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Abstract The succession of the Galala Mountains at the
southern Tethyan margin (Eastern Desert, Egypt) provides
new data for the evolution of an isolated carbonate platform
in the Early Eocene. Since the Late Cretaceous emergence
of the Galala platform, its evolution has been controlled
strongly by eustatic sea-level Xuctuations and the tectonic
activity along the Syrian Arc-Fold-Belt. Previous studies
introduced Wve platform stages to describe platform evolution from the Maastrichtian (stage A) to the latest Paleocene shift from a platform to ramp morphology (stage E). A
Wrst Early Eocene stage F was tentatively introduced but
not described in detail. In this study, we continue the work
at the Galala platform, focussing on Early Eocene platform
evolution, microfacies analysis and the distribution of
larger benthic foraminifera on a south-dipping inner ramp
to basin transect. We redeWne the tentative platform stage F
and introduce two new platform stages (stage G and H) by
means of the distribution of 13 facies types and syn-depositional tectonism. In the earliest Eocene (stage F, NP 9b–NP
11), facies patterns indicate mainly aggradation of the ramp
system. The Wrst occurrence of isolated sandstone beds at
the mid ramp reXects a post-Paleocene-Eocene thermal
maximum (PETM) reactivation of a Cretaceous fault sys-

tem, yielding to the tectonic uplift of Mesozoic and Palaeozoic siliciclastics. As a consequence, the Paleocene ramp
with pure carbonate deposition shifted to a mixed carbonate-siliciclastic system during stage F. The subsequent
platform stage G (NP 11–NP 14a) is characterised by a
deepening trend at the mid ramp, resulting in the retrogradation of the platform. The increasing deposition of quartzrich sandstones at the mid ramp reXects the enhanced
erosion of Mesozoic and Palaeozoic deposits. In contrast to the
deepening trend at the mid ramp, the deposition of cyclic
tidalites reXects a coeval shallowing and the temporarily
subaerial exposure of inner ramp environments. This oppositional trend is related to the continuing uplift along the
Syrian Arc-Fold-Belt in stage G. Platform stage H (NP
14a–?) demonstrates the termination of Syrian Arc uplift
and the recovery from a mixed siliciclastic carbonate platform to pure carbonate deposition.
Keywords Egypt · Galala · Early Eocene · Isolated
carbonate platform · Microfacies · Larger benthic
foraminifera · Tectonism
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The evolution of circum-Tethyan carbonate platform
systems during the Early Paleogene greenhouse has been
studied intensively in recent decades with respect to
environmental conditions (e.g. Luterbacher 1984; Kuss
1986; Rasser 1994; Wielandt 1996; Pujalte et al. 1999;
Scheibner et al. 2001a; Cosovic et al. 2004; Özgen-Erdem
et al. 2005; Rasser et al. 2005; Adabi et al. 2008), shallowbenthic biostratigraphy (e.g. Schaub 1992; Serra-Kiel et al.
1998; Scheibner and Speijer 2009), oil potential (e.g.
Loucks et al. 1998; Ahlbrandt 2001; Baaske et al. 2008)
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and the response to long- and short-term palaeoclimatic
change (e.g. Scheibner et al. 2005, 2007; Pujalte et al.
2009; summary by Scheibner and Speijer 2008, and references therein). Major biotic platform contributors (e.g. corals, larger benthic foraminifera, calcareous green and red
algae) play an important role in terms of the interpretation
of environmental conditions and the evolution of the platform through time. Scheibner et al. (2005) compare various
Early Palaeogene Tethyan carbonate platforms and arrange
three circum-Tethyan platform stages (stage I–III) with
respect to the main biotic contributors: in the Late Paleocene platform stage I (58.9–56.2 Ma) corals and calcareous
algae dominate carbonate platforms all over the Tethys
(coralgal platforms). Platform stage II (56.2–55.5 Ma) is
characterised by the Wrst occurrence of larger benthic
foraminifera shoals at low latitudes (below 20°N), while
coralgal assemblages prevail at high latitudes (above
30°N). In platform stage III (55.5 Ma–?), corals were
replaced by larger benthic foraminifera (LBF) as major
platform contributors in nearly all circum-Tethyan shallowmarine environments. The onset of platform stage III is
coupled strongly to the environmental and sedimentological impact of the Paleocene-Eocene thermal maximum
(PETM) at 55.5 Ma, resulting in the rapid radiation and
proliferation of LBF species. This larger foraminifera turnover (LFT) also demonstrates the transition from Paleocene
LBF assemblages (e.g. Ranikothalia, Miscellanea) to
Eocene LBF assemblages (e.g. Nummulites, Alveolina,
Operculina, Orbitolites), which are characterised by larger
test sizes and adult dimorphism (e.g. Hottinger and Schaub
1960; Hottinger 1998; Orue-Etxebarria et al. 2001; Scheibner and Speijer 2009). Despite the well-known onset of
platform stage III, its duration is still under debate. Multiple
local circum-Tethyan studies are needed to reveal timing
and trigger mechanisms with respect to the termination of
platform stage III.
Additionally, the circum-Tethyan platform stages proposed by Scheibner et al. (2005) are based exclusively on
climatically controlled biotic changes, while individual
platform environments are aVected by multiple regional
factors regarding their position on the shelf and local tectonic constraints. The importance of tectonically controlled
carbonate platform evolution has been described for various environments throughout the Phanerozoic (e.g. Lee
Wilson and D’Argenio 1982; Burchette 1988; Bechstädt
and Boni 1989; Bosence 2005). In the Early Eocene, the
Egyptian shelf is especially strongly aVected by tectonism,
which is related to the northward movement of the African
craton towards Eurasia as well as the reactivation of Mesozoic fault systems (e.g. Shahar 1994; Moustafa and Khalil
1995; Hussein and Abd-Allah 2001). Thus, the evolution of
carbonate platforms at the Egyptian shelf is controlled by
those tectonic constraints and requires a regional approach
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beyond the general platform stages of Scheibner et al.
(2005).
The Galala Mountains (Eastern Desert, Egypt) represent
a key area of Cenozoic carbonate platform research. Since
the mid-1980s, investigations in the Galala Mountains have
focussed on Cretaceous to Paleocene microfacies, platform
evolution, palaeoecology and the impact of the PETM (e.g.
Kuss 1986; Bandel and Kuss 1987; Strougo and Faris 1993;
Kuss et al. 2000; Scheibner et al. 2001a, 2003; Morsi and
Scheibner 2009).
The evolution of the Galala platform is coupled strongly
to the activity of the Syrian Arc-Fold-Belt, which demonstrates a NE–SW striking framework of horst and graben
structures at the southern Tethyan shelf. The Syrian ArcFold-Belt was formed as a result of the initial collision of
the African and Eurasian Plates in the Late Turonian (e.g.
Moustafa and Khalil 1995; Scheibner et al. 2003). The
emergence of the Galala platform has been documented for
the Campanian/Maastrichtian (Scheibner et al. 2003). Multiple pulses of tectonic uplift, which are related to the temporarily reactivation of Cretaceous fault systems, caused
the repeated reconWguration of the platform morphology. A
major interval of tectonic uplift along the Syrian Arc-FoldBelt is demonstrated for the Early Eocene (e.g. Shahar
1994).
Scheibner et al. (2003) discriminate Wve regional platform stages (stage A–E) from the Maastrichtian emergence
of the platform system (stage A) to latest Paleocene prior to
the PETM (stage E). Scheibner and Speijer (2008) introduced a sixth platform stage F, which is, however, neither
deWned in detail nor biostratigraphically classiWed.
Here, we present new data from the Galala Mountains
that help to reveal the evolution of the platform system in
the Early Eocene. We focus on detailed microfacies analyses, larger foraminifera assemblages and the eVects of syndepositional tectonic activity on carbonate platform
sedimentation. Following the studies of Scheibner et al.
(2003) and Scheibner and Speijer (2008), we redeWne and
reevaluate the tentative introduced platform stage F. Furthermore, we introduce two new platform stages (stage G
and H) that delineate the evolution of the Galala carbonate
platform in the Early Eocene. Both stages G and H demonstrate major incisions in platform evolution, characterised
by varying tectono-sedimentary and biotic conditions, as
well as the transition from global greenhouse climate to
increased cooling at the end of the Early Eocene Climatic
Optimum (EECO).

