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The stability of the Antarctic Ice Sheet (AIS) in a warming world is an important concern 1[]
 and studying its response to past climatic change help advancing our understanding of its dynamics. The past climate and ice sheet history of the Weddell Sea Embayment (WSE) is poorly known compared to other Antarctic sectors although it represents potentially an area of substantial ice volume change 
 ADDIN EN.CITE 
[2, 3]
. In particular, the exact timing and amount of its contribution to the global sea level rise over the last deglaciation remain unknown. Here we extract the surface elevation history of the AIS in the WSE over the last 50 000 years by combining water stable isotopic records from two ice cores and ice sheet radar data from the Berkner Island (BI) and Fletcher Promontory (FP) ice rises together with isotope-enable General Circulation Model simulations.  Our results reveal the AIS build-up between 50 ka and 20 ka following by its demise over the last deglaciation with BI and FP sites experiencing a ~900 and ~600 m changes in elevation from the Last Glacial Maximum to Present-day respectively.  They also show that in the WSE, the AIS has reached its current configuration as recently as 4000 years ago. They finally suggest that the volume of ice lost in the WSE was not sufficient to account for more than about XX m of the global sea level rise corresponding to the Melwater Pulse 1A event of the last deglaciation 4[]
. Our new data represent valuable new constraints about the past state of the WSE to refine past Antarctic ice sheet reconstructions and improve the reliability of ice sheet models in predicting future sea level rise from the AIS melting in response to global warming.
The Weddell Sea Embayment (WSE) plays a key role for the global thermohaline circulation 5[]
 and has recently been identified as a potentially unstable part of the AIS which could make a major contribution to future sea-level rise 2


