Chapter 2
Stratigraphy

Abstract The Lower Miocene Moghra Formation, northwestern Egypt was
studied for its stratigraphy and geo-chronology. The Moghra Formation was
divided into seventeen units according to lithology. The first unit is represented by
marine fine-grained siliciclastic deposits with Ophiomorpha trace fossils (Unit 1),
and this is overlain by Unit II that consists of shallow marine coarse-grained
siliciclastic deposits. This unit is rich in vertebrate fossil fragments. Unit III is
composed of fine to coarse-grained siliciclastc deposits with Ophiomorpha trace
fossils. Unit IV consists of a thick shale section with erosive base and variable
thickness. The sediments of the overlying Unit V consist of three bioturbated
sandstones beds. Unit VI is based by a major erosional surface and consists of
fluvial-tidal sediments rich in vertebrates and silicified trunks. This unit is similar
to Unit II in composition. Unit VI is overlain by unit VII, which is represented by
sand-shale intercalation (sand dominated) and becomes more shaley upwards with
Ophiomorpha and Thalassinoid trace fossils. Units VIII, Unit X, XII, XIV and
XVI are similar to Unit VI in their composition. Unit IX is based by heterolithic
strata with burrows and topped by marine shales towards the east. Units XI, XIII,
XV are represented by calcareous beds and rich in Ophiomorpha and bioturbation
ichnofacies. Unit XVII is represented by fossiliferous limestone and shale.
Strontium isotope analysis of macrofossil fragments within Moghra Formation has
provided a geochronology for the section and established a correlation with the
global time-scale. Strontium isotope ratios of macrofossils are consistent and
indicate an age for the Moghra Formation ranging from 20.5 Ma at the base to
17 Ma at the top, placing most of the study area within the Burdigalian.

2.1 Introduction

The Miocene stratigraphic work of previous authors in the Western Desert of
Egypt has been discussed in Chap. 1. The present chapter deals with the detailed
stratigraphy of the Lower Miocene Moghra Formation in the study area.
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The present study in the area of Moghra draws upon the principles of sequence
stratigraphy to provide an integrative technique for forming and testing correlation
based hypotheses.

Thirty seven GPS-based geological profiles, in the northeastern part of the
Qattara depression, were measured for the lithological and sedimentological (both
vertical and horizontal) characteristics of the exposed rocks as well as the verte-
brate and invertebrate fossil content. From the thirty seven geological profiles
around sixteen sections were made. Several locations between sections were
described for the lateral correlation and variation in the lithology and tracing the
depositional facies and bounding surfaces (Appendix). The sections from west to
the east as follows: 22, 25, 24, 23, 21, 20,9, 7, 8, 10, 1, 2, 3, 4, 6 & 5 (Fig. 2.1).
The aim is to distinguish the main diagnostic characteristics through the succession
with regard to sedimentary features and environments, diagenetic phenomena,
thickness, boundaries and unit distribution. The objective also is to elucidate the
environmental setting of the different sedimentary units within the measured
profiles. This helps evaluate the sequences stratigraphic analysis, considered as
one of the main goals in the present study. The description of the different lith-
ologic units, thicknesses and sedimentary structures are presented here under.
Symbols for lithology and sedimentary structures in these figures are supplied in
the legend figure in appendix.

Fig. 2.1 Staellite image of the study area, showing the measured section from East to the West
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2.2 Stratigraphy of the Area