Geological setting
The Galala Mountains are located in the Eastern Desert of
Egypt and range from Ain Sukhna near Suez 100 km to
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Fig. 1 a SimpliWed location
map of the working area.
b Detailed map with location of
the sections, tectono-topographic features as well as the
general facies belts of the carbonate platform (modiWed from
Scheibner et al. 2001a). Tectonic elements are added according Moustafa and El-Rey (1993),
Moustafa and Khalil (1995) and
Schütz (1994)

the SE (Fig. 1). The mountain complex represents an isolated Late Cretaceous (Maastrichtian) to Eocene carbonate platform at the southern margin of the Tethys, which
is referred to as the unstable shelf of northern Egypt (Youssef 2003; Fig. 2b). The evolution of the platform is connected closely to the tectonic activity of the ENE–WSW
striking Wadi Araba Fault, which forms part of the Syrian
Arc-Fold-Belt (e.g. Krenkel 1925; Moustafa and Khalil
1995; Hussein and Abd-Allah 2001). During the Early
Eocene, a major phase of tectonic activity occured along
the Syrian Arc-Fold-Belt (Shahar 1994). Regional uplift
and subsidence triggered the formation of ENE–WSW
striking basins, submarine swells and subaerially exposed
plateaus on the unstable shelf (Said 1990; Schütz 1994;
Fig. 2b). Major plateaus are situated in the Cairo-Suezand Kattamiya area as well as on the present-day coast of
the Mediterranean Sea. The regional basins had a width of
a few tens to hundreds of kilometres, with a palaeobathymetry of about 100 m (Salem 1976). However, the basinal
succession of the stable shelf south of the study area comprises a palaeobathymetry of up to 600 m (Speijer and
Wagner 2002).

The Early Eocene Galala Mountains represent one of the
southernmost plateaus of the Egyptian unstable shelf
(Fig. 2b). According to regional tectono-sedimentary constraints, three major depositional units can be distinguished
(Fig. 1b): the Northern Galala/Wadi Araba High (NGWA),
a transitional slope zone, and the Southern Galala Subbasin
(SGS). The NGWA represents shallow-marine to probably
subaerially exposed inner platform environments. Due to
the synsedimentary monoclinal uplift and following erosion
along the Wadi Araba Fault since the Late Cretaceous,
major inner-ramp deposits were eroded or intensively
altered (Moustafa and Khalil 1995). Furthermore, rocks of
the northern platform interior are intensively aVected by
secondary dolomitisation and tectonic displacement, which
is a result of the Miocene opening of the Gulf of Suez. The
connection between the NGWA and the SGS is represented
by a transitional slope zone (mid ramp to outer ramp). The
Galala Mountains are tectonically and depositionally linked
to the monoclinal structure of Gebel Somar on west-central
Sinai (Moustafa and Khalil 1995). Both structures were
separated during the rifting of the Gulf of Suez in the Late
Oligocene and Miocene.

123

54

Facies (2011) 57:51–72

Fig. 2 a Palaeogeographic overview of the western Tethyan realm in
the earliest Palaeogene using the maps of Blakey (http://jan.ucc.nau.
edu/»drcb7/latecretmed.jpg). b SimpliWed map of the Early Eocene
southern Tethys margin in Egypt showing the location of the Northern
Galala/Wadi Araba High (NGWA) and the Southern Galala Subbasin
(SGS). The Wadi Araba Fault (WAF) forms the southern part of the
Syrian Arc-Fold-Belt (dashed lines). Submarine swells and plateaus
are added according to Said (1990) and Schütz (1994). The position of
stable and unstable shelf was estimated by Meshref (1990) and was
modiWed for the Early Palaeogene by Scheibner et al. (2001a, b) and

Speijer and Wagner (2002). The red line (NS) represents an NS-directed cross-section shown in c. c Cross-section of the Galala Mountains
including the working areas (numbers 1, 2/3, 4 and 5) and main formations (modiWed from Schütz 1994). Palaeozoic to Lower Cretaceous
siliciclastics are represented by the Nubia Series. The Upper Cretaceous is dominated by siliciclastic marls, shales and (dolomitic) limestones (Wata, Raha, Matulla). The Sudr Formation represents the
uppermost Cretaceous in the study area. Palaeogene formations
(Dakhla, Tarawan, Esna, Southern Galala, Thebes) are diachronous.
Their stratigraphic range is discussed in Fig. 3

Lithostratigraphy

200 m on average (Speijer and Schmitz 1998; Scheibner
et al. 2001a; Fig. 1b). The Esna Formation is followed by
alternating chalky marls, cherts and sandstones of the Thebes Formation (Hermina and Lindenberg 1989), which
represents a deep-water facies. Lithostratigraphically, the
Thebes Formation is deWned by the Wrst appearance of
cherts in the mid ramp to basinal sections, coinciding
roughly with the initial occurrence of chalky marls in the
Lower Eocene succession of the Galala Mountains (see
Fig. 1b).

The Lower Eocene succession in the Galala Mountains
encompasses three major lithostratigraphic units, which
diVer in their stratigraphic range and varying depositional
setting within an inner platform to basin transect (Figs. 2c,
3): The Esna Formation (Beadnell 1905) represents an
interval of uppermost Paleocene to Lower Eocene basinal
marls and shales (lower NP 9 to NP 12). The deposits lack
shallow-marine inXuence and represent a palaeo-depth of
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distance varies between 20 cm in well-exposed marls to
more than 1 m in sandstones, depending on the general
condition of the outcrop and the degree of alteration.
About 600 samples were taken for detailed thin section
analysis of mainly litho- and biofacies. Thirteen facies
types (FT) were deWned according to the distribution and
the assemblages of bioclasts (smaller and larger benthic
foraminifera, planktic foraminifera, calcareous green and
coralline red algae), matrix composition (micrite, sparite,
dolomite) and quartz content. The classiWcation of FT and
facies belts (FB) follows previous studies of Paleocene
successions (e.g. Scheibner et al. 2001a). Quantitative
analysis was performed by estimation of components,
using the comparison charts of Baccelle and Bosellini
(1965) and Schäfer (1969), which provide reasonably
quantitative results.
The detailed biostratigraphic assessment of the sections
is based on calcareous nannoplankton (nannoplankton
zonation of Martini 1971; Aubry 1995; Aubry et al. 2000).
Shallow-platform biostratigraphy was supported by alveolines according to the classiWcation of Hottinger (1974) and
the shallow-benthic zonation (SBZ) of Serra-Kiel et al.
(1998) and Scheibner and Speijer (2009).
Fig. 3 Lithostratigraphy and biostratigraphy of the Palaeogene formations and groups in the Galala Mountains along a N–S transect (after
Scheibner et al. 2001a, b; see Fig. 2c). The working areas (1–5) refer
to Fig. 1b; position of Paleocene-Eocene thermal maximum (PETM)
and Early Eocene Climatic Optimum (EECO) according to Zachos
et al. (2008). TW Tarawan formation. Vertical bold lines Stratigraphic
range of the recorded sections, dashed lines uncertain range

Marly sediments are rare or absent in the shallow-marine
inner- to mid-ramp environments of the study area. The
succession consists of platform-related, shallow-marine
limestones, sandstones and conglomerates, which are represented by the Southern Galala Formation (Abdallah et al.
1970; Kuss and Leppig 1989). Thebes Formation and
Southern Galala Formation show distinct facies similarities
and interWnger at diVerent areas on the mid ramp (Scheibner et al. 2001a).

Methods
Nine stratigraphical sections, located on a platform to
basin transect between Ain Sukhna and Ras Ghareb in the
Galala Mountains were measured in detail (Fig. 1): two
exposures in the NGWA (area 1), four exposures covering
the slope (area 2, 3 and 4) and three exposures in the SGS
(area 4 and 5). The distance between the studied sections
at the Southern Galala Plateau varies between 5 and
20 km. The thickness of the sections ranges from 70 m
(section 3a) to 250 m (section 4a). The vertical sample

