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ABSTRACT 

The Middle Eocene "nummulite bank" of the Giza Pyramids Plateau has been extensively altered diagenetically. The result of 
a study involving petrography, cathodoluminescence, and 180/160 and 13C/2C data, provide information about origin and nature 
of the diagenetic fluids, as well as magnitude and timing of the diagenetic stages. 
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A sequence of petrologic features coupled with the_geochemical characters suggests a progression of diagenetic fluids from 
marine to meteoric. The micrite rock matrix isotopic compositions depart from an initialmarine composition (-2.9%o o180 and 
+0.5%o one PDB) along covariant trends that reflect slight alteration by diagenetic pore waters. The nummulite grains show 
isotopic composition close to the isotopic composition of marine carbonates (-1.8%o o180 and+ 1.9%o one PDB). The early 
diagenetic alteration of the rock matrix was followed by partial to complete dolomitization of the limestone matrix and 
nummulite grains. The oxygen isotopic ratios of the matrix-replacive dolomites range from -0.6 to + 1.2%o PDB, whereas the 
carbon isotopic ratios range from +0.8 to +3.0%o PDB. These isotopic ratios suggest that dolomitization occurred in marine
dominated mixed water$ at low temperatures. The final diagenetic phase involve the precipitation of a blocky calcite spar 
cements (ave. -9.6%o o180 and -4.2%o one PDB). 

INTRODUCTION 

Studies of the processes and products of diagenesis in 
carbonate rocks have proven an effective tool in 
paleoenvironmental reconstructions and interpretations of 
diagenetic sequences. The oxygen and carbon isotope 
technique has been utilized extensively to trace the source of, 
and to constrain the timing of, the generation of diagenetic 
carbonate phases. 

A key factor needed for the use of stable isotope 
geochemistry in dolomites, and dolomitization process, is an 
understanding of what isotopes can tell us about the original 
composition as well as the later diagenetic fluids which 
modified the original compositiOns [ 1-3]. Diagenetic 
modification of the early dolomites complicates evaluation of 
ancient dolomites because the modification could have 
occurred in different environments from those in which the 
dolomites initially formed or the same [4]. Moreover, many 
models of dolomitization process have been proposed, but no 
single criterion allows a geologist to place an ancient dolomite 
into a single dolomitization model [1, 5, 6]. 

This paper presents a detailed petrographic and isotopic 
compositional study of the Middle Eocene carbonate 
succession from the Giza Pyramids Plateau, Egypt. The 
purpose of this study is to integrate the existing geological and 
stratigraphic data into a comprehensive petrographic and 
isotope geochemical characterization which will improve our 
understanding of the diagenetic history of Middle Eocene 
carbonates. 

GEOLOGICAL SETTING 

The study area is located west of Cairo, in the northeastern 
part of the Western Desert, Egypt (Fig. 1), which is a basin 
containing up to 600 m of combined Mesozoic and Tertiary 
sediments. The stratigraphic and sedimentological framework 
for the Middle Eocene rocks of the Abu Roash area has been 
reviewed in Aigner [7-9]. 

During Middle Eocene time, the study area was a 
carbonate platform on which nummulite packstones and 
wackestones of the Mokattam Formation accumulated. The 
depositional facies of these carbonates is characterized by a 
single shallowing-upward sequence (Fig. I). Aigner [ 1 0] 
recognized that the nummulites have been found to occur in 
three facies associations: 1- "nummulite bank" facies; 2-
"shoal-bank" facies; and 3- "back-bank" facies. Nummulite 
banks at Giza Pyramids Plateau are composed of nummulite 
packstones up to 30 m thick. They are highly bioturbated 
throughout, and contain a variety of sedimentary structures 
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such as erosion surfaces and both "contact" and "isolate" 
imbrications. 

Mokattam Aru 

Shocl ... bank -

UPPER 
EOCENE 

MIDDLE 
EOCENE 
IMokatta.m Formation) 

Fig. 1: Location map of the study Giza Pyramids sequence 
showing the Eocene facies around Cairo, Egypt. After 
Aigner [8]. 

