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Abstract
The late Miocene to early Pliocene carbonate-rich sediments recovered at Integrated Ocean Drilling Program (IODP) Site U1338
during the Expedition 320/321 Pacific Equatorial Age Transect
(PEAT) program contain abundant calcareous nanno- and microfossils. Geochemical proxies from benthic and planktonic foraminiferal and coccolithophore calcite could be very useful at this
location; however, good preservation of the calcite is crucial for
the proxies to be robust. Here, we evaluate the preservation of
specific benthic and planktonic foraminifer species and coccolithophores in fine fraction sediment at Site U1338 using backscattered electron (topography mode) scanning electron microscopy (BSE-TOPO SEM). Both investigated foraminiferal species,
Cibicidoides mundulus and Globigerinoides sacculifer, have undergone some alteration. The C. mundulus show minor evidence for
dissolution, and only some specimens show evidence of overgrowth. The Gs. sacculifer show definite signs of alteration and exhibit variable preservation, ranging from fair to poor; some specimens show minor overgrowth and internal recrystallization but
retain original features such as pores, spine pits, and internal testwall growth structure, whereas in other specimens the recrystallization and overgrowth disguise many of the original features. Secondary electron and BSE-TOPO SEM images show that coccolith
calcite preservation is moderate or moderate to poor. Slight to
moderate etching has removed central heterococcolith features,
and a small amount of secondary overgrowth is also visible. Energy dispersive spectroscopy analyses indicate that the main sedimentary components of the fine fraction sediment are biogenic
CaCO3 and SiO2, with some marine barite. Based on the investigations in this data report, geochemical analyses on benthic foraminifers are unlikely to be affected by preservation, although geochemical analyses on the planktonic foraminifers should be
treated cautiously because of the fair to poor and highly variable
preservation.
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Introduction
The eastern equatorial region of the Pacific Ocean is an important
component of the global climate system and is crucial for understanding climate evolution (Lyle et al., 2008). The Integrated
Ocean Drilling Program (IODP) Expedition 320/321 “Pacific

doi:10.2204/iodp.proc.320321.218.2014

A.J. Drury et al.

