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ABSTRACT 

Petrological and geochemical examination of Upper Cretaceous chalks from the Abu Roash area and Bahariya Oasis 
(Egypt) provide insights into factors which control porosity development in fine-grained calcitic carbonates. 

Petrological studies indicate that primary skeletal fabrics of coccoliths and foraminifera in micrites of Abu Roash are 
well preserved. In contrast, primary skeletal fabrics of the Bahariya Oasis chalks are pervasively altered. Geochemical 
analysis of these chalks reveals a striking contrast in composition. The high porosity chalks at Bahariya Oasis have depleted 
isotopic values (~13C = - 5 . 0 % 0 ,  ~ 1 8 0  = - 8 . 9 % °  PDB) and low concentrations of trace elements (Sr and Na). In contrast, 
the low porosity chalks at Abu Roash are less depleted in terms of their isotopic values ( t~13C = 1 . 0 % o ,  t~180  = - 4 . 0 ° ~ c )  and 
possess elevated concentrations of Sr, Na, Fe and Zn. Importantly, fracture and collapse veins, present only at Abu Roash, 
are filled with calcite whose ~180 value is coincident with that of altered micrites at Bahariya Oasis. The lithic fragments 
cemented by this calcite, however, retain compositions identical to other lithified limestones at Abu Roash. 

Differences in fabric and chemistry of the pelagic marine micrites observed between Abu Roash and Bahariya Oasis 
reflect the degree of early lithification and compaction prior to exposure and meteoric diagenetic alteration associated with 
regional Late Cretaceous/pre-Eocene subaerial unconformity. 

I. Introduction 

Previous  s tudies  (e.g. Wise ,  1973; Sch lange r  

and  Douglas ,  1974; SchoIle,  1974, 1977) have 

d e m o n s t r a t e d  a sys temat ic  p rogres s ion  o f  micro-  

fabr ic  a l t e r a t ion  o f  pe lag ic  c a r b o n a t e  in r e sponse  

to bur ia l  compac t i on  and  recrys ta l l i za t ion  p ro -  

cesses.  Such changes  in fabr ic  ref lec t  the  mechan -  

ical r educ t ion  of  i n t e r g r a n u l a r  p o r e  space ,  and  

the  chemica l  r ed i s t r ibu t ion  of  c a r b o n a t e  f rom 

more  so luble  phases  to overgrowth  cements .  A 

s ignif icant  excep t ion  to this o rde r ly  p rogres s ion  

has  b e e n  obse rved  in o v e r p r e s s u r e d  sequences  

where  mechan ica l  r educ t ion  o f  poros i ty  is inhib-  

i ted  by h y p e r p r e s s u r e d  fluids which  p reven t  
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chemica l  recrys ta l l iza t ion  f rom proceed ing .  Mos t  

