Wadi Ziqlab ,with the average of 9305 ppm. EOM was separated according 
to functional groups that differ in chemical composition by column chromatography 
(LC).They are composed of hydrocarbons (Saturates + Aromatics), NSO (resins) and 
asphaltene. 

Each of the fractions contains certain types of chemical compounds. These are 
differentiated in to classes. Many of these compound classes are used as biomarkers 
(Biological marker). Mackenzie et al. [30] defined biomarkers as “organic compounds 
found in sediments and petroleum with structures that attest to their origin from discrete 
lipid constituents of organisms”.  

The hydrocarbons (HC) (Saturates + Aromatics) range from 1554 ppm in Wadi 
Abu-Ziyad to 5444 ppm in Wadi Ziqlab with an average of 3407 ppm (Table 3). 

Table 3: TOC, EOM, and HC of the studied samples. 

Sample  
No. 

TOC
Wt.% 

EOM
ppm % 

HC
(Sat + Arom)

PPm % 
Sec.1/3 11.89 7219 0.7219 1554 0.1554 
Sec.1/ 6 14.74 9787 0.9787 2076 0.2076 
Sec.1/ 9 13.98 10889 1.0889 2683 0.2683 
Sec.1/18 9.15 2712 0.2712   
Sec.2/ 1 11.35 15353 1.5353 5444 0.5444 
Sec.2/ 5 14.2 18459 1.8459 5278 0.5278 
Sec.3/ 5 4.75 719 0.0719   

Bitumens with low maturity have fewer hydrocarbons and more NSO compounds 
and higher average molecular weight .Therefore, the percentages of the different 
bitumen fractions can be used as indicator of maturity.  

 In the present study NSO, aromatics and saturates content of five samples were 
plotted in a ternary diagram ( Fig.4). The distribution show low maturity of these 
samples. The immaturity can be also identified according to Claypool et al. [31] by the 
logarithmically plotting of TOC wt % against HC ppm (Fig. 5).  
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Gas Chromatography (GC)  

 Gas chromatographic analyses are usually carried out on the saturated hydrocarbon 
fractions of crude oils and bitumens [32].  

 Representative gas chromatograms of saturated hydrocarbons extracted from Wadi 
Abu-Ziyad and Wadi Ziqlab are illustrated in figures 6, 7, 8, 9. 

 Identification of the compounds represented by the various peaks is carried out by 
comparison of retention times with authentic standards. 

Figure 4: Ternary diagram depicting the percentages of bitumen fractions and the degree 
of maturity. 1 (Sec.1/3), 2 (Sec.1/6), 3 (Sec.1/9), 4 (Sec.2/1), 5(Sec.2/5). ( After 
Williams and Douglas [33]) 
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Figure 5 : Sketch showing the concentration of the sample within the immature 
field ( After Claypool et al.[31]). 1 (Sec.1/3), 2 (Sec.1/6), 3 (Sec.1/9), 4 
(Sec.2/1), 5(Sec.2/5). 

Figure 6: Gas chromatograms of the saturated hydrocarbons from Wadi Abu-
Ziyad(Sec.1/16) on the chromatograms, Pr: Pristane, Ph: Phytane and the 
numbers are n- alkane carbon numbers. 
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Figure 7: Gas chromatograms of the saturated hydrocarbons from Wadi Abu-
Ziyad(Sec.1/9) on the chromatograms, Pr: Pristane, Ph:Phytane and the 
numbers are n- alkane carbon numbers. 

Figure 8: Gas chromatograms of the saturated hydrocarbons from Wadi Abu-
Ziqlab (Sec.2/1) on the chromatograms, Pr: Pristane, Ph: Phytane and the 
numbers are n- alkane carbon numbers. 
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Figure 9: Gas chromatograms of the saturated hydrocarbons from Wadi Abu-Ziqlab 
(Sec.2/5) on the chromatograms, Pr: Pristane, Ph: Phytane and the numbers are 
n- alkane carbon numbers. 

 Quantification is done either by measuring the areas under the peaks using an 
automatic integrator attached to the detector, or by measuring peak heights which is less 
correctly (Table 4).

Table4: The ratio of different biomarkers resulting from Gas Chromatography 
analysis.

