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Abstract. Nick Shackleton’s research on piston cores from the Iberian margin highlighted the importance of
this region for providing high-fidelity records of millennial-scale climate variability, and for correlating cli-
mate events from the marine environment to polar ice cores and European terrestrial sequences. During the
Integrated Ocean Drilling Program (IODP) Expedition 339, we sought to extend the Iberian margin sediment
record by drilling with the [V JOIDES ResolutionFive holes were cored at Site U1385 using the advanced
piston corer (APC) system to a maximum depth-df55.9 m below sea floor (m b.s.f.). Immediately after the
expedition, cores from all holes were analyzed by core scanning X-ray fluorescence (XRF) at 1 cm spatial
resolution. CATi data were used to accurately correlate from hole-to-hole and construct a composite spliced
section, containing no gaps or disturbed intervals to 166.5 m composite depth (mcd). A low-resolutior (20 cm
sample spacing) oxygen isotope record confirms that Site U1385 contains a continuous record of hernipelagic
sedimentation from the Holocene to 1.43 Ma (Marine Isotope Stage 46). The sediment profile at Site U1385 ex-
tends across the middle Pleistocene transition (MPT) with sedimentation rates avera@iog kyr*. Strong
precession cycles in colour and elemental XRF signals provide a powerful tool for developing an orbitally tuned
reference timescale. Site U1385 is likely to become an important type section for marine—ice—terrestrial core
correlations and the study of orbital- and millennial-scale climate variability.

1 Introduction cores, especially during MIS3 (Fig. 2). By comparison, the|
benthics'®0 signal in the same cores resembles the tempe
ature record from Antarctica. Moreover, the narrow continen-

Few marine sediment cores have played such a pivotal rolga| shelf and proximity of the Tagus River results in the rapid

in paleoclimate research as those from the southwestergelivery of terrestrial material, including pollen, to the deep-

Iberian margin (Fig. 1; hereafter referred to as the “Shacklesea environment, thereby permitting direct correlation to Eu

ton Sites”). Nick Shackleton’s original interest in the Iberian ropean terrestrial sequences (eg Sanchez-Goii et al., 199

margin was to correlate marine sediment cores with Euro-Shackleton et al., 2003; Tzedakis et al., 2004, 2009). Fe\

pean pollen stratigraphies, but the unexpected correlation gflaces exist in the world ocean where such detailed and ur
core MD95-2042 to the polar ice cores proved to be an excepambiguous marine—ice—terrestrial correlations are possible.
tional windfall. Shackleton et al. (2000, 2004) showed that |n November 2009, an ECORD-sponsored Magellan

the planktic oxygen isotopic record could be correlated pre-workshop was held in Lisbon, Portugal, to develop plans fo
cisely to temperature variations (i&-20) in Greenland ice
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Figure 1. Maps of (A) west Iberian margin showing the loca- (Shackleton et al., 13000)' Resulting correlation of Vostik

tion of sites drilled during the IODP Expedition 338) Detailed  (9réen) and benthi6™0 of Core MD95-2042 (blue) is based on

bathymetry (Zitellini et al., 2009) of the Promonotorio dos Principes methane synchronization. VPD8vienna Peedee _b_elemnite, VS- .
de Avis, including the locations of selectithrion Dufresng(MD) MOW = Vienna standard mean ocean water. Modified after Expedi-

piston cores, the IODP Site U1385 (34.285N, 10°7.562\W;  ton 339 Scientists (2013a).
2578 mb.s.l.), and proposed drilling site in the proposal IODP 771-