Equatorial Age Transect” (PEAT) program, drilled using the R/V JOIDES Resolution, aimed to work toward
continuous high-resolution composite records of environmental change in the equatorial region between 56 Ma and the present (Lyle et al., 2010) with
the top part of Site U1338 aiming at recovering late
Miocene to early Pliocene sediments (Fig. F1) (see
the “Expedition 320/321 summary” [Pälike et al.,
2010]). The recovered sediments are carbonate rich
with abundant coccolithophores and foraminifers
(see the “Site U1338” chapter [Expedition 320/321
Scientists, 2010]), which all constitute excellent archives for various geochemical proxies. However, in
order to make robust inferences based on geochemical records from these calcareous fossils, good preservation of the foraminiferal and coccolithophore calcite is essential. Here, we evaluate the preservation of
specific benthic and planktonic foraminifer species
and coccolithophores in fine fraction sediment at
Site U1338 (2°30.469′N, 117°58.178′W; 4200 m water depth).
For geochemical applications using foraminiferal calcite, it is crucial that the calcite test is well preserved.
Pristine benthic and planktonic foraminifer tests
consist of calcitic microgranules (~0.1 µm diameter)
that are laterally fused (Pearson and Burgess, 2008;
Sexton and Wilson, 2009). The outer and inner test
walls of well-preserved foraminifers are smooth on a
submicrometer scale, and cross sections of the test
walls have a pervasive microgranular structure (Sexton et al., 2006). The average chemical composition
of the tests can be affected by later recrystallization
or overgrowth with calcite that was precipitated
from a secondary water mass with a different temperature and chemical composition than the water
mass in which the foraminifers lived (Pearson et al.,
2001; Sexton et al., 2006). Dissolution can also remove primary calcite, thereby altering the average
chemical composition of the foraminifer test (Edgar
et al., 2013).
Planktonic foraminifer test preservation has been described as gradationally varying between pristine
“glassy” and less well preserved “frosty” preservation
(Sexton et al., 2006). Glassy planktonic foraminifers
are generally found in clay-rich sediments, where
permeability is lower, thereby minimizing the interaction between pore waters and the primary calcite
and reducing the chance of recrystallization (Pearson
et al., 2001). The glassy specimens, which appear
translucent under a reflected light microscope
(RLM), retain their smooth test walls and the original
microstructure (Sexton et al., 2006). Frosty planktonic foraminifers appear opaque when viewed under RLM and are often recovered from biogenic
oozes and chalky deep-sea deposits (Pearson and
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Burgess, 2008). With increasing opaqueness, frosty
specimens frequently show increasing overgrowth
on the interior and exterior test walls, and the test
walls show widespread recrystallization of the microgranular calcite into large inorganic calcite crystals
(Pearson and Burgess, 2008; Sexton et al., 2006).
Widespread recrystallization and dissolution also
causes the foraminifer to become mechanically
weaker (Pearson and Burgess, 2008), thereby increasing the chance of fragmentation during deposition
or sample processing. In addition to diagenetic alteration of the primary foraminiferal calcite, a further
concern is when planktonic foraminifer test chambers contain calcite “infilling” of a different origin,
such as coccolithophore calcite (Sexton et al., 2006).
As planktonic foraminifers undergo diagenetic alteration on the seafloor, recrystallization and overgrowth with inorganic calcite causes an increase in
the δ18O values of the foraminiferal calcite (Pearson
et al., 2001). If used for temperature reconstructions,
recrystallized frosty planktonic foraminiferal calcite
δ18O should provide lower temperature estimates
than pristine glassy planktonic foraminiferal calcite
δ18O (Sexton et al., 2006). No significant offset was
observed between glassy and frosty δ13C values (Sexton et al., 2006).
Benthic foraminifers are considered less receptive to
diagenetic processes such as dissolution, recrystallization, and overgrowth (Edgar et al., 2013; Sexton
and Wilson, 2009). This is predominantly because
benthic foraminiferal tests are generally more heavily calcified than those of planktonic foraminifers,
and are therefore thought to be more resistant to
both dissolution and recrystallization (Sexton and
Wilson, 2009). However, recent high-resolution
scanning electron microscopy (SEM) studies of benthic foraminifers have shown that the benthic species show similar levels of recrystallization at micrometer and submicrometer scale as previously
found in planktonic species (Edgar et al., 2013; Sexton and Wilson, 2009). In addition, badly preserved
samples show evidence of overgrowth with large inorganic calcite crystals on the internal and sometimes external test walls (Sexton and Wilson, 2009).
Distinguishing the degree of internal recrystallization on the basis of external test wall preservation
alone is problematic, as Edgar et al. (2013) showed
that the preservation of the microgranular structure
was variable between various frosty specimens, even
when the outer test microstructure of the different
specimens was similar. Despite similar levels of submicrometer recrystallization occurring in benthic
and planktonic foraminifers, diagenetic alteration
does not seem to create any offset in benthic fora-
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minifer δ18O and δ13C values compared to δ18O and
δ13C from pristine specimens (Edgar et al., 2013; Sexton and Wilson, 2009). Edgar et al. (2013) suggest
that the absence of an offset is related to recrystallization of the benthic foraminiferal calcite, most
likely occurring in pore waters of similar temperature
and chemical composition to the bottom waters
where the original benthic foraminiferal calcite precipitated.
Coccolith calcite is generally preferentially preserved
compared to planktonic foraminiferal calcite, as coccolith calcite is less receptive to dissolution and recrystallization (Bown and Dunkley Jones, 2012;
Schmidt et al., 2006; Young et al., 2005). The preferential preservation of coccoliths is predominantly
due to a difference in calcite crystal size (Adelseck et
al., 1973; Hover et al., 2001). First, smaller crystals
are more susceptible to dissolution than larger crystals (Hover et al., 2001). Coccolithophores precipitate the coccoliths from an internal vesicle and form
two main types of coccoliths: holococcoliths and
heterococcoliths (Young et al., 2005). Holococcoliths
are made up of 0.1 µm euhedral calcite crystals and
are therefore very susceptible to dissolution (Bown et
al., 2008). However, heterococcoliths are made up of
larger, more complexly shaped, single crystals of calcite (Schmidt et al., 2006), which makes them far less
susceptible to dissolution (Bown et al., 2008). Holococcoliths are rarely preserved outside of clay-rich
sediments (Bown et al., 2008). Dissolution (or etching) of heterococcoliths can range from slight etching (affects delicate structures; creates a serrated edge
of coccolith), moderate (delicate structures destroyed; causes coccolith outlines to become irregular) to strong (delicate taxa are rare; coccolith fragments are abundant) etching (Blechschmidt, 1979;
Roth and Thierstein, 1972; Roth, 1973, 1983; Su et
al., 2000). Recrystallization of coccolith calcite is not
common, as holococcoliths mostly dissolve, and the
large crystal size of the heterococcoliths makes overgrowth
more
thermodynamically
favorable
(Adelseck et al., 1973; Hover et al., 2001). Overgrowth of heterococcoliths can also range from
slight (some irregular secondary growth; slight thickening of central coccolith areas) to moderate (common irregular secondary growth; delicate structures
overgrown and difficult to recognize) to strong
(overgrowth hinders identification) (Adelseck et al.,
1973; Roth and Thierstein, 1972; Roth, 1983; Su et
al., 2000).
In this data report, foraminifer preservation is assessed using backscattered electron (BSE) SEM on
multiple specimens of Cibicidoides mundulus and Globigerinoides sacculifer. Coccolithophore preservation
is assessed using BSE and secondary electron (SE)
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SEM on the sediment fine fraction (<63 µm). The
main components of the fine fraction sediment are
qualitatively evaluated using energy dispersive spectroscopy (EDS) on an SEM.

