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Reversed deep-sea carbonate ion basin gradient
during Paleocene-Eocene thermal maximum
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[1] The Paleocene-Eocene thermal maximum (PETM, ~55 Ma ago) was marked by widespread CaCO;
dissolution in deep-sea sediments, a process that has been attributed to massive release of carbon into the ocean-
atmosphere system. The pattern of carbonate dissolution is key to reconstructing changes in deep sea carbonate
chemistry and, ultimately, the rate, magnitude, and location of carbon input. Here we show that during the
PETM, the deep-sea undersaturation was not homogeneous among the different ocean basins. Application of a
sediment model to a suite of data records from different sites and ocean basins shows that a globally uniform
decrease in deep-sea carbonate ion concentration ([CO3 ) is inconsistent with the data. Rather, we demonstrate
that deep-sea [CO3 ] increased from the Atlantic through the Southern Ocean into the Pacific. Our results show

that the PETM deep-sea [CO3 ] basin gradient during dissolution was reversed relative to the modern.
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1. Introduction

[2] Rapid global warming and substantial changes in
carbon cycling followed the Paleocene-Eocene Boundary
(PEB, about 55 Ma ago) as documented by oxygen and
carbon isotope and other records [Kennett and Stott, 1991].
Surface temperatures rose globally by 5—9°C and the ratio
of 3C/"’C of the surficial carbon reservoirs dropped by
~3%o0 within a few thousand years [e.g., Thomas et al.,
2002; Zachos et al., 2003; Nunes and Norris, 2006; Bowen
et al., 2006; Sluijs et al., 2006]. One set of hypotheses
attributes the event to massive release of oceanic methane,
which caused ocean acidification (by subsequent oxidation
of methane to CO,) and greenhouse gas warming through
atmospheric CH4/CO, increases [Dickens et al., 1995, 1997;
Svensen et al., 2004]. Other hypotheses implicate terrestrial
or sedimentary carbon reservoirs as the primary source of
carbon input [Kurtz et al., 2003; Higgins and Schrag,
2006].

[3] Regardless of source, massive carbon release should
have lowered deep-sea carbonate ion concentration, triggering
widespread dissolution of seafloor carbonate [Broecker and
Takahashi, 1977; Sundquist, 1986; Dickens et al., 1995].
Indeed, detailed %carbonate records document a global car-
bonate dissolution horizon at the P/E boundary [e.g., Kennett
and Stott, 1991; Thomas and Shackleton, 1996; Thomas et al.,
1999; Bralower et al., 1997, 2002] with the calcite compen-
sation depth (CCD) shoaling by as much as 2 km in the
Atlantic Ocean [Zachos et al., 2005]. Carbon cycle and
climate reorganizations of such magnitude pose a general
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challenge for our understanding and models of carbon
cycling and climate. Specifically, in order to predict long-
term consequences of the current and future release of
anthropogenic CO, [Caldeira and Wickett, 2003], carbon
cycle models need to be calibrated on timescales >107 y.
However, such model calibration is difficult because of the
short duration of the observational database. In this regard,
the PETM may serve as a valuable case study of the longer-
term response to massive carbon release.

[4] The first step needed to constrain the magnitude and
location of carbon input during the PETM is to reconstruct
the pattern of change in deep-sea chemistry, starting with
[CO3 7], which drove the dissolution of deep-sea carbonates
[cf. Dickens, 2000]. In this paper, we investigate deep-sea
sediment dissolution during the PETM as recorded in a
variety of sediment records covering different ocean basins
(section 2). We employ a sediment model (section 3) to
simulate the observed changes in %CaCOj3; over time. We
show that a global, uniform deep-sea carbonate ion con-
centration ([CO3]) during the dissolution event is incon-
sistent with the data (section 4). On the contrary, deep-sea
[CO3 ] appears to have increased from the Atlantic through
the Southern Ocean into the Pacific (section 4.6). Our study
shows that during the PETM, the deep-sea [CO3 ] basin
gradient was reversed relative to the modern.

2. Data

[s] Figure 1 displays the location of sediment cores
examined in the present study (drilled by the Ocean Drilling
Program, ODP). These sites have sediment cores with
%carbonate data across the PETM. Locations in the Atlantic
include Sites 999 and 1001 from the Caribbean [Bralower et
al., 1997; Rohl and Abrams, 2000] and Sites 1262, 1263,
and 1266 from a depth transect at Walvis Ridge [Zachos et
al., 2005]. The PETM section of the Southern Ocean Site
690 from Maud Rise in the Weddell Sea has been the
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