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The Wata carbonate platform intcad and eastern Sinai show a clear pattern 16

of evolutionary development during sedimentationhree facies are
recognized in the carbonate platform. Inner-platfoin the south, inter-
platform basin in the middle, and outer-platform thee northwest. Such
classification was probably performed by the eff#cByrian Arc System that
culminated during Turonian in Sinai. Inner-platforntludes fining-upward
cycles, each begins with packstone, followed byks&atone and capped by
lime-mudstone or claystone or molluscan bioclastackestone at the base
capped by sandy oolitic packstone or dolostone. @beninant faunal
associations are molluscs, and echinoids. Intefgpla basin occurs north of
inner-platform and extends northwest-southeastctiine and comprises
fining-upward cycles, each of which begins with dbéstic ostracodal
packstone, calcisphere packstone, bioclastic packs capped by
wackestone and lime-mudstone The faunal associdticludes, sponge

spines, ostracodes, molluscan debris and calcisph€&hey were deposited in
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shoal marine and barrier. The outer-platform occarrsGebel Giddi and 31

extended northwestwards. The lithofacies are déwntirepresented by 32

calcisphere wackestone/packstone, with a redudekhibss of 20 m. 33
Keyword: Carbonate platform, WRtamation, Turonian, Sinai, Egypt 34
35
1. Introduction 36

Passive margin basins are @gdiyeconsidered to be the major site of 37
carbonate platform formation (e.g. Wright and Betth, 1999; Einsele, 38
1992; Bachmann and Kuss, 1998). The largest and extsnsively studied 39
Cenozoic platforms come from the Florida—Bahamasore(e.g., Schlager, 40
1981 &1999; Schlager and Ginsburg, 1981 and Girgghb2001), the Great 41
Barrier Reef (e.g., Daviest al., 1989) and the NW shelf of Australia 42
(Butcher, 1990). Sedimentology and stratigraphytluése platforms are 43
dominantly controlled by the low rate of sedimeistatand the localization of 44
siliciclastic supply from the adjacent mature coetital landscape or isolation 45
from clastic supply in offshore banks, subsidenceektively slow rates in 46
the Cenozoic (~0.03-0.04 m/ky, from Schlager anas@urg, 1981) as well 47
as regional or eustatic sea-level changes. DuhagCenomanian-Turonian a 48
carbonate platform which extended over large partsorthern parts of Sinai 49
was established (Bauest al., 2002). As a result of eustasy and local 50
subsidence, the sea level fluctuated over the pmedmtly shallow water 51
platftorm during the Cenomanian and Turonian leadit@ cyclic 52

sedimentation of a variety of sedimentary rocks. 35



Ghorab (1961) assigned the nameta Formation for the carbonate 54
succession at Wadi Wata in western Sinai. In ekaimd eastern Sinai, little 55
sedimentological work has been done on the Turowata Formation (e.g., 56
Said, 1971; Barakadt al., 1986; ElI Azabi and Al Araby, 1996; Bachmann 57
and Kuss, 1998; Luning al., 1998a and 1998b; Kuskal., 2000 ; Khalifaet 58
al., 2003; El-Hariri et al., 2012). However, geologidescussion on the Wata 59
Formation was done by (Issawt al., 1981; Cherifet al., 1989; Kora and 60
Hamama, 1987; and Zika al., 1993). All the above studies were focused on 61
local Turonian sections without focusing on thesdal and vertical facies 62
changes during the Turonian time. The studied ibeslin the present work 63
are situated at Gebel Giddi, El Mineidra El Kebfggbel Shiti, Gebel Gunna, 64
Gebel El Hazim and Wadi Watir in central eastemma(Fig. 1). Aims of this 65
paper are 1) to describe the facies associatiotlseo¥Wata Formation, 2) to 66
interpret the possible depositional environmentshef studied facies, 3) to 67
document the broad stratigraphical and depositidnisiory of the Wata 68
carbonate platform, and 4) to interpret the readondghe development of 69
pure carbonate platform in this particular areaisTdpproach will help in 70
understanding the dominant control on developmeoadonate platform. 71
2. Geological setting 72
The Sinai Peninsula lies at thecfion between Africa and Asia continents 73
and represents the Asian part of Egypt. Egypt ilethe northeast of the 74
African Plate, where it forms a part of the Sah@raton (El Emam et al., 75

1990) that is considered as a part of a passivainemal margin of 76



Gondwana. During its passive margin phase, thehNaftican margin was 77
also influenced by pulses of compression, strikgahd extension in specific 78
areas (Guirauet al., 2001). Most notably in the Arabian-Egyptian regitime 79
margin was affected by tectonic inversion along Syeian Arc (Garfunkel, 80
1999). Geologically, Egypt includes three strudtusaits; the Arabian- 81
Nubian Massif in the south, southern facies bethancentral region; and the 82
northern facies belt in the extreme north. The AmatNubian Shield (New- 83
Proterozoic) in the southern Western Desert, tils¢eaa parts of the Eastern 84
Desert (Red-Sea hills) and the southern Sinai sb$igneisses, granitoids, 85
and meta-sedimentary rocks. It was formed by eaxglution from the 86
accretion of island arcs (during New-Proterozoioll @f oceanic terrains 87
(Stern, 1985; Guiraud al., 2001). The Upper Cretaceous southern facies bel8 8
(equivalent to stable shelf of Said, 1962) onlappedthe Arabo-Nubian 89
Massif extending in a northeast-southwest directibrepresents a platform 90
consisting mostly of the Maghrabi/Bahariya formatdEarly Cenomanian); 91
El Heiz (Late Cenomanian), El Hefhuf Formation (@nian-Santonian) and 92
Ain Giffara Formation (Campanian). The above seqaeis capped by the 93
Khoman Chalk (Maastrichtian). The northern facie# bf Late Cretaceous 94
age (equivalent to the unstable shelf of Said, 1#620eval to the southern 95
facies belt, and was affected by the Syrian Arct&ys(Late Cretaceous), 96
which formed northeast-southwest trending antitlamal synclinal structures. 97
The northern facies belt in this study comprises @alala/Raha formations 98

