
The International Journal of Engineering and Science (IJES) 

|| Volume || 14 || Issue 5 || May || Pages || PP 50-82 || 2025 || 

ISSN (e): 2319 – 1813 ISSN (p): 2319 – 1805 

 

DOI: 10.9790/1813-14055082                                    www.theijes.com                                                       Page 50 

Graphic Presentation of Directional Data from the Wadi Al 

Qattarah Formation, Wadi Al Aqar Quarry,  

Al Jabal Al Akhdar, NE Libya: An Approach for Outcrop 

Characterization, Geostatistics, and Inferred Paleogeography 
 

 Omar B. Elfigih1, Osama A. Alshireef 2 

1 Professor in Petroleum Geology, Department of Earth Sciences, Faculty of Science, University of Benghazi, 

Libya,  
2Geologist, Geological Department, Exploration Division, Sirte Oil Company, Brega, Libya,  

                                                                              
--------------------------------------------------------------ABSTRACT--------------------------------------------------------- 

Abstract: Geostatistical analysis through computed mean vector azimuth (MVA) for the studied cross-bedding 

structures in oolitic limestones of the Wadi Al Qattarah Formation in the Wadi Al Aqar-NE Libya was done by 

using the recommended standard formula [MVA = tan-1(∑sinθ/ ∑cosθ)]. Graphic presentation of the studied 

cross-bedding directions has revealed a strong unidirectional orientation of cross-beds with minor reversals at 

some localities. In each unit, the primary mode is to the southeast, whereas the secondary mode is essentially 

asymmetrical about the mode. The strike of the cross-bedding sets in these deposits is normal to this trend. 

These data indicate that marine paleocurrent systems during the deposition of the oolitic limestones of the Wadi 

Al Qattarah Formation moved back and forth perpendicular to the shore and were probably the result of the 

strong ebb and flow of tides. The framework of these marine paleocurrents has suggested the inferred 

paleogeography of the Wadi Al Qattarah Formation in Wadi Al Aqar Quarry, in which the dispersal of the 

oolitic and skeletal limestone ridges in the southeast direction (ebb tide direction), changing to lagoonal 

settings in the northwestern and northeastern directions (flood tide direction).   

Keywords: Geostatistics, Graphic presentation, Directional data, Outcrop charactrirzation, Cross bedding, 

Paleocurrent, Wadi Al Qattarah Formation, Wadi Al Aqar, Ebb tide, Flood tide, Paleogeography. 
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I. Introduction 
Paleocurrent analysis involves using sedimentary structures as paleocurrent indicators (cross beddings, 

asymmetrical ripple marks, channels, and clasts imbrication) to determine the direction of flow or orientation of 

flow like that of a river, a group of streams within a basin, the wind direction within a region, or the direction of 

oceanic currents. Individual sedimentary structures tell you the flow direction at that geographic point and at 

that instant in time but in solving true regional scale problems we need to look statistically at populations of 

sedimentary structures [1]. These will give us a collective average of the current directions or paleoflows within 

a region over some time [2], [3]. 

Symmetrical and asymmetrical cross beddings may be encountered in the studied facies. Good 

exposure of the oolitic limestone of the Late Miocene Wadi Al Qattarah Formation in the study area can be 

divided into several depositional facies each of which has a designated sedimentary structure that could be used 

to define the paleoflow direction of that facies during the depositional time. 

 

1.1 Location map of the study area 

Field investigation centered on Wadi Al Qattarah Formation outcrops in Wadi Al Aqar Quarry which is located 

in the northern part of Al Jabal Al Akhdar region between longitude 20o 43' 54'' E and latitude 32o 29' 49'' N 

(Fig. 1). 
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1.2 Objectives 

The main purpose of the study is to know the paleocurrent direction of the Wadi Al Qattarah Formation in Wadi 

Al Aqar Quarry, in an attempt to determine the degree of preferred orientation of possible marine paleoflows 

during Wadi Al Qattarah Formation depositional time and the relationship of these directional flows to inferred 

paleogeography. 

 

1.3 Previous work 

 Geological previous studies in Miocene rocks were established by Klen (1974) [4] who subdivide the 

Ar Rajmah Formation into Benghazi and Wadi Al Qattarah Members. El Hawat (1980) studied the Middle 

Miocene sequence of the Wadi Al Qattarah Member of the Ar Rajmah Formation and suggested that the 

depositional model of this Member is deposited under intertidal and storm environments.  

During mapping by the Industrial Research Centre (IRC) further to the south and west of the coastal 

area, Francis and Issawi (1977) [5], Mazhar and Issawi (1977) [6], and Swedan and Issawi (1977) [7] raised Ar 

Rajmah into a group, but they divided it into three formations. These are Masus, Al Sceleidima, and Benghazi 

Formations. Banerjee (1980) subsequently rejected this subdivision and priority was given to the formation 

status of Ar Rajmah. The discovery of a major regional unconformity dividing the succession into two 

correlatable units by El Hawat and Salem (1987) [8], led to the establishment of two separate sequences. The 

Figure 1 Location map of the Wadi Al 

Aqar area, northern Cyrenaica, NE Libya 

(the study area at quarry). 



Graphic Presentation of Directional Data from the Wadi Al Qattarah Formation, Wadi .. 

DOI: 10.9790/1813-14055082                                    www.theijes.com                                                       Page 52 

lower sequence, Benghazi Member, was assigned to the Middle Miocene, while the upper sequence was 

assigned to the Upper Miocene based on the sedimentological and sequence stratigraphic attributes.  

For the same, the sequence stratigraphic and sedimentologic reasoning Ar Rajmah has been raised here 

into a group, and these two Middle-Upper Miocene members are raised to formations status El Hawat, 1986 a 

[9], 1986b[10]; El Hawat et al., 1993 [11].  

Abdulsamad and Barbieri (1999) [12] discussed the distribution of the foraminifera and the 

palaeoenvironmental significance of the Eocene-Miocene succession in NE Libya. Abdulsamad et al. (2009) 

[13] published a stratigraphic review of the Eocene to Miocene rock units in the Al Jabal Al Akhdar, NE Libya. 

Abdulsamad and El Zanati (2013) [14] prepared a paper on the Miocene benthic foraminifera from the Soluq 

area, NE Libya: biostratigraphy and environmental significance.     

Abdulsamad and Tmalla (2013) [15] discussed the systematic paleontology of Oligocene-Miocene 

planktonic foraminifera from NE Libya. Amrouni et al. (2013) [16] published the sedimentology and sequence 

stratigraphy of the Middle to Late Miocene, Al-Jabal Al-Khadar uplift, and Soluq trough, Cyrenaican NE Libya. 

Amrouni and Pope (2015) [17] studied the sequence stratigraphy, chemostratigraphy, and diagenesis of the 

Cyrenaican Miocene carbonate-evaporite successions, in NE Libya.  

