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Abstract

The shale-marlstone interval of the upper Aitamir-lower Abderaz formations in the southeastern part of the Kopet-Dagh Basin was
investigated using planktonic foraminiferal studies to determine how surface and water column characteristics of the basin were
influenced by Cenomanian/Turonian (C/T) boundary conditions. Three planktonic foraminiferal biozones (upper part of the
Rotlipora cushmani Total Range Zone, Whiteinella archaeocretacea Interval Zone, and lower part of the Helvetoglobotruncana
helvetica Total Range Zone) have been identified in the studied section, which suggests a late Cenomanian—early Turonian age for
this interval. The Aitamir-Abderaz boundary is supposed to be conformable in this section because of the presence of all the C/T
boundary planktonic foraminiferal biozones and no evidence of subaerial exposure in the field. The presence of benthic foraminifera
throughout the studied section indicates that the anoxic event 2 (OAE2) interval in this succession has never experienced a complete
oxygen depletion at the bottom water. However, the low diversity of planktonic foraminifera and low abundance of specialized
species indicate more stressful conditions due to intensified weathering and higher productivity (eutrophic conditions) during the
OAE?2 interval. This interval is punctuated by a transient period with higher diversity of planktonic foraminifera and more
abundance of specialized species at the upper part of R. cushmani biozone-lower part of W. archaeocretacea biozone. This interval

can correspond to the “Plenus Cold Event” and demonstrates more stable and oligotrophic conditions across the OAE2.
Keywords: Palaeoecology, OAE2, Plankonic foraminifera, Biostratigraphy

Introduction

The oceanic anoxic event 2 (OAE2; Schlanger et al. 1987) is
the most significant OAE in the Cretaceous, which has
caused extensive palaeontologic, palaeoceanographic and
sedimentologic consequences during the
Cenomanian/Turonian (C/T) boundary interval (e.g., Kuypers
et al. 2002; Kolonic et al. 2005). This event occurs during the
warmest interval of the Cretaceous greenhouse and is
characterized by surface and bottom water temperatures far
higher than today (Bornemann et al. 2008; Friedrich et al. 2008).
These conditions accelerated hydrological cycles and caused
a fundamental change in marine productivity and
eutrophication (Jenkyns 2010). The widespread deposition of
black shale at this time went along with oxygen deficiency in
deep waters as well as the photic zone (e.g., Kuhnt et al. 1990;
Kuypers et al. 2002; Pancost et al. 2004).

This environmental perturbation was associated with
significant extinction events and faunal turnovers (e.g.,
Erbacher and Thurow 1997; Premoli Silva et al. 1999; Leckie et al.
2002). Among the planktonic foraminifera, rotaliporids
disappeared at the onset of this event. Other assemblages of
planktonic foraminifera were generally poorly diversified and
dominated by small-sized stress markers, indicative of meso-
eutrophic conditions and/or expansion of oxygen minimum
zone (Leckie et al. 1998, 2002; Coccioni and Luciani 2004, 2005;
Elderbak et al. 2014; Reolid et al. 2015; Kalanat et al. 2016; Falzoni
et al. 2016; Kalanat and Vaziri-Moghaddam 2019b).

The geochemical and palaeontological studies in several
sections in the northeast of the Kopet-Dagh Basin indicate a
gradual perturbation of the environment during the C/T
boundary (Kalanat et al. 2016, 2017, 2018a, b; Gharaie and Kalanat
2018). These studies revealed that the real black shale (with
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total organic carbon (TOC)>1%) was not deposited in the NE
of the Kopet-Dagh basin but the warm-wet periods are
characterized by higher pCO, and TOC values (Kalanat et al.
2018a, b), higher detrital input (Gharaie and Kalanat 2018), and
near absence of planktonic foraminifera (Kalanat et al. 2016).
These conditions suggest that this interval in the Kopet-Dagh
Basin was influenced by wet-dry periods and fresh water
influx into the basin (Kalanat et al. 2017).

