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Abstract 

The study of Coniacian and Santonian deposits in the Eastern Saharan Atlas (northeastern 

Algeria) spans two areas: the Tébessa Mountains (Essen section) and the Bellezma-Batna 

Mountains (Boukezez section). Despite their geological interest, these sedimentary series 

have not been the subject of any detailed study until now. This contribution offers a first 

integrated biostratigraphic and paleoenvironmental analysis, based on the joint study of 

macro- and microfossils, including macroinvertebrates, planktonic foraminifera, and 

ostracods. The dating of the formations is based on the identification of 26 species of 

planktonic foraminifera divided into 11 genera. Thus, the Coniacian is characterized by the 

Dicarinella primitiva and Marginotruncana sinuosa Zones, while the Santonian is defined by 

the Sigalia carpatica, Dicarinella asymetrica and Globotruncanita elevata Zones. Despite the 

paucispecificity of the Coniacian and Santonian marls in macroinvertebrates, a total of 23 

species of bivalves, 4 species of gastropods, 1 species of cephalopod and 5 species of irregular 

echinoids were identified. The quantitative analysis of this macrofauna allowed to distinguish 

several characteristic assemblages: (1) Agelasina plenodonta, Cucullaea, Oscillopha– 

Plicatula and Hemiaster fourneli– Paraesa faba Assemblages for the Coniacian; (2) Nuculana 

cf. mariae Assemblage for the Santonian. These marls also contain a microfauna rich in 

ostracods, with 55 species identified from a total of 10194 individuals. Statistical analyses 

(NMDS and PERMANOVA) allowed us to distinguish four distinct assemblages: (1) 

Cytherella aff. austinensis– Cytherella aff. contracta Assemblage and Cytherella ovata– 

Spinolebris yotvatensis Assemblage, in the Coniacian, (2) Cytherella aff. austinensis– 

Cytherella aff. elongata Assemblage and Paracypris aff. posteriusacuminatus– Ovocytheridea 

triangularis Assemblage, in the Santonian. All the quantitative data reveal a marked contrast 

between the Coniacian and Santonian stages. The Coniacian and early Santonian are 

characterized by low diversity, a predominance of smooth-shelled ostracods, and an 

abundance of globose and keeled planktonic foraminifera. The upper Santonian, on the other 

hand, is characterized by a decrease in diversity and an increased dominance of ornamented 

species, suggesting an ecological imbalance. An inverse relationship was observed between 

the abundance of ostracods and that of planktonic foraminifera. Furthermore, the complete 

absence of ostracods at the Coniacian– Santonian boundary coincides with a dominance of 

planktonic foraminifera and opportunistic benthic forms. Interpretation of the integrated 

results from both sections shows that the region underwent a progressive environmental 



 
 

evolution: from a shallow, warm, well-oxygenated, and nutrient-rich marine environment 

characterized by a hard bottom and stable substrates, but also by isolated environments, 

restricted faunal exchange, and a significant reduction in benthic habitats during the 

Coniacian, to a deeper, euhaline, nutrient-enriched environment with more compact and 

consolidated marly substrates, reflecting a shift toward more favorable climatic and 

environmental conditions during the Santonian. The observed decline in diversity in the Late 

Santonian could be attributed to climatic cooling. The transition between the two stages 

appears to be marked by a punctual environmental disturbance, reflecting moderate dysoxic 

conditions, without clear evidence of a global anoxic event (OAE3). The Essen and Boukezez 

sections exhibit comparable sea-level fluctuations and paleoenvironmental evolutions, 

influenced mainly by local tectonics. Furthermore, the opening of the Trans-Saharan route 

facilitated faunal connections between the eastern Tethys and the South Atlantic, promoting 

extensive biotic exchanges along the marine margins. This connectivity explains the 

similarities observed between the faunas of northeastern Algeria and those of adjacent regions 

of North and West Africa. 

Keywords : Coniacian- Santonian- Eastern Saharan Atlas- Batna-  Tebessa-  Biostratigraphy-  

Essen- Boukezez- Biozones- Paleoenvironmental. 

 

 

 

 

 

 

 

 

 



 
 

 

Résumé 

Les dépôts du Coniacien et Santonien dans l‘Atlas saharien oriental (nord-est de l‘Algérie) 

s‘étendent sur deux zones ; notamment les montagnes de Tébessa (section d‘Essen) et celles 

de Bellezma-Batna (section de Boukezez). Malgré leur intérêt géologique, ces séries 

sédimentaires n‘avaient, jusqu‘à présent, fait l‘objet d‘aucune étude détaillée. La présente 

contribution propose une première analyse biostratigraphique et paléoenvironnementale 

intégrée, fondée sur l‘étude conjointe de macro- et microfossiles, incluant les 

macroinvertébrés, les foraminifères planctoniques et les ostracodes. La datation des 

formations repose sur l‘identification de 26 espèces de foraminifères planctoniques réparties 

en 11 genres. Ainsi, le Coniacien est caractérisé par les Zones de Dicarinella primitiva et 

Marginotruncana sinuosa, tandis que le Santonien est défini par les Zones de Sigalia 

carpatica, Dicarinella asymetrica et Globotruncanita elevata. Malgré la paucispécificité des 

marnes coniaciennes et santoniennes en macroinvertébrés, un total de 37 espèces de bivalves, 

12 espèces de gastéropodes, 1 espèce de céphalopod, 37 espèces d‘oursins irréguliers et 10 

espèces d‘oursins réguliers a été identifié. L‘analyse quantitative de cette macrofaune a 

permis de distinguer plusieurs assemblages caractéristiques : (1) Agelasina plenodonta, 

Cucullaea, Oscillopha–Plicatula et Hemiaster fourneli–Paraesa faba Assemblages pour le 

Coniacien ; (2) Nuculana cf. mariae Assemblage pour le Santonien. Ces marnes renferment 

également une microfaune riche en ostracodes, avec 55 espèces identifiées sur un total de 

10194 individus. Les analyses statistiques (NMDS et PERMANOVA) ont permis de 

distinguer quatre assemblages distincts: (1) Cytherella aff. austinensis- Cytherella aff. 

contracta Assemblage et Cytherella ovata–Spinolebris yotvatensis Assemblage, au Coniacien,  

(2) Cytherella aff. austinensis- Cytherella aff. elongata Assemblage et Paracypris aff. 

posteriusacuminatus– Ovocytheridea triangularis Assemblage, au Santonien. L‘ensemble des 

données quantitatives révèle un contraste marqué entre les étages coniacien et santonien. Le 

Coniacien et le début du Santonien se distinguent par : une faible diversité, une prédominance 

d‘ostracodes à coquille lisse, ainsi qu‘une abondance de foraminifères planctoniques 

globuleux et carénés. La partie supérieure du Santonien, en revanche, se caractérise par une 

baisse de la diversité et une domination accrue d‘espèces ornementées, suggérant un 

déséquilibre écologique. Une relation inverse a été observée entre l‘abondance des ostracodes 

et celle des foraminifères planctoniques. En outre, l'absence totale d‘ostracodes à la limite 



 
 

Coniacien et Santonien coïncide avec une dominance des foraminifères planctoniques et des 

formes benthiques opportunistes. L‘interprétation des résultats intégrés des deux sections 

montrent que la région a connu une évolution environnementale progressive : d‘un milieu 

marin peu profond, chaud, bien oxygéné et riche en nutriments au Coniacien caractérisé par 

un fond dur et des substrats stables, mais aussi par des environnements isolés, un échange 

faunique restreint et une réduction significative des habitats benthiques  à un environnement 

plus profond et plus riche en nutriments au Santonien reflétant à la fois d‘une élévation 

régionale du niveau marin et d‘une transition vers des conditions climatiques et 

environnementales plus favorables, caractérisée par un refroidissement plus marqué des eaux 

superficielles par rapport aux eaux profondes, des substrats marneux plus compacts et 

consolidés, ainsi que des conditions pleinement marines et euhalines. Le déclin de la diversité 

observé dans la partie supérieure du Santonien pourrait être attribué à un refroidissement 

climatique. La transition entre les deux étages semble marquée par une perturbation 

environnementale ponctuelle, traduisant des conditions dysoxiques modéréessans preuve 

manifeste d‘un événement anoxique global (OAE3). Les sections d‘Essen et de Boukezez 

présentent des fluctuations du niveau marin et des évolutions paléoenvironnementales 

comparables, influencées principalement par la tectonique locale. Par ailleurs, l‘ouverture de 

la voie transsaharienne a facilité les connexions fauniques entre la Téthys orientale et 

l‘Atlantique Sud, favorisant des échanges biotiques étendus le long des marges marines. Cette 

connectivité explique les similitudes observées entre les faunes du nord-est de l‘Algérie et 

celles des régions adjacentes d‘Afrique du Nord et de l‘Ouest. 

Mots clé : Coniacien- Santonien- Atlas saharien oriental- Batna- Tébéssa- Essen- Boukezez- 

Biostratigraphie- Biozones- Paléoenvirenmentale.  

 

 

 

 

 

 



 
 

 

 ملخص

ججبي رجسخ : ِٕطمز١ٓ (شّبي ششق اٌجضائش)رشًّ دساسخ سٚاست اٌى١ٔٛبن ٚاٌسبٔز١ٔٛبْ فٟ أطٍس اٌصحشاء اٌششل١خ 

ٚسغُ أ١ّ٘زٙب اٌج١ٌٛٛج١خ، ٌُ رخضغ ٘زٖ اٌسلاسً اٌشسٛث١خ لأٞ دساسخ . (ِمطغ ثٛوضاص)ثبرٕخ -ٚججبي ثٍضِخ (ِمطغ إ٠سٓ)

رمذَ ٘زٖ اٌّسبّ٘خ أٚي رح١ًٍ ِزىبًِ ٌٍطجمبد اٌح٠ٛ١خ ٚاٌج١ئ١خ اٌمذ٠ّخ، اسزٕبدًا إٌٝ دساسخ ِشزشوخ . ِفصٍخ حزٝ ا٢ْ

٠ٚسزٕذ رأس٠خ اٌزى٠ٕٛبد . ٌلأحبف١ش اٌىج١شح ٚاٌصغ١شح، ثّب فٟ رٌه اٌلافمبس٠بد اٌىج١شح، ٚإٌّخشثبد اٌؼٛاٌم١خ، ٚاٌصذف١بد

   د٠ىبس١ٕ٠لا ثش١ّ٠ز١فب ٚ٘ىزا، ٠ز١ّض اٌى١ٔٛبس١ب ثّٕطمزٟ.  جٕسًب11 ٔٛػًب ِٓ إٌّخشثبد اٌؼٛاٌم١خ، ِمسّخ إٌٝ 26إٌٝ رحذ٠ذ 

 .ٚ لٍٛثٛرش٠ٕىبٔب اٌفبرب   ٚد٠ىبس١ٕ٠لا اس١ّ١زش٠ىب س١مب١ٌب وبسثبر١ىب ِٚبسج١ٕٛرش٠ٕىبٔب س١ٕٛصا، ث١ّٕب ٠ؼُشّف اٌسبٔزٟٛٔ ثّٕطمزٟ 

 ٔٛػًب ِٓ 37ٚػٍٝ اٌشغُ ِٓ ٔذسح رحذ٠ذ صخٛس اٌى١ٔٛبوٟ ٚاٌسبٔزٟٛٔ فٟ اٌلافمبس٠بد اٌىج١شح، فمذ رُ رحذ٠ذ ِب ِجّٛػٗ 

 ٔٛػًب ِٓ لٕبفز اٌجحش غ١ش إٌّزظّخ، 37 ٔٛػًب ِٓ ثط١ٕبد اٌمذَ، ٚٔٛع ٚاحذ ِٓ سأس١بد الأسجً، 12ٚرٚاد اٌصذفز١ٓ، ٚ

( 1): سّح اٌزح١ًٍ اٌىّٟ ٌٙزٖ اٌح١ٛأبد اٌىج١شح ثز١١ّض اٌؼذ٠ذ ِٓ اٌزجّؼبد ا١ٌّّضح.  أٔٛاع ِٓ لٕبفز اٌجحش إٌّزظّخ10ٚ

١ٔىٛلأب  رجّؼبد (2)ٌٍى١ٔٛبن؛  ثبسا١٠ضا فجب –ٚ ا١ّ٠بسزش فٛسٍٟٔ  ث١ٍىبر١لا –ٚاٚس١ٍٛفب  اجٍض٠ٕب ثٍٛٔذٚرب ٚوٛو١ٌٛب  رجّؼبد

 ٔٛػًب 55رحزٛٞ ٘زٖ اٌشٚاست اٌط١ٕ١خ أ٠ضًب ػٍٝ ِجّٛػخ ح١ٛا١ٔخ دل١مخ غ١ٕخ ثبٌصذف١بد، ح١ش رُ رحذ٠ذ . ِبس٠ب ٌٍسبٔزٟٛٔ

رح١ًٍ اٌزجب٠ٓ ِزؼذد  ٚ رحج١ُ ِزؼذد الأثؼبد غ١ش اٌّزشٞ)سّحذ ٌٕب اٌزح١ٍلاد الإحصبئ١خ .  فشدًا10194ِٓ أصً 

 – اٚرٕس١س س١ز١ش٠لا ِجّٛػخ (1): ثبٌز١١ّض ث١ٓ أسثغ ِجّٛػبد ١ِّضح (اٌّزغ١شاد ثبسزخذاَ إػبدح اٌزشر١ت اٌؼشٛائٟ

 س١ز١ش٠لا  ِجّٛػخ (2)؛  اٌى١ٔٛبس١ب فٟ .سج١ٌٕٛٛث١ش٠س ٠ٛرفبرٕس١س  - س١ز١ش٠لا اٚفبرب  ِٚجّٛػخ س١ز١ش٠لا وٛٔزشاوزب 

. اٌسبٔز١ٔٛب اٚفٛس١ز١ش٠ذ رش٠ٛٔم١لاس٠س ، فٟ  –ثبساس١جش٠س ثٛسزش٠ٛسى١ّ١ٕبر١س  ِٚجّٛػخ  س١ز١ش٠لا اٚفبرب  – اٚرٕس١س

٠ز١ّض اٌى١ٔٛبو١خ ٚاٌسبٔز١ٔٛخ اٌّجىشح . رظُٙش ج١ّغ اٌج١بٔبد اٌى١ّخ رجب٠ٕبً ٍِحٛظًب ث١ٓ اٌّشحٍز١ٓ اٌى١ٔٛبو١خ ٚاٌسبٔز١ٔٛخ

ِٓ ٔبح١خ أخشٜ، . ثبٔخفبض اٌزٕٛع، ١ّٕ٘ٚخ اٌصذف١بد ٍِسبء اٌصذف، ٚٚفشح ِٓ اٌفٛسا١ٕ١ِف١شا اٌؼٛاٌم١خ اٌىش٠ٚخ ٚاٌّحذثخ

ٌٚٛحظذ . ٠ز١ّض اٌسبٔزٟٛٔ اٌؼٍٛٞ ثبٔخفبض اٌزٕٛع ٚص٠بدح ١ّٕ٘خ الأٔٛاع اٌّضخشفخ، ِّب ٠ش١ش إٌٝ اخزلاي اٌزٛاصْ اٌج١ئٟ

ػلاٚح ػٍٝ رٌه، ٠زضآِ اٌغ١بة اٌزبَ ٌٍصذف١بد ػٕذ . ػلالخ ػىس١خ ث١ٓ ٚفشح اٌصذف١بد ٚٚفشح اٌفٛسا١ٕ١ِف١شا اٌؼٛاٌم١خ

٠ظُٙش رفس١ش إٌزبئج اٌّزىبٍِخ ِٓ . حذٚد اٌى١ٔٛبو١خ ٚاٌسبٔز١ٔٛخ ِغ ١ّٕ٘خ اٌفٛسا١ٕ١ِف١شا اٌؼٛاٌم١خ ٚالأشىبي اٌمبػ١خ الأزٙبص٠خ

ِٓ ث١ئخ ثحش٠خ ضحٍخ ٚدافئخ ٚغ١ٕخ ثبلأوسج١ٓ ٚغ١ٕخ ثبٌّغز٠بد، : ولا اٌمس١ّٓ أْ إٌّطمخ شٙذد رطٛسًا ث١ئ١بً رذس٠ج١بً

رز١ّض ثمبع صٍت ٚسوبئض ِسزمشح، ثبلإضبفخ إٌٝ ث١ئبد ِؼضٌٚخ ٚرجبدي ح١ٛأٟ ِحذٚد ٚأخفبض وج١ش فٟ اٌّٛائً اٌمبػ١خ 

خلاي اٌؼصش اٌى١ٔٛبسٟ، إٌٝ ث١ئخ أػّك ٚأوضش ٍِح١خ ٚغ١ٕخ ثبٌّغز٠بد ِغ سوبئض ط١ٕ١خ أوضش رّبسىًب ٚرّبسىًب، ِّب ٠ؼىس 

٠ّىٓ أْ ٠ؼُضٜ الأخفبض اٌٍّحٛظ فٟ اٌزٕٛع فٟ . رحٛلًا ٔحٛ ظشٚف ِٕبخ١خ ٚث١ئ١خ أوضش ِلاءِخ خلاي اٌؼصش اٌسبٔزٟٛٔ

٠جذٚ أْ الأزمبي ث١ٓ اٌّشحٍز١ٓ ٠ز١ّض ثبضطشاة ث١ئٟ ِزمطغ، ٠ؼىس ظشٚفبً . اٌؼصش اٌسبٔزٟٛٔ اٌؼٍٛٞ إٌٝ اٌزجش٠ذ إٌّبخٟ

٠ظُٙش لسّب إ٠سٓ  .(OAE3) ِؼزذٌخ ِٓ ٔمص الأوسج١ٓ، دْٚ ٚجٛد د١ًٌ ٚاضح ػٍٝ حذٚس ٔمص أوسج١ٓ ػبٌّٟ

ػلاٚحً . ٚثٛوضاص رمٍجبد ِّبصٍخ فٟ ِسزٜٛ سطح اٌجحش ٚرطٛساد ث١ئ١خ لذ٠ّخ، ِزأصشح ثشىً سئ١سٟ ثبٌزىز١ٔٛبد اٌّح١ٍخ

ػٍٝ رٌه، سًّٙ فزح اٌطش٠ك ػجش اٌصحشاء اٌىجشٜ اٌزٛاصً ث١ٓ اٌىبئٕبد اٌح١خ ث١ٓ ششق ر١ض١س ٚجٕٛة اٌّح١ظ الأطٍسٟ، 

٠فُسش ٘زا اٌزشاثظ أٚجٗ اٌزشبثٗ اٌٍّحٛظخ ث١ٓ . ِّب ػضّص اٌزجبدلاد اٌح٠ٛ١خ ٚاسؼخ إٌطبق ػٍٝ طٛي اٌٙٛاِش اٌجحش٠خ

 .ح١ٛأبد شّبي ششق اٌجضائش ٚح١ٛأبد إٌّبطك اٌّجبٚسح فٟ شّبي ٚغشة أفش٠م١ب



 
 

-اٌح٠ٛ١خ اٌطجمبد -صاثٛوض -إ٠سٓ -رجسخ -ثبرٕخ -اٌششلٟ اٚٞاٌصحش أطٍس -اٌسبٔزٟٛٔ -اٌى١ٔٛبس١بْ :المفتاحية الكلمات

 .اٌمذ٠ّخ اٌج١ئخ -اٌح٠ٛ١خ إٌّبطك
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The Coniacian and Santonian is the third and fourth of the six stages of the Upper 

Cretaceous. The Coniacian extends from -89.3 Ma to -85.8 Ma and the Santonian from 85.7 

Ma to -83.5 Ma. They represent a warm period with an average global surface temperature of 

over 20°C compared with around 15°C today (Salome 2015) and an ocean temperature in 

tropical areas of around 37°C compared with 28°C today in the tropical western Atlantic 

(Salome 2015). During these two stages, sea levels fell by 25 to 40 metres and environments 

became much shallower (Yahiaoui 1990). 

In the Tethys, the Coniacian and Santonian outcrops are well known thanks to numerous 

studies (France: Trouchetti- Gaspard, 1983- Babinot, 1983- Andrieu et al., 2019 - Leleu et al., 

2009 - Guiliano et al,  2006– Simo, 1986- Bilotte, 1985- Razin, 1989- Lasseur, 2009- Pomerol 

et al., 1983 ; Spain : Wilmesen et al., 1996, Wiese et Wilmesen, 1999 ; Morocco : Farah et al., 

2021 - Haddomi et al., 2015- Hadach et al., 2015 ; Algeria : Yahiaoui, 1990 - Laffite, 1939 – 

Billion, 1973- Cheriet– Dubourdieu, 1956, Bentaher et al. , 2023 , Benzerouel et al., 2024, 

Nemouchi et al., 2024 ; Tunisia : Perthuisot, 1979- Billot et al., 2005- Fournié 1978; Egypt: 

Bauer et al., 2001, Abdelhady et al., 2023). Generally, the results of these works reveal the 

carbonate nature of deposition. 

These works also reveal the fossiliferous character of these deposits and emphasize their 

rate the diversity in: Ammonite (France: Bilotte, 1983- Pomerol et al., 1983; Pomerol et al., 

1983; Trouchetti, 1983- Deramond et al., 1993, Fabre-Taxy, 1961, 1963; Collignon et al., 

1979, Spain : Wiese, 2000, Wiese, Wilmsen et al., 1996, Karrenberg, 1936, Wiedmann, 1960- 

1964, Martinez, 1982, Santamaria, 1992-1995, Mengand, 1920, Wilmesen, 1997, Wilmesen et 

al., 1996, Kauffman et al., 1996, Morocco: Agouti et al., 1999 - Haddach et al, 2015- Agouti 

et al., 1998, Algeria: Yahiaoui, 1990– Laffitte, 1939- Billion, 1973; Tunisia : Jacob, 1939- 

Gélard, 1969- Billot, 1985- Pellisier et al., 1988- Billot et al., 2005- Jacob, 1939- Gélard, 

1969- Billot, 1985- Pellisier et al., 1988- Billot et al., 2005- Rami, 1998- El Amri and 

Zeghbib-Turki, 2004- Robaszynski et al., 2000- Delbiez, 1956- Salaj, 1980- Bellier, 1983, 

Egypt: Bauer et al., 2001, Abdelhady et al., 2023). Bivalves; (Algeria; Cheriet et al., 2016 ,El 

Manai, 2009, Bentaher et al., 2023, Nemouchi et al., 2024). From Rudistes; (France; Guiliano 

et al., 2006, Bilotte. 1983- Pomerol et al., 1983– Algeria : Laffitte, 1939; Egypt : Bauer et al., 

2001). Of brachiopods; (France; Aspard, 198). In echinoderms; (Algeria; M. Cheriet et al., 

2016 - Laffitte 1939, Billion 1973); inocerams; (Germany; Voigt, 1954- Ernst 1963a. 1978- 
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Schulz,1978, Schulz et al., 1984– Ernst, 1963a, 1966- Ernst and Schulz, 1974, France; 

Deramond et al., 1993, Algeria; Cheriet-Laffite, 1939- Dubourdieu, 1956, Blès and Fleury, 

1970, Billion, 1973, Tunisia : Jacob, 1939- Gélard, 1969- Billot, 1985- Pellisier et al., 1988- 

Billot et al., 2005- Rami, 1998- El Amri and Zeghbib-Turki, 2004- Robaszynski et al., 2000- 

Delbiez, 1956- Salaj, 1980- Bellier, 1983- Iraq; Walaszczyk, William Cobban, 2007) bentic 

and planktonic foraminifera; (France: Bilotte, 1983; Pomerol et al., 1983; Trouchetti, 1983; 

Babinot, 1983–Malartre, Grosheny, 2005- Deramond et al., 1993, Morocco; Haddomi et al., 

2015- Agouti et al., 1999; Haddach et al, 2015- Agouti et al., 1998, Algeria; Yahiaoui, 1990 - 

Djaballah and Defaflia– Dubourdieu 1956– Sigal, 1967; Caron, 1966; Cheriet, Benzeroual et 

al., 2023, Bentahar et al., 2024, Nemouchi et al., 2025; Tunisia: Caron, 1966 – Perthuisot, 

1979– Rami et al., 1997– Rami, 1998- El Amri and Zeghbib-Turki, 1987- Zeghbib-Turki, 

2004- Robaszynski et al., 2000- Robaszynski et al., 1984- Delbiez, 1956- Salaj, 1980- Bellier, 

1983- Jacob, 1939- Gélard, 1969- Billot, 1985- Pellisier et al., 1988- Billot et al., 2005- 

Robaszynski and Caron, 1979- Weiss, 1983- Loeblich and Tappan, 1987- Nederbragt, 1990- 

Ayad et al., 1996- Matimati et al., 1991, Egypt: Bauer et al., 2001 , Iraq: Bakir and Kahtany, 

2020, Ukraine; Korchagin, et al., 2011) and ostracods; (France; Malatre, Grosheny 2005, 

Trouchetti 1983, Babinot, 1983, Morocco; Andreu et al., 2004, Haddomi et al., 2015- Agouti 

et al., 1999; Haddach et al., 2015- Agouti et al., 1998, Algeria; Cheriet et al., 2016, Billion, 

1973, Egypt; Bauer et al., 2001; Abdelhady et al., 2023). The Coniacian and Santonian 

macroinvertebrates of the Middle East and North Africa are generally rare and show low 

faunal diversity paucispecific, largely influenced by ecological or taphonomic factors. In the 

Hawashia Formation (Eastern Desert, Egypt) (Abdelhady et al., 2023), a relatively poor 

assemblage has been documented, comprising five bivalves, seven gastropods, two ammonits, 

and a single echinoid taxon. The poor preservation of shells heavily encrusted, bioeroded, and 

fragmented indicates prolonged exposure within the Taphonomic Active Zone, reflecting a 

shallow, low-energy, tide-influenced subtidal environment with low sedimentation under arid 

conditions. Ammonites confirm the Coniacian and Santonian age and display a cosmopolitan 

distribution across several continents, whereas most benthic taxa exhibit restricted geographic 

ranges, suggesting relatively low sea levels.Whereas the Coniacian deposits of Djebel Essen 

(Tébessa Mountains, northern Algeria) reveal a low-diversity macrofaunal assemblage 

dominated by bivalves, with fewer gastropods, cephalopods, and irregular echinoids. 

Quantitative analysis identified three benthic assemblages Agelasina plenodonta, Cucullaea, 

and Oscillopha–Plicatula. While the first two are infaunal, the Cucullaea assemblage is 

composed exclusively of suspension feeders, reflecting oligotrophic conditions and reduced 
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diversity, whereas epifauna dominate the Oscillopha– Plicatula group. All assemblage are 

paucispecific, and their limited diversity is attributed to sea-level retreat and the restriction of 

shallow marine habitats. The absence of evidence for the Coniacian anoxic event (OAE-3) 

supports its restricted development in the region. Nevertheless, the occurrence of taxa with 

regional and cosmopolitan affinities points to episodic connections with the Tethyan Ocean 

(Nemouchi et al., 2024). 

The results of these works demonstrate the value of studying this macrofauna and 

microfauna, particularly in the stratigraphic and biostratigraphic division of the interval in 

question and the establishment of standard biozonations. The dating of the Coniacian and 

Santonian stages of the Upper Cretaceous is mainly based on biostratigraphic criteria based on 

Ammonites, inoceramids, and planktonic foraminifera, which are widely used worldwide. The 

lower boundary of the Coniacian is characterized by the first occurrence (FO) of ammonites 

of the subgenus Texanites (Texanites), while the lower boundary of the Santonian is defined 

by the FO of the inoceramid Cladoceramus undulatoplicatus (=Platyceramus 

undulatoplicatus), which is the main biostratigraphic criterion recognized at the first 

symposium on Cretaceous stage boundaries (Birkelund et al., 1984). Ammonites, although 

excellent for dating in the Tethyan and Atlantic regions, are sometimes absent from boreal 

environments or restricted platforms, which justifies the use of inocerams, notably the species 

Cremnoceramus deformis erectus and Cremnoceramus rotundatus, which mark the 

Coniacian. At the same time, planktonic foraminifera play a crucial role, particularly in 

oceanic environments; the Coniacian is marked by species such as Dicarinella concavata, 

while the Santonian begins with the extinction of D. concavata and the appearance of 

Dicarinella asymetrica (Gradstein et al., 2020). These combined criteria allow for precise 

correlations between different paleogeographic domains (Kennedy et al., 1996). 

The Global boundary stratotype section and piont (GSSP) defines the base of Coniacien 

and comes in the carriage of Salzgitter-Salder, in Basse-Saxe (Allemagne). This new product, 

approved by the International Commission of Stratigraphy in 2005, corresponds to the initial 

application (FO) of the ammonite Forresteria (Fagesia) petrocoriensis, which consists of the 

main fossil reptile of this locality. This apparition is the correct correlative with the presence 

of the inocerame Cremnoceramus deformis erectus, which enables it to have a valid 

biostratigraphical and allow interconnected fissil correlations. The selection of the Salzgitter-

Salder section reposes on the continuation of the device (Kauffman et al., 2005). 
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At the Brussels symposium (1996), the Coniacian working group proposed a 

subdivision into three substages based mainly on inocerames and ammonites. Thus, the Lower 

Coniacian is defined by the first appearance of Cremnoceramus rotundatus (sensu Tröger, 

non Fiege), accompanied in Europe by the ammonite Forresteria (Harleites), while in North 

America Forresteria peruana and Forresteria brancoi appear. The Middle Coniacian begins 

with the first occurrence of the inoceramus Volviceramus koeneni (Müller), and, when 

ammonites are present, it is correlated with the appearance of Peroniceras (Peroniceras) 

tridorsatum. Finally, the Upper Coniacian is characterized by the first appearance of 

Magadiceramus subquadratus (Schlüter), which constitutes its main reference fossil. 

In the report of the Santonian Working Group at the Second Symposium on Cretaceous 

Stage Boundaries (Lamolda and Hancock, 1996), the (FO) of Platyceramus undulatoplicatus 

was confirmed as the primary marker of the base of the Santonian stage. The FO of Texanites 

(Texanites) was rejected because it appeared below the lower boundary of Platyceramus 

undulatoplicatus and had been cited in assemblages with inocerames normally considered 

coniacian (Lamolda and Hancock 1996). The FO of the planktonic foraminifer Sigalia 

carpatica was accepted as a secondary marker of the basal Santonian. It is widespread in the 

Mediterranean region of the Tethys, was associated with Inoceramu ssiccensis and Texanites 

in Tunisia, and in northern Spain (Navarre) its FO is very close to the lowest occurrence of 

Platyceramus undulatoplicatus.Three sections wereapproved as candidate GSSPs; Olazagutia 

Quarry (Navarra, Spain), Sea ford Head (Sussex, England) and Ten Mile Creek (Dallas, 

Texas). The results were published in a special issue of Cretaceous Research ―Stratigraphy of 

the Coniacian–Santonian transition‖ (vol. 28 no. 1,2007; Gallemi et al., Howe et al., Lamolda 

and Paul, Lamolda et al., Peryt and Lamolda), and another paper in Acta Geologica Polonica 

(Gale et al., 2007). 

The Olazagutia section was selected as the GSSP by the Santonian Working Group in 

November 2007 and was approved by the International Subcommission on Cretaceous 

Stratigraphy in September 2010. This decision was finally approved by the International 

Commission on Stratigraphy in April 2012 and ratified by the International Union of 

Geological Sciences in January 2013. 

According to the GSSP definition, the base of the Santonian Stage is placed in the lower 

part of the Dicarinella asymetrica Zone and corresponds to nannofossil Zone CC16 (Lamolda 

et al., 2014). At the GSSP reference section in northern Spain and at the Gubbio section in 
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Italy, the D. asymetrica Zone is positioned slightly lower, within the upper Coniacian 

(Lamolda et al., 2014; Coccioni & Premoli Silva, 2015). Lamolda et al. (2014) proposed that, 

in paleotropical regions, the boundary can be broadly recognized by the (FO) of D. 

asymetrica. Conversely, in other Neo-Tethyan regions, particularly the Middle East, the (LO) 

of  D. asymetrica has also been widely used to approximate the base of the Santonian (Caron, 

1985; Premoli Silva & Sliter, 1995; Robaszynski et al., 2000; Petrizzo, 2000, 2002; Sari, 

2006; Farouk & Faris, 2012; Gradstein et al., 2012; Farouk et al., 2016). However, Meilijson 

et al. (2014) suggested placing this boundary slightly higher in the stratigraphic record. 

The Coniacian– Santonian boundary CSB is formally defined at the Cantera de Margas 

section Spain, where the first occurrence of Platyceramus undulatoplicatus provides the 

primary marker. Additional reliable bioevents include the FO of Lucianorhabdus cayeuxii, 

Platyceramus cycloides, and the LO of P. undulatoplicatus, while the FO of Sigalia carpatica 

occurs slightly below the boundary,  the D. asymetrica Zone is taken lower down in the upper 

Coniacian (Lamolda et al. 2014; Coccioni and Premoli Silva 2015). However, Lamolda et al. 

(2014) used the first common occurrence of D. asymetrica to define broadly the base 

Santonian in the paleotropics. Calcareous nannofossils, such as Lucianorhabdus inflatus, 

further refine biostratigraphic resolution. Stable carbon isotopes show no major excursion but 

record a gradual decline, with the CSB lying just above a minimum bracketed by the Peak 3 

and Michel Dean events (Lamolda et al., 2014). Integration of these biostratigraphic and 

isotopic signals provides a robust framework for regional and interregional correlation, 

linking Olazagutia with both temperate and Tethyan provinces. 

The Coniacian and Santonian interval marks a critical phase in the Late Cretaceous, 

representing the cessation of the Oceanic Anoxic Events (OAEs), specifically OAE 3 

(Jenkyns, 1980; Arthur et al., 1990; Hofmann et al., 2003). This event is generally considered 

a regional Atlantic phenomenon, predominantly shaped by variations in the climate ocean 

system (Wagreich, 2009) and further modulated by eustatic sea-level changes (Slipper, 2005). 

During this time, significant paleoenvironmental and paleoecological transitions occurred, 

which are traceable through fossil assemblages, particularly microfossils such as foraminifera 

and ostracods. Ostracods, owing to their sensitivity to environmental changes and excellent 

preservation potential, have long been employed as robust proxies in reconstructing past 

marine environments (Bismuth et al., 1995; Boomer et al., 2003; Whatley et al., 2003; 

Gebhardt and Zorn, 2008; Andreu et al., 2013; Trabelsi et al., 2015; Jomaa-Salmouna et al., 

2017; Piovesan et al., 2020; Sayed et al., 2022). Importantly, a major planktonic foraminiferal 
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turnover at the end of the Santonian has been linked to tectonically induced circulation 

changes (Ando et al., 2013), brief cooling episodes (Huber et al., 1995; O‘Brien et al., 2017), 

ecological competition, and the ecological reorganization following OAE3 (Petrizzo et al., 

2022; Schlanger and Jenkyns, 1976; Wagreich, 2009, 2012).  

Although Coniacian and Santonian outcrops are widespread and readily accessible in 

eastern Algeria, these stages have received limited scientific attention to date. Apart from the 

foundational works of Pervinquière (1902), Dubourdieu (1956) and Kazi-Tani (1970), the 

deposits of this interval have been described only in broadterms, without the establishment of 

a high-resolution biostratigraphic framework or a detailed characterization of the Coniacian 

and Santonian transition. The stratigraphic succession for this interval thus remain spoorly 

constrained, primarily due to the scarcity of detailed paleontological investigations and a 

reliance on macrofaunal markers, particularly ammonites (Dubourdieu, 1956; Nemouchi et 

al., 2024). The presence of genera such as Muniericeras, Peroniceras, and Forresteria 

provides only broadage constraints and fails to precisely define the Coniacian–Santonian 

boundary. This challenge is further compounded by the absence of radio metrically calibrated 

data and the occurrence of Turonian taxa interming led with in Coniacian strata, complicating 

regional correlations. Dubourdieu (1956) wasamong the first to provide a preliminary 

description of the macrofaunal assemblage in the southern Constantine province, basinghis 

subdivision mainly on inoceramid bivalves (Chriet, 2016). In this context, the Lower 

Santonian of the Constantinois and the Mellegue Mountains is typically dated by the 

occurrence of Platyceramus undulatoplicatus, as endorsed by the Brussels symposium (1996), 

while the Middle Santonian is characterized by Platyceramus aff. ahsenensis, no inoceramids 

have been reported from the Upper Santonian. Given these limitations, Microfossil based 

approaches, particularly those relying on planktonic foraminifera, provide a refined tool for 

both age determination and palaeoenvironmental reconstruction. However, previous studies 

conducted on these deposits in the Bellezma– Batna Mountains (Savornin, 1920; Laffitte, 

1935, 1939; Coquand, 1862; Kazi-Tani, 1970; Billion, 1972, 1973; Guiraud, 1973; Villa, 

1977; Péron, 1883, 1986; Yahiaoui, 1990; Harkat and Delfaud, 2000) and in the Mellegue 

Mountains of Tébessa (Dubourdieu, 1956; Pervinquière, 1902; Kazi-Tani, 1970) have largely 

focused on lithostratigraphic and macrofossil descriptions. These contributions, while 

valuable, do not establish a high-resolution biostratigraphic framework for the Coniacian and 

Santonian interval, nor do they clarify the critical palaeoenvironmental and faunal events that 

mark the transition between these two stages. Moreover, since the work of Laffitte (1939), the 
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limited and the passage between the two stages remains difficult to distinguish. He places it 

either at the disappearance of the Coniacian faunas, or at the appearance of the Santonian 

faunas, and he explains certain understandings by lack of sediments and stratigraphic gaps. 

The only notable contribution dates back to Yahiaoui (1990), whodescribed six ostracod 

species from the lower Coniacian of the Boukezez region. Subsequent intervals, particularly 

the late Coniacian to Santonian, have yet to besy stematically explored. 

In recent years, numerous studies have proposed biozonations for Late Cretaceous 

calcareous planktic foraminifera (e.g., Roth, 1973; Sissingh, 1977; Caron, 1985; Robaszynski 

and Caron, 1995; Robaszynski et al., 2000; Sari, 2006; Farouk and Faris, 2012a, 2012b; 

Elamri et al., 2014; Farouk, 2014a, 2014b; Farouk et al., 2016a, 2016b; Jaff et al., 2015; 

Farouk et al., 2017a, 2017b; Petrizzo, 2019; Faris et al., 2019a, 2019b; Fang et al., 2020a, 

2020b). Similarly, ostracod-based paleoenvironmental reconstructions have been extensively 

conducted in North and West Africa (e.g., Bismuth et al., 1978; Carbonel and Colin, 1982; 

Peypouquet et al., 1983; Carbonel and Colin, 1982; Bassiouni and Luger, 1990; El Waer, 

1992; Elewa et al., 1998, Elewa et al., 1999; Bassiouni et al., 2000; Morsi and Speijer, 2003; 

Elewa, 2004, 2005, Elewa, 2007; Elewa and Morsi, 2004; Ismail and Ied, 2005a, 2005b; 

Morsi et al., 2008; Amami-Hamdi and Ben Ismail-Lattrache, 2013; Amami-Hamdi et al., 

2014, 2016; Sayed et al., 2022), demonstrating their utility in reconstructing 

paleoenvironments and paleowater depths (Southward et al., 2004; Morsi et al., 2016; 

Youssef et al., 2017; El Baz and Khalil, 2019; Elewa and Abdelhady, 2020). 

Within this context, the present study undertakes an integrated biostratigraphic and 

palaeoenvironmental analysis of the Essen Formation (Tébessa) and Boukezez Formation 

(Batna) NE Algeria, areas where previous research has largely focused on the Cenomanian–

Turonian interval (e.g., Naili et al., 1995; Salmi-Laouar et al., 2018). The Coniacian and 

Santonian succession in these regions, historically described as a thick marly-limestoneseries 

(Durozoy, 1956, Benzeroual et al., 2023, Bentaher et al., 2024, Nemouchi et al., 2024 and 

2025), remains largely unexplored in terms of its microfossil content. 

This study provides the first detailed palaeontological and lithological data from the 

Coniacian and Santonian deposits of the Essen Formation in Tébessa and the Boukezez 

Formation in Batna (northeastern Algeria). It aims to fill existing stratigraphic gaps and 

reconstruct the palaeoenvironment during these two geological periods.
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1. Introduction 

In the Eastern Saharan Atlas, the Coniacian and Santonian deposits exhibit continuous, 

well-exposed outcrops with an average thickness of approximately 2000 meters (Dubourdieu, 

1956; Kazi-Tani, 1970; Guiraud, 1973; Ben Mansour, 2009, Bentaher, 2024). This segment of 

the Upper Cretaceous is predominantly composed of fossiliferous carbonate rocks, notably 

rich in inoceramid bivalves and ammonites, which serve as key biostratigraphic markers 

(Laffite, 1939 ; Yahiaoui, 1990, El Manai, 2009, Bentaher, 2024). Despite numerous studies 

conducted in the Bellezma–Batna (Laffite, 1939 ; Yahiaoui, 1990)  and the Mellegue 

(Tébessa) ranges (Dubourdieu, 1956; Kazi-Tani, 1970; Guiraud, 1973; Ben Mansour, 2009), 

most have not provided a high-resolution biostratigraphic frame work or clarified the events 

marking the Coniacian and Santonian transition. A Batna, The dating of these successions is 

primarily based on ammonite studies conducted by Yahiaoui (1990). The lower Coniacian is 

identified by the first appearance of Barroisiceras haberfellneri (Hauer, 1866), while the early 

Coniacian is marked by the presence of Tissotia sp., The Santonian stage is characterized by 

the occurrence of Mortoniceras texanum Roemer, 1852, at its base and Placenticeras syrtale 

Morton, 1834, at its top. To our knowledge, no additional biostratigraphic markers indicating 

the Coniacian/Santonian boundary have been observed in the Bellezma-Batna Mountains. 

Since Laffitte‘s (1939) work, the boundary between these stages has remained ambiguous, 

being variably defined by the disappearance of Coniacian faunas or the emergence of 

Santonian assemblages, a situation likely compounded by sedimentary gaps. In Tébessa, 

Durozoy (1956) described a thick, monotonous sequence of dark marls (250 m), with the 

lower two-thirds (Coniacian) characterized by fossiliferous ochre lumachelles, and the upper 

part (Santonian) comprising more calcareous levels. The benthic fauna is abundant and 

diverse, including species such as Hemiaster fourneli, Plicatula ferryi, Ostrea maresi, and 

Pgenodonta vesicularis. Furthermore, micropaleontological evidence suggests that portions of 

strata previously assigned to the Coniacian may, in fact, belong to the Turonian. This interval 

corresponds to a phase of global sea-level highstand, which triggered widespread shallow-

marine transgressions across the North African margin of the Tethys Ocean, resulting in the 

deposition of thick, fossil-rich marly-limestone sequences in a warm, shallow epicontinental 

sea. 
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2. Presentation and objectives : 

In our study area, we are particularly interested in the Coniacian and Santonian stratigraphic 

interval in the Bellezma–Batna Mountains and the Tébessa Mountains (Mellegue) regions, 

located in northeastern Algeria. Several multidisciplinary studies were applied, including: 

• A detailed lithological description and analysis of the deposits traversed by the sections 

studied; 

• The identification of the main biostratigraphic markers (foraminifera, inoceramides, 

ammonites) with a view to establishing a precise chronological frame work accompanied by 

detailed biozonations; 

• Analysis of the stratigraphic distribution of the various taxa identified, comparing them with 

their related taxa along the southern margin of the Tethys Sea; 

• A descriptive and systematic study of all identified species; 

• Interpretation of their paleoecological significance and life adaptation; 

 • The study of dispersal patterns, diversification dynamics, and the composition of faunal 

assemblages; 

• The analysis of the response of ostracods to environmental changes and ecological 

fluctuations; 

• The reconstruction of the biogeographic distribution of faunas between the Mellegue and 

Bellezma–Batna basins, and more broadly within the southern bank of the Tethys; 

• Finally, the reconstruction of the paleoenvironmental conditions that prevailed during this 

Late Cretaceous interval in northeastern Algeria. 

3-  Geographical seetings 

The study region is part of the Eastern Saharan Atlas, and more specifically the Batna 

Mountains (Boukezez section) and the Mellegue Mountains of Tébessa (Essen section). 

(Figure.1) 

The Essen section studied belongs to the commune of Bir Mokadam, approximately 

40 km west of the town of Tébessa near the RN 83, bordered by Djbele Essen to the north and 

Djbel Gaagaa to the south. The base of the section studied has coordinates (35°25'10.0"N 

7°53'42.8"E / N35°24'59" 7°53'29"E). It runs NE-SW. 

The Boukezez section with geographical coordinates (35°30'43.6"N 6°00'55.1"E/ 

35°30'41.5"N 6°01'08.4"E) exposed in Batna in the Bellezma-Batna mountains in NE Algeria; 
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on the right bank of the CW161 road, approximately 6.5 km east of the town of Chebat Ouled 

Chelih. It runs NW-SE. 

 

Figure. 01: Geographical position of the two sections surveyed; the Essen section of Tébessa 

and the Boukezez section of Batna. 

4. Geological seeting 

The study area belongs to the Eastern Saharan Atlas, which extends to the Tunisian border. 

This eastern part of the range is characterized by the presence of the Mellegue Mountains as 

well as the Aurès, Batna and Nementcha massifs (KaziTani, 1986, cited in Bettahar, 2003). 

These reliefs are part of a subsiding basin of Mesozoic age, located between the Saharan 

plateau to the south and the pre-Atlas zone to the north (Figure. 2). This study focuses 

specifically on the sectors of Tébessa, corresponding to the Mellegue Mountains, and Batna, 

associated with the Bellezma–Batna Mountains (Figure. 3). 
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Figure. 2 : Structural map showing the position of the Bellezma and Mellegue 

mountains (Herkat, 2007). 

 

Figure. 3 : Geological map of the Eastern Saharan Atlas Modified from Vila (1980) and 

Haddouche et al. (2014) 
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4.1. The Tébéssa region 

North of Tébessa, the Mellegue mountains form a transition zone between the Tell to 

the north, the Aurès and the Saharan plateau to the south, the Bellezma-Batna mountains to 

the west and the Tunisian Atlas to the east. 

Its palaeogeographic context necessarily inherits the tectonic-sedimentary past of these 

different areas. It is covered by the 1:50,000 geological maps of Morsott and Tébessa. This 

region lies between the major relief chains of the Mellegue mountains to the north and the 

Tébessa mountains to the south. 

The broad outlines of the geology of the Tébessa region are well known thanks to the 

many geological studies and notes already published. These are mainly Meso-Cenozoic 

deposits and various Quaternary epicontinental and continental overlays (Othmanine, 1987, 

Dubourdieu & Durozoy, 1950; Dubourdieu, 1956; Laffitte (1939) and Glangeaud (1932) 

Belhai et al. (1990); Castany, 1951; David, 1956; Kazi-Tani, 1986). Thibiéroz & Madre, 

(1976); Rouvier et al. (1985); Ohmanine, (1987); Perthuisotet al. (1987); Aoudjehane et al. 

(1992); Bouzenoune (1993); Bouzenoune et al. (1995) and Kowalski & Hamimed (2000), All 

these formations are pierced by Triassic formations with lagoonal facies. The absence of 

Jurassic and Lower Cretaceous formations prior to the Barremian in the region is explained by 

the existence of pre-aptian diapiric movements which caused bulges (Othmanine, 1987; 

Beghoul, 1974). The Lower and Upper Cretaceous outcrops are widespread in the Tébessa 

region and extend over vast areas. The only outcrops attributed to the Barremian are found 

and dated NE of the Ouenza region, at Djebel Herraba, on the southern flank of the Sidi 

Emmbarka anticline and in its immediate vicinity (the SW flank of the Mesloula anticline, 

along the Oued Batma and NW of Dehar-Mesloula) (Dubourdieu, 1956). The Aptian occupies 

vast areas in the Tébessa region. In fact, the imposing and curiously isolated reliefs that are 

the most characteristic feature of the landscape of the Mellegue and Tébessa mountains are 

due to the large masses of Aptian reef limestone. The Albian is widespread in the region and 

is represented by very thick formations up to 100m thick. The Cenomanian in the Tébessa 

region (Essouabaa, Ouenza, Mzouzia, Ouasta, Boukhadra, El Guelb, Hameimat Nord, 

Hameimat Sud, Tenoukla, Aïn Chenia, …) is represented almost entirely by greenish clay 

marls with thikness of  750 to 1100 m thick (Dubourdieu, 1956). The Cenomanian facies of 

the Tébessa region, rich in fibrous calcite and varied macrofauna (bivalves, gastropods, 
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cephalopods, echinoids), are distinguished by regular limestone intercalations facilitating 

stratigraphy. They constitute the thickest and most extensive Cretaceous formation in the 

region. The Turonian forms most of the flanks of the major anticlines and synclines in the 

region. It is very marked by its very hard compact limestone facies, which give rise to 

pronounced relief. The formation is mainly composed of compact limestone alternating at the 

base with inoceramic marls and then with clay marls rich in ammonites and other 

lamellibranchs (Dubourdieu, 1956 and 1959). Its thickness can reached 300 m south of 

Boukhadra (Dubourdieu, 1956). The Coniacian-Santonian, which cannot be separated for lack 

of characteristic fauna, are located at the edge of anticlines and synclines throughout the 

Tébessa region (Degaichia, 2014). They consist mainly of grey, greenish or yellowish-grey 

marls with fibrous calcite platelets, sometimes interspersed with clayey limestones. The 

thickness varies from 200 to 300 metres at Ouenza and from 490 to 600 metres at Boukhadra 

(Dubourdieu, 1956).The Santonian and the Coniacian deposits it is a thick (250 m) and 

monotonous series of black or green marls (yellow in alteration), admitting in the upper part 

more calcareous levels and, in the lower 2/3 (Coniacian), (Durozoy, 1956), the Santonian is 

essentially made up of 300 m of very blue-grey clayey marl with, however, some calcareous 

intercalations with Inocerames (in particular, Inoceramus siccensis PERV.) (G. Dubourdieu, 

1956; J.L. Blès and J.J. Fleury, 1970). The upper limit is clearly marked by the disappearance 

of foraminifera Globotruncana carinata and Sigalia deflaensis and the appearance of 

Campanian forms. The lower limit remains poorly known due to a lack of dating data.The 

Coniacian-Santonian is located within the boundaries of anticlines and synclines throughout 

the region.The Campanian consists of an accumulation of dark marls at the base, chalky 

limestones and yellowish marls at the top, alternating with whitish limestones in the middle 

and upper part. It varies in height from 300 to 500 metres.The Maastrichtian extends the 

depositional conditions of the Campanian, demonstrating a marked sedimentary continuity. It 

consists of well-bedded white limestone banks (around 60 m thick), which become more 

compact towards the centre of the formation, and is interspersed with argillite. It is overlain 

by grey to black clay marl. Its total thickness is estimated at between 250 and 300 m 

(Dubourdieu, 1956). 

The Paleocene has very similar facies, beginning with a thick series of black or 

yellowish marls (around 300 m), followed by levels of marl and flinty marly limestone, 

including phosphate horizons.The Eocene is represented by thick banks of flinty limestone 

(50 to 60 m) containing nummulites, resting on a 5m base of white marly flinty limestone. 

These deposits are mainly located in the south of the region and in the Monts du Mellegue 



CHAPTER I OVERVIEW 

15 
 

area.The Miocene formations lie unconformably on the older series (Albian to Senonian, or 

even Triassic), marking a transgressive phase. They are most extensive in the Oulad Soukiès 

basin, where they are up to 1,000 m thick (Dubourdieu, 1956; Kowalski and Hamimed, 2000; 

Salmi-Laouar, 2004; Chaabane, 2015). The Lower and Middle Miocene are characterised by 

conglomerates rich in various elements (limestone, flint, ferruginous pebbles, Triassic 

fragments), reflecting diapiric activity (Bouzenoune, 1993). The Upper Miocene is made up 

of sandstone, sandstone limestone and clay layers, reflecting a period of regression (Salmi-

Laouar, 2004). The average thickness of these deposits in the region is around 150 m.The 

Quaternary, of continental origin, occupies the lower relief areas (plains and valleys), where it 

is subdivided into an ancient Quaternary (slope deposits, foothill formations, alluvium) and a 

recent Quaternary (filling of collapse ditches). The facies encountered consist of limestone 

crusts, silts, scree, pebbles and pudding, with a thickness of between 10 and 30 m 

(Dubourdieu, 1956). 

This region is made up of a series of massifs oriented NE-SW. The main structural 

features of the region are the accumulation of thick sedimentary series, subsidence, the 

appearance of Triassic formations, folding and the creation of collapse troughs. They are the 

result of tectonic movements (distension and compression) accompanied by episodes of 

breakthrough and ascent of Triassic formations from the Aptian to the present day. These 

features have thus determined the geological, palaeogeographical and structural evolution of 

the region in question.  

4.2. The Batna region 

The Bellezma-Batna Mountains are located in a convergence zone between the Tell 

Atlas domain to the north and the Saharan Atlas domain to the south (Bellion, 1972). They are 

limited to the northwest by the Hodna Mountains (Guiraud, 1973) and to the southeast by the 

Batna-Aïn Touta syncline. 

The Batna study area covers the Merouana 1:50,000 and Ain El Ksar (1:50,000) 

sheets. It belongs to the pre-atlasic domain, the Bellezma-Batna mountains, to the north and 

the atlasic domain, the Aurès mountains, to the south. Extensive NE-SW anticlinal folds and 

NW-SE, NE-SW and E-W faults are the main structural features of the region. The 

sedimentary deposits known in the region range from the Triassic to the Quaternary. The 

Cretaceous is the most developed geological unit in the region. It is widespread in the 

Belezma-Batna Mountains, where it forms a concordant stratigraphic series that includes all 

the stages. A clear distinction can be made between two successive series (Laffite, 1939; 

Burollet, 1956; Bellion, 1972; Guiraud, 1973; Vila, 1980; Bureau, 1986; Yahioui, 1990). 
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The Lower Cretaceous is widely exposed in the anticlines of the Bellezma-Batna 

mountains (Djebel Rfaâ, Djebel Tuggurt, Ravin Bleu, Djebel Sarif). It begins with a 

predominantly clayey basal formation, with local layers of sandstone and quartzite, while 

limestone represents only about 15% of the total thickness. The latter reaches almost 1,000 m. 

Most of this terrain is Valanginian, although the base has been dated as Berriasian (Bureau, 

1975c). 

The Upper Cretaceous outcrops at Ktef Akhal, Dj. Tuggurt, Dj. Aïn Drihem, Hamla, 

Thénièt El Manchar...). It has been the subject of several stratigraphic studies (Yahiaoui, 

1990; Herkat, 1999) and recently the work of Djeffal (2014), Slami (2014) and Slami et al, 

(2018) and Bentahar et al, (2023) and Benzeroual et al, (2024). The sedimentation of these 

deposits took place in a platform environment characterised by shallower facies and less 

subsident series (Herkat, 1999). In the Aurès, the Upper Cretaceous outcrops at Dj. Metlili, 

Bou Arif, El Kantara, Dj. Chentouf, Ras Iggèdlène, Dj. Akhal, Ras-El-Mers, Tadjera and 

Foum-Toub. It has been the subject of several stratigraphic studies (Laffite, 1939; Yahiaoui, 

1990; Herkat, 1999, Herkat, 2004; Maandi, 2011; Djeffal, 2014 et Benmansour, 2016. These 

deposits were deposited in a subsident intracratonic basin bounded to the north by the pre-

atlasic high zone and to the south by the Saharan platform (Herkat, 2004). 

The series corresponding to the Upper Cretaceous, with a thickness of 3,000 m, begins 

in the Cenomanian. Contrary to the Lower Cretaceous, there are no sandstones (Laffite, 

1939). 

The Cenomanian is well represented in the Bellezma-Batna mountains and comprises two 

distinct lithological units: a marly base and a limestone top. Its maximum thickness, observed 

at Djebel Chafez (SW of the Oued Chaâbat), is about 600 m, of which 260 m corresponds to 

the calcareous Cenomanian. 

The Turonian formations display lithological characteristics typical of Upper Cretaceous 

marine sedimentation. The succession is mainly composed of alternating massive and bedded 

limestones, which are at times enriched with rudists and other marine macrofauna indicative 

of subtidal settings associated with carbonate platform environments. These limestones are 

predominantly light-colored to whitish, occasionally chalky, and are notable for their high 

calcium carbonate content. 
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The lower part of the Turonian sequence is frequently distinguished by marly horizons or 

intercalations of marly layers within the limestone, representing episodes of increased clay 

input during the initial phase of transgression. Upsection, the deposits are increasingly 

dominated by compact, less marly limestones, signaling a transition to a more stable marine 

setting characterized by primarily carbonate sedimentation under warm climatic conditions in 

a well-oxygenated epicontinental sea. 

The Santonian is generally characterised by a marly formation which outcrops 

between the southern foothills of the Bellezma-Batna mountains and the Djebel Metlili. It is 

composed of a very thick succession of alternating marls and limestones. This formation is 

surmounted by a layer of compact limestone, beginning with a marly series containing 

numerous sea urchins and lamellibranchs, and ammonites of the Tissotia genus (fossils from 

areas at the base of the Coniacian), followed by alternations of flinty limestone and 

Inocerames, marl with sea urchins and lamellibranchs, gypsum banks and a rare glauconitic 

level (Bellion, 1972). The Sedimentation is essentially marly in most basins. In the central 

zone of the Algerian-Tunisian basin, basin facies are replaced by deposits with pelagic and 

benthic microfauna in the platform/basin transition. A net decrease in depth has thus occurred 

in this basin, corresponding to a decrease in tectonic subsidence and eustatic rises in sea level. 

In this region of Batna, the Upper Cretaceous occupies the most outcropping part, 

where the Coniacian-Santonian shows significant accumulations. These formations are 

characterised by the association of types of facies; very thick deposits of marno- carbannate 

(alternating marl and limestone) This formation is surmounted by a bed of compact limestone.  

It begins with a marly series containing numerous sea urchins and lamellibranchs, and 

ammonites of the Tissotia genus (fossils from the base of the Coniacian), followed by 

alternating flinty limestones and Inocerams, marl with sea urchins and lamellibranchs, 

gypseous banks and a rare glauconitic level (Bellion, 1972). The Campanian is a marly 

formation, in which calcareous beds are rare, and which also contains oyster lumachelles and 

sea urchins. The Maastrichtian is a neritic limestone, very rich in bryozoans at the base and in 

laffitte at the top, with algae, polyps and inocerames. 

The Tertiary outcrops in the foothills of the eastern Algerian Alpine are relatively 

sparse compared to the Secondary. The most recent terrains often rework microfaunal 

associations related to eroded formations (Marmi, 1995). 



CHAPTER I OVERVIEW 

18 
 

The Danian is characterised by a heterogeneous sedimentation, very different from the 

previous series, although concordant. They have a more or less pronounced detrital or 

continental character (sandstones, ferruginous concentrations and red beds, bone debris and 

driftwood) (Bellion et al. 1973). 

The Miocene formations, predominantly continental and occasionally lagoonal, are generally 

red in colour and rest unconformably - sometimes markedly - on Eocene or older Mesozoic 

units (Guiraud, 1973). The oldest Miocene deposits consist of conglomerates, sandstones, 

marls and red clays and are well developed west of Ras Moulay Yahia and at Kef Sefiane. In 

the Middle Miocene, the sedimentary sequence includes two distinct marl beds of unequal 

thickness: Bed I, the most complete, extends between the Bellezma Mountains and Jebel 

Metlili in the Oued Berriche valley, while Assise II, further west, consists of gypsiferous 

marls devoid of macrofauna and is often overlain by Quaternary deposits (Bellion, 1972). 

The Pliocene is developed in the western part of the Bellezma- Batna mountains and is 

characterised by a detrital formation with three subgroups that are in harmony with each other 

and with the marl formation, which is mainly sandstone. The most recent deposits are 

conglomeratic, probably deltaic. (Bellion, 1972). 

The Quaternary is well represented at the western end of the Bellezma-Batna 

Mountains by two distinct types of deposits. The first consists of glacis, which are detrital 

accumulations forming a generally thin cover, varying in pebble content. The second type 

includes four travertine levels, characterized by superimposed carbonate horizons with 

relatively few clastic elements. These travertine formations are closely associated with the 

activity of ancient spring systems (Bellion, 1972). 

The Bellezma-Batna region in northeastern Algeria exhibits a complex geological 

structure shaped predominantly by the Alpine orogeny (Bellion, 1972; Bureau, 1973). This 

area forms a transitional zone between the High Plains and the surrounding mountainous 

relief and constitutes the southeastern extension of the Atlassic domain within the Aurès 

Mountains. The landscape is marked by a rugged topography, composed of a series of folds, 

thrusts, and faults, with dominant orientations ENE-WSW and NW-SE (Yahiaoui, 1990), 

reflecting significant crustal shortening during Alpine compressional phases (Fabre, 1961; 

Beaugé, 1962; Vila, 1980). 
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At its core, the Bellezma Massif is defined by a major anticline with a Triassic core, bordered 

by Mesozoic formations primarily Jurassic and Cretaceous that are disrupted by reverse faults 

and major structural discontinuities. The tectonic architecture is typified by imbricated 

thrust sheets and fault-propagation folds, influenced by deep-seated fault systems inherited 

from Tethyan tectonics and reactivated Hercynian structures. Regionally, the Bellezma 

represents a tilted block of the internal Tellian zone, delineated from the Saharan platform by 

the Bordj Bou Arreridj Tolga structural corridor (Vila, 1980; Bessedik et al., 2002). 

The superficial formations rest upon a heterogeneous substratum, ranging from Triassic 

evaporites which locally served as the main detachment horizon to extensive Cretaceous 

limestones that form prominent ridges and escarpments. The structural complexity is further 

accentuated by active fault systems, which account for the moderate seismicity recorded in 

the region (Yelles-Chaouche et al., 2006). 

4. Materials and Methods 

To achieve the above objectives, two sections covering the Coniacian and Santonian 

were selected and surveyed southwest of Djbel Essen in Tébessa and Djebel Boukezez in 

Batna. 

The following steps summarize all the methods adopted and the steps taken in this study: 

Literature Research 

A fairly extensive bibliographical documentation concerning the study of the 

Coniacian and Santonian throughout the world, particularly in the Tethyan domain, was 

conducted to fill the information gaps resulting from previous research results in the study 

area.  

The field 

Geological fieldwork was conducted over foor years (2021, 2023, 2024 and 2025) in 

Bellezma-Batna and Bir Mokadam, with a specific section chosen in Djebel  Bokezez and 

Djebel Essen. In the field, the main tasks performed were: surveying two sections over one 

from Djebel Essen to Tébessa, a thickness of 533 m, and for the second section from Djebel 

Boukezez to Batna, a thickness of 160 m, the recognition and description of facies, systematic 

sampling, and fossil samples were meticulously collected from each stratum. A total of 242 
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samples were collected from the Essen Formation, with sampling intervals ranging between 2 

and 3 m in the soft marls. A total of 72 samples were collected include 40 limestones and 32 

marl samples from the Boukezez Formation. The petrography of the limestone facies was 

studied using thin section observations. 

The laboratory 

Macrofauna: fossil material was prepared and identified down to the species level. For 

better identification of the collected macrofauna, all specimens were thoroughly washed, 

cleaned, photographed, and measured. These steps enabled the identification of the main taxa 

existing in the region and the establishment of their systematics. Many taxa that have an 

originally aragonitic shell were preserved in calcite, or as internal molds. All samples that 

contain fossils were used for multivariate analysis. The data have been normalized to percent 

abundance for the comparison of guild proportions. 

 

Figure 4: Macrofauna work steps ; a : collected macrofauna; b : washed, cleaned and 

photographed c : measured for identification. 
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Microfauna : They were processed using the standard technique for ostracods and 

foraminifera extraction that consists of washing about 500 g subsample using hydrogen 

peroxide (H2O2). The samples, then, underwent a series of sieving procedures, with mesh 

sizes set at 255, 200, 100, and 63 micrometers. The residues were dried in an oven at 60°C. 

Representative ostracods and foraminifera specimens of different taxonomic entities were 

selected for scanning electron microscopy (SEM) at the ―Entreprise Tunisienne d'Activités 

Pétrolières (ETAP)‖ in Tunisia and the Ecole des Mines in Annaba. 

  

Figure 5: Microfauna work steps (Washing of marls) ; a : Soaking ; b : Wash with wat ; 

c : Draying of the residue; d : Soting and identification ; e : SEM 

Statistique : 

Macrofauna: All samples that contain fossils were used for multivariate analysis.  

The data have been normalized to percent abundance for the comparison of guild 

proportions. The Unweighted Pair Group Method with Arithmetic Mean (UPGMA) clustering 

was used to group the samples into associations (Legendre and Legendre, 1998; Hammer and 
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Harper, 2006). The Permutational analysis of variance (PREMANOVA) test was applied to 

test the null hypothesis that similarities between associations are smaller or equal to 

similarities within associations (Zelditch et al., 2012). 

Microfauna : The identified planktic foraminifera were used to establish the biozonation. 

The ostracods occurrence matrix was converted into relative abundance and analyzed 

statistically. Principal Component Analysis (PCA) was applied to visualize the relationships 

between the identified assemblages. The matrix was then subjected to a Non-Parametric 

Multivariate Analysis of Variance (NPMANOVA) to assess the significance of these 

relationships. A Sequential Bonferroni-corrected p-value (p = 0.001) was used to determine 

significant differences. A Reduced Major Axis (RMA) linear model was applied to evaluate 

the relationship between ostracods and foraminifer distributions. Box plots were used to 

compare the biotic attributes of the ostracods assemblages. All analyses were performed using 

PAST version 4.16c (Hammer et al., 2001a, 2001b). 

The ostracods occurrence matrix (presence/absence) was statistically analyzed. 

Unweighted Pair Group Method with Arithmetic Mean (UPGMA) hierarchical clustering 

based on the Jaccard similarity index was used to divide the succession into ecozones. 

Constrained method was used to save the stratigraphic distribution (q-mode cluster), aiming to 

highlight the vertical variation of the ostracods distribution. We categorized the samples by 

age to compare environmental variables across these intervals. The main hypothesis was to 

determine whether significant vertical environmental changes occurred, as inferred from 

variations in ostracod assemblages within the study section. A marked variation in the 

ecological attributes of the recognized assemblages will be interpreted to reconstruct the 

paleoenvironmental changes (Elewa and Abdelhady, 2020). The Canonical Correlation 

Coefficient (CCC) was used to evaluate the quality of the fit, where a value close to 1 is the 

more accurate clustering solution (Sokal and Rohlf, 1962; Abdelhady and Fürsich, 2015).  