Results and facies interpretation
Description and biostratigraphic range of the sections
The nine studied sections represent diVerent depositional
environments along a NNE–SSW striking ramp (Figs. 1,
2c). A clear proximal–distal zonation is evident from the
northern inner ramp (area 1) to the southern ramp-basin
transition (area 4) and Wnally to the southern most basinal
area 5.
The Paleocene-Eocene boundary is deWned by the transition from NP 9a to NP 9b and the transition from SBZ 4
to SBZ 5, and coincides with the carbon isotope excursion
(CIE) of the PETM (Scheibner et al. 2005; Scheibner and
Speijer 2009). The studied sections range from NP 9 to
NP 14a, whilst the lowermost Middle Eocene sections are
within NP 14b. A continuous biostratigraphic assessment
of the respective shallow benthic zones (SBZ 6 to SBZ
13) was hindered by poorly preserved specimen in all
intervals.
Area 1
The deposits of the inner ramp are characterized by alternating limestones and reworked dolostones. Marls are rare
or absent. The thickness of the individual sections ranges
from 110 m (section 1a) to 125 m (section 1b). The biota
are dominated by larger and smaller benthic foraminifera
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(smaller miliolids, soritids, nummulitids, alveolinids) and
green and red algae. The basal part of section 1b shows an
alternating succession of LBF Xoatstones and Wne-grained
dolostones, which become more dominant towards the middle interval of the section. The upper portions of section 1b
are represented by the cyclic deposition of fossiliferous
dolostones (soritids, green algae, molluscs), birdseyes limestones and reworked limestone conglomerates (Fig. 7).
Stratigraphically, section 1a ranges from the Paleocene to
NP 10. The basal 40 m of section 1b cover the lowermost
Eocene (NP 9b–NP 10). A biostratigraphic assessment of
the subsequent 85 m of dolomitic rocks was not possible
due to lacking biostratigraphic markers.
Area 2/3
The proximal mid ramp deposits of the northern margin
of the Southern Galala Plateau are represented by a mixture of highly fossiliferous sandstones and limestones,
marls and dolostones. Section 2a is composed by quartzrich allochthonous peloidal limestones with intercalated
sandstones and marls. Quartz-rich sandstones and conglomerates of section 2a are poorly sorted and show high
amounts of limestone and sandstone extraclasts. Strong
bioturbation is common as well as sharp contacts with the
underlying beds. The lower 140 m of section 3a are composed of a marly sandstone-limestone succession. Sandstones prevail as sheet-like beds or as channelised
structures with strongly varying thickness. Dolostones
prevail in the upper 110 m of section 3a with monotonous
and almost non-fossiliferous mud- to wackestones as well
as massive beds of dolomitized nummulitic Xoat- to rudstones. Stratigraphically, section 3a ranges from the
uppermost Paleocene (NP 9a) to the upper Lower Eocene
(NP 13/14). Section 2a covers the lowermost Eocene NP
9b–NP 10/11).
Area 4
The four studied sections of area 4 (4a, 4b, 4c and 4d) are
dominated by marls (up to 45 m thick) with intercalated
sandstones and limestones. The thickness of the sandstones
varies between 1 cm and more than 3 m (section 4a). The
greyish to bluish marls of the lower part of the sections
(Esna Formation) are replaced by white chalky marls with
frequent chert nodules towards the top of the succession
(Thebes Formation). Intercalated limestone beds, which are
present in the lower part of the succession, decrease
towards the top. Dominant components are represented by
LBF, benthic green algae, shell fragments and planktic
foraminifera. Biostratigraphically, the sections of area 4
range from the uppermost Paleocene (NP 9a) to the uppermost Lower Eocene (NP 14a).
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Area 5
The rocks of section 5a are characterised by greyish marls
and shales in the lower interval (NP 9a–NP 11) and white
chalky marls with high amounts of planktic foraminifera
and radiolaria as well as intercalated chert bands in the
upper part of the succession (NP 11–NP 14). Limestones or
sandstones as well as larger benthic biota are absent. The
total thickness of section 5a is about 90 m.
Facies types
The studied rocks are attributed to 13 FT, reXecting depositional settings on a ramp from shallow-marine (FT 1) to
deep-marine environments (FT 13). For the distinction of
FT, microfacies data as well as Weld observations of sedimentary structures are used (Table 1). Description and
interpretation of the FT is based mainly on the high-diverse
fauna of the shallow-marine, low-latitude succession of the
Galala platform (Fig. 4). All 13 FT were attributed to Wve
major facies belts (FB) on an inner ramp to basin transect
(Fig. 5): (1) restricted lagoon, (2) inner lagoon, (3) outer
lagoon and shoal, (4) slope, (5) toe-of-slope and basin.
Reworked dolostones (FT 1)
Description: FT 1 is represented by a suite of massive to
parallel-bedded light grey dolostones with layers of dark
grey to black birdseyes and fenestral textures (Fig. 4a, q),
followed by coarse-grained crystalline dolostones with
reworked birdseyes mudstones, which are arranged in a
coarsening upward succession. The individual beds have a
thickness of a few centimetres up to more than 2 m. Biogenic remains are generally rare or absent. Occasionally
extraclasts enriched in corals and gastropods, as well as
stromatolithic textures occur in the reworked beds (e.g. bed
W2-12). Desiccation cracks are present in bed W2-14
(Fig. 4q). The thickness of the individual cycles varies
between 50 cm and more than 10 m. The thickness of the
conglomerates on top of each cycle ranges from 5 to 20 cm;
rarely up to 2 m. FT 1 is present only in section 1b and covers the upper 70 m of the succession.
Interpretation: FT 1 reXects the shallowest part of the
restricted Galala platform. The succession of fossil-barren,
completely altered birdseyes mudstone followed by
reworked conglomerates indicates cyclicity of a tidal Xat
facies (Keheila and El-Ayyat 1990). Desiccation cracks
reveal periodically subaerial exposure.
Dolomitised mudstones to wackestones (FT 2)
Description: FT 2 is represented either by massive, grey
dolostones with almost no macroscopic textures or by

Radiolarians, planktic foraminifera –

1, 3, 4
3.4
3.4

2, 3, 4
3, 4, 5
4.5

a
b
c

Nummulitid-bioclastic
wackestones to packstones

Dasyclad-rich soritid
Xoatstones

Red algae bindstones

Alveolinid-green algal
wackestones to Xoatstones

Nummulitid-alveolinid
wackestones to Xoatstones

Nummulitid Xoatstones
to sandstones

(Conglomeratic) quartz
sandstones

Bioclastic wackestones
to packstones

a
Planktic foraminiferal
and radiolaria-rich
b
wackestones to packstones

5

6

7

8

9

10

11

12

13

d

Planktic foraminifera

Floatstones: 1,
packstones:
2, 3, 4

Gastropod-rich bioclastic
wackestones to packstones

4

Small bioclasts, Discocyclina,
planktic foraminifera, peloids

–

Assilina, Operculina

Ranikothalia, Miscellanea

Large and small Nummulites

Large and small Nummulites,
Alveolina, green algae

Alveolina, green algae,
miliolids, peloids

Red algae (Sporolithon)

Green algae, Orbitolites

Small Nummulites,
miliolids, peloids,
small bioclasts

Gastropods, Alveolina,
serpulids, peloids

Peloids, miliolids,
green algae

Main components and organisms are listed in order of decreasing abundance

2, 3, 4

1, 2, 3, 4

One sample
in area 3

1

1, 2, 3, 4

1.3

1, 2, 3, 4

–

Rare to common

Common

Rare to common

Rare

Common

Common

Environment, FB

Stromatolithic

Thin-bedded

Parallel-bedded to massive

Massive, partly stromatolithic

Massive to parallel-bedded

Massive to nodular

Parallel-bedded to massive

Massive to parallel-bedded

Massive

Massive to parallel-bedded,
Wning-upward

Massive

Massive

Massive

Massive

Deeper mid- to outer ramp,
slope to toe-of-slope

Mid- to outer ramp, slope

Mid ramp, slope

Mid ramp, slope

Upper mid ramp, shoal

Upper mid ramp, shoal

Upper mid ramp, shoal

Inner- to mid ramp,
(back)shoal

Inner ramp, sheltered
backshoal/lagoon

Inner ramp/lagoon

Inner ramp, sheltered
backshoal/lagoon

Inner ramp, semi-restricted
lagoon

Inner ramp, lagoon

Inner ramp, restricted lagoon

Restricted inner ramp/lagoon

Massive to parallel-bedded,
Restricted inner ramp/lagoon
fenestral textures, birdseyes

Texture

Rare to
Massive to parallel-bedded
common (<40%)

–

–

Few (<10%)