RESEARCH METHODS 

Limestone and dolomite samples for this study were 
collected from the Middle Eocene carbonate which exposed at 
the Giza Pyramids Plateau, north of Egypt (Fig. 1 ). Rock 
samples and individual nummulite grains were studied both in 
hand specimen and polished thin section using conventional 
petrographic, staining with Alizarin red-S and potassium 
ferricyanide [11] and SEM techniques. Cathodoluminescent 
(CL) petrography was used to determine crystal zonation 
growth in dolomite and calcite and to evaluate preservation of 
nummulite skeletons. CL analysis was conducted on Nuclide 
ELM-2B Luminoscope at 16 Kv and 0.5 Ma, with a 5 mm 
spot size. 

Carbonate mineralogy was determined by means of powder 
X-ray diffractometry (XRD, using Cu Ka.). The mole 
percentage of MgC03 was determined by XRD using a silicon 
standard and the calibration curves of Goldsmith & Graf [12]. 

Microsamples of individual diagenetic phases for isotopic 
analysis were milled from polished rock chips and nummulite 
grains using a microscope-mounted drill assembly. All 
samples consisted of a single phase and other phases did not 
affect the isotopic compositions. All powdered samples were 
roasted in vacuo at 380°C for one hour to remove volatile 
contaminations. Samples were reacted at 73°C with 3 drops of 
anhydrous phosphoric acid in individual reaction vessels of an 
on-line, automated carbonate reaction device (Kiel Device) 
coupled to a Finnigan-MAT 251 mass spectrometer. Isotopic 
ratios were corrected for 170 contribution as described by 
Craig [13] and are reported in per-mil relative to the PDB 
standard. A correction for phosphoric acid fractionation was 
applied to dolomite analyses. Precision on lab standard 
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powders was better than 0.1 %o for both 180 and 13C isotope 
compositions. 

RESULTS AND DISCUSSIONS 

Petrography 

The Middle Eocene succession largely consists of fossil 
packstones and wackestones containing an open-marine biota. 
There is no evidence of evaporite minerals or their former 

presence. The fossils in this succession consist of nummulite 
grains mainly of the Nummulites gizehenesis group. Based on 
sizes, Aigner [10] classified nummulites into small "A-forms" 
and larger "B-forms". The smaller nummulite forms dominate 
over the larger forms (Fig. 2). Other fossils are relatively 
sparse and include mostly gastropods and bivalves. The shells 
have often been broken as a result of compaction (Fig. 2D). 

Fig. 2: Crossed nichols photomicrographs of Middle Eocene "nummulite Bank" carbonate succession. A. Nummulite grains (N) are 
partially dissolved and dolomitized. Note the relict of the original limestone matrix (M) in the dolomite matrix. B. Nummulite shell 
shows thick wall. The intraparticle pores were partially filled by calcite cement. C. Dolomite selectively replacing nummulite shell. 
D. Broken nummulite grain. 

Nummulites shell structures are generally well-preserved 
(Figs. 2B and C). The shells showing thick walls which have a 
radial fibrous structure in which the original LMC fibers are 
aligned at right angles to the shell wall (Figs. 2B and 3A). 
Under cathodoluminescence (CL) the nummulite shells show 
irregular variation in luminescence, ranging from very 
luminescent to non-luminescent (Fig. 4B). 