[ ADDIN EN.CITE , 3]
. In this context, past reconstructions of climate and ice sheet changes in the WSE can provide important clues on the ice sheet sensitivity to large climatic changes and its contribution to global sea level variations. In particular, changes in the polar ice sheets resulted in a total sea level rise of ~100 m between the Last Glacial Maximum (LGM; ~21 000 years ago) and the late Holocene  (~9 000 years ago) 6[]
.  The melting of the North American and Eurasian Ice Sheets contributed to the majority of that change and recent studies suggest that the AIS contribution to LGM sea level was not greater than 15 m 
 ADDIN EN.CITE 
[7, 8]
, still the exact number remains poorly constrained.  
The LGM ice sheet configurations reconstructed from numerical models show major discrepancies in  the WSE 9[, 10]
 and resulting estimated sea level equivalent volume of LGM ice sheet build-up varies between 1.4 to 3 m and 13.1-14.1 m 
 ADDIN EN.CITE 
[11, 12]
. The sparse geological marine and terrestrial data constraining the Last Glacial Maximum and post LGM history of the WDE do not allow either to propose one consistent scenario of the Last Glacial Maximum (LGM) ice sheet configuration in the Weddell Sea sector 13[]
. Still what was the history of advance and retreat of the WSE ice sheet and how much did ice-sheet build up in this sector contributed to the LGM sea level and how much did post LGM ice sheet draw down contribute to global meltwater pulses throughout the last deglaciation 
 ADDIN EN.CITE 
[4, 14]
 are fundamental questions hampering our understanding of Antarctica’s glacial history. 
Here we present two new ice cores drilled at Fletcher Promontory (FP, 654 m-deep, 77°54.1’ S, 82°36.3’W), a small ice cap in the Southwest corner of the Weddell Sea and Berkner Island (BI, 948 m-deep, 79°32.9’ S, 45°40.7’W), the largest Antarctica’s island (Figure 1; See SOM for details about drilling and characteristics for each site). The water stable isotopic records (δD, Figure 1) together with ice sheet radar profiles (Figure 2) covering the two drilling sites throw light on the state of the WDE ice sheet during the late glacial, through the last deglaciation and into the Holocene. The two ice cores have been dated using the recent ICE-CHRONO model 15[]
 that enables to generate ice and gas chronologies which constitute the best compromises between glaciological flow constraints and chronological information deduced both from the ice (10Be, tephra layers) and the analysis of air bubbles (CH4 concentration, δ18O of atmospheric O2). By construction, the BK and FP ice and gas chronologies are coherent with the recent AICC2012 chronology allowing robust record comparisons in particular with the EPICA Dome C (EDC) and Dronning Maud Land (EDML) ice cores drilled on the East Antarctic Plateau 16[]
 (see details in SOM). 
The BK and FP water stable isotopic records, δD, classically interpreted as a proxy for mean annual surface temperature 17[]
, clearly resolve the classic features previously identified in numerous Antarctic ice cores: the warm Holocene, the coldest signal during the Last Glacial Maximum and the Antarctic Isotope Maximum (AIM) events characterising the last glacial period (Figure 1). However, obvious differences are visible between the two cores and when comparing with the isotopic profiles from the East Antarctic EDC and EDML ice cores 
 ADDIN EN.CITE 
[17, 18]
 and the recent WAIS ice core drilled in West Antarctica 19[]
 (Figure 1B). First, a clear long term δD decreasing trend between 50 ka and 20 ka is visible at both sites with the one at BK more pronounced that at FP (slope of the linear fits is -1.8‰.ka-1and -1.3‰.ka-1 respectively, Table S1). In comparison, the East Antarctic, JRI and WAIS cores present trends of much smaller amplitude (linear fit slope is between -0.5 and -0.7 ‰.ka-1; Table S1). Second, while the amplitude of isotope changes through the deglaciation is relatively similar across most existing ice core records (Figure 1 from 19[]
), including the nearby JRI ice core from the Antarctic Peninsula 20[]
, the glacial-interglacial amplitude observed in the isotopic changes at BK and FP is much larger e.g. ~86‰ and ~69‰ respectively between 20 ka and 12 ka compared to ~50‰ at EDC and WAIS (Table S2). Third, there is an apparent delay in reaching the water isotopic maximum during the Holocene. Isotopic profiles from East Antarctica as well as from JRI reflect the Early Holocene optimum climate at ~12 ka, while the isotopic maxima are reached at BI and FP at ~5 ka and at ~3 ka at WAIS. We interpret these isotopic differences observed in the BI and FP records as resulting from regional elevation changes at the drilling sites and as a consequence of the thickening and build-up of the ice sheet in the WSE from 50 ka to the LGM, and then the thinning as the ice sheet retreats during the transition to the Holocene.
We argue that the apparent maximum in both the FP and BI isotopic record reached at ~5 ka reflects the time when the ice divides at the two sites reached their current form. This is supported by ground-based survey using low-frequency-penetrating radars and carried out at the ice-divide triple junction at both the FP and BI ice rises (SOM; 21[]
). Indeed, Raymond bumps (Figure 2) which are anticline features visible in radar-detected englacial isochronic layers and with vertically aligned apices lying beneath ice flow divide, can be detected and provide a means of determining the elapsed time since the divide was first located at a given place 22[]
. The BI survey shows one very strong Raymond arch ridge, which started forming around 4 ka ago and the FP survey shows a very clear central stack of Raymond cupolas, which decay very rapidly in amplitude with distance from the summit. Dating suggests that the FP summit occupied this position about 5 ka ago (further details on the calculations are given in the SOM).
T
he elevation changes at BI and FP over the last 50 ka are reconstructed based on their water isotopic records and under the assumption of a fixed climate, with elevation change expressed through the lapse rate effect on temperature and on isotope ratios in precipitation 23[]
. We use the EDC δD record as a ‘reference’ climate signal, based on the contention at the FP and BI climate signals should be similar to this East Antarctic water isotopic record, and that the additional temperature signal is due to the change in ice sheet altitude (details are given in Methods/SOM).  The result is shown in Figure 3 as a change in elevation, with a thickening of the ice sheet of ~ 400 m from 50 kyrs BP to 20 ka BP, followed by a thinning of 500 m from 20 ka to 4-5 ka at Berkner Island. 