Here, we aim to study planktonic foraminifera across the
C/T boundary to reconstruct the palaeoenvironmental
conditions of the OAE2 in the surface and water column of
the Shurab section in the southeast of Kopet-Dagh Basin
(north of Tethys Ocean).

Geological setting and study area

Opening and closure of the Paleotethys and Neotethys oceans
have played fundamental roles in the geological history of
Iran (Robert et al. 2014). The opening of Neotethys started from
Late Carboniferous to late Early Permian, which resulted in
detachment of Cimmerian blocks from the northern margin of
the Gondwana and increasing slab-pull forces in Paleotethys
(Stampfli and Borel 2002; Muttoni et al. 2009). This was followed
by the subduction of Paleotethy’s mid-ocean ridge below the
Eurasian margin and the final closure of Paleotethys in the
middle Triassic time (Stampfli and Borel 2002). The Kopet-
Dagh was one of the Permo-Triassic marginal basins, which
formed after the Cimmerian collision and the opening of
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back-arc oceans in the north of Iran. This basin was
developed from the Jurassic to Neogene along the southern
margin of Eurasia (Stampfli and Borel 2002; Robert et al. 2014)
(Fig. 1A). During this time about 7-12 km of predominantly
marine strata deposited in the basin without major
sedimentary breaks (Afshar-Harb 1994). The Albian—
Cenomanian succession of the Kopet-Dagh Basin is
characterized by the siliciclastic deposits (shale and
sandstone) of the Aitamir Formation. By the end of
Cenomanian a worldwide sea level rise was accompanied by
deposition of a green shale unit at the top of the Aitamir
Formation in the east of the basin (Kalanat et al. 2018a).
Overlying this Formation, the offshore-marine deposits of the
Turonian—Campanian Abderaz Formation are mostly made
up of calcareous marl and chalky limestone (Afshar-Harb
1994).

The studied section is well exposed in the southeast of the
Kopet-Dagh Basin at the Shurab Anticline. It is located 80
km to the southeast of Mashhad city, near the Shurab village
(35°56'16"N, 60°36'34"E) (Fig. 1B, C). The stratigraphic
interval spans the upper part of Aitamir and lower part of the
Abderaz formations. It is predominantly composed of 40 m-
thick shales and marlstones. The lithology shows a gradual
change from olive green shales to white color marlstones
towards the top of the section (Fig. 1D). No evidence of
unconformity was observed between the Aitamir-Abderaz
formations in the field.
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along the Eurasian margin (Stampfli and Borel 2002). B, C- Location map of studied section (Shurab) in the southeast of
Mashhad city, northeast of Iran. The location of the Paleotethys and Neotethys suture zones and Kopet-Dagh Basin
are indicated in Figure B (modified after Angiolini et al. 2007). D- Field photograph of the Aitamir-Abderaz boundary in

the Shurab section.
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Material & Methods

Following the preliminary sampling to determine the position
of the C/T boundary, 28 representative samples were
collected over a 40 m-thick section. Samples were taken over
1-2 m at the base and top of the outcrop, but the sample
spacing was more detailed (0.5 m) close to the C/T boundary.
For the study of the foraminiferal population, samples were
crushed to pea-size pieces and soaked in a 5% hydrogen
peroxide solution for at least 24 h. The samples were then
washed over 63, and 125 um sieves and analyzed for
planktonic foraminifera based on the count of 200-300
specimens. The ratio of planktonic to benthic foraminifera,
simple diversity (number of species) and Shannon-Wiener
diversity index (H(s); Murray 1991) were also determined in
the study section.

Taxonomic concepts for planktonic foraminiferal species
applied in this study follow the description and classification
of Mesozoic planktonic foraminifera in the online dictionary
located at http://www.mikrotax.org.

Results
Planktonic foraminifera
Twelve genera and thirty species of planktonic foraminifera
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Whiteinella archaeocretacea

Whiteinella aprica
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are recognized in the study section (Figs. 2, 3, 4 and
Supplementary Table 1 ). Planktonic foraminifera dominate
the foraminiferal assemblages throughout the section (60—
85%) except for the lower part of succession (AS42-AS62),
where the benthic foraminifera are more abundant. The
species richness and H(s) of planktonic foraminifera fluctuate
from 7 to 18 and from 1.1 to 2.1, respectively.