Methods and materials
Sediment processing
All sediment samples used in this study were selected
between 60 and 180 m core composite depth below
seafloor (CCSF-A) along the composite splice at Site
U1338 (Wilkens et al., 2013), thereby targeting the
late Miocene to early Pliocene based on the shipboard age model (see the “Site U1338” chapter [Expedition 320/321 Scientists, 2010]). Each 20 cm3
sample was freeze-dried and weighed and 5 cm3 was
kept as an archive. The remaining 15 cm3 was
washed through a 63 µm sieve to separate the fine
(<63 µm) and coarse (>63 µm) fractions, both of
which were then oven-dried at 45°C. When the foraminifers were selected, the >63 µm fraction was further dry sieved to isolate specific size fractions.

Scanning electron microscopy
C. mundulus and Gs. sacculifer were selected from the
250–500 µm and 250–355 µm size fractions, respectively, for SEM to assess the general preservation of
these specific benthic and planktonic species
throughout the late Miocene to early Pliocene section of the Site U1338 splice (Table T1). Two <63 µm
fine fraction samples (c1 and c2) from 76.18 and
105.32 m CCSF-A were selected to investigate sedimentary composition and coccolith preservation.
Samples were mounted onto sticky carbon tape on a
stub and were imaged using the Leo 1455 variable
pressure (VP) SEM at the Natural History Museum
(NHM; London, United Kingdom). The images were
made at low vacuum using backscattered electrons in
topography mode (BSE-TOPO) and therefore were
not coated. The working distance for all images was
set to 15–16 mm, with a spot size of 500 (Leo-specific
setting) and an acceleration voltage of 15 kV.
As the spatial resolution of the BSE-TOPO approach
was insufficient to resolve the smaller scale features
of the fine fraction sediments, Sample c2 was coated
with platinum (coating thickness = 3 nm) and imaged using the JEOL JCM-6000 NeoScope Benchtop
SEM in high vacuum mode at Utrecht University
(the Netherlands). Images were taken in SE mode at a
working distance of 19 mm. The filament and probe
currents were set to high, and the acceleration voltage was set at 10 or 15 kV, depending on the resolution required.
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To determine the chemical composition of the different sedimentary components, EDS area maps were
made of Sample c2. The EDS maps were all made
with an acceleration voltage of 15 kV using high filament and probe currents.