( Calculations need to be updated.

( Need to comment on both BI and FP elevation curves

( Contrasting evolution in the Antarctic Peninsula/Weddell Sea region when comparing with JRI (no significant thickening at the LGM). 
Comparison of our empirical elevation change reconstructions and ice sheet model derived elevation changes at the studied sites provide a basis for discussion of the elevation history of the last 50 ka in the WSE  (Figure 4) and its implications for understanding and predicting present and future changes in the area.  

( Need to highlight the differences between the scenarios and give the paper rationale for only considering the ICE-5G model to then force the isotope-enabled HadCM3 model. (Problem with ICE-6G appears to be linked to the LGM ‘missing ice’ problem, which seems to have all been dumped on the WAIS and around the peninsula.
The Ice-5G scenario provides the past elevation changes that are the most realistic in regards to our empirical reconstructions. (Figure 4, details in SOM). T
( To present the comparison with the ice δ18O deduced by an isotope-enabled fully coupled General Circulation Model (GCM) HadCM3. Coherence in term of amplitudes between the different sites except for WAIS. LGM ice δ18O values underestimated in the model, not a surprise though, simulations with no FW forcing. 
(Implication for ice sheet modeling and also larger implications for climate modeling. 
Final discussion: 

( To discuss what the results are telling us regarding the contribution of this area to sea level changes during the deglaciation. 
Likely WSE did not contribute significantly to the MWP 1A (Deschamps et al. 2012), a rapid sea level rise at 14.2 ka of 12–22m in around 350 years. 
Large contribution to the Ross Sea region to sea level is unlikely too (Licht, 2004) ; As or the Amundesen sea region: 1.2 m sea level equivalent (Denton and Hughes, 2002). 
(Results coherent with geomorphological evidences from Bentley et al 2010: Reduced WAIS contribution, supporting latest studies emphasizing the Northern Hemisphere ice as the primary contributor (e.g. Gregoire et al., 2012; Tarasov et al., 2012).
(Argus et al., 2014; Briggs et al., 2014; Mackintosh et al., 2014: studies stating that much of Antarctica remained heavily glaciated well into the Holocene, with the majority of its ice melting between 12 and 6 ka. Our results do show that it started before?
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Figure 1. A. Map of Antarctica, B. Close-up on the Antarctic-Peninsula/Weddell Sea region; The deep drilling ice core sites used in this study are indicated; C. (top panel) Ice δD records from Berkner Island (BK, red; this study), Fletcher Promontory (FP, blue; this study), James Ross Island (JRI, black; Mulvaney et al. 2012) and EPICA Dome C (EDC, Jouzel et al. 2007); (bottom panel) Ice δ18O from WAIS (green, WAIS community members, 2011), EPICA Dronning Maud Land (EDML, EPICA community members, 2006) and EDC. Note that the ice δD and ice δ18O axis have been scaled.  The WAIS ice δ18O is displayed on a chronology based on annual layer counting for the first 31 ka and then on stratigraphic matching using globally well-mixed atmospheric methane concentrations from WAIS and the Greenland NGRIP ice core displayed on a linearly scaled version of the layer-counted Greenland Ice Core Chronology (GICC05), which brings the age of Dansgaard–Oeschger (DO) events into agreement with the U= Th absolutely dated Hulu Cave speleothem record (details are given by Buizert et al. 2015). We used the relation given by Buizert et al. (2015): WS2014 age =1.0063 * GICC05 ages to display the WAIS ice δ18O record onto the GICC05 chronology onto which is based AICC2012 (More information in SOM, Bazin et al. 2012; Veres et al. 2012). 
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Figure 2. Ice sheet radar data A. Berkner Island and B. Fletcher Promontory.  This figure needs to be done. We will prepare a figure which somehow also need to show in an easy and direct way when the present AIS configuration was reached at those sites based on the ice sheet radar data. For now, we only provide here a few info about these dataset for the BK sites.
Three panels on the left show the radargram from three adjacent survey lines 5km wide which form three faces of a hexagon with vertices 5 km from the Berkner drill-site (To add the maps with the radar lines in the Supp. Mat). The vertical axis is the two-way travel time in µs (to add on the figure itself rather than here). The bed-pick is marked in red. A Raymond Stack can clearly be seen in the left and central panels. The bump apex, and the flank elevation are picked with accuracy 10m (blue circle/cross markers). The further lowering of the isochrones in the right radargram panel is due to increased accumulation on the eastern side of the dome. The rightmost panel shows the bump amplitude/elevation curve, and the results of several model runs. The red line is the predicted bump amplitude with a start time at 4200 years BP, and a zero thinning rate. The yellow band is the model sensitivity to thinning rates of ±0.01m/year, and the grey band the sensitivity to start times of ±1000 years. The dashed line is the final steady state bump-amplitude distribution.

