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Abstract

A stratigraphic study was carried out on the J&8uwellahouajeb section (Lansarine Chain;
Tebourba area, northern Tunisia) in order to esfalal relatively detailed biostratigraphic
framework of the Hauterivian pelagic deposits @& Tunisian trough. The limestone—marl
alternations are represented by five limestone-dated intervals, named calcareous bundles
H1 to H5, separated by thick marly-dominated ireésvThe well exposed Jebel
Boulahouajeb section (873 m in thickness) is reddyi continuous, rich in ammonoid
macrofauna, and provides an ideal succession fagproach. Concerning the Hauterivian
ammonoid zonal scheme, the following (sub-)zone= lieeen identifiedAcanthodiscus

radiatus Crioceratites loryj Lyticoceras nodosoplicaturBalearites balearigwith B.



26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

a7

48

49

50

balearis Balearites binelli Balearites krenkelandBalearites angulicostatuSubzones) and
Pseudothurmannia ohnfwith P. ohmj Pseudothurmannia mortilleindPseudothurmannia
picteti Subzones) Zones. Thus, except$ubsaynella sayrindPlesiospitidiscus ligatus
Zones, the standard zonation of the Mediterraneawirite has been recognized in this area
of the Tunisian trough. The boundaries of the Hawiten stage have been characterized by
identifying the last zone of Valanginia@riosarasinella furcillataZzone) and the first zone of
Barremian Taveraidiscus hugizone). The benthic and planktic foraminiferal askkges
have been used to characterize some stratigraghets|of the studied section; however the
lack of certain data did not allow to well recognend establish a complete zonal scheme.
Mainly on the base of ammonoid biostratigraphy,Xbkel Boulahouajeb section is correlated
with the Jebel Oust section (north—west of Zaghdtizat is the Lower Cretaceous reference

section of the Tunisia trough.

Keywords: Ammonoids; Foraminifera; Hauterivian; deBoulahouajeb; Jebel Oust; Tunisia

1. Introduction

In his monography on Mesozoic cephalopods of TanBervinquiére (1907) provided a
subdivision of the Early Cretaceous series. Thigartant work was completed by Solignac
(21927) who focused his geological survey on théheosn Tunisia. Since the middle part of
the 20" century, a succession of papers allowed to cdanstte bio-lithostratigraphy of this
interval using mainly ammonoids and foraminifenagl aometimes calpionellids (Castany,
1951; Bolze et al., 1952; Jauzein, 1967; Memmi 519869, 1973, 1979, 1981, 1989;
Busnardo and Memmi, 1972; Memmi and Maamouri, 1$idgnik et al., 1974; Donze et al.,
1975; Memmi and Salaj, 1975; Maamouri and Salaj81%alaj, 1980, 1984; Ben Haj Ali et

al., 1993; Maamouri et al., 1994; Ben Haj Ali, 20@806, 2008). Recently Ben Haj Ali and
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Memmi (2013) compiled a synthesis presenting aetation between the ammonoid and
foraminifera zonal schemes for the Lower Cretacadurthern Tunisia. Since Castany
(1951), the Jebel Oust locality (north—west of Zagin, 40 km South-East of Tebourba,
Tunisia trough) has been considered as a refefentiee Lower Cretaceous marine
succession, and consequently numerous authorsdjpieiously focused on this section.
Due to its relative continuity and richness in raiand macrofauna, Salaj proposed, during
the meeting of the working Group on Pelagic Fariddrbino in 1989, the Jebel Oust section
as a standard for marine Lower Cretaceous sucecesgfdhe Tethyan realm (see Maamouri
et al., 1994). In his work on the Lansarine Chdiebourba area, northern Tunisia), Zargouni
(1975) described and figured two sections for thevér Cretaceous series: the Jebel
Boulahouajeb and Tazega sections. The Jebel Baudgimsection appeared interesting for
the Valanginian—Aptian interval due to its impott#mckness and richness in ammonoids
that was also sampled by Solignac (1927). Zarg@L9¥5) underlined the presence in this
section of several foraminifera, calpionellid arahnofossil taxa. Considering the literature
on the stratigraphy of north Tunisia, it is impaittéo note that, even in the works published
during the last decades, the stratigraphic coluofitise most sections were generally not
detailed as they concerned the Lower Cretaceousdy@nd the sampling of macrofauna was
very sparse. The data was often presented as @spist; and the ammonoids collected were
generally not documented (rarely illustrated; aeddy Lehmann et al., 2009).

The aim of this work is to (1) establish a detaibgaktratigraphic framework with both
ammonoids and foraminifera of the Jebel Boulahduagztion, mainly for the Hauterivian
stage including the characterization of its bouiedan(2) illustrate some ammonoid and
foraminifera species of the studied section, ane¢Bablish correlations with the Jebel Oust
reference section using mainly the ammonoid ddta.Jebel Boulahouajeb section provides

an ideal succession for this approach owing teipanded, continuous well exposed
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outcrops and relatively abundant fossil recordgqarticular ammonoids which are relatively

abundant and well preserved (see Melliti, 2012;Iklek al., 2013).

2. Geological setting

The Jebel Boulahouajeb section is located in nantfenisia near Tebourba city, about 40
km west of Tunis (Fig.1). The studied section bgkto the Lansarine Chain, delimited by
the vast plain of the Medjerda valley to the saand east, and by the plain of the Oued Ettine
to the north and north—west. The Mesozoic strapigyapalaeogeography, structures and
tectonics of northern Tunisia were described by enous authors as Burollet (1956, 1991),
Bonnefous (1972), Zargouni (1975), Memmi et al.84)9 Bobier et al. (1991), Rais et al.
(1991), Souquet et al., (1997), Chikhaoui et 8@9€), Soussi et al. (2000), Kamoun et al.
(2001), Bensalem (2002), Piqué et al. (2002), S¢a663), Boughdiri et al. (2006), Ben
Abdesselam-Mahdaoui et al. (2010, 2011), Masrouhl.€2013), Naji et al. (2018a,b). The
Jebel Boulahouajeb section belongs the Tunisiamgtrd“sillon tunisien”, Castany, 1951), a
strongly subsiding basin from the Jurassic to @esas time span. It corresponds to a deep
marine palaeoenvironment characterized by pelaggpdleposits. The Lower Cretaceous
succession of this area is represented by verl tharly-limestone series with intercalation
of some sandstone beds. Large and numerous diagmsions of mainly evaporitic triassic
material are also present (Perthuisot, 1981; Bet;dll991). Zargouni (1975) described the
Hauterivian—Aptian interval of the Jebel Boulah@legection, suggesting that this pelagic
succession could start with the Valanginian; hedahe presence of a Triassic intrusion at its
base. In northeastern Tunisia, the Valanginian-akpsiuccession is named the M’Chergua
Formation (Ben Ferjani et al., 1990; Burollet, 1p®Recently, it was raised to the rank of
Group and subdivided into four formations which foen the bottom up (Ben Haj Al,

2008): El Mergueb (Valanginian to lower Hauteriiakef En Nemour (upper Hauterivian to



101  upper Barremian), Sidi Amor (uppermost Barremiabdeal Aptian) and Oued Ellouz

102  (Aptian) formations.

103

104 3. Material and methods

105 3.1. Ammonoids

106 A preliminary study of macrofauna of the Jebel Bdwuajeb section was started by Melliti
107 (2012) in the EI Manar University of Tunis. Thislg@ontological material has been

108 completed by further samplings made by Mellitinfr@013 to 2016. Sampling of

109 macrofaunal specimens was carried out at fifty tmeots. Due to the thickness of the section
110 (873 m, see part 4.1), a bed by bed sampling wapassible for this preliminary study. The
111 marly intervals were not sampled as the outcroplitimms were not favourable. The selected
112 intervals were sampled for their content of peld§B9 ammonoids representing 95% of

113 macrofauna; 8 aptychi; 15 belemnites) and bentlacrofauna (1 bivalve and 6 echinoids);
114  nautiloids (shells and rhyncholites) were not found

115 Dissolution of the ammonoid shells is the norm sapecimens are preserved as internal

116 calcareous moulds. The ammonoid fauna is relatwelly preserved, but the fragmentation of
117 specimens can be frequent in some beds. The coimpadtspecimens is relatively

118 important, particularly for the phragmocone. Conssdly, some characteristics, such the
119 whorl section, the strength of ribs and tubercudes how they change between the inner and
120 outer whorls, cannot be observed and comparedfoespecimens. The palaeontological
121  material was reviewed and taxonomically identifeedhe University of Lyon (Reboulet and
122  Melliti). The identification of ammonoids at specifevel is sometimes difficult or

123 impossible. Some data are here presented at tlegigésvel and some specimens identified

124  with doubt are indicated by a question mark. Théennal is stored in the palaeontological
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collections of the Observatory of Lyon at the Clalkrnard University of Lyon (France,

Melliti’s collection).

3.2. Foraminifera

One hundred and fifty four samples were collectethe Jebel Boulahouajeb section; most of
them (75%) come from the marly beds. Spacing imlbr and ranges from less than 5 m to
10 m as the section is very thick. In the laborgt800 gr of each sample were analyzed at the
University of Tunis by Ben Haj Ali and Melliti. Mgr sediments were soaked in tap water
and HO, After twenty four hours, the samples were washeough a set of sieves (63 um-—
500 um). The sieve with mesh opening of 63 pmdsmenended. Processed samples, once
dried, were stored in closed small plastic bage mircrofaunal assemblage is represented by
benthic and planktic foraminifera, ostracods (ram) echinoid spines (frequent). It is
necessary to note that planktic foraminifera wengied out only in the fine fraction. They
have a well preserved calcitic test, unlike for fitvens described in other sections of the
northeastern Tunisia, which are represented byitiged test. Due to their very small size,
their identification is often difficult. Even if phktic foraminifera are rare, they have been
studied for their biostratigraphic interest. Thatthéc foraminifera are common to frequent in
residus and were found in the coarse and fineitnacDespite of their abundance, just a
preliminary study of this group is presented h&tee samples were examined under a
binocular microscope with optics power twenty tirdgs magnification is not very adequate
to recover easily very small planktic foraminifeBpecimens were mounted in one hundred
and sixty cell-slides. Representative specimeustihted were photographed using Scanning
Electron Microscope. The selection of illustratpé@mens is based on the stratigraphic
importance of the index-species of planktic forafena and the importance of associated

benthic foraminifera taxa.



