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ABSTRACT

Maria Ovechkina
Geological Survey of Israel, laboratory of Stratigraphy and subsurface exploration
2020

The calcareous nannoplankton from the sediments of the Judea Group (Albian—Ceno-
manian) of the Carmel area (NW Israel) and the Southern Coastal Plain has been studied.
The identified rich assemblages in the Carmel area consist of 113 taxa (borehole CT8)
and 95 taxa (borehole CT2). On the Coastal Plain (borehole Negba 1), the impoverished
assemblage of 24 taxa is recorded.

The detailed calcareous nannofossil biostratigraphy of the Carmel area has been
established and compared with planktic foraminiferal zones. In the Coastal Plain, dif-
ferent stratigraphical intervals are recorded and correlated with planktic foraminiferal
zones.

The novel nannofossil data indicate that the Isfiye Formation and the Tavasim Volcanics
(V2) calculated as 98.2 Ma in the Carmel area are Late Albian, and the Arqgan Fm. is
Late Albian—Middle Cenomanian.

The Albian—Cenomanian boundary in the Carmel area is drawn at the level of the
first occurrence of Thalmanninella globotruncanoides (planktic foraminifera) in the lower
part of the Argan Fm. at ~52 m above the top Tavasim Volcanics in CT8 and at ~35.65 m
above the Tavasim Volcanics in CT2. This is supported by the appearance of Th.
brotzeni (planktic foraminifera) at 26 m (CT8) and 6.55 m (CT2) below, and C. kennedyi
(nannofossils) above this level. Our novel stratigraphical data prompt a revision of the
revision of the litho-stratigraphic table and updating the Argan Fm. age.

On the Coastal Plain, only wide stratigraphic intervals can be recognized due to rarity
of nannofossils: the upper part of the Yagur Fm is Late Albian—Early Cenomanian, the
Lower and Upper Members of the Negba Fm is Albian—Late Cenomanian, and the upper
part of the Upper Member of the Negba Fm is Late Cenomanian.

The quantitative analysis of the calcareous nannoplankton suggests that the general
dominance of Watznaueria spp. throughout the whole successions in the Carmel Area
reflects the original signal and points to quite warm, open marine or coastal, generally

oligotrophic conditions. Due to poor nutrient supply, the productivity of the calcareous
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nannoplankton was quite low except for two phases of higher fertility within Subzone
NC10a and Zone NC11*. Low values of the Shannon index, Evenness and Species
richness can be interpreted as reflecting unstable environment. The Isfiye Formation
(Late Albian) accumulated in temperate, oligotrophic conditions. The lower part of the
Argan Formation was deposited under temperate climate but mesotrophic conditions.
The higher part of the Argan Formation (Early Cenomanian) was deposited in oligotro-
phic waters and relatively warm climate. The uppermost part of the Argan Formation
(Middle-Late Cenomanian) was accumulated during a progressively cooling period,
although characterised by alternating warming and cooling phases and oligotrophic
conditions.

The calcareous nannoplankton quantitative data correlate very well with those obtained
from planktic foraminifera (Lipson-Benitah et al., 1997) from the nearby area, and with
cycles and sequences established by Haq et al. (1988), and suggest nutrification during
phases of a risen sea level in the Late Albian and Early Cenomanian.

The biostratigraphy in the Carmel Area shows no hiatuses in the studied section, but
carbon isotope data reflect different pictures. In the borehole CT2 (Isfiye Fm., depths
169.90-152.60 m), the Oceanic Anoxic Event (OAE) 1d and Middle Cenomanian Event
(MCE) | (Argan Fm., depths 74.10-65.0 m) are detected; these reflect well the globally
recorded carbon isotopic anomalies. Considering that the isotopic signal is not dia-
genetically altered and the 8180 signal is not affected in the CT2, the oxygen isotopes
suggest temperate conditions during the Late Albian—Early Cenomanian (~26°C) fol-
lowed by a warming period in the late Early Cenomanian, with temperatures gradually
increasing toward the Middle Cenomanian to ~32°C.

In the borehole CT8, carbon isotope data seem to be affected by diagenetic alteration
showing no evidence of the positive isotopic anomalies, which identify OAE 1d and
MCE | worldwide. Temperature and nutrient variations in CT8 correspond to the western
Tethys record, thus suggesting that the detected paleoclimatic variations occurred at a

supra-regional scale.
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1. INTRODUCTION

Cretaceous deposits are widely spread in the Levant basin in general and in Israel in
particular. The depositional evolution of the Cretaceous sediments in Israel—subdivided
into Stage | — the Yo’av Group (Berriasian—Middle Albian); Stage Il — the Kurnub Group
(Late Aptian—Early Albian); Stage lll — the Judea Group (Late Albian—Turonian); and
Stage IV — the Mount Scopus Group (Coniacian—Maastrichtian)—reflects numerous
lateral facies-changes and regional unconformities (Derin, 2016). The Yo’av Group shows
well-defined facies from the west to east; they generally laterally grade from a shallow
to deep water sediments (Derin, 2016). The Kurnub Group consisting of continental
sandstones with marine intercalations deposits is overlaid by the Judea Group. The “Ju-
dea Limestone Formation” (Wellings, 1944) emended to the Judea Group (Arkin et al.,
1965) includes the normal marine limestones, dolomites, interbedded with marls and
chalk. The sediments were deposited mostly in a shallow platform regime over a large
area of the Arabian Platform (Rosenfeld & Hirsch, 2005). The Judea Group is very di-
verse lithologically and is composed of numerous formations.

The southern Tethyan margin experienced a large transgression during the Cenoma-
nian, which started at the end of the Albian and extended further to the southeast. The
transgression corresponding to the Judea Group started with deposition of dolomites of
the Yagur Formation in the Carmel Area, Coastal Plain, and Galilee, whereas in Judea
Mountains it is represented by dolomites and limestones of the Kesalon Formation. In
the Negev, the transgression is very pronounced and commenced at the very end of
the Albian with the deposition of the shallow-marine Judea Gr. on the sandy Kurnub
Gr. In the Carmel area, the transgression settings are not so prominent, with the dolo-
mitic Yagur Fm. reflecting the lagoonal environment and ending with deposition of the
overlaying Isfiye chalk. Offshore and on the westernmost Coastal Plane, the Judea
Group corresponds to the Talme Yafe Fm. In the Judea mountains anticlinorium, the
Judea Group is represented by several formations, starting with the Albian Kefira Fm.
and ending with the Turonian Bina Fm. (Fleischer, 2002).

Four hundred meters of calcareous sediments were deposited on a wide platform in
southern Tethyan region (Bein & Weiler, 1976; Sass & Bein, 1982). These rocks are
widespread in Israel including the Carmel Region in the northwestern part of the country

(Bartov, 1990), and below the coastal plain and offshore (Lipson-Benitah et al., 1995).
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For the project, the following two areas have been chosen: the Carmel Region (bore-
holes CT2 and CT8) and the Coastal Plain (borehole Negba 1) (Fig. 1).

The Albian to Turonian outcrops, consisting of limestones and chalks of Carmel contain
a rich macrofaunal assemblage composed of cephalopods, gastropods, bivalves and
echinoids (Kashai, 1966; Bein, 1976; Lipson-Benitah et al., 1997), which were used
to subdivide and date the succession (Avnimelech, 1965; Lewy & Raab, 1978). The
local biostratigraphy of the platform was based mainly on ammonites (Lewy & Raab,
1978). Ostracods were used to establish a detailed biostratigraphy of the Cenomanian
and Turonian strata of Carmel (Rosenfeld & Raab, 1974). Microbiostratigraphy of the
Cenomanian is based on the planktic foraminifera (Lipson-Benitah et al., 1997); however,
planktic foraminifers occur sporadically in these outcrops, and the Cenomanian planktic
foraminifera biostratigraphy in Israel has been established on the coastal plain and
offshore, where forams occur more frequently (Lipson-Benitah, 1980, 1994; Martinotti,
1993). The Judea Group is the least studied in terms of calcareous nannoplankton,
and it is apparent that new paleontological and stratigraphical studies of the Judea
Group are much needed. Subsurface (core) material provides an extended record of
the depositional history of this part of the Levant Basin and offers a better opportunity to
gain a fresh insight into paleoclimates by employing a quantitative analysis of the cal-
careous nannoplankton.

Despite prolific literature on the sedimentology, micropalaeontology, tectonics and
geological mapping of NW Israel (Kafri, 1972; Rosenfeld & Raab, 1974; Bein & Weiler,
1976; Lewy & Raab, 1978; Sass & Bein, 1982; Lipson-Benitah et al., 1995, 1997; Segeyv,
2009; Karcz & Sneh, 2011), the paleoecology of the region is still poorly investigated.
Calcareous nannoplankton of Israel, both fossil and Recent, have been studied for half
a century (for review, see Ovechkina et al., 2019), although the coverage of stratigraphic
intervals and the selection of research aims are uneven. In particular, calcareous nan-
nofossil assemblages of the mid-Cretaceous remain unstudied, despite broad deve-
lopment of mid-Cretaceous carbonate platforms in the country (Braun & Hirsch, 1994).
Calcareous nannofossils have been proved very instrumental in improving the strati-
graphic framework of the analogous mid-Cretaceous shallow-marine deposits of the
Ajlun Group in Jordan (Schulze et al., 2003) and the Upper Cretaceous—Cenozoic of
Lebanon (Muller et al., 2010).

<438



The Albian—Cenomanian succession in the Carmel Region was deposited during
four sedimentary cycles separated by phases of maximal regression or transgression
(Segev & Sass, 2014). The end of the second cycle is recorded in the Isfye Fm. re-
covered in borehole CT8 (Fig. 1). The dolomites of the Yagur Fm., which underlays the
aforementioned Isfye Fm., in the upper part are presented by the miliolid facies (Lipson-
Benitah et al., 1995, 1997) in the nearby borehole CT2 and point to a shallow and
warm-water environment on the inner platform (Sliter & Baker, 1972). The third cycle,

which corresponds to the Argan Fm., was deposited during a general deepening of the

A " & | Pt £ ? ) M. N
T o i i ' i J % ' w3 B
158 158 00 102 00 a0

______

Figure 1. Location map. A — map of Israel, B — Carmel Area, C — Coastal Plain. Red —
boreholes CT2 and CT8 in the Carmel Area, black — borehole Negba 1 in the Coastal

Plain.

9 »



basin, as inferred from the faunistic and lithologic changes (Lipson-Benitah et al., 1995,
1997). The Lower—Middle Cenomanian chalks from the northwestern Carmel Region
were deposited in the outer shelf environment (Lipson-Benitah et al., 1995, 1997).

The first palaeoenvironmental reconstruction of the Carmel area during the Ceno-
manian was made by Lipson-Benitah et al. (1995, 1997), based on quantitative analyses
of planktic foraminifera from boreholes CT2 and CTO at 1 km distance from borehole CT8
(Fig. 1). According to Lipson-Benitah et al. (1995, 1997) the Cenomanian deposits were
accumulated in an outer shelf setting, and five ecostratigraphic intervals of alternating
low and high relative abundances of planktic foraminifera were recognised, reflecting
sea-level changes that correspond to the third order cycles 2.2-2.4 of the supercycle
UZA-2 of Haq et al. (1988) and to sequences 2-5 of Robaszynski et al. (1993).

The present endeavour offers a new regional biostratigraphy based on calcareous
nannofossils and supplemented by carbon and oxygen stable isotope data. The main
aim of this research is to document quantitative fluctuations of nannofossils during the
Albian—Cenomanian to improve our understanding of the depositional environment in

the Levant Basin in this interval.

Specific aims of the proposed research

The recent research project is dedicated to the mid-Cretaceous calcareous nanno-
plankton assemblages within the biostratigraphic and paleoclimatic frameworks in the
Levant Basin. The main objective of the research is to understand the depositional
environment of the Judea Gr. in the Levant Basin using traditional methods of biostra-
tigraphy supplemented by novel techniques of extracting calcareous nannofossils and
by an interdisciplinary approach to paleoclimatic reconstructions.

The project emphasizes on
* investigation of the taxonomic composition of the calcareous nannoplankton assem-

blages from the Judea Gr. in Northern and Central Israel, biostratigraphic sequencing

of Albian—Cenomanian deposits in Northern and Central Israel, using existing forami-
niferal scheme for comparison;

» reconstruction of relative paleotemperature changes in this part of the Levant Basin
during the Albian—Cenomanian using the quantitative analysis of the calcareous nan-

noplankton assemblages;
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 approximation of absolute paleotemperatures using 8C and &0 and testing pre-
dictions obtained from the calcareous nannoplankton quantitative analysis against the

geochemical data.

2. MATERIAL
2.1. Geological setting

The “Judea Limestone Formation” (Wellings, 1944) emended to the Judea Group with
“the fully marine sedimentation” (Arkin et al., 1965) is subdivided into following levels
(Fleischer, 2002; Rosenfeld & Hirsch, 2005) (Fig. 2):

Level 1. The Early Albian Yakhini Fm. represented by the carbonate sediments over-
lies the Aptian regressive Yavne Shale in the Coastal Plain subsurface. Rosenfeld et
al. (1995) also placed the initial lower limit of the fully marine sedimentation of the
Judea Group in the Coastal Plain of Israel at the Infra-Albian regional low-stand of
the Late Aptian Yavne-Hidra event. The Yakhini Fm. is the oldest unit of the Judea
Group (Rosenfeld & Hirsch, 2005) intergrades into the Talme Yafe Fm. offshore and on
the westernmost coastal plane. This lower subdivision of the Judea Group is only re-
presented in the Coastal Plain. Its carbonate facies interfinger eastward with the marly

facies of the early Albian Rama Fm. of the Galilee Group.

Area Coastal Plain Carmel
Levels

Arqan Fm.
Early-Middle Negba Fm. Bet Oren Fm.
Cenomanian

Isfiye Fm.
Late Albian Yagur Fm. Yagur Fm.
Early Albian Yakhini Fm.

Figure 2. Judea Group levels (Rosenfeld & Hirsch, 2005).
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Level 2. The Late Albian Yagur Fm. has been recovered in boreholes on the Coastal
Plain and is exposed in the Carmel Area. The Yagur Fm. continues as Talme Yafe Fm.
offshore and in the westernmost coastal area. The Yagur Fm. consists of monotonous
dolomites with intercalations of limestones.

Level 3. The Early—Middle Cenomanian Negba Fm. in the subsurface of the Coastal
Plain consists of dolomites with marl intercalations (Lower member) or dolomites with
limestones interbeds and marls in the upper two-thirds (Upper member). In the Mount
Carmel this level subdivides into a complex facies system, which parts are often difficult
to correlate due to intensive block faulting (Rosenfeld & Hirsch, 2005) (Fig. 2). In the
Carmel area the succession of the Isfiye chalk, Bet Oren limestone and Arqan chalks is
bounded by the Carmel Reef Complex, intercalated by different types of volcanic tuffs.

Carmel Area

Boreholes CT2 (32.7°N 34.98°E) and CT8 (32.79°N 34.8°E) (Fig. 1) drilled in the
northwestern part of the Carmel area were chosen for analysis due to the completeness
of the obtained core, which represents nearly 100 % of the drilled interval (Lipson-
Benitah et al., 1995, 1997). Samples for calcareous nannoplankton study were taken
at approximately 2-m intervals, at the same levels as for foraminiferal samples. A total
of 96 samples were collected along the 237.6 m section of the borehole CT2 and 108
samples were collected along the 225 m section of the borehole CT8.

The Carmel area is an isolated hilly belt composed mainly of the Cretaceous (mostly
Albian—Turonian) sequences of the Judea Gr. (Sass & Bein, 1978) (Fig. 1), overlain
by latest Cretaceous chalks of the Mount Scopus Gr. Mount Carmel is known for its
complex stratigraphy and structure, which have been extensively studied over half a
century (Picard & Kashai, 1958; Arkin & Hamaoui, 1967; Bein, 1976; Sass & Bein, 1978,
1982; Sass, 1980; Segev & Sass, 2006; Segev, 2009). In the southern part, an anticlinal
structure trending north-east is clearly recognised, other parts of the Carmel area are
described as block structures (Sass, 1980). Local occurrences of volcanic material with
varying thickness and lithology add to this complexity (Sass, 1980; Segev, 2009).

The sequence forming Mount Carmel consists of dolomites, reefoidal limestones,
chalks with some cherts and marlstones. Facies changes that mark many stratigraphic
units were attributed to the position of the area close to the edge of a large carbonate

platform during the Cretaceous (Sass & Bein, 1978). Sediment supply and distribution
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was influenced by a rudist reef along the outer margin of the platform (Bein, 1976).
Volcanics are represented by 16 separate volcanic events, some being good time
markers (Sass, 1980). Segev (2009) recognised five tectonomagmatic events in the
Mount Carmel sequence and four Cenomanian volcanic phases.

In the Mount Carmel sequence, four depositional cycles are recognised, viz. the Albian,
Lower Cenomanian, Lower—Middle Cenomanian, and Middle Cenomanian—Turonian
(Segev & Sass, 2014). Each cycle, composed of several lithofacies, accumulated under
a specific regime of transgression and regression. The northern Carmel retains only one
volcanic horizon, but the cycles established in the southern areas can still be recognised,
with the exception of the fourth cycle which is missing (Segev & Sass, 2014). In the
study area, the Tavasim Volcanics are represented; based on “°Ar/**Ar and K-Ar ages
of fresh amphibole megacrysts and basalt samples the age of the volcanics has been
established as 98.2+1.1 Ma (Segev, 2009).

Coastal Plain

Negba 1 borehole (31.39°N 34.41°E) (Fig. 1) drilled in the southern Coastal Plain of
Israel, is on a structural trend (NE/SW), more or less parallel to the present coastline
(Conway, 1992). The Negba-1 lies northeast of the Gevar’am (abrasion) channel and
northeast of the Helez/Kohav oil field (Conway, 1992). This borehole was chosen for
analysis due to the completeness of the obtained core, which represents over 50% and
in some intervals up to nearly 100 % of the drilled interval (unpublished GSI materials).
Samples for calcareous nannoplankton study were taken at different intervals of the
core (approx. from 2 to 5 m in 12 levels of the borehole). A total of 52 samples were
collected along the 620 m section of the borehole.

The central Israel coastal zone is composed of the Pliocene—Pleistocene to Holocene
Kurkar Group, composed primarily of alternating units of calcareous sandstones, the
Upper Eocene — Miocene Sagiye Group consists of mainly silty clays (Makovsky et al.,
2018) and the Lower—Middle Eocene Avedat Group (Sneh, 2008). In the most of the
southern Coastal Plain, four main Lower Cretaceous rock complexes are recognized
(Graden et al., 1960). One of the most widespread is the Unit L. Cr. I, consisting of
uniform black, calcareous shales with a slight admixture of sand in some parts. The
overlying L. Cr. Il complex, as defined in the Heletz area, is composed of sandy, shaly

and limy sediments. The Unit L. Cr. lll is the most easily detected in the entire region by
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correlatable electric markers. The lower Unit (L. Cr. Unit llla) consists of a thick sequence
of oolitic, detritic and shaly limestones with minor intercalations of black calcareous
shales. The overlying upper Unit (L. Cr. Unit llIb) consists predominantly of shales and
shaly limestones. The L. Cr. IV rock complex remains for its greater part poorly defined
both lithologically and geo-electrically. The detailed investigations (Graden et al., 1960)
in the Helez area indicate that the first occurrence of possible incipient tectonic move-
ments can be recognized during deposition of the Hauterivian Unit L. Cr. Il. By the end
this time a well-developed hinge line was formed to the east of the Heletz area (Graden
et al., 1960). The Telamim Fm. (Barremian — Middle Aptian) lies higher and is repre-
sented by dolomites. The carbonatic interval of the Early—Middle Albian Yakhini Fm.
is between the Telamim and Yagur Fms. The Yakhini Fm. is represented by slightly
dolomitic limestones, limestones, marls and carbonatic shales (Derin, 2016). The Late
Albian Yagur Fm. consists of dolomites (Rosenfeld and Hirsh, 2005). The overlying
Cenomanian Negba Fm. comprises of dolomites with marl intercalations. Negba 1 bore-
hole recovers an interval from the Upper Jurassic (Tithonian) to the Upper Cretaceous

(Early Cenomanian Negba Fm. and Turonian Daliyya or Bina Fms) (Derin, 2016).