B. Similar for Fletcher
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Figure 3. This figure showing elevation changes for the two sites needs to be done. For now, we only show an old figure but only done for Berkner Island. Here we give the caption of this figure Blue – Dome C δD (Jouzel et al. 2007); green – Dronning Maud Land δD (Stenni et al. 2010); dark red – Berkner Island δD; pink line – model sea level curve (Bintanja et al. 200X); pink crosses – measured sea level curve (Fairbanks, need to be updated); light green line – Dronning Maud Land ice sheet altitude (Fischer, this needs to be updated and we should show also EDC’s); red line – Berkner ice sheet elevation derived following strategy described in the SOM. Calculations will be done with both EDC and EDML as climatic references.
[image: image3.emf]
Figure 4. A. Empirical reconstructions from BI, FP, EDC, EDML and WAIS (to be added) and elevation reconstruction scenarios from the three ice sheet models: Ice-5G (Peltier, 2005, what is happening at 23 ka ?), Ice-6G (Argus et al., 2014; Peltier et al., 2015) and the GLAC-1D reconstruction (Briggs et al., 2014; Tarasov and Peltier, 2002; Tarasov et al., 2012). B. Isotopic changes relative to present-day at the different ice core sites. Comparison between data and model outputs. Color code is the same for both panels: BI (red), FP (blue), WAIS (green), EDC (grey), EDML (orange). 
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 It is still unclear what will go in the method summary and what will go in the SOM. A lot of work remains on this too…!
METHODS SUMMARY:
- New ice core data: They have been measured using well-described methods. These measurements are presented in Supplementary Information section 1. 

- Ice core chronologies: 
WAIS: The WD2014 chronology is based on annual layer counting for the first 31 ka (Sigl et al. 2016). Below, it was synchronised onto a linearly scale version of GICC05 which brings the age of abrupt climate changes in Greenland into agreement with the U/Th absolutely dated Hulu Cave speleothem record (Buizert et al. 2015). In order to keep a coherent temporal framework with AICC2012, we divide the WD2014 ages by 1.0063 between 31 and 50 ka to obtain GICC05 ages (ka BP 1950) following the relationship provided by Buizert et al. (2015).   

BK and FP:  The ice and gas age scales of the BI and FP ice core have been constructed using the recent IceChrono1, a new probabilistic model integrating various sources of chronological information to produce a common and optimized chronology for the BI, JRI and FP ice cores, as well as its uncertainty (Parrenin et al. 2015). By construction, the age models of the three cores are coherent with the AICC2012 chronology (Bazin et al. 2013, Veres et al. 2013). TO COMPLETE.
More details in SOM
-Elevation change reconstructions based on water isotopic records: Before developing our methodology to derive past elevation curves at the BI and FP sites a correction for past changes in the seawater isotopic composition (δ18Osw), due to waxing and waning of the continental ice sheets during the last glacial-interglacial cycle must be applied. We use the Bintanja et al. 2005 δ18Osw record derived from marine sediment benthic stacks of Lisiecki and Raymo (2005) after correction for deep water temperature effects. We apply the following corrections as described in Jouzel et al. (2003): 
δDcorr =δDice -8δ18Osw x (1+δDice/1000) / (1+8δ18Osw /1000)

Uncertainties in the correction for past changes in δ18Osw arise mostly from the actual mosture source δ18O vs the global signal and also from the possible discrepancies between the timescale of the Bintanja et al. 2005 δ18Osw record and AICC2012.

