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Abstract

biozone or P5-E1 biozone.

This study seeks to investigate and identify Paleocene-Eocene boundary in Binak 4 subsurface section in Bushehr
province and the effect of temperature changes on the behaviour of planktonic foraminifera. In order to do so, 13 genera
and 46 species from Planktonic foraminifera were identified, and two assemblages comprising warm water foraminiferal
assemblage and cool water foraminiferal assemblage were segregated. The study of biological events on foraminifera
under investigation utilizing universal biozonation led to 5 biozone and 5 subzone segregates. According to the known
fossil assemblages and the defined biozones, age in this study was considered late Paleocene (late Selandian) to latest
early Eocene (Ypresian). Biostratigraphic evidences (episodic extinction in cool water foraminiferal assemblages and
diversity in warm water foraminiferal assemblages) at depths of 8750-8760 (ft.) are indicative of temperature changes
and introducer of a global event termed ‘Paleocene-Eocene Thermal Maximum’ (PETM) at this depth. Moreover, In view
of the extinction of late Paleocene index species at depths of 8760-8770 (ft.
index species at depths of 8640-8650 (ft.), Paleocene-Eocene boundary is located at depths of 8750-8760 (ft..) in P5

) and the emergence of early Eocene

Key words: Paleocene-Eocene boundary; Selandian; Ypresian

Introduction

Paleocen-Eocene boundary is determined by a global event termed
‘Paleocene Eocene Thermal Maximum’ (PETM) [1-9]. This event has
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Figure 1: General structural provinces of Iran [16].

triggered one of the biggest and the greatest temperature changes at
the global level, the occurrence of which triggered environmental and
climate changes directly influencing Paleocene and Eocene assemblages
of fauna and flora [10-14].

So far, Paleocene and Eocene deposits have not been studied in
this respect in Iran. Paleocene and Eocene deposits have not been
continuously deposited throughout Iran. In North of Iran, in the
structural zone of Alborz, Paleocene and Eocene deposits are limited
to the southern hillsides of Alborz Mountains, while In southwest of
Iran, in Zagros sedimentary basin, most of these deposits have been
deposited continuously [15].

The purpose of this study in Paleocene-Eocene boundary is
determining Paleocene-Eocene boundary based on index species of
planktonic foraminifera and investigating the temperature changes
based on foraminiferal assemblages in this interval.

Geological setting

Being located in southwest of Iran, Zagros sedimentary basin is
one of the structural sedimentary units in Iran (Figure 1) [16]. This
basin comprises lands located in the southwest neoTethys suture [15].
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Figure 2: Location map of Binak subsurface (studied section*).

Era |PERIOD| EPOCH
QUATERNARY
PLIOCENE g
=
&
Q &)
o 2 | MIOCENE
o] =
=)
Z
25| m  |OLIGOCENE
= f
ngl EOQOCENE
2
ey
PALEOCENE |
SR ] e = =5 P I P T
—————— et P S e e e I L IR
MISHAN Fm. SHAHBAZANFm.  TALEHZANGFm.  JAHRUM Fm. SACHUN Fm. GACHSARAN Fm. KASHEKAN Fm. RAZAK Fm.

£ oy
L ~

ALLUVIUM LAHBARI Mbr. KALHUR Mbr.  AHWAZ {Az) Mbr.

PABDEH Fm.

ASMARI Fm.  AGHAJARIFm.  BAKHTYARIFm. KHRAG(Kg) LIMESTONE

Figure 3: Stratigraphic position of the Pabdeh formation within Cenozoic rocks of southwestern Iran [18].