Muftah et al. (2015) [18] wrote about the utilization of the observed geological features in 

differentiating the exposed rock units in Al Jabal al Akhdar, Libya. Abdulsamad et al. (2018) [19] studied 

stratigraphy and larger benthic foraminifera of Middle Eocene to Middle Miocene rocks along the Tobruk-Al 

Bardia scarps, northeastern Cyrenaica, Libya. Elfigih et al. (2018) [20] described the lithostratigraphic 

correlation of the Middle Eocene-Upper Miocene rocks between sectors (1-5), Tansulukh Region, Al Jabal Al 

Akhdar NE Libya: An integrating study from previously studied wadies. 

The study of paleocurrent indicators has been demonstrated in several studies and publications including 

mathematical techniques for paleocurrent analysis: treatment of directional data (Rao and Sengupta, 1970[21]). 

Also, Shah et al. (2009) [22] described the paleocurrent analysis of the Dhok Pathan Formation, from Thathi 

northeastern Potwar Dist. Rawalpindi.  

Parks (1970) [23] studied the paleocurrent analysis of sedimentary crossbed data with graphic output 

using three integrated computer programs. Tucker (2003[24]) has a simple article about palaeocurrent analysis 

in the sedimentary rocks in the field book. There is a good explanation in the applied sedimentology book 

concerning the palaeocurrent analysis Selley, 2000) [25].     

Paleocurrent analysis was performed giving cognizance to the precepts of Potter and Pettijohn (1978) 

[2] and Boggs (2006) [3]. The sedimentary structures were also utilized following the procedures enlisted 

by Tucker (2011) [26].  However, there is no paleocurrent study has been conducted in Wadi Al Aqar Quarry, 

and this is why this study was suggested.   

 

II. Geological Setting 
Tectonically, Cyrenaica is located in northeastern Libya on the North African coast. It consists of two 

distinct tectonic provinces separated by a hinge line called the Cyrenaican fault system. These provinces are the 

mobile north Cyrenaica inverted basin, referred to as Al Jabal Al Akhdar, and the more stable Cyrenaica 

platform to the south (Fig. 2). The northern mobile belt area has been influenced by the Tethys tectonic 

activities and events since its opening during the Jurassic. It was subsequently shaped by the reversal of the 

Eurasian and African plate movement that led to the subduction of the latter beneath the former from the Upper 

Cretaceous to the present [27]. 
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Generally, during the Late Oligocene-Early Miocene time Al Jabal Al Akhdar anticlinorium formed as a 

chain of elevated Cretaceous, Early Tertiary Island in the Miocene sea, the Oligocene-Miocene boundary was 

found to be erosional everywhere in Libya [28].     

Stratigraphically, the exposed surface rocks (Fig. 3) of the Cyrenaica Platform range from Cretaceous to 

Late Miocene [27]. The Eocene to Late Miocene rocks of Cyrenaica (Fig. 3) are subdivided into five 

unconformity-bounded sequences [28], [27]. The exposures of the Al Jabal Al Akhdar, north Cyrenaica, are 

mainly shallow to deep marine carbonate rocks. However, the Miocene is a mixed shallow marine carbonate and 

lagoonal rock type [28]. 

The stratigraphic subdivision of the Miocene rock sequence was regarded as the Middle Miocene Ar 

Rajmah Formation [29] and was later subdivided into the Benghazi and Wadi Al Qattarah Members [4]. Later in 

the northern part of Cyrenaica, the Benghazi and Wadi Al Qattarah Members were raised to formations and Ar 

Rajmah was raised to group status in Cyrenaica (Fig. 3) based on sedimentological and sequence stratigraphic 

analysis [27]. 

The Early Miocene Al Faidyah Formation is characterized by green glauconite at its basal contact 

overlain by marly wackestone to packstone [1], [13], [28], and [30]. Fore-slope to deep shelf open marine facies 

mainly composed of coral boundstone and skeletal wackestone [8], [27] of the Middle Miocene Benghazi 

Formation record a transgression that covered almost the entirety of the Cyrenaica Platform [28].   

Subsequently, The Late Miocene (Tortonian) sequence of Wadi Al Qattarah Formation in Al Jabal Al 

Akhdar is composed primarily of Tortonian cross-bedded oolitic and bioclastic grainstone shoals of barrier 

islands overlain by Messinian restricted carbonate and back-barrier lagoonal mudstone, stromatolites, and 

interbedded evaporite rocks [28] deposited through major regression that coincided with the separation between 

the Tethys and the Paratethys, and the Messinian salinity crisis of the Mediterranean [28] and marked regional 

disconformity surfaces.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Land sat image of northern Cyrenaica showing 

main tectonic provinces [27] (updated by google map, 

2020). 
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III. Methodology 
This study focuses on the Wadi Al Qattarah Formation in Wadi Al Aqar Quarry, Al Jabal Al Akhdar, NE Libya 

(Fig. 1). A good exposure up to 36m thick provides an exceptional setting of carbonate rocks to be studied 

through their paleocurrent data.  

 

3.1 Measured Outcrop Sections 

Outcrop-logged sections were considered the main method in this study. A total of 8 vertical measured sections 

of approximately 176.5m were logged over an area of 1776 m2 (37m x 48m) in Wadi Al Aqar Quarry (Fig. 4).  

The litho-type composite section of the vertical stratigraphic sequence (Fig. 5) of the Late Miocene 

Wadi Al Qattarah Formation in the study area at Wadi Al Aqar Quarry is composed of 36 m sequential 

carbonate rocks with bioturbated oolitic in parts muddy limestone at the base to planar oolitic wackestone-

packstone, to grainstone-packstone low-angle cross-bedded oolitic channel fill and trough cross-bedded oolitic 

channel complex, to planar cross-bedded\massive oolitic grainstone\packstone-wackestone and back 

shoal\herringbone cross-bedding in the top part (Fig.5). 

 

Figure 3 Part of surface stratigraphic units of the 

exposed Tertiary Formations of Cyrenaica, Al Jabal Al 

Akhdar, NE Libya [27](El Hawat and Abdulsamad, 

2004). The Wadi Al Qattarah Formation of the study area 

is outlined in yellow. 
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3.2 Field Collection of Paleocurrent Data 

In the field, paleocurrent data were measured with the Brunton compass on the orientation of the 

observed structure. For cross-beddings point down-stream, we record the down current directions, for those 

which may give us trough cross-bedding of stream orientation we record the bearing for that trend expressed as 

azimuth degrees. This is recorded in the field book.  

The beds of the studied outcrop from which we are making paleocurrent measurements are semi-

horizontally laying and characterized by low tectonic dip values not exceeding 15 degrees, which indicate no 

effect of tilting or major tectonic on the area. Hence, no correction for the beds dip or plunge is necessary [22], 

[31].  

A total of 335 paleocurrent measurements (Tables 1-8) were selected for the collection of data from 

different paleocurrent indicators, such as low-angle cross-bedding associated with oolitic packstone-grainstone 

facies (LOPF-LOGF) in sections (1 & 2), oolitic grainstone facies (LOGF) in sections (3 & 4) and oolitic 

packstone facies (LOPF) in section (6), whereas trough cross-bedding associated with oolitic packstone-

grainstone facies (TOPF-TOGF) in sections (1, 2, 6 & 7) and oolitic packstone facies (TOPF) in sections (3, 4 & 

8). Planar cross-bedding associated with oolitic packstone-grainstone facies (POPF-POGF) in sections (3, 5, 7 & 

8) and oolitic packstone facies (POPF) in sections (4 & 6), while other distinct cross-bedding in the field are 

herringbones style associated with oolitic wackestone facies (HOWF) (Fig. 4). 

