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Supplemental material
	This supplemental material contains methodological information about the different analytical procedures and visual supports of the chronological construction. We describe first the methods used to analyze, for each core, the magnetic properties, grain-size derived from laser diffraction and X-ray fluorescence (XRF) measurements and calibrations. We also give information about the biogenic carbonate correction applied on selected tracers, as well as mathematical tools used to normalized the records. This first section is followed by the supplement information on chronologies, mostly illustrated by figures (Figs. S1-S9) and referring to the main text. Finally, two thermomagnetic curves from cores MD03-2673-74Cq and MD03-2679-80Cq are shown as examples to illustrate the magnetite content of the sediments (Fig. S10).




1. Methods

Magnetic properties

The Natural Remanent Magnetization (NRM) was first measured and then stepwise demagnetized in 12 steps (5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60 and 80 mT). Anhysteretic Remanent Magnetization (ARM), acquired in a 100 mT alternative field and a 50 µT bias field was measured and demagnetized with the same 12 steps as NRM. The Isothermal Remanent Magnetization (IRM) was acquired in 6 steps up to 1 T (50, 100, 200, 300, 500 and 1000 mT) using 2G pulsed IRM solenoid. A reverse field 0.3 T was applied to obtain the S-ratio-0.3 T. IRM1T was then demagnetized using 11 steps (10, 15, 20, 25, 30, 35, 40, 45, 50, 60 and 80 mT). The volume low field magnetic susceptibility (lf) was measured with a 45 mm inner diameter Bartington coil with the same spatial resolution as the magnetometers.

Grain size analysis

All samples (2 cm3) were decalcified at room temperature during 2 hours using acetic acid (20%) and rinsed three times with deionized water in the centrifuge at 3,000 rpm for 10 min. Subsequently, the samples were treated with ∼20 ml of hydrogen peroxide (33%) in a bath at 85°C during 2 hours to remove the organic matter, followed again by three rinses. Finally, the opal was removed using 2M of sodium carbonate (50 ml) during 5 hours in a bath at 85°C, followed by three rinses. Prior to grain-size measurements, 2 ml of a solution of sodium hexametaphosphate (Calgon, 2 g/L) was added to the sample, then placed in an ultrasonic tank during 2 min. The laser diffraction measurements were run in a deionized water tank with red light, Fraunhofer approximation and no ultrasound during the measurement in order not to warm up the solution and change its optical properties

X-Ray Fluorescence measurements

After a careful smoothing, the sediment surface was covered with an Ultralene Foil to avoid the contamination of the sensor. XRF data were collected every 1 cm with downcore and cross-core slits of 1 cm and 1.2 cm, respectively, throughout the entire length of the cores. The counting time was 10 s at 10 kV (no filter, under helium flow) for light elements, and 10 s at 30 kV (Pd thick filter, under air flow) for heavier elements, with an X-ray intensity of 140 µA and 90 μA, respectively. Three replicas were measured every 10 cm to estimate the measurement’s precision (Table S1). A certified standard SARM4 (“monitor scan”) was measured at 10 kV between each section measurement in order to further ensure the reproducibility of the data and verify the presence of reliable technical conditions of measurement (such as the absence of helium leak in the measuring chamber, which would impact light element measurements). For the upper half of cores MD03-2679-80Cq and MD03-2673-74Cq, we selected manually discrete samples used for XRF calibration (Weltje et al., 2015) in order to cover a large range of XRF-scan values. For the bottom half of the cores MD03-2679-80Cq and MD03-2673-74Cq and the entire core MD03-2685-84Cq, we defined the depth of discrete samples with the automatic selection of “optimal” calibration depths using the GUI Matlab Xelerate (Weltje et al., 2015), based on XRF core-scanner measurements. Once the “optimal” depths were selected, we collected 96, 85 and 90 discrete samples for cores MD03-2679-80Cq, MD03-2673-74Cq and MD03-2685-84Cq, respectively. These samples were dried and powdered with an agate mortar. We measured them three times with the PANalytical Epsilon 3XLE Energy Dispersive XRF spectrometer available at the LSCE to estimate the measurement precision (Table S1). This error is calculated (as well as for core-scanner measurements) as the relative Root Mean Square Error (RMSE) expressed in percent. The Multivariate Log-ratio Calibration (MLC) was realized using 10 elements (Table S1) with the GUI Matlab Xelerate (Weltje et al., 2015). The associated errors of these calibrations are 0.087, 0.184 and 0.144 for the ln(Ti/K) ratio and 0.164, 0.272, 0.205 for the ln(Zr/Rb) ratio, for cores MD03-2685-84Cq, MD03-2679-80Cq and MD03-2673-74Cq, respectively.
Table S1 : Geochemical elements and their associated voltage and RMSE (%) for core scanner and discrete measurements.
	
	Core Scanner
	
	Discrete samples

	
	
	RMSE (%)
	
	
	RMSE (%)

