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The lower ketaceous rocks exposed in man, parts of Abu 

Darag region, are represented bynon-fossiliferous vari- 

coloured sandstone underlying the Cenoi~anian and overlying ' .  
* the Jurassic s e d i d n t s  (Ahhllha and El-Adindani, 1963). 

- - 



Petrography of Abu Darag 

C 
(Fig. 1). Structurally, the area is represent& by an 

asymoetric, anticlinal fold affecting the Late Carboniferous 
- 0 

and ~ermo-~riassic rocks with an-axis striking N64 W (El- 

ICholy, 1987). These sandstones are termed as Lower 
. 

Cretaceous Nubia Sandstone by Said (1962), whereas Abdallah 

and El-Adindani (1963) gave the formal name Malha Formation 

at the type,locality of Wadi Malha. The sucessioa under 

study (about 21 to 30 meter in thickness) is composed of' 
- 

yellowish white to reddish brown,-c fi~e; medium to -coarsev 
i, - -  t , ., 

grained sandstones with grey -yellow to reddish clay 

intercalations. 

The sandstone beds at A& Darag exhibit humber of 

primary sedimentary structures, i.e. fine'stratification 

- ripple marks stratificeion and gradded bedding. The Lower 
. . 

surface of the sandstone section is unexposed.   ow ever, 
- 

the petrographic, mineralogical composition, and 
/ 

diagenetic studies were carried out on such Nubia Sandstone 

facies where they are exposed. at wadi- Qiseibv only 

(Zaghloul et al., 1984). The object of the present work is . 

to study the encountered lithological variations, 
/ 

mineralogical composition and to reveal the main diagnetic 

events which took place after deposition. To achieve such 

target, all the components encauntered in thin sections 
. . 

- .  . .  
- .  . . . . i  % . . . 

, . . . . . . . 
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Fig.( l5):  Feldspatic  sandstone. 
- 

- - 
Photomicrograph showing angular, coarse and p a r t l y  
al ter& feldspar ( a l b i t e )  grain. - x100:'C.N. 

Fig.(l6): Feldspatic snadstone 
- Photomicrograph showing banded an3 curved coarse- 

feldspar suffered from uns t ab i l i t y  o E t h e  
depositional environment. x 70: c.&. 

Fig.(17): Ferrugineous sandstone. 
Photomicrograph showing hemati t ic  cement and 
disseminated iron-oxides between quartz grains.  

x-70: P.P.L. , 
. . 

Fig.(l8): Quartz a ren i te  
Photomicrograph showing sutured quartz gra in  due t o  

- 

e f f ec t  of pressure solutions. x 50: C.N. 

F'ig.(19): Sub graywacke. 
Photomicrograph showing replacement by secondary 
inclusions (spotted clay materia1s)on quartz grains.  - 

xloo: P.P.L. . 

Fig. (20) : Sub graywacke. 
- . . 

P,tomicrograph showing f i n e - l i d n a t i o n s  a n d  a l t e rna t ion  
ox f i ne  and very f i n e  quartz gra ins  x 50: P.P.L. 

- 
Fig.(21): Sub-graywacke. 
Photomicrograph showing curved lamination with ,abundant 
orhanic matters. x 50: P.P.L. 

Fig.('22): Fibrous authigenic gypsum (anhydrite):  
Photomicrograph showing a rose-like shape of  elongated 
rectangular gypsum. x100: C.N. 
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Detailed petrographic study of the .various rock types 

of the investigated sections revealed the ?allowing 
- 

varieties : 

(i) Sands and. sandstones, feldspatic sandstones and 

- f errugious sandstones. 

- (ii)Shales., claystones and siltstone, comm>nly with gypsum 

(anhydrite) and rich in organic matters. 

- - 
i- Sands and Sandstones : 

Sands and sandstones occur mainly as non- 

fossiliferous and devoid of any calcareous matter. The 

sandstones are white to yellowish white, fine, medium 

-and coarse-grained and have displayPd many primary 

structures cross-bedding, fine-lamination and ripple 
- - 1 

marks. Comndnly, the investigated sections have ended 

towards the top by a ferruginous sandstone layer of - 

reddish brown and medi& to coarse grained. 