no tab le  of  such set t ings is the  Cre t aceous  chalk  

sequence  of  the  N o r t h  Sea,  Ekof isk  f ie ld (Byrd, 

1975; H a n c o c k  and Scholle ,  1975; Van  de r  Bark  

and  Thomas ,  1981; Feaze l  et  al., 1985). T h e  pa t -  

t e rn  of  poros i ty  p rese rva t ion  in N o r t h  Sea chalk  

hydroca rbon  reservoirs  is a funct ion  of  the  com- 

pos i t ion  of  the  chalk,  ove rp res su r ing  history,  and  

the  t iming o f  hyd roca rbon  migra t ion  (Mal iva  and  

Dickson,  1992). Schol le  (1974, 1977) has docu-  

m e n t e d  a progress ive  a l t e ra t ion  of  cha lk  micro-  

fabr ic  in which recrys ta l l iza t ion  occurs  wi thout  

accompany ing  compac t ion .  This  p rocess  p r o d u c e s  

a charac te r i s t i c  d i agene t i c  microfabr ic  m a r k e d  by 

rhombic  subcrys ta l l i tes  with high res idua l  poros-  

ity (Hancock  and Scholle ,  1975; Schol le  e t  al., 

1983). W h i l e  l i t t le  geochemica l  da t a  for  chalks  

exhibi t ing such fabrics  exist, this  cha lk  microfab-  

ric is a p p a r e n t l y  d iagnos t ic  of  bur ia l  recrysta l l iza-  

t ion in ove rp re s su red  sequences .  
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The purpose of this study is to examine the 
petrofabric and geochemistry of Upper Creta- 
ceous chalks from northern Egypt to evaluate the 
environmental factors which alternatively either 
lead to the destruction, or local preservation, of 
porosity. Importantly, a wide spectrum of micro- 
fabrics is present in these chalks, ranging from 
well-indurated limestones in which nannofossil 
microstructure is preserved, to pervasively recrys- 
tallized chalks which possess extensive open in- 
tercrystalline porosity. In the context of the depo- 
sitional and burial history of this sequence, an 
overpressured origin for such microfabric is un- 
likely. Therefore, this study will propose an alter- 
native mechanism to generate regional variations 
in diagenesis of calcitic chalks. 

2. Geologic setting 

Upper Cretaceous rocks in the Western Desert 
of Egypt are the most extensive of all Mesozoic 
strata (Soliman and E1-Badry, 1970; Issawi, 1972). 
Lithologically, they consist of sandstone and shale 
of the Nubian Sandstone facies in the southern 
part of the Western Desert. These terrigenous 
clastic facies are progressively replaced by lime- 
stone basinward toward the north as depositional 
depths increase. This overall pattern of deposi- 
tion prevailed until after the Turonian when re- 
gression produced a regional unconformity be- 
tween Turonian and Coniacian strata (Sestini, 
1984). Following subsequent marine transgres- 
sion, open marine chalk deposition was estab- 
lished and persisted from Santonian through 
Maastrichtian time over large parts of northwest- 
ern Egypt. The southern flank of the basin is 
characterized by relative shallowing, decreased 
stratigraphic thicknesses, and increased introduc- 
tion of terrigenous clastics (Said, 1962; Bartov 
and Steinitz, 1977). 

Deposition of chalk was terminated by tectonic 
deformation during Campanian to Maastrichtian 
time. This deformation, part of the Syrian Arc 
system of folds, is reflected structurally as a gen- 
tle anticlinal fold at Bahariya Oasis and as a 
faulted anticlinal structure at Abu Roash. The 
tectonic activity is reflected, in these areas, by a 
widespread unconformity between Maastrichtian 

Fig. 1. Location map showing the distribution of major car- 
bonate rocks in Egypt, scale 1:10,000,000. After El-Hinnawi 

and Loukina (1971). 

and Middle Eocene strata (Hume, 1911; Faris, 
1948; Said, 1962). 

The material studied consists of 60 samples 
from the following two outcrop sequences encom- 
passing Maastrichtian chalks: (1) Bahariya Oasis 
which is located at the central plateau of the 
Western Desert; and (2) Abu Roash, located at 
the northeastern corner of the Western Desert 

(Fig. 1). 
The chalk formation at the Bahariya Oasis is 

formed of snow-white beds exposed on the west- 
ern side of the oasis as an escarpment. The water 
depth at the time of deposition of these chalks 
was not more than 200 m (LeRoy, 1953; Said and 
Kerdany, 1961; E1-Akkad and Issawi, 1963). How- 
ever, the chalk formation at Abu Roash shows a 
comparatively thick sequence of relatively deep 
water facies dominated by planktonic foramini- 
fera. Osman (1955a, b) suggested a water depth 
not less than 900 m for this sequence. However, 
association of Thalassinoides burrow systems with 
the chalk at the top of the sequence (Maastrich- 
tian) indicates shallow depositional depths of less 
than 900 m for that part of the section (Strougo 

and Haggag, 1983). 
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3. Methods and results 

3.1. Petrography 

Sixty samples were examined and macroscopic 
textures and microfabrics of Maastrichtian chalk 
compared at these two localities. The fabric anal- 
ysis was performed on thin sections utilizing a 
petrographic microscope and on fractured chips 
using a scanning electron microscope. Polished 
thin sections were examined under cathodolumi- 
nescence. 

The Abu Roash chalks can be classified as 
wackestone with abundant well-preserved plank- 
tonic foraminiferal tests and coarser bioclasts 
consisting of prismatic layers of Inoceramus. Al- 
though evidence of compaction is present in many 
samples, chalks at this locality are marked by 
overall preservation of primary depositional fab- 
ric suggesting early lithification. Sparry calcite 
commonly infills unbroken foraminiferal tests. 