Geostatistical analysis through computed mean vector azimuth (MVA) for the studied cross-bedding 

structures was done by using the standard formula [MVA = tan-1(∑sinθ/ ∑cosθ)] recommended by [32]. 

Paleocurrent measurements made from different structures may be plotted on a rose diagram for the paleoflow 

Figure 5 Showing the location of the litho-type section in the Quarry of Wadi Al Aqar. 
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and source direction of the Wadi Al Qattarah Formation, by using Geo-Rose Program (V. 0.5) graphic software. 

The geometry of the cross-bedding observed in the study area was classified according to [3]. 

 

Table 1: Paleocurrent data of section (1) in the NNW locality. 
Strike  Dip 

 azimuth 

Paleocurrent 

structure 

Facies 

code 

Elevation 

(m) 

Formation 

          

10, 9, 10,  
11, 11, 8, 

11, 9, 11,  

10, 9, 12 
11, 12, 80, 81 

 

100, 99, 100, 101, 
101, 98, 

101, 99, 101, 100, 99, 

102, 
101, 102, 350, 351 

Low-angle cross-
bedding 

LOPF 
340 to 343 
(~3m thick) 

Wadi Al 
Qattarah 

10, 10, 12,  

11, 77, 78, 

80, 12, 11,  

12, 9, 12, 

11, 8, 13,  
9, 10, 10 

100, 100, 102, 101, 

347, 348, 

350, 102, 101, 102, 

99, 102, 

101, 98, 103, 99, 100, 
100 

Low-angle 

cross-bedding 
LOPF 

343 to 344 

(~1m thick) 

Wadi Al 

Qattarah 

11, 9, 11,  

22, 23, 20, 

22, 80, 13,  
12, 13, 11, 

12, 11, 14,  

13, 15, 81, 
83, 80 

101, 99, 101, 112, 

113, 110, 

112, 350, 103, 102, 
103, 101, 

102, 101, 104, 103, 

105, 351, 
353, 350 

Low-angle 

cross-bedding 
LOPF 

344 to 346 

(~2m thick) 

Wadi Al 

Qattarah 

2, 4, 1,  

3, 1, 2, 
1, 1, 4,  

3, 1 

92, 94, 91,  

93, 91, 92, 
91, 91, 94,  

93, 91 

Low-angle 
cross-bedding 

LOGF 
346 to 349 
(~3m thick) 

Wadi Al 
Qattarah 

17, 16, 17,  

17, 19, 18, 

16, 17, 19,  

11, 20, 11, 
18 

107, 106, 107, 107, 

109, 108, 

106, 107, 109, 101, 

110, 101, 
108, 

Trough 
cross-bedding 

TOPF 
349 to 351 
(~2m thick) 

Wadi Al 
Qattarah 

16, 18, 16,  
17, 19, 15, 

16, 20, 25,  
19, 17, 18, 

11, 13, 13, 

 15, 13, 14, 
16, 15, 12,  

17, 12, 16, 

13, 17, 17,  
11, 16, 13, 

14, 13 

106, 108, 106, 107, 
109, 105, 

106, 110, 115, 109, 
107, 108, 

101, 103, 103, 105, 

103, 104, 
106, 105, 102, 107, 

102, 106, 

103, 107, 107, 101, 
106, 103, 

104, 103 

Trough 

cross-bedding 
TOGF 

351 to 356 

(~5m thick) 

Wadi Al 

Qattarah 

79, 78, 79,  

13, 19, 19, 

14, 12, 11,  
18, 14, 20, 

19, 17, 14,13 

349, 348, 349, 103, 

109, 109, 

104, 102, 101, 108, 
104, 110, 

109, 107, 104, 103 

Low-angle 

cross-bedding 
LOPF 

Above 

360 (~3m 
thick) 

Wadi Al 

Qattarah 

                

                              Table 2: Paleocurrent data of section (2) in the NNE locality. 
Strike  Dip 

 azimuth 

Paleocurrent 

structure 

Facies 

code 

Elevation 

(m) 

Formation 

 

96, 97, 98, 

 97, 96, 97, 
99, 98, 97,  

98, 97, 100, 

93, 353, 353, 347, 
347, 350, 

350, 93, 91, 

 91, 92, 92, 

91, 100, 99,  

97, 99, 95, 

96, 107, 99,  
98, 90, 90, 

91, 92, 90,  

92, 91, 91, 
93, 93, 104, 103, 

Low-angle 

cross-bedding 
LOPF 

361 to 
362½ 

(~1.5m 

thick) 

Wadi Al 

Qattarah 
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102, 105, 

109, 101, 99, 100, 

100, 103, 
101, 99, 101, 101, 

98, 100, 

101, 99 

8, 10, 8,  

8, 8, 7, 

8, 8, 9,  
7, 9, 8, 

9, 7, 9,  

10, 11, 13, 
20, 19, 19,  

13, 14, 14, 

9, 10, 8,  
10, 11, 9, 

12, 10, 15,  

11, 12, 9, 
11, 11, 9,  

8, 7, 13, 

11, 7, 8,  
11, 8, 9, 

13, 11, 21,  

8, 10, 8, 
10, 11, 9,  

8, 11, 10, 

7, 5, 15,  
7, 7, 11, 

12, 10, 13,  

8, 8, 6, 
7, 

98, 100, 98,  

98, 98, 97,  

98, 98, 99,  
97, 99, 98,  

99, 97, 99,  

100, 101, 103, 
110, 109, 109, 

103, 104, 104, 

99, 100, 98, 100, 
101, 99, 

102, 100, 105, 

101, 102, 99, 
101, 101, 99, 98, 

97, 103, 

101, 97, 98, 101, 
98, 99 

103, 101, 111, 98, 

100, 98, 
100, 101, 99, 98, 

101, 100, 

97, 95, 105,  
97, 97, 101,  

102, 100, 103, 98, 

98, 96,  
97 

Low-angle 

cross-bedding 
LOGF 

Below 
363 (~½m 

thick) 

Wadi Al 

Qattarah 

19, 19, 20,  

19, 25, 21, 

18, 20, 19,  
13, 25, 21, 

20, 21, 17,  

14, 13, 13, 
20, 12, 11,  

11, 11, 19, 

19, 12, 13,  
15, 15, 15,  

20 

109, 109, 110, 

109,  

115, 111, 

108, 110, 109, 

103, 115, 111, 
110, 111, 107, 

104, 103, 103, 

110, 102, 101, 
101, 101, 109, 

     109, 102, 103,  

105, 105, 105, 
110 

Trough 

cross-bedding 
TOPF 

363 to 364 

(~1m thick) 