Geographically, Zagros basin is divided into three regions, namely
Lurestan, Khuzestan and Fars, and geomorphologically, it is divided
into two zones, namely imbricate zone and simply folded zone [17].
Zagros Mountains are limited to imbricate zone and simply folded
zone introducing young Tetys facies. Paleocene and Eocene deposits
have developed in Zagros basin from west regions of Lurestan and
Khuzestan to the south of Fars. Furthermore, these deposits cropped
out in coastline of Persian Gulf in Bandar Daylam, Bandar Rig, and
some parts of Gheshm Island [15]. Binak 4 subsurface section is 20
kilometres away from Bandar Daylam, being located in Binak oil field
in Bushehr province (Figure 2). Paleocene Eocene deposits in this
subsurface section introduces deposits of Pabdeh formation (Figure 3)

[18], being made up of shale along with some chert in the section. Based
on the investigation in the section, Pabdeh formation is of 361 meters
thickness and Paleocene-Eocene boundary is located in this formation.

Material and Methods

Inreaching the aim, overall, fine microscopic sections of 120 samples
were studied in terms of their contents of planktonic foraminifera.
Initially, planktonic foraminifera were systematically identified
and named, and their stratigraphic developments were illustrated.
Ultimately, they were weighed against the universal biozonation [19,20],
and based on this biozonation, age of the sediments were determined.
Furthermore, in order to investigate the temperature changes and its
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effect on planktonic foraminifera of Paleocene and Eocene deposits,
the number and the variety of the species found in each of the samples
were counted, considering [21] studies on planktonic foraminifera
in Paleocene-Eocene boundary, dividing them into two groups of
cool water planktonic foraminiferal assemblages and warm water
planktonic foraminiferal assemblages; and studying the temperature
changes in this boundary taking the proportion of these assemblages
into account. Further, types of species pertaining to cool water
planktonic foraminiferal assemblages and to warm water planktonic
foraminiferal assemblages were segregated. Finally, the proportion of
the two assemblages in the sample sequences of Paleocene and Eocene
were illustrated.

Results

The systematic study on the foraminifera led to the identification
of 13 genera and 46 species of planktonic foraminifera. The study of
biological events on planktonic foraminifera in Pabdeh formation on
the subsurface section under study utilizing the provided biozonation
by Premoli [19] and Wade [20] led to segregation of 5 biozones and
5 subzones. In addition, types of index species in biozones such
as Globanomalina psesudomenardii, Morozovella acuta, Acarinina
soldadoensis, Morozovella velascoensis, and Morozovella formosa were
identified in the section.

P4-Globanomalina pseudomenardii total range zone

This biozone was defined by Boli [22]. The lower boundary and the
upper boundary were identified by the appearance and the extinction
of Globanomalina pseudomenardii [19]. This biozone is divided into 3
subzones by Berggren [23].

P4a-Acarinina subsphaerica interval range subzone

This subzone ranges from the first appearance of Globanomalina
pseudomenardii to the first appearance of Morozovella acuta [19].
In Binak 4 subsurface section, although the first appearance of
Globanomalina pseudomenardii was not observed, the upper boundary
in this subzone, namely the first appearance of Morozovella acuta is
located at depths of 8720-8730 (ft.). It can be assumed that the base
of the section with 9.14 meters thickness from Pabdeh formation is
located in this subzone. The main planktonic foraminifera in this
subzone included in Binak 4 section are Igorina pusilla, Igorina
albeari, Morozovella conicutruncata, Morozovella angulata, Acarinina
nitida, Acarinina subsphaerica, Morozovella velascoensis, Igorina
tadjekestanensis, Morozovella acutispira, and Acarinina mckannai.
Accordingly, determined age for this subzone is late Paleocene (late
Selandian-early Thanetian).