Calcite veins, which have developed after lithi- 
fication with no preferential orientation, consti- 
tute an important secondary feature in Abu Roash 
chalks. Scholle (1974) suggested that the calcite 
veins present in many European chalks were 
formed by in-situ recrystallization along possible 
microfractures rather than by void filling of open 
fractures. Fig. 2 illustrates this recrystallization 
phenomenon and shows the zoning of the sparry 
calcite cementing the chalk lithic fragments. 

In contrast, the Bahariya Oasis chalks are 
mudstones with a homogeneous microcrystalline 

calcite matrix of poorly preserved skeletal compo- 
nents. In this case, primary depositional fabrics 
are extensively altered. The matrix is highly po- 

rous and vuggy due to dissolution of the larger 
skeletal components. Foraminiferal tests exhibit 
extensive dissolution and are preserved by sparry 
calcite infillings. 

Scanning electron micrographs reveal distinc- 
tive differences in microfabric and texture be- 
tween chalks of Abu Roash and Bahariya Oasis. 
The Abu Roash chalks exhibit progressive diage- 
nesis in response to burial (Fig. 3). Chalks show 
well-preserved coccoliths with extensive sec- 
ondary calcite overgrowths developed on both 
coccoliths and other carbonate grains. There is 
non-uniform orientation of carbonate grains. 
Whole skeletons are occasionally intact but are 
usually disaggregated, producing plate or lath- 
shaped crystals. The combination of primary grain 
types within the Abu Roash chalk gives it a 
polymodal grain size distribution. Initial porosity 
within foraminiferal tests has been partially or 
completely filled by sparry low-magnesium calcite 
cement (Mapstone, 1975). This cement is be- 
lieved to be derived internally through solution 
transfer (e.g. Durney, 1972). However, the ab- 
sence of Paleocene and Lower Eocene rocks and 
the presence of surficial brecciation and extensive 
dissolution supply the evidence for subaerial ex- 
posure at Abu Roash chalks. This suggests a 
possibility that fluid flow has introduced addi- 
tional carbonate cement from an external source, 
despite the low permeability of the Abu Roash 

Fig. 2. A partly developed solution in the Abu Roash chalks. (A) Polished slab, presenting sparry calcite (b) cementing lithic 
fragments of chalk (a). (B) Photomicrograph showing the zoning of the sparry calcite cement of the same slab (crossed polarized 

light). 
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Fig. 3. Scanning electron micrographs of Maastrichtian chalks from Abu Roash area showing a sequence of pelagic diagenesis. (A, 

B) Relatively well-preserved coccoliths with scattered anhedral to subhedral  grains of calcite which are the disintegration of some 

coccoliths and foraminifera tests. Note the overgrowth cement  (B). (C, D) Remnan t  of corroded coccoliths in a matrix of coccolith 

fragments. (E, F) The transition from chalks to limestones with no coccoliths preserved. Note the secondary calcite crystals in 
matrix of much smaller calcareous bioclasts. 
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Fig. 4. Scanning electron micrograph of Maastrichtian chalks 
from Bahariya Oasis. 

chalk matrix. Calcite cement began as over- 
growths on coccolith elements and on the interior 
wails of foraminiferal tests (Fig. 3). The cementa- 
tion of the sediment has considerably reduced the 
original pore volume, but Abu Roash chalks still 
retain a significant intercrystalline porosity. 

In contrast, Bahariya Oasis chalks are perva- 
sively recrystallized to equigranular (2-7 /zm), 
polygonal calcite crystals with planar intercrys- 
talline contacts (Fig. 4). Identifiable coccolith 
skeletal fragments are virtually absent. In addi- 
tion, compaction features are rare with a domi- 
nance of open intercrystalline porosity (Fig. 4). In 
general, the Bahariya Oasis chalks exhibit a uni- 
modal grain size distribution. 

3.2. Geochemistry 

Patterns of chemical variation were considered 
to assess the degree of diagenesis and recrystal- 
lization of carbonate rocks and to determine the 
conditions under which these changes occurred. 
Concentrations of Ca, Mg, Fe, Sr, Na, Mn, and 
Zn in thirty whole rock chalk samples and in 
eight separates of the fracture calcites were de- 
termined by neutron activation analysis. 

