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Abstract 
This work represents the first detailed study of an oil shale (OS) section from the Upper Campa-
nian Amman Silicified Limestone (ASL) Formation in south-western part of Jordan. More than five 
meters of oil shale have been recorded. Using the petrography and geochemistry, this study aims 
to focus on such non-conventional types of oil shale rocks in Jordan and to shed some light on their 
composition and formational environment. Unlike oil shale from Maastrichtian to early Tertiary, 
this type of oil shale is highly dolomitized. The dolomite is diagenetic in origin. This oil shale type 
contains considerable amount of OM and remarkably enriched in some trace elements and shows 
quite low sulfur content. Results suggest that the formation of dolomite appears to be limited by 
the rate of organic matter oxidation. 
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1. Introduction 
Jordan has huge oil shale (OS) resource and considered one of the world leading countries in its OS potential 
deposits. More than 24 deposits are recorded [1]. The well-known Jordanian OS belongs to the upper cretaceous 
and lower tertiary formations [2]. The Jordanian OS is generally not exposed. Previous work conducted on Jor-
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danian OS is based mainly upon shallow boreholes and limited OS outcrops. Previous work and OS exploration 
in Jordan have focused on Upper Cretaceous OS from Muwaqqar Chalk Marl formation (MCM) (e.g. [3]-[8]). 
The OS from MCM formation is bituminous limestone [8]. At Wadi Al-Bustan, south-western corner of Jordan 
(Figure 1 and Figure 2), the OS is found in two stratigraphical levels. The upper (younger) level is that of 
MCM formation (Figure 2(a)) from Maastrchtian-Paleocene [2]. Full Petrographic and geochemical characteri-
zation of this OS type is found in Alnawafleh [8] and later papers by the same author (e.g. [9] [10]). The lower 
level (older) (Figure 2(b)), which is bituminous dolomitic limestone, is a part of upper Campanian Amman Sili-
cified Limestone (ASL) Formation [2].  

The ASL formation is related to the Late Cretaceous Belqa Group. Jordan was flooded during the Late Creta-
ceous and the shallow marine sediments of the Belqa Group were deposited [11]. The age of the ASL Formation 
is latest Cretaceous (Campanian-early Maastrichtian) [12]. Its thickness varies from 30 to 100 m [13] [14]. The 
base of this formation is defined below the first massive thick-bedded chert and above the marly chalks or 
silts/sands of the Wadi Umm Ghudran/Fassua Formation [15]. 

Dolomite is generally associated with sedimentary limestone. As a mineral, dolomite is common in ancient 
marine and terrestrial deposits [16]. Dolomite is found in wide range of formational setting [17]. Theories re- 

 

 
Figure 1. Location of Wadi Al-Bustan (study area).                                       

 

 
(a)                                            (b) 

Figure 2. Oil shale surface exposures in Wadi Al-Bustan, S-W of Jordan. (a) Oil shale (bitumin-
ous rocks) exposure from Muwaqqar Chalk Marl Formation; (b) Close view of oil shale from 
Amman Silicified Limestone Formation.                                                  
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lated to dolomite formation are continued to evolve and many modes of dolomite origins are proposed. Based on 
their mode of formation, dolomites can be broadly divided into primary and secondary dolomites [18]. In Jordan, 
dolomite can be found in the Burj Dolomite-Shale Formation of Cambrian age and in upper cretaceous Naur, 
Hummar and Wadi Es-sir formations [19]. 

Literature deals with dolomitization in OS are quite limited. It is the purpose of this paper to understand the 
geologic characteristics and the genesis of dolomitized OS rocks from Jordan. The geochemical parameters dis-
cussed here are based on the various analyses results on OS surface outcrop samples from the bituminous dolo-
mitic limestone section of the upper Campanian ASL Formation. 