	
	Voltage (kV)
	MD03-2685-84Cq
	MD03-2679-80Cq
	MD03-2673-74Cq
	
	Voltage (kV)
	MD03-2685-84Cq
	MD03-2679-80Cq
	MD03-2673-74Cq

	Mg
	10
	7.4
	14.7
	4.4
	
	5
	7.2
	6.4
	10.9

	Al
	10
	0.8
	0.8
	1.9
	
	5
	1.8
	1.6
	2.6

	Si
	10
	13.5
	13.1
	4.6
	
	5
	1.3
	1.1
	2.0

	K
	10
	1.7
	1.6
	1.2
	
	12
	1.1
	0.9
	1.2

	Ca
	10
	1.0
	1.1
	0.9
	
	12
	0.8
	0.6
	0.9

	Ti
	10
	0.8
	0.7
	0.9
	
	12
	0.8
	0.7
	1.2

	Mn
	10
	2.1
	1.2
	1.0
	
	20
	2.7
	2.6
	3.0

	Fe
	10
	1.2
	1.1
	0.9
	
	20
	0.3
	0.3
	0.4

	Rb
	30
	3.3
	3.2
	1.9
	
	50
	7.2
	6.2
	7.8

	Sr
	30
	2.3
	2.5
	1.2
	
	50
	1.2
	1.3
	0.9

	Zr
	30
	2.5
	2.8
	1.5
	
	50
	3.6
	3.4
	5.1




Biogenic carbonate influence correction

To explore the detrital changes of basaltic-rich sediment from the Iceland-Scotland sill, we calculated the iron (Fe), titanium (Ti) and the volume low field magnetic susceptibility corrected for the influence of biogenic carbonate dilution. For this purpose, we followed the method of (Poutiers and Gonthier, 1978). We used the XRF-calibrated Ca concentration as a reference to interpolate the CaCO3 percentages following the equation:


Where M(CaCO3) and M(Ca) are the molar mass of the carbonate molecule and calcium atom, respectively, and Ca% is the XRF-calibrated concentration of Ca. To take into account the pick-up coil resolution of 5.8 cm of the lf records, we applied a 5-point smoothing on the Ca concentration before the calculation. 

Normalization of records

All normalized data presented in the main text are calculated by subtracting the mean and divided by the standard deviation of each record. They were both calculated using the “nanmean” and “nanstd” Matlab functions.

2. Chronologies

Calypso-CASQ correlations

In order to convert the CASQ depth scale, where radiocarbon samples were collected, to Calypso depth scale, we correlated the ln(Ca/Ti) variations of the Calypso (from this study) and the CASQ (from T. Richter, personal communication) cores and the lf for the deepest part of the CASQ cores, where no XRF data were available. Fig. S1 shows the records of CASQ and Calypso on the Calypso depth scale, for the three pairs of cores.

Figure S1: Records used to correlate the CASQ and the Calypso depth scales. (a, c, e) low field volume magnetic susceptibility, (b, d, f) geochemical ln(Ca/Ti) ratio. (a,b) Cores MD03-2673 and MD03-2674Cq, (c, d) cores MD03-2685 and MD03-2684Cq and (e, f) cores MD03-2679 and MD03-2680Cq. All the data are plotted with the Calypso depth scales. For the interval where ln(Ca/Ti) and lf do not overlap, we used the shipboard measured lf of core MD03-2679 (not shown).


Age models of the MD03 cores

The construction of the three MD03-2685, MD03-2679 and MD03-2673 age models is described in the main text. The following figures illustrate the good quality of magnetic data (Figs. S2-3), the correlations between records (Figs. S4-5), downcore variations in sedimentation rates (Fig. S6), the new age models of IODP U1385 and U1308 (Fig. S8) and the age-depth plot with uncertainties (Fig. S7).

Figure S2: Inclination (PCA) with the GAD inclination and MAD (A, C, E) and the three RPI (B, D, F) for each pair of cores. The NRM/ARM and NRM/IRM are rescaled based on the NRM/x mean. These are the results for the pairs of cores MD03-2673-74Cq (A, B), MD03-2679-80Cq (C, D) and MD03-2685-84Cq (E, F). 

Figure S3: Examples of orthogonal projections of the NRM stepwise AF demagnetization data. Open and full circles are for the projections on  the vertical and horizontal planes, respectively. The datapoints used  for the PCA analyses are reported and the value of the peak applied  field is indicated close to the dots. The dashed lines are for the  direction of the Characteristic remanent magnetization determine with the accuracy given by the MAD value also reported for each diagram.

Figure S4: Comparison of the different records used to correlate the core chronologies between them and the ODP site 983 for the 0-200 ka period. (a) Relative PaleoIntensity (RPI); (b) low field magnetic susceptibility; (c) ln(Ca/Fe) ratio. Diamonds, triangles and squares are used to show tie-points associated with RPI, lf and ln(Ca/Fe), respectively. Red = MD03-2679-80Cq; green = MD03-2673-74Cq; blue = MD03-2685-84Cq; black = ODP-983 magnetic data from Channell et al. (2013) plotted on the AICC2012 (Bazin et al., 2013; Veres et al., 2013) chronology from Barker et al. (2015). Gray vertical bars in (a) indicated paleomagnetic excursion.

Figure S5: same legend as Fig. 1 but for the 200-400 ka interval.

Figure S6 : Sediment accumulation rates calculated with the GUI Matlab “Undatable” (Lougheed & Obrochta, 2019). (a) core MD03-2685-84Cq, (b) core MD03-2679-80Cq and (c) core MD03-2673-74Cq. Light colors are the raw sediment accumulation rate and bold are the 50 cm mean. Dashed lines are the mean sediment accumulation calculate on the interval without sediment deformations. 

Figure S7: Age-Depth plot of the three Bayesian age models of the three cores presented in this study. The envelop is the confidence interval (95 %). Red = MD03-2679-80Cq; green = MD03-2673-74Cq; blue = MD03-2685-84Cq.
Figure S8: Comparison between the original (black) and revised (blue) age models of IODP U1385 and U1308.


Figure S9: Comparison of benthic 18O and 13C records of IODP sites U1308 (blue) and U1385 (black) with the published U1308 age model (left panel) and the revised one (right panel).





Figure S10: Two examples of thermomagnetic curves from cores MD03-2679-80Cq and MD03-2673-74Cq. The x axis is the temperature (°C) and the y axis is the magnetization. The temperature of the heating phase associated with a magnetization falling to zero around 580°C corresponds to magnetite minerals.
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