The freshwater cycle in the Southern Ocean:
A stable water isotopes approach
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Crucial to understand ocean-glacier interaction and processes on continental shelf
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Ice Shelf Water formation and modification
in the Filchner-Ronne sector
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v’ For the "salty source”: the source is at the western side of Ronne ice-shelf
v" For the “fresh source”: two options: Ronne or Filchner
— Based on under ice-shelf observations, we never observe the « fresh source » in southern moorings

= The “fresh source” is most likely at Filchner Depression



v" For the "salty source”: the source is at the western side of Ronne ice-shelf (HSSWgonne -> ISW+)
v For the “fresh source”: two options: Ronne or Filchner (HSSWchner -> ISW-)
—> Based on under ice-shelf observations, we never observe the « fresh source » in southern moorings

= The “fresh source” is most likely at Filchner Depression



v" For the "salty source”: the source is at the western side of Ronne ice-shelf (HSSWgonne -> ISW+)
v For the “fresh source”: two options: Ronne or Filchner (HSSWchner -> ISW-)
—> Based on under ice-shelf observations, we never observe the « fresh source » in southern moorings

= The “fresh source” is most likely at Filchner Depression

How each of these HSSW interacted with the ice-shelf to form ISW?
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What is Filchner-Ronne ice-shelf isotope composition ?
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ocean observation — observed changes of 6180 and DO from HSSW to ISW
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ocean observation — observed changes of 6§20 and DO from HSSW to ISW
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Black dots : 6180-DO space for Antarctic ice
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Black dots : 6180-DO space for Antarctic ice
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mass balance calculations

/—vaET+fHSSW + M= 1

At the ice-shelf front (section 1)
- ET § MET SSW ¢ HSSW | ¢ Ml = ¢ ob ) L :
PMELSAMET 4 fioSW.S, + .S Sa% Section 1 : ISWinitial = mix HSSW + Melt + Ml

fTVIET-SMET _|_fHSSW_6HSSW = 60bs

/—fI-ISSW+ﬁSWinitia| +]¢WW _|_fWDW =1

All sections

SSW_S HSSW+ SWinitiaI-S ISWinitia|+ W.S WW+ DW-S WDW — S obs
f A f A fH.5a FHPRS a Section 1-2-3-4-5 : DSW = mix HSSW + ISWinitial + WW + WDW

fHSSW.GHSSW +flSWinitia|_6ISWinitia| _|_]¢WW-6WW +fWDW_6WDW = 60bs

fHSSW_DOHSSW +]¢15Winitia|-DOISWinitia| +fWW.DOWW +fWDW-DOWDW = Doobs

with
MET : METeoric water
HSSW : High Salinity Shelf Water (i.e. source water)
MI : Marine Ice in the cavity
ISWinitial : Ice-Shelf Water
WDW : Warm Deep Water (i.e. ambient water)
WW : Winter Water
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Source of ISW and how it mixes with ice shelf
In 2017, ISW outflows on the Eastern (ISW-) and Western (ISW+) side of the Filchner Depression
The Eastern ISW has a HSSW source from Filchner Depression: HSSWechner

The Western ISW has a HSSW source from Ronne ice-shelf front: HSSWgeonne

HSSW¢iichner and HSSWgonne S€€ Very different ice-shelves:
* HSSWeiichner + 1.520.5% of melt + 0.8+0.4% of freeze = ISW-
* HSSWpgonne + 0.5£0.1% of melt + 0.1+£0.1% of freeze = ISW+

DSW mixing on its northward flow before outflowing in the deep ocean:
DSW is composed of 66% of HSSW + 20% of ISW + 12% of WW + 1% of WDW

DSW mixes further with WDW at the continental shelf break/slope
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