Relative elevation time series using an ice core isotopic record is based on the substraction of a given δD profile δ1 from another δ2  to produce an anomaly record hδ, under the assumption that both sites have experiences the same climate change. It follows the equation:

[image: image5.emf]
Where T is the surface temperature, Γ is the atmospheric lapse rate and h2-h1 is the difference between the absolute elevations of the two sites.

We use EDC (isotopic record also corrected for δ18Osw) as a climate reference point assuming that the site have experienced no change in elevation. We assume that α =6.4‰.°C-1 from modern-day spatial measurements (to check this is the up-to-date estimate from Masson-Delmotte et al. 2011 compilation ) and that Γ, the dry adiabatic lapse rate is of 10°C. km-1 (ref ? Steig et al. use 8°C. km-1 from Jacobson, 1999). Factors such as changes in moisture source and precipitation seasonality may influence the effective value of α. A conservative estimate for the precision of α is ±0.2‰.°C-1  (Cuffey et al. 1994; Krinner et al. 1997) which suggests a precision of our elevation calculation of at least ± 25‰ (ignoring other sources of error).
The calculation [BI δD - EDC δD] and [FP δD - EDC δD] is done once the isotopic profiles are corrected for the changes in seawater isotopic composition δ18Osw
( Choice of the climate references: we will provide calculation based on both EDC and EDML, Stenni et al. 2010 provide isotopic profiles corrected for elevation changes.

EDML is certainly good as we expect that BI is influenced by the same cyclonic system, both receiving moisture from predominantly the South Atlantic sector.  But EDC has experienced less changes in elevation than EDML.
( Need to discuss the limitations due to the fact that FP may not be under the same influence as the EPICA cores (e.g. Nicholas and Bromwich, JC 2010) ?
( To mention the effect of ice advection on the isotopic records. While ice advection is unlikely to substantially affect the glacial - interglacial changes, the advection effect may be important during periods of relatively stable isotopic values, such as the Holocene.

SUPPLEMENTARY INFORMATION:
1- Characteristics of the ice core drilling sites studied in this paper:

	
	BI
	FP
	JRI
	WAIS
	EDML
	EDC

	Latitude
	79°32.9’ S
	77°54.1’ S
	64°12.1’ S
	79°28.06’ S
	75°00’09’’S
	75°06’07’’S

	Longitude
	49°40.7’ S
	57°41.1’ S
	82°36.3’ S
	112°05.19’ W
	0°04’06’’E
	123°23’43’’E

	Altitude (m)
	890
	873
	1542
	1766
	2892
	3233

	Ice thickness (m)
	948
	654
	363
	3455
	2780
	3273

	Accumulation (kg.m-2.a-1)
	130
	380
	630
	260?
	64
	25

	10 m temperature (°C)
	-26.5
	-27.1
	-14.4
	
	
	

	Basal temperature (°C)
	-11.6
	-18
	-8.5
	
	
	


Table S1. Summary of the site characteristics (Mulvaney et al. 2012, 2014; EPICA community members 2004, 2006; WAIS community members 2012)
( To refer to Rob’s papers regarding more details on the BI and FP ice core drilling projects.
2- BI and FP ice core measurements used in this study

2.1. Stable water isotopes (BAS, NERC Isotope Geosciences Laboratory)
XXXX discrete deuterium isotope (δD) measurements were made at the NERC Isotope Geosciences Laboratory using an online chromium reduction method with a EuroPyrOH-3110 system coupled to a Micromass Isoprime mass spectrometer. Analytical precision is typically 1.0% for δD. Measurements were made at XXcm resolution. 

