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Abstract

We present the new alkenone-based sea-surface temperature (SST) records from the
eastern equatorial Pacific over the past 150 kyr. Core HY 04 (4°N) at the North Equatorial
Countercurrent (NECC) registered the invariant SSTs (25.8-27.2 °C), whereas core HY06
(0°N) registered cyclic glacial-interglacial SST variations (22.4-26.1 °C). Although HY06
alkenone-based SST evolution was almost consistent with the previously published SST
records from around the equator, at site HY 04 alkenone- and foraminiferal Mg/Ca-based SSTs
showed a large difference in the magnitude of LGM SST cooling. We hypothesize that
alkenone-based SSTs might not fully express the true magnitude of glacial SST cooling in the
NECC, as suggested by the coincidence of higher glacial productivity and unchanged glacial
SSTs at site HY04. However, further SST data in the NECC are needed before this can be

accepted with any degree of confidence.



1. Introduction

The eastern equatorial Pacific (EEP) is an important region within the framework of global
climate changes. The coupled ocean-atmosphere circulation in the EEP affects the marine
carbon and nitrogen cycles in the region significantly, and could have affected extratropical
climate changes on glacial-interglacial timescales [e.g., Cane, 1998; Chavez et al., 1999].
Ocean-atmosphere circulation in the EEP is strongly associated with the sea-surface
temperature (SST) distribution; therefore, seasonal SST distribution in the EEP is influenced by
the seasonal meridional shift of the Intertropical Convergence Zone (ITCZ) [Mitchell and
Wallace, 1992]. Hence, it was considered that the reconstruction of spatial and temporal SST
variations over glacial-interglacial cycles could provide foundational knowledge concerning
past atmospheric conditions in the EEP [Koutavas and Lynch-Sieglitz, 2003]. However, the
nature of spatial and temporal changes in the SST over the glacial-interglacial cycles in the EEP
has not yet been completely clarified because various SST proxies exhibit different variability
and most of SST records are within the cold tongue region [e.g., Pisias and Mix, 1997,
Koutavas et al., 2002]. This study present alkenone-based SST records from across the cold
tongue, which will help to improve our understanding of past ocean-atmospheric conditions in

the EEP.

2. Materialsand Methods
Three piston cores—KHO03-1 HY04 (4°N), HY06 (0°N), and HY08B (6°S)—were collected
along the 95°W transect of the EEP during the R/V Hakuho-Maru cruise (Fig. 1). The age

models for KHO03-1 cores were based on the planktonic foraminifera Globigerinoides ruber



(250-355 pm fraction) 5'*0 records and AMS-'*C ages of foraminiferal tests
(Neogloboquadrina dutertrei), applying the SPECMAP 3'*0 chronology [Martinson et al..,
1987] (Table. 1). The sedimentation rates were 0.9—3.4 cm/kyr for HY04 and 1.6-21 cm/kyr for
HY06. The high sedimentation rate of 21 cm/kyr corresponds to the period of 19-20 ka
determined by AMS-'*C ages. For HY08B, §'%0 chronology has not yet been established, but
two AMS-"C ages exhibit a horizon during the last glacial maximum (LGM) and
sedimentation rates of less than 2.0 cm/kyr. The AMS-'*C ages are intercalated in marine
isotope stage (MIS) 2, and thus, the present age models might not influence the estimations of
the SST difference between the late Holocene and the LGM significantly (Fig. 1).

Each sediment sample (thickness: 2.5 cm) was taken at intervals of 2.5-5.0 cm. The lipids
of each sample were extracted from dry sediments (1-3 g) by an accelerated solvent extractor
(ASE-200, Dionex Japan, Ltd) using a mixture of dichloromethane and methanol (6/4 v/v) as a
solvent. Alkenones were separated from the neutral compounds by silica gel column
chromatography and quantified by gas chromatography with flame-ionization detection
[ Yamamoto et al., 2000]. Alkenones are produced by a few species of haptophyte algae that live
in the near-surface [e.g., Volkman et al., 1995]. Therefore, SST can be estimated from the
relative abundance of Cs7 unsaturated alkenones (Uk’37 index) and the laboratory culture
relationship between U 37and SST (U*37=0.034 x SST +0.039) [Prahl et al., 1988]. Replicate
analyses of a standard EEP sediment indicated a standard deviation of 0.14 °C (n =4) in Uk’37
estimates in our procedure.