2.2. Lithology

Carmel Area

Boreholes CT8 and CT2

Several geological maps have been produced for the Carmel area (Segev & Sass,
2006; Karcz & Sneh, 2011; Segev & Sass, 2014). The Yagur Fm., and the Isfiye and Arqan
Fms separated by the Tavasim Volcanics (V2) are recognised in the northwest Carmel
boreholes according to the newest map of Segev and Sass (2014). The Cenomanian
has not been subdivided into substages on available maps.

A detailed lithological description of the CT2 and CT8 cores was given by Lipson-
Benitah et al. (1995, 1997). Borehole CT2 penetrates the Isfiye and Argan Fms. The
Isfiye Fm. (3 m) is composed of dolomite and dolomitized chalk. The Argan Fm. starts
with the tuffaceous layer Tavasim Volcanics (V2) (56 m) overlain by by dolomitized chalk
(58 m). There is a 3-m layer of indurated chalk between 120.0-115.0 m. The upper part
of the Argan Fm. (120.6 m) is represented by chalk with an increasing amount of chert

nodules.
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Borehole CT8 penetrates the Yagur, Isfiye and Argan Fms. The Yagur Fm. (10 m)
is composed of dolomite. The Isfiye Fm. (18 m) is represented by dolomitised chalk.
The Arqan Fm. starts with the tuffaceous layer Tavasim Tuff (V2) (16 m) overlain by
dolomitised chalk and micritic carbonates (57 m). There is a 1-m layer of indurated chalk
between 126.75-124.50 m. The upper part of the Argan Fm. (127 m) is represented by
chalk with an increasing amount of chert nodules.

Coastal Plain

Negba 1

The map of the Qiriat Gat Region, where the Negba 1 borehole is located, reflects the
Lower— Middle Eocene Avedat Group, the Upper Eocene — Miocene Sagiye Group and
the Pliocene—Pleistocene to Holocene Kurkar Group (Sneh, 2008). Older sediments
are not shown on the map. A lithological description of the lower part of the borehole
Negba 1 (Yakhini, Telamim, Helez and Kidod Fms) was given by Conway (1992). These
sediments are overlain by the Yagur Fm., which is less studied. The upper part of the
borehole (Negba Fm.) was studied by Lipson-Benitah et al. (1994). Unpublished ma-
terials from the GSI library were used for the lithological description.

The lower part of the Yagur Fm. exposed in the borehole consists of dolomitized
limestones with rudists and a fragment of Hamites? sp. (Aptian ammonite), followed by
limestones (~105 m) and dolomites (~140 m).

The Negba Fm. consists of approximately 360 meters of dolomites, chalks, marls and
limestones. The lower member is composed of dolomites, fine grained to microcrystalline
or coarser sugar limestones (~140 m). Occasional thin intercalations of rudist lumachelle
and marly-chalky beds characterize relatively more fossiliferous levels in the succession.
Non-carbonate content consists of scattered fragments of chert. The Upper member
(~220 m thick), on the whole, is more fossiliferous and consists of marls, chalks and

limestones.
2.3. Calcareous nannoplankton

In the Carmel area calcareous nannofossils have been found in all samples except
for the lowermost part of the section (Isfiye Fm., samples 1-3) and sample 15 (Tavasim
Tuff). However, nannofossils are quite rare at some levels. Their preservation ranges
from poor to good (see Methods for definitions), but on average is moderate throughout

the sequence; taxa have been identified under a polarising light microscope since
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etching and overgrowth are minimal. On the Coastal Plain nannofossils are extremely
rare with poor and moderate preservation. All identified species from both areas are

listed in Appendix A.

3. METHODS

3.1 Planktic foraminifera and calcareous nannoplankton

The taxonomy and stratigraphical distribution of the planktic foraminifera from the
Carmel area (CT8, CT2 boreholes) were studied by Lipson-Benitah et al. (1995, 1997).
Following the suggestion of the Cenomanian Working Group of the Subcommission on
Cretaceous Stratigraphy (Kennedy et al., 2004) to define the base of the Cenomanian
as the level of the first occurrence (FO) of Thalmanninella globotruncanoides (Fig. 3),
foraminifera from boreholes CT2 and CT8 were re-examined. All foraminiferal material is

stored on microslides at the Geological Survey of Israel (GSI). A total of 124 microslides
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Figure 3. The distribution of key faunal and floral events across the Albian—Cenomanian
boundary in the Marnes Bleues succession at the Mont Risou GGSP (Kennedy et al.,
2004).
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(borehole CT2) and 60 microslides (borehole CT8) were re-checked and stratigraphically
important levels of the foraminiferal FOs were confirmed.

For updating the foraminifera biostratigraphy of borehole CT2, the most recent re-
vised Upper Albian — Maastrichtian planktic foraminiferal biostratigraphical zonation of
Coccioni and Premoli Silva (2015) for the Tethyan region was used.

The study of the calcareous nannoplankton was done on permanent smear slides
prepared using the standard techniques of Bown and Young (1998) and examined
under the polarising light microscope Olympus BX53 at 1250x magnification using
phase contrast and cross-polarized light. Photographs were taken with a digital camera
Olympus SC100.

There are several stratigraphical schemes for the Lower and Upper Cretaceous de-
posits (Fig. 4). The scheme of Sissingh (1977) with additions by Perch-Nielsen (1985) is
accepted as a standard zonation, but is not very detailed one. More thorough zonations
are suggested by Roth (1978) for the Tethyan Region (northwestern Atlantic Ocean), and
schemes by Bralower et al. (1993, 1995) are most applicable for mid- and low-latitude
sites. Burnett’s (1998) zonation provides the best resolution for the Upper Cretaceous—
Cenomanian in particular—deposits.

Forstratigraphical subdivision of boreholes CT2 and CT8 by calcareous nannoplankton,

the integrated stratigraphical zonation of Bralower et al. (1995) for the Tethyan Region
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Figure 4. Comparison of the Albian and the Cenomanian nannofossil biostratigraphic
zonations of Burnett et al. (1998), Bown et al. (1998) and with the CC and NC zonation

schemes. Radiometric dates for the stage boundaries are from Gradstein et al. (2004).
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(NC Zones for the Albian) and the zonation by Burnett (1998) for the Tethyan—Intermediate
Province (UC Zones for the Cenomanian) were applied. For the biostratigraphical in-
terpretation of the borehole Negba 1 the zonation of Sissingh (1977) with additions of
Perch-Nielsen (1985) was used.

The quantitative analysis of nannofloral assemblages was done by counting atleast 300
nannofossil specimens in random traverses in each smear slide. In samples with scarce
assemblages, counting was done in as many as 350 fields of view. For paleoecological
reconstructions, counts were done in 97 samples from borehole CT8 and 81 samples
from borehole CT2. To assess the general abundance of the calcareous nannoplankton,
the number of coccoliths per field of view was calculated. For borehole Negba 1, the
quantitative analyse was not done due to extreme rarity of nannofossils.

Nannofossil preservation was determined based on criteria described in Watkins
(1992):

G — good, most specimens exhibit little or no secondary alteration;

M — moderate, all specimens are easily identifiable, but exhibit the effects of some se-

condary alteration from calcite dissolution and/or overgrowth;

P — poor, identification of species hampered but possible in some cases; specimens

exhibit profound effects of secondary alteration from etching and/or overgrowth.

The relation of diversity and abundance of each species was assessed by the Shannon
index, Evenness and Species Richness, which was calculated using the software PAST,
ver. 318 (Hammer et al., 2001). The Species Richness is often used as a measure
of a relative stability of ecological conditions (Sanders, 1968; Dodd & Stanton, 1981;
Watkins, 1989).

A correlation matrix and a multivariate factor analysis (R-mode) varimax rotation with
principal component extraction were run using Statistica 10 (https://www.tibco.com). The
factor analysis of borehole CT8 was performed on 18 taxa/groups, including species with
mean abundances 21% (11 taxa, Table 1) and taxa with mean abundances <1%. The
latter group (Z. embergeri, P. columnata, E. floralis, P. cretacea, L. carniolensis, Lith-
raphidites spp. (L. acutus, L. alatus, L. eccentricus, L. houghtonii) and Rh. asper + Rh.
splendens) was selected because of their palaeoecological significance. Factor loadings
>+0.5 were assigned to “dominant taxa”, factor loadings +0.3—0.5 were assigned to

“associated taxa” and loadings £0.2—0.3 were assigned to “weakly associated taxa”.
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Table 1. Descriptive statistics of some nannofossils from 97 samples of borehole CT8.

Species Mean (%) | Median (%) Min (%) Max (%) sD' Std. error | Skewness | Kurtosis
Watznaueria barnesiae 60.59 61 23.9 84,7 10.34 1.05 -0.66 1.90
Biscutum constans 7.66 6 1.3 351 5.46 0.55 241 8.05
Watznaueria spp. 3.62 3.3 0.7 9.2 1.58 0.16 1.26 2.35
Zeugrhabdotus bicrescenticus 3.06 2.6 0 8.2 1.63 0.17 0.78 0.20
Cretarhabdus spp/Retacapsa spp. 2.79 2.6 0.3 6.7 1.28 0.13 0.83 0.87
Zeugrhabdotus diplogrammus 2.10 1.7 0.3 7.4 1.20 0.12 1.53 3.62
Zeugrhabdotus moulladei + Zeugrhabdotus sp. (small) 1.81 1.8 0 3.9 0.74 0.08 0.32 0.76
Tranolithus orionatus 1.65 1 0.3 7.8 1.35 0.14 1.81 4.48
Zeugrhabdotus spp. 1.52 1.3 0 9 1.31 0.13 2.29 10.04
Discorhabdus ignotus 1.37 1.3 0 4.2 0.94 0.10 0.71 0.45
Eiffellithus turriseiffelii 1.24 1 0 4.6 0.94 0.10 1.16 1.61
Zeugrhabdotus embergerii 0.99 0.7 0 41 0.86 0.09 1.16 131
Prediscosphaera columnata 0.96 1 0 4.6 0.78 0.08 1.70 4.88
Eprolithus floralis 0.83 0.7 0 2.6 0.60 0.06 0.85 0.74
Lithraphidites spp. 0.70 0.3 0 5.4 1.04 0.11 2.45 6.52
Prediscosphaera cretacea 0.67 0.6 0 2.6 0.60 0.06 1.01 0.69
Lithraphidites carniolensis 0.63 0.6 0 2.3 0.59 0.06 1.04 0.73
Rhagodiscus asper /splendens 0.54 0.3 0 2.9 0.52 0.05 1.33 3.31

SD'- standart deviation

Table 2. Descriptive statistics of some nannofossils from 81 samples of borehole CT2.

Species Mean % Median% Min% Max% SD' Std. error Skewness Kurtosis
Watznaueria barnesiae 55.61 59 27 74.7 10.94 1.22 -0.68 -0.38
Watznaueria spp. 7.21 7.3 2.3 11.3 1.85 0.21 0.02 -0.45
Zeugrhabdotus moulladei + Zeugrhabdotus sp.(smalf) 5.75 5 0 14.9 3.44 0.38 0.66 -0.42
Biscutum constans 4.14 3.6 0 18.9 2.93 0.33 2.02 7.28
Cretrhabdus spp./ Retecapsa spp. 3.69 3.7 0.7 6.2 0.99 0.11 0.08 0.75
Zeugrhabdotus bicrescenticus 2.80 2.3 1 7 1.34 0.15 1.09 0.48
Zeugrhabdotus diplogrammus 2.49 2.3 1 5.3 1.02 0.11 0.97 0.48
Tranolithus orionatus 1.96 2 0.7 6.3 0.90 0.10 1.80 6.33
Zeugrhabdotus spp. 1.57 1.3 0.3 4.4 0.87 0.10 1.02 0.80
Eiffeflithus spp. 1.43 1.3 0 3.7 0.60 0.07 1.60 4.52
Eprolithus floralis 1.21 1 0 4 0.76 0.08 1.81 4.16
Eiffellithus turriseiffeli 1.08 1 0 2.6 0.38 0.04 0.31 3.88
Discorhabdus ignotus 1.03 0.7 0 4 0.79 0.09 1.53 2.68
Prediscosphaera columnata 1.02 0.7 0 3.5 0.61 0.07 2.12 4.99
Lithraphidites carniolensis 0.41 0.3 0 2 0.34 0.04 1.82 5.19
Lithraphidites spp. 0.37 0.3 0 1.6 0.46 0.05 1.05 0.00
Rhagodiscus asper/ Rhagodiscus splendens 0.30 0.3 0 2 0.33 0.04 2.15 7.62

SD'- standart deviation

The factor analysis of borehole CT2 was performed on 17 taxa/groups, including
species with mean abundances 21% (14 taxa, Table 2) and taxa with mean abundan-
ces <1%. The latter group (Watznaueria spp., Zeugrhabdotus sp. (small) and Zeug-
rhabdotus moulladei, Biscutum constans, P. columnata, Discorhabdus ignotus, E. flo-
ralis, P. cretacea, L. carniolensis, Lithraphidites spp. (L. acutus, L. alatus, L. eccen-
tricus, L. houghtonii) and Rh. asper + Rh. splendens) was selected because of their
palaeoecological significance. Factor loadings >10.5 were assigned to “dominant taxa”,
factor loadings £0.3—0.5 were assigned to “associated taxa” and loadings +0.2-0.3 were

assigned to “weakly associated taxa”.
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For both boreholes (CT2 and CT8) the nannofossil Nutrient Index (NI) was calculated
from relative abundances of selected nannofossil taxa following Bottini et al. (2015), with a
minor amendment by adding Zeugrhabdotus sp. (small) and introducing Zeugrhabdotus
moulladei Bergen, 1998, which is here assumed to have the same paleoecological
affinity as Z. erectus (Watkins et al., 2005):

NI =[(Z. moulladei + Zeugrhabdotus sp. (small) + Biscutum constans + Discorhabdus

ignotus) / (Z. moulladei + Z. sp. (small) + Biscutum constans + Discorhabdus ignotus

+ Watznaueria barnesiae)] x 100,

where, Z. moulladei + Z. sp. small (species with the major axis <3.5 ym), B.
constans and D. ignotus are high productivity indicators, and W. barnesiae is
a low productivity indicator). High values of the NI specify high productivity and
vice versa.

The calculation of the nannofossil Temperature Index (TI) also follows Bottini et al.
(2015) and was calculated for both boreholes (CT2 and CT8):

TI=[(E. floralis + R. parvidentatum + Staurolithites sp.) / (E. floralis + R. parvidentatum

+ Staurolithites sp.+ Zeugrhabdotus diplogrammus + Rh. asper)] x 100,

where E. floralis + R. parvidentatum + Staurolithites sp. are cold-water taxa, and
Zeugrhabdotus diplogrammus + Rh. asper are warm water taxa. Low values of

the Tl specify high temperatures and vice versa.

3.2 Carbon and oxygen stable isotope analyses

For the oxygen and carbon stable isotopes, 81 bulk sediment samples from borehole
CT2 and 100 bulk sediment samples from borehole CT8 were analysed. Measurements
of 8C and 8"0 were taken according to the standard technique for bulk sediment
samples. Samples were taken from freshly cut rock fragments, crushed and homogenised
in an agate mortar. The isotopes were analysed at the Geological Survey of Israel using
a Delta Plus mass spectrometer equipped with the gas bench system. All 580 and 8*C
values were calibrated against the international standard NBS-19, and are reported in
%o relative to the VPDB standard. The system has an accuracy of +0.03%. for oxygen

and +£0.02%. for carbon isotopes.
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4. RESULTS

Initial results

Calcareous nannoplankton from borehole CT8 retrieved in the NW Carmel area was
studied. Totally 108 samples were examined for biostratigraphical analysis. The studied
sequence composed of the following formations: Isfiye, Tavasim Volcanics and Argan.

No calcareous nannofossils have been found in the lowest part of the section. The
lower part of the Isfiye Fm. (CT8/5-16) is referred to the Upper Albian Subzone NC9b
by the presence of Eiffellithus monechiae. The upper part of the Isfiye Fm. (CT8/17—-47)
belongs to the transitional Upper Albian — Lower Cenomanian Zone UCO (equivalent
NC10a) by the presence of Eiffellithus turriseiffelii from CT8/17. The interval CT8/48—
54 is referred to the Lower Cenomanian Zone UC1 by the presence of Corollithion
kennedyifrom CT8/48. The interval CT8/55-60 belongs to the transitional Lower—Middle
Cenomanian Zone UC2 by the presence of Gartnerago segmentatum from CT8/55. The
upper part (CT8/61-108) is referred to the transitional basal Middle—Upper Cenomanian
Zone UC3 by the presence of Lithraphidites acutus from CT8/61.

Thus, for the first time the taxonomic composition (over 94 species) and stratigraphic
distribution of the calcareous nannoplankton from the Cenomanian of the NW Carmel
area have been studied. The detailed calcareous nannoplankton biostratigraphy of this
area has been established. For the first time the age of the tuffaceous layer is bio-
stratigraphically identified and is regarded as the Late Albian (lower part) to the Late
Albian — Early Cenomanian (upper part). This tuffaceous layer can possibly be correlated
with the tectonomagmatic event C.V.—4 established by Segev (2009).

For the quantitative analysis, 300 calcareous nannoplankton specimens were counted
in traverses of 80 samples. Fifty-six bulk sediment samples from Borehole CT8 were
analyzed for 8'0. The productivity index (Pl) and different ecological indexes were
calculated.

The Upper Albian/Cenomanian sediments were deposited in the outer shelf environ-
ment. Significantly low Shannon diversity index, Evenness and Species Richness in
the assemblage indicate unstable environmental conditions with low fertility. The whole
succession was deposited in quite warm (~25-32.5 °C), open marine, oligotrophic con-

ditions with poor nutrient supply. Five paleoecological phases have been recognized
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by the quantitative analysis of the calcareous nannoplankton and the Pl and &'®0
values. Warming/cooling events of various scale and fluctuations of eutrophication/oli-

gotrophication have been detected in each phase.

4.1. Biostratigraphy and biochronology

4.1.1. Planktic foraminifera biostratigraphy

Carmel Area

Borehole CT8

The planktic foraminifera biostratigraphy was described in detail elsewhere (Ovech-
kina et al., 2019).

The following planktic foraminifera zones were established by Lipson-Benitah et al.
(1995, 1997) for borehole CT8: Rotalipora brotzeni (Lower Cenomanian), Rotalipora rei-
cheli (lower Middle Cenomanian), and Rotalipora cushmani (Middle Cenomanian) with
the Rotalipora greenhornensis and the Pseudotruncana algeriana subzones (Fig. 5).

According to the revised planktic foraminiferal biostratigraphical zonation for the Upper
Albian — Maastrichtian (Coccioni & Premoli Silva, 2015), the following four planktic fora-
minifera zones have been recognised (Fig. 5).

The planktic foraminifera are first recorded in sample 20 (depth 183.35 m). It is im-
possible to trace the base of the Parathalmanninella appenninica Zone unambiguously.
The first occurrence (FO) of Parathalmanninella appenninica was observed in sample
26 (depth 169.9 m) by Lipson-Benitah et al. (1995, 1997, as Rotalipora appenninica),
but the presence of this species at this level has not been verified during the re-
examination of the microslides. In the lower part of the Arqgan Fm. (samples 32—45), we
recognize the Upper Albian Parathalmanninella appenninica Zone as the interval from
the lowest occurrence of P. appenninica to the lowest rare occurrence of Thalmanninella
globotruncanoides.

