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Introduction  

This supporting information file contains supporting text (7 sections, Text S1-S7), 2 figures and 2 
tables. Each section provides supporting information concerning 1. the new chronostratigraphy for 
core MD95-2042, 2. the age model justification, 3. the conversion of XRF-Calcium signal into 
%CaCO3, 4. the new sampling of core MD95-2042 for this study, 5. the lipid extraction from marine 
sediment samples, 6. the alkenone analysis and the reliability of our new alkenone signals 
compared to those already published, 7. the evaluation of present and past simulations. The 
supporting figures provide further information relevant to the supporting texts S1 to S3, about the 
SpeleoAge model for core MD95-2042 (Figure S1), and the different signals on which this age model 
is based (Figure S2). The 2 tables contain the data used in the main text and in Figure S1. An 
additional table, too large for the supporting information, is the Dataset S1, given as an individual 
excel sheet and containing all the raw data for core MD95-2042 presented in the main text. 
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Text S1: New chronostratigraphy for core MD95-2042 

 Prior to any paleoclimatological study, a robust chronostratigraphy is required to establish 
a reference record. All previously published data for core MD95-2042 have been based on a wide 
diversity of age models founded on various methods [Bard et al., 2004, 2013; Cayre et al., 1999; 
Daniau et al., 2007; Eynaud et al., 2000, 2009; Hinnov et al., 2002; Hodell et al., 2010; Moreno et al., 
2002; Pailler and Bard, 2002; Salgueiro et al., 2010; Sánchez Goñi, 2006; Sánchez Goñi et al., 1999, 
2000, 2002, 2005, 2008, 2009, 2013; Shackleton et al., 2000, 2002, 2003, 2004; Thouveny et al., 2000, 
2004; Voelker and de Abreu, 2011]. The MD95-2042 age model can be improved and homogenized 
by providing a new, high-precision absolute time scale, made possible thanks to new available 
absolute dated chronologies, especially for older times outside the 14C-dating period. Previous 
studies show a synchronous relationship between sedimentary CaCO3 content and SST records 
from the Iberian Margin, Greenland δ18Oice record and Chinese speleothem δ18O signals for the last 
400 ky [Barker et al., 2011; Bard et al., 2013; Hodell et al., 2013] (Text S2). Based on this relationship, 
we present a new chronostratigraphy from the present until mid-MIS 6 for core MD95-2042, by first 
converting its XRF-Calcium signal into %CaCO3 [Pailler and Bard, 2002], and then tuning it to the 
δ18O of calcite of well-dated Chinese speleothems by U/Th method [Wang et al., 2001, 2008; Cheng 
et al., 2009]. 
 To capture the rapid variability of %CaCO3 of core MD95-2042, Calcium XRF intensity was 
determined at 5mm resolution (corresponding to roughly 26 years) using an ITRAX core scanner 
(COX Analytical Systems) with a Mo tube at 30 kV and 45 mA, and with a 15s counting time. 
Analyses took place at CEREGE. The XRF intensity was then converted into CaCO3 concentration 
using discrete measurements [Pailler and Bard, 2002] (Text S3).  
 The XRF-%CaCO3 millennial scale variability (Figure S2-C) was then tuned on continuous 
high-resolution U/Th absolute dated speleothem records from Chinese caves (Dongge Cave 
[Dykoski et al., 2005], Hulu Cave [Wang et al., 2001], Sanbao Cave [Wang et al., 2008] and Linzhu 
Cave [Cheng et al., 2009]), normalized by summer insolation at 65°N [Berger and Loutre, 1991] in 
order to highlight abrupt variability [Barker et al., 2011] (Figure S2-B). 
 Twenty-four tie points between MD95-2042 XRF-%CaCO3 and insolation normalized 
speleothem δ18O [Barker et al., 2011] were chosen visually on the transitions of millennial-scale 
events (Table S1, Figure S2), and the match was performed with the AnalySeries 2.0.4.3 Linage 
software developed by Paillard et al. [1996]. The age model is piecewise linear between tie points 
(Figure S1). Existing 14C data for core MD95-2042 [Bard et al., 2013] are in agreement with our 
“SpeleoAge” tie points and piecewise linear age model (Figure S1).  
 All centennial- to millennial-scale events of the last glacial/interglacial cycle 
(Dansgaard/Oeschger Stadials/Interstadials and Heinrich Stadials) are observed in the XRF-
%CaCO3 record (Figure S2-C), and are comparable to and in-phase with available Greenland 
isotopic signals on the GICC05 timescale for the last 60 ky [Vinther et al., 2006; Rasmussen et al., 
2006; Andersen et al., 2006; Svensson et al., 2006, 2008] (Figure S2-A). Phasing discrepancies 
between MD95-2042 XRF-%CaCO3 and Greenland δ18Oice are larger (up to ~1 ky), going back 
farther in time (between 60 and 122 ka BP: GICC05modelext timescale for Greenland record 
[Rasmussen et al., 2014; Seierstad et al., 2014] (Figure S2-A)), due probably to greater age 
uncertainties for this ice age model. Independent, but still in agreement with Greenland records, 
this new age model for core MD95-2042 provides a robust absolute chronological framework for 
the Iberian Margin. 
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Text S2: Age model justification 
 