Based on the equation [Prahl et al., 1988], the alkenone-based SSTs of the uppermost
portions of the Holocene samples from cores HY04 and HY06 showed the annual mean SSTs

(0—10 m) [Levitusand Boyer, 1994]. Thus, we equate the alkenone-based SST from cores HY 04



and HY 06 with mean annual SST. In contrast, the alkenone-based SST of the uppermost
portions of core HY08B was lower than the annual mean SST by 2 °C, implying a seasonal bias

in the SSTs recorded during the upwelling seasons at this site.

3. Results

The cold tongue region in the EEP is characterized by a series of nearly zonal currents, with
the temperature decreasing gradually from the north to south (Fig. 1). Core HY 04—recovered
from the warm-water NECC—showed fewer variations in SSTs (n =51, 25.8-27.2 °C), whereas
core HY06-recovered at the equator—showed cyclic glacial-interglacial SST variations (n = 84,
22.4-26.1 °C) (Fig. 2). The alkenone-based SST records from different zonal currents exhibited
different temporal trends over the past 150 kyr. Further, HY04 SSTs were observed to be 26.2 +
0.03 °C during the LGM (19-23 ka; n=3) and 26.5 °C during the early Holocene (10 ka). At this
site, SST cooling during the LGM relative to the present mean annual SST (27 °C) could be
estimated to be 0.8 °C. The SST data from the uppermost portion of core HY 04 is missing due
to low concentration of alkenone, but alkenone concentration in the remaining portions of core
HY04 was sufficient to obtain SST data. The SSTs recorded for core HY06 during the LGM
(19-23 ka; n=10) are 22.9 + 0.4 °C and during the late Holocene (0-5 ka; n=15), 24.3 £ 0.4 °C,
indicating an average SST difference of 1.4 °C between the LGM and the late Holocene. For
core HY 08B, although the number of alkenone-based SST records was limited, the amplitude
observed was 23.8-25.6 °C for the past ~30 kyr. The LGM horizon determined by AMS-'*C
ages (23 ka) was 23.8 °C. If this SST estimate at 23 ka is assumed to be the mean annual SST,

the LGM SST cooling relative to the present (24.3 °C) is 0.5 °C.



4. Discussion and Conclusion

The new alkenone-based SST evolution from site HY06 (0°N) resembles the
alkenone-based SST record (ODP 846, 3°S) over the past 150 kyr [Liu and Herbert, 2004]; both
exhibit the following two characteristics: (1) monotonic decrease from ~50 ka to the early MIS
2 and (2) warmer SSTs during MIS 6 than those during the LGM (Fig. 2). These SST patterns
have also been observed in the subantarctic waters off eastern New Zealand [Pahnke and Sachs,
2006]. Given that the subsurface water in the EEP originates mainly from the high and
mid-latitudes of the South Pacific [Toggweller et al., 1991], it is possible that the temperature of
the EEP subsurface water is influenced by the SSTs of the subantarctic waters [Liu and Herbert,
2004]. The ocean-atmosphere model indicates that the extratropical SST changes will affect
ocean-atmospheric conditions in tropics through atmospheric bridge and thermocline
ventilation [Yang and Liu, 2005]; this supports that the EEP SST evolution could be partly
controlled by remote SST forcing in the subantarctic waters.

However, we suppose that the influence of precessional orbital forcing might be
importance in the low-latitudes, as documented from several low-latitude climate records [e.g.,
Perkset al., 2002; Cruzet al., 2005], though greenhouse forcing is also hypothesized to
influence low-latitude climate system [Lea, 2004]. In the EEP, we found that the responses of
the ocean-atmospheric conditions to the precessional insolation changes are clearly
documented in the cold tongue based on the SST gradient between sites HY06 and TR163-19
(Mg/Ca-based SST) [Lea et al., 2000], though the SSTs were derived from different SST
proxies. The SST gradient (MIS 2, 4, 5b, early MIS 5d, and 6) registered a decrease during the
periods of increased southern (decreased northern) hemisphere summer insolation (Fig. 2). If

the temporal changes in the SST gradient are not a result of artifacts due to different SST



proxies and/or age model uncertainty but a true signal generated as a response to the
precessional forcing, we can conclude that the temporal changes in the cold tongue SST
gradient are imprinted by seasonal variations in the precession-modulated trade wind field.
However, whether the SST distribution in the cold tongue and in more widely spaced regions
has changed systematically in response to the precessional insolation cycles still remains
unresolved [e.g., Koutavas et al., 2002; Lea et al., 2006].