150

151 4. Results

152  4.1. Description of the Jebel Boulahouajeb section

153 The Jebel Boulahouajeb section (JBH; 873 m in tiesk) is composed by two

154 complementary sections (sections JBH-A and JBH-@)fthe M’'Chergua GrougsénsuBen
155 Haj Ali, 2008), with abnormal contact of Triassiepbsits at the base. On the well-exposed
156 intervals, all beds have been identified and drawthe field notebook (Melliti, Ben Haj Al
157 and Sabri Arfaoui); however, due to the importéntkness of the section JBH-B, the drawn
158 scheme was simplified. Outcrop conditions are soneeless favorable to make a precise
159 observation as some marly-dominated intervals aneeror less affected by scree-cover.
160 The section JBH-A (Fig. 2; 50 m. thick) starts watimetric bed of red sandstone, followed by
161 an alternation of yellowish limestones and graylsattributed to the upper Valanginian.
162 The section JBH-B (Fig. 3ab; 823 m thick) starterad lateral displacement of 10 m to

163 north—west from the top of section JBH-A. Aboutr@®f limestone—marl alternations of the
164  upper Valanginian are exposed at the base of tteession. The Hauterivian is represented
165 by 783 m of thickness, including a 65 m gap of obsgon. The deposits are made of

166 nodulous limestones, yellow in patina and grey aoiehen broken, and alternating grey
167 marls. The succession is characterized by calcareondles that are limestone-dominated
168 intervals (thick calcareous beds and reduction aflibed thickness); they are separated by
169 thick marl-dominated intervals. Starting by a saods bed (JBH-B3; 3 m, ochre’s color), the
170 lower part of the section JBH-B is composed by tatcareous bundles named H1 (JBH-B5
171 to B20; 34 m) and H2 (JBH-B22 to B32; 27 m), sefsddy a marly interval. In the middle
172  part of the section JBH-B, the marly interval isccterized by two calcareous bundles,
173 named H3 (JBH-B86 to B97; 24 m) and H4 (JBH-B168130; 28 m), and several more or

174 less continuous sandstones or siltstones bedsdaliRi-B32, JBH-B48-59-65-72-75, above



175 JBH-B115, and JBH-B181). In the upper part of thetisn JBH-B, a succession of thick beds
176 allows to recognize a fifth calcareous interval edritl5 (JBH-B202 to B219; 26 m), knows
177 as the “cornice of Jebel Boulahouajeb” of Zargqd®i75). The uppermost part of the section
178 JBH-B is represented by marls and grey limestottebated to lowermost Barremian (20 m).
179

180 4.2. Ammonoids

181 4.2.1. Systematics

182 The ammonoid fauna of the studied section consfdtsirty one genera grouped into fourteen
183 families and nine super-families (Appendix 1), naimsing the classification proposed by
184  Klein (2005), Vermeulen and Klein (2006), Kleinatt (2007, 2009), and Klein and Vask

185 (2011). As the purpose is not to make a systematision, only palaeontological comments
186 are made for some taxa and quantitative data soegaten. Further information is available
187 inthe papers of Company (1987), Reboulet et 892}, Bulot et al. (1993), Bulot (1995),
188 Hoedemaeker (1995, 2013), Reboulet (1996), Cecah €t998), Reboulet and Atrops

189 (1999), Busnardo et al. (2003), Company et al. 82@005), Vermeulen (2003), Ettachfini
190 (2004), Vermeulen et al. (2012, 2013).

191

192 Neocomitids are rare to common and they occurerdiver part of the Jebel Boulahouajeb
193 section (section JBH-A, Fig. 2; section JBH-B, RBg). They are represented bgschenites
194 (12 specimenskEleniceras(3 specimens),yticoceras(4 specimens; Figs. 4A and 4B),

195 Jeanthieuloyite$6 specimens) an8pitidiscug31 specimens). Due to the relatively bad

196 preservation of the material in these beds, thetifigation of species is difficult for the first
197 three genera; only feWeschenites subflucticulgsig. 4C) have been recognized in beds
198 JBH-A5 and A7. In this interval also occlganthieuloyite&eyserlingiformigFig. 4D),

199 JeanthieuloyiteguinquestriatugFig. 4E) andleanthieuloyitesolignaci(Figs. 4F and 4G).



200 The firstSpitidiscugidentified with doubt) occurs in JBH-B7; the losteccurrences (LO) of
201  Spitidiscus lorioli(Figs. 4H and 41) an8pitidiscus meneghifiFigs. 4J, 4K, 4L) are recorded
202 in beds JBH-B9 and B10, respectively; only @mtidiscus rawson(iFig. 4M) have been

203 found in bed JBH-B30. Even thoughmantocerass characterized by a crioconic shell, this
204  genus should be assigned to the Neocomitinae [(thetc relation has been shown by

205 Reboulet, 1996, 2007, 2008) and not to the Ancyliats as kept by Klein et al. (200Dne
206  specimen oHimantocera<t. trinodosum(Fig. 4N) has been found in bed JBH-B4.

207  Olcostephanids are common to frequent in some BadengOlcostephanug62 specimens),
208 OlcostephanudensicostatugFigs. 5A and 5B) has been identified in the seciBH-A (Fig.
209  2).Jeanncticeras jeannofk specimens; Fig. 5C) has been recorded in dsBP0 and

210 B21 (Fig. 3a).

211 Oosterellids are rare and this family is represttbtethree species @iosterella(8

212  specimens; Figs 2 and 3&)osterella ondulatgdFig. 5D),Oosterella cultrata Fig. 5E) and
213  Oosterella cultrataeformis

214  Holcodiscids are very rare and only three specineéAsgramidiscus intermediu$ig. 6A)
215 have been found at the uppermost part of the sedBéi-B (beds JBH-B232 and B234; Fig.
216  3b).

217  Barremitids are mainly representedPlgsiospitidiscug50 specimensPlesiospitidiscus

218 fasciger(Figs. 6B and 6C) have been sampled in beds JB3aBi B20 (Fig. 3a); the middle
219 part of the section JBH-B is characterizedFbgsiospitidiscus subdifficili@=igs. 6D and 6E;
220  Fig. 3b). In this interval, onAbrytusites neumay(Fig. 6F) has been recorded. Other genera
221  of this family occur in the upper part of the sentdBH-B with oneBarremitesgr. cassida
222 (Fig. 6G), twoMontanesicerasf. dimboviciorensieand twoValdedorsell& uhligi (Fig. 6H).
223 Pulchelliids are very rare in the section JBH-B anty five specimens dbiscoidelliahave

224  been recorded (Fig. 3kpiscoidelliacf. couratieri (Figs. 61 and 6J) andiscoidellia favrei
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Haploceratids, witiiNeolissoceras grasianuffig. 7A), mainly occurs in the section JBH-A
and in the lowermost part of the section JBH-B gp8cimens; Figs. 2 and 3a); only one
specimen has been sampled in the middle part cfebigon JBH-B (bed JBH-B163; Fig. 3b).
Phylloceratoids are representedRiyllocerasHypophylloceragwith 16 specimens
(Phyllocerag(Hypophyllocerastethys Fig. 7B;PhylloceragHypophyllocerasponticuli)
andPhyllopachycerasvith 31 specimendRhyllopachyceras winklerFig. 7C;
Phyllopachyceras infundibulurfigs. 7D and 7E) which are more frequent in tveelr part
rather in the upper part of the section JBH-B (Rgsd 3ab). This last species has not been
found in the section JBH-A (Fig. 2); it seems tthegt first specimen (identified with doubt)
occurs in bed JBH-B9 (Fig. 3a).

Lytoceratids (61 specimens) are representeldybyceras subfimbriatur(Figs. 7F and 7G);
the genud.ytocerasis relatively common (Figs. 2 and 3ab).

Crioceratitids are represented Bglearites(69 specimens) arfélseudothurmmaniél6l
specimens) which are relatively abundant, partitylia beds JBH-B163 and B202,
respectively (Fig. 3b). In this work, the opinioh@ompany et al. (2003) is followed:
Balearitesbalearis Balearites binellj Balearites krenkelandBalearitesangulicostatusould
constitute a phylogenetic lineage. These species ineluded in the genuSriocertatiesby
these authors. More recently, the first three §seaiere considered as belonging to
Balearitesby Vermeulen et al. (2012). However, these baimtehave a different conception
of the genuBalearites for Vermeulen et al. (2012), some specieBsdudothurmannia
should be included iBalearites and these authors do not consialegulicostatusas a
Balearites Taking into account their new data and obsematiMatamales and Company
(personnal communication, 2017) suggest that tbeglineagebalearisbinelli-krenkeli
angulicostatushould belong to the genBslearites According to Company et al. (2003),

the evolutionary trend of this group is towardssteonger ornamentation and a clear



250 differenciation between main and intermediate mbthe middle ontogenetic stages”. The
251 ornamentation oB. balearisis characterized in the middle stages by unifonch dense ribs
252 lacking distinct umbilical tubercules. In bed JBRB(Fig. 3b), three specimens have been
253 identified asB. cf. balearis(Fig. 8A). The second member of the lineagB.ibinelli (Figs.
254 8B to 8E); it differs in the appearance of ribs dhes rising from well-defined umbilical