(Cenomanian), Abu Qada Formation (Cenomanian-Tarmni Wata 99



Formation (Turonian), Matulla Formation (Campaniand the Sudr Chalk
(Maastrichtian). The Hercynian Orogeny affected soeithern facies belts,
where it retarded the deposition of Silurian, Desan Carboniferous,

Permian, Triassic, and Jurassic rocks. This mapi®langed hiatus between
the top of the Naqus Formation and the Lower Cestas Malha Formation
(422.9- 99.5 Ma). The Laramide Revolution occurketween the Lower
Cretaceous Malha Formation and the Cenomanian &Btaimation, making

a wide gap or hiatus starting from 112 to 99.6 Méso, the Hercynian

Orogeny affected the northern facies belts. Thiglana prolonged hiatus
between the top of the Naqus Formation and the LdWetaceous Malha
Formation (422.9-112 Ma). The Syrian Arc System bartraced from Syria
to the central Western Desert of Egypt, via Simal the northern part of the
Eastern Desert (Kuss et al., 2000). Folding ofS3fean Arc System began in
post-Cenomanian times and reached its acme durengate Cretaceous (Aal
and Lelek, 1994; Farouk and Faris, 2012; Faroukle®014). Hence, the
Turonian rocks were deposited on the paleotopgraphige structural highs
and lows in central and eastern Sinai. This aftecie the facies type of the
Turonian Wata Formation both laterally and verticaht Gebel Shiti, Gebel

Gunna, and Wadi Watir, the contact between the Sada and the Wata
formations is unconformable and is placed betwden dlaystone of the
topmost Abu Qada Formation and the limestone comigibivalves and

planktonic foraminifera of basal Wata Formation. @ébel EI Hazim, the

contact is unconformable and is placed betweerbtben sandstone of the

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122



topmost part of the Abu Qada Formation and theoyedih white limestone 123
with chert bands of the basal Wata Formation (E)gAt Gebel Giddi and EI 124
Mineidra El Kebira the Wata Formation conformablyedies the Early 125
Turonian Abu Qada Formation. At the first localithis contact is placed 126
between the yellowish grey limestone of the uppstdu Qada Formation 127
and the white chalky limestone with chert noduleshe basal part of the 128
Wata Formation. The upper contact of the Wata Fbamaat Gebel Shiti, 129
Gebel El Hazim and Wadi Watir is unconformable &ed between the pale 130
yellow limestone with chert bands of the topmostt&/Bormation and the 131
green claystone of the basal Matulla FormationG&bel Gunna, the same 132
upper contact is placed between the cherty limestdruppermost part of the 133
Wata Formation and the dolomite of the basal Matktirmation (Fig. 2). 134
Lithologically, the Wata Fornati at Gebel Giddi consists of chalky 135
limestone enriched with ammonites and molluscanll shhegments and 136
measures about 28 m in thickness. At El Mineidr&&jira, this formationis 137
made up of marly limestone intercalated with maalsd claystone and 138
assumes about 93.5 m in thickness (Fig. 3A). Tinedione is enriched with 139
gastropods, brachiopods, algae, corals, spongeseahimhoids (Fig. 3B). 140
Southeastwards, the Wata Formation outcrops amdsfahe cap of El Tih 141
escarpment such as at Gebel Shiti and Gebel Guesuanang about 35 m in -~ 142
thickness. This formation increases in thicknesthér northeast at Gebel EI 143
Hazim and Wadi Watir reaching up to 100 m (Fig.A&)the latter localities 144

the Wata Formation comprises of hard thick to thedded limestone and 145



dolostone with occasionally marl layers (Fig. 3E3w clay and sandstone are 146
intercalated with the limestones. The marl beds fassiliferous with 147
ammonites and molluscan shell fragments. 148

The Wata Formation containsesal benthic foraminifera marker for the 149
Late Turonian age, among which &escorbis turonicus Said & KenawyD. 150
minutus Said & Kenawy andeponides lotus (Schwager). It also yielded rare 151
and sporadic planktonic foraminifera suchtdedbergella delrioensis Carsey, 152
H. simplex Morrow, H. planispira (Tappan)Whiteinella archaeocretacea 153
PessagnoWhiteinella baltica Douglas & RankinW. inornata (Bolli) and 154
Heterohelix moremani (Cushman). The first appearance of iscorbis 155
turonicus during the Late Turonian has been accepted byralepeevious 156
workers in Egypt (e.g., El Shinnawi and Sultan, Z9Andrawis, 1990; 157
Shahin and Kora, 1991; Ismail, 2000; Sanaell., 2009). In addition to, the 158
Upper Turonian zonal index ammonit€oilopoceras requienianum 159
(D'Orbigny) has been found in the Wata Formatidn.east central Sinai, the 160
Wata Formation is assigned to the Middle-Late Timondue to the 161
occurrence of the calcareous nannofossils CC 12 4Baueret al., 2001, 162
2003; Farouk, 2015; Farouk et al., 2016). 163
3. Methods 164

To delineate the nature of tlevdr and upper contacts of the Wata 165
Formation with the overjacent and subjacent rocksursix stratigraphic 166
sections have been measured at Gebel Giddi, ElitMad&l Kebira, Gebel 167