Replacive dolomite occurs in the Middle Eocene 
succession, partially- to completely replacing limestone 
matrix, and selectively replacing nummulite grains. A 
volumetrically significant proportion of these dolomites occurs 
as matrix-replacive dolomites. The abundance of dolomite, 
therefore, is primarily a function of original limestone matrix. 
The non-ferroan dolomite rhombs of nummulite grains are 
euhedral to subhedral and typically are 40 to 150 mm in size. 
Inclusion density is variable and no zoning was observed in 
individual rhombs (Fig. 2C). The presence of dark rhomb 
cores and clear rims is very characteristic. This phenomenon is 
commonly interpreted as resulting from dolomites that replace 

148 

precursor calcitic sediments rather than precursor aragonite 
sediments [14]. Moreover, the presence of such textures might 
suggest dolomite precipitation from progressively less saline 
water, resulting from mixing of freshwater and seawater [5]. 
Under cathodoluminescence (CL) the inclusion-free rim of 
dolomite rhombs shows fine-scale luminescent zoning, while 
the cloudy core is non-luminescent (Fig. 4). The rim zonation 
consists of non-luminescent, dull red and bright red concentric 
bands that range in thickness from few micrometers to tens of 
micrometers (Figs. 4B and C). 

Nummulite grains are partially replaced by medium
grained, non-ferroan dolomite rhombs (Fig. 2C). Relics of the 
original LMC nummulite are concentrated near dolomite cores 
(Figs. 3C and D). Dolomite rhombs have cloudy cores and 
clear rims (Fig. 2C). Under CL the rhombs exhibit sharply 
defined zonation (Fig. 4C). The luminescence varies from red 
to non-luminescent within a single rhomb, and zone width also 
varies. The non-luminescent cores show irregular luminescent 
patches (Fig. 4C). In general, CL zonation is usually 
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Fig. 3: SEM micrographs of fractured and polished surfaces of nummulite grains. A. Thick wall of original LMC radial fibrous 
structure. B. Enlargement of the radial fibrous structure showing calcite cement. C and D. Distribution of the replacing dolomite 
rhombs (black) and calcite cement in the nummulite grains. 

Fig. 4: Photomicrographs showing cathodoluminescent characteristics of nummulites. A. Calcite crystals filled the intraparticle pores. 
B. Partial dissolution of nummulite and precipitation of calcite cement. C. Enlargement of dolomite rhombs which selectively 
replacing nummulite grains. D. Late-stage sparry calcite cement. 
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interpreted to result from dolomite precipitation in fluids of 
fluctuating redox potential [15]. 

Finally, medium- to coarse-crystalline, equant calcite spars 
occur as cement in secondary pores. They lack typical 
petrographic characteristics of shallow marine cements, such 
as columnar or prismatic crystal morphologies and 
microdolomite inclusions. Calcite spar post-dates 
dolomitization. Under CL this calcite cement exhibits sharply 
luminescent zones (Fig. 4D), which suggests a meteoric origin 
for the calcite cement. 

Mineralogy 

X-ray diffraction analyses of samples taken from the 
matrix of the Middle Eocene succession indicate that dolomite 
is the major mineral phase present with minor original LMC 
matrix present. The dolomites are near-stoichiometric, with a 
well-ordered crystalline structure. 

Oxygen-carbon isotopic compositions 

Nummulite grains and limestone matrix: The texturally well
preserved non-dolomitic nummulite grains from the Giza 
Pyramids succession were originally calcitic and have 8180 
values range from -0.8 to -2.1 %o PDB and 813C values range 
from +0.4 to +2.8%o PDB (Fig. 5). In the original limestone, 
8

18
0 values range from -2.0 to -3.6%o PDB, and 813C values 

range from -0.5 to 2.0%o PDB (Fig.5). Average 8180 in the 
nummulite grains is 1.1 %o higher than that of the limestone 
matrix and differences in 813C between nummulite grains and 
the limestone matrix are less distinct (Fig. 5). The nummulite 
grains and the limestone matrix samples appear to preserve a 
primary 8

13
C signature. The relative depletion of 8180 values 

of the limestone matrix suggests some degree of diagenetic 
alteration of the matrix under the influence of 180-depleted 
pore-waters. 