Full- Modified after Expedition 339 Scientists (2013b). Skinner et al., 2007; Margari et al., 2010; Martrat et al., 2007;
Hodell et al., 2013). The water depth (2578 mb.s.l.) of Site

obtaining a long sediment record from the Iberian marginU1385 places it under the in_fluencg of Northeast Atlantic
(Abrantes et al., 2010). A full proposal (771-Full) and An- Deep Water today, although it was influenced by southern-

cillary Program Letter (APL 763) were submitted to the In- Sourced waters during glacial periods. _

tegrated Ocean Drilling Program (IODP), with the latter re- Fivé holes were cored at Site U1385 using the ad-

questing four days of ship time to drill one of the “Shackleton V&nced piston corer (APC) system to a maximum depth of

sites” to 150 m b.s.f. APL-763 was approved for drilling and ~ 195-9mb.s.f. A total of 67 cores were recovered represent-

scheduled as part of the IODP Expedition 339, whose mair"9 621.8 m of sediment with a nominal recovery of 103.2 %

purpose was to study the history of Mediterranean Outflow(> 100 % due to post-recovery core expansion). The sediment

Water (see Hernandez-Molina et al., this issue). Ilthology F:onS|sts of' unlform,_ nannofossﬂ muds and clqys,
with varying proportions of biogenic carbonate and terrige-
nous sediment (Expedition 339 Scientists, 2013a).

2 Recovery Following the cruise, split cores from all holes were ana-
lyzed by core scanning X-ray fluorescence (XRF) at the Uni-

IODP Site U1385 (3734.283N, 10°7.562 W) was drilled  versity of Cambridge and the Royal Netherlands Institute for

in November 2011 (Fig. 1). The site is located on a spur, theSea Research (NIOZ) to obtain semi-quantitative elemental

Promonotorio dos Principes de Avis, along the continentaldata at 1 cm spatial resolution (Fig. 3). These data were used

slope of the southwestern Iberian margin, which is elevatedo accurately correlate among holes and construct a complete

above the abyssal plain and influence of turbidites. The site i$pliced stratigraphic section, containing no notable gaps or

near the position of piston core MD01-2444, which has pro-disturbed intervals to 166.5 mcd.

vided a remarkable record of millennial-scale climate vari-

ability of the last 190 ka (Vautravers and Shackleton, 2006;
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ing to severe cold events) to weak monsoon events in th
speleothem records (Hodell et al., 2013). For the last 800 ka
a “synthetic Greenland” record has been produced by extrac
ing and diferentiating the high-frequency variability from
the Antarctic EPICA-Dome C ice core record (Barker et al.,
2011). C4Ti shows a good match with the real and synthetic
Greenland ice coré'®0 record for the last 120 kyr (Fig. 6),
and this correlation could be exploited for fine-tuning the Site
U1385 over the past 800 kyr.

4 A marine sediment analog to the polar ice cores

log (Ca/Ti)

The polar ice cores have provided unrivaled records of cli
mate change that have become benchmarks for Pleistoce
climate variability; however, the oldest continuous ice cores
recovered to date in Greenland and Antarctica 24 and

800ka, respectively. An important challenge is to identify
complementary marine sections withfistiently high sedi-

mentation rates and climate signals suitable for compariso

v

0

W%MM w0

Figure 3. Log CaTi measured by scanning XRF in Holes A (grey), gin and over Greenland has held for older glacial periods
B (blue), D (green), and E (black) from Site U1385. The spliced then a long millennially resolved record from Site U1385
CqgTi record (red) is comprised of segments from Holes A, B, D, might serve as a marine sediment proxy record for the Greer
and E. CAli is a proxy for weight %CaC@content and reflects  |and ice core beyond the age of the oldest undisturbed ic

T
60 80

Depth (rmcd)
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the relative proportion of biogenic carbonate and detrital sedimeni.. 124 ka). Comparing surface water signals at Site U138%

(Hodell etal., 2013). with the synthetic Greenland reconstruction (Barker et al.

2011) and methane record from Antarctica (Loulergue e
al., 2008) will test the strengths and weaknesses of usin
these records as proxies for Greenland temperature chang
Similarly, millennial-scale variability in benthig*®O at Site
A pre-requisite for all future paleoclimatic studies utilizing U1385 will be compared to EPICAD to determine if the
Site U1385 will be developing an accurate timescale. A low-correlation observed for the last glacial cycle holds for the
resolution (20cm) benthic oxygen isotope record (Fig. 4)last 800 kyr.

demonstrates that Site U1385 contains a complete record

from the Holocene to 1.43Ma (Marine Isotope Stage 46).