2. Geologic Setting 
Jordan’s OS from Campanian age is rarely referred to in literature. More attention has been given to that OS of 
the Muwaqqar Chalk Marl Formation. The OS from Campanian age is related to Amman Silicified Limestone 
Formation (ASL). These OS beds can easily be traced in the field as they are exposed in some wadis like Wadi 
Al-Bustan in Ash-Shoubak area. Amman Silicified Limestone Formation is easily traced across the country. 
This formation is characterized by cliff forming, massive chert beds overlaying the Wadi Umm Ghudran/Fassua 
Formation [15]. In South and Southeast Jordan, the deposition took place under marginal marine conditions with 
increased content of siliciclastic deposits [15]. Shallow near-shore environment for chert beds of this formation 
was concluded by Abed and Kraishan [20]. More information about the genesis of this formation is found in 
Abu Jaber et al. [13]. They reported that the ASL Formation was deposited on a shallow carbonate platform 
along the fringes of the Tethyan seaway. The stratigraphic column of ASL Formation within the studied area is 
shown in Figure 3. 

 

 
Figure 3. Lithologic column of Amman Silicified Limestone Formation in the study area. Modified 
from Barjous [36].                                                                            
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The formational framework of the Jordanian OS has been investigated by many researchers over the last four 
decades (e.g. [3] [4] [6] [8] [21]-[26]).There are several scenarios about the formation of Jordanian oil shales. 
These scenarios are combination of paleoclimatic, paleogeographic and paleotectonic factors. Recent biostrati-
graphic and petrographic studies on Upper Cretaceous-Eocene OS from Jordan have reached to similar results 
on the formational and controlling factors that have been reported and discussed previously by Alnawafleh [8] 
(e.g. [27]-[31]). In central Jordan, oil shale deposited in synclinal basins [3]. During the late Cretaceous period, 
the eastern Mediterranean formed part of the southern broad shallow epeiric shelf of the Tethys Ocean [15]. The 
sea-floor of the eastern Mediterranean was not topographically smooth but consisted of basins and swells [12]. 
These structures are believed to be resulted from the late cretaceous major tectonic pulse of the Syrian Arc fold 
belt [32]. With the areas covered by the Syrian Arc, the basins and swells are folded whereas in Jordan such 
structures are not folded [33] indicates the importance of the sea-floor bathymetry as a controlling factor of the 
upper cretaceous sedimentation in the region including Jordan’s OS. Regional sea-level fluctuations of Late 
Cretaceous have played a major role in the deposition of OS in Jordan [8] [29]. The high productivity due to 
upwelling currents along the shelf edge and the anoxic bottom water conditions are major controlling factors in 
OS formation [4] [8] [34]. It is important to mention that some parts of OS in central Jordan have been pyrome-
tamorphosed to marble [35]. 

3. Field Work and Sampling 
Twelve samples were collected from the OS section that exposed at the base of Wadi Al-Bustan north of 
Ash-Shoubak area in south-western part of Jordan (Figure 1). The field observations show that this OS section 
is made of irregular rhythmic repetition of pale and dark bands of fine-grained mudstone. Nearly 5.5 meters 
were recorded and sampled. Oil shale section varies in hardness and occasionally fractured. The lower part is 
almost rich in shell fragments and fossil debris and biogenic material and contains some coarse concretion par-
ticles (biogenic debris or dolomitic lumps) and reveals sugary texture. Some bands in this section have distin-
guished bituminous smell. The OS in this section is overlain by marl and chert bands and underlain by phospho-
rite beds at the bottom. 

4. Experimental Work and Methodology 
Each sample was divided into three parts. One is saved as archive sample. The second was cut to prepare thin 
section for microscopic inspection. Twelve oil shale thin sections were prepared at the laboratories of Natural 
Resources Authority (NRA), Jordan. Half of each thin section was stained using staining test solution (Alizarin 
Red S) and then studied using the polarizing microscope. Photomicrographs of each OS type were taken using 
digital camera type Canon Power Shot S70. The third part of each sample was crushed by a crushing machine 
then further reduced down to monomineralic particles by vibrating agate ball mills. All samples were analyzed 
by carbon determinator (thermal conductivity detector) to indirectly estimate the quantity of organic matter in 
each sample.  Total sulfur content (S wt%) in four selected samples was determined using the multi EA®200 
element analyzer available at NRA. Those samples have been tested for their oil shale retorting properties via 
Fischer Assay apparatus available at the NRA that determines oil, water, spent shale and gas loss in OS samples 
according to ISO 647 by thermal cracking method. Quantitative analysis of major oxides and trace elements was 
performed using X-Ray Fluorescence Spectrometer (XRF). 