XXX discrete δD measurements were made at the British Antarctic Survey using a Los Gatos Research DLT-100 cavity ring-down laser spectroscopy instrument with a precision of typically 1.0% for dD. 
+ Duplicates ? e.g. for James Ross Island : Across 770 duplicates, the mean difference in dD results obtained by the mass spectrometry and laser spectroscopy methods is 1.02%. 
Isotope measurements used internal standards calibrated against the international standards Vienna Standard Mean Ocean Water (VSMOW2) and Vienna Standard Light Antarctic Precipitation (VSLAP2).

2.2. CH4 concentration measurements (LGGE)

Discrete measurements for BI: XXX CH4 measurements were conducted with a wet extraction technique at Laboratoire de Glaciologie et Géophysique de l’Environnement (LGGE, Grenoble). The analytical methods of CH4 measurements are detailed in Chappellaz et al. 1993. They lead to a 10-ppbv mean measurement uncertainty (Chappellaz et al., 1997). To summarize the technique in a few sentences.
CFA technique for FP: 

2.3. Air Isotopes, δ18Oatm and δ15N, (LSCE, UEA)

XX and YY duplicate measurements of δ18O were performed on the air trapped in the BI and FP respectively at the Laboratoire des Sciences du Climat et de l'Environnement. The air was extracted with a melt-refreeze method and analysed on a mass spectrometer (Thermo Delta V). Corrections were applied for the influence of the formation of CO+ of masses 28 and 29 in the mass spectrometer source. Moreover, we measured systematically δO2/N2 for each sample to correct for the influence of the ratio O2/N2 on the sensitivity of the mass spectrometer source23. A detailed description of the analytical method is given in Landais et al. 2003.
We obtain the δ18Oatm profile by correcting the δ18O of O2 for physical fractionation processes in the firn (the shallow part of the ice sheet where the porous snow pack has not yet been compressed to impermeable glacier ice). These fractionation processes are driven either by the Earth’s gravity field or a temperature gradient within the firn column. The gravitational effect is proportional to the mass difference between the two isotopes (ref). It is therefore twice as large for δ18O (18O/16O) than for δ15N (15N /14N). δ18Oatm is therefore traditionally estimated from the combined measurements of δ18O and δ15N as δ18Oatm = δ18O –2δ15N and the final associated uncertainty on δ18Oatm is XX‰ and TT for FP and BI respectively.
UEA > summarizing the technique from Francis Mani if we show his air isotope data measured at UEA.
2.4. 10Be 
To do.

3- BK and FK chronology construction.
NEED TO BE WRITTEN UP !
[image: image6.emf]
Figure S1: resulting synchronisations between BI, FP, JRI and EDC on AICC2012. The present figure needs to be updated, here the methane synchronisation
 for FP is not shown.
( To describe how we construct the chronologies of the cores with ICE-CHRONO. 

( To describe the issue with the synchronisation; the tie points that we used; the issue with the delta age (need a figure with the d15N from Francis and Capron et al. CP 2013) probably; Figure with the dating constraints.
( We may want to show D15N data to illustrate that there are probably some issues with the delta age estimate because of firn changes not only related to temperature and accumulation. 

Table S2: to present all age markers +uncertainties considered
3- Water isotopic differences between the different ice core records

	
	BI
	FP
	JRI
	WAIS
	EDML
	EDC

	δD slope of a 50-20 ka linear fit (‰.ka-1)
	1.8
	1.3
	0.7
	0.7
	0.6
	0.5

	ΔδD between 12 and 20 ka (‰)
	82
	64
	43
	47
	49
	47

	Age of the relative maximum  δD value for the last 13 ka (ka)
	~4.5
	~4.5
	~12
	~3
	~12 
	~12 