Wadi Al 

Qattarah 

13, 14, 15,  

15, 12, 13, 
11, 13, 22,  

23, 21, 22, 

22, 22, 25,  
17, 17, 19, 

15, 12 

103, 104, 105, 

105, 102, 103,  
101, 103, 112, 

113, 111, 112, 

112, 112, 115, 
107, 107, 109, 

105, 102 

Trough 
cross-bedding 

TOGF 
364 to 365 
(~1m thick) 

Wadi Al 
Qattarah 

19, 13, 18,  

17, 13, 20, 
17, 9, 10,  

7, 9, 11, 

9, 7, 8,  
7, 7, 10, 

13, 19, 17,  

18, 21, 17, 
23, 21, 18,  

16, 16 

109, 103, 108, 

107, 103, 110, 
107, 99, 100, 97, 

99, 101, 

99, 97, 98,  
97, 97, 100,  

103, 109, 107, 

108, 111, 107,  
113, 111, 108, 

106, 106 

Trough 
cross-bedding 

TOGF 

Above 365 

(~½m 

thick) 

Wadi Al 
Qattarah 

24, 25, 29, 
21, 20, 22, 

29, 24, 23, 

24, 17, 12, 
20, 20, 78, 

78, 80, 81, 

80, 82, 80 

114, 115, 119, 
111, 110, 112, 

119, 114, 113, 

114, 107, 102, 
110, 110, 348, 

348, 350, 351, 

350, 352, 350, 

Trough 

cross-bedding 
TOGF 

Below 

366 (~½m 
thick) 

Wadi Al 

Qattarah 
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Table 3: Paleocurrent data of section (3) in the NE locality. 
Strike  Dip 

 azimuth 

Paleocurrent 

structure 

Facies 

code 

Elevation 

(m) 

Formation 

19, 20, 20, 

19, 20, 11 

109, 110, 110, 

109, 110, 101 

Planar 

cross-bedding 
POPF 

338 to 339 

(~1m thick) 

Wadi Al 

Qattarah 

19, 19, 20, 
19, 18, 18 

109, 109, 110, 
109, 108, 108 

Trough 
cross-bedding 

TOPF 
339 to 340 
(~1m thick) 

Wadi Al 
Qattarah 

20, 20, 20, 

20, 19, 20, 
20, 18, 18, 

20, 18, 11, 

11, 19, 19, 
20 

110, 110, 110, 

110, 109, 110, 
110, 108, 108, 

110, 108, 101, 

101, 109, 109, 
110 

Planar 

cross-bedding 
POGF 

340 to 343½ 

(~3½m thick) 

Wadi Al 

Qattarah 

14, 18, 12, 

11, 13, 12, 

18, 13, 17, 
17, 11, 11, 

11, 13, 19, 
18, 18, 13, 

18, 13, 12, 

18, 12, 18, 
11, 13, 18, 

18, 17, 18, 

19, 22, 21, 
19, 20, 21, 

11, 18, 18, 

11, 18, 21, 
19, 18 

104, 108, 102, 

101, 103, 102, 

108, 103, 107, 107, 
101, 101, 

101, 103, 109, 
108, 108, 103, 

108, 103, 102, 

108, 102, 108, 
101, 103, 108, 

108, 107, 108, 

109, 112, 111, 
109, 110, 111, 

101, 108, 108, 

101, 108, 111, 
109, 108 

Trough 

cross-bedding 
TOPF 

343½ to 345 

(~1½ thick) 

Wadi Al 

Qattarah 

19, 19, 17, 

17, 17, 19, 

80, 80, 81, 

80, 83, 83, 
78, 78, 11, 

12, 19, 19, 

20, 11, 13, 
12, 14, 14, 

14, 13, 16, 

16, 19, 19, 
19, 19, 19, 

19, 19, 19, 

19, 19 

109, 109, 107, 

107, 107, 109, 

350, 350, 351, 

350, 353, 353, 
348, 348, 101, 

102, 109, 109, 

110, 101, 103, 
102, 104, 104, 

104, 103, 106, 

106, 109, 109, 
109, 109, 109, 

109, 109, 109, 

109, 109 

Planar 

cross-bedding 
POPF 

345 to 347½ 

(~2½m thick) 

Wadi Al 

Qattarah 

19, 21, 21, 

22, 19, 17, 
18, 19, 18, 

16, 17, 17, 

18, 19, 18, 

18, 19, 20, 

22, 22, 22, 

20 

109, 111, 111, 

112, 109, 107, 
108, 109, 108, 

106, 107, 107, 

108, 109, 108, 

108, 109, 110, 

112, 112, 112, 

110 

Low-angle 

cross-bedding 
LOGF 

347½ to 350 

(~2½m thick) 

Wadi Al 

Qattarah 

                         

Table 4: Paleocurrent data of section (4) in the ENE locality. 
Strike  Dip 

 azimuth 

Paleocurrent 

structure 

Facies 

code 

Elevation 

(m) 

Formation 

86, 85, 85, 

87, 77, 65, 
67, 66, 66, 

65, 68, 67, 

64, 65 

176, 175, 175, 

177, 167, 155, 
157, 156, 156, 

155, 158, 157, 

154, 155 

Planar 

cross-bedding 
POPF 

337 to 342 

(~5m thick) 

Wadi Al 

Qattarah 

78, 76, 80, 
89, 87, 87, 

68, 67, 60, 

68, 62, 69, 
70, 70, 70, 

70, 79, 72, 

79, 81, 89, 
80, 81, 88, 

82, 72, 71,  

168, 166, 170, 
179, 177, 177, 

158, 157, 150, 

158, 152, 159, 
160, 160, 160, 

160, 169, 162, 

169, 171, 179, 
170, 171, 178, 

172, 162, 161, 

Low-angle 

cross-bedding 
LOGF 

342 to 348½ 

(~6½m thick) 

Wadi Al 

Qattarah 
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78, 79, 70, 

70, 79, 79, 

79, 76, 79, 
79, 79, 77, 

80, 88, 73, 

78, 79, 69 

168, 169, 160, 

160, 169, 169, 

169, 166, 169, 
169, 169, 167, 

170, 178, 163, 

168, 169, 159 

82, 88, 80, 

89, 80, 88, 

89, 87, 81, 
88, 83, 85, 

88, 80, 89, 

89, 87, 89, 
89, 80, 88,  

82, 82 

172, 178, 170, 

179, 170, 178, 

179, 177, 171, 
178, 173, 175, 

178, 170, 179, 

179, 177, 179, 
179, 170, 178, 

172, 172 

Trough 

cross-bedding 
TOPF 

348½ to 350 

(~1½m thick) 

Wadi Al 

Qattarah 

66, 60, 61, 
61, 69, 69, 

65, 65, 61, 

68, 67, 66, 
68, 68, 68, 

65, 65, 67, 

68, 69, 68, 
67 

156, 150, 151, 
151, 159, 159, 

155, 155, 151, 

158, 157, 156, 
158, 158, 158, 

155, 155, 157, 

158, 159, 158, 
157 

Planar 
cross-bedding 

POPF 
350 to 353 
(~3m thick) 