Rare, common
in one sample

Rare-common

Rare, common
in one sample

Peloidal packstones
to grainstones

Rare bioclasts

3

1

–

Dolomitised mudstones
to wackestones

–

2

1

Quartz

Reworked dolostones

Sub FT Occurrence, area Main componentsd

1

Number FT

Table 1 Summary of facies types (FT) for the studied sections, including occurrence, main components, texture, quartz content and interpretation of the environment. FB Facies belt
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䉳 Fig. 4a–r Facies types (FT) of the studied Eocene strata. a Reworked
dolostones (FT 1), b dolomitised mudstones to wackestones (FT 2)
with well-sorted quartz grains and rare bioclasts, c Peloidal packstones
to grainstones (FT 3) with abundant smaller lenticular nummulitids
and miliolids, d gastropod-rich bioclastic wackestones to packstones
(FT 4), e nummulitid-bioclastic wackestones to packstones (FT 5) with
peloids and rare serpulid worm tubes, f dasyclad-rich soritid Xoatstones (FT 6), g red algal bindstones (FT 7) consisting almost exclusively of non-geniculate red algae Sporolithon sp., h alveolinid-green
algal wackestones to Xoatstones (FT 8) with common siliciWed Alveolina sp. specimen, i nummulitid-alveolinid wackestones to Xoatstones
(FT 9). Note the common eroded outer whorls of the Alveolina specimen. Nummulites are only rarely aVected by erosion, j nummulitid
Xoatstones to sandstones (FT 10) with abundant immature quartz
grains, k (conglomeratic) quartz sandstones (FT 11) with a high maturity and a muddy matrix, l bioclastic wackestones to packstones (FT
12) dominated by planktic foraminifera and smaller bioclasts,
m planktic foraminiferal radiolaria-rich wackestones to packstones
(FT 13), n radial Wbrous cements in FT 4, o subtype of FT 6 with infraformational conglomerate composed of alveolinids, p weathered surface texture showing soritids and green algal relics (FT 8 in
section 1b), q fenestral texture within dolomitised mudstones (FT 2,
section 1b), r Wning upward sequence of a debris Xow in section 4a,
note the high abundance of LBF. Bars 1 mm

reworked nodules with remains of corals, gastropods and
stromatolitic textures within FT 1 (Fig. 4b). Dolomite is
present as inequigranular and non-rhombic crystals. Relics
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of miliolids and ostracods are rare. Fragments of alveolinids and smaller nummulitids are intensively aVected by
dolomitisation. Siliciclastic material is generally absent;
only few samples contain up to 20% of well-sorted, subangular quartz grains (e.g. bed W2-10). Massive and
coarsely recrystallised wackestones often occur in the
northern part of the study area (area 1).
Interpretation: Dolomitised mudstones with very rare faunal elements occur in restricted environments of the inner
ramp. Stromatolites indicate very shallow water conditions
with temporarily subaerial exposure. Dolomitisation is
thought to be late diagenetic and related to hypersaline
brines of a tidal Xat (Keheila and El-Ayyat 1992). Samples
with quartz and extraclasts probably reXect reworking by
occasional storm events.
Peloidal packstones to grainstones (FT 3)
Description: Light to dark grey peloidal pack- to grainstones occur as massive or parallel-bedded limestones with
sharp contacts to adjacent beds. Lumps densely packed
peloids dominating this FT, the latter with volume percentages of 25–50% (Fig. 4c). Dominant components are milio-

Fig. 5 Semi-quantitative distribution of the main microfossils
combined with six foraminiferal
assemblages and facies types
(FT 1–10, 12, 13) on the Galala
platform. PFo Planktic foraminifera, Radio radiolarians, Bio
bioclastic, Dis discocyclinids,
Ass assilinids, Num nummulitids, Opc operculinids, Alv alveolinids, GA green algae, RA red
algae, Sor soritids, Gastro
gastropods, Mil miliolids, Pel
peloids, Dol dolomite, lenti. lenticular. FT 11 (conglomeratic
quartz sandstone) is not plotted
and is supposed to occur on a
wide range of nearly all palaeoenvironments in the study area.
The discrimination of inner-,
mid- and outer ramp environments with the help of diVerent
bioclasts and larger foraminifera
is demonstrated only roughly
due to the lack of in situ deposits
in the study area
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lids (>15%) and micritised green algal fragments. Smaller
lenticular nummulitids, alveolinids, red algae, corals and
textulariids are subordinate. Quartz occurs generally from
rare to common. The matrix consists of xenotopic microsparite and rarely blocky sparite. Micritic parts of the matrix
occur in isolated patches. Peloidal packstones to grainstones often interWnger with other FT (e.g. nummulitid-bioclast wackestones to packstones). This FT occurs in all
sections of the study area except in area 5.
Interpretation: FT 3 reXects shallow inner ramp environments. The common sparry matrix with patches of micrite
and the good sorting of the components indicates highhydrodynamic conditions and reworking. Most peloids are
interpreted as micritised fragments of green algae or
smaller benthic foraminifera (e.g. miliolids). Recent miliolids dominate shallow-marine lagoonal environments (e.g.
Murray 1991). It is reported, that those foraminifera are
capable of tolerating high salinities and also proliferate as
epiphaunal benthos within seagrass communities (e.g.
Davies 1970; Murray 1991). Palaeoenvironmental studies
on miliolid assemblages attribute the low diversity of the
detected foraminifera associated with common green algal
fragments to nutrient-enriched conditions in a restricted
environment (e.g. Geel 2000; Zamagni et al. 2008).
Gastropod-rich bioclastic wackestones to packstones (FT 4)
Description: The wacke- to packstones of FT 4 are present
as massive light grey to bluish-grey limestones with a
thickness of 10–50 cm. Besides the frequent gastropods,
fragments of alveolinids, peloids, serpulid worm tubes and
miliolids occur with various ratios (Fig. 4d). FT 4 occurs
occasionally in areas 1 and 3. In section 3a (bed B5-31),
quartz and peloids occur as major components. In
section 1b, traces of microbial stromatolitic textures are
present (bed W2-12).
Interpretation: The faunal assemblage of FT 4 reXects
inner ramp environments with close relations to FT 3 and
FT 5. Gastropod-rich bioclastic wacke- to packstones represent shallow lagoonal conditions with moderate water circulation above fair-weather wave base (Scheibner et al.
2007). Quartz and peloids are probably storm-derived.
Nummulitid-bioclastic wackestones to packstones (FT 5)
Description: Nummulitic-bioclastic wacke- to packstones
are represented by parallel-bedded or massive, grey to yellow rocks with a thickness between 10 cm and more than
1 m. This FT is characterised by an inhomogenic assemblage of smaller lenticular Nummulites sp., miliolids, textulariids, alveolinids, benthic green algae and peloids
(Fig. 4e). Smaller quartz grains are present with minor
amounts (<10%). The matrix consists of micrite or

