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Abstract. In Yemen, the outcropping Cretaceous System consists of continental and marine clastics and carbonates which are distributed in three main lithofacies: continental (in the northern provinces), transitional (in the western parts of the southern provinces), and marine (in the eastern parts of the southern provinces). These are included within  the Tawilah Formation and Ahwar/Mahra Groups. The occurrence of the Tawilah Formation (Cretaceous-Paleocene) is restricted to the northern provinces. Its lower parts consist of continental (fluvial) sandstones (continental lithofacies) of Cretaceous age which constitute the Zone without diagnostic fossils. Its upper parts consist of alternations of non-marine and fossiliferous marine sandstones of Paleocene age which constitute the Pulsiphonina prima Zone. The subdivision of the Tawilah Formation into the “Ghiras”  (= Tawilah s. s) and “Medj-zir”  Members was based on the occurrence of marine fossils, therefore, these two members are informal and they were dropped and replaced by the Zone without diagnostic fossils and the Pulsiphonina prima Zone, respectively. The Ahwar/Mahra Groups are well developed in the Western and Eastern regions of the Southern provinces, respectively. They are laterally equivalent, interfinger, and bear fossils of Barremian-​Maastrichtian age. The Ahwar Group replaces the names Tawilah and “Ghiras” Groups in the Southern provinces. It consists dominantly of shallow marine clastics (transitional lithofacies) and includes the Qishn (limestone), Harshiyat (sandstone), and Mukalla (sandstone and shale) Formations. The Mahra Group consists dominantly of shallow marine carbonates (marine lithofacies) and includes the Qishn (limestone), Harshiyat (sandstone), Fartaq (limestone and marl), Mukalla (sandstone and shale), and Sharwayn (marl and limestone) formations.
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The Republic of Yemen embraces the southern corner of the Arabian Peninsula bordering the Red Sea and the Gulf of Aden (Fig. 1). It is a new country that resulted from the union of the former "Yemen Arab Republic" (North Yemen), and the former "People's Democratic Republic of Yemen" (South Yemen). In many cases, rock units in 

the two parts of Yemen represent a continuous natural sequence. The present work aims to compile the available litho- and biostratigraphic information on the outcropping Cretaceous System in Yemen and correlate the equivalent rock units applying the same terminology in its two parts.   In this study, I shall refer to the former "Yemen Arab Republic” as the northern provinces, and the former "People's Democratic Republic of Yemen" as the southern provinces.

Stratigraphic Development

Geologic studies on the northern provinces of Yemen commenced with the work of Botez [1], Beneyton [2], Lamare [3-6], and Roman [7]. Detailed work on the stratigraphy of the Cretaceous System was carried out by Lamare et al. [8] who introduced the Tawilah Series. Geukens [9; 10] traversed the country, measured sections, named formations and compiled available information on the geology of the northern provinces. Italconsult [11], El-Nakhal [12-15] and El-Nakhal and Abdulla (in Al-Subbary, [16]), Menzies et al. [17; 18], Al-Subbary et al. [19], and Davison et al. [20] provided important stratigraphical and sedimentological studies on the Cretaceous of Yemen.

In the southern provinces, the first geological studies were carried out by Carter [21], and Kossmat [22]. Little [23] provided the first stratigraphical and paleontological account for the Mukalla area. Detailed stratigraphical studies were made by Wetzel and Morton for the Iraq Petroleum Co. group in unpublished reports during the period 1948 -1950 (Beydoun [24; 25], Beydoun and Greenwood, [26]). The currently used stratigraphy of the southern provinces was established by Beydoun [24] who  described  group, formation, and member divisions of lithostratigraphic units, revised nomenclature by Wetzel and Morton, and incorporated new names.

Stratigraphy of the Outcropping Cretaceous System in Yemen

The outcropping Cretaceous System in Yemen consists of continental and marine clastics and carbonates which are distributed in three main lithofacies: continental, transitional, and marine (Fig. 1). These are included within the Tawilah Formation in the northern provinces, and the Ahwar/Mahra Groups in the southern provinces. 