The confirmed occurrence of P. appenninica has been recorded together with the FO
of Thalmanninella brotzeni in sample 32 (depth 158.7 m). Thus, the lower boundary
of this zone can be drawn at the level of sample 32, as was established by Lipson-
Benitah et al. (1995, 1997) for the R. brotzeni Zone. The upper boundary of the P.
appenninica Zone is unambiguously fixed by the FO of Th. globotruncanoides in sample

45 (depth 132.5 m). The P. appenninica Zone is correlated with the lower part of the
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Figure 5. Lithology, vertical distribution of biostratigraphically important nannofossils,

and planktic foraminifera events from the borehole CT8 (Carmel Area).

R. brotzeni Zone of Lipson-Benitah et al. (1997), which is considered to be Lower
Cenomanian. However, Coccioni and Premoli Silva (2015) accept the Late Albian age
of the P. appenninica Zone. Higher, in the interval of samples 45-62, the Lower Ceno-
manian Thalmanninella globotruncanoides Zone is fixed confidently as the interval
from the lowest rare occurrence of Th. globotruncanoides to the lowest occurrence of
Thalmanninella reicheli. The lower boundary of the Th. globotruncanoides Zone marks
the Albian/Cenomanian boundary (sample 45, depth 132.5 m). The upper boundary
of the zone is defined by the last occurrence (LO) of Th. reicheli in sample 63 (depth
101.6 m). The interval of this zone is correlated with the upper part of the R. brotzeni
Zone of Lipson-Benitah et al. (1997).
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In the middle part of the Argan Fm. (samples 63—78) the Middle Cenomanian Thal-
manninella reicheli Zone was established as the interval between the first appearance
(FA) of Th. reicheli to the FA of Thalmanninella deeckei. The zone is equivalent to the
Th. reicheli Zone of Coccioni and Premoli Silva (2015), who used the total range of Th.
reicheli. Because of extremely scarce Th. reicheli in our material (the species has been
found in sample 63 only), the definition of Lipson-Benitah et al. (1997) is retained. The
lower boundary of the zone is established at the depth of 101.6 m (sample 63) and the
upper boundary is fixed at the depth of 74 m (sample 78), with the FA of Th. deeckei in
sample 79 (depth 72 m).

The upper part of the Argan Fm. can be assigned to the upper Middle — uppermost
Cenomanian Rotalipora cushmani Zone as the interval from the FA of Th. deeckei
to the LO of Rotalipora cushmani. The zone is equivalent to the R. cushmani Zone
of Coccioni and Premoli Silva (2015), who defined this zone as the interval from the
highest occurrence of Th. reicheli to the highest occurrence of R. cushmani. Because
Th. reicheli is extremely scarce in the studied section, the definition of the R. cushmani
Zone by Lipson-Benitah et al. (1997) is accepted. The zone is confidently established
for the interval of samples 79-108 (depths 72-5 m).

The R. cushmani Zone is subdivided into two subzones: Thalmanninella greenhor-
nensis Subzone (upper Middle — lower Upper Cenomanian) and Dicarinella algeriana
Subzone (Upper Cenomanian). The Th. greenhornensis Subzone is used as the interval
between the FA of Th. deeckei and the FA of Dicarinella algeriana (formerly Praeglobo-
fruncana algeriana). The subzone is equivalent to the Th. greenhornensis Subzone
of Coccioni and Premoli Silva (2015), who defined it as the interval from the highest
occurrence of Th. reicheli to the lowest occurrence of D. algeriana. This subzone is
confidently established for the interval of samples 79-106 (depths 72—-9 m). Because
of extremely scarce Th. reicheli in our material, the definition of this subzone by Lipson-
Benitah et al. (1997) is followed here. Lipson-Benitah et al. (1997) accepted the Middle
Cenomanian age of this subzone, whereas Coccioni and Premoli Silva (2015) suggested
a late Middle to early Late Cenomanian age.

The Dicarinella algeriana Subzone is used as the interval from the lowest occurrence of
D. algeriana to the highest occurrence of R. cushmani. The subzone is equivalent to the

Praeglobotruncana algeriana Subzone of Lipson-Benitah et al. (1997) and is recorded
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in the uppermost part of the borehole (samples 107-108, depths 7-5 m). The age of this
subzoneisaccepted as Middle —Late Cenomanian (Robaszynsky etal., 1993), butLipson-
Benitah et al. (1995, 1997) suggested a Middle Cenomanian age for this interval, due
to the continuous presence of R. brotzeni (cf. Grosheny et al., 1992) and Orbitolina spp.
(Schroeder and Neumann, 1985) in the Junediya Fm. (Lipson-Benitah etal., 1995, 1997).

Borehole CT2

The following planktic foraminiferal zones were established for Borehole CT2: Ro-
talipora brotzeni (Early Cenomanian), Rotalipora reicheli (early Middle Cenomanian),
and Rotalipora cushmani (Middle Cenomanian) with Rotalipora greenhornensis and

Pseudotruncana algeriana subzones (Fig. 6).
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Figure 6. Lithology, vertical distribution of biostratigraphically important nannofossils,

and planktic foraminifera events from the borehole CT2 (Carmel Area).
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According to the revised planktonic foraminiferal biostratigraphical zonation for the
Upper Albian — Maastrichtian (Coccioni & Premoli Silva, 2015), the following four
planktonic foraminifera zones have been recognized (Fig. 6).

Parathalmanninella appenninica Zone, Upper Albian
Definition: The interval from the lowest occurrence of Parathalmanninella appenninica
to the lowest rare occurrence of Thalmanninella globotruncanoides.

Authors: Coccioni & Premoli Silva, 2015.
Remarks: Thalmanninella brotzeni and Parathalmanninella gandolfii appeared in this
zone (Coccioni & Premoli Silva, 2015).

The FO of Parathalmanninella appenninica is fixed in sample 27 (depth 150.9 m)
by Lipson-Benitah et al. (1995, 1997, as Rotalipora appenninica), and the presence
of this species at this level has been verified during the present re-examination of
the microslides. Thus, the lower boundary of this zone has been drawn at the level of
sample 27. The upper boundary of the P. appenninica Zone is unambiguously fixed
by the FO of Thalmanninella globotruncanoides in sample 31 (depth 142.25 m). The
confirmed occurrence of Thalmanninella brotzeni has been recorded together with the
FO of Parathalmanninella gandolfii in sample 28 (depth 148.8 m).

The P. appenninica Zone is correlated with the lower part of R. brotzeni Zone of Lipson-
Benitah et al. (1997), which is considered to be of the Early Cenomanian age. However,
Coccioni and Premoli Silva (2015) accept the Late Albian age of the P. appenninica
Zone.

Thalmanninella globotruncanoides Zone, Lower Cenomanian
Definition: The interval from the lowest rare occurrence of Thalmanninella globotrun-
canoides to the lowest occurrence of Thalmanninella reicheli.
Authors: Coccioni & Premoli Silva, 2015.
Remarks: This zone is fixed confidently in the interval of samples 31-50. Its lower
boundary marks the Albian/Cenomanian boundary (sample 31, depth 142.25 m). The
upper boundary of the zone is defined by the lowest occurrence of Th. reicheliin sample
51 (depth 102.10 m). The interval of this zone is correlated with the upper part of R.
brotzeni Zone of Lipson-Benitah et al. (1997).

Thalmanninella reicheli Zone, Middle Cenomanian

Definition: The interval between the first appearance of Thalmanninella reicheli to the
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first appearance of Rotalipora deeckei (now Thalmanninella deeckei).

Authors: Lipson-Benitah et al. (1997).

Remarks: Lipson-Benitah et al. (1997) named this stratigraphical interval after Rotalipora
reicheli. Since at present this species belongs to the genus Thalmanninella, this zone
should be called Thalmanninella reicheli.

The zone is equivalent to Thalmanninella reicheli Zone of Coccioni and Premoli Silva
(2015), who suggested to define this zone by the total range of Thalmanninella reicheli.
Because of scarce Th. reicheli in our material, the definition of Lipson-Benitah et al.
(1997) is accepted. The lower boundary of this zone is established at the depth of
102.10 m (sample 51). The upper boundary of this zone is fixed at the depth of 84.45m
(sample 59), with the first appearance of Thalmanninella deeckei being observed in
sample 60 (depth 82.5 m).

A detailed discussion of boundaries and definitions of this zone was published by
Lipson-Benitah et al. (1997).

Rotalipora cushmani Zone, upper Middle to uppermost Upper Cenomanian
Definition: The interval from the first appearance of Thalmanninella deeckei to the last
appearance of Rotalipora cushmani.

Authors: Lipson-Benitah et al. (1997).

Remarks: The zone is equivalent to the R. cushmani Zone of Coccioni and Premoli Silva
(2015), who suggested to define this zone as the interval from the highest occurrence of
Thalmanninella reicheli to the highest occurrence of Rotalipora cushmani. Because of
extremely scarce Th. reicheli in our material, the definition of the Rotalipora cushmani
Zone of Lipson-Benitah et al. (1997) has been accepted. The zone is confidently es-
tablished for the interval of samples 60—-96 (depths 82.5-6.7 m).

Thalmanninella greenhornensis Subzone, u. Middle — I. Upper Cenomanian
Definition: The interval between the first appearance of Thalmanninella deeckei and the
first appearance of Dicarinella algeriana (formerly Praeglobotruncana algeriana).
Authors: Lipson-Benitah et al. (1997).

Remarks: The subzone is equivalent to the Thalmanninella greenhornensis Subzone
of Coccioni and Premoli Silva (2015), who suggested to define this subzone as the
interval from the highest occurence of Thalmanninella reicheli to the lowest occurrence

of Dicarinella algeriana. This subzone is confidently established for the interval of
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samples 60—64 (depths 82.50-74.10 m). Because of extremely scarce Th. reicheli in
our material, the definition of the Rotalipora greenhornensis Subzone of Lipson-Benitah
et al. (1997) has been accepted here. According to the current taxonomy, this subzone
is to be named Thalmanninella greenhornensis.

Lipson-Benitah et al. (1997) accepted the Middle Cenomanian age of this subzone,
whereas Coccioni and Premoli Silva (2015) suggested the late Middle to early Late
Cenomanian age.

Dicarinella algeriana Subzone, lower Upper — uppermost Upper Cenomanian
Definition: The interval from the lowest occurrence of Dicarinella algeriana to the highest
occurrence of Rotalipora cushmani.

Authors: Coccioni & Premoli Silva (2015).

Remarks: The subzone is equivalent to Praeglobotruncana algeriana Subzone of Lipson-
Benitah et al. (1997) and is detected in the uppermost part of the borehole (samples
65-96, depths 72.0-6.7 m).

Lipson-Benitah et al. (1997) suggested the Middle Cenomanian age for this interval,
due to the continuous presence of R. brotzeni (cf. Grosheny et al., 1992) and Orbitolina
spp. (Schroeder & Neumann, 1985) in the Junediya Fm. (Lewy, 1995).

Coastal Plain

Negba 1

The palynological study and stratigraphy of the Jurassic to the Lower Cretaceous
(Albian, Yakhini Fm.) of the borehole Negba 1 was done by Conway (1992). Raab
(1962) studied ammonites from the sandy shales of the Helez Fm. (Jurassic). The bio-
stratigraphy of the upper part of the Upper member of the Negba Fm. was studied
by Reiss during 1955-1964 (unpubl. data, GSI library). The lower samples from the
depths of 1725-795 m were studied in detail and the abundant marine predominantly
shallow warm water fauna, which includes molluscs, rudists, bryozoans, different algae,
echinodermates, corals, annelid tubes, stromatoporoids, benthic foraminifera with calcitic
and agglutinated tests, was recorded (unpubl. GSI materials). At the depth of 745 m
(core 10) abundant Albian—Cenomanian rudists were recorded. Eleven samples from the
studied borehole interval (depths 288—179 m) were analysed and various invertebrates
(Stromatoporoidea, Bryozoa, Mollusca, Echinodermata, Corals, Annelida, Rudists) were

found (Fig. 7). Microfossils (osracods, calcareous algae, benthic foraminifera) were also

< 28



recorded throughout the section (Fig. 7). The assemblage of the benthic foraminifera

indicates the Late Albian—Early Cenomanian age of the studied interval. The distribution

of the planktic foraminifera from the Upper member of the Negba Fm. (Negba 1) was

studied by Lipson-Benitah (1994) (Fig. 7). This part of the section is represented by the

Lower to the Middle Cenomanian the Thalmanninella globotruncanoides / Thalmanninella

brotzeni Zone. The presence of Thalmanninella brotzeni throughout the Upper member

of the Negba Fm. and the absence of Praeglobotruncana algeriana, Dicarinella hagni,

Dicarinella imbricata, which points to the Late Cenomanian age, preclude the assignment

of a younger age to the top of the formation by Robaszynski et al. (1990). Lipson-Benitah
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(1994) also mentioned, tests of Praeglobotruncana, Rotalipora, Heterohelix and benthic
foraminifera in addition to Hedbergella and Pithonella, which may be predominant in
the micritic matrix. The more indurated levels of limestones, either isolated beds or
intercalations of several meters, contain remains of Orbitolina and rudists.

4.1.2. The Global Boundary of the Cenomanian Stage, the Stratotype Section

Following recommendations of the Cenomanian Working Group of the Subcommis-
sion on Cretaceous Stratigraphy, a Global boundary Stratotype Section and Point was
selected on the western flanks of Mont Risou, Alpes, southeastern France (Kennedy
et al., 2004). The base of the Cenomanian stage is defined at the level of 36 m below
the top of Marnes Bleues, which corresponds to the FO of the planktic foraminifera
Rotalipora globotruncanoides (Kennedy et al., 2004), now classified as Thalmanninella
globotruncanoides (Caron & Premoli Silva, 2007; Coccioni & Premoli Silva, 2015). In
the Carmel area, this study places the Albian/Cenomanian boundary at the FO of Th.
globotruncanoides (borehole CT8 — sample 45, depth 132.5 m; borehole CT2 — sample
31, depth 142.25 m).

4.1.3. Calcareous nannoplankton biostratigraphy

Borehole CT8

The calcareous nannoplankton biostratigraphy was described in detail elsewhere
(Ovechkinaetal., 2019). The calcareous nannoplankton assemblages of the borehole are
fairly rich, consist of 113 taxa (Appendixes A, B; Plates 1-3), and allow the recognition of
zones and subzones of the NC (Bralower et al., 1995) and UC (Burnett, 1998) schemes,
as follows (Fig. 5).

The lowest part of the Isfiye Fm. is referred to the Upper Albian Subzone NC9b, which
lower boundary is defined by the FO of Eiffellithus monechiae (sample 5, depth 218.7 m)
and upper boundary by the FO of Eiffellithus turriseiffelii (sample 6, depth 216.9 m).
Eiffellithus monechiae is absent from the lowest sample 4, which may be explained
by the extreme rarity of the species in the lower part of the section in general. This
subzone is characterised by relatively scarce nannofossils, among which rare Axopo-
dorhabdus biramiculatus (=A. albianus), Cyclagelosphaera margerelii, Eprolithus flo-
ralis, E. monechiae and more abundant Prediscosphaera columnata, Manivitella pem-
matoidea, Retecapsa angustiforata, Tranolithus orionatus, Watznaueria barnesiae and

W. fossacincta have been found.
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Mount Carmel Region (borehole CT8).
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The main part of the Isfiye Fm., the Tavasim Tuff and the lower part of the Arqan Fm.
(samples 6-47, depths 216.9-128.5 m) belong to UCO Zone of the Upper Albian —
lowermost Cenomanian, a special transitional zone in Burnett’s (1998) Upper Cretaceous
scheme. The lower boundary of UCO Zone is defined by the FO of Eiffellithus turriseiffelii
s.l. (sample 6, depth 216.9 m) sensu Burnett (1998) and Bralower et al. (1993, 1995), or
by Eiffellithus casulus Shamrock in Shamrock & Watkins 2009 (Ovechkina et al., 2019).
The upper boundary of UCO is marked by the FO of Corollithion kennedyi (sample 48,
depth 127.15 m). Zone UCO is equivalent to subzone NC10a of Bralower et al. (1993,
1995). This zone straddles the Lower/Upper Cretaceous boundary and is shared by two
discrete biozonations.

Subzones UCOa and UCOb cannot be recognised in the present section due to the
absence of the stratigraphically important marker Hayesites albiensis, the LO of which
defines the top of the UC0Oa subzone.

Subzone UCOc is identified in the interval of samples 39-47 (depths 144.45-128.50 m)
in the studied section. The lower boundary of this subzone is fixed by the FO of Calcu-
lites anfractus (sample 39, depth 144.45 m) and its upper boundary is marked by the FO
of C. kennedyi (sample 48, depth 127.15 m).

The interval of samples 48-54 (depths 127.15-118.55 m) is assigned to the Lower
Cenomanian UC1 Zone due to the presence of Corollithion kennedyi, the FO of which
was observed in sample 48 (depth 127.15 m). The upper boundary of this Zone is fixed
by the FO of Gartnerago segmentatum in sample 55 (depth 116.50 m). Subzone UC1a
and undivided subzones UC1b—d are recognised. The FO of C. kennedyi is generally
used for demarcating the basal Cenomanian (Ando et al., 2015). This level is slightly
above the FO of Th. globotruncanoides (depth 132.50 m); this pattern of successive
FOs of Th. globotruncanoides and C. kennedyi has been documented elsewhere (e.g.,
Robaszynski et al., 1993; Watkins et al., 2005; Ando et al., 2015).

The interval of samples 48-52 (depths 127.15-122.50 m) belongs to Subzone UC1a
due to the presence of Watznaueria britannica, which LO marks the upper boundary of
UC1a and is recorded in sample 52 (depth 122.50 m).

Subzones UC1b—d cannot be established because of the absence of Gartnerago
chiasta, which LO defines the top of UC1b. Subzone UC1c is described as the interval
from the LO of G. chiasta to the FO of rare and sporadic Kamptnerius magnificus or the

FO of Helicolithus anceps. In our material H. anceps is absent, whereas rare and sporadic
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K. magnificus has been recorded much higher from sample 66 (depth 97.50 m).

The interval of samples 55-60 (depths 116.50-106.45 m) belongs to the Lower —
basal Middle Cenomanian Zone UC2 due to the presence of Gartnerago segmentatum,
which FO is recorded in sample 55 (depth 116.50 m). Subzone UC2a and undivided
subzones UC2b—c are recognised. The interval of samples 55-59 (depths 116.50—
108.35 m) belongs to UC2a subzone due to the presence of Zeugrhabdotus xenotus,
which LO is recorded in sample 59 (depth 108.35 m). The interval between samples
59-61 (depths 108.35-105.15 m, sample 60 at 106.45 m) corresponds to undivided
UC2b—c subzones; the marker species Cylindralithus sculptus, which FO defines the
base of UC2c Subzone, has not been found.

The interval of UC1 and UC2 zones refers to the Lower Cenomanian NC10b Subzone
of the Bralower et al. (1995) scheme.

The upper part of the borehole (samples 61-108, depths 105.15-5.00 m) is referred
to the transitional Zone UC3 of the basal Middle—Upper Cenomanian due to the pre-
sence of Lithraphidites acutus, which FO is recorded in sample 61 (depth 105.15 m).
Kamptnerius magnificus (sample 66, depth 97.50 m) and Lithraphidites eccentricus
(sample 72, depth 86.05 m) are found in this interval. Another important species is Mic-
rorhabdulus decoratus, which first appears together with Lithraphidites acutus and is
an index species for the Upper Cenomanian Zone CC10 (Perch-Nielsen, 1985). In our
material the FO of M. decoratus has been recorded slightly below the FO of L. acutus in
sample 58 (depth 110.55 m).

Subzones UC3a-d cannot be subdivided because of the absence of Gartnerago
theta, Staurolithites gausorhethium and Gartnerago nanum. The top of subzone UC3d
is defined by the LO of Corollithion kennedyi. This datum is not reached in the studied
section since C. kennedyi is still present in the uppermost sample 108 (depth 5.00 m).
Burnett (1998) recorded the LO of C. anfractus in the upper part of subzone UC3Db in the
Boreal Realm. In our material, the presence of very rare C. anfractus has been fixed in
the penultimate sample 107 (depth 7.00 m).