123

Facies (2011) 57:51–72

microsparite; in section 1b, FT 5 is strongly dolomitised.
FT 5 occurs frequently in area 1, 2, 3 and 4.
Interpretation: FT 5 represents inner ramp environments
above fair-weather wave base. The faunal assemblage
reXects semi-restricted lagoonal conditions with a moderate
water circulation. The occurrence of peloids and quartz
grains indicates a mixture with other FT. Thus, FT 5 either
occurs as in situ deposit at the inner ramp or as allochthonous remains in deeper realms of the ramp (e.g. section 4b).
Dasyclad-rich soritid Xoatstones (FT 6)
Description: Floatstones of FT 6 are represented by
micritic grey to bluish-grey limestones with a bimodal distribution of elongated soritids (Orbitolites sp., Opertorbitolites sp.) and oval-to-round green algal fragments (mostly
Dasycladacean algae). Both components make up to 55%
of the whole rock volume (Fig. 4f, p). Other biogenic components, as shell fragments are generally rare. FT 6 occurs
only on top of section 1b (area 1).
Interpretation: The low-diverse assemblage of benthic
green algae and elongated soritids, as well as the absence of
quartz suggest low-hydrodynamic conditions in wellXushed backreef or backshoal environments (Hottinger
1973, 1997; Geel 2000). Zamagni et al. (2008) interpret the
patchy cooccurrence of green algae and soritids as evidence
for the existence of algal meadows. Recent relatives of Palaeogene soritids proliferate in sheltered environments with
0–40 m water depth (Geel 2000).
Red algae bindstones (FT 7)
Description: FT 7 occurs in dark grey to bluish-grey limestones with a stromatolitic texture. Fossil remains are represented by non-geniculate coralline red algae (Sporolithon
sp. >50%) as well as rare shell and green algal fragments.
Red algal thalli accumulate in laminated beds with a thickness between 500 m and 2 mm (Fig. 4g). FT 7 is present
only in section 3a as extraclasts within a 160-cm-thick
interval of alveolinid sandstones (FT 8, bed B1-50).
Interpretation: Coralline red algae bindstones occur as
small patch reefs in the deeper protected inner ramp below
fair-weather wave base (e.g. Gietl 1998; Scheibner et al.
2007). The occurrence of FT 7 as extraclasts within a suite
of coarse-grained alveolinid-rich sandstones suggests a
deposition in the vicinity of the inner- to mid ramp transition. Gietl (1998) describes red algal patch reefs at the
southern margin of the Northern Galala Plateau, reXecting
an inner ramp environment. The erosion of inner ramp
material containing coralline red algal bindstones is possibly related to local tectonic displacement or dramatic storm
events, resulting in isolated debris Xows or large-scale
slumps.
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Alveolinid-green algal wackestones to Xoatstones (FT 8)
Description: FT 8 is arranged in massive to parallel-bedded
grey to bluish-grey lime- and sandstones with a thickness
between 20 and 150 cm. Alveolinids (up to 50%) and benthic green algae (up to 40%) are the dominant components
(Fig. 4h). Peloids and miliolids are generally common and
occur in various ratios and assemblages. Nummulitids, red
algae (e.g. Distychoplax biserialis), shells and echinoderm
fragments as well as Orbitolites are present in a minor
extent. Quartz is frequent in the upper mid ramp sections
(area 3, up to 40%) but rare in the NGWA (area 1).
One sample (B1-4, Fig. 4o) shows a limestone conglomerate with oval-shaped extraclasts enriched in peloids and
green algal fragments. Between the individual extraclasts
strongly abraded alveolinids occur. The matrix is primarily
sparry with local patches of micrite.
Interpretation: Alveolinids and benthic green algae are
typical components of the proximal low-energetic inner
ramp (Scheibner et al. 2007). The occurrence of soritids
supports an environment within sheltered lagoonal or backshoal settings (Hottinger 1973; Zamagni et al. 2008). High
amounts of quartz in the vicinity of the platform margin
possibly represent an allochthonous equivalent of this
facies, which was reworked and transported into deeper settings (e.g. Papazzoni and Trevisani 2006).
Nummulitid-alveolinid wackestones to Xoatstones (FT 9)
Description: Yellow-grey limestones, which occur as massive beds with sharp but with undulating base and top surfaces, are summarised in FT 9. StratiWcation is generally
rare, whereas Wning-upward gradation occurs occasionally.
Nummulites sp. and Alveolina sp. dominate this FT reaching 20–40% volume percentage (Fig. 4i). Other components are benthic green algae and quartz (5–30%); one
sample is enriched in peloids. Miliolids, serpulid worm
tubes, discoclyclinids and echinoderm fragments are present with lower percentages. The tests of all foraminifera are
abraded. Especially alveolinids are often broken or
squeezed. Few specimen show a strong abrasion of the
outer whorls and probably lack their adult stages. Other
LBF specimen show partial siliciWcation. The poorly sorted
quartz grains are generally sub-angular to sub-rounded.
Micrite is the prevailing matrix of FT 9, which is replaced
by sparite in a few samples. In section 1a, FT 9 is frequently dolomitised with idiotopic euhedral dolomite crystals. Generally, FT 9 is one of the most frequent facies
types in the study area. Floatstones occur mostly in area 1,
whereas wacke- to packstones are common in the southern
study areas (area 3 and 4).
Interpretation: FT 9 represents high-energy shoals
(backshoal) formed at the inner/mid ramp transition. This is
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also evidenced by the co-occurrence of alveolinids and
nummulitids, reXecting a mixing of inner- and mid ramp
environments (Hohenegger et al. 1999). Immature quartz
grains indicate only minor transport fractionation, whereas
the eroded tests of larger foraminifera and patches of sparry
cement indicate stronger currents. However, the occurrence
of FT 9 at the mid ramp sections of area 4 (e.g. section 4a)
is related to the transport by major mass-Xows. The siliciWcation of LBF results from diagenetic alteration (Papazzoni
and Trevisani 2006), when calcite is replaced by autigenic
silica (mostly microcrystalline quartz). Silica originates
from the dissolution of biogenic material (e.g. radiolarians;
see FT 13b).
Nummulitid Xoatstones to sandstones (FT 10)
Description: The massive, yellow-grey beds of FT 10 commonly show a sharp basis. Larger elongated nummulitids
with particularly high amounts of quartz dominate this FT
(Fig. 4j). In contrast to other FT, miliolids and alveolinids
are rare or absent. Quartz grains are poorly to moderately
sorted; the sub-angular to sub-spherical grains are up to
5 mm in diameter. Discocyclinids, smaller rotaliids, alveolinids, echinoderm and bivalve shell fragments as well as
other biogenic remains are present in varying amounts and
preservations. Partial damage and deformation of larger
foraminiferal tests is common and intensiWed with increasing quartz content. The matrix consists of micrite or
microsparite. In a few samples, quartz grains are overgrown
by radial Wbrous cements (bed D5-149; Fig. 3n). Nummulitid Xoatstones to sandstones are common in area 3 and 4.
Lenticular beds with a thickness of a few metres are present
in area 1.
FT 10 shows various microfacies types: 10a-dominated
by Nummulites sp., 10b-dominated by Ranikothalia sp. and
Miscellanea sp., 10c-dominated by Assilina sp. and
Operculina sp.
Interpretation: FT 10 represents mixed-energetic deposits
of the upper mid ramp, which were probably transported
due to occasional storm events below fair-weather wave
base. However, the poor sorting indicates only minor
transport. Discocyclina sp., Assilina sp. and Operculina
sp. point to a neritic environment with a water depth
between 50 m and 80 m (microfacies type 10c, Beavington-Penney and Racey 2004). True convex-shaped or lenticular shoal deposits, which are typical at the platform
margin, are present only in the NGWA (area 1). Radial
Wbrous cement indicates high agitation and low sedimentation rates (Lighty 1985). In the Paleocene interval of
section 4a the dominating major nummulitids are represented by Ranikothalia sp. and Miscellanea sp. (subtype
b), which indicate the same environment as Nummulites
sp. (subtype a).
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(Conglomeratic) quartz sandstones (FT 11)
Description: FT 11 is represented by a suite of light grey to
yellow, mostly monomineralic quartz sandstones with a
varying maturity (Fig. 4k). Rocks are massive or parallel
bedded and cross stratiWcation is rare. The thickness of the
individual beds varies between 2 mm (e.g. section 4c) and
several metres (e.g. section 3a). The basis of the beds is frequently undulated but sharp. Rip-up clasts of subsequent
beds are common (e.g. marls). Occasionally, Wning-upward
is present in parallel-bedded sandstones. The sorting of the
siliciclastics is generally moderate to good; the sphericity
of the quartz grains is poor to moderate. The size of the
individual grains ranges from 100 m to 3 mm. A decrease
in maturity is noticeable in rocks with higher amounts of
coarser grains. The matrix contains mud or is completely
washed out. Relics of glauconite and weathered feldspar, as
well as peloids are rare. Nummulitids, alveolinids, planktic
foraminifera, bivalve shells and green algal fragments are
generally rare and occur abraded or fragmented. Low fossiliferous quartz sandstones occur in a wide range in almost
all sections of the study area. FT 11 is absent only in areas 1
and 5.
Interpretation: Massive to parallel bedded sandstones indicate moderate to high-hydrodynamic conditions. High
amounts of siliciclastic material were probably eroded due
to uplift along the Wadi Araba Fault. Sediment transport
was possibly triggered by storm events or local tectonic
activity (e.g. earthquakes). Massive bedding results from
intensiWed bioturbation (Reineck and Singh 1980), dewatering of the sediment during diagenesis (Förstner et al.
1968) or the intensiWed activity of microorganisms (Werner
1963). The lack of biogenic material indicates either the
transport of fossil-barren material from a point source or an
intensiWed destruction of larger shelled biota. However, the
lack of palaeoenvironmental indicators hinders the classiWcation of FT 11 at the ramp. The occurrence of quartz sandstones at the upper and lower mid ramp suggests a source
area in the vicinity of the NGWA. The repeated deposition
of sandstone beds probably reXects the transport in existent
distal channels or incised valleys at the mid ramp.
Bioclastic wackestones to packstones (FT 12)
Description: Bluish-grey to dark grey micritic limestones
of FT 12 (Fig. 4l) demonstrate an inhomogeneous assemblage of densely packed aggregated grains and smaller
bioclasts (miliolids, smaller rotaliids, green and red algal
fragments, discocyclinids and planktic foraminifera).
Peloids are present in minor amounts (rarely 25%). Wellsorted, sub-angular to sub-sphaeric quartz grains are common in section 4a (10–20%) and occur occasionally in area
3 as major component (bed B5-31, »30%). The size of the

