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ABSTRACT

The barite and CaCO3 content (in weight percent) of marine sedi-
ments can be used to determine spatial and temporal changes in export
production (organic and carbonate carbon flux) and/or CaCO3 preser-
vation (inorganic carbon burial). Here we report barite and CaCO3 con-
tent in Eocene/Oligocene (E/O) boundary sediments from locations
drilled on Shatsky Rise during Ocean Drilling Program Leg 198. Records
of these indexes may be used along with other data to determine how
the major E/O boundary climatic transition (initiation of Antarctic gla-
ciation and resultant ocean–climate system changes) affected marine
export production/preservation at Shatsky Rise. Such data are necessary
to elucidate the timing and phasing of changes in the carbon cycle rela-
tive to fluctuations in oceanographic conditions across this climatically
important interval.

INTRODUCTION

Reconstructions of oceanographic physical and chemical properties
through the Eocene–Oligocene transition are based on data sets derived
predominantly from the Atlantic and Indian Oceans (e.g., Miller et al.,
1987; Zachos et al., 1996). The sedimentary sections recovered from
Shatsky Rise (northwest Pacific Ocean) during Ocean Drilling Program
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(ODP) Leg 198 provide an opportunity to expand the available pale-
oceanographic record to include how the Pacific Ocean responded to
the abrupt climate changes across the Eocene/Oligocene (E/O) bound-
ary (Shipboard Scientific Party, 2002). These data will complement
other records derived from ODP Leg 199 equatorial Pacific Ocean sedi-
ments. Records generated from marine barite and carbonate content
and accumulation rates of the Eocene–Oligocene sedimentary sections
at Sites 1209–1211 should provide insight into how export production
varied relative to the onset of global “icehouse” conditions, thus con-
tributing to a more robust understanding of how global ocean chemis-
try (e.g., carbonate compensation depth [CCD]) and circulation, the
carbon cycle, and climate developed through this key transition.

The Eocene/Oligocene Boundary

The Eocene–Oligocene transition is characterized by a gradual de-
crease in global temperatures and the ultimate onset of Antarctic glacia-
tion (Lear et al., 2000; Zachos et al., 1996, 2001). The transition to
Oligocene icehouse conditions occurred over millions of years with
most of the cooling occurring prior to the Oi-1 event (33.15–33.5 Ma),
where Mg/Ca and oxygen isotope data indicate deep-sea water cooled
by ~2°C and large permanent ice sheets formed on the Antarctic conti-
nent (DeConto and Pollard, 2003; Lear et al., 2000; Miller et al., 1991;
Wright and Miller, 1993; Zachos et al., 1994, 1996, 2001). Several tec-
tonic (geo-oceanographic) events and changes in oceanographic bio-
geochemical processes occurred during this time interval and may be
related to the global cooling and formation of Antarctic ice sheets.
These processes include

The separation of Australia and South America from Antarctica (be-
tween 32 and 38 Ma), which formed the Tasman Sea and ulti-
mately the Southern Ocean and, as a consequence, thermally
isolated the Antarctic continent (Exon et al., 2002; Kennett,
1977; Kennett and Shackleton, 1976);

Increased chemical weathering as suggested from seawater Sr and Os
isotope records, related to a fall in sea level and possibly also Ti-
betan Plateau uplift (Ravizza and Peucker-Ehrenbrink, 2003;
Raymo and Ruddiman, 1992);

Enhanced terrestrial carbon drawdown due to the expansion of grass-
lands (Retallack, 2001); and

Increased organic carbon burial in the deep sea (Diester-Haass and
Zahn, 1996; Nilsen et al., 2003), possibly caused by an increase
in ocean productivity (Diester-Haass, 1995; Diester-Haass and
Zahn, 1996; Ehrmann and Mackensen, 1992).

Many of these processes are directly related to the global carbon cycle,
either as cause or effect, and have the potential to influence atmospheric
CO2 concentrations.

Long-term CO2 proxy records indicate a steady drawdown of atmo-
spheric CO2 through the Cenozoic (Pagani et al., 1999; Pearson and
Palmer, 2000; Retallack, 2001). DeConto and Pollard (2003) used a glo-
bal circulation model to show that continuous depletion of pCO2, am-
plified by Milankovitch forcing and ice-albedo feedbacks, could cause
significant temperature reduction resulting in formation of permanent
continental ice sheets in high latitudes. It is clear from the relationship
between global cooling and pCO2 that it is important to constrain the
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processes influencing the carbon cycle (and thus atmospheric CO2), as
well as any resultant outcomes of such perturbations, through the E/O
boundary.