Whiteinella is the most abundant genus in the studied
interval, however, its proportion decreases at the top of the
section, where an abundance of the biserial morphotype
(Planoheterohelix) gradually increases to more than 40%
(AS109-AS129). Keeled planktonic foraminifera including
Rotalipora, Thalmanninella, Dicarinella and
Praeglobotruncana as well as planispiral morphotype
("Globigerinelloides™) are rare throughout the section
(<10%), but they become more abundant at AS78-AS88,
where diversity of planktonic foraminifera reaches a
maximum (H(s) up to two and species richness up to 18).
Triserial assemblage (Guembelitria) are more abundant in the
lower part of the studied interval (about 10%) but they
become rare or even absent at the top of the section (AS78—
AS139) (Fig. 2).
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Fig 2- Stratigraphic distribution and abundance of planktonic foraminiferal species in the Shurab section. Species
richness and Shannon-Wiener diversity index are also plotted.
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Biostratigraphy

Based on the established zonal scheme of Robaszynski and
Caron (1995) for low to mid-latitude planktonic foraminifera,
which has been used and revised in several works (e.g., Keller
et al. 2001; Premoli-Silva and Verga 2004; Caron et al. 2006;
Coccioni and Premoli Silva 2015; Elderbak and Leckie 2016; Falzoni
et al. 2016, 2018; Kalanat and Vaziri-Moghaddam 2019b; Falzoni
and Petrizzo 2020), three following biozones were identified in
the Shurab section:

Rotalipora cushmani Biozone (late middlelatest
Cenomanian; AS42-AS88; Aitamir Formation): this biozone
is defined as the total range of nominate taxon by Premoli-
Silva and Verga (2004). Coccioni and Premoli-Silva (2015)
have defined this biozone as the interval from the highest
occurrence (HO) of Thalmanninella reicheli to HO of R.
cushmani. This biozone is subdivided into two subzones.
Thalmanninella greenhornensis (late middle to early late
Cenomanian) subzone is defined as the interval from HO of
Thalmanninella reicheli to the lowest occurrence (LO) of
Preaglobotruncana algeriana. P. algeriana (formerly known
as Dicarinella algeriana) subzone (early late to latest
Cenomanian) is the interval from the LO of the zonal marker
to the HO of Rotalipora cushmani.

The presence of P. algeriana from the base of the Shurab
section indicates that the lower part of this succession spans
the P. algeriana subzone and is assigned to the late
Cenomanian. This subzone continues to the extinction of R.
cushmani at 22 m. Whitinellids and heterohelicids are the
main  components of this interval. Rotaliporids,
globigerinelloids, muricohedbergellids, guembelitrids,
dicarinellids, praeglobotruncanids and Thalmaninnellids are
also present.

Whiteinella archaeocretacea Partial Range Zone (latest
Cenomanian—earliest Turonian; AS90-AS133; the upper part
of the Aitamir—lower part of the Abderaz formations) spans
the interval from the HO of R. cushmani to the LO of
Helvetoglobotruncana  helvetica.  The  foraminiferal
assemblages in this biozone are dominated by heterohelicids,
whiteinellids and muricohedbergellids. The C/T boundary is
placed toward the top of this interval but the position of the
boundary cannot be defined precisely by planktonic
foraminifera.

Helvetoglobotruncana helvetica Total Range Zone (early
Turonian;  AS136-AS139; Abderaz  Formation) is
characterized by the total range of the zonal marker. The
lower part of this biozone was determined in the upper two
meters of the studied section. The foraminiferal assemblage
in this interval is dominated by heterohelicids, whiteinellids
and muricohedbergellids. Dicarinella, Guembelitria and
Praeglobotruncana are less common.