 In text S1, we present a new chronostratigraphy from the present to mid-MIS 6 for core 
MD95-2042, by tuning its XRF-Calcium signal converted into %CaCO3 [Pailler and Bard, 2002] to 
the δ18O of calcite of well-dated Chinese speleothems by U/Th method [Wang et al., 2001, 2008; 
Cheng et al., 2009].  
 It does not seem obvious that rapid variations of %CaCO3 on the Iberian Margin are 
synchronous with Asian monsoon variations recorded by δ18O of Chinese speleothems. 
Nevertheless, the missing link is Northern North Atlantic climate variations (recorded by Greenland 
δ18Oice), which play a pacemaker role, influencing both the mid-latitude North Atlantic Ocean and 
Asian monsoon position/intensity [Zhang and Delworth, 2005]. Recent studies based on δ18Oice, 
dust Ca2+, δ15N, CH4 records measured in the same Greenland ice cores showed synchronous 
variations within half a century between Northern Atlantic temperatures and monsoon 
precipitations changes in Asia for abrupt climate variability of the last glacial and the last 
deglaciation [Steffensen et al., 2008; Baumgartner et al., 2014] (see Bard et al. [2013] for detailed 
explanations). Based on this hypothesis, a synthetic Greenland record was placed on the 
“SpeleoAge” timescale by correlating cold events in Greenland with weak monsoon events in the 
detrended speleothem record [Barker et al., 2011]. Furthermore, an unambiguous correlation has 
been demonstrated many times between planktic δ18O and SST signals from the Iberian Margin 
cores and temperature variations in Greenland during the last glacial period [e.g. Cayre et al., 1999; 
Shackleton et al., 2000; Pailler and Bard, 2002; Martrat et al., 2007; Barker et al., 2011]. This led 
previous studies to tune the SST records from the Iberian Margin to Chinese speleothem δ18O 
records [Barker et al., 2011; Bard et al., 2013]. Finally, variations in the XRF Ca/Ti signal for a core 
near to MD95-2042 were thought to be a reliable proxy for %CaCO3 and were in phase with 
variations of planktic δ18O and SST signals in the same core [Hodell et al., 2013], as already detected 
by Pailler and Bard [2002] on the Iberian Margin area. Therefore, we are able to tie Iberian Margin 
sediment records such as %CaCO3 to absolute dated speleothem records in order to place core 
MD95-2042 signals on a SpeleoAge timescale. 
 
