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Abstract 

The volcaniclastic red beds of the study area are present overlying the rhyolite-dolostone succession 

of wadi Girshah area, Ablah district. It is composed from seven shallowing-upward cycles. The 

lower part of this sequence is dominated by grey tuffaceous mudstone which grades upward into 

green tuffaceous mudstone/ siltstone. The middle part is dominated by red hematitic volcaniclastic 

siltstone- sandstone while the upper part is dominated by thinly to thickly bedded silicified 

stromatolitic dolostone. This vertical distribution reflects the gradation from deeper conditions of 

high volcaniclastic input into shallower conditions of very low volcaniclastic input into more 

shallower and highly restricted depositional environments dominated during the deposition of the 

uppermost silicicfied dolostones of the upper parts of the succession. The field, mega, microscopic 

and geochemical results conclude the formation of the present volcaniclastic red beds during the 

following stages, these are: 1) deposition of the basic and intermediate volcanic ashes in slightly 

deeper back-arc setting, 2) the degradation of the deposited volcanic ash and the diagenetic 

authigenesis of green celadonitic clays either along the sediment/water interface or beneath the sea 

floor by the interaction between Fe2+, Mg2+, Si and Al, 3) the diagenetic hematitization of the 

formed green celadonitic clays of the cycles of the middle and upper parts of the succession and the 

formation of the iron-oxyhydroxides mineral .i.e. goethite and hematite as a result of the change in 

the pore water sediments from reducing to oxidizing conditions, and 4) finally, the direct 

hematitization of the original tuffaceous materials and formation of iron minerals especially in the 

upper parts of the volcaniclastic red beds succession.  

Keywords: Saudi Arabia, Al Baha, Ablah area, volcaniclastic red beds, rift-related volcanism and 

sedimentation, green celadonitic clays. 
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1. INTRODUCTION 

 

The impact of explosive volcanism on depositional systems has been well documented in recent 

decades, confirming the generation of eruptive volcaniclastic sequence with a complex stratigraphic 

architecture (i.e., Vessel and Davies, 1981; Smith, 1987, 1991; Meyer and Dodge, 1988;Waresback 

and Turbeville, 1990; Riggs and Busby-Spera, 1990; Smith, R.C.M.,1991;Nakayama and 

Yoshikawa,1997; Bryan et al., 2003). The study of the relations between volcanism and 

sedimentation are valuable tools in basin analysis. This is because: a) The volcaniclastics represent 

exotic deposits that are widely dispersed during a very short time interval and they can be used as 

litho- and chronostratigraphic correlation markers, b) They help in assessing the effect of allocyclic 
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factors, including volcanism and tectonics, on basin sedimentation (Kuenzi et al., 1979; Cas and 

Busby Spera, 1991; O'Halloran and Gaul, 1997; Riggs et al., 1997; Segschneider et al., 2002; 

Paredes et al., 2007). The study of Precambrian volcaniclastic successions is very complicated 

because the pyroclastic deposits are subjected to post-sedimentary modifications involving erosion, 

alteration, diagenetic compaction or tectonic deformation (Bull and Cas, 1991, 2000; Martí, 1996; 

Umazano et al., 2008). Combined petrologic and sedimentologic techniques are required to 

reconstruct the primary features of rocks and the nature of deposits. 

 

In Saudi Arabia, the post amalgamation basins are completely filled with volcaniclastic succession 

associated with rifting processes post the formation of continent. The term Ablah Formation was 

first introduced by Brown and Jackson (1960) for the thick volcano-sedimentary in the northern part 

of the Ablah district in Asir terrane, southwest Saudi Arabia (Fig. 1). Zakir (1972) subdivided the 

succession of Ablah district into the following rock units: Girshah andesite, Khutnah Formation, 

Jerub Formation and Ablah Formation.  From the economic point of views, Goldsmith (1966), 

Trent (1966), Trent and Sultan (1966), Theobald and Thompson (1966) and Allcott (1969) have 

concentrated their works on the economic potential of many mineralized areas within Ablah terrain. 

Johnson (2006) described the succession of Ablah Formation under the term Ablah group 

(Cryogenian- Ediacarian layered rocks) and he concluded that, the group is restricted to the volcanic 

and sedimentary rocks in the vicinity of the Ablah prospect. Recently, the Neoproterozoic volcano-

sedimentary succession of Wadi Girshah area has been assigned by Taj. et. al. (2010) to be consists 

of three main units which represent gradation from inner shelf, shallow marine, lacustrine delta and 

fluvio-lacustrine environments. They concluded that, this succession was formed during intermittent 

periods of volcanism; tectonism and sedimentation within inter arc-, back arc-, and intra arc- 

depositional settings. They subdivided the volcano-sedimentary succession of Ablah area into 

eleven main volcano-sedimentary rock units disrupted by a series of major strike-slip E-W faults 

and also by a series of double N-S plunged anticlines. According to Taj et. al. (op.cit), these units 

are briefly described here as follows: 

1) Intermediate volcanic and related volcaniclastics (unit 1) which is represented in the western half 

of the study area and consists mainly of andesites and related volcaniclastic i.e. volcaniclastic 

agglomerates and conglomerates.  