Shiti, Gebel Gunna, Gebel El Hazim and Wadi Wdtig$. 1,2). The rock 168



samples have been studied in thin sections undeogsaphic microscope. 169
Micro- and macro faunal associations were idemtifiom this rock unit to 170
delineate its biozone and exact age. The measugetioss have been 171
correlated on the basis of the ammonite fossilsliéimalogical characteristics. 172
4. Facies analysis 173
The petrographic investigationtbe Wata Formation revealed the presence 174
of several lithofacies represented by lime-mudstamelluscan bioclastic 175
wackestone, ostracodal wackestone, foraminiferalckestone, pelletal 176
foraminiferal packstone, sandy oolitic molluscanckstone, calcispheres 177
packstone, dolosparite, dolomicrite, quartzareguité claystone (Fig. 2). 178
4.1 - Lime-mudstone (L M) 179
The lime-mudstone lithofacies is common in the Wdamation. At Wadi 180
Watir, it forms a thick horizon near the topmosttpd the Wata Formation 181
with a thickness of 12.0 m. At Wadi Hegni (GebeH&zim) and Gebel Shiti 182
the lime-mudstone is common and represented by thees, each of which 183
does not exceed 6.5 m in thickness (Fig. 2). Atéb&unna, this lithofacies 184
is reduced in thickness, and is represented byn2l@ick near the middle part 185
of the formation. It is also present at El Mineidea Kebira, where it is 186
intercalated with the calcispheres and ostracodakgiones (Fig. 2). This 187
lithofacies consists of fine dense and dark gregroarystalline calcite and 188
contains rare foraminiferal skeletal particles fiog in the dense lime mud. 189

Such facies are completely obliterated by aggradmegmorphism into 190



microsparry calcite (Fig.4A). Also, the lime mudosts slight degree of 191
recrystallization into xenotopic microspar (10 wemyd dolomitized in parts. 192
Interpretation: the lime-mudstone was deposited in calm water uthe 193

absence of variable amount of skeletal particlesstMf lime mud may be 194
derived from the abrasion and micrtization of tkelstal particle especially 195
in the restricted areas. The microspar was orityireposited as micrite with 196
associated clay minerals, as well as the rare tslkgdarticles, suggesting that 197
this lithofacies was deposited in a subtidal or lk@amp environment below 198
wave base (Calvet and Tucker, 1988). Within atgillayers the skeletal 199
material lies parallel to the bedding suggestingwskedimentation rates 200
(Elrick and Read, 1991). This facies is devoidrafigenous benthonic fauna 201
or burrows suggesting anoxic conditions during dépm (Marquis and 202

Laury, 1989). The absence of wave and current-iedwstructures suggests a 203

subtidal environment below storm wave base (Kel6g7). 204
205
4.2- Molluscan bioclastic wackestone (M BW) 206

The molluscan bioclastic wackest forms the topmost part of the Wata 207
Formation at EI-Tih escarpment and Gebel Gunna withickness of about 208
4.0 m, and 20.0 m respectively. At Wadi Watirsitabout 11.0 m thick near 209
the lowermost part of the sequence, each bed rangbgkness from 3to 8 210
m thick (Fig. 2).It is enriched with bivalves andferent skeletal debris. 211
Petrographically, it is made of sorted molluscartipgias forming about 80% 212

of the rock and shows preferred orientation pdratiethe bedding plane. 213



Most of the molluscan particles exhibit aggradirepmorphism from their 214
centers and are coated with micrite envelopes @Bj. The micritic matrix 215
became granular as well as mosaic sparry calcipaits. Rock particles are 216
mainly molluscan shell fragments and bioclastidrgra 217
Interpretation: Bivalves rich skeletal assemblages are widelynded in 218
modern non-tropical carbonate sediments on the Afangshelf off central 219
western New Zealand (Gillespie et al., 1992). Theemblage is often best 220
represented in areas with relatively higher sediateon rate of fine 221
terrigenous material, less favored by many of ttieroskeletal contributors, 222
and often associated with shallower-shelf wateedgbhet al., 1988). 223
4.3- Ostracodal wackestone (OW) 224
This lithofacies is recorded in the Wata Forma@iGebel Gunna and Wadi 225
Watir assuming a thickness of 10.5 m and 12.0 mpecsvely. It also occurs 226
at ElI Mineidra ElI Kebira intercalated with calcigpes 227
packstone/wackestone. Rocks of this lithofacies yelowish brown to 228
creamy in colour, hard and are characterized bgpeny or thinly laminated 229
appearance. Petrographic investigation revealedtiiearock is made up of 230
dark grey dense micrite matrix rich with thin bivalshells that are composed 231
of calcite with a radial fibrous structure. Ostrdes are scattered randomly in 232
the lime matrix (Fig. 4C). Rare foraminiferal testse also recorded 233
disseminated in the matrix and show microspamfillihe whole tests as a 234
result of aggrading recrystallization (Fig. 4C)wFelear dolomite rhombs are 235

also observed within the lime mud matrix. They adeotopic with 236

10



unequigranular fabric and range in size from 002105 mm. Also, few 237
pores and vugs are more or less filled with coarssaic spar as cement. 238
Interpretation: Bioturbated mudstones and wackestones with mtslévasil 239
diversity (ostracodes, pelecypods, gastropods, olidgid, other benthic 240
foraminifera, dasycladaceans, and sponge spicales)attributed to semi- 241
restricted lagoons (Colombie and Strasser, 20G)n& diversity is low and 242
normal marine fauna are lacking, except for ostlacshells, calcipheres and 243
dasycladacean algae, which indicate quiet, shdltemnditions such as a 244
lagoonal environment (Khalifa and Zaghloul, 199@pophycos burrows 245
indicate deep subtidal conditions. Similar faciesewhere in the geological 246
record have been interpreted as low energy sub-Wwase deposits (Markello 247
and Read, 1981). 248
4.4- Foraminiferal wackestone (FW) 249
Foraminiferal wackestone occurs at El Minediar&Ebiara. It occurs also at 250
the middle part of the Wata Formation in both Weditir and Wadi Hegni 251
(Gebel Hazim) where it attains a thickness of abddtm, and 12 m 252
respectively. It is composed of yellowish brownéistone, very hard, massive 253
with some chert nodules. This lithofacies is madseatially of skeletal 254
particles closely packed in a dark dense micritérimmaSkeletal particles are 255
represented by foraminiferal tests (e.g. miliolid@dosaria, textularia) and 256
some bioclastic grains (Fig.4D). Foraminiferal sesire represented by 257
benthonic type and forming about 30% of the roakn® of these tests are 258