 
Text S3:  Conversion of XRF-Ca intensity into quantitative % CaCO3 

 

 The raw XRF Ca-signal was smoothed by the least squares 2-3 procedure on 11 points 
[Savitzky and Golay, 1964] to keep inflexion points at their original position. We used discrete 
measurements of %CaCO3 on core MD95-2042 from Pailler and Bard [2002], to calibrate and 
convert the smoothed XRF calcium signal into %CaCO3. The high degree of linear correlation 
(n=310, R2=0.90) between % of calcium and % of carbonates justifies the assumption that most 
Ca2+ and CO3

2- are associated in the form of CaCO3. 
 Iberian Margin giant sediment cores extracted with the Calypso piston coring system 
onboard R/V Marion Dufresne are known to be stretched in the upper part (from the top until 5 to 
15 meters depth), which has an effect on the magnetic fabric sediment data [Hall and McCave, 
2000; Thouveny et al., 2000; Moreno et al., 2002; Skinner and McCave, 2003]. This piston suction 
and consecutive sediment extension in core MD95-2042 is particularly substantial until 10 meters 
depth downcore, as observed by the K max inclination parameter [Thouveny et al., 2000]. This 
sediment stretching may impact the XRF semi-quantitative measurements of Ca, and bias our 
%CaCO3 reconstructions. Thus, in order to convert MD95-2042 Ca-signal into high resolution 
carbonate contents (%CaCO3), we compared the efficiency of a single linear equation for the whole 
core (n=310, R2=0.90) to two linear calibration equations: one for [0 m – 10 m] (influenced by piston 
suction) (n=97, R2= 0.87) and one for [10 m - 31.4 m] (non stretched sediment) (n=213, R2=0.94). 
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The sum of the %CaCO3 squared residues on the total length of core MD95-2042 is significantly 
smaller while using two linear calibrations instead of one (Fisher test on the residues: n=310, 
p<0.018). Therefore, we used the two linear equations to reconstruct high-resolution XRF-derived 
%CaCO3 for core MD95-2042 (Figure 2-C). 
 
 
Text S4:  New sampling of core MD95-2042 for biomarker analysis 

 Core MD95-2042 was sampled initially in 1996 and the entire core was sliced at 1 cm 
spacing; the resulting samples have been stored at 4°C since then in plastic bags. An alkenone 
record for core MD95-2042 was previously measured by GC in 1998 and published by Pailler and 
Bard [2002]. For this new paper, we duplicated the original UK’

37 record and doubled its resolution 
every 5 cm, equivalent to an average time resolution of 260 years. The new sampling of the core 
was performed in 2012 on the 1 cm subsamples stored in plastic bags. A total of 401 sediment 
samples were thus aliquoted over the upper 19.60 meters of the core, corresponding to the last 70 
ka. The samples were then freeze-dried under vacuum and finely ground in an agate mortar before 
molecular extraction and analysis. 
 
 
Text S5:  Lipid extraction 
 
 For biomarker analyses, 2 g of dried homogenized ground sediment were extracted with 
the accelerated solvent extraction method (ASE 200, Dionex) using dichloromethane/methanol 
(90:10 v/v) at 120°C and 80 bars, following the procedure described in Pailler and Bard [2002]. 
Before extraction, known amounts of ethyl-triacontanoate (C32) and C46-GDGT were added as 
internal standards. A known amount of n-hexatriacontane (C36) was added to the obtained total 
lipid extracts (TLE), as an external standard to quantify the extraction yield for alkenones (average 
of 95% and standard deviation of 19%; n=400). Thereafter, the TLE were subdivided into two 
identical aliquots, for alkenone analysis, and for subsequent purification before GDGT analysis. 
 

