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Abstract—The geochemistry of the sandstones Sahabi 

Formation will be discussed about the provenance, paleo-

climate condition, depositional environment and tectonic 

setting. The studied sandstones are mainly classified as 

sublitharenite and quartz arenite. The negative correlation 

of SiO2 with most major oxides is due to most of the silica 

being sequestered in quartz. The K2O/Na2O ratio indicate 

that the studied samples are typically mature sediments 

were deposited in suboxic conductions. Al2O3/TiO2 ratio 

suggest that felsic and mafic rocks must be the probable 

source rocks for the sediment of the sandstones Sahabi 

Formation.  
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I. INTRODUCTION 

HE As Sahabi region is located in northeast Libya at the 

southeastern margin of the Sirte Basin within a tectonic 

province called the Ajdabiya Trough, covering an area of 

about 375 km
2
.The As Sahabi is an old Roman, Byzantine and 

Turkish fort, now ruined, situated 75 km south of Ajdabiya 

city (Figure. 1). This study is focused on two exposed 

sandstone sections in Sahabi area, SW Ajdabiya city. The first 

location profile is bounded by longitude 20 º 96' 98" E and 

latitude 30 º 41' 98”, while the second location profile is 

bounded by longitude 20 º 46' 22" E and latitude 30 º 40' 45”. 

The climate conditions in this area is desert with Quaternary 

eolian dunes and sabkhas. The importance of the Sahabi area 

is due to the abundance of vertebrate and invertebrate fossil 

remains [1], [2]. Very rare geochemical studies have been 

conducted in the Sahabi area. [3] studied geochemical 

characterization of the clay Member, Sahabi Formation, but 

most of the studies were focused on stratigraphy and 

paleontology (eg [4], [5]. The present paper aims to evaluate 

major oxides of the sandstones Sahabi Formation. However, 

these oxides will be statistically analyzed to interpret the 

provenance, paleoclimate, depositional environment and 

tectonic setting. The sandstones Sahabi Formation are 

characterized by yellow colored, medium to course grained, 

moderately sorted, silty and clayey in parts, fossils fragments, 

fair porosity (Figures.2-3). 

II. RESEARCH METHOD 

Seven sandstone samples collected from two out 

crops in Sahabi area during field trip 2012 east of Libya. 

These samples were analyzed using chemistry techniques as 

following:  

1. The collected samples were washed thoroughly in 

distilled water to remove the contamination. 

2. Grinding the sample to become powder (flow like) 

and weight it 25 g. 

3. Sample must be drained of moisture. 

4. Each sample must be numbered and placed in a 

special bag.  

5. Compression of sample. 

6. Analysis by the XRF (X-ray fluorescence) for major 

oxides, Cement Factory Laboratory, Benghazi, Libya. 

 
Fig. 1. Location map of the study area [3]. 

 

 
Fig. 2. Columnar section of the first location exposed rocks 

 
Fig. 3. Columnar section of the second location exposed rocks 
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III. RESULTS AND ANALYSIS 

In the studied sandstones, the negative correlation of SiO2 

with most major oxides (Figures. 4-10) is due to most of the 

silica being sequestered in quartz [6]. Titanium is relatively 

immobile compared to other elements during various 

sedimentary processes and may strongly represent the source 

rocks [7]. TiO2 is strongly correlated to Al2O3 (Figure.11) 

suggesting that Ti is contained in phyllosilicates. This 

correlation may be a result of sorting under control of the 

depositional environments [8]. In the studied sandstones, 

Na2O and K2O are strongly correlated with Al2O3 (Figures.12-

13) suggesting, in agreement with [9], that these elements are 

almost entirely associated with detrital admixture. In [10], 

observed that the K2O/Al2O3 ratio is useful in depicting how 

much alkali feldspar vs. plagioclase and clay minerals may 

have been present in the sediments. The K2O/Al2O3 ratio of 

different K and Al-bearing minerals vary significantly, for 

example K2O/Al2O3 ratio of alkali feldspar = ~0.4–1, illite = 

~0.3 and for other clay minerals = ~0 [10]. In studied 

sandstone samples, the K2O/Al2O3 ratio is close to the upper 

limit of the clay mineral range (ranges from 0.24 to 0.34), 

indicating that clay minerals have a major role in the 

distribution of aluminum in the sandstones. The ternary plot of 

K2O/Al2O3 ratio is supported to define the clay types, which is 

considered as ilite type (Figure.14).   

 
Fig. 4. Relationship between silica and alumina in the study area. 

 
Fig. 5. Relationship between silica and manganese in the study area. 