Results
Foraminifer SEM
The SEM images show that the benthic foraminifer
C. mundulus from Site U1338 generally shows good
preservation (Fig. F2). The umbilical and spiral sides
of the specimens from 87.13, 129.17, 148.20, and
164.93 m CCSF-A (Fig. F2A, F2E, F2F, F2G, respectively) show only very minor calcite overgrowth, the
original pores are still well preserved, and the apertures and individual chambers are well defined. The
specimens from 89.53 and 101.38 m CCSF-A (Fig.
F2B, F2C, respectively) show very similar levels of
overgrowth as the specimens in Figure F2A, F2E, F2F,
and F2G; however, these specimens have possibly
experienced very minor dissolution (red arrows in
Fig. F2B, F2C) around some of the edges of a few
pores on the umbilical side. The umbilical specimens
from 115.49 and 176.60 m CCSF-A (Fig. F2D, F2H
umbilical side, respectively) show some evidence of
dissolution and large calcite overgrowths that disguise the original pores and chamber structure (red
arrows in Fig. F2D, F2H umbilical side). The specimens examined on their spiral sides from both
115.49 and 176.60 m CCSF-A are relatively well preserved (Fig. F2D, F2H spiral side, respectively).
The planktonic foraminifer SEM images indicate that
the specimens are not pristine and that preservation
is variable (Fig. F3). All specimens show some levels
of recrystallization, ranging from very minor (Fig.
F3F, F3K) to high (Fig. F3I, F3J). However, even in
the worst recrystallization cases, the original pore
structure remains visible, occasionally with the spine
bases intact. Blockier, gametogenic calcite is present
on the final chamber of all imaged specimens (blue
arrows in figure). Specimens from 105.50 and 117.87
m CCSF-A (Fig. F3F, F3K) show the best preservation.
The latter specimen was mechanically broken to expose the wall structure and the inside of the test (Fig.
F4). Minor recrystallization of the outer test has occurred in both specimens, and many spine bases remain visible (Fig. F3). The inner wall of the specimen
at 117.87 m CCSF-A only shows minor overgrowth
and has retained a smooth surface (Fig. F4). The internal growth structure is still largely retained. However, the microgranular texture of the test wall has
recrystallized throughout, as indicated by large calcite crystals visible throughout the wall (Fig. F4).
Nonetheless, there is no infilling seen in the speci-
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men, as the internal wall has remained smooth.
Specimens from 63.64, 96.73, 111.70, 125.74,
171.51, and 178.70 m CCSF-A (Fig. F3A, F3E, F3H,
F3M, F3N, F3O, respectively) show more recrystallization, although the spine bases are still frequently
visible. The specimens from 74.58, 87.35, 91.23,
110.70, and 118.87 m CCSF-A show still more recrystallization, which masks most of the spine bases (Fig.
F3B, F3C, F3D, F3G, F3L, respectively). The worst recrystallization was found on specimens from 112.77
and 116.87 m CCSF-A (Fig. F3I, F3J, respectively).
Here the spine bases have mostly disappeared and
the original pore structure is almost entirely obscured by recrystallization.

Fine fraction SEM
The BSE SEM images of the Sample c1 and c2 <63 µm
fractions show the presence of many heterococcolith
plates (green circles in Fig. F5) and large fragments of
radiolarians and foraminifers (Fig. F5A–F5B). There
are also large numbers of whole diatoms present.
Higher resolution SE SEM images show that the
dominant sedimentary components are coccoliths,
coccolith plate and diatom fragments, and small
fragments (Fig. F5C–F5D). The small fragments are
sometimes distinguishable as very small coccolith or
foraminifer fragments (red circles in Fig. F5C–F5D).
The fragments are frequently too small to accurately
identify their origin but could potentially be fragmented holococcoliths and heterococcoliths. No holococcoliths are identifiable on the higher resolution
images, although some of the smaller fragments of
calcite may be disintegrated holococcoliths (Fig.
F5E). The central structures of the heterococcoliths
have not been retained, which suggests slight to
moderate dissolution/etching occurred. Most imaged
heterococcoliths show minor overgrowths of single
calcite cells (red arrows in Fig. F5E, F5G, F5H). However, as a large number of small fragments is present,
some of this potential overgrowth could simply be a
small fragment attached to the coccolith surface (Fig.
F5G). The resolution of the SE SEM micrographs is
not sufficiently high to judge whether there is any
recrystallization. The original coccolith growth structures are also retained in some of the heterococcoliths (green arrows in Fig. F5F, F5H). However, the
absence of holococcoliths and original structures in
all heterococcoliths, together with the minor overgrowths and large number of fragments, suggests
that the preservation of these samples is moderate,
perhaps even moderate to poor.
Qualitative EDS maps (Fig. F6) show that the main
chemical components are biogenic calcite (CaCO3
represented by the red-colored calcium map) and
biogenic silica (SiO2 represented by the green-col-
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ored silicon map) (lower section Fig. F6). The lower
EDS maps also show some large euhedral to subspherical barite crystals are present (BaSO4 represented by the blue-colored barium map), which are
most likely marine barite. The red areas of the four
EDS overlays show that much of the smaller (<2 µm)
fragments and particles, which are sometimes distinguishable as coccolith plate fragments, are all calcite.