Tawilah Formation

The term Tawilah was originally introduced as Tawilah Series by Lamare et al. [8] in which they included the sandstone sequence lying between the Middle-late Jurassic Amran Series, and the Tertiary volcanics. Also, Lamare et al. [8] included within their Tawilah Series the underlying marls, siltstones and shales which form the transitional beds (= Madbi/Sabatayn Formations). At that time the Tawilah Series was believed to be non-fossiliferous, correlated with the Nubia Sandstone, and on stratigraphical grounds it was assigned to the Cretaceous. However, in 1960, Geukens recorded marine
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recorded marine fossils of Eocene or Paleocene age in the upper parts of the Tawilah Series. Accordingly, he suggested to subdivide the Tawilah Series into a lower part corresponding to the continental sandstones, and an upper part corresponding to the marine sandstones. He also suggested to restrict the term Tawilah Series to the lower continental part, and he introduced the term Medj-zir Series to accommodate the upper marine sandstones. El-Nakhal [12] revised the original definition of the Tawilah Series, restricted it to the sandstone sequence lying between the transitional beds (Madbi/Sabatayn Formations) below, and the Tertiary volcanics above. He also gave the Tawilah a formational rank, and subdivided it into the Ghiras Sandstone Member (= Tawilah Series s. s.) to include the Cretaceous continental sandstones, and the Medj-zir Sandstone Member which includes the Paleocene marine sandstones. Recently, El-Nakhal  [14] changed   the name Mudj-zir so it became Mudjzer. El-Nakhal [15] pointed out that these two members consist of a similar sandstone sequence. Geukens [9; 10] and some researchers differentiated the Medj-zir Series from the underlying Tawilah Series s. s. (= Ghiras Member) on the basis of the occurrence of marine fossils. As rock units should be delineated on the basis of their observable lithic characteristics (North American Commission of Stratigraphic Nomenclature, [27], El-Nakhal [15] considered these two units as being informal and he dropped them from the stratigraphy of Yemen. Furthermore, El-Nakhal [15] replaced the Ghiras and the Medj-zir Members with the biostratigraphical units: the Zone without diagnostic fossils and the Pulsiphonina prima Zone, respectively.

The occurrence of the Tawilah Formation is restricted to the northern provinces of Yemen. Its type section lies in Jabal Al-Tawilah about 50 km northwest of Sana'a (lat. 15° 30' N, long. 43° 42' E), (Fig. 1). In its type locality the formation consists of about 300m of different types of sandstone. The lower contact with the Madbi/Sabatayn Formations is conformable, and the upper contact with the Yemen Volcanics is diachronous and conformable (Menzies et al., [17]. On the basis of its stratigraphical  position and fossil  content El-Nakhal [12-15] and El-Nakhal (in Al-Subbary, [16]) followed by Menzies et al. [17; 18], Al-Subbary et al. [19], and Davison et al. [20], assigned the Tawilah to the Cretaceous-Paleocene.

Subdivisions

A historical review of the stratigraphical subdivision of the Tawilah Formation in the northern provinces of the Republic of Yemen is shown in (Table 1). However, as mentioned above, the division of the Tawilah into the Ghiras (= Tawilah s. s.) and Medj-zir, was based on the occurrence of marine fossils rather than observable lithic characteristics, which violates the rules of stratigraphic nomenclature [27]. Therefore,   these subdivisions are considered informal and they are dropped from the stratigraphy of Yemen. In the present study, the Tawilah is treated as a formation divisible into two biostratigraphic units which are, in ascending order, the Zone without diagnostic fossils, and the Pulsiphonina prima  Zone, which replace the Ghiras (= Tawilah s. s.). and Medj-zir Members, respectively.
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Zone without diagnostic fossils: This zone includes the lower and the middle parts of the Tawilah Formation which consists of about 250m of continental (fluvial) sandstones. It was introduced by El-Nakhal [15] to replace the informal name Ghiras Sandsone Member (= Tawilah s. s.) of El-Nakhal [12] and subsequent workers. It contains few non-diagnostic fossils such as silicified wood and trace fossils. On the basis of its stratigraphic position, it is assigned to the Cretaceous. Lithically, the present biostratigraphic zone consists of a sequence  of white, yellow, occasionally brown, fine to coarse-​grained, usually gravelly, cross-bedded sandstone, with clay, shale and siltstone interbeds, and occasional hematitic nodules. The sequence is cut by numerous fissures and dikes fed by the Tertiary volcanics. In some localities, the zone includes in its middle part a brownish, ferruginous sandstone interval with  thickness ranging from few meters to some tens of meters. As this interval has a limited geographical distribution, it is considered as a key bed of local importance. Abdulla (in Al-Subbary, [16]),  followed by Menzies et al. [17; 18], Al-Subbary et al. [19], and Davison et al. [20], described the sandstones of the present zone as being deposited by braided rivers.