255 bullae.B. binelliseems relatively frequent as fifteen specimens baea sampled in bed
256 JBH-B163 and numerowalearitessp. ind. found in this bed probably belong to 8pscies.
257  The next species of the groudskrenkelj a clear differentiation between main and

258 intermediate ribs from quite early ontogenetic stagn be observed. One specimen belonging
259 to bed JBH-B195 is identified with doubt to thiespes (Fig. 8F)Balearites angulicostatus
260 is the last species of this lineage and the ances®seudothurmanniforms (Hoedemaeker,
261  1995; Company et al., 2003). In the studied sectiwa specimens are identified as

262  Balearitescf. angulicostatugFigs. 8G and 8H) in bed JBH-B195. In their waBkompany et
263 al. (2003) recognized four speciesRgeudothurmannial hese authors observed the

264  consecutive appearanceRgeudothurmannia ohpf?Pseudothurmannia mortilleéind

265 Pseudothurmannia pictetihis evolutionary trend is towards a more invelabiling. They
266 noted thaP. ohmi“differs from its ancesta@inguliscostatus having the whorls always in
267 touch and having definitively lost the initial triierculate stage”. In the Jebel Boulahouajeb
268  section,P. mortilleti (Figs. 9A to 9E) is well represented and co-oceuits

269 Pseudothurmannia pseudomalb(fsigs. 9F, 9G and 10A). Just above this stratigiaph

270 interval, one specimen &f. picteti(Fig. 10B) has been recorded (bed JBH-B219, Fy.R
271  ohmihas not been recognized. Taking into accountttéigraphic distribution of the last
272 Balearitesand firstP. mortilleti found in beds JBH-B195 and JBH-B202, respectively,
273  ohmishould take place in this interval (from top JBH9B to base JBH-B202) in which first

274  specimens oPseudothurmanniap. ind. have been sampled (bed JBH-B200); indeed,
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according to the distribution of species given lmnpany et al. (2003Balearites(balearis
binelli-krenkeltangulicostatugroup) and®seudothurmanniéohmimortilleti-picteti group)

do not coexist (no overlapping of their ranges)e Tdentification at the specific level was not
possible for the three specimensSairnayitedound in this part of the section JBH-B
characterized by numeroBseudothurmannia

Emericiceratids (2 specimensonnoratiacf. thiollieri; Paraspiticerassp. ind, Fig. 10C),
Leptoceratoidids (4 specimerngamulinitessp. ind; Sabaudiella simplexXig. 10D) and
Hamulinids (2 specimeng&nahamulina loriolj Amoring?) are very rare and restricted in the
upper part of the section JBH-B (Fig. 3b). Bochiialsi (5 specimen®ochianites
neocomiensjshave been found in the section JBH-A and in divgekmost part of the section

JBH-B (Figs. 2 and 3a).

4.2.2. Biostratigraphic implications

According to the stratigraphic distributions of anmmid taxa of the studied section (Figs. 2
and 3ab), the whole Hauterivian stage is repredantthe Jebel Boulahouajeb section. Most
of the Hauterivian zones of the Standard zonatitweflemaeker et al., 2003; Reboulet et al.,
2018) have been recognized. All of these are iateaones and their lower boundary is
identified by the LO of the index-species (theipapboundary is identified by the base of the
next zone). The main references concerning thagtahic distribution of taxa allowing to
characterize the zones are indicated.

The section JBH-A belongs to tkeiosarasinella furcillatazone (Fig. 2), of Valanginian

age, taking into account the occurrenc& e$chenitesp. ind.,T. subflucticulugReboulet,
1996; Reboulet and Atrops, 1999) ahdkeyserlingiformigAvram, 1995). This interval is
also marked by the occurrenceldénicerassp. ind.,O. densicostaty. ondulataJ.

guinquestriatusandJ. solignacj these taxa are present in the uppermost palnieof t
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Valanginian, but they are also known in the lowestrgart of the Hauterivian (Reboulet,
1996). The Hauterivian is not characterized heeetduhe absence 8pitidiscusandP.
unfundibulum

The Valanginian—Hauterivian boundary can be drawthé lowermost part of the section
JBH-B (Fig. 3a), and is placed at the base of lB#d-B7 in which a specimen &pitidiscus
sp. ind. has been found. Whananthodiscusr Breistrofferellaare absentcanthodiscus
radiatusis the index-species of the first zone of the ldaudén stage), the LO &pitidiscus
can be used to characterize the base of the Haate(Reboulet, 1996; Busnardo et al.,
2003). Just below bed JBH-B7, a specimeH off. trinodosumhas been recorded in bed
JBH-B4. According to Reboulet (1996; see also R&i@nd Atrops, 1999H. trinodosumis
restricted to the upper Valanginian. Bulot et 4893) found in the lowermost part of the
radiatusZone (La Charce section, France) a (or few?) sperfs) ofHimantocerasdentified
asH. cf. trinodosum This/these specimen(s) could corresponiditbantoceras. sp. 2, taxa
described by Reboulet (1996) and located in thalh@st of theA. radiatusZone (only three
specimens found in the Les Sias section, Frana@)s€tjuentlyH. trinodosunshould be
restricted to the upper Valanginian. TAeradiatusZone is characterized by the occurrences
of S. lorioli, S. meneghinandP. infundibulum(Bulot, 1995; Reboulet, 1996); all or a part of
these taxa are recorded in beds JBH-B9 and B10a3$emblage of the interval JBH-BS to
B10 is also characterized Bgschenitesp. ind.,O. cultrataandO. cultrataeformisThe bed
JBH-B9 could correspond to the middle part of AheadiatusZone as the range of these
Oosterrelid species ends in the lower part ofzbise in SE France and the rang®of
unfundibulumstarts in its upper part (Reboulet, 1996).

TheCrioceratites loryiZone is not directly characterized as the indeseggs has not been
found. In the Jebel Boulahouajeb section, the lagbecurrence (HO) &. meneghimandS.

lorioli (in bed JBH-B11) is used to put the lower boundsrthis zone at the base of bed
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JBH-B12 (Fig. 3a). Even if Reboulet (1996) notee tlccurrence db. meneghinin the
lowermost part of th€. loryi Zone, it seems that these both speci€Spatidiscusare mainly
restricted in thé\. radiatusZone (see Bulot, 1995).

ThelLyticoceras nodosoplicatu@one has been recognized with the LQ.gticocerassp.

ind. in bed JBH-B20 (Fig. 3a). The fact that tlaigsa co-occurs witP. fascigerin bed JBH-
B20, andJ. jeannotj in beds JBH-B20 and 21, allows to characteriedawermost part of
the zone (th®lcostephanus variegati$orizon; Bulot, 1995)Lyticocerassp. ind. and.
rawsonihave been found in beds JBH-B24 and B30, respdygtiaccording to Bulot (1995)
and Reboulet (1996) these both taxa are restriotdteL. nodosoplicatunZone.

The Subsaynella saym@ndPlesiospitidiscus ligatuZones have not been identified as the
interval from the top of JBH-B30 to the base of IBBb has not been sampled for
macrofauna (Fig. 3a). Consequently, the upper banynaf theL. nodosoplicatunZone is
provisionnaly placed at the top of bed JBH-B30.

TheBalearites baleariZone is well identified in the studied sectios. liase is placed at the
base of bed JBH-B92 in which several specimer&atdaritessp. ind. and. cf. balearis
have been recorded (Fig. 3b). Two specimens idedtfith doubt to the genugalearites
have been found in beds JBH-B86 and B89. Thisvates also characterized by the
occurrence oP. subdifficilisandD. cf. couratieri; according to Company et al. (2003), the
LO of these two latter species are at the baske® tbalearisZone. These observations
could be in favour to place the base of this zdrieed JBH-B86. However, even if the acme
of D. couratierioccurs in thd. balearisZone (Vermeulen, 1995), the LO bf couratieriis

in the lower part of th®. ligatusZone (Vermeulen, 2003). Due to the difficulty dentifying
the different species éflesiospitidiscusndconsidering that their stratigraphic distributien i
not well known around the interval of tRe ligatusZone, it is preferable not to put the base

of theB. balearisZone at the LO oP. subdifficilis The lower boundary ddalearites binelli



350 Subzone is placed at the base of bed JBH-B163 wisaredex-species occurs. It is difficult
351 toidentify the upper boundary of this subzone. Tdveer boundary oBalearites

352 angulicostatusSubzone is drawn at the LO Bf cf. anguliscostatusampled in bed JBH-

353 B195. In this bed, there is al8o krenkel?; the specimen probably represents the end of the
354 range of the species. Indeed, according to Compaal (2003)B. anguliscostatusndB.

355 krenkelico-exist in a short stratigraphic interval of tbevermost part of th&. angulicostatus
356 Subzone. Thus, th#. krenkeliSubzone can be provisionaly assigned to the iakémym the
357 top of bed JBH-B170 (just above the rang®obinell)) to the base of bed JBH-B195 (just
358 below the LO oB. cf. angulicostatu}

359 ThePseudothurmannia ohn#ione is well characterized. Its lower boundargléced at the
360 base of bed JBH-B200 where one specimeRseiudothurmanniap. ind. has been recorded
361 (Fig. 3b). As observed by Company et al. (2003}tierSE Spain, the HO af

362  subfimbriatumandP. subdifficilisare recorded in the lower part of the zone ofJiseel

363 Boulahouajeb section; a comparison with their waak also be done f&f.? cf.uhligi, M. cf.
364 dimboviciorensandD. favreithat are sampled in t& ohmiZone of the studied section.
365 The base of thBseudothurmannia mortilleubzone is placed at the base of bed JBH-B202
366  where its index-species first occurs. Its ranganslar to that ofP. pseudomalbosthis is in
367 accordance with the data of Company et al. (200(3.lower boundary d®. pictetiSubzone
368 is put at the base of bed JBH-B219. This subzodéfisult to characterize as there is a large
369 stratigraphic interval (65 m in thickness) withobiservation.