susceptible to change to microspar by aggradingnogehism while their 259

11



internal structure is still well preserved. Biotlagrains account about 5% of 260
the rock. They are represented mainly by ostracealaks with curved shape 261
and size up to 0.20 mm (Fig.4D). Other elongatextlbstic grains, which 262
refers to molluscan particles, are also encounitefégy are replaced by 263
mosaic sparry calcite with straight intercrystaliboundaries with a size of 264
about 0.04 mm (Fig. 4D). 265
Interpretation: The common presence of benthonic foraminiferay. e. 266
miliolide indicates restricted water condition. usually occurs in shallow 267
water and back reef lagoon (Henson, 1950). Moredwélson (1975) has 268
found that miliolide are the most common foramirafearticles representing 269
the shallow restricted lagoon environments. Thiwofiacies was deposited in 270
deeper subtidal conditions. The presence of mugated texture, and the 271
apparent absence of wave and current structurggests that this facies was 272
deposited in a low energy environment below norwae base (Calvet and 273
Tucker, 1988; Tucker and Wright, 1990). The faud&fersity indicates a 274

stable open marine environment at moderate deptatacterized by the 275

accumulation of foraminifera and molluscan debris. 276
277
4.5- Pelletal foraminiferal packstone (PFP) 278

The pelletal foraminiferal packstone lithofaciessha wide distribution 279
throughout the Wata Formation. It is representedway horizons at Gebel 280
Shiti with a total thickness of 9.m. At Gebel Guntfas lithofacies occurs at 281

the lower part of the Wata Formation with a thickmevhich ranges from 2.0 282

12



to 9.0 m. Rocks belonging to this lithofacies araitish gray to creamy in 283
colour, well-bedded, hard and characterized by cetnizture in parts. In thin 284
section, this lithofacies is essentially made ugvell rounded micritic pellets 285
that originate from the extensive micritizationtbé foraminiferal tests. They 286
are well rounded, sorted, vary in size from 0.20.80 mm and are cemented 287
by microspar which forms the other foraminiferalstge (Fig. 5A). 288
Foraminifera are represented by benthonic formsh sas miliolide and 289
ostracodes. Most of the miliolide and ostracoderevextensively micritized 290
to the extent that the whole particles change tb drk grey, looks like, 291
pellets. Moreover, some relics of the milioliddIsiccur (Fig. 5A). They are 292
rounded in shape and have a size of about 0.30Rane. bioclastic grains as 293
well as crinoid plates also occurs. 294
Interpretation: The pelleted forminiferal wackestone that cordam more 295
restricted miliolides and ostracodes indicates Wshc water environment 296

(Mack and James, 1986). The predominance of micriteetween particles 297

reflects quiet water condition. 298
299
4.6- Sandy oolitic molluscan packstone (SOM P) 300

The sandy oolitic molluscan packstone is encoudtatehe lower part of the 301
Wata Formation both at Wadi Watir and Wadi Hegrelf@ Hazim) with a 302
total thickness of about 21 m (Fig. 2) Rocks beingdo this lithofacies are 303
light grey to yellowish grey in colour, medium-grad, hard, rich with 304

molluscan shell debris, and characterized by leagae cross-bedding at 305

13



Wadi Watir. The rock is made essentially of coasbtic skeletal particles 306
and detrital quartz grains packed in a coarse raosatrix (Fig.5B). Oolites 307
account for about 15% of the rock with a size reagl0.50 mm in diameter. 308
Some of these oolites suffer aggrading neomorpldspseudospare starting 309
from the core. Skeletal particles account for al®@% of the rock and are 310
represented by molluscs, echiniods, foraminifeests and algae with rare 311
bryozoan fragments (Fig.5B). Molluscan shell wallere replaced by 312
pseudospare as a result of aggrading neomorphmsaddition, some of them 313
show micrite envelopes around their shells as altre$ algal borings. Few 314
shell debris of the molluscan grains are subjedtedksilicification, i.e., 315
cryptocrystalline silica replaced the original $loélthe oyster fragments. Fine 316
to coarse-grained detrital quartz grains make 16f%e rock. These grains 317
show clear diagenetic feature where the grain perips are replaced with 318
calcite. Granular spare crystals as well as dradgite are acting as cement 319
while the massive spar that represents secondanemt, may be resulted 320
from the recrystallization of the original lime m(i€ig. 5B). 321
Interpretation: The sandy oolitic molluscan packstone grainstongs w 322
probably deposited in current or wave-agitatedishasubtidal environments 323
(Osleger and Read, 1991). The highly diversity bbchems (echinoids, 324
bryozoa, mollusca, peloids, ooids and intraclagislbedded in a sparry 325
calcite cement, point to an influence of shallomad more agitated water, 326
probably shoal area (Wilson, 1975 and Flugel, 1982)e association of 327

peloids, intraclasts and oolites reflects restdakoal deposits with moderate 328

14



to high circulation (Luninggt al., 1998a). The oolitic-intraclastic grainstone is 329

deposited in agitated, shallow subtidal water asrelief shoal (Tuckeetal., 330

1993). 331
332
4.7 - Calcisphere packstone (CP) 333

This lithofacies occurs in tA&ata Formation at El Giddi area. The rock is 334

yellowish white in colour with thickness of 24 mhé& rock consists of 335
calcispheres (35%), bioclasts (15%), algae (3%)neath spines (2%) and 336
lime mud matrix (Fig.5C). Calcispheres are comnand show a concentric 337
wall structure. Bioclasts are most probably derifredn algal skeletons. Few 338
algal fragments are observed and are representedabgd grains (oncolites). 339
Their internal cells are filled with micrite. Tlenbedding material is a lime 340
mud matrix (45%) and shows thin laminations andta@iomg few empty 341
pores (Fig. 5C). 342
Interpretation: The calcispheres assemblage is most typical ofludff 343
waters where turbulence is minimal, allowing thelape settling and 344
accumulation of planktonic foraminifera-rich oozéaftonet al., 1995; EI- 345
Azabi and Farouk, 2011). This assemblage may oatshallow depths in 346
partly enclosed basins where low-energy zones dpva the end of current 347
paths as found in Bass Basin, southeastern Auatr@Blom and Alsop, 348
1988). The presence of oncolite indicates resttictarine water or lagoon 349
(Peryt, 1977). However, a literature overview sgggehat two environments 350