Discussion

Ecological concepts of planktonic foraminifera

Ecological response of different planktonic foraminiferal
morpho-groups to palaeooceanographic variations such as
depth, nutrient supply, temperature, and stratification of

water column leads to significant changes in these taxa
during the C-T interval. While different ecological niches of
modern species are relatively well understood (e.g., Hemleben
et al. 1989; Spero et al. 1997; Zaric et al. 2005; Kimoto et al. 2009),
the palaeoecology of extinct C/T planktonic foraminifera can
be inferred from comparison of their morphology with
equivalent modern morpho-groups (e.g., Hart and Bailey 1979;
Leckie et al. 1998; West et al. 1998; Hart 1999) and from their
tests carbon-oxygen isotope signatures (e.g., D’Hondt and
Arthur 1995; Huber et al. 1995; Bornemann and Norris 2007; Coxall
et al. 2007; Wendler et al. 2013).

The isotope data for hetrohelicids are still under debate
(e.g., Huber et al. 1995, 1999; Fassell and Bralower 1999; MacLeod
et al. 2000; Wendler et al. 2013), but this small-sized simple
biserial group is generally considered to occupy a near-
surface habitat in high eutrophic conditions (Hart 1999).
During the Late Cretaceous heterohelicids dominated the
low-0oxygen marine environments (Hart and Ball 1986; Leckie et
al. 1998). Therefore, their dominance can be a good indicator
of well-developed oxygen minimum zones.

Triserial species (Guembelitria) is known to thrive under
unstable shallow marine environments with variations in
salinity, temperature and nutrients (Leckie et al. 1998; Keller
2002; Keller et al. 2002, 2008; Keller and Pardo 2004a).

The small-sized planispiral taxon, "Globigerinelloides",
is typically inferred to reflect an environment below the
surface mixed layer, but above keeled morphotypes (Keller et
al. 2002; Leckie et al. 2002; Coccioni and Luciani 2004). They
tolerated less variable conditions compared to eutrophic and
opportunist groups like hedbergellids and heterohelicids, and
thrived in mesotrophic conditions (Hart 1999; Premoli Silva and
Sliter 1999; Friedrich et al. 2003, Friedrich et al. 2018).

Stable isotope data suggested that whitinellids occupied
the lower part of the mixed layer (Norris and Wilson 1998).
Coccioni and Luciani (2004) suggested that their high
reproduction potential (high abundance) indicates that these
taxa tolerated the eutrophic conditions.

Hedbergellids are opportunistic taxa, thriving in both
open marine and epicontinental settings in different latitudes
(e.g., Premoli Silva and Sliter 1999). The isotopic data from the
C/T boundary indicated that this group inhabited surface or
near-surface waters (Corfield et al. 1990; Price and Hart 2002).
They were adapted to eutrophic environments (Hart 1999;
Keller et al. 2001) and a wide range of temperature-related
habitats (Price et al. 1998).

Stable isotope ranking indicated that among keeled
groups in the C/T boundary, large and complex rotaliporids
and thalmanninellids are the most specialized species, which
occupied deeper oligotrophic waters at or below thermocline
depth (e.g., Corfield et al. 1990; Price and Hart 2002; Norris and
Wilson 1998; Keller et al. 2001; Keller and Pardo 2004b; Coccioni
and Luciani 2004). Dicarinella and Praeglobotruncana are
medium-sized weekly-keeled genera, which are considered as
an intermediate dwellers and intermediate strategists (Premoli
Silva and Sliter 1999; Keller et al. 2001; Keller and Pardo 2004b;
Coccioni and Luciani 2004).
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Fig 3- 1. Rotalipora cushmani (Morrow), sample 70 (scale bar= 200 pm). 2. Rotalipora
cushmani (Morrow), sample 60 (scale bar = 100 pm). 3. Thalmanninella
globotruncanoides (Sigal), sample 42 (scale bar = 100 pm). 4. Thalmanninella brotzeni
(Sigal), sample 42 (scale bar = 100 pm). 5. Thalmanninella appenninica (Renz),
sample 60 (scale bar = 100 pm). 6. Whiteinella baltica Dauglas and Rankin, sample 42
(scale bar = 100 pm). 7. Whiteinella paradubia (sigal), sample 72 (scale bar = 100