In order to evaluate the degree of diagenetic alteration of 
the Middle Eocene rocks, it is necessary to estimate isotopic 
composition of marine carbonate during Eocene time. In 
general, the heaviest 8180 and 813C values of nummulite grains 
may approximate such a composition (Fig. 5). These isotopic 
values are similar to the values of 8180 and 8 13C for modem 
shallow seawater carbonate [15] and can be used to estimate 
the isotopic composition of the Eocene marine carbonates. 
Moreover, 8

18
0 values of these nummulite grains (-0.8 to -

2.1 %o PDB) do not show much depletion in 180 relative to 
estimates for Eocene marine carbonates (8180 "'-1.0 to -2.0%o 
PDB; [16, 17]). 

Dolomites: Oxygen isotopes of the matrix-replacive 
dolomites (8

18
0 "' -0.6 to 1.2%o PDB) are significantly 

enriched, and carbon isotopes (813C "'0.8 to 3.0%o PDB) are 
similar to the marine Eocene values (Fig. 5). Heavy oxygen is 
characteristic of neither freshwater nor high temperature 
dolomites [1, 6, 18]. Both of these would be lighter, not 
heavier, than the marine values. Heavy oxygen occurs when 
there is either marine or significant evaporitic water involved 
in dolomitization [19, 20]. Evidence for evaporitic influence 
on the study of Middle Eocene succession has not been 
observed. 
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Fig. 5: Carbon vs. oxygen stable isotope compositions for all 
carbonate components of the Middle Eocene succession. 

In this study, the 8180 compositions of the matrix-replacive 
dolomite fall between values of dolomite expected if 
precipitation had been from these precipitating the modem 
evaporitic dolomites (8180 "'3.5 to 7.5%o PDB, [4, 19]) and 
Eocene marine carbonates. Recrystallization to the less calcic, 
well-ordered compositions of ancient dolomites could alter 
isotopic compositions to those of the fluid-phase in which 
recrystallization occurred [1, 2, 3, 21]. The most distinctive 
features of the isotopic data in Figure 6 is the enriched 8180 
values of the Middle Eocene dolomites relative to values of 
the Middle Eocene mixing-zone dolomites from the Bahariya 
Oasis, Egypt [22]. Meanwhile, These values are depleted 
relative to the 8180 values of the Eocene mixing-zone 
dolomites from Florida, U.S.A. [23] and the Eocene seawater 
dolomites from Enewetak Atoll [20]. 

.. 

-• 

-· 

e Matrix_ replacive 

dolomite 

Fig. 6: Carbon vs. oxygen stable isotope compositions for 
Middle Eocene matrix-replacive dolomites analyzed in this 
study (solid circles) and the Eocene dolomites interpreted to 
have a mixing-zone origin from Baharyia Oasis, Egypt and 
from Florida, U.S.A. (Land et al., 1975; and Randazzo and 
Cook, 1987). Normal seawater Eocene dolomites are also 
shown (Saller, 1984). 
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Late calcite cements: Isotopic data can be us·ed to 
supplement petrographic interpretation of the origin of the late 
calcite cements. These calcite spars have highly depleted 

· isotopic signatures and are far removed from the isotopic 
compositions of marine-derived components. The isotogic 
compositions show distinctive depletion of 180 and C 
relative to the isotopic compositions of other carbonate 
components of the Middle Eocene succession (Fig. 5). The 
wide range of the o13C values (from -0.1 to -6.1 %o PDB) 
observed for these calcite spars may simply reflect 
precipitation from fluids which have undergone different 
degrees of water/rock interaction [24]. The greatly depleted 
13C values probably reflect the addition of isotopically light 
soil-gas C02 [25] and an open system was developed during 
the formation of these calcite spars. 

The precipitation of calcite spars with distinctive low 180 
results from the involvement of isotopically light fluids 
(freshwater), from formation at elevated temperatures, or a 
combination of both factors [26]. Thermal fractionation is 
unlikely to have caused these depleted 8180 values (about -
10.0%o PDB) which could require precipitation temperature 
of more than 75°C. Such elevated temperatures are not 
consistent with the known burial history of the Middle Eocene 
succession of the Giza Pyramids [27]. Therefore, the depleted 
180 content suggests fairly low temperatures of formation 
consistent with fresh waters origin of these calcite spars. 