were the main habitat of calcispheres, i.e. shallaater sheltered 351

15



environments and an open marine realm. Calcispherdgate well - 352
sheltered, very shallow water such as lagoonalk beef (Marszalek, 1975; 353
Kazmierczak, 1975 and1976). 354
4.8- Dolosparite (DSS) 355
In the Wata Formation, this lithofacies is représdrby three horizons that 356
occur between the pelletal foraminiferal packstithefacies at Gebel Shiti . 357
Each horizon has a thickness of about 1.50 mst atcurs at Gebel Hazim 358
(Wadi Hegni) with an average thickness of 5 m. Robklonging to this 359
lithofacies are greyish yellow to dark brown, hdvdirowed. The rock mainly 360
consists of well-defined dolomite rhombs (90-95%y aome unfilled pore 361
spaces. The matrix is mosaic sparry calcite withiza ranging from 0.16 to 362
0.24 mm. Most of the dolomite rhombs are of medgnained (0.08 mm) and 363
show hypidiotopic to xenotopic fabric and equigfdanuexture (Fig. 5D). 364
They are of rich inclusion type where they conttim threads of ferric 365
hydroxide along the rhombohedral cleavage. Vugs podks are mostly 366
unfilled while rare of them are filled with rounddd subrounded chert 367
nodules with size of about 0.8-0.16 mm. Thesedilpores that originally 368
may be formed due to burrowing organisms weredfillgth cryptocrystalline 369
silica. 370
Interpretation: This type of coarse-grained dolostone suggests pdtase of 371
dolomitization, since the coarse dolomite rhomlesiueually need long period 372
of time to be formed. This dolomite facies is ipteted to represent an 373

intermediate to late-diagenetic replacement doleniihe coarse crystal size 374

16



suggests a major, probably long lasting, dolomitiwaevent. Cloudy cores 375
represent replacive dolomite, whereas the cleas rare zoned dolomite 376
cements that occlude intercrystalline porosity (amn and Meyers, 1977 377
and Amthor and Friedman, 1991). This type includebmite cement and 378
dolomite replacing precursor cement. This doloryipe occurs together with 379
fine crystalline dolomite types. Paragenetic relaghips indicate that coarse 380
crystalline dolomite is later than fine crystallidelomite (Khalifa and Abu 381
El-Hassan, 1993) and contemporaneous (replaciveondtd). Coarse- 382
crystalline dolomites may occur as a replacemenlinoéstone during late 383
diagenesis in the deep subsurface (Machel and Aoderl989) and this 384
process may be controlled by the coarse-graineturexof the original 385

deposits that are being replaced during late degjsr{Folk and Land, 1975; 386

Sibley et al., 1993). 387
388
4.9- Dolomicrite (DM) 389

In the Wata Formation, the doicrite occurs only at Wadi Hegni (Gebel EI 390
Hazim) it is faint yellowish in color, thinly beddewith rare shell debris and 391
measures about 10 m in thickness. Mircroscopicdlhe rock of this 392
lithofacies consists mainly of very fine dolomiteombs (70-80%), as well as 393
some detrital quartz grains. Dolomite rhombs arealg hypidiotopic to 394
xenotopic with equigranular texture (Fig.6A). Threyge in size from 8 to 15 395

um and are mostly of inclusion rich type along thembohedral cleavage, as 396
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well as they are lacking zoning. Some unfilled ¥aad pore spaces with a 397
size of 0.20 mm in diameter are also recorded. 398
Interpretation: In many cases dolomicrite can form shortly afteposition or 399
as an early-stage replacement mineral in modermasdal and shallow 400
intertidal environments as found in the Recentreedis in Arabian Gulf 401
(Friedman, 1968; Shinn et al., 1965; Shinn, 1988g presence of this facies 402
within the carbonate facies reflect the lowering sea level during 403
sedimentation that permit the slight evaporationd amonsequent 404
dolomitization (Folk and Land, 1975). 405
4.10- Quartzarenite (QA) 406

In the Wata Formation, the gearénite lithofacies lies in the middle part 407
between the sandy oolitic packstone lithofacie§vadi Watir (Fig. 6B). In 408
thin sections, the rock consists of well sortedrgugrains accounting 95% of 409
the rock with rare feldspar grains and carbonat& foagments. The quartz 410
grains are medium- to coarse-grained, well round&ddy matrix is rarely 411
recorded as very fine dull grains. Quartz graine evunded and highly 412
compacted with tangential and suture contacts. Taege in size from 0.2to 413
0.4 mm in diameter. Most of the grains are highlgture and coated with 414
dark ferruginous material as thin films (Fig.6Bhelcementing materials are 415
represented essentially by silica overgrowths tbiah an equal envelopment 416
around the original quartz grains. The silica ovendhs are separated by 417