pm).
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Fig 4- 1. Dicarinella hagni (Scheibnerova), sample 70 (scale bar = 200 pm), 2.
Praeglobotruncana algeriana (Caron), sample 42 (scale bar = 200 pm). 3.
Praeglobotruncana hilalensis Barr, sample (scale bar = 100 pm). 4. Whiteinella
archaeocretacea Pessango, sample 74 (scale bar = 100 pm). 5. Whiteinella

brittonensis (Loeblich and Tappan), sample 74 (scale bar = 100 pm). 6.
Muricohedbergella planispira (Tappan), sample 42 (scale bar = 50 pm). 7.
Planoheterohelix reussi (Cushman), sample 88 (scale bar = 50 pm). 8.
Planoheterohelix moremani (Cushman), sample 88 (scale bar = 50 pm).

OAE2 interval in the Shurab section
The global and regional changes in the environmental
conditions during the OAE2 interval are correlated with the
variations in the planktonic foraminiferal assemblages and
diversity in the Shurab section. Based on these changes, the
CIT boundary succession (OAEZ2) in the Shurab section can
be divided into three intervals (Fig. 5).

Interval 1 (A46-A74; upper part of R. chushmani
Biozone): the initiation of OAE2 is generally characterized

by magmatic activities, which are introduced by large
concentrations of trace metals (caused by high hydrothermal
activities) at the same time turnover in plankton communities,
and increases in isotopically light organic carbon burial
occurred (Arthur et al. 1985; Larson 1991; Snow et al. 2005; Seton
et al. 2009). High atmospheric pCO, (warm conditions) (e.g.,
Fletcher et al. 2008; Barclay et al. 2010), higher hydrological
cycles, and continental weathering (eutrophication) (Pogge
von Strandmann et al. 2013) are other characteristics of this
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interval. The evidence of higher pCO, (Gharesu and Taherabad
sections; Kalanat et al. 2018a, b) and silicate weathering (Hamam-
Ghaleh section; Gharaie and Kalanat 2018) has been documented
in the Kopet-Dagh Basin. The chemical weathering is
documented by an increase in kaolinite/illite ratios in this
interval (the upper part of the Aitamir Formation).

The dark shales of the Aitamir Formation at the lower
part of the Shurab section is characterized by low diversity
planktonic foraminifera and higher benthic/planktonic ratios.
This is accompanied by the presence of Guembelitria and a
high abundance of trochospiral morpho-groups (Whiteinella),
which suggest relatively shallow water eutrophic conditions.
This interval can be correlated with the warm-eutrophic
period at the beginning of the OAE2 interval.

Interval 2 (A78-A88, uppermost part of R. chushmani
Biozone and lower part of W. archaeocretacea Biozone): The
widespread carbon burial and silicate weathering are the
effective factors in drawdown atmospheric pCO, and
reducing the temperature (Arthur et al. 1988; Freeman and Hayes
1992; Kuypers et al. 1999; Pogge von Strandmann et al. 2013),
causing a cold event in the subsequent interval of OAE2,
which is characterized by higher oxygen isotope values and
lower pCO, (8%*Carp - 613C0,g). This interval (namely “Plenus
Cold Event” in Europe; Jefferies 1962; Gale and Christensen
1996; Voigt et al. 2004; Jarvis et al. 2011; Jenkyns et al. 2017 and
“Benthonic zone” in Western Interior Seaway of North
America; Leckie et al. 1998; Elderbak et al. 2014; Elderbak and
Leckie 2016) is closely related to a sea level transgression
(according to aquifer eustasy hypothesis; see Wendler et al.
2011, 2016a, b; Kalanat et al. 2018a; Kalanat and Vaziri-
Moghaddam 2019a). In the Kopet-Dagh Basin, it is
characterized by reduced pCO, and lower values of detrital
input (Kalanat et al. 2018a, b; Gharaie and Kalanat 2018),
suggesting colder and drier conditions.