Carbon and oxygen isotopic contents were 
measured for four components: Inoceramus, vein 
calcite, fracture calcite, and micrite matrix. Mi- 
crosamples of 0.2-0.3 mg of powdered carbonate 
were mechanically separated from polished chips 

using a microscope-mounted drill with a 500/zm 
diameter bit. All samples were roasted under 
vacuum at 380°C for one hour to remove volatile 
contaminations and subsequently reacted with 
anhydrous phosphoric acid at 50°C in an "on 
line" extraction system connected to a VG Micro- 
mass 602 E ratio mass spectrometer. After mea- 
suring the isotopic composition of the released 
CO 2 gas against that of a known CO 2 reference 
gas which was calibrated to PDB using the NBS- 
20, all enrichments were corrected for 170 ac- 
cording to the procedure of Craig (1957) and then 
converted to the PDB scale. Precision of data was 
determined by daily analysis of a laboratory stan- 
dard (NBS-20) and through the duplication of at 
least 10% of the samples, and it was maintained 
at better  than 0.1%o for both carbon and oxygen. 

3.2.1. Major and trace elements 
All samples exhibit high calcium carbonate 

contents similar to the analyses given by Hancock 
(1975). Mg 2÷ contents indicate low-magnesium 
calcite as the dominant mineral phase. Neither 
aragonite nor dolomite were detected in X-ray 
powder diffraction analysis of 60 whole rock sam- 
pies. The pattern of variation of major and trace 
elements shows excellent correlation with micro- 
fabric differences observed for both localities. 

The Abu Roash chalks are enriched relative to 
Bahariya Oasis chalks in Sr, Na, Fe, and Zn with 
averages of 990, 430, 225, and 23 ppm, respec- 
tively. The Sr concentration which ranges from 
900 to 1200 ppm, approaches typical marine car- 
bonate values (Land, 1980). Similarly, the concen- 
trations of other trace elements are close to ma- 
rine values. In contrast, there are significant dif- 
ferences in the chemistry of Bahariya Oasis chalks 
which are uniformly depleted in Sr, Na, Fe, and 
Zn averaging of 102, 152, 127, and 10 ppm, re- 
spectively. The most striking feature is that trace 
element values of the fracture sparry calcite of 
Abu Roash chalks show distinct trace element 
values as intermediate between the Abu Roash 
and Bahariya Oasis chalk values with averages of 
Sr = 450, Na = 260, Fe = 130, and Zn = 13.0 ppm 
(Fig. 5). 

This preservation of chemical differences im- 
poses constraints on the diagenetic system in- 
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volved and the degree of diagenetic alteration of 
chalks at both localities. While the relatively high 
trace element values of the Abu Roash chalks are 
offset from primary marine concentrations, the 
marked contrast with the Bahariya Oasis chalks 
values suggests leaching of trace elements by in- 
teraction with dilute fluids. 

3.2.2. Carbon and oxygen isotopic compositions 
The carbon and oxygen isotopic values (Fig. 6) 

of the Abu Roash micrite chalks are higher (with 
an average of +1.0 and -4 .0%o PDB, respec- 
tively) than those of high porosity Bahariya Oasis 
chalks (with an average of -5 .1  and -8 .9%0 
PDB, respectively). These values, in general, are 
relatively uniform regardless of depth. The oxy- 
gen isotopic composition of Abu Roash micrite 
chalks is relatively constant indicating that the 
isotopic re-equilibration process is increasingly 
influenced by rock-introduced isotopic change in 
the composition of the recrystallized fluids. 

The carbon and oxygen isotopic values of In- 

oceramus skeletons in Abu Roash chalks show 
little variation (with an average of +0.7 and 
-4 .8%o PDB, respectively) relative to the iso- 
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Fig. 5. Relation between Na + and Sr 2+ values for chalks at 

the two studied localities. Squares represent Abu Roash mi- 

crite values, stars are fracture-filling sparry calcite from Abu 
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Fig. 6. Isotopic composition of Upper Cretaceous chalks from 

the two studied localities with the trends of trace element, 

porosity, and the microfabric preservation. Abu Roash micrite 

chalks (open squares), lnoceramus skeletal (solid squares), 

vein calcite (open stars), fracture-filling sparry calcite (solid 

stars) and Bahariya Oasis chalks (dots). 

topic values of the micrite matrix of the same 
sample. Moreover, carbon and oxygen isotopic 
values are similar to those of vein calcites (with 
an average of +0.1 and -4 .2%o PDB, respec- 
tively). Importantly, the oxygen isotopic composi- 
tion of the Abu Roash fracture sparry calcite is 
coincident with the oxygen isotopic composition 
of Bahariya Oasis chalks, whereas the carbon 
isotopic values range from - 3.5 to + 1.5%o PDB. 
Such variation in carbon and oxygen values may 
reflect variation in the degree of water- rock in- 
teraction. This suggests a presence of a late dia- 
genetic phase such as sparry calcite formed in a 
pore-water-controlled isotopic re-equilibration 
system at relatively high wa te r / rock  ratio. 