2) Volcaniclastic green and red beds (unit 2) which consists mainly from the volcaniclastic green 

and red beds of wadi Halwate.  

3) Dolostones and stromatolitic carbonates (unit 3) which almost present above unit 2 in the central 

part of the study area (Fig. 2). The stromatolitic carbonates of this unit are present in the area west 

of wadi Girshah (extreme western part of map of Figs. 2, 3). 

4) Interbedded dolostone and rhyolite (unit 4) which consists mainly of successive cycles of rhyolite 

and dolostones and is present in the area between wadi Tayibit El Esm in the east and wadi Girshah 

in the west.  

5) Volcaniclastic conglomerates and sandstones (unit 5): which consists mainly of major successive 

fining-upward sequences of trough and tabular cross-bedded acidic volcaniclastic conglomerates 

and agglomerates interbedded with volcaniclastic red beds (the aim of the present study). 

6) Acidic volcanics and related volcaniclastic interbedded with dolostones (unit 6): which consists 

of thinly bedded rhyolite and rhyolitic tuffs intercalated with thinly bedded dolostones. 

7) Basic volcaniclastic red beds (unit 7) which consists of a distal volcaniclastic red siltstones and 

sandstones intercalated with dark green to black tuffaceous siltstones.  
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8) Basic volcaniclastic agglomerates, conglomerates and volcaniclastic sandstones and siltstones 

which consists mainly of two main horizons: a lower black volcaniclastic agglomerates interbedded 

with chloritized and epidoteeitized tuffaceous mudstones and an upper volcaniclastic 

conglomerates, sandstones and siltstones arranged in fining-upward pattern. 

9) Interbedded volcanic and plutonic rocks (unit 9): which are present in the extreme southeastern 

corner of the study area and consists of interbedded basalts, marbles and fine-grained gabbros with 

serpentinites. 

10) Acidic volcanic and related volcaniclastic unit 10) which consists mainly of interbedded 

rhyolite and acidic volcaniclastics. This unit is subjected to intensive sheering and metamorphosed 

to the green schist  facies. 

11) Quaternary deposits (unit 11): which are represented by wadi fill deposits (10-25m) represent 

the shallow aquifer of the study area. 

The present study aims to give a detailed field, mega- and microscopic description of the 

volcaniclastic red and green beds of Tayibit El Esm area. The mechanisms of formation and 

geochemical characters of these green and red beds are also aimed in this study. To achieve these 

aims, detailed stratigraphic section within the studied volcaniclastic green and red beds was 

measured (Fig. 2). The collected samples are thin sectioned and the prepared thin sections are 

described and photo copied. The collected samples are geochemically analyzed by XRF techniques. 

2. MATERIALS AND METHODS 

The study is based on systematic scientific approach begins with detailed field works including 

measurement of stratigraphic section of the volcaniclastics unit of Tayibit El Esm area and selecting 

the most representative hand samples. The selected samples are used in both the thin section 

preparation and geochemical analyses. The prepared thin sections were carefully described and used 

in the identification of the petrographic lithotypes as well as the diagenetic processes. The 

geochemical analyses are used in the interpretation of the field and microscopic data. The results of 

the field and lab works are summarized in a depositional and diagenetic model of the volcaniclastic 

green and red beds of the study area.  

 

 

 

 

3. RESULTS OF STUDY 

 

3. 1. Geologic Setting of the Volcaniclastic Red Beds 

Tayibit El Esm area is present at the intersection of wadi Raniyah and wadi Girshah  (Fig. 2, Fig. 

3A). The studied volcaniclastic green and red beds are present within the core of double plunged 

anticline (Fig. 3B). The stratigraphic section of Tayibit El Esm area (Fig. 4) consists mainly of 

seven shallowing-upward cycles. These cycles are delineated and terminated by dark green to black 

basaltic flows (Fig. 3C, D, E, F). The section is dominated in its lower part by grey and green 

volcaniclastic beds (Fig. 3B, C). Going towards the middle part of the section the shallowing-

upward cycles become consists mainly of volcaniclastic red beds. The upper part of the section, the 
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shallowing-upward cycle (cycle 7, Fig. 4) becomes terminated by yellow silicified stromatolitic 

carbonates (Fig. 3C).  

The seven cycles are shown in Fig. 3C. Cycle 1 attain up to 8m thick and it consists of lower grey 

tuffaceous mudstone (Fig. 4, Column A, Cycle 1). The middle part of this cycle becomes 

compassed from green tuffaceous mudstone and it terminated by thin black basaltic flow. Cycle 2 

attains up to 5m thick and it composed mainly from a basal green tuffaceous mudstone/ siltstone 

which grades upward into yellow and red volcaniclastic siltstone- fine sandstone and terminated by 

bench- like red hematitic tuffaceous sandstone (Fig. 4, Upper part of column A). Cycle 3 began by 

red volcaniclastic sandstone and terminated with basaltic flow.  Cycles 4, 5 are nearly similar where 

they began by green tuffaceous mudstone which grades upward into yellow (cycle 4) or red (cycle 

5) volcaniclastic siltstone/ fine sandstone. Both cycles are terminated by basalt flow sheet (middle 

part of column B, Fig. 4). Cycle 6 is more oxidized where it begins directly by volcaniclastic red 

siltstone and fine sandstone and terminated by basalt sheet (upper part of column B, Fig. 4). Cycle 7 

(attains up to 12m thick, column C, Fig. 4). This cycle begins by very thin (20cm) green tuffaceous 

mudstone which grades upwards into red mudstone, calcareous mudstone which grades upwards 

into thinly bedded dolostone. This cycle is terminated with thickly bedded light yellow to white 

silicified stromatolitic dolostone (marble).  