Text S6:  Alkenone analyses and reliability of our new record 

 Gas chromatography analysis of alkenones was performed by means of a Thermo 
Scientific Trace GC equipped with a flame ionization detector (FID). Analytical conditions are 
similar to those described by Sonzogni et al. [1997]. The purity of C37:2 and C37:3 alkenones was 
checked on selected samples by GC-MS using a Trace GC coupled to a DSQII quadrupole mass 
spectrometer (Thermo Electron) with similar GC conditions but using helium as the carrier gas. 
Quantification of di- and tri-unsaturated C37 alkenones was made by peak integration of GC 
chromatograms and by assuming the same response factor for analytes as for the internal 
standard C32. Concentrations of di and tri-unsaturated C37 alkenones are given as sum in µg/g of 
dry weight sediment. The Uk’

37 was calculated according Prahl and Wakeham [1987]. 
 The precision of our analytical procedures for the SST determination had been assessed in 
the frame of the international alkenone intercomparison [Rosell-Melé et al., 2001]. A large 
sediment sample from the core catcher of MD95-2042 was homogenized in order to further check 
the precision and accuracy of biomarker analyses. Aliquots were measured over the period 2012 to 
2014, exceeding the dataset acquisition of the present paper. The 40 replicates resulted in a mean 
UK’

37 of 0.557 (equivalent to 15.25 °C) with a standard deviation of 0.010 (0.26 °C) (n = 40), and an 
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alkenone concentration of 184 ng/g sed. with a standard deviation of 27 ng/g sed. (n = 39), 
agreeing with previous measurements in 1998 (mean UK’

37: 0.541 (14.76 °C) with a standard 
deviation of 0.015 (0.45 °C); alkenone concentration: 276 ng/g sed. with a standard deviation of 42 
ng/g sed; n=3). 
 The new high-resolution alkenone record agrees with the one measured in 1998 [Pailler et 
Bard, 2002] as illustrated by the mean differences between the two datasets (∆UK’

37  = -0.012 (-0.34 
°C); ∆C37tot = -69 ng/g sed. (i.e. -10 % of the mean value), n= 193). These mean differences are 
smaller than the analytical errors usually reported for alkenone measurements in fully marine 
environments (e.g. standard deviations for UK’

37  = 0.017 (0.5°C), and for C37tot = 28% for ocean 
sediment standard samples A, B and D in Rosell-Melé et al. [2001]), but with a larger dispersion 
than expected with ∆UK’

37 standard deviations of 0.039 (1.1 °C) and 49 % of the mean value of both 
C37tot measurements.  
The lack of systematic shifts in the two datasets for both standard sediment and downcore 
samples, rules out a significant laboratory degradation of alkenones in core MD95-2042 over the 
last 15 years. This is a precautionary step because laboratory degradation of alkenones and 
disturbance of Uk’

37 index have been noted and experimentally tested in our lab for marine 
sediment samples conserved at high temperature (50°C) or under UV light for prolonged time 
periods (data not shown). Nevertheless, the largest differences are associated with the lowest 
concentrations, notably during H1, H2 and H3 events (Figure 3-B and D). This rather points to an 
analytical difference, since low-concentration samples (<0.3µg/g sed.) are more difficult to 
quantify accurately [Rosell-Melé et al., 2001].  
 Therefore, the lack of a consistent shift between the datasets measured in 1998 and 2013 
justifies that this paper is based upon the new high-resolution alkenone record. 
 