Petrographically, sanh and sandstones are 
- .  

composed of fine to medium quartz arenites. Quartz 

grains are angular -to- suBaRgular and- occasionally , 

/ 
subrounded (pig. 7), the medium grains appear with 

normal extinction while the coarse grains are of wavy 

extinction. These quartz grains msitute about 90% of 



A. ~olkila et al. 405 

the main mineraiogical composition. Pew aggregates of 

microcrystalline silica are also encountered. 
- 

Quartz grains are ill-sorted and composite grains are 

conmionly recorded (Pg. 8). some primary aqd secondary 

inclusions represented by rutile neeaes, tourmaline.. 

etc, and replacement by clay minerals (P&. 9) are also 

present. The quartz grains are cemented with secondary 

silica overgrowths (Fig. 0 ,  or by iron oxides (fig. 

11) as well as caly matrix (Pig. 12). 

The recorded wackes (pettijohn et al., 1973) are 

pale white in colur, grains angular to subangular, 

poorly=- sorted- and admixed with sand-silt ~ g d  clay 

materials (Fig. 13). 
- 

s Laterally, a relative eastward increase in grain 
- 

size form Bir Heimer towards Bir Abu Darag ,' Wadi 

Qiseib and Bir Abu Sandug may suggest a change in the 

flow regime concept (~elley, 1976). ~lso,' vertical 

variation in grain size in repeated manner especially 

in Wadi ,Qiseib and Bir Abu Sandqg sections could 

suggest cyclic or rhythmic deposition by slow current 
/ ,  

velocity through intervals and fluctuation in .current 

- intensity in the ancient alluvial deposits (Allen, 

. C 1964; VanHouten, 1964, and Selley, 1976). It should be 
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k 
- 

,taken into consideration that variation of current 

velocity .is possibly the reason for such vertical- - 

- 
change in grain size. On the other hand,. these 

sandstones are of medium, fine-grained and mixed with 

some rock fragments (Fig. 14), of angular qua<tz and 

feldspars. Most probably, these sandstones were 
- 

deposited not far enough from the Pre-cambrian basement 
. . 
. . source supply, while the silt size grade may represent - 

the deposition- i n  a flood plain of alluvial cycles 
- - 

(Mackin, 1937; Allen, 1964; ~i$her, 1965). This is 

confirmed by the higher content of composite and semi- 

composite grains in all the studied sections. 

- The studied area was highly affectedaby tectbnism, 

hence comparing different sampled localities on both 
- - / 

sides of the Gulf show different lithological - . 
characters (Abdallah and El-Adindani, 1963). Comnonly, - 

/ 
feldspars and iron-oxides Co-exist with the quartz 

grains, this can be discussed as Yollows : - 
- - 

a- Peldspatbic Sandstone- : - 

Feldspars which are reco&ed in saniistones are 
/ 

represented in the investigated samples by albite and 

microcline. They are coumonly angular and medium to 

fine-gra-ined. Both fresh .and alteFed varieties are 
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recorded (Fig. 15). No authigenic feldspars are 
- 

/ 

recorded but they are partially to completely. clouded 

with alteration products - (sericitization) due to 
/- 

- weathering. Effect of transporation is low as anguhz 
- 

feldspars are common, being not far from the source 

area (Fig. 16). 

A reddish brown, medium to coarse-grained and an 

iron-oxide' rich sandstone layer is conmonly recorded 

near the top of the examined sections'. 

Hicroscopically, 
* 

iron-oxides - are represented 

by hematititc cement filling the inter-grain spaces and.. - 

as disseminated patches of varying dimensions and 
e 

shapes (Pig. 17). Most -probably the iron was liberated ' 

through the alteration of biotite and hornblende or 

other iron-beaming silicate minerals and deposited in 

alkaline medium during advanced stage of .diagnesis 
. - 

(Dapples, 1967; Van Houten and Karaselun,'l981). 

diagenetic' Processes : 

Diagenetic phenomena redorded in sands and , 

sandstones are : 
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'-1. Silica dvernrowths and silica cementation: The 
L .  