 

3. 2. Petrographic Description of The Volcaniclastic Green and Red Beds 

Detailed petrographic description of the different horizons of the above describe  cycles, revealed 

the recognition of fifteen petrographic lithotypes which are arranged here from base to top (from 

cycle to cycle 7) and described in the following lines: 

3. 2. 1.  Grey Tuffaceous Mudstone Pt1 

This petrographic lithotype is recorded by a characteristic thick grey unit in the lower part of cycle 

No. 1 (Fig. 4). It consists of massive grey to black isotropic tuffaceous material contains silt-sized 

quartz grains (Fig. 5A). Small microcrystalline quartz domains are seen present in association with 

the silt-sizes quartz grains. These domains are mostly formed by the devitrification of the tuffaceous 

materials. This grey tuffaceous mudstone also contains small authigenic feldspar crystals and 

numerous devitrified volcanic domains and patches (Fig. 5B).  

 

3. 2. 2. Hematitic Tuffaceous Siltstone Pt2 

This petrographic lithotype is recorded in the middle part of the shallowing-upward cycle just 

overlying the green celadonitic siltstone and underlying the tuffaceous basalt. It consists mainly of 

angular to subrounded silt-sized quartz grains embedded in partially to completely hematitized 

interstitial tuffaceous matrix (Fig. 5C). The quartz grains becomes partially to completely corroded 

and embayed by the enclosing hematite cement forming dark patches and domains (pseudo-peloids, 

Fig. 5D). Most of the observed quartz grains seem to be formed by progressive and subsequent 

stages of digenetic devitrification of small volcanic domains (Fig. 5D).  

3. 2. 3.  Hematitized Chloritized Tuffaceous Basalt Pt3 

This petrographic lithotype is recorded in the black basalt bed terminating the first cycle (Fig.  4). It 

consists of lath-like interlocked plagioclase crystals embedded in green intensively chloritized 

volcanic glass and olivine and pyroxene microlites (Fig. 5E). The chloritized olivine and pyroxene 

crystallites become progressively hematitized into blood red Fe-oxyhydroxides (Fig. 5E).  
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3. 2. 4. Green Celadonitic Tuffaceous Mudstone / Siltstone Pt4 

Which is recorded in the lower and middle parts of the second cycle. It consists of green tuffaceous 

materials contain silt-sized quartz grains (Fig. 5F). This petrographic lithotype consists mainly of 

well sorted, angular to subrounded silt-sized quartz grains embedded in grey tuffaceous mudstone 

matrix (Fig. 5F). This matrix is slightly calcitized in some domains (Fig. 5F). 

3. 2. 5. Thinly Laminated Hematitic Tuffaceous Siltstone Pt5 

This petrographic lithotype is recorded in the upper part of the 2
nd

 cycle. It consists of rhythmically 

alternating Fe-rich clayey hematitic laminae alternating with quartz-rich light laminae (Fig. 5G). 

The dark hematitic laminae show a characteristic mottling appearance where dark brown to black 

hematitic patches are present within blood red Fe-oxyhydroxides ground mass (Fig. 5H). The quartz 

grains are intensively corroded and embayed by the enclosing Fe-oxyhydroxides (Fig. 5H). The 

petrographic lithotype consists mainly from moderately to well sorted quartz grains embedded in 

slightly to highly hematitized tuffaceous matrix (Fig. 5G, H). Some grey microcrystalline domains 

were formed by the devitrification of small volcanic domains (Fig. 5H). Some muddy and silty 

patches are present within this tuffaceous sandstone (Fig. 5G).  

3. 2. 6. Calcitized Tuffaceous Mudstone Pt6 

Which is recorded in the lowermost part of the 3
rd

 cycle. It consists of green tuffaceous mud 

suffered from subsequent stages of diagenetic calcitization and formation of micrite or microspar in 

between the quartz grains (Fig. 6A). It consists mainly dark grey tuffaceous material contains small 

reddish white calcite aggregates (Fig. 6A). Some microcrystalline quartz aggregates are seen within 

the tuffaceous materials (Fig. 6A).  

3. 2. 7. Laminated Calcareous Siltstone pt7 

Which is recorded in the lowermost part of cycle 3. This petrographic lithotype consists of 

laminated calcitized tuffaceous mudstone and tuffaceous siltstone (Fig. 6B). The contacts between 

these two laminae is gradational. It consists of silt-sized moderately sorted quartz grains embedded 

in partially to completely calcitized tuffaceous mudstone (Fig. 6B).  