One of the major response/forcing mechanisms in the global carbon
cycle is oceanic export productivity: the process by which biologically
sequestered carbon is transferred to the deep ocean. Typically, although
not always (e.g., Goni et al., 1998), high export production corresponds
with high organic matter burial in marine sediments (Müller and Suess,
1979; Sarnthein et al., 1988). The supply of organic carbon to pelagic
sediments relative to inorganic carbon, and its burial efficiency, affect
the partitioning of CO2 between the oceanic and atmospheric reser-
voirs. As a result, fluctuations in organic carbon export and burial can
influence pCO2. High-resolution δ13C data analyses of benthic foramin-
ifers and bulk calcite show a positive excursion through the E/O bound-
ary that is recognized globally (Zachos et al., 2001), indicating a change
in partitioning of carbon among different reservoirs (i.e., lithosphere,
ocean, and atmosphere) and an increase in the ratio of organic carbon
to carbonate storage (e.g., Diester-Haass and Zahn, 1996). To define the
role of changes in export production as either a causal or feedback re-
sponse mechanism in regulating climate and to evaluate the relation-
ship between productivity and climate, it is important to quantify
changes in organic carbon flux (export productivity) and carbonate car-
bon burial across the E/O boundary.

Productivity changes associated with the E/O boundary have been
documented in both terrestrial and deep-sea sediment sequences using
proxies that include accumulation and preservation of diatoms, isoto-
pic records derived from bulk calcite and foraminifers, and bulk sedi-
mentary geochemical analyses (Diester-Haass, 1995, 1996; Diester-
Haass and Zahn, 1996; Ehrmann and Mackensen, 1992). In general,
such records show an increase in diatom productivity, which may have
increased the organic carbon to calcite burial ratio, thus contributing to
the global δ13C excursion (Zachos et al., 2001). Although the δ13C excur-
sion has been recorded in sediments from all ocean basins, there are no
productivity proxy records across the E/O boundary available from the
tropical or subtropical Pacific. The reason for this paucity of data is that
few sections have been drilled from the Pacific that contain complete
Eocene–Oligocene transitions. This has been rectified recently by the
drilling activities of ODP Legs 198 and 199.

Paleoproductivity Proxies

Significant work has focused on developing proxies for past produc-
tivity and interpreting these indexes in terms of organic carbon export.
These include direct measurements of organic carbon accumulation in
sediments, biogenic opal accumulation, calcium carbonate accumu-
lation, foraminiferal assemblage data, and δ13C fluctuations (e.g.,
Broecker and Peng, 1982; Müller and Suess, 1979; Sarnthein et al., 1988;
Tappan, 1968; Calvert, 1966; Herguera, 2000; Berger et al., 1989; Her-
guera and Berger, 1991; Loubere, 1999). However, the multiple pro-
cesses that influence these properties, including changes in ocean
circulation, dissolution, diagenesis, and nutrient availability, compli-
cate interpretations of these proxies. For example, although the carbon-
ate flux in sediment traps show a good correlation with organic carbon
flux under certain conditions in the open ocean above the lysocline
(Deuser et al., 1981; Ruhlemann et al., 1996), interpretations of down-
core variations in carbonate accumulation are complicated by dissolu-
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tion caused by a temporally variant position of the lysocline and CCD.
Carbonate dissolution depends on water chemistry, circulation, water
temperature and depth, organic matter content in the sediment,
changes in the relative quantities of various calcareous shells with dif-
ferent dissolution susceptibility, and other factors. Consequently, it is
necessary to integrate several different proxies in order to differentiate
productivity signals from the other primary and secondary processes.