The interval of samples 61-108 (depths 105.15-5.00 m) correlates to the Middle to
lower Upper Cenomanian NC11* Zone in the Bralower et al. (1995) scheme as the
interval from the FO of Lithraphidites acutus to the LO of Axopodorhabdus albianus

(A. biramiculatus), which presents in the uppermost sample 108 (depth 5.00 m).
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Borehole CT2

The calcareous nannoplankton assemblage identified in Borehole CT2 is fairly rich
(practically the same as in Borehole CT8) and consists of more than 95 species (Ap-
pendixes A, C; Plates 4-8). However, nannofossils are quite rare at some levels. Pre-
servation of nannofossils in the present samples ranges from poor to good, but on
average is moderate throughout the sequence. Identification of specimens with the light
microscope was not hampered by the diagenetic etching and overgrowth of calcite,
which have evidently affected some of the assemblages.

No calcareous nannoplankton has been found in the lowermost part of the section
(Isfiye Fm., samples 1-2) (Fig. 6).

Axopodorhabdus albianus Zone NC9, Upper Albian

NC9b Nannofossil Subzone, Upper Albian
Definition: The interval from the first occurrence (FO) of Eiffellithus monechiae to the FO
of Eiffellithus turriseiffelii.
Authors: Bralower et al. (1993, 1995).
Remarks: The lower part of the Isfiye Fm. (samples 14-17) is referred to the Upper
Albian Subzone NC9b, which lower boundary is defined by the FO of Eiffellithus
monechiae (sample 15, depth 176.15 m) and upper boundary by the FO of Eiffellithus
turriseiffelii (sample 18, depth 169.90 m). This subzone is characterized by the presence
of Axopodorhabdus biramiculatus (=A. albianus), Tranolithus orionatus, Eiffellithus ca-
sulus, E. monechiae and abundant Eprolithus floralis. Cyclogelosphaera margerelii,
Gartnerago sp., Manivitella pemmatoidea, Nannoconus spp., Retecapsa angustiforata,
Retecapsa crenulata, Watznaueria barnesae, W. biporta and W. fossassincta appear
from the lowest sample.

UCO0 Nannofossil Zone, Upper Albian — Lower Cenomanian
Definition: The interval from the FO of Eiffellithus turriseiffelii to the FO of Corollithion
kennedyi.
Author: Burnett (1998).
Remarks: Zone UCO is equivalent to subzone NC10a of Bralower et al. (1993, 1995).
This zone straddles the Lower/Upper Cretaceous boundary and is shared by two dis-
crete biozonations. Burnett (1998) named it as a ‘special’ overlapping zone in her Upper

Cretaceous scheme.
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The succession of the lowest part of the Arqgan Fm. (samples 18—44) belongs to
this transitional zone; the FO of E. turriseiffelii has been fixed in sample 18 (depth
169.90 m).

This zone corresponds to the foraminiferal Parathalmanninella appenninica Zone and
lower part of Th. globotruncanoides Zone of the Lower Cenomanian.

UC1 Nannofossil Zone, Lower Cenomanian
Definition: The interval from the FO of Corollithion kennedyi to the FO of Gartnerago
segmentatum.

Author: Burnett (1998).

Remarks: The interval of samples 45-50 (foraminiferal Thalmanninella globotruncano-
ides Zone, Lower Cenomanian) is assigned to this zone due to the presence of Coro-
llithion kennedyi, which FO has been observed in sample 45 (depth 115.0 m). The
FO of C. kennedyi is generally used for demarcating the basal Cenomanian (Ando et
al., 2015). This level is above the first appearance of Th. globotruncanoides (depth
142.25 m). Such a stratigraphical pattern FOs of Th. globotruncanoides and C. kennedyi
has been documented elsewhere (e.g., Robaszynski et al., 1993; Watkins et al., 2005;
Ando et al., 2015).

UC1a Nannofossil Subzone, Lower Cenomanian
Definition: The interval from the FO of Corollithion kennedyi to the LO of Watznaueria
britannica.

Author: Burnett (1998).

Remarks: The interval of samples 45-48 (depths 115.0-108.40 m) (foraminiferal
Thalmanninella globotruncanoides Zone, Lower Cenomanian) belongs to Subzone
UC1a due to the presence of Watznaueria britannica, which LO is recorded in sample
49 (depth 106.50 m).

UC1b—-d Nannofossil subzones, Lower Cenomanian
Remarks: Subzones UC1b, UC1c and UC1d cannot be established because to the
absence of stratigraphically important species Gartnerago chiasta, which LO marks the
top of UC1b. Subzone UC1c is described as the interval from the LO of G. chiasta to
the FO of rare and sporadic Kamptnerius magnificus or the FO of Helicolithus anceps.
In our material H. anceps is absent, whereas rare and sporadic Kamptnerius magnificus

has been recorded higher from sample 53 (depth 98.0 m).
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UC2 Nannofossil Zone, Lower — basal Middle Cenomanian

Definition: The interval from the FO of Gartnerago segmentatum to the FO of Lithraphi-

dites acutus.

Eiffellithus gorkae, CT2/17 Eiffellithus casulus, 6T2/17 Watznaueria ovata, CT2/17 Seribiscutum sp., CT2/17

Crlbrosphaerella ehrenbergii, Axopodorhabdus biramiculatus,
Watznaueria britannica, CT2/4 Discorhabdus ignotus, CT2/19 CT2/35 CT2/42

Corollithion kennedyi, CT2/59  Zeugrhabdotus howei, CT2/15  Cylindralithus sp., CT2/15 g%r}g%rhabdus coronadventis,

Lithraphidites houghtonii, Lithraphidites eccentricus, Lithraphidites alatus, CT2/42
CT2/59 CT2/59

Plate 4. Calcareous nannofossils (LM images) from the Albian—Cenomanian from the
Mount Carmel Region (borehole CT2).
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Author: Burnett (1998).
Remarks: The interval of samples 51-55 (uppermost foraminiferal Thalmanninella glo-

botruncanoides Zone, Lower Cenomanian, and Thalmanninella reicheli Zone, Middle

Zeugrhabdotus embergeri,  Zeugrhabdotus diplogrammus, Zeugrhabdotus sp., Tranolithus orionatus,
sample 28 sample 54 sample 54 sample 54

Rhagodiscus angustus, Rhagodiscus asper,
sample 51 sample 45 Rhagodiscus reniformis, Eiffelithus turriseiffelli,
sample 57 sample 59

Braarudosphaera sp.,
Watznaueria cf. Retecapsa sp., Manivitella pemmatoidea, sample 59
W. bayackii, sample 56 sample 18 sample 45

Lithraphidites carniolensis, Calciosolenia fossilis, Corollithion kennedyi, Calculites anfractus,
sample 50 sample 45 sample 55 sample 45

Plate 5. Calcareous nannofossils (LM images) from the Albian—Cenomanian from the
Mount Carmel Region (borehole CT2).
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Cenomanian) belongs to Zone UC2 due to the presence of G. segmentatum, which FO

is recorded in sample 51 (depth 102.10 m).

UC2a Nannofossil Subzone, Lower Cenomanian
Definition: The interval from the FO of Gartnerago segmentatum to the LO of Zeug-
rhabdotus xenotus.
Author: Burnett (1998).

5 um

4 pm

]
~

Zeugrhabdotus bicrescenticus, Zeugrhabdotus diplogrammus, Zeugrhabdotus sp.,sample 27

s

sample 31 sample 31

¥

1

Zeugrhabdotus diplogrammus,, Tranolithus sp., sample 18 Zeugrhabdotus sp.,sample 27
sample 40

Plate 6. Calcareous nannofossils (SEM images) from the Albian—-Cenomanian from the

Mount Carmel Region (borehole CT2).
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Remarks: The interval of samples 51-54 (depths 102.10-96.15 m) (foraminiferal Thal-

manninella globotruncanoides Zone, Lower Cenomanian) belongs to this subzone due

to the presence of Z. xenotus, which LO is recorded in sample 55 (depth 93.90 m).

5y

5 pm —

Prediscosphaera columnata, sample 33 Retecapsa ficula, éample 33

Plate 7. Calcareous nannofossils (SEM images) from the Albian—-Cenomanian from the

Mount Carmel Region (borehole CT2).
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L P
—— 10 ym

Eprolithus floralis, sample 25

Lithraphidites.ﬁ carniolensis,
sample 25

10 pm
-

Microrhabdulus decoratus, sample 86 Eprolithus floralis, sample 41

Plate 8. Calcareous nannofossils (SEM images) from the Albian—-Cenomanian from the

Mount Carmel Region (borehole CT2).
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UC2b—c Nannofossil Subzones, Lower Cenomanian
Remarks: The level of sample 55 (depths 93.90 m) corresponds to undivided UC2b—c
subzones; the marker species Cylindralithus sculptus has not been found.

UC3 Nannofossil Zone, basal Middle-Upper Cenomanian
Definition: The interval from the FO of Lithraphidites acutus to the FO of Cylindralithus
biarcus.
Author: Burnett (1998).
Remarks: The upper part of the borehole (samples 56-96) (foraminiferal zones: the
uppermost part of Thalmanninella reicheli and Rotalipora cushmani, Middle-Upper
Cenomanian) is referred to the transitional basal Middle—-Upper Cenomanian Zone
UC3 due to the presence of Lithraphidites acutus, which FO is recorded in sample 56
(depth 92.0 m). The species Kamptnerius magnificus (sample 53, depth 98.0 m) and
Lithraphidites eccentricus (sample 62, depth 78.20 m) are found in this interval. Watkins
and Bowdler (1984) described L. eccentricus from the Middle Cenomanian interval at
DSDP Site 540 (Gulf of Mexico). Ando et al. (2015) suggested that the Early Cenoma-
nian origin of L. eccentricus is better justified and the L. eccentricus type level cannot
be as high as the Middle Cenomanian, which is supported by the position of the first
appearance of L. eccentricus at the TDP Site 24 in Tanzania. Chin (2016) has recorded
the FO of L. eccentricus below the FO of C. kennedyi in the Lower Cenomanian at DSDP
137 and 547 sites in the North Atlantic. In Borehole CT2 the FO of L. eccentricus was
fixed higher, in the Middle Cenomanian. Another important species is Microrhabdulus
decoratus, which according to Perch-Nielsen (1985) first appears together with L. acutus
and has been reported as the index species for the Upper Cenomanian Zone CC10.
In our material, the FO of M. decoratus has been recorded together with the FO of L.

acutus in sample 56 (depth 92.0 m).
Negba 1

The calcareous nannofossil assemblage in the borehole is extremely impoverished
and poorly to moderately preserved. The identified assemblage consists of 24 taxa
(Appendixes A, D; Plate 9, Fig. 8).

Watznaueria barnesiae is the only species that occurs more or less consistently but

as extremely rare specimens throughout the entire section. All other taxa are found in
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different parts of the section only as single specimens. Nannoconus sp. is found as
isolated specimens in two samples from the lower part of the section (sample 2, depth
765 m) and in the upper part (sample 45, depth 256 m). Zeugrhabdotus sp., Watz-
naueria ovata, Eiffellithus gorkae and Eiffellithus monechiae are identified in the lower
part of the borehole (Yagur Fm., samples 2-20, depths 765-530 m). In the middle part
of the section (Lower member of Negba Fm., samples 20-33, depths 530-375 m),
Zeugrhabdotus bicrescenticus, Radiolithus orbiculatus, Eprolithus floralis, Cyclagelo-
sphaera sp., Lithraphidites carniolensis and Biscutum constans are found. In the upper
part of the studied section (Upper member of Negba Fm., samples 33-50, depths 375—

209 m), Z. moulladei, Tranolithus sp., Tr. orionatus, Axopodorhabdus biramiculatus,

Watznaueria barnesiae,

? i sample 51 Watznaueria cf.
Watznas:(rer?;eb ?znes:ae, P W. fossacincta, sample 14

Watznaueria ovata,
sample 14

5um

Cyclagelosphaera sp., Eiffelithus cf. Eiffelithus cf.
Watznaueria cf. g gamp'i'e 24 R E. gorkae, sample 1 E. monechiae, sample 14

W. bayackii, sample 14

i o

ﬁ.! -
e
) Lo 8
# » ‘
> .. &
w - _ 5um
- PR
Nannoconus sp., sample 2 Lithraphidites carniolensis, Calculites anfractus,
” sample 25 sample 50

Plate 9. Calcareous nannofossils (LM images) from the Albian—Cenomanian from the

Coastal Plain (borehole Negba 1).

< 44



: =
g
g !
- 2 S
g d
2 X a 2 E k & G g E ]
g8 $ 8¢ g 2 g S5 e
HH 38868y g . . £ 235§
4 a : S & £ g
E§ - S o ¢ D @ G = 2 )
5| s € g g 3 % g g
° g’ s3| = £ es5| § § g s £ 58
gl E|cE| £ B | uitoogy [ EE| & € s 8 § g3 Substege
o|alee]| & g | Mooy | 85| § o] I §3S5an 830 &S 8 § 8
— 180_~- : i
core 2 _] ~
-~ L
200_~’4.“~
5 Upper
E - ® ® °| Cenomanian
220 N 48
~ ~JE47
© 3 240 b
5 £ ~ e
3 @ -1 ~  le—46
b4 £ ~- 45
= . 260 A4
5 ~ 43
a . [€—42
o P ad rtl ¢
= 2s0L_1
~-
L1
3001
Ll r Albian
= P ¢ IL\JAZzitricr?tiin
3 20l |7 <38
B ——i
_Q- Fad Fad
- - é 340-~-((:§;
] _;‘\-o~~(_35
© (8 3604~ 7
b=/ | "~ .
o2 o e Upper Albian |
c z A e 33 » o o Upper
[} = pp
o S /O~ 32 .
S 5 Lt~ Cenomanian
g g _.~~~
j&— 31
S s w2~
3 © =+ core 3] 71712
= i
£ Ao
=
i Fad
E 5 20 T 7
| ® - = 28
= Q| core4 ] 27
§|— [ o426
3 g 4804 -
E z 7
7] [
H 480~
= . §3 . s ® Aptian -
500 3 Campanian
&
P
520 -] "
,{,‘; 2 Aptian -
- 20 > o .
R U SO S S core 5 7 - Turonian
core 6 o 540 il 19
T i 18
i A
17
560 f/" 16
e
P
580 >
core 7 _} L, .
- // ,;' Upper Albian
—= :j o] (BC26 Zone) -
z Lower
620 1;_ 4:" je— 13 Cenomanian
Sl 1l ="
= a = core 8] =
ala 3 640 1
<|> % £ le— 10
> -1 o
660 {/’1
b A
680 l/‘,—l‘:r 8
7
core 9 1 1 1 1 g
700 1
1 1 4
1
720 T T
| I |
| I |
core 103 740 T 1 T |
Ll .
T60—fopetmrl, Alblgn -
T = ] Maastrichtian
780 s

Figure 8. Lithology, vertical distribution of identified calcareous nannoplankton species

with planktic foraminifera biostratigraphy from the Coastal Plain (borehole Negba 1).
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Grantarhabdus coronadventis, Watznaueria fossacincta, Cribrosphaerella ehrenbergii
and Discorhabdus ignotus are identified. In the uppermost part of the borehole (Upper
member of Negba Fm., samples 50-52, depths 209-201 m) Microrhabdulus decoratus,
Braarudosphaera bigelowii and Calculites anfractus were found.

Many recorded species are distributed in a wide stratigraphic interval: Biscutum cons-
tans (from the Bathonian (Middle Jurassic) to Late Maastrichtian (Upper Cretaceous),
Braarudosphaera bigelowii (from the base of the Cenomanian to Recent), Cribrosphae-
rella ehrenbergii (from the Albian NC9a subzone to the Maastrichtian), Eiffellithus gorkae
(from the Albian to the Maastrichtian), Discorhabdus ignotus (from the Oxfordian (Upper
Jurassic) to the Maastrichtian (Upper Cretaceous), Microrhabdulus decoratus (from the
Upper Cenomanian Zone CC10 to the Maastrichtian), Lithraphidites carniolensis (from
the Lower Berriasian (Lower Cretaceous) to the Maastrichtian (Upper Cretaceous),
Tranolithus orionatus (from the base of the Albian Zone BC24 to the Maastrichtian),
species of Watznaueria: W. barnesiae (from the Bathonian (Middle Jurassic) to the
Maastrichtian), W. ovata (from the Callovian (Middle Jurassic) to the Maastrichtian), W.
fossacincta (from the Bajocian (Middle Jurassic) to the Maastrichtian), Zeugrhabdotus
bicrescenticus (from the base of the Albian to the Maastrichtian), Zeugrhabdotus
moulladei (from the base of the Hauterivian (Lower Cretaceous) to the Campanian
(Upper Cretaceous).

Species with a narrow stratigraphic distribution are also found: Axopodorhabdus bira-
miculatus (from the Albian BC25 zone to the Cenomanian UC5a subzone), E. monechiae
(from the Upper Albian BC26 zone to the Lower Cenomanian), C. anfractus (from the
Albian UCO / BC27 zone to the Cenomanian UC3b subzone), E. floralis (from the base
of the Aptian to the Campanian), Gr. coronadventis (from the base of the Aptian to the
Campanian) and R. orbiculatus (from the base of the Aptian to the Turonian).

Since nanofossils are very rare and found in small quantities, it is quite difficult to
apply the standart biostratigraphical zonal scheme of Sissingh (1977) with additions of
Perch-Nielsen (1985) in full. However, despite the impoverished assemblage, it is still
possible to distinguish certain levels and intervals.

The assemblage of the lowermost samples (samples 1-2) consists of species pre-
dominantly with a wide stratigraphic distribution, but the sediments cannot be older than

the Albian because of the presense of E. gorkae.
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The interval of samples of 14 and 15 (depths 610—-605 m) is confined to the UpperAlbian
(BC26 Zone) to the Lower Cenomanian based on the presense of E. monechiae.

Sample 20 yields the assemblage with R. orbiculatus, which first appearance is known
to be at the base of the Aptian and last appearance is recorded in the Turonian. Thus,
the level of depth 530 m belongs in the interval from the Aptian to Turonian.

The interval of samples of 24-25 consists of the assemblage with E. floralis (basal
Aptian — Campanian). The co-occurrence of B. constans, Lithraphidites carniolensis,
Cyclogelosphera sp. and E. floralis indicates that the deposits (depths 495-490 m)
belong to the Aptian—Campanian.

Sample 33 (depth 375 m) yields an assemblage consisting of species with both wide
distribution and narrow stratigraphical distribution: A. biramiculatus (from the Albian
BC25 zone to the Cenomanian UC5a subzone) and Gr. coronadventis (from the base
of the Aptian to the Campanian). The occurrence of all identified species together in the
sample indicates that this level belongs to the Upper Albian to Upper Cenomanian.

Sample 40 (depth 311 m) brings an assemblage with Tranolithus sp., W. fossacincta
and Cr. ehrenbergii, which are all distributed in a broad stratigraphical interval. The
occurrence these species together indicates that these deposits belong to the Upper
Albian — Maastrichtian.

The assemblage of the uppermost sample 50 (depth 209 m) consists of Microrhabdu-
lus decoratus, C. anfractus and Br. bigelowii. The first and second species have a
narrow stratigraphical distribution. Braarudosphaera bigelowii has a wide stratigraphical
distribution but the first appearance of this species was recorded at the base of the
Cenomanian. Microrhabdulus decoratus is an important zonal marker for the Upper
Cenomanian Zone CC10 in Perch-Nielsen (1985) zonation. Calculites anfractus is
also a zonal marker that defines the base of the Upper Albian subzone UCOc. The last
appearance of this species was fixed in the Upper Cenomanian UC3b subzone. The
occurrence of these species together is indicating that the deposits at the belong to the

Upper Cenomanian.