3. 2. 8. Laminated Tuffaceous Hematitic Sandstone Pt8 

Which is recorded in the middle part of cycle 3. It consists of rhythmic alternating bands of green 

celadonitic siltstone parallel to reddish green slightly hematitic celadonitic siltstone (Fig. 6C). The 

slightly hematitized laminae consists mainly of quartz grains cemented by blood red to black 

hematite cement. In the highly hematitized laminae, the quartz grains are highly corroded and 

embayed by the enclosing hematite cement (Fig. 6C). Some blood red to black hematite domains 

are seen empty from the quartz grains (Fig. 6C).  

3. 2. 9. Hematitized Trachytic Doleritic Basalt Pt9  

Which is recorded in the topmost part of cycle No. 3. It consists mainly of lath-like sanidine crystals 

embedded with less frequent Ca-plagioclase crystals (Fig. 6D). Intensively celadonitized, 

chloritized and calcitized Ca-plagioclase embedded in Fe-rich chloritized and celadonitized olivine 

and pyroxenes are also observed (Fig. 6D).  

3. 2. 10. Thinly Laminated Green Celadonitic Mudstone / Siltstone Pt10  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 6 

Which is recorded in the middle part of cycle No. 5. It consists of parallel laminated green 

celadonitic mudstone and celadonitic siltstone (Fig. 6E). The green celadonitic siltstone laminae are 

usually dense and contain some chlorite flasers and stringers (Fig. 6E).  

3. 2. 11. Thinly Laminated Calcitized Mudstone Pt11 

Which is recorded in the middle part of cycle 5. It consists mainly of thinly laminated green 

celadonitized calcitized mudstone parallel to completely calcitized laminae. Sporadically distributed 

very small silt-sized quartz grains are usually seen within the celadonitized and chloritized laminae. 

This petrographic lithotype consists of microcrystalline calcite (micrite) (Fig. 6E). Some light color 

coarse crystalline calcite domains are seen formed by the diagenetic recrystalline of the precursor 

micrite. In these coarse crystalline calcite domains, quartz crystals are seen (Fig. 6E).  

3. 2.  12. Myrmikitic Fine Granite/Rhyolite  Pt12  

This petrographic lithotype is present in the upper part of cycle 5. It consists of orthoclase, albite 

with less frequent quartz. It is characterized by the presence of myrmikitic texture (Fig. 6F).  

3. 2. 13. Celadonitized and Chloritized Doleritic Basalt Pt13 

Which terminate the 5
th

 cycle in this red beds succession. It consists from highly disrupted 

intensively chloritized, celadonitized and finally oxidized olivine and pyroxene crystallites and 

ground mass in between calcitized Ca-plagioclase crystals (Fig. 6G). Some hematitized black and 

blood red (reddish brown) patches and intersected laths patches and domains are usually observed 

in the chloritized olivine and pyroxene groundmass.  

3. 2. 14. Green Calcitized Mudstone Pt14  

Which is recorded in the thinly laminated lower part of cycle 7. It consists mainly of partially to 

completely calcitized tuffaceous mudstone.  

3. 2. 15. Chertified and Calcitized Dolostone Pt15 

Which is recorded in the middle and upper parts of the shallowing-upward cycle No. 7. It consists 

of completely calcitized fine- grained dolomite forming microsparry calcite (Fig. 6H). Ultimate 

stages of diagenetic recrystallization and certification led to the formation of microcrystalline quartz 

patches and domains within the bedded dolostones of the uppermost part of the succession. The 

calcite is completely replaced by microcrystalline quartz patches and domains.  

3. 3. Geochemistry of the Volcaniclastic Green and Red Beds 

 

Twelve samples are selected from the different horizons of the volcaniclastic-bearing cycles. The 

samples are carefully selected to be matched with the described petrographic lithotypes. The results 

of the geochemical analyses are represented in table 1. The colors are used in this table to facilitate 

the results of the analyses with the lithology of the different horizons. The analyses no. 21pt1 to 23 

pt3 are for the samples of the first (lowermost) cycle, and they show the highest Al2O3  content 

because they represent the petrographic lithotypes pt1 , pt2, pt3  which are composed mainly from 

tuffaceous mudstones and siltstones. The bases of the other cycles are relatively of lower Al2O3 

content than the base of the first cycle. 

The Fe2O3 ranges from 3.14 to 10.01%, the high Fe2O3 content is present in the basaltic flows 

terminating the shallowing-upward cycles. Generally, the Fe2O3 values are less than 15% which 

assigned these beds the term “red beds” and not ironstones (Young, 1989). CaO ranges from 0.79 to 
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10.64%, the high CaO values are present in the middle parts of the cycles within the volcaniclastic 

red beds. MgO ranges from 0.48 to 9.5. The highest MgO values are present associated with the 

volcaniclastic red beds. MnO is very low where it ranges from 0.03 to 0.22. Na2O ranges from 0.69 

to 2.35. The highest Na2O3 values are present within the basaltic flow beds terminating the 

volcaniclastic red beds-bearing cycles. K2O ranges from 0.57 to 2.02. The highest K2O values are 

present within the middle and upper parts of the shallowing-upward cycles. 