123

Facies (2011) 57:51–72

quartz grains varies between 50 and 300 m. Elongated
nummulitids, assilinids and discocyclinids “Xoat” as larger
components in the Wne-grained matrix. The matrix consists
of mud or microsparite. FT 12 is recorded in all studied
areas, with the exception of area 1 and 5.
Interpretation: Multicomponent bioclastic wackestones to
packstones are interpreted as distal debris Xows or turbidites, which consist of reworked material from the inner
ramp (e.g. miliolids, green algae) as well as authochthonous
deeper ramp biota (e.g. discocyclinids). The co-occurrence
of planktic foraminifera and discocyclinids point to a deposition at the dysphotic lower mid ramp. Bassi (1998)
describes large Discocyclina assemblages across the inner
and mid ramp transition. Good sorting and the small size of
the major components indicate an advanced fractionation
by transport.
Planktic foraminiferal and radiolaria-rich wackestones
to packstones (FT 13)
Description: FT 13 shows two subtypes: FT 13a—light to
bluish grey planktic foraminiferal wackestones are represented by massive or parallel bedded limestones and chalky
marls. The individual beds have a thickness of between
30 cm up to 1 m and show no or only vague parallel stratiWcation. FT 13a is enriched in planktic foraminifera (up to
30%); other fossil groups, such as radiolarians or ostracods,
are generally rare (Fig. 3m). Biogenic material is enriched
in layers of a few millimetres to centimetres or in clotted
aggregates. FT 13a occurs particularly in the southern part
of the study area (area 4 and 5), as well as in extraclasts in
debris Xow deposits in area 3.
FT 13b—Parallel bedded, laminated or massive white
chalky marls and limestones represent another subtype of
FT 13. The rocks are dominated by radiolarians and planktic foraminifera. A micritic matrix is generally absent. The
occurrence of nodular to banded cherts with accumulated
radiolarian and planktic foraminiferal remains characterises this subtype of FT 13. Chert nodules show an elongated oval shape with a thickness of 5–20 cm. Limestones
and marls that are dominated by radiolarians occur in area
4 and 5.
Interpretation: Planktic foraminiferal and radiolaria-rich
wackestones to packstones are interpreted as typical lowhydrodynamic deep water deposits of the lower mid- to
outer ramp with no or minor terrigenous input. Beds with
accumulated planktic organisms indicate more condensed
conditions or transient blooms. Clotted nests of planktic
foraminifera and radiolarians reXect bioturbation. Chert
nodules of the Lower Eocene Drunka and Thebes Formation are interpreted as product of post-depositional meteoric
alteration due to shelf progradation in the Early Eocene
(e.g. Keheila and El-Ayyat 1990; McBride et al. 1999).
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Foraminiferal assemblages

Assemblage 3: Nummulitid-alveolinid assemblage

The following six foraminiferal assemblages are arranged
on a palaeobathymetric proWle, ranging from the shallowmarine inner ramp to the deep-marine basin (Fig. 5): (1)
miliolid assemblage, (2) alveolinid assemblage, (3) nummulitid-alveolinid assemblage, (4) nummulitid assemblage,
(5) nummulitid-discocyclinid assemblage and (6) planktic
foraminifera assemblage.
The transitions between the individual foraminiferal
assemblages are gradual and occasionally interfere with
each other.

Description: Assemblage 3 is dominated by the cooccurrence of Nummulites sp. and Alveolina sp. Nummulites
occur as large Xattened specimens as well as small lenticular forms. Benthic green algae occur occasionally as a
major component. Other bioclasts are generally rare. In the
Paleocene intervals of the studied sections, foraminiferal
assemblage 3 is characterised by the dominance of Ranikothalia sp., Miscellanea sp. and Glomalveolina sp., which
demonstrate the precursors of Nummulites sp. and Alveolina sp. This assemblage occurs in sections 1a, 1b, 2a and
3a and occasionally in section 4a.
Interpretation: Most of the recent alveolinids and nummulitids prevail in various environments on a carbonate ramp
(Hohenegger et al. 1999). Alveolinids proliferate on the
protected inner ramp within seagrass communities, whereas
nummulitids can occur on a wide range at the platform.
Large-Xattened fossil nummulitids dominate the deeper
parts of the ramp or occur at the seaward side of shoals,
whereas small-lenticular forms live together with alveolinids in more protected inner ramp environments (e.g. Geel
2000). The coeval occurrence of large-Xat nummulitids and
alveolinids, reXecting two diVerent environments either
point to an oVshore transport of alveolinids (Adabi et al.
2008) or to a shoal-to-inner ramp transport of nummulitids.

Assemblage 1: Miliolid assemblage
Description: This assemblage is dominated by smaller porcellaneous miliolids and small lenticular nummulitids.
Assemblage 1 is associated with benthic red and green
algae (e.g. dasycladaceans), textulariids and smaller alveolinids. Rare faunal components are echinoderm and
bivalve shell fragments, as well as gastropods. The miliolid
facies is common in area 2 and 3, as well as in sections 4a
and 4b of area 4.
Interpretation: The dominance of miliolids and the absence
of larger Xattened foraminifera indicate a very shallowmarine setting of a restricted lagoon (inner ramp). Recent
miliolid species prefer euryhaline, low-hydrodynamic environments on soft substrates (e.g. Murray 1991). The association with abundant green algae fragments and smaller
rotaliids reXect the occurrence of algal meadows and elevated nutrient levels in the shallow lagoon (Davies 1970).
Assemblage 2: Alveolinid assemblage
Description: The alveolinid assemblage is characterised by
the major occurrence of larger miliolid foraminifera (e.g.
Alveolina sp.). Assemblage 2 is associated with soritids,
benthic green algae and smaller miliolids. Minor bioclasts
are represented by bivalve shell fragments, gastropods, discocyclinids, nummulitids, echinoderm remains and planktic
foraminifera. The tests of the LBF are generally well preserved and show only occasionally abraded adult whorls.
Assemblage 2 occurs in sections 2a, 3a, 4a and 4b.
Interpretation: Assemblage 2 represents illuminated shallow-water environments at the open-marine inner to upper
mid ramp, characterized by low water turbulence. Dominant LBF (Alveolina sp., Orbitolites sp., Opertorbitolites
sp.) proliferate in algal meadows (e.g. Dill et al. 2007). The
occurrence of green algae and heterotrophic grazers (e.g.
gastropods) indicates elevated nutrient levels.

Assemblage 4: Nummulitid assemblage
Description: The nummulitid assemblage is characterized
by the cooccurrence of large-Xattened and small, lenticular
forms of Nummulites sp. Occasionally, forms of Assilina
sp. are present as a major component. Operculinids, discocyclinids and smaller bioclasts are rare or absent. Nummulitid-dominated rocks occur in sections 3a, 4a and rarely in
section 4b.
Interpretation: Small, lenticular nummulitids reXect
favourable environmental conditions, resulting in a high
and quick reproduction rate but small test size (Hallock and
Glenn 1986; Beavington-Penney and Racey 2004). Favourable conditions prevail in well-lighted shallow-marine
(<20 m) inner ramp environments with good food supply
and moderate- to high water agitation. Larger Xattened
nummulitids are adapted to unfavourable light or food conditions at deeper parts of the ramp (Hallock 1985). Quick
reproduction is replaced by a continuing growth of the
tests. The co-occurrence of small-lenticular and largerelongated specimen concludes the post-depositional transport of shallow inner-ramp forms (small-lenticular) towards
deeper realms of the ramp.
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Assemblage 5: Nummulitid-discocyclinid assemblage
Description: Foraminiferal assemblage 5 is dominated by
large and Xat orthophragminids (Discocyclina sp.) and various species of nummulitids (Operculina sp., Nummulites
sp., Assilina sp.). Planktic and agglutinated foraminifera,
smaller miliolids and rotaliids as well as green and red algal
fragments occur in variable amounts. The tests of the LBF
show a moderate to good preservation. Adult whorls are
only occasionally abraded. Assemblage 5 is present in area
4 and rarely in area 2 and 3.
Interpretation: Large Xat nummulitids and orthophragminids reXect an environment in the lower euphotic to upper
dysphotic zone up to 130 m water depth (Racey 1994;
Cosovic and Drobne 1995; Zamagni et al. 2008) where
decreasing light intensity requires larger test surfaces to
host photo-autotrophic organisms. Flattened LBF indicate
an environment with marly to sandy substrates (Zamagni
et al. 2008). Notwithstanding, assilinids, operculinids and
Nummulites can occur in the same environment, they are
supposed to be dominant in diVerent depths in the water
column. Their cooccurrence in few mid ramp sections (area
4) indicates the relocation of shallower deposits towards
deeper realms. Summarising, foraminiferal assemblage 5
was deposited in the euphotic to dysphotic mid ramp below
fair-weather wave base.
Assemblage 6: Planktic foraminifera assemblage
Description: Assemblage 6 consists nearly exclusively of
planktic foraminifera and radiolaria. Ostracods and smaller
benthic foraminifera are rare. The low-diverse community
of foraminiferal assemblage 6 occurs in all studied areas.
Interpretation: High amounts of planktic organisms and the
coeval absence of storm-derived inner ramp-related bioclasts, indicate distal authochtonous depositional environments
below the storm wave base. The absence of photoautotrophic benthos (LBF, green algae) reXects aphotic
conditions at the sea-Xoor. For tropical marine environments without major terrigenous input a depositional palaeo-water depth below 100 m, which corresponds to the
distal mid- to outer ramp is suggested (Hohenegger 2005;
Renema 2006).