4. Discussion 

Chemical properties and the diagenetic history 
of chalk are assumed to be strongly dependent  on 
primary composition, texture, and depositional 
setting. Therefore,  if the effects of these parame- 
ters in the Maastrichtian chalks in the two stud- 
ied localities are to be discriminated, it is first 
necessary to estimate the original starting compo- 
sition, texture, and the paleogeography of the 
marine chalks. In this context, the best estimate 
of original prediagenetic composition and texture 
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of the chalks should be relatively close to those of 
the pelagic micrite of Abu Roash chalks which 
show microfabric preservation with high trace 
element concentrations (Sr and Na). 

Petrographic work indicates that primary 
skeletal fabric of coccoliths and foraminifera of 
Abu Roash micrite chalks are well preserved. In 
contrast, primary skeletal fabrics of the Bahariya 
Oasis chalks are pervasively altered showing non- 
to poor-preservation. The trace element values 
confirm the above illustrative petrographic work. 
However, the concentration of these elements in 
the micrite of Bahariya Oasis chalks are anoma- 
lously low with averages of 110, 150, 90 and 10 
ppm, respectively (Fig. 6). The differences in the 
Sr and Na contents (Fig. 5) between the chalks of 
the two localities, apart from the petrographic 
evidence, suggest that lithification, compaction 
and diagenetic history of these chalks took place 
in different environment settings and is of differ- 
ent magnitudes. Furthermore, the chemical data 
suggest that the calcite filling in the Abu Roash 
chalk fractures was formed from a dilute pore- 
water re-equilibration system at relatively high 
water/rock ratio. 

Based on the geologic history of northernm 
Egypt, the geochemical and petrographic evi- 
dence suggests that alteration of the Upper Cre- 
taceous chalks in the two studied localities is a 
response to a common fluid. This alteration fluid 
was likely related to the exposure which resulted 
in the erosional unconformity during post- 
Maastrichtian to pre-Eocene times. In this sce- 
nario, the interaction of the Upper Cretaceous 
chalks with meteoric water is likely. However, the 
degree of alteration of these chalks might be 
different and related to the degree of early lithifi- 
cation and compaction. Therefore, in order to 
evaluate the difference in the diagenetic history 
of the studied localities from isotope and trace 
element data, it is also necessary to estimate the 
composition of pelagic marine carbonate during 
Upper Cretaceous time. Based on the estimates 
of Scholle and Arthur (1980) and Holail et al. 
(1988), Cretaceous marine carbonates are isotopi- 
cally depleted in oxygen relative to present pelagic 
oozes, with values of -2.0%c 8180. The isotopic 
composition and the trace element values of the 

Abu Roash chalks have been little shifted from 
the original marine values due to mechanical 
compaction and chemical compaction and cemen- 
tation. However, these values are still higher than 
those reported for the Ekofisk chalks which are 
characterized by burial crystallization in overpres- 
sured sequences. In contrast, the Bahariya Oasis 
chalks show lower isotopic and trace element 
values, even lower than of the Ekofisk chalks 
(Mimran, 1977, 1978; Jorgensen, 1986; Kunzen- 
dorf et al., 1986). Therefore, in this context, an 
overpressured origin for such depletion of the 
isotopic and trace element values of the Bahariya 
Oasis chalks is unlikely. 

A conclusion, based on Cretaceous paleogeog- 
raphy and stratigraphic reconstruction, is that 
pelagic micrites of Abu Roash, which accumu- 
lated near the depocenter, underwent early and 
pervasive marine burial lithification. This later 
hampered diagenetic processes, which are the 
response primarily to fresh water alteration and 
recrystallization of skeletal materials. In contrast, 
the micrites at Bahariya Oasis were deposited 
and buried only to shallow depths. These chalks 
underwent extensive recrystallization and chemi- 
cal equilibrium during the formation of their dis- 
tinctive, highly porous and finely crystalline mi- 
crofabrics. 
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