370 The Hauterivian—Barremian boundary is provisior@aced at the base of bed JBH-B232
371 where the LO oA. intermediuss recorded (Fig. 3b), even if this species fasturs in the

372 uppermost part of the. pictetiSubzone as observed by Company et al. (2003)base of
373 the Barremian stage is also characterized by tbsepice oB. gr.cassidafound in bed JBH-

374 B234.



375

376  4.3. Foraminifera

377 4.3.1. Systematics

378 The micropaleontological study of planktic foranfiémna is based essentially on the work of
379 Moullade (1974), Caron (1985), Premoli-Silva anide®2002), Ben Haj Ali (2005; 2006),
380 Ben Haj Ali and Memmi (2013; Appendix 2). Their dehination is often difficult due to the
381 very small size of the studied specimens; the proldf the identification of the lowermost
382  Cretaceous planktic foraminifera was also note@€bégca et al. (1994) and Coccioni and
383  Premoli-Silva (1994). As also underlined by thegthars for this interval in Italy and Spain
384  respectively, the planktic foraminiferal assembfagethe Boulahouajeb section is poorly
385 diversified; this was also observed in north—wastiSia by Ben Haj Ali (2005) and Ben Haj
386 Ali and Memmi (2013). In the studied section (Fi4), Favusellids are represented by

387 Favusella hoterivicgFigs. 12A and 12B). Praehedbergellids are contgpbgdwo genera:
388  Gorbachikella represented b§orbachikella kugler{Figs. 12C and 12D);orbachikella

389 anteroaperturgFig. 12E) andsorbachikella grandiaperturaandPraehedbergella

390 represented biraehedbergella sigalFigs. 12F to 12H). Planktic foraminifera occurym
391 the upper part of the section (Fig 11). They are ta very rare bu®. sigaliis more abundant
392 in the upper part of its range. The low abundari¢hesmall planktic forms in the

393 Valanginian and Hauterivian stages is also note@dagcioni and Premoli-Silva (1994).

394  Benthic foraminifera are represented by thirtytaixa, which constitute the main part of the
395 assemblages (Fig. 11). Their palaeontological sisithased on Moullade (1974), Neagu
396 (1975), and Holbourn and Kaminski (1995). In thedgtd section, calcareous taxa are

397 represented by nine genetalticuling Dentaling Frondicularia, Marginulinopsis

398 Catharing Ramuling Marginulina, Spirillina andGavelinellg including twenty two

399 species/taxa. The agglutinated foraminifera, thaiggnerally less frequent, are composed by
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five generalDorothia, Marsonellg AmmodiscidusBathysiphorandRhiziming including
fourteen species/taxa. A poor assemblage of befaraminifera is recorded in the upper
Valanginian interval (6 samples; from JBH-B1 to Bi&t is characterized by the occurrence
of rareLenticulina roemer{Fig. 121). A moderate diversification is observadhe lower
Hauterivian of the Jebel Boulahouajeb section.rBrgjer increase of number of taxa is
recorded from the lowermost part of the upper Hatgn (from level JBH-B76 to the top of
the section). The foraminiferal succession forgtuelied Hauterivian section is subdivided
into nine assemblages based on changes in the sttropaf dominant taxa and on
occurrences of species with biochronological irgeteenticulina eichenberdiFig. 12J),
Dorothia lilliformis (Fig. 12K),Lenticulina multicella(Fig. 12L) Dorothia praehauteriviana
(Fig. 12M), Lenticulina ouachensis ouachen@isg. 12N),Dorothia kummiFig. 120),
Dorothia zedleradFig. 12P) Lenticulina rotulata(Fig. 12Q) andsavellinella barremiana

(Fig. 12R). These index-species are accompaniedh®r abundant benthic species (Fig. 11).

4.3.2. Biostratigraphic implications

The planktic foraminifera zonation adopted in thisrk (Fig. 11) corresponds to the local
zonal scheme established by Ben Haj Ali (2005) Bad Haj Ali and Memmi (2013).
Contrary to Maamouri et al. (1994), benthic foraifieira are not used here to define
foraminiferal subzones because the occurrence iatrthdtion of the group is highly
controlled by local ecological conditions (see Madé, 1974).

No planktic forms have been observed in the uppstiMalanginian—lower Hauterivian of
the Jebel Boulahouajeb section. This could beypaxlained by the difficulty to identify
specimens due to their small size. Salaj (1984)BarmdHaj Ali (2005; see also Ben Haj Ali
and Memmi, 2013) have noted that the LO of plankiraminifera are respectively at the

base of the lower Hauterivian and the base of gpeuHauterivian. The low diversification
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of the lowermost Cretaceous foraminiferal plankssemblages and their scarceness
(Coccioni and Premoli-Silva, 1994; Cecca et al 130dbaszynski and Caron, 1995) could
also explain why these microfossils have not beend in this interval of the studied section.
In the Jebel Boulahouajeb section, only five plantdraminifera species have been recorded
in the upper Hauterivian—lowermost Barremian inggrifhe first bioevent (JBH-B37 at the
lowermost part of the upper Hauterivian) is charazed by the LO oFavusella hoterivica
TheF. hoterivicalnterval Range Zone is identified by the LO of thdex-species (Van

Hinte, 1972). In the Cretaceous Mediterranean zsciame based on planktic forminifera,
Sigal (1977) indicated thaCaucasellagr. hauterivica-kuglefi first occurs at the base of the
upper Hauterivian (see also Caron, 1985). In Tar(i®bel Oust aredj, hoterivicafirst

occurs at the base of the Hauterivian (Salaj, 1984 Maamouri et al. (1994), the
“Globuligerina hoterivicaZone” characterizes the Hauterivian stage. Accgydd Coccioni
and Premoli-Silva (1994), the “mean range” 6f ‘hauterivicd starts at the base of the
Hauterivian (synthetic data); however these authmhigated that the LO of this species in SE
Spain is at the base of hurmanniceraspertransiensZzone (base of the Valanginian).
According to Ascoli (198& Robaszynski and Caron, 1995), the Ld~ohoterivicacould be
lower, in the middle—late Berriasian in the NW Atfi@ margin of North America. In the Jebel
Boulahouajeb section, only a short part of thetigiraphic range oF. hoterivicais recorded
corresponding to the lower part of the upper Hawuiter. Consequently, it is not really
possible to identify this zone in the studied setti

The second set of bioevents concerns the LO o tspecies belonging teorbachikella G.
kugleri, G. anteroaperturaandG. grandiaperturan levels JBH-B73, B91, B109,
respectively. As previously evoked, the range@dtcasellagr. hauterivica-kuglefi would
start at the base of the upper Hauterivian (Sigaf,7). In north Tunisia, BouDagher-Fadel et

al. (1995) indicated th&®. kuglerioccurs in the Hauterivian and its range goes updo
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lower Aptian. Ben Haj Ali (2005) recorded the LO®f kugleriat the base of the upper
Hauterivian and she defined t@e kuglerilnterval Zone that characterized this substage (see
also Ben Haj Ali and Memmi, 2013). When BouDaghad#l et al. (1995) described the new
specie<s. grandiaperturaandG. anteroaperturahey did not provide their stratigraphic
distribution; the authors indicated ti@at grandiaperturaranges in Tunisia from Hauterivian
to Barremian, anc. anteroaperturaanges from the upper Hauterivian to lower Aptigor
Ben Haj Ali (2005), these two species allow to elaterize thés. kugleriZone. Refering to
the zonal scheme of this author, the LABotkugleriin the Jebel Boulahouajeb section is
used to indicate the base of tAekugleriZone that is also characterized®y
grandiaperturaandG. anteroaperturgFig. 11).

The third bioevent in the planktic distributiontbe Jebel Boulahouajeb section is the LO of
Praehedbergella sigain level JBH-B221. For Sigal (1977)H&dbergella sigalifirst occurs
at the base of the Barremian (see also Caron, 1888Yhe index-species of the first planktic
foraminifera zone of this stage; this interval zevess defined by Moullade (1966). For
Maamouri et al. (1994}. sigalishould be put in synonymy withedbergella tuschpsensis
its LO is recorded at the base of the Barremianthiscdefined the base of the
tuschpsensitterval Zone. According to Coccioni and Premolv&i(1994), the “mean
range” of ‘H. sigal’ starts at the base of the Barremian (synthetia)dadowever, these
authors indicated that this species first occutb@base of T.” pertransiensZone in SE
Spain. Robaszynski and Caron (1995) underlinedHhatgaliis rare in the Valanginian and
becomes more frequent during the Hauterivian ardeBaan. More recently, Premoli-Silva
et al. (2017) confirmed th&i. sigaliis already present in the upper Hauterivian ofSp&in.
Ben Haj Ali (2005) was the first to recognize thesigaliZone as the first zone of the

Barremian in Tunisia (see also Ben Haj Ali and Man2013). In the Jebel Boulahouajeb
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section, a similar observation is done; the bagbef?. sigaliZone is placed in the uppermost

part of the Hauterivian where the LO of its indgesies is recorded.