The rare and trace elements distribution show nearly normal values except the Ba and B which are 

of very high values when compared with the other elements. The high Ba content is matched well 

the deposition of the volcaniclastic sequence in slightly restricted depositional environments. Ba 

and B are of high values in the base of the first cycle and after this horizon, B becomes enriched in 

the different horizons of the cycles. 

The variation diagrams of Figure 7 show the positive relation between Fe2O3 and TiO2 (Fig. 7A) 

also the very low TiO2 and Fe2O3 content except two samples where the Fe2O3 reach up to 10 and 

the TiO2 reach 2.5. There is also a negative relation between Al2O3 and Fe2O3 (Fig. 7B). There is a 

strong positive relation between Fe2O3 and Zn (Fig. 7C). Also, there is a negative relation between 

Cu and Fe2O3 (Fig. 7D).    

 

3. 4. Diagenetic Processes 

The main diagenetic processes that led to the formation of the volcaniclastic red beds succession of 

Tayibit El Esm area are deduced by the detection of the precursor constituents that deposited and 

also the impact of the diagenetic processes on these constituents. These processes include: 

 

3. 4. 1. Devitrification of the Tuffaceous Materials 

3. 4. 1. 1.  Devitrification of tuffaceous materials 

The precursor tuffaceous interstitial material becomes firstly non-crystalline and isotropic (Fig. 8A, 

B). During the progressive stages of diagenetic recrystallization, it becomes crystalline giving rise 

to small quartz aggregates (Fig. 8C, D). Ultimate stages of devitrification of the tuffaceous matrix 

led to the conversion of the microcrystalline quartz aggregates into pseudo-quartz grains. 

3. 4. 1. 2.  Devitrification of the volcanic grains 

In this stage of devitrification, the volcanic grains of the tuffaceous sandstones become initially 

recrystallized giving rise to microcrystalline quartz aggregates (Fig. 8E, F). Progressive and 

ultimate stages of devitrification led to the formation of microcrystalline quartz aggregates and 

patches. 

3. 4. 2. Calcitization of the Precursor Tuffaceous Materials  

The calcitization of the tuffaceous materials is predominated in the petrographic lithotypes of 

uppermost parts of the shallowing-upward cycles. This calcitization a process is either occurs on the 

peripheral parts of the black isotropic material (Fig. 8G) or by entire calcitization and formation of 

microcrystalline carbonate aggregates (Fig. 8H). This type of entire calcitization is usually 

associated with the devitrification and formation of microcrystalline quartz (Fig. 8H). In the 

uppermost parts of the shallowing-upward cycles, the tuffaceous materials show progressive 

crystallization and formation of microcrystalline calcite patches and domains (Fig. 9A).  The 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 8 

microcrystalline calcite patches become progressively recrystallized into coarse crystalline blocky 

calcite. Ultimate stages of recrystallization led to the formation of blocky calcite showing some 

signs of silicification and formation of some quartz patches and domains (Fig. 9B). In some 

domains, the precursor tuffaceous material becomes entirely calcitized giving rise to non crystalline 

micritic calcite in the interstitial spaces between the isotropic volcanic grains (Fig. 9C, D). 

3. 4. 3. Greening (Celadonitization) of the Precursor Tuffaceous Materials  

This process is dominated in the green tuffaceous mudstone / siltstone of the middle parts of the 2
nd

 

and 3
rd

 cycles of the studied sequence. The microscopic examination of the green tuffaceous 

mudstone/siltstones of these horizons revealed the presence of green celadonitic clays in the 

interstitial spaces between volcaniclastic grains (Fig. 9E, F). Also, the volcanic grains of these 

mudstones and siltstones are also altered to green celadonitic clays (Fig. 9E, F). In some domains, 

some green celadonitic clay patches and domains become formed within the precursor tuffaceous 

materials (Fig. 9G, H).  The contact between these patches and the enclosing ungreened tuffaceous 

matrix is gradational. Mesaed (1999a, b) and Mesaed and Surour (2000) postulated the formation of 

green glauconitic clay by synsedimentary authigenic processes by the reaction between K, Fe
2+

, 

Mg, K in slightly reducing conditions. The green glauconitic and celadonitic clays of the lower 

parts of the shallowing-upward cycles of Tayibit El Esm section are also beer features suggesting 

during slightly reducing condition, these are: 1) the deep grey color of the tuffaceous mudstone, 2) 

the absence of red hematitic staffs, 3) the thin lamination characters of the tuffaceous mudstones, 4) 

the predominance of green colors in the lower parts of the section and red beds in the middle and 

upper parts of the succession, and 5) the absence of the any sedimentary structures suggesting the 

predominance of current and wave actions (cross- laminations and cross- bedding).  