Discussion
Platform evolution
Formation and evolution of carbonate platform systems are
strongly controlled by eustatic sea-level changes and the
activity of adjacent tectonic provinces (Bosellini 1989;
Everts 1991). Based on the Paleocene record of the Galala
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platform, Scheibner et al. (2003) assume a platform evolution that is aVected more by local tectonic displacements
than by eustatically controlled sea-level changes. Thus, the
tectonic activity along the Wadi Araba Fault system triggered the initial growth of the Galala platform as a coupled
eVect of sea-level drop and local tectonic uplift. Furthermore, the geometry and architecture of platform and slope
have undergone repeated changes since the Cretaceous due
to the varying tectono-sedimentary constraints on the unstable Egyptian shelf (Meshref 1990; Schütz 1994; Youssef
2003).
Scheibner et al. (2003) documented Wve platform stages
regarding progradation and retrogradation of the platform
margin, which encompasses the evolution of the study area
from the Maastrichtian to the earliest Eocene (stages A–E,
Fig. 8). Stages A and B describe the transition between
hemipelagic and slope deposition, reXecting the initial
stages (Maastrichtian to Late Paleocene, NP 5). The Wrst
progradational phase of the Galala platform is documented
in the Late Paleocene (NP 5 to NP 6, stage C), which is
related to uplift along the Wadi Araba Fault and a major
sea-level drop. A second progradational phase (stage D)
occurred during NP 7 to NP 8. Massive debris Xows Wlled
up the accommodation space at the platform rim and forced
a southward shift of the platform margin. Stage E represents platform retrogradation within the latest Paleocene
(NP 9) up to the PETM, reXecting a sea-level rise. Retrogradation is accompanied by the widespread deposition of
marls and the onset of LBF shoals on the platform margin.
Within NP 9 the slope gradient decreased, due to the subsidence of the platform interior and the coeval uplift of the
SGS.
Scheibner and Speijer (2008) introduced a sixth platform
stage F, which is characterised by the Wrst occurrence of
Nummulites and Alveolina in the Galala succession. The
base of stage F is represented by the PETM interval, which
coincides with the larger foraminifera turnover and the
Paleocene–Eocene boundary (boundary NP 9a–NP 9b).
The post-PETM evolution of the Galala platform is characterised by a transitional phase of aggradation. Marls and
allochthonous marly limestones dominate the deposition at
the slope. In NP 10 the deposition of siliciclastics increased
signiWcantly, which indicates a reactivation of the Wadi
Araba Fault.
Platform stage F is terminated within NP 11, due to several fundamental shifts regarding the tectonic constraints
and the trophic regime in the depositional record of the
Galala Mountains. Thus, we are introducing a seventh
platform stage G. The initiation of stage G coincides
approximately with the onset of the Thebes Formation in
area 4 (»NP 11/12). The evolution of the Galala platform
in the newly introduced stage G is characterised by the
ongoing retrogradation with a coeval signiWcant increase of
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the tectonic activity along the Wadi Araba Fault. At least
Wve major tectonic pulses, which are related to the uplift
along the Wadi Araba Fault, are detected by means of the
massive relocation of siliciclastic material and intervals
with large slumping structures at the mid ramp. However,
the lateral extension and distribution of siliciclastics at the
ramp is highly heterogeneous, probably related to erosion
and amalgamation of individual sandstone beds on the one
hand, and the undulating slope topography that resulted
from local tectonic uplift and subsidence on the other hand.
The frequent occurrence of sandstone and conglomerate
beds at the ramp margin (area 2 and 3) probably reXects the
Wlling of ancient channel structures that were initialised
during prior progradational stages (stage C and D). Largescale slumps and frequent mass Xows at the mid ramp (area
3 and 4) may indicate the onset of a distally steepened
ramp, either within stage G or the upper part of stage F. A
continuing deepening in stage G that coincides with retrogradation of the southern ramp margin is demonstrated by
the increasing deposition of widespread chalky marls with
chert nodules and increasing amounts of planktic foraminifera and radiolaria at the former slope (area 4). Furthermore,
a signiWcant shift in the microfacies composition from shallower to deeper signatures is evidenced for areas 3 and 4
within NP 11 (Fig. 7).
In contrast to the described scenarios for the areas 3 and
4, inner ramp sections (area 1) do not show any evidence of
a major sea-level rise during the same intervals (Fig. 7).
This contradiction possibly results from a coeval tectonic
uplift of a horst structure (NGWA), which represents the
inner ramp, and a continuing sea-level rise prior to the
EECO (»NP 12/13, 52–50 Ma, Zachos et al. 2001). Tidal
related loferite cycles in area 1 indicate very shallow and
temporarily subaerial exposed conditions in the restricted
platform interior (Bandel and Kuss 1987). Thus, the shallow inner-ramp areas widen during the sustained sea-level
rise, while the mid ramp starts to drown. However, the gradient of the slope does not show any evidence of steepening
during the Early Eocene. Palaeo-water depths for Paleocene
intrashelf basins in Egypt (e.g. the SGS) were interpreted as
being between 100 and 200 m (Salem 1976; Speijer and
Wagner 2002). A homoclinal carbonate ramp with a slope
of 100 km length would imply an average slope gradient of
0.02°. Thus, the increased deposition of mass-Xows (debris
Xows, turbidites, slumps) must be related to local (tectonic)
swells associated with steeper gradients or to a distally
steepened ramp conWguration. Furthermore, the facies signature of the mid ramp sections (area 4) indicate a deepening upward from the earliest Eocene (NP 10) to the
uppermost Lower Eocene (NP 14a), which is manifested by
decreasing proportions of inner- to mid ramp-related bioclasts (e.g. miliolids, peloids), forming mass-Xow deposits.
This deepening corresponds to the global transgression in
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the Early Eocene, which terminates in the highest sea level
in the Cenozoic (e.g. Haq et al. 1987; Rea et al. 1990;
Zachos et al. 1994; Miller et al. 2005). In contrast to
Scheibner et al. (2000), who interpreted the occurrence of
Paleocene mass-Xows as a consequence of a major sealevel drop and ramp progradation, similar processes can be
excluded for the Early Eocene. Evidence for the tectonic
control of the shallowing at NGWA is the continuing deposition of siliciclastic material at the mid ramp throughout
stage G.
The termination of stage G is evidenced within NP 14a
(uppermost Early Eocene), due to a signiWcant decrease in
the tectonic-related deposition of siliciclastics. Especially
in area 4 (sections 4a and 4b), the deposition of monotonous chalky chert-bearing marls without major sandstone
and limestone beds demonstrates a reversal in the tectonic
regime and the onset of a new platform stage, which we call
stage H. Thus, sediments provided from the Wadi Araba
horst were almost completely eroded and no inner ramp
deposits are transported towards the SGS. Quartz-free mass
Xow deposits are rarely observed on top of the sections 4a
and 4c. Here, well-sorted nummulitic pack- to Xoatstones
probably indicate allochthonous equivalents of upper mid
ramp LBF shoals. The exact stratigraphic range of stage H
will be subject to further studies.
The dominance of larger benthic foraminifera as major
platform contributing organisms suggests the continuation
of the circum-Tethyan platform stage III of Scheibner et al.
(2005) until NP 14a (»49 Ma). Our data do not indicate a
recovery of major coral assemblages, which is related to a
continuing warming trend throughout the Early Eocene,
culminating during the EECO (53–49 Ma). A post-EECO
cooling favours the recovery of temperature-controlled
coral proliferation. However, post-EECO cooling has particularly aVected high latitudes, whereas equatorial ocean
basins remained warm throughout the Eocene (Tripati et al.
2003; Pearson et al. 2007). Thus, additional studies from
Tethyan carbonate platforms at higher latitudes (e.g. Spain)
are needed to demonstrate the impact of post-EECO cooling on platform organisms and to reveal the duration of circum-Tethyan platform stage III.
Tectonic constraints and the source of quartz
Quartz is generally rare in the Cretaceous and almost absent
in the Paleocene of the Galala succession. Quartz-free carbonate mass-Xow deposits were reported for the Late
Paleocene, reXecting a massive sea-level drop during NP 5
(Lüning et al. 1998; Scheibner et al. 2000; Fig. 8a–d).
Scheibner et al. (2003) describe Wrst siliciclastic deposits in
the latest Paleocene (NP 9a) and assume a source in the
hinterland. During the Early Eocene, the abundance and
frequence of sandstones and quartz-rich limestones
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Fig. 6 Summary of all investigated sections, including the general
lithofacies, foraminiferal assemblages and the biostratigraphic correlation based on calcareous nannoplankton. The arrangement of the sections on the lateral inner ramp to basin transect is shown in the small
map to the right to the legend. The basis of all sections is the PETM/
larger foraminifera turnover (LFT) interval (NP 9a–NP 9b boundary).
The correlation of the NGWA (area 1) and the section of the Southern
Galala Plateau (area 2 to area 5) is in question, due to the assumed
asymmetric tectonic activity of the Wadi Araba horst and due to ero-
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sion of major upper environments. The block diagram below the sections illustrates the regional palaeogeographic context and the position
of the sections at the ramp. Generally, autochthonous inner ramp habitats (lagoon, tidal Xat) are present only in area 1. Areas 3 and 4 represent environments that are dominated by hemipelagic marls and
allochthonous relocated platform allochems. Area 5 is not represented
in this Wgure as there was no signiWcant changes in facies and foraminiferal assemblages in section 5a