Wadi Al 
Qattarah 

276, 275, 275, 

277, 277, 275, 

277, 276, 276, 
275, 278, 277, 

274, 275, 278, 

25, 18, 18, 
18, 20, 26, 

26, 28, 20, 

23, 18, 17, 
18, 18, 23, 

19, 20, 24, 

24, 24, 24, 
25, 21, 18, 

21, 73, 73, 
71, 72, 71, 

70, 71, 280, 

278, 280, 279, 
282, 282, 282, 

282, 

186, 185, 185, 

187, 187, 185, 

187, 186, 186, 
185, 188, 187, 

184, 185, 188, 

115, 108, 108, 
108, 110, 116, 

116, 118, 110, 

113, 108, 107, 
108, 108, 113, 

109, 110, 114, 

114, 114, 114, 
115, 111, 108, 

111, 343, 343, 
341, 342, 341, 

340, 341, 10, 

8, 10, 9, 
12, 12, 12, 

12 

Herringbone 

cross-bedding 
HOWF 

363½ to 365 

(~1½m thick) 

Wadi Al 

Qattarah 

 

                     Table 5: Paleocurrent data of section (5) in the SE locality. 
Strike  Dip 

 azimuth 

Paleocurrent 

structure 

Facies 

code 

Elevation 

(m) 

Formation 

87, 88, 80, 
77, 79, 70, 

77, 80, 76, 

75, 89, 89, 
89, 79, 73, 

78, 71, 65, 

62, 89, 89, 
71, 82, 82, 

82, 80, 79, 

87, 69, 68, 
68, 68, 68 

177, 178, 170, 
167, 169, 160, 

167, 170, 166, 

165, 179, 179, 
179, 169, 163, 

168, 161, 155, 

152, 179, 179, 
161, 172, 172, 

172, 170,169, 

177, 159, 158, 
158, 158, 158 

Planar 
cross-bedding 

POPF 

363½ to 

364½ (~1m 

thick) 

Wadi Al 
Qattarah 

79, 85, 76, 

88, 76, 80, 

82, 89, 83, 
88, 83, 88, 

88, 89, 88, 

80, 82, 76, 
76, 74, 70, 

77, 71, 76 

169, 175, 166, 

178, 166, 170, 

172, 179, 173, 
178, 173, 178, 

178, 179, 178, 

170, 172, 166, 
166, 164, 160, 

167, 161, 166 

Planar 

cross-bedding 
POGF 

364½ to 

365½ (~1m 
thick) 

Wadi Al 

Qattarah 

80, 88, 83, 

83, 83 

170, 178, 173, 

173, 173 

Planar 

cross-bedding 
POGF 

366½ to 367 

(~½m thick) 

Wadi Al 

Qattarah 
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Table 6: Paleocurrent data of section (6) in the SSE locality. 
Strike  Dip 

 azimuth 

Paleocurrent 

structure 

Facies 

code 

Elevation 

(m) 

Formation 

60, 61, 57, 

59, 59, 62, 
62, 59, 61, 

58 

150, 151, 147, 

149, 149, 152, 
152, 149, 151, 

148 

Planar 
cross-bedding 

POPF 
344 to 347 
(~3m thick) 

Wadi Al 
Qattarah 

57, 57, 59, 

51, 60, 51, 
58, 59, 58, 

51, 52, 53, 

59, 61, 60, 
60, 62, 60, 

61, 60, 60, 

61, 63, 64, 

64 

147, 147, 149, 

141, 150, 141, 
148, 149, 148, 

141, 142, 143, 

149, 151, 150, 
150, 152, 150, 

151, 150, 150, 

151, 153, 154, 

154 

Low-angle 

cross-bedding 
LOPF 

347 to 350 

(~2m thick) 

Wadi Al 

Qattarah 

58, 59, 63, 

62, 62, 59, 
60, 60, 61, 

60, 61, 61, 

61, 59, 63, 
62, 63, 60, 

61 

148, 149, 153, 

152, 152, 149, 
150, 150, 151, 

150, 151, 151, 

151, 149, 153, 
152, 153, 150, 

151 

Trough 
cross-bedding 

TOPF 
350 to 353 
(~3m thick) 

Wadi Al 
Qattarah 

88, 80, 80, 
88, 89, 80, 

81, 89, 89, 

84, 89, 81, 
88, 82, 80, 

89, 88, 83, 

89, 81, 82, 
84, 89 

178, 170, 170, 
178, 179, 170, 

171, 179, 179, 

174, 179, 171, 
178, 172, 170, 

179, 178, 173, 

179, 171, 172, 
174, 179 

Trough 
cross-bedding 

TOGF 
353 to 357 
(~4m thick) 

Wadi Al 
Qattarah 

  

Table 7: Paleocurrent data of section (7) in the SSW locality. 
Strike  Dip 

 azimuth 

Paleocurrent 

structure 

Facies 

code 

Elevation 

(m) 

Formation 

11, 11, 15, 

11, 9, 18, 
18, 8, 15 

101, 101, 105, 

101, 99, 108, 
108, 98, 105 

Planar 

cross-bedding 
POPF 

339 to 345 

(~6m thick) 

Wadi Al 

Qattarah 

19, 11, 19, 

11, 11, 16, 
19, 20, 10, 

10, 17, 17, 

14, 14, 14, 
14 

109, 101, 109, 

101, 101, 106, 
109, 110, 100, 

100, 107, 107, 

104, 104, 104, 
104 

Planar 

cross-bedding 
POGF 

345 to 353 

(~8m thick) 

Wadi Al 

Qattarah 

18, 13, 11, 

20, 10, 19, 

8, 10, 9, 
9, 8, 7, 

73, 77, 74, 

74, 20, 18, 
21, 19, 19, 

8, 10, 8 

108, 103, 101, 

110, 100, 109, 

98, 100, 99, 
99, 98, 97, 

343, 347, 344, 

344, 110, 108, 
111, 109, 109, 

98, 100, 98 

Trough 

cross-bedding 
TOPF 

353 to 357 

(~4m thick) 

Wadi Al 

Qattarah 

10, 13, 15, 
10, 11, 18, 

20, 18, 11, 

10, 10, 19, 
20, 21, 21, 

17, 18, 16, 

16, 14, 16, 
19, 17, 24, 

16, 82, 84, 

80, 8, 9, 
8, 10 

100, 103, 105, 
100, 101, 108, 

110, 108, 101, 

100, 100, 109, 
110, 111, 111, 

107, 108, 106, 

106, 104, 106, 
109, 107, 114, 

106, 352, 354, 

350, 98, 99, 
98, 100 

Trough 
cross-bedding 

TOGF 
357 to 363 
(~6m thick) 

Wadi Al 
Qattarah 
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Table 8: Paleocurrent data of section (8) in the WSW locality. 
Strike  Dip 

 azimuth 

Paleocurrent 

structure 

Facies 

code 

Elevation 

(m) 

Formation 

9, 19, 17, 

19, 15, 11, 
11, 11, 20, 

11, 13 

99, 109, 107, 

109, 105, 101, 
101, 101, 110, 

101, 103 

Trough 
cross-bedding 

TOPF 
342 to 345 
(~3m thick) 