4.2. Calcareous nannoplankton preservation and abundance

Carmel Area

In our material from the Carmel Region (boreholes CT2 and CT8), calcareous nan-
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nofossils are moderately preserved and quite abundant in general, with only a few
samples containing poor assemblages or being barren.

In our material, Watznaueria is a dominant genus and one of the most resistant to
dissolution among Mesozoic calcareous nannofossils (e.g., Thierstein, 1980; Lees et al.,
2005). Cretaceous nannofloras with a low species diversity and abundant W. barnesiae
were considered as poorly-preserved (Lees et al., 2005), and assemblages with W.
barnesiae exceeding 40% were thought to be diagenetically affected to such an extent
that they no longer bear an original palaeoecological signal (Thierstein, 1980; Roth &
Bowdler, 1981; Roth, 1984; Roth & Krumbach, 1986; Herrle et al., 2003). However,
Williams and Bralower (1995) proposed that a high ratio of W. barnesiae is indicative of
the assemblage alteration when it reaches higher values (70%). Erba (1992) documented
original features preserved in nannofossil assemblages with relative abundance of W.
barnesiae >40% and suggested that this taxon is typically oceanic and dominant under
oligotrophic conditions.

Borehole CT8

In the studied samples of the CT8 core, despite the predominance of W. barnesiae,
dissolution sensitive taxa (e.g., B. constans, D. ignotus, Zeugrhabdotus moulladei and
small Zeugrhabdotus) are present and generally common (Figs. 9 and 12). In addition,
the abundance or the dissolution-prone taxa is not controlled by the preservation index
(Fig. 11). Also, the stable Shannon index (H) (1.8-2.85) indicates a low assemblage
alteration. Therefore, we conclude that the abundance of W. barnesiae preserves the
original palaeoenvironmental signal related to oligotrophy (Mutterlose et al. 2005).

Nannofossil abundance shows relatively high fluctuations, with an average of six
specimens per field of view (Fig. 11). The highest values (up to 27 nannofossils/field of
view) are recorded in the middle part of the Argan Fm., which corresponds to the Lower
— lower Middle Cenomanian.

In all analysed samples (Figs. 9, 10; Appendix B), the dominant genus is Watznaueria
(average 64.2%), whereas the genera Zeugrhabdotus (avg. 8.5%) and Biscutum (avg.
8.0%) exceed 5% of the assemblage (Fig. 9), followed by Retecapsa/Cretarhabdus
(avg. 2.8%), Eiffellithus (avg. 2.5%) and Tranolithus (avg. 2.0%), Prediscosphaera spp.
(1.8%), Discorhabdus ignotus (1.4%), Lithraphidites spp. (1.3%), Rhagodiscus spp.
(1.0%), Manivitella pemmatoidea (0.9%), Axopodorhabdus biramiculatus (0.8%) and
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Eprolithus floralis (0.8%). Taxa with an average relative abundance <0.5% are grouped
as “Rare taxa” (Fig. 10, Appendix E): these include Cribrosphaerella ehrenbergii (0.4%),
Radiolithus spp. (0.3%), Nannoconus spp. (0.2%), BroinsonialGartnerago (0.2%),
Cyclagelosphaera spp. (0.2%) and Crucibiscutum sp./Seribiscutum sp./Repagulum
parvidentatum (0.2%). Very rare species (average relative abundance 0.1-0.5%) are
treated as “Other taxa” (1.6%) (Appendix E).

Watznaueria is by far the most common genus (min. 27.1%, max. 87.0%) throughout
the CT8 core. The genus is dominated by W. barnesiae (avg. 60.6%) (Fig. 9); other
six species (W. britannica, W. biporta, W. ovata, W. fossacincta, W. cf. W. bayackii, W.

manivitiae) occur rarely throughout the entire succession.
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Figure 12. Vertical distribution of relative abundances of calcareous nannofossil pro-

ductivity indicators, calcareous nannofossil Nutrient and Temperature Indices from bore-
hole CT8 (Carmel Region, NW Israel).
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The genus Zeugrhabdotus (min. 1.7%, max. 21.7%) (Fig. 9) is represented by Z.
diplogrammus, Z. bicrescenticus (common), Z. embergeri, Z. scutula, Z. moulladei (fre-
quent), Z. howel, Z. noeliae, Z. clarus, Z. xenotus, and small Zeugrhabdotus sp. (rare).

The genus Biscutum (avg. 8.0%) (Fig. 9) shows sharp fluctuations from 1.3-35.4%
and is represented by abundant B. constans (avg. 7.7%) (Fig. 9), with rare B. thurowii
and Biscutum sp.).

The Retecapsa/Cretarhabdus group (avg. 2.8%) (Fig. 9) includes C. conicus, C.
striatus, Cretarhabdus sp., R. angustiforata, R. sp., R. ficula, and R. crenulata.

The genus Eiffellithus (avg. 2.5%) (Fig. 9) is represented by E. casulus, E. gorkae, E.
hancockii, E. monechiae, and E. turriseiffelii.

The genus Tranolithus was observed throughout the entire succession (avg. 2.0%)
(Fig. 9) and is represented by T. orionatus (most abundant, avg. 1.7%) and T. gabalus.

The genus Prediscosphaera (avg. 1.8%) (Fig. 10) is represented by P. columnata, P.
cretacea (common), P. grandis (rare), and P. spinosa (very rare).

The genus Discorhabdus (Fig. 12) is represented by a single species, D. ignotus
(0.3-4.2%., avg. 1.4%), which occurs throughout the section.

The genus Lithraphidites (0-6.5%, avg. 1.3%) (Fig. 10) is represented by L. carnio-
lensis, L. alatus, L. acutus, L. eccentricus, L. houghtonii, and Lithraphidites sp.

The genus Rhagodiscus (0-3%, avg. 1.0%) (Figs. 10 and 13) is represented by Rh.
asper, Rh. splendens, Rh. achlyostaurion, Rh. amphus, Rh. angustus, Rh. sageri, and
Rhagodiscus sp.

The fluctuations of the species richness, Shannon Index, and Evenness throughout
the studied interval are summarised in Fig. 11. The species richness (S) is low/moderate
(mean 37) and varies from 16 to 53 species per sample; it is often used as a measure
of a relative stability of ecological conditions (Sanders, 1968; Dodd & Stanton, 1981;
Watkins, 1989). The Shannon diversity Index (H) is moderate (mean 1.8) and varies
from 1.8-2.85. Evenness (E) varies from 0.09-0.39 with an average of 0.19.

Pearson’s correlation coefficients calculated for the selected nannofossil taxa are
summarized in Table 3. Watznaueria barnesiae shows the highest negative correlation
with B. constans, Z. bicrescenticus, T. orionatus and E. turriseiffelii. There is a strong
negative correlation between W. barnesiae and the group of Cretarhabdus spp./

Retecapsa spp., Z. diplogrammus, Z. embergeri, L. carniolensis and Rh. asper+Rh.
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Table 3. Pearson’s correlation matrix of selected calcareous nannofossil taxa from the

borehole CT8. Significant coefficients (p<0.01) are in bold.
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splendens. Biscutum constans has a positive correlation with T. orionatus and Rh.
aspert+Rh. splendens. There are positive correlations between Z. bicrescenticus and
Z. diplogrammus, Z. embergeri, T. orionatus and E. turriseiffelii. Positively correlated
are the following pairs: Z. moulladei+Zeugrhabdotus sp. (small) and E. turriseiffelii; D.
ignotus and Lithraphidites spp.; P. columnata and E. turriseiffelii; and Lithraphidites
spp.+P. cretacea and L. carniolensis.

Three significant factors were extracted from the varimax rotation factor analysis,
representing 47.24% of the total variance (Table 4).

The PC1 (21.22% of total variance) shows the highest positive loadings for Z. bi-
crescenticus, T. orionatus, E. turriseiffelii, Z. embergeri, Z. diplogrammus and Creta-
rhabdus spp./Retecapsa spp., and a negative loading for W. barnesiae. The associated
species P. cretacea shows a positive loading, while Rh. asper+Rh. splendens and
Lithraphidites spp. (weakly associated species) present negative loadings. Zeugrhab-
dotus moulladei+Zeugrhabdotus sp. (small) show low positive loadings (associated
species).

The PC2 (15.16% of total variance) shows high positive loadings for D. ignotus, E.
floralis and P. cretacea, L. carniolensis, Lithraphidites spp. and, as associated taxa, Z.
moulladei+Zeugrhabdotus sp. (small). Weakly associated taxa Zeugrhabdotus spp. and
Watznaueria spp. demonstrate low negative loadings.

The PC3 (10.86% of total variance) shows high positive loadings for B. constans, D.

ignotus (associated taxa), and a negative loading for W. barnesiae. Associated taxa
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Table 4. Factor analysis Varimax normalized Rotation with principal component Extrac-

tion based on 18 taxa from borehole CT8, Carmel region. Rotation is R-mode.

Factor1 Factor? Factor 3

Watznaueria barnesiae -0.60 -0.19 -0.69
Biscutum constans -0.02 -0.05 0.85
Watznaueria spp. 0.02 -0.24 -0.16
Zeugrhabdotus bicrescenticus 0.72 0.21 0.08
Cretarhabdus spp./Retacapsa spp. 0.54 -0.07 -0.12
Zeughrabdotus diplogrammus 0.78 0.02 -0.16
Zeughrabdotus moulladei + Zeughrabdotus sp. (small) 026 0.29 -0.10
Tranolithus orionatus 0.50 -0.09 0.68
Zeugrhabdotus spp. 0.29 -0.26 0.10
Discorhabdus ignotus -0.26 0.62 0.35
Eiffellithus turriseiffelii 0.56 0.15 038
Zeughrabdotus embergerii 0.80 -0.03 -0.03
Prediscosphaera columnata 0.30 -0.08 0.14
Eprolithus floralis 0.15 0.51 -0.19
Lithraphidites spp. -0.25 0.69 0.01

Prediscosphaera cretacea 0.24 0.66 0.04
Litrhaphidites carniolensis 0.02 0.79 0.18
Rhagodiscus asper /Rhagodiscus splendens -0.20 0.18 0.67
Total Variance percent 2122 1516 10.86

0.67 dominant taxa

Factor Loadings (Varimax normalized) (18 taxa) .
0.33 associated and

T. orionatus, Rh. asper+Rh. splendens and E. turriseiffelii demonstrate high positive
loadings.

Borehole CT2

Inthe analysed material from borehole CT2, despite the predominance of W. barnesiae,
dissolution sensitive taxa (e.g., B. constans, D. ignotus, Zeugrhabdotus moulladei and
small Zeugrhabdotus) are present and generally common (Figs. 14 and 17). In addition,
the abundance or the dissolution-prone taxa is not controlled by the preservation index
(Fig. 16). Also, the stable Shannon index (H) (1.2-2.68) indicates a low assemblage
alteration. Therefore, we conclude that the abundance of W. barnesiae preserves the
original palaeoenvironmental signal related to oligotrophy (Mutterlose et al. 2005).

Nannofossil abundance shows relatively high fluctuations, with an average of six spe-
cimens per field of view (Fig. 16). The highest values (up to 18 nannofossils/field of
view) are recorded in the middle part of the Argan Fm., which corresponds to the Lower

— lower Middle Cenomanian.
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Figure 16. Preservation, vertical distribution of relative nannofossil abundance, Species
Richness, Shannon Diversity Index, Evenness, calcareous nannofossil Nutrient and
Temperature Indices, carbon and oxygen isotope data from borehole CT2 (Carmel

Region, NW lIsrael).
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In all analysed samples (Figs. 14, 15; Appendix C), the dominant genus is Watzna-
ueria (average 62.9%) followed by Zeugrhabdotus spp. (avg. 12.9%), Biscutum spp.
(avg. 4.7%), Retecapsa/Cretarhabdus spp. (avg. 3.7%), Eiffellithus spp. (avg. 2.5%),
Tranolithus spp. (avg. 2.4%), Prediscosphaera spp. (2.2%), Eprolithus floralis (1.2%),

Nutrient Index
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Figure 17. Vertical distribution of relative abundances of calcareous nannofossil pro-
ductivity indicators, calcareous nannofossil Nutrient and Temperature Indices from bore-

hole CT2 (Carmel Region, NW lIsrael).
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Discorhabdus ignotus (1.1%), Lithraphidites spp. (1.0%), Rhagodiscus spp. (0.9%),
Axopodorhabdus biramiculatus (0.9%) and Manivitella pemmatoidea (0.5%). Taxa
with an average relative abundance <0.5% are grouped as “Rare taxa” (2.8 %) (Fig.
15, Appendix E): these include Cribrosphaerella spp. (0.4%), Broinsonial Gartnerago
(0.4%), Helicolithus spp. (0.3%), Chistozygus spp. (0.3%), Radiolithus spp. (0.3%),
Gorkaea operio (0.2%), Cyclagelosphaera spp. (0.2%), Crucibiscutum sp./Seribiscutum
sp./Repagulum parvidentatum (0.2%), Nannoconus spp. (0.1%) and Grantarhabdus co-
ronadventis (0.1%). Very rare species (average relative abundance <0.1%) are treated
as “Other taxa” (0.5%) (Appendix E).

The genus Watznaueria is by far the commonest element (min. 33.2%, max. 80.0%)
throughout the CT2 core. The genus is dominated by W. barnesiae (avg. 55.5%) (Fig.
14), other six species (W. britannica, W. biporta, W. ovata, W. fossacincta, W. cf. W.
bayackii, and W. manivitiae) occur rarely throughout the entire succession.

The genus Zeugrhabdotus (min. 5.6%, max. 26.6%) (Fig. 14) is represented by Z.
diplogrammus, Z. bicrescenticus (common), Z. embergeri, Z. scutula, Z. moulladei (fre-
quent), Z. howei, Z. noeliae, Z. clarus, Z. xenotus, small Zeugrhabdotus sp. (rare) and
Zeugrhabdotus sp.

The genus Biscutum (avg. 4.7%) (Fig. 14) shows sharp fluctuations from 1.0-20.0%
and is represented by abundant B. constans (avg. 4.3%), with rare B. thurowii.

The Retecapsa/Cretarhabdus group (avg. 3.7%) (Fig. 14) shows fluctuations from
0.7-6.2% and includes C. conicus, R. angustiforata, R. fenestrata, R. ficula, and R.
crenulata.

The genus Eiffellithus (avg. 2.5%) (Fig. 14) with fluctuations from 0.7-5.3% is re-
presented by E. casulus, E. gorkae, E. monechiae, and E. turriseiffelii.

The genus Tranolithus was observed throughout the entire succession (avg. 2.4%,
min. 0.7%, max. 7.7%) (Fig. 14) and is represented by T. orionatus (most abundant,
avg. 2.0%) and T. gabalus.

The genus Prediscosphaera (0—-4.9%, avg. 2.2%) (Fig. 15) is represented by P. co-
lumnata, P. ponticula, P. cretacea (common), P. grandis (rare), and P. spinosa (very
rare).

The genus Discorhabdus (Fig. 17) is represented by a single species, D. ignotus

(0—4.0%, avg. 1.1%), which occurs practically throughout the entire section.
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The genus Lithraphidites (0-3.8%,avg. 1.0%) (Fig. 15)isrepresented by L. carniolensis,

L. alatus, L. acutus, L. eccentricus, and L. houghtonii.
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Figure 18. Vertical distribution of relative abundances of calcareous nannofossil tem-
perature indicators, calcareous nannofossil Nutrient and Temperature Indices, oxygen

and carbon isotopes data in the borehole CT2 (Carmel region, NW Israel).
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The genus Rhagodiscus (0-3.2%, avg. 0.9%) (Figs. 15, 18) is represented by Rh.
asper, Rh. splendens, Rh. achlyostaurion, Rh. amphus, Rh. angustus, Rh. sageri, and
Rh. reniformis.

The fluctuations of the species richness, Shannon Index, and Evenness throughout
the studied interval are summarised in Fig. 16. The species richness (S) is low/moderate
(mean 29.1) and varies from 21 to 36 species per sample; it is often used as a measure
of a relative stability of ecological conditions (Sanders, 1968; Dodd & Stanton, 1981;
Watkins, 1989). The Shannon diversity Index (H) is moderate (mean 1.92) and varies
from 1.2—-2.68. Evenness (E) varies from 0.14-0.48 with an average of 0.25.

Pearson’s correlation coefficients calculated for the selected nannofossil taxa are
summarized in Table 5. Watznaueria barnesiae shows the highest negative correlation
with Z. moulladei+Zeugrhabdotus sp. (small), B. constans, Z. bicrescenticus, Z. dip-
logrammus, Zeugrhabdotus spp., D. ignotus and Pr. columnata. There is a strong ne-
gative correlation between W. barnesiae with Eiffellithus spp., E. turriseiffelii, L. car-
niolensis and Rh. asper+Rh. splendens. The group of Z. moulladei+Zeugrhabdotus sp.
(small) shows the highest positive correlation with Biscutum constans, Z. bicrescenticus,
Z. diplogrammus and D. ignotus. There is a strong positive correlation between Z.
moulladei+Zeugrhabdotus sp. (small) with T. orionatus Zeugrhabdotus spp. and Pr.
columnata. Biscutum constans has a highest positive correlation with D. ignotus and a
strong positive correlation with Z. bicrescenticus and Z. diplogrammus. Biscutum cons-
tans has a high positve correlation with D. ignotus and shows a strong positive correlation
with Z. bicrescenticus and Z. diplogrammus. There is a strong negative correlation
between Biscutum constans with Watznaueria spp. The group of Cretarhabdus spp./
Retecapsa spp. has a strong positve correlation with Watznaueria spp. There is a
highest positive correlation between Z. bicrescenticus with Z. diplogrammus and Z.
moulladei+Zeugrhabdotus sp. (small). Zeugrhabdotus bicrescenticus shows a strong
positive correlation with Biscutum constans, T. orionatus, Zeugrhabdotus spp. and
Eiffellithus spp. Zeugrhabdotus bicrescenticus has a strong negative correlation with
E. floralis. There is a strong positive correlation between Z. diplogrammus and Zeug-
rhabdotus spp. and Eiffellithus spp. Zeugrhabdotus spp. has a strong positive correlation
with T. orionatus, D. ignotus and Eiffellithus spp. Tranolithus orionatus shows a strong

positive correlation with Eiffellithus spp. and Pr. columnata. Eiffellithus turriseiffelii has
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a positive correlation with D. ignotus, Pr. columnata, L. carniolensis, Lithraphidites spp.
and Rh. asper+Rh. splendens. D. ignotus positively correlated with Pr. columnata and L.
carniolensis. Prediscosphaera columnata shows positive correlation with L. carniolensis
and Rh. asper+Rh. splendens. Positively correlated are the following pairs: E. floralis
and Lithraphidites spp., and L. carniolensis with Lithraphidites spp.

Three significant factors were extracted from the varimax rotation factor analysis,
representing 57.75% of the total variance (Table 6).

The PC1 (31.52% of total variance) shows the highest positive loadings for Z. bi-
crescenticus, T. orionatus, Zeugrhabdotus spp., Eiffellithus spp., and a negative loading
for W. barnesiae. The associated species of the group of Zeugrhabdotus moulladei+
Zeugrhabdotus sp. (small) and Rh. asper+Rh. splendens show a positive loadings,

while E. floralis (weakly associated species) presents a negative loading.

Table 6. Factor analysis Varimax normalized Rotation with principal component Extrac-

tion based on 17 taxa from borehole CT2, Carmel region. Rotation is R-mode.