5. Discussion

5.1. Integrated biostratigraphy: ammonoid and foraminifera zonations

The callibration of the ammonoid and planktic foraifera zonations proposed here is
restricted to the upper Hauterivian—lowermost Baram of the Jebel Boulahouajeb section
(Figs. 3 and 11). The LO @. kugleriandG. anteroaperturare in the upper part of tige
sayni-P. ligatusZones.G. grandiaperturdirst occurs in the lowermost part of tBebalearis
(Sub-)Zone. These three foraminifera species atsardan theP. ohmiZone. So, they
characterize the upper Hauterivian as observethier @ unisian sections by BouDagher-
Fadel et al. (1995), Ben Haj Ali (2005), and Ben Alaand Memmi (2013). Taking into
account the ammonoid distributions of the Jebell@muajeb section, the base of the
Barremian is placed at bed JBH-B232 (LQAofintermediuy and so the LO d?P. sigali
(JBH-B221) is recorded in the upper part of thehmiZone P. pictetiSubzone). However,
the Hauterivian—Barremian boundary could be lowertddvel JBH-B221 where the LO Bf
sigali is recorded. Indeed, as the ammonbaderaidiscus hugiiindex-species of the first
Barremian zone) has not been found, this boundambe placed between the HO of
Pseudothurmanniéin bed JBH-B219; this genus is restricted inuppermost part of the
Hauterivian; Busnardo et al., 2003; Company et28l03; Hoedemaeker, 2013) and the LO of
A. intermediugbed JBH-B232). In this interval, ammonoid speeuh a biostratigraphic
interest a®. favreiandB. cf. dimboviciorensisre rare and they can occur in fheohmiand
T. hugiiZones. The proposal to put the base of the Baamstage at level JBH-B221 could
be supported considering tHatsigaliis the index-species of the first Barremian zane i

Tunisia. However, as previously evoked, the L@ os$igaliis placed lower in other areas of
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the Tethyan realm (base of the Valanginian in Sp&onsequently, the Hauterivian—

Barremian boundary is kept at the base of bed JBB2B

5.2. Correlations: Jebel Boulahouajeb and Jebd Oust sections

The Jebel Boulahouajeb section is correlated vaghJebel Oust section (Fig. 13) that is
considered as the reference section for the narthenisian lower Cretaceous series (see
Introduction chapter). This correlation is madengghe biostratigraphic data (ammonoids
and foraminifera), and the lithologic changes.

The ammonoid zonation of the Jebel Oust sectionmade by Memmi (1981, 1989); it is not
complete for some intervals as some zones wereenognized by the author and the
boundaries between some zones are not defined. MEBBD, p. 64) underlined that her
zonal scheme is based on the zonation establishe&H France and SE Spain; however she
guoted authors who have worked on the Tithonidow@rmost Hauterivian. For the
Hautervian, it seems that Memmi (1989) mainly uedzonal scheme established by
Moullade and Thieuloy (1967) and Thieuloy (1977 $& France; the correlation between
this former zonal scheme and a more recent versiestablished by Bulot et al. (1993; their
Table 1). Memmi (1989) replaced tAeradiatusZone by theBreistrofferella castellanensis
Zone used by Company (1987). Her zonal schemedadithel. jeannotiZone, now
considered as the second subzone o€theryi Zone in the standard zonation (Reboulet et
al., 2018). Memmi (1989) considered that $1esayniandP. ligatusZones should be
separated but the author grouped them as she wabledo distinguish them in the Jebel
Oust section, and also in other northern Tuniseatiens (see Memmi, 1981, 1989). For the
uppermost Hauterivian, Memmi (1981, 1989) considé¢he ‘Balearitesbalearis-
Pseudothurmannia angulicostaZamne”. For this interval, she recognized in somgtisns (as

Jebel Bou Kornine) ammonoid assemblages with batex-species and als@fioceratites
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krenkeliandPseudothurmannia mortillétiThe B. balearisZone was introduced by
Busnardo (1984). In Ben Haj Ali and Memmi (2018 Hauterivian zonal scheme of
Memmi (1989) was slightly modified with the intraztion of theB. balearisZone; however,
theB. castellanensigZone and th&. sayntP. ligatusZone are kept. For the lower Barremian,
Memmi (1989) did not use the zonal scheme estadditly Busnardo (1965; see also Sornay,
1977; Roger, 1980) for the stratotype of AnglegsisaqFrance) and she replaced the
“Nicklesia pulchell&zone” by her Holcodiscus caillaudZone”. For the upper Barremian,
Memmi (1989) used theSilesites seranoniarremites strettostoméone” that corresponds
to the ‘Silesites seranoniBone” of Busnardo (1965). This latter author subdithis zone in
three subzones recognized by Memmi (1989) in thelJaust section. For the northern
Tunisia, Ben Haj Ali and Memmi (2013) used the Barian zonal scheme of Memmi (1989).
Ammonoid taxa with a biostratigraphic interesttioe Jebel Oust locality have been reported
on the redrawn section (Fig. 13). Unfortunatelyyats impossible to check the identifications
of this material; the ammonoids studied by Memn9i8Q) are not illustrated, except for few
taxa occurring around the lower—upper Valanginiash alanginian—Hauterivian boundaries

(Memmi, 1965, 1970, 1973) and, for the momentMeenmi’s collection is not accessible.

The interval around the Valanginian—Hauterivianimbary in the Jebel Oust section is
relatively well characterized by assemblages alhgwwo Memmi (1989) to define the
uppermost zone of the Valanginian, tieschenites callidiscugone” (=T. callidiscus
Subzone of th€. furcillata Zone in the standard zonation), and the first zufrtbe
Hauterivian, the B. castellanensiZone” (=A. radiatusZone in the standard zonation). Even
if this latter index-species has not been foundmivie (1989) put the base of the Hauterivian
stage at the first bed of Formation 5 (but no amomibeampled in this bed; Fig. 13). The

genusOosterellais well represented around the boundary and Bdsremnd Memmi (1972)
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defined a Oosterellainterval” corresponding to Formations 4e, 5 te&ealso Memmi and
Maamouri, 1974; Memmi, 1981, 1989; Maamouri etE)94). In SE France, oosterellids are
more represented in the upper Valanginian but &ty occur in the lowermost Hauterivian
(mainly in theA. radiatusZone; Reboulet, 1996, and references therein).LThef P.
infundibulumis recorded at the top of Formation 5 of the J€hedt section; Memmi (1989,

p. 71) suggested that the LO of this species cbelth her B. castellanensiZone”. In SE
France, the same observation is made and the [EOinfundibulumis recorded in the upper
part of theA. radiatusZone (Reboulet, 1996). The correlative datum (tkeryzon) for the
Jebel Boulahouajeb and Jebel Oust sections isgpktdhe base of bed JBH-B7 (near the

base of the calcareous bundle H1) and the firsob&@drmation 5, respectively.

TheC. loryi Zone was not recognized in the Jebel Oust se@@mmi, 1989). The author
underlined (p. 46 and 72) that a fault occurs betwie formations 7 B. castellanensis
Zone”) and 8 (OlcostephanugleannoticeragjeannotiZone”). In the current standard
zonation J. jeannotiis the index-species of the second subzone dtheryi Zone. In SE
France, the LO dl. jeannotiis in the upper part of the. loryi Zone and its HO is in the
lowermost part of thé. nodosoplicatunZone (Bulot et al., 1993; Reboulet, 1996; Reboulet
and Atrops, 1999). Consequently, the lower pafarmation 8 of the Jebel Oust section in
which J. jeannotioccurs is correlated with the upper part of@hédoryi Zone and the
lowermost part of the. nodosoplicatunZone of the Jebel Boulahouajeb section widere
jeannotihas been also found (beds JBH-B20 and B21); thesypper part of Formation 8

should belong to thke. nodosoplicatunZone (see below).

ThelL. nodosoplicatunZone was not clairly identified in the Jebel Osesttion; this zone was

not separated from tH& saynandP. ligatusZones. Memmi (1989) probably used these
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zonessensuMoullade and Thieuloy (1967) sensurThieuloy (1977). Bulot et al. (1993, p.
46) recognized two successive populationSubsaynellaS. sayneandSubsaynella mimica
(see also Thieuloy and Bulot, 1993). In the firdgerval, they identified an assemblage made
of “true” S. sayniCruasiceras cruasensndAbrytusites juliani Consequently, the base of
the S. saynZonesensuBulot et al. (1993) was lowered a@d cruasenséecame the index-
species of the first horizon of this zone; thesh@ns underlined (p. 50) th& mimica
classically identified t&. sayniwas considered in literatuas the index-species to place the
base of th&. saynauctorumZone (see Moullade and Thieuloy, 1967; Busnar8841
Hoedemaecker et al, 1990). In the second inteBrdbt et al. (1993) identified an
assemblage characterized®ymimica(= S. saynauctorun), P. ligatussensu strictd= sensu
d’Orbigny; notsensuMoullade and Thieuloy, 1967) ai&l rotula Thus, the base of the
ligatus ZonesensuBulot et al. (1993) was lowered and its top wamed by the LO oB.
balearis P. ligatussensu latq= sensuMoullade and Thieuloy, 1967) occurs higher inhe
ligatus ZonesensuBulot et al., 1993).