First, we assumed that it might be better to investigate the SST gradient across the
ITCZ-cold tongue between sites HY04 and HY 06 to observe the dynamics of the cold tongue in
response to the precessional insolation cycles. However, at this stage, we hesitate to discuss the
temporal changes in the alkenone-based SST gradient between the two sites because as
discussed below, there is a concern whether HY 04 alkenone-SSTs follow the mean annual SST
during cold periods.

HY04 alkenone-based SSTs show minor variability in the NECC during the last
glacial-interglacial cycle (Fig. 2). Similar to the case of HY04 alkenone-based SSTs, the SSTs
inferred from planktonic foraminiferal assemblages also show low variability in the NECC
over the past 35 kyr [Martinezet al., 2003] (Fig. 1). If the SSTs with low variability hold true in
the NECC region, then it is possible that these sites might have been influenced by the
oligotrophic, warm NECC throughout the last glacial-interglacial cycle. However, the alkenone
abundance in core HY 04, which could be indicative of a productivity change due to a good
correlation with total organic carbon (TOC) content (r = 0.48), exhibits a steady increase during
the cold periods (MIS 2, 4, 5b, and 6) (Fig. 2). Assuming that the alkenone abundance in the
sediments is indicative of alkenone flux from the euphotic zone, the increased alkenone

abundance during the cold periods requires higher fluxes of nutrients and micronutrients to the



euphotic zone. If so, it seems unlikely that site HY04 is covered by the NECC even during the
cold periods.

Sedimentary 8'°N of HY04 shows lower glacial values and an inverse relationship with
alkenone abundance [Horikawa et al., in preparation]. The result agrees with the lower LGM
8'"°N and higher LGM TOC (wt%) records in the Panama basin that are considered to be due to
enhanced vertical mixing during the LGM [Farrell et al., 1995]. Therefore, we suppose that site
HY04 experienced enhanced vertical mixing during the LGM. We are unable to discuss
quantitatively the issue of how much SST cooling is sufficient to explain the observed increase
in productivity during the LGM. However, at site HY06 where the Equatorial Undercurrent
(EUC) feeds nutrients directly to the surface, the increases in alkenone and TOC (wt%) in
response to 1.4 °C of LGM SST cooling were lower than the productivity increases at site HY 04
indicating 0.8 °C of LGM SST cooling. Sedimentary organic matter content from each site
cannot be completely compared because of the affect of sedimentation rates and sedimentary
environments [e.g., Arthur et al., 1998]; however, we suppose that the higher glacial
productivities at site HY04 and in the Panama Basin [Farrel et al., 1995; Loubere, 2002]
require a greater decrease in the SST than 1.4 °C observed at site HY06.

Further, a concern regarding the possible underestimation of the glacial SST cooling at site
HY04 is suggested by the foraminiferal Mg/Ca-based SSTs (G ruber) recorded during the
LGM. Mg/Ca-based SST in core HY 04 shows a cooling of ~3 °C (n = 2) during the LGM
[Asahi et al., in preparation]. The estimation is consistent with the LGM SST cooling at
2°N-3°N (2.8-3.3 °C) [Lea et al., 2000; Koutavas and Lynch-Sieglitz, 2003], but shows a
difference in the magnitude of LGM SST cooling compared to the alkenone-based SSTs.

Similar differences in the two SST proxies are often reported [e.g., NUrnberg et al., 2000], and



are usually explained by invoking differences in the water column and/or seasonal temperatures
reflected by the proxies [Brown and Yoder, 1994], or differences in sensitivity to other
environmental factors (e.g., nutrient and light [Prahl et al., 2006]). Although we do not have a
plausible explanation for the discrepancy in core HY 04 at this stage, the lower Mg/Ca-based
SST estimates, the higher productivity, and the lower 8'°N at HY04 during the LGM suggest
that alkenone-based SSTs might not fully express the LGM SST cooling that the site
experiences.