secondary authigenic -silica rim are believed to -be - 

derived from silica supersaturated pore -water 
- 

(Zaghloul et al., 1884). However, pressure-solution 

can't be excluded as another source for silica. supply 

(pig. 18). On the other hand, deficiency of silica 

overgrowths and phenomena of pressure .solution in - - 
sandstone. waclkgs can be attributed to the effect of 

clay matrix which - acted as an .envelope to the - - 
detrital quartz grains prohibiting' the release of 

silica and reduce the effect of pressure solution on 

the quartz grains (funchtbauer, 1967; Zaghloul et al., 

2. cementation by iron-oxides : It is suggested that 
- 

the origin of .the iron-&ide is from the alteration of . 
- ,*i.ron-rich minerals (Van Houten, 1968). Isomrphous 

- 
/' 

substitution of alumba by iron-oxide in suitable 
- 

physicochemical conditions can resulted in cementation 

by iron oxides (Van Houten aid Bhattacharyya, 1982). 
- .  

The resulted sediment is highly indurated aid is poorly 

- - 
porous. 

/ 

3. Secondary inclusions : Some qua~tz grains are 

bitted and have a spotty appearance,due to the presence - v 

of secondary- inclus20ns.on,the surface of the .quartz 

- 
- 
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* .  - 
Fig. ( 7  ) . : Quartz a r e n i t e  
Photodcrograph showing angular  t o  subangular quar tz  
grains .  ~ o t i c e  f e w  g r a i n s  are subrounded with overgrowths. 

. some g r a i n s  s h o w  r u t i l e  inc lus ions  x 50: CON. 

Fig.*(8) : Quartz a r e n i t e -  
Photomicrowaph showing semi-cornpxite quartz i n  
poorly so r t ed  components x 58: C.N. 

Fig.(9) : Quartz a r e n i t e  
~ h ~ t o m i c r o g r a p h  showing;replacement by secondary inclusions- 
on t h e  sur face  of quar t z  gra ins .  x %: C.N. 

Fig. (10) : Quartz a r e n i t e  
Photomicrograph showing cementation by silica; s i l i c p o v e r -  
growths- and iron-oxides , x 50: C.N. 

F i g . ( l l ) :  Quartz  a r e n i t e  
Photomicrograph showing c a ~ e n t a t i o n  by iron-oxides i n  poor11 
porous sandstone, x 5U: P.P.L. 

Fig. (12): Sub-wackes 
Photomicrograph showing c l a y  matrix f i l l i n g  h inter-pore- 
space groundmass betweenquartz g ra ins ,  . x 50: P.P.L. 

. Fig. (13) : Wackestone 
~hokomicrograph showing f i n e  t o  very f i n e  s i l t y - s i z e  grade i 

c l a y  materials, N o t i c e  t h a t  t h e  abundant o r g a c  matters a: 
admixed with c l a y  groundmass, x 50: PIPOL. 

Fig. (14) : SQtStone. 
Photomicrograph showfig fine t o  medium 
with rock fragments, 

q u a r t z  g ra ins  admixec 
X 50: P.P.L. 



- 
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Pig. (13) 
Pig. (14) " . /  
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< .  

grains (pig. 19). These were f o d  '*in the later stage 

- of diagenesis. 
C .  

ii- Shales and Claystones : - ------------------- 
The clayey layers are representea by a thick laminated 

red-coloured seauence in all the investigated sectiofis. ' 

- 
- The red colour d t '  probably resulted from meathering of . 

iron silicate-bearing minerals under oxidizing condition 

(Van Houten, 1961). The mineralogy of the clays in the 
. "  

investigated sections were studied by El-Rahmany et al. (in 
- - 

print). ~Plicroscopically, their texture depends greatly on 

the grain-size and the co-existing organic matter 

(Pettijohn, 1957). The predominance of clay beds in Bir 

Heimer and.Bir Abu Sandug most probably suggest decrease in 

current energy in the former three sections t e n  the last 

one ( ~ e l l e ~ ,  1976). On the other hand, the upward decrease 
/ 

in . silt and clay (as -revealed petrographically), . and . 
increase in sand size grade i.e. coarsening upwards most - 

probably represent a fiuctuation from low energy condition 

below to high energy condition above (Selley, 1976; Yan - 
Houten and Karasekm, 1981). pine-laminations ( ~ i g .  20), - . 