Among ammonoids found by Memmi (1989) in the lowestrpart of Formation 9, there are
“Neocomitegr. nodosoplicatus S. sayniAbrytusites julianiP. ligatusandSpitidiscus

rotula. This author probably used the occurrenceN#dcomitegr. nodosoplicatusto
characterize the lower part of Formation 9 tolthaodosoplicatunZone. However, it is
difficult to use this assemblage of five taxa forrelations with the Jebel Boulahouajeb
section. Indeed, according to the stratigraphitridistion of ammonoids given by Bulot et al.
(1993) for the interval around the lower—upper teautan boundary in SE France, all these
five species cannot co-occur togetherjuliani can be found with “trueS. saynin the
lowermost part of th&. saynZonesensuBulot et al. (1993), an8. rotulaco-occurs with
“true” P. ligatusin the lower part of th®. ligatusZonesensuBulot et al. (1993). Therefore,

the identification of some species made by Memr@8@) must be interpreted differently. As



599 L. nodosoplicatunms only present in the lower part of thenodosoplicatunZonesensu

600 Bulot et al. (1993), it can be considered here tiaispecimen(s) identified by Memmi ds.*
601 gr.nodosoplicatus™could correspond tbyticoceras clavelor Lyticoceras kilianj that occur
602 in the upper part of this zone in SE France (Batadl., 1993; Bulot, 1995; Reboulet, 1996;
603 Reboulet and Atrops, 1999), or@ cruasensehat occurs in the lower part of tBe sayni

604 Zone in SE France (Bulot et al., 1993; Bulot, 199 }his caseP. ligatusandS. rotulawere
605 probably also misidentified at the specific lewble(identification of these taxa is difficult,
606 more particularly to distinguish the different spgscofPlesiospitidiscus Consequently,

607 according to this new interpretation, the lowert gdi~ormation 9 in the Jebel Oust section
608 could belong to th&. saynZone. However, the lowermost part of Formatioro8ld belong
609 to theL. nodosoplicatunZone as the assemblage described by Memmi (1988¢ated

610 around 35 meters above the base of this formafionthis reason, the stratigraphic interval
611 corresponding to the upper part of Formation 8lamer part of Formation 9 is correlated
612  with the calcareous bundle H2 of the Jebel Boulajedusection in which the boundary

613 between thé. nodosoplicatunandS. sayniZones is placed (at the top of JBH-B30). This
614 correlation is also supported by the lithologicro@ observed above; from the base to the top
615 of Formation 9 of the Jebel Oust section, the sedtation becomes more marly as observed
616 in the Jebel Boulahouajeb section (between bedsB®Hand B86). It is interesting to note
617 thatin SE France (Vocontian basin), the limestomed-alternations are mainly characterized
618 by thick calcareous beds and thinner marly intesbedhe lower Hauterivian, and it is the
619 opposite in the lower part of the upper Hauteriviamwhich marly interbeds are generally
620 thicker, with relatively thin calcareous beds ie $1 sayniZone (see Ferry and Rubino, 1987,
621  Bulot, 1995; Reboulet, 1996).

622
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In all sections studied by Memmi (1989), BesaynandP. ligatusZones have not been
separated. The author (p. 72) underlined that imol&x-species have been found in same
beds, as recorded in the uppermost part of Form&tat Jebel Oust (Fig. 13) and she
suggested that a condensation cannot be exclutedlhypothesis appears unlikely for most
of northeastern Tunisian sections, often charaeetrby dilated series. A misidentification of
some taxa could be an alternative; thus, new ist&pons of identification can be proposed
here for the specimens located in the uppermosiop&ormation 9 and three biostratigraphic
implications can be evoked as follows (a to c)f #)e identification ofS. saynmade by
Memmi (1989) is correct, that &. ligatusis wrong (see above); in this case, this interval
could correspond to tH&. sayniZone (its upper part). b) If her identificationPfligatusis
correct, the specimen(s) identified&ssaynby Memmi (1989) could be interpreted here as
S. mimicasee above), for which the LO is in the upper pétheS. saynZzonesensuBulot

et al. (1993) and its HO is in the lower part of Eh ligatusZonesensuBulot et al. (1993) in
SE France (Bulot et al., 1993; Bulot, 1995). Consedly, the uppermost part of Formation 9
(represented by two thick calcareous beds) codltmhigeo the lower part of the. ligatus

Zone and the base of this calcareous interval doeldorrelated with the base of bed JBH-
B86 in the Jebel Boulahouajeb section where thersedation becomes more calcareous
(bundle H3). c) The specimens®fsaynlocated in the uppermost part of Formation 9 could
belong toDiscoidellia.Indeed, Vermeulen (1998) evoked the great morplhcdbgffinities
between some speciesiscoidelliaandSubsaynellaand their phyletic relation. Taking into
account the stratigraphic distributioniscoidellia(Vermeulen, 1995, 1999), this genus can
occur intheB. balearisZone withPlesiospitidiscusThe specimen(s) éf. ligatusoccuring in
the uppermost part of Formation 9 can be correspotiteP. ligatus sensu latdor which

the distribution ends in the lowermost part of BhdalearisZone according to Bulot et al.

(1993). These ammonites could be also misidentdredicould correspond B subdifficilis
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that occur in thd. balearisZone (Figs. 3b and 13). Consequently, the coupbalocareous
beds located in the uppermost part of Formatioauldcbelong to the lower part of tie
balearisZone and could be correlated with the couple tdazaous beds JBH-B163 and

B170 (bundle H4). In this case, the lithologic ap@s seem more similar in both sections than

those observed in the previous attemp of correlatio

Memmi (1981, 1989) has not used BiebalearisZone in her zonal scheme of the
northeastern Tunisian area; she consideredBhbdlearisP. angulicostat&Zone” (see
above). In the zonation of the Jebel Oust sectammi (1989) indicated theP:
angulicostatazone” (=P. ohmiZone in the standard zonation) for Formation 1wiwch she
found the index-species afdmortilleti. This allows to correlate the couple of calcareous
beds of this formation with the couple of calcabads JBH-B202 and B219 of the Jebel
Boulahouajeb section as this bundle H5 mainly bgddo theP. mortilleti Subzone.
Consequently, Formation 10 (no ammonoid samplimgprrelated with the interval
belonging to thd3. balearisZone in the Jebel Boulahouajeb section.

Above the calcareous bundle of tReohmiZone, the sedimentation becomes more
argillaceous and a thick marly interval occurs athbsections. In the Jebel Boulahouajeb
section, the Hautervian—Barremian boundary is placé¢he uppermost part of this interval
(bed JBH-B232 corresponding to the bas&.diugiiZone), while Memmi (1989) placed this
boundary at the base of Formation 12. The autltbcated the H. caillaudi Zone” for this
formation despite the lack of the index-speciestivie (1989) underlined that the
assemblage of this zone is very poor; among fewtifiled taxa, she recognized the genus
Valdedorsellaln the Jebel Boulahouajeb section, the LQValidedorsell& uhligi is at the top
of P. mortilleti Subzone (top of the calcareous bundle H5). SoB#reemian age of

Formation 12 of the Jebel Oust section is probghign by the planktic foraminiferal
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Hedbergella sigalZzone reported by Memmi and Maamouri (1974), andnihée (1989).
Classically, this zone is considered as the fiostezof the Barremian in Tunisia (see above
and Ben Haj Ali, 2005), but some authors as Coc¢@ad Premoli-Silva (1994) and Premoli-
Silva et al. (2017) have recorded this index-seitighe Valanginian and Hauterivian of SE
Spain. Consequently, Formation 12 could belongp¢éouppermost HauteriviaR ( picteti
Subzone) considering that the base of Barremigntigit the base of bed JBH-B232 with the
LO of A. intermediuslt can be added that the upper part of Formditoould correspond to
the lowermost Barremian in the case of the HauteriBarremian boundary at the Jebel
Boulahouajeb section could be lowered at the 188&1-B221 where the LO d?. sigaliis

observed (see part 5.1).

In the Jebel Oust section, Formation 13 (aroundrh@@ thickness, mainly represented by
thick calcareous beds) corresponds to the Barrelniadle of the literature (“Barre
barrémienne”, Memmi, 1981, 1989). According to thighor, it is placed in the
“Hemihoplites feraudbubzone” of the Silesites seranoniBarremites strettostomaone”
(upper Barremian), even if these index-species hav®&een found in this part of the section.
The author found only two species of ammonoiditéesites vulpésand “Ancyloceras
trispinosuni (see Fig. 12 in Memmi, 1989). In the Jebel Boola#jeb section, there is also a
thick calcareous bundle (around 200 m of limestamed-alternations; only the first beds are
represented here) that could be correlated witmation 13. The zonal scheme is not
established for this calcareous bundle of the J8belahouajeb section; only the basal part of

this interval belongs to the lower Barremian (bB#B232 and above).

In comparaison with the Jebel Oust section, theystd the Jebel Boulahouajeb section

provided a more detailed lithological successiothefuppermost Valanginian—lowermost



698 Barremian interval of the northern Tunisia, a mavenplete sampling of macrofauna, a

699 greater set of data on the ammonoid distributiomsassemblages, and a greater illustration
700 of this fauna. Contrary to the Jebel Oust sectibere the boundaries between several

701 ammonoid zones were not identified, the work onJileel Boulahouajeb section allowed to
702  update the zonal scheme for the north Tunisia thighrecognition of most of the zones of the
703 standard zonation (Mediterranean Province; see [Rebet al., 2018). Consequently, it

704  appears that the Jebel Boulahouajeb section ceutdbsidered as a good reference section
705 for the Tunisian trough, at least for the Hautenivinterval.

706

707 6. Conclusion

708 The study of ammonoids and foraminifera from thparmost Valanginian to lowermost

709 Barremian of the Jebel Boulahouajeb section ohtiréhern Tunisia has led to three majors
710 results.

711  1- Most of the ammonoid zones of the standard xom&kediterranean Province) have been
712 identified and well characterized by their divaesifassemblages: for the uppermost

713 Valanginian,C. furcilla Zone; for the lower Hauteriviai,. radiatus C. loryi andL.

714 nodosoplicatunZones; for the upper Hauterivias, balearisandP. ohmiZones (with their
715  subdivisions in four and three subzones, respdgjiver the lowermost Barremiai,. hugii
716 Zone. TheS. saynandP. ligatusZones have not been recognized as the lower ptreo

717  upper Hauterivian has not been sampled for macnafau

718  2- The planktic foraminiferal fauna, observed oimlyhe upper Hauterivian and lowermost
719 Barremian, is poorly diversified. Distributions sfme species are similar to those recorded in
720  some previous studies done in Tunisia, but not@oalance with data from other Tethyan

721 areas.



722  3- Correlations between the Jebel Boulahouajehlabhdl Oust sections are proposed using
723  mainly the ammonoid zonal schemes. The Jebel Boukjhb section has to be considered
724  more complete in the lithologic succession, anthendistributions and assemblages of

725 ammonoids. Therefore, it could be a new refereecéan of the Tunisia trough for the

726  studied interval (mainly Hauterivian).