The record can be correlated unambiguously to the LR04 Co-evolution of orbital and suborbital climate
benthics'80 stack (Lisiecki and Raymo, 2005) to provide  variability

an initial age model. Variations in sediment colour contain

very strong precession signals at Site U1385 (Fig. 5), whichAlthough much progress has been made towards understan
will be used for orbital tuning. ing the orbital &ects on climate, a complete theory of the

3 Developing an accurate chronology

For the last 800 kyr, it may also be possible to fine-tuneice ages still remains elusive (Raymo and Huybers, 2008).

the chronology by correlation of millennial events to ice A missing piece of the puzzle may be understanding how
core and speleothem records. The¢Taignal at Site U1385  climate change on shorter timescales (i.e. suborbital) intef
displays fine-scale millennial variations that mirror plank- act with the &ects of orbital forcing to produce the ob-
tic 680 and are highly correlated with alkenone-based seaserved patterns of glacial-interglacial cycles through the
surface temperature (SST) estimates (Fig. 6). As ShackletoPleistocene. For example, millennial-scale climatic pertur
et al. (2000, 2004) demonstrated, these variations could beations may play an important role in longer-term climate
correlated to the Greenland ice core record. Similarly, Chi-transitions, such as glacial terminations (Weit al., 2009;

nese speleothem records also contain millennial-scale “wealkCheng et al., 2009; Denton et al., 2010). Studying the cot

monsoon events” that have been correlated to cold phases ievolution of orbital and suborbital variability requires a new
the North Atlantic (Cheng et al., 2009). A potential approach calibre of sediment archive with a high level of chronolog-
for further refining the absolute timescale of Site U1385 will ical precision. Our objective is to develop Site U1385 into
be to correlate the prominent minima in/Ta(correspond-  such a marine reference section for studying the interactio

www.sci-dril.net/16/13/2013/ Sci. Dril., 16, 13-19, 2013

with the polar ice core records. If we assume the correlat
tion between rapid temperature changes on the Iberian majr-
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Figure 4. Benthic oxygen isotope record €@fibicidoides wuellerstorf{blue) and natural gamma radiation (green) with identification of
marine isotope stages at Site U1385.
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Figure 5. Variations in sediment lightnesk*() at Site U1385. The 23 kyr filtered signal of lightness (blue) compared to the precession index
(ex sin(w); orange). The potential exists for tuning colour variations at Site U1385 to orbital precession.

of millennial- and orbital- scale climate variability, and for survive boreal summer insolation maxima, thereby length-
comparing marine, ice, and terrestrial records. ening glacial cycles and activating the dynamical processes
responsible for Laurentide Ice Sheet instability in the region
of Hudson Strait (i.e. Heinrich events) (Hodell et al., 2008).
Site U1385 provides an opportunity to examine how

The Site U1385 sediment record extends across the midgiglillennial-scale climate variability evolved across the MPT

Pleistocene transition when the climate system evolved fronfS 9lacial boundary conditions changed. Raymo et al. (1998)
a more linear response to insolation forcing in the “41 kyr provided clear evidence from Site 983 in the North Atlantic

world” to one that was decidedly non-linear in the “100 kyr that millennial-scale variability was a persistent feature dur-
world” (Imbrie et al., 1992). Smaller ice sheets in the 41 kyr N9 some glacial periods during the “41 kyr world”. Did
world gave way to larger ice sheets in the late Pleistocendn€ nature, timing and frequency of millennial-scale climate
with an accompanying change in ice sheet dynamics (Clarlé’a”at,’,'IIty differ for the “41 kyr world” versus the “100 kyr
et al., 2006; Hodell et al., 2008). Ice volume surpassed a critWorld”? What are the implications for fresh-water forcing
ical threshold across the MPT that permitted ice sheets tgiNd Atlantic meridional overturning circulation (AMOC)?