Sample No. Pr/ph Pr/nC17 Ph/nC18 (C19 + C20)/ 
(C15 + C16) 

Sec.1/ 6 0.5050 0.4940 0.7960 0.408 
Sec.1/ 9 0.5316 0.5422 0.9109 0.694 
Sec.2/ 1 0.5545 0.5186 0.7288 3.12 
Sec.2/ 5 0.6430 0.5062 0.6537 1.09 

The ratio of different biomarkers can indicate different degrees of thermal 
maturation and oxygen levels during diagenesis. Pristane and phytane are the most two 
common isoprenoids. When the ratio of pristane to phytane (Pr/Ph) is lower than 1.0 
(Table 4) along with other characteristics geochemical and sedimentological criteria 
confirm that the organic matter of the oil shale originates from carbonate source rocks 
(algal-type kerogen) deposited under very reducing enviromnent [32,34].  

Pristane/n-C 17 and phytane/n-C 18 are two hydrocarbon ratios that have been 
shown to decrease with increasing maturity [4,35] (Table 4).  
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With increasing maturity, isoprenoids are generated slower than n-alkanes leading 
to decrease in isoprenoid/n-alkane ratios and regression along the line toward the origin. 
But with increasing biodegradation, n-alkanes are removed faster, so the ratio of 
isoprenoid / n-alkane increases and goes away from the origin.  

Isoprenoid index is a maturity index based on the following concentration ratio of 
the different isoprenoids and isoalkanes:  

 (C19 + C20) / (C15 + C16) 

The ratio decreases strongly with increasing maturity of the sediment 

(Table 4) [36].  

Marine algae produce n-alkanes that have a maximum in their distribution at C17 or 
C22 depending upon the species present [32]. Distributions of C27 to C29 steranes are 
useful for determining the type of organic matter contributing in the sample.  

The immature organic rich shales from the Muwaqqar Formation of Wadi Abu-
Ziyad and Wadi Ziqlab contain relatively high concentrations of cyclic biomarkers and 
the most abundant compounds are observed directly in the gas chromatograms in the 
nC27 to nC33 range (Fig. 6, 7, 8, 9)  

- Pyran analysis

Heating kerogen or a whole rock in the absence of oxygen to yield hydrocarbons is 
termed pyrolysis.  

Pyran fid level 1 pyrolysis is one of the powerful tools used for screening analysis of 
rock samples. It is a whole rock pyrolysis technique to identify the maturity and type of 
organic matter and to detect oil potential in a source rock. The measured parameters, 
which can be determined from this technique, consist of two peaks (P1, P2) and a 
maximum temperature (Tmax) (Fig.10).  

P1 The area under this peak is related to the yield of free organic matter (bitumen) 
distilled from the rock.  

P2: The area under this peak represents the amount of hydrocarbons like products 
evolved during the thermal degradation of kerogen. 

Tmax: The temperature value in °C at which the maximum generation of 
hydrocarbons is produced from kerogen. It is represented in the P2 when this peak 
reaches its maximum.  

The relations which can be obtained from the measured parameters (productivity 
index and hydrogen index) help us in evaluating the organic matter 

-Productivity index (PI)  

Productivity index (PI) or transformation ratio is a parameter that is used to 
determine the extent of petroleum generation based on the fact that P1 will increase and 
P2 will decrease when petroleum is generated from the organic matter.  

PI = P1/(P1 + P2)
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With increasing burial depth, free hydrocarbon (P1) increases while hydrocarbons 
available from kerogen (P2) decrease (Fig.10). The production index P1/(P1 + P2) will 
increase and the P2 peak temperature increases with increasing maturity.  

The production index-ratio of P1/(P1 + P2) always increases in the mature zone if 
kerogen is capable of generation oil or gas. Pyrolysate composition (P1,P2) can be 
affected by surface and interlayer absorption phenomena caused by some clays and other 
sedimentary minerals[37].  

The Tmax can be used with PI to estimate maturity levels. It can be said that the top 
of the oil windows is reached when PI approximate (0.1) and Tmax in the range of (435 - 
445°C). The bottom of the oil window (wet gas zone) can be roughly delineated by a PI 
greater than 0.4 and Tmax greater than 470°C [29,36] . 