P4b-Morozovella acuta interval range subzone

This subzone ranges from the first appearance of Morozovella
acuta to the first appearance of Acarinina soldadoensis [17]. In Pabdeh
formation the lower boundary of this subzone is determined by the first
appearance of Morozovella acuta at depths of 8730-8720 (ft.) at the base
and the first appearance of Acarinina soldadoensis at depths of 8680-
8690 (ft.) at the top. This subzone is coincident with ‘P4b-Acarinina
subsphaerica Partial Range Subzone’ of [20] biozonation. The base of
this subzone is not located in the section. Notwithstanding, the upper
boundary is marked by the first appearance of Acarinina soldadoensis
at depths of 8680-8690 (ft.). This subzone in Pabdeh formation is of
12.9 meters thickness, and the main planktonic foraminifera in this
subzone included in Binak 4 section are Acarinina nitida, Acarinina
mckannai, Globanomalina pseudomenardii, Morozovella velascoensis,

Subbotina triangularis, Subbotina cancellata, and Acarinina esnaensis.
Thus, determined age for this subzone is late Paleocene (Thanetian).

P4c-Acarinina soldadoensis concurrent range subzone

This subzone ranges from the first appearance of Acarinina
soldadoensis to the last appearance of Globanomalina pseudomenardii
[19]. In Pabdeh formation this section is defined by the first appearance
of Acarinina soldadoensis at depth of 8680-8690 (ft.) at the base and
the last appearance of Globanomalina pseudomenardii at depth of
8660-8670 (ft.) at the top. The current subzone is coincident with ‘P4c-
Acarinina soldadoensis/ Globanomalina pseudomenardii Concurrent
Range Subzone’ of [20] biozonation. This subzone in Pabdeh formation
is of 6.9 meters thickness, and the main planktonic foraminifera in
this subzone included in Binak 4 section are Igorina albeari, Acarinin
nitida, Morozovella velascoensis, Igorina tadjekestanensis, Morozovella
acutispira  Morozovella acuta, Subbotina triangularis, Acarinina
soldadoensis, Subbotina cancellata, and Morozovella aequ. Therefore,
determined age for this subzone is late Paleocene (Late Thanetian).

P5-Morozovella velascoensis partial range zone

This biozone is defined by (Boli, 1966) ranges from the last
appearance of Globanomalina pseudomenardii to the last appearance of
Morozovella velascoensis [19]. In Pabdeh formation, this section defined
by the last appearance of Globanomalina pseudomenardii at depths
of 8660-8670 (ft.) at the base and the last appearance of Morozovella
velascoensis at depths of 8610-8620 (ft.) at the top. This zone is
coincident with P5, E1, and E2 zones of [20] biozonation. This zone is
determined by the last appearance of Globanomalina pseudomenardii at
depths of 8660-8670 (ft.) at the base, and the top of the zone is cannot
be identified on account of the index species Acarinina sibaiyaensis
being absent. While this zone and El-Acarinina sibaiyaensis cannot
be differentiated and separated, E2-Pseudohastigerina wilcoxensis/
Morozovella velascoensis biozone is recognizable in Binak 4 section and
is defined by the first appearance of Pseudohastigerina wilcoxensis in
8640-8650 (ft.) depth at the base, and Morozovella velascoensis at depths
of 8610-8620 (ft.) at the top. Also, this zone in Pabdeh formation is of
15.24 meters thickness, and the main planktonic foraminifera in this
zone included in Binak 4 section are Globanomalina australiformis,
Morozovella Formosa, Morozovella gracilis, Morozovella edgari, Igorina
broedmanni, Acarinina wilcoxensis, Pseudohastigerina wilcoxensis,
Acarinina soldadoensis, Subbotina velascoensis, Subbotina inaquispira,
Acarinina esnaensis, Acarinina intermedia, Morozovella gracilis,
Globanomalina chapmani, Morozovella subbotinae, Acarinina decepta,
Morozovella velascoensis, Acarinina nitida, Igorina convexa, Acarinina
coalingensis, Globanomalina ovalis, and Morozovella aequa. Hence,
determined age for this subzone is latest Paleocene-Earliest Eocene
(Thanetian to Ypresian)

P6-Morozovella subbotinae partial range zone

This zone is defined by Berggren [23,24] the last appearance
of Morozovella velascoensis at the base and the first appearance of
Morozovella aragonensis at the top. This zone is divided into two
subzones by Berggren [25].