One of the most widely used paleoproductivity proxies is excess Ba
accumulation in sediments (defined as the Ba not associated with ter-
rigenous matter) (as in Bains et al., 2000; Bonn et al., 1998; Dymond et
al., 1992; Faul et al., 2003; Francois et al., 1995; Klump et al., 2001;
Nilsen et al., 2003; Nurnberg et al., 1997; Pfeifer et al., 2001). This appli-
cation is based on the strong relationship between excess Ba and or-
ganic carbon fluxes observed in sediment traps (Dymond et al., 1992;
Francois et al., 1995) and the high excess Ba or barite accumulation rate
in sediment underlying areas of high productivity (Eagle et al., 2003;
Gingele and Dahmke, 1994; Goldberg et al., 1969; Paytan et al., 1996;
Revelle, 1955). Because marine barite (BaSO4) is the particulate form of
Ba related to export production (Bishop, 1988; Dymond et al., 1992;
Paytan et al., 1996; Eagle et al., 2003), determining barite accumulation
rates in pelagic sediments is a more direct indicator of export productiv-
ity. Barite precipitates in the water column in microenvironments
within decaying organic matter and other biogenic debris. The mi-
croenvironments become supersaturated with respect to barite because
Ba is released from decaying organic matter (Bishop, 1988; Dehairs et
al., 1992; Ganeshram et al., 2003). Because the accumulation of marine
barite is directly proportional to export production in the overlying wa-
ter column (Eagle et al., 2003; Paytan et al., 1996), the barite accumula-
tion rate in marine sediments is a good indicator of past changes in
export production (Paytan et al., 1996; Eagle et al., 2003). Although the
water column is, in general, undersaturated with respect to barite, sedi-
ment pore waters in many cases remain saturated, resulting in ~30%
preservation of the barite flux that is deposited in marine sediments un-
derlying areas of high biological productivity (McManus et al., 2002;
Paytan and Kastner, 1996). After burial, marine barite is preserved in
sediments where pore water sulfate is not significantly depleted because
the sulfate reduction reaction will proceed to “dissolve” particulate bar-
ite once pore water sulfate has been consumed (Paytan and Kastner,
1996).

Comparison of marine barite accumulation trends with those of car-
bonate content should provide insight into variations in export produc-
tion and carbonate preservation prior to and after the onset of icehouse
conditions and may reveal changes in organic matter flux to the sedi-
ment (i.e., export production). During Leg 198, complete E/O boundary
sections were acquired in multiple holes from Sites 1208–1211 in the
Pacific Ocean (Shipboard Scientific Party, 2002). The sedimentary sec-
tions from Shatsky Rise expand the global data set to include the tropi-
cal/subtropical Pacific Ocean and have the potential to contribute to a
better understanding about how changes in ocean productivity drove
or responded to changes in pCO2.
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METHODS

Sampling of Sedimentary Sections

Complete E/O boundary sections were recovered at Sites 1208–1211
(Shipboard Scientific Party, 2002). The transition from the Eocene to
Oligocene was identified by an observed change in sediment color and
composition from light brown to white nannofossil ooze, which was re-
corded in the in color reflectance data (Shipboard Scientific Party,
2002). This change is interpreted as a deepening of the CCD, which is
also observed in other deep-sea sedimentary records (see Zachos et al.,
2001). At Site 1208, the interval was condensed and could not be sam-
pled at a high enough resolution to yield meaningful data (Shipboard
Scientific Party, 2002). The exact location of the E/O boundary and age
models will be determined based on δ18O analyses of benthic foramini-
fers to be collected by other shipboard scientists.

Using the lithologic change in the sediment sections and the color
reflectance records as guidelines, sediment samples (40 cm3) were col-
lected at ~20-cm intervals across the E/O boundaries in Holes 1209A,
1209B, 1209C, 1210A, 1210B, 1211A, 1211B, and 1211C. Each 40-cm3

sediment sample was split into three parts: the coarse fraction (>63 µm)
was separated from 20 cm3 of the original sample; 2 cm3 was used for
carbonate analyses; and the remaining 18 cm3 was combined with the
fine fractions from the 20-cm3 aliquot and used for barite separations.

Barite Separation Procedure

The pore water sulfate concentrations through the E/O boundaries
recovered on Shatsky Rise do not fall below 19 mM (Shipboard Scien-
tific Party, 2002). Assuming that the pore waters have retained such sul-
fate content through time at Sites 1209–1211 and that the mechanisms
governing barite formation and preservation have remained constant,
the weight percent barite data reported here should not be affected by
changes in barite preservation and should be proportional to carbon ex-
port.

Barite was separated from marine sediment using a sequential leach-
ing procedure that included reaction with hydrochloric acid, warm
(50°C) sodium hypochlorite (5%), hydroxylamine in acetic acid, and an
HF-HNO3 mixture (Eagle et al., 2003; Paytan et al., 1996). This proce-
dure eliminates carbonates, oxidizes organic matter, removes transition
metal oxyhydroxides, dissolves siliceous material, and removes fluo-
rides. The yield of this separation has been determined to be >90%, and
the reproducibility of weight percent analyses is ~10% (Eagle et al.,
2003). Scanning electron microscope (SEM) screening of select barite
separates recovered from the sampled sediments indicates that residues
are >80% barite.