 
Text S7:  Evaluation of present and paleo simulations 
 
 The validity of simulated ocean physics, especially in terms of temperature and currents, is 
a crucial point which needs to be assessed prior to any consideration of Tproxy results. Indeed, 
Tproxies record modeled in situ temperature when their mass is produced, and they undergo 
advection through surface and subsurface currents prior to export to the seafloor. 
 Our modeled Present Day (PD) circulation reproduces the Azores Current (AzC), the 
Portugal Current (PC) and the starting point of the Canary Current (CC) (Figure 1-B1), as well as 
coastal transition zone seasonality (winter poleward flow and summer upwelling-associated, 
equatorward flow). This is coherent both with observations and also with a previous study showing 
that whatever the modern forcing for ROMS on the Iberian Basin (9 GCMs and COADS climatology 
tested), these seasonal circulation features are always represented for present day simulations 
[Pires et al., 2014]. The resolution of ROMS (1/10°) reproduces fine seasonal oceanic structures 
specific to the Iberian Margin that cannot be captured by the coarser resolution of global 
climatologies (e.g. COADS resolution = 0.5°x0.5°, World Ocean Atlas 2005 resolution = 1°x1°) or 
General Circulation Models (e.g. IPSL-CM4 resolution = 2°x1.5°, Figure 1-C). This high resolution 
(1/10° ≈ 9km) of the regional model allows direct comparison in terms of temperature with satellite 
SST climatologies. The modeled PD annual mean SSTs (Figure 1-B1) are comparable (±1°C) to the 
9km-resolution satellite SST (Pathfinder climatology [Casey and Cornillon, 1999; Armstrong and 
Vazquez-Cuervo, 2001]), except along the coast (-2.5°C) due to an overestimation of the summer 
upwelling (coast-to-offshore gradient increase of 5°C in August). Similarly, PD annual mean 
subsurface temperatures (mean from surface to 200m depth) are analogous (±1°C) to those 
recorded in the World Ocean Atlas 2005 [Locarnini et al., 2006], but are slightly colder (-2.5°C) along 
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the coast, due to the summer upwelling. At the site of the core (offshore the upwelling zone), 
comparable (maximum ±1.5°C) temperature variations and seasonal amplitudes are observed for 
both the model and climatologies (~6°C for SST and  ~1.5°C for the 0-200m interval), for annual or 
monthly means, as well as for surface or subsurface depth interval (Figure 7-A1 and Table 2). 
 LGM and HS surface and subsurface circulations also exhibit strong seasonality, with the 
maintenance of the summer upwelling and winter poleward circulation along the coast, but 
without the sizeable offshore currents (PC, AzC, CC) (Figure 1-B2 and B3). In the same way as for PD, 
the annual mean SSTs from ROMS paleo simulations are about 1°C lower than the associated IPSL-
CM4 simulations, and about 1.5°C colder along the coast due to summer upwelling occurrence in 
the regional simulations in contrast to the GCM. ROMS annual mean 0-200m paleo temperatures 
give comparable results (±0.5°C) to their IPSL-CM4 forcings, but are slightly colder (up to -1°C) 
along the coast during summer coastal upwelling. Again, MD95-2042 core site is offshore the 
transition zone, and surface and subsurface temperatures do not exhibit differences with IPSL-CM4 
larger than 1.5°C and 0.5°C respectively, with comparable seasonality (Figure 7-A2 and A3 and 
Figure 5). In the North Atlantic Ocean and Europe, at Iberian latitudes, IPSL-CM4 in the LGM mode 
gives temperature results comparable to various paleoclimatic records for the corresponding 
climate state (MARGO database for SST, and pollen data for continental temperatures) [Kageyama 
et al., 2006]. Moreover, other studies comparing IPSL-CM4 results (in LGM and/or HS mode) with 
associated proxy data show reasonable agreement [Otto-Bliesner et al., 2009; Mariotti et al., 2012; 
Kageyama et al., 2009, 2013a, 2013b; Mariotti, 2013; Marzin et al., 2013; Woillez et al., 2013], 
further validating IPSL-CM4 outputs for LGM and HS modes. Therefore, as IPSL-CM4 is thought to 
represent past climatology and hydrology reasonably well, and ROMS outputs give comparable 
results to this GCM, we consider that ROMS paleo simulations give a reasonable paleohydrology for 
LGM and HS upon which Tproxy signals are based. 
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Figure S1. New SpeleoAge model for core MD95-2042: piecewise linear between tie points (blue 
diamonds). Small red diamonds are MD95-2042 14C cal. ages [Bard et al., 2013].  
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Figure S2. Tuning assessment for core MD95-2042. (A) NGRIP δ18Oice (blue) on the 
GICC05modelext timescale  (GICC05: [Vinther et al., 2006] for 0 – 7.9 kyr b2k, [Rasmussen et al., 
2006] for 7.9 – 14.7 kyr b2k, [Andersen et al., 2006; Svensson et al., 2006] for 14.7 – 41.8 kyr b2k, 
[Svensson et al., 2008] for 41.8 – 60 kyr b2k; GICC05modelext: [Rasmussen et al., 2014; Seierstad et 
al., 2014] for 60 – 122 kyr b2k), NEEM δ18Oice – 1‰ (dark blue) on EDML1 time scale for 114 – 128 kyr 
b2k [NEEM Community Members, 2013]; (B) Absolute dated Chinese speleothem δ18O normalized 
by insolation at 65°N in June (orange) on the SpeleoAge timescale [Barker et al., 2011]; (C) MD95-
2042 XRF-%CaCO3 (black) (this study) and measured %CaCO3 (red dots) [Pailler and Bard, 2002] on 
the SpeleoAge timescale. Blue diamonds are the tie points chosen by visual matching on 
Analyseries [Paillard et al., 1996] between MD95-2042 XRF-%CaCO3 signal and the insolation 
normalized Chinese speleothem δ18O [Barker et al., 2011]. Grey bars refer to cold events: YD= 
Younger Dryas, H1 = Heinrich Stadial 1. Red numbers refer to warm Dansgaard/Oeschger events 
also called Greenland InterStadial (GIS) events. 
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Table S1. Position of each tie point for MD95-2042 chronology, its associated SpeleoAge (kyr BP) 
and climatic event. H= Heinrich Stadial, DO= Dansgaard/Oeschger interstadial   