Calcite preservation—
implications for the robustness
of geochemical proxies
Determining the preservation of benthic and planktonic foraminiferal specimens and coccoliths from
Site U1338 is important, as it helps to quantify the
robustness of the geochemistry on the archives.
The foraminifer BSE-TOPO SEM images show that
both the benthic and planktonic foraminifer specimens have undergone some alteration, which was
not easily identifiable using RLM. The benthic foraminifers have only slightly been affected (Fig. F2).
Out of the eight imaged specimens, six showed good
preservation with only very minor overgrowth. The
other two specimens showed considerable overgrowth on the umbilical side. Considering Edgar et
al. (2013) work on the influence of recrystallization
and overgrowth on the δ18O and δ13C of benthic foraminiferal calcite, stable isotope measurements on
benthic foraminifers from this site are probably only
minimally affected by diagenesis.
The BSE-TOPO images show that the planktonic foraminifer specimens have undergone far more alteration, with preservation ranging from fair to poor
(Figs. F3, F4). Preservation is highly variable, with all
specimens showing evidence of some overgrowth
and recrystallization. The variability of preservation
is interesting, particularly when comparing specimens that are only separated by ~1 m in depth. Between these specimens (Fig. F3H compared to Fig.
F3I and Fig. F3J to F3K), the difference in recrystallization and overgrowth is large. A recent study of
planktonic foraminifers in the mid-Miocene section
of Site U1338 shows that the preservation of the
planktonic foraminifers investigated is generally
good (Fox and Wade, 2013). Generally, the specimens have not undergone substantial recrystallization, with the original submicrometer microgranular
wall texture remaining intact (Fox and Wade, 2013).
The difference in preservation between the foraminifers investigated by Fox and Wade (2013) and the
foraminifers investigated in this study is unexpected,
as the specimens in Fox and Wade (2013) have experienced greater burial depths (an additional 200 m or
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more) than the specimens in this study. This suggests
that burial depth was not the main control on diagenetic alteration at this site. Because of the poor to
fair preservation of the planktonic foraminifers, stable isotope measurements on this species should be
treated cautiously, particularly δ18O records, although δ13C records do not seem to be much affected by recrystallization (Sexton et al., 2006).
The coccoliths investigated only show moderate or
poor to moderate preservation. The SEM study could
not resolve sufficiently high spatial resolution to determine whether any of the large or complete heterococcolith fragments had undergone recrystallization,
although recrystallization of the heterococcolith calcite is unlikely because of the large crystal size of the
individual calcite crystals. Many heterococcoliths
show evidence for small amounts of secondary calcite overgrowth (Fig. F5F). In addition, slight to
moderate etching must have occurred because none
of the heterococcoliths have centrally preserved
structures. Overall, both these processes would have
reduced the proportion of surface water coccolith
calcite present in the sample, which should be taken
into account when using this archive for geochemistry.
The high-resolution SEM and EDS images (Figs. F5,
F6) show that in addition to the main two components (biogenic SiO2 and CaCO3), some marine barite is also present (Fig. F6). The small size (1–2 µm)
and euhedral to subspherical shape of crystals indicates that the barite is marine barite, rather than hydrothermal or diagenetic barite (Paytan et al., 2002).
Marine barite is precipitated in the upper water column during the degradation of organic material, potentially aided by zooplankton and/or bacteria (Griffith and Paytan, 2012). X-ray fluorescence
measurements on the Site U1338 core splice indicate
that BaSO4 is present throughout the late Miocene
and early Pliocene (ranging from 0.5 to 2 wt%) (Lyle
et al., 2012).