Moreover, non-metric Multidimensional scaling (NMDS) was used to plot the 

relationships visualizes the relationships among the identified associations (Hammer and 

Harper, 2006). The stress value was used to assess the quality of the fit, where 0.2 or less is a 

good fit (Kruskal, 1964; Abdelhady et al., 2019). Furthermore, the non-parametric 

Permutational MANOVA (PERMANOVA) test based on Jaccard similarity coefficient was 

also applied to assess significant compositional differences among the identified ostracod 

assemblages. Clustering was used also for biogeographic analyses based on species country 
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matrix. Reduced Major Axes (RMA) regression was applied to evaluate the relationships. The 

significance of all correlations was tested at a significance level (p <0.001) using a one-tailed 

t-test and the Sequential Bonferroni correction.  

Shannon Index, Simpson Index, and Dominance Index were used to characterize the 

diversity, where the Dominance Index is not perfectly correlated to the Shannon index (as the 

Simpson Index), in addition, it varies from 0 to 1, and thus, it is easier to evaluate (Hammer 

and Harper, 2006). All of the analyses were carried out on PAST version 2.17 (Hammer et al., 

2001). 

The methods adopted as well as the results obtained during these studies were 

represented in Six (06) chapters:  

- First chapter devoted to overview and deals with the study area in its general and 

local geological framework.  

- Second chapter deals with the litological and paleontological characteristics of two 

sections studied, where aims to provide a comprehensive and detailed description of the 

lithological layers and fossil content within the analyzed sections, with the objective of 

situating the studied series within its stratigraphic framework. 

- Third chapter evokes the systematics of all the collected species which could be 

determined 

- Fourth chapter represents the results of biostratigraphic synthesis and correlations 

- Fifth chapter and finished with a Results, Interpretation and discussion. 

The manuscript ends with a general conclusion 

5. Previous works 

Research on the Coniacian and Santonian stages in the Eastern Saharan Atlas has historically 

been limited due to poor exposure and restricted outcrop availability. However, significant 

contributions have been made in various domains over the decades, allowing for a gradual 

reconstruction of the stratigraphy, sedimentology, paleontology, and tectonics of the region. 

A. Stratigraphic and Lithostratigraphic Studies 

 R. Laffitte (1939) conducted the first comprehensive stratigraphic study of the Aurès 

region, establishing a foundational reference for subsequent work on the Upper 

Cretaceous succession and paleogeography. 
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 G. Durozoy (1956) produced the 1:50,000 geological map of Tébessa and outlined the 

local stratigraphy in the associated explanatory notes. 

 F. Bentaher (2023) carried out a detailed litho-biostratigraphic study in the Aurès 

Mountains, subdividing the Coniacian and Santoniansuccession into two units: a 

fossiliferous lower Coniacian marl-limestone unit (with Peroniceras) and an upper 

Santonian marl unit (Palcenticeras polypsis). Three foraminiferal biozones were 

identified: Dicarinella primitiva, D. concavata, and D. asymetrica. 

 L. Benzeroual (2024) provided the first detailed description of Upper Cenomanian–

Lower Coniacian carbonate stratigraphy in the northern Aurès. Four formations and 

three depositional environments were identified, with three depositional sequences 

grouped into two megasequences. 

 S. Nemouchi (2025) analyzed the Essen Formation in the Bir Mokadam Mountains, 

west of Tébessa. Based on 318 samples, he identified six biozones spanning the 

Coniacian (D. primitiva, Marginotruncana sinuosa) to Santonian (Sigalia carpatica, 

D. asymetrica, Globotruncanita elevata). The study also documented a decline in 

foraminiferal diversity in the upper Santonian. 

B. Sedimentological and Tectono-Sedimentary Research 

 D. Bureau (1967–1986) developed the concept of "prismatic sedimentary wedges" in 

the northern Aurès and Belezma Mountains, challenging earlier allochthonous models 

(e.g., J.M. Vila). In 1986, he emphasized tilted-block tectonics and sedimentation 

dynamics in the Aurès and northern Saharan margin. 

 A. Yahiaoui (1990), in his doctoral thesis, investigated the sedimentology of Upper 

Cenomanian to Lower Coniacian marl-limestone deposits between Batna and El-

Kantara. His findings enriched knowledge of depositional settings in the southern 

Belezma and northern Aurès. 

 S. Benmansour (2008–2009) revisited Late Cretaceous tectono-sedimentary evolution 

in the Eastern Saharan Atlas. Her 2016 work integrated sedimentological and 

micropaleontological data, refining facies models and environmental interpretations in 

the Aurès and Gaâga basins. 

C. Paleontological and Micropaleontological Contributions 
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 S. Benmansour (2016) analyzed a broad array of microfossil material, enabling the 

reconstruction of foraminiferal and ostracod assemblages and paleoecological 

preferences through qualitative and quantitative approaches. 

 S. Nemouchi et al., (2024) investigated Coniacian macrofauna at Djebel Essen. Low-

diversity assemblages dominated by bivalves and echinoids reflected marginal marine 

environments under oligotrophic conditions, with no evidence of the OAE-3 anoxic 

event. 

 S. Nemouchi et al., (2025), in addition to biozonation, found an inverse relationship 

between ostracod and planktonic foraminiferal abundances, suggesting environmental 

stress (e.g., climate cooling or bottom-water dysoxia) during the upper Santonian. 

D. Tectonic and Structural Studies 

 G. Dubourdieu (1956) highlighted the role of deep-seated tectonic movements in 

shaping the Ouenza region based on petrographic and geomorphological evidence. 

 D. Bureau (1986) emphasized tectonic/sedimentation interactions and proposed tilted-

block tectonics affecting the Aurès and Bellezma Mountains. 

Conclusion 

The sedimentary deposits forming this vast area are Meso-Cenozoic in age, ranging 

from the Triassic to the Miocene, and are covered, in places, by Quaternary continental and 

epicontinental formations. The Triassic, always diapiric and in an anomalous position, 

corresponds to the oldest formation. The Cretaceous, with its upper terms, outcrops widely in 

the Tébessa region and extends over vast areas. As for the upper terms, these are formed of 

more or less powerful formations of the Cenomanian, Turonian and Senonian (Coniacian-

Santonian; Campanian-Maastrichtian). 

The current structure of the Tébessa region is the result of multiple phases of 

deformation as well as polyphase diapirism ; and in the Batna region, it is one of the results of 

the Alpine phase. 

In the Tébessa region, the Coniacian and Santonian are predominantly marly; in the 

Batna region, the Coniacian and Santonian are predominantly carbonate (alternating marl and 

limestone). 
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The Coniacian and Santonian formations are located within the boundaries of 

anticlines and synclines throughout the Batna region. These two stages are represented by 

gray, greenish, and yellowish-gray clayey marls with fibrous calcite plates and intercalated 

lumachelle marls. Their thickness varies from 200 to 500 m.  

The Coniacian and Santonian deposits, Formations are located along the boundaries of 

anticlines and synclines throughout the Tébessa region (Degaichia, 2014). These deposits are 

mainly composed of grey, greenish, or yellowish-grey marls containing plates of fibrous 

calcite, occasionally interbedded with argillaceous limestones. Their thickness ranges from 

200 to 300 meters in the Ouenza area and from 490 to 600 meters in Boukhadra (Dubourdieu, 

1956). 
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1. Introduction 

In the Tébéssa and Batna regions, very little is known about the Coniacian and 

Santonian due to a lack of lithological markers, paleontological evidence and scientific 

research. Where are deposits attributed to the Coniacian and Santonian intervals are 

characterized by well-exposed outcrops of relatively significant thickness. Lithologically, 

these series are mainly composed of carbonate rocks. Especially as previous work 

(Dubourdieu, 1956 ; Laffitte, 1939 and Yahiaoui, 1990) did not provide a detailed 

biostratigraphic framework for these intervals, and did not clarify the events associated with 

the Coniacian-Santonian transition. Since the observations of Dubourdieu, (1956), the 

boundary with the Coniacian is not determined and the two stages are undifferentiated; the 

observations of Laffitte (1939) where the definition of the boundary between these two stages 

remains imprecise. This author places it either at the disappearance of the Coniacian faunas or 

at the emergence of the Santonian faunas, attributing the difficulties of interpretation to the 

presence of sedimentary gaps and stratigraphic discontinuities. Yahiaoui (1990) describes a 

Coniacian succession dominated by marls, interstratified at the base by decimetric limestone 

beds rich in ammonites and sea urchins, topped by an alternation of lumachellic marls and 

limestones containing bryozoans and sea urchins. As for the Santonian, it begins with marls 

containing Hemipneustes at its base, evolving towards upper limestones where Inoceramus 

regularis and occasionally rudists appear. 

In this chapter we will periode a lithological and paleontological study detailed of the 

Coniacian and Santonian series of Djebel Essen (Tébessa) and Djebel Boukezez (Batna), in an 

attempt to determine the lithological and paleontological  characteristics of the series.  

2. Description  of the Dj. Essen section (Tébessa) 

The section at Tébessa is represented by the Essen Formation (Nemouchi et al. 2024, 

2025). It covers deposits of Coniacian and Santonian stage (Dubourdieu, 1956, Nemouchi et 

al. 2025). It has an apparent thickness of 533m. It is essentially formed by marl mainly 

composed of marls with benthic macro-invertebrates, notably bivalves and echinoids, with a 

limited presence of gastropods (Figure. 1).  The Coniacian represented by 300m is separated 

from the Santonian (200m) by a 3m limestone bench of bioconstructed. The lower limit of the  

section marked by the rudist limestone bar with a reef-like character of Turonian stage 

(Dubourdieu, 1956). The upper limit of the cut remains unlimited in marls. 
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Figure II. 1: Litho-stratigraphic column of the Essen section andwith field photograph. A) 

The Turonian/Coniacian boundary at the study section. B-D) Yellowish marly facies of the 

Essen Formation.  C) The topmost carbonate part of the  Essen Formation. 
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Figure II. 2: Litho-stratigraphic column of the Essen section with distribution of macrofauna 

and  microfauna 

 

The homogeneity of the facies in the Dj Essen section precludes any lithological 

subdivision. The analysis, on the other hand, of the distribution of the macrofauna and 
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microfauna along the 533m allows us to distinguish informal lithological units and separate 

the Coniacian from the Santonian.  From bottom to top, five distinct units were detected.  

2.1. Unit 1: Marls with  Agelasina plenodonta 

They represent the base of the section studied from sample C1 to sample C50 over an 

apparent thickness of 91.60m. It is a yellowish marly unit with a homogeneous facies. It 

contains mainly macrofauna; bivalves and echinoids and microfauna of planktonic and 

benthic foraminifera and ostracods. Echinoids are generally Mecaster batnensis. The bivalves 

are represented by: Agelasina plenodonta constitutes 43% of the association, while 

Pycnodonte (Phygraea) vesicularis vesicularis represents 16 %. Mecaster batnensis accounts 

for less than 13 %. In general, the diversity is low. The dominant planktic species are : 

Dicarinella primitiva, Heterohelix globulosa, H. reussi, Pseudotextularia nuttalli, 

Pseudotextularia sp., Whiteinella baltica, W. archaeocretacea, W.sp., Archaeoglobigerina 

sp., Hastigerinoides subdigitata, Marginotruncana marginata, M. rensi,  M. caronae, M. 

coronata, M. pseudolinneiana, M. cf. sigali , Globotruncana linneiana,  Muricohedbergella  

flandrini, Planohedbergella cf. escheri and Marginotruncana sinuosa. Associate with 

ostracods; Cytherella ovata, Cytherella aff. austinensis, Cytherella aff. gambiensis, 

Cytherella sp., Cytherella aff. contracta, Cytherella aff. elongata, Cytherella aegyptiensis, 

Peloriops pustulata, Cythereis namousensis, Cythereis sp. 1 Cythereis sp. 2, Paraplatycosta 

aff. talayninensis, Amphicytherura aff. yakhiniensis, Spinoleberis yotvatensis, Aysegulina sp., 

Perissocytheridea ascalopha, Paracypris aff. posteriusacuminatus, Paracypris aff. caudata, 

Paracypris chekhmai, Sapucariella honigsteini, Trachyleberidea sp., Bythocypris mohani, 

Clithrocytheridea kaufmani, Asciocythere  aff. aegyptiana, Protobuntonia numidica,  

2.2. Unit 2 : Marls with Cucullaea 

This association dominates the middle part of the Essen Formation from the sample C70 to 

C150, over an apparent thickness of 146.66m. Only, four bivalve species represent this 

association: Cucullaea thevestensis, Cucullaea diceras, Oscillopha dichotoma, and C. 

trigona. Each of these three species represents more than 25 % of the association, while C. 

trigona accounts for about 23 %. This association is dominated by the infaunal suspension-

feeder Cucullaea, constituting 75 %. The dominant planktic species are : Marginotruncana 

sinuosa; Heterohelix globulosa, H. reussi, Pseudotextularia nuttalli, Pseudotextularia sp., 

Whiteinella baltica, W. archaeocretacea, W. sp., Archaeoglobigerina sp., Hastigerinoides 

subdigitata, Dicarinella canliculata, Marginotruncana coronata, M. sigali, M. 

pseudolinneian, Muricohedbergella  flandrini. With ostracods; Reticulocosta kenaanensis, 

Sapucariella honigsteini, Asciocythere aff. aegyptiana, Peloriops pustulata, Clithrocytheridea 
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kaufman, Cytherella ovata, C. aff. contracta, C. aff. gambiensis, C. aegyptiensis,  C. 

austinensis, Cytherella aff. elongata, C. sp., Sapucariella parvoangulata, Cythereis 

kosticensis, Paracypris mdaouerensis, Paracypris aff. posteriusacuminatus,  Paracypris 

debertreti, Perissocytheridea ascalopha, Ovocytheridea triangularis, Xestoleberis sp.,  

Brachycythere sp., Bythocypris mohani, Cythereis fahrioni. 

2.3. Unit 3: Marls with Oscillopha-Plicatula   

 The association dominates the upper part of the Essen Formation from the sample C160 to 

C180 over an apparent thickness of 36.66m. It comprises a total of twelve species. Notably, 

Plicatula ferryi constitutes 32 %, and Oscillopha dichotoma represents 31 %. The overall 

diversity within this association is low. Between the thickness of (170m-180m).It‘s occurs 

through about 268 m on observe abondance d‘éspèce d‘Ammonite Hemitissotia morreni and 

the dominant planktic species are : Heterohelix globulosa, H. reussi, Pseudotextularia 

nuttalli, Pseudotextularia sp., Whiteinella baltica, W. archaeocretacea, W. sp., 

Archaeoglobigerina sp, Hastigerinoides subdigitata, Dicarinella canliculata, 

Marginotruncana coronata, M. sigali, M. pseudolinneian, Muricohedbergella  flandrini. With 

ostracods; Peloriops pustulata, Clithrocytheridea kaufman, Cytherella ovata, C. aff. 

contracta, C. aff. gambiensis, C. aegyptiensis,  C. austinensis, Cytherella aff. elongata, C. sp., 

Sapucariella parvoangulata, Cythereis kosticensis, Paracypris mdaouerensis, Paracypris aff. 

posteriusacuminatus,  Paracypris debertreti, Perissocytheridea ascalopha, Ovocytheridea 

triangularis, Xestoleberis sp. 

In this Unit, Cytherella aff. austinensis is the most abundant species, comprising 

33.3% of the assemblage. This is followed by Cytherella aff. contracta (8.7%), Spinoleberis 

yotvatensis (7.9%), and Cytherella gambiensis (7.2%). These species together dominate the 

trophic nucleus, which accounts for 80.1% of the Coniacian Assemblage. Additional 

contributions come from species like Paracypris mdaouerensis (4.3%) and Paracypris aff. 

posteriusacuminatus (4.1%), along with minor contributions from others such as 

Amphicytherura aff. yakhiniensis and Cytherella aegyptiensis. 

The upper limit of this unit is marked by a 3m bioslastic limestone bed. The petrographic 

study of the limestone revealed the presence of two microfacies: 

The first is represented by limestones generally of mudstone to wackestone texture 

with planktonic foraminifera and ostracod valves (Figure II. 3a). This is a micritic microfacies 

with a mudstone to wackestone texture; the figured elements represent approximately 40% of 

the total volume of the microfacies with a poor classification, the sizes are different with a 

generally elongated shape and rounded supers. Represented by planktonic foraminifera and 
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ostracods, rare lamellibranchs and benthic foraminifera are also found. The diagenetic 

phenomena observed are represented by: recrystallisation and micritisation.  

 

Figure II. 3a : mudstone to wackestone limestones with planktonic foraminifera (PF), 

globular (GPF) and carinated (CPF) planktonic foraminifera. 

The second microfacies is that of packstone limestones with large fragments of 

bioclasts, plates and echinoid radiodes (Figure II. 3b). This is a micritic microfacies with a 

Packstone texture; the figured elements represent 70% of the total volume with a mediocre 

classification, their size is medium to large represented essentially by lamellibranchs, 
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echinoderms, annelids, filaments, planktonic foraminifera (Figure 3). The diagenetic 

phenomena observed are represented by ferruginisation, filling by a mosaic calcitic sparitic 

cement and micritisation. 

 

Figure II. 3b: Packstone limestone with large fragments of bioclasts with plates and echinoid 

radiodes (RE), lamellibranchs (Lam), echinoderms (E), annelids (An), filaments (fs), 

planktonic foraminifera (GPF, CPF). 
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2.4. Unit 4: Marls with Nuculana cf. mariae 

These marls are around 200 metres thick and yellowish in colour sample S1 to sample S62. 

They are characterised a less biodiverse a macrofaunal assemblage composed mainly of 

bivalves associated with numerous echinoids and rare gastropods, generally of the same 

species. In order of abundance, we note the presence of: Nuculana cf .mariae (D‘Orbigny, 

1844), Arctica cordata (Sharpe1850), Rostrocardia papieri (Coquand, 1862), Astare gigantea 

deshayes, 1842, Plicatula fourenli (Coquand, 1862), Plagiostoma subsimplex (Thomas & 

Peron 1891), Granocardium desvauxi coquand 1862, Plicatula ferryi (coquand 1862) 

Plicatula fourneli (Coquand, 1862) and Hemiaster cf. bibansensis Péron & Gauthier, 1881 

and the gastropod: Aporrhais fourneli (Coquand, 1862). The dominant planktic species are: 

Sigalia carpatica, Dicarinella asymetrica, Heterohelix globulosa, H. reussi, Whiteinella 

baltica, W. archaeocretacea, Hastigerinoides subdigitata, Archaeoglobigerina sp., 

Globotruncana linneiana, Marginotruncana coronata, M. pseudolinneiana,Globotruncanita 

elevata, Globotruncana arca, Marginotruncana coronata Bolli and Globotruncana linneiana 

d‘Orbigny. With ostracods; Cytherella ovata, C. aff. contracta, C. aff. gambiensis, C. 

aegyptiensis,  Cytherella aff. austinensis, Cytherella aff. elongata, Sapucariella 

parvoangulata, Trachyleberidea sp., Spinoleberis sp., Protocosta babinoti, Cythereis 

kosticensis, Cythereis algeriana, Cythereis namousensis, Paracypris mdaouerensis, 

Paracypris aff. posteriusacuminatus, Paracypris aff. caudata, Paracypris chekhmai, 

Perissocytheridea ascalopha, Paraplatycosta aff. talayninensis, Spinoleberis sp., Protocosta 

babinoti, Peloriops pustulata, Bythocypris mohani, Clithrocytheridea kaufmani, Asciocythere 

aff. aegyptiana, Protobuntonia numidica, Brachycythere sp, Monoceratina trituberculata, 

Aphrikanecythere phumatoides, Perissocytheridea ascalopha, Aysegulina sp., 

Amphicytherura aff. yakhiniensis, Paraplatycosta aff. talayninensis. 

In this Assemblage features Cytherella aff. austinensis as the dominant species, accounting 

for 24.5% of the trophic nucleus. Other significant contributors include Cytherella aff. 

elongata (16.9%) and Paracypris mdaouerensis (15.5%), highlighting a shift in dominance 

compared to the unites 1,2 et 3. The contribution of Cytherella ovata decreases markedly to 

6.2% in the unite 4, while species such as Spinoleberis yotvatensis (4.1%) and Cythereis 

algeriana (3.4%) play smaller roles. 

3.  Description  of the Djebel Boukezez section (Batna) 

In the Batna region, the studied section corresponds to the Boukezez Formation, which 

encompasses deposits from the Coniacian and Santonian stages (Yahiaoui, 1990; Laffitte, 
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1939). In this particular section, the continental cover only allows the outcropping of upper 

Coniacian to Santonian strata. These deposits consist of a 160-meter-thick alternation of marls 

and limestones. The marl-limestone succession contains a fossil assemblage that includes 

bivalves, gastropods, and echinoderms. Notably, all the limestone beds, although 

fossiliferous, predominantly display a bioclastic texture (Figure II.4) 

 

Figure II. 4: Litho-stratigraphic column of the Boukezez section with field photograph. 
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Figure II. 5 : Litho-stratigraphic column of the Boukezez section withe distribution of 

macrofauna and microfauna. 
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Three informal lithological units have been delineated in this Formation :  

3.1. Unit 1 (U1) Marl and limestone with hosting modestly diverse benthic fauna and 

ostracods 

This unit is represented by marls and limestone hosting modestly diverse benthic fauna 

and ostracods. It has an apparent thickness of 13.5m. These levels (sample E1 to  sample E6) 

are of late Coniacian (see Yahiaoui, 1990). They consist of: 

4 meters of alternating marls and limestone (E1 and E2) (Figure II. 4a, b). The marls, bearing 

acompacted grayish carbonates with well-preserved small irregular echinoids (Hemiaster 

fourneli Agassiz and Dessor, 1847), regular echinoids (Phymosoma thevestense Péron and 

Gauthier,1880), bivalves (Paraesafaba sp., Plicatula ventilabrum Coquand, 1880), and 

gastropods (Cimolithium sp.), This microfacies contains a large fragment of invertebrates, rare 

echinoid radioles and lamellibranchs. The dominant cement is micritic with rare traces of 

stylolitisation and ferruginisation. This microfacies has microfissures with a sparitic filling. 

The mudstone texture of this microfacies highlights a quiet low-energy environment, deep 

enough to be placed in the distal platform. (Figure II.6), as well as abundant and moderately 

diverse ostracods (Cytherella ovata Roemer, 1841, C. aff. gabonensis Neufvillle, 1973, C. 

mediatlasica Andreu, 1996, Trachyleberidea gr. geinitzi Reuss, 1874, Spinoloberis 

yotvataensis, Cythereis gr. rawashensis Van den Bold, 1964, Cythereis sp. 1 and sp.2, 

Ovocytheridea triangularis Piovesan, Cabral and Colin, 2014, Sapucariella parvoangulata 

Andreu and Puckett, 2016). Ostracods are mostly present as articulated carapaces with few 

isolated valves. These marls also yield benthicforaminifera, including Gavelinella sp. In thin 

sections, the accompanying limestones, intercalated within these marls, exhibit a mudstone 

texture marked by echinoid spines. 

4 meters layer of compacted grayish marls (E3) characterizes this section. These marls feature 

very small, unidentifiable irregular echinoids, bivalves (Paraesa faba Plicatula ventilabrum), 

and gastropods, including Nerinea sp. The ostracods assemblage mirrors that of the 

underlying level except Cythereis sp. 2, co-occurring with numerous small gastropods and 

foraminifera (Gavelinella sp.,). 

5.5 meters layer of alternating marl and limestone. The limestones (E4) are 1 meter 176 thick, 

yellowish, and display a wackestone to packstone texture. They contain miliolids and 

otherbenthic foraminifera, bioclasts of gastropods. The marls (E5) contain abundant, well-

preserved echinoids (Hemiaster fourneli, Phymosoma sulcatum Desor, 1858), bivalves 

(Rachiosoma rectilineatum Péron and Gauthier, 1881). Ostracods exhibiting lower diversity 
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than the lower levels (Cytherella ovata, C. aff. 

gabonensis,  Trachyliberidea gr. geinitzi, Spinoloberis yotvataensis, 

Ovocytheridea triangularis). The final limestone bed (E6) contains bryozoans and echinoid 

spines (Figure II. 7). 

 

Figure II. 6: Limestone  mudstone with  rare large  bioclastic fragments (F lam) and echinoid 

radiole (RE). 
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Figure II. 7: limestone with miliolids and other benthic foraminifera(BF), Gasteropods (G), 

lamellibranch (Lam) and Algae (Alg). 

3.2. Unit 2 (U2) Marl and bioclastic limestone devoid of ostracods 

These levels (E7- E20) are composed of marls and bioclastic limestoneover an 

apparent thickness of 30.5m devoid of echinoid fragments and ostracods and are of latest 

Coniacian–lower  Santonian age (Laffitte, 1939). They consist of: 
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15 meters of alternating gray marls and yellowish nodular limestone (E7-E11). The marls 

yielded echinoid fragments and Gavelinella sp., but ostracods are absent. The limestone beds 

feature a wackestone texture with large bioclastic fragments, echinoid plates, mililoids, 

andother benthic foraminifera. This microfacies represents the laminae (7, 20).  These 

limestones are greyish in colour. It contains mainly large fragments of gastropods, millioles, 

radioles and plates of echinoids and rare planktonic foraminifera and bryozoans. The 

dominant cement is micritic. The texture of this microfacies reveals a medium-energy 

environment that can be placed in the subtidal zone. (Figure II.8) 

 

Figure II. 8: Wackstone to packstone limestone with large fragments of invertebrates and 

miliolae (M) rare planktonic foraminifera (PF) and bryozoans (Bry). 



CHAPTER II  LITHOLOGICAL AND PALEONTOLOGICAL CHARACTERISTICS 

44 
 

2 meters (E12) of laminated limestone with calcispheres and planktonic foraminifera 

(Heterohelix globulosa Ehrenberg, 1840). This microfacies represents layer 12. This 

limestone is blackish in colour, with a laminated appearance. It contains mainly calcispheres 

and planktonic foraminifera. (Figure II.9) 

 

Figure II. 9: laminated limestone with calcispheres ( C) and planktonic foraminifera 

5 meters (E13-E15) of bioclastic limestone with a packstone to grainstone texture, with 

pelletoid structures, bivalves, gastropod fragments, and echinoid plates and spines. The 

texture of the upper part of this horizon changed vertically to dolomitic limestone with a 

grainstone texture, which is underlined by a hardground (E15) (Figure II. 4c); représenté par 

Grainstone limestone with large lamellibranch fragments. This microfacies is represented by 
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blades (13 14 and 15). Greyish in colour. It contains the following elements: fragments of 

lamellibranchs, pelletoids, bryozoans, gastropods, ostracods, echinoid radioles and sections of 

algae. The texture of this microfacies reveals a shallow, high-energy environment, which can 

be classified in the middle plateform zone. (Figure II.10) 

5 meters (E16-E17) of lithified marls and marly limestone with gastropods (Campanile sp., 

Aporrhais sp.); 

3.5meters (E18-E20) of limestone with a packstone to grainstone texture, possibly evolving 

towards a wackestone type. These layers contain bivalves, mililoids, bryozoans, echinoids 

spines, and benthic foraminifera. (Figure II.11) 

 

Figure II.10: limestone with fragments of lamellibranchs (Lam) and pelletoids (Pel) ; 

bivalves, gastropod fragments(G), and echinoid plates and spines (Plq E, RE), Algae (Alg) 

and Benthic foraminifera (BF). 
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Figure II. 11: packstone to grainstone limestone with bivalves (B), mililoids (M) and 

bryozoans (Bry), echinoids spines (RE), and benthic foraminifera (BF). 

3.3. Unit 3 (U3) Marl and limestone with abundant ostracods 

These levels (E21-E72) represented by marls and limestone over an apparent thickness 

of 120m (Figure II. 4d) with abundant echinoids and ostracods andare of Santonian (Yahiaoui, 

1990, Laffitte, 1939). They consist of: 

5 meters (E21) of greenish marls, featuring rare ostracods (Paracypris aff. 

posteriusacuminatus Andreu, 1996) and echinoids. Additionally, traces of oxidized pyrite are 

noted; 
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12 meters (E22-E27) of limestone with a packstone texture, containing bryozoans 

andmililoids, as well as echinoid plates and spines that grades up-section into limestone with 

agrainstone texture in the upper segment; 

3 meters (E28) of greenish marls hosting echinoids and ostracods (Cytherella ovata, C. aff. 

gabonensis, Paracypris aff. posteriusacuminatus, Paracypris mdaouerensis Bassoullet and 

Damotte, 1969, Ovocytheridea triangularis, Pterygocythere aff. allinensis Grekoff and Deroo, 

1956, Xestoleberis sp., Planoheterohilix globulosa), alongsideforaminifera (Eobigenerina sp., 

Cibicidoides sp., and Gavelinella sp). The ostracod assemblage is predominantlysmooth, 

composed by articulate and small specimens. 

93 meters (E29-E69) of alternating hard yellow to gray marls and gray bioclastic limestones. 

These limestones, displaying a wackestone to packstone texture (evolving intograinstone 

type), contain bryozoans, mililoids, bioclasts, echinoid spines, and other benthic foraminifera, 

lamellibranchs with millioles and bryozoans; pelletoids with ostracods, fragments of 

gastropods and fragments of macroinvertebrates where we can also see some rare 

ferruginisation. The texture of this microfacies reveals a very shallow environment, probably 

the upper part of the intertidal zone, of medium energy. (Figure II.12). The marls yield 

irregular echinoids (Mecaster fourneli Agassiz, 1847), Inoceramed (Inoceramus siccensis 

Pervinquière, 1912) and an abundantly diversified ostracod assemblage (Cytherella ovata, C. 

aff. gabonensis, C. mediatlasica, Spinoloberis yotvatensis, Cythereis gr. rawashensis, 

Paracypris aff. posteriusacuminatus, P. mdaouerensis, P. dubertreti Damotte and Saint-Marc, 

1972, Aysegulina sagitta (Puckett and Colin, 2012), Cythereis sp., 1, Cythereis sp., 2, 

Protobuntonia numidica, Paraplatycosta aff. talayninensis Andreu, 1995, Haughtonileberis 

dinglei Piovesan, Cabral and Colin, 2014, Pterygocythere aff. allinensis, Paraplatycosta sp., 

Protocosta babinoti Piovesan et al., 2014, Sapucariella parvoangulata, Metacytheropteron 

sp., Xestoleberis sp.,). alongside foraminifera (Eobigenerina sp., Cibicidoides sp., Gavelinella 

sp., and Nonionella sp.,). Many of these ostracods display significant size, ornamented 

features, and an associated carapace. 

The remaining part of the section (7 meters) consists of dolomitic limestone (E70) and 

lumachelic limestone (E72). These limestone types alternate with greenish marls This 

microfacies is represented in slide (70). It is a limestone with a dolomitic packstone texture in 

places where it shows rhombohedrons of dolomites with ferruginous outlines.  It contains 

large fragments of gastropods and lamellibranchs. The texture of this microfacies highlights a 

high-energy environment with a tendency to emersion; it can be placed squarely in the 

intertidal zone (Figure II. 13). rich in ostracods (Cytherella sp., C. ovata, Spinoloberis 
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yotvataensis, Spinoloberis sp., Cythereis sp. 2, Paracypris aff. posteriusacuminatus, P. 

mdaouerensis, Ovocytheridea triangularis, Protobuntonia numidica, Metacytheropteron sp.,  

 

 

Figure II.12: Bioclastic limestones with bryozoans and mililoids; contain bryozoans(Bry), 

mililoids (M), bioclasts, echinoid spines (RE), and other benthic foraminifera(BF), 

lamellibranchs (Lam); pelletoids (Pel) with ostracods (O) and fragments of 

macroinvertebrates (B). 
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Figure II.13: Dolomitic limestone with large fragments of gastropods and lamellibranchs 

(Lam), rhombohedrons of dolomites (D) with ferruginous outlines (f) ;  large fragments of 

lamellibranchs (Lam); Ostracod (O), Bivalves (B), Plate echiniods (Plq E). 

4. Conclusion 

The two sedimentary sequences studied, Jebel Essen (Tébessa) and Jebel Boukezez 

(Batna), were characterised by distinct lithological and paleontological developments during 
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the Coniacian and Santonian periods, with marked differences in thickness, lithological style 

and fossil content composition. 

The Coniacian and the Santonian are represented in Tébessa by the ‗Essen‘ Formation, 

while in Batna by the ‗Boukezez‘ Formation. 

At Essen section, the sedimentary sequence covers a considerable thickness of around 

533 metres. In contrast, the Boukezez section, although representing the same period, has a 

much thinner apparent thickness (only around 160 metres). 

In the Essen section the deposits are dominated by marly, whereas in the Boukezez 

section they are more calcareous. 

At Essen section the deposits are with specific biogenic units characterized by various 

fossil assemblages of bivalves, sea urchins and cephalopods, supported by a rich distribution 

of foraminifera and ostracods. On the other hand, in Boukezez section with a relatively lower 

fossil diversity than that of Jebel Essen, particularly in terms of ostracods and foraminifera. 

The transition between the Coniacian and Santonian periods is better clearly visible in 

a 3 metre thick layer of bioclastic limestone at Essen section. The distinction between the 

Coniacian and Santonian is less clear-cut due to the absence of clear biogenic markers and the 

prevalence of sedimentary lacunae. 

In general, this comparison reflects local differences in sedimentary and environmental 

dynamics during the Coniacian-Santonian between the two regions: Tebessa (Jebel Essen) 

shows a thicker, more marly and more fossil-rich record reflecting a more stable and fossil-

rich depositional environment, whereas the record from Batna (Jebel Boukezez) suggests 

more erratic and relatively more energetic depositional environments with distinct 

sedimentary discontinuities. 
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1. Introduction  

The taxa collected from the Coniacian and Santonian deposits in the eastern part of the 

Saharan Atlas, specifically from two studied sections Djebel Boukezez (Batna) and Djebel 

Essen (Tébessa) exhibit a moderately poor macrofauna in terms of macroinvertebrate 

diversity, but a rich and diverse microfauna, primarily composed of foraminifera and 

ostracods. 

The classification of ammonites follows Wright et al. (1996), echinoids are identified 

according to Moore (1996), bivalves are classified following Carter et al. (2011), inoceramids 

according to Harries et al. (1996), and gastropods according to Bouchet & Rocroi (2005). All 

linear measurements were taken using a digital caliper and are expressed in millimeters. The 

following abbreviations are used in species descriptions: L (length), H (height), W (width), 

and C (carapace). Selected species from these groups are illustrated on [11] plates. 

The classification of ostracods follows Horne (2005), while planktonic foraminifera are 

identified based on Loeblich &Tappan (1964, 1988), and benthic foraminifera on Kaminski 

(2004). Some species from these groups are illustrated on [12] plates as well. 

For each taxon, a synonymy list is provided in order to update the biostratigraphic and 

palaeogeographic distribution data. 

The systematic study focuses primarily on planktonic and benthic foraminiferal species 

identified in the residues of Coniacian and Santonian sediments. The relative abundances of 

ostracods, planktonic, and benthic foraminifera were calculated based on 100 grams of dry 

sediment. 

All studied specimens are housed in the Department of Geology, Badji Mokhtar University, 

Annaba (Algeria), under the following registration codes: (E) for the Boukezez locality and 

(C–S) for the Essen locality. 

2. Results 

2.1. Macrofauna 
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97 macroinvertibrates specimens were recolted in the study area mainly in Essen 

locality. Of these, 33 species were identified belonging to the 21 families and 26 genera 

(Table 1).  

Groups Species 

Ammonite -Hemitissotia morreni (Coquand, 1862) 

 

Echinoids -Mecaster fourneli (Deshayes, dans Agassiz et Desor 1847) 

-Mecaster turonensis (Bayle, 1878) 

-Mecaster batnensis Coquand, 1862 

-Mecaster texanus (Roemer, 1849) 

-Hemiaster cf. bibansensis Péron & Gauthier, 1881 

Bivalves -Agelasina plenodonta Riedel, 1933 

-Paraesa faba (J. de C. Sowerby, 1827) 

-Pholadomya sp. 

-Arctica picteti (Coquand, 1862)  

-Meretrix desvauxi (Coquand, 1862) 

-Aphrodinadutrugei (Coquand, 1862) 

-Protocardia hillana (J. Sowerby, 1813)  

-Idonearca thevestensis (Coquand, 1862) 

-Cucullaea (Idonearca) trigona (Seguenza, 1882) 

- Cucullaea (Idonearca) diceras Seguenza 1882 

- Oscillopha dichotoma (Bayle, 1849) 

-Pycnodonte (Phygraea) vesicularis vesicularis Lamarck 1806 

- Amphidonte conica (Sowerby, 1813) 

- Plicatula ferryi Coquand, 1862 

- Arctica cordata (Sharpe1850) 

- Nuculana cf .mariae (D‘Orbigny, 1844) 

-Rostrocardia papieri (Coquand, 1862) 

-Astare gigantea deshayes, 1842 

-Plicatula fourneli (Coquand, 1862) 

 -Plagiostoma subsimplex (Thomas &Peron 1891) 

- Granocardium desvauxi coquand 1862 

Inocerames  -Inoceramus pictus? J. de C. Sowerby 1814 

-Inoceramus ssiccensis Pervinquière 1912 
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Gasteropods -Volutomorpha sp., 

- Gyrodes sp., 

- Leptomaria sp., 

- Aporrhais fourneli (Coquand, 1862) 

Ammonite 

Class Cephalopoda 

Subclass Ammonoidea 

Order Ammonitida Zillel, 1884 

Superfamily Acanthoceratoidea 

Family Scoceratidae 

Genus Hemitissotia 

Hemitissotia morreni (Coquand, 1862) 

Pl. 1. Figure 1-3 a-c 

1862 Ammonites morreni Coquand, p. 173, Pl. Moi, figure 3, 4. 

1880 Cérilites morreni Coquand, p. 372. 

1885 Buchiceias morreni Zittel, p. 79. 

1889 Buchiceras cf. morreni Perón, p. 79. 

1896 Hemitissotia morreni Coquand-Péron. pl.  XV, Figure 6 et pl. XVIII, figure 11-14. 

Material : 5 complete specimens from the upper part of the Coniacian Formation 

Remarks: The material studied herein resembles to some extent Hemitissotia batnensis 

Peron. Coquand‘s Ammonites morreni is difficult to identify precisely and discrepancies exist 

in its description, figuration and classification. Although Coquand used Haan‘s Ceratites 

genus to classify the Algerian ammonites with rounded saddles, he did not include the species 

in question within this genus, but in the Ammonites. Moreover, in describing Ceratites 

fourneli,  which external form resembles that of Ammonites morreni, he stated that these 

fossils differ in that the former has the remarkable characteristics of Ceratites, unlike the 

latter. Pervinquiere (1907) and Chancellor et al. (1994) regarded Hemitissotia batnensis Peron 

(1897) and H. czini Peron (1897) as synonyms of H. morreni. It was recorded from the lower 

Senonian of Refana, near Tebessa, Algeria (Peron 1896), upper Turonian of Tunisia 

(Coquand, 1862; Chancellor et al., 1994). 

Ecology: Aragonitic mobile nektonic carnivore. 

Occurrence : Late  Coniacian of Essen section 

Distribution: North Africa (Tunisia and Algeria; Chancellor et al., 1994), and the Middle 

East (Palestaine; Parnes, 1964). 
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Echinoids : 

Embranchement Echinodermata BRUGUIÈRE, 1791 

Class Echinoidea LESKE, 1778 

Cohort Irregularia LATREILLE, 1825 

Superorder Atelostomata VON ZITTEL, 1879 

Order Spatangoida CLAUS, 1876 

Suborder Hemiasterina FISCHER in MOORE, 1966 

Family Hemiasteridae H.L. CLARK, 1917 

Genus Mecaster POMEL, 1883 

Type species: Hemiaster fourneli Deshayes a Agassiz et Desor 1847 

Mecaster fourneli (Deshayes, dans Agassiz et Desor 1847) 

 Pl. 2- 3. Figure 1-2 a-e – Figure 2a-e, (4-5a-d) 

1847 Hemiaster fourneli Deshayes dans Agassiz et Desor, p. 123. 

1991 Mecaster fourneli (Deshayes à Agassiz et Desor) ; Smith et Bengtson, p. 61, pl. 14. 

2002 Hemiaster fourneli Deshaye : Kora et al. : pl. 4, Figure 13. 

2004 Hemiaster (Mecaster) fourneli Deshayes : Abdel: Gawad et al. : pl. 10, Figure 12h- 13. 

2006 Hemiaster (Mecaster) fourneli Deshayes : El Qot: 152. pl. 34, Figure 2 : 3. 

2007 Hemiaster (Mecaster) fourneli Deshayes : Abdel: Gawad et al. : pl. 4, Figure 9h- 10. 

2009 Hemiaster (Mecaster) fourneli (Deshayes, 1847): EL QOT et al., p. 82, Pl. 5, Figure 3, 4 

2013 Mecaster fourneli (Deshayes à Agassiz et Desor); Oliveira et coll., p. 6, Figure 4A : C, 

6A : I. 

2015 Mecaster fourneli (Deshayes, dans Agassiz et Desor 1847): Abdelhamid, p.190 Figs. 12-

13. 

Material: 5 complete specimens from the bottom/ top part of the Essen Coniacian Formation 

and 28 specimens from the upper part of the Boukezez Formation.   

Remarks: Our material is distinguished by a more elongated test and a higher posterior 

interambulacrum. Mecaster fourneli differs from M. pseudofourneli (Peron & Gauthier, 1878) 

in that its paired petals are shorter and shallower. In addition, M. pseudofourneli is older 

(Cenomanian). 

Ecology: Mobile infauna with high Mg content: calcite deposit: feeder. 

Occurrence: Coniacian of Essen and Boukezez section 

Distribution: M. fourneli has been recorded in the Turonian-Campanian interval of North 

Africa, Nigeria and the Middle East and has also been recorded in Brazil. 
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Mecaster turonensis (Bayle, 1878) 

Pl. 2. Figure 3 a-e 

1878 Spatangus turonensis Bayle, pl. 156, Figure 3e4. 

1895 Micraster turonensis Lambert, p. 212. 

1975 Micraster turonensis Stokes, p. 80, Figure 30, pl. XI, Figure 7, 8, pl. XII, Figure 1e3. 

1921 Hemiaster heberti mutatio turonensis Fourtau, p. 89, pl. 11, Figure 1e10. 

2012 Mecaster turonensis (Fourtau) ; Abdelhamid et Azab, p.604, Figure 15 IeK, 17 B, C. 

2015 Mecaster turonensis (Fourtau, 1921), Abdelhamid, p.193 Figure 12FeH, 19 

Material: One complete, well preserved specimen and 2 incomplete specimens from the 

lower part of the Coniacian Formation of Essen section.  

Remarks: Mecaster turonensisis can be distinguished from M. fourneli (Deshayes) by a 

higher test, wider paired petals and longer posterior paired petals with more pairs of pores 

(Abdelhamid, 2015). 

Ecology: Mobile endofaunal deposit with high mg-calcite content: feeder. 

Distribution: Coniacian to Santonian of France and Egypt. 

Occurrence: Lower Coniacian of Essen section 

 

Mecaster batnensis Coquand, 1862 

Pl. 3. Figure 1a-e  

1862 Hemiaster batnensis Coquand, p. 248, pl. 26, figures 6–8. 

1991 Mecaster batnensis (Coquand): Smith et Bengtson, p. 56, pl. 12, 13. 

1999. Mecaster batnensis (Coquand, 1862): Seeling,pl. 7, figures 3 à 8. 

2008 Mecaster batnensis (Coquand): Manso et Andrade, p. 322, pl. 1, Figure G-H. 

2015 Mecaster batnensis (Coquand); Abd El-Hamid, p. 168, Figure 27F, 28. 

2015 Mecaster cf. batnensis (Coquand): Ali, p. 580, Figure 14e16, 17AeH. 

Material: 4 complete, well-preserved specimens and one incomplete specimen from the 

lower part of the Coniacian Formation of Essen section. 

Remarks: Mecaster batnensis resembles Mecaster pseudofourneli (Peron et Gauthier), but 

has much longer petals, a higher test and the peristome is situated relatively further back than 

in Mecaster pseudofourneli (Abdelhamid, 2015). 

Ecology: Mobile infauna with high mg content: calcite deposits: feeder. 

Occurrence: Lower Coniacian of Essen section 

Distribution: Mecaster batnensis is known from the United States (Arizona, New Mexico 

and Texas), Mexico, Venezuela and Brazil. It is common in various regions of the Tethys. 
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Algeria, Tunisia, Egypt, Jordan, Palestine and Portugal (see de Loriol, 1888; Roney, 2013; 

Zaghbib: Turki, 1975; Smith, 1992; Smith and Bengtson, 1991; Manso and Andrade, 2008; 

Gallemi and Abdallah, 2010). 

Mecaster texanus (Roemer, 1849) 

Pl. 3. Figure 2a-d 

1849 Hemiaster texanus Roemer, p. 77, 393. 

1852 Hemiaster texanus Roemer : Roemer, p. 78, 85, Pl. 10, figure 4 a: c. 

1915 Hemiaster texanus Roemer : Clark & Twitchell, p. 94, Pl. 49, figure la : j. 

1953 Hemiaster texanus Roemer : Cooke, p. 33, Pl. 13, figure 1 : 4. 

1955 Hemiaster texanus Roemer : Cooke, p. 109, Pl. 29, figure 5: 10. 

2003 Mecaster texanum Roemer, 1852 - Cassab, p.76. 

2013 Mecaster texanum (Roemer, 1852) : Oliveira et al., p. 11, figure 7 A : C, 9 A : I. 

Material: 5 complete specimens from the upper part of the Coniacian formation of Essen 

section. 

Remarks: It differs from M. fourneli by having a larger and more elongated shell than that 

observed in M. fourneli. It differs from Hemiaster wayensis by having a larger and narrower 

test, with a narrower angle between petals I and V. H. wayensis also has shallower and 

smaller petals. 

Ecology: Mobile infaunal feeding on calcite-rich deposits. 

Occurrence: Upper coniacian of Essen section 

Distribution: it has been recorded in the Cenomanian-Santonian strata of Egypt, Nigeria, 

Peru, the United States (Texas) and Brazil. 

Hemiaster cf. bibansensis Péron & Gauthier, 1881 

Pl. 3. Figure 3a-d 

cf.1881 Heminster bibansensis Péron & Gauthier in Cotteau, Péron & Gauthier, p. 68, pl. 3, 

figure 6-7. 

cf.1889 Hémiastre cf. bibansensis - Gauthier, p. 16. 

cf.1975 Hemiaster bibansensis- Zaghbib-Turki, p. 57, pl.3, figure 7-9 ; texte figure 40a-c. 

cf. 2015 Hemiaster bibansensis- Abdelhamid, p.153, figure7 (3). 

Matériel:7 complete specimens from the lower parte of Santonian formation of Essen section 

and 5 complete specimens from the lower parte of Santonian formation of Boukezez section. 

Description: This species was recorded in the Santonian rock of Algeria and later recorded in 

Tunisia. Here it is recorded for the first time from Egypt. The present material differs from the 

Egyptian individuals by having a slightly shorter bivium (in H. bibansensis, the bivium is 
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slightly longer than the paired anterior petals). It more closely resembles the Tunisian material 

in which the paired petals are equal. The present species can be distinguished from H. 

pseudofourneli Péron & Gauthier and H. obliquetruncatus Péron & Gauthier by its more 

eccentric apical disc towards the front, its longer posterior petals and its relatively narrower 

test. 

Occurrence: Lower Santonian of Essen section 

Distribution: Coniacian-Santonian of Wadi Sudr, Egypt. 

Bivalves 

BIVALVIA Linnaeus class, 1758 

Mega-order Cardiata Férussac, 1822 

Superorder Cardiiformii Férussac, 1822 

Order Megalodontida Starobogatov, 1992 

Superfamily Megalodontoidea Morris & Lycett, 1853 

Family Dicerocardiidae Kutassy, 1934  

Genus Agelasina Riedel, 1933 

Type Species: Agelasina plenodonta Riedel, 1933. 

Agelasina plenodonta Riedel, 1933 

Pl. 4. Figure 1a-c 

1933. Agelasina plenodonta n. gen. n. sp.– Riedel, p. 58, pl. 4, figure 1 ; pl. 12, figure 1, 3: 5. 

1955. Agelasina plenodonta Riedel : Reyment, p. 142, pl. 4, figure 1. 

1957. Agelasina plenodonta Riedel : Dartevelle & Freneix, p. 155, pl. 26, figure 3; pl. 27, 

figure 1 : 3. 

2015. Agelasina plenodonta Riedel : Moussavou, p. 316, figs 4/F, H, L, P. 

2019 Agelasina plenodonta Riedel, Ayoub : Hannaa, p. 173, pl. III, figs Q : T ; pl. IV. 

2023 Agelasina plenodonta Riedel : Benmansour, p. 8, figure 6. 2a : 2d 

Material: 6 complete and 18 incomplete specimens from the lower/upper part of the Essen 

Coniacian Formation. 

Remarks: A. plenodonta is similar to Cyprinabarroisi Coquand (from the Santonian of 

Tunisia) in general outline, umbilical curvature and swelling. However, A. plenodonta differs 

in having more pointed and less curled beaks, a narrower umbo and a higher shell. Agelasina 

differs from Glossus Poli in that it has two large posteriorly elongated cardinal teeth, and the 

lateral teeth are absent (for more details, see Ayoub: Hannaa et al., 2019). 

Ecology: Aragonitec infaunal facultative mobile suspension feeder. 

Occurrence: Coniacian of Essen section 
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Distribution: West Africa (Congo, Cameroon, Gabon and Nigeria). 

 

 

Superfamily Veneroidea Rafinesque, 1815 

Family Veneridae Rafinesque, 1815 

Genus Paraesa Casey, 1952 

Type species: Venus faba J. de C. Sowerby, 1827. 

Paraesa faba  (J. de C. Sowerby, 1827) 

Pl.4. Figure 2a-d 

1827. Venus Faba J. de C. Sowerby, p. 129, pl. 567, Figure 3 

1957. Paraesa cf. faba (Sowerby) : Dartevelle & Freneix, p. 184, pl. 31, Figure 4 : 5. 

1962.  Meretrix  faba (Sowerby) : Abbass, p. 146, pl. 22, Figure 21. 

1972.  Paraesa  faba  faba (Sowerby, 1827): Freneix, p. 178, pl. 18, figs 10 : 12. 

2004.  Meretrix  faba (Sowerby): Abdel: Gawad et al., pl. 3, Figure 5. 

2006. Paraesa  faba faba (J. de C. Sowerby, 1827): El Qot, p. 88, pl. 18, figures 1, 3 

2014. Paraesa  faba? (Sowerby, 1827): Niebuhr et coll., p. 157, pl. 14d, f. 2015. 

2019 Paraesa  faba (J. de C. Sowerby): Nagm, p. 15, Figure 6K. 

2019 Paraesa faba (J. de C. Sowerby): Ayoub: Hannaa et al., p. 201, figure 20; Pl. X, figures 

D : J. 

2019 Paraesa faba (J. de C. Sowerby): Ghenim et al., p. 35, figure 8F1 G1–2. 

Material: 3 complete specimens from the lower part of the Coniacian Formation. 

Notes: They are distinguished by a taller shell, which makes the species name debatable. 

Freneix (1972) subdivided Paraesa faba into two subspecies, P. faba faba (J. de C. Sowerby, 

1827) and P. faba subfaba (d'Orbigny, 1850). Venus dutrugei Coquand and V. reynesi 

Coquand closely resemble Paraesa faba in form and ornamentation and were considered 

junior synonyms (Freneix (1972), El Qot (2006), and Ayoub: Hannaa et al. (2014; Ghenim et 

al., 2019). 

Ecology: Aragonitec, infauna, feeds on a facultatively mobile suspension. 

Occurrences: Coniacian of Essen section 

Distribution: Great Britain, Algeria, Tunisia, Libya, Morocco, and Egypt, conge Cameron 

and Brazil (J. de C. Sowerby, 1827; Coquand, 1862; Péron, 1890; Pervinquière, 1912; Berizzi 

and Busson, 1971; Freneix, 1972; Wood, 1908; El Qot et al., 2013). Fourtau, 1917; Abbass, 

1962; El Qot, 2006; Ayoub: Hannaa et al., 2014; Niebuhr et al., 2014; Riedel, 1933; Trévisan, 

1937 (Dartevelle & Freneix Seeling, 1999). 
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Order Pholadomyida Newell, 1965 

Superfamily Pholadomyoidea King, 1844 

Family Pholadomyidae King, 1844 

Genus Pholadomya G.B. Sowerby, 1823 

Type Species: Pholadomya candida G.B. Sowerby, 1823, par désignation ultérieure de Gray 

(1847). 

Pholadomya sp., 

Pl.4. Figure 3a-d 

Material: A complete specimen from the lower part of the Coniacian Formation. 

Remarks. No ornamentation preserved. Maximum inflation slightly below the umbonal area. 

Anterodorsal margin strongly concave, posterior end well rounded. 

Ecology: facultative aragonitic endomorph fauna: mobile suspension: feeder. 

Occurrences : lower Coniacian of Essen section 

Distributions : France, Germany, the United Kingdom), North Africa (including Algeria, 

Tunisia, and Egypt), North and South America (such as the United States, Argentina, and 

Brazil), as well as in India, Southeast Asia, and Australasia (Damborenea & Mancenido, 

1979; Kiel & Bandel, 2002; Skwarko, 1994). (Kiel & Bandel, 2002; Cox et al., 1969 ; Ben 

Mansour, 2009; Kazi-Tani, 1970). 

 

Subclass Heteroconchia Hertwig, 1895 

Superorder Heterodonta Neumayr, 1883 

Order Veneroida H. Adams and A. Adams, 1856 

Superfamily Arcticoidea Newton, 1891 

Family Arcticidae Newton, 1891 

Genus Arctica Schumacher, 1817 

Type Species: Arctica vulgaris Schumacher, 1817 (= Venus islandica Linnaeus, 1767). 

Arctica picteti (Coquand, 1862)  

Pl.4. Figure 4a-d 

1862 Crassatella Picteti sp. nov. Coquand, p. 199, pl. 13, figure 10-11. 

1890 Cyprina picteti Coquand : Thomas et Péron, dans Péron, p. 293. 

1912 Cyprina picteti Coquand : Pervinquière, p. 223, pl. 16, figure 6a-b, 7a-b, 8a-b. 

2006 Arctica picteti (Coquand) : El Qot, p. 84, pl. 17, figure 2a-b, 3.  

2014 ? picteti (Coquand) : Ayoub : Hannaa et al., p. 118, pl. 11, figure 3a-b, 4a-b. 
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2021 Arctica picteti (Coquand) : Mendir et al., p. 33, figure 7 E1–2 F1–2. 

Material: 2 complete specimens from the lower part of the Coniacian Formation 

Ecology: facultative Aragonitec endofauna: mobile suspension: feeding. 

Occurrence : Coniacian of Essen section 

Distribution: Algeria, Tunisia, Egypt and Italy (Thomas et Péron, 1890; Pervinquière, 1912 

El Qot, 2006; Ayoub: Hannaa et al., 2014; Seguenza, 1882). 

Subfamily Meretricinae Gray, 1847 

Genus Meretrix Lamarck, 1799 

Species type : Vénus meretrix Linnaeus, 1758 

Meretrix desvauxi (Coquand, 1862) 

Pl.4. Figure 5a-d 

1862 Vénus desvauxi sp. nov. Coquand, p. 194, pl. 8, Figure 1-2. 

1962 Meretrix desvauxi (Coquand) : Abbass, p. 145, pl. 23, Figure 2. 

2014 Meretrix desvauxi (Coquand) : Ayoub : Hannaa et al., p. 123, pl. 12, Figure 2a-b. 

2018 Meretrix desvauxi (Coquand) : Ghenim et al., p. 16, Figure 8H1, H2, 0. 

2019 Meretrix desvauxi (Coquand) : Ghenim et al., p. 36, Figure 8 H1-2. 

2021 Meretrix desvauxi (Coquand) : El : Sabagh et al., Figure 12F : G3b : i 

Material. 2 complete specimens from the lower/upper part of the Coniacian Formation. 

Ecology: facultative aragonitic infauna: mobile suspension: feeding. 

Occurrence: Coniacian of Essen section 

Distribution: Egypt and Algeria. 

Order Cardiida Férussac, 1822 

Suborder Cardiidina Férussac, 1822 

Superfamily Veneroidea Rafinesque, 1815 

Family Veneridae Rafinesque, 1815 

Subfamily Venerinae Rafinesque, 1815 

Genus Aphrodina Conrad, 1869 

Type species: Meretrix tippana Conrad, 1858 

Aphrodina dutrugei (Coquand, 1862) 

Pl.4. Figure 6a-c 

1862 Vénus dutrugei Coquand, p. 193, Pl. 7, Figure 5 : 6. 

1917 Vénus dutrugei Coquand : Fourtau, p. 88. 

1962 Meretrix dutrugei (Coquand, 1862) : Abbas, p. 147, pl. 22, Figure 22. 

1963 Vénus dutrugei Coquand : Fawzi, p. 79. 
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2002 Aphrodina (Aphrodina) dutrugei (Coquand) : Berndt, p. 128, pl. 7, Figure 1 : 2. 

2005 Aphrodina dutrugei (Coquand): Ahmad, p. 191, pl. 1, Figure 1 : 9. 

2013 Aphrodina dutrugei (Coquand): Musavu Moussavou et al., p. 4, Figure 4 : 5, 6, 11, 

13 : 15. 

2015 Aphrodina dutrugei (Coquand): Musavu Moussavou, p. 319, pl. 4, Figure 1. 

2016 Aphrodina dutrugei (Coquand): Benzaggagh, p. 24, Figure 18. 

2019 Aphrodina dutrugei (Coquand): Hoşgör et Yilmaz, p. 424, Figure 3b : i 

Material: 2 complete specimens from the upper part of the Coniacian Formation. 

Remarks: The genus Aphrodina Conrad, 1869, family Veneridae Rafinesque, 1815, includes 

several species from the Cretaceous Tethysian, extending from the Cenomanian to the 

Santonian. 

Ecology: facultative aragonite infauna: mobile suspension: feeder. 

Occurrence: Coniacian of Essen section 

Distribution: North Africa and Middle East and West Africa (see (Hoşgör and Yilmaz, 2019) 

 

Superorder Cardiiformii Férussac, 1822. 

Order Cardiida Férussac, 1822 

 Suborder Cardiidina Férussac, 1822. 

Superfamily Cardioidea Lamarck, 1809. 

Family Cardiidae Lamarck, 1809. 

Subfamily Protocardiinae Keen, 1951 

Genus Protocardia Beyrich, 1845 

Type species: Cardium hillanum Sowerby (1814). 

Protocardia hillana (J. Sowerby, 1813)  

Pl. 5. Figure 1a-c 

1813 Cardium hillanum sp. nov. J. Sowerby, p. 41, pl. 14. 

1890 Protocardia hillana J. Sowerby: Thomas et Péron, dans Péron, p. 276. 

1916 Protocardia hillana (J. Sowerby): Douvillé, p. 158, pl. 20, Figure 1–3. 

1962 Protocardia hillana (J. Sowerby): Abbass, p. 123, pl. 21, Figure 1, 3, 13. 

2006 Protocardia hillana (J. Sowerby): El Qot, p. 78, pl. 16, Figure 4–6. 

2014 Protocardia hillana (J. Sowerby): Ayoub : Hannaa et al., p. 115, pl. 10, Figure 8, 9a-b. 

2016 Protocardia hillana (J. Sowerby): Benzaggagh, p. 201, Figure 16 : C–I 

2023 Protocardia hillana (J. Sowerby): Benmansour, p. 7, Figure 3c. 

Material: A complete specimen from the lower part of the Coniacian Formation. 
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Remarks: Traces of concentric and radial ribs, but the umbo and posterodorsal margin are 

poorly preserved. The material present differs from the type species in being less swollen and 

more rounded in outline. P. hillana differs from P. coquandi Seguenza in being more inflated 

with a larger umbo (Sowerby, 1813). The specimen resembles P. pauli but differs in being 

less elongated and also less swollen. 

Ecology: facultative aragonitic fauna: mobile suspension feeder. 

Occurrence: Coniacian of Essen section 

Distribution: it has been observed from the Aptian to the Maastrichtian in the strata of Africa 

Algeria, Tunisia Morocco Cameroon, Gabo), Europe and Asia (India), in addition to Brazil 

(Riedel, 1933; Dartevelle and Freneix, 1957; Musavu Moussavou, 2015; (Jaitly and Mishra, 

2009; (Thomas and Peron, 1890); (Lefranc à Bengtson, 1983; Seeling, 1999; Coquand, 1862 

Andrade and Santos, 2011, Benzaggagh, 2016, Ghenim et al., 2021). 

Order Arcida Gray, 1854 

Family Cucullaeidae Stewart, 1930 

Genus Idonearca Conrad, 1862 

Type Species: Cucullaea tippana Conrad, 1858  

Idonearca thevestensis (Coquand, 1862) 

Pl. 5. Figure 2a-d 

1862 Arca Tevesthensis sp. nov Coquand: 212, pl. 15, figs. 9: 10.  

1891 Arca thevestensis Coquand: Peron: 257.  

1912 Arca (Trigonarca?) thevestensis Coquand: Pervinquière: 104, pl. 7, figs. 22, 27a, b.  

1934 Arca (Trigonarca?) thevestensis Coquand: Blanckenhorn: 211.  

2006 Cucullaea (Idonearca) thevestensis (Coquand): El Qot, p. 25 ; pl. 2, Figure 14–15 ; pl. 

3, Figure 1.  

2016 Cucullaea (Idonearca) thevestensis (Coquand): Benzaggagh, p. 189, figure 7d: g; figure 

8a: c, 

2017 Cucullaea (Idonearca) thevestensis Coquand: Abdelhady and Mohamed, figure 9a: c. 

2021 Cucullaea (Idonearca) thevestensis Coquand: Mendir et al., figure 3c. 

Material: 9 complete specimens and 6 incomplete from middle/Upper part of the  coniacian 

formation.  

Remarks: It differs from I. diceras Seguenza in having a less elongated shell and differ from 

I. trigona Seguenza by less inflated shell and less prominent umbones. 

Ecology: Aragonitec infaunal facultative: mobile suspension-feeder. 

Occurrences : Coniacian of Essen section 

https://www.marinespecies.org/aphia.php?p=taxdetails&id=1740149
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Distribution: Egypt, Algeria, Tunisia, Italy, and Syria. 

Cucullaea (Idonearca) trigona (Seguenza, 1882) 

Pl. 5. Figure 3a-d 

1882 Arca trigona Seguenza, p. 98, pl. 13, Figure 6, 6a. 

1972 Cucullaea (Idonearca) chouberti Freneix, p. 96 ; pl. 2, Figure 1–4 ; pl. 3, figure 1a–b, 2.  

2004 Cucullaea (Idonearca) trigona (Seguenza): Abdel–Gawad et al., pl. 5, figure 2a–b.  

2006 Cucullaea (Idonearca) trigona (Seguenza): El Qot, p. 25, pl. 3, figure 2a–b.  

2011 Cucullaea (Idonearca) trigona (Seguenza): Ayoub–Hannaa, p. 59, pl. 3, figure 7–8.  

2013 Cucullaea (Idonearca) trigona (Seguenza): El Qot et al., p. 194, pl. 1, figure 3a–b. 

2013 Cucullaea (Idonearca) trigona (Seguenza): Benzaggagh, p. 189, Figure 5D-E ; figure 

6A-E. 

2021 Cucullaea (Idonearca) trigona (Seguenza): Mendir et al., p. 4, figs. 3A-C. 

2022 Cucullaea (Idonearca) trigona (Seguenza): Feriani et al., figure 12a. 

Material: 9 complete specimens and 6 incomplete from middle/Upper part of the  coniacian 

formation. 

Remarks: it differs from I. diceras Seguenza by being bigger (more inflated/elongated) and 

by having more prominent umbo.  

Ecology: Aragonitec infaunal facultative: mobile suspension-feeder. 

Occurrences : Coniacian of Essen section 

Distribution: Algeria, Tunisia, Italy, and Sicily. It wasalso recorded from Libya (El Qot,. and 

Abdulsamad, 2016). Albian: Santonian of North Africa (Pervinquière, 1912; El Qot et al., 

2013; Benzaggagh, 2016). 

 

Cucullaea (Idonearca) diceras Seguenza 1882 

Pl. 5. Figure 4a-d 

1882 Arca diceras sp. nov.: Seguenza, p. 96, pl. 14, figure 1 a: b.  

1912 Arca (Trigonarca?) diceras Seguenza: Pervinquière, p. 102, pl. 7, figs. 23a: b, 25: 26.  

1918 Arca (Trigonarca) diceras Seguenza: Greco, p. 29 (211), pl. 3 (29), figs. 14: 15.  

1937 Arca (Trigonarca) diceras Seguenza: Trevisan, p. 48, pl. 2, figs. 12: 13.  

1962 Arca (Idonearca) diceras (Seguenza): Abbass: 23, pl. 2, figure 10.  

2002 Trigonarca diceras Seguenza: Abdel-Gawad and Gameil, p.81, pl. 1, figure 10.  

2006 Cucullaea (Idonearca) diceras (Seguenza): El Qot, p. 24, pl. 2, figs. 6: 8 

2016 Cucullaea (Idonearca) diceras (Seguenza, 1882) Benzaggagh, p. 189, figure 7AC. 
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Material: 11 complete specimens and 7 incomplete from middle/Upper part of the  coniacian 

formation.  

Remarks: This species was first recorded in Algeria, in the Monts des Sour and the Guir 

Basin. 

Ecology: Aragonitec infaunal facultative: mobile suspension-feeder. 

Occurrences : Middle/Upper Coniacian of Essen section 

Distribution: Egypt, Algeria, Tunisia, Italy, and Sicily. 