Carbonate Analysis Procedure

For carbonate analyses, ~2 cm3 of bulk sediment was dried at 50°C
and ground to a uniform powder. The CaCO3 content was determined
using a Coulometrics UIC coulometer. The weight percent CaCO3 calcu-
lation below assumes that all carbon was derived from calcite.

CaCO3 (wt%) = (count carbon – blank)/total weight/0.12011.



K.B. AVERYT ET AL.
DATA REPORT: CARBONATE AND BARITE ACROSS THE E/O BOUNDARY 6
Blank samples typically yielded values of 1–2 µg carbon, which was sub-
tracted from the measured sample carbon. The instrumental precision
is ~0.8%. Reproducibility determined by replicate analyses was typically
better than 2%. Where replicate analyses showed a change ≤2%, the
weight percent carbonate value obtained from the initial analysis is
reported. When replicates varied by >2%, sediment samples were reana-
lyzed and the final value was reported.

RESULTS

Weight percent carbonate and barite data are reported in Tables T1
and T2 and are shown in Figures F1 and F2, respectively. The CaCO3

content of the sedimentary sections at all sites is generally high (>85
wt%) (Fig. F1). The range of carbonate content agrees with the range of
shipboard carbonate analyses of E/O boundary sediment samples from
Hole 1210A (90–96 wt%) (Shipboard Scientific Party, 2002). Through
the sampled intervals at all sites there is a transition to a more carbon-
ate-rich lithology that is, with few exceptions, consistent with trends in
reflectance data (Fig. F1). Because a decrease in carbonate content is a
feature of E/O boundary sections recovered from varied deep-sea envi-
ronments, based on the observed changes in CaCO3, it appears that we
have sampled through the Eocene–Oligocene transition at all sites.

Barite for Holes 1209A and 1210B is shown in Figure F2. A distinct
maximum in barite is observed in each of these sections. The maximum
barite in Hole 1209A is 0.3 wt%, whereas it is 0.1 wt% in Hole 1210B.
However, these differences may be a consequence of a change in the rel-
ative quantities of carbonate and barite. To determine whether the
downhole trends and/or the difference in the downhole trends are
driven by differences in carbonate content, barite and carbonate con-
tent of the same sediment samples are directly compared (Fig. F3). The
barite data do not correspond directly with carbonate, suggesting that
high barite content is not solely a result of changes in the dilution fac-
tor by carbonate. Rather, the absence of a significant negative correla-
tion between barite and carbonate may indicate that, at times, high
organic carbon export flux is associated with high accumulation of car-
bonate in the sediment, possibly as a result of elevated biogenic calcite
deposition.

SUMMARY

Barite accumulation in marine sediments is a good proxy for export
production. Fluctuations in the barite accumulation rate across the E/O
boundary can therefore shed light on changes in export production as a
trigger/response to changes in oceanic circulation and climate. The car-
bonate content of pelagic sediments is influenced by several processes,
including total production in the overlying water column, changes in
the relative contribution of coccolithophores to total productivity,
depth, and alkalinity of bottom waters. Reliable records of export pro-
duction using marine barite may be able to constrain the influence of
productivity on calcium carbonate accumulation trends and lead to
more reliable interpretations of the history of the CCD and the causes
for dissolution/preservation events.
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Figure F1. Downcore trends in calcium carbonate content at Sites 1209–1211. Carbonate content (circles)
with shipboard reflectance (L*) data (red line) are shown and plotted against the meters composite depth
(mcd) scale. Replicate analyses of sediment samples show that data were reproducible within 2% of the
original analyses. Initial data are reported here. Where duplicate analyses varied by more than 2%, a third
analysis was performed. Reflectance is a proxy of carbonate content, so it is expected that carbonate con-
tent based on coulometric analyses will vary similarly with reflectance trends.
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Figure F2. Barite at Sites 1209 and 1210 across the E/O boundary. Barite content was determined relative
to the total quantity of sediment from which barite was extracted (see text).
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Figure F3. Relative barite and carbonate content of discrete sediment samples. Comparison of the barite
and carbonate content of the same sediment sample shows that changes in the relative quantity of carbon-
ate are not the only factors controlling downcore trends in barite.
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Table T1. Carbonate content of Eocene/Oligocene boundary sediment sections at ODP Sites 1209–1212.
(See table notes. Continued on next page.)