The Shurab section represents a dramatic increase in the
diversity of planktonic foraminifera and a higher abundance
of keeled and planispiral morphotypes in this interval. These
conditions associated with Lower benthic/plankton ratios and
a decrease of Guembelitria abundance as a marginal marine
taxa (e.g., Keller 2002) suggest higher sea level and more stable
oligotrophic conditions at the surface water.

The HO of Rotalipora occurs at the middle part of this
interval. This is corresponded to other records in the Kopet-
Dagh Basin (Kalanat et al. 2018a, b), northern Europe (Pearce et
al. 2009), Spanish sections (Kaiho et al. 2014), Western Interior
Seaway (Elderbak and Leckie 2016), and Morocco (Kuhnt et al.
2017). The relationship between cooling and extinction of
Rotalipora has been attributed to the disruption of thermal
stratification of the water column, the effect of cooling on
this thermophilic foraminifera, and also the loss of the
principal food source of Rotalipora during the cooling event
(Falzoni and Petrizzo 2020).
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Interval 3 (A90-A129; upper part of the W. archaeocretacea
Biozone): After a transient cooling, the renewed CO, outgassing
(Turgeon and Creaser 2008) resulted in almost similar conditions
(warm-wet) to the start of OAE2 interval. This is associated
with a major flux of fresh water to the Kopet-Dagh Basin,
causing a negative oxygen isotope shift, increased kaolinite
contents, and detrital input (Kalanat et al. 2018a).

In the Shurab section, these conditions coincide with the
decrease in diversity, low abundance of specialized
planktonic  foraminifera, and high  numbers of
Planoheterohelix, which indicate a eutrophic environment
and expansion of oxygen minimum zone. An abrupt increase
in abundance of Planoheterohelix (“Heterohelix” shift; Leckie
et al. 1998) is also documented in low latitude records across
the OAE2 such as Eastbourne, England (Keller et al. 2001),
Tarfaya, Morocco (Falzoni et al. 2018), Umbria-Marche Basin,
Italy (Coccioni and Luciani 2004, 2005), Western Interior
Seaway Pueblo, Colorado (Leckie et al. 1998; Elderbak and
Leckie 2016); and Zagros Basin, Iran (Kalanat and Vaziri-
Moghaddam 2019b).

The relative decrease of biserial planktonic foraminifera
and the appearance of a new specialized species (H.
helvetica) can be interpreted as gradual re-establishment of
stable conditions at the uppermost part of the section.

Conclusion

The Shurab section at the SE of Kopet-Dagh Basin (NE
Tethyan realm) spans the OAE2 interval during the C/T
boundary. The variations in the diversity and morphotypes of
the planktonic foraminifera led us to subdivide the OAE2
succession into three intervals. The first and third intervals
are characterized by a low diversity of planktonic
foraminifera and a higher abundance of opportunistic surface
dweller taxa (e.g., hedbergellids and heterohelicids). This
suggests high productivity conditions at the surface water of
the basin, which most likely was caused by higher weathering
and detrital input during the warm and humid periods. The
second interval represents a short-lived planktonic
foraminiferal repopulation, indicating more oligotrophic
conditions at the upper part of R. cushmani Biozone-lower
part of W. archaeocretacea Biozone (corresponding to
“Plenus Cold Event”).

The turnover of planktonic foraminifera in the studied
section is characterized by the extinction of rotaliporids and
"Heterohelix" shift. The last occurrence of rotaliporids falls
within the "Plenus Cold Event", which suggests that the
extinction of these warm-water taxa may have been caused
by the cooling of the water column. Heterohelicid dominance
occurs in the third interval of OAE2 at the upper part of W.
archaeocretacea Biozone, demonstrating eutrophication and
expansion of the oxygen minimum zone to the surface water.
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Fig 5- Planktonic foraminiferal variations and environmental perturbation during the C/T boundary interval in the

Shurab section (Kopet-Dagh Basin).
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Supplementary Table 1- planktonic foraminifera in the Shurab section.

Biozone [ R. cushmani [ W. arch.