 The obtained values of PI and Tmax (Table 5) are for all samples less than 0,1 and 
less than 435˚c respectively, which indicate that all samples according to Merrill [36] are 
in immature zone. 

Figure10: Increase of maturity with increasing burial depth as reflected in increase 
of P1 peak, decrease of P2 peak, increase of P1 /(P1+P2) ratio and increase of 
Tmax ( After Espitalie  et al.,[38]). 

- Hydrogen index (HI)  

The hydrogen index is defined according Waples [32] as “a measure of the 
remaining potential for hydrocarbon generation by increasing thermal maturation of the 
kerogen” or can be defined as the ratio of pyrolyzable hydrocarbon mass to rock mass. It 
is strongly related to the element composition of kerogen.  
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HI=P2/TOC x 100 

9 samples were analyzed: 5 samples from Wadi Abu-Ziyad, 2 samples from Wadi 
Ziqlab and 2 from Wadi Darraba (Sec.3) (Table 5).  

Table 5: Data obtained from pyran analysis. 
Serial 
No. 

Sample 
No. 

TOC
wt%

P1
mg/g 

P2
mg/g 

PI
P1/(P1 + P2)

HI
(P2/TOC)x100

Tmax 
(°C)

1 Sec.1/3 11.89 1.4510 59.6359 0.0238 501.56 416.8 
2 Sec.1/ 6 14.74 1.6598 77.47942 

77 4792
0.0209 525.64 415.0 

3 Sec.1/9 13.98 1.8470 67.2751 0.0267 481.22 405.4 
4 Sec.1/14  I 1.85 1.2640 57.0492 0.0216 481.43 405.2 
5 Sec.l/13 9.15 0.6630 32.4726 0.0200 345.89 403.3 
6 Sec.2/1 11.35 2.2503 62.7248 0.0346 552.6$ 403.1 
7 Sec.2/5 14.2 1.4869 56.8051 0.0255 400.04 420.4 
8 Sec.3/1 1.00 0.0024 0.9519 0.00255 95.19 430.0 
9 Sec.3/4 5.25 0.2143 19.1471 0.0111 364.71 434.3 

From the HI and with comparing the obtained values with values put by Jarvie [39] 
the kerogen of all samples is of type II except sample Sec.3/1, which belongs to type III 
(see also Fig. 11).

Also, HI can help in determining the source potential of immature kerogen. By 
comparing the obtained values of HI with the values and interpretations made by Waples 
[32] and by Jarvie [39] , the hydrogen indices below 150 mg HC/g TOC (Sec.3/1) 
indicate the absence of significant amounts of oil generative lipid material and confirm 
the kerogen as mainly type III or IV. Those between 150 and 300 mg HC/g TOC have 
marginal to fair potential for liquids. Kerogen with hydrogen indices of 300-600 mg 
HC/g TOC (Table 5) contain substantial amounts of type II macerals and thus are 
considered to be good source potential for liquid hydrocarbons (Fig. 11). - Fischer assay  
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Figure 11: Plot HI versus Tmax showing kerogen type and thermal 
evolution(After Curial et al., [40]). 

Is a method used to determine the yield of shale oil from an oil shale by the low 
temperature pyrolysis or destructive distillation of a rock sample. The yield of the shale 
oil is very much dependent on the maturity of the shales.  

In the retort, shale oil is produced when the shales are exposed to temperatures 
between 300 and 500°C. It was recognized long ago that heating of oil shale in the 
absence of oxygen produces an organic liquid somewhat similar in chemical 
composition to crude oil.Eight samples were analyzed and the result products are listed 
in table(6). From this table, we notice that, most samples are potential source rock except 
samples Sec.3/1 and Sec.3/4 and this is because of their lower value of TOC. We can 
plot the relation between TOC and potential of source rock (Fig.12). 
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Table 6: Result products from the Fischer assay. 