 

Genus Oscillopha Malchus 1990 

Oscillopha dichotoma (Bayle, 1849) 

Pl. 6-7. Figure 1-3a-c, 7-8a-b 

1849 Ostrea dichotoma sp. nov. Bayle: 365, pl. 18, figs.17: 18. 

1912 Alectryonia dichotoma Bayle, Pervinquière: 206, pl.14, figs. 19: 21. 

1917 Ostrea dichotoma Bayle, Fourtau, 35, pl. 5, Figure 8. 

1917 Alectryonia dichotoma Bayle, Greco, 144 (164). 

1962 Lopha dichotoma Bayle, Abbass: 81, pl. 11, figure 2. 

1987 Oscillopha (Actinostreon) dichotoma Bayle, Kora and Hamama, pl. 1, figure5. 

1990 Oscillopha dichotoma Bayle, Malchus, 103, pl. 1, figs. 5: 9. 

2008 Oscillopha dichotoma Bayle, El Sabbagh, pl. 11, figure 3/3–6. 

2019 Oscillopha dichotoma Bayle, Nagm and Boualem, p. 200, figure 4B. 

2020 Oscillopha dichotoma Bayle, 1849, Hashmie et al., figure 7d.2023 

2023 Oscillopha dichotoma Bayle, 1849, Abdelhady et al., figure 8k and l 

Material: 8 complete specimens and 33 incomplete from Upper part of the coniacian 

formation. 

Remark: it has dense ribs, which are uniformly distributed. It differs from Lopha syphax by 

median-position ligament and bytransverse muscle scars positioned near the median 

lineFreneix (1972). Furthermore, Mendir et al., (2021) indicated that the stratigraphic range of 

O. dichotoma is much younger (Coniacian–Campanian). 

Ecology: low-Mg calcite marine to brackish stationary attached epifaunal suspension-feeder. 

Occurrences : Coniacian of Essen section 

Distribution: Coniacain- Santonian of Egypt, Tunisia, Algeria, Iran and Madagascar 

(Pervinquière 1912; Malachus 1990; Dhondt et al., 1999; Nagm and Boulam 2019). 
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Order Ostreida Férussac 1822 

Family: Gryphaeidae Vialov 1936 

Subfamily Pycnodonteinae Stenzel 1959 

Genus Pycnodonte Fischer de Waldheim 1835 

Type species: Pycnodonte radiata Fischer von Waldheim, 1835  

Subgenus Phygraea Vialov 1936 

Pycnodonte (Phygraea) vesicularis vesicularis Lamarck 1806 

Pl. 6. Figure 5-6a-c 

1806 Ostrea vesicularis Lamarck: p. 160. 

1913 Ostrea vesicularis Lamarck: Woods: p. 360, pl. 55, figs. 4: 9. 

1918 Pycnodonta vesicularis Lamarck: Greco: p. 110 (130), pl. 13 (12), figs. 1: 5. 

1977 Pycnodonte (Phygraea) vesicularis (Lamarck): Pugaczewska: p. 191, pl. 13, figs. 1–3. 

1990 Pycondonte (Phygraea) vesiculosum (Sowerby, 1823): Malchus, p. 145, pl. 2, figs. 2–7).  

2002 Pycondonte (Phygraea) vesiculosum (Sowerby, 1823): Zakhera and Kassab, pl. 2, 

Figure 5.  

2019 Pycnodonte (Phygraea) vesicularis vesicularis (Lamarck): Hewiedy et al.: p. 14, figs. e2 

Material: 2  complete specimens and 7 incomplete from Lower part of the  coniacian 

formation. 

Remarks: P. vesicularis (Lamarck) differs from P.  vesiculosa (J. de C. Sowerby) inhaving 

larger thicker shell and more incurved and less pointed umbo (Wilmsen and Voigt, 2006; El 

Qot, 2006; Ayoub-Hannaa et al., 2014).  

Ecology: low-Mg calcitemarine to brackish stationary attached epifaunal suspension-feeder.  

Occurrences : Coniacian 

Distribution: a very widespread Cretaceous oyster, being recorded from the Cenomanian: 

Santonian sediments of Europe, Africa, Middle East, Jordan, Libya, and Egypt, India, and 

Brazil and it may extend from the Aptian to the Maastrichtian (Stoliczka, 1871 ; Moroni and 

Ricco, 1968 ; Seeling and Bengtson, 1999 ; Abdel: Gawad, 1995 ; Malchus, 1990; Hewiady et 

al., 2012 ; Freneix, 1972 ; Aqrabawi, 1993 Dhondt, 1984) 

 

Family Gryphaeidae Vialov, 1936 

Subfamily Exogyrinae Vialov, 1936 

Genus Amphidonte Fischer de Waldheim, 1829 

Type species: Exogyra costata Say, 1820 

Amphidonte conica (Sowerby, 1813) 

https://www.marinespecies.org/aphia.php?p=taxdetails&id=593323
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Pl. 6. Figure 4-7a-b 

 

1813 Chama conica J. de C. Sowerby, p. 69, pl. 26, figure 3.  

1869 Ostrea conica Sowerby–Coquand, p. 150, pl. 53, figs. 1–7.  

1913 Exogyra conica (Sowerby) –Woods, p. 407, textfigs. 215–242. 

2014 Exogyra conica Sowerby: Ayoub-Hannaa et al., p. 78, pl. 3, figs. 4–6.  

2015 Exogyra conica Sowerby: Ahmad et al., p. 289, pl. 1C–D.  

2018 Exogyra conica (Sowerby): Aouissi et al., p. 9, figure 4.4. 

2014 Exogyra conica (Sowerby): Ayoub-Hannaa et al., p. 79, pl. 3, figs. 7 and 8 

2016 Amphidonte conica (Sowerby): Benzaggagh, p. 192, figure 9-10 

2021 Exogyra conica (Sowerby), Mandeir et al., p. 7, figure 4j. 

2024 Amphidonte conica (Sowerby, Benzaggagh et al., figure 10a-b, figure 9A-f. 

Material: 2  complete specimens from Upper part of the  coniacian formation. 

Remarks: it has afine concentric growth lines with chomata along the entire inner perimeter 

of the commissure.  

Ecology: low-Mg calcite marine to brackish stationary attached epifaunal suspension-feeder.  

Occurrences : Coniacian of Essen section 

Distribution:Algeria, Egypt, Ethiopia, Jordan, Madagascar, Egypt, Mozambique, UK, 

Morocco, Algeria, Spain, Syria, Tunisia, New Zealand, Afghanistan, New Zealand (Amard et 

al., 1981; Boreham, 1959; Dhondt, 1982; Benzaggagh et al., 2024. 

 

Order  Pteroida Newell, 1965 

Suborder Pteriina Newell, 1965 

Superfamily Pectinacea Rafinesque, 1815 

Family Plicatulidae Watson, 1930 

Genus Plicatula Lamarck, 1801 

Type species: Spondylus plicatus Linnaeus, 1764 

Plicatula ferryi Coquand, 1862 

Pl. 7. Figure 1-6a-b 

1862 Plicatula ferryi Coquand, p. 221, pl. 16, figs 7–9. 

1904 Plicatula ferryi Coquand; Fourtau, p. 313, pl. 3, figs 2, 3. 

2001 Plicatula ferryi Coquand:El: Hedeny et al., p. 29, figure 3a–d 

2013 Plicatula ferryi Coquand: El Qot et al., p. 210, pl. 3, figs. 9–11.  

2014 Plicatula ferryi Coquand: Ayoub: Hannaa et al., p. 97, pl. 7, figs. 7–9.  

https://paleobiodb.org/classic/displayCollResults?taxon_no=354095&max_interval=Cretaceous&country=Algeria&is_real_user=1&basic=yes&type=view&match_subgenera=1
https://paleobiodb.org/classic/displayCollResults?taxon_no=354095&max_interval=Cretaceous&country=Egypt&is_real_user=1&basic=yes&type=view&match_subgenera=1
https://paleobiodb.org/classic/displayCollResults?taxon_no=354095&max_interval=Cretaceous&country=Ethiopia&is_real_user=1&basic=yes&type=view&match_subgenera=1
https://paleobiodb.org/classic/displayCollResults?taxon_no=354095&max_interval=Cretaceous&country=Jordan&is_real_user=1&basic=yes&type=view&match_subgenera=1
https://paleobiodb.org/classic/displayCollResults?taxon_no=354095&max_interval=Cretaceous&country=Madagascar&is_real_user=1&basic=yes&type=view&match_subgenera=1
https://paleobiodb.org/classic/displayCollResults?taxon_no=354095&max_interval=Cretaceous&country=Mozambique&is_real_user=1&basic=yes&type=view&match_subgenera=1
https://paleobiodb.org/classic/displayCollResults?taxon_no=354095&max_interval=Cretaceous&country=United%20Kingdom&is_real_user=1&basic=yes&type=view&match_subgenera=1
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2017 Plicatula ferryi Coquand: Musavu Moussavou, p. 4, figure 4K 

2021 Plicatula ferryi Coquand: Mendir et al., figure 6h 

Material: 13 complete specimens and 19 incomplete from Upper part of the  coniacian 

formation. 

Remark: Plicatula ferryi similar in outline and ornamentation to P. batnensis (Coquand) (El 

Qot, 2006; El-Hedeny, 2001). It differs from P. auressensis in having larger shell with more 

radial ribs and having.  

Occurrences : Coniacian of Essen section 

Distribution : Coniacian–Santonian species in North Africa and the Middle East (Egypt and 

Algeria,). It was also recorded from other African countries (e.g., Nigeria Congo, Cameroon) 

and also recorded from New Mexico (Barber, 1958; Moussavou, 2017; Dartevelle and 

Freneix, 1957; Dhondt, 1992; El-Hedeny, 2001). 

 

Order Veneroida Adams & Adams, 1856 

Family Arcticidae Newton, 1891 

Genus Arctica Schumacher, 1817 

 Arctica cordata (Sharpe1850) 

Pl.8, Figure 1a-d 

1850 Cyprina cordata Sharpe.p. 182, pl. 15, figure 2. 

2006 Arctica cordata (Sharpe) – El Qot: p. 81, pl. 16, figs. 10, 11. 

2014 Arctica cordata (Sharpe) – Hewaidy et al., p. 225, pl. 3, figure 1. 

2019 Arctica cordata (Sharpe) – Ayoub-Hannaa et al., p. 185, pl. 6, figs. L–M; pl. 7, figure A 

2022 Arctica cordata Sharpe- Aouissi et al; p264. figure 6, F1-3 

Material: 5 complete specimens from Santonian Formation 

Description: The specimens described are medium-sized, oval in shape and longer than they 

are tall. They are equivalent, moderately swollen, unequilateral and enlarged towards the rear. 

The umbels are wide, curved and spaced. The lunula is both wide and deep. The hinge line is 

long and straight, marked by a sinuous line visible in the internal moulds. The anterior edge is 

very convex, while the posterior edge is rounded. The ventral margin is also long and well 

rounded. The surface of the specimens studied shows deep muscular and mantle scars, with 

no trace of ornamentation. 

Occurrence: Santonian of Essen section 
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Distribution: Arctica cordata is reported from the Cenomanian of Portugal (Sharpe, 1850) 

and Egypt (El Qot, 2006; Hewaidy et al., 2014), and from the Upper Turonian of Brazil 

(Ayoub-Hannaa et al., 2019). 

Family Nuculanidae Adams & Adams, 1858 

Genus Nuculana Link, 1807 

Subgenus Nuculana Link, 1807 

Nuculana cf .mariae (D’Orbigny, 1844) 

Pl.8, Figure 2a-d 

cf. 1844 Nucula mariae sp. nov. – D‘Orbigny: 169, pl. 301, figs.4-6. 

cf. 1899 Nuculana mariae (D‘Orbigny) – Woods: 6, pl.1, figs.25-27 

2006 Nuculana cf.mariae D‘Orbigny-El Qot; p 19 .pl.1, figure3-4 

Material: 8 complete specimens from Santonian Formation 

Description: The specimens are small, oval-shaped, slightly swollen, with equivalent valves, 

unequilateral, rounded at the front and pointed at the rear. The umbilicus is pointed and 

directed backwards. The ventral edge is clearly curved. These are internal moulds with no 

trace of ornamentation. 

Occurrence: Santonian of Essen section 

Distribution: Cenomanian of Egypt (El Qot, 2006) 

Rostrocardia papieri (Coquand, 1862) 

Pl.8, Figure 3a-e 

1880 Isocardia papieri sp. nov – COQUAND: 114, pl. 4. 

1912 Anisocardia papieri COQUAND – PERVINQUIÈRE: 235, pl.17, figs. 20-22.  

1918 Anisocardia papieri COQUAND – GRECO: 46 (228), pl. 5(21), figure 3.  

1937 Anisocardia cf. papieri COQUAND – TREVISAN: 91, pl. 4, figure 1.  

1963 Anisocardia papieri COQUAND – FAWZI: 59.  

1972 Rostrocardia papieri (COQUAND) – FRENEIX: 174, pl. 18, figs. 6-8; text-figs. 43A-B. 

1981 Anisocardia papieri (COQUAND) – AMARD et al.,: 79, pl.6, figure 4. 

2006 Rostro cardiapapieri (Coquand) -El Qot; p 67, pl.13, figure9-10 

Description: Small, oval, moderately swollen specimens, equivalent, unequilateral, rounded 

anteriorly and pointed posteriorly. Um bones pointed, opisthogyrate. Um bones pointed, 

opisthogyrate.Ventral margin considerably curved. The specimen consists of internal moulds 

that show no trace of ornamentation. 

Occurrence: Santonian of Essen section 

Distribution: Cenomanian of Egypt (El Qot, 2006) 
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Family Astartidae D‘Orbigny, 1844 

Subfamily Astartinae D‘Orbigny, 1844 

Genus Astarte J. Sowerby, 1816 

 Astare gigantea deshayes, 1842 

Pl. 8, Figure 4a-c 

1842 Astarte gigantea sp. nov. – Deshayes in Leymerie: 5, pl.4, figure 3. 

1846 Astarte gigantea deshayes – D‘Orbigny: 58, pl. 258, figs. 1-6. 

1962 Astarte (Tridonta) gigantea (Deshayes) – Abbass: 103, pl. 16, figs. 8, 10-12, 15a 

2006 Astare gigantea deshayes- El Qot ; p 75.Pl.15 ; fig 9 

Description: The shell is small, subtriangular, moderately swollen, equivalent and 

inequilateral. The beaks are prominent, proso-gyrate, positioned at the front and slightly 

curved. The lunula is deep, oval and tapers downwards. The anterior-dorsal margin is concave 

below the umbo, while the posterior-dorsal margin is straight to slightly convex. Both the 

anterior and posterior margins are rounded and convex. The ventral margin is broadly 

rounded. The ornamentation consists of strong commarginal ribs, separated by concave 

intervals of equal or slightly lesser width. 

Occurrence: Santonian of Essen section 

Distribution: Campanian of Egypt (El Qot, 2006) 

Plicatula fourneli (Coquand, 1862) 

Pl. 9, Figure 1 

1862 Plicatula fourneli sp. nov. – Coquand: 220, pl. 16, figs.5-6. 

1904 Plicatula fourneli Coquand – Fourtau: 311. 

1912 Plicatula fourneli Coquand – Pervinquiere: 153, pl. 10, figs. 2-6. 

1917 Plicatula fourneli Coquand – Fourtau: 22. 

1918 Plicatula fourneli Coquand – Greco: 21 (203). 

1934 Plicatula fourneli Coquand – Blancken Horn: 193. 

1937 Plicatula fourneli Coquand – Trevisan: 62, pl. 3, figure11a-c. 

1962 Plicatula fourneli Coquand – Abbass: 59, pl. 7, figure 15. 

1972 Plicatula fourneli Coquand – Freneix: 83, pl. 4, figure 11. 

1996 Plicatula fourneli Coquand – EL-Mahallawy: 87, pl. 2, figure 5. 

2002 Plicatula fourneli Coquand – Abdel-Gawad & GAMEIL: 84, pl. 1, figure 21. 

2006 Plicatula foureli Coquand-El Qot ; p61. pl.12 ; fig 11-13 

Description: The small to medium-sized shell is pear-shaped and generally taller than it is 

long. It is inequivalent and inequilateral, with a concave anterior margin and a convex 
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posterior margin. The dorsal valve is less convex than the ventral valve. The ornamentation 

consists of fine tuberculated radial ribs, separated by intervals three to five times wider than 

the ribs, these intervals being occupied by three to five secondary radial ribs crossed by 

commarginal threads. 

Occurrence: Santonian of Essen section 

Distribution: Upper Cenomanian of Egypt (El Qot, 2006) 

Genus Plagiostoma J. Sowerby, 1814  

Plagiostoma subsimplex (Thomas &Peron 1891) 

Pl. 9, Figure 2a-b 

1891 Lima subsimplex sp. nov. – Thomas & Peron in Peron:219, pl. 27, figs. 7-10. 

1912 Lima (Plagiostoma) subsimplex Thomas & Peron –Pervinquière: 148 

2006 Plagiostoma subsimplex thomas & peron - El Qot; p33. pl.5; fig 1-2 

Description: The present material shows great similarity to Lima subsimplex Thomas & 

Peron in form and ornamentation. This species was originally described from the Turonian 

and Santonian in Tunisia. Of the two specimens available, one shows ornamentation similar to 

that of the specimen from the Santonian of Tunisia illustrated by Peron (1891: pl. 27, Figure 

7), with spiny radial ribs on the anterior and posterior sides, while the rest of the shell is 

mainly covered with commarginal growth lines, except near the umbo where radial ribs are 

present. The second specimen appears to be similar to those described by Thomas & Peron 

from the Turonian (Peron 1891: pl. 27, figs. 8-10), with a surface entirely covered by radial 

ribs, more spiny on the anterior and posterior parts. Pervinquiere (1912) noted that this 

species is common in Tunisia from the Lower Turonian to the Lower Senonian (Coniacian). 

This mention in Egypt is a first. 

Occurrence: Santonian of Essen section 

Distribution: Algeria and Tunisia, where it is reported in the Coniacian and Santonian 

formations (Thomas & Peron, 1891; Kazi-Tani, 1970; Ben Mansour, 2009). 

Granocardium desvauxi coquand 1862 

Pl .9, Figure 3 

1862 Cardium desvauxi sp. nov. Coquand, p. 206, pl. 11, figs. 3-4. 

1912 Cardium (Trachycardium) desvauxi Coquand – Perivinquière, p. 260. 

1962 Granocardium hassani sp. nov. Abbass, p. 122, pl. 20, figs. 2-3. 

2011 Granocardium (Granocardium) desvauxi Coquand – Ayoub-Hannaa, p. 131, pl. 12, 

Figure 4. 
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2014 Granocardium (Granocardium) desvauxi Coquand – Ayoub-Hannaa & Fürsich, p. 114, 

pl. 10, Figure 4 

2018 Granocardium desvauxi coquand -Aouissi et al ; p15. fig5 (10) 

Description: The shell is triangular, swollen and almost unequilateral. It has a short, 

excavated buccal side and a very oblique, outwardly keeled anal side. A curved hook is 

present. No ornamentation is visible. 

Occurrence: Santonian of Essen section 

Distribution: Cenomanian of Algeria (Benyoucef et al., 2012), Tunisia (Pervinquière, 1912), 

and Egypt (Abbass, 1962; Ayoub-Hannaa, 2011; Ayoub-Hannaa & Fürsich, 2014); 

Cenomanian of Batna (Aouissi et al., 2018). 

Inocerames : 

Superorder Eupteriomorphia Boss, 1982 

Order Pterioida Newell, 1965 

Family Inoceramidae Giebel, 1852 

Genus Inoceramus J. Sowerby, 1814 

Type species: Inoceramus cuvierii J. Sowerby, 1814. 

Inoceramus pictus? J. de C. Sowerby 

Pl. 5. Figure 5a-c 

1829 Inoceramus pictus sp. nov.: J. de C. Sowerby: 215, pl. 604, figure 1. cf.  

1910 Inoceramus cf. pictus Sowerby: Woods: 279, pl. 49, figs. 5:  6; text: figure 36.  

1982 Inoceramus pictus Sowerby: Keller: 64  

2006 Inoceramus cf. Inoceramus pictus J. de C. Sowerby, El Qot, p. 26, pl. 3, figs. 3: 5. 

2011 Inoceramus cf. Inoceramus pictus J. de C. Sowerby: Nagm et al., p. 96, figure 4a. 

Material: 3 complete specimens from Upper part of the  coniacian formation. 

Remarks: Medium: sized to large, equivalve to moderately inequivalve, ovate, trapeziform or 

suborbicular; posterior wing variably developed; ligamental area concave transversely. But 

umbo is not prominant and shell width exceeds height 

Ecology: Aragonitec infaunal facultative: mobile suspension-feeder. 

Occurrences : Coniacian of Essen section 

Distribution: Egypt. 

 

Genus : Platyceramus Pervinquière 1912 

Type species: Platyceramus siccensis Seitz (1961) 
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Platyceramus siccensis Pervinquière 1912 

Pl. 10. Figure 1a-c 

1912 Inoceramus siccensis Pervinquière; Pervinquière, p. 116- 117, pl. 8, figure 2 ,3 et 4. 

 1951 Inoceramus cycloides Wegner (I. siccensis Pervinquière), S6, t.1, pl. 1a. 

2009     Inoceramus siccensis El Manai, p. 136. pl.6, figure 1, 2 

Material: 1 complete specimen from the lower part of the Santonian section of Boukezez.  

Description: A relatively large species characterized by a rounded, oval, or somewhat 

subquadrate shell outline. The valves appear nearly equivalent, though slightly unequilateral. 

The beak is small, rounded, and positioned anteriorly, not extending above the cardinal line. 

The shell is generally flat, exhibiting noticeable anterodorsal inflation. Its anterior, posterior, 

and ventral margins are smoothly rounded. The posterior wing is only mildly developed. In 

adult specimens, the shell becomes increasingly irregular, with growth lines that are more 

widely spaced and follow a rounded, subquadrate trajectory. 

Remarks: In 1912, Pervinquière created the species Inoceramus siccensis to designate 

specimens with a subcircular outline, a shell that is not very swollen or even flat, a rounded 

anterior margin and concentric ornamentation that is rounded and not very prominent. In 

1951, Voûte figured Inoceramus cycloides Wegner (Inoceramus siccensis Pervinquière) from 

the Middle Santonian of the Chebka des Sellaoua. This species was attributed by Dhondt (in 

Robaszynski et al, 1998) to Platyceramus ahnesensis, due to its regular and close costulation. 

In 1961, Seitz considered that the species Inoceramus siccensis as figured by Pervinquière 

represented at least three taxa, two of which were subspecies of Platyceramus cycloides 

(Platyceramus cycloides subsp. indet., pl. 8, Figure 2 and Platyceramus cycloides cf. 

vanuxemiformis, pl. 8, Figure 4) and one of which corresponded to the species Platyceramus 

siccensis in the strict sense. The latter has also been designated as the lectotype by Seitz. 

The forms described in this work are related to Platyceramus siccensis s.s. Platyceramus 

cycloides sens large differs from our material in having a straight to slightly curved anterior 

margin and concentric ribs that are flattened and less prominent along the growth axis, 

compared with the anterior and posterior margins. 

Platyceramus cycloides cf. vanuxemiformis differs from our specimens in that its costulation 

is more regular and closer together. 

In addition, the species Platyceramus siccensis is restricted to the Lower Santonian, whereas 

Platyceramus cycloides s. l. is known from the Santonian to the Lower Campanian and 

Platyceramus cycloides cf. vanuxemiformis occurs throughout the Santonian. 
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Ecology: Aragonitec infaunal facultative: mobile suspension-feeder. 

Occurrences: Coniacian  of Boukezez section 

Distribution: This species was reported in the Coniacian-Santonian interval in the 

Nementchas (Alérie) by Vivière (1985). It was recorded in the upper Turonian of Dyr el Kef 

(Tunisia) by Pervinquière (1912). In Algeria, it is known from the Coniacian-Santonian 

boundary at El Kantara (Aurès). It has also been cited in the same period in Constantinois and 

the Monts du Mellegue (Dubourdieu, 1956; Van der Fliert, 1955 and Voûte, 1967).  

Gastropods : 

Volutomorpha sp., 

Pl. 11. Figure 1a-c  

Material: Two incomplete specimens from the middle part of the Coniacian Formation 

(C145) 

Remarks: the material resembles Volutomorpha baylei (Coquand, 1862), which cannot be 

confirmed due to the incompleteness of specimens (spire length, body whorl, and aperture 

shape). 

Ecology : Aragonitic mobile epifaunal carnivore 

Occurrences: Coniacian of Essen section 

Family Gyrodidae 

Genus Gyrodes 

Species Gyrodes sp., 

Pl. 11. Figure 2a-b  

Material: One complete specimen from the middle part of the Coniacian Formation (C155) 

Remarks: This specimen is very close to Gyrodes edura (Stoliczka, 1867) but differs in 

having a wider body whorl and a shorter spire that consists of four shouldered whorls. The 

whorls are smooth, evenly convex; last whorl slightly pointed apically. Aperture semilunar. 

Ecology: Aragonitic infaunal carnivore. 

Occurrences : Coniacian of Essen section 

  Leptomaria sp., 

Pl. 11. Figure 3a-b  

Material: One complete specimen from the upper part of the Coniacian Formation (C170) 

Remarks: Our specimen has a broadly conical shell with strongly convex whorls and a flush 

to slightly concave, midwhorl-situated selenizone. No ornamentation is preserved. 
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Ecology: Aragonitic epifaunal grazer. 

Occurrences : Coniacian of Essen section 

 

Superfamily Strombidea Rafinesque, 1815. 

Family Aporrhaidae Gray, 1850. 

Subfamily Aporrhainae Gray, 1850. 

Genus Aporrhais Da Costa, 1778 

Aporrhais fourneli (Coquand, 1862) 

Pl.11. Figure 4a-c 

1862 Pterocera  fourneli sp. nov. Coquand, p. 184, pl. 5, Figure 7. 

2000 Aporrhais  fourneli (Coquand), Abdel-Gawad, p. 1519, pl. 2, Figure 4. 

2002 Aporrhais  fourneli (Coquand), Zakhera, p. 318, Figure 6 (14–16). 

2006 Aporrhais  fourneli (Coquand, 1862), El Qot, p. 100, pl. 20, Figure 9a–b. 

2023 Aporrhais  fourneli (Coquand, 1862), Abdelhady et al., p. 6, Figure 8r. 

Description: internal mould of a medium-sized gastropod, fusiform, with a moderately high 

spire. Conical whorl made up of 2 to 4 superimposed convex whorls, separated by moderately 

deep sutures. The body whorl is large, representing two thirds of the total height of the 

specimen. The aperture is narrow and long. The outer lip is broken. The ornamentation is not 

preserved.  

Remarks : The Aporrhainae include numerous genera, for example Aporrhais Da Costa, 

1778, Monocuphus Piette, 1876, and Dicroloma Gabb, 1868, which are easily distinguished 

by the morphology of their whorl and labellum (Ayoub-Hannaa and Fürsich, 2011). Precise 

identification of the specimens present is difficult due to the absence of certain diagnostic 

features such as the adapical and abapical sinuses and ornamentation. 

Occurrence: Santonian of Essen section and Boukezez section 

Distribution: Upper Santonian of Egypt (Abdelhadyet al., 2023); Algeria, Tunisia, 

Madagascar, and Nigeria (see Albanesi and Busson, 1974). 
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Legende :            1cm 

 

Plate Ammonite : Plate1 : 1-3a-c : Hemitissotia morreni (Coquand, 1862). 

Plates Echinoids: Plate 2 : 1–2 : Mecaster fourneli (Deshayes, in Agassiz and Desor 1847). 

3 : Mecaster turonensis (Fourtau, 1921). 

Plate 3 :1 : Mecaster sp. var batnensis (Coquand, 1862). 2, 4, 5 : Mecaster fourneli 

(Deshayes, in Agassiz and Desor 1847). 3 : Mecaster texanus (Roemer, 1849). 

Plates Bivalves: Plate 4 : 1 : Agelasina plenodonta Riedel (1933). 2 : Paraesa faba (J. de C. 

Sowerby, 1827). 3 : Phalodomya sp. 4 : Arctica picteti (Coquand, 1862). 5 : Meretrix 

desvauxi (Coquand, 1862). 6 : Aphrodina dutrugei (Coquand, 1862). 

 

 Plate 5 : 1 : Protocardia hillana (J. Sowerby, 1813), traces of concentric and radial ribs but 

umbo and posterodorsal margin is badly preserved. 2 : Cucullaea (Idonearca) thevestensis 

(Coquand, 1862). 3 : Cucullaea (Idonearca) trigona (Seguenza, 1882). 4 : Cucullaea 

(Idonearca) diceras (Seguenza, 1882). 5 : Heterodont indet., may be Inoceramus but umbo is 

not prominent, and shell width exceeds height. 

 

Plate 6 : 1–3 : Oscillopha dichotoma (Bayle1, 849). 

Plate 7 : 1–3 : Oscillopha dichotoma (Bayle1, 849). 5–6 : Pycnodonte (Phygraea) vesicularis 

vesicularis (Lamarck, 1806). 4, 7 : Amphidonte conica (Sowerby, 1813). 

Plate 8 : 1–6 : Plicatula ferryi (Coquand, 1862). 7–8 : Oscillopha dichotoma (Bayle1, 849). 

Plate 9 : 1a-d: Arctica cordata ; 2a-b : Nuculana cf .mariae (D‘Orbigny, 1844); 3a-b : 

Rostrocardia papieri (Coquand, 1862) ; 4a-b : Astare gigantea deshayes, 1842; 5a-b : 

Plicatula fourenli (Coquand, 1862); 6a-b : Plagiostoma subsimplex (thomas & peron 1891); 

7a-b : Plicatula ferryi coquand 1862; 8a-b: Granocardium desvauxi coquand 1862;  

Plate Inocerame: Plate 10 : 1a-c : Platyceramu ssiccensis Pervinquière 1912. 

Plate Gasteropods: Plate 11:1 : Volutomorpha sp., 2 : Gyrodes sp., 3 : Leptomaria sp., 4a-

c : Aporrhais fourneli (Coquand, 1862) 
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2.2. Microfauna 

10194 ostracods specimens were sorted in the study area ; Essen and Boukezez 

sections. Of  these, 53 species were identified belonging to 10 families and 26 genera (Table 

2).  

71113 foraminefera specimens were sorted in the study area ;  Essen and Boukezez 

sections. Of these, 31 species were identified belonging to 8 families and 16 genera (cf. Table 

2).  

 

 

Groups Species 

Ostracods Cytherella ovata Roemer, 1841 

Cytherella aff. gabonensis  Neufvillle, 1973 

Cytherella mediatlasica Andreu, 1996 

Cytherella sp.  

Cytherella contracta Van Veen; 1932  

Cytherella gombienensis Apostolescu, 1963 

Cytherella aff. elongata Donze, 1964 

Cytherella aff. austinensis  Alexander, 1929. 

Cytherella aegyptiensis  Colin & EL Dakkak, 1975. 

Paracypris mdaouerensis Bassoullet and Damotte, 1969  

Paracypris dubertreti Damotte and Saint-Marc, 1972 

Paracypris aff. posteriusacuminatus Andreu, 1996 

Paracypris aff. caudata  (Bold, 1964)  

Paracypris chekhmai  Trabelsi, Sames, Nasri, Piovesan, Elferhi, Skanji, 

Houla, Soussi, Wagreich, 2020  

Ovocytheridea triangularis Piovesan, Cabral and Colin, 2014 

Limburgina sp. 

Aysegulina sp. 

Sapucariella parvoangulata Andreu and Puckett, 2016 

Sapucariella honigsteini Puckett and Andreu 2016 

Trachyleberidea gr. geinitzi (Reuss, 1874) 

Trachyleberididae sp., 

Spinoleberis  yotvataensis Rosenfeld, 1974 

Cythereis gr. rawashensis Van den Bold, 1964 

http://paleopolis.rediris.es/cg/14/15/#Apostolescu1963
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Cythereis sp., 1 

Cythereis sp., 2 

Cythereis sp., 3 

Cythereis fahrioni bigrandis Majoran, 1989  

Cythereis kosticensis Pokorny, 1963; 

Cythereis namousensis Bassoullet & Damotte , 1969 

Cythereis algeriana Bassoullet & Damotte, 1969 

Protocosta babinoti Piovesan, Cabral and Colin, 2014 

Paraplatycosta sp. 

Paraplatycosta  aff. talayninensis Andreu, 1995 

Haughtonileberis dinglei Piovesan, Cabral & Colin, 2014 

Protobuntonia numidica Grekoff, 1954 

Pterygocythere  aff. allinensis Grekoff and Deroo, 1956 

Pterygocythere sp. 

Taracythere antakaranaensis Jean-François Babinot, Jean-Paul Colin, 

Auran Randrianasolo 2009  

Peloriops pustulata (Rosenfeld & Raab; 1974)  

Reticulocosta kenaanensis Rosenfeld & Raab (1974)  

Metacytheropteron sp. 

Amphicytherura aff. yakhiniensis Rosenfeld 1974 

Clithrocytheridea kaufmani Hazelannée 

Asciocythere aff. aegyptiana (Morsi 2000) 

Xestoleberis sp. 

Bythocypris sp. 

Bythocypris mohani Singh 1997  

Brachycyther sp 

Perissocytheridea ascalopha (Van den Bold), 1964 

Soudanella laciniosa triangulata Apostolescu année 

Arculicythere semilunata Singh 1997 

Monoceratina trituberculata Rosenfeld (1974)  

Aphrikanecythere phumatoides Damotte et Oertli 

Planktonic foraminifera Marginotruncana renzi (Gandolfi, 1942) 

Marginotruncana caronae Peryt, 1980 
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Marginotruncana cf. sigali (Reichel, 1950) 

Marginotruncana sinuosa Porthault, in Donze et al., 1970 

Marginotruncana pseudolinneiana Pessagno, 1967 

Globotruncana linneiana (D‘Orbigny 1839)   

Globotruncana bulloides  Vogler, 1941 

Globotruncana sp. 

Globotruncana arca (Cushman, 1926) 

Globotruncanita elevata (Brotzen, 1934) 

Contusotruncana plummerae (Gandolfi, 1955) 

Dicarinella primitiva, (Dalbiez, 1955) 

Dicarinella asymetrica, (Sigal, 1952) 

Dicarinella canaliculata (Reuss, 1854) 

Archaeoglobigerina sp 

Whiteinella baltica Douglas and Rankin, 1969 

Whiteinella archaeocretacea Pessagno, 1967 

Whiteinella sp., 

Pseudotextularia sp., 

Pseudotextularia nuttalli  (Voorwijk, 1937)  

Huberella praehuberi  Georgescu, 2007 

Muricohedbergella flandrini (Porthault, in Donze et al., 1970) 

Sigalia carpatica  Salaj, Samuel, (1963) 

Planohétérohélix globulosa (Ehrenberg, 1839) 

Planohedbergella cf. escheri (Kaufmann, 1865) 

 Planohétérohélix reussi (Cushman)  1938 

Benthic foraminifera Eobigenerina sp. 

Cibicidoides sp. 

Gavelinella sp. 

Notoplanulina sp. 

Nonionella sp. 

 

Ostracods  

Class Ostracoda Latreille, 1802 

Subclass Podocopa Müller, 1894 

https://www.mikrotax.org/pforams/mesozoic/Archaeoglobigerina
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Order Platycopida Sars, 1866 

Suborder Platycopina Sars, 1866  

Superfamily Cytherelloidea Sars, 1866 

Family Cytherellidae Sars, 1866 

Genus Cytherella Jones, 1849 

Cytherella ovata Roemer, 1841 

Pl. 1, Figure 1a–c 

1841 Cytherella ovata Roemer, p. 104, pl. 16, Figure 21. 

1958 Cytherella ex gr. ovata Roemer- Oertli, p.61, pl. 1, figs. 1–3. 

1977 Cytherella ovata Roemer- Boukhary et al., p. 156, pl. 1, Figure 10a–b. 

1980 Cytherella gr. ovata Roemer-Babinot, pl. 1, figs. 12, 13; pl. 2, figs. 1–3 

1985 Cytherella gr. ovata Roemer- Vivière, p. 135, pl. 1, Figure 1. 

1991 Cytherella gr. ovata Roemer- Shahin, p. 133, pl. 1, Figure 5. 

1994 Cytherella ahmadiensis Al-Abdul- Razzaq- Shahin et al., p. 36, pl. 1, figs. 1–2. 

2001 Cytherella aegyptiensis Colin and El Dakkak- Morsi and Bauer, p. 383, pl. 1, figs. 1–2. 

2006 Cytherella aff. ovata Roemer- Andreu & Bilotte, p. 59, pl. 1, figs. 1–5. 

2008 Cytherella ovata Roemer-El-Nady et al., p. 561, pl. I, Figure 6 

2016 Cytherella gr. ovata Roemer- Mebarki et al., p. 262, pl. 1, figs. 1–2. 

2017 Cytherella gr. ovata Roemer- Jomaa-Salmouna et al., p 536, pl. 1, Figure 3a–c  

2018 Cytherella gr. ovata  Roemer- Benadla et al., p. 420, Figure 8A–C. 

2023 Cytherella gr. ovata  Roemer- Benadla et al., p.11 , Figure 6a. 

Material: 150 specimens of Boukezez and 520 specimens of Essen (samples: E1, E3, E5, 

E28, E29, E36, E37, E45, E53, E56, E58, E61, E63, E64, E66, E69, E71, C1- C11, C13-C17, 

C22-C24, C26-C34, C36-C38, C42-C44, C46-C59, C65, C66, C68- C70, C91- C108, C110-

C114, C116-C119, C121-C155, C157- C169,C175, C179-S2, S15, S26, S47-S62). 

Measurements: sample E3, C91, S1, C, L: 0.77; H: 0.48; W: 0.24. 

Remarks: Cytherella ovata Roemer, 1841, is very similar to those of Jomaa-Salmouna et al. 

(2014), described in Tunisia, but show a greater peripheral overflow of the right valve onto 

the left valve, Its similar to Cytherella aegyptiensis Colin and El Dakkak-1975 in the 

Cenomanian of Egypt (Morsi & Bauer 2001), and similar to Cytherella ahmadiensis Al-

Abdul- Razzaq - 1994 in the Cenomanian of Egypt (Shahin et al., 1994) The dorsal margin is 

strongly convex in the right valve, much less so on the left valve, but show a greater 

peripheral overflow of the right valve onto the left valve. 

Occurrence: Coniacian and Santonian  of Essen Formation  and Boukezez Formation. 
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Distribution : Senonian of Germany (Roemer, 1841); late Cretaceous of France (Oertli, 

1958); Cenomanian of Egypt (Colin and El-Dakkak, 1975; Boukhary et al., 1977 ; Shahin et 

al.,1994; Morsi and Bauer, 2001; El Nady et al., 2008); Vraconian–Santonian of  NE of  

Algeria (Vivière, 1985); late Cenomanian and Turonian of Southern Corbières, SE France 

(Andreu and Bilotte, 2006); Turonian–Coniacian of Tunisia (Jomaa-Salmouna et al., 2017); 

late Cenomanian of Guir Bassin, Algérie (Mebarki et al., 2016),Cenomanian–Turonian of the 

Western Saharan Atlas, Algeria (Benadla et al., 2018 ; 2023),  

Cytherella aff. gabonensis Neufvillle, 1973. 

Pl. 1, Figure 2a–c 

1973 Cytherella gabonensis Neufville, p. 121, pl. 7.1, figs 1 a-g. 

2000 Cytherella gabonensis Neufville. - MORSI, p. 50, pl. 1, figs 3-6. 

2001 Cytherella gabonensis Neufville.- SHAHIN & EL NADY, p. 153, pl. 1, Figure 3. 

2005 Cytherella gabonensis Neufville- Shahin, p. 773, pl. I, Figure 2 

Material: 99 specimens (samples: E1, E3, E5, E28, E29, E36- E39, E63, E71) 

Measurements: sample E3, C, L: 0.66; H: 0.48; W: 0.16. 

Remarks: Our specimens differs subtle from C. gabonensis Neufville, 1973 especially in the 

more ovoid outline a less conspicuous valves overlap.  

Occurrence: Coniacian and Santonian (Boukezez, present study). 

Distribution : Late Cretaceous of Gabon (Neufville, 1973), Coniacian-Santonian of central 

Sinai (MORSI, 2000), Maastrichtian of northeastern Sinai (Shahin & El nady, 2001). In the 

present study it occurs in the Late Maastrichtian-Early Paleocene. 

 

Cytherella mediatlasica Andreu, 1996 

Pl. 1, Figure 3a–b 

1987 Cytherella sp. Okosun, p. 25, pl. 13, figs. 5–6. 

1992 Cytherella sp. Okosun, p. 328, pl. 2, Figure 20. 

1996 Cytherella mediatlasica Andreu, p. 484–485, 488, pl. 1, figs. 1–10. 

2000 Cytherella sp. P6 Viviers, Koutsoukos, Silva-Telles and Bengtson, p. 415, figs. 8, 14–

15. 

2014a Cytherella mediatlasica Andreu- Piovesan et al., p. 214, pl. 1, figs. A–D. 

2014b Cytherella mediatlasica Andreu- Piovesan et al., p. 318, pl. 1, figs. E–I. 

2020 Cytherella mediatlasica Andreu- Piovesan et al., p. 83, Figure 3B. 

Material: 37 specimens (samples: E1, E3, E38 -E43, E53, E63) 

Measurements: sample E3, C, L: 0.49; H: 0.27; W: 0.20. 
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Remarks: Our material corresponds to the "morphotype A" of this species, according to 

Piovesan et al. (2014b). This morphotype presents surface punctated, with fine ribs parallel to 

the anterior margin, while "mophotype B", presents surface entirely and regularly punctuated. 

Occurrence: Coniacian and Santonian of Boukezez section 

Distribution : Turonian–Santonian of Nigeria (Okosun, 1987, 1992); Turonian–Campanian 

of the Potiguar Basin, Brazil (Viviers et al., 2000; Piovesan et al., 2014a, b); Santonian–

Campanian of the Potiguar Basin, Brazil (Piovesan et al., 2020);   

Cytherella sp., 3 

Pl. 1, Figure 4a–c 

Cytherella sp. D – Margerie 1967: 13, 14, pl. 1, figs 8, 9, pl. 3, figs 6, 7, cellule MA 8. 

2007 Cytherella sp., Andreu, p. 353, pl.1, Figure 1. 

Material: 44 specimens  of Essen section (samples: C1, C12, C14, C15, C42, C48).  

Measurements: sample C42, C, L: 077; H: 0.45; W: 0.23. 

Description of the specimens:  

Remarks: Cytherella sp., similler from Cytherella sp., 3 Lower Danian of the Pernambuco-

Paraiba Basin, Brazil. (G. Fauth et al., 2005) in having obliquely rounded anterior and 

posterior margins. (G. Fauth et al. 2005); the carapaces of Cytherella sp. Margerie are larger 

than those of C. ovata. In dorsal view, Cytherella sp., have roughly the same outline: it is 

therefore possible that all these carapaces are conspecific. 

Occurrences: Coniacian of Essen Formation 

Distribution : Ostracods from the P. Margerie collection and the age of the layers at 

Laffitteines of Mont Aime (Paris basin, Franch)  

Cytherella aff. contracta Van Veen; 1932 

Pl. 1. Figure 5a-b 

1932 Cytherella contracta Van Veen, 342 , 343, pl. 8, figs 1-18. Howe & Laurencich 1958: 

246. 

1966 Cytherella contracta contracta – Herrig  709-714, pl. 1, figs 1-3. 

1967 Cytherella aff. contracta – Margerie  14, pl. 1, Figure 7, pl. 3, Figure 8, cellule MA 9. 

2017 Cytherella cf. contracta Van Veen, 1932. p.229. 

https://treatment.plazi.org/GgServer/search?taxonomicName.isNomenclature=true&taxonomicName.exactMatch=true&taxonomicName.taxonomicName=Cytherella+contracta
https://treatment.plazi.org/GgServer/search?taxonomicName.isNomenclature=true&taxonomicName.exactMatch=true&taxonomicName.taxonomicName=Cytherella+contracta+contracta
https://treatment.plazi.org/GgServer/search?taxonomicName.isNomenclature=true&taxonomicName.exactMatch=true&taxonomicName.taxonomicName=Cytherella+contracta
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Material: 399 specimens (samples:C3, C4-C6, C8-C10, C17, C19-C23, C25-C26, C33- C42, 

C44-C58, C61, C62, C65-C70, C72-C74, C76 -C78, C81, C85- C86- C88, C91- C129, C132-

C180, S1-S6, S44-S32) 

Measurements: Sample C25, S1, C, L: 0.60; H: 0.30; W: 0.20. 

Description of the specimens: narrow as it appears in dorsal view, with narrowing 

(contraction) in their median part; they present a clear sexual dimorphism. Their contours 

differ significantly from those of the individuals of C. contracta figured by Van Veen, larger 

Remarques : They are long and correspond to probably immature individuals whose right 

and left valves have similar contours, unlike the valves of the species of the ovata group. They 

are narrow as it appears in dorsal view, with narrowing in their median part. Their contours 

differ significantly from those of the individuals of C. contracta figured by Van Veen, 

Occurrence : Coniacian and Santonian of Essen section 

Distribution : This species was first reported in the Lower Cenomanian (Van Veen, 1932; 

Bismuth et al., 1981), the Turonian, and the Coniacian in several basins of the Tethyan 

domain, notably in North Africa (Tunisia, Algeria, Morocco) and Europe (Vivière, 1985; 

Donze et al., 1982). The latest known occurrences are recorded in the Santonian (Vivière, 

1985). 

Cytherella gambiensis APOSTOLESCU, 1963 

Pl. 2. Figure 1a-b 

1963 Cytherella gambiensis APOSTOLESCU, p. 1680, Pl. 1, figs. 1-3. 

1981 Cytherella cf. gambiensis APOSTOLESCU - BISMUTH et al., p. 221-222, Pl. 6, figs. 1-2. 

1985 Cytherella cf. gambiensis APOSTOLESCU - VIVIERE, p. 137-138, pl. 1, Figure 7. 

2000 Cytherella gambiensis APOSTOLESCU - DELICIO et al., p. 331-332, figs. 8.3-8.4. 

2000 Cytherella aff. C. gambiensis VIVIERS et al., p. 415, figs. 8, 5-6 and 9-11. 

2014b Cytherella gambiensis APOSTOLESCU- PIOVESAN et al.,   (pl. 1 , figs. A-D) 

2017 Cytherella aff. gambiensis Apostolescu, Benmansour, pl. 16, 22-24.  

 

Material: 556 specimens (samples: C1- C10, C12, C13, C15, C16, C18, C19, C22-C25, C29-

C32, C34- C38, C42, C44, C46-C58, C60-C71, C76-C85, C87- C129, C132-C139, C146, 

C141, C148- C156, C159-C175, C177- S2, S26- S28, S46- S48, S53).  

Measurements: sample C13, C, L: 0.66; H: 0.48; W: 0.16. 

http://paleopolis.rediris.es/cg/14/15/#Apostolescu1963
http://paleopolis.rediris.es/cg/14/15/#Apostolescu1963
http://paleopolis.rediris.es/cg/14/15/#Bismuth1981
http://paleopolis.rediris.es/cg/14/15/#Viviere
http://paleopolis.rediris.es/cg/14/15/#Delicio
http://paleopolis.rediris.es/cg/14/15/#Viviers2000
http://paleopolis.rediris.es/cg/14/15/#Pl_01
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Description : Cytherella gambiensis is pear-shaped in lateral view and has a higher posterior 

limit than Cytherella aff. gambiensis. In Piovesan et al., 2014 (and perhaps Delicio et al., 

2000), Cytherella gambiensis shows almost the same characteristics as our species; the only 

difference is the presence, or absence, of a strong development (projection) on the posterior 

limit of the VD, but less developed than in Cytherella tuberculifera Alexander, 1929. 

Remarks: Despite the similarity, Cytherella paenovata ALEXANDER, 1932, from the Upper 

Cretaceous of Texas, USA, has the maximum height at mid-length and has a small posterior 

projection. The species identified by BOLD (1964) as Cytherella aff. paenovata in the 

Cenomanian–Santonian of Egypt is significantly larger and has a less pronounced 

overlap. BISMUTH  et al. (1981) identified Cytherella cf. gambiensis in the Turonian of 

Tunisia, but the BISMUTH's species has a much more prominent overlap of the valves. 

Occurrence: Coniacian- Santonian of Essen Formation 

Distribution: Turonian of Algeria (Viviere, 1985), Senonian of Gambia 

(APOSTOLESCU, 1963), Upper Cretaceous of Potiguar Basin (Delicio et al., 2000), Coniacian–

Campanian (Viviere et al., 2000) and Santonian–Campanian of Potiguar Basin (Piovesan et 

al., 2014), Campanian- Maastrichtian of Algeria( Benmansour et al., 2017) . 

Cytherella aff. elongata Donze, 1964  

Pl. 2. Figure 2a-c 

Material: 399 specimens (samples: C1-C7, C9, C10, C13, C16, C15, C19-C24, C27-C37, 

C40- C66, C68-C72, C74, C75, C77-C84, C86- C89, C91- C102, C127, C140, C142, C144- 

C158, C166- C168, C177, C179, S1- S4, S9- S62).  

Measurements: sample C13, C, L: 0.50-0.70; H: 0.45- 0.48; W: 0.10- 0.16. 

Description: The carapace of Cytherella aff. elongata is elongate-subrectangularin in the 

lateral view, with slightly convex dorsal and ventral margins. The anterior margin is broadly 

rounded, while the posterior is narrower and more pointed. The valves are smooth, thin-

shelled, and moderately inflated. The hinge is simple, typical of the genus Cytherella. The 

greatest height occurs near the anterior third of the carapace, and the maximum length is 

slightly more than twice the height.  

Remarks : the valves of Cytherella elongata Donze, 1964 are some 75 % longer and more 

oval in lateral view. Consequently, according to the International Code of Zoological 

Nomenclature (1999) Cytherella elongata Donze, 1964 from the Lower Cretaceous of France 

represents a junior primary homonym of Cytherella elongata Jones & Kirkby, 1886 from the 

http://paleopolis.rediris.es/cg/14/15/#Alexander1932
http://paleopolis.rediris.es/cg/14/15/#Bold1964
http://paleopolis.rediris.es/cg/14/15/#Bismuth1981
http://paleopolis.rediris.es/cg/14/15/#Viviere
http://paleopolis.rediris.es/cg/14/15/#Apostolescu1963
http://paleopolis.rediris.es/cg/14/15/#Delicio
http://paleopolis.rediris.es/cg/14/15/#Viviers2000
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Carboniferous limestone series of Scotland. Cytherella elongata valva nom. nov. is herewith 

introduced as a substitutional new name. Etymology: As originally intended, the new name is 

hinting to the fact that the valves of male specimens are longer than those of female 

specimens. 

Occurrence: Coniacian- Santonian of Essen Formation 

Distribution: Reported from the Cenomanian–Turonian of Tunisia (Bismuth et al., 1981; Ben 

Youssef, 1980).Found in the Turonian–Coniacian of Algeria (Vivière, 1985). Also present in 

the Cenomanian of France (Donze, 1964).  

Cytherella aff. austinensis Alexander, 1929 

Pl. 2. Figure 3a-b 

1929 Cytherella austinensis Alexander, p. 51-52, pl. 2, Figure 4, 6. 

2014 Cytherella aff. austinensis Alexander, 1929 - Piovesan, Cabral, Colin, Fauth, Trescastro, 

p. 320, pl. 1, Figure J-L. 

2017 Cytherella aff. austinensis Alexander_ Benmansour et al., pl. 16, 19-21. 

Matériel : 2585 specimens of Boukezez fomation 2840 specimens of Essen formation 

(samples: C1-C79, C81-C168, C172-C173, C175, C179- C180, C177, S1-S28, S41-S62). 

Measurements:C79, C, L: 0.60; H: 0.48; W: 0.18. 

Description of the specimens: Cytherella aff. austinensis is suboval to elongate-oval in 

lateral view, with moderately convex dorsal and ventral margins. The anterior margin is 

broadly rounded, while the posterior is narrower and more tapered. Valves are smooth, thin-

shelled, and slightly inflated medially. The greatest height is located slightly anterior to the 

mid-length of the carapace. The hinge is simple and typical of the genus Cytherella. Surface 

ornamentation is absent, giving the carapace a clean, featureless appearance. 

Remarks: Cytherella aff. austinensis has a higher posterior limit than the type species. In 

fact, the posterior limit of the type species is low and noticeably narrower than the anterior 

limit. Our species is quite similar to Cytherella aff. austinensis Piovesan et al., 2014; some 

differences appeared in the lateral view: an external marginal rim on both valves, and a 

slightly convex ventral margin at mid-length of the left valve. 

Occurrence: Coniacian- Santonian of Essen Formation 

Distribution : Originally described from the Austin Chalk (Turonian–Coniacian) of Texas, 

USA (Alexander, 1929).Reported in the Cenomanian–Turonian of Tunisia (Glintzboeckel & 
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Magné, 1959; Ben Youcef, 1980; Bismuth et al., 1981). Found in Algeria (Turonian–

Coniacian) (Vivière, 1985). Recorded in the Cenomanian of Morocco (Donze et al., 1982). 

Cytherella aegyptiensis COLIN & EL DAKKAK, 1975. 

Pl. 2. Figure 4a-b 

1975. Cytherella aegyptiensis COLIN & EL DAKKAK, p. , pl. , Figure 

Material: 132 specimens (samples: C8, C12-C16, C18, C29, C33, C38, C48-C58, C71, C73, 

C115, C116, C124,-C130, C132- C168, C175, C179, S10, S15, S20). 

Measurements: C132, C, L: 0.60; H: 0.40; W: 0.26. 

Description of the specimens: Characterized by a subrectangular to subovate carapace, with 

moderately convex dorsal and ventral margins. The anterior margin is broadly rounded and 

slightly expanded, whereas the posterior marginis narrower and subtly tapered. The valves are 

smooth, thin-shelled, and moderately inflated, with the greatest height located slightly anterior 

to the mid-length. The hinge is simple and lacks prominent teeth or sockets, typical of the 

genus Cytherella. This species differs from closely related taxa, such as C. contracta and C. 

elongata, by its more rectangular outline, less tapering posterior, and broader anterior region. 

Remarks : Cytherella aegyptiensis Similar to forms described in the Cenomanian of Djebel 

Nezzazat, Sinai, Egypt. 

Occurrences : Coniacian and Santonian of Essen Formation 

Distribution : Cytherella aegyptiensis ranges from the Upper Cenomanian to the Lower 

Turonian. It was first described from Egypt (Colin & El Dakkak, 1975) and has since been 

reported in Tunisia (Ben Youssef, 1980; Bismuth et al., 1981), Algeria (Vivière, 1985), and 

northern Morocco (Donze et al., 1982).  

 

Suborder Cypridocopina Jones, 1901 

Superfamily Cypridoidea Baird, 1845 

Family Paracyprididae Sars, 1923 

Subfamily Paracypridinae Sars, 1923 

Genus Paracypris Sars, 1866 

Paracypris mdaouerensis Bassoullet and Damotte, 1969 

Pl. 2. Figure 5a–c 

1969 Paracypris mdaouerensis Bassoullet and Damotte, p. 140, pl. 2, figs. 10 a–d. 

1985 Paracypris mdaouerensis Bassoullet and Damotte- Vivière, p. 150, pl. 3, Figure 9. 
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1991 Paracypris mdaouerensis Bassoullet and Damotte- Andreu, pp. 486-489, pl. 18, figs. 

10–14 ; pl. 19, figs 1, 2, 6–8, 14, 15. 

1991 Paracypris mdaouerensis Bassoullet and Damotte- Shahin, p. 138, pl. 2, figs. 3, 4. 

1999 Paracypris mdaouerensis Bassoullet and Damotte- Ismail, p. 310, pl. 3, Figure 18. 

2001 Paracypris mdaouerensis Bassoullet and Damotte- Morsi and Bauer, p. 386, pl. 2, 

Figure 6. 

2008 Paracypris mdaouerensis Bassoullet and Damotte- El Nady etal., p. 545, pl. 2, Figure 

13. 

2016 Paracypris mdaouerensis Bassoullet & Damotte- Mebarki et al., p. 264, pl. II, figs. 13–

15. 

2017 Paracypris mdaouerensis Bassoullet and Damotte- Jomaa-Salmouna et al., p.537, pl 2, 

Figure 1a–c 

2018 Paracypris mdaouerensis Bassoullet and Damotte- Benadla et al., p. 420, figs. 8G–H.  

2020 Paracypris mdaouerensis Damotte and Saint-Marc- Trabelsi et al., p. 20, Figure 8A1– 

A8. 

2022 Paracypris mdaouerensis Bassoullet and Damotte- Slami et al., p. 12, figs. 7.1–7.2. 

Material: 17 specimens of Boukezez section and 334 specimens of Essen section (samples: 

E28, E36, E38– E42, C11, C12 C14 C16 C17 C19-C27, C29-C35C42- C45, C50-C58, C60-

C62, C65, C66, C68-C167, C169- C172, C175- S59). 

Measurements: sample E36, C, L: 0.69; H: 0.33; W: 0.17. 

Occurrence: Coniacian and Santonian  

Distribution: Aptian–Lower Turonian of  Morocco (Andreu, 1991); Albian from Tunisia 

(Trabelsi et al., 2020); lower Albian–Turonian from Egypt (Shahin, 1991; Ismail, 1999; Morsi 

and Bauer, 2001; El-Nady et al., 2008); lower Turonian of the Western Saharan Atlas, Algeria 

(Bassoullet and Damotte, 1969); Cenomanian–Coniacian from NE Algeria (Vivière, 1985); 

Turonian–Coniacian of Tunisia (Jomaa-Salmouna et al., 2017); Cenomanian–Turonian of the 

Western Saharan Atlas, Algeria (Benadla et al., 2018); Cenomanian of  Djebel Sabaoune, 

Batna, Algeria (Slami et al., 2022). 

 

Paracypris dubertreti Damotte and Saint-Marc, 1972 

Pl. 2. Figure 6a–b 

1972 Paracypris dubertreti Damotte and Saint-Marc, p. 276, pl. 1, Figure 1. 

1985 Paracypris dubertreti Damotte and Saint-Marc- Vivière, p. 149, pl. 3, figs. 6–7. 

1991 Paracypris dubertreti Damotte and Saint-Marc- Andreu, p. 485, pl. 18, Figure 9. 



CHAPTER III SYSTEMATIC 

99 
 

2001 Paracypris dubertreti Damotte and Saint-Marc- Morsi and Bauer, pp. 385, 386, pl. 2, 

figs. 4–5. 

2002 Paracypris dubertreti Damotte and Saint-Marc- Bassiouni, p., pl. 2, figs. 5–9. 

2013 Paracypris dubertreti Damotte and Saint-Marc- Andreuet al., pl. 4, figs. 18, 19. 

2016 Paracypris dubertreti Damotte and Saint-Marc-Mebarki et al., p. 263, pl. I, Figure 12. 

Non 2017 Paracypris dubertreti Damotte and Saint-Marc- Jomaa-Salmouna et al., p.536 ,pl.1, 

Figure 4a–c 

2018 Paracypris dubertreti Damotte and  Saint-Marc- Benadla et al., p. 201, p. 420, Figure 

8F. 

2020 Paracypris dubertreti Damotteand Saint-Marc- Trabelsi et al., Figure 8 B, B2 

2022 Paracypris dubertreti Damotteand Saint-Marc- Slami et al., p. 12, figs. 7.6. 

Material: 61 specimens (samples: E37- E39, E41, E71, C7, C13, C15, C17, C18, C35, C50-

C53, C56, C100-C104, C106-C108, C113, C115-C122, C128, C164, C180). 

Measurements: sample E37, C, L: 0.63; H: 0.25; W: 0.17. 

Occurrence: Coniacian- Santonian  of Boukezez Formation and Essen Formation  

Distribution : Albian of Tunisia (Trabelsi et al., 2020); Albian–Cenomanian of Egypt (Morsi 

and Bauer, 2001; Bassiouni, 2002); Cenomanian–lower Turonian of Algeria (Vivière, 1985, 

Mebarki et al., 2016); Cenomanian–Turonian of Morocco (Andreu, 1991; Andreu et al., 

2013); lower and middle Turonian of Tunisia (Damotte and Saint-Marc, 1972); middle 

Turonian–Coniacian (Jomaa-Salmouna et al., 2017); Cenomanian of  Djebel Sabaoune, Batna, 

Algeria (Slami et al 2022)  

Paracypris aff. posteriusacuminatus Andreu, 1996 

Pl. 2. Figure 7a–b 

2000 Paracypris sp. 1- Delicio et al., p. 334, figs. 8.8-8.10. 

2014b Paracypris aff. posteriusacuminatus Andreu- Piovesan et al., p 223-224, pl. 3, figs. A–

C. 

Material: 215 specimens (samples: E1, E3, E5, E28, E36, E39–E43, E45, E53, E62, E63, 

E69, E71, C4, C8, C13, C14, C17- C20, C26- C49, C53- C153, C155, C156, C160- S1, S28, 

S29). 

Measurements: sample E36, C, L: 0.80; H: 0.40; W: 0.20. 

Remarks: Despite the similarities with P. posteriusacuminatus described by Andreu (1996) 

in Morocco, the present specimens have a moremarked posterior cardinal angle. Additionally, 

the specimens from Morocco have the dorsal outline more symmetrically convex. These 

differences could be related with ontogeny. 
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Occurrence: Coniacian and SantonianBoukezez Formation and Essen Formation  

Distribution : Late Cretaceous of the Potiguar basin, Brazil (Delicio et al., 2000; Piovesan et 

al., 2014b);  

Paracypris aff. caudata (Bold, 1964) 

Pl. 2. Figure 8a-b  

 

aff. 1964 Ovocytheridea caudata BOLD, p. 119, Pl. 14, figs. 4a-b. 

1973a Paracypris caudata (van den BOLD) -NEUFVILLE, p. 125-126, Pl. 7.3, Figure 4. 

1985 Paracypris sp. 2 VIVIÈRE, p.150-151, Pl. 3, Figure 10. 

2014a Paracypris aff. caudata BOLD- Pioveson, p. 217, pl. 1, figs. L-O). 

Material: 55 specimens of Essen section (samples:C13, C14, C29-C35, C58-C81, C100, 

C168, S1, S37) 

Measurements: samples C13, C168, C, L: 0.79; H: 0.45; W: 0.22. 

Description of the specimens: The carapace is large, robust, and sub-triangular in lateral 

view, while appearing suboval in dorsal view. The left valve (LV) overlaps the right valve 

(RV) along all margins, with the overlap being most pronounced dorsally. The maximum 

height and width occur at mid-length of the carapace. The dorsal margin is strongly convex, 

featuring a slight concavity in the anterodorsal area of the RV, whereas the ventral margin is 

nearly straight in the LV and slightly concave at mid-length in the RV. The anterior margin is 

obliquely rounded, while the posterior end is distinctly acuminate. The external surface is 

smooth. 

Remarks: This species shows greater height in the posterior third of the carapace compared 

to P. caudata (Bold, 1964). Overall, P. aff. caudata differs from other Paracypris species 

found in the Potiguar Basin by being taller, broader, and exhibiting a more distinctly sub-

triangular outline. 

Occurrences : Coniacian of Essen 

Distribution: Turonian of Egypt (BOLD, 1964), of Gabon (NEUFVILLE, 1973a), Middle 

Turonian-Santonian of Algeria (VIVIÈRE, 1985) and Turonian of  Brazil (Pioveson et al., 

2014a). 

Paracypris chekhmai Trabelsi, Sames, Nasri, Piovesan, Elferhi, Skanji, Houla, Soussi, 

Wagreich, 2020 

Pl. 2. Figure 9a-e 

2020 Paracypris chekhmai sp. nov. Trabelsi  (Figure 8D1eD10) 
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 Material: 18 specimens of Essen section (samples: C4, C74, C105, C135, C168, C180, S51, 

S20) 

Measurements: S51, C, L: 0.77; H: 0.43; W: 0.30. 

Description of the specimens: Diagnosis. A medium to large-sized species of Paracypris. 

Lateral outline of carapace sub-triangular and short in females, lower and more elongated in 

males. Dorsal margin strongly convex with abrupt downward curvature posteriorly. Ventral 

margin perfectly straight in LV, and slightly concave in RV. Anterior and posterior regions 

compressed. Sexual dimorphism pronounced. 

Description of the specimens: Carapace of medium to large size, sub-triangular in lateral 

view and suboval in dorsal view. Slightly inequivalve, with LV overlapping and slightly 

overreaching RV along almost entire margin except of rounded parts of the antero- and 

postero-ventral margins. Carapace preplete, with maximum height slightly anterior of mid-

length. Maximum length at the lower 1/3 of height. Anterior margin broadly infracurvate with 

long straight dorsal part. Posterior margin narrow, slightly infracurvate with relatively long 

straight dorsal part. Dorsal margin strongly convex, with a small concavity in the anterodorsal 

part of the RV, and abruptly inflected downward in the posterodorsal part. Cardinal angles 

strongy rounded. Ventral margin perfectly straight in the LV and slightly concave at mid-

length of the RV. Carapace surface smooth. Internal features not observed. 

Remarks : Comparison. Paracypris checkhmai differs from P. mdadouerensis in being of 

somewhat smaller overall size, the more triangular and less elongate lateral outline, and the 

maximum height being still anteriorly of, but almost at, mid-length. P. dubertreti is much 

more slender and elongate in lateral ouline than P. checkhmai with slightly convex to straight 

dorsal margin and outline, and an almost equicurvate anterior margin being distincly 

infracurvate in the latter. Paracypris chekhmai shows some affinity to Paracypris lusitanicus 

described by Damotte et al. (1990) from the upper Aptian of Portugal. However, P. chekhmai 

exhibits a much more pronounced valve overlap than Paracypris lusitanicus. In addittion, the 

anterodorsal angle is much more pronounced in P. lusitanicus than in Paracypris chekhmai is 

somewhat similar to P. caudata (Van den Bold, 1964) from the Upper Cretaceous of Egypt in 

general shape and external features, although the new Tunisian species is much smaller, 

narrower, and shows more compressed anterior and posterior regions than the Egyptian 

species. Particularly, the new species from Tunisia species is characterized by the abrupt 

posterodorsal downward inflexion, a feature never previously described in the genus 

Paracypris. 