P6a-Morozovella edgari interval subzone

This subzone is defined by the last appearance of Morozovella
velascoensis to the first appearance of Morozovella formosa [19]. In
Pabdeh formation, this section is defined by the last appearance of
Morozovella velascoensis at depths of 8610-8620 (ft.) at the base and
the first appearance of Morozovella formosa at depths of 8570-8580 (ft.)
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Figure 4: Lithostratigraphy and distribution of planktonic foraminifera in Binak 4 section.
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at the top. Moreover, this subzone is coincident with ‘E3.Morozovella
marginodentata Partial Range Zone’ of [20] biozonation. The main
planktonic foraminifera in this subzone included in Binak 4 section
are Acarinina nitida, Morozovella aequa, Igorina convexa, Subbotina
inaquispira, Acarinina decepta, Acarinina aquiensis, Acarinina
intermedia, and Pseudohastigerina wilcoxensis. Accordingly, determined
age for this subzone is Earliest Eocene (Ypresian).

P6b-Morozovella lensiformis interval subzone

This subzone is defined by the first appearance of Morozovella
formosa at the base and the first appearance of Morozovella aragonensis
at the top [19]. In Pabdeh formation, the first appearance of Morozovella
formosa at depths of 8570-8580 (ft.) is at the base, and due to the species
Morozovella aragonensis’s being absent at the top, the top boundary was
determined by the last appearance of Morozovella aequa being located
in P6b biozone and the oldest species from genus Globigerinatheka
sp. at depths of 8520-8530 (ft.). Therefore, the top of the P6b zone
intersecting with the base of P7 biozone is approximately located at
depths of 8540-8550 (ft.).

In addition, the current subzone is coincident with ‘E4- Morozovella
formosa Lowest Occurrence Zone of [20] biozonation, and in
Pabdeh formation it is of 13 meters thickness. The main planktonic
foraminifera in this subzone included in Binak section are Morozovella
aequa, Acarinina collactea, Pseudohastigerina wilcoxensis, Acarinina
aquiensis, Acarinina peseudotopilensis, Morozovella formosa, Acarinina
intermedia, and Chilogumbelina sp. Accordingly, determined age for
this subzone is Early Eocene (Ypresian).

P7-Morozovella Formosa concurrent rang zone

This biozone is defined by Berggren [25] the first appearance
of Morozovella aragonensis at the base and the last appearance of
Morozovella formosa at the top [19]. In Pabdeh formation, due to the
species Morozovella aragonensis’s being absent at the base, the base
boundary was determined by the last appearance of Morozovella
aequa being located in P6b biozone and the oldest species from genus
Globigerinatheka sp. at depths of 8520-8530 (ft.). Therefore, the top of
the P6b zone intersecting with the base of P7 biozone is approximately
located at depths of 8540-8550 (ft.), and the top of this biozone was
determined by the last appearance of Morozovella formosa at depths of
8505-8510 (ft.).

Moreover, the current zone is coincident with ‘E5-Morozovella
aragonensis/Morozovella subbotinae Concurrent Range Zone’ of [20]
biozonation, and in Pabdeh formation it is of 12 meters thickness.
The main planktonic foraminifera in this subzone included in Binak 4
section are Acarinina collactea, Acarinina peseudotopilensis, Morozovella
formosa, Chilogumbelina sp., Acarinina primitiva, Globigerinatheka
sp., Tenuitella reissi, Acarinina interposita, and Acarinina esnaensis.
Therefore, determined age for this subzone is middle Early Eocene
(Ypresian).