3. 4. 4. Hematitization Processes and Formation of Red Beds 

3. 4. 4. 1. Hematitization of precursor tuffaceous materials 

 

It is observed here that, the main processes that involved in the formation of the red beds of  Tayibit 

El Esm area is the hematitization of different constituents of the volcaniclastic constituents and 

formation of iron oxyhydroxides minerals (Fig. 10A, B). The hematitization of the interstitial 

tuffaceous materials is contemporaneous with the processes of devitrification of the volcanic grains 

and formation of aggregates of microcrystalline quartz (Fig. 10C, D). Two mineral phases of Fe is 

present i.e. blood red amorphous and the black (Fig. 10C, D). The microscopic observations,, 

support the processes of diagenetic recrystallization and dehydration of the amorphous blood red 

phase (geothite) in to the black massive hematite (Fig. 10D, E, F).  This is evidenced by the 

presence of small black hematite patches and domains within the blood red phase (Fig. 10F). Van 

Houten (1968, 1972) studied the mechanisms of formation of red beds and he proposed the 

formation of hematite by in situ diagenetic conversion of detrital yellow or brown iron oxides 

derived from deeply weathered, but not necessarily red soils.  The hematitization processes is 

mostly occurred during the late stages of diagenesis. This is evidenced by the patch nature of the 

hematitic domains and the presence of slightly hematitized domains (Fig. 11A, B, C). The quartz 

grains show progressive and subsequent stages of corrosion and embayment by the enclosing 

hematite cement (Fig. 11C, D). Some precursor tuffaceous materials are still seen embedded within 

the formed hematite cement (Fig. 11D). 

Similar mechanism of the formation of the volcaniclastic red beds by the direct hematitization of 

the tuffaceous materials was postulated by Mesaed (2004b) in the volcaniclastic red beds 

underlying the Oligocene volcanic in north Abu Roash area, north Cairo, Egypt. Also, Taj et al. 

(2010) postulated the formation of the hematite of the volcaniclastic red beds of wadi Halwate area, 

Ablah district, Saudi Arabia,  either by the direct hematitization of the tuffaceous materials 
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specially in the oxidized depositional environments dominated in the upper parts of the shallowing-

upward cycles or by the hematitization of the formed green celadonitic clays of the middle parts of 

the depositional cycles.  

3. 4. 4. 2. Hematitization of the volcanic grains 

In the volcaniclastic red bed of the 3
th

, 4
th

, and 5
th

 cycles, the volcanic grains are suffered from 

intensive hematitization and formation of black hematitic films and coating around these grains 

(Fig. 11E, F). Also, the mafic minerals of these volcanic rock fragments become completely 

hematitized giving rise to goethite and hematite. 

3. 4. 4. 3. Hematitization of the green celadonitic clays 

 

This type of hematitization represents the main processes in the formation of the volcaniclastic red 

beds of the study area. The presence of green celadonitic siltstone and sandstone beds in the middle 

parts of the shallowing-upward cycles overlain by the volcaniclastic red beds confirm the formation 

of these red beds by the diagenetic hematitization of the precursor red staffs by the oxygenated pore 

spaces water.  

The hematization is of the green celadonitic in the basalt flows terminated the first cycle. These are 

represented by green celadonitic clay laths and shreds (Fig. 12A). These laths and shreds become 

progressively of yellow and blood red colors (Fig. 12B). Within the formed blood red Fe-

oxyhydroxides, small irregular relicts of the precursor green laths are still preserved (Fig. 12C, D).  

Ultimate stages of diagenetic recrystallization and dehydration of the blood red amorphous iron 

oxyhydroxides led to the formation of black hematite patches and domains (Fig. 12E).  

 

The formation of the red beds and ironstones by the hematitization of the green clays have been 

postulated for the formation of the ferric oxides throughout the penecontemporaneous oxidation of 

green chamositic clays, prior to burial, (Dunhan, 1960; Hunter, 1970; Sheldon, 1970; Parron and 

Nahoon, 1980; Guerrak, 1987 & 1988; Chauvel and Guerrak, 1989; Dressen, 1989; Mesaed and 

Surour, 1998 and Mesaed, 2004a, b). Others preferred the formation of ferric oxides and hydroxides 

by late stage burial diagenesis of green chamositic clays (Cotter and Link, 1993).  

3. 4. 4. 4. Hematitization of Fe- Mg mafic minerals of basalt and dolerite 

This is evidenced by the presence of black iron minerals (mostly goethite and hematite) intersected 

and parallel to the cleavage planes of the precursor pyroxene crystals (Fig. 12F). Complete and 

ultimate stage of hematitization and disruption of the formed iron minerals led to the formation of 

black (hematite, goethite) crystals, longitudinal laths and irregular crystallites (Fig. 12G, H).  

 

4. DISCUSSION AND DEPOSITIONAL MODEL  

 

From the stratigraphic and sedimentologic points of views, it is concluded here that, the succession 

of Tayibit El Esm area, shows very clear criteria supporting its deposition during interplay between 

volcanic activities and sedimentation. This is evidenced by the predominance of the grey tuffaceous 

mudstones in the lowermost part of cycle 1 and the predominance of green celadonitic tuffaceous 

mudstones in the lower and middle parts of the 2
nd

 and 3
rd

 cycles. Toward the upper part of the 
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succession, the 4
th

, 5
th

 and 6
th

 cycles become composed entirely from red hematitic siltstones and 

sandstones which reflects the deposition in shallower conditions than that predominated during the 

deposition of  the 1
st
 , 2

nd
 , and 3

rd
 cycles. The deposition of silicified stromatolitic carbonates in the 

topmost part of the succession reflects deposition during periods of volcanic cession and very low 

volcaniclastic input which led to the carbonate deposition. 