Occurrences : Coniacian and Santonian of Essen Formation 
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Distribution : Ocurrence and stratigraphic range. Unit 2b, Orbata Formation, Eastern 

Koumine section, Jebel Koumine, Central Tunisian Atlas, Tunisia. Lower Aptian, calibrated 

by a rich charophyte association (Trabelsi et al., 2016) as well as orbitolines (M'Rabet, 1981). 

 

Suborder Cytherocopina Jones, 1901 

Superfamily Cytheroidea Baird, 1850 

Family Cytherideidae Sars, 1925 

Subfamily Cytherideinae Sars, 1925 

Genus Ovocytheridea Grekoff, 1951 

Ovocytheridea triangularis Piovesan, Cabral and Colin, 2014 

Pl. 3. Figure 1a-b 

2000 Ovocytheridea aff. O. producta Grékoff, 1962-Viviers, Koutsoukos, Silva-Telles and 

Bengtson, p. 423, Figure 13, 21–22. 

2014b Ovocytheridea triangularis Piovesan, Cabral & Colin, p. 325, pl. 4, figs. N–R. 

2017 Ovocytheridea sp., B780- Donze-Jomaa-Salmouna et al., p. 537,pl 2, Figure 2a–c. 

Material: 165 specimens of Boukezez Formation (E) and 77 specimens of Essen Formation 

(C-S) (samples: E1, E 3, E5, E28, E71, C15-C17, C23- C50, C74, C80, C136,C140-C149, 

C168, C180, S20, S28-S51). 

Measurements: sample E3, C, L: 0.83; H: 0.51; W: 0.32. 

Description of the specimens: The subtriangular aspect, as recognized in this work, is 

marked and elevated than in Ovocytheridea sp., B780- Donze, 2017. It similar from 

Ovocytheridea aff. producta Grékoff, 1962 by its developed antero-dorsal margin and the 

overlap on the right valve pronounced and more developed on the dorsal and ventral margins. 

Our specimen is very similar to that of Jomaa-Salmouna et al., (2017). 

Occurrence: Coniacian and Santonian  of Boukezez Formation.  

Distribution : Turonian–Coniacian, Tunisia (Jomaa-Salmouna et al., (2017) Santonian–

Campanian, Potiguar Basin, Brazil (Vivers et al., 2000; Piovesan et al., 2014b) 

 

Family Hemicytheridae PURI 1953 

 Genus Aysegulina Ozdikmen 2010 

Limburgina sp. 

Pl. 3. Figure 2a-c 

1973 Limburgina? sp. M532 Donze–Donze in Bellion, et al., p. 16, Pl. II, figs. 26–30. 
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2017 Limburgina? sp. M532 Donze–Donze in Jomaa-Salmouna et al., p.541,pl. 4, Figure 4a–

c. 

2012 Aysegulina sagitta (Puckett and Colin) - Puckett et al., Plate 14, Figure 1-7 

Material: 56 specimens (samples: E36– E45) 

Measurements: sample E36, C, L: 0.58; H: 0.32; W: 0.41. 

Description of the specimens: Carapace large, Subrectangular in lateral view, inflated in 

dorsal view. The dorsal and ventral outlines are straight.The anterior margin is rounded; the 

posterior part is sub-triangular. Right valve slightly larger than left valve. The ornamentation 

consists of clear reticulums and covers the lateral surface longitudinally and is in line with the 

medial tubercles.The greatest height is located near the anterior cardinal angle. In dorsal view, 

the carapace is compressed anteriorly and posteriorly. Eye tubercle and subcentral tubercles 

well developed.  Lateral surface reticulated in lateral view.  Maximum of width located at the 

posterior third. 

Remarks:This species most common in the Maastrichtian deposits of Jamaica (Puckett et al., 

2012) differs from Aysegulina ventrocurva (Puckett and Colin, 2012) in the widely flaring 

and nearly straight ventro-lateral carinae, forming arrowhead shape in ventral view, and the 

lack of longitudinal ridges in posterior portion of carapace.  

Aysegulina sagitta (Puckett and Colin, 2012) very similar to Limburgina? sp. M532 (Donze–

Donze in Bellion, et al., 1973) and  Limburgina sp., 4 (Hazel and Kamiya, 1993), show 

similarity to this species in shape prominent ventro-lateral alae, eye tubercle, subcentral 

tubercles well developed and uniformly reticulate surface ornamentation. 

Occurrence: Santonian of Boukezez Formation 

Aysegulina sp., 

Pl. 3. Figure 3 

 

1968 Limburgina sp. A – Margerie: 24, pl. 6, figs 2-4, cellule MA 57.  

2017 Aysegulina sp., Guernet C. & Villier L. p. 242,  

Type species: Cypridina ornata Bosquet, 1847 by subsequent designation.  

Material: 15 specimens of Essen section (samples: C2, C3, C38, C42, S60) 

Measurements: sample S60, C, L: 0 .25; H: 0.40; W: 0.14. 

Remarques : The genera Aysegulina and Oertliella Pokorny, 1964 (type species Cythere 

reticulata Kafka, 1886) appear to be closely related. Their type species have a number of 

common characteristics: dorsal edge of the valves inclined substantially backward and 
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roughly triangular tip, reticulate surface, numerous and straight marginal pore canals (which 

is a characteristic of the Trachyleberididae and not of the Hemicytheridae), amphidont hinge. 

On the other hand, Oertliella reticulata does not have the well-developed central tubercle of 

Aysegulina ornata. The hinge also appears significantly different, with (on the right valve) a 

slight crenulation of the anterior and posterior teeth and a slender anterior tooth with a base 

distinctly shorter than tall for O. reticulata, an anterior tooth taller than long, a deep, oval 

posterior alveolus, ventrally septate, and a posterior dental relief longer than tall, trilobed, 

with a median lobe dominating the other two for Aysegulina ornata (according to Pokorny 

1964; Deroo 1966; Benson 1972; Liebau 1977). For P. Margerie, this species, represented by 

five valves or carapace in his collection, is "characterized by the great development, in the 

width direction, of the ventral wing, particularly at its posterior end." In addition, the meshes 

at the posterior end take the form of elongated alveoli. 

Occurrences : Coniacian –Santonian of Essen Formation. 

 

Suborder Podocopina Sars, 1866 

Superfamily Cytheracea Baird, 1850  

Family Trachyleberididae Sylvester- Bradley, 1948 

Subfamily Trachyleberidinae Sylvester- Bradley, 1948 

Genus Sapucariella Puckett, Andreu & Colin 2016 

Sapucariella parvoangulata Andreu and Puckett, 2016 

Pl. 3, Figure 4a–c 

1959 Ostracode T2- Glintzboeckel and Magné, pl. 4, Figure 43 (four images). 

1961 Brachycythere angulata Grékoff- Apostolescu, p. 798, pl. 8, figs. 146–149. 

1964  Brachycythere AUR 1478- Grékoff, pls. 1–2. 

1973 Brachycythere sp. gr. ekpo forme minor nov. forme- Bellion et al., p. 17, pl. 3, figs. 1–5. 

2016 Sapucariella parvoangulata Andreu and Puckett, nov. sp. - Puckett et al., p. 53, pl. 12, 

figs. 1–8. 

2017 Sapucariella parvoangulata Andreu and Puckett nov. sp. - Jomaa-Salmouna et al., p, 

538, pl. 3, Figure 1a–c. 

Material: 34 specimens 4 Essen (samples: E1, E3, E36, C29, C35, C44) 

Measurements: sample E36, C, L: 0.77; H: 0.44; W: 0.64. 

Remarks : Sapucariella parvoangulata Puckett, Andreu and Colin, nov. sp., is very similar to 

Sapucariella angulata (Grékoff, 1951) in shape particularly in regard to the distinctive 
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posterodorsal angle, but is considerably smaller. The carapace is also less elongate thanin S. 

angulata. Its similar to Brachycythere angulata Grekoff Apostolescu, 1961 in Campanian-

Maastrichtian of Senegal, Ivory Coast, similar to Brachycythere sp. gr. ekpo forme minor 

(Bellion et al., 1973) in Late Turonian-Coniacian of Algeria and similar to Ostracode T2 

Glintzboeckel and Magné, 1959 in Coniacian-Campanian of  Tunisia in distinctive shape 

subtriangular to subtrapezoidal and without puncta in the median region of carapace. They are 

conspeciflc. This species is undoubtedly related to the S. parvoangulata complex of species 

andis descended from the stock.  

Occurrence: Coniacian- Santonian  of Boukezez and Essen Formation 

Distribution : Late Turonian–Coniacian of Algeria (Bellion et al., 1973); Coniacian–

Campanian of Tunisia (Glintzboeckel and Magné, 1959); Turonian–Campanian of Tunisia 

(Abdallah et al., 1995, Jomaa-Salmouna et al., 2017); Campanian–Maastrichtian of Senegal 

and Ivory Coast (Apostolescu, 1961);  

Sapucariella honigsteini Puckett and Andreu 2016 

Pl. 3. Figure 5a-b 

1984 Brachycythere angulata Grékoff, 1951 – Honigstein, p. 16, pl. 5, figs. 1–7, pl. 15, 

Figure 2 (note muscle scar). 

1985 Brachycythere angulata Grékoff, 1951 – Honigsteinet al., pl. 11, Figure 51. 

1985 Brachycythere angulata Grékoff, 1951 – Lipson-Benitah et al., Figure 5p. 

1986 Brachycythere angulata Grékoff, 1951 – Honigstein, pl.1, figs. 1–4, 6. 

2016 Sapucariella honigsteini Puckett and Andreu, nov. sp. pl. 10, Figs. 1–9, 12 

Material: 40 specimens of Essen section (samples:C71, C74, C75, C81-C85, C87, C100, 

C102, C127- C143, S60). 

Measurements: sample C71, S60, C, L: 0.83, H: 0.53, W:0.45 

Description of the specimens:  Carapace large, robust,with a smoothly and broadly rounded 

anterior margin and great-est anterior extremity just below mid-height, a very broadlyconvex 

ventral margin that is upturned in the posterior part lead-ing to an acuminate posterior margin 

with greatest extremity atapproximately height, and a broadly convex dorsoposteriormargin 

with a very open to barely perceptible dorsoposteriorangle with greatest height just behind 

prominent eyespot atapproximately length; ventrolateral area swollen, with great-est width 

just above venter, well-rounded in larger morphs andmore angular in smaller morphs. Left 

valve overlaps right, with greatest overlap along dorsal and ventral margins. 

Eyespotdistinctive, with prominent postocular depression. Surface punc-tate, with widely-
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varying degrees of punctuation ranging fromnearly smooth to distinctively punctate. Hinge 

typical of genus,in right valve with anterior tooth, subjacent socket, finely crenu-late median 

bar, and crenulate posterior tooth; hinge of left valvecomplements that of right. Anterior 

marginal pore canals occurin pairs.  

Remarks: This species is named in honor of Dr. Avi Honigstein, Geological Survey of 

Palestine , for his contributionsto Cretaceous ostracode studies of Palestine . Table 9 presents 

measurements of Sapucariella honigsteini nov. sp. 

Occurrences : Coniacian-Santonian of Essen Formation. 

Genus Trachyleberidea Bowen, 1953 

Trachyleberidea gr. geinitzi (Reuss, 1874) 

Pl .3. Figure 6a-c 

1874 Cytheregeinitzi n. sp.- Reuss, p. 146, pl. II, Figure 4 a, b. 

1980 Trachyleberidea geinitzi (Reuss)- Babinot, pl. 27, Figure 3–14. 

1985 Trachyleberidea gr. geinitzi (Reuss)-Vivière, p. 203, 204, pl. 14, Figure 10, 11; pl. 15, 

figs. 1–4. 

2006 Trachyleberidea geinitzi (Reuss)- Andreu and Bilotte, p. 67, pl. 4, figs. 9–10. 

2008 Trachyleberidea geinitzi (Reuss)- El Nady et al., p. 555, pl. VI, Figure 13. 

2017 Trachyleberidea gr. geinitzi (Reuss)- Jomaa-Salmouna et al., pl. 3, fig 6a–c.  

Material: 12 specimens (samples: E1, E3, E5) 

Measurements: sample E1, C, adult; L: 0.91; H: 0.33; W: 0.24. 

Occurrence: Coniacian of Boukezez Formation 

Distribution : Coniacian–Campanian of Tunisia (Jomaa-Salmouna, 2017); Turonian of 

South-Eastern France (Andreu and Bilotte, 2006); late Turonian of Egypt (El-Nady et al., 

2008); Coniacian of Algeria (Vivière, 1985); Coniacian of Tunisia; Late Cretaceous (Babinot, 

1980); 

Genus Trachyleberidea Bowen, 1953 

 Trachyleberididae sp., 

Pl. 3. Figure 7a-b  

Material: 46 specimens of Essen section (samples: C23, C32, C56-C59, C72, C84, C85, C89, 

C100, C101, C123, C131, C140, C172, S1, S20, S48, S47 

Measurements: C23, S1 L: 0.66; H: 0.42; W: 0.26. 

Occurrences : Coniacian –Santonian of Essen Formation. 

Distribution : Upper Cretaceous of Algeria (Vivière, 1985), and Morocco (Donze et al., 

1982), 
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Genus Spinoleberis Deroo, 1966 

Spinoleberis yotvataensis Rosenfeld, 1974 

Pl .3. Figure 8a-d 

1968 Cythereis EmJS 1333 Grékoff, pl. 1, Figure 10 a–b. 

1981 Spinoleberis yotvataensis Rosenfeld- Bismuth et al., p. 235, pl. 11, figs. 4–6. 

1985 Spinoleberis? gr. yotvataensis Rosenfeld- Vivière, p. 191, pl. 12, figs. 4–9. 

1989 Spinoleberis? yotvataensis? Rosenfeld- Majoran, p. 27, pl. 16, figs. 10–12. 

1995 Spinoleberis yotvataensis Rosenfeld - Bismuth et al., p. 137, pl. 2, Figure 12. 

2008 Spinoleberis yotvataensis Rosenfeld - El Nady et al., p. 555, pl. VI, figs. 10–12. 

2016 Spinoleberis yotvataensis Rosenfeld - Benmansour et al., p. 201, pl 26, figs. 12–20. 

2017 Spinoleberis yotvataensis Rosenfeld-Jomaa-Salmouna et al., p38.pl. 3, Figure 5a–c 

Material: 147 specimens (samples: E1, E3, E5, E36 - E45, E63, E69, E71) 

Measurements: sample E5, E36, C, 8a-b: Female, 88c-d: Male; L: 0.66; H: 0.36; W: 0.36. 

Remarks: Our specimensare predominantly smooth, with tubercles clearly visible on the 

surface of the valves. Significant phenotypic variations in this species have been mentioned 

by Vivière (1985), Andreu-Boussut (1991) and Benmansour (2016). 

Occurrence: Coniacian and Santonian  of Boukezez Formation and Essen Formation. 

Distribution: Middle Turonian of Tunisia (Bismuth et al., 1981) and Algeria (Grekoff, 1968, 

Majoran, 1989); Coniacian–Campanian of Dj. Dyr, Tebessa,  from Algeria (Vivière, 1985); 

Turonian–Coniacian of Morocco (Bismuth et al., 1995); Middle Turonian–Lower Coniacian 

of Tunisia (Jomaa-Salmouna et al., 2017); Coniacian of Egypt (El Nady et al., 2008); 

Santonian of Morocco (Algouti et al., 2015); Campanian from Menaa and El Kantara from 

Algeria (Benmansour et al., 2016);  

 

Genus Cythereis Jones, 1849 

Cythereis gr. rawashensis Van den Bold, 1964 

Pl .4. Figure 1 

1964 Cythereis rawashensisn. sp.-Van den Bold, p. 124, pl. 15, figs. 1 a, b, 2 a, b. 

1985 Cythereis gr. rawashensis Van den Bold-Vivière, p.180–184, pl. 10, figs. 1–16. 

1991 Cythereis rawashensis Van den Bold-Shahin, p. 141, pl. 3, figs. 13, 14. 

2017 Cythereis gr. rawashensis Van den Bold -Jomaa-Salmouna et al., pl. 3, Figure 3a–c. 

Material: 15 specimens (samples: E3, E36– E45) 

Measurements: sample E36, C, adult male; L: 0.6 3; H: 0.33; W: 0.10. 

Remarks: the present material has a marked wing, clavicular spines and prominent marginal 

denticles with accentuated reticulation on the dorsal part. 
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Occurrence: Coniacian and Santonian of Boukezez Formation. 

Distribution : Mid-Turonian–Campanian of Egypt (Van den Bold, 1964); Turonian and 

Coniacian of Algeria (Vivière, 1985) and Tunisia (Jomaa-Salmouna et al., 2017); 

Cenomanian–Late Turonian from Sinai, Egypt (Shahin, 1991);  

Cythereis sp. 1 

Pl .4. Figure 2 

Material: 5 specimens samples: E3, E36– E45(Boukezez) and 65 specimens samples C2, C5, 

C13, C53-C57, 77-C80, C84-C88, S42, S47, S53 (Essen). 

Measurements: sample E3, C42, C, L: 0.6 3; H: 0.33; W: 0.10. 

Description of the specimens: Carapace subrectangular. The posterior outlineis sub-

triangular and with denticulations along the periphery. The anterior outline is symmetrically 

rounded. The dorsal and ventral margins are straight. Subcentral tubercle positioned in front 

of the mid-length.Two robust tubercles located in the posterodorsal and posteroventral 

regions. Small tubercles distributed in the valves surface. Prominent rounded ocular tubercle. 

Occurrence: Coniacian and Santonian of Boukezez and Essen Formations.  

Cythereis sp. 2 

Pl .4. Figure 3 

Material: 6 specimens (samples: E1, E36, E45, E71) of Boukeez and  12 specimens of Essen  

(samples:C80, C127, C140, C180, S14, S15, S42, S47). 

Measurements: Sampele E36, C, L: 0.64; H: 0. 36; W: 0.15. 

Description of the specimens: Subrectangularin lateral view, lanceolate in dorsal view. 

Maximum height located at the anterior cardinal angle, maximum width at mid-length. The 

ventral and dorsal marginsare straight. The anterior margin is rounded and present denticules; 

the posterior one is sub-triangular. The central tubercle is prominent and located in the central 

part of the valves surface; eye tubercle small. Carapace reticulated, with two large ribs, in the 

ventrolateral and dorsal regions; presents three spines on the posteroventral margin. 

Remarks: Our species is similar to Cythereis cretaria described in Campanian of Egypt 

(Bold, 1964), which presents an acute median part of the posterior end and small spines on the 

posteroventral margin. 

Occurrence: Coniacian and Santonian of Boukezez and Essen Formations 

Cythereis sp.,3 

Pl. 4. Figure 4 

Material: 26 specimens of Essen section (samples: C26, C33, C42-C45, C57-C60). 

Measurements: C26 
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Remarks : These speeimens are like Algeriana in possessing lateral ridges consisting of 

diseonneeted tubercles and a predominantly smooth intercostal shell surface. There is also a 

well developed posteroventraI boss below the ventraI ridge. The size and overall shape, 

however, differ markedly from Algeriana. The earapaee is subtrapezoidal to subtriangular in 

lateral aspeet. Contrary to Algeriana, the hinge-ear is more pronouneed as is also the eye-

tubercle and partieularly the subeentral tubercle. The anterior margin is rimmed and faintly 

studded, though not as bro ad and evenly rounded as in Algeriana. The triangular posterior 

margin is also rimmed and bears a few rounded denticles along its eonvex ventraI seetion (see 

ventraI view) ; its dorsal seetion is straight and reaehes below mid-height. The ventraI surfaee 

is coarse and irregular. Sexual dimorphism appears to be present, with the presumed males 

being longer. 

Occurrences : Coniacian of Essen Formation. 

Cythereis fahrioni bigrandis Majoran, 1989  

Pl. 4. Figure 5a-b 

1963 Cythereis fuhrioni Bischoff 31-33, P1. 12, figs 90-93, figure 94 

1981 Cythereis cf. fahrioni Bischoff; Bismuth et al., 23 1, p1.9, figs 6- 8 

1988 Cythereis cf. fuhrioni Bischoff; Athersuch: p1. 3, figs 5,6 

Material: 22 specimens of Essen section (samples: C57-C60, C130, C159, C160, S3). 

Measurements: C60, C, L: 0.50; H: 0.32; W: 0.25. 

Description: The carapace is medium to large in size, with a fully reticulate surface and a 

subrectangular to trapezoidal outline in lateral view. Its greatest height occurs at the 

moderately to strongly developed hinge ear. The left valve slightly overlaps the right along 

the dorsal part of the posterior margin. The eye tubercle is hemispherical and distinctly 

prominent. The anterior margin is broadly rounded with a slight oblique orientation and is 

ornamented with coarse denticles alternating with fine papillae along its frontal edge (visible 

in ventral view). In lateral view, a narrow rim extends from the eye tubercle and runs parallel 

to the anterior margin, reaching the junction with the ventral margin. This rim bears short pore 

conuli or sieve plates, which can occasionally be celate in the ventral region. The ventral 

margin appears sinuous due to a pronounced inflexure where it meets the anterior margin. The 

dorsal margin is straight. The posterior margin is triangular in the right valve and more 

rounded in the left, with its convex ventral portion decorated similarly to the anterior margin. 

The lateral surface displays a uniform reticulation. Distinct plications are present on the valve 

surface, forming a subcentral tubercle and three lateral ridges. The dorsal ridge extends 

beyond the dorsal margin, creating a shallow furrow along the valve border. The ventral 
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surface is triangular and characterized by rounded fossae. The maximum width is located 

across the posteromedian region. Both the internal and external morphological features are 

consistent with the genus Cythereis, as defined by Van Morkhoven (1963, pp. 179–182) and 

Damotte (1977). 

Remarks : Bischoff (1963) originally described this species from the Albian of Lebanon. 

Later, Bismuth et al. (1981) and Athersuch (1988) reported C. cf. fahrioni from the Albian–

Cenomanian of Tunisia and the Albian of Oman, respectively. These specimens are regarded 

here as true representatives of the species. The material from the Bordj Ghdir section is also 

considered conspecific, with the postero-terminal knob of this ridge appearing noticeably 

more pronounced. 

Occurrence : Coniacian and Santonian of Essen Formation 

Distribution : In Algeria, MAJORAN, 1989 described C. fahrioni bigrandis in the Upper 

Albian of Bordj Ghdir and Ras-El-Oued. 

Cythereis kosticensis Pokorny, 1963 

Pl. 4. Figure 6a-b 

Material: 22 specimens of Essen section (samples: C10, C25, C44, C84-C82, C174-C177, 

S32- S34, S42). 

Measurements: C10, L: 0.46; H: 0.22; W: 0.15. 

Occurrences : Coniacian-Santonian Essen Formation 

Distribution : Turonian  

Cythereis namousensis Bassoullet & Damotte, 1969 

Pl. 4. Figure 7a-b 

1969 Cythereis namousensis Bassoullet & Damotte, pp. 134, 135, pl. 1, figs 3 a-d. 

1974 Cythereis namousensis Bassoullet & Damotte.– Rosenfeld & Raab, p. 17, pl. 3, figs 17, 

18. 

1977 Cythereis namousensis Bassoullet & Damotte.– Boukhary et al., p. 158, pl. 1, Figure 5a-

d. 

1980 Cythereis namousensis Bassoullet & Damotte.– Ben Youssef, p. 78, pl. 6, figs 5-8. 

1981 Cythereis namousensis Bassoullet & Damotte.– Bismuth et al., p. 232, pl. 9, figs 9-10. 

1983 Cythereis (Rehacythereis) namousensis Bassoullet & Damotte.– Gargouri-Razgallah, p. 

154, pl. 29, Figure 1. 

1985 Rehacythereis cf. namousensis (Bassoullet & Damotte).– Babinot & Basha, pp. 260, 

261. 

1985 Cythereis cf. namousensis Bassoullet & Damotte.– Vivière, pp. 174, 175, pl. 8, figs 6, 7. 

1989 Cythereis namousensis Bassoullet & Damotte.– Majoran, p. 21, pl. 10, figs 13-16. 
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1991 Cythereis namousensis Bassoullet & Damotte.– Shahin, p. 145, pl. 3, Figure 12. 

1994. Cythereis namousensis Bassoullet & Damotte.– Shanin et al., p. 56, pl. 3, figs 21, 22. 

cf. 1995. Cythereis namousensis Bassoullet & Damotte.– Bismuth et al., p. 135. 

1995. Cythereis namousensis Bassoullet & Damotte.– Abdallah et al., p. 531, Figure 20.10. 

2001. Cythereis namousensis Bassoullet & Damotte.– Ismail, figs 13.9, 10. 

2001. Cythereis namousensis Bassoullet & Damotte.– Morsi & Bauer, p. 392, pl. 4, figs 10, 

11. 

2002. Cythereis namousensis Bassoullet & Damotte.– Bassiouni, p. 70, pl. 15, figs 13-16. 

2009. Cythereis namousensis Bassoullet & Damotte.– Boukhary et al., pp. 24, 25, pl. 2, figs 

1-5. 

2010. Cythereis namousensis Bassoullet & Damotte.– Morsi & Wendler, p. 199, Figure 6.15-

20. 

2016 Cythereis namousensis Bassoullet & Damotte.– Mebarki et al., Pl. III, Figure 33-36 

Material: 73 specimens (samples: E39- E45, E53, E64) 

Measurements: sample E64, C, L: 0.44; H: 0.12; W: 0.25. 

Remark:Cythereis namousensis and C. algeriana, which are larger, are morphologically 

similar. 

Occurrence: Santonian of the Essen Formation. 

Distribution: Late Cenomanian of the Guir Basin, Western Saharan Atlas (Bassoullet & 

Damotte, 1969) and NE Algeria (Vivière, 1985). Middle and Late Cenomanian of Tunisia 

(Bismuth et al., 1981, 1995; Gargouri-Razgallah, 1983). Cenomanian from Egypt (Boukhary 

et al., 1977; Shahin, 1991; Shahin et al., 1994; Ismail, 2001; Morsi & Bauer, 2001; Bassiouni, 

2002; Boukhary et al., 2009), from the Levant (Rosenfeld & Raab, 1974; Rehacythereis cf. 

namousensis in Babinot & Basha, 1985; 

Type species:Cytherinae ornatissima Reuss, 1846 

Cythereis algeriana Bassoullet & Damotte, 1969 

Pl. 4. Figure 8a-b 

1969 Cythereis algeriana Bassoullet & Damotte, pp. 132, 133, pl. 1, figs 1 a-d. 

1972 Cythereis algeriana Bassoullet & Damotte.– Damotte & Saint-Marc, p. 278, pl. 1, 

Figure 4. 

1973. Cythereis algeriana Bassoullet & Damotte.– Grosdidier, pl. 12, Figure 95a-e. 

1974 Cythereis algeriana Bassoullet & Damotte.– Rosenfeld & Raab, p. 17, pl. 3, figs 19, 20. 

1981 Cythereis algeriana Bassoullet & Damotte.– Bismuth et al., pp. 230, 231, pl. 10, Figure 

15. 
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1981 Cythereis algeriana Bassoullet & Damotte.– Al-Abdul- Razzaq & Grosdidier, p. 188, pl. 

1, Figure 4. 

1983 Cythereis (Rehacythrereis) algeriana Bassoullet & Damotte.– Gargouri-Razgallah, p. 

154, pl. 30, figs 6, 7. 

1985 Cythereis algeriana Bassoullet & Damotte.– Vivière, p. 175, pl. 8, figs 8, 9. 

1989 Rehacythrereis algeriana (Bassoullet & Damotte).– Babinot & Bourdillon-de-Grissac, 

pp. 289, 290). 

1988 Cythereis algeriana Bassoullet & Damotte.– Athersuch, pl. 3, figs 11, 12. 

1991 Cythereis algeriana Bassoullet & Damotte.– Andreu, pp. 618-620, pl. 56, figs 1-4. 

1994 Cythereis algeriana Bassoullet & Damotte.– Shahin et al., p. 54, pl. 3, figs 14, 15. 

2001 Cythereis algeriana Bassoullet & Damotte.– Morsi & 

Bauer, pp. 391, 392, pl. 4, figs 4, 5. 

2013 Cythereis algeriana Bassoullet & Damotte.– Andreu et al., pl. 7, figs 30, 31 ; pl. 8, figs 

1-5. 

2013a Cytherella aegyptiensis Colin and El Dakkak.– Shahin et al., p. 107, Pl. 1 Figs. 1, 2,  

2016 Cythereis algeriana Bassoullet & Damotte.– Mebarki et al ., pl. III, Figure 29-32  

Matériel : 83 specimens (samples: C8, C12, C15, C17, C29, C33, C38, C49, C52, C56, C61-

C63,C65-C67, C73-C75, C147, C154, C159, C164, S13, S47-S62) 

Measurements : C73, C, L: 0.36; H: 0.22; W: 0.20. 

Remarks: Size smaller than that of the type species. 

Occurrence: Conaician and Santonian of the Essen Formation. 

Distribution: Late Cenomanian of the Guir Basin, the Western Saharan Atlas (Bassoullet & 

Damotte, 1969), and NE Algeria (Vivière, 1985). 

Cenomanian-Lower Turonian of Morocco (Andreu, 1991; Andreu et al., 2013). Middle and 

Late Cenomanian of Tunisia (Bismuth et al., 1981; Gargouri-Razgallah, 1983). Cenomanian 

of Egypt (Shahin et al., 1994; Morsi & Bauer, 2001) and Kuwait (Al-Abdul-Razzaq & 

Grosdidier, 1981). Middle and Upper Cenomanian of the Levant (Damotte & Saint-Marc, 

1972; Rosenfeld & Raab, 1974). Upper Albian-Lower Cenomanian of Iran (Grosdisier, 1973). 

Upper Albian-Upper Cenomanian of Oman (Athersuch, 1988; Rehacythereis algeriana in 

Babinot & Bourdillon-de-Grissac, 1989). 

Genus Protocosta Bertels, 1969 

Protocosta babinoti Piovesan, Cabral and Colin, 2014 

Pl. 4. Figure 9 a-b 
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2000 Cythereis? sp. P8 Viviers, Koutsoukos, Silva-Telles and Bengtson, p. 433, Figure 19, 3–

4. 

2014a Protocosta babinoti Piovesan, Cabral and Colin, p. 329, pl. 6, figs. K–P. 

2014b Protocosta babinoti Piovesan, Cabral and Colin- Piovesan et al., p. 335, pl. 5, figs. K–

P. 

2020 Protocosta babinoti Piovesan, Cabral and Colin- Piovesan et al., p. 87, Figure 4D–E. 

Material: 71 specimens 4 specimens Essen  (samples: E36– E45, E53, E56, E58, E61, S42) 

Measurements: sample E61, C, L: 0.79; H: 0.43; W: 0.27. 

Description of the specimens: Very large reticulated carapace, subrectangular in lateral 

view. Dorsal margin almost straight. Ventral margin slightly concave anteriorly. Rounded 

anteriormargin. Posterior margin is somewhat triangular. Both margins are compressed. 

Maximum height is at anterior cardinal angle. Maximum width is in front of mid-length while 

is maximum length at mid-height. Left valve overlaps right one along all margins. The dorsal 

rib is convex while the ventral rib is almost straight. The middle rib is sinuous and moderate 

in its anterior part. A small distinct ocular tubercle is present while the subcentral tubercle is 

underdeveloped. 

Remarks : Protocosta babinoti Piovesan, Cabral and Colin, 2014, very similar to Cythereis? 

sp. P8. Viviers, 2000 in Santonian–lower Campanian from Potiguar Basin Jandaira Fm in 

shape and ornamentation. Left valve overlaps right one along all margins. A small distinct 

ocular tubercle is present while the subcentral tubercle is underdeveloped. 

Occurrence:Coniacian of Boukezez Formation and Santonian  of Essen Formation. 

Distribution: Coniacian and Santonian in Tunisia (Jomaa-Salmouna et al., 2017); Santonian–

Campanian of the Potiguar Basin (Piovesan et al, 2014b) ; Santonian–Campanian of the 

Potiguar Basin, Brazil (Piovesan et al., 2014a and b; Viviers et al., 2000); 

Paraplatycosta sp. 

Pl. 4. Figure 10a-b 

2014b Paraplatycosta POT 1- Piovesan, Cabral and Colin, p. 331, pl. 7, figs. D–E. 

Material: 2 specimens (sample: E45) 

Measurements: sample E45, C, juveniles; L: 0.50; H: 0.20; W: 0.12. 

Description of the specimens: Reticulated carapace. Subrectangular in lateral view and 

subtrapezoidal in dorsal view. Anterior margin rounded, posterior margin triangular. 

Maximum height at anterior cardinal angle, maximum width at posterior third, maximum 

length below mid-height. Presence of subcentral, ocular tubercles and two fine ribs: median 

and ventral. Two tubercles occur near the posteroventral and posterodorsal regions. 
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Remarks: This species differs from Paraplatycosta aff. talayninensis Santonian–Campanian 

of the Potiguar Basin, Brazildescribedby (Piovesan et al., 2014b) due the presence of 

tuberclesin the posterodorsal and posteroventralmargins, less developed ribs and the position 

of maximum length, which is below the midheight. 

Occurrences: Santonian of Boukezez Formation. 

Distribution : Santonian–Campanian of the Potiguar Basin, Brazil in Brazil (Piovesan et al., 

2014b). 

Genus  Paraplatycosta Dingle, 1971 

Paraplatycosta aff. talayninensis Andreu, 1995 

Pl. 4. Figure 11 

2014 b Paraplatycosta aff. talayninensis Andreu- Piovesan et al., p.331, pl. 7, figs. A–C 

Material: 8 specimens of Boukezez Formation and 105 specimens of Essen Formation 

(samples: E36, E41, E43, E53, E54, C1,C2, C6, C7, C11-C57, C65-C75, C84-C90, C115, 

C164, C169-C180, S1-S7, S15, S27, S60 )  

Measurements: sample S1, C, L: 0.55; H: 0.26; W: 0.24. 

Remarks: Our specimens have affinities with P. talayninensis described by Andreu (1995) in 

Morocco, but are more elongate and with irregular size of the reticula. Despite the similarities 

in outline between the species, our material is smaller than those mentioned by Benmansour et 

al., 2016, which could be related with the ontogeny. 

Occurrence: Coniacian and Santonian of Boukezez and  Essen Formation.Distribution : 

Santonian–Campanian of the Potiguar Basin, Brazil (Piovesan et al., 2014b);  

 

Genus Haughtonileberis Dingle, 1969 

Haughtonileberis dinglei Piovesan, Cabral & Colin, 2014 

Pl. 4. Figure 12 

1992 Dumontina sp. Okosun, p. 330, pl. 1, figs. 21, 25. 

2014a  Haughtonileberis dinglei Piovesan et al., p. pl.5, Figure M–S. 

Material: 8 specimens (samples: E36, E41, E43, E53, E54)  

Measurements: Sample E36, C, L: 0.55; H: 0.26; W: 0.24. 

Remarks: This species is similar of the Morocco species Haughtonileberis propeplanus 

described by Andreu (1995) from the late Santonian of Morocco, but differs by the much 

more developed anteromarginal rib, the stronger spines in the anterior margin and the dorsal 

and the median rib, which are not linked. 

Occurrence: Santonian of Boukezez Formation 
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Distribution : Turonian–Santonian of Nigeria (Okosun, 1992); Turonian, Potiguar Basin, 

Brazil (Piovesan et al., 2014a);  

Subfamily Buntoniinae Apostolescu, 1961 

Genus Protobuntonia Grekoff, 1954 

Protobuntonia numidica Grekoff, 1954 

Pl. 4. Figure 13a-b 

1954 Protobuntonia numidica n. gen. n. sp. Grekoff, p. 400, text-Figure1  

1959 Buntonia (Protobuntonia) numidica Grekoff– Reyment et Elofson, p. 163, pl. 1, Figure 

3  

1964 Protobuntonia numidica Grekoff– Van Den Bold, p. 126, pl. 13, figs. 16–17  

1966 Protobuntonia numidica Grekoff – Masoli, p. 126, pl. 2, Figure 9  

1973 Protobuntonia numidica Grekoff – Bellion et al.,  p. 19, pl. 4, figs.  30– 34 

1973 Protobuntonia numidica Grekoff – Said, p. 226, pl. 25, Figure 9 

1982 Protobuntonia numidica Grekoff – Reyment, p. 412, Figure 2a 

1985 Protobuntonia numidica Grekoff – Vivière, p. 236, pl. 22, figs. 5–8 

1987Protobuntonia numidica Grekoff - Damotte and Fleury, p. 107, pl.3, Figure 15 

1996 Protobuntonia numidica Grekoff - Andreu and Tronchetti, p.61, P1. 6, Figure 16 

2016 Protobuntonia numidica Grekoff- Benmansour et al., 2016, p. 193, pl. 22, 27-28; S–figs. 

9, 1-4. 

Material: 14 specimens of Bouezez section and 3 specimens of Essen section (samples: E44, 

E45, E71, C29, C127, S48-S44) 

Measurements: sample E44, S44, C, adult; L: 0.79; H: 0.43; W: 0.27. 

Occurrence: Santonian of Boukezez and  Coniacian- Santonian of Essen Formation. 

Distribution : Turonian–Coniacian of Morocco (Andreu and Tronchetti, 1996); late 

Turonian–late Santonian of Morocco (Reyment et Elofson, 1959); late Turonian–Campanian 

to Dj. Dyr, Algeria (Vivière 1985); Turonian–Lower Campanian of Morocco (Masoli, 1966; 

Reyment, 1982); late Turonian–Maastrichtian of Algeria (Bellion et al., 1973);Turonian- 

Thanetian of Algeria (Grekoff, 1954); Santonian–Campanian of Egypt (Van Den Bold, 1964); 

Coniacian to Maastrichtian of South-West Constantine, Algeria (Damotte and Fleury, 1987); 

Campanian of Tighanimine and Menaa, Algeria (Benmansour 2016); Thanetian of Tunisia 

(Said, 1973); Subfamily Pterygocytherinae Puri, 1957 

Genus Pterygocythere Hill, 1954 

Pterygocythere aff. allinensis Grekoff and Deroo, 1956 

Pl. 5. Figure 1a-b 
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aff. 1956 Alatacythere allinensis n. sp. – Grekoff and Deroo, p.229, pl. XLVII, Figure 34–35. 

Material: 6 specimens (samples: E36, E41, E28, C180, C123-C127, C85-C88, C59-C70) 

Measurements: sample E36, C, L: 0.69; H: 0.53; W: 0.36. 

Occurrence: Santonian of Boukezez Formation. 

Distribution : Coniacian of Morocco (Algouti et al., 2022),  

Pterygocythere sp., 

Pl. 5. Figure 2 

Material: 6 specimens (samples: C12, C13, C127) 

Measurements: sample E36, C, L: 0.69; H: 0.53; W: 0.36. 

Occurrence: Lower Coniacian of Essen Formation. 

Genre Taracythere AYRESS, 1995 

Taracythere antakaranaensis nov. sp. Jean-François Babinot, Jean-Paul Colin, Auran 

Randrianasolo 2009 

Pl. 5. Figure 3a-c 

1979. Cythereis DS3 GREKOFF – COLLIGNON et alii, p. 236, Pl. 4, Figure 14a-b. 

2009 Taracythere antakaranaensis nov. sp. Babinot, pl. 2, figs. 12-19, p. 10 

Material: specimens of Essen section (samples: C3, C5, C25, C80, C84, C85, C169-C176, 

S1, S6, S28). 

Measurements: S1, C,  L: 0.56; H: 0.32; W: 0.25. 

Description of the specimens: Species assigned to the genus Taracythere characterized by a 

subrectangular carapace, a non-raised triangular posterior end, and complex ornamentation. 

Remarks: The genus Taracythere was described by Ayress (1995) for species of 

Trachyleberididae without an ocular tubercle or cardinal lobe from the Eocene of New 

Zealand. Subsequently, Jellinek & Swanson (2003) revised this genus based on current 

material. In this study, they demonstrate that this genus is not restricted to New Zealand and 

that other species that can be assigned to it are known from the Paleogene of the Indian 

Ocean, notably Actinocythereis orientalis orientalis Guernet, 1985, and Actinocythereis 

orientalis rete Guernet, 1993 (see also Guernet & Galbrun, 1992). Taracythere 

antakaranaensis nov. sp., by its general morphology (posterior end not raised, presence of a 

muscular nodule, and well-individualized and nodular ventral and dorsal ridges), is much 

closer to the Paleogene forms of the Indian Ocean. The ornamentation affects the entire 

surface of the valves. 

Occurrences : Coniacian and Santonian of Essen Formation. 
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Distribution : Lower Cenomanian Abattoir section, Andranomaimbo Formation, terminal 

Albian (Vraconian) to Lower Cenomanian of Madagascar. 

Family: Bairdiidae 

Genus: Peloriops 

Peloriops pustulata (Rosenfeld & Raab, 1974) 

Pl. 5. Figure 4a-c 

1974 Planileberis pustulata n.sp. Rosenfeld in Rosenfeld & RAAB, p. 19, pl. 3, fi gs. 2–5; pl. 

6, fi gs. 1–4 

1977 Planileberis pustulata RosenfelD – Boukhary et al., p. 159, pl. 1, fi gs. 1a–d 

1979 Peloriops ulosa n.sp. Al-abdul-Razzaq, p. 51, pl. 1, fi gs. 4–5, 11, 15; pl. 2, fi g.3 

1981a Cythereis ziregensis Bassoullet & Damotte–Bismuth et al., p. 234, pl. 8, fi gs. 9–12 

1988 Peloriops ulosa Al-abdul-Razzaq–Athersuch, p. 1203, pl. 4, fi g. 10–11 pars 1989 

Peloriops ziregensis? (Bassoullet & Damotte) – MAJORAN, p. 24, pl. 15, fi gs. 4–13; non pl. 

15, fi gs. 1–3 

1991 Peloriops sp. Szczechura et al., p. 25, pl. 8, fi g. 8 

1994 Peloriops ulosa Al-abdul-Razzaq – Athersuch 1994, p. 263, pl. 12.2, fi gs. 2, 4 

1994 Planileberis pustulata Rosenfeld – Shahin et al., p. 57, pl. 3, fi gs. 29–31 

2001 Peloriops pustulata (Rosenfeld) – Morsi & Bauer, p. 394, pl. 5, fi gs. 6–7, 9 

2002 Peloriops pustulata (Rosenfeld) – BASSIOUNI, p. 88, pl. 21, fi gs. 9–13 

2009 Peloriops pustulata Rosenfeld and Raab,-Boukhary et al., pl. 2, figs. 8–10 

2013a  Peloriops postulata Rosenfeld- Shahin et al., p.113 , pl. 4 figs. 21, 22 

Material: 13 specimens of Essen section (samples: C158- C169, S6, S58-S62). 

Measurements: C158, C, L: 0.66–0.70 ; H: 0.37–0.47; W: 0.24–0.31. 

Description of the specimens: The carapace of P. pustulata is elongate, ranging from 

subrectangular to subovale in lateral view. The dorsal margin appears straight to slightly 

convex, while the ventral margin is gently concave. The anterior end is broadly rounded, 

contrasting with the posterior end, which is more tapered and subacute. This species is of 

medium size for the genus, with valve lengths, although dimensions may vary slightly. The 

most distinctive feature of P. pustulata is its characteristic surface ornamentation, consisting 

of numerous small, rounded to irregular pustules or tubercles. These pustules may be evenly 

distributed or more concentrated in the central and posterior parts of the carapace, serving as a 
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key diagnostic trait that differentiates this species from other members of the genus Peloriops, 

which usually display smoother or striated surfaces. 

Remarks : The representative of this species closely resembles specimens previously 

assigned to Cythereis (now correctly referred to as Peloriops) pustulata, originally described 

by Rosenfeld (1974) from the Cenomanian of Palestine, as well as Peloriops sphaerommata 

described by Al-Abdul-Razzaq (1974) from the Cenomanian of Kuwait. Similar observations 

regarding the relationships among these species were reported by Bismuth et al. (1981), 

Athersuch (1988), and Majoran (1989), with some authors even suggesting that P. 

sphaerommata may be closely related to other recognized species. In 1983, Al-Abdul-Razzaq 

proposed placing P. sp haerommata in synonymy with P. ziregensis. However, Majoran 

(1989) questioned whether these species are truly conspecific and tentatively assigned his 

Cenomanian specimens from Algeria to P. ziregensis with uncertainty. The primary 

differences among these taxa involve variations in size and ornamentation details, which may 

reflect intraspecific variability. Due to the lack of a clear photograph of the P. ziregensis 

holotype and the presence of only a single specimen of Peloriops sp., in the our ostracode 

collection, its taxonomic status remains unresolved. 

Occurrences : Upper Coniacian-Santonian of Essen Formation. 

Distribution: This species was first described from the Cenomanian of Palestine  (Rosenfeld 

& Raab, 1974). It is also known from the Cenomanian of Algeria (Majoran, 1989), Tunisia 

(BISMUTH et al., 1981a), Kuwait (AL-Abdul-Razzaq, 1979), and Egypt (Boukhary et al., 

1977; SHahin et al., 1991; Szczechura et al., 1991; Morsi & Bauer, 2001; Bassiouni, 2002), 

Upper Cenomanian in south of Ain Sukhna, western side of the Gulf of Suez, Egypt ( 

Bouhary et al., 2009)  

 

Genus Reticulocosta Grundel, 1974 

Reticulocosta kenaanensis (Rosenfeld 1974, in Rosenfeld & Raab 1974) 

Pl. 5. Figure 5a-c 

1974 Cythereis rawashensis kenaanensis Rosenfeld, n. s sp., in Rosenfeld & Raab, p. 17, pl. 

3, figs 23–25; pl. 6, figs 5–6. 

2002 Reticulicosta kenaanensis (Rosenfeld), Bassiouni, p. 77, pl. 18, figs 9, 10. 

2010 Reticulicosta kenaanensis (Rosenfeld), Morsi, p. 200, Figure 7, figs 3–8 

 

Material : 132 specimens of Essen section (samples : C24-C27, C28, C140-C168, C178, S5, 

S48). 
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Measurements : Sample S5, C, L : 0.5 - 0.7 m, H : 0.35-0.4, W : 0.25-0.30 

Occurrences : Coniacian- Santonian of  Essen Formation. 

Distribution : This species was previously recorded from levels assigned to the Lower 

Turonian in Palestine (Rosenfeld & Raab 1974), Egypt (Bassiouni 2002) and Jordan (Schulze 

et al. 2004). Upper Cenomanian from Central Jordan (Morsi et Wendler, 2010).  

 

Family Cytheruridae Müller, 1894 

Genus Metacytheropteron Oertli, 1957 

Metacytheropteron sp. 

Pl. 5. Figure 6a-c 

Material: 17 specimens (samples: E45, E64, E71, C13, C15, C19, C20, C27, C38, C45,  

C55-C75, C88-C99, C108, C127, C143, C130, C151, C156, C159, C169, C172- C175, C180, 

S1, S5). 

Measurements: sample E71, S1, C, juvenile; L: 0.46; H: 0.12; W: 0.21. 

Description of the specimens: Small reticulated carapace, subovale in lateral view, oval in 

dorsal view. The anterior margin is rounded; the posterior is narrow. Anterior margin 

obliquely round, posterior margin forming a small caudal process. The greatest width is just 

behind the mid-length. Ventral outline slightly convex. 

Remarks: This species is close to Centrocythere cheguigaensis described by Damotte (1984) 

in Barremian of Algeria. However, C. cheguigaensis has well-developed ribs and the eye-

tubercle is well marked. 

Occurrence: Santonian of Boukezez Formation and  Essen Formation 

Genre Amphicytherura 

Amphicytherura aff. yakhiniensis Rosenfeld 1974 

Pl. 5. Figure 7a-b 

Material: 174 specimens of Essen section (samples: C1, C108, C127, C130, C156, C168-

C180, S1, S2). 

Measurements: Sample C1, S1, C,  L: 0.44- 0.55 ; H: 28 - 0.36; W: 1.5 - 1.6. 

Description of the specimens: The carapace of Amphicytherura aff. yakhiniensis is small to 

medium-sized. In lateral view, the carapace is subrectangular to subovale, with a nearly 

straight to slightly convex dorsal margin and a broadly concave ventral margin. The anterior 

margin is well rounded, while the posterior margin is more tapered and slightly pointed. The 

surface of the carapace is ornamented with a distinct reticulate pattern forming irregular 

polygonal meshes, with the central area slightly depressed and surrounded by moderately 

developed marginal ridges. Weak radial ribs may occur near the anterior region. The hinge is 
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of the lophodont type, typical of the genus Amphicytherura, and displaying a vertical 

alignment when visible in well-preserved specimens. 

Remarks : Amphicytherura aff. yakhiniensis Rosenfeld, 1974 (in Rosenfeld and Raab, 1974) 

from Coniacian, is morphologically close to Amhicytherura (Sondagella) gigantodistincta 

Andreu, 1991 from the Aptian-Cenomanian of Morocco and probably to Fissocarinocythere?  

Hexagona Singh, 1997 from the Cenomanian of the Jaisalmer basin. A. aff. A. yakhiniensis 

Rosenfeld, 1974 has also been recorded from Cenomanian-Turonian of Bagh Formation. 

Occurrences: Coniacian- Lower Santonian of Essan Formation. 

Distribution: The original species A. yakhiniensis was described by Rosenfeld (1974) from 

Campanian–Maastrichtian deposits of  Palestine. 

Genus: Clithrocytheridea 

Clithrocytheridea kaufmani Hazel, 1968 

Pl. 6. Figure 1a-c 

 

Material: 15 specimens of Essen section (samples: C29, C72, C78-C81, C146, S47, S60). 

Measurements: sample S60, C, L: 0.70- 0.85; H: 0.38- 0.48; W: 1.7- 1.8.  

Description of the specimens: Subovale in lateral view. The dorsal margin is relatively 

straight to gently arched; the ventral margin is slightly concave to straight. The anterior 

margin is broadly rounded, while the posterior margin is more narrowly rounded to 

subtruncate. Medium-sized for the genus. Valves are ornamented with distinct longitudinal 

costae (ribs), running from the anterior to the posterior ends.These costae are raised and 

evenly spaced, separated by shallow furrows. In well-preserved specimens, the costae may 

show fine granulation or be smooth. 

Remarks: Clithrocytheridea kaufmani was first described by Hazel (1968) from Upper 

Cretaceous (Cenomanian to Maastrichtian) marine sediments of the Gulf and Atlantic Coastal 

Plains (USA).The species is notable for its prominent longitudinal costae and subrectangular 

shape, distinguishing it from closely related Clithrocytheridea species that may have less 

pronounced ribbing or different valve proportions. 

Occurrences: Coniacian and Santonian of Essen Formation. 

Distribution : Upper Cretaceous (Cenomanian to Maastrichtian) of USA (Hazel, 1968) 
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Genus Asciocythere Swain, 1952 

Asciocythere aff. aegyptiana (Morsi 2000) 

Pl. 6. Figure 2a-c 

 

Material: 56 specimens of Essen section (samples: C29, C42, C60-C62, C70-C71, C151, 

C156- C159, C168). 

Measurements: sample C29, C, L:0.65- 0.85; H:0.35- 0.50; W:1.6- 1.8. 

Description of the specimens: oval in lateral view, rounded without angles; maximum height 

at the front of the carapace, maximum length below mid-height. 

Remarks : The specimens assigned to Asciocythere aff. aegyptiana closely resemble the 

original description of A. aegyptiana Bate, 1972, particularly in their general outline and 

surface ornamentation. However, some morphological differences were observed that prevent 

a precise assignment to the nominal species, the surface shows fine reticulation with weak to 

moderate ridges, slightly less pronounced than in A. aegyptiana. Central area more depressed, 

with marginal ridges less developed. 

Occurrences : Coniacian of Essen of Essen section 

Distribution : Campanian of Menaa (Algeria) Benmansour, 2017 

Family Xestoleberididae Sars, 1928 

Genus Xestoleberis Sars 1928 

Xestoleberis sp. 

Pl. 6. Figure 3a-b 

 

Material: 73 specimens (samples: E39- E45, E53, E64, C20, C60-C65, C72-C80). 

Measurements: sample E64, C20, C, L: 0.44; H: 0.12; W: 0.25. 

Description of the specimens: Small, smooth carapace.Rounded in lateralview and ovate in 

dorsal view. Maximum height located in the middle. Maximum length below mid-height; 

maximum thickness located towards the rear. Anterior region lower than the posterior one. 

The ventral outline straight, dorsal outline strongly convex.  

Remarks: Xestoleberis sp. is differentfrom to Xestoleberis tunisiensis described by 

Benmansour (2016) in Algeria; X. tunisiensis shows a more rounded ventral margin. 

Occurrence: Santonian of Boukezez Formation and  Lower Coniacian of Essen Formation. 

Famille Bythocyprididae maddocks, 1969 

Genre Bythocypris BRADY, 1880 

Bythocypris sp., 

Pl. 6. Figure 4 

1994 Bythocypris sp., Shahin p.40, Pl. 1Figure 22 
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2007 Bythocypris sp., Andreu, p355, pl. 2, Figure 19 

Material : 34 specimens of Essen section (samples : C19, C102, C125, S1, S43, S35, S57, 

S62). 

Measurements : C19, S5, C, L: 0.48; H: 0.32; W: 0.25. 

Description of the specimens : Carapace subrectangular in lateral view, with its maximum 

height and length in the middle of the carapace. The anterior margin is broadly rounded, and 

the posterior margin is obliquely rounded. The ventral margin is straight.The dorsal margin is 

convex, and the posterodorsal margin slopes gently.The left valve is slightly larger than the 

right.The surface of the carapace is smooth. In dorsal view, the carapace has an elliptical, 

elongate shape with its maximum width in the center. 

Remarks : Very rare, poorly preserved specimens with closed carapaces. The generic 

attribution it self remains uncertain. Bythocypris ? sp. SAUVAGNAT 1999 from the Lower 

Aptian of the Jura has a more elongated carapace. 

Occurrences : Coniacian  and Santonian of Essen Formation.  

Distribution : Tuvalian – Carnian, Tropites subbullatus Anatropites spinosus zones, Monte 

Gambanera, Central Eastern Sicily, Italy (Sylvie, 2020), Lower Aptian of the Jura (Sauvagnat, 

1999), Upper Bedoulian of Pichouraz (Babinot J.-F, 2007). 

Bythocypris mohani Singh 1997 

Pl. 6. Figure 5 

2007 Bythocypris mohani Singh- Adreu, p. 355,  pl. 2, Figure 17-18. 

Material : 10 specimens of Essen section (samples: C56, C59-C60, C71, S49) 

Measurements : sample C56, C, L : 0.50–0.65; H : 0.30–0.40; W : 0.11- 0.19. 

Description of the specimens : small ostracod characterized by an subrectangular carapace 

with moderately convex dorsal and ventral margins. The anterior margin is broadly rounded 

and slightly expanded, while the posterior margin is narrower, slightly tapering, and more 

pointed. The valves are smooth, thin-shelled, and moderately inflated, with the greatest height 

located slightly anterior to mid-length. The hinge is simple, lacking prominent teeth or 

sockets, and no surface ornamentation is present. This species is distinguished from closely 

related taxa by its more elongate outline and relatively narrow posterior extremity. The 

carapace  

Occurrence : Coniacian-Santonian of Essen Formation. 

Distribution : Upper Cretaceous, specifically the Cenomanian to Turonian. It was first 

described from the Kachchh Basin, western India (Singh, 1997) and later identified in several 
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regions of the Tethyan realm, including Tunisia (Ben Youssef, 1980; Bismuth et al., 1981), 

Algeria (Vivière, 1985), and northern Morocco (Donze et al., 1982). Coniacian  from the 

Jaisalmer Basin, Rajasthan, India Andreu et al., (2007) 

Family Brachycytheridae Puri, 1954 

Genus Brachycythere Al Exander, 1933 

Brachycythere sp., 

Pl. 6. Figure 6 

2007 Brachycythere sp., Andreu, p357, pl. 3, figs. 21-22 

Material: 23 specimens of Essen section (samples:C20, C28, C32, C38-C47, C52, C58) 

Measurements: sample C52, C, L: 0.55- 0.75; H: 0.35- 0.50; W: 0.15- 0.25. 

Description of the specimens : subrectangular to subquadrate carapace with moderately 

convex dorsal and ventral margins. The anterior margin is broadly rounded with a slight 

ventral projection, while the posterior margin is narrower, more tapered, and sometimes 

exhibits a weak posteroventral spine or angular extension. The valves are moderately thick 

and robust, with the greatest height located slightly anterior to mid-length. The surface 

ornamentation consists of a distinct reticulate pattern of polygonal meshes, occasionally 

forming weak nodes or ridges along the marginal areas. The hinge is lophodont, typical of the 

family Trachyleberididae, with well-developed cardinal and terminal elements. These features 

suggest adaptation to relatively high-energy shallow marine environments. 

Remarks : The specimens are assigned to the genus Brachycythere based on their 

characteristic outline, reticulate ornamentation, and hinge structure. However, due to the 

absence of some diagnostic characters such as the exact configuration of marginal ridges and 

nodes, a precise species-level identification is not possible.  

Occurrences : Coniacian  of Essen Formation. 

Distribution : Cenomanian to the Maastrichtian, with its abundance peaking during the 

Turonian–Coniacian interval. Tunisia (Glintzboeckel & Magné, 1959; Ben Youssef, 1980; 

Bismuth et al., 1981), Algeria (Vivière, 1985), and Morocco (Donze et al., 1982) 

Family: Cytheruridae 

Genus: Perissocytheridea 

Perissocytheridea ascalopha (Van den Bold), 1964) 

Pl. 6. Figure 7a-c 
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Material: 96 specimens of Essen section (samples: C2, C20- C21, C28-C39, C53-C60, C141-

C180, S1, S60). 

Measurements: sample C2, S60, C, L: 0.4- 0.5; H:0.3- 0.35; W:0.12-0.22.  

Discription: Subtriangular to subrectangular in lateral view, with moderate lateral 

compression. Small to medium-sized. The dorsal margin is usually straight to slightly convex, 

and the ventral margin is gently concave. The anterior end is broadly rounded, while the 

posterior is more tapered and subacute to pointed. The valve surface is characterized by a fine 

to moderately well-developed reticulate pattern. Central and subcentral areas may show faint 

ridges or costellae. No strong nodes or spines are usually present, though some specimens 

may exhibit subtle swelling near the postero dorsal region. 

Remarks: Perissocytheridea ascalapha was first described by van den Bold (1964) from the 

Paleogene of the Caribbean region and has since been reported from Late Cretaceous to early 

Paleogene deposits in various shallow marine environments. P. ascalapha is readily 

distinguished from P. punctillata by its reticulate ornamentation and more tapered posterior. 

P. limbata tends to be more rectangular with less posterior tapering and has faint longitudinal 

ridges or costae, unlike the more subtle reticulation in P. ascalapha. Specimens referred to as 

P. sp. aff. ascalapha may show similar outline and ornamentation but differ subtly in 

proportions or reticulation density  these may represent geographic or stratigraphic variants or 

undescribed species. 

Occurrences : Coniacian-Santonian of Essen 

Distribution : recorded in Cenomanian-Maastrichtian (Late Cretaceous) of North Africa, 

notably in Tunisia (Glintzboeckel & Magné, 1959; Ben Youssef, 1980; Bismuth et al., 1981), 

Algeria (Vivière, 1985), and Morocco (Donze et al., 1982). 

Subfamily Buntoniinae APOSTOLESCU, 1961 

Genus Soudanella APOSTOLESCU, 1961 

Soudanella laciniosa triangulata Apostolescu; 1961 

Pl. 6. Figure 8 

1961 Soudanella laciniosa triangulata Apostolescu, p.810, pl.7, figs.130-135.  

1963 Soudanella cf. S. laciniosa triangulata Apostolescu- Barsotti, p.1525, pl.3, Figure 20.  

1970 Soudanella laciniosa triangulata Apostolescu- Bassiouni, pl.3, Figure 11.  

http://paleopolis.rediris.es/cg/14/15/#Apostolescu1961
http://paleopolis.rediris.es/cg/14/15/#Apostolescu1961
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1979 Soudanella laciniosa triangulata Apostolescu- Neufville, p.153, Pl.6, figs 1a-b.  

1982 Soudanella laciniosa triangulata Apostolescu- Donze et al., p.295, pl.12, figs. 2-3.  

1990 Soudanella laciniosa triangulata Apostolescu-Bassiouni & Luger, p.847, pl.24, Figure 

18.  

1991 Soudanella laciniosa triangulata Apostolescu- Ismail, p.167, pl.31, figs 14-16.  

1992 Soudanella laciniosa triangulata Apostolescu- Ismail, p.51, pl.2, Figure 10.  

1995 Soudanella laciniosa triangulata Apostolescu- Aref, p.128, pl.1, Figure12.  

2000 Soudanella laciniosa triangulata Apostolescu- Bassiouni & Morsi, p.67, pl.12, figure 6.  

2000 Soudanella laciniosa triangulata Apostolescu- Shahin, p.22, figure 7 (20-23).  

2004 Soudanella laciniosa triangulata Apostolescu- Ismail & Ied, p.115, pl. 5 figs. 14-15. 

2005 Soudanella laciniosa triangulata Apostolescu- Ismail & Ied, pl.5–Figure11. 135.  

Material: 11 specimens of Essen section (samples: C44, C159). 

Measurements: sample C44, C, L: 0.35 - 0.45; H: 0.28 - 0.35; W:0.10- 0.19. 

Description of the specimens: Soudanella triangulata The ornament of the anterior zone is 

effaced or it may appear ―smeared‖. The anterior furrow is always deeply incised. The 

posterior of the carapace is extended. The lateral ribbing is broader and flatter than in typical 

laciniosa but the number of costae is the same. Some individuals have lost the full lateral 

ornament and there are smooth centro-lateral fields. In Nigeria, the main occurrence of the 

triangulata-type is the Ilaro sequence.  

Occurrence: Coniacian of Essen 

Distribution: This species was described from the Paleocene of Senegal (Apostolescu, 1961), 

Libya (Barsotti (1963), Nigeria (Reyment, 1963) and Brazil (Neufville, 1979), Maastrichtian 

– Paleocene of Algeria (Damotte and Fleury, 1987) Paleocene – Lower Eocene of Tunisia 

(Donze et al. 1982), Lower Eocene of Jordan (Bassiouni, 1970). In Egypt, it was recorded 

from the Paleocene - Lower Eocene of southern Egypt (Bassiouni & Luger, 1990), Northern 

Galala (Ismail, 1991), Red Sea Coast (Aref, 1995), Middle- Upper Eocene of South Sinai 

(Shahin, 2000), Lower Eocene of Farafra Oasis (Bassiouni & Morsi, 2000), and Paleocene- 

Lower Eocene of northeastern Sinai (Ismail & Ied, 2004) ; Lower Eocene of Eastern desert 

Egypt (Ismail & Ied, 2005). 

 

Arculicythere semilunata Singh 1997 

Pl. 6. Figure 9 

Material: 8 specimens of Essen section (samples: C49, C159-C160, C175). 

Measurements: C49 C, L: 0.30 - 0.45; H: 0.20 - 0.25; W:0.10- 0.15. 



CHAPTER III SYSTEMATIC 

126 
 

Description of the specimens: subtriangular to subovate carapace with a strongly arched 

dorsal margin and a broadly concave to nearly straight ventral margin. The anterior margin is 

broadly rounded and expanded, whereas the posterior marginis narrower, slightly pointed, and 

more tapering. The valves are moderately inflated, with the greatest height located slightly 

anterior to mid-length. The surface ornamentation consists of a distinct reticulate pattern 

forming irregular polygonal meshes, more pronounced around the marginal areas. A well-

developed marginal ridge follows the outline of the carapace, being especially prominent 

ventrally and posterodorsally. The hinge is lophodont, typical of the family 

Trachyleberididae, with clearly developed cardinal and terminal elements. No strong nodes or 

tubercles are present, although weak swellings may occur in the mid-posterior region. 

Remarks : This species is assigned to the genus Arculicythere based on its strongly arched 

dorsal margin, prominent marginal ridge, and reticulate ornamentation. It differs from closely 

related species, such as A. angularis and A. triangulata, by having a more evenly curved 

dorsal margin, a less angular posterior end, and a semilunate overall shape, which inspired its 

species name. 

Occurrences : Coniacian of Essen 

Distribution: first described by Singh (1997) from Cenomanian–Turonian sediments of the 

Kachchh Basin, western India, The genus Arculicythere is widely distributed across the 

Tethyan realm, with related species reported from Tunisia (Ben Youssef, 1980; Bismuth et al., 

1981), Algeria (Vivière, 1985), and Morocco (Donze et al., 1982) 

Monoceratina trituberculata Rosenfeld (1974)  

Pl. 6. Figure 10 

Material: 3 specimens of Essen section (samples: S60, S44) 

Measurements: S60, C, L: 0.45 - 0.60; H: 0.25 - 0.35; W:0.14- 0.19. 

Description of the specimens: Species showing small to medium sizes. The profile of the 

two carapaces is generally asymmetrical, elliptical in shape, domed, most often on one side, 

and presenting two or three distinct bulges on the dorsal surface. The ventral part is very 

compressed. The ornamentation is poorly preserved. 

Occurrences : Upper Santonian of Essen section  

Distribution: Monoceratina ? trituberculatais a cosmopolitan but rare species, identified in 

Cenomanian deposits from several regions. It has been reported in Morocco and Algeria 

(Vivière, 1985; Slami, 2019), as well as Tunisia (Glintzboeckel & Magné, 1959; Ben 

Youssef, 1980; Bismuth et al., 1981; Gargouri, 1983). Records also include Kuwait, where it 
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was described as Exophthalmocythere? bituberculata by Al Abdul Razzaq (1977), and 

Gabon, where the same taxon was cited by Grosdidier (1979). 

 

Genre Aphrikanecythere Damotte et Oertli; 1982 

Aphrikanecythere phumatoides Damotte et Oertli; 1982 

Pl. 6. Figure 11 

1982 Aphrikanecythere phumatoides DAMOTTE et OERTLI, Pl. 2, Figure 22-23 

1978 Atlanticytherel sp. SAID, p. 242, pl. 27, Figure 4-6 

1982 Aphrikanecythere phumatoides n . sp. – DAMOTTE et OERTLI in DONZE et al., p. 

288, pl. 6, Figure 8-9 

Material: 9 specimens of Essen section (samples:C11-C14, C120, S53) 

Measurements: S53, C, L: 0.5-0.7; H:0.4- 0.5; W:0.2- 0.3. 