The studied successions could be subdivided according to the dominant lithology
into repeated cycles of intercalated sandstone and mudstone. Most cycles are
erosionally-based by cross-bedded sandstone and terminated by Ophiomorpha
sand and other marine strata. The studied succession was subdivided into sixteen
units according to lithology. The first one is represented by marine fine silicic-
lastics deposits with Ophiomorpha trace fossils (unit I), which is overlain by unit IT
that consists of shallow marine coarse siliciclastic deposits (Unit IT). This unit is
rich in vertebrate fossil fragments. Unit III is composed of fine to coarse siliclclastc
deposits with Ophiomorpha trace fossils. Unit IV is represented by thick shale
section with erosive base and variable thickness. The sediments Unit V, is
recorded overlying unit IV and consists of three bioturbated sandstones. Unit VI is
based by erosional surface and consists of fluvial input sediments rich in verte-
brates and silicified trunks. This unit is similar to unit II in composition. Unit VI is
overlain by unit VII, which is represented by sand shale intercalation with the sand
dominated and become more shaley upward with Ophiomorpha and Thalassinoid
trace fossils. Units VIII, Unit X, XII, XIV and XVI are similar to unit VI in their
composition. Unit IX is based by heterolithic bed with burrows and topped by
marine shale bed towards east. Units XI, XIII, XV are represented by calcareous
beds and rich in Ophiomorpha and bioturbation. However, these units have not
been discussed in details because they have now been superseded by sequence
stratigraphy subdivision (more details of sequence subdivision in Chap. 5). These
lithostratigraphic units however, have been useful for the preliminary field cor-
relation before constructing the sequence stratigraphic model.

The following table gives an extended summary for the main stratigraphic units
of the northeastern part of Moghra Depression (Table 2.1).

2.3 Geochronology

There is a lack of suitable material for absolute dating of the critical mid Cenozoic
Moghra Formation by conventional methods such as K/Ar or “°Ar/*’Ar. However,
indirect dating using strontium isotope stratigraphy is possible. Precise and
detailed data on the variability of strontium isotopes with time in the world’s
oceans is now known for much of Phanerozoic time (see Howarth and Mcarthur
1997) and local curves for specific stratigraphic sections are increasingly used to
infer absolute ages (e.g., Hurst 1986; Mckenzie et al. 1988; Rundberg and Smalley
1989; Smalley et al. 1986; Whitford et al. 1996). For the mid Cenozoic in par-
ticular, the strontium isotope sea-water curve changes rapidly with time, and so is
particularly suitable for geochronology. In this time interval, resolution of stage
boundaries is better than 0.5 m.y. (Howarth and Mcarthur 1997; Oslick et al.
1994), making the method a powerful tool for improving correlation between
biostratigraphic and chronostratigraphic timescales (Graham et al. 2000).
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2.3.1 Previous Work and Discussion

The major difficulty in assessing the age of Moghra is that the site is not associated
with volcanic deposits, making it impossible to date the Moghra mammals
radiometrically. Some of the previous works considered the only way to assess the
age of the Moghra mammals is by faunal correlation with fossil sites that have
absolute dates. In East Africa, a time successive sequence of radiometric dates has
been developed for a number of localities ranging across the early and middle
Miocene, and the age of the Moghra fossil mammals can be estimated by com-
parison of the Moghra fauna with that of East Africa as indicated by Miller and
Simons (1996). They argued that the most conservative estimate for the age of
Moghara is 18-17 Ma, approximately the same age as the Rusinga (Hiwegi) fauna.
In addition, relatively rarer faunal elements shared between Moghara and Napak,
but not with Zelten in Libya, suggest that Moghara is older than Zelten. The same
authors stated, however, that the evidence that Moghara may be as old as Napak
(ca. 19 Ma) is not compelling as almost all genera shared between Moghara and
Napak are also found at Rusinga (ca. 18-17 Ma). These findings are in general
agreement with those reached by Pickford (1991) concerned with the age of
Zelten, and confirm the hypothesis of Geraads (1987) that Moghra is older than
Zelten. They indicated that the Moghara mammals are probably about 18—17 Ma,
and have their closest biogeographic affinities with certain East African sites. In
fact, it appears that the Moghara fauna is more similar to the mammals from a
number of East African sites than it is to the fauna from Gabal Zelten, Libya.

McCrossin (2008) concluded that the assessment of the Jabal Zaltan and
Moghra faunas indicates that previous attempts at biochronologic correlation
oversimplified the span of time represented by these deposits. Rather than being
roughly equivalent to Maboko (ca. 15-16 Ma), the mammal faunas of Jabal Zaltan
extend for long periods of time, from the terminal Oligocene or basal Miocene (ca.
22-26 Ma?) in the northern reaches of the Marada Formation to the middle-later
part of the Middle Miocene (ca. 12—-15 Ma) near Wadi Shatirat. He also mentioned
that mammal fossils from Moghara date not only from the later part of the early
Miocene (ca. 17 Ma) but also from the early part of the middle Miocene (ca. 15
Ma). Contrary to widely held opinion, the cercopithecoid from Gabal Zelten is
more primitive (and probably, therefore, more ancient) than Prohylobates tandyi
from Moghara. Reassessment of the mammal faunas of Gabal Zelten and Moghara
demonstrates a substantial degree of North African zoogeographic provincialism,
together with connections to sub-Saharan Africa and Eurasia.