From the field, meg- and microscopic description it is concluded here that, the volcaniclastic red 

beds of the study area are formed during the following stages: 

1) Deposition of the basic to intermediate volcanic constituents in slightly deeper back arc 

depositional setting which show progressive upward shoaling contemporaneous with the volcanic 

activities (Fig. 13A). 

2) Syn- and post depositional authigenesis of green celadonitic clays in dysaerobic environments as 

a result of Fe
2+

 , Mg activities and the presence of Si and Al from the degradation of the volcanic 

ash. Similar mechanism of authigenesis of green marine clays along the sediments/water interface 

has been previously postulated by Mesaed (1999a, b) and Mesaed and Surour (2000). The formed 

green celadonitic clays are of variable organic matter content and also of variable Fe
2+

 content as a 

result of the vertical and lateral variation in the predominated micro physic-chemical conditions 

(Mesaed, 2004). This variation control in the degree of oxidation (hematitization) of these green 

celadonitic clays during the diagenetic processes (Fig. 13B). 

3) The diagenetic hematitization of the green celadonitic clays as well as the unceladonitized 

tuffaceous materials of the middle and upper parts of the depositional cycles and the formation of 

goethite, hematite and iron-oxyhydroxides (Fig. 13C). The is dominated during the progressive 

shoaling where the depositional environment becomes shallow and of low organic matter content 

and of high ferric iron activities, this will led to the deposition of oxidized celadonitic clays of high 

ferric iron content and of low organic matter content which facilitate its oxidation into iron oxides 

and iron oxyhydroxides. Similar mechanism of variation in the degree of hematitization of the green 

clays as a result of the original variation in the micro-physico-chemical conditions was described by 

Mesaed (2004a) in the glauconitic ironstones of Gabal Qalamoon area, western Desert, Egypt,  and  

4) The deposition of the carbonates in the uppermost parts of the volcaniclastic succession during 

restricted time periods of very low volcaniclastic input dominated during cession of volcanic 

activities.  

5) The studied volcaniclastic green and red beds-bearing succession of Tayibit El Esm must be 

followed laterally and vertically within the overall volcano-sedimentary succession of Ablah 

district. It represent a distinctive short-live time period of rifting and subaqueous volcanism. 
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Fig. (1): Geologic map of wadi Girshah- Gabal Ablah area  (Taj e
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Fig. (2): A= Satellite image of wadi Giorshah- Tayibit El Esm ar
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Fig. (3): A= Panoramic view showing the two limbs (eastern and w
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Fig. (4): Detailed stratigraphic section showing the shallowing-
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Fig. (5): A= Grey tuffaceous mudstone Pt1 which consists of  bla
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Fig. (6): A= The calcitized tuffaceous mudstone Pt6 which consis
Click here to download high resolution image
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Table 1: Bulk XRF analyses of the different horizons of the gree
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Fig. (7): Geochemical  relations between the different elements
Click here to download high resolution image
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Fig. (8):: A, B= Initial stages of devitrification of tuffaceous
Click here to download high resolution image
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Fig. (9): A= The calcitization of tuffaceous materials and forma
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Fig. (10): A, B= Hematitization of different constituents of the
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Fig. (11): A, B, C= The hematitization processes is evidenced by
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Fig. (12): A= The hematitization of the green green celadonitic
Click here to download high resolution image

http://www.editorialmanager.com/ajgs/download.aspx?id=69590&guid=cfbf2388-394d-4da3-852f-acf446cbf3dd&scheme=1


Fig. (13): A, B, C= The depositional and diagenetic evolution mo
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Fig. (1): Geologic map of wadi Girshah- Gabal Ablah area  (Taj et. al. 2010). 

Fig. (2): A= Satellite image of wadi Giorshah- Tayibit El Esm area; B= Detailed satellite image of the double 

plunged anticline of Tayibit El Esm area showing the location of the studied volcaniclastic green and red beds. 

Fig. (3): A= Panoramic view showing the two limbs (eastern and western) of the north-south double plunged 

anticline of Tayibit  El Esm area; B=  complete succession of the western limb of Tayibit El Esm double plunged 

anticline; C; D, D= The successive shallowing upward cycles which are terminated by black color basaltic flows 

(arrows).  

Fig. (4): Detailed stratigraphic section showing the shallowing-upward cycles of Tayibit El Esm double plunged 

anticline. 

Fig. (5): A= Grey tuffaceous mudstone Pt1 which consists of  black isotropic tuffaceous material contains silt-

sized quartz grains; B=  Small authigenic feldspar crystals and numerous devitrified volcanic domains and 

patches (arrows); C= Hematitic tuffaceous siltstone Pt2 which consists of angular to subrounded silt-sized quartz 

grains (white) embedded in partially to completely hematitized interstitial tuffaceous matrix (black); D=  

Corrosion and and embayment of the quartz grains by the enclosing hematite cement forming dark patches and 

domains (arrows); E=   The hematitized chloritized tuffaceous basalt Pt3 which consists of lath-like interlocked 

plagioclase crystals embedded in green intensively chloritized volcanic glass and olivine and pyroxene microlites 

(arrows); F=  The green celadonitic tuffaceous mudstone / siltstone Pt4 which consists of green tuffaceous 

materials contain silt-sized quartz grains (white); G= The thinly laminated hematitic tuffaceous siltstone Pt5 

which consists of rhythmically alternating Fe-rich clayey hematitic laminae (red) alternating with quartz-rich 

light laminae (light); H= Dark brown to black hematitic patches are present within blood red Fe-oxyhydroxides 

ground mass (reddish brown).  