Description of the specimens: The carapace is subrectangular to subovate in lateral view, 

with a moderately convex dorsal margin and a relatively straight ventral margin. The anterior 

end is broadly rounded, while the posterior end is narrower, often appearing subacute or 

angular. This species is medium-sized. The surface ornamentation is coarsely reticulate to 

punctate-reticulate, frequently featuring longitudinal costae along with distinct nodes or 

ridges. The central field is typically marked by a complex network of ridges forming 

polygonal cells, and in some specimens, a median ridge or a pronounced anterodorsal node 

may be present. Slight variations in ornamentation can occur, influenced by ontogenetic  

Remarks: The specimens are assigned to the genus Phumatoides based on the carapace 

shape, trachyleberidid hinge, and characteristic reticulate/costate ornamentation. They show 

close affinity to forms described by Damotte & Oertli (1982), especially in terms of surface 

sculpture and valve proportions, though specific identification at the species level is not 

confirmed due to minor morphological variations or lack of complete diagnostic features. 

Phumatoides is a characteristic component of Late Cretaceous to Paleogene marine ostracod 

assemblages, frequently found in shallow to moderately deep marine environments. 

Occurrence : Coniacian-Santonian of Essen section.  

Distribution: Tunisia: Aphrikanecythere phumatoides was described in the middle and upper 

Maastrichtian of the Kef section. Algeria: this species is rare in the Maastrichtian (zones MCs 

10? and MCs 11) of Dj. Dyr. 
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Legend ostracods : 

Plate 1: 1a-c: Cytherella ovata Roemer, 1841; a: left view, b: right view, c: dorsal view; E3; 

2a-2d: Cytherella aff. gabonensis Neufvillle, 1973; a:left view, b: internal view, left valve, c: 

dorsal view, d: right view; E3; 3a-b: Cytherella mediatlasica Andreu, 1996; a: left view, b: 

dorsal view; E3; 4a-c: Cytherella sp., a: right view, b: dorsal view, c: left view; E53; 5a-b: 

Cytherella aff. contracta Van Veen, 1932. 

Plate 2: 1a-b: Cytherella gombiensis Apostolescu, 1963; 2a-c: Cytherella aff. elongata 

Donze, 1964; 3a-b: Cytherella aff. austinensis Alexander, 1929; 4a-b: Cytherella 

aegyptiensis Colin; 5a-c: Paracypris mdaouerensis Bassoullet and Damotte, 1969; a: left 

view; b: right view; c: dorsal view; E36; 6a-b: Paracypris dubertreti Damotte and Saint-

Marc, 1972; a: right view; b: ventral view; E37; 7a-b: Paracypris aff. posteriusacuminatus 

Andreu, 1996; a:left view, b: dorsal view ; E36; 8a-b: Paracypris aff. caudata (Bold, 1964) ; 

9 a-e: Paracypris chekhmai, Trabelsi, Sames, Nasri, Piovesan, Elferhi, Skanji, Houla, Soussi 

and Wagreich, 2020. 

 Plate 3: 1a-b: Ovocytheridea triangularis Piovesan, Cabral and Colin 2014; a: right view; b: 

dorsal view; E3; 2a-b : Limburgina sp.; a: left view, b: dorsal view; E36; 3a-b: Aysegulina 

sp., 4a-c: Sapucariella parvoangulata Andreu and Puckett, 2016; a: left view, b: right view, 

c: dorsal view; E36; 5: Sapucariella honigsteini Puckett and Andreu, 2016; 6 a-c: 

Trachyleberidea gr. geinitzi (Reuss, 1874); adult; a: left view, b: right view, c: dorsal view; 

E1; 7a-b: Trachyleberididae sp.; 8a-d: Spinoleberis yotvataensis Rosenfeld, 1974; 8a-b 

Female, 88c-d : Male a, d:left view, b, c: dorsal view; E5, E36. 

Plate 4 : 1: Cythereis gr. rawashensis Van den Bold, 1964;  adult; right view; E36; 2: 

Cythereis sp 1., left view; E3 ; 3: Cythereis sp. 2; right view; E36; 4: Cythereis sp. 3; male; 

5a-b: Cythereis fahrioni bigrandis Majoran, 1989; 6a-b: Cythereis kosticensis Pokorny, 

1963 ; 7a-b : Cythereis namousensis Bassoullet & Damotte, 1969; 8a-c: Cythereis 

algeriana Bassoulet et Damotte 1969 ; 9a-b: Protocosta babinoti Piovesan, Cabral and Colin, 

2014; a: dorsal view; b: left view; E61; 10a-b: Paraplatycosta sp., a: dorsal view, b: left 

view; E45; 11: Paraplatycosta aff. talayninensis Andreu, 1995; left view; E53; 12: 

Haughtonileberis dinglei, right view; E36; 13 a-b: Protobuntonia numidica Grekoff, 1954; a: 

right view, b: dorsal view; E44; 

Plate 5 : 1a-b: Pterygocythere aff. allinensis Grekoff and Deroo, 1956; a: right view; E36; b: 

dorsal view; E36; 2: Pterygocythere sp., 3a-c: Taracythere antakaranaensis Jean-François 

Babinot, Jean-Paul Colin, Auran Randrianasolo, 2009; 4a-c: Peloriops pustulata (Rosenfeld 

and Raab, 1974); 5a-b: Reticulocosta kenaanensis Rosenfeld & Raab (1974); 7a-c: 

Metacytheropteron sp., a: ventral view , b: dorsal view, c: left view; E71; 8a-c : 

Amphicytherura aff. yakhiniensis Rosenfeld 1974. 

Plate 6 : 1: Clithrocytheridea kaufmani Hazel, 1968; 2a-c: Asciocythere aff. aegyptiana 

(Morsi 2000); 3a-c : Xestoleberis sp., a: ventral view; b: dorsal view; c: right view; E64. 4: 

Bythocypris sp. ; 5: Bythocypris mohani Singh 1997; 6: Brachycythere sp. ; 7a-c: 

Perissocytheridea ascalopha (Van den Bold), 1964 ; 8: Soudanella laciniosa triangulata 

Apostolescu (1961); 9: Arculicythere semilunata Singh 1997; 10: Monoceratina 

trituberculata Rosenfeld (1974) ; 11: Aphrikanecythere phumatoides Damotte et Oertli, 1982. 
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Planktonic Foraminifera 

Family: Globotruncanidae 

Genus: Marginotruncana Reiss, 1957 

 Marginotruncana renzi (Gandolfi, 1942) 

Pl. 1. Figure 1a-c 

Material: C1-C120 (2460 specimens) 

Description : The test is trochospiral, appearing biconvex to planoconvex in lateral view, 

with a distinct and continuous peripheral keel (carina). The spiral side is slightly convex, 

whereas the umbilical side tends to be more strongly convex, particularly in adult specimens. 

The final whorl generally consists of 5 to 7 chambers that gradually increase in size, with 

chambers exhibiting a subtriangular to ovate outline. The wall is calcareous, finely perforate, 

and marked by radial pustules, especially concentrated on the spiral side and along the keel. 

These pustules may merge to form short, irregular ridges. Sutures on the spiral side are curved 

and depressed, often bordered by faint costellae, while on the umbilical side they are radial 

and slightly depressed. The keel is sharp, well developed, and continuous around the test 

periphery. The aperture is interiomarginal, extending from the extraumbilical to umbilical 

area as a narrow slit, typically accompanied by a small tegillum, a characteristic feature of 

Marginotruncana. In some specimens, the aperture may be partially obscured by secondary 

lamination or overgrowth. Though larger adult forms may occur depending on ontogenetic 

stage and preservation quality.  

Remarks: Marginotruncana renzi is distinguished from other species in the genus by its 

moderately convex spiral side, well-developed keel, and evenly pustulate wall texture. 

Compared to M. marginata, M. renzi shows fewer chambers per whorl and a less compressed 

profile, while differing from M. sigali by its more regular chamber arrangement and less 

angular periphery. This species is commonly found in Turonian to early Santonian marine 

deposits and serves as a biostratigraphic marker in the Upper  Cretaceous.  

Occurrence : Lower-Middel Coniacian 

Ditribution : Turonian to early Santonian 
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Genus: Marginotruncana Reiss, 1957 

 Marginotruncana caronae Peryt, 1980 

Pl. 1. Figure 2a-c 

Material: C1-C120 (1986 specimens) 

Distribution: The test is trochospiral, ranging from biconvex to slightly planoconvex, with a 

sharply keeled and angular periphery. The spiral side is moderately convex, while the 

umbilical side appears flatter or, in some specimens, slightly concave. The final whorl 

typically consists of 5 to 6 chambers that are subtriangular to subrectangular in shape, 

gradually increasing in size toward the periphery. These chambers are well defined and 

display slight inflation near the outer margin. The wall is calcareous, finely perforate, and 

pustulose, with pustules sometimes merging to form short ridges or nodes, especially near the 

periphery and around the umbilicus. Suture on the spiral side are curved and may be slightly 

raised or depressed, often bordered by faint costellae or pustules. On the umbilical side, 

sutures are radial and deeply incised, commonly associated with prominent pustules or nodal 

thickenings. The peripheral margin is strongly angular to carinate, bearing a sharp, continuous 

keel. The aperture is interiomarginal, extending from the umbilical to the extraumbilical 

region as a narrow slit, frequently partially covered by a tegillum or secondary lamination. In 

well-preserved specimens, the aperture is visible along the base of the final chamber. The test 

diameter  between 0.35 mm and 0.55 mm, depending on the ontogenetic stage. 

Remarks: Marginotruncana caronae can be distinguished from closely related species such 

as M. renzi and M. marginata by its more compressed test profile, characteristic pustulose 

ornamentation, and consistent chamber arrangement. First described by Peryt (1980), this 

species has been reported from Upper Cretaceous (Coniacian–Santonian) marine deposits, 

particularly within the Tethyan realm and neighboring basins. Its sharply keeled periphery and 

pustulose wall texture suggest an adaptation to open marine environments, likely inhabiting 

warm outer shelf to upper slope settings under well-oxygenated water conditions. Owing to its 

distinctive morphology and stratigraphic range, M. caronae is an important biostratigraphic 

indicator in Upper  Cretaceous  planktonic foraminiferal zonation frameworks. 

Occurrence : Lower-Middel Coniacian 
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Genus: Marginotruncana Reiss, 1957 

Marginotruncana cf. sigali 1952 

Pl. 1. Figure 3a-b 

 

Material: C1-C120 (2215 specimens) 

Distribution: The test is trochospiral and moderately biconvex, with a distinct angular 

periphery defined by a sharp, continuous keel. The spiral side is gently convex, whereas the 

umbilical side appears flatter to slightly concave in mature specimens. The final whorl 

typically consists of 5 to 7 chambers that gradually increase in size, becoming more inflated 

toward the final chamber. Chambers are subtriangular to subangular in outline. Sutures on the 

spiral side are curved and clearly incised, sometimes bordered by faint pustules or costellae, 

while those on the umbilical side are radial, deeply depressed, and generally more 

pronounced. The calcareous wall is finely perforate and decorated with fine pustules, 

particularly concentrated around the umbilical area and along the periphery. In some 

specimens, the keel is bordered by a band of coarser pustulation. The aperture is 

interiomarginal, extending from the extraumbilical to the umbilical region as a narrow slit, 

partially covered by a tegillum, a typical feature of the genus. 

Remarks: The specimens are assigned to Marginotruncana cf. sigali due to their overall 

similarity in test shape, chamber arrangement, keel development, and wall ornamentation. 

However, slight differences in chamber inflation and keel sharpness prevent a definitive 

identification at the species level. M. sigali is a well-documented Coniacian to early Santonian 

taxon widely used in planktonic foraminiferal biostratigraphy. It is recognized by its relatively 

compressed test, angular periphery, and moderate pustulation. The occurrence of this form 

indicates deposition in a warm, open-marine environment, likely corresponding to outer shelf 

to upper slope settings, under normal salinity and well-oxygenated conditions. 

Occurrence : Lower-Middel Coniacian 
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Genus: Marginotruncana Reiss, 1957 

Marginotruncana sinuosa Porthault, in Donze et al., 1970 

Pl. 1. Figure 4a-c 

1979b Marginotruncana sinuosa Porthault – Robaszynski and Caron, p. 147, pl. 74, figs 1-2; 

pl. 75, figs 1-2. 

 1985 Marginotruncana sinuosa Porthault – Caron, p. 61, figs 27.9-11. 

Material : C35-C180 (2897 specimens) 

Discription : The test is trochospiral, moderately to slightly biconvex, and generally flat, with 

a wide umbilicus. The spiral side is gently convex, displaying crescentic chambers with 

raised, beaded sutures, while the umbilical side appears more flattened to slightly concave. 

The periphery is marked by a continuous, well-developed double keel, which is narrow in the 

posterior part of each chamber and widens toward the anterior part. The final whorl  consists 

of five to six elongate chambers, which are subtriangular to subangular in outline and exhibit 

a slightly sinuous curvature, a key diagnostic trait of this species. On the spiral side, the 

sutures are curved to sigmoidal, slightly raised or bordered by low pustules or delicate 

costellae. On the umbilical side, the sutures are strongly beaded and V-shaped, clearly 

delineating the chambers. The chamber surface is  undulating, with pustules concentrated 

around the umbilicus, along the sutures, and near the keel. The wall is calcareous and finely 

perforate, providing a finely textured appearance. The aperture is interiomarginal, extending 

from the umbilical toward the extraumbilical region as a narrow slit, usually accompanied by 

a small tegillum (apertural cover), which is characteristic of the genus. This combination of a 

distinct double keel, chamber morphology, and aperture features distinguishes the species 

from other Marginotruncana members. 

Remarks: The name sinuosa refers to the sinuous sutures visible on the spiral side, which 

serve as a distinctive feature separating this species from other members of the genus. 

Marginotruncana sinuosa is primarily found in Turonian to Coniacian strata of the Upper 

Cretaceous, where it serves as an important biostratigraphic marker. It differs from M. renzi 

by its more strongly curved sutures and from M. sigali by its less compressed test and more 

irregular chamber outlines. The occurrence of this species reflects deposition in warm, open-

marine conditions, most likely in outer shelf to upper slope settings with normal salinity, 

typical of mid-Cretaceous planktonic foraminiferal communities. 
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Occurrences : Coniacian of Essen Formation 

Distribution : Robaszynski and Caron (1979a) Coniacian and younger; Caron (1985) 

Coniacian to Santonian (D. primitiva to lower D. asymetrica Zone); Georgescu (1996) 

Coniacian to upper  Santonian; Gale et al. (2008) Santonian to lowermost Campanian 

Genus: Marginotruncana Reiss, 1957 

Marginotruncana pseudolinneiana Porthault, 1970 

Pl. 2. Figure 1a-c 

1967 Marginotruncana pseudolinneiana Pessagno, p. 310 , pl. 65, figs 24-27.  

1979b Marginotruncana pseudolinneiana Pessagno – Robaszynski and Caron, p. 123, pl. 67, 

figs 1-2; pl. 68, figs 1-2.  

1985 Marginotruncana pseudolinneiana Pessagno – Caron, p. 61, figs 26.7-8.  

Material: C1-C120, S1-S62 (3234 specimens) 

Description of the Specimens: The test is lobate and trochospiral, exhibiting an extremely 

flat, often spirally concave form, with a flat umbilical side. Its periphery is sharply truncated 

by a broad double keel, the margins of which are either smooth or only faintly beaded. The 

test consists of 2.5 to 3 whorls of progressively enlarging chambers, with the final whorl 

containing 7 to 8 chambers. On the spiral side, the chambers are crescent-shaped and 

separated by raised, curved sutures that may be smooth or slightly beaded. On the umbilical 

side, the chambers are subrectangular, divided by slightly curved, elevated sutures that are 

mostly smooth or only faintly beaded. The umbilicus is wide and bordered by a gently raised 

umbilical shoulder. The primary aperture is interiomarginal, positioned extraumbilical-

umbilical, and appears as a low, arched opening. The outer wall, except for the double keel, is 

composed of radial hyaline material and is perforate, while the double keel itself is radial 

hyaline but imperforate. The septal walls are microgranular hyaline with sparse perforations.  

Remarks: According to Pessagno (1967), Marginotruncana pseudolinneiana is externally 

very similar to G. linneiana. However, it can be distinguished by several key features: The 

primary aperture is distinctly extraumbilical-umbilical in position.  The spiral side of the test 

is notably flatter and often concave. Chambers are predominantly crescent-shaped on the 

spiral side, whereas those of G. linneiana are more typically petaliform. It lacks the coarse 

beading on the sutures and keels that characterize G. linneiana.Occurrences : 

Occurrences : Lower- Middel Coniacian, Santonian of Essen Formation 
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Distribution : Robaszynski and Caron (1979a) middle Turonian to Coniacian; Caron (1985) 

middle Turonian to Santonian (upper H. helvetica to D. asymetrica Zone); Georgescu (1996) 

(?upper) Santonian to lower Campanian¸ Gale et al. (2008) in the Waxahachie spillway 

section only in the Santonian. 

Genus Globotruncana CUSHMAN, 1927 

Globotruncana linneiana d'Orbigny 1956 

Pl. 2. Figure 2a-c 

1956 Globotruncana linneiana (d'Orbigny) pl 9, figure 2a-c  

1839 Rosalina linneiana D'ORBIGNY,  p. 101, pi. 5, figs. 10-1 2. 

 1956 Globotruncana linneiana (d'Orbigny). - BRONNIMANN and BROWN., pp. 540-542, 

pl. 20, figs. 13-17; pl. 21, figs. 16-18.  

1972 Globotruncana linneiana (d'Orbigny) Plate 9, figure 2a-c, p. 101, pi. 5, figs. 10-1 2 

Material: S1-S62 (740 specimens) 

Remarks : Specimens from Libya have been compared to the neotype of G. linneiana 

proposed by Brennimann and Brown (1956, pp. 540-542, pl. 20, figs. 13-15) and were found 

to be identical. G. linneiana is closely related to G. tricarinata (Quereau) and G. coronata 

Bolli, and in the past these forms have often been regarded as subspecies of either G. 

lapparenti Brotzen (e.g. Bolli, 1 945; Hagn and Zeil, 1 954) or G. linneiana (e.g. Barr, 1962; 

van Hinte, 1963; Martin, 1964). (The author considers G. lapparenti to be a junior synonym 

of G. linneiana.) In Libya, although there are sometimes transitional specimens between the 

typical forms, these three species have distinct stratigraphic ranges, and their recognition has 

proven to be of considerable value in stratigraphic studies.  

Occurrence : Santonian of Essen Formation 

Distribution: G. linneiana has been recovered from several surface exposures in northern 

Cyrenaica and from many wells in the northern Sirte Basin. This species ranges from 

Santonian to middle Campanian and is most common in the lower Campanian. In the 

Santonian (lower G. elevata Zone), there are often numerous transitional forms between G. 

linneiana and G. coronata Bolli. 
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Genus: Globotruncana Cushman, 1927 

Globotruncana bulloides Vogler, 1941 

Pl. 2. Figure 3a-c 

Material: S10-S50 (600 specimens) 

Description of the Specimens: The test is low trochospiral, ranging from planoconvex to 

biconvex, with a broadly rounded peripheral margin that may occasionally display a weak or 

discontinuous keel. The spiral side is gently convex, while the umbilical side is flatter to 

slightly concave. The final whorl typically comprises 5 to 6 chambers that increase 

moderately in size. These chambers are globular to ovate, giving the test its distinctive 

inflated or ―bulloidal‖ appearance. Sutures on the spiral side are curved to slightly oblique and 

range from flush to slightly depressed. On the umbilical side, the sutures are radial, distinct, 

and usually depressed, converging around a small, open umbilicus. The calcareous wall is 

finely perforate and bears low pustulose ornamentation, most commonly concentrated along 

the sutures and near the umbilical region. This ornamentation is generally less pronounced 

compared to other Globotruncana species. The keel, when present, is weak and discontinuous, 

and may be poorly developed or absent altogether, especially in juvenile or poorly preserved 

specimens. The aperture is interiomarginal, extending from the umbilical to extraumbilical 

area as a narrow slit bordered by a thin lip. In some individuals, it may be partially obscured 

by secondary lamination or a tegillum.  

Remarks: Globotruncana bulloides is characterized by its globular chambers and a less 

sharply defined peripheral margin, setting it apart from more strongly keeled or angular 

species such as G. arca and G. linneiana. Its wall texture, combined with its low-profile test, 

makes it a distinctive taxon for identifying early to middle Turonian stratigraphic intervals. 

This species is typically associated with open marine environments, reflecting warm, outer 

shelf to upper slope conditions with normal salinity and well-oxygenated waters. Due to its 

broad geographic distribution and easily recognizable morphology, G. bulloides is widely 

utilized in biostratigraphic and paleoecological studies of the mid-Cretaceous. 

Occurrence : Upper Santonian of Essen Formation 

Globotruncana arca (Cushman, 1926) 

Pl. 3. Figure 1a-c 
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1926 Globotruncana arca (Cushman), pl. 6, figure 7a-c  

1926 Pulvinulina arca Cushman, p. 23, pl. 3, Figure 1 a-c.  

1967 Globotruncana arca (Cushman). - Pessagno, pp. 321- 323, pl. 79, figs. 5-8; pi. 90, figs. 

6-8; pl. 96, figs. 7-8, 17. 

1 968 Globotruncana arca (Cushman). Barr, p. 31 5, pl. 39, Figure 3a-c .  

1972 Pulvinulina arca Cushman p. 23, pl. 3, Figure 1 a-c. 

1984 Globotruncana arca (Cushman).- Robaszynski and others, p. 182, 184, pl. 1, figs. 2–3; 

pl. 4, figs. 1–3. 

1988 Globotruncana arca (CUSHMAN).- O ZKAN and KO YLU OG LU, p. 381, pl. 1, figs. 

4, 6. 

2006 Globotruncana arca (CUSHMAN).- Sari, Pl. 1, Figure 15 

2014 Globotruncana arca (Cushman), pl 6, figure 7a-c 

Material: S50- S62 (291 specimens) 

Description of the specimens: Test moderately high trochospiral; profile nearly symmetrical, 

moderately convex on both spiral and umbilical sides, but spiral side especially more convex; 

two distinct keels separated by a large peripheral band, equally developed and parallel 

throughout the last whorl; keel band tilted towards the umbilical side. Sutures on the spiral 

side raised and beaded; adumbilical ridges well developed; umbilicus wide and deep. 

Remarks : Globotruncana arca differs from G. mariei in its two generally widely spaced and 

well-marked keels. It differs from G. rosetta in generally having a more convex spiral side 

and in the presence of two widely spaced distinct keels on all chambers. The species differs 

from G. falsostuarti in the presence of two widely separated keels throughout the last whorl. It 

differs from G. orientalis in the presence of two widely spaced keels on all chambers. It is also 

distinguished from Contusotruncana fornicata by having less elongated and less undulating 

chambers on the spiral side. 

Occurrence: Upper Santonian of Essen Formation 

Distribution : The author (Barr, 1 968a, p. 31 5) recently recorded Globotruncana arca from 

the lower Maastrichtian portion of the Atrun Limestone in the Wadi al Atrun-Wadi Merghes 

area in northern Cyrenaica. This species is fairly common in the uppermost Campanian and 
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Maastrichtian strata of the Sirte Basin and northern Cyrenaica, Maastrichtien of Algeria 

(Benmansour, 2017) 

Globotruncana elevata (Brotzen) 1934 

Pl. 3. Figure 2a-c 

1934 Rotaliae levata BROTZEN, p. 66, pl. 3, Figure C. 

1953 Globotruncana andori DE KLASZ, pp. 233-235, pl. 6, Figure 1 a-c.  

1955 Globotruncana elevata elevata (Brotzen) - DALBIEZ, p. 169, text-Figure 9a-c. 

1956 Globotruncana elevata(Brotzen) - KNIPSCHEER, pp. 51-52, pl. 4, figs. 1-3, 5; text-

Figure 1.  

1962 Globotruncana rosetta (Carsey). - BARR, pp. 575-576, pl. 70, Figure 4a-c.  

Material: S50- S62 (246 specimens)  

Description of the specimens: The test of Globotruncana elevata is trochospiral, ranging 

from biconvex to strongly biconvex, with a highly elevated and prominently inflated spiral 

side, while the umbilical side is flatter to slightly concave. The peripheral keel is sharp, well 

developed, and continuous, forming a distinct angular margin. The final whorl consists of 5 to 

7 chambers that are inflated, robust, and subtriangular to subglobular in outline, increasing 

progressively in size toward the periphery. These thick chambers contribute to the elevated 

profile of the test. On the spiral side, the sutures are deep and curved, sometimes bordered by 

faint costellae or small pustules, whereas on the umbilical side, the sutures are radial, deeply 

incised, and clearly defined. The calcareous wall is finely perforate and displays moderate 

pustulose ornamentation, with occasional short costellae on the spiral side. This 

ornamentation is generally less prominent than in some related Globotruncana species. The 

keel is sharply defined and continuous, often accentuated by pustules or fine nodules along its 

edge. The aperture is interiomarginal, extending from the umbilical to extraumbilical area, 

and is often partially covered by a tegillum. 

Remarks : The test of G. elevata is arranged in a low trochospiral and is characterized by a 

nearly plano-convex shape. The spiral side is nearly flat except for a small conical central 

portion. The umbilical side is strongly convex. The umbilicus is relatively small, and on the 

umbilical side sutures are radial and depressed. The surface of the test is smooth except for 

the three or four earliest chambers of the final whorl on the umbilical side, which are coarsely 

hispid. 

Occurrence : Upper Santonian of Essen Formation 
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Distribution : G. elevata ranges from the uppermost G. concavata concavata Zone (upper 

Coniacian) to late Campanian in Libya. Knipscheer (1956) reported a similar range in 

Bavaria, and, although Dalbiez (1955, pp. 167, 169) recorded a Campanian range for this 

species in Tunisia, he showed on his range chart an overlap in the uppermost occurrence of G. 

ventricosa carinata (=G. concavata) and the lowermost occurrence of G. elevata. It therefore 

appears that the stratigraphic range of G. elevata in Tunisia is the same as that observed in 

Libya. 

Contusotruncana plummerae (Bolli, 1957) 

Pl. 3. Figure 1a-c 

Material: S10-S62 (657 specimens) 

Description : The test of Contusotruncana plummerae is trochospiral and distinctly biconvex, 

with a periphery that is broadly rounded to slightly angular. The spiral side is convex, whereas 

the umbilical side appears flattened to weakly concave. In the final whorl, there are typically 5 

to 7 chambers that are subtriangular to subrectangular in outline. These chambers are 

moderately inflated and increase gradually in size toward the terminal chamber. On the spiral 

side, the sutures are curved and deeply incised, sometimes bordered by fine costellae or small 

pustules. On the umbilical side, the sutures are radial and sharply defined, clearly separating 

the chambers. The wall is calcareous and finely perforate, displaying fine pustules or low 

costellae concentrated along the sutures and peripheral margin, creating a subtly roughened 

surface texture. The periphery is marked by a sharp, continuous keel, which may be bordered 

by fine pustules, enhancing its definition. The aperture is interiomarginal, extending from the 

umbilical to extraumbilical area, and may be partially covered by a thin lamella or tegillum. 

Remarks: Contusotruncana plummerae is distinguished by its biconvex test, well-developed 

sharp keel, and moderate pustulose ornamentation. It is a characteristic species of the Upper 

Cretaceous, most commonly recorded in Turonian to Coniacian deposits. Owing to its distinct 

morphology and stratigraphic range, it is widely utilized as an index fossil in Late Cretaceous 

biostratigraphy.  

Occurrence : Upper Santonian of Essen Formation 

Distribution: C. plummerae ranges from the Santonian to Maastrichtian stages, with its peak 

abundance and greatest biostratigraphic importance during the Campanian. 
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Dicarinella canaliculata (Reuss 1854) 

Pl. 3. Figure 4a-c 

Material: C1- C180 (1532 specimens) 

Description: The test is trochospiral in form, with a flattened spiral and umbilical side, and its 

periphery is distinctly truncated by a broad, double keel. It consists of two to two and a half 

whorls, with six to seven chambers typically present in the final whorl. The chambers of the 

last whorl are crescent-shaped to petaloid when viewed spirally, but appear distinctly wedge-

shaped on the umbilical side. On the spiral side, the sutures are curved, slightly elevated, and 

generally lack beading, while on the umbilical side, they are straight, radial, and depressed. 

The umbilical surface often bears coarse, beadlike rugosities on the chamber walls. Stout 

portici with infralaminal accessory apertures extend into a small umbilicus. The primary 

aperture is interiomarginal and extraumbilical, forming a slightly arched opening. The outer 

wall is radial, hyaline, and perforate, except along the double keel, which is radial, hyaline, 

and imperforate. The septal walls are microgranular hyaline with sparse perforations, while 

the portici are also microgranular hyaline, likely with few perforations. 

Remarks: M. canaliculata (Reuss) has been one of the most frequently misidentified species 

of planktonic Foraminifera in the Upper Cretaceous (see synonymies of Globotruncana 

linneiana (dOrbigny) and Globotruncana lapparenti s.s. Brotzen) and has long served as a 

waste basket term for a number of double keeled species of Globotruncana and 

Marginotruncana. 

Occurrence : Coniacian of Essen Formation  

Distribution : Cretaceous, Upper Cretaceous (Turonian-Santonian). 

Genus Dicarinella Porthault in Donze et al., 1970 

Dicarinella primitiva 

Pl. 4. Figure 1a-c 

1955 Globotruncana (Globotruncana) ventricosa primitiva DALBIEZ. - DALBIEZ : p.171 fig 6 

1979 Dicarinella primitiva DALBIEZ. - ROBASZYNSKI & CARON : p.96 pl 60 figs 1a-c 

1979b Dicarinella primitiva (Dalbiez, 1955) – Robaszynski and Caron, p. 93, pl. 60, figs 1-2. 

1985 Dicarinella primitiva DALBIEZ– CARON, 46,47 figs 18.4-5; 11, 13, 15. 

http://taxonconcept.stratigraphy.net/taxon_details.php?show_all=1&taxid=1888
http://taxonconcept.stratigraphy.net/taxon_details.php?show_all=1&taxid=1886
http://taxonconcept.stratigraphy.net/taxon_details.php?show_all=1&taxid=1886
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Material: C1- C120 (1969 specimens) 

Description: The test is of moderate size, with a slightly to distinctly lobate periphery marked 

by either a single double keel or two closely spaced keels. The spiral side is flat to slightly 

concave, featuring curved, limbate sutures. The final whorl  typically contains six chambers 

that increase in size progressively. On the umbilical side, a broad umbilicusis present, with six 

moderately inflated chambers generally visible.  Test medium-sized, trochospiral with flat 

spiral and low conical umbilical side, outline elongate to subcircular, lobate, with narrow 

double keel. Spiral chambers petaloid, in the earlier part globular, sutures indistict to slightly 

depressed. Umbilical chambers inflated, sutures radial and depressed.  

Occurrences: Lower – Middel Coniacian of Essen Formation. 

Distribution: Robaszynski and Caron (1979a); Uppermost Turonian to Coniacian; Caron 

(1985) Coniacian to lower Santonian (D. primitiva to D. concavata Zone). 

Dicarinella asymetrica (Sigal, 1952) 

Pl. 4. Figure 2a-c 

1952 Globotruncana asymetrica Sigal, p. 35, Figure 35.  

1955 Globotruncana (Globotruncana) ventricosa White subsp. carinata Dalbiez, p.171, figs 

8a-c.  

1962 Glt.concavata (Brotzen) carinata Dalbiez – Edgell, p. 43, pl. 1, figs 1-3.  

1963 Globotruncana concavata carinata Dalbiez – Küpper, p. 618, pl. 4, figs 4a-c.  

1970 Globotruncana asymetrica Sigal, Porthault Figure 8/1-3 

1979b Dicarinella asymetrica (Sigal, 1952) – Robaszynski and Caron, p. 61, pl. 51, figs 1-2; 

pl. 52, figs1-2.  

1985 Dicarinella asymetrica (Sigal) – Caron, p. 43, figs 17.3-4.  

2007 Dicarinella asymetrica (Sigal, 1952) – Lamolda, Peryt and Ion, p.28, figs 5M1-2, 6F1-2. 

Material: S10- S50 (573 specimens) 

Description : Test large, planoconvex, loosely enrolled, subcircular, with flat spiral and 

elevated umbilical side. Umbilicus wide and deep, surrounded by high conical chambers with 

ad-umbilical ridge. Spiral sutures strongly curved raised and beaded, umbilical sutures radial 

depressed. Periphery with a double keel.  
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Remarks: The species can be differentiated from Dicarinella concavata in having an angular 

chambers profile and in the presence of flat to slightly concave, or sometimes by strongly 

convex spiral side   

Occurrence : Santonian of Essen Formation 

Distribution : This species is common in the upper partof the pelagic limestones of the 

Kometan Formation in bothsections. It is restricted to the D. asymetrica Zone. The 

lastappearance (LA) is at the top of the D. asymetrica Zone (83.64 Ma) and the FA is at the 

base of the D. asymetrica Zone (86.66 Ma) according to Gradstein et al. (2012). Robaszynski 

and Caron (1979a) Coniacian and younger; Caron (1985) Upper Santonian (D. asymetrica 

Zone); Georgescu (1996) (?late) Santonian; Petrizzo (2003) first occurrence in the lower third 

of Texanites ammonite zone, near the base of Santonian, last occurrence in the lowermost 

Campanian chron 33R; Gale et al. (2008) all Santonian to lower Campanian. Lamolda et al. 

(2007) upper Coniacian to Santonian. 

Familly Rugoglobigerinidae subbotina, 1959 

Genus Archaeoglobigerina PESSAGNO 1967 

Archaeoglobigerina sp 

Pl. 4. Figure 3a-c 

Material : C1-S62 (4067 specimens) 

Description : Test trochospiral; chambers subspherical; chambers successively increasing in 

size, except for the final chamber which is somewhat smaller than the penultimate; spiral 

sutures curved, depressed; radial umbilical sutures, depressed; periphery with weakly 

developed double carinae. 

Occurrence : Coniacian and Santonian of Essen Formation 

Distribution : Campanian-Lower Maastrichtian. From Algeria Benmansour, 2017 

Family: Hedbergellidae 

Genus: Muricohedbergella 

Species: Muricohedbergella  flandrini (Bolli, 1957) 

Pl. 4. Figure 5a-c 

1970 Hedbergella flandrini Porthault, p. 64, pl. 10, figs 1-3.   

https://www.mikrotax.org/pforams/mesozoic/Archaeoglobigerina
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1979a Hedbergella flandrini Porthault – Robaszynski and Caron, p. 129, pl. 24, figs 1-2pl. 25, 

figs 1-3.  

1985 Hedbergella flandrini Porthault – Caron, p. 57, figs 25.12-14.  

2011 Muricohedbergella flandrini (Porthault) – Huber and Leckie, p. 84. 

Material: C1- C120 (2559 specimens) 

Description : The test of Muricohedbergella flandrini is small, trochospiral, and ranges from 

globular to slightly elongate, with a low to moderately elevated trochospire. In lateral view, it 

is typically planoconvex to biconvex. The final whorl is composed of approximately 5 to 7 

chambers that are subglobular to slightly inflated. These chambers are well separated and 

clearly defined by distinct sutures. Sutures are curved and well-marked, sometimes slightly 

depressed but not deeply incised. The wall is calcareous and smooth to finely perforate, 

lacking prominent ornamentation or pustules, giving it a clean appearance. A keel is generally 

absent or very faintly developed in this species. The aperture is interiomarginal, positioned at 

the base of the final chamber, and appears as an arch-shaped slit bordered by a thin lip. 

Specimens are small,  

Remarks: Muricohedbergella flandrini serves as an important biostratigraphic marker for the 

Early to Middle Cretaceous, particularly within the Aptian to Albian stages. It is widely 

utilized in the correlation of pelagic marine sediments and plays a key role in refining 

Cretaceous stratigraphy. This species is indicative of open marine, pelagic environments 

characterized by warm, well-oxygenated waters with normal salinity. Its smooth test and 

diminutive size distinguish it from other hedbergellids that possess more pronounced 

ornamentation or strongly inflated chambers. 

Occurrence : Lower- Middel Coniacian of Essen Formation 

Distribution: This taxon is primarily recorded from the Aptian to lower Albian stages of the 

Early Cretaceous, dating to approximately 125–100 million years ago. It has been 

documented worldwide in pelagic marine deposits, including regions across Europe, North 

Africa, the Middle East, and the Americas. Due to its distinctive morphology and consistent 

stratigraphic occurrence, M. flandrini is widely used for correlating marine strata across 

diverse paleogeographic settings. Caron (1985) upper Turonian to lower Santonian (upper 
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Marginotruncana sigali to lower D. asymetrica Zone); Georgescu (1996) (?upper) Santonian; 

Gale et al (2008) in the lower part of the Santonian, nearly absent in the upper Santonian and 

lowermost Campanian. 

Family Heterohelicidae 

Subfamily Gublerininae 

Genus Sigalia 

Sigalia carpatica Salaj, Samuel, (1963) 

Pl. 4. Figure 5a 

1963 Sigalia carpatica Salaj and Samuel, p. 105, pl. 7, figs 2-3. 

 1966 Sigalia carpatica Salaj and Samuel – Salaj and Samuel, p. 227, Table 37, Figure 2. 

 1991 Sigalia decoratissima carpatica Salaj and Samuel – Nederbragt, p. 368, pl. 11, figs 2-3.  

2007 Sigalia carpatica Salaj and Samuel, 1963 – Lamolda, Peryt and Ion, p. 28, figs 4M. P1-

2, S1-2 

Material: S1-S9 (49 specimens) 

Description of the specimens: Test biserial, subtriangular, laterally compressed, periphery 

rounded. Chambers broad, curved, sutures thick limbate, partly  Schackoina cf. cenomana 

(Schacko) Schackoina multispinata (Cushman and Wickenden) Sigalia carpatica Salaj and 

Samuel Hans EGGER, Omar MOHAMED & Fred RÖGL beaded, wall smooth.  

Remarks : A similar test to Sigalia decoratissima, but this one becomes multi layered in 

adulthood. It is mucous and beaded. Its wall is smooth. 

Occurrences : Lower  Santonian of Essen Formation 

Distribution: Nederbragt (1991) Santonian (lower to middle part of D. asymetrica Zone); 

Georgescu (1996) first occurrence around the Coniacian-Santonian boundary. Lamolda et al. 

(2007) upper Coniacian to lower Santonian. 

Familly Hedbergellinidae Loeblich & Tappan, 1961 

Genus Whiteinella Pessagno, 1967 

Whiteinella baltica Douglas & Rankin, 1969 

Pl. 5. Figure 1a-c 

1969 Whiteinella baltica Douglas and Rankin, p. 198, text-figs 9 A-C.  
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1979a Whiteinella baltica Douglas and Rankin – Robaszynski and Caron, p. 169, pl. 35, figs 

1-4; pl. 36, figs 1-2.  

1985 Whiteinella baltica Douglas and Rankin – Caron, p. 79, figs 37.1-3. 

Material : C1-S62 (4347 specimens) 

Description: The trochospire of this species is low, resulting in a nearly symmetrical profile, 

very globose and rugose chambers, and radial and depressed sutures. The outline is squarely 

lobed, and the umbilicus is generally narrow. 

Occurrence: Coniacian and Santonian of the Essen Formation 

Distribution: This species is reported from the Upper Cenomanian up to the Coniacian-

Santonian boundary. In our material, it is very common in the Coniacian-Santonian. 

Robaszynski and Caron (1979a) Upper Cenomanian to Coniacian and younger; Caron (1985) 

upper Cenomanian to Lowermost Santonian (Rotalipora cushmani to D. concavata Zone); 

Georgescu (1996) Upper Cenomanian to middle Santonian 

 

Whiteinella archaeocretacea Pessagno, 1967 

Pl. 5. Figure 2a-c 

Material : C1-S62 (4825 specimens) 

Description: The test of Whiteinella is finely perforated calcareous, lobed in outline. It has 

globose chambers with a pustular surface and a rounded profile, with radial and depressed 

sutures arcuate in the last chambers. The umbilicus is generally wide with a main opening 

outside the umbilical-umbilical cavity. Whiteinella archaeocretacea species has a lobed 

outline, initially globose chambers, then elongated in the coiling direction, and radial and 

depressed suture lines. The main opening is almost umbilical, and the umbilicus is shallow 

and more or less wide. 

Occurrence: Coniacian and Santonian of Essen Formation 

Distribution: It is noted from the Late Cenomanian, in France, Italy, England, Tunisia, and 

Morocco and the Cenomanian-Turonian transition in Algeria (Khoudhair, 2015; Slami et al., 

2019) Campanian-Lower Maastrichtian in Algeria (Benmansour, 2017) 

Age: Latest Cenomanian through early Turonian. 
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Whiteinella sp., 

Pl. 5. Figure 3a-c 

Material : C1-S62 (4565 specimens) 

Description: Whiteinella sp. is distinguished by globular cells, some rounded and others 

lobed, and straight and oblique suture lines. The whorl is well  individualized. 

Occurrence : Coniacian and Santonian of the Essen Formation 

Distribution : Turonian, Coniacian 

Family: Huberellidae 

Huberella praehuberi, Georgescu, 2007 

Pl. 5. Figure 4a-c 

Material: C8- C80 (14 specimens) 

Description : The test is elongate and tubular, displaying a coiling pattern that ranges from 

trochospiral to planispiral. It may be straight or slightly curved, typically exhibiting a fusiform 

(spindle-shaped) outline. It consists of multiple rectangular to trapezoidal chambers arranged 

in a linear or gently curved sequence, with chambers gradually increasing in size toward the 

aperture. The sutures are straight, transverse, and clearly marked, distinctly separating each 

chamber. The wall is agglutinated, composed of fine sediment particles bound together, 

giving the surface a rough, granular appearance. The aperture is simple and terminal, 

appearing as a slit or opening at the distal end of the test. Specimens generally range from 0.3 

mm to 0.7 mm in length, depending on their growth stage. 

Remarks: Huberella praehuberi is a benthic, agglutinated foraminifer first described by 

Georgescu (2007). It is characterized by its elongate, tubular form and distinctive chamber 

arrangement. This species plays a significant role in reconstructing paleoenvironmental 

conditions of marine shelf to slope settings during the Upper Cretaceous. The genus 

Huberella is distinguished from other agglutinated foraminiferal genera by its unique 

combination of test shape, chamber structure, and sutural patterns. Accurate identification 

relies on well-preserved specimens, particularly those retaining clear surface features and 

aperture morphology. 

Occurrence : Lower Coniacian of Essen Formation 

Distribution : Upper Cretaceous (Turonian), Georgescu,  (2007). 
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Genus Pseudotextularia Hofker, 1951 

Pseudotextularia sp., 

Pl. 5. Figure 5a-c 

Material: C1-C180 (4144 specimens) 

Description : The test is typically elongate and cylindrical, sometimes slightly curved, with a 

coiling pattern that ranges from trochospiral to planispiral. However, due to preservation 

issues, the exact coiling is often difficult to determine. The test is usually laterally 

compressed. The chambers are rectangular to trapezoidal and arranged in a straight or slightly 

curved linear series, gradually increasing in size toward the aperture. The exact number and 

shape of chambers can vary among specimens. Sutures are straight, transverse, and clearly 

defined, providing distinct separation between adjacent chambers. The wall is agglutinated, 

consisting of fine sediment particles bound together, producing a rough, granular surface 

appearance. The aperture is generally simple, located terminally as a slit or opening at the end 

of the test, and may sometimes be bordered by a delicate lip or slight thickening. Specimens 

commonly measure between 0.3 mm and 0.6 mm in length, though size may vary depending 

on preservation and growth stage. 

Remarks: The specimens are attributed to the genus Pseudotextularia based on their 

elongated form and agglutinated wall composition. However, precise species-level 

identification is not possible due to incomplete morphological features or poor preservation. 

This genus is widely distributed in Upper Cretaceous marine sediments, particularly within 

deeper shelf to slope settings. The agglutinated wall structure suggests adaptation to 

environments characterized by variable sediment input and fluctuating energy conditions. 

Further study of better-preserved material, especially focusing on aperture structure and 

chamber organization, would enable more accurate taxonomic classification. 

Occurrence : Coniacian of Essen Formation 

Family Textulariidae 

Genus  Pseudotextularia Hofker, 1951 

Pseudotextularia nuttalli (Voorwijk, 1937) 

Pl. 5. Figure 6a-c 

1937 Guembelina nuttalli Vorwijk, p. 192, pl. 2, figs 1-9.  

1989 Pseudotextularia nuttalli (Vorwijk) – Nederbragt, p. 204, pl. 8, figs 2-3; text-Figure 9.  
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1991 Pseudotextularia nuttalli (Voorwijk) – Nederbragt, p. 364, pl. 10, figs 4, 6.  

2007 Pseudotextularia nuttalli (Voorwijk, 1937) – Lamolda, Peryt and Ion, p. 28, figs 4N1-2, 

O1-2.  

Material: C1- C120 (2661 specimens) 

Description : The test of Pseudotextularia nuttalli is elongate and cylindrical, displaying a 

trochospiral to slightly planispiral coiling pattern. The chambers are arranged in a linear to 

slightly curved series, with the test often laterally compressed and occasionally showing a 

gentle curvature. In the final whorl, there are typically 10 to 15 chambers. These chambers are 

rectangular to trapezoidal in outline, strongly compressed laterally, and gradually increase in 

size toward the aperture. The sutures are straight and transverse, clearly demarcating the 

boundaries between chambers, and may show a subtle indentation along the ventral side. The 

wall is agglutinated, consisting of fine sediment particles irregularly arranged and cemented 

by organic or calcareous material. This composition gives the surface a rough, granular 

texture. The aperture is simple, occurring as a terminal slit or opening at the end of the test, 

and is sometimes bordered by a faint lip. Test dimensions typically range from 0.3 mm to 0.6 

mm in length, with a diameter of approximately 0.1 mm to 0.2 mm. 

Remarks: Pseudotextularia nuttalli is a characteristic agglutinated benthic foraminifer, 

widely recognized in Upper Cretaceous marine sediments for its distinct elongate, cylindrical 

morphology. It is particularly common in deep marine shelf and slope settings, often 

associated with low-oxygen or quiet depositional environments. This species is valuable in 

paleoenvironmental studies, especially for identifying facies variations linked to oxygenation 

levels. Compared to related genera, Pseudotextularia is set apart by its agglutinated wall 

structure and its distinctively elongate, linear chamber arrangement.      

Occurrence : Lower- Middel Coniacian of Essen Formation  

Distribution: Nederbragt (1991) Coniacian to Maastrichtian; Gale et al. (2008) in the 

Santonian and very rare in the lower Campanian. Praegublerina pseudotessera (Cushman) 

Pseudotextularia nuttalli (Voorwijk)  
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Planohétérohélix globulosa, (Ehrenberg, 1839) 

Pl. 5. Figure 7 

Material: S1– S46 (256 specimens)  

Description: The test is globular to subglobular, showing a predominantly trochospiral or 

slightly planispiral coiling. Its overall form is rounded, lacking elongation.  Chambers are 

numerous, strongly inflated, and closely packed, arranged in a multiserial pattern during early 

growth stages, often becoming biserial in later stages. Chamber size increases gradually 

toward the aperture. Sutures are curved and deeply incised, providing clear separation 

between the chambers.  The wall is calcareous and finely perforate, with a smooth surface that 

may display subtle, fine ornamentation.  The aperture is typically interiomarginal, appearing 

as a slit or rounded opening located at the base of the final chamber.   

Remarks : Planohétérohélix globulosa is a widely distributed benthic foraminifer, recognized 

for its globular form and strongly inflated chambers, which help distinguish it from other 

species within the same genus. It commonly inhabits marine shelf environments and plays a 

key role in paleoenvironmental and paleogeographic reconstructions. Its abundance and wide 

occurrence make it a reliable taxon for correlating marine deposits. 

Occurrence : Santonian of Essen Formation 

Distribution: This species has been reported in marine sediments across a broad range of 

regions: Europe: Present in Cretaceous to Recent deposits from areas such as France, 

Germany, and the United Kingdom. North Africa: Found in Mediterranean marine basins, 

including Algeria and Morocco. Middle East: Occurs in Cenozoic marine sequences. 

Americas: Documented along both Atlantic and Pacific coasts, from Cretaceous to modern 

marine sediments. P. globulosa spans a long stratigraphic range, extending from the Late 

Cretaceous through the Cenozoic, with occurrences even in some Recent marine sediments.  

Genus Planohedbergella 

Planohedbergella cf. escheri, (Kaufmann, 1865)  

Pl. 5. Figure 8a-c 

1865 Nonionina escheri KAUFMANN, p. 198, text-figs. 110a–e  

https://www.marinespecies.org/foraminifera/aphia.php?p=taxdetails&id=1079093


CHAPTER III SYSTEMATIC 

155 
 

1952 Globigerinella escheri escheri (Kaufmann). – BRÖNNIMANN, p. 46–49, text-figs. 22, 

23  

1977 Globigerinelloides escheri (Kaufmann). – MASTERS, p. 409–412, pl. 11, figs. 4–5  

Material: C1- C120 (1905 specimens) 

Description of the specimens: Surface with evenly scattered fine to medium, sharply pointed 

pustules and often a smooth interpustule area. Test planispirally coiled, biumbilicate, 

moderately evolute  with a shallow umbilicus, moderately to strongly lobate and subcircular 

in equatorial outline, test axially compressed with an elliptical peripheral margin, symmetrical 

in edge view, nearly always uniapertural; chambers axially compressed, slightly inflated, 

enlarging relatively rapidly in size throughout ontogeny , total chambers in adult specimens 

usuallycoiled in 1.5 whorls, sutures radial, depressed; interiomarginal aperture centered on 

equatorial margin with a circular arch extending  up the final chamber face and sometimes 

extending part way toward the umbilicus, bordered by a narrow lip; relict apertures sometimes 

visible surrounding the umbilicus.  

Remarks:   reveals sufficient similarity among Planohedbergella escheri (Kaufmann, 1865)  

Occurrences : Lower- Middel Coniacian of Essen Formation 

Distribution : recorded in early Coniacian Dicarinella concavata Zone (Georgescu and Huber 

2008), ranges through the late Campanian Radotruncana calcarata Zone (Huber et al. 2022). 

Occurs in low to middle latitude sequences; specimens have not been identified at high 

southern or northern latitudes. 

Genus: Planohétérohélix 

Planoheterohelix reussi (Cushman, 1938) 

Pl. 5. Figure 9a-b 

1938 Guembelina reussi  CUSHMAN. 

 1970 Heterohelix globulosa  EHRENBERG. 

Material: C1- S62 (4705 specimens) 

 Description of the specimens: The test of this species is small, with an elongate to oval 

shape and a planispiral coiling that varies from evolute to slightly involute. The spiral side is 

usually flat to slightly convex, while the umbilical side tends to be flattened or slightly 

concave. The chambers are numerous, initially arranged in a biserial pattern, sometimes 
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transitioning to a triserial arrangement in later growth stages. They are generally rectangular 

to trapezoidal in form and gradually increase in size, although the final chambers enlarge 

more rapidly. Chambers display fine ribbed ornamentation and are finely perforated. Sutures 

are straight to gently curved, distinctly separating the chambers, and are typically flush with 

the test surface or slightly depressed. The wall is calcareous and microperforate, with a 

generally smooth surface lacking prominent pustules. The aperture is terminal, appearing as a 

simple slit or rounded opening at the end of the last chamber, often bordered by a delicate lip. 

This species differs from H. globulosa by its more elongated overall shape, making it a 

distinguishing morphological feature. 

Remarks : Planohétérohélix reussi is a common benthic foraminifer in Upper Cretaceous 

marine deposits, typically inhabiting shelf to upper slope environments. It serves as a valuable 

biostratigraphic tool for correlating Cretaceous strata, owing to its distinctive coiling pattern 

and progressive chamber arrangement from biserial to triserial forms. This species is 

frequently associated with moderate to low-energy depositional settings characterized by 

well-oxygenated bottom waters. It differs from closely related genera by its unique planispiral 

coiling and the developmental transition in chamber arrangement observed during growth. 

Occurrences : Coniacian and Santonian of Essen Formation  

Distribution: Planohétérohélix reussi has a broad geographic distribution and has been 

documented in numerous Late Cretaceous marine basins worldwide. In Europe, it has been 

found in France, Germany, Spain and the United Kingdom. Notable occurrences in North 

Africa include Morocco and Algeria. In the Middle East, records include Saudi Arabia and 

neighbouring regions, while in North America, the species is well represented in the Gulf of 

Mexico and in several outcrops across the southwestern United States. This species is 

primarily associated with Late Cretaceous deposits, with its stratigraphic range most firmly 

established between the Campanian and Maastrichtian stages. Although occasional findings 

outside this range have been reported, most studies confirm its highest abundance and 

reliability within this time interval. Due to its widespread occurrence and well-defined 

temporal range, P. reussi serves as a valuable index fossil for correlating marine strata of the 

Late Cretaceous period. Additionally, P. reussi has been identified in Upper Cretaceous 

deposits ranging from the Upper Cenomanian to the Maastrichtian, with reported occurrences 

in West Africa, the Atlantic realm, the Americas, and Europe (Caron, 1985; Leckie, 1987; De 

Klasz et al., 1995; Keller et al., 2001; Keller & Pardo, 2004). 
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Legend Planktonic Foraminifera  

Plate 1: 1a-c: Marginotruncana renzi (Gandolfi, 1942) sample C3; 2a-c: Marginotruncana 

caronae Peryt, 1980 sample C100; 3a-b: Marginotruncana cf. sigali (Reichel, 1950) sample 

C160; 4a-c: Marginotruncana  sinuosa Porthault, in Donze et al., 1970; sample C121. 

Plate 2: 1a-c: Marginotruncana pseudolinneiana Pessagno, 1967 sample C35; 2a-c: 

Globotruncana linneiana (d'Orbigny, 1839) sample C100; 3a-c: Globotruncana bulloides 

Vogler, 1941 sample S25;  4a-c: Globotruncana sp., Sample C30. 

Plate 3 : 1a-c: Globotruncana arca (Cushman, 1926) sample S20 ; 2a-c:Globotruncanita 

elevata (Brotzen, 1934) sample S47; 3a-c: Contusotruncana plummerae (Gandolfi, 1955) 

sample S10 ; 4a-c: Dicarinella canaliculata (Reuss 1854) sample C170.  

Plate 4: 1a-c: Dicarinella primitiva (Dalbiez, 1955) sample C100 ; 2a-c: Dicarinella 

asymetrica (Sigal, 1952) sample S10 ; 3a-b: Archaeoglobigerina sp., sample C35; 4a-c: 

Muricohedbergella  flandrini (Porthault, in Donze et al., 1970) sample C89; 5: Sigalia 

carpatica Salaj & Samuel, 1963 sample S3.  

Plate 5: 1a-c:Whiteinella baltica Douglas and Rankin , 1969, sample C1; 2a-c: Whiteinella 

archaeocretacea Pessagno, 1967 sample C3; 3a-c:Whiteinella sp., sample C4 ; 4: Huberella 

praehuberi Georgescu 2007 sample C80; 5: Pseudotextularia sp., sample C15; 6: 

Pseudotextularia nuttalli (Voorwijk, 1937) sample C 64; 7: Planohétérohélix globulosa  

(Ehrenberg, 1840) sample C18; 8a-c: Planohedbergella cf. escheri, (Kaufmann, 1865) 

sample C64; 9a-b: Planohétérohélix reussi (Cushman, 1938), sample C3. 

 

 

 

 

https://www.mikrotax.org/pforams/mesozoic/Archaeoglobigerina
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Benthic Foraminifera 

Family Gavelinellidae  

Subfamily Gavelinellinae  

Genus Gavelinella  

Gavelinella sp., 

Pl. 6. Figure 1a-b, 4 

Material: C1- S21 (2674 specimens) 

Description: Free, calcareous, planispiral, almost bilaterally symmetrical, semi-involute test. 

The dorsal side is more convex than the ventral side. The periphery is narrowly rounded. The 

last whorl is composed of 9-12 chambers. The sutures are slightly curved on both sides of the 

test. The umbilical depression on the spiral side is often filled with secondary calcite. 

Occurrence : Coniacian- Lowe Santonian of Essen Formation 

Distribution: Santonian to Mastrichtian, Benmansour, 2017. 

Family Gavelinellidae  

Subfamily Gavelinellinae  

Genus Notoplanulina   

Notoplanulina sp., 

Material: C98-C100, S11-S52, S55, S60, S62 (711 specimens) 

Description of the specimens: Test about 1 mm in diameter, flattened, low trochospiral coil 

of about three whorls, six to thirteen rapidly flaring chambers in the final whorl, planoconvex, 

spiral side flat and evolute, sutures strongly curved, raised, and limbate, umbilical side 

involute, chambers inflated, sutures curved and depressed, umbilicus open and deep or may 

be partly covered by umbilical chamber extensions or folia, periphery angular and carinate; 

wall calcareous, optically granular, finely perforate except for the imperforate thickened 

sutures; aperture an areal transverse slit bending sharply to an interiomarginal continuation 

along the base of the chamber face. U. Cretaceous (Coniacian to Maastrichtian); New 

Zealand; Argentina; USA: California. (Loeblich & Tappan, 1987, Foraminiferal Genera and 

Their Classification) 

Occurrences : Middel Coniacian, Upper Santonian of Essen Formation 

Distribution : Upper Cretaceous (Coniacian to Maastrichtian),  Malumián & Masiuk, 1977  

https://www.marinespecies.org/foraminifera/aphia.php?p=taxdetails&id=111926
https://www.marinespecies.org/foraminifera/aphia.php?p=taxdetails&id=721053
https://www.marinespecies.org/foraminifera/aphia.php?p=taxdetails&id=111926
https://www.marinespecies.org/foraminifera/aphia.php?p=taxdetails&id=721053
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Family Nonionidae 

Subfamily Nonioninae 

Genus Nonionella 

Nonionella sp., 

Pl. 6. Figure 2 

Material: S1- S52 (595 specimens) 

Description of the specimens: The test is slightly compressed and arranged in a low 

trochospiral coil with a rounded periphery. The spiral side is partially evolute, surrounding an 

umbonal boss, while the umbilical side is involute. Chambers are numerous, broad, and low, 

with whorls that gradually increase in size, sometimes producing a slightly flaring test. Each 

chamber has a flap-like extension that overhangs the umbilicus, with successive chambers 

overlapping one another. Sutures are curved and depressed, and the periphery remains 

rounded. The wall is calcareous, optically granular, and finely perforated, with a smooth 

surface lacking pustules. The aperture is a small, nearly equatorial interiomarginal arch that 

extends slightly onto the umbilical side. This form ranges from the Upper Cretaceous 

(Coniacian) to the Holocene and is cosmopolitan in distribution. 

Occurrences : Middel Coniacian- Santonian of Essen Formation 

Distribution : Upper Cretaceous (Maastrichtian) Benmansour, 2017 

Suborder Spiroplectamminina Cushman, 1927 

Superfamily Spiroplectamminacea Cushman, 1927 

Family Textulariopsidae Loeblich & Tappan, 1982 

Eobigenerina sp., 

Pl. 6. Figure 3 

Material: S1- S52 (403 specimens) 

Description of the specimens: The test begins with an early biserial stage that makes up at 

least one-third of the total adult length, followed by a loosely biserial stage. This is succeeded 

by a short, open uniserial section and concludes with a terminal uniserial stage composed of 

low, rounded chambers in cross-section. The wall is solid, noncanaliculate, and smoothly 

finished, consisting of fine agglutinated particles bound by organic material. It is often well 

silicified and resistant to dissolution in HCl. The aperture is terminal, small, and rounded, 

positioned on a collar or short neck. 

Remarks : It differs from Bigenerinaby possessing a solid, non canaliculate wall that is 

resistant to acid dissolution. Unlike Aaptotoichus, it has a well-developed biserial portion, a 

https://www.marinespecies.org/foraminifera/aphia.php?p=taxdetails&id=111936
https://www.marinespecies.org/foraminifera/aphia.php?p=taxdetails&id=721044
https://www.marinespecies.org/foraminifera/aphia.php?p=taxdetails&id=112233
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short apertural neck, and a finely agglutinated test wall. It is distinguished from Bimonilina by 

having chambers that are strictly uniserial rather than lax-uniserial, along with a rounded 

terminal aperture. Additionally, it differs from Rashnovammina and Bicazammina by the 

presence of a truly uniserial terminal section with horizontal sutures between the final 

chambers. 

Occurrences : Santonian of Essen Formation 

Distribution : Very abundant in the Cenomanian–Turonian boundary interval, abundant to 

rare in the Turonian, and very rare in the Cenomanian. Upper Pennsylvanian to Eocene; 

Australia; USA: Kansas, Texas; Indian Ocean; North Atlantic; Barents Sea; Alpine-

Carpathian region: Romania, Poland, Czech Republic, Austria, Germany, Italy 

Family Cibicididae 

Subfamily Cibicidinae 

Genus Cibicidoides  

Cibicidoides sp., 

Pl. 6. Figure 5  

Material: C99- S45 (1017 specimens) 

Description: Trochospiral test, conical to subconical. The chambers are triangular to 

trapezoidal. The opening is basal. The internal walls are slightly curved. 

Occurrence : Lower, Upper Coniacian- Upper Santonian of Essen Formation 

Distribution: Late Cretaceous (Ben mansour, 2017) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.marinespecies.org/aphia.php?p=taxdetails&id=111917
https://www.marinespecies.org/aphia.php?p=taxdetails&id=721028
https://www.marinespecies.org/aphia.php?p=taxdetails&id=112084
https://www.marinespecies.org/aphia.php?p=taxdetails&id=112084
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Legend Benthic Foraminifera :  

Plate 6: 1a-b: Gavelinella sp; 2: Nonionella sp.; 3 : Eobigenerina sp. 4, 5 : Cibicidoides sp. 
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CHAPTER IV 
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1. Introduction 

The first Symposium on Cretaceous Stage Boundaries (Birkelund et al., 1984) reached a 

broad agreement that the first appearances (FO) of the ammonite subgenus Texanites 

(Texanites) and the inoceramid bivalve Cladoceramus (= Platyceramus) undulatoplicatus 

(Roemer) represent the most reliable biostratigraphic markers for defining stage boundaries. 

Although Texanites (Texanites) has been used across a wide geographic area, its rarity in the 

classical northwestern European sections reduces its usefulness there as a stratigraphic 

indicator (Hancock, 1991). By contrast, Platyceramus undulatoplicatus is geographically 

widespread and morphologically distinctive, making it easy to recognize. In North African 

successions, Platyceramus siccensis (Pervinquière) commonly occurs together with Texanites 

and has been suggested as an additional marker for identifying the base of the Santonian Stage 

(Lamolda et al., 2014). The genus Platyceramus is known to have first appeared during the 

Coniacian–Santonian interval (Seitz, 1961, 1967). 

In the report of the working group on the Santonian to the second symposium on the 

limits of the Cretaceous stages (Lamolda and Hancock, 1996), The Texanites FO was rejected 

because it lies below the lower limit of Platyceramus undulatoplicatus and had been cited in 

assemblages with inoceramids normally considered coniacian (Lamolda and Hancock 1996). 

The first occurrence (FO) of Platyceramus undulatoplicatus was confirmed as the main 

marker of the base of the Santonian stage. The FO of the planktonic foraminifer Sigalia 

carpatica was accepted as a secondary marker of the basal Santonian.It is widespread in the 

Mediterranean region of the Tethys, is associated with Inoceramus siccensis and Texanites in 

Tunisia, and in northern Spain (Navarre) its FO is very close to the lowest occurrence of 

Platyceramus  undulatoplicatus. 

Dalbiez (1956) was the first to present a preliminary description of Santonian 

foraminifera in the Kef region, Salaj (1980) used the distribution of foraminifera from the El 

Kef section and other sections in northern Tunisia, to subdivide the Dicarinella asymetrica 

zone, which he considered characteristic of the Santonian, into three successive sub-zones 

(Sigalia carpatica sub-zone, Ventilabrella decoratissima sub-zone and Globotruncana 

manaurensis sub-zone).   

In eastern Algeria, the Coniacian and Santonian interval remains poorly documented, with 

only a few palaeontological studies devoted to this stratigraphic interval (Durozoy, 1956; 
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Nemouchi et al., 2024). Previous research has mainly been based on ammonite assemblages 

(Dubourdieu, 1956), notably Muniericeras sp., Peroniceras sp., Barroisiceras sp., Forresteria 

sp. and Harleites ? nov. sp. However, these taxa, recorded below the occurrence of Texanites 

texanus at the end of the Santonian, provide limited stratigraphic resolution, leaving the 

boundary between the Coniacian and Santonian indistinct. The assemblages of inocera in the 

Constantinois and Monts du Mellegue regions, Voûte (1967) documented various forms 

assigned to the following species in the Lower Coniacian of the Chebka des Sellaoua ; these 

include Inoceramus sublabiatus, Inoceramus sp. cf. sublabiatus, Inoceramus inconstans, 

Inoceramus inconstans var. planus, Inoceramus mantelli, Inoceramus striato-concentricus, 

Inoceramus aff. striato-concentricus and Inoceramus undulatus. In the Khémissa region 

(Monts de Medjerda), David (1960) cited the species Inoceramus gr. labiatus. 

In Tébessa, Vivière (1985) reported the species Inoceramus (Platyceramus) siccensis 

Dans le Djebel Dyr. Van Der Fliert (1955) mentioned the species Inoceramus brongnarti and 

Inoceramus cycloides var. siccensis in the Lower Senonian of Jebel Friktia. 

Despite the abundance and wide distribution of the outcrops, the absence of reliable 

radiometric dating and macrofaunal data in these deposits presents a significant challenge for 

accurately delineating stage boundaries (Nemouchi et al., 2024). In light of this limitation, 

biostratigraphic analyses based on microfossils offer considerable potential. Accordingly, the 

present study employs planktonic foraminifera to refine age estimations and facilitate a more 

precise reconstruction of the palaeoenvironment within the study area. 
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Table IV.1 : Stratigraphic framework and the Ammonit biozones identified in the study 

section at Djebel Essen. 

 

 

Table IV. 2: Stratigraphic framework  and the Inoceramids biozones identified in the study 

section at Djebel Boukezez. 
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Table IV. 3: Stratigraphic correlation of the identified biozones to previous zones in 

adjacent areas. 