Summary
The BSE-TOPO SEM images of various benthic and
planktonic foraminifer specimens from Site U1338
show that both sets of foraminifers have undergone
some alteration. The benthic foraminifers are generally only slightly affected by minor calcite overgrowth. There is also only very minor evidence for
dissolution in a couple of the specimens. A quarter
of the specimens investigated show a reasonable
amount of overgrowth. As diagenetic alteration is
not thought to greatly alter the original isotopic
composition of the benthic foraminiferal calcite, the
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state of benthic foraminifer preservation is unlikely
to be an issue for geochemistry.
The BSE-TOPO SEM images of the planktonic foraminifer specimens show signs of definite alteration.
The preservation state ranges from specimens with
some overgrowth and internal recrystallization, but
which retain original features such as pores, spine
pits and internal test-wall growth structure, to specimens where recrystallization and overgrowth disguise many of the original features. Preservation
state is also highly variable, with specimens that are
<1 m apart showing considerably different levels of
alteration. Because of the preservation issues, geochemistry on these archives should be interpreted
cautiously.
SE and BSE-TOPO SEM images show that coccolith
calcite preservation is moderate or moderate to poor.
Dissolution has removed all evidence of holococcoliths, and slight to moderate etching has removed
the central features of the heterococcolith preservation of the coccolith calcite. A small amount of secondary overgrowth is also visible on many heterococcoliths.
EDS analyses show that the main sedimentary components of the fine fraction sediment is biogenic
CaCO3 and SiO2. Marine barite was also found.
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Figure F1. Location map of sites drilled during Expedition 320/321. Site U1338, which was the primary focus of this study, is located furthest to
east. The backtracked location of Site U1338 (from Pälike et al., 2012) is also shown, with the sites location between 3.5 and 8.0 Ma highlighted
in red. The map was made using GeoMapApp (Ryan et al., 2009).
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Figure F2. BSE-TOPO SEM images of 14 benthic Cibicidoides mundulus from 8 samples selected between 87.13 and 176.60 m CCSF-A on the Site
U1338 splice. A, E, F, G. Specimens generally show only minor calcite overgrowth, and the pore structures are still very well preserved. B, C. Specimens generally show similar preservation levels shown in A and E to G, although there is some evidence of minor dissolution around some of
the pores (red arrows). D, H. Specimens show greater degrees of diagenetic alteration than the other specimens; umbilical specimen shown in H.
Both specimens show evidence of dissolution, as well as large calcite overgrowths (red arrows). The specimens imaged from their spiral side in D
and H do not show much overgrowth, or any signs of dissolution.
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Figure F3. BSE-TOPO SEM images of 16 mixed-layer planktonic Globigerinoides sacculifer from 15 samples selected between 87.13 and 176.60 m
CCSF-A on the Site U1338 splice. Generally, the SEM images show that none of the specimens are pristine, and that the preservation is variable.
F, K. Specimens show the best preservation, with only minor recrystallization and overgrowth on the outer test, and many pores and spine bases
still well defined. A, E, H, M, N, O. Specimens show evidence of greater recrystallization than specimens F and K, with more widespread recrystallization and overgrowth. Despite this, many pores and spine bases still remain visible. B, C, D, G, L. Specimens show a greater degree of alteration, as most of the spine bases are no longer visible, and the pores have been considerable narrowed by the calcite overgrowth. I, J. The worst
recrystallization is found on these specimens, where the spine bases are almost entirely overgrown, and the original pore structure is almost completely obscured by recrystallization and overgrowth. Gametogenic calcite is indicated with blue arrows.
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Figure F4. More detailed BSE-TOPO SEM images of the mechanically broken mixed-layer planktonic Globigerinoides sacculifer from 117.90 m CCSF-A
on the Site U1338 splice (cf. Fig. F3K). This specimen was one of the better-preserved Gs. sacculifer imaged. There is only minor overgrowth on the
outer test wall, and the original pores remain clear, with many of the spine bases still visible. The inner test wall only shows minor overgrowth,
and has generally retained the smooth texture, which is characteristic for the internal wall of many planktonic species (Pearson and Burgess, 2008).
The test-wall cross section shows that the internal growth structure is still largely retained. However, the microgranular texture that would have
originally made up the test wall has been recrystallized and replaced with large calcite crystals.
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Figure F5. The BSE SEM images of the fine fraction (<63 µm) Samples (A) c1 and (B) c2 show the presence of
many heterococcolith plates, whole diatoms, and large fragments of radiolarians and foraminifers. C, D. Highresolution SE SEM images of Sample c2 show the presence of large numbers of coccoliths (green circles). The
images also show the presence of small fragments that are partially made up of foraminiferal and coccolith fragments (red circles). E, F, G, H. High-resolution SE SEM images of Sample c2 show that coccoliths have experienced slight to minor etching, although there is considerable fragmentation. Some original microstructures are
retained (green arrows), but there is some evidence of calcite overgrowths (red arrows).
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Less
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Figure F6. Overview of representative areas that were elementally mapped using energy dispersive spectroscopy
(EDS) on Sample c2. In the upper section, the individual area image and barium, calcium, and silicon EDS maps
are shown. For a different area, an overlay of Ba, Ca, and Si over the image is shown below. These EDS maps
show that the main two components are biogenic SiO2 (green areas) and CaCO3 (red areas), although there is
also some marine barite present (blue areas) in this area.
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Table T1. Overview of the samples investigated in this study, and the respective focus of the scanning electron
microscope (SEM) analyses.
Hole, core, section, interval
(cm)
321U1338B-7H-2W, 118–120
U1338B-8H-5W, 80–82
U1338B-9H-4W, 72–74
U1338A-10H-2W, 80–82
U1338A-10H-6W, 30–32
U1338B-11H-2W, 78–80
U1338B-11H-5W, 148–150
U1338B-11H-6W, 100–102
U1338A-12H-2W, 80–82
U1338B-12H-2W, 122–124
U1338B-12-3W, 72–74
U1338B-12H-5W, 22–24
U1338B-13H-1W, 72–74
U1338B-17H-3W, 60–62
U1338A-18H-3W, 111–113
U1338B-9H-4W, 50–52
U1338B-9H-5W, 140–142
U1338A-11H-2W, 40–42
U1338B-12H-1W, 130–132
U1338B-13H-3W, 110–112
U1338B-15H-2W, 40–42
U1338B-16H-6W, 30–32
U1338B-17H-6W, 121–123
U1338B-8H-4W, 50–52
U1338B-11H-2W, 60–62

