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1. East Antarctic ice shelves
2. Amery ice shelf
3. Meltwater tracers: noble gases



Fig. 1 Basal melt rates of Antarctic ice shelves.Color coded from <=5 m/year
(freezing) to >+5 m/year (melting) and overlaid on a 2009 Moderate Resolution
Imaging Spectroradiometer mosaic of Antarctica.

Melt rate (m/yr) Jelbart FiMbu! Vigrid "
Atka,, \ O 0 QLazarev
<-5 0 >5 Ekstrome@ \ , L @Borchgrevmk
Quarg_ Q < Baudouin
Riser-Larsen  © .8 I || @ Prince Harald
Weddell Sea : z{,@ Shirase Rayner
gtang[:omb /® hyer
Larsen B Ronne fun ) X
Larsen c @ o Edward VIl
F:Ichner 2® Wima
@ Robert
%{;:;b Downer
/
Lar
Wordie (3 Elars. F Amery
\

5 AN7,'4,9C>§ e Lars. G é
George VI 4
W|Ik|nsg’$ '§ ’
Bach @ S )
Stange g) : o
Bellingshausen 1\

Sea Ferngno@/

‘r@Publications

o EAST West@\

" Cosgrove WEST ANTARCTICA @
Shackleton

ANTARCTICA \

Venable

Abbot e

Tracy o o8
Pine Tremenchus®
Island Conger®-é
Crosson ’
Thwaites Vmcennes@ﬁ\

DotsonQ ¢
Amundsen 7

Totten
4 . [P
Getz @ / Wit N
Land @ S Withrow, / K
Nlckerson @ Swinburne Drygalskl@ o

Sulzberger Nansene ) Gt Moscow
Aviatore- wg \\‘6@ @ University
Marmere&a @ Holmes
Ross Ross f & :
Melt West  East ; \ @& Dibble
p i |
Ross Sea Lilie® 6 SR 3 @5‘ B Mertz
Calving O o [ e— Rennick @ Ninnis
100 Gt/yr 10 Gtlyr 1 Gtlyr 0 km 500 km 1000 km Cook East

Rignot et al., 2013



Antarctic ice—shelf ice—thickness change rate AT/At, 2003—-2008

Pritchard et al., 2012



Fig. 1 Eighteen years of change in thickness and volume of Antarctic ice
shelves.Rates of thickness change (m/decade) are color-coded from -25
(thinning) to +10 (thickening).

FIM .\ LAZ %-Thickness change 1994-2012
-25 -10 0 10 s /“j):jg,«“}@ BAU.
Rate of thickness change &) g . b e < T loss G
(m/decade) & 4 _ @ .
Rl (ﬂ(a 2y P gain @
27 Queen Maud b e
LAB i
@ Larsen BRU .—g i
/ LAC ). vji.
G / @AD ~= i;
3 f‘\ﬂ% Filchner- Ro:me :
)"i\i\ con FIL ( / —_—

ﬂ;u — @ AME

# w / f‘\’( k. 3
KENS p _
Ny ;
v i ¢ S {
N 2

WIL . /

= 4 R\

S sac A B e W WES

3 -y 8 8 ‘\‘/-c-/f

S @ X East %

§ Antarctica {

% ’ SHA

m {T;)
&

{ e 7
[ o
2 g
C 1Y
3 (g
€ ) ]
< WllkeS i TOT
+1500 q;d Mos
&8
{ HOL
3
0
.ﬁ’\
1500 OVL”“ i O
® oo MER o8B 500 km
—_

I T T T T
& 31 N > o °
‘\99 \‘39 17/00 rIS)0 17,00 Q’QQ qp‘\{z’ REN

Paolo et al., 2015



—

SPECIAL ISSUE ON OCEAN-ICE INTERACTION

‘ Ocea-'ce Shelf Interaction

N East AntarctiCe

BYJAIESSaRdro Silvanoystephen RARIntoul: ‘_

‘and Latira Herralz-Borreguero:
e

Silvano, Rintoul and Herraiz-Borreguero
Oceanography 29(4):130-143,
https://doi.org/10.5670/oceanog.2016.105.



https://doi.org/10.5670/oceanog.2016.105

—

SPECIAL ISSUE ON OCEAN-ICE INTERACTION

and Latra Herralz-Borreguer
T—

Mode 1

-
anzlée, Shelf Interaction

N East Antarctica

o Silvano gg-a;ma‘i,ﬁ}.‘-;]m;g“q’h

Mode 2

Do

Mode 3

LINE

ICE SHELF

GROUNDING

SEA ICE

SEA ICE

GROUNDING

LINE

SEA ICE

GROUNDING

LINE

Mertz Glacial Tongue




Water properties of the strongest inflow to ice-shelf cavities in East and West Antarctica.
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Prydz Bay-Amery ice shelf system: observational platforms
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Prydz Bay-Amery ice shelf system: observational platforms
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Prydz Bay-Amery ice shelf system: observational platforms
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Prydz Bay-Amery ice shelf system: observational platforms
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Prydz Bay-Amery ice shelf system: observational platforms ?