Core, section, 
interval (cm)

Depth 
(mbsf)

Depth 
(mcd)

Carbonate 
(wt%)

198-1209A-
14H-1, 0–6 122.2 132.4 94.9
14H-1, 30–36 122.5 132.7 95.2
14H-1, 60–66 122.8 133.0 94.7
14H-1, 90–96 123.1 133.3 89.0
14H-1, 120–126 123.4 133.6 93.9
14H-2, 0–6 123.7 133.9 94.7
14H-2, 30–36 124.0 134.2 93.5
14H-2, 60–66 124.3 134.5 95.5
14H-2, 90–96 124.6 134.8 95.5
14H-2, 120–126 124.9 135.1 95.3
14H-3, 0–6 125.2 135.4 93.1
14H-3, 30–36 125.5 135.7 95.9
14H-3, 60–66 125.8 136.0 96.1
14H-3, 90–96 126.1 136.3 95.8
14H-3, 120–126 126.4 136.6 96.5
14H-4, 0–6 126.7 136.9 95.3
14H-4, 30–36 127.0 137.2 94.4
14H-4, 60–66 127.3 137.5 95.1
14H-4, 90–96 127.6 137.8 94.1
14H-4, 120–126 127.9 138.1 96.2
14H-5, 0–6 128.2 138.4 94.4
14H-5, 30–36 128.5 138.7 93.6
14H-5, 60–66 128.8 139.0 93.9
14H-5, 90–96 129.1 139.3 93.8
14H-5, 120–126 129.4 139.6 92.8
14H-6, 0–6 129.7 139.9 91.8
14H-6, 30–36 130.0 140.2 91.1
14H-6, 60–66 130.3 140.5 91.4
14H-6, 90–96 130.6 140.8 92.3
14H-6, 120–126 130.9 141.1 94.1
15H-1, 68–70 132.4 140.7 90.4
15H-3, 66–67 135.4 143.7 93.1

198-1209B-
14H-4, 6–8 123.7 133.9 95.0
14H-4, 56–58 124.2 134.4 95.1
14H-4, 106–108 124.7 134.9 94.4
14H-5, 6–8 125.2 135.4 93.9
14H-5, 56–58 125.7 135.9 92.4
14H-5, 106–108 126.2 136.4 95.9
14H-6, 5–7 126.7 136.9 96.3
14H-6, 16–18 126.8 137.0 96.0
14H-6, 41–43 127.0 137.3 95.3
14H-6, 62–64 127.2 137.5 95.9
14H-6, 92–94 127.5 137.8 97.7
14H-6, 106–108 127.7 137.9 95.9
14H-6, 132–134 127.9 138.2 95.6
14H-7, 4–6 128.1 138.4 94.8
14H-7, 22–24 128.3 138.6 90.8
14H-7, 42–44 128.5 138.8 95.2
15H-1, 5–7 128.7 139.6 92.8
15H-1, 18–20 128.8 139.7 94.0
15H-1, 42–44 129.0 140.0 92.5
15H-1, 61–63 129.2 140.2 92.6
15H-1, 102–104 129.6 140.6 86.3
15H-1, 118–120 129.8 140.7 90.2
15H-1, 134–136 129.9 140.9 92.7
15H-2, 6–8 130.2 141.1 94.6
15H-2, 56–58 130.7 141.6 93.9
15H-2, 106–108 131.2 142.1 92.1
15H-3, 6–8 131.7 142.6 88.8
15H-3, 56–58 132.2 143.1 95.1
15H-3, 106–108 132.7 143.6 90.6