2. Results 

2.1. Ammonites Zones 

Hemitissotia morreni Total Range-Zone (T. R. Z.) Upper Coniacian 

This biozone corresponds to the total time of existence of the marker taxon. It‘s occurs 

through about 268 m in the Essen section (samples C170 to C180).  

It also closely resembles certain Hemitissotia batnensis Peron. The exact interpretation of 

Coquand's Ammonites Morreni is difficult and what disagreements exist in its description, 

figuration and classification. Coquand, in fact, who had taken over Haan's Ceratites genus to 

classify the ammonites of Algeria whose partitions have rounded saddles, classified the 

species we are dealing with not in this Ceratites genus but in the Ammonites. Moreover, in 

describing the Ceratites Fourneli, whose external form is similar to that of Ammonites 

Morreni, he specifies that these fossils are distinguished in that the former possesses the 

remarkable characters of the Ceratites, unlike the latter. 

Pervinquière (1907) and Chancellor et al (1994) considered H. batnensis Peron (1897) and H. 

czini Peron (1897) to be synonyms of H. morreni. 

Stratigraphic distribution: Lower Senonian of Refana, near Tébessa; Algeria (Peron 1896), 

Upper Turonian of Tunisia (Coquand, 1862), North Africa (Tunisia and Algeria; Chancellor 

et al., 1994), and the Middle East (Palestine ; Parnes, 1964). 

2.2. Inocerames Zones 

Inoceramus siccensis Total Range-Zone (T. R. Z.) Santonian : 
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This biozone corresponds to the total time of existence of the marker taxon. It‘s occurs 

through about 90 m in the Boukezez section (samples E45) associer with irregular echinoids 

(Mecaster fourneli Agassiz, 1847). 

Several authors considered that the FO of Inoceramus siccensis is located at the 

Coniacian/Santonian (C/S) boundary (e.g. Farouk et al., 2017) , Lower Santonian  (e.g. 

Inoceramus siccensis Pervinquière (1912), (SIGAL, 1952), Van der Fliert, (1955), Dubourdieu, 

(1956), David (1960), Coquand, (1862), Voûte, (1967), Vila, (1980), Birkelund et al., (1984), 

Vivière, (1985), Robaszynski et al., 1998,  Rami et al., 1997, El Amri (2004), Walaszczyk, 

(2006), El Manai (2009),  Midell Santonian (e.g. Voûte (1951). 

This speciesis related to the Inoceramus (Platyceramus) cycloides (Wegner) group. It is known 

only from North Africa, where it occurs in great quantities together with rare Texanites at Djebl 

Fguira Salah, Tunisia (Birkelund et al., 1984). 

 

Stratigraphic distribution: This species was reported in the Upper Turonian of Dyr el Kef 

(Tunisia) by Pervinquière (1912). In Algeria, it is known from the Coniacian-Santonian 

boundary at El Kantara (Aurès). It has also been cited in the same period in Constantinois and 

the Monts du Mellegue (Dubourdieu, 1956; Van der Fliert, 1955 and Voûte, 1967) and in the 

Nementchas (Vivière, 1985).  

2.3. Foraminifera Zones 

Dicarinella primitiva Total Range-Zone (T. R. Z.) Early- Middle Coniacian 

This biozone corresponds to the total time of existence of the marker taxon. It‘s occurs 

through about 200 m in the Essen section (samples C1 to C120). The dominant 

plankticspecies are : Heterohelix globulosa, H. reussi, Pseudotextularia nuttalli, 

Pseudotextularia sp, Whiteinella baltica, W. archaeocretacea, W. sp., Archaeoglobigerina 

sp., Hastigerinoides subdigitata, Marginotruncana marginata, M. rensi,  M. caronae, M. 

coronata, M. pseudolinneiana, M. cf. sigali , Globotruncana linneiana,  Muricohedbergella  

flandrini, Planohedbergella cf. escheri.(Figure 01)  

Stratigraphic distribution : Several authors considered that the FO of Dicarinella primitiva 

is located at the Early Coniacien (e.g. Premoli Silva & Boersma, 1977;Caron, 1978,1985; 

Robaszynski & Caron, 1979; Wonders, 1980; Birkelund et al.,1984 ; Marks, 1984a, b; Abdel-

Kireemet al., 1995; El Albani et al., 1999 ; Premoli Silva and Verga, 2004;  Abawi & 

Mahmood, 2005; Elamri and Zaghbib-Turki,  2005; Elamri, 2008), Rami, A., et al., 2016;Ogg 
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et al., 2016; Bentaher et al., 2023; Sulaiman et al., 2023). Usually, this biozone is determined 

at the base of the Dicarinella concavata interval zone (Caron, 1985 ; Gradstein et al., 2008 

Ogg et al., 2016). Wonders (1980) adopted the Dicarinella primitiva biozone to designate the 

whole of the Coniacian. According to Salaj(1980), this biozone represents the upper part of 

the Lower Coniacian and most of the Upper Coniacian. However, otherpreviousstudies have 

assigned the Dicarinella primitiva biozone to the LateTuronian to Early Coniacian 

(Nederbragt, 1991; Salaj, 1997; Robaszynski et al., 1990; Robaszynski and Caron, 1995; 

Gebhardt, 2004, 2008; Premoli Silva and Verga, 2004; Elamri et al., 2014).While other 

ssuggest that the species D. primitiva appears in the terminal part of the Middle Turonian 

(Robaszynski et al.,1990) or at the end of the Turonian(Robaszynski and Caron, 1995 ; 

Salaj,1997; Premoli-Silva andSliter, 1999; Gebhardt, 2004; Elamriet al., 2014; Vahidinia et 

al., 2014; Jaff et al., 2015). In addition, Bellier (1983) designatedit as a subzone to mark the 

upper part of the Marginotruncana Schneegansi zone of the Upper Turonian. In thisstudy, 

weattribute the whole Dicarinella primitiva  biozone to Lower- Middel Coniacian 

Marginotruncana sinuosa Partial range  zone Upper Coniacian 

This biozone is defined as the time interval, including the marker fossil, between the 

extinction of Dicarinella primitiva and the first appearance of Sigalia carpatica. It is located 

between the samples C35- C180 (145m thick) in the Essen section. In this biozone, various 

species occur: Heterohelix globulosa, H. reussi, Pseudotextularia nuttalli, Pseudotextularia 

sp, Whiteinella baltica, W. archaeocretacea, W. sp, Archaeoglobigerina sp, Hastigerinoides 

subdigitata, Dicarinella canliculata, Marginotruncana coronata, M. sigali, M. 

pseudolinneian, Muricohedbergella  flandrini. 

Stratigraphic distribution : According to Bellier (1983), Birkelund et al. (1984), Kauffman 

et al. (1996) and Vahidinia et al. (2016), the appearance of Marginotruncana sinuosa, 

together with the deployment of the Dicarinella primitiva - concavata group, can 

provisionally beused as a marker to distinguish the Coniacian from the Turonian. Elsewhere, 

Marginotruncana sinuosa has been recorded in the Dicarinella Primitiva Interval Zone and 

Dicarinella Concavata Interval Zone, which date from the Early to Late Coniacian, 

respectively (Jaff et al., 2015; Elamri et al., 2016;   Sulaiman et al., 2023) and may even 

exceed the Santonian in the Dicarinella asymetrica Total Range Zone (Elamri and Zaghbib-

Turki, 2004 ; Sulaiman et al. 2023). According to Elamri et al., (2016), the M. sinuosa, 

species exceed the Santonian/Campanian boundary where the marginotruncanids suffered 

gradual extinction. It has been recorded in the Globotruncanita elevata/Globotruncana arca 
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Partial Range Zone (PRZ), which dates from the Early-Middle Campanian. However, Rami et 

al. (2016) report that M. sinuosa is extinct before the end of the Zone with 

Globotruncanaarca Cushman which dates from the Lower Campanian. 

In the present work, this species marks theUpper Coniacian in the absence of Dicarinella 

concavata Brotzen. 

Sigalia carpatica Partial range Zone early Santonian 

This biozone isdetermined by the interval between the first and last occurence of the index 

taxon. It isrepresented by samples S1-S9 (25m  thick) in the Essen section. Its appearanceis 

not synchronous with that of Dicarinella asymetrica, but is more common with 

Globotruncana linneiana. The dominant planktic species are : Heterohelix globulosa, H. 

reussi, Whiteinella baltica, W. archaeocretacea, Hastigerinoides subdigitata, 

Archaeoglobigerina sp, Globotruncana linneiana, Marginotruncana coronata, M. 

pseudolinneiana. 

Stratigraphic distribution : The occurrence of Sigalia carpatica has been much debated by 

many authors. In fact, this speciesis not always a common one in seriesrich in planktonic 

foraminifera (Elamri and Zaghbib-Turki, 2004; Jaff et al., 2015; Elamri et al., 2016; Sulaiman 

et al., 2023). However, takingin to account the distribution of planktonic foraminifera by Salaj 

(1980), the Santonian in Tunis issubdividedintothree successive sub-zones at: Sigalia 

carpatica, Ventilabrella decoratissima and Globotruncana manaurensis. This subdivision 

was also adopted by Bellier (1983), and Robaszynski and Caron (1995) where Sigalia 

carpatica marks the lower Santonian. A number of authors (e.g. Salaj and Samuel, 1966; 

Rami et al., 2016) indicate the contemporary occurrence of Sigalia carpatica to that of 

Dicarinella asymetrica and considersit to be a sub-zone of the Dicarinella asymetrica (T. R. 

Z.) before the occurrence of Sigalia decoratissima, marking the lower Santonian.This view is 

confirmed by Bellier (1983), who admits that the simultaneous occurrence of Sigalia 

carpatica and Dicarinella asymetrica marks the lower limit of the Santonian. In fact, Salaj 

(1980) had already mentioned that the occurrence of these two species is simultaneous and 

can only be synchronous. Similarly, Nederbragt (1990), Robaszynski et al (2000), Elamri and 

Zaghbib-Turki (2002) and Jaff and Al-Kahtany (2020) found that the occurrence of Sigalia 

carpatica was much later than that of Dicarinella asymetrica. It should also be noted that 

according to Wagreich (1992) and Jaff and Al-Kahtany (2020), Sigalia carpatica appeared in 

the latest Coniacian.  
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The present study examines the FO of Sigalia carpatica from the Early Santonian.  

Dicarinella asymetrica Interval Zone Middle-Upper Santonian 

This biozone encompasses the first occurrence of the index taxon from the LO of Sigalia 

carpaticaat the FO Globotruncanita elevata. This biozone represented by around 116m of 

strata in the Essen section (362–478 m), from sample numbers S10- S46. It is characterized by 

the co-existence of several dominant planktic foraminifera species are : Heterohelixglobulosa, 

Planoheterohelix globulosa, Whiteinella baltica, W. archaeocretacea, Archaeoglobigerina sp, 

G. arca, G. linneiana, Contusotruncana plummerae. 

Stratigraphic distribution: Somestudies (Lamolda et al., 2007, 2014 ;Coccioni and Premoli-

Silva, 2015; Gale et al., 2007); Soycan and Hakyenez, 2018) proposed a duration from the 

latest Coniacian to the Santonian for Dicarinella asymetrica biozone. However,  Marks 

(1984), Farouk et al. (2017), Lamolda et al. (2014), Elamri and Zaghbib-Turki (2004, 2005) 

and Elamri (2008) proposed the first occurrence (FO) of Dicarinella asymetrica could be used 

as a marker for defining the Coniacian/Santonian boundary. It‘s highest occurrence (HO) 

defines the Santonian-Campanian boundary (Caron, 1985; Sliter, 1989; Gale et al., 1995; 

Ozkan-Altiner and Ozcan, 1999; Sari (2006, 2009); Babazadeh et al., 2007;  Jaff, 2015 ; 

Rami, 1998; Wagreich et al., 2010). 

Indeed, many authors (Postuma, 1971; Sigal, 1977 ; Robaszynski et al., 1979 ;Jaffet al., 2015) 

assigned the DicarinellaasymetricaTotal Range Zone an approximate indicator for the early to 

late Santonian. Others (Marks 1984;Premoli-Silva and Sliter, 1994, 1999; Arz,1996; Mancini 

et al.,1996; Robaszynski et al., 2000 ; Wan et al., 2005; Djaffal et al., 2015; Elamri and 

Zaghbib-Turki, 2004; Sari 2006, 2009; Farouk and Faris, 2012; Ogg and Hinnov, 2012; 

Elamri et al., 2014, 2016; Kochhann et al., 2014; Vahidinia et al., 2014 ; Jaff et al. 2015; 

Farouk et al. 2017 ; Bentahar et al., 2023) indicate that this biozone is an indicator of the early 

Santonian. On the other hand, some studies (e.g. Robaszynski et al., 1984; Aref and Ramadan, 

1990; Nederbragt, 1991; Robaszynski and Caron, 1995; Ayyad et al., 1996; Petrizzo,2000, 

2002; Bauer et al., 2001 ; Mancini and Puckett, 2005; Georgescu, 2006; Sari,2006; Dimitrova 

and Valchev, 2007; Ameen and Gharib, 2014; Hussain and Al-Sheikhly, 2015) specify in 

detail that the Dicarinella asymetrica Total Range Zone corresponds to the middle-late 

Santonian.  

It is important to mention that the current zone can be matched to the Rosita fornicata Zone 

recorded by (Abawi and Hammoudi, 1997) and (Abawi and Mahmood, 2005) in northern 

Iraq, the Dicarinella asymetrica-Ventilabrella eggeri Zone recorded by (Rajabi, 2020) in Iran, 
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as well as the Globotruncana linneiana Zone identified by (Petrizzo et al., 2020) in the 

southern mid-to high latitudes region and (Peryt et al., 2022) in Poland and eastern Ukraine. 

It can also be correlated with the Sigalia decoratissima subzone of Kalsz (I. Z.) of Rami et al., 

(2016) in Tunisia. On the other hand, Salaj (1980), Gradstein et al. (2008) and Rami et al. 

(2016) considered the Sigalia decoratissima subzone as a separate zone indicating the Middle 

Santonian. 

In the present study, this biozone was determined in lower- upper Santonian 

Globotruncanita elevata Partial range zone, latest Santonian 

This biozone islimited to the  LO of D. asymetrica and the FO of  Globotruncanita elevata. 

It represents 49m in the Essen section (samples S47 to S62). The dominant planktic species 

are : Heterohelix globulosa, Globotruncana arca, Globotruncanita elevata, Marginotruncana 

coronata Bolli and Globotruncana linneiana d‘Orbigny.The Globotruncanita elevata biozone 

is characterized by the dominance and abundance of globotruncanids and heterohelicids but 

mostnotably by the persistent occurrence of the eponymous zone fossil. 

Stratigraphic distribution: Following some authors (e.g. Salaj, 1980, 1997) the first 

appearance of G. elevata is equated with different levels within the Santonian in the North 

African and Mediterranean regions. Although, El Gammal and Orabi (2019), reported 

previously that Globotruncanita elevata is marked the Santonian/Campanian Boundary Event. 

It is ranges, also, from the Santonian and the beginning of the Campanian (Sulaiman et al., 

2023), or from the Santonian to middle Campanian Barr (1972). Indeed, the current partial 

range zone can be correlated to the Globotruncanita elevata zone recorded in the Early 

Campanian by Caron (1985) and by many other studies at different locations, suchas: 

(Premoli Silva and Bolli, 1973; Wonders, 1980; Robaszynskiet al., 1984, 2000; Dowsett, 

1984, 1989;Honigsteinet al., 1987; Sliter, 1989; Almogi-Labinet al.,1991; Abdel-Kireemet 

al.,1995; Ayyad et al., 1996; Mancini et al., 1996; El Albani et al. 1999; Robaszynski, 1998; 

Ozkan-Altiner & Ozcan, 1999; Zapata et al., 2003; Chacon et al,. 2004; Abawi and 

Mahmood, 2005; Babazadeh et al., 2007; Dimitrova and Valchev, 2007; Li et al., 2011; 

Ljubović-Obradović et al., 2011; Farouk and Faris, 2012; Ogg & Hinnov,2012; Abdo, 2013; 

Ameen and Gharib, 2014; Elamri and Zaghbib-Turki, 2014; Elamri et al., 2014; 

Fereydoonpour et al., 2014; Kochhann et al., 2014; Jaff, 2015 ; Farouk et al., 2016; Ogg et al., 

2016 ; Al-Dulaimi and Saeed, 2017; Orabi, 2019; Li et al., 2020 ; Chabbi et al., 2021). 

It is worthy to mention that the present biozone correlates to the Globotruncana mariei 

biozone recorded by (Modaresnia et al., 2012) in northern Iran at the early Campanian, and 

the Globotruncana arca biozone identified by (Peryt et al., 2022) in Poland and eastern 
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Ukraine at the early Campanian. It can also be correlated with the  Marginotruncana 

manaurensis Subzone mentioned by Rami et al., 2016 in Tunisia centro-septentrional which 

dates from the upper Santonian. 

In the present study, this biozone was determined in the latest Santonian. 

 

 Table IV.4 : Stratigraphic framework and the planktic foraminiferal biozones identified 

in the study section at Djebel Essen. 

Conclusion 

 

In the eastern part of the Saharan Atlas, particularly in the regions of Tébessa and 

Batna, the Coniacian and Santonian stages have been biostratigraphically dated using 

ammonites, inoceramids, and planktonic foraminifera. The lower and middle Coniacian are 

identified by the presence of Dicarinella primitiva, while the upper Coniacian is marked by 

Marginotruncana sinuosa and Hemitissotia morreni. The Santonian stage is dated primarily 

through planktonic foraminifera, with the lower Santonian indicated by Sigalia carpatica, and 

the middle to upper Santonian defined by Dicarinella asymetrica, Globotruncanita elevata, 

and the inoceramid Inoceramus siccensis.
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1. Introduction  

The reconstruction of palaeoenvironmental conditions represents a crucial aim within 

the fields of sedimentology and palaeontology, offering valuable insights into historical 

climatic, oceanographic, and ecological scenarios. In this chapter, we examine and interpret 

the environmental contexts of the sedimentary sequence under investigation by analyzing the 

spatial and temporal distribution of both macrofaunal and microfaunal assemblages. Particular 

attention is directed towards two significant groups of microfauna (ostracods and 

foraminifera) due to their heightened sensitivity to environmental factors such as salinity, 

oxygen concentrations, water depth, and substrate characteristics. 

Macrofaunal remains, which encompass visible fossilized organisms like bivalvs and  

echinoderms, provide critical information regarding the ecological structure and energy 

dynamics of the palaeoenvironment. When assessed alongside microfaunal indicators, 

especially ostracods and foraminifera, a more nuanced and multi-dimensional reconstruction 

of the environment can be achieved. 

This chapter delivers a comprehensive interpretation of the palaeoenvironmental 

evolution within the study area. It synthesizes faunal distribution data with sedimentological 

insights and established regional palaeogeographic models. The ecological preferences and 

environmental tolerances of the identified taxa are utilized to deduce essential 

palaeoenvironmental parameters, including water salinity, depth variations, and potential 

anoxic occurrences. 

2. Results 

2.1. Macrofaunal assemblages 

2.1. 1. Essen section 

The section studied in Djebel Essen, the examined 242 samples of the 533m long 

sections, only 23 samples contain macrofossils. A total of 204 specimens were identified at 

the species level.These individuals belong to 33 species: 24 bivalves, 4 gastropods, one 

cephalopod, and 4 irregular echinoids. 

Bivalves are mainly heterodonts, oysters, and plicatulid. The echinoids are all spatangoid and 

of the same genus (Mecaster). The scarcity of the fauna and the low diversity can refer to 

either diagenetic dissolution of the aragonitic shells or environmental stress (Abdelhady and 
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Fürsich, 2014). Most of the identified species exhibit long vertical distributions. The UPGMA 

clustering based on Jacquard similarity was used to subdivide the studied samples into 

meaningful assemblages. It reveals four assemblages, as shown in Figure (1, 2). Based on 

NPMANOVA, these assemblagess exhibit significant differences (as shown in Table 1,  Table 

2). These distinct patterns are well-characterized on the NMDS plot, where no overlap in the 

scatter plot was observed (see Figure 3, Figure 4). The community structure of these 

assemblages was used to interpret their paleoenvironments.  

Agelasina plenodonta Assemblage 

This faunal assemblages predominates in the lower Coniacian of the Essen Formation 

(C1 to C50) and comprises eleven species: three echinoids and eight bivalves. Among them, 

Agelasina plenodonta is the most abundant, making up 43% of the assemblage (Figure 3), 

followed by Pycnodonte (Phygraea) vesicularis vesicularis at 16%, and Mecaster batnensis, 

which contributes less than 13%. Overall, the assemblage displays low diversity, with a 

Shannon diversity index of 1.21 and a Simpson index of 0.61 (Table 1). 

The majority of the taxa (84%) are infaunal, while epifaunal forms are scarce, representing 

just 16% (Table 1). Suspension feeders dominate the trophic structure (92%), whereas deposit 

feeders are relatively rare (16%, Table 2). Mobile taxa are more prevalent than stationary ones 

(Table 2). The predominance of infaunal and mobile organisms suggests that the substrate 

was soft to soupy in consistency (Abdelhady and Fürsich, 2014; Abdelhady and Mohamed, 

2017). 

Cucullaea Assemblage 

This assemblages characterizes the middle Coniacian of the Essen Formation (C70 to 

C150) and is represented by only four bivalve species:Cucullaea thevestensis, Cucullaea 

diceras, Oscillopha dichotoma, and Cucullaea trigona. Each of the first three species 

contributes more than 25% to the assemblage, while C. trigona makes up approximately 23% 

(Figure 3). The infaunal suspension feeder Cucullaea dominates the assemblages, accounting 

for 75% of the total composition. 

Species diversity is notably low, and the assemblage is best described as paucispecific. 

The Shannon diversity index is 0.83, and the Simpson index is 0.50 (Table 1). Infaunal taxa 

are predominant (75%; Table 2), while epifaunal forms are relatively scarce. The trophic 

structure is entirely composed of suspension feeders (100%), with no deposit feeders present 

(Table 2). Mobile species are more common than stationary ones. 
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Oscillopha-Plicatula Assemblage 

This assemblages predominates in the upper Coniacian of the Essen Formation (C160 

to C180) and includes a total of twelve species. Among these, Plicatula ferryi accounts for 

32%, while Oscillopha dichotoma comprises 31% of the assemblage (Table 1). Overall, the 

diversity within this assemblages is low.The Shannon diversity index is 0.91, and the Simpson 

diversity index is 0.48 (both values are reported in Table 1). Epifaunal taxa prevail 

constituting 68 % (Table 1). Infaunal organisms are less abundant. Additionally, suspension-

feeders dominate, accounting for 92 %, while deposit-feeders are rare (8 %; see Table 3). 

Mobile taxa are less common, while stationary organisms make up two-thirds of the 

assemblages. 

 

 

Figure V. 1: UPGMA cluster analysis using Bray-Curtis method. This analysis produced 

three clusters of sample groups based on relative abundances of the macrofossils of coniacian 

in  Essen section. 
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Figure V. 3: 2D-NMDS (Bray-Curtis similarity) plot shows the identified assemblages of 

coniacian in Essen section. 

 

TableV. 1 : Summary of the NPMANOVA test among the identified assemblages of 

coniacian in Essen section. 

 

Nuculana cf. mariae Assemblage 

This assemblage predominates in the Santonian of the Essen Formation (S1 to S62). 

They are characterised a less biodiverse a macrofaunal assemblage composed mainly of 

bivalves associated with numerous echinoids and rare gastropods, generally of the same 

species. In order of abundance, we note the presence of: Nuculana cf .mariae (D‘Orbigny, 

1844) accounts for 23%, Arctica cordata (Sharpe1850), Rostrocardia papieri (Coquand, 

1862), Astare gigantea deshayes, 1842, Plicatula fourenli (Coquand, 1862), Plagiostoma 
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subsimplex (Thomas & Peron 1891), Granocardium desvauxi coquand 1862, Plicatula ferryi 

(coquand 1862) and Hemiaster cf. bibansensis Péron & Gauthier, 1881 and the gastropod: 

Aporrhais fourneli (Coquand, 1862). Overall, the diversity within this assemblages is low. 

Epifaunal taxa prevail constituting 68 % (Table 1). Infaunal organisms are less abundant. 

Additionally, suspension-feeders dominate, while deposit-feeders are rare. Mobile taxa are 

less common.  

 

Figure V. 2: UPGMA cluster analysis using Bray-Curtis method. This analysis produced 

three un cluster of sample groups based on relative abundances of the macrofossils of 

santonian in Essen section. 

 

Figure V. 4: 2D-NMDS (Bray-Curtis similarity) plot shows the identified assemblages of 

santonian  in Essen section. 
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Table : 2 : Summary of the NPMANOVA test among the identified assemblages of 

Santonian. 

 

Table V. 3 : Summary of the characteristics of the identified associations of Essen section. 

2.1.2. Boukezez section 

The section studied in Djebel Boukezez, the examined 29 samples of the 160m long 

sections, only 7 samples contain macrofossils. A total of 65 individuals were identified at the 

species level.These individuals belong to 8 species: 13 bivalves, 8 gastropods, 33 irregular 

echinoids, 10 regular echinoids and one inoceramed. 

Bivalves are mainly Plicatula ventilabrum, Paraesafaba sp., and Rachiosoma 

rectilineatum. The echinoids are all spatangoid and of the same genus (Hemiaster) and regular 

echinoids Phymosoma thevestense and Phymosoma sulcatum. The scarcity of the fauna and 

the low diversity can refer to either diagenetic dissolution of the aragonitic shells or 

environmental stress (Abdelhady and Fürsich, 2014). Most of the identified species exhibit 

long vertical distributions. The UPGMA clustering based on Jacquard similarity was used to 
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subdivide the studied samples into meaningful assemblages. It reveals one assemblage, as 

shown in Figure 5. Based on NPMANOVA, these assemblagess exhibit significant 

differences (Table 4). These distinct patterns are well-characterized on the NMDS plot, where 

no overlap in the scatter plot was observed (Figure 6). The community structure of these 

assemblagess was used to interpret their paleoenvironments. 

Hemiaster fourneli – Paraesa faba Assemblage 

This faunal assemblages predominates in the lower section of the Boukezez Formation 

(E1 to E5) and comprises eleven species: three echinoids and eight bivalves. Among them, 

irregular echinoids (Hemiaster fourneli Agassiz and Dessor, 1847), regular echinoids 

(Phymosoma thevestense Péron and Gauthier, 1880), is the most abundant, making up 48 % of 

the assemblage (Figure 5, Figure 6), followed by bivalves (Paraesa faba at 22.58%, Plicatula 

ventilabrum Coquand, 1880 which contributes less than 16.12% and Rachiosoma 

rectilineatum Péron and Gauthier, 1881) is the least abundant 3.22%, and gastropods 

(Cimolithium sp., and  Nerinea sp.), Overall, the assemblage displays low diversity. Infaunal 

organisms are less abundant. Additionally, suspension-feeders dominate, while deposit-

feeders are rare. Mobile taxa are less common. 

 

 

Figure V. 5: UPGMA cluster analysis using Bray-Curtis method. This analysis produced 

three un clusters of sample groups based on relative abundances of the macrofossils of 

Boukezez section. 
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Figure V. 6: 2D-NMDS (Bray-Curtis similarity) plot shows the identified assemblage in 

Boukezez section. 

 

Table : 4 : Summary of the NPMANOVA test among the identified assemblage in Boukezez 

section. 

Based on the fossil record and ecological preferences of the species Plicatula 

ventilabrum, Paraesafaba sp., Rachiosoma rectilineatum, and the echinoids Phymosoma 

thevestense and Phymosoma sulcatum, it can be inferred that these organisms inhabited a 

shallow, warm, and well-oxygenated marine environment rich in nutrients. Plicatula 

ventilabrum, typically attached to hard substrates, indicates a moderately energetic, shallow 

marine setting with stable sedimentation and firmgrounds such as reefs or hardgrounds 
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(Skelton, 2013). The small-sized mollusks Paraesa faba and Rachiosoma rectilineatum 

suggest soft-bottom conditions with calm waters, favorable for microbenthic communities that 

thrive on fine sediments rich in organic matter (Kiel, 2010). Furthermore, the presence of 

echinoids like Phymosoma thevestense and Phymosoma sulcatum supports the interpretation 

of a neritic environment with sandy to muddy substrates and good bottom-water ventilation, 

consistent with their known ecological distribution in Cretaceous deposits (Smith & Jeffery, 

2000). Collectively, these taxa point to a stable, biodiverse, shallow marine ecosystem 

characteristic of the neritic zone during the Late Cretaceous. 

2.2. Ostracods and foraminifera assemblage  

2.2.1. Essen section 

A total of 242 samples, 8021 spcimens and  49 ostracods species were identified. The 

grouping of samples based on their ages, revealed a little overlap in the PCA plots (Figure 7). 

The first three components commenton 56 % for ostracods (Figure 7A-B) and 68 % in case of 

foraminifera (Figure7 C-D). These pattern are well characterized by the NPMANOVA test, 

where a significant difference was found (p < 0.001). The composition of the trophic nucleus 

(>80 %) for the Coniacian and Santonian assemblages reveals slight differences in the 

dominant ostracod species within these periods (Table 5).  

Cytherella aff. austinensis- Cytherella aff. contracta Assemblage 

In the Cytherella aff. austinensis- Cytherella aff. contracta Assemblage of Essen section 

330m, Cytherella aff. austinensisis the most abundant species, comprising 33.3 % of the 

Assemblage.This is followed by Cytherella aff. Contracta (8.7%), Spinoleberis yotvatensis 

(7.9%), and Cytherella gambiensis (7.2%). These species together dominate the trophic 

nucleus, which accounts for 80.1 % of the Coniacian assemblage. Additional contributions 

come from species like Paracypris mdaouerensis (4.3%) and Paracypris aff. 

posteriusacuminatus (4.1%), along with minor contributions from others such as 

Amphicytherura aff. yakhiniensis and Cytherella aegyptiensis. The trophic nucleus for the 

Coniacian accounts for 81.1 % of the total assemblage. 

Cytherella aff. austinensis - Cytherella aff. elongata Assemblage 

The Cytherella aff.austinensis - Cytherella aff. elongata Assemblage of Essen section 

200m features Cytherella aff. austinensisas the dominant species, accounting for 24.5% of the 

trophic nucleus.Other significant contributors include Cytherella aff. elongata (16.9%) and 

Paracypris mdaouerensis (15.5%), highlighting a shift indominance compared to the 

Coniacian. The contribution of Cytherella ovata decreases markedly to 6.2% in the Santonian, 
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while species suchas Spinoleberis yotvatensis (4.1%) and Cythereis algeriana (3.4%) 

playsmaller roles. The trophic nucleus for the Santonian accounts for 80.4% of the total 

assemblage.These shifts in the trophic nucleus suggest ecological and environmental some 

changes between the two stages.  

The comparison of ostracod assemblages between the Coniacian and Santonian stages 

highlights significant differences in numerical and functional diversity (Table 6). The 

Coniacian stage exhibits higher diversity and abundance, with 47 total species and 7766 

individuals, compared to 41 species and 1041 individuals in the Santonian. The average 

number of species and individuals per sample also declines notably from 11.75 and 43.14 in 

the Coniacian to 5.81 and 16.79 in the Santonian, respectively. These results indicate a 

marked reduction in population size and diversity during the Santonian. 

Diversity indices further emphasize these shifts. The Coniacian stage shows greater 

overall diversity, with higher Simpson (0.80) and Shannon (2.02) indices compared to the 

Santonian (0.70 and 1.45, respectively; Table 5; Figure 7). However, evenness increases from 

0.67 in the Coniacian to 0.85 in the Santonian, suggesting a more balanced distribution of 

individuals among species during the latter stage. Functional group analysis reveals shifts in 

dominance and ecological composition. Ostracods are more abundant in the Coniacian (43.6 

%) than in the Santonian (34.1%), while foraminifera, particularly benthicones, dominate in 

the Santonian (66.5%, with 37.2% benthic; Figure 7) compared to the Coniacian (57.0%, with 

18.2% benthic). Among ostracods, smooth forms decrease from 31.8% in the Coniacian to 

23.4% in the Santonian, while ornamented forms remain relatively stable. Foraminiferal 

subgroups show similar trends, with a decline in globular forms (20.6% to 13.1%) and an 

increase in keeled forms (8.0% to 10.0%) and benthic foraminifera (Figure 7). The Santonian 

shows a decline in foraminiferal diversity comparedto the Coniacian, with fewer species (15 

vs. 19; Table 6) and a lower number of individuals (190.82 vs. 329.32). However, diversity 

indices such as Simpson (0.93 vs. 0.91) and Shannon (2.77 vs. 2.56) suggest a more stable 

community in the Santonian. Dominance increases slightly (0.09 vs. 0.07), indicating a few 

species became moredominant, while evenness remains similar (0.89 vs. 0.87). 

In summary, the Coniacian is significantly different from the Santonian,where the 

Coniacian is more diverse, containing more smooth ostracods, more globular and keeled and 

planktic foraminifera. The Santonian is marked by diversity decrease and high dominance 

Index (Figs. 7). What is also interesting is the negative relationship between the ostracods and 

foraminifera.  
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These patterns suggest significant ecological and environmental changes between the 

Coniacian and Santonian, resulting in reduced diversity and altered community structure.The 

increased proportion of benthic foraminifera in the Santonian may reflect shifts in habitat 

conditions or ecological pressures during this time (Table 5). 

 

Figure V. 7 : PCA plots of the faunal assemblages categorized based on their ages; A-B) 

Ostracods; C- D) Foraminifera. Note the little overlap among the Coniacian and the Santonian 

assemblages, suggesting marked fauna changes. Green crosses: Santonian samples, yellow 

circles: Coniacian samples.  
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 Coniacian Species                 % Santonian Species             %                                               

                               Ostracods 
 

 

 

 

 

 

 

Foraminifera 

Cytherella aff. austinensis 33.3  

Cytherella aff. contracta 8.7  

Spinoleberis yotvatensis 7.9  

Cytherella gambiensis 7.2  

Cytherella ovata 6.7  

Cytherella aff.elongata 5.1  

Paracypris mdaouerensis 4.3  

Paracypris aff.posteriusacuminatus 4.1 

Cytherella gambiensis 2.7 

Amphicytherura aff. yakhiniensis 2.2  

Cytherella aegyptiensis 1.7 
Trophic nucleus 81.1  

Foraminifera Marginotruncana coronata 7.2  

Pseudotextularia sp. 7.0  

Heterohelix reussi 6.7  

Whiteinella archaeocretacea 6.2  

Marginotruncana sigali 6.0  

Whiteinella baltica 5.9  

Whiteinella sp. 5.8  

Archaeoglobigerina sp. 5.0  

Marginotruncana sinuosa 4.9  

Pseudotextularia nuttalli 4.5  

Muricohedbergella flandrini 4.3  

Marginotruncana pseudolinneiana 4.3  

Gavelinella sp. 4.3  

Marginotruncana renzi 4.1 

Marginotruncana cf. sigali 3.7 

Marginotruncana caronae 3.3 
Trophic nucleus 80.1 

Cytherella aff. austinensis 24.5 

Cytherella aff. elongata 16.9 

Paracypris mdaouerensis 15.5 

Cytherella ovata 6.2                                 

Spinoleberis yotvatensis 4.1 

Cythereis algeriana 3.4  

Cytherella aff. Contracta 3.0 

Paraplatycosta aff. talayninensis 1.9 

Cythereis namousensis 2.2 
 
 
80.4 

Whiteinella sp. 9.5  

Whiteinella archaeocretacea 9.5 

Archaeoglobigerina sp. 9.4  

Whiteinella baltica 7.3  

Globotruncana linneiana 6.3 

 Heterohelix reussi 6.0 

Marginotruncana pseudolinneiana 5.9 

Notoplanulina sp. 5.8  

Contusotruncana plummerae 5.6 

Globotruncana bulloides 5.1  

Eobigenerina sp. 5.1 

Dicarinella asymetrica 4.9 

 
 
 
 
 
Trophic nucleus 83 

 

Table V. 5 : Trophic nucleus (>80 %) composition of the identified assemblages of Essen 

section. 

 

  Coniacian Santonian 

General 

 

 

 

 

 

 

Ostracods 

 

 

 

Foraminifera 

                                        

Total samples   

% Ostracods  

% Foraminifera  

% Smooth ostracods  

% Ornamented ostracods  

% Benthic foraminifera  

% Planktonic foraminifera  

% Globular foraminifera  

% Keeled foraminifera  

% Heterohilixides  

 Average species  

Average individuals  

Average Dominance  

Average Simpson  

Average Shannon  

Average Evenness  

Average species 

Average individuals  

Average Dominance  

Average Simpson  

Average Shannon  

Average Evenness  

180 

43.6 

57.0 

31.8 

11.8 

18.2 

38.8 

20.6 

8.0 

10.4 

11.75 

43.14 

0.20 

0.80 

2.02 

0.67 

19 

329.32 

0.07 

0.91 

2.56 

0.87 

62 

34.1 

66.5 

23.4 

10.4 

37.2 

29.3 

13.1 

10.0 

6.5 

5.81 

16.79 

0.30 

0.70 

1.45 

0.85 

15 

190.82 

0.09 

0.93 

2.77 

0.89 
Table V. 6 : Summary of the differences between the two identified ostracod assemblages of 

Essen section. 

2.2.2. Boukezez section 

A high presence of ostracods generally coincides with an abundance of benthic 

foraminifera, suggesting that these two groups share similar environmental preferences, in 

particular well-oxygenated and stable seabed conditions. However, a major environmental 

change is observed when the disappearance of ostracods is accompanied by a significant 
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increase in calcispheres and globular planktonic foraminifera. This change probably indicates 

a transition to a deeper, less oxygenated or more open environment, unfavourable to the 

benthic fauna but favourable to the development of planktonic organisms.The boundary 

between the Coniacian and Santonian periods is particularly marked by the total absence of 

ostracods. At this stage, the fossil assemblages are dominated by planktonic foraminifera and 

opportunistic benthic forms, which are known for their ability to survive in stressful or 

unstable environmental conditions. 

A total of 23 samples, 1387 spcimens and 23 ostracods species were identified. The 

distribution of the identified species indicates vertical fluctuations in Boukezez section, where 

marly horizons are rich in the ostracods. In adition, the Coniacian/Santonian transition is 

unfossilierous. Hierarchal clustering was applied to the ostracod occurrence matrix using 

different similarity coefficients to identify potential clusters (assemblages). The quality of the 

fit for stratigraphically-constrained clustering was low (< 0.5). The Jaccard similarity retained 

the best fit (CCC= 0.86) and also save the stratigraphic pattern if the dendrogram splatted into 

three clusters at similarity more than 0.36. Moreover, these three clusters are well 

characterized in the NMDS plot (Figure 8), where no overlap among samples of different 

clusters were found. Santonian samples have low NMDS axis 1 values, while lower samples 

of both late Coniacian and early Santonian have higher scores on the NMDS axis 1 (Figure 8). 

Although both late Coniacian and early Santonian have similar NMDS axis one scores, they 

are well differentiated on NMDS axis 2 score, where the late Coniacian samples have higher 

scores and the early Santonian ones have lower scores (Figure 8). However, PERMANOVA 

test indicated that  the community composition of late Coniacian samples (E1-E5) and the 

earliest Santonian (E21- E29) are not significantly different. Therefore, both were grouped 

together and all samples of the section were grouped into two  main assemblages 

Cytherella ovata – Spinolebris yotvatensis Assemblage 

 The Cytherella ovata– Spinolebris yotvatensis Assemblage, which constitute the 

Upper coniacian of Boukezez Formation (55m) and is dominated by smooth carapcaes of the 

family Cytheracea (46%; Table 7) and has lower species diversity (Shannon= 1.27; 

Simpson= 0.6) and higher dominance (0.4). 

Paracypris aff. posteriusacuminatus- Ovocytheridea  triangularis Assemblage  

 The Paracypris aff. posteriusacuminatus- Ovocytheridea  triangularis Assemblage is 

dominating the lower santonian of Boukezez Formation (55-160m) and has higher diversity 

(Shannon= 1.62;  Simpson= 0.7) and lower dominance (0.29). 
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Figure V. 8 :2D-NMDS plot visualize the relationship among the proposed clusters 

(assemblages). 
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Table V. 7 : Summary of the differences between the two identified ostracod assemblages of 

Boukezez section. 

3. Paleoenvironmental discussion and interpretation 

The distribution pattern and the faunal diversity of the macrofaunes (Bivalves, echiniods and 

molusks) and microfaunals (ostracods, planktonic and benthic foraminifera) can be linked 

directly to different abiotic variables (e.g., depth, salinity, temperature, and the nature of the 

substrate characteristics). In addition, they can be used as indicators of eustatic variations 

(Babinot, 1995; Slipper, 2005; Al-Shareefi et al., 2010; Sayed et al., 2022). Variations in 

macrofaunal assemblages provide valuable insights into past marine and terrestrial 

environments, including factors such as salinity, substrate type, water depth, oxygenation 

levels, and energy conditions (Kidwell & Bosence, 1991 ; Fürsich & Oschmann, 1993 ; Brett 

& Baird, 1986 ; Hallam, 1992 ; Walker & James, 1992). High macrofaunal diversity is 

generally indicative of stable, well-oxygenated environments with favorable ecological 

niches, whereas low diversity may suggest stressful conditions, such as hypersalinity, anoxia, 

or rapidenvironmental changes (Fürsich & Oschmann, 1993;  Brett & Baird 1986 ; Harper & 

Peck, 2016;  Kidwell & Bosence, 1991; Hallam, & Wignall, 1997). The composition and 

distribution of macrofauna thus serve as key indicators for reconstructing palaeoecological 

settings and understanding the evolutionary responses of communities to palaeoclimatic and 
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palaeogeographic changes (e.g., Kidwell & Brenchley, 1994; Brett & Baird, 1997). This 

makes macrofaunal analysis essential in palaeoenvironmental studies, particularly when 

integrated with sedimentological and geochemical data. The diversity of ostracods is linked to 

the chemical stability of their environment, with their abundance generally reflecting trophic 

richness (Babinot and Crumière-Airaud, 1990;cited in Tchenar et al., 2020). Moreover, 

ostracods serve as excellent indicators of eustatic (sea-level) fluctuations (Babinot, 1995; Park 

et al., 2000; Slipper, 2005; Al-Shareefi et al., 2010; Sayed et al., 2022). 

Thus, the vertical lithological trends, microfacies profiles, macrofaunal assemblages, 

and quantitative analyses of ostracod distribution, alongwith data fromplanktonic and benthic 

foraminifera within the sedimentary succession, have enabled the palaeoenvironmental 

reconstruction of the Coniacian–Santonian interval at the Essen and Boukezez sections. 

3.1. Paleooxygenation  

During the Late Cretaceous, an Oceanic Anoxic Event (OAE 3) occurred across the 

Coniacian–Santonian interval (Marz et al., 2009), coinciding with persistently high global sea 

levels (Haq et al., 1988) and a long-term global cooling trend (Friedrich et al., 2012). In the 

Eastern Pontides region of northeastern Turkey, suboxic conditions have been reported for 

Turonian–Coniacian strata, which were subsequently followed by a gradual deepening of the 

depositional environment (Özyurt et al., 2023). Despite the occurrence of OAE 3, black shale 

deposition appears to have been limited geographically, with occurrences primarily 

documented in the Atlantic and Caribbean regions (Arthur and Schlanger, 1979; Jenkyns et 

al., 1994; Arthur et al., 1990; Wagner et al., 2004; Jones et al., 2007; Wagreich, 2012), as well 

as the Tarfaya Basin in Morocco (Prauss, 2015). In contrast, such deposits are notably absent 

in the Pacific and Tethyanrealms (Wagreich, 2012). As a result, OAE 3 is interpreted as a 

regionally confined anoxic event within the Atlantic, unlike the more globally pervasive OAE 

2 (Wagreich, 2005, 2009). Some researchers (e.g., Wagreich, 2009) have also suggested that 

OAE 3 was more characteristic of shallow marine environments, marked by the presence of 

redoxic sediments known as Cretaceous Oceanic Red Beds (CORBs). Supporting this, 

Kalanat et al. (2022) demonstrated that the Coniacian–Santonian boundary interval in the 

Eastern Tethys was deposited underoxic conditions a finding also corroborated by Nemouchi 

et al., (2024). Shallow-water environments are generally less prone to anoxia than deeper 

settings, as oxygen levels tend to decrease with depth (Richards, 1957). Furthermore, 

oligotrophic conditions, characterized by low nutrient input and reduced sedimentation rates, 
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are less conducive to the development of anoxic conditions, which are typically associated 

with eutrophic settings (Almroth-Rosell et al., 2021). However Although dysoxic conditions 

might be considered, the dominance of infaunal organisms indicates that oxic conditions 

prevailed, with sufficient oxygen penetrating the substrate to support benthic life (Abdelhady 

and Fürsich, 2014). A key factor contributing to the decline in ostracod assemblages during 

the Santonian is likely the decrease in oxygena vailability, resulting fromre stricted water 

circulation (Babinot and Tronchetti, 1983).  

At the Essen section, litho- and biofacies evidence from the current study indicate 

persistent oxic conditions with no significant fluctuations in oxygen levels. The middle to 

Upper Coniacian interval, comm only associated with the widespread anoxice vent OAE-3 

marked by black shale deposition in various global locations was not identified in the Essen 

section. This absence suggests sedimentation occurred in an isolated, shallow shelf lagoon. 

The lack of black shale and glauconite both common indicators of OAE-3 and frequently 

found at the Coniacian–Santonian boundary in the equatorial Atlantic and adjacent 

epicontinental seas (Mansour and Wagreich, 2022; Lamolda et al., 2014) further supports the 

interpretation that the Essen section represents a shallow, restricted lagoonal environment 

(Chikhi-Aouimeur et al., 2011).Furthermore, a comparison of ostracod assemblages across the 

Coniacian–Santonian boundary reveals a substantial drop in bothnumerical and functional 

diversity. The Coniacian is characterized by higher species richness and abundance, while the 

Santonian exhibits a marked reduction in bothmetrics. During the Santonian, planktonic 

foraminiferal diversity declined, marked by the extinction of certain species and the 

appearance of new taxa that coexisted with benthic foraminifera. Although ostracods 

remained present, their overall abundance decreased significantly. The persistence and 

continued proliferation of genera such as Whiteinella and Heterohelix beyond the Coniacian 

and Santonian transition reflect their adaptability to environmental stress, including low-

oxygen conditions (Caron and Homewood, 1983).The taxonomic replacement of 

Marginotruncana by Globotruncana and Globotruncanita, along with the evolutionary shift 

from Dicarinella primitiva to D. asymetrica prior to the end of the Santonian, may have been 

influenced by episodes of mild dysoxia (Schlanger and Jenkyns, 1976; Caron and Homewood, 

1983). This decline in planktonic foraminifera and ostracods during the Santonian (Table 6) 

may be linked to environmental stress, possibly associated with Oceanic Anoxic Event 3 

(OAE3). However, the lithofacies in the study area do not exhibit clear indicators of anoxic 

conditions. On the contrary, the increasing abundance of benthic foraminifera (Figs 9, 10), 
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typically more sensitive to anoxia suggests otherwise. This pattern may reflect the influence 

of mild dysoxia, perhaps associated with a nearby expanding anoxic zone such as that of the 

Tarfaya Basin, or the development of species adapted to anaerobic metabolism (Langlet, 

2014). Therefore, if dysoxic conditions were present, they were likely spatially or temporally 

limited (see Mansour and Wagreich, 2022).  

During the Coniacian and Santonian interval can be reconstructed the 

paleooxygenation based on the ecological structure of macro- and microfaunal assemblages. 

In the lower Coniacian, the Agelasina plenodonta Assemblage is dominated by infaunal, 

mobile suspension-feeding bivalves (84% infaunal and 92% suspension feeders), notably 

Agelasina plenodonta, which accounts for 43% of the total fauna. The predominance of 

infaunal, burrowing organisms, combined with the presence of echinoids, suggests that 

bottom and pore waters were well oxygenated to slightly dysoxic, allowing sustained 

bioturbation and filter feeding within a soft, muddy substrate (Abdelhady and Fürsich, 2014; 

Abdelhady and Mohamed, 2017). The subsequent Cucullaea Assemblage in the middle 

Coniacian exhibits a similar ecological pattern, with 75% infaunal suspension feeders, 

indicating stable oxic to mildly dysoxic conditions at the sediment water interface. However, 

both assemblages display very low diversity (Shannon index 1.21– 0.83), pointing to 

environmental stress such as high sedimentation, salinity fluctuations, or nutrient variability 

rather than persistent anoxia (Hallam, 1984; Wignall and Hallam, 1991). 

A major ecological shift occurs in the upper Coniacian, marked by the Oscillopha– 

Plicatula Assemblage, which is dominated by epifaunal and sessile taxa (68%), while infaunal 

forms become less abundant. This transition reflects a change toward shallower, possibly 

more agitated conditions with higher oxygenation at the sediment surface, restricting deep 

burrowing (Kidwell and Bosence, 1991). In the Santonian, the Nuculana cf. mariae 

Assemblage is characterized by low diversity, with epifaunal and stationary taxa still 

dominant. Microfaunal data reinforce this trend: ostracod diversity and abundance sharply 

decline from the Coniacian (47 species, 7766 individuals) to the Santonian (41 species, 1041 

individuals), while benthic foraminifera increase significantly, representing 37.2% of the total 

microfaunal assemblage. This negative relationship between ostracods and foraminifera 

suggests an ecological reorganization, likely linked to environmental stress and possible shifts 

in bottom-water chemistry (Caron and Homewood, 1983; Abdelhady and Mohamed, 2017). 

Throughout the Essen section, the continued presence of diverse bivalves, echinoids, and 
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benthic foraminifera argues against persistent basin-wide anoxia, such as that associated with 

the global Oceanic Anoxic Event 3 (OAE3), which is marked by widespread black shale 

deposition elsewhere (Wendler, 2013; Lamolda et al., 2014). Instead, the faunal composition 

points to predominantly oxic to moderately dysoxic conditions within a shallow, restricted 

shelf or lagoonal setting, where episodic environmental stresses (e.g., salinity variations, 

turbidity, or increased sedimentation) periodically reduced diversity and favored opportunistic 

taxa (Hallam, 1987; Wignall, 1994). The upward trend from infaunal to epifaunal dominance, 

coupled with the increase in stationary forms and benthic foraminifera, likely reflects a 

progressive shallowing and stabilization of substrate conditions toward the Santonian. This 

interpretation is consistent with sedimentological evidence for restricted shallow-marine 

deposition and with the absence of black shales or geochemical indicators of persistent 

euxinia within the Essen Formation (Dubourdieu, 1956; Nemouchi et al., 2024, 2025). 

In summary, the paleooxygenation record of the Essen section reveals that, while the 

macrofaunal and microfaunal communities experienced significant ecological fluctuations 

across the Coniacian and Santonian transition, there is no evidence for prolonged anoxic 

events. Instead, the observed patterns are best explained by local paleoenvironmental 

dynamics in a restricted epicontinental basin under generally well-oxygenated shallow-marine 

conditions, punctuated by episodic stress episodes. 

In Boukezez section based on the fossil record and the geographic distribution of the 

mentioned macrofauna, it can be inferred that these species inhabited a shallow, warm, 

nutrient-rich marine environment characterized by stable sedimentary conditions and good 

oxygenation. The bivalve Plicatula ventilabrum is considered an indicator of shallow marine 

settings with hard or mixed substrates, as it typically attaches to firm surfaces such as rocks or 

coral reefs. Its presence suggests a moderately energetic environment with stable 

sedimentation and sufficient oxygen supply (Skelton, 2013). Small-sized taxa such as Paraesa 

faba and Rachiosoma rectilineatum are classified as micromollusks, which often inhabit fine-

grained sediments in calm, shallow marine environments, indicating stable water conditions 

and high organic content (Kiel, 2010). The echinoids Phymosoma thevestense and 

Phymosoma sulcatum are echinoderms typically found in shallow, semi-open marine settings. 

They are indicative of well-oxygenated sandy or muddy seafloors and are often associated 

with biologically rich neritic environments (Smith and Jeffery, 2000).The distribution patterns 

and overall faunal diversity of ostracods are generally influenced by various abiotic factors 
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such as water depth, salinity, temperature, and substratecharacteristics. Overall, the 

twoidentifiedostracod assemblages exhibit distinct faunal compositions. The Cytherella 

ovata- Spinoleberis yotvataensis is primarily composed of smooth-shelled forms, where as the 

succeeding Paracypris aff. posteriusacuminatus- Ovocytheridea triangularis is dominated by 

ornamented carapaces. The Cytherella ovata- Spinoleberis yotvataensis is characterized by an 

abundance of disarticulated valves, which suggest deposition in a shallow, high-energy 

marine environment, likely within the neritic zone (Andreu, 1991; Andreu et al., 1998; Al-

Shareefi et al., 2010; Amami-Hamdi et al., 2016), under normal salinity conditions (Depeche, 

1984), warm temperatures (Morkhoven, 1963; Peypouquet et al., 1981; Depeche, 1984; 

Whatley, 1995; Bonnet et al., 1999), and well-oxygenated waters (Andreu, 1991). The 

relatively low species diversity may reflect oligotrophic conditions (Guernet and Molina, 

1995). Notably, ostracods are absent in intervals where planktonic foraminifera dominate. The 

exclusive presence of Planoheterohelix globulosa, without accompanying ostracods, indicates 

dysoxic conditions (Yao et al., 2018). Thus, the depositional setting associated with level E12 

(Table 4) appears unfavorable for ostracod habitation. In contrast, this interval shows a 

proliferation of planktonic foraminifera and calcispheres in laminated limestone, suggesting 

increased productivity under dysoxic to potentially euxinic conditions, as described by Bryant 

et al., (2021) for Planoheterohelix globulosa dominance during OAE2. 

Conversely, throughout the Santonian succession, the more diverse Paracypris aff. 

posteriusacuminatus- Ovocytherideatriangularis Assemblage is marked by an increased 

abundance of benthic foraminifera. The presence of Gavelinella alongside ostracods indicates 

a shallow, nutrient-rich (eutrophic) environment. This assemblage is dominated by 

ornamented, thick, and often articulated carapaces (e.g., Cythereis and Protocosta), which 

point to deposition on an open platform under rising sea level (Andreu, 1991). The elevated 

diversity of this assemblage reflects stable ecological conditions, including temperate waters, 

normal salinity, and well-oxygenated environments. These interpretations are supported by 

the co-occurrence of benthic foraminifera such as Eobigenerina, Gavelinella, and 

Cibicidoides (Yao et al., 2018; Cetean et al., 2008). Additionally, genera like Paracypris and 

Cythereis are typically found within the photic zone, particularly in carbonate-rich substrates 

(Babinot, 1995; Andreu, 2002; Shirazi et al., 2014; Trabelsi et al., 2015; Salel et al., 2016; 

Jomaa-Salmouna et al., 2017), which are often enriched in magnesium (Tchenar et al., 2020). 

The passage of Coniacian and Santonian where ostracoda are absent and Planoheterohelix 

globulosa is present reflect environmentally unfavorable conditions, characterized by 
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lowoxygen (dysoxia) and possibly highly anoxic (euxinic) conditions, resultingfrom high 

production activity associated with global oxygenation events (OAE2) and a deeper marine 

environment. The dominance of oxygen-tolerant foraminifera and absence of the ostracod 

ssuggest dysoxic to moderatelyanoxic settings. However, the lack of organic-rich black shales 

points to only partial development of Oceanic Anoxic Event 3 (OAE3), likely due to regional 

differences. Laminated limestones with calcispheres and Planoheterohelix globulosa suggest 

intermittent bottom-water ventilation. Overall, the evidence indicates warm seatemperatures 

and mild stratification, leading to oxygen stress but not full anoxia.The reduceddiversity of 

benthic fauna likely reflects environmentally stressful conditions, such as low oxygen levels, 

extreme nutrient regimes (either eutrophic or oligotrophic), or fluctuations in salinity 

(Abdelhady and Fürsich, 2014; Jain et al., 2023). In the Boukezez section, ostracods are 

absent from the marl intervals beneath laminated wackestone limestones (beds E7–E12). In 

contrast, two foraminiferal taxa Gavelinella and Heterohelix are notably abundant. Both 

genera have been documented in high-stress settings during the Late Cretaceous. Gavelinella, 

in particular, is among the five taxa commonly associated with oxygen-depleted, organic-rich 

environments of the Cretaceous (Friedrich et al., 2006). Its proliferation, especially during 

OAE2, is often referred to as the "Gavelinella acme," linked to reduced oxygen levels in both 

bottom and upper waters (Boudinot et al., 2020). Gavelinella has been widely recognized in 

OAE2 deposits as a dominant benthic epifaunal form (Amaglio et al., 2023). According to 

Amaglio et al., (2023), Gavelinella appears in environments with varying oxygen 

concentrations, suggesting that not only its presence but also its abundance may indicate 

oxygen stress, as seems to be the case in the study section.Similarly, Heterohelix a small 

planktonic foraminifer has been shown to tolerate low oxygen and often dominates stressed 

intervals, particularly following extreme events during the Cretaceous Paleogene (Pardo and 

Keller, 2008). It is likely that stratification of the water column during transgressive phases 

led to dysoxic conditions, with significant oxygen depletion at the sediment water interface. 

This would explain the absence of ostracods and the decline in sensitive benthic foraminiferal 

species (Figure 10). The abundance of planktonic foraminifera in this interval supports the 

interpretation of a deepening environment. While the absence of ostracods may reflect harsh 

conditions linked to OAE3, the lithological record lacks clear indicators of anoxia. For 

instance, the laminated wackestones of bed E12, though rich in Heterohelix globulosa, may 

indicate dysoxia rather than full anoxia. The absence of organic-rich black shales or dark 

carbonates hallmarks of OAE3 within the Coniacian and Santonian interval in this section 

suggests that the event was not strongly developed here, consistent with previous findings 
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(Wagreich, 2009; Wagreich and Mansour, 2022). According to these studies, organic-rich 

sedimentation during OAE3 was mostly confined to low-latitude Atlantic regions and nearby 

shallow seas.Previous authors (e.g., Arthur and Schlanger, 1979; Jenkyns, 1980; Arthur et al., 

1990; Wagner et al., 2004; Jones et al., 2007; Wagreich, 2009) have similarly noted that black 

shale deposits in this interval were spatially restricted. In the Boukezez section, laminated 

limestones containing calcispheres and Heterohelix globulosa serve as biostratigraphic 

markers of the Coniacian– Santonian transition. Overall, this interval is thought to have had 

sufficient oxygen levels in both shallow and deeper marine settings across the Tethys, Indian 

Ocean, and large portions of the Pacific (Wagreich, 2009). Furtherup section, in beds E16–

E20, the fossil-rich limestones characterized by abundant bioclasts such as bivalves, 

gastropods, and echinoid plates point to well-oxygenated and ecologically stable conditions. 

However, the continued absence of ostracods suggests a delayed recovery, highlighting their 

heightened sensitivity to even moderate environmental stress compared to other benthic 

organisms. Infaunal ostracods, which tend to have smooth carapaces, are more tolerant of low 

oxygen levels, while epifaunal forms typically feature ornamentation such as keels or spines 

and are associated with coarser sediments, higher-energy environments, and better 

oxygenation (Bodergat, 1983; Anadon et al., 2002). Numerous studies (e.g., Geiger, 1990; 

Dole-Olivier et al., 2000) indicate that smooth-shelled species tend to dominate under low-

oxygen conditions, in contrast to their ornamented counterparts a trend also observed in 

benthic foraminifera (Kaiho, 1994). The predominance of smooth ostracods during the latest 

Coniacian and earliest Santonian further supports the presence of dysoxic conditions 

duringthis time. 

3.2. Paleotemperature 

At the Essen section, the taxonomic richness of both foraminifera and ostracods shows 

a noticeable decline toward the late Santonian. These findings are consistent with those of 

Petrizzo et al., (2022), who reported a decrease in the absolute and relative abundance of 

calcareous plankton assemblages and epifaunal, oxic foraminifera in the southern high 

latitudes during the late Santonian. This faunal shift was attributed to a cooling event, 

evidenced by bulk carbonate and foraminiferal δ¹⁸O records, which primarily impacted the 

upper water column (see also Friedrich et al., 2012a, 2012b; O'Brien et al., 2017; Huber et al., 

2018a, 2018b; Petrizzo et al., 2022). Additional confirmation of this mid-to late Santonian 

cooling was provided by Jenkyns et al. (1994) and later supported by Haq (2014a, 2014b). 
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The appearance of Archaeoglobigerina is considered a significant evolutionary development, 

indicative of adaptation to cooler marine environments (Caron, 1983). According to Lipps 

(1979), if oceanic water masses descended in tandem with a pronounced temperature drop, 

only cold-tolerant specieswould have persisted. The relative abundance of benthic taxa may 

suggest that cooling had a greater impact on surface waters than on deeper waters or the 

seafloor. Notably, the decline in foraminiferal diversity began earlier, in the late Coniacian, 

implying that other environmental factors may have also contributed to this shift. During the 

Coniacian and Santonian interval can be inferred from the ecological structure of both 

macrofaunal and microfaunal assemblages. The lower Coniacian Agelasina plenodonta 

Assemblage, characterized by a predominance of infaunal, mobile, suspension-feeding taxa 

such as Agelasina plenodonta and Pycnodonte (Phygraea) vesicularis vesicularis, suggests 

deposition under warm, shallow, well-oxygenated marine conditions with soft substrates 

(Abdelhady & Fürsich, 2014; Abdelhady & Mohamed, 2017). Such assemblages are typical 

of subtropical to tropical environments, indicating elevated paleotemperatures, consistent with 

global mid-Cretaceous greenhouse conditions (Wilson & Norris, 2001; Friedrich et al., 2012). 

During the middle Coniacian, the dominance of the Cucullaea Assemblage, with low diversity 

and a high abundance of infaunal suspension feeders, indicates a relatively stable but warm 

environment with limited ecological niches, consistent with a shallow shelf lagoonal setting. 

The upper Coniacian Oscillopha- Plicatula Assemblage shows an increase in epifaunal taxa 

and stationary forms, suggesting a gradual shift toward slightly cooler and more stable 

conditions, possibly linked to minor regional sea-level fluctuations. Microfaunal data support 

these interpretations: Coniacian ostracod assemblages exhibit high diversity and dominance of 

smooth-shelled taxa such as Cytherella aff. austinensis, which are typically associated with 

warm, open-marine conditions (Whatley et al., 2003; Donze et al., 1982). The transition into 

the Santonian is marked by a pronounced decline in ostracod diversity and abundance, 

alongside an increase in benthic foraminifera (from 18.2% in the Coniacian to 37.2% in the 

Santonian), indicating environmental cooling and a shift toward more stressed benthic 

conditions (Haynes et al., 2015; Huber et al., 2018). These faunal shifts, combined with the 

paucispecific Nuculana cf. mariae Assemblage and the prevalence of epifaunal stationary 

taxa, suggest a drop in paleotemperature during the Santonian, possibly associated with the 

global climatic transition following the mid- Cretaceous thermal maximum (Voigt et al., 

2004; Robinson et al., 2017). Thus, the Essen section records a warm, tropical Coniacian sea 

that gradually cooled into the Santonian, accompanied by changes in marine biodiversity and 

community structure. 
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At Boukezez section, the Coniacian is significantly different from the Santonian, 

where the Coniacianis more diverse, containing more smooth ostracods, more globular and 

keeled and planktic foraminifera. The Santonian is marked by diversity decrease and high 

dominance Index. These patterns suggest significant ecological and environmental changes 

between the Coniacian and Santonian, resulting in reduceddiversity and alteredcommunity 

structure. The increased proportion of benthic foraminifera in the Santonian may reflect shifts 

in habitat conditions or ecological pressures duringthis time. The Cytherella ovata – 

Spinoleberis yotvatensis Assemblage, from the upper Coniacian, is dominated by smooth-

shelled taxa of the family Cytheruridae (notably Cytherella ovata, representing 46% of 

Cytheracea). This assemblage suggests deposition in cooler, deeper marine environments, 

likely on the outer shelf to upper slope, under low-energy and potentially oxygen-poor 

conditions. The low species diversity (Shannon = 1.27; Simpson = 0.60) and relatively high 

dominance (0.40) reflect ecological stress or thermal stability in a cool, oligotrophic setting. 

Although Spinoleberis yotvatensis, typically found in warm marginal marine environments, is 

present, its occurrence likely indicates ecological tolerance or transport rather than local warm 

conditions. This assemblage likely represents the interior continental platform under 

environmental stress, despite being formed under a relatively warm yet thermally stable 

climate. By contrast, the Paracypris aff. posteriusacuminatus – Ovocytheridea triangularis 

Assemblage, characteristic of the lower Santonian of the Boukezez Formation, reflects a 

warmer, open-marine setting associated with a relative sea-level rise. The presence of 

ornamented forms and the high diversity indices (Shannon= 1.62; Simpson= 0.70), along 

with low dominance (0.29), suggest eutrophic, well-ventilated, and ecologically stable 

conditions in shallow, subtropical neritic environments. This assemblage contains associated 

benthic foraminifera such as Gavelinella and Cibicidoides, which further support the 

interpretation of oxygenated, nutrient-rich bottom waters, favorable for benthic communities. 

The ostracods in the passage of Coniacian and Santonian, are abundant in marly beds 

alternating with benthic foraminifera, the higher species diversity denotes the establishment of 

ecological conditions featuring temperate waters, the benthic and planktonic fossil 

assemblages indicate environmentally stressed conditions during the Coniacian and 

Santonian, including low oxygen, salinity fluctuations, and variable nutrient levels.  

3.3.  Sea level  
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During the Coniacian and Santonian periods, global sea level was characterised by 

widespread transgression, reaching one of the highest peaks in the Late Cretaceous. 

According to Haq (2014), this rise in sea level resulted mainly from the absence of polar ice 

caps and the thermal expansion of the oceans linked to a globally warm climate. In addition, 

the increased activity of the mid-ocean ridges has contributed to a reduction in the volume of 

the ocean basins, inducing flooding of the continental margins. Miller et al., (2020) confirm 

this trend by identifying a series of short- and medium-duration eustatic cycles superimposed 

on a general rise in sea level, affecting sedimentary deposits in numerous basins, particularly 

in Europe, North Africa and North America. These conditions favoured the development of 

broad carbonate platforms and shallow marine basins, with sedimentation rich in organic 

matter, reflecting stratification of the waters and sometimes partial anoxia in certain 

basins.Environmental factors such as water depth and the intensity of upwelling may have 

caused the selective elimination of specialised species.  