If the HY04 Mg/Ca-based SSTs are indicative of the decrease in the mean annual SST
during the LGM, the SST gradient across the cold tongue (HY04-HY06) decreases during the
LGM. This data implies that the SST distribution across the cold tongue has changed
systematically in response to the precessional insolation cycles, as observed from the changes
in the SST difference between HY06 and TR163-19 (Fig. 2). However, if HY 04
alkenone-based SSTs are indicative of the mean annual SST recorded during the LGM, then the
SST gradient (HY04-HY06) is steeper during the LGM than in the warm periods. If this is true,
the systematic changes in the SST gradient between sites HY06 and TR163-19 are not
supported by the alkenone-based SST gradient across the ITCZ-cold tongue. Furthermore, if
the warmer, fresher waters of the NECC persisted during the LGM, the northeasterly trade
winds and the associated NEC might have weakened, and the cross-equatorial water-mass
exchanges might have been limited due to the distinct north-south salinity gradient [Andreasen
et al., 2001]. However, these oceanographic conditions make it difficult to explain the higher
LGM productivity observed in the Panama Basin [e.g., Loubere, 2002].

The glacial SST in the NECC is a crucial component for discussing past ocean-atmospheric

conditions in the EEP, but we have not yet known the true magnitude of glacial SST cooling.



Therefore, we must carefully clarify the degree of glacial SST cooling by applying

multiple-SST proxies in future studies.
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Captions
Table. 1. Core locations and "*C ages for the sediment cores. We used 400 years as a reservoir
age of carbon in the ocean [Bard, 1988]. Radiocarbon ages were converted to calendar ages

using the CALIBS5.0 [Suiver and Reimer, 1993] or Bard [1998].

Figure 1. Plot of mean annual SST (°C) [Levitus and Boyer, 1994] with the amount of estimated
cooling during the LGM at each core site compared to the late Holocene (or mean annual SST).
Major oceanic currents in the EEP are the North and South Equatorial Currents (NEC and SEC),
and their countercurrents (NECC and SECC), and Equatorial Undercurrent (EUC). Shaded
values indicate alkenone-based SST estimate. SST data are from Martinez et al. [2003] for core
TR163-11 (star; based on faunal proxies), Liu and Herbert [2004] for ODP 846, Lea et al.

[2000] for TR163-19.

Figure 2. Comparison of four SST records in the EEP with the 15°S January insolation changes
[Berger and Loutre, 1991] over the 150 kyr. Top panel shows planktonic foraminifera 5'*0
records from cores HY04 and HY 06, together with AMS-"C age-control points (circles and
squares are for HY04 and HY06). HY 04 alkenone abundance is also indicated. ODP 846
alkenone-SST is from Liu and Herbert [2004]. Normalized SST difference between HY 06
alkenone-SST and TR163-19 Mg/Ca-SST [Lea et al., 2000] is well correlated to the

precessional insolation changes.
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Site Latitude Longitude Depth Core length
HY04  4°01.66'N 95°03.45'W 3563 (M) 12.3 (m)
depth (cm) 'C age (yr BP) calendar calibrated age (yr BP)  calibration
8.5 4381 + 27 4497 Calib 5.0
18.2 8559 + 35 9076 Calib 5.0
37.6 15408 = 60 18247 Calib 5.0
57 22192 + 77 25667 Bard, 1998
69.2 25359 + 100 29305 Bard, 1998
HY06  0°01.52'N 95926.52'W 3242 (m) 14.2 (m)
depth (cm)  'C age (yr BP) calendar calibrated age (yr BP)  calibration
111 3465 + 26 3299 Calib 5.0
28.5 10409 + 39 11447 Calib 5.0
63.7 16593 + 55 19385 Calib 5.0
86.1 17754 = 60 20470 Calib 5.0
HY08B  5°957.49'S 940°55.85'W 3867 (m) 13.7 (m)
depth (cm)  'C age (yr BP) calendar calibrated age (yr BP)  calibration
28.6 19517 + 68 22588 Calib 5.0
41.1 26110 + 102 30159 Bard, 1998
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