Pulsiphonina prima Zone: It was introduced by El-Nakhal [15] to replace the informal name Mudj-zir Series of Geukens [9; 10] and other researchers which violates the rules of stratigraphic nomenclature. It represents the upper part of the Tawilah Formation. Lithically, the zone consists of alternative sequences of marine and non-marine sandstones of about 120m of white, usually fine-to medium-grained, compact occasionally gravelly sandstones, with clay, siltstone, and shale interbeds. The uppermost part contains ferruginous, spherulitic concretions and nodules which appear to be a paleosol that covered the area before the extrusion of the Tertiary volcanics. The present  zone includes numerous marine fossils (Table 2) such as foraminifera, ostracods, internal casts of gastropods, brachiopods, echinoid spines, fish teeth, and trace fossils (mainly Thalassinoides suvicus), (Geukens, [9; 10], El-Nakhal, [12], El-Nakhal in Al-Subbary, [16]. The concurrent occurrence of this fossil assemblage indicates a Paleocene age (El-Nakhal, [12]). This age assignment was followed by Menzies et al. [17; 18], Al-Subbary et al. [19], and Davison et al. [20].

The occurrence of the Pulsiphonina prima Zone is restricted to the northern provinces of Yemen, mainly in the central and northern parts around Sana'a basin. This indicates that the Paleocene marine transgression, which came from the east or southeast (El-Nakhal, [12]), and led to the deposition of the fossiliferous sandstones of this biozone, was of a limited distribution (Geukens, [9; 10], El-Nakhal, [12]).

The Pulsiphonina prima Zone is correlatable with the Umm er Radhuma and Jeza limestones of the southern provinces of Yemen, Umm er Radhuma Formation of both Socotra Island (Yemen) and Saudi Arabia, Umm er Radhuma and the lower part of Rus Formation of the Oman Desert (Beydoun, [25], El-Nakhal, [12]).




Ahwar/Mahra Groups

In the southern provinces of Yemen, the Cretaceous System is represented by two main lithofacies which are laterally equivalent: (a) a marine lithofacies which is well developed in the east, consists of carbonates, and is included within the Mahra Group; and (b) a transitional lithofacies which consists of shallow marine clastics, occurs in the west between the marine facies (in the east) and the continental facies (in the northern provinces), and is included within the Ahwar Group.

The Ahwar Group was introduced by El-Nakhal [15]. It replaces the Tawilah Group of Beydoun [24; 25], Beydoun and Greenwood [26] and the Ghiras Group of El-Nakhal [13] in the southern provinces of Yemen. Its type area lies around Ahwar Village (lat.13° 33' N, long. 46° 37' E), (Fig. 1). It is a shallow-water to lagoonal-marine sequence consisting dominantly of varicolored, ferruginous, locally current-bedded sandstone, siltstone, marl, and shale with much conglomerate and scattered lenses of limestone containing fossils of Barremian to Maastrichtian age. The group is well exposed in the western parts and unconformably underlain by the Amran Formation or the Precambrian basement, and overlain by the Umm er Radhuma Formation. Beydoun [24; 25] subdivided the sequence of the present group into the Qishn, Harshiyat, and Mukalla Formations.

The Mahra Group on the other hand, was introduced by Wetzel and Morton in 1948, in unpublished report (cited in Beydoun and Greenwood, [26]. In its full development, it includes the marine equivalent of the Ahwar Group of the western parts. It thickens and grades from sandstones to carbonates eastwards. This group is fossiliferous and on paleontological evidence it was dated as Barremian-Maastrichtian. It is unconformably underlain by the Nayfa Formation, and overlain by the Umm er Radhuma Formation. Beydoun [24; 25] subdivided the Mahra Group into the Qishn, Harshiyat, Fartaq, Mukalla, and Sharwayn Formations.