Factor1 Factor2 Factor3
Watznaueria barnesiae -0.59 -0.11 -0.75
Watznaueria spp. 0.03 0.70 -0.23
Zeugrhabdotus moulladei + Zeugrhabdotus sp.(small) 0.36 -0.23 0.76
Biscutum constans 0.12 -0.39 0.81
Cretrhabdus spp./ Retecapsa spp. 0.04 0.46 0.08
Zeugrhabdotus compactus 0.70 -0.37 0.30
Zeugrhabdotus diplogrammus 0.66 -0.24 032
Tranclithus orionatus 0.68 -0.19 0.11
Zeugrhabdotus spp. 0.78 0.08 014
Eiffellithus spp. 0.74 012 0.03
Eprolithus floralis -0.26 0.51 -0.09
Eiffellithus turriseiffeli -0.02 0.40 0.59
Discorhabdus fgnotus 0.18 0.07 0.81
Prediscosphaera columnata 0.28 0.39 0.50
Lithraphidites carniclensis 0.01 0.62 0.47
Lithraphidites spp. -0.16 0.75 0.06
Rhagodiscus asper/ Rhagodiscus splendens 0.35 0.31 0.32
Total Variance percent 31.82 17.28 8.95
Factor Loadings (Varimax normalized) (17 taxa) 0.78 dominant taxa
0.66

0.47 associated taxa
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The PC2 (17.28% of total variance) shows high positive loadings for Lithraphidites
spp., Watznaueria spp., L. carniolensis and E. floralis. The associated taxa of the group
of Cretarhabdus spp./Retecapsa spp., E. turriseiffelii, Pr. columnata, Rh. asper+Rh.
splendens have positive loadings, while B. constans and Z. bicrescenticus show negative
loadings. Weakly associated taxa Z. diplogrammus and Zeugrhabdotus moulladei+
Zeugrhabdotus sp. (small) demonstrate low negative loadings.

The PC3 (8.95% of total variance) shows highest positive loadings for B. constans,
Zeugrhabdotus moulladei+Zeugrhabdotus sp. (small), D. ignotus, high positive loadings
for E. turriseiffelii and Pr. columnata, while W. barnesiae demonstrates the highest
negative loading. The associated taxa Z. bicrescenticus, Z. diplogrammus, L. carni-

olensis and Rh. asper+Rh. splendens show positive loadings.

4.3. Calcareous nannoplankton Temperature (Tl) and Nutrient

(NI) indices

Borehole CT8

Of the three factors extracted from the factor analysis, PC3 represents surface water
fertility, since oligotrophic species W. barnesiae shows opposite loadings with respect
to mesotrophic taxa B. constans and D. ignotus (Table 4, Fig. 12). On the contrary, the
positive and negative loadings of the assemblages, given by PC1 and PC2, cannot
be related to temperature. This probably depends on the relatively low abundances
of species indicative of temperatures (Z. diplogrammus, Rh. asper, E. floralis, R. par-
videntatum, and Staurolithites spp.), which together constitute ca. 3.6% of the total
assemblage being a negligible part of the variability in the whole dataset (Fig. 13).
However, although the ‘temperature’ species are scarce in the section, they show minor
fluctuations that are independent from the total abundance variations, and may reflect a
primary signal (see Discussion).

The Nl is generally low (mean 15.52) and varies from 3.8-57.57 with rapid fluctuations
throughout the succession (Figs. 11-13), therefore a relatively suppressed fertility is
reconstructed for the studied interval with minor occasional increases as evidenced by
NI values above 20 (detected around 180-170, 140-130, 110-90 and 70-60 m). The Tl
(mean 29.75) shows rapid fluctuations in the interval of 0—83.33 m (Figs. 11-13) pointing

to generally warm temperatures, with the lowest values (warmest conditions) displayed
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between 120-110 m (Lower Cenomanian). Some decrease in paleotemperatures is
estimated from ca. 100 m upwards, where the Tl is shifted towards higher values. This
phase corresponds to a minor decrease in abundance of Z. diplogrammus and a relative
increase in E. floralis. Cooler interludes (highest Tl values) are detected at ca. 215 m
and 170 m (Upper Albian).

Borehole CT2

Of the three factors extracted from the factor analysis, PC1 relates to temperature,
since warm-water species Z. diplogrammus and Rh. asper/Rh. splendens show opposite
loadings with respect to cold-water E. floralis (Table 6, Fig. 18). The ‘temperature’
species are scarce in the section, they show minor fluctuations that are independent
from the total abundance variations, and may reflect a primary signal (see Discussion).
On the contrary, positive and negative loadings of the assemblages, given by PC2,
cannot be clearly related to temperature. PC2 demonstrates opposite loadings of cold-
temperature E. floralis with respect to warm-temperature Z. diplogrammus, however
cold-temperature E. floralis also positively correlates with warm-temperature Rh.
asper/Rh. splendens. PC3 represents surface water fertility, since oligotrophic species
W. barnesiae shows opposite loadings compared to mesotrophic taxa B. constans
Zeugrhabdotus moulladei+Zeugrhabdotus sp. (small) and D. ignotus (Table 6, Fig. 17).

The NI is generally low (mean 17.0) and varies from 3.6-56.2 with rapid fluctuations
throughout the succession (Figs. 16, 17), therefore a relatively suppressed fertility is
reconstructed for the studied interval with minor occasional increases as evidenced by
NI values above 20 (detected in 174-172, 157-150, 130-127 and 115-72 m intervals).
The Tl (mean 34.3) shows rapid fluctuations in the interval of 0-82.4 m (Figs. 16, 18)
pointing to generally warm temperatures, with the lowest values (warmest conditions)
displayed between 146-142 m and 108-98 m (Lower Cenomanian). Some decrease
in palaeotemperatures is estimated from ca. 92 m upwards, where the Tl is shifted
towards higher values. This phase corresponds to a minor decrease in abundance of Z.
diplogrammus and a relative increase in E. floralis. Cooler interludes (highest Tl values)

are detected at ca. 38 m (Middle Cenomanian).
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4.4 Stable isotope analyses

Borehole CT8 (Table 7)

The oxygen isotope profile shows remarkable positive and negative fluctuations
throughout the succession (Fig. 11), with two trends: one (below the tuff deposits) ref-
lecting a gradual decrease of the oxygen values, and the other (above the tuff deposits)
showing increasing values.

In the Isfiye Fm., a positive shift of ca. +1.06%o. [-2.97 to -1.91%o] is presented below
the tuffaceous deposits. Directly above the tuffaceous deposits (samples 20 to 30), a
negative shift of ca. -0.68%o [-1.58 to -2.26%0] is observed. In the interval of samples
31-44, the values of oxygen are practically constant [-1.93 to -1.46%o]. A negative 50
shift of ca. -1.4%o [-1.85 to -3.25%o] is identified in the interval of samples 45-75. The
interval corresponding to samples 76 to 96 is characterised by constant values of '®0.
A positive 880 anomaly of ca. +0.81%eo [-3.11 to -2.30%0] marks samples 62-54.7 m. In
the upper part of the section (samples 98—108), a positive shift of ca. +0.94%o [-3.70 to
-2.76%0] is identified.

The 8C value changes from 0.47-2.00%o in the Isfiye Fm. below the tuff (Figs. 11,
13). Above the tuffaceous layer, the lower and middle parts of the Argan Fm. (samples
20-68) are characterised by almost constant 8*C values (1.88—1.64%o) with minor
fluctuations that include a relative decrease from ca. 2%. at 180—-170 m to ca. 1.5%o at
170-160 m. The interval of samples 69-87 is characterised by very rapid fluctuations
of 6"C values from 0.88-2.07%o. Above this interval, a rapid two-step decrease of the
0"3C values is detected. The first step (samples 89-98) shows an abrupt decrease of the
6"C value from 0.43 to -2.41%.. The second one (samples 99-108) displays a gentler
decline of the 8*C value from -1.39 to -1.66%eo.

The &"C curve of the studied section differs significantly from &'*C records from
other localities (e.g., Jarvis et al., 2006; Gambacorta et al., 2015; Giorgioni et al.,
2015; Bornemann et al., 2017): the 8"C values detected throughout the Upper Albian
to Lower Cenomanian of the CT8 section are relatively uniform, contained within ca.
1-2%0. The Upper Cenomanian is marked instead by rather negative carbon isotopic
values which do not find correspondence with any equivalent record worldwide. These

differences may result from diagenetic alteration and/or may reflect the presence of
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Table 7. Values of 680 and &'3C from bulk sediment samples of borehole CT8. Samples

4—-64 were analyzed in 2017, samples 65-108 were analyzed during this project.

ID d13C | d180
64 1.91 -2.13
63 1.82 -2.46
62 1.75 -2.32
61 1.84 -2.46
60 1.77 -2.71
59 1.62 -2.71
58 2.01 -1.96
57 1.81 -2.16
56 1.90 -2.19
37 1.71 -1.57
36 1.66 -1.76
35 1.54 -1.89
34 1.70 -1.99
33 1.87 -1.75
32 1.69 -2.00
31 1.77 -1.93
30 1.85 -2.26
29 1.85 -2.13
28 1.51 -2.22
27 1.94 -1.96
26 2.19 -2.14
25 1.97 -1.95
24 2.18 -2.04
23 2.14 -1.89
22 1.95 -1.93
21 1.81 -3.27
20 1.88 -1.58
14 0.82 -1.91
13 1.16 -2.86
12 1.51 -1.72
11 1.65 -2.38
10 1.95 -1.81
9 1.61 -2.26
8 1.49 -2.36
7 1.28 -2.37
6 1.47 -2.12
5 1.11 -2.72
4 0.47 -2.97

ID d13C | d180
108 -1.66 -2.76
107 -1.10 -2.65
106 -0.52 -3.38
104 -0.85 -3.14
103 0.09 -2.75
102 -1.11 -3.60
101 -0.76 -3.59
100 -1.62 -8.33
99 -1.39 -3.77
98 -2.41 -3.70
97 1.05 -2.73
96 1.21 -2.84
95 0.40 -3.11
94 0.59 -2.98
93 -0.09 -3.00
92 0.50 -2.97
91 0.21 -3.10
90 0.45 -2.96
89 0.43 -3.14
88 -0.46 -5.39
87 1.50 -2.30
86 1.53 -2.81
85 1.58 -2.84
84 1.59 -3.11
83 1.71 -2.84
82 1.74 -2.87
81 1.97 -2.94
80 2.1 -2.70
79 2.03 -2.81
78 0.89 4.52
77 1.81 -3.03
76 1.82 -3.01
75 1.74 -3.25
74 2.06 -2.87
73 0.88 -3.26
72 1.96 -3.02
71 2.07 -2.88
70 1.84 -3.04
69 1.17 -2.99
68 1.64 -2.90
67 1.91 -2.51
66 1.67 -2.63
65 1.67 -2.86
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hiatuses. The 8"C curve of the studied section differs significantly from &'*C records
in other localities (e.g., Jarvis et al., 2006; Gambacorta et al., 2015; Giorgioni et al.,
2015; Bornemann et al., 2017). The &"C values detected throughout the Upper Albian
to Lower Cenomanian of the CT8 section are relatively uniform, contained within ca.
1-2%.. The Middle Cenomanian is characterised by transitional values of 8"C within
1-2 %o in the lower part and sharp changes in the upper part. The Upper Cenomanian
is marked by rather negative carbon isotopic values that do not match any record
worldwide, except, possibly, the Shilaif and Natih basins (United Arab Emirates), where
a prominent decrease in 8'*C values is detected in the Late Cenomanian prior to OAE2
(Vahrenkamp, 2013; Wohlwend et al., 2016; Hennhoefer et al., 2019). Such differences
may reflect either diagenetic alteration or/and the presence of hiatuses. Noteworthy,
the 6’0 values become more positive with depth (and not negative as expected from
a strong impact of the diagenesis), and there is no correlation (R?=0.05) between W.
barnesiae abundance and the &'®0 record. The latter may imply the absence of a dia-
genetic imprint on both chemical and micropaleontological proxies, so the oxygen iso-

tope data from borehole CT8 possibly preserve a primary isotopic signal.

Borehole CT2 (Table 8)

The oxygen isotope profile shows remarkable positive and negative fluctuations
across the succession (Fig. 16), with three trends in the the Isfiye Fm. and two trends
in the Argan Fm.

In the lower part of the Isfiye Fm., a negative shift of ca. -0.42%o [-2.68 to -3.11%0] is
observed. The interval corresponding to samples 22-30, a positive shift of ca. +1.27%o
[-3.11 to -1.84%o] is presented. In the interval of samples 31-38, the values of oxygen
are practically constant [-2.25 to -2.14%o]. A significant negative anomaly of ca. -3.26%o
[-1.65 to -4.91%o] is recorded in the interval of samples 39-72. In the upper part of the
section (samples 73-96), a positive shift of ca. +1.02%eo [-3.76 to -2.74%o] is identified.

The carbon isotope profile also shows notable positive and negative fluctuations
throughout the succession (Fig. 16), with two trends in the the Isfiye Fm. and three
trends in the Arqgan Fm.

The lower part of the Isfiye Fm. (samples 14—17) are characterised by almost constant
0"3C values (1.28-1.57%o) with minor fluctuations that include a relative decrease from
ca. 1.07%o at 175—-172 m. A significant positive anomaly of ca. +1.52%o (1.05 to -2.57%)
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Table 7. Values of 580 and &"C from bulk sediment samples from borehole CT2.

sample d13C d180 sample [d13C | d180
CT2-14 1:28 -2.69 CT2-59 [ 1.29 | -2.86
CT2-15 1.44 -2.59 CT2-60 [ 0.73 | -3.17
CT2-16 1.07 -2.92 CT2-61 [ 0.02 | -3.03
CT2-17 1.57 -2.53 CT2-62 [ -1.68 | -3.54
CT2-18 1.05 -3.04 CT2-63 [ -2.30 | -3.70
CT2-19 1.56 -2.99 CT2-64 [ -1.46 | -3.27
CT2-21 1.71 -2.80 CT2-65 [ 214 | -2.56
CT2-22 2.20 -3.11 CT2-66 | 1.64 | -2.95
CT2-23 212 -2.81 CT2-67 [ 1.91 | -2.75
CT2-24 2.10 -2.77 CT2-68 [ -0.39 | -3.18
CT2-25 2.66 -2.18 CT2-69 [ -2.35 | -4.34
CT2-26 2.57 -2.21 CT2-70 [-1.90 | -3.85
CT2-27 215 -2.05 CT2-72 [-278 | -4.91
CT2-28 2.42 -1.94 CT2-73 [ -2.26 | -3.76
CT2-29 1.96 -2.02 CT2-74 [ -2.85 | -3.81
CT2-30 1.96 -1.84 CT2-75 [-3.02 | -3.75
CT2-31 1.46 -2.25 CT2-76 [ -3.95 | -4.37
CT2-32 1.36 -2.27 CT2-77 [ -419 | -4.07
CT2-33 1.40 -2.13 CT2-78 [ -3.02 | -4.45
CT2-34 0.68 -2.28 CT2-79 [-215 | -3.86
CT2-35 0.65 -2.51 CT2-80 [ -2.02 | -4.48
CT2-36 1.43 -2.16 CT2-81 [-1.82 | -4.42
CT2-38 1.34 -214 CT2-82 [ -1.23 | -3.93
CT2-39 2.00 -1.65 CT2-83 [ -1.06 | -3.58
CT2-40 1.85 -1.89 CT2-84 [ -1.78 | -4.52
CT2-41 1.86 -1.73 CT2-85 [ -0.70 | -3.58
CT2-43 1:58 -2.26 CT2-86 [ -0.80 | -3.25
CT2-44 2.19 -1.88 CT2-87 [ -1.79 | -4.22
CT2-45 2.38 -2.03 CT2-88 [ -057 | -3.25
CT2-46 217 -2.25 CT2-89 [ -091 | -3.32
CT2-47 202 -2.30 CT2-90 [ -0.60 | -3.09
CT2-48 1.90 -2.41 CT2-91 [ -0.79 | -3.38
CT2-49 1.66 =2:52 CT2-92 [ -0.49 | -3.07
CT2-50 1.83 -2.26 CT2-93 [ -0.86 | -3.65
CT2-51 2.04 -217 CT2-94 [ -1.09 | -3.59
CT2-52 1.96 -1.80 CT2-95 [ -0.72 | -3.35
CT2-53 1.67 -2.61 CT2-96 [ -053 | -2.74
CT2-54 1.44 -2.18

CT2-55 1.80 -2.08

CT2-57 1.78 -2.38

CT2-58 0.98 -2.39

is recorded in the interval of samples 18-26 (depths 169.90-152.60 m). The interval of
samples 27-35 is characterised by a rapid decrease of the 8'*C values (2.15-0.65%o).
The upper part of the Isfiye Fm. and the lower part of the Argan Fm. (samples 36-57) are

characterised by almost constant 8*C values (1.43—1.78%o) with minor fluctuations. A
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very rapid drop of 83C values to ca. 3.28%o (0.98 to -2.30%o) is detected in samples 58—
63. Above this interval, a significant positive anomaly (-1.46 to -0.39%o) with increasing
of the 8C values ca. +3.6%0 at 72.0 m (65 sample) are recorded in the interval of
samples 64—68. The interval of samples 69-77 is characterised by a rapid decrease of
0"3C values from ca. 2%o at 56.0-54.0 m. The upper part of the section (samples 78-96)
is characterised by an increase of 8'*C values from -3.02 to -0.53%o.

The &"C curve of the borehole CT2 is correlated fairly well with 8'*C records from
other localities (e.g., Jarvis et al., 2006; Gambacorta et al., 2015; Giorgioni et al., 2015;
Bornemann et al., 2017) (Fig. 19). The Upper Albian to the Lower Cenomanian &"C
values detected throughout the CT2 section demonstrate significant positive shift ca.
+1.52%0 at 169.90-152.60 m and negative anomaly of the 8"C values (2.15-0.65%o)
in the interval of 150.9—-134.0 m. In the Middle—-Upper Cenomanian (the lower part of
Rotalipora cushmani Zone, depths 74.10 — 65.0 m), a significant positive anomaly (-1.46
to -0.39%o) with increasing of the 8'3C values ca. +3.6%o at 72.0 m is recorded. These
strong positive carbon isotopic values correspond to many records worldwide (e.g.,
English Chalk (Jarvis et al., 2006), Western Tethys (ltaly) Giorgioni et al., 2015; Bottini
& Erba, 2018). The 80 values grow more positive with depth (and not negative as
expected from a strong impact of the diagenesis), and there is no correlation (R?=0.04)
between W. barnesiae abundance and the 880 record. This may imply the absence of
a diagenetic imprint on both chemical and micropaleontological proxies, so the oxygen

isotope data from borehole CT2 possibly preserve a primary isotopic signal.

5. DISCUSSION
5.1. Biostratigraphy

Carmel Area

Prior to the study of Shamrock and Watkins (2009), who first distinguished E. casulus
from E. turriseiffelii sensu stricto (amended by Shamrock) based on their smaller size
of coccoliths and the size of the central opening, the two species were diagnosed as E.
turriseiffelii (sensu lato). Shamrock and Watkins (2009) further showed that their new
species E. casulus first occurs slightly earlier (~600 kyr) than the amended E. turriseiffelii
s. str. Therefore, the base of UCO and NC10a as previously defined by Burnett (1998)
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and Bralower et al. (1993, 1995) as the FO of E. turriseiffelii s.l., corresponds to the
FO of the smaller E. casulus. In succession of the borehole CT8 the FO of Eiffellithus
turriseiffelii s.str. is fixed higher in sample 17 (depth 190.7 m) than E. casulus which is
recorded in sample 6 (depth 216.90 m). In borehole CT2, the FO of Eiffellithus turriseiffelii
s.str. fs detected higher in sample 18 (depth 169.9 m) than E. casulus which is recorded
in sample 14 (depth 177.90 m).