 
 

 
Table S2. Conducted ROMS simulations and Tproxy experimentation 

 

Data Set S1. MD95-2042 data: XRF and biomarkers results 

Climatic event corresponding to tie-point position 
(named after Martrat et al., 2007 Science)

Marine Isotopic Stage 
(MIS)

MD95-2042 tie points 
(depth, cm)

SpeleoAge 
(ka BP)

Core top MIS 1 0.0 -0.045
End YD MIS 1 287.2 11.451
Start BA/End H1 (Termination I) MIS 1/MIS 2 436.3 14.677
Start H1 MIS 2 592.0 17.354
End H2 MIS 2 802.6 23.907
Start H2 (End DO3') MIS 2/MIS3 926.9 26.385
End H3 (Start DO4) MIS 3 1058.2 29.859
Start H3 (End DO5') MIS 3 1112.7 31.132
End H4 (Start DO8) MIS 3 1333.1 38.174
Start DO10 MIS 3 1438.9 41.732
End H5 (Start DO12) MIS 3 1559.7 47.628
Start H5 MIS 3 1591.8 49.060
End H6 (Start DO17) MIS 4 1782.9 59.326
Start H6 (End DO18) MIS 4 1859.4 63.833
End DO19 MIS 5a 1964.3 70.028
End DO20 MIS 5a 2008.4 72.950
Start DO20 MIS 5a 2030.8 75.821
Start DO21 MIS 5a/MIS 5b 2123.1 83.636
End DO22 MIS 5b/MIS 5c 2183.1 87.287
End DO25 MIS 5d/MIS 5e 2408.8 111.341
Termination II MIS 5e/MIS 6 2554.8 129.693
End DO1 MIS 6 2680.8 136.136
Start DO2 MIS 6 2989.1 151.528
Start DO3 MIS 6 3124.0 160.724
End DO4 MIS 6 3147.4 162.001

Annual Summer Winter Annual Summer Winter

PD WOA 2005 
COADS 125 years y111-y125 PD_ASP PD_SSP PD_WSP PD_ADP PD_SDP PD_WDP

LGM 'LGM'           
IPSL-CM4 125 years y111-y125 LGM_ASP LGM_SSP LGM_WSP LGM_ADP LGM_SDP LGM_WDP

HS 'FWF'          
IPSL-CM4 125 years y111-y125 HS_ASP HS_SSP HS_WSP HS_ADP HS_SDP HS_WDP

Climate 
mode

ROMS physics Tproxy

Forcings Simulation 
time

Simulation 
time Surface Production 0-200m Production
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