Sample number [ 42 46 50 54 58 62 66 70 74 78 84 | 88 90 92
Clavihedbergella. simplex 2 1 6 1 5 4
Dicarinella elata 1
D. hagni 2 4 5 5 44
D. imbricata 1 3 2
Guembelitria cenomana 26 44 43 35 50 55 18 42 35 12 24 21 32 39
"Globigerinelloides" bentonensis 15 5 1 3 1 1
G. ultramicrus 19 7 13 5 8 3 6 11 33 61 44 3 4

Helveotglobotruncana helvetica
H. praehelvetica

Laeviheterohelix pulcra 14 4 1 2 1 3 4
Loeblichella hessi 1 6
Muricohedbergella delrioensis 7 10 11 3 7 6 9 18 13 7 8 13
M. planispira 5 1
Planoheterohelix globulosa 1 3 1
P. moremani 14 8 1 4 8 4 1 11 19 3 6
P. reussi 19 54 6 33 41 38 5 12 16 77 48 38 77 50
Praeglobotruncana algeriana 1 1 12 2 9 10 2
P. delrioensis 3 16 1 12 2 6 6 1
P. gibba 1 2 6 3 4
P. stephani 3 13 1 2 1
p. hilalensis 1
Rotalipora cushmani 4 1 1 2 2 1 6
R. montsalvensis 1
Thalmanninella appenninica 12 2 3 1
T. brotzeni 3
Whiteinella aprica 16 18 15 9 21 17 27 29 36 23 19 23 18 25
W. aumalensis 1
W. archaeocretacea 13 10 8 5 7 3 30 15 5 5 24 10 14
W. baltica 133 140 203 202 118 161 129 158 159 88 96 91 141 144
W. brittonensis 2 1 1 1 5 7 2
W. paradubia 1 8
Species richness 15 11 10 9 18 14 7 17 12 18 17 17 13 12
Total species counted 301 301 302 296 398 299 201 309 302 304 301 328 313 303
H(s) 2 1.6 118 111 18 14 1.2 1.7 1.6 2.1 2 2.1 15 1.6
Supplementary Table 1 (continued)
Biozone [ [ W. archaeocretacea H. h.

Sample number | 94 96 98 105 109 113 117 119 121 125 129 133 | 136 139
Clavihedbergella simplex 2 12 8
Dicarinella elata
D. hagni 1 6 9 5 2 2 3 7
D. imbricata 2 2
Guembelitria cenomana 22 6 10 20 5 7 7 8 5 4 1 5 2
"Globigerinelloides" bentonensis
G. ultramicrus 6 5 3
Helvetoglobotruncana helvetica 1 1
H. praehelvetica 1 1 3
Laeviheterohelix pulcra 1 6 3 1 6 6 1
Loeblichella hessi 3 2 1 23 7 7 7 9 6 7 2 2 2 2
Muricohedbergella delrioensis 3 5 4 11 5 3 3 8 8 2 6 1 1
M. planispira
Planoheterohelix globolosa
P. moremani 12 14 14 18 18 22 22 15 14 11 7 14 17 4
P. reussi 63 65 62 72 100 95 95 92 105 108 116 95 95 100
Praeglobotruncana algeriana 1 2 3 3 3 2 4
P. delrioensis 2 3 5 2 4
P. gibba 1 1 1
p. hilalensis
P. stephani 2 2 4 3 3
Rotalipora cushmani
R. montsalvensis
Thalmanninella appenninica
T. brotzeni
Whiteinella aprica 15 25 38 25 41 14 14 23 30 16 43 38 28 20
W. aumalensis 1 2 1
W. archaeocretacea 14 4 15 10 24 9 9 10 10 8 19 11 14
W. baltica 111 142 131 114 87 125 140 132 123 96 112 128 121 144
W. brittonensis 1 18 1 1 2 2 2 3 1 3 1 4 1
W. inornata 1 1
W. paradubia 3 5 5 5 4 1 1 3 2 4 2 5 6 2
Species richness 14 12 17 14 14 13 13 12 10 14 11 14 15 16
Total species counted 238 299 308 306 298 293 310 307 304 277 299 323 301 291
H(s) 17 16 18 18 17 16 15 16 15 16 14 16 16 15
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