Wadi Al 
Qattarah 

9, 12, 9, 

10, 10, 13, 
10, 9, 12, 

11, 8, 8, 

12 

99, 102, 99, 

100, 100, 103, 
100, 99, 102, 

101, 98, 98, 

102 

Planar 

cross-bedding 
POGF 

347 to 350 

(~3m thick) 

Wadi Al 

Qattarah 

9, 11, 7, 

8, 9, 6, 

10, 11, 11, 
6, 7 

99, 101, 97, 

98, 99, 96, 

100, 101, 101, 
96, 97 

Planar 

cross-bedding 
POPF 

350 to 352 

(~2m thick) 

Wadi Al 

Qattarah 

278, 279, 273, 

272, 272, 279, 
270, 270, 271, 

270, 271, 271, 

271, 279, 273, 
272, 273, 270, 

20, 20, 20, 

23, 19, 17, 
24, 16, 22, 

22, 22, 22, 

22, 19, 23, 
18, 18, 2, 

0, 1, 3, 

2, 15, 15, 
15, 279, 279, 

280, 279, 280, 

278, 278, 279, 
279 

188, 189, 183, 

182, 182, 189, 
180, 180, 181, 

180, 181, 181, 

181, 189, 183, 
182, 183, 180, 

110, 110, 110, 

113, 109, 107, 
114, 106, 112, 

112, 112, 112, 

112, 109, 113, 
108, 108, 272, 

270, 271, 273, 

272, 285, 285, 
285, 9, 9, 

10, 9, 10,  

8, 8, 9, 
9 

Herringbone 

cross-bedding 
HOWF 

352 to 355 

(~3m thick) 

Wadi Al 

Qattarah 

 

IV. Characterization of Measured Vertical Sections of Wadi Al Aqar Quarry 

 

The Wadi Al Qattarah Formation at Wadi Al Aqar Quarry has been described lithologically in eight different 

vertical sections which are: 

Vertical section (1): it is composed of 2m thick of basinal chalky limestone, grey in color, mudstone texture, 

hard, rarely fossiliferous, representing Early-Middle Eocene Apollonia Formation, which is part of topped by 

10m thick of bioturbated oolitic limestone, white in color, wackestone texture, moderately hard. It is graded to 

low-angle cross-bedded oolitic limestone of grey to white color, packstone to grainstone texture, medium to 

hard with a thickness of 9m. Following, it is the trough cross-bedded oolitic limestone of white and grey colors, 

packstone to grainstone texture, moderately hard to hard, comprising a thickness of 7m. The section was capped 

by massive and low-angle cross-bedded oolitic limestone of packstone texture with a thickness of 7m (Fig. 6). 
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Vertical section (2): it is composed of 2m thick low-angle cross-bedded oolitic limestone, grey in color, 

packstone to grainstone texture, hard. It is graded to channels shoal complex oolitic limestone (trough cross-

bedding) of greyish white, packstone to grainstone textures, moderately hard with a thickness of ~2.5m. The 

section was capped by half meters thick of oolitic packstone facies, grey in color, and moderately soft, (Fig. 7).  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 General outcrop view of the vertical section (1) at Wadi Al Aqar Quarry. 
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Vertical section (3): it is composed of 1m thick of basinal chalky limestone, grey in color, mudstone texture, 

hard, poorly fossiliferous, representing Early-Middle Eocene Apollonia Formation, which is part of topped by 

8m thick of bioturbated oolitic limestone, white in color, wackestone texture, moderately hard. It is graded to 

planar to trough cross-bedded oolitic limestone of greyish white, packstone to grainstone texture respectively, 

moderately hard to soft with a thickness of 5.5m.  Following, it is the trough and planar cross-bedded oolitic 

limestones of white in color, packstone texture, and hard, comprising a thickness of 4m. The section was capped 

by low-angle cross-bedded oolitic limestone of grainstone texture with a thickness of 2.5m to a bioturbated back 

shoal of wackestone facies (1m thick) (Fig. 8).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7 General outcrop view of the vertical section (2) at Wadi Al Aqar 

Quarry. 
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Vertical section (4): it is composed of 1m thick of basinal chalky limestone, grey in color, mudstone texture, 

hard, representing Early-Middle Eocene Apollonia Formation, which is part of topped by 7m thick of 

bioturbated oolitic limestone, white in color, wackestone texture, moderately hard. It is graded to planar cross-

bedded oolitic limestone of grey and white colors, packstone texture, moderately soft with a thickness of 5m. 

The middle part is characterized by low-angle cross-bedded oolitic limestone of white, grainstone texture, hard 

at 6.5m thick.  

Following, it is the trough cross-bedded and planar oolitic limestone of white and grey colors, packstone texture, 

moderately hard, comprising a thickness of 4.5m. The section was capped by massive and herringbone cross-

bedded facies of grainstone and wackestone texture, respectively with a thickness of 13m (Fig. 9).  
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 General outcrop view of the vertical section (3) at Wadi Al Aqar Quarry. 
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Vertical section (5): it is composed of 0.5m thick of massive oolitic limestone, white to grey, packstone texture, 

moderately soft, representing Late Miocene Wadi Al Qattarah Formation which is part of topped by 2m thick of 

planar cross-bedded oolitic limestone, grey in color, packstone to grainstone texture, moderately hard. It is 

repeated to massive\planar oolitic limestone of grey and white colors, packstone to grainstone texture, 

moderately soft to hard with a thickness of 1.5m. (Fig. 10).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 General outcrop view of the vertical section (4) at Wadi Al Aqar 

Quarry. 
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Vertical section (6): it is composed of 2m thick of basinal chalky limestone, grey in color, mudstone texture, 

hard, poorly fossil content representing Early-Middle Eocene Apollonia Formation, which is part of topped by 

9m thick of bioturbated oolitic limestone, grey in color, wackestone texture, moderately hard. It is graded to 

planar\low-angle cross-bedded oolitic limestones of grey and white colors, packstone texture, and moderately 

soft with a thickness of 6m. Following, it is the trough cross-bedded oolitic limestone of white, packstone to 

grainstone texture, moderately soft to hard, comprising a thickness of 7m. The section was capped by 

bioturbated back shoal facies of wackestone texture with a thickness of about 3m (Fig. 11).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 General outcrop view of the vertical section (5) at Wadi Al 

Aqar Quarry. 

Figure 11 General outcrop view of the vertical section (6) at 

Wadi Al Aqar Quarry. 
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Vertical section (7): it is composed of 4m thick of bioturbated oolitic limestone, white in color, wackestone 

texture, moderately hard, which is part of topped by 14m thick of planar cross-bedded oolitic limestone, white to 

grey, packstone to grainstone texture, moderately soft.  

Following, it is the trough cross-bedded oolitic limestone of white, packstone to grainstone texture, hard, 

comprising a thickness of 10m at the top of the section. (Fig. 12).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vertical section (8): it is composed of 7m thick bioturbated oolitic limestone, white to grey, wackestone 

texture, moderately hard, which is part of topped by 5m thick of trough cross-bedded\massive oolitic limestone, 

grey in color, packstone\grainstone texture, moderately hard to soft. It is graded to planar cross-bedded oolitic 

limestone of grey to white, grainstone\packstone textures, moderately soft with a thickness of 5m.  