P8-Morozovella aragonensis interval range zone

This zone is defined by Boli [22] the last appearance of Morozovella
formosa at the base and the first appearance of Planorotalites palmerae
at the top [19]. In Pabdeh formation the base of this zone is defined
by the last appearance of Morozovella formosa at depths of 8505-8510
(ft.), and the top of this zone is not identifiable due to the pertinent
samples’ no being at hand. This zone is coincident with ‘E6-Acarinina
pentacamerata Partial Range Zone’ of [20] biozonation, and in Pabdeh
formation it is of 28 meters thickness. The main planktonic foraminifera
in this subzone included in Binak 4 section are Acarinina bullbrooki,

Acarinina pentacamerata, Truncorotalides rohri, Acarinina interposita,
and Chilogumbelina sp. Thus, determined age for this subzone is late
Early Eocene (Ypresian).

This zone is of [20] biozonation. It is of 28 meters thickness, the first
7 meters of which is sampled and the last 27 meters of which is not. The
accompanying foraminifera in this zone included in Binak 4 section are
Acarinina bullbrooki, Acarinina pentacamerata, Truncorotalides rohri,
Acarinina interposita, and Chilogumbelina sp. accordingly, age for this
biozone is Early Eocene (Figure 4).

Discussion

Paleocene Eocene boundary has been studied over the past decade
by [1,4,5,10-14,21,22,26-32]. These studies indicate that one of the
foremost climate changes, namely the global warming event, occurred
in Paleocene-Eocene boundary. This event occurred approximately
56 million years ago, and was accompanied by many ecological and
environmental changes and changes in fauna and flora assemblages.
Accumulation of greenhouse gases in the atmosphere, increased
humidity, and extinction of and significant decrease in planktonic
foraminiferal assemblages and benthic foraminiferal assemblages are
among these changes in Paleocene-Eocene boundary [1,4-6,8].

In planktonic foraminifera, the last appearance of Igorina albeari
which coincides with the first appearance of Acarinina sibaiyaensis and
Acarinina Africana, and the simultaneity in the extinction of benthic
foraminiferal assemblages along with climate changes were selected as
markers for Paleocene-Eocene boundary [8,21].

Many scholars have carried out research on this boundary and
the effects of climate changes on planktonic and benthic foraminiferal
assemblages. Lu [8] studied on the number and the variety of planktonic
foraminifera in the Paleocene-Eocene boundary in Spain. They divided
foraminiferal assemblages into three foraminiferal assemblages based
on depth of location, i.e. surface foraminiferal assemblages comprising
genera Acarining, Morozovella, and Igorina; subsurface foraminiferal
assemblages comprising genera Subbotinae, Chilogumbelina and
Pesudohastigerin; and deep foraminiferal assemblages comprising
genus Globanomalina. They studied the abundance and variety in these
assemblages in sequences leading to the Paleocene-Eocene boundary
extremes. According to Lu [8], abrupt warming of the waters resulted
in significant decrease and episodic extinction in the abundance of
subsurface and deep assemblages lived in cool water and susceptible
to this abrupt warming. By contrast, surface foraminiferal assemblages
being environmentally compatible became diverse and abundant.
In this study two genera, namely Acarinina and Morozovella, were of
dominant genera in Paleocene-Eocene boundary.

Pardo [21] also studied the scattering pattern of planktonic
foraminifera in Paleocene Eocene sequences in Tethys basin, and
came to conclusions respecting Paleocene-Eocene boundary. They
divided foraminiferal assemblages into two groups of warm water
foraminiferal assemblages comprising genera Acarinina, Morozovella,
and Igorina; and cool water assemblages comprising genera Subbotina,
Chilogumbelina,  Pesudohastigeria, and  Globanomalina.  They
believed that owing to climate changes and global warming, cool
water foraminiferal assemblages, thus becoming environmentally
incompatible, became extinct. By contrast, abundance in warm water
foraminiferal assemblages triggered their immigration from lower
latitudes to higher ones (Figure 4).