Facies (2011) 57:51–72

Fig. 7 Four selected sections of the lower mid ramp (sections 4a and
4b), the upper mid ramp (section 3a) and the inner ramp (section 1b)
regarding FT changes during Wve stratigraphic intervals with the
PETM (red line) as the base of correlation. Major lithofacies (coloured), grain size, macrofossils and depositional textures are added.
Detailed microfacies records of the mid ramp sections indicate a shift
from shallow marine environments (FT 1 to FT 5) to deep marine environments (FT 9 to FT 13) between NP 11 and NP 12/13 (black arrows).
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However, the FT of the inner ramp area indicate a shift from open lagoonal environments (FT 8) to more restricted settings with temporarily subaerial exposure (FT 1). Both diametral facies shifts are probably
related to the tectonic uplift of inner ramp environments (area 1) and a
coeval sea-level rise, which is represented by a deepening upward
trend in the tectonically uninXuenced mid- and outer ramp areas (area
3 and 4)
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Fig. 8 Tectono-sedimentary
evolution of the Galala platform
from the Late Cretaceous (Maastrichtian) to the latest Early
Eocene illustrated in six block
schemes, which refer to eight
platform stages (A–H). Platform
stages A–E were described by
Scheibner et al. (2003), platform
stage F was introduced by
Scheibner and Speijer (2008).
Stages G and H are newly introduced in this paper. The initiation of the platform and its Early
Eocene evolution were controlled by tectonic activity along
the Wadi Araba Fault, which
superimposed sea-level Xuctuations. However, the Paleocene
evolution of the platform was
controlled by major sea-level
Xuctuations. Stage G is again
controlled by renewed tectonic
activity along the Wadi Araba
Fault. In contrast to stage G, the
activity of the Wadi Araba Fault
is terminated in stage H. The
stratigraphic range of stage
H will be explored. For a legend
of the icons used, see Fig. 7

increases, especially in the Southern Galala mid ramp sections (area 2, 3 and 4). Siliciclastic deposits from the
NGWA are reported from few sections at the southern margin of the Northern Galala Plateau (Gietl 1998). At the
northern margin of the NGWA, pure carbonate deposition
prevailed throughout the Lower Eocene (area 1). The dominance of siliciclastic material at the Southern Galala Plateau and the coeval pure carbonate deposition at the
NGWA suggest a source area of the siliciclastic material
north of the Wadi Araba Fault. Furthermore, major sandstone intervals at the Southern Galala mid ramp indicate the
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prevailing transport direction of quartz-rich deposits
towards the South.
The deposition of siliciclastics at the isolated Galala
platform is related to tectonically induced uplift and erosion
of older sandstones along the Wadi Araba Fault. This was
conWrmed by Hussein and Abd-Allah (2001), who
described increased Lower Eocene oblique convergence at
the unstable Egyptian shelf resulting in the reactivation of
Mesozoic fault systems and the uplift along the Syrian
Arc-Fold-Belt. This tectonic reactivation resulted in an
uplift of Palaeozoic and Mesozoic sandstones with a vertical
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displacement of more than 500 m (Schütz 1994). Hence,
the sandstones, which belong to the Nubia Series (Late Carboniferous—Early Cretaceous) were subaerial exposed and
eroded in the Early Eocene (Fig. 8g).
The onset of a mixed carbonate-siliciclastic depositional
system at the Southern Galala Plateau during the Early
Eocene is reXected by increasing contents of terrigeneous
quartz grains, either as distinct beds of sandstone or as disseminated components in marls and limestones. Sandstone
beds accumulate in intervals of several metres to tens of
metres, which are traceable throughout area 2, 3 and 4.
Generally, the correlation of the siliciclastic units on the
platform to basin transect is diYcult, due to highly variable
thicknesses of the beds and assuming various point sources
of the siliciclastic material in the vicinity of the Wadi Araba
Fault (Figs. 6, 7). For this reason, the impact of various tectonic pulses is thought to be a major trigger for the relocation of quartz-rich sediments. Major tectonic activity of the
Wadi Araba Fault is estimated within NP 11 and NP 14a
when thick quartz-rich packages were deposited (Fig. 6).
Within NP 14a, the system shifted towards pure carbonate
deposition (Fig. 8h).

Conclusions
The biotic and abiotic evolution of the Early Eocene Galala
platform is inXuenced strongly by regional tectonic uplift
along the Wadi Araba Fault, superimposing the eVects of
eustatic sea-level Xuctuations. The deWnition and interpretation of 13 facies types and six foraminiferal assemblages
as well as qualitative analyses of dominating platform biota
are demonstrated in the following results:
• The Early Eocene monoclinal uplift along the Wadi
Araba Fault intensiWed with respect to the Paleocene and
Late Cretaceous. Amalgamated intervals of siliciclastic
material as well as slumps and coarse-grained debris
Xows indicate multiple tectonic pulses and local steep
slope gradients. The heterogeneous distribution and
irregular lateral extension of siliciclastics probably
reXect a complex ramp topography, which is inXuenced by
local uplift and subsidence, as well as pre-existent swells
and troughs. The origin of those swells is probably
related to pre-Eocene progradational platform stages.
Although the overall ramp gradient does not indicate any
steepening, frequent mass Xow deposits at the lower mid
ramp support the onset of a distally steepened ramp in
the Early Eocene.
• Following previous studies of Scheibner et al. (2003) and
Scheibner and Speijer (2008), we complete and expand
the platform model with respect to the Early Eocene succession. Platform stage F, introduced and described by
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Scheibner and Speijer (2008) ranges from NP 9b to NP
11 and demonstrates a period of platform aggradation
with the reactivation of the Wadi Araba Fault.
• We introduce two new platform stages regarding varying
biotic and tectono-sedimentary constraints: Stage G (NP
11–NP 14a) is characterized by the repeated activity
along the Wadi Araba Fault and the massive input of Palaeozoic and Mesozoic siliciclastic material towards the
S. The retrogradation of the platform is demonstrated by
a shift in the microfacies signature of the mid- and outer
ramp succession (»NP 11/12). However, the antithetic
evolution of inner ramp environments reXects a sea-level
drop and the onset of tidal-related loferite cycles. This
contradiction is related to the uplift of a horst structure
along the Wadi Araba Fault, which formed a palaeogeographic barrier between inner- and mid ramp environments.
• In contrast to stage G, the following stage H (NP 14a)
reXects the termination of tectonic activity along the
Wadi Araba Fault. The horst structure initiated in stage
G was completely eroded during that stage. The system
shifts to pure carbonate deposition, dominated by chalky,
chert-rich marls at the mid- and outer ramp. The stratigraphic range of platform stage H will be subject to further studies.
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