Item Sample No. TOC Oil
wt % 

Spent
shale
(ash)
wt%

Total  
water
wt % 

Gas
Loss
wt % 

1 Sec.1/3 11.89 8.8 84.4 3.4 3.4 
2 Sec.1/6 14.74 9.2 80.6 4.0 6.2 
3 Sec.1/9 13.98 8.2 83.6 3.6 4.6 
4 Sec.1/14  4.06 7.2 82.0 4.6 6.2 
5 Sec.2/1 11.35 7.2 83.0 5.0 4.8 
6 Sec.2/5 14.2 8.4 81.0 4.6 6.0 
7 Sec.3/1 1.00 0.4 94.0 1.6 4.0 
8 Sec.3/4 5.25 1.6 92.6 2.2 3.6 

Figure 12: The relation between TOC and shale oil yield. 

Kerogen analysis
- Maceration

This method is used widely in palynology; it is the term applied to various 
chemical and physical processes by which insoluble organic matter (kerogen) is 
extracted from sedimentary rock.Macerals are observed by transmitted or reflected 
light microscope and can be recognized by their differing optical properties.Shape 
and degree of transmittance and reflectance and also fluorescence under UV 
illumination can be used to identify broad maceral groups and types within these 
grouping (Table 7) providing information on sources of organic matter [41].  
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Table 7: Coal maceral groups (After [41]). 
Maceral groups Macerals General properties 

Vitrinite Telinite
Collinite

Angular to subangular Particles 
 Sometimes show cell structure. 
Moderate transmittance.  
Fluorescence usually absent.  
Intermediate reflectance. 

Inertinite

Micrinite
Sclerotinite
Semi-fusinite
Fusinite

Angular, often cellular outline 
 or granular texture 
Opaque in transmitted light 
No fluorescence.  
High reflectance. 

Exinite

Alginite
Sporinite
Cutinite
Suberinite
Resinite
Cerinite

Characteristics shape e.g. algae, resins, 
 spores High transmittance. Intense 
fluorescence (at low maturity). 
Relatively low reflectance. 

The major group in humic coals is vitrinite, the lustrous, black/dark brown 
constituents from the humification of woody tissue.  

The vitrinite is termed telinite when the morphological structure of the woody tissue 
is preserved; it is transparent and orange red with a vitreous lustre. And it is termed 
collinite when the structure of the vitrinite is lost but it is still a translucent brown.  

13 samples were macerated in NRA laboratories and studied in detail under 
transmitted light microscope. 

The microscopic analysis of the isolated organic matter showed that, the analyzed 
samples contain according to their morphological features, two different types of organic 
matter.  

 About 90 % of the organic matter in most macerated thin sections are liptinite (type 
II) subgroup of exinite which is characterized by lipid rich mainly amorphous, yellow to 
yellow orange color (Fig. 13).  

Amorphous liptinite is the result of the bacterial reworking of algae, phytoplankton 
and zooplankton [4]. 
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Figure 13:- Amorphous Kerogen, Wadi 
Abu-Ziyad(Sec1/9),100X. 

Figure 14:-Pollen grains (Sporinite 
maceral),Wadi Darraba 
(Sec.3/1),100X. 

Figure 15: Amorphous Kerogen particles, 
and in central (Arrow) one of 
pollen grain, Wadi Darraba 
(Sec.3/5),100X. 

Figure 16:-Amorphous Kerogen, Wadi 
Ziqlab(Sec.2/1),40X.

About 5 % of the organic matter is exinite (type II) which is characterized by 
amorphous shape, beside distribution of pollen and spores (Sporinite macerals) (Fig. 14, 
15)

Brown or black woody material, cuticular remains and cortex or other structured 
organic material are extremely rare or absent. Approximately 5 % of the isolated organic 
matter is represented by remains of algal bodies (alginite) mainly unstructured with 
golden yellow color (Fig. 16). 

 An estimate of maceral distribution provides together with TOC indication values 
of the petroleum generation ability of the source rock.  



Geochemistry and Evaluation of Organic Matters of the Oil Shale from the Muwaqqar Formation 
(Maastrichtian – Palaeocene) in the Area between Wadi Zahar and Wadi Abu Ziyad, NW Jordan

253

The palynofacies type in the analyzed samples and the type of organic matter 
containing lipid-rich mainly amorphous organic matter indicate anoxic environment. - 
Thermal alteration index (TAI)

 Thermal maturity is indicated optically by the amount of carbonization (change in 
color) of the palynomorphs (spores, pollen, or microfossils) in transmitted light and by 
vitrinite reflectance [42].  