Table S3:  Note that EDML and WAIS isotopic differences have been converted into δD but originally, δ18O have been measured.
4- Ice sheet radar data:
Need for a Supp. Mat Figure with the survey lines for each site 
Technical details given in Hindmarsch et al. JGR 2011; Text from this paper below and that needs to be summazise, 
Both FP and BK sites were surveyed with a 4 MHz nominal center frequency ice‐penetrating radar. The BAS DELORES system (Deep‐Looking Radar Echo Sounder) is a monopulse radar capable of operating between 1 and 20 MHz. The transmitter

comprised a Kentech pulse generator that produced ±2000 V pulses at a repetition rate of 1 kHz. The data presented here were acquired with dipole antennae of 10 m length that have a nominal frequency of 4 MHz. The receiving system comprised an identical antenna pair coupled to a digital oscilloscope via a balun and amplifier. The sampling rate in a trace was 100 MHz. One thousand pulses were stacked for each trace, and the trace spacing was between two and three meters. Triggering was by air‐wave from the transmitter.

Position, elevation and radar returns were measured on the Fletcher Promontory in December 2005, on eight separate days, at the positions indicated in Figure 2 (left), which comprised 221 km of survey lines. Line topology consisted of a standard square grid, mainly on the southern side of the triple junction, as well as hexagonal lines centered on the triple junction which crossed the divide‐ridge arms. The same

radar system was used to survey the area around Thyssenhöhe on five separate days in February 2006. In this case, the survey topology consisted of five concentric hexagons, separated by 1 km, centered on the drill site, which is about 3 km from the summit of Thyssenhöhe. Total survey line length was about 100 km.

Raymond Bumps have been detected in the divide extending SW from Thyssenhöhe from a ground-based radar survey carried out in February 2006. Figure 3 shows Raymond bumps picked from three sides of a hexagonal survey with vertices 5km from the drill-site.  Thyssenhöhe has one further divide ridge emerging north, which has a very weak Raymond stack. Following Conway et al. (1999), the bump amplitude as a function of elevation for the SW ridge is compared with the models varying the time of divide formation and the rate of elevation change during this period. We find that the best fits are given with a start time of around 4000a B.P. with a thinning rate of zero. The apices of the Raymond bumps migrate slightly, indicating slow movement of the divide (Nereson ++, 20??; Martin and others, 2009). The reasons for the absence of a Raymond stack on the other arms are not clear; it may be due to shear stresses along the ridge or to stochastic perturbation (Hindmarsh, 1995; Martin and others, 2009), since the Raymond stack on the SW arm indicates that this divide ridge to be a persistent feature for at least 4000 years. The age of the SW Raymond stack is consistent with the notion that large scale changes in the geometry ceased around 4000 years B.P.

( To present/discuss similarly the radar data from FP
4- Climat modelling and ice sheet model scenarios on elevation changes 
Isotope-enabled GCM experiments

Experiments are set up using an isotope-enabled coupled General Circulation Model (GCM), the UK Met Office HadCM3. The ensemble consists of time-slice experiments spanning the last 50 ka to present. HadCM3 consists of a linked atmosphere, ocean and sea ice model, can be run for multi-millennial length simulations and has been widely used to study past, present and future climates (e.g. IPCC, 2007; IPCC, 2013). Among the Climate Model Intercomparison Project Phase 3 (CMIP3) model group, HadCM3 achieves amongst the highest skill scores based on global mean sea level pressure (mslp), sea surface temperature, height and temperature at 500 hPa, and surface mass balance over Antarctica (Connolley and Bracegirdle, 2007). The seasonality of Antarctic precipitation simulated by HadCM3 for the present day is similar to that of the ECMWF ERA40 reanalysis product (Sime et al., 2008). For a detailed description of the implementation of isotopes into HadCM3, the reader is referred to Tindall et al. (2009). Ice sheets and sea ice in the model are initialised with a δ18O value of -40 and -2 ‰ respectively. The model has a reasonable representation of the global distribution of isotopes in the atmosphere and ocean (Sime et al., 2008; Tindall et al., 2009; 2010; Xinping et al., 2012). Isotopes are added to simulations with climates that are already in equilibrium with the respective boundary conditions. All of our simulations are initialised with an isotopic value of 0 ‰ for δ18O in the atmosphere and ocean. Once isotopes were initialised, the experiments were integrated for 400 years to reach a pseudo-equilibrium state (i.e. drifts in the atmosphere, surface and mid-depth ocean become negligible). 