Others works considered the geochronology of the Neogene is based, to a large
extent, on paleontological as well as stratigraphical evidence. The large collection
of macroinvertebrates recorded from the Miocene of Egypt (Blanckenhorn 1900;
Blanckenhorn 1901; Fourtau 1920; Sadek 1968; Said and Yallouze 1955, etc.) has
not been successfully used to zone the Miocene rocks. Mention has frequently
been made of the cephalopod Aturia aturi as an index of the Langhian (Said 1990).
However, the present study succeeded in using macroinvertbebrates to date the
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Miocene of Moghra Formation within Burdigalian. Agree with Abdallah (1966)
mentioned that the Moghra Formation is of Burdigalian age and the lowermost
Lower Miocene (Aquitanian) is not found. Furthermore, Upper Miocene (post—
Tortonian-Helvetian) is absent also.

For earlier studies involving the ages of Moghra and Zelten based on previous
radiometric information or correlation of marine (foraminifera) or land animals see
Arambourg (1963); Bernor (1984); Desio (1935); Hamilton (1973a), (b); Harris
(1973); Hoojier (1978); Pickford (1981), (1983), (1991); Savage (1967), 1969,
1971, 1990); Savage and Hamilton (1973); Savage and White (1965); Savage in
Selley (1966); Tchernov et al. (1987); Thomas (1979), (1984); Wilkinson (1976);
Van Couvering (1972); Van Couvering and Berggren (1977); Van Couvering and
Van Couvering (1975).

2.3.2 Absolute Ages from Strontium Isotopes

2.3.2.1 General Principles

Dating marine sediments using strontium isotopes is based on the following
assumptions and observations: (1) at any point in time, the 3’Sr/*®Sr ratio of sea-
water is homogeneous throughout the world’s oceans (Elderfield 1986; Faure 1986)
because the oceanic residence time of strontium (24 m.y.) is much longer than the
mixing time of the oceans (c. 0.001 m.y.) (Broecker and Peng 1982); (2) over
geologic time, sea-water ®’Sr/*°Sr varies because of changes in the relative fluxes of
strontium to the oceans from different sources (e.g., continental runoff, hydro-
thermal outflow at mid-ocean ridges, diagenetic reflux from buried pore waters),
each with its own characteristic ¥’Sr/%°Sr ratio (Palmer and Edmond 1989; Richter
et al. 1992). At steady state, these inputs are counteracted by removal of strontium
via sedimentation, and exchange of radiogenic strontium in hydrothermal waters
for that in basalts (Veizer 1989); and (3) strontium is removed from sea-water by
co-precipitation in biogenic carbonate. The isotope composition of strontium in
calcitic macrofossils is identical to that of the oceans in which they lived, provided
that the macrofossils are well preserved and the effects of diagenesis are minimal
(Richter and Depaolo 1987). Although planktic foraminifera are often used for
calibration of sea-water curves, there is no convincing evidence that contempora-
neous bottom-dwelling benthic foraminifera or macrofossils have significantly
different ’St/3®Sr values from their planktic cohabitors (Graham et al. 2000).

2.3.2.2 Methods

The sections of Moghra Formation have been well studied stratigraphically and
have macrofossil faunas, providing excellent material for strontium isotope anal-
ysis and for biostratigraphic control.
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2.3.2.3 Fossil Collections

About 10 samples of fresh macrofossil shell material, mainly pectinids, Echino-
dermata, and oysters, were collected from several previously well documented
earliest Miocene sections within the Moghra Formation. In all cases the associated
lithostratigraphic units (in this formation) bearing the fossils had previously been
assigned to Lower Miocene. The fossils represent mainly isolated specimens from
separate localities and different sections. Stratigraphic information for the analysed
fossil collections is summarized in Table 2.2.