ferric oxide. 418
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Interpretation: The quartzarenite that is well sorted may be di¢pd on the 419
shore as dune and beach sands and may includshwearlittoral sand. Also, 420
quartzarenite can be found in the intertidal zonEhe presence of silica 421
overgrowths as cement indicates subaerial expasutlee sandstone and or 422
deposition in continental environment ,since mdghe silica overgrowths in 423
sandstones is considered second phase of cemangatievidenced by the 424
presence of iron oxides coating around quartz graihis phenomenon was 425
described in the quartzareintes that bound the gsié@oal sequences in 426
fluvial and fluviomarine facies (Saleet al., 1998 and Abdel Wahadt al., 427
1998). The northward thinning of the qaurtzarengiects the proximity of 428
this facies to terrigenous provenance south ansvaeds peripheries of basin. 429
4.11- Claystone lithofacies (CL) 430
Claystone lithofacies is recorded only in the méddhd upper parts of Gebel 431
Shiti in east central Sinai (Fig.2). In the ld@eality it forms the base of the 432
second cycle and the middle part of the last cyitleas a thickness varying 433
from 3.0 to 9.0 m. The rock is yellowish gray inlawar, highly with thin 434
laminae of gypsum as well as thin bands of ferragid sandstone 435
(quartzwacke). 436
Interpretation: The deposition of claystone may be occurred durapid 437
settling from suspension probably as consequena#agfflocculating from 438
concentrated suspension (Potter al., 1980) .The claystone can be 439
transported from cratonic area nearby the basimgwubsidence or increase 440

in sea level (Osleger and Read, 1991). 441

19



5. Discussion 442
The Wata carbonate platforntémtral and eastern Sinai show transitional 443
facies changes from southeast to northwest andoeaclassified into three 444
coeval environments. These are: inner-platform he southeast, inter- 445
platform basin in the middle and outer platformtive northwest (Fig. 7A). 446
This opinion is contradicted with Wilmsen and Na(f#12) who considered 447
that the depositional setting of the Cenomanian&n@nian in the southern 448
Galala plateau as a homoclinal carbonate ramp. dlassification is similar 449
to the opinion of Bauer et al. (2002) during theiudy of Turonian Wata 450
Formation in Sinai. The subdivision of the carbenplatform was affected 451
probably by the Syrian Arc System that was actwend) the Late Cretaceous 452
(Shahar, 1994: Walley, 1998). In Sinai, "Early Al@i transgression since the 453
Turonian resulted in the structural inversion adesl half grabens (Moustafa 454
and Khalil, 1990). 455
The inner-platform includes @klshiti, Gebel Gunna, Gebel EI Hazim 456
(Wadi Hegni) and Wadi Watir. The most pronouncetef® associations are 457
represented by lime-mudstone, dolosparite, dolatajcr ostracodal 458
wackestone, molluscan bioclastic packstone, sandlitico molluscan 459
packstone and quartzarenite. Such facies were Ipiyodaposited in shallow 460
subtidal to intertidal environments. These lithadac show vertical 461
arrangement in the form of fining-upward cyclesclicaycle commences with 462
sandy oolitic molluscan packstone, followed upwaither by molluscan 463

bioclastic wackestone and capped by lime-mudstonejolluscan bioclastic 464
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wackestone, capped by lime-mudstone. The verticalngement of such 465
cycles that show fining-upward cycles indicates ssidnce during 466
sedimentation. This may represent the foundatiagesof platform formation 467
(Szulezewzkiet al., 1996). The presence of coarse-grained and fineeygta 468
dolomite in the inner platform indicate vibratiom isea-level between 469
intertidal to supratidal during sedimentation. Toenmation of dolomite needs 470
shallowing water and sea-level fall to enable dolmation process to be 471
performed while the carbonate lithofacies indidagh-stand sea-level (Bauer 472
et al., 2002). At Wadi Watir, the oolitic packstone waswamulated vertically 473
forming the lower half of the sequence. Subseqtetie oolitic facies, the 474
quartzarenite facies was accumulated above theticodlacies. Their 475
deposition was occurred in shallow subtidal toriidal zone (Klein, 1970). 476
The quartz grains were derived from the exposederhast rocks in 477
southeastern side of the basin. The oolitic andtgaienite lithofacies were 478
deposited in high agitation water in shoal mariegresenting a barrier. Such 479
a barrier may represent the transition from theiirplatform to inter-platform 480
setting (Figs. 7A&7B). However, sediment transpodparse-grained 481
carbonates, and oolitic shoals are generally commwmlatforms during 482
highstand (James and Kendall, 1992). 483
The inter-platform basin occmorth of the inner-platform (Fig. 7A) and 484
occurs at El Mineidra El Kebira. In such restrickeasins, the lithofacies have 485
an average thickness of 93 m. In the inter-platfdvasin, the carbonate 486

succession comprises fining-upward cycles, eachwbich begins with 487
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bioclastic ostracodal packstone, bioclastic paclest@apped by wackestone 488
and lime-mudstone. Such facies associations refleoteased carbonate 489
production rates. Such fining-upward cycles mayicai local structural 490
control such as continuous subsidence during sedatien. The packstones 491
were deposited in shallow warm condition near thavev base, when 492
subsidence started the water condition was chaidepth, salinity, wave 493
action....etc.) which permit the sedimentation of kestone and lime- 494
mudstone. The presence of miliolids, ostracode estggsheltered and quiet 495
water condition (Wilson, 1975). 496
The outer-platform occurs at &eBiddi and is extended farther northwards 497
(Figs. 7A&7B). The lithofacies are entirely reprew® by calcisphere 498
wackestone/packstone, with a reduced thicknes® oh ZFig. 2). The outer 499
platform facies is made up of different lithofacie®.g.calcisphere 500
wackestone/packstone) that widely differ from theer and inter-platform 501
facies. The hemipelagic calcisphere wackestonefpack facies contains 502
decimeter-scale bedding and are arranged in 080 tom thick beds that are 503
massive, bioturbated and lack evidence of cyclid@gntacts between beds 504
are sharp and conformable. These lithofacies wepesited from suspension 505
(hemipelagic facies) and transported down slopgrhyity. This is similar to 506
the platform margin south-central Pyrenees, SpBirzgwiecki and Simo, 507
2000). The thickness of the outer-platform reaakl@s$o 93 m, more or less, 508
three times than the inner- and inter-platform.sTindicates that the rate of 509