5. Results and Discussion 
5.1. Organic Matter Distribution 
Organic matter distribution is indicated from the distribution of total organic carbon (TOC) in the studied sec-
tion. The TOC × 1.22 is commonly equated to total organic matter (TOM). The resulting TOM is approximate 
because the 1.22 factor assumes certain amounts of oxygen, nitrogen, and sulfur is present [37]. The TOC in the 
studied oil shale section ranges from 3.62 % to 20.57 %, therefore, the approximate TOM ranges from 4.42% to 
25.10% respectively. The OS in some bands is of good quality as indicated from quite high values of TOM. 
Figure 4 shows a rapid transition from organic-rich to organic-depleted and inverse relationship between TOC 
and total inorganic carbon (TIC). The approximate TOM in this type of OS is within the range of Maastrichtian 
OS type reported from Jordan and adjacent areas (e.g. [5] [8] [9] [38]). 
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Figure 4. Depth profiles illustrate TOC distribution in the 
studied oil shale section.                               

5.2. Mineralogical and Textural Change 
Figure 5 illustrates the prepared OS thin sections in relation to their TOC content. Generally, dark samples are 
TOC-rich and pale samples are TOC-depleted. 

Under transmitted white light microscope, the TOC-depleted samples (Figure 6) have coarse crystalline do-
lomite mosaic texture. Dolomite grains are euhedral rhombs and idiomorphic. Samples show cross-cut relic mi-
crofabrics of the original carbonate with coarse replacement dolomite, carbonate overgrowth and intercrystalline 
porosity. The TOC-rich bands (Figure 6) are more laminated, composed of productivity derived and authigenic 
components. Samples show carbonate shell dissolution. This type contains more phosphatic particles and detrital 
grains. Such textural changes from TOC-rich bands to TOC-depleted bands suggest complex diagenetic history 
and indicate that the diagenetic processes have played a major role in the formation of this type of OS. The di-
agenesis is widely reported as a major factor controlled the formation of Upper Cretaceous rocks in region ([8] 
[39] [40], among many others). 

The XRD analysis results for selected OS samples relative to their TOC content is shown in Figure 7. Based 
on relative XRD high peak data, OS samples shows major dolomite mineral phase. It is very obvious in TOC- 
depleted samples. The dolomatic content in high-TOC OS sample is lower than those of low-TOC samples. In 
addition to calcite, the highest TOC sample has minor quantities of quartz and traces of phosphate as fluorapatite, 
hematite, smectite and kaolinite. The later clay fraction is found only in TOC-rich samples. This suggests con-
tribution terrigenous input. Combination the results of OS petrography with that of OS mineralogy and TOC 
content distribution, all suggest that there is a link between the OM content and dolomite formation. In other 
words, the formation of dolomite could be limited by OM content as the dolomite content decreases with in-
crease of OM content. Dolomite decrease is associated with increase of calcite and productivity derived mate-
rials. 

5.3. Oil Shale Geochemistry 
The chemistry of OS section relative to the TOC content is illustrated in Figure 8 and Figure 9 respectively. 
Detail on origin, productivity, bottom water conditions and even climate can be inferred from the distribution of 
major elements oxides in addition to that of minor elements. Carbonate profiles (Figure 8) show negative trend  
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Figure 5. The studied oil shale samples (thin sections) in relation to their TOC content.                                  

 

 
Figure 6. Texture of all studied oil shale samples under TWLM.                                                   
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Figure 7. A series of XRD diffractograms for the studied oil shale samples in relation to their TOC content.                  

 

 
Figure 8. Depth profiles illustrate the distribution of major elements oxides.                                            

 

 
Figure 9. Depth profiles illustrate the distribution of minor elements.                                                
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with that of TOC. Based on petrography results; calcite is mainly found as biogenic carbonate and Mg is mainly 
from dolomite. Productivity indicators (e.g. P2O5) in addition to that of sulfur (Figure 10) show positive distri-
bution with that of TOC. P2O5 is reported to increase with increasing productivity ([8] [41] [42]). The good cor-
relation between the sulfur distribution and TOC distribution indicates that the majority of sulfur in this section 
is related to OM and therefore the sulfur is organic in origin and not diagenetic. Similar results have been re-
ported for some OS from the region (e.g. [43]). Clay and clastic input indicators profiles (e.g. Al2O3) reveal pos-
itive distribution with that of TOC. Such trend in these profiles is important in discussing the OS genesis. These 
indicators reported to be increase with clay input increase (e.g. [44] [45]). 