727
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Appendix 1 - Systematic of ammonoids

This appendix presents the list of ammonoid taxsdoin the Jebel Boulahouajeb section; the
index-species used for the zonation and otherd¢agied in the text have been added. The
classification is mainly based on Klein (2005), Meulen and Klein (2006), Klein et al.

(2007 2009), and Klein and Va&k (2011); some short comments are made for saxae ta

Perisphinctoidea STEINMANN
Neocomitidae SLFELD
Neocomitinae SLFELD
« Thurmanniceras COSSMANN
« Thurmanniceras pertransiengSAYN)
CriosarasinellaTHIEULOY

Criosarasinella furcillataTHIEULOY



1146 HimantocerasTHIEULOY; see Reboulet, 1996, 2007, 2008; included in Asastatoidea bilein et al. (2007, p. 31)

1147 Himantoceras trinodosuMHIEULOY

1148 Himantocera. sp. 2; see Reboulet, 1996

1149 TescheniteFHIEULOY

1150 Teschenites callidiscy§HIEULOY); included inNeocomites (Teschenitds) Klein (2005, p. 315)
1151 Teschenites subflucticuliEBOULET; included inNeocomites (Teschenitds) Klein (2005, p. 320)
1152 ElenicerasBRESkoOVsK included in Endemoceratinae by Klein (2005, [)35
1153 ? EndemoceratinaecBINDEWOLF

1154 Acanthodiscu$HLIG

1155 Acanthodiscus radiatuU@RUGUIERE)

1156 BreistrofferellaTHIEULOY

1157 Breistrofferella castellanens{® ORBIGNY)

1158 LyticocerasHyATT

1159 Lyticoceras clavelBUSNARDO & THIEULOY

1160 Lyticoceras kilianREBOULET & ATROPS

1161 Lyticoceras nodosoplicatufiILIAN & REBOUL)

1162 CruasiseradBUSNARDO

1163 Cruasiseras cruasenJeRCAPEL

1164 Spitidiscinae \ERMEULEN & THIEULOY

1165 Jeanthieuloyite COOPER

1166 Jeanthieuloyites keyserlingiformis/RAM & GRADINARU

1167 Jeanthieuloyites quinquestriatBESAIRIE

1168 Jeanthieuloyites soligna¢MEmMMI)

1169 SpitidiscusKILIAN ; this genus is included in Desmoceratidae by Buknat al., 2003 (p. 49)
1170 Spitidiscus lorioli(KILIAN )

1171 Spitidiscus meneghinfRODIGHIERO)

1172 Spitidiscus rawsorBuLOT

1173 Spitidiscus rotulgd SOWERBY)

1174 Olcostephanidae AUG

1175 Olcostephaninae AUG

1176 OlcostephanuslEUMAYR

1177 Olcostephanus densicostatVWEGNER)

1178 Olcostephanus variegatiPaQUIER

1179 JeannoticeragHIEULOY

1180 Jeannoticeras jeannofd’ORBIGNY)

1181 Oosterellidae BEISTROFFER

1182 OosterellaKILIAN

1183 Oosterella cultrataD’ORBIGNY)



1184
1185
1186
1187
1188
1189
1190
1191
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221

Oosterella cultrataeformiUHLIG)
Oosterella ondulat&kEBOULET
Holcodiscidae BATH
Taveraidiscus/ERMEULEN & THIEULOY
Taveraidiscus hugi{OOSTER
Avramidiscus/ERMEULEN
Avramidiscus intermediu®’ORBIGNY); included inTaveraidiscudy Company et al., 2003
HolcodiscusUHLIG
Holcodiscus caillaudianug’ORBIGNY)
Desmocer atoidea VON ZITTEL
Barremitidae BRESKOVSKI
AbrytusitesNIKOLOV & BRESKOVSKI
Abrytusites julian{HONNORAT-BASTIDE)
Abrytusites neumey(HAUG)
PlesiospitidisScCUBREISTROFFER
Plesiospitidiscus fascigélHIEULOY)
Plesiospitidiscus ligatuéD’ORBIGNY)
Plesiospitidiscus subdifficililK ARAKASCH)
BarremitesKILIAN
Barremites cassidéRASPAIL)
MontanesiceraBRESKOVSKI
Montanesiceras dimboviciorenBRESKOVSKI]); Company et al. (2005) included this specieBamremites
ValdedorsellaBREISTROFFER
Valdedorsella ? uhlig{HAUG); Company et al. (2003) included this speciesBartemites”
BarremititesSAVRAM
Barremitites strettostom@JHLIG)
Silesitidae HATT
SilesitedJHLIG
Silesites seranoni®’ORBIGNY)
Silesites vulpe@VIATHERON)
Pulchelliioidea DouviLLE (for an alternative classification, see note 98,88in Vermeulen and Klein, 2006)
Pulchellidae uviILLE
Buergliceratinae ¥RMEULEN
Subsaynell&PATH
Subsaynella mimic@HIEULOY & BULOT
Subsaynella sayrPAQUIER)
Discoidellia VERMEULEN

Discoidelliacouratieri VERMEULEN



1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259

Discoidelliafavrei (OOSTER
PulchellinaeDouVILLE
NicklesiaHYATT
Nicklesia pulchellgD’ORBIGNY)
Haploceratoidea VON ZITTEL
Haploceratida®oON ZITTEL
Neolissocera$PATH
Neolissoceras grasianu(d’ORBIGNY)
Phyllocer atoidea VON ZITTEL
Phylloceratida&/ON ZITTEL
Phylloceratina&/ON ZITTEL
Phylloceras(Hypophylloceras
Phylloceras (Hypophylloceras) tethffsORBIGNY)
Phylloceras (Hypophylloceras) ponticlROUSSEAU
Phyllopachyceratinae@LLIGNON
Phyllopachycera$pATH
Phyllopachyceras infundibulu(@'ORBIGNY)
Phyllopachyceras winkle(UHLIG)
L ytoceratoidea NEUMAYR
Lytoceratidae HUMAYR
Lytoceratinae HUMAYR
LytocerasSUESS
Lytoceras subfimbriaturtd'ORBIGNY)
Ancyloceratoidea GiLL
Crioceratitidae GL
Crioceratites(LEVEILLE)
Crioceratites loryi(SARKAR)
Balearites SARKAR; the opinion of Company et al. (2003) is here daid: B. balearis B. binelli, B. krenkeliand B.
angulicostatuscould constitute a phylogenetic lineage. Thesepdcigs are included in
Balearitesfollowing the opinion of Matamales and Companyrépeal communication, 2017)
Balearites balearigNOLAN)
Balearites binelli(ASTIER); included inBinellicerasby Klein et al., 2007 (p. 50)
Balearites krenkel{SaRKAR); included inCrioceratitesby Klein et al., 2007 (p. 42)
Balearites angulicostatud®’ORBIGNY); included inCrioceratitesby Klein et al., 2007 (p. 36)
Pseudothurmanni&prATH; the opinion of Company et al. (2003) and the gifastion of Klein et al. (2007, p. 54) are here
followed: the type species designated by Comparal.2003) isAmmonites angulicostatus
D’ORBIGNY in RCTET, PI. 1bis, Fig. 1ab (Pseudothurmannia picteBARKAR, holotype by

original designation Pictet, PI. 1bis, Fig. 1ab)



1260 Pseudothurmannia mortille(PICTET & DE LORIOL); in view of Company et al. (2003P. mortilletiis here considered as a

1261 senior synonym o. catulloi (Parona)
1262 Pseudothurmannia ohr(WINKLER)

1263 Pseudothurmannia picteBARKAR

1264 PseudothurmannipseudomalboiSARASIN & SCHONDELMAYER)
1265 SornayiteSMIEDMANN

1266 Emericiceratidae ¥RMEULEN

1267 HonnoratiaBUSNARDO

1268 Honnoratia thiollieri (ASTIER)

1269 ParaspiticeraskILIAN

1270 Leptoceratoididae AIEULOY

1271 HamuliniteSPAQUIER

1272 SabaudiellaVASICEK & HOEDEMAEKER

1273 Sabaudiella simpleBUSNARDO

1274 Hemihoplitidae 8ATH

1275 Hemihoplitinae BATH

1276 HemihoplitesSPATH

1277 Hemihoplites feraudianu®'ORBIGNY)

1278 Hemihoplite® trispinosusvoN KOENEN)

1279 Ptychoceratoidea GILL

1280 Hamulinidae @.L

1281 AnahamulinaHYATT

1282 Anahamulina lorioli(UHLIG)
1283 AmorinaVERMEULEN

1284 Bochianitoidea SPATH

1285 Bochianitidae 8ATH

1286 Bochianited_orY

1287 Bochianites neocomiensis’ ORBIGNY)
1288

1289 Appendix 2 - Systematic of foraminifera

1290 Alphabetic planktic foraminiferalist

1291 Favusella hoterivicdSUBBOTINA)

1292 Gorbachikella anteroaperturBOUDAGHER-FADEL ET AL.
1293 Gorbachikella grandiaptur&8OUDAGHER-FADEL ET AL.
1294 Gorbachikella kugler{BoLLI)

1295 Praehedbergella sigaliMOULLADE)



1296

1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332

Alphabetic benthic foraminiferalist

Ammodiscus cretaceREUSS
Bathysiphon brosgeiAPPAN
Catharinasp.