subsidence in the outer-platform is greater tharerinand inter-platforms. 510
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These subsidence events in each section seem &l®an approximately 511
simultaneous through the entire area, although taeyhave very different 512
responses in each section. For example, a majmsidarre event can be 513
recognized in all sections in the Late Cenomarbanhthe local consequences 514
of that event were very different: even causirg dhowning of the previous 515
shallow platform, whereas in others was the opppsausing their uplift and 516
emersion. 517
Calcispheres are usually denatetiollow, spherical calcareous microfossils 518
of various origins. Some calcispheres were intégoree.g. as being 519
representatives of volvocacean algaez(Hi@rczak, 1976), reproductive cysts 520
of dasycladacean green algae (Marszalek, 1975plasdns (Antoshkina, 521
2006), or post-mortem calcified acritarchs gKaéerczak and Kremer, 2005). 522
Many of the Mesozoic and Cenozoic calcispheresnarme considered to be 523
calcareous dinoflagellate cysts (Keupp, 1981). Aeady pointed out by 524
Flugel (2004) and indicated by the above listedhenst, calcispheres 525
occurring in an open marine realm mostly represaraticareous 526
dinoflagellates, or organisms related to them, amedmost frequently reported 527
from Mesozoic rocks, whereas pre-Mesozoic calciggeseem to be 528
restricted to shallow-water environments. 529
6. Deepening platform 530
Basically, the deepening platfoof the Wata Formation is based on cycle 531
thickness, type of cycle, variable sedimentatidesaincomplete shallowing 532

to sea-level, and unconformities. The cycle thidenwill explains to some 533
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extent the accommodation space; the thick cycle méicate increase in 534
accommodation space and high rate of subsidendé thim cycle indicates 535
decrease in accommodation space. These phenomenbecexplained by 536
Fischer plots that they are conventionally drawrclyulative departure from 537
mean cycle thickness against cycle number (notlems 50) (e.g., Sadler et 538
al., 1993). In this way, thick cycle packages pesiy deviate from the mean 539
cycle thickness, and form the rising limbs of thetgy reflecting a long-term 540
increase in accommodation space; whereas thin @abtkages negatively 541
deviate from the average cycle thickness, and fdne falling limbs, 542
reflecting a long-term decrease in accommodatiatep 543
The type of the cycles in the studied carbonateiesece in platform in the 544
measured sections can explain the deepening ptatfdhe cycles in the 545
measured sections show fining-upward, some cyadgmlwith packstone and 546
capped by wackestone or lime-mudstone. Such typyakés were described 547
by Khalifa (1996) as submergence cycles, i. e., thgele begins with 548
deposition of packstones in shallow water, thenlofeéd upward by 549
subsidence that may resulted in the depositiorinefdrained facies and /or 550
deep water carbonate (wackestone). Incompletecstialy of see-level may 551
suggest the continuous subsidence during sedinmmtgirocess, even 552
lowering in sea-level, but it did not track theeraff subsidence. 553
Another important point is thme represented by unconformities. In the 554

platform under study, there are no erosional saddbrough the succession. 555

However, the stratigraphic gaps of the unconfoemsitat the base (intra late 556
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Albian) and the top (intra middle Cenomanian) oé tbequence set are 557
substantial, and can be considered in the analisithe hiatus represented in 558
these two surfaces are below the resolution of Wwstratigraphy, we 559
estimated a corresponding minimum time intervaDd@f my. However, this 560
value is tentative. Nevertheless, since the uncarif@s lie below and above 561
the stratigraphic successions considered, possibldification of the hiatus 562
estimates does not notably modify the results efahalysis. This point needs 563
to be considered when comparing these resultstivitbe published for other 564
basins. 565
The contact between the Cenomanian and Turonids ieaunconformable 566
that may be resulted from the non-deposition alarggrtain period of time 567
between them. This is evidenced by the absencéeoLate Cenomanian— 568
Early TuronianMammites nodosoides Zone (Bartowt al., 1980) or creatinga 569
stratigraphic gap in Sinai and Eastern Desert ofpEgBauer et al., 2003; 570
Farouk, 2015). A stratigraphic gap occurs across@fl boundary in large 571
parts of Sinai, apart from slope and basin depadsitshe subsurface of 572
northernmost Sinai (Jenkins, 1990). In north Sinkis gap is probably 573
related to submarine non-deposition or exposurasotated highs, which 574
reflect the initial pulses of the Syrian Arc moverte (Bartov et al., 1980; 575
Kuss et al., 2000). 576
Moreover, platform drowning reflected by the rapid deepening of the 577
depositional system during the post-CeSin 7 TSTossibly also influenced 578

the genesis of the stratigraphic gap, as drowndzboate platforms are often 579
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characterized by extreme condensation or long $estySchlager, 1999). For 580
example, platform drowning across the C/T boundargequence boundary 581
Sb5 was associated with a long stratigraphic gaphé Lower Turonian 582
Watinoceras coloradoense Zone (Philip and Airaud-Crumiere, 1991 and 583
Philip et al., 1998). As in Sinai, this gap waddaled by condensed deposits 584
in the Mammites nodosoides zone during the TST,thadcstablishment of a 585
new platform in the middle Turonian HST (Philip adgraud-Crumiere, 586
1991). In the Pyrenees, a shorter interval of gfroondensation and a 587
stratigraphic gap in the Early Turonian were alsused by platform 588
drowning (Drzewiecki and Simo, 1997). In this coutfét cannot be excluded 589
that drowning in Sinai started before the onseth&f post-CeSin 7 TST 590
deposits, and the stratigraphic gap may possiblyelsed to the drowning 591
phase. 592
7. Conclusions 593
Detailed studies of facies dadies associations of the Turonian Wata 594
Formation in central Sinai revealed the presencéhide coeval carbonate 595
platform environments: the inner-platform in theibeast, inter-platform in 596
the middle and outer-platform towards the northw@dte inner-platform 597
lithofacies occurs at Gebel Shiti, Gebel Gunna, éb&) Hazim and Wadi 598
Watir. The most pronounced facies associationsrepeesented by lime- 599
mudstone, dolosparite, dolomicrite, ostracodal watdne, molluscan 600
bioclastic packstone, sandy oolitic molluscan ptarkes and quartzarenite. 601