Qishn Formation

This is the lowest formation for both the Ahwar and Mahra Groups. Lateral variation and intertonging occur between the successions of the formation in the two groups. It varies laterally between the two regions, being thinner in the west, with some clastics in the lower part. The Qishn Formation was introduced by Wetzel and Morton in an unpublished report prepared in 1948 (cited in Beydoun, [24; 25], Beydoun and Greenwood, [26]). Its type section lies in the Mahra at Ras Sharwayn, near Qishn (lat. 15° 25' N, long. 51° 37' E), (Fig, 1). A reference section for this formation in the western regions was designated at Jabal Rays near Al Mukalla (lat. 14° 35' N, long. 49° 08' E), (Beydoun, [24; 25], Beydoun and Greenwood, [26], Beydoun et al., [28]. At its type section, the Qishn Formation consists of 411m of fossiliferous limestone with marl interbeds. It begins with 5m of brecciated limestone which was taken as evidence of unconformity, followed upwards by gray, pink, granular, cherty, crystalline, platy, shaly, oolitic, well bedded, rubbly limestones with yellow, gray green, marl and shale thin interbeds. In the western regions, the reference section of the present formation attains a thickness of about 32m. The sequence includes a basal conglomeratic sandstone. This is followed by marl and fossiliferous, sandy, shaly, massive to well bedded limestone. Its lower contact with the Precambrian basement, or with the Upper Jurassic rocks is unconformable, whereas its upper contact with the Harshiyat Formation is conformable.

The Qishn Formation crops out in several localities along the coastal regions of the southern provinces. It was also detected in the subsurface of both the offshore and onshore areas of the southern provinces where it reflects the same characteristics of the formation in the outcrop (Beydoun et al., [28]). However, Beydoun et al. [28] pointed out that in the subsurface of Wadi Hadhramaut area, the Qishn Formation sand development was much greater and thicker than anticipated in an interval previously thought most likely to be dominated by carbonates and shale.

The Qishn Formation has yielded numerous fossils (Table 2), which date it as Barremian-Aptian (Beydoun, [25], Beydoun and Greenwood, [26], Beydoun et al., [28]. Beydoun et al. [28] equated the present formation with both the upper Kahma Group of Oman, and the upper Thamama Group of Saudi Arabia and the Gulf area.

Harshiyat Formation

The Harshiyat Formation is represented in both the eastern and western parts of the southern provinces  of Yemen. It was suggested by Wetzel And Morton in 1948, in an unpublished report (Beydoun, [24; 25]). Its type section lies in the western parts in Hadhramaut, at Jabal Al Rays (lat. 14° 35' N, long. 49° 08' E), (Fig. 1). A reference section for the Harshiyat Formation in the eastern parts was designated in Mahra and Masila, Tihayr area (lat. 15° 42' N, long. 50° 44' E), (Fig. 1). In its type area the present rock unit consists of 293m of fine to coarse, ferruginous, calcareous, friable to hard,  well bedded to massive, current-bedded sandstones with siltstone, shale, marl, dolomitic limestone, and recrystallized, fossiliferous limestone interbeds. This sequence of clastics contains two persistent limestone or dolomitic limestone interbeds, the lower of which constitutes the Rays Member, whereas the upper constitutes the  Sufla Member.  Both members pinch out westwards.

The reference section of the Harshiyat Formation in the eastern parts in Wadi Masila, consists of 195m of green, purple, brown, fossiliferous shale, and varicolored, partly calcareous, fine-to medium-grained, current-bedded, fossiliferous sandstone with marl and shale interbeds. This formation extends conformably between the underlying Qishn Formation, and the overlying Mukalla Formation. In its upper parts, the present rock unit bears numerous fossils (Table 2) and on paleontological and stratigraphical grounds it was dated as Albian-Cenomanian.

Rays limestone member: It was introduced by Beydoun [24] to accommodate a persistent limestone interval that lies in the lower part of the Harshiyat Formation. Its type section lies at Jabal Al-Rays near Mukalla, Hadhramaut (lat. 14° 35' N, long. 49° 08' E). The stratotype consists of 9m of gray to brown, bedded to semi-massive, coarsely recrystallized, partly dolomitic, occasionally slightly sandy, ferruginous, weathered reddish brown limestone. This member thins westwards and pinches out some 80 or 90km west of Al-Mukalla. Due to recrystallization, no recognizable fossils have been preserved. On the basis of its stratigraphical position the Rays Member was assigned to the Albian (Beydoun, [25], Beydoun and Greenwood, [26]).