The carbonization of these palynomorphs results in a color change from yellow in 
immature samples, through shades of orange/yellow- brown during diagenesis and 
brown during catagenesis to black in metagenesis [41]  

 The best known version of this technique is the coloration scale developed by 
Staplin [26] called thermal alteration index (TAI). 

Some palynologists divide the five indices of Staplin [26] further into plus and 
minus values, while others use seven indices. 

 Kerogen color is widely used as a rough and inexpensive maturation indicator [43] 

 13 samples were examined under transmitted light microscope and TAI was 
determined for them (Table 8). This table shows that the TAI of the studied samples 
ranges between 1, +1 and the kerogen color ranges mostly between yellow and bright 
yellow which indicates immaturity of the studied oil shale (Table 8).  

Table 8: TAI values for the studied samples. 
Item Sample No. TAI 
1 Sec.1/1 1 
2 Sec.1/3 1 
3 Sec.1/5 1+ 
4 See.1/6 1 
5 Sec.1/9 1 
6 Sec. 1/14  1 
7 Sec.1/18 1+ 
8 Sec.1/20 1+ 
9 Sec.2/1 1 
10 Sec.2/4 1+ 
11 Sec.2/5 1 
12 Sec.3/1 1+ 
13 Sec.3/5 1 

Conclusions
The Organic matter of the studied samples ranges between 1.8 to 24.6 with the 

average of 9.53 %. It consists mostly of insoluble organic matter (kerogen) forming 
about 95% of the total organic matter, while bitumen forms about 5%. TOC average 
values of Wadi Abu-Ziyad (Sec.1) is 9.6 %, Wadi Ziqlab (Sec.2) 10.77 % and Wadi 
Darraba (Sec.3) 3.27 %. So, and according to standard values, Sec.1 and Sec.2 are 
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considered as excellent generation potential rocks, and Sec.3 is very good generation 
potential rock. The studied oil shale is considered according to the isoprenoid ratios 
(Pr/Ph), which are less than 1.00, as anoxic marine sediments. The Pyran analysis, shows 
that the kerogen is mainly of type II and very rarely type III. Also, Tmax values in all 
samples are less than 435 °C indicating immaturity of the oil shale. The hydrogen index 
(HI) shows that, the source generation potential is mainly oil, ranging between large to 
moderate quantity yield.The productivity index (PI) values provide another evidence that 
the oil shale in the study area is in immature field. All values are less than 0.1 The 
studied oil shale doesn’t contain any significant amount of free oil, but can be considered 
as potential source rock, which can yield oil upon artificial thermal maturation.  

The palynofacies and maceral analyses of the samples show that the kerogen type is 
mainly liptinite (type II) containing few amount sporinite maceral. TAI ranges between 1 
and +1with bright yellow-yellow color, so the samples are considered as immature. 
Organic matter is mainly of amorphous material.  

Acknowledgment 
The authors are deeply grateful to the National Authority-oil shale divsion- 

specially Eng. Ghussaina Hilu and Hazem Ramini for their valuable assistance in the 
extraction and analyses of the organic matter. This work received financial support from 
Yarmouk University Research Council (Grant No.2001/8), we wish to express our thank 
for this support. 

. )–
 ( ,.

)–
 ( , , ,24,6

1,8 %  , ) 95 ( %  )5 ( % 
 .)TOC (14,761% ,

 .Tmax435˚ ,)(PI
 >0.1 , (TAI)1+1

 . . 
) ( ,

 . ,
)Pr/Ph ( >1,00 ,.



Geochemistry and Evaluation of Organic Matters of the Oil Shale from the Muwaqqar Formation 
(Maastrichtian – Palaeocene) in the Area between Wadi Zahar and Wadi Abu Ziyad, NW Jordan

255

References:  
[1] Duncan D.C., Geological setting of oil shale deposits and world prospects. In: Oil 

Shale (Ed. Yen T.F., and Chilingarian, G.V.), Elsevier, Amsterdam, (1976) 13-
25. 

[2] Yen T.F. and Chilingarian G.V., Oil shale. Elsevier ,Amsterdam, (1976) 292.  

[3] Durand B., Sedimentary organic matter and kerogen, Edition Technip, Paris, 
(1980) 13-34. 