6 Middle Pleistocene transition

Sci. Dril., 16, 13-19, 2013 www.sci-dril.net/16/13/2013/
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Figure 6. Comparison of CAi (blue) and planktics'®0O (green) from piston core MD01-2444 (same location as Site U1385) with the

Greenland synthetig'®O record (Barker et al., 2011) and a composite of Chinese spelothem records. The similarity of some of the millennial-

scale eventsfler the opportunity of synchronizing the records and transferring the U-Th-dated chronology of the speleothem record o the

ice core and marine sediment archives. Figure reproduced with permission from the American Geophysical Union (Hodell et al., 2013).

7 Testing the bipolar seesaw in glacial periods 8 Linking marine and European terrestrial
sequences

The leading cause to explain millennial climate variability . ] ) ]
recorded in Greenland and Antarctic ice cores during the lasMarine archives recovered adjacent to the continents have
glacial period is changes in the strength of AMOC, which the potential to link continental and marine climate records
alters interhemispheric heat transport and results in opposit@S they are fected directly by continental inputs, such as
temperature responses in the two hemispheres. However, wgediment from rivers and winds. The western Iberian margir
know little about whether this “bipolar seesaw” was a per- "as emerged as a critical area for studying continent—ocean

sistent feature of older glacial periods. A great strength ofconnections because of the combingiéets of major river
the Iberian margin sediment record is the fact that it con-SyStems and a narrow continental shelf that lead to the rapid
tains signals of both Greenland and Antarctic ice cores in #lelivery of terrestrial material (e.g. pollen, organic biomark-
single archive. Shackleton et al. (2000, 2004) demonstrate§'S) t0 the deep-sea environment (Sanchez Gofii et al., 200
it is possible to determine the relative phasing of changes>hackleton et al., 2003; Tzedakis et al., 2004, 2009; Marga
in Greenland and Antarctic climate by comparing planktic &t al-, 2010). By comparing marine stable isotopes and polle
and benthics'®0 signals in Core MD95-2042 (Shackleton records in the same core, the relative timing of land—sea cli

et al., 2000, 2004). This phasing of surface and deep-watefate change can be determined. Palynological studies of Site
signals on the Iberian margin is consistent with the bipo-U1385 will evaluate how major vegetation changes in southt

lar seesaw; moreover, millennial-scale warmings in Antarc-8M Europe over the last 1.43 Ma related to changes in global
tica preceded the onset of Greenland warmings and the orflimate as expressed in the marine oxygen isotope recorg.
set of rapid warming in Greenland coincided with cooling in Site U1385 provides the material needed to significantly imy
Antarctica. Site U1385 can be used to test if similar phasingProve the precision to which marine climate records can be
existed in older glacial periods, consistent with the operationinked to European terrestrial sequences.
of a bipolar-seesaw (e.g. Margari et al., 2010). Determining

the phase relationships of signals in a single core circumveny Sampling strategy and multi-proxy studies
many of the problems associated with core-to-core correla-

tion and developing age models that are accurate on millenTwo nearly complete secondary splices were constructed,
nial timescales. one using intervals from Holes U1385A and U1385B (the

S =0
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“AB splice”) and the other using intervals from Holes possible. Jeannie Booth, lan Mather, John Nicolson, and James
U1385D and U1385E (the “DE splice”). The Jadata per-  Rolfe are thanked for laboratory support. Postcruise research was
mits precise correlation among the holes to within a few cen-supported by the Natural Environmental Research Council.
timeters. We have undertaken a highly coordinated samplin% _ _
effort of Site U1385 cores to produce the widest range of=dited by: G. Camoin

proxy measurements possible on the same set of sample§€¥iéwed by: D. Kroon and one anonymous referee

With an average sedimentation rate of 10 cntkywe sam-

pled the composite section of Site U1385 at 1 cm intervals to

resolve millennial climate events. With Site U1385, we aim
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