Such facies were probably deposited in shallow idabtto intertidal 602
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environments. These lithofacies show vertical ageament in the form of 603
fining-upward cycles. Each cycle commences withdgaoolitic molluscan 604
packstone at base, followed upward by molluscacléstic wackestone and 605
capped by lime-mudstone, or molluscan bioclastickeatone and capped by 606
lime-mudstone. 607
The inter-platform basin oxnorth of the inner-platform and occurs at EI 8 60
Mineidra El Kebira. The carbonate succession imdasin comprises fining- 609
upward cycles, each of which begins with bioclaststracodal packstone, 610
bioclastic packstone, capped by wackestone andringstone. Such fining- 611
upward cycles may indicate local structural contsoich as continuous 612
subsidence during sedimentation. The outer-plaifbasin occurs north of 613
the inner-platform and occurs at Gebel Giddi. Théeepplatform comprises 614
of entirely of calcisphere wackestone/packstonéauit remarked cyclicity. 615
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Figures Captions. 896
897

Fig. 1: Location and geologioap of the Sinai showing the location of the 898
studied sections of the Wata Formation. 899

Fig. (2): Lithostratigraphicroelation chart of the Wata Formation at the east00 9
central Sinai, showing its, lateral, vertical faci@ssociations, and thickness 901
variations (horizontal distance not to scale). 902
Fig. (3A): Filed photograph shogthe thin-bedded limestone of the Wata 903
Formation, forming the inter-platform along Sudr-HHitan Plateau. The 904
outcrop is 200 m long. Photograph is looking naést. 905
Fig (3B): Field photograph shogithe massive limestone rich in sponges, 906
characterizing the upper part of the Wata FormatSudr El-Haitan. 907
Fig. (3C): Field photograph shogvithe massive carbonate deposits of the 908
Wata Formation (60 m thick) that unconformably ¢resrand underlies the 909
Abu Qada and the Matulla formations, respectivelppping out at Ekma 910
Plateau. 911
Fig. 4A): A- Photomicrograph show fine dense and dark grey 912
microcrystalline calcite that contains rare forameiral skeletal particles 913

floating in the dense lime-mud, Lime-mudstone litaies, Wadi Hegni. 914
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Fig. 4B): Photomicrograph of tm®lluscan bioclastic packstone that made 915
up of sorted molluscan particles and showing preteorientation parallel to 916
the bedding plane. Most of the molluscan partickhilgt aggrading 917
neomorphism from their centers and coated with iteicenvelopes, 918
Molluscan bioclastic packstone lithofacies, WadgHie 919

Fig. 4C): Photomicrograph of thetracodal wackestone that comprises 920
ostracodes and peloids embedded in lime-mud maiiotice the partial 921
dolomitization of the lime-mud and the peloids, quwoing fine-grained 922
idiotopic to hypidiotopic dolomite crystals, Ostoglal wackestone 923
lithofacies, El Tih scarp (Gebel Shiti, Gebel Gun@abel Hazim and Wadi 924
Watir). 925

Fig. 4D): Photomicrograph shogvforaminiferal wackestone in which some 926
tests Heterohelix spp.) are scattered in a lime-mud matrix with esgmn of 927
bioclasts and pellets, Foraminiferal wackestorofacies, Wadi Watir. 928

Fig. 5A): Photomicrograph showithe pelletal foraminiferal packstone 929
lithofacies that consists of benthonic foraminiferad rounded to ovoided 930
pellets, embedded in lime-mud matrix. Notice tHeeseof miliolid partly still 931
preserved within the pellets, El Tih scarp (GebatiSGebel Gunna, Gebel 932
Hazim and Wadi Watir). 933
Fig. 5B): Photomicrograph showitig sandy oolitic molluscan packstone 934
lithofacies that consists of oolites, echinoide=yst and shell debris. Notice 935
the aggrading neomorphism of the lime-mud matrig Hre syntaxial calcite 936

overgrowth around echinoids, Wadi Hegni. 937
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Fig.5C): Photomicrograph of tlalcisphere packstone, in which the 938
calcispheres are round to spherical with associatib spongy spines and 939
debris of bioclasts, Calcispheres packstone, Gy and El Mineidra EI 940
Kebira. 941
Fig. 5D): Photomicrograph of th@osparite lithofacies that consists of well- 942
defined dolomite rhombs and some unfilled pore epaklost of the dolomite 943
rhombs are of medium-grained (0.08 mm) and showidyjopic to 944
xenotopic fabric and equigranular texture. Notioens ferrugination cutting 945
along cracks, El Tih scarp (Gebel Shiti, Gebel Gurteebel Hazim and Wadi 946
Watir). 947
Fig. 6A): Photomicrograph of h@omicrite that consists mainly of very fine 948
dolomite rhombs as well as some detrital quartmgrdolomite rhombs are 949
interlocked together usually lacking zoning and ibxhhypidiotopic to 950
xenotopic with equigranular texture, Wadi Hegni 08leEl Hazim). 951
Fig. 6B): Photomicrograph of tlg@artzarenite that comprises compact, 952
rounded to subrounded, medium- to coarse-graineattgjugrains, Wadi 953
Watir. 954

Fig. 7A): A schematic diagralmowing the possible lateral facies changes 955
and the subdivisions of the platform of the Watanfation. 956
Fig. 7B): Schematic diagram shuyvihe depositional environments of the 957
inner- , inter- and outer-platforms of the Watarkation in Sinai Peninsulain 958

northwest-southeast direction. 959
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Facies analysis of the Turonian Wata platform in Sinai.
Wata platform is classified into Inner-platform, inter-platform, outer-platform.
Different lithof acies associations have been deduced in each platform type.

Platform classification was probably performed by the effect of Syrian Arc System.

Deepening platform of the Wata Formation is based on the fining-upward cycles.