Sufla limestone member: The present member was described by Wetzel and Morton in an unpublished report prepared in 1950 (Beydoun, [24]). The stratotype lies at the Ath Thil'ah as Sufla, 12km northeast of Mukalla, Hadhramaut (lat. 14° 37' N, long. 49° 10' E), (Fig. 1). It includes a marine limestone tongue occurring in the upper part of the clastics of the Harshiyat Formation. It consists of 16m of gray, crystalline, fine–to coarse grained, massive, fossiliferous limestone. This unit thins westwards. On the basis of its fossil content (Table 2) the present member was assigned to the Cenomanian (Beydoun, [25], Beydoun and Greenwood, [26]).

Fartaq Formation

The occurrence of the Fartaq Formation is restricted to the eastern regions of the southern provinces. It is a limestone-marl lateral equivalent of the upper horizons of the Harshyat clastics of the western regions. This rock unit was introduced by Wetzel and Morton in an unpublished report prepared in 1948 (Beydoun, [24], Beydoun and Greenwood, [26]). Its stratotype lies at Ras Fartaq, Mahra (lat. 15° 56' N, long. 52° 09' E), (Fig. 1) where it consists of 510m of fossiliferous limestone and marl with a basal shale bed. This formation is conformably underlain by the Qishn Formation, and overlain by the Mukalla Formation. The Fartaq Formation has yielded a rich assemblage of fossils which dates it as Albian to Cenomanian, to probable Turonian.

In Wadi Masila, the Fartaq Formation attains a thickness of 206m which represents the upper part of the type section. In this locality, the formation is divisible into three distinct units which were treated as members. These are, in ascending order, the Dha Sohis, Tihayr, and Maqrat Members.

Dha Sohis limestone member: This rock unit was introduced by Wetzel and Morton in 1948, in an unpublished report (cited in Beydoun, [24], Beydoun and Greenwood, [26]). The stratotype lies in Tihayr area, Wadi Masila, Mahra (lat. 15° 44’ N, long. 50° 45’ E), (Fig 1). It consists of 41.5m of fossiliferous marly, rubbly, yellowish, pale green limestone, with green, gypsiferous shale, and glauconitic marl interbeds, and chert nodules at the top. The present member is conformably underlain by the Harshiyat Formation, and overlain by the Tihayr Shale Member. The few fossils (Table 2) and the stratigraphical position of the Dha Sohis Member date it as Cenomanian. Beydoun [25] correlated the present member with the Sufla Member of the Harshiyat Formation in the western parts.

Tihayr shale member: It was suggested by Beydoun [24]. Its stratotype lies in Tihayr area of Wadi  MasiIa, in Mahra (Fig. 1). It consists of 69m of a series of fossiliferous green and purple shales, locally gypsiferous,  containing some bands of marly limestone and an interval of colored sandstone near the top. The lower contact with the Dha Sohis Member and the upper contact with the Maqrat Member are conformable. On the basis of the recorded fossils (Table 2) and the stratigraphical position, the Tihayr Member was assigned to the Cenomanian to possible Turonian age (Beydoun, [24; 25], Beydoun and Greenwood, [26]).

Maqrat limestone member: This member was described by Wetzel and Morton in an published report prepared in 1948 (Beydoun, [24; 25], Beydoun and Greenwood, [26]). The type section lies in the Maqrat area, Wadi Masila, Mahra (Fig. 1). It consists of 99m of fossiliferous limestone. Near the base it passes into dolomitic limestone, and at the top it becomes coarse, with thin streaks of marl. It extends conformably between the underlying Tihayr member, and the overlying Mukalla Formation. The recorded fossils (Table 2) and the stratigraphical position indicate a Cenomanian and probable Turonian age.