Dentalina deflexa5RzYBOWSKI
Dentalina ejunciddLOEBLICH & TAPPAN
Dentalina gracilisD’ORBIGNY
Dentalina oligostegigdREUSS

Dorothia gradata(BERTHELIN)

Dorothia hauteriviang M OULLADE)
Dorothia kummiZEDLER)

Dorothia lilliformis (BERTHELIN)
Dorothia ouachensi§SIGAL)

Dorothia oxycongdREUSS

Dorothia hechtiDIENI & M ASSARI
Dorothia praehauterivian®IENI & M ASSARI
Dorothia zedleradVlOULLADE
Frondicularia hastateaROEMER
Gavelinella barremian@®ETTENSTAEDT
Lenticulina eichenberdBARTENSTEIN & BRAND
Lenticulina heiermannBETTENSTAEDT
Lenticulina multicellaBARTENSTEIN, BETTENSTAEDT & BOLLI
Lenticulina nodosdREUSY

Lenticulina ouachensiSIGAL)
Lenticulina roemer{REUSY

Lenticulina rotulataLAMARCK
Marginulina planiscula(REUSS
Marginulina striatocostatdREuss
Marginulinopsissp.

Marsonella kKummZEDLER
Nodosaridea sp.

Nodosaria detruncat&CHWAGER
Planularia complanatdReusS
Ramulinasp.

Rhizamminasp.

Spirillina minimaScHACKO

Spirillina neocomiana OULLADE
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Figure captions
Fig. 1. Geographic map of north Tunisia with loocatof the Jebel Boulahouajeb and Jebel

Oust sections.

Fig. 2. Jebel Boulahouajeb section (section JBHIA)isia, lithology and ammonoid

distribution; upper Valanginian stagér{osarasinella furcillataZzonep.p).

Fig. 3. Jebel Boulahouajeb section (section JBHfBhisia, lithology and ammonoid
distribution; Fig. 3a: Hauterivian stage (frdkaanthodiscus radiatugone to
Plesiospitidiscus ligatugonep.p.) and its lower boundary (Valangini@riosarasinella
furcillata Zonep.p.recognized); Fig. 3d4auterivian stage (frorR. ligatusZonep.pto
Pseudothurmannia ohrdione) and its upper boundary (Barremiaveraidiscus hugiZone
p.p.recognized). Abbreviations: up. Val.: upper Valamgn; Bar.: Barremian; H1 to H5:
calcareous bundles (limestone-dominated intenegarated by thick marly-dominated

intervals).

Fig. 4. Ammonoids from the Jebel Boulahouajeb sedtsections JBH-A and JBH-B),
Tunisia. Scale bar: 1 cm; black arrow: end of phragone; SC: Silicone cast, Lyticoceras
sp. ind., JBH-B20l.yticoceras nodosoplicatuzone.B, Lyticocerassp. ind., JBH-B24L..
nodosoplicatunZone.C, Teschenites subflucticulu3BH-A5 Criosarasinella furcillata
Zone.D, Jeanthieuloyites keyserlingiformi$BH-A2,C. furcillata Zone.E, Jeanthieuloyites
quinquestriatusJBH-A7,C. furcillata Zone.F, G, Jeanthieuloyites solignaciBH-A7,C.
furcillata Zone.H, |, Spitidiscus loriolj JBH-B9,Acanthodiscus radiatugone.J (SC),K

(SC), Spitidiscus meneghinilBH-B10,A. radiatusZone.L (SC),Spitidiscus meneghini
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1359

1360

1361

1362

1363

1364

1365

1366

1367

1368

1369

1370

1371

1372

1373

1374

1375

1376

1377

1378

1379

1380

1381

1382

JBH-B11,A. radiatusZone.M, Spitidiscus rawsoniJBH-B30,L. nodosoplicatunZone.N

(SC),Himantocera<f. trinodosum JBH-B4,C. furcillata Zone.

Fig. 5. Ammonoids from the Jebel Boulahouajeb sedtsections JBH-A and JBH-B),
Tunisia. Scale bar: 1 cm; black arrow: end of phragone; SC: Silicone cast,
Olcostephanus densicostatd8H-A5, Criosarasinella furcillatazone.B, Olcostephanus
densicostatusIBH-AG,C. furcillata Zone.C, Jeannoticeras jeanngtIBH-B20,Lyticoceras
nodosoplicatunZone.D (SC),Oosterella ondulataJBH-B6,C. furcillata Zone.E,

Oosterella cultrataJBH-B10,Acanthodiscus radiatugone.

Fig. 6. Ammonoids from the Jebel Boulahouajeb sadtsection JBH-B), Tunisia. Scale bar:
1 cm; black arrow: end of phragmocone; SC: Silicoagt.A (SC),Avramidiscus

intermedius JBH-B232,Taveraidiscus hugiZone.B (SC),Plesiospitidiscus fascigedBH-
B18, Crioceratites loryiZone.C, Plesiospitidiscus fascigedBH-B20,Lyticoceras
nodosoplicatunzZone.D, Plesiospitidiscus subdifficilisi BH-B86,Subsaynella say#i
Plesiospitidiscus ligatugones E, Plesiospitidiscus subdifficiljsilBH-B163 Balearites
balearisZone,Balearites binelliSubzoneF, Abrytusites neumarydBH-B163,B. balearis
Zone,B. binelli SubzoneG, Barremitesgr. cassida JBH-B234,T. hugiiZone.H,
Valdedorsell@ uhligi, JBH-B215 Pseudothurmannia ohrZione,Pseudothurmannia
mortilleti Subzonel, Discoidelliacf. couratieri, JBH-B86,S. sayntP. ligatusZones.J,

Discoidelliacf. couratieri, JBH-B89,S. sayn+P. ligatusZones.

Fig. 7. Ammonoids from the Jebel Boulahouajeb sadtsection JBH-B), Tunisia. Scale bar:
1 cm; black arrow: end of phragmocoie Neolissoceras grasianurdBH-B10,

Acanthodiscus radiatugone.B, Phylloceras(Hypophylloceraptethys JBH-B10,A. radiatus
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1401

1402
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1407

Zone.C, Phyllopachyceras winklerdBH-B30,Lyticoceras nodosoplicatu@one.D,
Phyllopachyceras infundibulundBH-B9,A. radiatusZone.E, Phyllopachyceras
infundibulum JBH-B86,Subsaynella sayAPlesiospitidiscus ligatuZonesF, Lytoceras
subfimbriatum JBH-B6,Criosarasinella furcillatazone.G, Lytoceras subfimbriatupdBH-

B163,Balearites baleariZone,Balearites binelliSubzone.

Fig. 8. Ammonoids from the Jebel Boulahouajeb sadtsection JBH-B), Tunisia. Scale bar:
1 cm; black arrow: end of phragmocone; SC: Silicoast.A, Balearitescf. balearis JBH-
B92, Balearites baleariZone and Subzon8, C, D, E, Balearites binelli JBH-B163 B.
balearisZone,B. binelli SubzoneF (SC),Balearites krenkeH, JBH-B195B. balearisZone,
Balearites angulicostatuSubzoneG, H, Balearitescf. angulicostatusJBH-B195,B.

balearisZone,B. angulicostatusubzone.

Fig. 9. Ammonoids from the Jebel Boulahouajeb sadtsection JBH-B), Tunisia. Scale bar:
1 cm; black arrow: end of phragmocone; SC: Silicoagt.A, B, C, D, E, Pseudothurmannia
mortilleti, JBH-B202 Pseudothurmannia ohrZione,P. mortilleti SubzoneF (SC),G (SC),

Pseudothurmannia pseudomalba8H-B202,P. ohmiZone,P. mortilleti Subzone.

Fig. 10. Ammonoids from the Jebel Boulahouajebisedsection JBH-B), Tunisia. Scale
bar: 1 cm; black arrow: end of phragmocoAgePseudothurmannia pseudomalbQHsH-
B202,Pseudothurmannia ohrdione,Pseudothurmannia mortilleBubzoneB,
Pseudothurmannia pictetiBH-B219,P. ohmiZone,P. pictetiSubzoneC, Paraspiticeras
sp. ind., JBH-B161Balearites baleariZone and Subzon®, Sabaudiella simplexIBH-

B215,P. ohmiZone,P. mortilleti Subzone.



1408

1409

1410

1411

1412

1413

1414

1415

1416

1417

1418

1419

1420

1421

1422

1423

1424

1425

1426

1427

Fig. 11. Jebel Boulahouajeb section (section JBHFBMisia, lithology and Hauterivian

foraminifera distribution.

Fig. 12. Scanning Electronic Microscope (SEM) migaphs of selected foraminifera from
the Jebel Boulahouajeb section (section JBH-B),sianthe scale bar is indicated in
bracketsA, Favusella hoterivicd50 um), JBH-B76.B, F. hoterivica(50 um), JBH-B109C,
Gorbachikella kugler(50 um), JBH-B91D, G. kugleri(10um), JBH-B231E,
Gorbachikella anteroaperturélOum), JBH-B172F, Praehedbergella sigali50 um), JBH-
B221.G, P. sigali (50 um), JBH-B 225H, P. sigali(10um), JBH-B2361, Lenticulina
roemeri(100um), JBH-B2.J, Lenticulina eichenbergil00um), JBH-B44 K, Dorothia
lilliformis (100um), JBH-B31.L, Lenticulina multicella(100pum), JBH-B94 M, Dorothia
praehauteriviang100um), JBH-B59.N, Lenticulina ouachensis ouachen§l®0um), JBH-
B120.0, Dorothia kummi(100um), JBH-B111P, Dorothia zedlera€100um), JBH-B156
Q, Lenticulina rotulata(100um), JBH- B205R, Gavelinella barremiang50 um), JBH-

B224.

Fig. 13. Correlations between the Jebel Bouahoud@H) and Jebel Oust (JO) sections for
the uppermost Valanginian—lowermost Barremian valeThe Jebel Oust section (lithology,
formations 4d to 13, ammonoid taxa and zonatioafter Memmi (1989). For abbreviations

see Figure caption 3.
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Highlights

Detailed biostragraphic study of the Jebel Boulapekhis section (Tunisia)
Identification of the ammonoid zones of the Hawten and its boundaries
Identification of the upper Hauterivian plankticdminiferal zones

Biostratigraphic correlations of the Jebel Bouladgeh and Jebel Oust sections