Paleotemperatures: The 8180 values of the nummulite 
grains is not only related to the oxygen ratio of the seawater 
but also to its formation temperature. The ambient seawater 
temperature during the formation of nummulite grains can be 
calculated using the 8180 composition of the texturally well
preserved nummulites that precipitated calcitic shells in 
isotopic equilibrium with the surrounding water and the 
following equation: 

~C = 16.9- 4.2(o180c- o180w) + (o180c- o180w)2 

where the & is the 180/160 of the well-preserved nummulite 
grains (PDB) and ow is 180/160 of the seawater (SMOW), which 
is assumed to be O%o [28]. Paleothermometry yield temperatures 
of 21 °C to 26°C of formation of these nummulite grains. 
Therefore, the oxygen isotope characteristics of the Middle 
Eocene nummulite grains are consistent with precipitation 
originally from a relatively warm marine fluids. 

POROSITY AND DIAGENETIC HISTORY 

Porosity in the Middle Eocene succession in the study area 
varies and is a function of diagenetic overprint, which in tum 
is a function of depositional environment. Pores include 
interparticle and intraparticle primary spaces (Figs. 2A and B), 
molds of leached nummulite grains, and intercrystal voids 
between dolomite rhombs (Fig. 2A). Although the primary 
porosity still exists, the vast majority of pore spaces have 
originated as secondary porosity. Diagenetic events that have 
controlled porosity development are (1) post-depositional 
leaching of some nummulite grains, and (2) complete to partial 
dolomitization of matrix and nummulite grains (Fig. 4). 
Although both moldic porosity and dolomitization are a result 
of diagenesis in mixing-zone, the solution pathways allowing 
diagenetic fluids to flow through the study succession were 
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first created at the time of deposition. Therefore, diagenetic 
stages, are in large part controlled by the porosity trends ih the 
original setting of the Middle Eocene rocks. 

Three diagenetic stages are recognized in the study of 
Middle Eocene succession: marine-phreatic, mixing-zone, and 
shallow-meteoric. The marine-phreatic stage, affected the 
sediment-water interface to a meter or so below the surface. 
Mixing-zone dolomitization had produced good 
intercrystalline porosity and was the dominant process at the 
mixing-zone stage. A mixing-zone model best explains the 
distribution of dolomite in the studied succession. The 
necessary Mg is supplied by seawater, which is considered as 
the primary agent of massive dolomitization [1 & 28]. The 
proposed shallow dolomitization by mixing waters is 
consistent with (1) the selective dolomitization of nummulite 
grains, (2) replacement of the micrite matrix and supply ofMg 
to the site of dolomitization, and (3) oxygen isotope values 
that have been depleted with respect to 8180 values of modem 
evaporite dolomites and enriched relative to 8180 values of the 
Eocene marine carbonates. 

CONCLUSIONS 

Isotopic composition of the texturally well-preserved 
nummulite grains from the Giza Pyramids succession was 
examined to estimate the initial isotopic composition of the 
Eocene marine carbonates. These data suggest that Eocene 
seawater was isotopically similar in oxygen and carbon to the 
modem seawater. 

Integration of dolomite distribution, timing, petrographic 
and isotopic characteristics suggest that dolomite formed in 
seawater-freshwater mixing environment and the Mg was 
mainly derived from seawater. The distribution pattern of the 
carbonate minerals through the studied succession indicates 
that dolomitization process had been affected by fluctuation in 
the mixed-water zone caused by rising sea level and 
permeability controlled flow patterns of dolomitizing fluids. 
Dolomitization and diagenetic leaching enhanced original 
depositional porosity. Late-stage sparry calcite cements 
occluded some of the early depositional and diagenetic 
porosity. 
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