Mukalla Formation

The Mukalla is recognized in both the western and eastern parts of the southern provinces. It is the only formation which persists in the two parts without significant changes in the lithic characteristics. The Mukalla Formation was introduced by Wetzel and Morton in an unpublished report prepared in 1948, to include the clastic sequence directly underlying the Tertiary rocks in Hadhramaut. The stratotype lies in the western parts, in Mukalla, at Jabal Al-Rays (lat. 14° 35' N, long. 49° 08 E), (Fig. 1). It consists  of 165m of colored,  fine- to coarse-pebbly, current-bedded, friable to hard sandstones, with marl and siltstone interbeds. The current-bedded sandstones represent  fluvio-deltaic sediments which are barren of marine fossils. In the Ath Thil'ah as Sufla (lat. 14o 37’ N, long. 49o 10’ E), this formation includes a thin fossiliferous limestone bed underlain by a sequence of marls, and these form the Lusb Member. The Mukalla Formation thickens westwards. It conformably overlies the Harshiyat Formation and unconformaly underlies the Umm er Radhuma Formation.  The middle parts of this Formation bear an assemblage of Campanian fossils (Table 2). On stratigraphical and paleontological evidence it was considered to be of a probable Campanian to Maastrichtian age.

Lusb marl member: It was introduced by Wetzel and Morton in 1948, in an unpublished report as Lusb Formation. In 1964, it was emended by Beydoun who treated it as a member within the Mukalla Formation. The Lusb is a local member recognized only in its type locality at the Ath Thil'ah as Sufla, 12km of Mukalla (lat. 14° 37' N, long. 49° 10' E), (Fig. 1). It consists of 45m of yellowish green and ochreous, gypseous and soft marl, with marly sandstone interbeds, overlain by 5m of fine-to medium-grained, yellow, nodular weathering reddish brown, fossiliferous limestone. It conformably extends within the sandstones of the Mukalla Formation. On the basis of its fossil content (Table 2), the Lusb Member was dated as Campanian.

Sharwayn Formation

The Sharwayn is the top formation of the Mahra Group in the eastern parts of the southern provinces. It is not recognized as a separate formation in the equivalent Ahwar Group in the western parts. The formation grades westwards from limestone, through marl and limestone, to a marl, sequence. It was described in an unpublished report by Wetzel and Morton in 1948, and emended by Beydoun [24]. Its stratotype lies in Mahra, at Ras Sharwayn (lat. 15° 22' N, long. 51° 56' E), (Fig.1), where it consists of 66m of fossiliferous, yellow brown to olive green, soft marl, and shale with harder calcareous concretions, overlain by fossiliferous marly, crystalline, locally nodular, gray, hard limestone. It is conformably underlain by the Mukalla Formation, and overlain by the Umm er Radhuma Formation with probable disconformity. The formation has yielded numerous fossils (Table 2) which date it as Maastrichtian.

Paleogeography

The most important marine transgression in the geologic history of Yemen took place during the Middle-​late Jurassic when the sea advanced over the entire country and a thick calcareous sequence (of the Amran Formation) was deposited. At the end of the Jurassic, a sea regression commenced when the evaporites (of the Sabatayn Formation) were formed. This stage was followed in the southern provinces, by successive cycles of Cretaceous marine transgressions and regressions, whereas in the northern provinces continental conditions prevailed throughout this geological period. These conditions led to deposition of continental (fluvial) clastics of the Tawilah Formation (Zone without diagnostic fossils, continental lithofacies) in the northern provinces. In the southern provinces, the equivalent sediments consist of repeated  alternations of carbonates and clastics which tend to be clastic dominant in the west (Ahwar Group, transitional lithofacies), and carbonate dominant in the east (Mahra Group, marine lithofacies),     (Fig. 1).

In the southern provinces, the Cretaceous Period commenced with a marine transgression from the east, during which the Qishn carbonates and shales were laid down in the eastern and western parts. At the beginning of the Albian, the sea retreated and the lower parts of the Harshiyat clastics were deposited throughout the southern provinces. During the Cenomanian-Turonian, a  new marine  advance affected the eastern parts, where the carbonates and marls of the Fartaq Formation and its three members the Dha Sohis, Tihayr and Maqrat, were formed. In the western parts of the southern provinces, the effects of this phase of marine transgression were less prominent and the clastic facies of the lower parts of the Harshiyat Formation continued up to the Coniacian. During the Harshiyat time, the western regions were affected by two limited marine pulses which led to  deposition of the carbonates of the Rays (at the base) and the Sufla (at the middle) Members. At the Coniacian-Maastrichtian time, a new cycle of marine regression commenced and the clastics of the Mukalla Formation were formed. In the western parts of the southern provinces, these conditions continued up to the Paleocene, though it included a limited marine advance when the Lusb carbonates were laid down during the Campanian. At the Maastrichtian, a marine advance whose effects are restricted to the eastern parts, commenced and deposited the Sharawayn carbonates that cap the Mukalla clastics . This phase was followed by a marine regression separating the Mukalla (in west) and the Sharawayn (in east) Formations from the overlying Umm er Radhuma Formation by an erosinal surface.