The section was capped by herringbone cross-bedded oolitic limestone facies of wackestone texture with a 

thickness of about 3m (Fig. 13).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12 General outcrop view of the vertical section (7) at Wadi Al Aqar Quarry. 
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V. Geostatistical Analysis and Graphic Presentation of Directional Data 

The resultant direction (vector resultant) is usually represented by an arrow at the center of the diagram, 

and the length of the arrow is proportional to the vector strength. Paleocurrent data may be entered in a field 

notebook and subsequently published in tabular form (Tables 1 to 8). The azimuths are, however, generally 

manipulated in some way to make their interpretation easier. The diagram plots lines at every 360 degrees of a 

compass distribution, with class intervals, are used (10o or 20o or 30o), but a 30° interval will be used in this 

study. It is better to plot the percentage of observations in each class than to plot the total number of 

observations. 

Geostatistical analysis of cross-bedding attitudes in the study area can easily define these structures and 

delineate the direction of dip of their axes with the aid of the mean vector azimuth standard method [MVA = 

tan-1(∑sinθ/ ∑cosθ)] recommended by [32]. Graphic presentation of these measured structures was conducted 

by using the Geo-Rose Program (V. 0.5) graphic software. By using this program, we easily worked out the data 

input to produce a worksheet with a defined frequency percentage to be used in the plotting mode to generate a 

rose diagram. 

When all measurements of structures are plotted in the rose diagram, the distribution of paleoflow 

direction may be seen in a single mode (unimodal) or is different in two or more subequal modes (bimodal or 

polymodal). In the case of opposite azimuth values, the produced rose could be seen as two reflected values. 

 All paleoflow measurements from the studied structures may be plotted on a single composite rose 

diagram which is called a composite rose diagram [33].  

Visual observation of the Wadi Al Qattarah Formation in the study area at Wadi Al Aqar Quarry reveals 

a large range of syndepositional sedimentary structures. These structures are distributed within the measured 

vertical sections including planar cross-bedded, low-angle cross-bedded, trough cross-bedded, and herringbone 

cross-bedded oolitic limestone structures. 

 

Figure 13 General outcrop view of the vertical section (8) at Wadi Al Aqar Quarry. 
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Measured section (1): It is represented in low-angle cross-bedded and trough cross-bedded oolitic limestone 

structures. 

Azimuth dip directions of these structures were obtained. Out of 126 readings obtained from these structures, 81 

readings were taken from low-angle cross-bedding and 45 readings from trough cross-bedding. From the 

readings, the number and percentage frequency for each 30o class of azimuth was calculated (Fig. 14). The result 

of the calculation shows the mode in the 90o - 119o class to the ESE (Fig. 14). 

The vector azimuths of measured structures in section (1) were as follows: low-angle cross-bedding: 90o and 92o 

and trough cross-bedding: 105o and 106o. The average vector azimuth for section (1) of the study area is 97o and 

the average bed thickness of the studied units is approximately 19m 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Measured section (2): A total of 239 readings of cross-bedding azimuthal dip directions were taken from this 

section grouped into two board sedimentary structures: low-angle cross-bedded and trough cross-bedded oolitic 

limestone structures. 135 readings were taken from low-angle cross-bedding, while 104 readings were taken 

from trough cross-bedding, respectively. 

From there, the number and percentage frequency for each 30o class of azimuth was calculated (Fig. 15). The 

mode from section (2) is in the 90 - 119o class to the ESE with a minor mode in the 330o - 359o class to the NW 

(Fig. 15) .  

The vector azimuths of measured structures in section (2) were as follows: low-angle cross-bedding: 91o and 

100o and trough cross-bedding: 98o and 107o. The average vector azimuth for section (2) of the study area is 98o. 

The bed thickness of the studied units is approximately 4.5m  

on average.  

 

.  
 

 

Figure 14 Rose diagram showing frequency distribution of cross beddings azimuths at outcrop 

level of section (1). Computed statistics is recorded for each studied facies. (N = number of 

measurements, θv = vector mean angle and MVA = mean vector azimuth). 
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Measured section (3): In the study area, planar cross-bedded, low-angle cross-bedded, and trough cross-bedded 

oolitic limestone structures were observed in this section. 132 readings of these structures, 60 readings were 
taken from planar cross-bedding; 22 readings were represented by low-angle cross-bedding, and 50 readings as 

trough cross-bedding. The class and frequency of azimuths were calculated from the data as shown in figure 16. 

From the figure, the primary mode is in the 90o - 119o class to the ESE, and the secondary minor mode is in the 

330o - 359o class to the NW. The average vector azimuth for section (3) of the study area is 103o and the average 

bed thickness of the studied units is approximately 11m (Fig. 16).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15 Rose diagram showing frequency distribution of cross beddings azimuths at outcrop level of section (2). 

Computed statistics is recorded for each studied facies. (N = number of measurements, θv = vector mean angle and 

MVA = mean vector azimuth). 
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Measured section (4): Most of the sedimentary structures (Fig. 17) were observed in this section of the study 

area. These structures are planar cross-bedded, low-angle cross-bedded, trough cross-bedded, and herringbone 

cross-bedded oolitic limestones. 159 readings were taken from this section. From these readings, the primary 

modal direction in the 150o - 179o class to the SSE, a secondary modal direction in the 330o - 359o class to the 

NW, and 0o - 29o class to the NE. The average vector azimuth for section (4) of the study area is 157o and the 

average bed thickness of the studied units is approximately 17.5m.  
 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16 Rose diagram showing frequency distribution of cross beddings azimuths at outcrop level 

of section (3). Computed statistics is recorded for each studied facies. (N = number of 

measurements, θv = vector mean angle and MVA = mean vector azimuth). 

Rose diagram showing frequency distribution of cross beddings azimuths at outcrop level of section 

(2). Computed statistics is recorded for each studied facies. (N = number of measurements, θv = 

vector mean angle, and MVA = Mean vector azimuth). 

Rose diagram showing frequency distribution of cross beddings azimuths at outcrop level of section 

(2). Computed statistics is recorded for each studied facies. (N = number of measurements, θv = 

vector mean angle, and MVA = Mean vector azimuth). 
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Measured section (5): Only planar cross-bedded oolitic limestone structures were studied in this section. 

Azimuth dip directions of these structures were measured. Out of 62 readings obtained from these structures. 

From the readings, the number and percentage frequency for each 30o class of azimuth was calculated (Fig. 18). 

The result of the calculation shows the mode in the 150o - 179o class to the SSE.  The vector azimuth of 

measured structures in section (5) is 169o and the average bed thickness of the studied units is approximately 

2.5m. 