HadCM3 does not include interactive ice sheets, carbon cycle, or methane. Any changes in orbit, GHG, dust, ozone and ice sheet evolution must be prescribed. The prescribed boundary conditions for each model integration are outlined in Table #?. Our pre-industrial simulation was set up following pre-industrial control guidelines from the Paleoclimate Model Intercomparison Project (PMIP). For paleo-changes in orbit, greenhouse gas (GHG) concentrations and ice sheets, we adopt the same boundary forcing as applied by Singarayer and Valdes (2010) (see Table #? for details). We perform experiments back to the LGM (21 ka) in 1 kyr steps. Additional experiments are performed for the time periods 30, 40 and 50 ka. Changes in ice sheet configuration are prescribed according to the ICE-5G model of Peltier (2004). This LGM ice sheet configuration was included in the PMIP Phase 2 (PMIP2; https://pmip2.lsce.ipsl.fr/pmip2/, Braconnot et al., 2007) and a number of simulations included in PMIP3 (http:// pmip3.lsce.ipsl.fr/). Experiments were also completed using ice sheet configurations from the ICE-6G (Peltier et al., 2015; Argus et al., 2014) and GLAC-1D (Tarasov et al., 2002; 2012; Briggs et al., 2014) ice sheet models back to the LGM. A discussion of the differences, and the rationale for focusing on the ICE-5G model, is given in ??. Pre-LGM ice sheet configurations were also calculated in the work of Singarayer and Valdes (2010) and are included in our 30, 40 and 50 ka experiments. Each ice sheet configuration was linearly interpolated onto the resolution of the GCM grid.

-> the glacial effect – no glacial depletion applied to ocean water d18O (1 permille ocean mean depletion ~ 0.4-0.6 ‰ once propagated to ice core sites? Per. com. VMD, 2016).
	EXP
	Orbit
	CO2 (ppm)
	CH4 (ppb)
	N2O (ppb)

	0
	0k
	280
	760
	270

	1
	1k
	279
	627
	262

	2
	2k
	277
	605
	265

	3
	3k
	275
	572
	268

	4
	4k
	273
	566
	262

	5
	5k
	268
	559
	260

	6
	6k
	265
	564
	257

	7
	7k
	261
	607
	261

	8
	8k
	261
	627
	258

	9
	9k
	265
	666
	259

	10
	10k
	267
	680
	271

	11
	11k
	264
	670
	267

	12
	12k
	245
	463
	244

	13
	13k
	238
	655
	262

	14
	14k
	237
	561
	264

	15
	15k
	224
	472
	241

	16
	16k
	210
	437
	229

	17
	17k
	194
	377
	237

	18
	18k
	189
	371
	244

	19
	19k
	188
	375
	219

	20
	20k
	188
	374
	224

	21
	21k
	186
	365
	245

	30
	30k
	200
	397
	200

	40
	40k
	197
	422
	230

	50
	50k
	217
	467
	239


Table of boundary conditions applied to the HadCM3 model, following Singarayer and Valdes (2010). Orbital parameters are taken from Berger and Loutre (1991), atmospheric CO2 concentrations were taken from Vostok (Petit et al., 1999; Loulergue et al., 2008) and CH4, and N2O from EPICA (Spahni et al., 2005).

�From here, the paragraphs haven t been fully formulated and sometime only consist in a few statements of what we propose to talk about.


�Catherine, Would you be able to help with this, e.g. could we decipher the likely contribution to sea level changes in this region based on the elevation changes at the two by looking at Antarctic ice sheet simulations ?





�Xavier, Would you accept to help us with the writing of this section ?





�Xavier: Would it be ok to show the CH4 profile from FP in a figure in the SM or would you prefer us to only give a list of the CH4 tie points we define with BK and EDC?
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