- 

and alternations of coarse and fine-silt and clay seem to be 
- / - - 

the result of diffekential settling rates of the components 

in the basin of deposition and of comoon occurrence ins 

hallow-water delta (Pettijohn, 1957). Also, the recorded - 
' . . curved .:lamination ' wi.th organic matter ( F i g .  21,) . - 

,' - .. . ... , . . . 
. . . . , . . . 



might be attributed to the effect of accidental storms and 

floods (Selley, 1976). ~uthi~enic gypsum and organic matter 
'L 

present in the clays and claystones are interpreted as - 

/ - (a) Authigenic Gypsum (Anhydrite) : 
............................ - 

fibrous gypsum (anhydrite) of rose-like shapes with its 

typical optical characteristics are comonly recorded 

admixed with clays in the investigated sections (Fig. 22). 
8 

The stacked nature.of the fibers is characterized by stain- 

spar type of gypsum and is formed by the hydration of 

anhydrite. On the other hand,fluctuation in the amount of 

sodium chloride in the vadoze zone, above the groundwater 
- - 

- level may cause periodic gypsum crystallization beneath the 

surface of- evaporation zone with the peripheral . - 

a* . .issolution of some gypsum crystal. The recorded gypsum 
- 

(anhydrite) is therefore of authigenic secondary origin 

(Mason, 1955; Antia, 1979). 

(b) Organic Matters : --------------- 
Organic matters are comnonly recorded associated with 

clays and siltstone. Their frequency is higher in Bir 

Hemier and Bir ~ b u  Darag sections compared with otker. 

investigated sections. The recorded vascular plant 

materials may reflect deposition from surface water 
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Pig. ( 1 5 )  



~ig.(lS): Feldspatic sandstone. 
Photomicrograph showing angular, coarse and partly - 
altered feldspar (albite) grain. x100: C.N. 

Fig,(l6): Feldspatic snadstone - 
Photomicrograph showing banded and curved coarse 
feldspar suffered from unstability of the 
depositional environment. - x 70: c.&. 

. Fig, (l 7) : Ferrugineous sandstone. 
Photomicrograph showing hematitic cement and 
disseminated iron-oxides between quartz grains. 

x 70: P.P.L. 

Fig.(l8): Quartz azenite 
* 

Photomicrograph showing sutured-quartz grain due to 
effect of pressurk solutions. x 50: C.N. 

Fig,(l9): Sub graywacke. 
Photomicrograph showing replacement by secondary 

" inclusions (spotted clay materials) on quartz grains. - - xlQ0: P.P.L. 

Fig.(20): Sub graywacke. 
Photomicrograph showing fine-liminations and aIternation _ 
of fine and very fine quartz grains x 50: P.P.L. 

9 

Fig.(21): Sub-graywacke. - 
Photomicrograph showing curved lamination with abundant 
orhanic matters. x 50:. P.P.L.  

- Fig. ('22) : Fibrous authigenic gypsum (anhydrite ) : . 
Photomicrograph showing a rose-like shape of elongated 
rectangular gypsun. x100: C.N. 



Petrography of Abu Darag 

C 

~etrograpaic Study : - 

Detailed petrographic study of the various rock types 

of the investigated sections revealed the gollowing 

varieties : . 
- (i) Sands and sandstones, feldspatic sandstones - and 

- ferrugious sandstones. - 

(ii)~hales., claystones and siltstone, comnonly with gypsum 
. . 

(anhydrite) and rich in organic matters. 
- 

i- Sands and Sandstones : 
----------I------ 

Sands and sandstones occur mainly as non- 

fossiliferous and devoid of any calcareous matter. The 

sandstones are white to yellowish white, f h e ,  medium 

and coarse-grained and have displayed many primary 

- - structures ,cross-bedi$ing, fine-lamination and ripple 
- . 

- marks. Comnonly, the investigated sections have ended 
- 

.towards the top by,a ferruginous sandstone layer of 

reddish brown and medium to coarse grained. 

- - 

Petrographically, sands and- sandstones - are - . 

composed of fine to medium -quartz arenites. Quartz 
- < 
/ 

- 
grains are ahelar to subangular and occasionally 

subrounded (Fig. 7), the medium grains appear with 

normal extinction while the coarse grains are of wavy - * _  . . . 
, y'tinction. ~ h e s e  -quartz grains consitute about 90% of . ' . .. . . . .. , . . . . . . 

. . . . . . . - 
. .. - 
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