198-1209C-
4H-1, 6–8 126.6 137.0 94.8
4H-1, 56–58 127.1 137.5 95.6
4H-1, 106–108 127.6 138.0 95.4

4H-2, 5–7 128.1 138.5 94.5
4H-2, 21–23 128.2 138.7 94.5
4H-2, 42–44 128.4 138.9 91.7
4H-2, 62–64 128.6 139.1 93.5
4H-2, 83–85 128.8 139.3 87.3
4H-2, 103–105 129.0 139.5 93.4
4H-2, 118–120 129.2 139.6 93.0
4H-2, 139–141 129.4 139.8 94.2
4H-3, 4–6 129.5 140.0 91.7
4H-3, 21–23 129.7 140.2 90.5
4H-3, 42–44 129.9 140.4 92.6
4H-3, 62–64 130.1 140.6 90.3
4H-3, 83–85 130.3 140.8 90.3
4H-3, 103–105 130.5 141.0 94.4
4H-3, 123–125 130.7 141.2 92.9
4H-3, 139–141 130.9 141.3 92.8
4H-4, 5–7 131.1 141.5 92.7
4H-4, 21–23 131.2 141.7 91.5
4H-4, 42–44 131.4 141.9 91.8
4H-4, 63–65 131.6 142.1 91.9
4H-4, 82–84 131.8 142.3 90.7
4H-4, 103–105 132.0 142.5 81.4
4H-4, 123–125 132.2 142.7 90.6
4H-4, 143–145 132.4 142.9 94.3
4H-5, 6–8 132.6 143.0 92.2
4H-5, 56–58 133.1 143.5 93.7
4H-5, 106–108 133.6 144.0 92.0
4H-6, 106–108 133.6 144.0 82.4
4H-6, 6–8 134.1 144.5 94.6
4H-6, 56–58 134.6 145.0 93.7

198-1210A-
14H-3, 0–3 122.9 137.4 94.4
14H-3, 20–22 123.1 137.6 95.8
14H-3, 21–22 123.1 137.6 95.7
14H-3, 40–42 123.3 137.8 94.9
14H-3, 40–41 123.3 137.8 95.1
14H-3, 60–61 123.5 138.0 96.2
14H-3, 60–62 123.5 138.0 94.6
14H-3, 80–81 123.7 138.2 95.3
14H-3, 80–82 123.7 138.2 95.8
14H-3, 100–102 123.9 138.4 93.8
14H-3, 100–101 123.9 138.4 93.9
14H-3, 120–121 124.1 138.6 95.7
14H-3, 120–122 124.1 138.6 94.3
14H-3, 140–142 124.3 138.8 94.9
14H-3, 140–141 124.3 138.8 93.5
14H-4, 10–11 124.5 139.0 91.9
14H-4, 10–12 124.5 139.0 92.7
14H-4, 30–31 124.7 139.2 93.3
14H-4, 30–32 124.7 139.2 92.7
14H-4, 50–51 124.9 139.4 93.4
14H-4, 50–52 124.9 139.4 92.6
14H-4, 71–73 125.1 139.6 93.6
14H-4, 90–92 125.3 139.8 91.7
14H-4, 90–91 125.3 139.8 90.6
14H-4, 110–112 125.5 140.0 93.1
14H-4, 130–132 125.7 140.2 92.5
14H-4, 130–131 125.7 140.2 90.8
14H-5, 0–2 125.9 140.4 91.4
14H-5, 0–1 125.9 140.4 92.2
14H-5, 22–24 126.1 140.6 92.0
14H-5, 23–24 126.1 140.6 91.9
14H-5, 40–42 126.3 140.8 91.3
14H-5, 41–42 126.3 140.8 91.5

198-1210B-
13H-4, 4–6 118.2 132.4 94.6
13H-4, 52–54 118.7 132.8 93.9

Core, section, 
interval (cm)

Depth 
(mbsf)

Depth 
(mcd)

Carbonate 
(wt%)

13H-4, 98–100 119.2 133.3 93.7
13H-5, 4–6 119.7 133.9 94.8
13H-5, 50–52 120.2 134.3 95.2
13H-5, 96–98 120.7 134.8 94.8
13H-6, 4–6 121.2 135.4 93.2
13H-6, 17–19 121.4 135.5 95.9
13H-6, 39–41 121.6 135.7 94.3
13H-6, 62–64 121.8 135.9 95.7
13H-6, 82–84 122.0 136.1 96.1
13H-6, 99–101 122.2 136.3 95.7
13H-6, 117–119 122.4 136.5 95.7
13H-6, 117–119 122.4 136.5 94.5
13H-6, 142–144 122.6 136.7 94.5
13H-7, 1–4 122.7 136.8 94.3
13H-7, 17–19 122.9 137.0 95.7
13H-7, 38–40 123.1 137.2 97.1
13H-7, 62–64 123.3 137.4 96.7
14H-1, 12–14 123.3 138.5 96.5
14H-1, 32–34 123.5 138.7 86.6
14H-1, 52–54 123.7 138.9 94.6
14H-1, 70–72 123.9 139.0 91.8
14H-1, 91–93 124.1 139.3 93.9
14H-1, 112–114 124.3 139.5 93.3
14H-1, 131–133 124.5 139.7 94.0
14H-2, 3–5 124.7 139.9 91.0
14H-2, 21–23 124.9 140.1 92.6
14H-2, 42–44 125.1 140.3 90.7
14H-2, 61–63 125.3 140.5 92.4
14H-2, 81–83 125.5 140.7 91.7
14H-2, 102–104 125.7 140.9 94.2
14H-2, 123–125 125.9 141.1 94.5