Warner et al., IGS 2016
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Prydz Bay-Amery ice shelf system: what do we know ?
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Prydz Bay-Amery ice shelf system: mCDW inflow and coastal current
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Prydz Bay-Amery ice shelf system: Mackensie Polynya and ocean circulation variability
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Prydz Bay-Amery ice shelf system: Mackensie Polynya and ocean circulation variability
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Prydz Bay-Amery ice shelf system: Mackensie Polynya and ocean circulation variability
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Prydz Bay-Amery ice shelf system: Mackensie Polynya and ocean circulation variability

66°S
o) : 3
on

67°S'

N oy

66°S

67°S 1 5

14
N ). ° 12
o — 68°S 1
68°sq | Christensen Cogef 110
8
69°S 69°S 4
Ice Shelf
70 : : . : : 2 70° +- - - - - -
66°E 69°E 72°E 75°E 78°E 81°E 66 E 69°E 72°E 75°E 78°E 81°E
1 1 1 1 1 1

34.8 -

34.61-

o o

.
. Ve
*® o

mmm—— Barrier
Davis

mmmm—— Mac. Bay 12

— Mac. Bay ’13

= (. Darnley

Williams et al., 2016



Prydz Bay-Amery ice shelf system: Mackensie Polynya and ocean circulation variability
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Large flux of iron from the Amery Ice Shelf marine ice
to Prydz Bay, East Antarctica

L. Herraiz-Borreguero-2, D. Lannuzel34, P. van der Merwe3, A. TreverrowZ, and J. B. Pedro?
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A Subglacial lake g 0° 30°F
A Active subglacial lake

4% Catchment with active lake
f Flooding events
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Helium (34He), a good tracer of glacial melt water
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The low solubility of helium and neon in seawater
results in concentrations well above solubility
equilibrium with the atmosphere (the primary
source of helium and neon in the ocean), producing
a glacial melt signal which can be traced from an
Ice front, across the continental shelf and into the
abyssal ocean.

“He: Nuclear reactions in rocks and sediments
From the decay of U and Th, geothermal
Activity, volcanic eruptions (e.g. high [*He]
are common in deep ground water discharge)

3He: Radioactive decay of atmospheric tritium
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A Subglacial lake - 0° 30°E
A Active subglacial lake
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RIS: Palmer 2000 section
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Terrigenic helium signal

A%He [%]
1 2 3 6 7 8 9 10 11 13 14 16 17 18 19 20

depth [m]
o
Q
Q

600

~
o
o

o
(=]
o

o
Q
o

100 200 300 400 500 600 700 800 900
distance [km]

AS2K section from Station 1 (77 S 163 E) to 20 (78S 160W)

We can use this data to quantify
the contribution of the subglacial
freshwater contribution to the
observed meltwater plume exiting
the ice shelves cavities
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Mertz Glacial Tongue

After calving:
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AU1121, plotted with mixing lines:
Air (m), Mantle (k), Ferrig (g) He o
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Cruise stations

-63 T \J\

*
-63.5 ° o

NBP 2001

-64 wo 1 1
-64.5 D " {

Latitude (S)

2001 NBP *

75 oA °

-68

L
140 142

Longitude (E)

Max  AABW
fvew famew
Per mil Per mil
2011
MC o, 88F 57 156
S 10 1.73
2001
mMc, o 288F 400 0.6
S 150 0.72

180

180

0.4 |

05 |

NBP 2001 0(C)
T T T T . T J___|
| NBP2001 .-, " " . v »
. l. n ..-l n f n -1
. L ¥i H,‘,.Ll..-,: - '” _
" ug #f | (R
. pe Ty ="
|
————————— b B S B
06 68 678 676 674 672 67 -66.8 66,6 664 662 -66
' Latitude (S)
. 0 ()
- AU 2011 . I
. n 0 =]
. : _ . .. - | [ ]
--———:——l—-l——:—--"l-—_——._-
.t LI
[ ™ | . [ Rs i
" "n ] I
[ | [ ]
]
0.6 678 -67.6 674 672 -67 668 666 -66.4 662 -66

Latitude ( S)

Herraiz-Borreguero et al., in prep.