The effects of these cycles of the Cretaceous marine transgressions and regressions, however, did not reach the northern provinces of Yemen. Instead, continental conditions prevailed and gravelly sandstones of the lower part of Tawilah Formation (= Zone without diagnostic fossils, continental lithofacies) were laid down by braided rivers. Later, during the Paleocene, tectonic movements affected the central regions of the northern provinces, and a narrow sea came from the east (or the southeast) which deposited the shallow marine fossiliferous sandstones of the upper parts of the Tawilah Formation (= Pulsiphonina prima Zone).

In the eastern parts of the southern provinces, the Paleocene is represented by a calcareous succession of the Umm er Radhuma Formation which is widely exposed in central Arabia, and widespread in the subsurface in the Rub' al Khali, eastern Arabia, and Arabian Gulf areas (Beydoun, [24; 25]. Geukens, [9; 10], Beydoun and Greenwood, [26], El-Nakhal, [12-15].

Summary and Conclusions

The present study led to the following conclusions:

1) The outcropping Cretaceous System in the Republic of Yemen is represented by three main lithofacies: (a) marine lithofacies: consists of marine carbonates, occurs in the eastern parts of the southern provinces, and  included within the Mahra Group which is subdivided into the Qishn (limestone), Harshiyat (sandstone), Fartaq (limestone and marl), Mukalla (sandstone and shale), and Sharwayn (marl and limestone) Formations; (b) transitional lithofacies: consists of shallow marine clastics, occurs in the western parts of the southern provinces, and included within the Ahwar Group which is subdivided into the Qishn (limestone), Harshiyat (sandstone), and Mukalla (sandstone and shale) Formations; and (c) continental lithofacies: consists of fluvial (braided rivers) clastics, found in the northern provinces, occupies the lower part of the Tawilah Formation, and constitutes the Zone without diagnostic fossils.

2) The Ahwar and Mahra Groups are laterally equivalent, interfinger, and bear fossils of Barremian-​Maastrichtian age.

3) The Tawilah is a formation extending in its age from the Cretaceous to the Paleocene. Its lower parts consist of continental (fluvial, braided rivers) sandstones of Cretaceous age which constitute the Zone without diagnostic fossils. Its upper parts consist of alternations of non-marine and fossiliferous marine sandstones which bear fossils of Paleocene age, and constitute the Pulsiphonina prima Zone.

4) As the subdivision of the TawiIah into the Ghiras (= Tawilah s. s.) and Medj-zir was based on the occurrence of marine fossils and geological age rather than lithic characteristics, the Ghiras and Medj-zir represent informal units and they are replaced by the Zone without diagnostic fossils, and the Pulsiphonina prima Zone, respectively.

5) The terms Tawilah and Ghiras Groups should not be applied in the stratigraphy of the southern provinces, and they are replaced by the Ahwar Group.
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مراجعة طبقية صخور العصر الطباشيري المكشوفة