198-1211A-
9H-4, 4–7 73.8 81.0 94.6
9H-4, 53–55 74.3 81.5 92.1
9H-4, 106–108 74.9 82.0 95.1
9H-5, 4–5 75.3 82.5 95.4
9H-5, 52–54 75.8 83.0 94.6
9H-6, 3–5 76.8 84.0 95.6
9H-6, 18–20 77.0 84.1 93.4
9H-6, 47–49 77.3 84.4 94.5
9H-6, 78–80 77.6 84.7 94.4
9H-6, 105–107 77.9 85.0 94.8
9H-6, 133–135 78.1 85.3 94.3
9H-7, 3–5 78.3 85.5 93.7
9H-7, 21–23 78.5 85.6 95.1
10H-1, 2–4 78.8 88.0 93.4
10H-1, 24–26 79.0 88.2 93.6
10H-1, 38–40 79.2 88.3 95.0
10H-1, 58–60 79.4 88.5 94.4
10H-1, 84–86 79.6 88.8 92.4
10H-1, 121–124 80.0 89.2 93.5
10H-1, 140–144 80.2 89.4 92.4
10H-2, 11–13 80.4 89.6 91.7
10H-2, 29–31 80.6 89.7 92.3
10H-2, 52–54 80.8 90.0 93.6
10H-2, 71–73 81.0 90.2 92.6
10H-2, 92–94 81.2 90.4 92.3
10H-2, 114–116 81.4 90.6 91.8
10H-2, 132–134 81.6 90.8 93.8
10H-3, 6–8 81.9 91.0 92.7
10H-3, 56–58 82.4 91.5 89.5
10H-3, 106–108 82.9 92.0 91.0
10H-4, 6–8 83.4 92.5 89.8
10H-4, 54–56 83.8 93.0 91.2
10H-4, 107–109 84.4 93.5 90.9

198-1211B-
9H-5, 3–5 78.3 85.2 95.7

Core, section, 
interval (cm)

Depth 
(mbsf)

Depth 
(mcd)

Carbonate 
(wt%)
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Notes: Replicate analyses of sediment samples show that data were
reproducible within 2% of the original analyses. Initial data are
reported here. Where duplicate analyses varied by >2%, a third
analysis was performed.

9H-5, 21–23 78.5 85.4 95.6
9H-5, 43–45 78.7 85.6 96.6
9H-5, 62–64 78.9 85.8 91.5
9H-5, 85–87 79.2 86.0 96.4
9H-5, 101–103 79.3 86.2 95.3
9H-5, 122–124 79.5 86.4 93.5
9H-5, 140–143 79.7 86.6 96.0
9H-6, 12–14 79.9 86.8 90.3
9H-6, 33–35 80.1 87.0 96.4
9H-6, 52–54 80.3 87.2 95.6
9H-6, 72–74 80.5 87.4 96.0
9H-6, 92–94 80.7 87.6 95.6
9H-6, 113–115 80.9 87.8 95.9
9H-6, 132–134 81.1 88.0 93.9
9H-7, 4–6 81.3 88.2 93.4
9H-7, 22–24 81.5 88.4 95.3
9H-7, 44–46 81.7 88.6 94.5
10H-1, 11–13 82.2 90.4 91.4
10H-1, 53–55 82.6 90.8 94.6
10H-1, 72–74 82.8 91.0 93.6
10H-1, 93–95 83.0 91.2 93.6
10H-1, 112–114 83.2 91.4 94.3
10H-1, 131–133 83.4 91.6 90.9