With exception of Mn, almost all minor elements show quite similar distribution to that of TOC. Mn is consi-
dered as a redox sensitive. Low Mn indicates reduced bottom water. Mn content increases with the O2 increase 
in bottom water [44] [46]. Barium (Ba) and Chromium (Cr) increase with increase OM and productivity and 
oxygen depletion (e.g. [45] [47]). Strontium (Sr) is associated with carbonate and used as continental weathering 
indicator (e.g. [48]). Vanadium (V) is mainly associated with OM (e.g. [49]). Copper (Cu) and Zinc (Zn) are re-
lated to sulfides and OM and they increase with increased primary productivity (e.g. [45]). Overall, this section 
is quite rich in certain trace elements. The enrichment of Belqa Group sediments with trace elements has been 
attributed to direct precipitation from sea water (chemical precipitation and biogenic activity), especially sea 
water enriched with an exogenic metal flux leached from the Troodos and Baer Bassit ophiolites [50]. 

5.4. Oil Shale Quality 
The quality of the OS within this horizon can be inferred from results of fisher assay analysis (Figure 11), in 
addition to that of total S% determination that was performed on selected samples of different TOC contents 
(Figure 10). This section show different oil yielding capacities. As the OM content increases the oil yield in-
crease. The moisture content is relatively low. The sulfur content is related to organic matter as discussed above. 
One positive point for this type of OS is that the total sulfur content in OS of this section is quite low compared 
with sulfur content of Maastrichtian OS types. The sulfur content in the Maastrichtian OS types is quite high and 
reaches nearly 5% wt [1]. Therefore, the OS of this type is considered as potential for future utilization. 

 

 
Figure 10. Depth profiles illustrate the distribution of S% in four selected samples. 
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Figure 11. Fisher assay analysis results for selected OS samples.                               

5.5. Oil Shale Genesis 
The lamination in TOC-rich bands may indicate low oxygen concentrations. This supported with the reduced 
concentration of Mn which has been used by Minster et al. [46] as redox sensitive indicator. Combination the 
results of petrography, mineralogy, and geochemistry discussed previously; data suggest that the OS has been 
formed during period of high productivity with increase of clastic input from the continental part. Bottom water 
conditions have fluctuated. Periods of reduced productivity with increase of bottom water oxygenation and OM 
oxidation might be existed. Dolomite in TOC-depleted bands was formed by replacement of calcite under varie-
ty of conditions. Dolomitization might take place in shallow, warm, restricted Mg-rich environment within the 
continental shelf of Tethys Ocean under favourable pH, Eh, salinity, and temperature conditions. For the forma-
tion of dolomite, Mg might be supplied from overlying seawater, while calcium was supplied by the dissolution 
of calcium carbonate. The carbon was seemed to be supplied from carbonate dissolution and organic carbon 
oxidation. It can be suggested that under such conditions and with the availability of source materials; the dolo-
mite has started to be originated. The rate of dolomite formation appears to be limited by the rate of calcium 
carbonate dissolution and organic matter oxidation. 

6. Conclusion 
Unlike oil shale from Maastrichtian to early Tertiary, this OS horizon is highly dolomitized. This OS type con-
tains considerable content of OM. One economic potential for this types of OS is that the sulfur content is quite 
low compared with that of Maastrichtian OS types. This type of OS shows textural variations in both TOC-rich 
and TOC-depleted bands. The major rock component is dolomite with variable amounts of OM, calcite, quartz, 
and other minor minerals. Productivity indicators are positively distributed with OM. There is a negative corre-
lation of organic matter content with carbonate content. The dolomite is diagenetic in origin and reveals com-
plex diagenetic history and illustrates the importance of diagenetic alteration in the formation of this type of OS. 
The results of this study suggest that the formation of dolomite in this OS type appears to be limited by the rate 
of organic matter oxidation. 
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