 

 

 

 

 

 

 

 

 

Figure 17 Rose diagram showing frequency distribution of cross beddings azimuths at outcrop level of section 

(4). Computed statistics is recorded for each studied facies. (N = number of measurements, θv = vector mean 

angle and MVA = mean vector azimuth). 
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Measured section (6): This section is characterized by planar cross-bedded, low-angle cross-bedded, and 

trough cross-bedded oolitic limestone structures on the top. 77  readings of structures were calculated and 

graphically presented as in the rose diagram (Fig.19). This measurement shows that structure direction is modal 

in 150o - 179o class direction (SSE). The vector azimuth of measured structures and the average bed thickness of 

section (6) is presented in Figure 19. 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

      

Figure 18 Rose diagram showing frequency distribution of cross beddings azimuths at outcrop level of section 

(5). Computed statistics is recorded for each studied facies. (N = number of measurements, θv = vector mean 

angle and MVA = mean vector azimuth). 
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Measured section (7): A total of 81 readings of planar cross-bedded and trough cross-bedded oolitic limestone 

structures were measured from this section. 25 readings were taken from planar cross-bedding, while 56 

readings were taken from trough cross-bedding, respectively.  From there, the mode from section (7) is in the 

90o - 119o class to the ESE and in the 330o - 359o class to the NW (Fig. 20). The vector azimuths of measured 

structures in section (7) were as follows: planar strata: 103o and 105o and trough cross-bedding: 92o and 99o. The 

average vector azimuth for section (7) of the study area is 99o with the bed thickness of the studied units being 

approximately 24m on average.  

 

 

 

 

 

 

 

 

 

 

 

Figure 19 Rose diagram showing frequency distribution of cross beddings azimuths at outcrop level of section 

(6). Computed statistics is recorded for each studied facies. (N = number of measurements, θv = vector mean 

angle and MVA = mean vector azimuth). 

 

 

 



Graphic Presentation of Directional Data from the Wadi Al Qattarah Formation, Wadi .. 

DOI: 10.9790/1813-14055082                                    www.theijes.com                                                       Page 76 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Measured section (8): Some structures were recorded in section 8 in the field. These structures include planar 

cross-bedded, trough cross-bedded, and herringbone cross-bedded (upper part) oolitic limestones. 24 readings 

were taken from planar cross-bedded, 11 readings were taken from trough cross-bedding, and 52 readings from 

herringbone cross-bedding.  The class of azimuths (primary mode 90o - 119o class to the ESE and minor 

secondary modes 180o - 209o class to the SSW, 270o - 299o class to the NW and 0o - 29o class to the NE), 

number of frequency and percentage frequency were calculated from their azimuths, and the results were 

summarized and graphically presented as in rose diagram (Fig. 21).  
 
 
 
 
 
 
 
 
 
 

 

Figure 20 Rose diagram showing frequency distribution of cross beddings azimuths at outcrop level of section (7). 

Computed statistics is recorded for each studied facies. (N = number of measurements, θv = vector mean angle and 

MVA = mean vector azimuth). 
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VI. Results and Interpretation 

 

6.1 Results  

The regional pattern of directions of cross-beddings in the Wadi Al Qattarah Formation in Wadi Al Aqar 

Quarry is shown in figures 14 to 21 in which computed statistics are recorded for each studied facies, and the 

rose diagram shows the frequency distribution and modes for all measurements from each studied facies. Bold 

arrows represent vector resultants for measurements at a given locality; several striking characteristics of the 

directions of cross-bedding are evident. In each facies, the principal modes range between 95o and 190o and 

secondary modes between 275o and 8o.      

The primary and secondary modes are, therefore, nearly 178-180 degrees apart. The framework of 

primary sedimentary structures in each oolitic limestone facies is essentially the same, even though the 

formation is distributed throughout a thickness of 36m and represents 7 depositional facies. 

In general, cross-bedding is asymmetrically distributed about the mode, and around sections (4 and 8) 

there appears to be considerable scatter.    There are slightly some sets in sections (4) and (8) dipping to the 

southwest, and some others dipping to the northwest and northeast.   Therefore, a strongly unidirectional 

preferred dip to the southeast is obvious in nearly every studied section with only minor reversals to the 

northwest and northeast observed (Fig. 22).  

 

6.2  Interpretation  

Major aspects of the depositional environment of the cross-bedded oolitic and skeletal limestones of the 

Wadi Al Qattarah Formation can be interpreted with considerable confidence. Under the tectonic setting in 

which Late Miocene sediments of the Al Jabal Al Akhdar were deposited, rocks of this nature could not 

Figure 21 Rose diagram showing frequency distribution of cross beddings azimuths at outcrop level of section (8). 

Computed statistics is recorded for each studied facies. (N = number of measurements, θv = vector mean angle and 

MVA = mean vector azimuth). 
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represent an environment other than a shallow marine in which oolitic and skeletal debris was washed back and 

forth on a shoal. The scale of the cross-bedding, together with associated wackestone deposits and occasional 

coarse-grained fossil fragments, indicates that the transporting currents were marine. 

Cross-bedding directions in the oolitic limestone of the Wadi Al Qattarah Formation indicate that the 

paleoslope in the Wadi Al Aqar Quarry was to the southeast, during the deposition of the Wadi Al Qattarah 

Formation. This trend seemingly existed throughout most of the studied facies of the Wadi Al Qattarah 

Formation. In some facies of the studied sequence, there is strong evidence of highlands in some parts of the 

quarry as indicated by the minor northwestern and northeastern secondary mode paleocurrent directions in the 

vicinity of sections 1, 2, 3, 4, 7, and 8 (Fig. 22). Throughout most of the studied Wadi Al Aqar Quarry, however, 

a strong southeastern paleoslope existed. 

The paleogeographic map (Fig. 23) was constructed on a resultant rose diagram which can be defined by 

(1) oolitic and skeletal debris ridges in the limestone of Wadi Al Qattarah Formation oriented parallel to the 

direction of 125o mean vector azimuth of the inferred marine paleocurrent, and changing progressively to 

lagoonal setting in the northwestern and northeastern directions, and (2) ancient shorelines formed arc-shaped 

with regional NE trends, moved back and forth oriented perpendicular to the marine paleocurrent, where 

transgression and regression would cause these shorelines to shift through time. 

Within these oolitic limestone ridges, most cross-bedding dips seaward (southeast direction) because the 

ebb tide is stronger. This pattern of the framework is characteristic of the offshore tidal current environment, 

which may suggest that tidal currents may be a major factor in the dispersal of oolitic and skeletal limestones of 

the Wadi Al Qattarah Formation. 
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VII.   Conclusions 

Geostatistical analysis and graphic presentation of cross-bedding directions in the oolitic limestone of 

Wadi Al Qattarah Formation in Wadi Al Aqar Quarry have revealed that these sedimentary structures are 

characterized by the primary mode of regional slope dips seaward in the southeast direction, and the secondary 

minor mode is in northwestern and northeastern directions, indicating a current system moving toward the shore.  

Transgression and regression of paleomarine currents would cause ancient shorelines which oriented 

perpendicular to the marine paleocurrents to shift through time. 

The framework of these paleomarine currents has suggested the inferred paleogeography of the Wadi 

Al Qattarah Formation in Wadi Al Aqar Quarry, in which the dispersal of the oolitic and skeletal limestone 

ridges in the southeast direction (ebb tide direction), changing to lagoonal settings in the northwestern and 

northeastern directions (flood tide direction).   
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