Pardo [21] also studied the scattering pattern of planktonic
foraminifera in Paleocene Eocene sequences in Tetys basin, and came

J Earth Sci Clim Change
ISSN:2157-7617 JESCC, an open access journal

Volume 5 ¢ Issue 4 « 1000192



Citation: Moradian F, Baghbani D, Daneshian J, Allameh M (2014) A Study on Temperature Changes in Paleocene-Eocene Boundary based
on Planktonic Foraminifera in Binak 4 Subsurface Section in Bushehr Province, Southwest of Iran. J Earth Sci Clim Change 5: 192.

doi:10.4172/2157-7617.1000192

Page 6 of 8

to conclusions respecting Paleocene-Eocene boundary. They divided
foraminiferal assemblages into two groups of warm water foraminiferal
assemblages comprising genera Acarinina, Morozovella and Igorina; and
cool water assemblages comprising genera Subbotina, Chilogumbelina,
Pesudohastigeria and Globanomalina.

In the studies of Pardo [21] genus Acarinina had more compatibility
with this temperature changes compared to other genera from warm
water foraminiferal assemblages. By contrast, genus Morozovella was
less compatible with this global warming, thus the number and the
variety of its species decreased.

In the selected section under study, taking the provided biozonation
and its being coincident with the universal biozonation [19,20] into
account, Paleocene-Eocene boundary is located in deposits of Pabdeh
formation.

Based on the evidences available at the section under investigation,
the last appearance of Igorina albeari at depths of 8760-8770 (ft.) in P5
biozone as a marker for the late Paleocene prior to Paleocene-Eocene
boundary and the first appearance of the genera Acarinina intermedia,
Pesudohastigerina wilcoxensis, and Morozovella gracilis in P5 or E2 at
depths of 8640-8650 (ft.) were identified as early Eocene first species.
Therefore, taking these fossil evidences into account, this boundary is
located at depths of 8750-8760 (ft.) in P5 biozone or P5-E1 biozone.
Moreover, the effect of global event of PETM at this depth and its
temperature changes effects on foraminiferal assemblages corroborate
the Paleocene-Eocene boundary to be located at depths of 8750-8760
(ft.) in P5 biozone or P5-E1 biozone.

In the analysis of the development and variety diagram of
planktonic foraminifera in Pabdeh formation, taking Pardo [21] studies
into account, two foraminiferal assemblages of warm water and cool
water were identified. These two assemblages lie in the same group with
those defined by Lu [8] based on depth of foraminifera locations. Warm
water foraminiferal assemblages are the same surface foraminiferal
assemblages, and cool water foraminiferal assemblages are the same
subsurface and deep foraminiferal assemblages. In the initial sequences
of Pabdeh formation, both assemblages were observed with abundance
and variety in species.

Types of species pertaining to Acarinina and Morozovella from
warm water foraminiferal assemblages and those pertaining to
Subbotina and Globanomalina from cool water assemblages with high
abundance reside in P4 biozone.

In the section under study, there was a dramatic decrease in the
variety of planktonic foraminifera at depths of 8750-8760 (ft.), and
significant changes occurred at this depth in warm water and cool water
foraminiferal assemblages. From cool water foraminiferal assemblages,
species such as Subbotina triangularis, Subbotina velascoensis, Subbotina
inaquispira, Globanomalina ovalis and Globanomalina chapmanii
became extinct, and from warm water foraminiferal assemblages only
species of Acarinina nitida, Acarinina coalingensis, Acarinina decepta,
(Figure 5) [33,34] and Acarinina esnaensis were observed at this depth.
Species of the genus Morozovella from warm water foraminiferal
assemblages being abundant up to this depth became extinct as
Morozovella velascoensis, Morozovella acuta and Morozovella aequa did
at this depth. Only Morozovella marginodentata, Morozovella Formosa
and Morozovella aequa were observed in upper Eocene sequences.

Passing from this depth through, abundance and variety gradually
increases in cool water foraminiferal assemblages in P6a, P6b, and P7
biozones in Eocene sequences deposits.