Label

Sample c1
Sample c2

Depth
CCSF-A
(m)*

Planktonic
foraminifer
zone†

63.64
74.58
87.35
91.23
96.73
105.50
110.70
111.70
112.77
116.87
117.90
118.90
125.74
171.51
178.70
87.13
89.53
101.38
115.49
129.17
148.20
164.93
176.60
76.18
105.32

PL1
PL1
PL1
PL1
M14
M14
M14
M14
M14
M14
M14
M14
M14
M13b
M13b
PL1
PL1
M14
M14
M13b
M13b
M13b
M13b
PL1
M14

Figure

SEM analysis of

F3A
F3B
F3B
F3D
F3E
F3F
F3G
F3H
F3I
F3J
F3K and F4
F3L
F3M
F3N
F3O
F2A
F2B
F2C
F2D
F2E
F2F
F2G
F2H
F5A, F5C, F5E, and F5G
F5B, F5D, F5F, F5H, and F6

Globigerinoides sacculifer
Globigerinoides sacculifer
Globigerinoides sacculifer
Globigerinoides sacculifer
Globigerinoides sacculifer
Globigerinoides sacculifer
Globigerinoides sacculifer
Globigerinoides sacculifer
Globigerinoides sacculifer
Globigerinoides sacculifer
Globigerinoides sacculifer
Globigerinoides sacculifer
Globigerinoides sacculifer
Globigerinoides sacculifer
Globigerinoides sacculifer
Cibicidoides mundulus
Cibicidoides mundulus
Cibicidoides mundulus
Cibicidoides mundulus
Cibicidoides mundulus
Cibicidoides mundulus
Cibicidoides mundulus
Cibicidoides mundulus
Fine fraction sediment (<63 µm)
Fine fraction sediment (<63 µm)

* = from Wilkens et al., 2013, † = from Wade et al., 2011.
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