5.2. Age inferences for the Albian—Cenomanian interval of the
Carmel Area (boreholes CT8 and CT2)

The identified calcareous nannofossil and planktic foraminiferal datums provide the
basis for the NW Carmel region reference age—depth models i.e. a linear extrapolation
of the age vs. depth (Fig. 20, borehole CT8; Fig. 21, borehole CT2). The Albian—
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Figure 20. Age-depth model and derived sediment accumulation rates for the Albian —
Cenomanian of the Carmel CT8 borehole, including events both nannofosil and plank-
tonic foraminifera. Circles: nannofossil events, solid black — first occurrence, open —
last occurrence; grey rhombs: first occurrences of planktonic foraminifera; MC — Middle

Cenomanian.
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Figure 21. Age-depth model and derived sediment accumulation rates for the Albian —
Cenomanian of the Carmel CT2 borehole, including events both nannofosil and plank-
tonic foraminifera. Circles: nannofossil events, solid black — first occurrence, open —
last occurrence; grey rhombs: first occurrences of planktonic foraminifera; MC — Middle

Cenomanian.

Cenomanian chronostratigraphy of two boreholes is based on the Geologic Time Scale
2012 (Ogg & Hinnov, 2012).

Borehole CT8

This age model includes the following bioevents: FO of E. turriseiffelli s.I. (103.13 Ma)
at 216.90 m, FO of C. kennedyi (100.45 Ma) at 127.15 m, LO of W. britannica (100.03
Ma) at 122.50 m, FO of G. segmentatum (98.26 Ma) at 116.50 m, LO of Z. xenotus
(97.73 Ma) at 108.35 m, and FO of L. acutus (96.16 Ma) at 105.15 m. The model allows
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estimation of sedimentation rates for the Albian—Cenomanian interval in borehole CT8

as varying between 0.20-2.37 cm/kyr.
Borehole CT2

This age model includes the following bioevents: FO of E. turriseiffelli s.l. (103.13 Ma)
at 169.90 m, FO of C. kennedyi (100.45 Ma) at 115 m, LO of W. britannica (100.03 Ma)
at 108.40 m, FO of G. segmentatum (98.26 Ma) at 102.10 m, LO of Z. xenotus (97.73
Ma) at 96.15 m, and FO of L. acutus (96.16 Ma) at 92.0 m. The model allows estimation
of sedimentation rates for the Albian—Cenomanian interval in borehole CT2 as varying
between 0.26—-2.05 cm/kyr.

5.3. Integrated stratigraphy

Carmel Area

Borehole CT8

The upper part of the interval of subzones UC0Oa—b corresponds to the Upper Albian
foraminiferal P. appenninica Zone (from the level of sample 32). Subzone UCOc corre-
lates with the upper part of P. appenninica Zone and lowermost part of Th. globotrunca-
noides Zone of the Lower Cenomanian. The interval of samples 48-54 (127.15—
118.55 m) (foraminiferal Th. globotruncanoides Zone) is assigned to the Lower Cenoma-
nian UC1 Zone. The interval of samples 48-52 (127.15-122.50 m) (foraminiferal Th.
globotruncanoides Zone) belongs to Subzone UC1a.

The interval of samples 55-60 (depths 116.50—-106.45 m) (foraminiferal Th. globo-
truncanoides Zone) belongs to Zone UC2.

The upper part of the borehole (samples 61-108, depths 105.15-5.00 m) (uppermost
part of Th. globotruncanoides, Th. reicheli and R. cushmani foraminiferal zones; Lower—
Upper Cenomanian) is referred to the transitional basal Middle—Upper Cenomanian
Zone UC3.

Borehole CT2

The upper part of the interval of subzones UCOa—b corresponds to the Upper Albian
foraminiferal P. appenninica Zone (from the level of sample 27). Subzone UCOc and
Zone UC1 of the Lower Cenomanian correlate with Th. globotruncanoides Zone of the

Lower Cenomanian. Zone UC2 corresponds to the Middle Cenomanian Th. reicheli

4 76



foraminiferal zone. The transitional basal Middle—Upper Cenomanian Zone UC3 is
assigned to the Middle Cenomanian R. cushmani foraminiferal Zone.

Since boreholes CT8 and CT2 are located very close to each other, the same sequen-
ces of appearance and disappearance levels of important markers of planktic foramini-
fera and calcareous nannoplankton are observed (Fig. 22). However, the correlation
between foraminiferal zones and nannoplankton zone has following differences. The
FO of E. turriseiffelii s.str. is recorded in the Tavasim Volcanics (sample 17) in borehole
CT8, and slightly higher around 10 m tuff layer, in the lower part of the Argan Fm. in
borehole CT2. An undivided interval of Subzones UC0a—b is thicker and correlates with

the lower part of P. appenninica Zone in CT8, whereas Subzones UC0Oa-b correspond
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to the entire P. appenninica Zone in CT2. Subzone UCOc is assigned to the upper
part of P. appenninica Zone and lowest part of Th. globotruncanoides Zone in CT8.
In borehole CT2, the base of Subzone UCOc is fixed at the same level as the base of
Th. globotruncanoides Zone (sample 31, depth 142.25 m) and UCOc correlates with
the main part of Th. globotruncanoides Zone. Zones UC1 and UC2 correspond to
Th. globotruncanoides Zone in the CT8, while in the CT2 only UC1 is assigned to Th.
globotruncanoides Zone. Zone UC2 in borehole CT2 correlates with the lower part of
Th. reicheli Zone. Zone UC3 in borehole CT8 corresponds to the uppermost part of Th.
globotruncanoides, Th. reicheli and R. cushmani foraminiferal zones, while in borehole
CT2 Zone UC3 correlates with the upper part of Th. reicheli and R. cushmani zones.

Coastal Plain

Negba 1

The Upper member of the Negba Fm. (depths 530-180 m) belongs to the Lower—
Middle Campanian interval of planktic forminifera Thalmanninella globotruncanoides/Th.
brotzeni zones (Fig. 8). Noteworthy, the planktic foraminifera are very rare in the section
and the boundaries are very conditional. Calcareous nannoplankton data indicate that
the lower part of the Lower member of the Negba Fm. (depths 530—490 m) refers to the
Aptian — Turonian; however, the nannofossil assemblage, which is determined in the
underlying samples 14 and 15 (depths 608-603 m), belongs to the Upper Albian (BC26
Zone) — Lower Cenonamian. Therefore, assuming that the sequence of deposits is
continuous, the interval of sediments (depths 530—490 m) is not older than Late Albian—
Early Cenomanian.

The upper part (depths 375-250 m) belongs to the Upper Albian — Cenomanian. The
benthic foraminifera data do not contradict this conclusion. The absence of planktic fo-
raminifera Praeglobotruncana algeriana, Marginotruncana hagni (=Dicarinella hagni),
Marginotruncana imbricata (=Dicarinella imbricata) do not allow to establish the Upper
Cenomanian by these microfossils (Lipson-Benitah, 1994), but nannofossils allow to

recognize the Upper Cenomanian due to the presence M. decoratus and C. anfractus.

5.4. Paleoenvironmental reconstructions

As one of the most abundant marine phytoplankton groups, calcareous nannoplankton

is an important component of the marine ecosystem and it has been one of the primary



oceanic producers since the Triassic. The distribution of calcareous nannoplankton is
strongly influenced by climatic and oceanographic conditions (e.g., Mutterlose et al.,
2005). Quantitative studies of Cretaceous calcareous nannofossil assemblages have
resulted in the identification of the paleoecological affinities of some taxa and the
establishment of paleotemperature and paleofertility indices (Roth & Krumback, 1986;
Mutterlose & Wise, 1990; Mutterlose, 1991, 1996; Erba et al., 1992; Burnett et al., 2000;
Mutterlose & Kessels, 2000; Street & Bown, 2000; Herrle, 2003; Herrle & Mutterlose,
2003; Lees et al., 2005; Tiraboschi et al., 2009; Bottini et al., 2015). Due to their
sensitivity to temperature, nutrients, salinity and pCO,, calcareous nannoplankton can
be an excellent proxy of surface water conditions (Erba & Tremolada, 2004; Mutterlose
et al., 2005; Tiraboschi et al., 2009; Erba et al., 2010).

The Early to Late Cretaceous transition was a time of global warming, when the Earth’s
climate was in an extreme greenhouse mode (e.g., Huber et al., 2002; Jenkyns, 2003,
2010; Hay, 2008; Ando et al., 2015; O’Brien et al., 2017). The northern and southern
continents were separated by a wide eastern Tethys and narrow western Tethys and the
Atlantic oceans. Starting from the late Albian, the Tethys and Atlantic oceans provided
a circum-global connection at low latitudes probably with a stable, westward-flowing
current throughout the Tethys (Roth, 1986; Barron, 1987; Hay et al., 1999; Giorgioni et
al., 2015). Reconstruction of the surface-water paleotemperature, fertility, and chemistry
dynamics in mid-Cretaceous oceans attract broad attention (Watkins et al., 2005; Forster
et al., 2007; Ando et al., 2010; Gambacorta et al., 2016).

Over the last couple of decades, Cretaceous climate has been in the focus of several
studies, which demonstrated the early Late Cretaceous — Early Turonian to be one of
the warmest periods during the past 140 million years (e.g., Huber et al., 2002; Forster
et al., 2007; Linnert et al., 2014; Ando et al., 2015). Tropical sea surface temperatures
(over 35 °C) were estimated for the Late Cenomanian—Early Turonian with a strongly
reduced latitudinal gradient (Linnert et al., 2014; O’Brien et al., 2017).

In this regard, the improved knowledge about the paleoecological affinity of some mid-
Cretaceous nannofossil species (e.g., Roth & Krumbach, 1986; Watkins, 1989; Erba et
al., 1992; Herrle & Mutterlose, 2003; Herrle et al., 2003; Erba, 2004; Tiraboschi et al.,
2009) allows implementing the information about the evolution of paleoenvironments

during the mid-Cretaceous. Further on, we discuss temperature and nutrient variations
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reconstructed in the Carmel area on the basis of calcareous nannofossils and compare
them with the results with the Late Albian—Late Cenomanian record of the western
Tethys (Bottini & Erba, 2018).

Lipson-Benitah et al. (1995, 1997) recognises five ecostratigraphic intervals coinciding
with sea-level changes (Fig. 23). Phase 1 of Lipson-Benitah et al. (1995, 1997) corres-
ponds to shallow marine conditions (Isfye Fm.) reflected by low relative abundance of
planktic foraminifera. Phase 2 (CT2 161.70-146.30 m and CT8 183.35-166.00 m) in the
lowermost part of the Argan Fm. is associated with a sea-level rise, which commenced
earlier. A peak of planktic foraminifera composed of rotaliporids, and occasionally abun-
dant Hedbergella, points to the open marine depositional environment during this phase
(Lipson-Benitah et al., 1995, 1997). Phase 3 (CT2 144.70-113.10 m and CT8 163.7—
128.5 m) is recorded in the lower part of the Argan Fm. and it is characterised by a
conspicuous sea-level drop inferred from an extremely low relative abundance of plank-
tic foraminifera. In the western part of the Carmel region biomicrites with Pycnodonte
vesiculosa (Sowerby) found in the growth position suggest the presence of a low-energy
and more deep-water environment (Lipson-Benitah et al., 1995, 1997).

Phase 4 (CT2 110.90-82.50 m and CT8 127.15-97.50 m) characterises the middle
part of the Argan Fm. marked by a rich planktic foraminiferal assemblage, dominated by
Rotalipora brotzeni, R. globotruncanoides and R. greenhornensis, and reflects a deeper
oligotrophic environment (Lipson-Benitah et al., 1995, 1997). Species of Hedbergella or
Gubkinella are occasionally numerous, and their abundance peaks may be associated
with increased nutrient levels and/or a change in the stratification of the water column
(Lipson-Benitah et al., 1995, 1997). Phase 5 (CT2 80.60-58.25 m and CT8 95.50-32.65
m) is recognised in the upper part of the Arqan Fm. and is characterised by a decrease
in the relative abundance of planktic foraminifera, it may be connected to periodic sea-
level drops (Lipson-Benitah et al., 1995, 1997).

The calcareous nannoplankton Temperature (T1) and Nutrient (NI) indices show some
correspondence with quantitative data by planktic foraminifera and with cycles and
sequences of Haq et al. (1988) and Robaszynski et al. (1993) (Fig. 23). The Tl and
NI are indicative of variations in surface water temperature and fertility throughout the
succession, but temperature shows irregular fluctuations, which are not necessarily as-
sociated with changes in fertility, suggesting that temperature and fertility varied inde-

pendently.
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In the Late Albian (nannofossil Zone NC9b) temperatures were relatively cooler and
surface water fertility was low. Fertility increased in the lower part of Subzone NC10a
under intermediate temperatures. During the P. appenninica foraminiferal Zone, surface
water conditions shifted towards warmer temperatures and lower fertility. A minor
increase in fertility and a relative decrease in temperature marked the end of the P.
appenninica Zone. The Lower Cenomanian (Subzone NC10b) was characterised by
the warmest temperature of the studied interval and lower NI. In the Middle and Late
Cenomanian (Zone NC11¥) fertility was generally lower except for a peak in the middle
part of Subzone NC10b (CT2) and at the base of Zone NC11* (CT8). The average
temperature was cooler, although the Tl shows alternating cooler and warmer phases.

In relation to the planktic foraminifera ecostratigraphic intervals in borehole CT2
(Lipson-Benitah et al., 1995, 1997), relatively higher total nannofossil abundance and
peaks in the NI characterise the equivalent intervals of phases 2 and 4 of Lipson-Benitah
et al. (1995, 1997). The correlation between higher surface water fertility conditions and
transgressive phases is somehow contradictory. A possible explanation is that during a
transgression phase, surface water fertility is reduced since phosphorous is extracted
by sedimentation in the newly flooded shelf. Under such condition, the nitrogen-limited
primary producers are favoured. Since coccolithophores are directly depending on
nitrogen availability, the NI is shifted towards higher values.

Regarding the paleotemperature conditions of the Carmel area during the Late Albian—
Cenomanian interval, there is a noticeable discrepancy between the two temperature
proxies, for the Tl and the 8'®0 curves show opposite trends (Figs. 13 and 18). The
oxygen isotopes suggest temperate conditions during the Late Albian—Early Cenomanian
followed by a warming period in the late Early Cenomanian, with temperatures gradually
increasing toward the Middle Cenomanian. Evidence for a gradual increase from ~30°C
in the Albian to ~31°C during the Cenomanian were provided by oxygen isotope data
on phosphatic fish remains from the Cretaceous to Eocene of Israel (Kolodny & Raab,
1988), but the low resolution of that dataset does not allow for a reliable comparison.
The oxygen isotope record does not show any evidence for a diagenetic alteration of
the primary signal, thus the differences between the Tl and the oxygen isotopes may
depend on the relatively low abundances of temperature indicative species used in the

calculation of the Tl. Compared to coeval sections in the Tethys (Bottini & Erba 2018),
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E. floralis and Z. diplogrammus have similar average abundances and trends, while
Rh. asper is less abundant. Despite this difference, the paleotemperature fluctuations
indicated by the two Tl records are comparable and, similarly to the Carmel area, the
Cenomanian Tl of the Tethys suggests cooler conditions with respect to the 0. In
the following section we discuss two possible correlations between the Tethys and the

Carmel area records.

5.5. Correlation with the western Tethys record

The studied sections are compared to the western Tethys (Bottini & Erba, 2018),
which yields the only continuous record of the Tl and NI through the Late Albian—Late
Cenomanian interval (Figs. 19, 25). The nannofossil data take into account SSTs derived
from TEX,, analyses (Forster et al., 2007, O’'Brien et al., 2017) and are interpreted
to trace supra-regional palaeoenvironmental conditions being similar to nannofossil
datasets from other basins (e.g., Hardas et al., 2012; Kanungo et al., 2018). Possible
correlations are suggested and discussed herein.

Correllation for the Borehole CTZ2 is based on nannofossil and foraminiferal biozones,
and shows no evidence of missing biostratigraphic intervals, thus suggesting that the Late
Albian—Late Cenomanian interval is complete in the studied section. The carbon signal
in CT2 reflects quite well the globally recorded carbon isotopic anomalies (e.g., Jarvis et
al., 2006; Gambacorta et al., 2015; Giorgioni et al., 2015; Bornemann et al., 2017) that
mark the Oceanic Anoxic Event (OAE) 1d and Mid Cenomanian Event (MCE I) intervals.
OAE 1d is fixed very clearly by the positive shift of 1.61%o. at 169.90-152.60 m and MCE
I is recognesed by the positive shift of 3.6%o at 74.10—-65.0 m. This general picture reflects
the global carbon isotopic fluctuations (Fig. 19). It is therefore reasonable to assume
that the isotopic signal is not diagenetically altered. It means that the 680 signal is not
affected, and it can be used for paleotemperature reconstructions. The oxygen isotopes
suggests temperate conditions during the Late Albian—Early Cenomanian (~26 °C)
followed by a warming period in the late Early Cenomanian, with temperatures gradually
increasing toward the Middle Cenomanian to ~32°C. This scenario implies that there is
no similar pattern of changes between the Tl and NI compared to the western Tethys
record (Bottini & Erba, 2018), and that the NI and T of the Carmel area reflect very local

fluctuations in this part of the Levant Basin.
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The possible correlation of two boreholes is presented in Fig. 24. Since the carbon
isotope data in the borehole CT8 does not reflect the global carbon value fluctuations,
there are two correlations (Fig. 25):

Correlation 1 is also based on nannofossil and foraminiferal biozones, and shows no
evidence of missing biostratigraphic intervals, thus suggesting that the Late Albian—Late
Cenomanian interval is complete in the studied section (Fig. 25). However, the carbon
signal in borehole CT8 does not reflect the globally recorded carbon isotopic anomalies
(e.g., Jarvis et al., 2006; Gambacorta et al., 2015; Giorgioni et al., 2015; Bornemann et
al., 2017) that mark the Oceanic Anoxic Event (OAE) 1d and Mid Cenomanian Event
(MCE) intervals. It is therefore plausible that the isotopic signal is diagenetically altered.
It means that the 8'0 signal is affected too and, consequently, it cannot be used for
palaeotemperature reconstructions. This scenario implies that there is no similar pattern
of changes between the Tl and NI compared to the western Tethys record (Bottini and
Erba, 2018), and that the NI and Tl of the Carmel area reflect very local fluctuations in
this part of the Levant Basin.

Correlation 2 takes into account the biostratigraphic data as well as the 'C curve.
The latter suggests that the OAE 1d interval is missing due to a hiatus coinciding with the
lithostratigraphic boundary between the Tavasim Volcanics (V,) of the Isfiye Fm. and the
Argan Fm. The &"C curve does not display any positive anomaly that can be correlated
with the OAE 1d positive carbon isotopic shift elsewhere. The 8'*C curve shows instead
a decreasing trend, which may represent the post-OAE 1d positive carbon isotopic
anomaly starting around 101.5 Ma (Fig. 25). The absence of a positive carbon isotope
anomaly in the Middle Cenomanian of the studied sections, does not allow identification
of the MCE. However, neither the biostratigraphic data nor chemostratigraphy permit to
state whether the MCE interval is recorded or elided. The carbon isotope curve across the
Late Cenomanian is characterised by negative values, which do not find correspondence
with other isotopic records worldwide and are interpreted to be diagenetically altered.
Contrary to Correlation 1, in the second scenario the Tl and NI of the CT8 section show
main trends comparable to those in the western Tethys. In particular, the cooling spike
identified in Subzone NC9b, at the base of the section, may correspond to similar cooler
temperature registered in the Tethys in the same Subzone. The fertility spike detected
in the middle of Subzone NC10a possibly corresponds to the fertility peak marking the
end of OAE 1d. In both records a warm interlude is paralleled by low fertility around ca.
98 Ma, followed by a minor cooling and a fertility spike. Another similarity is identified
in the progressive cooling trend of the Middle—Late Cenomanian, which is marked by
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alternating phases of warming and cooling. The presence of relatively similar variations in
the Tl and NI suggest that Correlation 2 is more plausible compared to Correlation 1. On
the basis of Correlation 2, the Carmel area appears to be characterised by paleoclimatic
and paleoenvironmental conditions occurring during the Late Albian—Late Cenomanian
at least at the supra-regional scale.