[4] Tissot B.P. and Welte D.H., Petroleum formation and occurrence, Spirnger-
velag, Berlin, 2 (1984) 699.

[5] Burgess J.D., Microscopic examination of kerogen in petroleum exploration, 
Geological Society of America Special Paper, 153(1974) 19-30.

[6] Kinghorn R.F., An introduction to the physics and chemistry of petroleum. John 
Wiley, Chichester, (1983) 420.  

[7] Quennell A.M., The geology and mineral resources of (Formers) Trans Jordan, 
Colonial geology and mineral resources, 2 (1951) 85-115.

[8] Wetzel R. and Morton D., Contribution a La Geologie de la transjordanie. In: 
Notes et Memoirs Sur Moyen Orients VII(Ed. Dubertret, L.), (1959) 95-191.  

[9] Wiesemann and Abdullatiff R.,Geology of the Yarmouk area north Jordan. 
Unpub. Report No.11 of the German Geological Mission. (1963) 79. 

[10] Futyan LA., Stratigraphy of Belqa B2 and B3 Formations in Jordan and the 
origin of their bitumen. Unpub. Report by NRA, Amman, Jordan (1968). 

[11] Wiersna J.,Provenance, genesis and paleographical plications of microminerals 
occurring in sedimentary rocks of the Jordan Valley area. Flysisch Geografisehen 
Bodemkund Laboratorism, Universtat Amsterdam (1970).

[12] Bender F., Geologie von Jordanien: Beitr. Regionalen Geologie Erde,
Gerbrueder Borntraeger, Berlin, (1968) 230. 

[13] Bender F., Geology of the Arabian Peninsula-Jordan. U.S. Geol. Surv. Prof. 
Paper, Washington, (1975) 560-I. 

[14] Amireh B.S., Geochemistry and Petrography of some Jordanian oil shale. M.Sc 
.unpub. Thesis, University of Jordan, Amman (1979) .  

[15] Yassini I.,Maestrichtian-Lower Eocene biostratigraphy and the planktonic 
formation biozonation in Jordan. Revista, Espanola de Micropaleontologia, 11 
(1980) 5-57. 

[16] Abu Ajameih M., An Assessment of the El-Lajjun Oil Shale Deposits. Unpub., 
report, NRA, Amman, Jordan (1980).  



Mehdawi and Mustafa

256

[17] Abed A.M., On the hydrocarbons of some Jordanian oil shale. Dirasat ,Amman, 
Jordan, (1981) 63-78.

[18] Abed A.M. and Amireh B.S., Petrography and Geochemistry of some Jordanian 
oil shales from north Jordan. Journal of Petroleum Geology, 5, 3, (1983) 261-
274.

[19] Jarrar M., composition,stratigraphy and depositional environment of Kerogenous 
limestone of wadi Esh-shallalla (NW Jordan.unpublished M.sc.Thesis Yarmouk
university,Irbid, Jordan (1989). 

[20] Darwish H., Evaluation of organic matter of oil shale deposits from Amman 
Formation (Upper Cretaceous) NW Jordan, Unpub. M.Sc., Thesis, Yarmouk 
University, Irbid, Jordan, (1993) 117. 

[21]  Jarrar M. and Mustafa H., Mineralogical and geochemical study of the oil shale 
of Wadi Esh-Shallala (N Jordan), Abhath Al-Yarmouk, 4, (2) (1995) 111-136. 

[22]  Darwish H. and Mustafa H.,Gas Chromatography study of Bitumen from Oil 
Shale of Amman Formation (Upper Cretaceous), NW Jordan, Abhath Al-
Yarmouk “Pure.sci & eng” 6(2) (1997):93-110. 

[23]  Darwish H. and Mustafa H., Kerogen from Campanian Oil shale of NW Jordan, 
Abhath AL-Yarmouk “Pure.sci & eng”, 11 (1A)(2002) 95 –104. 

[24] Armstrong H.A., Turner B.R., Makhlouf I.M., Weedon G.P., Williams S,M., 
Smadi A. and Abu Salah A., Origin, sequence stratigraphy and depositional 
environment of an upper Ordovician ( Hirnantian) deglacial black shale, Jordan. 
Palaeogeography, Palaeoclimatology, Palaeoecology, 220 (2005) 273-289. 