Table 2.2 Strontium isotope data and age calculations for macrofossils samples

Type of fossil Sample No. Unit Sr87/86 Precision Age (Ma)
Mollusca (Pelecypoda) (10-7) XVIl 0.708658 0.000018 17
Pecten (N) (10-6-2) XVII 0.708700 0.000010 16.5
Echinodermata (10-3) XVII 0.708637 0.000010 17.1
Echinodermata (9-1-2) XIII 0.708615 0.000010 17.4
Mollusca (Pelecypoda) (20-9-1) XV 0.708525 0.000018 18.2
Echinodermata (22-12) XI 0.708656 0.000011 18
Mollusca (Oyster) (0x2) v 0.708534 0.000010 18.2
Mollusca (Oyster) (1-2-5-1) I 0.708170 0.000010 23
Mollusca (Oyster) (3-2-2) 11 0.708445 0.000018 19.6
Mollusca (Pelecypoda) (21-1-4) I 0.708410 0.000018 21

Analyses undertaken at Lamont Doherty Earth Observatory Lab, Columbia University, New
York.

2.3.2.4 Analytical Methods

Macrofossil material (mainly pectinid mollusks, Oyster and Echinodermata) were
prepared. From the original suite of fossil samples, 10 were selected for Sr isotope
analysis, from different localities. After careful cleaning to remove surficial
impurities or rock matrix, the shells were powdered and small (30-50 mg) aliquots
were leached in cold 1 M acetic acid (Bailey et al. 2000). Acetic acid was used for
sample dissolution in order to minimize the extraction of strontium from dolomite,
clays, and other terrigenous material (Depaolo 1986).

Sr was extracted from the leachates using a single pass over small (0.1 ml) beds
of EICHROM™ Sr resin. Strontium isotope analysis of macrofossil material was
carried out on a VG sector 54 multi-collector thermal ionization mass spectrom-
etry (TIMS) at Lamont Doherty Earth Observatory Lab (Fig. 2.2), Columbia
University, New York. General methods are described in Bailey et al. (2000).
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Fig. 2.2 Mass spectrometer at Lamont Doherty earth observatory lab, Columbia university, New
York

2.3.2.5 Results and Discussion

Macrofossil samples show a coherent pattern of slightly increasing strontium
isotope ratios with stratigraphic height, indicating an upwards younging direction
(Fig. 2.3) as seen in Hodell et al. 1990 (Fig. 2.4).

Macrofossil samples have significantly high strontium isotope ratios ranging
from 0.708410 £ 0.000018 to 0. 708658 £ 0.000018 (Table 2.2). There is a
smooth and consistent increase in ®’Sr/*®Sr up through the section, the basal two
samples having a mean of 0.7084275 (20.05 &+ ? Ma), the middle three samples

Sr87/86

0.708800

0.708700 ¢
‘0
0.708600

0.708500 ¢

0.708400 ¢ 45187/86
0.708300

.7082
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Fig. 2.3 37St/%Sr seawater curve during early Miocene
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Fig. 2.4 Variation in the stronium isotopic composition of seawater on a progressively
expanding timescale during Neogene (modified from Hodell et al. 1990)

having a mean of 0.7085716 (18.3 & ? Ma) and the top three samples a mean of
0.708636 (17.16 £ 0.? Ma) Table 2.2.

The *’S1/*°Sr of two samples 1-2-5-1 and 10-6-2 are significantly different from
adjacent samples, and have been excluded as an outlier. The sample 1-2-5-1 is
oyster and sample 10-6-2 is pectin, thick-shelled pectin distinctly different from
the thin-walled pectinids which comprise the other samples. Two excluded sam-
ples have lower ®’Sr/*®Sr suggesting they could be older, reworked from lower
down in the succession, or they were originally aragonitic and their original
87Sr/%0Sr have been altered by neomorphism and/or diagenesis.

2.3.2.6 Summary

Strontium isotope analysis of macrofossil fragments from Moghra Formation has
provided a chronology for the section and established a correlation with the global
time-scale. Strontium isotope ratios of macrofossil are identical and indicate an
age for the section ranging from 20.5 Ma at the base to 17 Ma at the top, placing
most of the section within the Burdigalian.
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