At Essen section, the Coniacian stage, although shorter in duration than the preceding 

Cenomanian and Turonian stages, has received relatively limited attention in the literature due 

to its restricted outcrops and reduced spatial extent, which are largely the result of a prolonged 

global sea-level fall during this time (Haq, 2014). This regression led to a significant 

reduction in shallow-marine habitats, contributing to the low diversity of Coniacian 

macrofauna, a pattern observed not only in Algeria but also across North Africa and the 

Middle East (Abdelhady et al., 2023). In the Eastern Saharan Atlas, this pattern was further 

influenced by local tectonic activity associated with Triassic diapirism, which created isolated 

shallow-water environments with limited faunal exchange (Dubourdieu, 1956; Perthuisot, 

1978; Perthuisot & Rouvier, 1992). During the Turonian, the opening of the Trans-Saharan 

seaway facilitated faunal connections between the Tethys to the east and the South Atlantic to 

the west, encouraging widespread biotic exchange along marginal marine environments 

(Adamu et al., 2023). This connectivity explains the similarities between Algerian faunas and 

those of adjacent regions in North and West Africa. However, during the Coniacian, a gradual 

first-order sea-level fall reduced these connections and promoted the development of more 

localized faunal assemblages (Callapez et al., 2015). By the Middle Coniacian, a brief 

transgressive event was associated with the Oceanic Anoxic Event 3 (OAE3) and black shale 

deposition in the Atlantic Ocean (Meyers et al., 2006). Nevertheless, in the Essen section, no 

evidence of black shale or major facies changes was observed, and only minor faunal 

variations were recorded, suggesting that the area remained isolated and well-oxygenated, 

outside the direct influence of OAE3 (Mansour & Wagreich, 2022). 
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The macrofossil assemblage is dominated by oysters such as Pycnodonte, which are 

highly eurytopic and able to tolerate variable environmental conditions, unlike rudists that 

dominated earlier Aptian–Turonian carbonate platforms but disappeared locally due to 

increased terrigenous influx and siliciclastic sedimentation (Stanley, 1970; Bottjer, 1985; 

Chikhi-Aouimeur, 2003). The cooccurrence of Pycnodonte with spatangoid echinoids points 

to moderately deep lagoonal environments, likely exceeding 15 m in depth, rather than very 

shallow tidal flat conditions (Ferreira Soares, 1968; Kauffman, 1967; Nemouchi et al., 2024). 

The scarcity of macrofauna during this interval reflects a combination of environmental 

stressors, including reduced habitat area and fluctuating energy conditions, which selectively 

eliminated highly specialized taxa unable to withstand even minor environmental 

perturbations (Lipps & Mitchell, 1976). This interpretation is supported by the microfossil 

record, which reveals highly diverse planktonic foraminiferal assemblages dominated by 

keeled genera such as Dicarinella and Marginotruncana, indicating warm, open-marine 

waters of variable depths during the Coniacian (Caron, 1983). The abundant and diverse 

ostracod assemblages, particularly smooth-shelled taxa like Cytherella, suggest well-

oxygenated bottom waters and stable substrates (Piovesan et al., 2014). The presence of 

Paracypris mdaouerensis further indicates deposition within a restricted infralittoral zone 

(Slami et al., 2022). In addition, benthic foraminifera such as Gavelinella and Cibicidoides, 

typical of mid-neritic settings, reinforce the interpretation of a shallow shelf with good water 

circulation (Rodrigues et al., 2018; Amaglio et al., 2023; Taylor et al., 2017). 

A clear paleoenvironmental transition is observed from the Coniacian to the 

Santonian. During the late Coniacian, the dominance of taxa such as Cytherella and 

Spinoleberis, with their eurybathic nature, indicates environments with relatively stable 

energy regimes but subject to periodic fluctuations. At the Coniacian– Santonian boundary, 

the disappearance of ostracods and proliferation of calcispheres and planktonic foraminifera 

reflect a deepening event and a shift to more open, pelagic conditions unfavorable for benthic 

fauna (Huber et al., 2018). In the early Santonian, a resurgence of more diverse ostracod 

communities, including Paracypris and Ovocytheridea, alongside increased benthic 

foraminiferal diversity, signals a return to shallower, better-circulated waters, likely linked to 

a relative sea-level fall and progradation of the carbonate platform. This transition highlights a 

dynamic interplay between global sea-level changes, regional tectonics, and terrigenous input, 

which together shaped the energy regimes and ecological str ucture of the Boukezez section. 

Such patterns are consistent with other Upper Cretaceous Tethyan shelf deposits, which 
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document similar faunal turnovers and environmental shifts during the Coniacian– Santonian 

transition (Voigt et al., 2004; Friedrich et al., 2012; Abdelhady & Mohamed, 2017). 

At Boukezez section, in northeastern Algeria provides an exceptional record of 

relative sea-level fluctuations during the Coniacian and Santonianinterval along the southern 

Tethyan margin. The lower part of the section (E1–E5) is characterized by the Hemiaster 

fourneli– Paraesa faba Assemblage, which includes abundant irregular echinoids (Hemiaster 

fourneli) and regular echinoids (Phymosoma thevestense, Phymosoma sulcatum), together 

with small infaunal and epifaunal bivalves such as Plicatula ventilabrum, Paraesa faba, and 

Rachiosoma rectilineatum. The dominance of Plicatula ventilabrum, a taxon typically 

cemented to firm substrates, indicates deposition in a moderately energetic shallow-marine 

setting, probably situated above storm wave base where intermittent currents and wave action 

reworked the seafloor (Skelton, 2013). In contrast, the presence of Paraesa faba and 

Rachiosoma rectilineatum, which favor soft, fine-grained substrates, suggests periodic low-

energy conditions conducive to the accumulation of organic-rich sediments (Kiel, 2010). This 

mixed faunal composition points to a low to moderate-energy neritic environment, with 

alternating phases of stable, low-energy sedimentation and episodic high-energy events such 

as storms or tidal currents. Microfaunal evidence corroborates this interpretation: in the upper 

Coniacian, the Cytherella ovata– Spinoleberis yotvatensis ostracod assemblage exhibits low 

species diversity (Shannon= 1.27; Simpson= 0.60) and high dominance (0.40), features 

typical of a restricted lagoonal or inner-shelf setting with limited environmental variability 

(Whatley et al., 2003). 

Toward the Coniacian and Santoniantransition, a significant paleoenvironmental 

change is recorded by the disappearance of ostracods and a concomitant increase in 

calcispheres and planktonic foraminifera, particularly Heterohelix globulosa. This shift 

indicates a deepening event and reduced benthic oxygen levels, unfavorable for benthic 

communities but favorable for pelagic taxa, marking a transition to more open-marine, low-

energy conditions (Haynes et al., 2015; Huber et al., 2018). In the early Santonian, the 

Paracypris aff. posteriusacuminatus– Ovocytheridea triangularis ostracod assemblage shows 

higher diversity (Shannon= 1.62; Simpson= 0.70) and lower dominance (0.29), reflecting 

improved water circulation and increased nutrient availability, consistent with slightly more 

open and oxygenated shallow-marine conditions. The uppermost part of the section Santonian 

shows a return to abundant ostracods, diverse echinoids, and grainstone-dominated facies, 

indicating regressive and progradational conditions, with highly oxygenated, shallow 
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infralittoral to intertidal environments and vigorous hydrodynamic energy (Piovesan et al., 

2014; Rodrigues et al., 2018). 

Overall, the Boukezez section record a complete transgressive–regressive (T–R) cycle. 

During the late Coniacian, deposition took place under moderately energetic, shallow neritic 

conditions with well-ventilated bottom waters. A subsequent deepening phase around the 

Coniacian–Santonian boundary is reflected by the disappearance of benthic ostracods and the 

predominance of planktonic foraminifera, marking a Maximum Flooding Surface (MFS) and 

a shift toward a pelagic-dominated system. This was followed in the early Santonian by a 

regressive phase, as indicated by the re-establishment of diverse benthic assemblages and 

shallow-water grainstone facies, suggesting progradation of coastal and lagoonal 

environments during a relative sea-level fall. These results are consistent with global eustatic 

sea-level trends for the Coniacian and Santonianinterval (Haq, 2014; Voigt et al., 2004) and 

align with patterns documented in other Upper Cretaceous Tethyan shelf successions 

(Abdelhady & Mohamed, 2017; Friedrich et al., 2012), although the absence of black shale 

horizons suggests that the Boukezez area remained isolated from Oceanic Anoxic Event 3 

(OAE3), likely due to its position within a semi-restricted shallow shelf lagoon. 

3.4. Paleoenergy 

Hydrodynamic energy is integral to the development of sedimentary environments, 

serving as a key element in paleoenvironmental reconstructions. 

Environments with high energy are typically defined by coarser, well-sorted sediments 

and notable sedimentary structures like cross-bedding and ripple marks. In contrast, low-

energy environments tend to gather fine-grained, organic-rich deposits with restricted physical 

disturbance. These energy conditions not only determine sediment textures but also impact the 

distribution and preservation of biological remains, rendering energy a crucial factor in fossil 

taphonomy and ecological interpretation. Indicators in sedimentology, such as grain size 

distribution, bedding structures, and sediment fabric, are routinely utilized to infer historical 

energy conditions. Therefore, understanding energy dynamics is vital for interpreting 

depositional environments, basin evolution, and the climatic or tectonic forces that have 

influenced environmental changes in the geological past. 

At Essen section, in the Agelasina plenodonta Assemblage of Lower coniacian of the 

Essen Formation,  the dominance of suspension feeders implies that nutrient particles 

remained suspended in the water column, possibly due to agitation, or that the fauna were 

adapted to oligotrophic conditions. The assemblages is found within marly clay sediments, 

indicating a low-energy aquatic environment (Burchette and Wright, 1992; Wilmsen et al., 
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2010). High mobility and bulldozing behavior may have hindered the establishment of sessile 

or attached species, accounting for the low abundance of epifaunal taxa. Moreover, 

bioturbation and bulldozing activities likely redistributed sediment and returned organic 

material to the water column, enabling suspension feeders to access nutrients even in low-

energy settings. In the Cucullaea Assemblage of middle Coniacian of the Essen Formation, 

The extremely lower diversity suggests environmental stress or harsh conditions. Low 

nutrient availability and food shortage could also contribute to this unique ecological 

assemblages.Overall, this assemblages likely existed in a soupy substrate within alow-energy 

semi-closed lagoon with fluctuating water salinity and temperature (the stressful conditions 

herein), where only a few taxacould adapt to such a challenging habitat. In the Oscillopha-

Plicatula Assemblage of Upper coniacian of the Essen Formation, The dominance of 

epifaunal guild and stationary taxa suggests thatthe substrate was firm (Abdelhady and 

Mohamed, 2017). The dominance of suspension-feeders suggests that nutrient particles 

remained inthe water column (likely due to water agitation). The assemblages occurswithin 

marly clay sediments, which typically indicate low water-energy conditions (Burchette and 

Wright, 1992; Wilmsen et al., 2010). Low water-energy environments may allow sediments to 

become cemented, providing a habitat for attached/sessile taxa. A low sedimentation 

ratelikely contributed sticky sediments (Abdelhady and Fürsich, 2014). Lower diversity 

suggests environmental stress or harsh conditions. Despite this, oxic conditions prevailed due 

to the dominance of infaunal taxa (Abdelhady and Fürsich, 2014). The overall low diversity 

may be related to low nutrient availability (oligotrophy) is the stressful conditions herein. This 

assemblages likely lived in a sticky substrate within a low water-energy, closed lagoon. In the 

Nuculana cf. mariae Assemblage of Santonian of the Essen Formation, The dominance of 

suspension-feeders suggests that nutrient particles remained in the water column (likely due to 

water agitation). The assemblages occurs within marly clay sediments, which typically 

indicate low water-energy conditions (Burchette and Wright, 1992; Wilmsen et al., 2010). 

Low water-energy environments may allow sediments to become cemented, providing a 

habitat for attached/sessile taxa. This assemblages likely lived in a sticky substrate within a 

low water-energy, closed lagoon. The assemblages of the Essen Formation reflect 

predominantly low-energy depositional conditions within marly clay substrates and semi-

closed lagoons. The dominance of suspension feeders across all assemblages indicates that 

nutrients were retained in the water column, either by limited agitation or bioturbation, while 

low sedimentation rates produced sticky substrates that hindered sessile taxa. Extremely low 

diversity in the Cucullaea and Oscillopha-Plicatula assemblages points to oligotrophic, 
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stressful conditions, whereas the Agelasina plenodonta and Nuculana cf. mariae assemblages 

highlight the role of bulldozing and sediment cementation in sustaining suspension-feeding 

communities. Collectively, these faunas demonstrate that hydrodynamic energy exerted a 

primary control on substrate consistency, nutrient availability, and ecological structure in the 

Essen Formation. The Cytherella aff. austinensis- Cytherella aff. contracta Assemblage is 

dominated by Cytherella aff. austinensis and related taxa, forming over 80% of the trophic 

nucleus, with higher diversity (Shannon = 2.02; Simpson = 0.80) and greater species 

abundance than the Santonian. In contrast, the Cytherella aff. austinensis- Cytherella aff. 

elongata Assemblage shows a shift in dominance toward Cytherella aff. elongata and 

Paracypris mdaouerensis, with reduced diversity (Shannon= 1.45; Simpson= 0.70) and fewer 

species and individuals per sample. Functional trends reveal a decline in smooth ostracods 

and globular foraminifera, alongside an increase in keeled and benthic foraminifera, reflecting 

ecological restructuring. Overall, the Coniacian represents a more diverse and abundant 

phase, whereas the Santonian reflects reduced diversity but greater ecological stability.  

At Boukezez section, representing Upper Coniacian to Santonian deposits, reveals a 

clear paleoenvironmental and paleoenergy evolution based on integrated lithological, 

macrofaunal, and microfaunal evidence. The lower part of the section (E1–E5), corresponding 

to Unit 1, is dominated by the Hemiaster fourneli– Paraesa faba Assemblage, which is 

composed mainly of irregular echinoids (Hemiaster fourneli), regular echinoids (Phymosoma 

thevestense, Phymosoma sulcatum), and small infaunal and epifaunal bivalves such as 

Plicatula ventilabrum, Paraesa faba, and Rachiosoma rectilineatum. The dominance of 

Plicatula ventilabrum, a cemented suspension feeder attached to firm substrates, indicates 

moderately energetic shallow-marine conditions above the storm wave base, where 

intermittent currents and wave activity periodically reworked the seafloor (Skelton, 2013). In 

contrast, the co-occurrence of soft-sediment dwellers such as Paraesa faba and Rachiosoma 

rectilineatum points to low-energy phases characterized by calm water conditions and the 

deposition of fine, organic-rich sediments (Kiel, 2010). The alternation of marl and limestone 

beds with mudstone and wackestone textures in this unit further supports deposition in a low- 

to moderate-energy neritic setting, with episodic high-energy storm or tidal events (Smith & 

Jeffery, 2000). Ostracod assemblages in the same interval, notably the Cytherella ovata– 

Spinoleberis yotvatensis Assemblage, are dominated by smooth-shelled Cytheracea species, 

typical of restricted, quiet, and stable environments with limited hydrodynamic energy. The 

low species diversity (Shannon= 1.27; Simpson= 0.60) and high dominance (0.40) recorded 

here reinforce the interpretation of a protected lagoonal or inner-shelf environment with 
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limited water circulation (Whatley et al., 2003). A significant environmental perturbation is 

observed at the Coniacian–Santonian boundary, marked by the disappearance of ostracods 

and the sudden proliferation of calcispheres and planktonic foraminifera (e.g., Heterohelix 

globulosa). This shift indicates a rapid deepening event and a transition to more open-marine, 

less oxygenated conditions unfavorable to benthic macro- and microfauna (Haynes et al., 

2015; Huber et al., 2018). Lithologically, this interval (Unit 2, E7–E20) is dominated by 

bioclastic wackestones and packstones with large invertebrate fragments, representing 

medium to high-energy subtidal to mid-platform settings, gradually passing upward into 

laminated limestones rich in planktonic organisms, suggesting a temporary shift toward 

pelagic sedimentation during peak transgression. In the overlying Unit 3 (E21–E72), 

corresponding to the Santonian, a resurgence of ostracods is observed in the Paracypris aff. 

posteriusacuminatus– Ovocytheridea triangularis Assemblage. This group exhibits higher 

diversity (Shannon= 1.62; Simpson = 0.70) and lower dominance (0.29), reflecting more 

open-marine, well-circulated conditions with greater nutrient availability. The associated 

limestone microfacies evolve upward from packstone to grainstone textures, with abundant 

pelletoids, bryozoans, and echinoid fragments, indicating deposition in very shallow, high-

energy environments, probably within the upper intertidal to shallow subtidal zones. The 

presence of hardgrounds and dolomitized limestones in the uppermost part of the section 

suggests repeated episodes of emersion and reworking under strong hydrodynamic influence. 

Overall, the Boukezez section records a transition from a protected, low- to moderate-

energy neritic environment during the late Coniacian, characterized by well-ventilated bottom 

waters and periodic storm influence, to a deeper, low-energy and more pelagic setting at the 

Coniacian–Santonian boundary, followed by a return to very shallow, high-energy 

environments during the Santonian as a result of renewed shallowing and progradation of the 

carbonate platform. This evolutionary pattern mirrors regional trends observed in other 

Tethyan shelf settings, where the Coniacian and Santonian transition is marked by faunal 

turnovers, increased planktonic dominance, and significant paleoceanographic changes linked 

to global sea-level and climatic fluctuations (Voigt et al., 2004; Friedrich et al., 2012; 

Abdelhady & Mohamed, 2017). 

3.5. Paleosalinity 

Salinity is widely recognized as a critical paleoenvironmental proxy due to its strong 

sensitivity to climatic, hydrological, and oceanographic processes.  In geological archives, 

shifts in salinity are often inferred through multiple lines of evidence, including fossil 

assemblages. Microorganisms such as foraminifera and  ostracods,  are especially sensitive to 
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salinity changes, making their fossilized remains powerful tools for reconstructing ancient 

aquatic environments.  Collectively, salinity reconstructions contribute significantly to our 

understanding of paleoclimate variability, basin evolution, and the response of aquatic 

systems to long-term environmental change. 

At the Essen section, salinity shows a progressive increase from the Lower Coniacian 

through to the Santonian. At the base Agelasina plenodonta Assemblage (C1–C50), the faunal  

dominated by Agelasina plenodonta (43 %) and Pycnodonte (Phygraea) vesicularis (16 %), 

with Mecaster batnensis among echinoids, a diverse planktonic foraminiferal load, and an 

abundant ostracod assemblage indicates marine connectivity but benthic stress consistent with 

upper mesohaline to polyhaline conditions  driven by episodic freshwater input (low diversity; 

dominance of suspension feeders) (Abdelhady & Fürsich, 2014; Colin & Peypouquet, 1979). 

In the Middle Coniacian (C70–C150), a strongly paucispecific, Cucullaea dominated infaunal 

assemblage (75 % Cucullaea) combined with continued marine planktonic indicators suggests 

persistent polyhaline conditions under stronger estuarine/nearshore influence; arcid bivalves 

documented euryhalinity explains their dominance despite open-marine planktonic signals 

(Fürsich & Werner, 1988; Abdelhady& Mohamed, 2017). A significantecological change is 

recorded in the faunal association dominating the upper part of the Essen Formation (C160–

C180) is characterized by a low-diversity macrofauna, mainly composed of the epifaunal 

suspension-feeding bivalves Plicatula ferryi (32%) and Oscillopha dichotoma (31%). The 

predominance of euryhaline oysters suggests deposition under relatively stable conditions 

compared to earlier Coniacian Assemblages, but still within a low-diversity framework 

reflecting environmental stress. Importantly, the concomitant record of abundant ammonites 

(Hemitissotia morreni) and a diversified planktonic foraminiferal community (including 

Heterohelix globulosa, Pseudotextularia nuttalli, Whiteinella baltica, Dicarinella 

canaliculata, Marginotruncana coronata, among others) provides clear evidence of open-

marine influence and fully marine water masses. This interpretation is reinforced by the 

ostracod assemblage, which includes a wide spectrum of Cytherella species (C. ovata, C. aff. 

contracta, C. gambiensis, C. aegyptiensis, C. austinensis), as well as Paracypris, 

Ovocytheridea, and Xestoleberis, all of which are generally associated with normal-marine 

salinity conditions. Taken together, these lines of evidence indicate deposition under upper 

polyhaline to euhaline conditions, reflecting a near-normal marine setting with reduced 

freshwater influence and enhanced connection to open-marine environments. The continued 

low diversity of the benthic macrofauna likely results from substrate or hydrodynamic stress 

rather than salinity reduction, since the microfaunal indicators strongly point toward stable, 
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fully marine conditions. By the Santonian, the Nuculana cf. mariae Assemblage (S1-S62) 

reflects a further shift towards normal marine conditions, with the prevalence of echinoids and 

suspension-feeding epifauna in fine-grained deposits suggesting near-normal salinity. Overall, 

these successions document a clear salinity trend from stressed meso/polyhaline conditions in 

the early Coniacian toward increasingly stable euhaline conditions by the Santonian, a pattern 

that aligns with a regional transgressive trajectory and the progressive reduction of freshwater 

influence. 

At Boukezez section, the Hemiaster fourneli– Paraesa faba Assemblage, which 

dominates the lower part of the Boukezez Formation (E1-E5), is characterized by a 

predominance of echinoids, notably the spatangoid Hemiaster fourneli and the regular 

echinoid Phymosoma thevestense, which together constitute nearly half of the assemblage. 

These taxa are generally considered stenohaline and representative of normal marine 

conditions. Accompanying bivalves, such as Paraesa faba and the euryhaline oyster Plicatula 

ventilabrum, also support deposition in polyhaline to upper euhaline environments, where 

salinity values likely approach near-normal marine levels. The community is dominated by 

suspension-feeders, while infaunal and mobile elements are less common, suggesting 

deposition in well-oxygenated waters with firm substrates. Although overall diversity remains 

low, this pattern is more plausibly attributed to episodic environmental stress and selective 

diagenetic loss of aragonitic shells rather than to a sustained reduction in salinity. Taken 

together, the faunal composition and ecological structure indicate that this assemblage records 

deposition under polyhaline to upper euhaline conditions, tending toward near-normal stable 

marine salinity. The absence of typical marine taxa such as ammonites may reflect fluctuating 

salinity levels. Furthermore, limited nutrient availability and food scarcity likely contributed 

to the formation of this distinctive ecological community. The occurrence of echinoids 

suggests normal water salinity. The overall low diversity may be related to low nutrient 

availability (oligotrophy) is the stressful conditions herein. Where the distribution of ostracod 

assemblages in the Boukezez section reveals clear vertical fluctuations in paleosalinity across 

the Coniacian and Santonianinterval, particularly rich in ostracods, whereas the 

Coniacian/Santonian transition is unfossiliferous, likely reflecting unfavorable environmental 

conditions. Cluster analyses (Jaccard similarity, CCC= 0.86) and NMDS ordination 

identified two major ostracod assemblages. The Cytherella ovata– Spinoleberis yotvatensis 

Assemblage, which characterizes the Upper Coniacian (55 m), is dominated by smooth-

shelled cytheraceans (46%) and exhibits low diversity (Shannon= 1.27; Simpson= 0.6) and 
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high dominance (0.4). The prevalence of smooth, thin-shelled forms (Cytherella, 

Spinoleberis) taxa generally associated with deeper, reduced salinity tolerance suggests 

deposition under relatively mesohaline to polyhaline conditions, possibly on the outer shelf 

where freshwater influence remained episodically significant (Colin & Peypouquet, 1979; 

Whatley & Boomer, 2000; Benson, 1972). In contrast, the Paracypris aff. 

posteriusacuminatus–Ovocytheridea triangularis Assemblage, dominating the Lower 

Santonian (55–160 m), displays higher diversity (Shannon= 1.62; Simpson= 0.7) and lower 

dominance (0.29). The abundance of robust, ornamented taxa such as Paracypris and 

Ovocytheridea, which are tolerant of more stable marine salinities, indicates a transition 

toward euhaline conditions (Boomer et al., 2003; Horne et al., 2002). This faunal shift, 

together with higher NMDS axis 1 scores in Coniacian samples compared to the Santonian, 

reflects a progressive reduction of freshwater input and stabilization of marine conditions 

during the early Santonian. The lack of significant faunal difference between the latest 

Coniacian (E1–E5) and the earliest Santonian (E21–E29) as shown by PERMANOVA 

suggests a gradual rather than abrupt salinity transition across the boundary. Overall, the 

ostracod assemblages document an ecological trajectory from stressed, mesohaline/polyhaline 

communities in the Upper Coniacian toward more diverse, euhaline assemblages in the 

Santonian, consistent with a long-term transgressive trend. 

3.6. Substrate 

The substrate, defined as the underlying surface or material upon which sediments 

accumulate and organisms live, plays a critical role in paleoenvironmental reconstructions. Its 

composition  not only influences sedimentation dynamics but also controls the geochemical 

conditions and biological assemblages preserved in the geological record. Substrate properties 

affect key environmental parameters such as  redox conditions, porosity, and stability, which 

in turn influence fossil preservation and sediment diagenesis. In marine and lacustrine 

systems, for instance, carbonate substrates often facilitate the preservation of calcareous 

microfossils (e.g., foraminifera, ostracods), while siliciclastic or muddy substrates are 

associated with more dynamic environments, such as estuaries, deltas, or continental margins 

(Nichols, 2009). Recent studies, such as that by Vleeschouwer et al. (2020), have highlighted 

how changes in substrate composition across stratigraphic sections can indicate shifts in 

depositional environments and climatic regimes. Thus, understanding substrate characteristics 

is essential for accurate paleoenvironmental and paleogeographic reconstructions, especially 

when integrated with sedimentological, geochemical, and paleontological data. 
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At Essen section, the macrofaunal, ostracods and foraminiferals assemblages of the 

Essen Formation collectively indicate a substrate evolution from soft, soupy, fine-grained 

muds during the Coniacian to more compacted and heterogeneous marly substrates in the 

Santonian. In the Coniacian, macrofaunal associations: the Agelasina plenodonta Assemblage 

of the lower Coniacian, characterized by low diversity and dominance of infaunal suspension-

feeders, indicates a soupy substrate with limited firm ground colonization (Abdelhady & 

Fürsich, 2014; Abdelhady & Mohamed, 2017).  A soft to soupy substrate is the stressful 

conditions herein and may explain the general low diversity. This association existed in a 

soupy substrate within a low water-energy restricted lagoon (Chikhi-Aouimeur et al., 2011). 

Corroborated by the dominance of smooth-shelled cytherellids (Cytherella aff. austinensis, C. 

aff. contracta) a diverse and abundant ostracods assemblages, coupled with a higher 

contribution of globular and planktic foraminifera, reflects deposition on soft, low-energy 

outer-shelf floors, where cohesive muddy substrates and reduced near-bed energy favored 

smooth forms and intermittent oxygen stress near the sediment–water interface (Murray, 

2006; Boomer et al., 2003; Peypouquet, 1977). Similarly, the Cucullaea and Oscillopha–

Plicatula Assemblage of the middle to upper Coniacian are paucispecific and dominated by 

infaunal taxa, Epifaunal taxa are less abundant, Suspension feeders are exclusively dominant 

(100 %), while deposit-feeders are absent, with Oscillopha abundance suggesting adaptive 

strategies to soft-bottom habitats, consistent with Seilacher‘s (1984) observations on oyster 

adaptations to muddy substrates, the dominance of infaunal guild taxa suggests that substrate 

was likely soft (Abdelhady and Mohamed, 2017). Macrofaunal the Nuculana cf. mariae 

Assemblage dominance of epifaunal and stationary guilds implies firmer substrates and 

harsher environmental conditions, with very low diversity suggesting ecological stress, 

although oxic conditions were maintained (Abdelhady & Fürsich, 2014; Abdelhady & 

Mohamed, 2017). By contrast, the Santonian records a decline in ostracod abundance and 

diversity, increased evenness, and a rise in benthic foraminifera, pointing to more 

consolidated, marly substrates and greater benthic control (Murray, 2006; Sen Gupta, 1999). 

The combination of ostracods–foraminiferals signals and macrofaunal guild structures thus 

documents a clear environmental transition; from soft, unstable muddy substrates in the 

Coniacian, favorable to infaunal bivalves and ostracods- rich communities, to firmer, more 

compacted marly grounds in the Santonian, increasingly dominated by benthic foraminifera 

and epifaunal macrofauna under more stressful but relatively stable benthic conditions 

(Chikhi-Aouimeur et al., 2011; Rosenfeld & Raab, 1983). 
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At the Boukezez section, the substrate conditions of the Boukezez Formation, as 

reconstructed from both macrofaunal and microfaunal assemblages, indicate a transition from 

soft, nutrient-rich muds in the Coniacian to more stable, compacted substrates in the 

Santonian. The Hemiaster fourneli–Paraesa faba Assemblage of the lower Coniacian is 

dominated by irregular echinoids Hemiaster fourneli and bivalves such as Paraesa faba, 

Plicatula ventilabrum, and Rachiosoma rectilineatum, with suspension-feeders prevailing and 

infaunal elements relatively scarce. The presence of Plicatula ventilabrum, which typically 

attaches to firm substrates, suggests patchy hardgrounds or firmgrounds within a 

predominantly soft-bottom environment (Skelton, 2013). By contrast, small infaunal taxa 

Paraesa faba, Rachiosoma rectilineatum and gastropods Cimolithium and Nerinea point to 

fine-grained, organic-rich sediments favorable to microbenthic communities (Kiel, 2010). 

This mixed signal indicates deposition in a shallow neritic setting with localized firm 

substrates but overall soft, soupy sediment, consistent with interpretations from comparable 

Cretaceous bivalve assemblages (Abdelhady & Fürsich, 2014; Abdelhady & Mohamed, 

2017). The concurrent ostracod assemblages reinforce this view: the Cytherella ovata–

Spinoleberis yotvatensis Assemblage of the upper Coniacian is dominated by smooth-shelled 

cytheraceans (46%), indicative of soft-mud substrates with intermittent oxygen stress at the 

seafloor (Peypouquet, 1977; Boomer et al., 2003). This assemblage exhibits low species 

diversity (Shannon= 1.27; Simpson= 0.6) and high dominance (0.4), features typical of 

stressed benthic communities on unstable muddy bottoms. At the Coniacian–Santonian 

boundary, the disappearance of ostracods, coupled with a sharp increase in calcispheres and 

globular planktonic foraminifera, signals a major environmental change towards deeper, less 

oxygenated, and more open marine conditions unfavorable to benthic organisms but favorable 

to planktonic proliferation (Murray, 2006; Sen Gupta, 1999). The Santonian Paracypris aff. 

posteriusacuminatus–Ovocytheridea triangularis Assemblage, by contrast, displays higher 

diversity (Shannon= 1.62; Simpson= 0.7) and lower dominance (0.29), pointing to a more 

heterogeneous benthic environment with relatively firmed marly substrates. Macrofaunal 

evidence from the Nuculana cf. mariae Assemblage corroborates this interpretation, as the 

dominance of epifaunal and stationary guilds implies firmer grounds, while extremely low 

diversity reflects stressful or unstable conditions (Abdelhady & Fürsich, 2014; Chikhi-

Aouimeur et al., 2011). Collectively, the combined faunal signals document a substrate 

evolution from soft, soupy, and unstable muddy bottoms in the Coniacian, dominated by 

infaunal bivalves and smooth ostracods, to firmer, more compacted marly substrates in the 

Santonian, characterized by stronger benthic foraminiferal presence and epifaunal 
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macrofaunal dominance under increasingly stressed environmental conditions.In summary, 

this assemblage most likely developed within a soft, soupy substrate,  semi-enclosed lagoon 

characterized by fluctuating salinity and temperature stressful conditions under which only a 

few specialized taxa could survive. Such lagoonal settings are typically marked by fine-

grained sediments, soft substrates, and low faunal diversity. For more detail on the lithofacies 

and biofacies of lagoonal environments. 

4. Coniacian- Santonian transition  

In Essen section, the Coniacian is significantly different from the Santonian, where the 

Coniacian is more diverse, containing more smooth ostracods, more globular and keeled and 

planktic foraminifera. The Santonian is marked by diversity decrease and high dominance 

Index. What is also interesting is the negative relationship between the ostracods and 

foraminifera. These patterns suggest significant ecological and environmental changes 

between the Coniacian and Santonian, resulting in reduced diversity and altered community 

structure. The increased proportion of benthic foraminifera in the Santonian may reflect shifts 

in habitat conditions or ecological pressures during this time. Benthic foraminifera, which 

may affected more by anoxia is increasing. This can be explained by a small degree of 

dysoxia due to the development of a large anoxic zone (Schlanger and Jenkyns, 1976) not far 

from the study area,the low diversity of the benthic fauna may be the result of a stressed 

environmental conditions such as reduced oxygen availability, extreme (low/high) eutrophic 

levels, reduced salinity (Abdelhady and  Fürsich, 2014; Jain et al., 2023). The distinction 

between the Coniacian and Santonian is less clear-cut due to the absence of clear biogenic 

markers and the prevalence of sedimentary lacunae.The middle–upper Coniacian boundary, 

typically linked to the Oceanic Anoxic Event 3 (OAE-3) and marked by widespread black 

shale deposition, is absent in the Essen section. This absence indicates sedimentation within 

an isolated shelf lagoon (Nemouchi et al., 2024). Shallow marine settings are generally less 

prone to anoxic conditions than deeper environments, as oxygen availability decreases with 

depth (Richards, 1957). Moreover, oligotrophic conditions, characterized by limited nutrient 

and sediment supply, contrast with the eutrophic settings usually associated with anoxia 

(Almroth-Rosell et al., 2021). These factors support the interpretation that OAE-3 was 

confined to the equatorial Atlantic and adjacent epicontinental seas (Mansour and Wagreich, 

2022). The lack of black shales (Mansour and Wagreich, 2022) and glauconites (Lamolda et 

al., 2014) features commonly recorded at the Coniacian–Santonian boundary in equatorial 
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Atlantic regions further suggests that the Essen section was deposited in shallow, restricted 

shelf lagoons (Chikhi-Aouimeur et al., 2011, Nemouchi et al., 2024).In contrast, the 

Santonian experienced a reduction in the diversity of planktonic foraminifera, marked by the 

extinction of certain species and the rise of others that cohabited with benthic foraminifera. 

While ostracods remained present, their populations saw a notable decline. The ongoing 

proliferation of Whiteinella and Heterohelix beyond the Coniacian-Santonian boundary 

suggests their ability to withstand environmental pressures, including anoxic conditions 

(Caron and Homewood, 1983). Furthermore, an analysis of ostracod communities from the 

Coniacian and Santonian stages indicates considerable disparities in both numerical and 

functional diversity. The lithofacies do not exhibit clear evidence of such anoxia. 

Additionally, benthic foraminifera, which may be more adversely affected by anoxia, are on 

the rise. This phenomenon can be attributed to a slight degree of dysoxia resulting from the 

formation of a substantial anoxic zone (Schlanger and Jenkyns, 1976). 

In the Boukezez section Herein, the ostracods are absent in marls underlain by 

laminated wackestone limestones of beds E7-E12. In contrast, two foraminifers are abundant 

include Gavelinella and Planoheterohelix. Both were recorded in high stress environments 

during the Late Cretaceous of many localities. Gavelinella was found to be one of five taxa 

dominating the oxygen-depleted and organic-rich environments of the Cretaceous (Friedrich 

et al., 2006). During the OAE2, the Gavelinella acme was associated with deoxygenation in 

bottom waters (and even upper water column; Boudinot et al., 2020).  In general, the OAE 2 

interval was dominated by the benthic calcareous epifaunal Gavelinella sp. (Amaglio et al., 

2023). However and according to Amaglio et al. (2023), Gavelinella was found in settings 

with variable oxygen levels. The repeated occurrences in anoxic/dysoxic setting suggest that 

their abundance (not only occurrence) can be related to oxygen deficiency as the case in the 

study section.   

Similarly, Pardo and Keller (2008) found that the small Heterohelix is low-

oxygen tolerant and is dominating high stress horizons after extreme events of the Cretaceous-

Paleogene interval. Probably, stratification of the water column associated with deepening 

was result in dysoxia, where oxygen level decreased significantly at sediment-water interface, 

and thus, ostracods and benthic foraminifer species could not survive (Figure 13). The 

dominance of the planktonic foraminifera at this interval supports a deeper water condition. 

The absence of ostracods could be related to stressful environmental conditions within 

OAE3. But the oxygen deficiency has no clear lithologic footprint. Laminated wackestones of 
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bed E12 is not an obvious criterion. Although this bed contains abundant Planoheterohelix 

globulosa, they may represent only dysoxia and not anoxia. The absence of the marked 

organic carbon-rich black shales and dark carbonates of the OAE3 of Coniacian-Santonian 

interval indicates that the event was not pronounced in the study site. This is in same line with 

previous investigations (e.g., Wagreich, 2009; Mansour and Wagreich, 2022).  According to 

the Wagreich and Mansour (2022), organic-rich sedimentation was mainly restricted to low-

latitude Atlantic and adjacent shallow seas. Certain authors (e.g., Arthur and Schlanger, 1979; 

Jenkyns, 1980; Arthur et al., 1990; Wagner et al., 2004; Jones et al., 2007; Wagreich, 2009) 

have previously noted a restricted occurrence of black shales in the Coniacian and 

Santonianinterval. In Boukezez section, laminated limestones hosting calcispheres and 

Planoheterohelix globulosa are regarded as a biochronological marker for the Coniacian-

Santonian transition.  In general, the Coniacian-Santonian was a time of enough oxygen in 

shallow and deep seas in the Tethys, Indian, and large areas of the Pacific (Wagreich, 2009). 

The fossiliferous nature of the limestones of the beds E16 to E20 and the dominance 

of bioclastics (bivalves, gastropod, and echinoid plates) indicate well-oxygen conditions and 

more stable environment. Absence of ostracods at this horizon indicates a delay in their 

recovery and hint to more sensitivity to moderate and low environmental stress, relatively to 

other benthic groups. 

Ostracods that are living infaunally usually have smooth carapaces and they are 

adapted for low-oxygen availably, while those living epifaunally have usually ornamented 

surfaces with keels or spines and also they usually found in coarser sediments of higher water-

energy and enough oxygen (Bodergat, 1983; Anadón e al., 2002). Generally and based on 

numerous investigations (e.g., Geiger, 1990, Dole-Olivier et al., 2000), the species with 

smooth carapces can dominate low-oxygen environments and contrast the ornamented ones. 

The latter is also comparable to the phenomenon seen in benthic foraminifera (Kaiho, 1994). 

The dominance of smooth forms in latest Coniacian and earliest Santonian supports dysoxic 

conditions.  
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Figure V. 9. Box plots show marked differentiation between the ostracods/foraminifera of 

Coniacian and the Santonian assemblages. 

 

Figure V. 10: Stratigraphic framework of the Boukezez section. Shaded area denotes the 

Coniacian- Santonian transition. 

5. Paleobiogeography 

The identified species predominantly exhibit Tethyan affinities and have been reported 

from Upper Cretaceous deposits across North Africa and the Middle East (West Asia), as 

documented by Seeling and Bengtson (1999), Jaitly and Mishra (2009), Moussavou (2015), 

Benzaggagh (2016), and Ghenim et al. (2019). Several species, such as Pycnodonta 
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(Phygraea) vesicularisvesicularis, Amphidonteconica, Protocardiahillana, and Oscillopha 

dichotoma, display a cosmopolitan distribution and have been recorded globally. In contrast, 

Idonearca trigona and Meretrix desvauxi appear to be restricted to North Africa. The 

presence of numerous regionally restricted species supports the idea of a biogeographic link 

between the study area and the Tethyan Ocean, suggesting that any environmental restriction 

affecting the basin was likely spatially or temporally limited. Notably, although Idonearca 

trigona and Meretrix desvauxi possess planktotrophic larvae typically associated with broader 

dispersal these species show a limited geographic range (Abdelhady and Fürsich, 2015), 

implying that abiotic factors may have been more influential than biotic traits in controlling 

their distribution. 

The biogeographic distribution of the identified species whether restricted or 

widespread cannot be attributed solely to their larval development strategies. Other factors, 

such as environmental tolerance and adaptability to stress, likely play a significant role. For 

example, the broad distribution of Cretaceous oysters, both within the study area and globally 

(Ahmad et al., 2015), is probably linked to their ability to withstand a wide range of 

environmental conditions. This same resilience may also account for the success of modern 

oysters, which often thrive in habitats affected by intense anthropogenic pressures, including 

eutrophic lakes, deltas, lagoons, coastal wetlands, and shallow marine environments. 

Therefore, the biogeographic patterns observed in the fossil assemblage are likely shaped by a 

combination of both biotic and abiotic influences. 

This continental margin of the Tethyan appears to be a pathway for ostracods faunal 

exchanges, characterized by significant dispersion linked to an increase in water depth during 

the Santonian (Benmansour et al., 2016). The extensive geographic range of ostracods along 

both the northern and southern Tethyan margins indicates opportunities for migration and 

exchanges between these different regions (Babinot and Colin, 1988 and 1992; Carbonnel, 

1990; Colin and Hochuli, 1992; Luger, 2003; Khalil, 2020; Bekhouch et al., 2023;  Bendala et 

al., 2023). As all ostracods are active mobile, they have the chance to be dispersed for  longer 

distances (Abdelhady and Fürsich, 2015). Although many species are widespread in North  

Africa, similarity among countries based on their ostracods fauna is less than that of the  

Turonian. The general low faunal similarity in the Coniacian-Santonian can be related to the 

lesspronounced marine transgression relatively to that of  the Cenomanian-Turonian 

(Abdelhady et  al., 2023). Similarly, Piovesan et al. (2014a) attributed the narrower 

geographic ranges of the  Santonian–Campanian ostracods, comparatively to the 
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Cenomanian–Turonian, to the  paleobathymetry. The existed similarity between North Africa 

and West Africa may indicate continued extensive faunal exchange between the two regions 

via the Trans-Sahara-Seaway (see Reyment, 1980; Elewa and Abdelhady, 2020). Elewa and 

Abdelhady (2020) suggested that in addition to the Trans-Sahara-Seaway, the dispersion 

along the continental margin of the southern Tethyan through Gibraltar corridor to the 

continental margin of West Africa towards the southern Atlantic  is also possible. The wide 

geographic distribution of some ostracods species in North Africa and the  Middle East 

suggests also that these areas share similar paleoenvironmental conditions (e.g.,  water 

salinity, energy, dissolved oxygen, and food supply), facilitating exchanges along the South 

Tethyan margin (Jomaa-Salmouna et al., 2017). The dispersion towards the south (as  

indicated by an earlier/older occurrence by key taxa in the North; Sarr, 1995; Elewa and 

Abdehady, 2020) indicates also that temperature gradient was not very steep during the  

Coniacian-Santonian interval (Zakharov et al., 2012) or that cooling by the Santonian 

(Petrizzo et al., 2022) made migration toward the south a favorable trend for many ostracod 

species. The  very low similarity of the identified taxa with those from United States indicates 

that the migration via the North Atlantic was highly restricted. The latter can be also 

attributed to increasing depth of the Atlantic (Murphy and Thomas, 2013) or duo to the 

Santonian cooling  (Petrizzo et al., 2022), where southern migration will be more favorable. 
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Figure 11a : Geographic distribution of the identified macrofaunal species in the study 

section. 
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Figure 11b : Geographic distribution of the ostracods taxa identified in the study section. 1: 

Egypt, 2:Tunisia, 3: Algeria, 4: Morocco, 5: France. 

6. Regional correlation 

During the middle Turonian to Santonian, an extensive shallow water carbonate 

platforms developed on the southern margin of the Tethys (Tunisia and East Algeria). During 

the Turonian to Santonian period, extensive shallow-water carbonate platforms emerged along 

the southern edge of the Tethys, specifically in Tunisia and East Algeria. These platforms 

were shaped by extensional fault systems (Camoin, 1991). In the South-East Constantinois 

Basin of Algeria, Cheriet and Benzagouta (2016) assessed Coniacian- Santonian outcrops, 

identifying them as potential reservoirs characterized by low porosity and permeability. Such 

features may arise from deposition within restricted shelf lagoons and diminished 

hydrodynamics. 

The Coniacian and Santonian series found in the Aures Mountains of northeastern 

Algeria is marked by sedimentation processes dominated by marls (Bentahar et al., 2023). 
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Bentahar et al., 2023 examined three sections from the Aures Mountains and noted the 

existence of two distinct Coniacian- Santonian formations. The lower formation is 

approximately 300 meters thick and comprises carbonate marls interspersed with limestone 

banks that host gastropods, sea urchins, lamellibranchs, and the ammonite Tissotia tissoti, 

which is indicative of the Coniacian age. Conversely, the upper marly formation, abundant in 

Palcenticeras polypsis, corresponds to the Santonian age. Rudists, which are of significant 

biostratigraphic importance and have been utilized to date various Late Cretaceous sections, 

are prevalent in the upper Turonian of the Aures Mountains. Noteworthy rudist species 

include Distefanella lombricalis, Bournonia, Vaccinites, Hippurites, Plagioptychus, and 

Durania. For additional information, consult the works of Busson et al. (1999) and Chikhi-

Aouimeur (1992, 2003). Nevertheless, the demarcation between the Turonian and Coniacian 

remains inadequately defined (Bentahar et al., 2023; Benzerouel et al., 2024). In the Aures 

region, the rudist limestones are overlain by marly beds that contain the ammonite Tissotia, 

which corroborates the Coniacian age of the strata (Chikhi-Aouimeur, 2003).The studied 

Essen Formation can be correlated to the lower formation, El assas Formation at El assas 

section, of Bentahar et al., 2023. 

Essen and Boukezez sections highlights both stratigraphic continuity and 

paleoecological variability across the Coniacian and Santonian interval. The Essen Formation 

(Nemouchi et al., 2024, 2025) exhibits a thick, homogeneous marl succession (533 m) with 

abundant benthic macro-invertebrates, particularly bivalves and echinoids, and only a limited 

presence of gastropods. Its Coniacian deposits (300 m) are overlain by Santonian strata (200 

m), separated by a 3 m bioconstructed limestone bench, with the lower boundary resting on a 

Turonian rudist limestone bar (Dubourdieu, 1956). In contrast, the Boukezez section is thinner 

(160 m) and consists of alternating marls and limestones (Yahiaoui, 1990; Laffitte, 1939), 

where the exposed record spans only the Upper Coniacian to Santonian. Despite these 

lithological differences, micropaleontological data allow for a meaningful correlation. In the 

Essen section, the Coniacian is characterized by the Cytherella aff. austinensis– Cytherella 

aff. contracta Assemblage, with a trophic nucleus strongly dominated by Cytherella aff. 

austinensis alongside Spinoleberis yotvatensis and Cytherella gambiensis, whereas the 

Santonian shows a shift to the Cytherella aff. austinensis– Cytherella aff. elongata 

Assemblage, marked by increased representation of Cytherella aff. elongata and Paracypris 

mdaouerensis. Similarly, the Boukezez section records a transition from the Cytherella ovata– 

Spinoleberis yotvatensis Assemblage in the upper Coniacian, dominated by smooth-shelled 
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Cytheracea with low diversity and high dominance, to the Paracypris aff. 

posteriusacuminatus– Ovocytheridea triangularis Assemblage in the lower Santonian, 

characterized by greater diversity and reduced dominance. These parallel faunal turnovers in 

both sections reflect ecological restructuring across the Coniacian–Santonian boundary, most 

likely linked to regional paleoenvironmental changes affecting both diversity patterns and 

community composition. 

7. Conclusion  

The macrofaunal and microfaunal assemblages of the Essen and Boukezez sections 

reveal significant local palaeoenvironmental variability during the Coniacian–Santonian. The 

Essen section reflects soft-substrate, low-energy settings marked by infaunal dominance, 

moderate environmental stress, and fluctuating conditions. In contrast, Boukezez indicates 

firmer substrates, greater habitat stability, and well-oxygenated neritic environments. Both 

sections record faunal and ecological shifts linked to sea-level fluctuations, temperature 

changes, and oxygen availability, highlighting the complex interplay of regional 

palaeogeography, substrate consistency, and climatic influences. These findings underscore 

the importance of local depositional settings in shaping marine community structure within 

the broader Tethyan. 
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GENERAL CONCLUSION 

The analysis of Coniacian and Santonian formations in the Tébessa and Bellezma-

Batna mountains, located in northern Algeria (Eastern Saharan Atlas), conducted through a 

multidisciplinary approach integrating lithological, paleontological, biostratigraphic, and 

paleoenvironmental studies, has led to the following main conclusions: 

From a structural perspective, the two studied areas belong to the Eastern Saharan 

Atlas domain in northeastern Algeria. The Essen section, located in Tébessa, is part of the 

Mellegue Mountains, while the Boukezez section, situated in Batna, belongs to the Bellezma-

Batna Mountains. These regions occupy a transitional position between the Saharan basement 

to the south and the Tellian domain to the north. They are characterized by particularly thick 

Mesozoic to Cenozoic sedimentary successions, shaped by Alpine tectonic processes. 

From lithological and paleontological perspectives, the two studied sedimentary 

successions, located at Jebel Essen (Tébessa) and Jebel Boukezez (Batna), both record the 

Coniacian and Santonian interval, yet display significant differences in thickness, lithological 

composition, and fossil assemblages. The Essen Formation reaches a substantial thickness of 

approximately 533 meters, dominated by marly deposits interbedded with fossiliferous 

limestone layers. In contrast, the Boukezez Formation is considerably thinner (around 160 

meters) and is composed predominantly of carbonate facies. At Jebel Essen, four distinct 

biogenic units were identified based on the distribution of macro- and microfossils, 

comprising diverse assemblages of bivalves, echinoids, cephalopods, foraminifera, and  

ostracods. A marked faunal turnover is evident at the Coniacian–Santonian boundary, 

characterized by the first occurrence (FO) of Dicarinella asymetrica and a transition from 

highly diverse to low-diversity faunal communities. In contrast, the Boukezez section shows 

lower overall fossil diversity, particularly among ostracods and foraminifera, and is 

dominated by echinoid-rich two assemblages, indicative of shallower, higher-energy 

depositional conditions. 

The Coniacian and Santonian transition is clearly expressed at Jebel Essen by a 3 meter-thick 

bioclastic limestone bed, while at Boukezez, this transition is less well-defined due to 

sedimentary discontinuities and the absence of precise biostratigraphic markers. 

Taken together, these findings refine the regional biostratigraphic framework and 

highlight local paleoenvironmental contrasts: Jebel Essen reflects a deeper, more stable, and 

fossil-rich marine setting, whereas Jebel Boukezez represents a shallower, more dynamic 
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environment with intermittent sedimentation, both shaped by Late Cretaceous sea-level 

fluctuations. 

From biostratigraphical perspectives of the Essen and Boukezez formations refines the 

Coniacian and Santonian stratigraphic framework in northeastern Algeria. In the Essen 

section, five planktonic foraminiferal zones were identified, from the Dicarinella primitiva 

Zone (Lower–Middle Coniacian) to the Globotruncanita elevata Zone (Latest Santonian), with 

the FO of Dicarinella asymetrica marking the Coniacian/Santonian boundary. In the Boukezez 

Formation, the Inoceramus siccensis Zone, associated with Mecaster fourneli, defines the 

lower Santonian. The integration of foraminiferal, ammonite, and inoceramid data reveals a 

clear faunal turnover at the boundary, reflecting significant paleoenvironmental changes 

linked to regional sea-level fluctuations. These results provide robust correlations with other 

Tethyan regions and improve understanding of the Coniacian and Santonian transition. 

The analysis of macrofaunal assemblages from the Essen and Boukezez sections 

reveals a generally low diversity and scarcity of fossils, mainly composed of bivalves, 

echinoids, and rare gastropods. In the Essen section, four distinct assemblages were identified, 

showing a transition from infaunal, mobile taxa in the lower Coniacian to more epifaunal, 

suspension-feeding communities by the Santonian. This reflects gradual environmental 

changes from soft, soupy substrates to firmer, moderately energetic settings. In the Boukezez 

section, one assemblage dominated by echinoids (Hemiaster, Phymosoma) and bivalves 

(Plicatula, Paraesa faba) suggest a shallow, warm, and well-oxygenated marine environment 

with mixed substrates. 

Overall, both sections indicate deposition in a neritic setting with limited ecological 

diversity, likely influenced by fine sedimentation, occasional oxygen stress, and stable 

shallow-marine conditions during the Late Cretaceous. These results provide valuable insights 

for regional and Tethyan-scale stratigraphic correlations of the Coniacian and Santonian 

interval. 

The analysis of ostracod and foraminiferal assemblages from the Essen and Boukezez 

sections highlights distinct ecological and environmental shifts across the Coniacian and 

Santonian transition. At Essen, the Coniacian interval is marked by high taxonomic diversity 

and abundance, with assemblages dominated by smooth-shelled ostracods and a prevalence of 

planktic foraminifera, including globular and keeled forms. In contrast, the Santonian record a 

notable decline in diversity, an increase in benthic foraminifera, and a higher dominance 
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index, all of which point to environmental stress and changing habitat conditions. In the 

Boukezez section, ostracods are well represented during the Coniacian but vanish near the 

stage boundary, coinciding with a sharprise in planktic foraminifera and opportunistic benthic 

species. This pattern reflects a shift from well-oxygenated, shallow neritic environments to 

deeper, less stable, or oxygen-depleted settings. In summary, the Coniacian and Santonian 

show marked paleoecological differences. The former exhibits greater diversity and 

ecological complexity, while the latter is characterized by simplified communities, dominated 

by benthic forms. A particularly note worthy observation is the inverse relation ship between 

ostracod and foraminiferal abundance, suggesting distinct ecological responses to changing 

environmental pressures. The rise in benthic foraminifera during the Santonian likely reflects 

adaptation to altered substrates, oxygenation levels, or increased environmental stress during 

this interval. Overall, both sections record a significant faunal turnover at the Coniacian–

Santonian boundary, reflecting a deterioration of benthic habitats and a reorganization of 

marine communities during this time. 

These changes suggest a major faunal turnover linked to substrate modification, 

reduced oxygenation, and overall environmental instability. Collectively, the data indicate that 

the Coniacian was a period of ecological complexity and favorable marine habitats, whereas 

the Santonian represents a time of environmental stress and community restructuring, marking 

a critical phase in the paleoenvironmental evolution of the region. 

 The paleoenvironmental record of the Essen and Boukezez sections reflects 

predominantly oxic, shallow-marine conditions throughout the Coniacian and Santonian 

interval, with only localized and short-lived episodes of dysoxia. At the Essen section, the 

absence of black shales and glauconite, along with the persistence of diverse macrofaunal and 

benthic foraminiferal assemblages, indicates that Oceanic Anoxic Event 3 (OAE3) did not 

strongly impact this region. Instead, the faunal patterns suggest deposition within a restricted, 

shallow shelf lagoon, where occasional environmental stresses such as salinity fluctuations, 

increased sedimentation, or turbidity temporarily reduced diversity. The Boukezez section 

records a comparable trend, with early Coniacian assemblages dominated by infaunal 

suspension feeders such as Agelasina plenodonta, indicative of well-oxygenated, soft-bottom 

conditions. A transition to epifaunal dominance in the upper Coniacian reflects a shift toward 

shallower and more agitated environments, followed by a Santonian decline in both macro- 

and microfaunal diversity, linked to episodic oxygen stress and possible mild dysoxia. While 

ostracod assemblages decrease sharply at the boundary, the concurrent rise of planktonic 
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foraminifera (Heterohelix, Globotruncana) and benthic forms like Gavelinella suggests 

intermittent stratification and oxygen depletion, rather than persistent anoxia. 

Overall, both sections document regional paleoenvironmental changes driven by 

eustatic sea-level fluctuations, with a gradual deepening at the Coniacian and Santonian 

transition followed by progradation and shallowing in the early Santonian. These findings 

align with broader Tethyan trends while highlighting that, in northeastern Algeria, OAE3 was 

only weakly expressed, with dysoxic conditions limited in extent and duration. 

In summary, the transition from the Coniacian to the Santonian reflects a gradual 

environmental shift from shallow, stable, and well-oxygenated marine settings with high 

biodiversity, to more variable environments characterized by a decline in diversity and signs 

of episodic oxygen stress. This indicates that local ecosystems responded to global sea-level 

and climatic changes, while the region was less affected by major anoxic events compared to 

other parts of the Tethys realm. 

The paleotemperature evolution recorded at the Essen and Boukezez sections reflects a 

transition from warm, well-oxygenated shallow marine conditions during the Coniacian to 

cooler and more environmentally stressed settings in the Santonian. In the Essen section, high 

diversity of foraminifera and ostracods in the lower Coniacian suggests tropical, stable 

conditions, while the late Santonian is marked by a pronounced decline in diversity and 

abundance, indicating a cooling event and changes in marine community structure, consistent 

with global climatic trends (Petrizzo et al., 2022; Friedrich et al., 2012). At the Boukezez 

section, the Coniacian assemblages are characterized by high diversity and dominance of 

smooth-shelled ostracods and keeled planktonic foraminifera, reflecting warm, open-marine 

environments. In contrast, the Santonian shows reduced diversity, higher dominance, and a 

greater proportion of benthic foraminifera, indicating cooler, stressed, and shallower 

conditions. These shifts suggest a regional response to global sea-level changes and mid-

Cretaceous cooling, with the Coniacian and Santonian transition representing a turning point 

marked by ecological reorganization and declining biodiversity. 

Overall, the comparison shows a paleotemperature gradient from the cooler, deeper, 

and stressed environments of the Coniacian (Cytherella ovata– Spinoleberis yotvatensis 

Assemblage) to the warmer, shallower, and ecologically richer environments of the Santonian 

(the Paracypris aff. posteriusacuminatus– Ovocytheridea triangularis Assemblage). This 

reflects both regional sea-level rise and a shift toward more favorable climatic and 
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environmental conditions during the Santonian transgressive phase, consistent with the global 

Late Cretaceous green house trend. 

The Coniacian and Santonian transition represents a turning point in paleoclimate, 

marked by a gradual cooling and a reorganization of marine ecosystems. This cooling phase 

was superimposed on broader global greenhouse conditions of the Late Cretaceous, leading to 

a regional decrease in biodiversity and a shift from warm, tropical seas during the Coniacian 

to cooler, stressed environments during the Santonian. These regional responses were driven 

by global sea-level changes, climatic oscillations, and local paleoceanographic dynamics, 

reflecting the complex interplay between global greenhouse trends and localized 

environmental factors. 

The Essen and Boukezez sections provide valuable insights into relative sea-level 

fluctuations along the southern Tethyan margin during the Coniacian and Santonian 

transition. At Essen, the Coniacian is characterized by low-diversity macrofaunal assemblages 

dominated by eurytopic oysters (Pycnodonte) and spatangoid echinoids, reflecting restricted, 

shallow-marine settings linked to a global sea-level fall and local tectonic isolation. The 

absence of black shale and significant facies changes indicates that this area remained well-

oxygenated and outside the direct influence of Oceanic Anoxic Event 3 (OAE3). In contrast, 

the Boukezez section record a complete transgressive–regressive (T–R) cycle. The late 

Coniacian began under moderately energetic shallow-neritic conditions, followed by a 

deepening event at the Coniacian–Santonian boundary, marked by the disappearance of 

benthic fauna and dominance of planktonic foraminifera, representing a Maximum Flooding 

Surface (MFS). This was followed by an early Santonian regression, evidenced by the return 

of diverse benthic assemblages and progradational shallow-water facies. 

Taken together, both sections highlight the impact of first-order eustatic sea-level 

changes, with a major transgression around the Coniacian–Santonian boundary followed by a 

regression in the early Santonian, consistent with global sea-level trends (Haq, 2014; Voigt et 

al., 2004). 

Both sections reflect the impact of first-order eustatic sea-level changes, showing a 

major transgression that reached its peak around the Coniacian–Santonian boundary, in 

agreement with global sea-level models. This was followed by a regression in the early 

Santonian, which facilitated the return of shallow-marine benthic communities and increased 

habitat diversity. These results emphasize the interaction between global eustatic variations 
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and local tectonic influences in controlling marine depositional environments along the 

southern Tethyan margin during the Late Cretaceous. 

From paleoenergy perspective and during the Coniacian period, both sedimentary and 

paleontological data suggest that deposition occurred under conditions of relatively low to 

moderate marine energy. The prevalence of smooth-shelled ostracods (Cytherella, 

Spinoleberis), along with a high abundance of planktic foraminifera and echinoids, implies 

that deposition took place in environments ranging from the outer shelf to the upper slope, 

which are characterized by relatively stable yetoxygen-restricted conditions.In contrast, the 

Santonian period is characterized by a transition towards higher-energy environments, as 

evidenced by the increased occurrence of inoceramids and other sturdy bivalves that are 

adapted to more turbulent, shallower water conditions. This shift, along with a decrease in 

overall faunal diversity and an increase in dominance indices, suggests a more stressed 

environment influenced by stronger hydrodynamic forces, aligning with shallower neritic 

conditions. 

At Boukezez section record a clearevolution of paleoenergy from the late Coniacian to the 

Santonian. The lower Coniacian reflects a protected, low- to moderate-energy neritic setting 

with well-oxygenated bottom waters, dominated by irregular echinoids, small bivalves, and 

smooth-shelled ostracods, indicating stable, restricted conditions. At the Coniacian– 

Santonian boundary, a rapid deepening event is marked by the disappearance of ostracods and 

the rise of planktonic foraminifera, reflecting more open-marine, less oxygenated conditions. 

During the Santonian, environments shifted back to very shallow, high-energy platform 

settings, with higher ostracod diversity and well-circulated waters. This evolutionary trend 

mirrors regional Tethyan patterns, linking faunal turnovers and facies changes to global sea-

level fluctuations and mid-Cretaceous climatic cooling. 

Overall, the paleoenergy evolution from the Coniacian to the Santonian reflects a 

regional response to global sea-level fluctuations and mid-Cretaceous climatic cooling. These 

changes drove faunal turnovers and facies transitions, illustrating the close link between 

hydrodynamic energy, ecological restructuring, and broader paleoenvironmental dynamics 

within the southern Tethyan margin. 

The Essen and Boukezez sections reveal a clear paleo-salinity evolution from the 

Coniacian to the Santonian, linked to a regional transgressive trend and progressive reduction 
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of freshwater influence. At Essen, early Coniacian assemblages reflect stressed mesohaline to 

polyhaline conditions, marked by low diversity and dominance of euryhaline taxa such as 

Agelasina plenodonta and Cucullaea. Up-section, the increasing presence of ammonites, 

diverse planktonic foraminifera, and normal-marine ostracods indicates a gradual shift toward 

stable euhaline, fully marine environments by the Santonian. During the Coniacian-Santonian 

interval of the Essen Formation the paleosalinity reveal a progressive shift from brackish-

influenced to fully marine conditions. 

Similarly, At Boukezez section, a brackish-influenced (meso-/polyhaline) Lower–

Middle Coniacian (salinity-stressed, low diversity) grades upward into more stable, higher 

salinity conditions in the Upper Coniacian, culminating in fully marine (euhaline) conditions 

by the Santonian. This pattern fits a transgressive or reduced freshwater-influence trajectory, 

with substrate consolidation and communitystabilizationthrough time. The late Coniacian is 

dominated by low-diversity, smooth-shelled ostracod assemblages, suggesting restricted 

polyhaline settings. Across the Coniacian and Santonian transition, a marked faunal turnover 

and increasing ostracod diversity signal progressive stabilization of salinity and well-

ventilated conditions. By the early Santonian, assemblages dominated by robust, ornamented 

taxa and stenohaline echinoids reflect near-normal marine salinity.  

The paleosalinity records of the Essen and Boukezez sections indicate a consistent 

long-term trend from stressed mesohaline to more stable euhaline conditions across the 

Coniacian and Santonian interval. In the Essen Formation, early to middle Coniacian 

assemblages show low diversity, brackish to polyhaline signatures  whereas the Upper 

Coniacian is marked by increasing marine connectivity and the establishment of euhaline 

conditions, culminating in a fully marine Santonian setting. Similarly, the Boukezez 

Formation record vertical salinity fluctuations, where the Cytherella ovata–Spinoleberis 

yotvatensis Assemblage of the Upper Coniacian reflects mesohaline to polyhaline conditions, 

while the Paracypris aff. posteriusacuminatus– Ovocytheridea triangularis Assemblage of the 

Lower Santonian represents more diverse, euhaline communities. Taken together, both 

sections document a gradual transition from stressed, brackish-influenced and fluctuating 

salinity conditions during the early Coniacian towardmore stable, near-normal marine 

environmentsby the Santonian, reflecting a regional transgressive trajectory and the 

progressive reduction of freshwater input. 
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The fossil evidence from both Essen section and Boukezez section indicates that these 

organisms lived in a warm, shallow neritic environment with mixed substrates (both hard and 

soft), well-oxygenated waters, and abundant nutrients. This setting reflects a stable and 

diverse marine ecosystem characteristic of the Cretaceous period. Lagoonal environments 

characterized by soft substrates, fine-grained sediments, and lowfaunal diversity. 

Overall, consistent long-term paleosalinity trend, from fluctuating mesohaline to 

polyhaline conditions in the early Coniacian to stable, euhaline marine environments in the 

Santonian. This evolution is closely tied to regional sea-level rise and a progressive reduction 

of freshwater influence, leading to well-oxygenated, nutrient-rich, and ecologically diverse 

shallow neritic habitats by the Santonian. 

The Coniacian and Santonian transition in both the Essen and Boukezez sections reflects 

significant paleoenvironmental changes driven by sea-level fluctuations and localized oxygen 

stress. In the Essen section, the Coniacian shows higher diversity with abundant smooth 

ostracods and planktonic foraminifera, while the Santonian records lower diversity, higher 

dominance, and a notable decline in ostracods, suggesting increased environmental stress and 

slight dysoxia. The absence of black shales indicates that Oceanic Anoxic Event 3 (OAE3) 

did not strongly affect this shallow, restricted shelf setting. In Boukezez, the disappearance of 

ostracods and dominance of low-oxygen–tolerant foraminifera such as Planoheterohelix and 

Gavelinella near the boundary indicate deeper, more stressed conditions, likely linked to 

temporary water-column stratification. However, the lack of organic-rich facies suggests only 

moderate dysoxia rather than full anoxia. Together, both sections indicate that OAE3 was 

spatially restricted, with local settings in northeastern Algeria experiencing only minor 

oxygen depletion and driven primarily by regional sea-level changes rather than widespread 

anoxic events. 