في الجمهورية اليمنية
حامد أحمد النخال

قسم البيئة وعلوم الأرض، الجامعة الإسلامية، غزة،

ص. ب. (108)، غزة، فلسطين
E-mail < hnakhal@mail.iugaza.edu >
(قدم للنشر في 19/11/1421هـ؛ وقبل للنشر في 23/1/1424هـ)
ملخص البحث. تتكون صخور العصر الطباشيري المكشوفة في اليمن، من فتاتيات وكربونات بحرية وقارية موزعة في ثلاث سحنات صخرية وهي : سحنة قارية (توجد في المحافظات الشمالية)، سحنة انتقالية (توجد في الأجزاء الغربية من المحافظات الجنوبية) ، وسحنة بحرية (توجد في الأجزاء الشرقية من المحافظات الجنوبية) وُضعت هذه السحنات في تشكيلة الطويلة ومجموعتي الأحور/ والمهرة . ويقتصر وجود تشكيلة الطويلة (الطباشيري – الباليوسين) على المحافظات الشمالية. وتتكون أجزاؤه السفلية من صخور رملية قارية (نهرية) وهي التي تكّون السحنة القارية ، وتتبع في عمرها الجيولوجي العصر الطباشيري، وتكون النطاق الحيوي الخالي من الأحافير الهمة. أما أجزاؤها العلوية فتتكون من تتابعات متبادلة من الصخور الرملية القارية والبحرية التي تحمل أحافير والتي تتبع عهد الباليوسين ، كما أنها تكون النطاق الحيوي Pulsiphonina prima .

إن تقسيم تشكيلة الطويلة إلى عضوي الغراس (= الطويلة بمفهومه المحدود) ومجزر ، قد اعتمد على وجود الأحافير البحرية والعمر الجيولوجي ، ولم يعتمد على الخواص الصخرية ، وهذا يخالف قوانين التسمية الطبقية . لذلك فإن هذين العضوين قد أُسقطا من طبقية اليمن ، واستبدلا بالنطاق الخالي من الأحافير المهمة، ونطاق Pulsiphonina Prima، على الترتيب.

أما مجموعتا الأحور/ والمهرة ، فتوجدا في المناطق الغربية والشرقية من المحافظات الجنوبية، على الترتيب . وهما متساويتان في العمر الجيولوجي ومتداخلتان معاً وتحملان أحافير يمتد عمرها من البريمي إلى الماستريختي. وتحل مجموعة الأحور محل مجموعة الطويلة والغراس في المحافظات الجنوبية نظراً لأن استخدامهما لا يتفق مع قوانين التسمية الطبقية . وتتكون مجموعة الأحور في أغلبها من فتاتيات ترسبت في بيئة بحرية ضحلة وهي تكون السحنة الانتقالية. وتضم هذه المجموعة تشكيلات قشن (صخور جيرية)، وحرشيات (صخور رملية)، والمكلا (صخور رملية وطين صفائحي). أما مجموعة المهرة فتتكون في أغلبها من كربونات ترسبت في بيئة بحرية ضحلة. وتضم مجموعة المهرة تشكيلات قشن (صخور جيرية)، حرشيات (صخور رملية)، فرتك (صخور جيرية ومارل)، المكلا (صخور رملية وطين صفائحي) ، وشروين (مارل وصخور جيرية).
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Fig. 1. Index map of the Republic of Yemen showing location of stratotypes of Cretaceous lithostratigraphic units, and distribution of main lithofacies during the Cretaceous Period (based on data compiled from Geukens [9; 10], Beydoun, [24; 25], Beydoun and Greenwood, [26], Beydoun et al., [28], El-Nakhal, [12-15]: (1) type section of Tawilah Formation, (2) type area of Ahwar Group, (3) type sections of Mukalla Formation, Harshiyat Formation, Rays Member (Harshiyat Formation), and reference section of Qishn Formation in western parts of southern provinces, (4) type sections of Sufla Member (Harshiyat Formation) and Lusb Member (Mukalla Formation), (5) type section of Maqrat Member (Fartaq Formation), (6) type sections of Qishn and Sharwayn Formations, (7) type sections of Tihayr, and Dha Sohis Members (Fartaq Formation), and reference section of Harshiyat Formation in eastern parts of southern provinces, (8) type area of Mahra Group, (9) type section of Fartaq Formation.














Table 1. Historical review of stratigraphic subdivision and nomenclature of Tawilah Formation in northern provinces of Republic of Yemen
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Table 2. Range chart showing stratigraphical distrubution of recorded fossils in Cretaceous-Paleocene succession in Republic of Yemen; fossils occurring in Umm er Radhuma Formation are not listed; classification and correlation of Cretaceous System after El-Nakhal [15], (based on data compiled from Geukens, [9; 10], Beydoun, [24; 25], Beydoun and Greenwood, [26], El-Nakhal, [12-15], El-Nakhal in Al-Subbary, [16])
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