 
Fig. 6. Relationship between silica and magnesia in the study area. 

 
Fig. 7. Relationship between silica and lime in the study area. 

 
Fig. 8. Relationship between silica and soda in the study area. 

    
Fig. 9. Relationship between silica and potash in the study area. 

   
Fig. 10. Relationship between silica and sulfate in the study area. 

    
Fig. 11. Relationship between alumina and titanium in the study area. 

  
Fig. 12. Relationship between alumina and soda in the study area. 

 
Fig. 13. Relationship between alumina and potash in the study area. 

 
Fig. 14. Binary plot of Al2O3 vs. K2O showing the clay minerals in the studied 
samples [11]. 

 

IV. CLASSIFICATION OF SANDSTONE 

The sandstones Sahabi Formation are geochemically 

classified using Pettijohn classification diagram in to 

lithicarenites, sublitharenite, subarkose, arkose quartzarenite 
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and greywacke [12]. The chemical composition of the studied 

samples are mainly classified as sublitharenite to quartz 

arenite (Figure.15). The diagram of [13] the studied samples 

data plot in the quartz intermediate field (Figure.16). 

 
Fig. 15. Chemical classification of the sandstones Sahabi Formation using log 

(SiO2/Al2O3)-log(Na2O/K2O) diagram fields after [12]. 

 
Fig. 16. Chemical classification of the Sahabi sandstones using K2O/Na2O 

ratio. 

 

V. PALEOCLIMATE AND PROVENANCE 

The K2O/Na2O ratio is used as a maturity parameter in many 

studies (e.g., [14], [15]; [16]; and [17]. Mature sediments 

show a wide range of K2O/Na2O variations whereas immature 

sediments show a more limited range of K2O/Na2O variations. 

In the present study, the K2O/Na2O ratios range from 1.9 to 3 

respectively, this is indicative of typically mature sediments. 

However, plot of SiO2 versus Al2O3+N2O3+ K2O proposed by 

[18] was used in order to identify the chemical maturity of the 

studied samples as a function of climate. The plotted samples 

revealed humid conditions (Figure.17). Al2O3/TiO2 has been 

used as an index of provenance and as an estimator of average 

bulk composition of the source area [19]. Al2O3/TiO2 diagram 

shows the source area was properly mixed from granite and 

basalt sources (Figure.18).  

 

Fig. 17. Bivariate plot of SiO2 vs. (Al2O3 + K2O + Na2O) to discriminate 

paleoclimatic condition during the deposition of the sandstones Sahabi 
Formation fields after [18]. 

 
Fig. 18. Bivariate plot of Ai2O3 vs TiO2 to discriminate the source area. 

 

 

VI. TECTONIC SETTING 

Many studies have shown that the chemical compositions of 

siliciclastic sedimentary rocks are significantly controlled by 

plate tectonic settings of their provenances and depositional 

basins, and as a result, the siliciclastic rocks from different 

tectonic settings posse trrain-specific geochemical signatures 

[20], [21]. This diagram classified the sandstones as passive 

continental margin (Figure.19). 

 
Fig. 19. Tectonic discrimination diagram of major oxides for the studied 

samples fields after [21]. 

 

VII. PALEO-OXYGENATION CONDITION 

Manganese is highly sensitive to environment redox 

conditions. Low Eh conditions generally support the 

production of reduced, soluble forms (Mn2+) that migrate to 

an oxic zone where re-oxidized manganese can precipitate 

[22], [23], [24]. Based on these phenomenon, [25] and [26] 

proposed the relationship Mn* = log 

[(Mnsample/Mnshale)/(Fesample/Feshale)] to find out the 

redox potential of the depositional environment. The mean 

values used for Mnshale and Feshale are 600 and 46.15 ppm, 

respectively [27]. The studied samples show positive and 

negative Mn* values (ranges from 0.4 to -3.2), suggesting that 

the sandstones Sahabi Formation formed under mixed 

conditions. 

 

VIII. CONCLUSIONS 

The following are the main conclusions of this work: 

1) The present work aims to characterize the geochemistry 

of the sandstones Sahbi Formation, Sahabi area, SW 

Ajdabiya.  

2) The studied sandstones have very high SiO2 contents.   

3) The negative correlation of SiO2 with most major oxides 

is due to most of the silica being sequestered in quartz.  

4) The studied sandstones are mainly classified as 

sublitharenites and quartz arenit. 

5) K2O/Al2O3 ratio indicating the ilite have a major role in 

the distribution of aluminum in the sandstones. 

6) Tectonic discrimination diagram of the studied samples 

are classified as passive continental margin. 
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