Fig. (6): A= The calcitized tuffaceous mudstone Pt6 which consists of green tuffaceous mud subjected to 

diagenetic calcitization and formation of micrite or microspar in between the quartz grains (arrows); B= The 

laminated calcareous siltstone pt7 which consists of laminated calcitized tuffaceous mudstone (1) and tuffaceous 

siltstone (2); C= The laminated tuffaceous hematitic sandstone Pt8 which consists of green celadonitic siltstone 

(1) parallel to reddish green slightly hematitic celadonitic siltstone (2);  D= The hematitized trachytic doleritic 

basalt Pt9 which consists mainly of lath-like sanidine crystals (arrows) embedded in Ca- plagioclase crystals; E= 

The thinly laminated green celadonitic mudstone / siltstone Pt10 which consists of parallel laminated green 

celadonitic mudstone (1) and celadonitic siltstone (2); F= The myrmikitic fine Granite/Rhyolite  Pt12 which 

consists of orthoclase, albite with less frequent quartz. It is characterized by the presence of myrmikitic texture 

(arrows); G= The celadonitized and chloritized doleritic basalt Pt13 which consists from highly disrupted 

intensively chloritized, celadonitized and finally oxidized olivine and pyroxene crystallites and ground mass in 

between calcitized Ca-plagioclase crystals (arrows); H= The green calcitized mudstone Pt14 which consists 

mainly of partially to completely calcitized tuffaceous mudstone.  

Fig. (7): Geochemical  relations between the different elements  of the studied volcaniclastic red beds. 

Fig. (8):: A, B= Initial stages of devitrification of tuffaceous materials and formation of non-crystalline and 

isotropic (arrows); C, D= Progressive stages of diagenetic recrystallization and formation of small quartz 

aggregates (arrows); E, F= Devitrification of the volcanic grains of the tuffaceous sandstones into 

microcrystalline quartz aggregates (arrows); G, H= The calcitization of the precursor tuffaceous materials of the 

peripheral parts of the black isotropic material  (Fig. G) or by entire calcitization and formation of 

microcrystalline carbonate aggregates (Fig. H).  

Fig. (9): A= The calcitization of tuffaceous materials and formation of microcrystalline calcite patches and 

domains (arrows); B=    Ultimate stages of recrystallization led to the formation of blocky calcite showing some 

signs of silicification and formation of some quartz patches and domains (arrows); C, D=  Entirely calcitization 

of the tuffaceous materials and formation of non crystalline micritic calcite in the interstitial spaces between the 

isotropic volcanic grains (arrows); E, F= The greening (celadonitization) of the precursor tuffaceous materials 

and the formation of  the presence of green celadonitic clays in the interstitial spaces between volcaniclastic 

grains (arrows); G, H= Green celadonitic clay patches and domains within the precursor tuffaceous materials 

(arrows). 

Fig. (10): A, B= Hematitization of different constituents of the volcaniclastics and formation of iron 

oxyhydroxides minerals (arrows); C, D=   The devitrification of the volcanic grains and formation of aggregates 
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of microcrystalline quartz (arrows); E, F= The diagenetic recrystallization and dehydration of the amorphous 

blood red phase (Geothite) in to the black massive hematite (arrows).   

Fig. (11): A, B, C= The hematitization processes is evidenced by the patchy nature of the hematitic domains and 

the presence of slightly hematitized domains (arrows); D= Some precursor tuffaceous materials are still seen 

embedded within the formed hematite cement (arrows); E, F= The hematitization of the volcanic grains and 

formation of black hematitic films and coating around these grains (black).  

Fig. (12): A= The hematitization of the green green celadonitic clay laths and shreds (arrows); B= The laths and 

shreds become progressively of yellow and blood red colors (arrows): C, D= Small irregular relicts of the 

precursor green laths are still preserved within the formed blood red Fe-oxyhydroxides, (arrows); E =  Ultimate 

stages of diagenetic recrystallization and dehydration of the blood red amorphous iron oxyhydroxides led to the 

formation of black hematite patches and domains (black); F, G, H=  The hematitization of Fe- Mg mafic 

minerals of basalt and dolerite and formation of black iron minerals (mostly goethite and hematite) intersected 

and parallel to the cleavage planes of the precursor pyroxene crystals.  

Fig. (13): A, B, C= The depositional and diagenetic evolution model of the studied volcaniclastic red beds. 
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Table 1: Bulk XRF analyses of the different horizons of the green and red 

volcaniclastic beds of Tayibit El Esm area.  

Tables Captions  26-7-2013