80°E  100°E 110°E 120°E 130°E 140°E 150°E 160°E 17C

\ TT _

T : : : > : l - Depth

v d », (m) J
64 N */‘ *' * *
i #?/ **I ! . 1 3500
||
* poe X g
- 6.2 * x * ] ot 13000
Fﬂ‘ﬁﬁﬂ'E 100°E 110°E 120°E  130°E 140°E 150°E 160°E 7~ N I / * u || . |
- * S fhhy 12500
S 6 Yok !’ n
o ' [ |
& i x '."'i- n 1 | 42000
é * - 1500
< 5.8 r * T
N i ..:'ll |
3w 1994 5 s -
[] .)éu 5.6 , "= 500
2011 I g .
5.4 9 4 a1 42 23 24 25 46

He (1_6 cc /g)
39 4 41 42 4.3 44 45

4 *He *10°® (CCorp ) 6

Herraiz-Borreguero et al., in prep.



Conclusions

1. Need more work on how currents interact with ice shelves fronts and what
it means for the inflow of waters

2. Polynyas:
1. ocean stratification matters

2. Freshwater can actually hamper the formation of dense shelf waters

3. Noble gases gives us information on the source of the glacial freshwater
and how this freshwater is exported

4. |t can inform models
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mCDW is responsible for up to 2 + 0.5 m yr* during 2001 (23.9 +6.52 Gt yr1).
However, heat content flux by mCDW at AMO2 shows high intra-annual variability (up
to £ 40%)

mMCDW at the ice shelf front
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Prydz Bay-Amery ice shelf system: what do we know ?
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Table 2. Summary of the Most Recent Estimates of Net Basal Melt
Beneath the Amery Ice Shelf

Net Basal Net Basal Mass
Study Melt (myr ')  Loss (Gtyr ')
This study + Herraiz-Borreguero 1.0+04 57.4+253

et al. [2015]*°

Depoorter et al.[201 3 0.65 035 39 + 21
Rignot et al.[201 3]° 0.58 04 355+ 22
Galton-Fenzi et al.[2012)¢ 0.74 456
Yu et al. [2010]° 05+012 277
Wen et al. [2010]° 0.84 =012 46.4 = 6.9

#Oceanographic study.

PHas been adjusted to give a net basal melt estimate in m/yr
over the whole ice shelf area.

“Glaciological study.

9Modeling study.



Glacial Melt Water composition:
Optimal MultiParameter (OMP) analysis

feow + faasw + fosw + fvow 1

foow™0cow  * Tansw™Oaasw + fosw™Oosw  + Tmew™ e|\/|GW = Ops

fCDW SCDW + fansw™ SAAsw + stw Sosw  * fmow™ SMGW =Ss [~ EFX=Y
feow ®Ocow + Faasw™®Opasw  + Tosw™*Opsw + fuew™  ®Omew = **Ogps

feow**Hecow + fanasw™Heaasw + fosw™*Hepsw + fuow™*Hepew = *Hegs

E: matrix of end-members properties
X: vector of unkowns (f) least square method to resolve our system.
y: observations

4 water masses used (or end-members):
1. Circumpolar Deep Water (CDW)
2. Antarctic Surface Water (AASW)
3. Dense Shelf Water (DSW)
4. Glacial Melt Water (GMW)

4-5 parameters: Mass conservation, Potential temperature (0), salinity (S), 80 & “He conc.
contribution of the 4 water masses; f1, 2, f3 and f4

We are not using the data at the top 200 m of the water column



Glacial Melt Water composition:

Cruise 2011

Parameters Mean fG,,,, (+1std) Maximum fgy,

per mil Per mil

MC, 6, S, 180, “He 1.22+£1.04 4.46

MC, 6, S, 180 1.88+1.73 6.57
MC, 6,S, “He 1.21 £1.07 491
MC, 6, 80, *He 2.20+1.74 6.69
MC, S, 180, “He 1.46 £1.04 4.78

\4

ISW fy,qy = 6.57 per mil
AABW f,,5w = 1.56 per mil



GMW fractions, fluxes and melt rates

Ross Sea Weddell Sea
Deep ISW Shallow ISW Deep ISW
core core (WSW/ISW)
Salinity 4.3 %o 4.8 %o 2.9 %o
Neon 3.9 %o 4.9 %o 3.8(4_HZ)0/00
0180 3.9 %o 4.6 %o 2.8 - 6 %o

12 6 03

No sign for re-freezing underneath the RIS

Mean residence time: ca. 3.5 years (Bill Smethie)
Deep core: ISW flux: ca. 0.1 Sv
GMW flux: 0.4 mSv
Melt rate for 100 km wide pathway: 0.1 m year?
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Fig. 1. Mechanisms controlling the distribution of helium and neon in the arctic seas. Helium isotopes have four sources: the atmosphere,
mantle, crust and decay of tritium; however, neon has only one, the atmosphere. Helium and neon can be applied to explore the processes which
can change the concentration of atmospheric gases, such as air injection, brine injection, sea-ice melting and glacier melting.