Evidences also demonstrate that temperature changes and thermal
fluctuations at depths of 8750-8760 (ft.) in late Paleocene and early
Eocene triggered this different behaviour in planktonic foraminifera.
Cool water foraminiferal assemblages being incompatible with water
are being warmed at this depth became episodically extinct. By contrast,
warm water foraminiferal assemblages having favourable conditions for
living and flourishing increased, being the only genera observed at this
depth. Moreover, temperature changes at this depth correspond with
temperature changes occurred by virtue of the global event PETM in
Paleocene-Eocene boundary. Therefore, depths of 8750-8760 (ft.),
being located in P5 biozone and being encompassed by late Paleocene
index species in older sequences and by early Eocene index species in
younger sequences, is introduced as Paleocene-Eocene boundary.

It is to mention that in the studies of Pardo [21] and Lu [8] on
the transitional boundary, in addition to the types of species of genus
Acarinina, the types of species of genera Morozovella and Igorina were
reported to be from warm water foraminiferal assemblages, while in
Paleocene-Eocene boundary in the section under investigation, we
observed a decrease in the abundance and the variety in warm water
foraminiferal assemblages. The difference in the abundance of warm
water foraminiferal assemblages is presumed to be due to Iran’s being
located in the higher latitudes.

Conclusion

For the initial part of Pabdeh formation in Binak 4 subsurface
section, 13 genera and 46 species from planktonic foraminifera were
identified. In the late Paleocene-early Eocene boundary based on
Premoli [19] and Wade [20] biozonation, 5 biozones and 5 subzones were
identified. Identified fossil assemblages, the area under investigation is
late Paleocene to latest early Eocene. Out of 104 meters thickness of the
lower part of Pabdeh formation, 31 meters is Paleocene deposits and 73
meters is Eocene ones.

Biostratigraphic evidences in the section under investigation
indicate that the global event PETM is located in P5 zone at depths
of 8750-8760 (ft.). This global event introducing Paleocene-Eocene
boundary has influenced planktonic foraminiferal assemblages of this
formation. The behaviour of planktonic foraminiferal assemblages
was different towards PETM. Warm and cool planktonic foraminiferal
assemblages were identified. At 8650-8660 ft. only warm planktonic
foraminiferal assemblages were found. Post these depth only cool
planktonic foraminiferal assemblages were abundant. Considering
these evidences, Paleocene-Eocene boundary in Pabdeh formation
sediments in Binak 4 subsurface section being under investigation
was determined to be at depths of 8650-8660 (ft.). Genus Morozovella
is temperature sensitive and majority of its genera got extinct in
Paleocene-Eocene boundary.

In view of the fact that the last appearance of the genus Igorina
albeari at depths of 8760-8770 (ft.) in P5 biozone was identified as a
marker for late Paleocene before Paleocene-Eocene boundary, and the
first appearance of the genera Acarinina intermedia, Pesudohastigerina
wilcoxensis and Morozovella gracilis in P5 or E2 at depths of 8640-8650
(ft.) was identified as early Eocene first species, taking these fossil
evidences into account, this boundary resides at depths of 8750-8760
(ft.) in P5 biozone or P5-El biozone. Furthermore, the effects of the
global event PETM at this depths being universally concurred to have
occurred in Paleocene-Eocene boundary combined with the effects
of temperature changes on foraminiferal assemblages substantiate the
Paleocene-Eocene boundary’s being located at depths of 8750-8760 (ft.)
in P5 biozone or P5-E1 biozone.
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Figure 5: 1: Morozovella velascoensis; 2: Morozovella acutispira 3: Morozovella subbotinae 4: Acarinina nitida 5: Morozovella gracilis 6: Acarinina intermedia 7:
Acarinina coalingensis 8: Acarinina esnaensis 9: Acarinina aquiensis 10: Acarinina decepta 11: Subbotina inaquispira 12: Pseudohastigerina wilcoxensis [33,34].
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