The identified fauna shows strong Tethyan affinities, with several cosmopolitan 

species indicating open marine connections, while regionally restricted taxa such as 

Idonearca trigona and Meretrix desvauxi reflect localized environmental controls. Ostracod 

distributions suggest active faunal exchanges along the southern Tethyan margin, likely 

facilitated by the Trans-Saharan Seaway and Gibraltar corridor. However, lower similarity 

compared to the Cenomanian–Turonian indicates a less extensive marine transgression during 

the Coniacian and Santonian. These patterns reflect a combination of biotic traits and abiotic 

factors, including sea-level changes, paleobathymetry, and Santonian cooling, which together 
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shaped faunal dispersal and biogeographic differentiation across North Africa and the Middle 

East. 

During the Turonian–Santonian, extensive shallow-water carbonate platforms 

developed along the southern Tethyan margin in Tunisia and eastern Algeria. The Essen and 

Boukezez sections record parallel ecological and stratigraphic changes across the Coniacian–

Santonian boundary. Both show a shift from low-diversity, stressed communities in the 

Coniacian to more diverse assemblages in the Santonian, reflecting sea-level fluctuations and 

regional paleoenvironmental changes, while remaining largely unaffected by widespread 

Oceanic Anoxic Event 3 (OAE3).
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S62 529,7742 3 3 0 0 0 1 0 0 0 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

S61 526,5484 3 3 0 0 0 1 0 0 0 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

S60 523,3226 3 3 0 0 0 1 0 0 0 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 2 2 2 0 2 2 0 0 0 0 0 2 0 0

S59 520,0968 2 1 0 0 0 1 0 0 0 0 2 0 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 1 0 0 0 0 0 1 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0

S58 516,871 2 1 0 0 0 1 0 0 0 0 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0

S57 513,6452 4 1 0 0 0 1 0 0 0 0 4 0 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 1 0 3 0 0 0 0 0 3 0 0 0 0 0 0 0

S56 510,4194 2 5 0 0 0 2 0 0 0 0 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S55 507,1936 2 8 0 0 0 3 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S54 503,9678 2 10 0 0 0 5 0 0 0 0 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0

S53 500,7419 2 12 2 0 0 2 0 0 2 0 2 1 0 0 2 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0

S52 497,5161 1 2 0 0 0 3 0 0 0 0 1 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S51 494,2903 1 3 0 0 0 4 0 0 0 0 1 0 0 0 0 0 0 4 0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S50 491,0645 1 4 0 0 0 4 0 0 0 0 1 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S49 487,8387 1 4 0 0 0 6 0 0 0 0 1 0 0 0 4 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S48 484,6129 1 3 2 0 0 2 0 0 0 0 1 1 5 0 2 0 0 4 0 0 0 0 2 2 0 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 0

S47 481,3871 1 8 2 0 0 2 0 0 0 0 1 0 0 0 0 0 0 4 0 2 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 2 0 0 0 0

S46 478,1613 0 5 2 0 0 2 0 0 0 2 0 0 0 0 0 0 0 4 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S45 474,9355 0 2 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S44 471,7097 0 8 0 0 2 3 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0

S43 468,4839 0 7 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S42 465,2581 0 4 0 0 0 5 0 2 4 0 0 2 2 0 0 2 0 8 0 0 0 0 0 0 0 4 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S41 462,0323 0 5 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S40 458,8065 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S39 455,5807 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S38 452,3548 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S37 449,129 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S36 445,9032 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S35 442,6774 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S34 439,4516 0 0 0 0 0 1 0 0 0 2 0 0 0 0 0 2 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S33 436,2258 0 0 0 0 0 1 0 0 0 2 0 0 0 0 0 1 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S32 433 0 0 0 0 12 11 0 0 4 2 0 0 0 0 0 2 0 3 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S31 429,7742 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

S30 426,5484 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0

S29 423,3226 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S28 420,0968 0 5 2 0 0 2 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 2 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S27 416,871 0 5 2 0 0 2 0 0 6 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S26 413,6452 4 9 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S25 410,4194 0 6 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S24 407,1936 0 5 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S23 403,9677 0 4 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S22 400,7419 0 3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S21 397,5161 0 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S20 394,2903 0 4 0 4 0 4 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0

S19 391,0645 0 5 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S18 387,8387 0 3 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S17 384,6129 0 2 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S16 381,3871 0 4 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S15 378,1613 6 6 0 4 0 4 0 0 0 0 0 0 2 0 0 0 0 4 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S14 374,9355 0 2 0 0 0 2 0 0 2 0 0 0 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S13 371,7097 0 4 0 0 0 2 0 0 0 0 4 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S12 368,4839 0 5 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S11 365,2581 0 10 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S10 362,0323 0 20 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S9 358,8065 0 4 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S8 355,5806 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S7 352,3548 0 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S6 349,129 0 2 0 0 2 0 0 0 4 0 0 0 0 0 0 0 0 4 0 0 0 0 0 4 0 0 0 0 0 0 4 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0

S5 345,9032 0 4 0 0 2 0 0 0 4 1 0 0 0 0 0 0 0 4 0 0 0 0 0 2 0 0 0 2 0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S4 342,6774 0 2 0 0 2 8 0 0 4 2 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S3 339,4516 0 2 0 0 2 10 0 0 4 1 0 0 0 0 2 0 0 2 0 0 0 0 0 0 0 0 0 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S2 336,2258 10 4 6 0 4 10 0 0 4 2 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 2 0 2 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S1 333 14 27 8 0 5 16 0 0 5 2 0 0 0 1 0 0 4 2 0 2 0 0 0 1 0 0 0 1 0 3 3 1 0 1 0 0 0 0 0 0 4 0 0 0 3 0 0 0 0

C180 329,9994 1 11 0 0 5 0 0 0 0 0 0 0 1 1 0 0 1 2 1 0 2 2 0 2 1 0 0 1 0 2 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

C179 328,1661 1 16 4 1 4 6 0 0 11 2 0 0 2 2 0 0 2 2 0 0 0 0 0 2 0 0 0 0 0 2 0 2 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0

C178 326,3327 0 0 4 0 5 4 0 0 10 0 0 0 0 0 0 0 1 2 0 0 0 0 0 3 0 0 0 0 2 3 0 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

C177 324,4994 0 2 4 0 1 3 0 0 3 0 0 0 0 0 0 2 1 2 0 0 0 0 0 3 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

C176 322,6661 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 3 0 0 0 0 0 2 0 0 0 0 0 4 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

C175 320,8327 4 8 1 1 3 0 0 0 3 0 0 0 0 0 0 2 1 2 0 0 0 0 0 4 0 0 0 1 0 5 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2 0 0 0

C174 318,9994 0 0 1 0 1 0 0 0 3 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 1 0 4 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

C173 317,1661 0 1 1 0 2 0 0 0 3 0 0 0 0 0 0 2 1 0 0 0 0 0 0 1 0 0 0 1 0 4 3 0 0 0 0 0 0 0 1 0 2 0 0 0 0 0 0 0 0

C172 315,3328 0 3 3 0 1 0 0 0 3 0 0 0 0 0 0 0 1 2 0 0 0 0 0 1 0 0 0 1 0 3 6 0 0 0 0 0 0 0 0 0 2 0 0 0 4 0 0 0 0

C171 313,4994 0 0 2 0 1 0 0 0 3 0 0 0 0 0 0 0 2 2 0 0 0 0 0 1 0 0 0 0 0 3 4 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

C170 311,6661 0 0 2 0 1 0 0 0 3 0 0 0 0 0 0 0 2 2 0 0 0 0 0 1 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

C169 309,8328 3 0 2 0 1 0 0 0 3 0 0 0 0 0 0 0 1 2 0 0 0 0 0 1 0 0 0 1 0 2 3 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0

C168 307,9994 10 60 5 1 5 4 0 0 3 0 0 0 0 0 0 0 2 0 0 2 2 2 0 0 0 0 0 0 0 4 0 4 3 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0

C167 306,1661 10 35 5 1 10 4 0 0 0 0 0 0 0 0 0 0 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0

C166 304,3328 10 31 5 1 20 7 0 0 3 0 0 0 0 0 0 0 4 3 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0

C165 302,4994 10 35 5 1 10 0 4 0 4 0 0 0 0 0 0 0 3 4 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0

C164 300,6661 10 40 5 1 10 0 0 0 10 0 5 0 0 0 0 0 12 4 2 0 0 0 0 3 0 0 0 0 0 0 0 2 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0

C163 298,8328 8 40 5 1 10 0 0 0 10 0 0 0 0 0 0 0 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0

C162 296,9995 4 35 5 1 8 0 0 0 8 0 0 0 0 0 0 0 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0

C161 295,1661 5 40 5 1 5 0 0 0 8 0 0 0 0 0 0 0 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0

C160 293,3328 8 45 5 1 4 0 0 0 8 0 0 0 0 0 2 0 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 1 0 0 0 0 2 0 0 0 0 2 0 0 0

C159 291,4995 10 28 4 1 4 0 7 0 22 0 1 0 0 0 2 0 0 3 0 0 0 0 0 0 0 0 0 4 0 0 0 7 2 0 0 1 0 0 0 0 2 0 0 10 0 2 0 0 0

C158 289,6661 4 22 0 3 14 7 4 0 5 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 7 2 0 0 2 0 0 0 0 1 0 0 0 0 0 0 0 0

C157 287,8328 2 20 0 1 4 7 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 7 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

C156 285,9995 0 33 5 1 7 22 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 2 0 3 0 2 2 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0

C155 284,1661 1 35 4 1 4 2 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

C154 282,3328 2 40 4 1 4 2 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

C153 280,4995 0 45 5 1 6 4 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0

C152 278,6662 3 30 2 1 7 4 2 0 0 0 2 0 0 0 0 0 4 1 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

C151 276,8328 4 20 3 2 7 4 0 0 5 0 2 0 0 0 0 0 2 4 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

C150 274,9995 1 20 3 1 6 4 0 0 3 0 2 0 0 0 0 0 2 4 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

C149 273,1662 1 15 2 1 6 4 0 0 2 0 2 0 0 0 0 0 1 4 0 0 0 1 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 2 0 0 1 0 0 0 0 0 0 0 0

C148 271,3328 0 21 2 1 7 7 0 1 1 0 2 0 0 0 0 0 1 4 0 0 2 1 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0

C147 269,4995 2 17 0 1 7 4 0 0 4 0 2 0 0 0 0 0 1 3 0 0 0 1 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

C146 267,6662 2 16 1 1 3 3 0 0 2 0 0 0 0 0 0 0 1 3 0 0 0 1 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 2 0 0 1 0 0 0 0 0 0 0 0

C145 265,8328 3 15 1 1 3 2 0 0 3 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

C144 263,9995 2 10 1 1 5 1 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 2 0 0 0 0 0 2 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

C143 262,1662 4 7 2 1 5 0 2 2 2 0 0 0 0 0 0 0 2 2 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 2

C142 260,3329 2 8 1 1 4 2 0 0 1 0 0 0 0 0 0 0 1 2 0 0 0 1 0 0 0 0 0 2 0 0 0 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

C141 258,4995 2 10 1 1 4 3 0 0 1 0 0 0 0 0 0 0 1 2 0 0 0 1 0 0 0 0 0 2 0 0 0 3 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0

C140 256,6662 2 14 0 2 9 4 0 1 1 0 0 1 1 0 0 0 1 2 0 0 0 1 0 0 0 0 0 1 0 0 0 4 0 0 0 0 0 0 0 1 1 0 0 0 2 0 0 0 0

C139 254,8329 2 10 2 1 1 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

C138 252,9995 3 10 4 1 1 0 0 0 2 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

C137 251,1662 3 17 6 1 1 0 0 0 2 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

C136 249,3329 4 15 5 1 1 0 0 0 3 0 0 0 0 0 0 0 1 1 0 0 2 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

C135 247,4995 4 13 4 1 1 0 0 0 4 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

C134 245,6662 4 11 3 1 1 0 0 0 3 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

C133 243,8329 5 10 2 1 1 0 0 0 4 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

C132 241,9996 5 15 1 1 1 0 0 0 5 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

C131 240,1662 5 15 0 0 0 0 0 0 9 2 0 1 0 0 6 0 3 1 0 0 0 0 0 0 0 0 0 2 0 2 0 0 0 0 0 0 0 0 0 1 3 0 0 0 3 0 0 0 0

C130 238,3329 4 20 0 1 0 0 0 0 2 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

C129 236,4996 2 25 4 1 7 0 0 0 2 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

C128 234,6662 2 30 4 1 8 0 0 0 2 1 0 0 0 0 0 0 1 5 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

C127 232,8329 4 36 4 5 10 9 5 0 4 4 0 4 3 0 0 0 4 4 4 0 0 0 2 0 2 0 0 1 0 4 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 2

C126 230,9996 2 35 4 2 2 0 0 0 2 1 0 0 0 0 0 0 1 2 4 0 0 0 0 0 1 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C125 229,1662 3 30 4 2 2 0 0 0 2 1 0 0 0 0 0 0 1 2 4 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C124 227,3329 5 35 4 2 2 0 0 0 2 1 0 0 0 0 0 0 1 2 3 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C123 225,4996 8 30 4 0 13 0 0 0 10 3 0 3 0 0 0 0 1 3 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0

C122 223,6663 4 10 4 0 2 0 0 0 8 1 0 0 0 0 0 0 1 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C121 221,8329 1 10 4 0 2 0 0 0 4 1 6 0 0 0 0 0 1 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C120 219,9996 0 10 4 0 2 0 0 0 6 1 0 0 0 0 0 0 1 1 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0

C119 218,1663 1 8 4 0 3 0 0 0 2 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C118 216,3329 1 4 4 0 3 0 0 0 2 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C117 214,4996 1 5 4 0 4 0 0 0 2 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C116 212,6663 1 5 4 4 4 0 0 0 2 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C115 210,833 0 10 2 5 5 0 0 0 3 1 0 0 0 0 0 0 1 2 1 0 0 0 0 3 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C114 208,9996 1 10 2 0 2 0 0 0 2 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C113 207,1663 1 10 2 0 2 0 0 0 2 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C112 205,333 1 10 2 0 2 0 0 0 2 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C111 203,4996 1 15 2 0 2 0 0 0 2 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C110 201,6663 1 15 2 0 2 0 0 0 2 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C109 199,833 0 19 4 0 4 0 0 0 2 2 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C108 197,9996 5 10 4 0 2 0 0 0 2 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C107 196,1663 8 10 4 0 2 0 0 0 2 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C106 194,333 10 4 4 0 2 0 0 0 2 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C105 192,4997 15 4 4 0 2 0 0 0 22 1 0 0 0 0 0 0 1 1 0 0 2 2 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C104 190,6663 18 5 4 0 13 0 0 0 5 1 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C103 188,833 10 10 5 0 12 0 0 0 5 1 0 1 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C102 186,9997 5 14 5 0 10 5 0 0 5 1 0 1 0 0 0 0 1 2 2 0 0 0 0 0 0 0 0 0 0 1 0 0 0 5 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

C101 185,1663 7 20 5 0 10 5 0 0 5 1 0 0 0 0 0 0 1 3 2 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2 0 0 0 0

C100 183,333 7 27 5 0 10 5 0 0 8 6 0 6 0 0 0 0 10 7 2 2 0 0 0 0 0 0 0 2 2 1 0 0 0 0 0 0 0 0 0 2 0 0 0 0 5 0 0 0 0

C99 181,4997 7 25 1 0 4 1 0 0 1 2 0 0 0 0 0 0 5 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C98 179,6663 7 20 1 0 4 1 0 0 1 2 0 0 0 0 0 0 4 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C97 177,833 7 18 1 0 1 1 0 0 1 2 0 0 0 0 0 0 4 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C96 175,9997 1 15 1 0 1 1 0 0 1 3 0 0 0 0 0 0 3 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C95 174,1664 1 15 1 0 1 1 0 0 1 12 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C94 172,333 1 10 1 0 1 1 0 0 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C93 170,4997 1 10 1 0 1 1 0 0 1 2 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C92 168,6664 1 10 1 0 1 1 0 0 2 2 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C91 166,833 1 5 4 0 1 3 0 0 2 0 0 0 0 0 0 0 1 3 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C90 164,9997 0 10 0 0 0 0 0 0 2 0 0 0 0 0 0 0 1 1 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C89 163,1664 0 11 4 0 0 2 0 0 5 0 0 4 0 0 0 0 1 2 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0

C88 161,333 0 10 3 0 3 2 0 0 2 0 0 2 0 0 0 0 1 1 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C87 159,4997 0 12 3 0 0 2 0 0 2 2 0 2 0 0 0 0 1 2 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 2 0 0 0 0

C86 157,6664 0 12 0 0 4 4 0 0 2 0 0 2 0 0 0 0 1 3 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C85 155,8331 0 0 2 0 3 0 0 0 2 0 0 2 0 0 0 0 1 3 0 0 0 0 0 1 1 0 0 0 0 1 4 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0

C84 153,9997 0 0 3 0 0 2 0 0 5 2 0 0 0 0 0 2 1 2 0 0 0 0 0 1 0 0 0 0 0 1 5 0 0 0 0 0 0 0 0 2 0 0 0 0 2 0 0 0 0

C83 152,1664 0 10 3 0 3 6 0 0 2 0 0 0 0 0 0 1 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 2 0 0 0 0

C82 150,3331 0 10 4 0 2 2 0 0 2 0 0 0 0 0 0 2 1 3 0 1 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C81 148,4997 0 12 4 0 4 2 0 0 5 0 0 0 0 0 0 0 3 3 0 1 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 0 2 0 3 0 0 0 0 0 0 0 0 0

C80 146,6664 0 0 2 0 0 2 0 0 2 1 0 2 2 0 0 0 4 5 0 1 0 1 0 0 0 0 0 0 2 1 1 2 0 0 0 0 0 2 0 0 0 0 4 0 0 0 0 0 0

C79 144,8331 0 3 2 0 0 1 0 0 2 1 0 2 0 0 0 0 1 4 0 1 0 0 0 0 0 0 0 0 2 1 1 2 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0

C78 142,9997 0 4 2 0 3 1 0 0 2 1 0 2 0 0 0 0 1 4 0 1 0 0 0 0 0 0 0 0 2 1 2 2 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0

C77 141,1664 0 5 2 0 4 1 0 0 2 2 0 0 0 0 0 0 1 4 0 4 0 0 0 0 0 0 0 0 2 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C76 139,3331 0 6 4 0 5 0 0 0 2 1 0 0 0 0 0 0 1 4 0 1 0 0 0 1 0 0 0 1 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C75 137,4998 0 10 0 0 0 6 0 0 2 1 2 0 0 0 0 0 1 5 0 1 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0

C74 135,6664 0 13 0 0 6 5 0 0 2 1 2 0 0 0 0 0 1 4 0 1 2 2 0 1 0 0 0 1 2 1 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0

C73 133,8331 0 15 0 4 4 0 0 0 2 1 2 0 0 0 0 0 1 3 0 1 0 0 0 1 0 0 0 1 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C72 131,9998 0 16 0 0 3 12 0 0 2 1 0 0 0 0 0 0 1 2 0 1 0 0 0 0 0 0 0 0 2 0 0 2 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0

C71 130,1664 0 21 8 4 0 2 6 0 4 3 0 0 0 0 0 0 6 1 0 3 0 0 0 2 1 0 0 0 0 0 0 0 10 0 4 0 0 0 0 1 0 0 0 0 2 0 0 0 0

C70 128,3331 1 10 1 0 3 2 0 0 2 0 0 0 0 0 0 0 1 1 0 1 0 0 0 1 1 0 0 1 0 1 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C69 126,4998 1 11 1 0 4 2 0 0 2 0 0 0 0 0 0 0 1 1 0 1 0 0 0 1 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C68 124,6664 1 9 1 0 4 2 0 0 2 0 0 0 0 0 0 0 1 1 0 1 0 0 0 1 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C67 122,8331 0 5 0 0 5 0 0 0 2 0 1 2 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 5 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C66 120,9998 1 9 1 0 2 2 0 0 2 0 1 2 0 0 0 0 11 1 0 1 0 0 0 1 1 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C65 119,1665 1 9 2 0 2 2 0 0 2 0 2 0 0 0 0 0 1 1 0 1 0 0 0 1 1 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C64 117,3331 0 10 2 0 0 2 0 0 2 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C63 115,4998 0 3 2 0 0 2 0 0 2 0 1 2 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C62 113,6665 0 3 3 0 2 1 0 0 2 0 2 2 0 0 0 0 1 2 0 1 0 0 0 0 1 0 0 0 1 1 1 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C61 111,8331 0 4 4 0 1 6 0 0 2 0 2 2 0 0 0 0 1 3 0 1 0 0 0 0 1 0 0 4 2 1 2 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C60 109,9998 0 5 5 0 0 8 0 0 2 0 0 0 0 2 2 0 4 2 0 3 0 0 0 0 1 0 0 5 2 1 2 0 8 0 2 0 0 0 0 0 2 0 0 0 0 0 0 0 0

C59 108,1665 2 12 0 0 0 2 0 0 2 0 0 0 0 2 2 0 5 0 0 2 0 0 0 0 1 0 0 0 0 1 0 0 0 0 2 0 0 0 0 0 2 0 0 0 3 0 0 0 0

C58 106,3331 4 30 4 3 6 2 0 0 2 0 0 2 0 2 2 0 6 6 0 2 0 0 0 0 0 0 0 1 0 4 5 0 0 0 0 0 0 0 1 0 2 0 0 0 3 0 0 0 0

C57 104,4998 4 33 5 3 1 3 0 0 2 0 0 1 0 2 2 0 6 6 0 0 0 0 0 1 0 0 0 1 0 1 3 0 0 0 0 0 0 0 1 0 1 0 0 0 3 0 0 0 0

C56 102,6665 4 36 5 4 6 3 0 0 4 2 4 2 0 0 0 0 7 7 1 0 0 0 0 0 0 0 0 1 0 4 5 0 0 0 2 0 0 0 1 0 1 0 0 0 3 0 0 0 0

C55 100,8332 2 30 5 2 5 2 0 0 1 1 0 2 0 0 0 0 1 6 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0

C54 98,99982 1 20 4 1 4 2 0 0 1 1 0 2 0 0 0 0 1 5 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0

C53 97,16649 1 10 3 1 2 2 0 0 1 1 0 2 0 0 0 0 1 4 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0

C52 95,33316 5 27 5 1 5 5 0 0 1 1 1 0 0 0 0 0 0 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

C51 93,49983 2 20 5 1 4 2 0 0 1 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C50 91,6665 2 15 5 1 4 2 0 0 1 4 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C49 89,83317 2 15 8 6 4 2 0 0 6 0 6 0 0 0 4 0 3 0 0 0 0 2 0 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0

C48 87,99984 4 10 5 1 2 2 5 0 1 0 0 0 0 0 0 0 1 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C47 86,16651 3 10 4 0 2 4 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 2 0 2 0 0 0 0 0 5 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

C46 84,33318 2 10 2 0 2 4 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

C45 82,49985 0 24 0 0 4 3 0 0 1 0 0 0 0 3 0 0 4 4 0 0 0 2 0 2 0 0 0 2 0 4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

C44 80,66652 2 8 5 0 4 3 0 0 4 0 0 0 0 2 0 2 2 4 0 0 0 2 0 4 0 0 1 0 0 4 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0

C43 78,83319 2 4 0 0 0 3 0 0 1 0 0 0 0 2 0 0 1 4 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

C42 76,99986 2 8 2 0 4 3 2 0 8 0 0 0 0 2 0 0 4 2 0 0 0 2 0 1 0 0 0 0 0 0 2 0 2 0 0 0 2 0 1 0 0 0 0 0 0 0 2 0 0

C41 75,16653 0 10 0 0 2 3 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 2 0 1 0 0 0 0 0 4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

C40 73,3332 0 10 0 0 10 3 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

C39 71,49987 0 13 0 0 11 0 0 0 1 0 0 0 0 0 0 0 2 0 0 0 0 2 0 1 0 0 0 0 0 3 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 0 0 0 0

C38 69,66654 5 5 23 2 6 0 0 0 8 0 2 0 0 0 0 0 8 0 0 0 0 2 0 1 0 0 0 2 0 4 0 0 0 0 0 0 1 0 1 0 2 0 0 0 0 0 0 0 0

C37 67,83321 4 8 15 0 4 9 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0

C36 65,99988 2 10 2 0 4 8 0 0 1 2 0 0 0 0 0 0 1 0 0 0 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0

C35 64,16655 0 13 2 0 9 10 0 0 9 0 0 0 0 0 0 0 1 3 1 2 3 2 0 4 0 0 2 0 0 4 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0

C34 62,33322 2 10 2 0 8 3 0 0 8 0 0 0 0 0 0 0 1 3 0 2 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0

C33 60,49989 2 28 0 5 14 3 0 0 9 0 5 0 0 3 0 0 1 5 0 3 0 2 0 2 0 0 0 0 0 0 0 2 0 0 0 0 2 0 0 0 2 0 0 0 4 0 0 0 0

C32 58,66656 2 15 2 0 0 2 0 0 8 0 0 0 0 0 0 0 1 3 0 3 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0

C31 56,83323 8 10 5 0 0 2 0 0 8 0 0 0 0 0 0 0 1 2 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C30 54,9999 10 10 10 0 0 2 0 0 8 0 0 0 0 0 0 0 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C29 53,16657 10 6 15 7 0 5 0 0 13 2 7 0 0 0 0 0 1 2 0 1 0 2 1 1 0 0 1 0 0 2 0 0 2 0 0 0 0 1 0 0 2 0 0 0 0 0 0 0 0

C28 51,33324 3 23 0 0 0 4 0 0 7 2 0 0 0 0 0 0 1 0 0 0 0 2 0 1 0 0 0 0 0 2 0 1 0 0 0 0 0 0 2 0 2 0 0 0 0 0 0 0 0

C27 49,49991 2 20 0 0 0 3 0 0 5 0 0 0 0 0 0 0 1 2 0 0 0 1 0 1 0 0 0 2 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C26 47,66658 4 24 0 0 2 0 0 0 5 0 0 0 0 3 0 0 10 2 0 0 0 2 0 1 0 0 0 0 0 1 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C25 45,83325 0 2 4 0 3 0 0 0 3 0 0 0 0 0 0 3 0 2 0 0 0 2 0 1 0 0 0 0 0 1 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C24 43,99992 4 15 5 0 0 4 0 0 3 0 0 0 0 0 0 0 0 2 0 0 0 2 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C23 42,16659 5 18 4 0 3 5 0 0 2 0 0 0 0 0 0 0 0 2 0 0 0 2 0 1 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

C22 40,33326 4 15 3 0 4 4 0 0 3 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C21 38,49993 0 10 0 0 5 9 0 0 2 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0

C20 36,6666 0 14 0 0 4 1 0 0 2 0 0 0 0 0 0 0 1 2 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 1 0 0 0 0 1 0 3 0 0 0 0 0 0 0 0

 C19 34,83327 0 2 5 0 3 1 0 0 0 0 0 0 0 0 0 0 1 3 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C18 32,99994 0 3 7 1 0 0 0 0 7 0 0 0 1 0 0 0 2 0 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C17 31,16661 9 2 0 0 4 0 0 0 7 5 1 0 0 0 0 0 6 2 2 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C16 29,33328 4 10 5 1 3 1 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 1 0 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C15 27,49995 4 10 6 3 5 3 2 0 5 0 1 0 0 0 0 0 0 0 2 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C14 25,66662 4 10 0 1 8 0 2 0 4 0 1 0 0 0 0 0 10 3 0 3 0 0 0 1 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0

C13 23,83329 7 37 8 10 10 8 0 0 15 0 10 5 0 0 0 0 7 0 2 3 3 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 1

C12 21,99996 0 10 5 3 6 0 2 0 8 0 3 0 0 0 0 0 0 3 0 0 0 0 0 1 0 0 0 0 0 4 0 0 0 0 0 0 3 0 0 0 1 0 0 0 0 0 0 1 1

C11 20,16663 2 4 0 0 5 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0

C10 18,3333 1 5 2 0 2 1 0 0 5 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

 C9 16,49997 1 8 4 0 0 1 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 1 0 0 0 0 0 0 0 0

C8 14,66664 1 10 6 1 2 0 0 0 3 1 1 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

C7 12,83331 5 1 2 0 0 4 0 0 5 0 0 0 0 0 0 0 0 0 6 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C6 10,99998 10 1 1 0 4 4 0 0 2 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C5 9,16665 5 2 2 0 0 4 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C4 7,33332 5 2 1 0 3 4 0 0 1 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C3 5,49999 21 21 2 0 11 6 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

C2 3,66666 1 10 10 0 0 1 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0

C1 1,83333 2 10 2 0 0 2 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

520 2840 556 132 674 399 44 4 610 117 83 65 12 26 22 22 315 334 75 55 18 77 3 105 27 0 4 92 34 174 61 132 56 34 10 13 15 15 23 40 96 0 4 11 46 8 3 9 6
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Samples Whiteinella baltica Whiteinella archaeocretacea Whiteinella spArchaeoglobigerina spHeterohelix globulosa Heterohelix reussi Pseudotextularia spMarginotruncana coronataMarginotruncana pseudolinneianaPseudotextularia nuttalli Muricohedbergella  flandrini  Planohedbergella cf. escheriDicarinella primitivaMarginotruncana renzi Marginotruncana caronaeMarginotruncana marginataMarginotruncana cf. sigaliHuberella praehuberi Marginotruncana sinuosaMarginotruncana sigaliDicarinella canaliculataSigalia carpaticaHastigerinoides subdigitataGlobotruncana linneianaDicarinella asymetrica Globotruncana bulloidesPlanohétérohélix globulosaContusotruncana plummeraeGlobotruncanita elevataGlobotruncana arcaCibicidoides sp.Gavelinella sp.Nonionella sp.Eobigenerina sp.Notoplanulina sp.

S62 10 10 10 15 10 30 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 0 0 0 16 30 15 0 0 0 20 20

S61 5 15 15 30 10 10 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 25 0 0 0 15 10 30 0 0 0 0 0

S60 5 10 10 30 5 15 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 15 15 30 0 0 0 0 45

S59 5 10 10 20 5 7 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 15 7 20 0 0 0 0 0

S58 5 5 5 25 5 13 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 15 13 25 0 0 0 1 0

S57 5 15 15 16 5 14 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 15 14 16 0 0 0 0 0

S56 20 10 10 15 5 2 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 10 2 15 0 0 0 0 0

S55 5 10 10 20 5 6 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 15 6 20 0 0 0 0 20

S54 5 10 10 14 5 15 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 20 15 14 0 0 0 0 0

S53 5 10 10 26 10 20 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 15 20 26 0 0 0 0 0

S52 10 10 10 22 5 25 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 15 25 22 0 0 0 20 20

S51 10 40 40 13 5 19 0 0 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 20 19 13 0 0 0 15 20

S50 75 40 40 20 5 30 0 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 15 30 20 0 0 0 30 30

S49 25 35 35 10 5 15 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 15 15 10 0 0 0 20 40

S48 15 20 20 5 5 5 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 15 5 5 0 0 0 14 16

S47 10 20 20 10 5 20 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0 15 20 10 0 0 0 15 15

S46 10 20 20 15 5 5 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 30 5 5 15 0 0 0 0 0 25 15

S45 10 15 15 30 5 5 0 0 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 4 5 15 0 0 5 0 10 10 15

S44 10 20 20 30 5 5 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 15 6 5 15 0 0 5 0 10 10 15

S43 13 20 20 20 5 5 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 7 9 5 15 0 0 5 0 10 10 15

S42 15 25 25 25 5 5 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 13 10 5 10 0 0 5 0 5 10 10

S41 15 15 15 16 10 10 0 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 14 10 10 10 0 0 5 0 5 5 15

S40 10 8 8 15 10 10 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 2 1 10 16 0 0 10 0 10 10 20

S39 20 20 20 20 5 5 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 6 20 5 10 0 0 5 0 5 5 15

S38 20 20 20 14 5 5 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 15 20 5 10 0 0 8 0 7 10 15

S37 15 10 10 26 16 16 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 20 30 16 10 0 0 10 0 5 10 20

S36 5 10 10 22 5 5 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 25 15 5 10 0 0 5 0 10 10 15

S35 5 20 20 13 5 5 0 0 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 19 15 5 10 0 0 5 0 10 10 15

S34 5 25 25 20 5 5 0 0 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 30 20 5 10 0 0 5 0 10 10 15

S33 15 15 15 10 5 5 0 0 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 15 20 5 10 0 0 5 0 10 10 15

S32 15 15 15 5 5 5 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 5 20 5 15 0 0 5 0 10 10 15

S31 15 15 15 10 5 5 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 20 20 5 10 0 0 5 0 10 10 15

S30 15 20 20 23 5 5 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 15 20 5 10 0 0 5 0 10 10 15

S29 10 20 20 11 5 5 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 20 20 5 8 0 0 5 0 10 10 15

S28 15 25 25 14 10 10 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 25 20 10 10 0 0 5 0 5 10 10

S27 10 25 25 12 5 5 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 19 20 5 5 0 0 10 0 10 10 10

S26 15 20 20 5 5 5 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 30 30 5 10 0 0 4 0 6 14 16

S25 20 20 20 5 10 10 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 15 15 10 16 0 0 5 0 5 5 10

S24 10 30 30 30 10 10 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 5 15 10 10 0 0 10 0 10 10 10

S23 20 20 20 10 10 10 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 20 20 10 8 0 0 10 0 10 10 10

S22 20 20 20 15 5 5 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 12 20 5 10 0 0 10 0 10 10 10

S21 20 15 15 7 5 5 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 20 20 5 10 0 0 5 5 10 10 10

S20 10 15 15 13 5 5 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 15 20 5 10 0 0 5 5 10 10 10

S19 20 25 25 14 10 10 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 13 20 10 10 0 0 2 8 10 10 10

S18 10 20 20 2 15 15 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 22 20 15 10 0 0 5 5 10 10 15

S17 20 20 20 6 5 5 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 19 15 5 10 0 0 6 4 10 15 10

S16 20 20 20 15 5 5 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 15 10 5 10 0 0 4 6 10 10 10

S15 20 20 20 20 5 5 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 10 12 5 10 0 0 6 4 5 7 8

S14 15 15 15 25 10 10 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 10 13 10 21 0 0 5 5 10 10 10

S13 10 15 15 19 15 15 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 20 20 15 12 0 0 4 5 6 5 5

S12 10 15 15 30 5 5 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 10 16 5 10 0 0 3 7 10 10 10

S11 15 20 20 15 5 5 0 0 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 10 15 5 15 0 0 5 5 10 16 4

S10 20 15 15 5 5 5 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 2 14 5 5 0 0 5 10 5 10 0

S9 25 25 25 20 5 25 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 8 4 16 0 0 0 0 0 0 10 10 12 8 0

S8 25 10 15 16 5 20 0 15 10 0 0 0 0 0 0 0 0 0 0 0 0 5 10 15 0 0 0 0 0 0 10 10 10 10 0

S7 5 5 5 40 5 23 0 15 10 0 0 0 0 0 0 0 0 0 0 0 0 5 8 14 0 0 0 0 0 0 10 10 10 10 0

S6 5 10 10 30 5 30 0 15 10 0 0 0 0 0 0 0 0 0 0 0 0 3 5 20 0 0 0 0 0 0 10 10 10 10 0

S5 16 20 20 15 2 30 0 20 10 0 0 0 0 0 0 0 0 0 0 0 0 10 2 25 0 0 0 0 0 0 10 10 10 10 0

S4 5 25 25 30 10 20 0 20 10 0 0 0 0 0 0 0 0 0 0 0 0 5 8 20 0 0 0 0 0 0 10 10 10 10 0

S3 20 25 25 30 10 15 0 40 10 0 0 0 0 0 0 0 0 0 0 0 0 3 3 25 0 0 0 0 0 0 10 10 10 10 0

S2 10 20 20 20 10 20 0 40 10 0 0 0 0 0 0 0 0 0 0 0 0 5 6 20 0 0 0 0 0 0 5 5 10 10 0

S1 15 20 20 25 10 20 0 30 5 0 0 0 0 0 0 0 0 0 0 0 0 5 2 20 0 0 0 0 0 0 5 5 5 5 0

C180 10 20 20 16 10 25 30 25 0 0 0 0 0 0 0 0 0 0 40 20 10 0 0 0 0 0 0 0 0 0 3 2 0 0 5

C179 15 25 25 15 10 20 30 20 0 0 0 0 0 0 0 0 0 0 30 25 10 0 0 0 0 0 0 0 0 0 5 10 0 0 0

C178 10 20 20 20 5 25 30 1 0 0 0 0 0 0 0 0 0 0 35 20 10 0 0 0 0 0 0 0 0 0 5 10 0 0 0

C177 10 25 25 14 5 30 20 30 0 0 0 0 0 0 0 0 0 0 25 25 10 0 0 0 0 0 0 0 0 0 5 5 0 0 0

C176 5 20 20 26 5 25 30 30 0 0 0 0 0 0 0 0 0 0 13 20 10 0 0 0 0 0 0 0 0 0 5 5 0 0 0

C175 15 20 20 22 1 25 25 20 0 0 0 0 0 0 0 0 0 0 22 20 10 0 0 0 0 0 0 0 0 0 10 10 0 0 0

C174 10 20 20 13 10 25 40 15 0 0 0 0 0 0 0 0 0 0 19 20 10 0 0 0 0 0 0 0 0 0 5 10 0 0 0

C173 10 20 20 20 10 20 40 20 0 0 0 0 0 0 0 0 0 0 40 20 10 0 0 0 0 0 0 0 0 0 10 5 0 0 0

C172 10 25 25 10 1 20 25 20 0 0 0 0 0 0 0 0 0 0 29 25 5 0 0 0 0 0 0 0 0 0 5 5 0 0 0

C171 10 25 25 5 10 20 40 25 0 0 0 0 0 0 0 0 0 0 30 25 5 0 0 0 0 0 0 0 0 0 5 5 0 0 0

C170 10 15 15 10 10 20 45 20 0 0 0 0 0 0 0 0 0 0 20 15 2 0 0 0 0 0 0 0 0 0 5 10 0 0 0

C169 40 10 10 20 10 50 25 25 0 0 0 0 0 0 0 0 0 0 30 10 10 0 0 0 0 0 0 0 0 0 10 5 0 0 0

C168 40 5 5 20 10 20 35 30 0 0 0 0 0 0 0 0 0 0 15 5 10 0 0 0 0 0 0 0 0 0 20 10 0 0 0

C167 35 5 5 20 5 20 35 25 0 0 0 0 0 0 0 0 0 0 15 5 5 0 0 0 0 0 0 0 0 0 2 3 0 0 0

C166 20 5 5 15 5 20 30 25 0 0 0 0 0 0 0 0 0 0 15 5 5 0 0 0 0 0 0 0 0 0 5 5 0 0 0

C165 20 20 20 15 10 20 30 25 0 0 0 0 0 0 0 0 0 0 15 20 10 0 0 0 0 0 0 0 0 0 12 8 0 0 0

C164 20 15 15 15 10 20 25 20 0 0 0 0 0 0 0 0 0 0 20 15 10 0 0 0 0 0 0 0 0 0 12 8 0 0 0

C163 15 5 5 20 10 15 25 20 0 0 0 0 0 0 0 0 0 0 15 5 5 0 0 0 0 0 0 0 0 0 12 8 0 0 0

C162 20 5 20 15 5 15 20 20 0 0 0 0 0 0 0 0 0 0 20 5 5 0 0 0 0 0 0 0 0 0 12 8 0 0 0

C161 20 5 20 25 10 25 20 20 0 0 0 0 0 0 0 0 0 0 20 5 5 0 0 0 0 0 0 0 0 0 12 8 0 0 0

C160 25 20 25 1 7 20 30 50 0 0 0 0 0 0 0 0 0 0 20 20 10 0 0 0 0 0 0 0 0 0 12 8 0 0 0

C159 15 20 15 5 15 15 20 20 0 0 0 0 0 0 0 0 0 0 20 20 5 0 0 0 0 0 0 0 0 0 12 8 0 0 0

C158 8 20 8 10 15 15 23 20 0 0 0 0 0 0 0 0 0 0 20 20 10 0 0 0 0 0 0 0 0 0 15 15 0 0 0

C157 20 20 20 20 15 20 15 20 0 0 0 0 0 0 0 0 0 0 20 20 3 0 0 0 0 0 0 0 0 0 15 15 0 0 0

C156 20 20 20 25 15 20 20 20 0 0 0 0 0 0 0 0 0 0 20 20 5 0 0 0 0 0 0 0 0 0 10 10 0 0 0

C155 10 30 10 25 15 30 20 20 0 0 0 0 0 0 0 0 0 0 15 30 8 0 0 0 0 0 0 0 0 0 5 10 0 0 0

C154 10 25 10 20 10 25 25 15 0 0 0 0 0 0 0 0 0 0 20 25 8 0 0 0 0 0 0 0 0 0 12 8 0 0 0

C153 20 25 20 20 10 25 40 15 0 0 0 0 0 0 0 0 0 0 20 25 8 0 0 0 0 0 0 0 0 0 15 5 0 0 0

C152 25 20 25 20 5 20 40 25 0 0 0 0 0 0 0 0 0 0 20 20 8 0 0 0 0 0 0 0 0 0 8 7 0 0 0

C151 15 1 15 20 7 14 25 20 0 0 0 0 0 0 0 0 0 0 20 1 8 0 0 0 0 0 0 0 0 0 7 8 0 0 0

C150 15 30 15 20 7 30 20 15 0 0 0 0 0 0 0 0 0 0 15 30 8 0 0 0 0 0 0 0 0 0 10 10 0 0 0

C149 15 30 15 15 5 30 12 15 0 0 0 0 0 0 0 0 0 0 20 30 8 0 0 0 0 0 0 0 0 0 10 10 0 0 0

C148 20 20 20 15 5 20 30 25 0 0 0 0 0 0 0 0 0 0 20 20 15 0 0 0 0 0 0 0 0 0 10 5 0 0 0

C147 20 15 20 15 5 15 30 20 0 0 0 0 0 0 0 0 0 0 15 15 15 0 0 0 0 0 0 0 0 0 5 10 0 0 0

C146 25 20 25 20 5 20 20 1 0 0 0 0 0 0 0 0 0 0 30 20 10 0 0 0 0 0 0 0 0 0 15 5 0 0 0

C145 25 20 25 15 20 20 15 30 0 0 0 0 0 0 0 0 0 0 15 20 10 0 0 0 0 0 0 0 0 0 5 15 0 0 0

C144 20 25 20 25 15 25 20 30 0 0 0 0 0 0 0 0 0 0 15 25 8 0 0 0 0 0 0 0 0 0 3 12 0 0 0

C143 20 20 20 1 5 20 20 20 0 0 0 0 0 0 0 0 0 0 15 20 5 0 0 0 0 0 0 0 0 0 7 13 0 0 0

C142 30 25 30 5 15 25 25 15 0 0 0 0 0 0 0 0 0 0 15 25 7 0 0 0 0 0 0 0 0 0 16 4 0 0 0

C141 20 30 20 10 15 30 20 20 0 0 0 0 0 0 0 0 0 0 20 30 8 0 0 0 0 0 0 0 0 0 4 16 0 0 0

C140 20 25 20 20 5 25 25 20 0 0 0 0 0 0 0 0 0 0 15 25 10 0 0 0 0 0 0 0 0 0 12 3 0 0 0

C139 15 25 15 25 5 30 30 25 0 0 0 0 0 0 0 0 0 0 20 25 10 0 0 0 0 0 0 0 0 0 5 5 0 0 0

C138 15 25 15 25 5 30 25 20 0 0 0 0 0 0 0 0 0 0 20 25 5 0 0 0 0 0 0 0 0 0 10 5 0 0 0

C137 25 20 25 20 10 30 25 25 0 0 0 0 0 0 0 0 0 0 20 20 10 0 0 0 0 0 0 0 0 0 10 10 0 0 0

C136 20 20 20 20 10 20 25 30 0 0 0 0 0 0 0 0 0 0 20 20 5 0 0 0 0 0 0 0 0 0 10 10 0 0 0

C135 20 20 20 8 10 30 20 25 0 0 0 0 0 0 0 0 0 0 20 20 15 0 0 0 0 0 0 0 0 0 10 10 0 0 0

C134 20 20 20 20 5 25 20 25 0 0 0 0 0 0 0 0 0 0 20 20 12 0 0 0 0 0 0 0 0 0 10 5 0 0 0

C133 20 50 20 20 5 40 20 25 0 0 0 0 0 0 0 0 0 0 20 50 13 0 0 0 0 0 0 0 0 0 5 10 0 0 0

C132 15 20 15 10 10 40 20 20 0 0 0 0 0 0 0 0 0 0 15 20 4 0 0 0 0 0 0 0 0 0 10 10 0 0 0

C131 15 20 15 10 10 25 50 20 0 0 0 0 0 0 0 0 0 0 20 20 16 0 0 0 0 0 0 0 0 0 8 10 2 0 0

C130 15 20 15 20 5 40 20 20 0 0 0 0 0 0 0 0 0 0 20 20 3 0 0 0 0 0 0 0 0 0 8 12 0 0 0

C129 20 20 20 25 5 45 20 20 0 0 0 0 0 0 0 0 0 0 20 20 5 0 0 0 0 0 0 0 0 0 8 12 0 0 0

C128 15 20 15 15 5 25 20 50 0 0 0 0 0 0 0 0 0 0 20 20 5 0 0 0 0 0 0 0 0 0 8 12 0 0 0

C127 25 15 25 15 10 35 20 20 0 0 0 0 0 0 0 0 0 0 15 15 10 0 0 0 0 0 0 0 0 0 8 12 0 0 0

C126 1 15 1 15 40 35 20 20 0 0 0 0 0 0 0 0 0 0 20 15 10 0 0 0 0 0 0 0 0 0 10 5 0 0 0

C125 5 25 5 20 5 30 15 20 0 0 0 0 0 0 0 0 0 0 20 25 10 0 0 0 0 0 0 0 0 0 8 12 0 0 0

C124 10 20 10 20 6 30 15 20 0 0 0 0 0 0 0 0 0 0 15 20 5 0 0 0 0 0 0 0 0 0 8 12 0 0 0

C123 20 15 20 25 10 25 25 20 0 0 0 0 0 0 0 0 0 0 25 15 10 0 0 0 0 0 0 0 0 0 8 12 0 0 0

C122 25 15 25 25 10 25 20 15 0 0 0 0 0 0 0 0 0 0 5 15 10 0 0 0 0 0 0 0 0 0 8 12 0 0 0

C121 25 20 25 16 5 20 15 15 0 0 0 0 0 0 0 0 0 0 15 20 10 0 0 0 0 0 0 0 0 0 8 12 0 0 0

C120 20 20 20 15 5 20 15 25 20 20 20 20 10 40 15 15 15 0 20 20 12 0 0 0 0 0 0 0 0 0 9 5 1 0 0

C119 20 25 20 15 5 30 25 20 25 25 25 20 15 20 20 25 20 0 20 20 12 0 0 0 0 0 0 0 0 0 5 10 0 0 0

C118 20 25 20 15 5 20 25 15 25 25 25 30 10 15 20 10 20 0 30 25 12 0 0 0 0 0 0 0 0 0 8 12 0 0 0

C117 25 25 25 15 15 23 25 15 25 25 25 15 10 20 15 10 15 0 20 20 12 0 0 0 0 0 0 0 0 0 6 14 0 0 0

C116 20 15 20 15 15 15 15 25 15 15 15 15 5 20 20 10 20 0 20 25 10 0 0 0 0 0 0 0 0 0 5 5 0 0 0

C115 25 20 25 10 10 20 20 25 20 20 20 20 15 15 25 10 15 0 30 20 10 0 0 0 0 0 0 0 0 0 10 10 0 0 0

C114 20 15 20 15 35 20 15 25 15 15 15 20 10 20 25 5 20 0 15 20 10 0 0 0 0 0 0 0 0 0 15 10 0 0 0

C113 20 20 20 20 60 25 20 15 20 20 20 20 10 15 10 10 25 0 15 20 10 0 0 0 0 0 0 0 0 0 10 10 0 0 0

C112 20 25 20 15 10 40 25 20 25 25 25 20 10 20 10 5 5 0 20 20 10 0 0 0 0 0 0 0 0 0 10 5 0 0 0

C111 20 30 20 15 10 40 30 15 30 30 30 20 10 25 10 10 15 0 20 25 10 0 0 0 0 0 0 0 0 0 15 15 0 0 0

C110 25 30 25 20 10 25 30 20 30 30 30 20 10 5 10 10 20 0 20 25 10 0 0 0 0 0 0 0 0 0 10 10 0 0 0

C109 25 30 25 15 10 20 30 25 30 30 30 16 40 15 5 10 20 0 20 15 10 0 0 0 0 0 0 0 0 0 10 5 0 0 0

C108 15 30 15 15 60 35 30 30 30 30 30 15 40 20 10 10 30 0 20 10 5 0 0 0 0 0 0 0 0 0 10 5 0 0 0

C107 10 20 10 15 20 30 20 30 20 20 20 15 35 20 5 10 20 0 20 5 5 0 0 0 0 0 0 0 0 0 10 5 0 0 0

C106 5 30 5 15 10 30 30 30 30 30 30 15 20 30 10 10 20 0 20 5 2 0 0 0 0 0 0 0 0 0 7 13 0 0 0

C105 5 25 5 15 15 20 25 30 25 25 25 15 20 20 10 10 30 0 20 5 10 0 0 0 0 0 0 0 0 0 5 5 0 0 0

C104 5 40 5 15 15 15 40 20 40 40 40 15 20 20 10 10 15 0 25 20 10 0 0 0 0 0 0 0 0 0 5 5 0 0 0

C103 20 40 20 15 10 20 40 30 40 40 40 10 15 30 10 10 15 0 5 15 5 0 0 0 0 0 0 0 0 0 2 3 1 0 0

C102 15 25 15 15 10 20 25 25 25 25 25 15 20 15 10 10 20 0 15 5 5 0 0 0 0 0 0 0 0 0 5 10 0 0 0

C101 5 40 5 10 15 25 40 40 40 40 40 20 20 15 10 10 20 0 20 5 10 0 0 0 0 0 0 0 0 0 5 10 0 0 0

C100 5 45 5 10 15 20 30 40 45 45 45 15 25 20 10 10 20 0 20 5 10 0 0 0 0 0 0 0 0 0 10 15 3 0 2

C99 5 25 5 16 10 25 30 25 25 25 25 15 15 20 10 14 20 0 30 20 5 0 0 0 0 0 0 0 0 0 5 10 0 0 5

C98 10 35 10 10 20 30 30 40 35 35 35 20 8 20 10 5 20 0 20 20 5 0 0 0 0 0 0 0 0 0 0 20 0 0 10

C97 5 35 5 10 15 25 20 25 35 35 35 15 20 20 10 10 20 0 20 20 5 0 0 0 0 0 0 0 0 0 0 30 0 0 0

C96 3 30 5 10 5 25 30 25 30 30 30 15 20 20 10 10 20 0 30 20 10 0 0 0 0 0 0 0 0 0 0 25 0 0 0

C95 5 30 5 10 10 25 25 25 30 30 30 15 10 20 10 10 20 0 15 20 5 0 0 0 0 0 0 0 0 0 0 25 0 0 0

C94 5 25 5 10 15 20 40 15 25 25 25 15 10 20 14 10 20 0 15 30 10 0 0 0 0 0 0 0 0 0 0 30 0 0 0

C93 3 25 5 10 15 20 40 20 25 25 25 15 20 20 5 10 20 0 20 25 3 0 0 0 0 0 0 0 0 0 0 30 0 0 0

C92 5 20 5 16 25 20 25 15 20 20 20 15 25 20 10 10 15 0 20 25 5 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C91 4 20 5 15 15 20 40 20 20 20 20 15 15 20 10 10 20 0 20 20 8 0 0 0 0 0 0 0 0 0 0 25 0 0 0

C90 5 30 5 15 10 50 45 25 30 30 30 15 15 20 10 15 15 0 20 1 8 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C89 5 20 5 15 10 20 25 30 20 20 20 10 15 20 10 10 20 0 20 30 8 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C88 10 23 10 15 15 20 35 30 23 23 23 10 20 30 10 7 25 0 20 30 8 0 0 0 0 0 0 0 0 0 0 15 0 0 0

C87 5 15 5 15 15 20 35 30 15 15 15 16 20 15 10 10 5 0 20 20 8 0 0 0 0 0 0 0 0 0 0 15 0 0 0

C86 5 20 5 10 20 20 30 30 20 20 20 10 25 15 10 5 15 0 20 15 8 0 0 0 0 0 0 0 0 0 0 15 0 0 0

C85 5 20 15 15 20 20 30 20 20 20 20 10 25 20 15 10 20 0 10 20 8 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C84 5 30 5 20 10 15 25 30 30 30 30 10 20 20 10 16 20 0 5 20 15 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C83 5 40 14 15 10 15 25 25 40 40 40 10 20 20 7 10 30 0 15 25 15 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C82 5 40 5 15 10 25 20 40 40 40 40 10 30 20 10 8 20 0 12 20 10 0 0 0 0 0 0 0 0 0 0 15 0 0 0

C81 5 50 20 20 10 20 20 40 50 50 50 10 20 20 5 10 20 0 13 25 10 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C80 20 10 20 15 5 15 30 25 10 10 10 16 20 20 10 10 30 4 4 30 8 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C79 20 15 20 15 10 15 20 40 15 15 15 15 15 15 16 10 15 0 12 25 5 0 0 0 0 0 0 0 0 0 0 15 0 0 0

C78 20 10 20 15 10 16 23 20 10 10 10 15 15 20 10 10 15 0 10 25 7 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C77 20 10 20 15 10 15 15 25 10 10 10 15 25 20 8 10 20 0 15 25 8 0 0 0 0 0 0 0 0 0 0 15 0 0 0

C76 20 5 20 15 12 15 20 30 5 5 5 15 20 20 10 10 20 0 20 20 10 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C75 30 15 30 15 20 15 20 30 15 15 15 15 20 20 10 10 20 0 25 20 10 0 0 0 0 0 0 0 0 0 0 25 0 0 0

C74 25 10 25 15 15 15 25 20 10 10 10 10 20 20 10 5 20 0 5 20 5 0 0 0 0 0 0 0 0 0 0 5 0 0 0

C73 25 10 25 15 3 15 40 15 10 10 10 15 20 20 10 10 20 0 15 20 10 0 0 0 0 0 0 0 0 0 0 15 0 0 0

C72 20 10 20 10 5 10 40 20 10 10 10 20 15 20 10 5 20 0 20 50 5 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C71 1 10 1 10 10 15 16 20 10 10 10 15 15 20 10 15 20 0 20 20 15 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C70 30 10 30 16 15 20 15 25 10 10 10 15 15 20 10 12 20 0 30 20 12 0 0 0 0 0 0 0 0 0 0 30 0 0 0

C69 30 40 30 10 15 15 15 20 40 40 40 20 20 20 5 13 20 0 20 20 13 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C68 20 40 20 10 5 15 15 25 40 40 40 15 15 15 20 4 20 0 20 20 4 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C67 15 35 15 10 5 20 15 30 35 35 35 15 25 20 20 15 15 0 30 20 16 0 0 0 0 0 0 0 0 0 0 30 0 0 0

C66 20 20 20 10 10 15 15 25 20 20 20 15 1 20 30 20 20 0 15 15 3 0 0 0 0 0 0 0 0 0 0 15 0 0 0

C65 20 20 20 10 15 15 10 25 20 20 20 15 5 25 15 15 25 0 15 15 5 0 0 0 0 0 0 0 0 0 0 15 0 0 0

C64 25 20 25 10 10 15 15 25 20 20 20 15 10 20 15 20 19 0 20 25 5 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C63 20 15 20 25 10 15 20 20 15 15 15 15 20 25 20 25 30 0 20 20 10 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C62 25 20 25 25 10 15 15 20 20 20 20 15 25 15 20 5 15 0 20 15 10 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C61 30 20 30 20 10 15 15 20 20 20 20 15 25 20 20 15 5 0 20 15 10 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C60 25 25 25 20 10 15 20 20 25 25 25 10 20 20 20 20 20 0 20 20 5 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C59 25 15 25 20 10 15 15 50 15 15 15 10 20 20 20 20 12 0 20 20 10 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C58 25 8 25 30 15 10 15 20 8 8 8 16 20 20 20 30 20 0 20 20 10 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C57 20 20 20 28 10 10 15 20 20 20 20 10 25 20 19 20 15 0 20 25 10 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C56 20 20 20 30 10 16 15 20 20 20 20 10 20 20 30 20 13 0 20 20 12 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C55 20 10 20 16 15 10 15 20 10 10 10 10 25 20 15 30 22 0 20 25 12 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C54 20 10 20 17 15 10 15 20 10 10 10 10 20 20 20 15 19 0 20 20 12 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C53 50 20 50 20 35 10 15 15 20 20 20 10 20 20 15 15 15 0 20 20 12 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C52 20 25 20 20 5 10 15 15 25 25 25 10 20 20 20 20 10 0 30 20 10 0 0 0 0 0 0 0 0 0 0 30 0 0 0

C51 20 15 20 20 5 10 10 25 15 15 15 15 20 15 25 20 10 0 15 20 10 0 0 0 0 0 0 0 0 0 0 15 0 0 5

C50 20 15 20 20 5 10 10 20 15 15 15 20 25 20 5 20 20 0 15 25 10 0 0 0 0 0 0 0 0 0 0 15 0 0 0

C49 20 15 20 15 5 30 16 15 15 15 15 20 25 20 15 20 10 0 15 25 10 0 0 0 0 0 0 0 0 0 0 15 0 0 0

C48 20 20 20 15 2 30 10 15 20 20 20 20 15 25 20 20 10 0 15 15 10 0 0 0 0 0 0 0 0 0 0 15 0 0 0

C47 15 20 15 15 2 30 10 20 20 20 20 20 10 20 20 20 2 0 20 10 10 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C46 15 25 15 20 5 20 10 25 25 25 25 20 5 25 30 20 20 0 15 5 10 0 0 0 0 0 0 0 0 0 0 15 0 0 5

C45 25 25 25 15 4 30 10 20 25 25 25 20 5 13 20 20 15 0 30 5 10 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C44 20 20 20 25 15 25 10 25 20 20 20 20 5 15 20 20 20 0 25 5 5 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C43 15 20 15 1 10 40 10 30 20 20 20 20 20 20 30 20 25 0 32 20 5 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C42 15 30 15 5 10 40 15 20 30 30 30 20 15 20 15 20 19 0 45 15 2 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C41 20 20 20 10 10 25 20 20 20 20 20 20 5 20 15 20 30 0 28 5 10 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C40 20 20 20 20 10 40 20 20 20 20 20 15 5 30 20 20 15 0 30 5 10 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C39 25 15 25 25 10 45 25 20 15 15 15 20 5 25 20 20 5 0 18 5 5 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C38 25 15 25 25 10 25 20 25 15 15 15 20 10 25 20 15 20 0 25 20 5 0 0 0 0 0 0 0 0 0 0 15 0 0 0

C37 25 25 25 20 20 35 25 20 25 25 25 25 5 20 20 20 12 0 30 20 10 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C36 15 20 15 20 20 35 30 25 20 20 20 20 5 1 20 20 20 0 15 20 10 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C35 20 20 20 10 5 30 25 30 20 20 20 25 5 30 20 20 15 0 10 20 5 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C34 15 20 15 15 10 30 25 20 20 20 20 30 5 30 20 20 13 0 0 20 5 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C33 20 20 20 13 10 25 25 10 20 20 20 25 5 20 20 15 22 0 0 30 5 0 0 0 0 0 0 0 0 0 0 15 0 0 0

C32 25 15 25 23 10 25 20 10 15 15 15 25 5 15 20 20 19 0 0 25 10 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C31 30 15 30 30 10 20 20 4 15 15 15 20 5 20 20 20 15 0 0 25 5 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C30 30 15 30 35 10 20 20 30 15 15 15 18 5 20 15 20 10 0 0 20 10 0 0 0 0 0 0 0 0 0 5 15 0 0 0

C29 30 20 30 20 10 30 20 30 20 20 20 30 5 25 20 20 10 0 0 20 3 0 0 0 0 0 0 0 0 0 5 15 0 0 0

C28 30 15 30 19 10 20 50 30 15 15 40 30 10 20 20 30 20 0 0 30 5 0 0 0 0 0 0 0 0 0 5 10 0 0 0

C27 20 25 20 30 10 23 20 20 25 25 25 20 5 25 25 25 10 0 0 30 8 0 0 0 0 0 0 0 0 0 0 15 0 0 0

C26 30 15 30 16 10 15 20 30 20 24 18 15 5 30 20 25 10 0 0 20 8 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C25 25 5 25 20 20 20 20 25 5 16 5 20 5 25 25 20 2 0 0 15 8 0 0 0 0 0 0 0 0 0 0 10 0 0 0

C24 40 10 40 30 10 20 20 40 10 10 10 20 5 30 30 20 16 0 0 20 8 0 0 0 0 0 0 0 0 0 0 10 0 0 0

C23 40 20 40 0 10 25 20 40 20 20 20 25 5 25 20 30 16 0 0 20 8 0 0 0 0 0 0 0 0 0 0 5 0 0 0

C22 25 25 25 19 23 40 15 25 25 25 25 20 5 25 17 30 15 0 0 25 8 0 0 0 0 0 0 0 0 0 0 5 0 0 0

C21 40 25 40 5 15 40 15 40 25 25 25 25 5 25 25 20 23 0 0 20 8 0 0 0 0 0 0 0 0 0 0 10 0 0 0

C20 45 20 45 5 20 25 25 45 20 20 20 30 20 20 30 15 24 0 0 25 15 0 0 0 0 0 0 0 0 0 0 20 0 0 0

 C19 25 20 25 6 10 20 20 25 20 20 20 15 20 20 25 20 17 0 0 30 15 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C18 35 20 35 30 10 25 15 35 20 20 20 15 20 20 25 20 20 0 0 25 10 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C17 35 25 35 19 10 30 15 35 25 20 25 10 20 20 25 25 20 0 0 25 10 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C16 30 20 30 20 5 10 10 30 20 20 20 10 20 50 20 20 20 0 0 25 8 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C15 30 25 30 20 5 10 20 30 25 30 25 8 30 20 20 25 30 0 0 20 5 0 0 0 0 0 0 0 0 0 0 10 0 0 0

C14 25 20 25 20 10 5 20 25 20 25 20 5 25 20 20 30 25 0 0 20 7 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C13 25 20 25 15 5 16 20 25 20 25 20 7 25 20 20 10 25 0 0 20 8 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C12 20 20 20 15 5 9 20 20 20 20 20 8 20 20 50 10 20 0 0 20 10 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C11 20 20 20 15 9 8 20 20 20 15 20 10 15 20 20 5 10 0 0 50 10 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C10 30 25 30 20 15 8 10 30 25 30 25 10 30 15 20 16 30 0 0 20 5 0 0 0 0 0 0 0 0 0 0 10 0 0 0

 C9 20 25 20 15 10 5 20 20 25 30 25 5 30 15 20 9 30 0 0 20 10 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C8 23 15 23 25 7 12 20 23 15 20 15 10 20 25 20 8 20 10 0 20 5 0 0 0 0 0 0 0 0 0 5 15 0 0 0

C7 15 10 15 1 10 13 20 15 10 15 10 5 15 20 20 8 15 0 0 20 15 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C6 20 5 20 5 5 4 20 20 5 20 5 15 20 15 15 5 20 0 0 20 12 0 0 0 0 0 0 0 0 0 0 13 0 0 0

C5 20 5 20 10 10 8 10 20 5 20 5 12 20 10 15 12 20 0 0 15 13 0 0 0 0 0 0 0 0 0 5 15 0 0 0

C4 25 5 30 20 10 10 20 25 5 25 5 13 25 28 25 13 25 0 0 15 4 0 0 0 0 0 0 0 0 0 0 15 0 0 0

C3 40 20 10 25 5 15 15 40 20 20 20 4 20 16 20 4 20 0 0 25 16 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C2 40 15 10 25 5 30 40 40 15 25 15 16 25 22 15 8 25 0 0 20 3 0 0 0 0 0 0 0 0 0 0 20 0 0 0

C1 50 5 30 20 5 20 14 1 5 30 5 10 30 10 15 10 30 0 0 15 5 0 0 0 0 0 0 0 0 0 0 10 0 0 0

Appendix B- 

Foraminifera data 
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C180 1 3 1 2 1 5 2 5 3 1

C179

C178 2

C177

C176

C175 2 2 2

C174 3

C173

C172

C171

C170 3 5 2 30

C169

C168

C167 5

C166

C165

C164

C163 2

C162 2 2 1 2 5

C161

C160

C159

C158 5

C157

C156

C155

C154 1

C153

C152

C151

C150 2 1 3 10

C149

C148

C147

C146

C145

C144

C143

C142

C141

C140

C139

C138

C137

C136

C135 3 3

C134

C133
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C130

C129
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C115 3 3
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C90 2
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C80 3

C79
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C72
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C70 2

C69
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C65
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C62
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S42 1 1
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S36 2

S35 1
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S31 1
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S22 3 2

S21 3 1 2 3 2 4
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S11 2 1 4

S10 3

S9 1

S8 2 1 4 2 3 2

S7 3 3 3
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S2 2 1 1

S1 2 1 2 1 1 3

Appendix C and D- 

Macrofauna Essen data 
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marls E71

marls E69
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marls E63

marls E61 11

marls E58

marls E56

marls E54

marls E53

marls E45 4 1

marls E44
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marls E42
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marls E37

marls E36 13

marls E29
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marls E21

marls E16 3 2 1

marls E10

marls E8

marls E5 9 2 1

marls E3 3 5 1

marls E1 1 3 2 2 1

10 28 5 5 7 1 3 2 1 2 1

Appendix E-

Macrofauna 

Boukezez data 