[25] Walky-Black, Earth science reviews. Elseviers, 32(4) (1992).  

[26] Staplin F., Sedimentary organic matter, organic metamorphism, and oil and gas 
occurrence, Can. Pet. Ged. Bull., 17 (1969) 47-66.  

[27] Bein A. and Amit O., Depositional environments of the Senonian chert, 
phosphorite and oil shale sequence in Israel as deduced from their organic matter 
composition, Sedimentology, 29 (1982) 81- 90.

 [28] Mehdawi H. and Mustafa H., Petrography and Geochemistry of the Upper 
Cretaceous-Lower Tertiary Oil Shale, NW-Jordan, Abhath Al-Yarmouk,
16(2)(2007)293-318. 

 [29] Peters K.E., Guidelines for evaluating petroleum source rocks using programmed 
pyrolysis. The Amer. Assoc. Petr. Geol. Bulletin, 70 (1986) 3 18-329.

[30]  Mackenzie A., Brassell S., Eglinton G. and Maxwell J., Chemical fossil: The 
geologic fate of steroids: Science, 217 (1982a) 223- 226.  

[31]  Claypool G.E., Love A.H. and Maughan E.K., Organic geochemistry, incipient 
metamorphism and oil generation in black shale members of phosphoria 
Formation. Western Interior United State. Amer. Assoc. Pet. Geol. Bulletin., 62 
(1978) 98-120. 



Geochemistry and Evaluation of Organic Matters of the Oil Shale from the Muwaqqar Formation 
(Maastrichtian – Palaeocene) in the Area between Wadi Zahar and Wadi Abu Ziyad, NW Jordan

257

[32] Waples D.W., Geochemistry in petroleum exploration. Reidel Publishing 
Company, USA, (1985) 232 P. 

[33] Williams P.F.V. and Douglas A.G., Apreliminary organic geochemical in 
vestigation of the kimmeridgian oil shales. Physics and chemistary of the Earth , 
12 (1980) 531-545.  

[34] Katarba M.J. and Clayton J.l., A stable carbon isotope and biological marker 
study of polish bituminon coals and carbonaceous shales. International Journal of 
coal Geology, 55 (2003)73-94

[35] Christiansen F.G., Piasecki S., Stemmerik L. and Telnaes N., Depositional 
environment and organic geochemistry of the Upper Permian Ravnefield 
Formation source rock in east Greenland. AAPG. Bulletin, 77 (9) (1993) 1519-
1537. 

[36] Merrill R., Source and migration process and evaluation techniques. The Amer. 
Assoc. Petr. Geol., Tulsa, USA, (1991) 212. 

[37] Dekmbicki H., Horsfield B. and Ho T.Y., Source rock evaluation by pyrolysis-
gas chromatography. Amer. Assoc. Petr. Geol Bulletin, 67 (1983) 1094-1103.  

[38] Espitalié J., Laporte J.L., Madec M., Marquis F., Lepat P., Paulet J. and Boutefeu 
A., Méthode rapide de caractérisation des roches méres, de leur potentiel pétrolier 
et de leur degré d évolution. Inst. Fr. Pét., 32 (1977) 23-42. 

[39] Jarvie D.M.,Total organic carbon (TOC) analysis. In: Treatisc of petroleum 
geology, Handbook of petroleum geology (Ed. Merrill, R.,), The Amer. Assoc. 
petr. Geol., Tusla, USA., (1991) 113-118

[40] Curial A.; Dumas D. and Dromart G., Organic Matter and Evaporites in 
Paleogene West European Rift: The Bresse and Valence Salt Basins (France). In 
Huc: Deposition of Organic Facies. The American Association of Petroleoum 
Geologists, Tulsa, Oklahoma, U.S.A., (1990) 119-132. 

[41] Killops S.D. and Killops V.J., An introduction to organic geochemistry. John 
Wiley and Sons, Inc., New York, (1993) 265.  

[42] Anders D., Geochemical exploration method. In: Handbook of petroleum geology
(Ed. Merrill, R.,), Io2-The Amer. Assoc. petr. Geol., Tusla, USA., (1991) 89 

[43] Hunt J.M., Petroleum geochemistry and geology. Freeman, San Francisco, (1979) 
617.  