6. CONCLUSIONS

Forthe first time, the taxonomic composition and stratigraphic distribution of calcareous
nannofossils from the sediments of the Judea Group (Albian—-Cenomanian) of the Car-
mel area (NW Israel) and the Southern Coastal Plain were documented in detail. The
identified assemblages in the Carmel Area are quite rich and consist of 113 taxa (bore-
hole CT8) and 95 taxa (borehole CT2). On the Coastal Plain (borehole Negba 1) the
impoverished assemblage of 24 taxa is recorded.

The detailed calcareous nannofossil biostratigraphy of the Carmel Area has been es-
tablished and compared with planktic foraminiferal zones. In the Coastal Plain, different
intervals are recorded and correlated with planktic foraminiferal zones.

The novel nannofossil data indicate that the Isfiye Fm. and the Tavasim Volcanics
(V2), which is calculated as 98.2 Ma in the Carmel Area, are Late Albian, and the Argan
Fm. is Late Albian—Middle Cenomanian, not Cenomanian as it was considered prior
to this study. The Albian—-Cenomanian boundary in the Carmel Area is drawn at the
first occurrence of Thalmanninella globotruncanoides (planktic foraminifera) in the lower
part of the Argan Fm. at ~52 m above the top Tavasim Volcanics in CT8 and at ~35.65 m
above the Tavasim Volcanics in CT2. This is supported by the appearance of Th. brot-
zeni (planktic foraminifera) at 26 m (CT8) and 6.55 m (CT2) below, and C. kennedyi
(nannofossils) above this level. Newly obtained stratigraphical data allow us to draw
attention to the revision of the lithostratigraphic chart and, in particular, to updating the
age of the Argan Fm. On the Coastal Plain, rarity of nannofossils allows us to establish
stratigraphic intervals only in broad terms: the upper part of the Yagur Fm. is Late Albian—
Early Cenomanian, the Lower and Upper Members of the Negba Fm. is Albian—Late
Cenomanian, the upper part of the Upper Member of the Negba Fm. is Late Cenomanian.

The quantitative analysis of the calcareous nannofossils suggests that the general
dominance of Watznaueria spp. throughout the whole successions in the Carmel Area
(boreholes CT8 and CT2) points to quite warm, open marine or coastal, generally
oligotrophic conditions. Due to poor nutrient supply, the productivity of the calcareous
nannoplankton was quite low except for two phases of higher fertility within Subzone
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NC10a and Zone NC11*. Low values of the Shannon index, Evenness and Species
richness can be interpreted as reflecting unstable environment. The Isfiye Fm. (Late
Albian) accumulated in temperate, oligotrophic conditions. The lower part of the Arqan
Fm. was deposited under temperate climate but mesotrophic conditions. The higher part
of the Argan Fm. (Early Cenomanian) was deposited in oligotrophic waters and relatively
warm climate. The uppermost part of the Argan Fm. (Middle-Late Cenomanian) was
accumulated during a progressively cooling period, although characterized by alternating
warming and cooling phases and oligotrophic conditions.

The calcareous nannoplankton quantitative data correlate very well with those obtained
from planktic foraminifera (Lipson-Benitah et al., 1997) from the nearby area, and with
cycles and sequences postulated by Haq et al. (1988), and suggest nutrification during
phases of a risen sea level in the Late Albian and Early Cenomanian.

The biostratigraphy in the Carmel Area shows no hiatuses in the studied section,
but carbon isotope data reflect different pictures. In borehole CT2 (Isfiye Fm., depths
169.90-152.60 m) the Oceanic Anoxic Event (OAE) 1d is recorded by the positive shift
of 1.61%o. and MCE | by 3.6%. (Arqan Fm., depths 74.10—65.0 m); these reflect well the
globally recorded carbon isotopic anomalies (e.g., Jarvis et al., 2006; Gambacorta et
al., 2015; Giorgioni et al., 2015; Bornemann et al., 2017). Considering that the isotopic
signal is not diagenetically altered and the 8'®0 signal is not affected in the CT2, the
oxygen isotopes suggest temperate conditions during the Late Albian—Early Cenomanian
(~26 °C) followed by a warming period in the late Early Cenomanian, with temperatures
gradually increasing toward the Middle Cenomanian to ~32 °C. In borehole CT8 carbon
isotope data seem to be affected by diagenetic alteration showing no evidence of the
positive isotopic anomalies, which identify OAE 1d and MCE worldwide. A comparison
with the western Tethys record suggests that OAE 1d is possibly missing in CT8 due
to a hiatus at the Isfiye Fm. / Argan Fm. boundary. Temperature and nutrient variations
in CT8 correspond to the western Tethys record, thus suggesting that the detected

paleoclimatic variations occurred at a supra-regional scale.

EXPECTED BENEFITS AND POTENTIAL CONTRI-
BUTION TO GOALS OF THE MINISTRY OF ENERGY
AND WATER RESOURCES

Biostratigraphic and paleoecological outcomes of the present research will contribute
to the robust definition of the stratigraphic tables of Israel, to the geologic knowledge
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and paleoecological, the expansion of knowledge of the geological structure of Israel in
the marine science field, as well as to exploration activity in the region.

POSSIBLE APPLICATIONS OF THE RESULTS

The current research endeavour contributes to improvement of the Cretaceous nanno-
plankton biostratigraphy in the Levant Basin and amends sequencing of deposits based
on foraminifers. The newly generated biostratigraphic results can be incorporated in the
next generation of geological maps of Israel.

The quantitative analysis of the calcareous nannoplankton combined with geochemical
data contributes to understanding paleotemperature and depositional history of the

Levant Basin during the mid and Late Cretaceous.
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APPENDIX A. TAXONOMIC APPENDIX

Acuturris Wind & Wise in Wise & Wind, 1977

A. scotus (Risatti, 1973) Wind & Wise in Wise & Wind, 1977
Amphizygus Bukry, 1969

A. brooksii Bukry, 1969

Assipetra Roth, 1973

A. infracretacea (Thierstein, 1973) Roth, 1973
Axopodorhabdus Wind & Wise in Wise, 1977

A. biramiculatus (Stover, 1966) Corbett & Watkins, 2014
Biscutum Black in Black & Barnes, 1959

B. constans (Gorka, 1957) Black in Black & Barnes, 1959
B. thurowii Burnett, 1997

Biscutum sp.

Braarudosphaera Deflandre, 1947

B. africana Stradner, 1961

B. bigelowii (Gran & Braarud, 1935) Deflandre, 1947
Broinsonia Bukry, 1969

B. cenomanica (Black, 1973) Bown, 2001

B. enormis (Shumenko, 1968) Manivit, 1971

B. matalosa (Stover, 1966) Burnett in Gale et al., 1996
Broinsonia sp.

Bukrylithus Black, 1971

B. ambiguus Black, 1971

Calcicalathina Thierstein, 1971

Calcicalathina sp.

Calciosolenia Gran, 1912

C. fossilis (Deflandre in Deflandre & Fert, 1954) Bown in Kennedy et al., 2000
Calculites Prins & Sissingh in Sissingh, 1977

C. anfractus (Jakubowski, 1986) Varol & Jakubowski, 1989
Calculites sp.

Chiastozygus Gartner, 1968
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Ch. amphipons (Bramlette & Martini, 1964) Gartner, 1968
Ch. litterarius (Gérka, 1957) Manivit, 1971
Chiastozygus sp.

Corollithion Stradner, 1961

C. kennedyi Crux, 1981

Conusphaera Trejo, 1969

C. mexicana Trejo, 1969

Cretarhabdus Bramlette & Martini, 1964

C. conicus Bramlette & Martini, 1964

C. striatus (Stradner, 1963) Black, 1973
Cretarhabdus sp.

Cribrosphaerella Deflandre in Piveteau, 1952
C. circula (Risatti, 1973) Lees, 2007

C. ehrenbergii (Arkhangelsky, 1912) Deflandre in Piveteau, 1952
Crucibiscutum Jakubowski, 1986
Crucibiscutum sp.

Cyclagelosphaera Noél, 1965

C. margerelii Noél, 1965

C. rotaclypeata Bukry, 1969

Cylindralithus Bramlette & Martini, 1964
Cylindralithus sp.

Discorhabdus Noél, 1965

D. ignotus (Gorka, 1957) Perch-Nielsen, 1968
Eiffellithus Reinhardt, 1965

E. casulus Shamrock & Watkins, 2009

E. gorkae Reinhardt, 1965

E. hancockii Burnett, 1997

E. monechiae Crux, 1991

E. turriseiffelli (Deflandre in Deflandre & Fert, 1954) Reinhardt, 1965
Eprolithus Stover, 1966

E. floralis (Stradner, 1962) Stover, 1966
Flabellites Thierstein, 1973
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Fl. oblongus (Bukry, 1969) Crux in Crux et al., 1982
Gartnerago Bukry, 1969

G. segmentatum (Stover, 1966) Thierstein, 1974
Gartnerago sp.

Gorkaea Varol & Girgis, 1994

G. operio Varol & Girgis, 1994

G. pseudanthophorus (Bramlette & Martini, 1964) Varol & Girgis, 1994

Grantarhabdus Black, 1971

Gr. coronadventis (Reinhardt, 1966) Grun in Grun & Allemann, 1975

Haqius Roth, 1978

H. circumradiatus (Stover, 1966) Roth, 1978
Helenea Worsley, 1971

H. chiastia Worsley, 1971

Helicolithus Noél, 1970

Hc. compactus (Bukry, 1969) Varol & Girgis, 1994
Hc. trabeculatus (Gorka, 1957) Verbeek, 1977
Isocrystallithus Verbeek 1976

Isocrystallithus sp.

Kamptnerius Deflandre, 1959

K. magnificus Deflandre, 1959

Lithraphidites Deflandre, 1963

L. acutus Verbeek & Manivit in Manivit et al., 1977
L. eccentricus Watkins in Watkins & Bowdler, 1984
L. alatus Thierstein in Roth & Thierstein, 1972

L. carniolensis Deflandre, 1963

L. houghtonii Jeremiah, 2001

Lithraphidites sp.

Loxolithus Noél, 1965

L. armilla (Black in Black & Barnes, 1959) Noél, 1965
Loxolithus sp.

Manivitella Thierstein, 1971

M. pemmatoidea (Deflandre in Manivit, 1965) Thierstein, 1971
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Mennerius Luljeva, 1967

Mennerius sp.

Micrantholithus Deflandre in Deflandre & Fert, 1954
Micrantolithus sp.

Microrhabdulus Deflandre, 1959

M. decoratus Deflandre, 1959

Nannoconus Kamptner, 1931

. bucheri Bronnimann, 1955

. cornuta Deres & Acheriteguy (1980)

. elongatus Bronnimann, 1955

. fragilis Deres & Achéritéguy, 1980

. scyphoides Kamptner, 1938

. truittii frequens Deres & Achéritéguy, 1980

=T =T 22222

. truittii truittii Bronnimann, 1955

Nannoconus sp. (view from above)

Nannoconus sp. 1

Nannoconus sp. 2

Placozygus Hoffman, 1970

P. fibuliformis (Reinhardt, 1964) Hoffmann, 1970
Prediscosphaera Vekshina, 1959

P. columnata (Stover, 1966) Perch-Nielsen, 1984

P. cretacea (Arkhangelsky, 1912) Gartner, 1968

P. grandis Perch-Nielsen, 1979

P. spinosa (Bramlette & Martini, 1964) Gartner, 1968
Radiolithus Stover, 1966

R. orbiculatus (Forchheimer, 1972) Varol, 1992

R. planus Stover, 1966

Repagulum Forchheimer, 1972

R. parvidentatum (Deflandre & Fert, 1954) Forchheimer, 1972
Retecapsa Black, 1971

R. angustiforata Black, 1971

R. crenulata (Bramlette & Martini, 1964) Grun in Gran & Allemann, 1975
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R. ficula (Stover, 1966) Burnett, 1997

Retecapsa sp.

Rhagodiscus Reinhardt, 1967

Rh. achlyostaurion (Hill, 1976) Doeven, 1983

Rh. amplus Bown, 2005

Rh. angustus (Stradner, 1963) Reinhardt, 1971

Rh. asper (Stradner, 1963) Reinhardt, 1967

Rh. reniformis Perch-Nielsen, 1973

Rh. sageri Bown, 2005

Rh. splendens (Deflandre, 1953) Verbeek, 1977
Rhagodiscus sp.

Seribiscutum Filewicz et al. in Wise & Wind, 1977
Seribiscutum sp.

Sollasites Black, 1967

S. horticus (Stradner et al. in Stradner & Adamiker, 1966) Cepek & Hay, 1969
Staurolithites Caratini, 1963

Staurolithites sp.

Tetrapodorhabdus Black, 1971

T. decorus (Deflandre in Deflandre & Fert, 1954) Wind & Wise, 1983
Tranolithus Stover, 1966

T. gabalus Stover, 1966

T. orionatus (Reinhardt, 1966) Reinhardt, 1966
Watznaueria Reinhardt, 1964

W. barnesiae (Black, 1959) Perch-Nielsen, 1968

W. biporta Bukry, 1969

W. britannica (Stradner, 1963) Reinhardt, 1964

W. cf. W. bayackii Worsley, 1971

W. fossacincta (Black, 1971) Bown in Bown & Cooper, 1989
W. manivitiae Bukry, 1973

W. ovata Bukry, 1969

Zeugrhabdotus Reinhardt, 1965

Z. bicrescenticus (Stover, 1966) Burnett in Gale et al., 1996
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. clarus Bown, 2005

. diplogrammus (Deflandre in Deflandre & Fert, 1954) Burnett in Gale et al., 1996
. embergeri (Noél, 1958) Perch-Nielsen, 1984

howei Bown in Kennedy et al., 2000

. moulladei Bergen, 1998

. hoeliae Rood et al., 1971

. Scutula (Bergen, 1994) Rutledge & Bown, 1996

. xenotus (Stover, 1966) Burnett in Gale et al., 1996

N N N N N N N N
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samples excluded from the palaecological analisys
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Appendix D. Raw data of calcareous nannofossil counting, borehole Negba 1 (Coastal

Plain).
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Appendix E. Nannofossils groups.

Broinsonia cenomanica

Br. enormis

B. matalosa

Broinsonia sp.

Gartnerago segmentatus

Gartnerago sp.

ogelauylen/ejuosujolg

Cyclagelosphaera margerelii

Cycl. rotaclypeata

‘dds esaeydso|aSe|dAd

Cribrosphaerella ehrenbergii

Crucibiscutum sp.

Nannoconus bucheri

Nannoconus cornuta

Nannoconus elongatus

Nannoconus fragilis

Nannoconus scyphoides

N. trutti frequens

Nannoconus tutti trutti

Nannoconus sp. {(view from above)

Nannoconus sp. A

Nannoconus sp. B

‘dds snuodouuep

Radiolithus orbiculatus

R. planus

‘dds snyjijolpey

Repagulum parvidentatum

Seribiscutum sp.

exej} aJjey

Acutturis scotus

Amphizygus brooksii

Assipetra infracretacea

Braarudosphaera africana

Br. bigelowii

Bukrylithus ambiguous

Calcicalathina sp.

Calciosolenia fossilis

Calculites anfractus

Calculites supracretaceous

Calculites sp.

Chiastozygus amphipons

Ch. litterarius

Chiastozygus sp.

Corollithion kennedyi

Cornusphaera mexicana

Cylindralithus sp.

Flabellites oblongus

Gorkaea operio

Gorkaea pseudanthophorus

Hagius circumradiatus

Helenia chiasta

Helicolithus compactus

H. trabeculatus

Isocrystalithus sp.

Kamptnerius magnificus

Loxolithus armila

Loxolithus sp.

Mennerius sp.

Micrantolithus sp.

Microrhabdulus decoratus

Placozygus fibuliformis

Sollasites horticus

Staurolithites sp.

Tetrapodorhabdus decorus

exe) siayjo
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The calcareous nannoplankton from the sediments of the
Judea Group (Albian—Cenomanian) of the Carmel area (NW|
Israel) and the Southern Coastal Plain has been studied.
The identified rich assemblages in the Carmel area consist
of 113 taxa (borehole CT8) and 95 taxa (borehole CT2).
On the Coastal Plain (borehole Negba 1), the impoverished
assemblage of 24 taxa is recorded.

The detailed calcareous nannofossil biostratigraphy of
the Carmel area has been established and compared with
planktic foraminiferal zones. In the Coastal Plain, different
stratigraphical intervals are recorded and correlated with
planktic foraminiferal zones.

The novel nannofossil data indicate that the Isfiye Forma-
tion and the Tavasim Volcanics (V2) calculated as 98.2 Ma
in the Carmel area are Late Albian, and the Arqan Fm. is|
Late Albian—Middle Cenomanian.

The Albian—Cenomanian boundary in the Carmel area is
drawn at the level of the first occurrence of Thalmanninella
globotruncanoides (planktic foraminifera) in the lower part
of the Arqan Fm. at ~52 m above the top Tavasim Volcanics
in CT8 and at ~35.65m above the Tavasim Volcanics in
CT2. This is supported by the appearance of Th. brotzen
(planktic foraminifera) at 26 m (CT8) and 6.55 m (CT2) be-
low, and C. kennedyi (nannofossils) above this level. Our
novel stratigraphical data prompt a revision of the revision off
the litho-stratigraphic table and updating the Arqgan Fm. age.

On the Coastal Plain, only wide stratigraphic intervals
can be recognized due to rarity of nannofossils: the upper
part of the Yagur Fm is Late Albian—Early Cenomanian, the)
Lower and Upper Members of the Negba Fm is Albian—Late
Cenomanian, and the upper part of the Upper Member of
the Negba Fm is Late Cenomanian.

The quantitative analysis of the calcareous nannoplankton
suggests that the general dominance of Watznaueria spp.
throughout the whole successions in the Carmel Area ref-
lects the original signal and points to quite warm, open ma-
rine or coastal, generally oligotrophic conditions. Due to
poor nutrient supply, the productivity of the calcareous nan-
noplankton was quite low except for two phases of higher
fertility within Subzone NC10a and Zone NC11*. Low values
of the Shannon index, Evenness and Species richness can
be interpreted as reflecting unstable environment. The Isfiye
Formation (Late Albian) accumulated in temperate, oligo-
trophic conditions. The lower part of the Arqan Formation
was deposited under temperate climate but mesotrophic
conditions. The higher part of the Argan Formation (Early|
Cenomanian) was deposited in oligotrophic waters and re-

latively warm climate.
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The uppermost part of the Arqan Formation (Middle—Late
Cenomanian) was accumulated during a progressively coo-
ling period, although characterised by alternating warming
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very well with those obtained from planktic foraminifera
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cycles and sequences established by Haq et al. (1988), and
suggest nutrification during phases of a risen sea level in
the Late Albian and Early Cenomanian.

The biostratigraphy in the Carmel Area shows no hiatuses
in the studied section, but carbon isotope data reflect dif-
ferent pictures. In the borehole CT2 (Isfiye Fm., depths
169.90-152.60 m), the Oceanic Anoxic Event (OAE) 1d
and Middle Cenomanian Event (MCE) | (Arqgan Fm., depths
74.10—65.0 m) are detected; these reflect well the globally
recorded carbon isotopic anomalies. Considering that the
isotopic signal is not diagenetically altered and the &'®O
signal is not affected in the CT2, the oxygen isotopes sug-
gest temperate conditions during the Late Albian—Early
Cenomanian (~26°C) followed by a warming period in the
late Early Cenomanian, with temperatures gradually in-
creasing toward the Middle Cenomanian to ~32°C.

In the borehole CT8, carbon isotope data seem to be af-
fected by diagenetic alteration showing no evidence of the
positive isotopic anomalies, which identify OAE 1d and MCE
| worldwide. Temperature and nutrient variations in CT8 cor-
respond to the western Tethys record, thus suggesting that
the detected paleoclimatic variations occurred at a supra-
regional scale.
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