198-1211C-
9H-3, 3–5 76.8 83.9 96.0
9H-3, 22–24 77.0 84.1 96.0
9H-3, 42–44 77.2 84.3 93.0
9H-3, 62–64 77.4 84.5 95.7
9H-3, 82–84 77.6 84.7 95.5
9H-3, 102–104 77.8 84.9 95.3
9H-3, 122–124 78.0 85.1 93.3
9H-3, 142–144 78.2 85.3 91.5
9H-4, 12–14 78.4 85.5 91.6
9H-4, 32–34 78.6 85.7 87.8
9H-4, 53–54 78.8 85.9 96.6
9H-4, 72–74 79.0 86.1 95.6
9H-4, 93–95 79.2 86.3 95.9
9H-4, 112–114 79.4 86.5 94.6
9H-4, 133–135 79.6 86.7 96.1
9H-5, 5–7 79.9 86.9 95.6
9H-5, 22–24 80.0 87.1 96.0
9H-5, 42–44 80.2 87.3 94.8
9H-5, 62–64 80.4 87.5 96.6
9H-5, 82–84 80.6 87.7 95.3
9H-5, 102–104 80.8 87.9 95.7
9H-5, 122–124 81.0 88.1 93.4
9H-5, 142–144 81.2 88.3 93.2
9H-6, 2–4 81.3 88.4 93.3
9H-6, 21–23 81.5 88.6 92.1
9H-6, 41–43 81.7 88.8 93.6
9H-6, 62–64 81.9 89.0 96.2
9H-6, 80–82 82.1 89.2 85.8
9H-6, 116–118 82.5 89.5 91.7
9H-6, 141–143 82.7 89.8 94.0
9H-7, 4–6 82.8 89.9 93.4
9H-7, 21–23 83.0 90.1 95.0

Core, section, 
interval (cm)

Depth 
(mbsf)

Depth 
(mcd)

Carbonate 
(wt%)

Table T1 (continued).
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Table T2. Barite data across the Eocene/Oligocene
boundary, Sites 1209 and 1210.

Core, section,
interval (cm)

Depth 
(mbsf)

Depth 
(mcd)

Barite 
(wt%)

198-1209B-
14H-1, 0–6 122.2 132.4 0.02
14H-1, 30–36 122.5 132.7 0.00
14H-1, 60–66 122.8 133.0 0.02
14H-1, 90–96 123.1 133.3 0.01
14H-1, 120–126 123.4 133.6 0.02
14H-2, 0–6 123.7 133.9 0.06
14H-2, 30–36 124.0 134.2 0.03
14H-2, 60–66 124.3 134.5 0.02
14H-2, 90–96 124.6 134.8 0.03
14H-2, 120–126 124.9 135.1 0.00
14H-3, 0–6 125.2 135.4 0.01
14H-3, 30–36 125.5 135.7 0.01
14H-3, 60–66 125.8 136.0 0.00
14H-3, 90–96 126.1 136.3 0.01
14H-3, 120–126 126.4 136.6 0.02
14H-4, 0–6 126.7 136.9 0.02
14H-4, 30–36 127.0 137.2 0.01
14H-4, 60–66 127.3 137.5 0.03
14H-4, 90–96 127.6 137.8 0.01
14H-4, 120–126 127.9 138.1 0.02
14H-5, 0–6 128.2 138.4 0.01
14H-5, 30–36 128.5 138.7 0.02
14H-5, 60–66 128.8 139.0 0.06
14H-5, 90–96 129.1 139.3 0.13
14H-5, 120–126 129.4 139.6 0.16
14H-6, 0–6 129.7 139.9 0.10
14H-6, 30–36 130.0 140.2 0.21
14H-6, 60–66 130.3 140.5 0.27
15H-1, 68–70 132.4 140.7 0.01
14H-6, 90–96 130.6 140.8 0.27
14H-6, 120–126 130.9 141.1 0.12

198-1210B-
13H-6, 40–42 121.6 135.7 0.04
13H-6, 60–62 121.8 135.9 0.03
13H-6, 80–82 122.0 136.1 0.02
13H-6, 100–102 122.2 136.3 0.02
13H-6, 118–120 122.4 136.5 0.03
13H-6, 140–142 122.6 136.7 0.01
13H-7, 1–4 122.7 136.8 0.01
13H-7, 19–21 122.9 137.0 0.00
13H-7, 40–42 123.1 137.2 0.00
14H-1, 10–13 123.3 138.4 0.01
14H-1, 30–32 123.5 138.6 0.02
14H-1, 50–52 123.7 138.8 0.03
14H-1, 68–70 123.9 139.0 0.04
14H-1, 90–92 124.1 139.2 0.08
14H-1, 110–112 124.3 139.4 0.09
14H-1, 130–132 124.5 139.6 0.07
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